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EQUINE CHRONIC OBSTRUCTIVE PULMONARY DISEASE (COPD)

Summary

The condition now more frequently known as chronic obstructive pulmonary 
disease (COPD) has been recognised for centuries under its old title of "broken 
wind" or "heaves", a major cause of illness. It has been known as a hazard to 
the health of the horse since the time of Aristotle. Until the mid 1960s little 
effort had been made to separate "heaves" from other chronic respiratory 
conditions and possible causes of the condition remained shrouded in mystery 
apart from occasional observations of an association with dusty fodder and 
bedding.

Sasse (1971), working in Utrecht University, pioneered the work which 
clarified the physiopathological abnormalities of the condition. It was the 
realisation of this ability to define more clearly the clinical parameters of 
the disease that initiated these studies in the University of Edinburgh, under 
the direction of Mr. E.A. McPherson. A principally pathological component was 
undertaken jointly with the University of Glasgow Veterinary School, under the 
direction of Professor H.M. Pirie.

A reliable, objective, non-invasive method of distinguishing horses 
affected with COPD from those affected with other respiratory disease was 
developed. The aetiology was defined and the pathogenesis clarified. Methods 
of treatment and control were devised and it is now possible to render affected 
animals asymptomatic by environmental control, so that they can tolerate the 
hazard of normal surroundings when protected by a commercial product, the 
efficacy of which was researched here. Many aspects of diagnosis, treatment and 
prevention were surmounted in achieving these objectives but the problem of 
recognition of affected animals in clinical recession remains. As with other 
allergic conditions, this is often insoluble without resort to immunological 
challenge but future technological developments may overcome this hurdle and may 
enable veterinarians to recognise horses with a predisposition to the disease in 
time to take preventive measures.

Many stables have already adopted our environmental control measures for 
all animals, rather than for affected horses only, with resultant improvement in 
equine health and the economics of horse ownership.
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EQUINE CHRONIC OBSTRUCTIVE PULMONARY DISEASE (COPD)

Introduction

The techniques of Sasse (1971) made it possible to distinguish 
COPD-affected horses from other horses showing poor performance and chronic 
coughing from a variety of other causes and to study the disease in depth.
Early work confirmed the methods chosen as practicable and satisfactory and were 
quickly employed to show an association between the disease and the use of poor 
quality hay or bedding and of poor ventilation. Attempts were then made to 
ascertain more specifically the causes and mechanisms involved in the adverse 
reactions seen following inhalation of the products of poor quality roughage.
The important role of Micropolyspora faeni and Aspergillus fumigatus in 
Northern Britain was demonstrated although other agents were sometimes involved. 
More importantly, the horse's respiratory system was shown to be capable of 
developing hypersensitivity to antigens of this type; possibly in this country 
and elsewhere, other antigens are also of importance. Precipitating antibodies 
were shown to be prevalent and more common in horses affected with COPD than in 
healthy horses. In animals suffering from COPD, both precipitating and skin 
sensitising antibodies to Mj_ faeni were good indicators of the antigen to which 
their respiratory systems would react; on their own, these tests were of no 
diagnostic value.

We have determined that pathologically the disease is manifested as an 
over-inflation of the alveoli with little true emphysema, contrary to earlier, 
reiterated statements. In addition, there is bronchiolitis of the small airways 
with goblet cell formation in the smaller airways, where they are normally 
absent, and there is an accompanying cellular response. A preponderance of 
neutrophils is present in the continuous, copious, mucopurulent, tracheal mucus. 
In vitro, it has been shown that the bronchus and bronchioles contract on 
exposure to acetone-extracted M. faeni cultures diluted in saline.

The disease process has been shown to be reversible if horses are kept in a 
minimal dust environment. Where this is not possible, the administration of the 
preventive drug, sodium cromoglycate, has rendered horses asymptomatic and 
broncho-dilator drugs have also been shown to be partially effective for 
amelioration of symptoms over the short term.

During these studies, it was shown that pulmonary hypertension caused by 
the hypoxaemia associated with the disease existed in COPD-affected horses but 
cor pulmonale did not ensue. The possible role of chymotrypsin and other 
antiproteases in the aetiology of COPD was investigated but these were not 
involved in the same way as they are in man. Investigations were carried out 
to determine the presence of serological factors which might be useful in 
indicating horses likely to develop COPD, but none was revealed. A preliminary 
investigation of the possible role of IgE was undertaken and this awaits further 
study.

From this it is clear that many of the objectives have been achieved. The 
detailed immunological mechanisms still have to be further explored and will 
undoubtedly yield much information as technology advances. It also remains to 
elucidate the mechanisms that initiate the condition, for in this secret lies 
the key to better prevention. The objective may be difficult to achieve as, in 
any condition in which initiation and expression of the disease are separated in 
time, the links are hard to trace.
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The most important factors shown to affect animal health disadvantageously 
are poor ventilation and the use of hay as fodder and straw as bedding. The 
feeding of vacuum-packed silage (HorseHage) and/or Complete Diet Horse and Pony 
Cubes has been shown to be beneficial, and the use of peat moss, shredded paper 
or shavings as bedding helps to control and prevent the disease. These measures 
have been adopted by many stables for all horse feeding and bedding, as a 
desirable method of stable management and nutrition.



Reprinted from "Equine Veterinary Journal” , Vol. 6, No. 1.

Some Aspects of Chronic Pulmonary 
Diseases of Horses and Methods used in 
their Investigation
e . a . Mc P h e r s o n  

G. H. K. LAWSON

R oya l {D ick) S choo l o f Veterinary Studies, U niversity o f Edinburgh

e
CHRONIC pulm onary dysfunction in the horse has physiological abnorm alities.

in the recent past been described rather loosely by the The traditional description o f respiratory  sym ptom s 
clinical term  “ heaves” , which itself has largely come in which crepitation together with a double expiratory 
to replace the older description, “ broken w ind” , m ovem ent predom inate no longer suffices to include all

T A B L E  I

H E A V E S  IN  H O R S E S

P u lm o n ary  Lesions C linical Signs

D escribed o r 
Suggested

C h ro n ic  o r 
In term itten t

D yspnoea C ough  N asal 
D ischarge

B ronchial
Sounds

C rep ita tio n Febrile

B roncho  -----
B r o n c h io l a r ^ ^

Spasm
(asthm a)

+ + Little
(serous)

W heezing — —

B ronchitis
B ronch io litis

+ + +  S erous 
M ucoid  
P uru len t

D ry
M oist

— 7

E m physem a
(C en trilo b u la r)
(P a n lo b u la r)

+ + —  — — + —

Interstitia l
P neum onitis

(including
A llergic
A lveolitis)

+ + +  ? — — 7

P u lm o n ary  ^  
V ascu lar ^  
D isease

Spasm s or 
^ o b l i te ra t io n  

o f
B ronch io lar
arteries

+ + ? ? ? — —

Even the m ore m odern term  does no t m ean the same 
thing to all authors, and it seems likely that it em braces 
a variety o f clinical and related pathological or

P resen ted  a t the  an n u a l congress o f  th e  British E q u ine  V eterinary  
A ssocia tion , E d in b u rg h  1972.

the chronic pulm onary conditions o f which we are 
aware. Several candid writers have reported failure 
to hear crepitation at all in “ heaves” cases, while others 
hear these sounds infrequently or only in lim ited parts 
o f the lungs. Clearly there is an apparen t conflict o f 
observation, diagnosis or, alternatively, real differences
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in the character o f the entity occurring in different 
geographical areas or perhaps at different stages of 
developm ent o f  the disease. In the present state o f 
knowledge it is p robably  useful to  consider “ heaves” 
as “ a com plex o f sym ptom s prim arily originating in the 
lung” (Sasse, 1971); this, a t least, ensures th a t we do 
not exclude conditions from  consideration before being 
able to define them.

Before further progress can be m ade in investigating

C H A N G E S O F S T R U C T U R E  A N D  F U N C T IO N  
IN  “ H EA V ES”

In any consideration o f clinical abnorm ality  it is 
useful to examine the prim ary changes o f  tissue function 
and structure and then relate these to  the developm ent of 
particu lar disease sym ptom s. A variety o f  pulm onary 
dysfunctions have been described o r postulated  in 
“ heaves” in horses. These abnorm alities give rise to 
several p rom inent clinical signs and to alterations in

T A B L E  I I

E F F E C T  O F  P A T H O L O G IC A L  C H A N G E S  O N  A L V E O L A R  A N D  A R T E R IA L  O X Y G E N  A N D

B roncho
B ronchio lar

B ronchitis
B ronch io litis

Increased 
In tra th o ra c ic O —  E m physem a 
P ressure

In terstitia l
Pneum onia
(A lveolitis)

P u lm onary  
V ascu lar — 
D isease

IN T R A T H O R A C IC  P R E S S U R E  

Spasm

Low ered 
- O  PA CL

(P o o r V entila tion)

- t>

N orm al 
PA  O ,

N orm al

L ow ered  Pa CL

PA CL

PA  0 ,  an d  Pa 0 2 =  partia l p ressu re  o f  CL in alveoli and  a rte ria l b lood  respectively.

either the aetiology or pathogenesis o f  this complex 
o f sym ptom s it seems im portan t to try  to define the 
conditions m ore accurately. This is our current, if 
optim istic, aim.

The pathological changes described in clinical “ heaves” 
cases include chronic pulm onary  em physem a, acute 
bronchiolar sm ooth  muscle spasm, bronchitis, allergic 

¡y asthm a and a disease sim ilar to  farm er’s lung in m an 
(Gillespie, Tyler and Eberly, 1964). Jubb  and Kennedy 
(1971) acknowledge the absence o f  em physem a in some 
cases and also rem ark on the confused state o f know ­
ledge, but regard obstructive obliterative bronchiolitis as 
the usual prelude to chronic em physem a, the distribution 
o f the latter depending on the distribution  o f the 
bronchiolitis.

The com plex o f  diseases under consideration causes 
sym ptom s which appear either suddenly or, m ore often, 
insidiously, and cases are seldom  seen at a febrile stage, 
if indeed fever occurs. The condition is clinically 
chronic and is sometim es interm ittent. A few o f those 
cases which m anifest themselves suddenly and acutely 
may, at that stage, have some sim ilarity to acute infections 
of the respiratory  tract. W ith the latter we are not 
concerned except to  assess the p art which such episodes 
may play as precursors o f  chronic pulm onary disease. 
Epidemiological considerations are the m ost useful 
guide to the presence o f  acute viral infections, but 
where horses are kept in small num bers this evidence 
may not be available.

the level o f the blood gases which com bine to decrease 
the anim al’s w orking capacity. These changes are set 
out in Tables I and II.

Broncho- and bronchiolar spasm , w ith a sticky mucus 
in the airways, appears to occur and, as this is essentially 
a functional change, the interpretation  o f  this disturbance 
by conventional histological techniques is likely to 
prove difficult even where the problem  o f obtaining a 
satisfactory sam ple is overcome. The characteristic 
clinical effect is wheezing and scanty nasal discharge. 
There is dyspnoea but coughing is not necessarily a 
m arked feature. Because o f the restriction o f  the 
airways, the alveolar oxygen is below norm al; con­
sequently this may be expected to  be reflected in a 
reduction o f the oxygen content o f the circulating blood. 
In man, bronchial spasm results in alveolar trapping of 
air which can pass inwards th rough a partially  obstructed 
bronchus m ore readily than it can be expelled. A ttem p­
ted forced expiration in such circum stances may cause 
breakdow n o f the alveoli and em physem a (C1BA 
F oundation , 1971). It seems reasonable to postu late a 
sim ilar mechanism  in the horse. The increased res­
p iratory  effort required to overcom e the mechanical 
obstruction can be m easured in the form  o f increased 
pressure changes in the pleural space as described below 
in bronchitis.

In bronchitis and bronchiolitis there is cellular pro­
liferation and /o r infiltration accom panied by varying 
degrees o f  exudation in the bronchial, bronchiolar and
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peribronchial tissues. This gives rise to  a variety of 
clinically observable changes. Coughing and dyspnoea 
are prom inent, and there is nasal discharge which can 
vary from  serous to  m ucoid and purulent. The passage 
o f air along the bronchi, reduced in diam eter as a result 
o f an increase in the tissue w ithin the cartilaginous 
rings, produces adventitious dry sounds which become 
moist, even bubbling when there is exudation or in­
creased m ucous secretion into the airways. This has 
the same functional effect as spasm and eventually may 
give rise to  em physem a. Efforts to  overcom e this 
disability result in increased respiratory movements. 
These m ovem ents, both inspiratory and expiratory, 
may often be observed to occur in two stages, the 
abdom inal muscle contractions and relaxations each 
being a two-phase action. As a consequence o f  the 
restriction o f  the airways and enhanced respiratory 
m ovem ent the difference in in tra-pleural pressure between 
the end o f inspiration and the end o f expiration increase 
considerably. It has been shown by Sasse (1971) that 
m easurem ent o f the in tra-pleural pressure a t the end of 
inspiration and expiration by using a cannula in the 
pleural space and a recording device is a safe procedure 
in horses. He has shown also tha t the severity o f the 
clinical state o f  “ heaves” is related to  the difference 
between the pressures existing in the pleural cavity at 
these times. The pressure is m easured in either mm. of 
m ercury or cm. o f  w ater and is usually a negative value, 
though in diseased lungs with forced expiration o f air 
the pressure m ay exceed atm ospheric pressure. F or 
norm al horses Sasse (1971) found the change in in tra­
pleural pressure during respiration to  be 10 .3+2.9  cm. 
water, w ith pressure ranging from  — 17.0 cm. at in­
spiration to — 1.4 cm. w ater on expiration. By contrast, 
one o f his horses with chronic bronchitis, interstitial 
pneum onia and w idespread em physem a had a maxim um  
intra-pleural pressure change o f  50.1 cm. water, the 
inspiratory pressure being — 33.7 and the expiratory 
pressure being + 1 6 .4  cm. water.

Emphysema  is usually considered to  arise from  over­
distension o f either the alveoli o r the term inal bronchioles 
(centrilobular o r pan lobular em physem a), as a  sequel 
to the changes described above. Some workers, 
however, have postulated vascular changes in the 
alveolar walls as a cause o f the dilatation. Emphysema 
results in a reduced surface area for gaseous exchange

INVESTIGATION O F HORSES WITH SUSPECTED 
RESPIRATORY DYSFUNCTION

CLINICAL EXAMINATION

ASSESSMENT OF 
CARDIAC FUNCTION 
E.C.G.

LABORATORY
ESTIMATIONS

EXAMINATION FOR 
LARYNGEAL OR NASAL 
ABNORMALITY 
LARYNGOSCOPIC EXAM.

ARTERIAL OXYGEN (P c A )  

HAEMATOLOGY

RECORDING OF INTRATHORACIC PRESSURE 
EITHER BY DIRECT CANNULATION OR 
INTRA-OESOPHAGEAL BALLOON

HORSES WITH CONFIRMED PULMONARY ABNORMALITY

SKIN TESTS FOR 
ALLERGY TO POLLENS 
FUNGI OR OTHER EXTRACTS

NASO-FHARYNGEAL BLOOD SEROLOGICAL
SWAB FOR TESTS FOR

EOSINOPHILS PRECIPITATING 
ANTIBODIES 
TO FUNGAL 
ANTIGENS

Fig. 1

and in poo r ventilation o f  affected alveoli. These 
unfavourable sequelae are intensified as the dam aged 
lungs are less able to  collapse due to loss o f  elastin and 
the presence o f  additional collagen, w ith the result that 
the norm al expiratory effort o f the abdom inal muscles 
is followed by a further contraction  to  com press the 
lungs; hence the clinical description “ double lift” . 
Em physem a becomes perm anent only when breakdown 
o f  the walls occurs. On auscultation crepitation or 
crackling are detected. The reduced alveolar ventilation 
m anifests itself by a lower alveolar oxygen concentration 
and a consequent lowering o f  blood oxygen.

Interstitial pneumonitis
Essentially, this involves cellular proliferation and/or 

infiltration and varying degrees o f  exudation in the 
interstitium  o f the lung, i.e. between the alveolar walls 
and in the support tissues o f  the lobules. There is 
confusion o f term inology am ong authors. In man, 
m arked cellularity o f the alveolar walls and inter-

;Expiration[ j

Inspiration'"
10 s e o s .

Exp, - 0.4 mm. Hg.
Insp. - 10.8 mm. Hg. 
Change 10.4 mm. Hg.

Fig. 2
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T A B L E  I II  

1 N T R A T H O R A C IC  P R E S S U R E

M ax. C hange m m  Hg.

C an n u la B alloon

4.4 4.4
2.4 2.2

16.0 10.8
31.0 26.0
20.0 19.0

alveolar area is the essential feature o f allergic diseases 
given clinical labels such as “ farm er’s lung” , “ bird 
fancier’s lung” , etc. Lym phoid cells and histiocytes are 
prom inent; the exudative feature is minimal. Thurlbeck 
and Lowell (1964) have described sim ilar findings in 
some cases o f  “ heaves” . We have observed, in one of 

"'he few cases so far exam ined a t postm ortem , sim ilar 
„nanges with, in addition, g ranu lom ata containing g iant 
cells resembling those recorded in farm er’s lung. The 
airways are not obstructed unless there is concurrent 
bronchitis or bronchiolitis; so silent breathing on 
auscultation would be expected. This indeed happens, 
coughing and dyspnoea being the chief features o f 
extrinsic allergic alveolitis in m an, there being little 
exudation or secretory over-activity, and wheezing is 
absent. Similar findings have been reported in horses 
and we can confirm  this clinical observation. The 
ventilation o f the alveoli is not obstructed, but the 
increased distance between the alveolar space and the 
blood in the capillaries reduces the rate o f diffusion of 
oxygen, with consequent lowering o f the oxygen uptake 
in unit time and hence a reduction in the oxygen content 
of the arterial blood. To com pensate, m ore alveoli 
become functional, i.e. distended by air and perfused by 
blood. This means m ore air in unit tim e has to traverse 
the main airways so hyperpnoea o f varying severity 
occurs. The loss o f  pu lm onary  elasticity increases the 
anim al’s difficulties. To achieve adequate respiratory 
Junction, changes occur in intra-pleural pressure in the 
di>me way as those described in bronchitis. D ouble 
.nspiratory abdom inal m ovem ents can sometim es be 
observed in such cases.

Pulmonary vascular diseases
Gillespie el a! (1964) have reported a reduced num ber 

of capillaries in the alveolar walls o f em physem atous 
horses. Such vascular changes may well be secondary, 
as pressure on the distended alveolar walls could lead 
to alteration o f the vascular network. Clearly, in gross 
cases, with large em physem atous spaces, a trophy  must 
have occurred as vessels disappear w ithout haem orrhage 
into the airways. On the o ther hand, recent observations 
by Eyre (1971) suggest the possibility o f prim ary vascular 
involvement. Experim entally, he has shown tha t spasm 
of pulm onary blood vessels can be induced in calves 
and in horses, though  it is interesting tha t venous strip 
preparations were m ore responsive than arterial ones. 
Spasm of pulm onary vessels, o r central cardiovascular 
disease, will interfere w ith perfusion o f  the active alveoli 
of the lungs. This will result in a reduced uptake of 
oxygen in unit time. T o  com pensate, further areas of

lung will become perfused and aerated so that dyspnoea 
with perhaps a m oderate increase in intra-pleural 
pressure change can be expected. These changes would 
not be expected to  give rise to  any ausculatory changes 
except those a ttribu tab le to  an increased flow o f  air 
in the main airways.

Blood gases ( 0 2 and C 0 2)
W hen the diffusion o f 0 2 from  the alveoli into the 

blood stream  or o f C 0 2 from  the blood stream  to the 
alveolar space is hindered by changes in the alveolar 
walls o r in perfusion as described above, the alteration 
in 0 2 levels is very m uch greater than the reduction, if 
any, in C 0 2 exchange as the latter is a much more 
difTusible gas. Arterial 0 2 is measured since the levels 
are uncom plicated by the m etabolic processes o f the 
body. The gas is not estim ated chemically but is 
m easured as the partial pressure exerted by the gas in 
solution in blood and is expressed as P a 0 2 in mm. Hg. 
Values above 90 mm. Hg. were found to be norm al by 
Sasse (1971).

From  these considerations it is clear tha t the m easure­
ments o f changes in intra-pleural pressure and o f arterial 
oxygen ( P a 0 2) on their own do not perm it differentiation 
o f bronchial from  alveolar abnorm alities. In man, 
“ forced expiratory effort” is m easured, the patient 
m aking a maxim um  effort to  exhale when requested by 
the observer. In asthm a this is much reduced. The 
horse is not so co-operative, so we m ust search for other 
m easurable m eans o f differentiating the conditions 
described.

Primary causes o f  structural and functional changes
A m ong such causes, infections o f  the bronchi and 

bronchioles have their advocates but the evidence is 
unconvincing. The confusion arises possibly because 
clinicians are inclined to forget tha t fever may occur 
in the absence o f infections. No bacteria or fungi have 
been identified consistently in these cases. Nevertheless, 
one m ust keep an open mind, and we have observed an 
aged Clydesdale m are which was believed to  be norm al 
until she became ill from influenza A /equi-2 virus 
infection com plicated with Streptococci zooepidemicus. 
F rom  then on she suffered from  “ heaves” . In m any 
“ heaves” cases we have had a sim ilar history. It 
may be tha t dam age to  the m ucous m em branes allows 
antigens to m ake contact w ith the im m unologically

T A B L E  IV 

A R T E R IA L  O X Y G E N  (Pa 0 2) (m m  Hg.)

Clinical
S tate

A t R est Im m edia te ly  
P o st Exercise

N orm al 94 _
N orm al 97 —
N o rm al 97 —
N orm al 110 —
H eaves 75 70
H eaves 84 86
H eaves 79 75
H eaves 84 78
Systolic M u rm u r 90 88
Systolic M u rm u r 89 86
Systolic M u rm u r 100 91
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Fig. 3 a

active tissue, and the subsequent developm ent o f allergy 
by respiratory tissues. Allergic pulm onary disease is 
now well recognised in o ther species. Several authors 
have reported strong evidence tha t dusty hay initiates 
or exacerbates “ heaves” in a m anner rem iniscent o f 
the response o f m an in sim ilar circum stances. It is 
interesting to  note tha t in dust diseases o f m an the 
particles are chiefly deposited in the respiratory 
bronchioles, the m ajority being too  large to  enter the 
alveoli. Since particles less than  6 to 9 p  are unlikely 
to pass into the alveoli, grass pollens, being over 30 p, 
if introduced into the airways, are unlikely to reach the 
alveoli but will be deposited on tracheal or bronchial 
mucosae. Smaller antigens each as fungal spores or 
actinom ycete spores are o f the order o f 1 p, and when 
inhaled m ay therefore reach the alveoli and will be 
capable of setting up a different host response from  that 
stim ulated by larger particles such as pollen. There 
may, therefore, be a difference in the type o f  disease 
produced by different kinds o f antigen for this simple 
physical reason. Equally it may be tha t the dynam ics 
of particle deposition differ in the horse from  those 
encountered in man.

M E T H O D S O F  IN V E STIG A TIO N
M ost frequently, horses are presented because o f 

poor perform ance or because o f coughing in the stable or 
at work.

The first essential is a good history. Details not only 
of the anim al itself but also o f the habitat, food, bedding 
and ventilation may all be very im portant. The season 
of the year when attacks occur is noted as some observers 
have found a preponderance o f cases in the w inter and 
others in spring and summ er. To elim inate cardiac 
inefficiency as a cause o f  poo r w ork tolerance, the heart 
is examined clinically and by electrocardiography. 
The upper respiratory tract is examined for pathogens, 
bacterial and fungal, and by laryngoscope for other 
evidence o f disease or anatom ical abnorm ality. A 
radiograph o f the chest is taken. The P a 0 2 is estim ated 
on carotid blood before and after exercise, and the 
changes in in tra-pleural pressure are recorded. The 
procedure is sum m arised in fig. 1.

Changes in intra-pleural pressure
While we do use the same m ethod o f intra-pleural 

space m onitoring as Sasse (1971), m ore frequently a 
balloon (a fine quality  condom ) on the distal end o f a

Fig. 3 b

medium-sized stom ach tube) passed via the nasal 
passage into the m id-thoracic oesophagus is employed. 
The open end is connected to a recording system— a 
pressure transducer, am plifier and paper recorder*. 
The record made is illustrated in fig. 2 from  which the 
following inform ation is observable.

1. The rhythm  and regularity o f respiratory  m ove­
ments.

2. The rate o f  breathing: read on the horizontal 
scale, the paper m oving at a  know n speed, usually 
25 mm./10 sec.

3. The form  o f  the respiratory  excursions during 
expiration and inspiration: double efforts are recorded, 
not subjectively assessed.

4. The m axim um  intra-pleural pressure a t the end 
o f expiration and m inim um  a t‘ the end o f inspiration, 
is read on the vertical scale and the difference between 
these two is the maxim um  change in intra-pleural 
pressure. The zero or atm ospheric pressure is recorded 
and the deflection m ade by a pressure o f 10 mm. Hg. 
noted.

The oesophageal m ethod, which eliminates the 
tem porary  disfigurem ent associated with cannulation, 
has benefits for screening and for testing w ork requiring 
repeated recordings. We agree w ith Sasse (1971) that 
direct puncture gives the true reading in all cases, but 
the results by the balloon m ethod have indicated ab­
norm al pressure changes when they existed. Table III 
shows the com parative figures for five horses as an 
illustration.

C H A N G E S IN PA R T IA L  A R T E R IA L  
O X Y G EN  PR E SSU R E  ( P a 0 2)

Arterial blood is obtained by carotid  puncture as 
described by L ittlejohn (1969). Table IV shows some 
examples o f P a 0 2 figures obtained in the carotid  blood 
from  norm al horses and from  horses with “ heaves” 
or circulatory inefficiency. These are com parable with 
Sasse’s (1971) m ore extensive data from  blood obtained 
from  the A. bronchialis.

H A EM A TO LO G Y
It is necessary to  exclude anaem ia as a cause o f poor 

oxygen transporta tion , and to  m onitor the effect o f

fP o rte x , L ondon . 

‘ D evices L td ., L o n d o n .
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splenic contraction  during exercise; the H b and PCV 
are determ ined each time blood is taken for gas analysis.

Radiographic changes in the lungs
In m an, asthm atic subjects show either no radio- 

graphic changes or an increased air con ten t in the 
lungs giving dark  film s; in patients w ith extrinsic 
allergic alveolitis films o f greater density are obtained 
with nodular o r honeycom b-like shadows. Figs. 3a and 
b illustrates the type o f change we have observed in the 
horse. The first is from  a norm al horse, and the second 
is from one which has been seriously incapacitated by 
“ heaves” for at least six m onths. The average exposure 
is 120 Kv. a t abou t 60 M AS, the la tte r depending on 
the dim ensions o f the chest under exam ination.

ASSESSM ENT O F P H Y SIC A L  A N D  F U N C T IO N
C H A N G E S

By co-relating the d a ta  so obtained a t this stage o f the 
investigation a reasonable opinion can be given as to 
whether the horse is suffering from  “ heaves” , but 
there are pitfalls. O ccasionally a horse has shown a 
norm al in tra-thoracic pressure when first exam ined but 
has, when exposed to antigen by inhalation, shown a 
great increase with m arked clinical signs. Inspection 
o f the X -ray films is useful in trying to detect such cases 
when the disease is no t clinically m anifested though the 
history has suggested “ heaves” .

S U M M A R Y
The difficulty in defining “ heaves” as a clinical or 

pathological entity is discussed. The structural changes 
which have been reported in “ heaves” and the consequent 
functional changes are reviewed. Some o f the possible 
prim ary causes are discussed in general term s and finally 
an outline o f  investigational w ork to  be subsequently 
reported is given.

R É SU M É
La difficulté de définir le syndrom e “ pousse” du point 

de vue pathologique et com m e une entité clinique est 
évoquée. Les m odifications tissulaires qui ont été 
constatées dans ce syndrom e sont passées en revue avec 
leurs incidences fonctionnelles.

U n survol des causes initiales de ce syndrom e est 
effectué avec l’esquisse de recherches qui seront exposées 
ultérieurem ent.

Z U SA M M E N FA S SU N G  
Die Schwierigkeiten “ D äm pfigkeit” als klinische oder 

pathologische Einheit zu definieren, werden diskutiert. 
Die strukturellen V eränderungen bei “ D äm pfigkeit” und 
die daraus hervorgehenden funktioneilen Beeinträchti­
gungen werden besprochen. Einige der möglichen 
prim ären U rsachen werden erw ähnt. Ein U ntersuch­
ungsprogram m , dessen Resultate später veröffentlicht 
werden sollen, wird andeutungsweise wiedergegeben.
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Chronic Obstructive Pulmonary Disease 
COPD): Identification of Affected Horses
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SU M M A R Y
Mean norm al values for PaCL and max A  Ppl for horses were determ ined. Using 2 standard 
deviations below (PaC>2) and above (max A  Ppl) the mean norm al values as a guide, horses affected 
with C O PD  were satisfactorily distinguished from  other horses in a series o f 100 animals. The 
frequency o f occurrence o f 20 different clinical param eters in affected, not affected and possibly 
affected horses was examined statistically. Poor w ork perform ance and a history o f previous 
febrile illness occurred m ore often in C O PD  horses than in others. The presence o f a chronic 
cough, dyspnoea, double expiratory effort, increased breathing sounds, wheezing and crepitant 
breathing sounds occur m ore frequently in C O PD  horses than in others and the presence o f pro­
longed coughing was highly indicative o f CO PD. C repitant breathing sounds (observed only in 
horses in the affected group), wheezing and increased respiration sounds were observed in a high 
proportion o f horses affected with C O PD , but a diagnosis o f C O PD  based solely on these param ­
eters would lead to an unacceptably low num ber o f cases being recognised. While radiological 
exam ination appeared to  be helpful, x-ray films were in general difficult to interpret. Haem ato- 
logical exam ination was o f no help in the diagnosis o f COPD. The beneficial effect o f removing 
affected horses from  contact with hay and straw was recorded.

IN T R O D U C T IO N  
IcPHERSON and Lawson ( 1972) described a pro- 
dure for the investigation o f horses in which pulm onary 
nction was thought to  be abnorm al and in which it was 
:lieved that airway obstruction was a prom inent feature. 
This report contains the results obtained by such an 
animation of a wide variety of horses and ponies 
>me of which were suffering from  obvious dyspnoea 
hilst others showed little o r no evidence of clinical 
ilmonary abnorm ality. Subsequent papers will deal 
ith pathological and aetiological studies on these 
)rses.

M A TER IA LS A N D  M ETH O D S
limals

Eleven horses were selected on the basis o f the absence 
a cough, nasal discharge, upper respiratory diseases, 

'spnoea and nasopharyngeal bacterial pathogens; in 
ldition, none had a detectable cardiac abnorm ality  or 
history of poor work perform ance and their sera had 
> precipitins against Aspergillus fum igatus, Micro- 
iyspora faen i or Thermoactinomyces vulgaris.
One hundred horses and ponies were examined for 
idence of respiratory m alfunction; o f  these, 88 had 
en referred for exam ination o f the respiratory or 
spiratory and cardiovascular systems and 12 were

affected with a variety of other conditions (i.e. lameness, 
head shaking, cardiac atrioventricular m urm urs, 
mesenteric abscessation or abdom inal neoplasia. A 
data sheet was prepared for each horse at the time of 
admission. The anim al’s identity, age, breed, sex, 
colour, weight, the ow ner’s evaluation o f its work 
perform ance— racing, hunting/eventing, show-jumping, 
hacking or child’s pony—were recorded. Details o f 
the habitat were obtained from  the owner, a ttendant and/ 
o r referring veterinary surgeon. These included whether 
the anim al was kept indoors, outdoors or partly  so, 
which kinds of fodder and bedding were used, w hether 
these were considered to  be m ouldy or to contain pollen 
dust. Inform ation on the adequacy o f the ventilation 
was obtained, as well as any history o f previous illness 
(e.g. strangles, infectious cough or pyrexia o f unknow n 
aetiology), and the age of the anim al and the season o f 
the year when disease was first observed. The nature 
and occurrence o f coughing, nasal discharge, dyspnoea, 
wheezing and epistaxis were assessed from  the history 
and by observation. Each horse was examined clinically, 
particular attention being paid to  the respiratory and 
cardiovascular systems. The lungs and heart were 
auscultated at rest and after exercise. In the norm al 
horse, breathing sounds are soft and low in volum e and 
absent from  the dorsal part o f the chest when the anim al 
is at rest; deviations such as harshness, increased volume



of sound an d /o r an increase in the area over which such 
abnorm al sounds could be heard at rest were recorded 
as “ increased breathing sounds” . C repitant sounds 
suggesting the presence o f em physem a were noted, as 
were wheezing and other adventitious noises. Clinically 
abnorm al cardiac size, sounds or rhythm  were recorded. 
The horses were kept in well-ventilated looseboxes 
with a floor area o f 13 m- and bedded with good quality 
w heat straw. The diet was good hay ad lib and oats 
appropriate  to  the needs o f the animal. Horses with 
severe dyspnoea were given a bed o f peat moss and fed 
proprietary Horse and Pony Cubes (Spillers Ltd., 
Liverpool) as a com plete diet whenever it was necessary 
to relieve distress o r elim inate the clinically abnorm al 
respiration to perm it aetiological studies.

F or the balloon m ethod either a medium-sized pCOMP, 
horse stom ach tube (Portex, London) o r an equiv
length o f nylon fuel piping (10 mm external, J--------
internal diam eter) was used. F o u r lateral ope; No 
were cut near one end; this end, including the t hor 
eyes, was covered with a fine quality  condom  ([_
G ossam er® , LR  Industries L td., London). This j 
bound with linen thread to  a 2.5 length o f  rubber ti
slipped over and securely stitched to  the plastic -
Horses were restrained by a nose twitch.

te st

Techniques
Electrocardiography: The standard leads were em ­

ployed (i.e. I, II, III, Avr, Avl and A vf (after Boddie, 
1969) w ith a conventional recording apparatus (Devices 
Ltd., London). Records were made before and after 
exercising for 10 min on a lungeing rein.

Examination o f  the upper respiratory system : This 
was carried out by the conventional clinical m ethod 
and by direct inspection with the aid o f a rhino- 
laryngoscope.

Respiratory function: A ltered respiratory function
was assessed by two m easurem ents, namely partial 
pressure o f arterial oxygen (PaCL) and maximum 
intrathoracic pressure change during breathing (max 
A  Ppl) (Sasse, 1971; M cPherson and Lawson, 1972). 
Both were made while the horse was at rest. P aO , was 
also determ ined imm ediately after exercise on a lunging 
rein for 10 min at a pace appropriate  for the type and 
condition o f the horse.

Haematology
The anticoagulant used was ED TA . The p: Ther 

cell volum e (PCV) was m easured using a Ha«:̂ e me 
m icrohaem atocrit centrifuge (G elm an Hawksley ;̂ e ^  
Lancing, Sussex); haem oglobin was estimated aes°ph 
the cyanm ethaem oglobin m ethod and a C oulter eleci^e resi 
haem oglobinom eter (C oulter Electronics Ltd., For 1 
penden, H erts.); red and white cell counts werecaaax A 
out on a Z F6 Coulter counter (C oulter Electr res' 
Ltd., H arpenden, H erts.); sm ears were maden,rP0S' 
differential counts w ithin one hou r and stained bvere a: 
Leishman m ethod (Boddie, 1969). vere

Bacteriology
A sheathed cotton  wool swab, 43 cm long, passc>)0Rlv[/ 

the nostril into the nasopharyngeal region and rot 
was used to  collect samples. These swabs “ ~
conventionally plated in duplicate in Hartley’s f 
blood agar (C ruickshank, 1965) and MacConkey 
(Oxoid, CM 7). A particu lar search was madi 
colonies resembling the G roup  C Streptococi.

P a O . determination: Blood was collected anaerobically 
from  the carotid artery (using a 20 gauge, 4 cm needle) 
into a heparinised 10 ml glass syringe containing a brass 
washer to  facilitate mixing and retained in iced w ater 
for no t m ore than  2 hours before assaying, using the 
C lark  oxygen electrode o f an A strup A M E 1 Analyser 
(R adiom eter Ltd., Copenhagen) (m m H g 4- 7.5 =  K Pa 
(SI units)).

M a x  A  Ppl measurement: This was measured in 
m m H g as outlined by M cPherson and Lawson (1972). 
An M19 recorder (Devices L td., London) and an L22 
transducer (Devices Ltd., L ondon) were used to  record 
the changes in pressure in the thorax  during breathing; 
the transducer was connected by a hard  walled plastic 
tube 260 cm long, o f internal diam eter 3 mm, to  either a 
cannula in the pleural space or a balloon in the mid- 
thoracic region of the oesophagus.

In  the cannula m ethod a m etal cannula with a 
hydraulic system was used initially (Sasse, 1971). Later, 
a  7.6 cm long m etal hum an pneum othorax needle with 
3 extra side holes near the tip and a gaseous system (air) 
was found to  be easier to  use and ju s t as efficient. M ore 
recently, a 7.6 cm plastic pleural drain  (2.5 m m  diam eter) 
(Vygon L td., France) w ith one lateral eye has proved 
efficient and minimises the risk o f dam aging the 
pulm onary p leura or parenchym a. The site for 
cannulation was in the 10th intercostal space on a line 
between the point o f the shoulder and the tuber coxae. 
This m ethod is not recom m ended for repeated use but 
is necessary for intractable horses which resent the 
passage o f a stom ach tube.

Bordetella bronchiseptica. O ther bacteria or fungi pao , 
identified only when the prim ary grow th indi ¡vtax 
th a t they m ight have significance. Bacteria
identified using standard  m ethods (Cow an and  --------
1965). )etectic
Radiography The I

Initially, lateral exposures at 100-120 kV and 301s a®;c
were used, with a tim e o f  approxim ately 0.1 seconr°^aRe
K odak R P/R 54 films (K odak Ltd., London). Am F>roii(
grid was used for preference, but, when horses i _
no t stand close enough to  it, a fixed grid was empl Wlt
Since faster films (Trim ax X M ) (3M  Italia, S. ̂ ro,!i
Italy) becam e available they have been used rout ^ V(:
F or these, 110-120 kV and 300 mA with a tin Grc
approxim ately 0.03 to  0.04 seconds is satisfactory. (j,rouF

(i.e.
Statistical analysis nor

W here appropriate, chi-square and analysis of vat 'h e  F 
were employed. When the frequencies in the continorsij S( 
tables were less than  10, the Pirie and Hamden |-anciarc 
correction factor was used. W hen analysis of vatrouPs c 
revealed a significant difference between groups, Dur°n wai 
multiple range test (D uncan, 1955) was used to id C01 
the significantly different subsets. W hen assessiiP resPir 
duration  o f  coughing, the standard  deviations '% 0 , 
large th a t the M edian Test (Dow nie and Heath, 
was used to  com pare the groups. By am 

etween 
'as attr

R ESU LTS «
Determination of m ax A  Ppl aO, val

C om parison o f the m ax A  Ppl values obtainedme dur 
the cannula and oesophageal balloon nit 
contem poraneously produced the results in Table I
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T A B L E  I

--------------------

No. of C annu la B alloon Difference
horses (m m H g) (m m H g) (m m H g)

11
!

111.8 104.4 — 7.4

test
d

se

-0 .6167

0.3810
1.619 P < 0 .2 0  > 0 .1 0  NS

„ There was, therefore, no significant difference between 
Ha,:he methods. It should  be em phasised, however, tha t 
;[ey he balloon m ust be carefully positioned in the 
•e(j oesophagus to obtain the m axim um  change, otherwise 
elecl-he results may not be com parable, 
j  For this determ ination o f norm al values for PaO , and 
re’c,nax A Ppl, the selected group o f  11 horses was used and 
]ectrihe results are sum m arised in Table II. F or practical 
nad W poses it was considered tha t PaO , values ^ 8 2  m m H g 
S(j (j.vere abnormally low and max A  Ppl values> 6  m m H g 

vere abnormally high.

T A B L E  II

)aSSi^ORMAL V A L U ES O F  P aO , A N D  M A X  A  Ppl (m m H g) 
j  roj IN  H O R SE S

tbs

ikey
uadi
OCOt L

na 
md '

i S tan d ard
1 N o. M e an  (x ) value D ev ia tio n  (s.d .)
I (m m H g) (m m H g)

' PaO, 11 90.54 4.21
' Max A Ppl 11 3.726 1.088

rout 
t tir, 
Dry.

f var

)etection of horses affected with C O P D
The horses presented for exam ination were classified 

i  30s affected (Group A), possibly affected (Group B) and 
■conf01- affected (Group C). The basis was as follows:
A nil Group A— PaO , ^  82 m m H g and  m ax A  Ppl ^ 6  m m H g 
;es t either on adm ission or in response to challenge 
;mp] with inhaled antigen.

S. Group B—All horses with P a 0 2 and/or m ax A  Ppl 
levels not meeting the requirem ents for Group A or 
Group C.

GroupC— PaOj > 8 6 m m H g m ax A  Ppl < 5 m m H g 
(i.e. 1 s.d. below and above the m ean value for 
normal animals respectively).

The PaO, and max A  Ppl were determ ined on each 
ntin°rse soon after adm ission and the means and the 
len j:anclard deviations for these param eters in the three 
f vairouPs of horses are displayed in Table III. Classifica- 
Du:°n was provisionally m ade a t this tim e and finalised 
0 yfter consideration of the results obtained in response 
essi»3 respiratory challenge with antigens, 
s % 0 ,
'ith*

By analysis o f variance there was a significant difference 
etween the groups (F X 2 =  28.46; P < 0 .01) and this 
'as attributable to  2 subsets A  and (B +  C). The 
lean value of 77.03 m m H g in Group A was significantly 
:ss than in the other 2 groups. The mean of the lowest 
aO, values for the individual horses in Group A at any 

ineoine during the investigation was 72.49 ±  7.8 mmHg. 
nit

blel

Exercise did not m aterially alter the PaCL values 
obtained in Group A horses. A m ean o f  77.75 ±  
8.44 m m Hg was obtained. F or Group B, the mean was 
87.75 ±  6.43 m m Hg and for Group C it was 88.30 ±  
7.70 mmHg.
M ax  A  Pp!

Inspection o f the data showed that the mean of 
Group B was reasonably close to tha t o f Group C and 
tha t they were less than  one-third that o f Group A. 
The average o f the highest values for Group A animals 
during the investigation was 22.06 ±  15.30 m m Hg. 
Clinical findings

Table IV gives the occurrence o f the clinical signs 
and other data for each group o f horses and in Table V 
the significance o f the chi-square values is shown.

Poor work perform ance, antecedent febrile illness, 
coughing, dyspnoea, double expiratory effort in breathing, 
increased breathing sounds, the presence o f wheezing 
and o f crepitation were m ore com m on in Group A 
horses. A bnorm alities o f the upper respiratory tract, 
such as laryngeal hemiplegia or inflam m atory conditions, 
occurred in only 16 per cent o f Group A as opposed to 
35 per cent o f the other horses. C ardiac disorders, 
predom inantly m urm urs, were significantly more 
frequent in occurrence in Groups B and C than in Group 
A, a reflection of the fact tha t m ost horses had been 
referred because of suspect disease o f the respiratory 
or cardiovascular systems.

The duration  of coughing is shown in Table VI. 
Horses in Group A, when first exam ined, had on average 
been coughing for 15 m onths; 4 times as long as the 
other horses. Seventy-one per cent o f Group A horses 
had coughed for more than  3 m onths, whereas only 
34 per cent o f Groups B +  C had done so. Thirteen 
Group A horses had been coughing for a year or more. 
Only 2 horses in each o f the Groups B and C had such a 
history.
Radiology

Films o f increased density, with irregular, snowflake- 
type, opaque areas or with dark  areas indicating bullae, 
were obtained from  some horses in Group A which had 
been affected w ith CO PD  for m any years. After 
stabling such horses on a peat bed and feeding them  a 
diet o f cubes for about 2 weeks, a m arked change tow ards 
radiographic norm ality was evident; the lungs showed 
fewer opacities and bullae were not present. One or 
more abnorm al features were observed in films from  all 
the horses in Group A. The Trim ax films used more 
recently are o f superior quality but, due to  the greater 
detail visible, require a new assessment o f  the norm al 
animal. Despite the difficulties in in terpretation , Tables 
IV and V indicate that significantly m ore horses in

T A B L E  I II

M E A N  V A L U E S  (m m H g) O F  P a O , A N D  M A X  A  P pl O F  
100 H O R S E S  A T  R E S T  O N  A D M IS S IO N

n
P aO ,

X s .d . n
M ax  A  Ppl 

x s .d .

Group A 38 77.03 9.06 38 14.12 8.56
Group B 28 87.34 6.61 28 4.08 1.98
G roup C 34 91.456 8.82 34 3.46 0.955
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T H E  O C C U R R E N C E  O F  C L IN IC A L  S IG N S  A N D  O T H E R  D A T A  F O R  T H E  3 G R O U P S
O F  H O R SE S  E X A M IN E D

T A B L E  IV

O bservations
G ro u p  A 

(38)
G ro u p  B 

(28)
G ro u p  C 

(34)

P o o r w ork  p erfo rm ance 38 0 17 II 22 12
A nteceden t febrile  re sp ira to ry  disease 25 13 10 18 3 31
C oughing 38 0 22 6 19 15

D ysp n o ea 29 9 7 21 8 26
D o u b le  ex p ira to ry  effort 35 3 5 23 6 28
Increased  b rea th in g  soun d s 22 16 4 24 0 34
W heezing b rea th in g  sounds 20 18 2 26 0 34
C rep itan t b rea th in g  sounds 7 31 0 28 0 34
C hest x-ray abn o rm al 33 5 17 11 9 25
N asal discharge 32 6 18 10 15 19
W atery  nasal discharge 21 17 1 1 17 7 27
M uco id  nasal discharge 7 31 3 25 6 28
P uru len t nasal discharge 5 33 4 24 2 32
E pistaxis 1 37 1 27 3 31
D ouble  in sp ira to ry  effort 8 30 10 18 7 27
C ircu la ting  eosinophilia 7 31 3 25 2 32
N asal bacteria l p a thogens I 37 3 25 2 32
U p p e r  resp ira to ry  abn o rm alitie s 6 32 12 16 10 24
C ard iac  abno rm alitie s 2 36 11 17 11 23
G o o d  bodily  cond ition 36 2 25 3 32 2

( +  o b se rvation  p re sen t; —  o b se rvation  absen t) F igures in b rack e ts  d en o te  nu m b ers in each g ro u p

T A B L E  V

P R O B A B IL IT Y  V A L U E S  O F  A S S O C IA T IO N  B E T W E E N  T H E  C L IN IC A L  P A R A M E T E R S  F O R
T H E  3 G R O U P S  O F  H O R S E S

G ro u p s A  v B A v C A  v (B +  C) B v C

P o o r w o rk  perform ance *** * # Sj: * N S
A n teceden t febrile  re sp ira to ry  disease * * * * *** **
C oughing ** * * * *** N S
D yspnoea *** * * * *** N S
D o u b le  ex p ira to ry  effort * # * N S
In creased  b rea th in g  soun d s *** *** *** *
W heezing b rea th in g  sounds *** * * * * * * N S
C rep itan t b rea th in g  sounds * ** *** N S
C hest x-ray no rm al * *** * * * **
N asal discharge N S *** ** N S
W atery  nasal discharge N S ** ** N S
M ucoid  nasal discharge NS NS N S N S
P uru len t nasal d ischarge NS NS NS N S
E pistaxis NS NS N S N S
D o u b le  in sp ira to ry  effort N S NS N S N S
C ircu la ting  eosinoph ilia N S NS NS N S
N asa l bacteria l p a thogens N S NS NS N S
U p p er re sp ira to ry  abno rm alitie s * N S * NS
C ard iac  abn o rm alitie s *** ** * * * N S
G o o d  bodily  cond itio n N S N S NS N S

P ro b a b ility  (P ): * =  P < 0 .0 5
** =  P cO .O l 

*** =  PcO.OOl

X 1 ca lcu la ted  on  2 x  2 C o n tingency  T ab les 

N S  =  N o t Significant
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t h e  d u r a t i o n  o f  c o u g h i n g  a t  a d m i s s i o n  i n

T H E  100 H O R S E S  E X A M IN E D

T A B L E  VI

G ro u p  A G ro u p  B G ro u p  C

n 38 22 19
x (m onths) 15.34 4.47 2.90
s.cl. (m onths) 22.86 5.55 4.09

Median d u ra tio n  3
m onths:

No. above m edian 27 12 9
No. below m edian 11 16 25

X 2 =  14.7 P < 0 .001

Group A were judged to  have radiologically abnorm al 
lungs than all the o ther horses. M ore horses in Group B 
had radiological abnorm alities than in Group C.

Haematology
Differences in the haem atological findings between the 

groups were not significant, except in respect o f the 
total white blood cell and the neutrophil counts (Table 
VII). Group B horses had a leucocytosis attributable 
to a neutrophilia. Inspection o f the records o f Group B 
horses revealed no explanation for this finding.

D ISCU SSIO N
The term chronic obstructive pulm onary disease 

(COPD) was introduced to  veterinary literature by Sasse 
(1971) as a more appropriate  term  for the com plexity o f 
symptoms variously term ed “ broken w ind” , “ heaves” 
or chronic alveolar em physem a. C O PD  was then in 
current use to describe a sim ilar com plex in m an. We 
have elected to  continue to  use this term  despite its 
shortcomings (Thurlbeck, 1976). The la tter currently 
prefers the term chronic airflow obstruction (CAO). 
The tests used to establish the latter diagnosis in man 
require patient participation, which clearly excludes their 
use in the majority of anim als. The term CAO also 
has shortcomings (Thurlbeck, 1976). O ur reliance on 
PaO, and max A  Ppl values is based on deductions

from Sasse’s data, from  which it was apparen t tha t 
changes in these 2 param eters were crucial.

The norm al horses were specially selected and their 
mean PaO, was sim ilar to  tha t for horses in Group C. 
The standard  deviation in the small norm al group was 
about half tha t o f Group C which contained horses with 
a variety o f clinical disorders. Both means were 
com parable to  those o f de M oor (1968), Littlejohn (1969) 
and Bergsten (1974) who obtained 96, 96 and 94 m m H g 
respectively and were lower than those o f  other authors 
quoted by Bergsten (1974). However, it is accepted 
that m inor variations in technique and equipm ent 
require norm al values for certain tests to  be established 
in each laboratory (Barnett, 1971).

The mean max A  Ppl obtained for our norm al horses 
was com parable to th a t obtained by Gillespie, Tyler and 
Eberley ( 1966) using a balloon method. It was, however, 
lower than tha t obtained by Sasse (1971) using a cannula. 
In our experience (Table 1) either m ethod was satisfactory, 
but the balloon m ethod has the advantage o f causing 
no traum a and we used it many times on individual 
animals. The lower norm al level here reported may be 
attributed  to  the rigorous screening o f the 11 horses 
measured. The value o f the mean for Group C horses 
was even lower, most likely attribu tab le to  the removal o f 
horses with high values to Group B in the classification.

Table VIII com pares the differences between the mean 
values o f norm al and affected horses in respect o f PaCF 
and max A  Ppl levels in the horses here reported and 
those studied by Sasse (1971). The results are com ­
parable considering tha t Group A (on adm ission) 
clinically most closely resembled Sasse’s G roup  3 and 
the la tter’s G roup 2 horses probably paralleled our 
Group A when clinically at their worst. The high figure 
for max A  Ppl in Group A at this tim e is probably a 
reflection o f the efficiency o f respiratory challenge with 
specific antigen to be reported later.

The imm ediate effect o f exercise on P aO , levels was 
negligible and, in that, sim ilar to  Sasse’s experience with 
samples taken 30 min after exercise. He found, however, 
th a t in C O PD  affected horses the level o f P aO , one 
hour after exercise was significantly lower in his G roup  2, 
in which C O PD  was confirmed at post m ortem . The 
effect in his G roup 3 horses, which did not go to  post 
m ortem , was small. The latter group presum ably

T A B L E  V II

H A E M A T O L O G IC A L  R E S U L T S  O B T A IN E D  F R O M  T H E  100 H O R S E S  E X A M IN E D

n
G ro u p  A

X s .d . n
G ro u p  B

X s .d . n
G ro u p  C

X s .d .

R B C  (x 1012/I) 37 8.23 1.17 27 8.25 1.265 31 8.232 1.147
PCV  (I/I) 37 0.399 0.052 28 0.391 0.053 33 0.400 0.049
H b  (g/dl) 37 13.95 2.12 28 14.22 1.966 33 14.16 2.086
W B C (x 109/I) 36 9.23 1.82 27 10.12 2.863 31 8.739 1.809
N eu tro p h ils  (x 109/1) 36 5.361 1.557 27 6.061 1.088 31 5.020 1.115
L ym phocytes (x 109/l) 36 3.071 1.023 27 3.324 1.029 31 3.102 1.080
M onocytes (x 109/I) 36 0.366 0.213 27 0.323 0.206 31 0.328 0.238
E osinophils ( x  109/1) 36 0.420 0.436 27 0.374 0.252 31 0.252 0.270
B asophils (x 109/!) 36 0.043 0.071 27 0.035 0.067 31 0.034 0.055

A nalysis o f variance

W B C s  F  =  2.99 (N S ); Neutrophils  F  =  4.72 (P  < 0 .0 5  > 0 .0 1 ) 

N .B . N o  o th e r F  values w ere significant
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C O M P A R IS O N  O F  P aO , A N D  M A X  A Ppl F O R  N O R M A L  A N D  A F F E C T E D  G R O U P S  (m m H g)
F O U N D  IN  T H IS  S T U D Y  A N D  B Y  SA SSE (1971) ßerg

T A B L E  V III
Barn

Be

Presen t S tudy Sasse (1971)

N orm al
Affected (G roup A)

N o rm al
A ffected

A dm ission M ax im um  Severity G ro u p  2 G ro u p  3

M ean M ean D ifference M ean Difference M ean M ean Difference M e an Difieren

P aO ,
M ax  A  Ppl

90.5
3.7

76.5
13.7

—  14 
+  10

71.5
21.7

— 19 
+  18

100.0
7.6

80.0
18.6

— 20 
+  11

84.0
19.6

-1 6
+  12

ga
VC i

Bock
M
an

C ool
in

C ow
tic

Cruii
Ed

De f
ter
Ito

D ow
Mi

D um
Bit

G ille
me
coi

Little
Re

McP
o f
the

Pitie.
coi

Sasse
Pli

Thur
dis

S a sse  ( 1 9 7 1 ) :  G ro u p  2 — C onfirm ed  C O P D  at post m ortem . G ro u p  3 — N o  au topsies

resembled our Group A in tha t most had not reached a 
stage where slaughter was necessary.

The clinical signs traditionally  regarded as charac­
teristic o f broken wind or CO PD  (Cook, 1976) were 
com m only present in Group A horses (PaO , <  82 mrnHg, 
max A Ppl i>6 mmHg). W ith the exception o f 
em physem a, they were not, however, exclusively a 
feature o f horses o f one class. The insignificant 
difference in the occurrence o f these signs between 
Group B and Group C horses, com pared with the highly 
significant difference when Group A was com pared with 
Group B and Group C, justifies the use o f P a 0 2 and 
max A  Ppl levels as a means o f detecting horses with 
C O PD , especially for our purpose which was to  select 
horses for aetiological and pathological studies. These 
2 m easurem ents have the advantage of being free of 
observer error.

W hile m easurem ent o f P a 0 2 and max A  Ppl is a good 
m ethod of confirm ing that a horse is or is not affected 
with C O PD , in a few individuals the values will lie above 
and below respectively those required for Group A and 
it is likely th a t Group B  contained such horses. Some 
will be early cases, often m anifesting only a persistent 
cough with little or no nasal discharge. We encountered 
one pony initially in this category, which 3 years later 
was seriously affected with CO PD, having become 
steadily worse over the intervening period. A few horses, 
when presented, were in a remission phase o f the disease 
and it was only their response to  respiratory challenge 
which revealed tha t they were affected; they were 
classified as Group A horses. A further few could 
have been com pensating for the poor gas exchange 
in the lungs by hyperventilation or alteration in the 
ventilation: perfusion ratio so that, while the max A Ppl 
was high, the PaO , was norm al. There are such horses 
in Group B. Long-term follow-up inform ation on 
Group B horses may well indicate refinements in 
diagnostic criteria.

In these cases the presence of several o f the classical 
clinical signs over a period o f  m onths should not be 
ignored and further consideration and tests are indicated. 
In this context, a horse which has been coughing for 
less than 3 m onths is m uch less likely to  be affected with 
CO PD  than one which has done so. On the other hand, 
a cough o f m ore than 3 m onths’ duration  is as likely to 
be associated with C O PD  as not, but if the cough has 
been present for a year the probability  o f the existence 
o f CO PD  is high. Known affected horses removed 
from  exposure to  environm ental dusts improve to  such

an extent th a t the evidence o f C O PD  practically 
appears, only to  return  if the feeding o f hay and bed: 
on straw is resum ed. This has been confirmed m 
tim es; indeed, all horses so treated have responded: 
the problem  being to  m aintain a suitable environir 
th roughout the year.

Reliable radiological evidence w ould be o f consider, 
help in diagnosing C O PD  but in terpretation  is diflit 
even controversial. Radiologists found similar t 
culties with some o f Sasse’s (1971) cases. Only lat 
views with one lung superim posed on the other pro 
a sufficient area o f lung for study. Neither c. 
experim ental views— withers to  chest entrance c 
ventro-dorsal angled view— has proved rewarding, 
the form er, the shoulder girdle reduced the field and 
required kV exceeded the maximum o f the mad 
(120 kV). In the ventro-dorsal angled view, only 
more dorsal peripheral area o f a lung was visual 
M ore recent w ork using the radiopaque Tantai 
powder blown into the airways in the conscious k 
offers, on the basis of prelim inary work, prospects ol 
improved technique. Despite the adm itted probad 
of considerable observer error, the lateral films ta! 
in this series o f horses indicate th a t radiographic char 
occur m ore frequently in C O PD  horses than  in oth 
F urther work is being undertaken to  try to  clarify 
situation.

Haem atological exam ination was o f no assistant; 
diagnosis o f C O PD . A raised neutrophil count 
seen more often in the Group B horses and eosinopi 
was observed in relatively few horses from  all of 
groups. Bacterial pathogens were only recovered fi 
the nasopharynx of 6 per cent o f  horses distribi 
am ongst all groups. Epistaxis, sometim es consider: 
feature o f C O PD , was no t seen in this study.

Infestation w ith lungw orm s (Dictyocaulus arniji 
is reported to  cause clinical signs resembling, in s( 
respects, C O PD  (Cook, 1976)." Faeces from  all ho: 
grazing with donkeys and a series o f 20 horses fi 
Group A were examined for lungworm  larvae. N 
was recorded and when 12 o f these 20 horses * 
examined at autopsy there was no evidence o f lung" 
infestation. Lungworm s appeared to  play no parti» 
disease process being studied.

L:
max 
En £ 
PaO 
peut 
100 

L: 
diffé 
chev 
phys 
febri

A C K N O W L E D G E M E N T S  
T h is w o rk  w as m ad e  possib le  by a  g ra n t fro m  the  Hors: 

B etting  Levy B o a rd . T h an k s  a re  also  d u e  to  th e  technical 
o f  th e  D e p a r tm e n t o f  V eterinary  M edicine an d  to  the Sclt 
rad io g rap h e rs  fo r the ir assistance.
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onll R ÉSU M Évisual
Tanta! Les valeurs m oyennes norm ales de PaCK et les valeurs 
ous h maximales de Ppl ont été déterm inées chez le cheval. 
>ectsofLn employant les déviations standards au dessous pour 
irobat'huO, et au dessus pour Ppl des valeurs moyennes, on 
lms [¡Peut distinguer les chevaux atteints dans une série de 
ic chat100 chevaux.
jn 0(| La fréquence d ’apparition  de 20 param ètres cliniques 
clarify différents fut déterm inée de m anière statistique pour les 

chevaux atteints, suspects et indemnes. U ne aptitude 
listanciPhysique insuffisante et les com m ém oratifs d ’une m aladie 
:ount fébrile antérieure on t été constatés plus souvent chez les 
isinopl 
all of 
ered fi 
listribi 
nsideri

chevaux atteints de M PCO. L’existence d ’une toux 
chronique, de dyspnée, d ’une expiration à deux tem ps et 
les bruits respiratoires crépitants ou sifflants est plus 
fréquente chez les chevaux atteints de M PCO que chez 
les autres.

Les bruits respiratoires crépitants (seulement observés 
chez les chevaux atteints de M PCO), les bruits respira­
toires sifflants et l’intensité accrue des sons respiratoires 
furent constatés chez un grand nom bre de chevaux à 
M PC O ; toutefois le diagnostic de M PCO  étayé par ces 
seuls param ètres serait par trop  restrictif.

Les examens radiologiques furent utiles mais les clichés 
furent trop  souvent difficiles à interpréter.

L ’hém atologie n ’appo rta  aucune aide. On nota 
l’intérêt qu ’il y avait de soustraire les anim aux m alades 
du contact des fourrages, paille ou foin.

ZU SA M M E N FA S SU N G
N orm ale D urchschnittsw erte für PaO , und A  Ppl max 

w urden bestimm t. Die Verwendung von zwei S tandard­
abweichungen unter (PaO ,) oder über (A  Ppl max) dem 
M ittelwert erlaubte die zufriedenstellende U nterscheidung 
von Pferden m it C O PD  und von anderen Pferden in einer 
Reihe von 100 Tieren. Die Frequenz des A uftretens 
von 20 verschiedenen klinischen Param eter bei befallenen 
nicht befallenen und möglicherweise befallenen Pferden 
w urde statistisch analysiert. U ngenügende Leistungs­
fähigkeit und eine Anam nese von durchgem achten 
febrilen Zuständen wurde bei C O PD-Pferden öfter 
verm erkt als bei anderen. Das Vorliegen eines chrom - 
ischen Hustens, von Dyspnoe, einer doppelschläfigen 
Exspiration, verm ehrter Atem geräusche, Giem en und 
krepitierender A uskultationsgeräusche wird bei CO PD  
Pferden häufiger festgestellt als bei anderen und ein 
langdauernder Husten ist ein guter Ind ikator für CO PD. 
K repitierende A uskultationsgeräusche (nur bei befall­
enen Pferden vorhanden), Giem en und verstärkte A tem ­
geräusche konnten bei der M ehrzahl von C O PD  Pferden 
festgestellt werden, aber eine Diagnose von C O PD , die 
sich nur au f diese Param eter stützte, w ürde zu einer zu 
kleinen Anzahl erkannter Fälle führen. W enn auch die 
R öntgenuntersuchung helfen mag, bleiben doch die 
A ufnahm en in der Regel schwierig zu interpretieren. 
Die haem atologische U ntersuchung war keine Hilfe für 
die Diagnose von CO PD. Die günstigen Auswirkungen 
der Elim ination von Heu und Stroh au f affizierte Pferde 
wurden festgehalten.

A ccep ted  fo r  publication  13.9.77
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Pulmonary Artery Pressures in Normal 
Horses and in Horses affected with 
Chronic Obstructive Pulmonary Disease
P. M. DIXON

Department o f Veterinary M edic ine, R oyal {D ick) S choo l o f Veterinary Studies, Easter Bush, Nr. Ros/in, 
M idlothian EH25  9RG

SU M M A R Y
Horses clinically affected w ith chronic obstructive pulm onary disease (CO PD ) were found to have 
pulm onary artery hypertension which was associated with systemic arterial hypoxia. The 
pulm onary hypertension in sym ptom atic COPD-affected horses was partially reversible upon 
remission o f clinical signs or by oxygen adm inistration. The induction o f acute hypoxaentia caused 
an increase in pulm onary artery pressure in both norm al and COPD-affected horses.

IN T R O D U C T IO N  
PULM ONARY artery hypertension secondary to  chronic 
pulmonary disease is o f m ajor im portance in hum an 
medicine (W orld H ealth  O rganisation, 1963). The 
horse’s pulm onary anatom y and pulm onary vascular 
distribution are sim ilar to  those o f man (M cLaughlin, 
et al., 1965; Tyler, G illespie and Newell, 1971) so That a 
similar pulm onary hypertension m ight be expected to 
develop in chronic pulm onary disease in the horse. 
The pulm onary artery pressure of norm al horses has 
been described by m any authors. In  some reports 
(Gall, 1967; Beltran, 1973; Bergsten, 1974; Milne, 
Muir and Skarda, 1975; Milne, Gabel, M uir and Skarda, 
1977; Orr, et a i ,  1975; Buss and Bisgard, 1977), the 
values recorded were obtained in circum stances which 
fulfil the presently accepted criteria fo r norm al resting 
pulmonary artery pressure, namely, the anim als were 
standing and untranquillised and a suitable baseline 
was established for a fluid-filled m anom etric system. 
Pulmonary artery hypertension has been dem onstrated 
in horses with a variety o f chronic pulm onary diseases 
(Alexander, 1959; Sporri and Schlatter, 1959; Eberly, 
Tyler and Gillespie, 1966; Beltran, 1973; Bergsten, 
1974). The m ean pulm onary artery pressure (PAP) 
value derived from  the w ork o f these authors is 44.95 
mmHg. Bisgard, O rr and Will (1975) have shown th a t 
pulmonary artery hypertension also occurs in ponies 
moved to high altitudes. Previously, the occurrence of 
pulmonary hypertension due to  hypoxia caused by 
residing a t high altitudes had been well recorded in 
cattle (brisket disease) and in o ther species, including 
man.

This paper describes some studies on the measurem ents 
of PAP and carotid arterial blood gases and pH in norm al 
horses and in horses affected with chronic obstructive 
pulmonary disease (CO PD ) during  different stages of

the disease. Observations are reported on the effect 
o f oxygen adm inistration and o f  acute hypoxaem ia 
production in norm al and COPD-affected horses.

M A TERIALS A N D  M ETH O D S
Horses were classified as COPD-affected, using the 

recently described criteria o f M cPherson, et cit. (1978). 
The anim als showed longstanding evidence o f respiratory 
disease including many o f the following clinical signs, 
coughing, dyspnoea, double expiratory effort, louder 
or wheezing chest sounds and in all cases a resting 
arterial oxygen partial pressure (PaO ,) o f less than 
82 m m H g and maximum intrapleural pressure changes 
of greater than 6 mmHg. The C O PD  cases 
referred to  the veterinary hospital during a 3 year 
period, were all adults and consisted mainly o f ponies 
and hunters w ith fewer T horoughbred and draught 
horses. The controls included a higher p roportion  o f 
ponies. COPD-affected animals w erejudged to be sym p­
tom atic or asym ptom atic at the time o f the recordings 
on the basis o f clinical signs, their (P a 0 2) and intrapleural 
pressures. Remission of clinical signs in C O PD  cases 
was obtained by using a peat bedding and feeding only a 
concentrated diet in cube form. These measures 
reduced exposure of the horses to  the environm ental 
aetiological agents. Clinical signs in C O PD  cases were 
induced by both natural and artificial exposure to  the 
aetiological agents.

During all procedures, the animals were standing, 
untranquillised and were quietly handled to prevent 
pulm onary hypertension induced by excitement (Beltran, 
1973). Prior to  catheterisation, an area in the lower 
one-third of the jugular groove was anaesthetised with 
1 ml lignocaine. A catheter was introduced into the 

jugular vein, passed through the right heart and advanced 
approxim ately 2 cm into the main trunk o f the pulm onary
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artery. Positioning was judged by the pulse contours 
and pressure values observed during m anipulation o f the 
catheter.

The catheter (Cardioflex 1150-09, Vygon U .K . L td .; 
N orm ocath  115-20, Vygon U .K . Ltd.) was connected 
by a tube (Lectocath 1150-20, Vygon U .K . Ltd.) to  a 
strain gauge m anom eter (L-221-2-3, Bell & Howell, 
Basingstoke). This was attached to  a pressure trans­
ducer (3552, Devices Instrum ents Ltd., Herts.). The 
m anom eter was positioned 2-3 cm above the po in t o f 
the shoulder, a t a site level w ith the right atrium  (Beltran, 
1973). The results were recorded on a m ultichannel 
recording system (M19, Devices Instrum ents Ltd., 
Herts.).

In trap leu ral pressure m easurem ents were made by 
the m ethod o f M cPherson, et al. (1978) and standard 
lead 1 ECG tracings were also recorded.

Samples o f carotid arterial blood were obtained as 
described by M cPherson, et al. (1978). Acute hypox- 
aem ia was produced by adding nitrogen to the inspired 
air th rough  an open plastic face mask. Oxygen was 
similarly adm inistered. The gases were adm inistered 
a t 20-50 1/min over a 3-10 min period until the heart 
rate and PAP reached a steady state.

M id-inspiratory air samples were aspirated quickly 
into a 20 ml plastic syringe through a 14-gauge needle 
inserted interannularly  into the trachea. The syringe 
was immediately sealed and the gas analysed within 5 min. 
Inspired air, blood gases and pH  m easurem ents were 
m ade using a gas analyser (Corning 161, C orning Ltd., 
Essex). The altitude of the hospital and laboratory  
is 200 m.

In the statistical analysis o f results, the significance 
o f differences between the m eans o f groups was tested 
by S tudent’s /-test. Paired data  were analysed by 
S tudent’s /-test as applied to paired observations.

RESULTS
C om pared with the controls, horses showing clinical 

signs o f CO PD  (Table I) had significantly raised PAP 
(P < 0 .001) and significantly lowered P a 0 2 (P <0.001).

The arterial carbon dioxide partial pressures j 
pH values were within the norm al range. During 
remission (asym ptom atic) phase, 10 o f  the COPD ca 
were again investigated; they had PaCL levels will 
the norm al range. Their PAP in this phase was sign 
cantly below (P <0 .001) th a t o f the sym ptom atic p\ 
but was still significantly greater (P < 0 .01 ) than that 
the controls.

Increasing the oxygen content o f inspired air to 60- 
per cent, as determ ined by m id-inspiratory tracheal 
analysis, resulted in the clinically affected COPD grc 
having a tem porary  partial remission o f pulmon 
hypertension until a few m inutes after the oxyg 
adm inistration was discontinued (Table II). ft 
decrease in PAP was associated with PaCL levels, wli a(,s 
were above norm al. bee

Increasing the nitrogen conten t o f the inspired air stin 
85-95 per cent in 8 norm al and 8 COPD-affected hor a|v< 
caused a tem porary  hypoxaem ia in all and, in additkhae 
respiratory alkalosis in the contro l horses (Table 11 toc 
In both groups a  significant increase in PAP was induct are; 
This was, however, m ore m arked in the COPD-affecluns 
anim als, although bo th  groups showed a sim ilar, indue j on 
reduction in PaCE. is c

anc
D ISC U SSIO N  CO

The findings indicate the relationship o f hypoxaeit S 
to  the pulm onary hypertension observed in symptomivas 
COPD-affected horses. H um ans, when cliniciYu 
affected with C O PD , are usually hypoxic, hypercapi Pre 
and acidotic and the associated pulm onary  hypertensi CO 
is related to  all 3 factors (Thurlbeck, 1976). Neitl hyi 
hypercapnia no r acidosis appears to  play a part ini I 
aetiology of pulm onary hypertension in horses clinics hyt 
affected with C O PD . The C O PD  syndrom e of Sa^ha 
(1971) and, to  a lesser extent, o f Beltran (1973) and:^ie 
chronic alveolar em physem a o f Bergsten (1974) appi0'3' 
to  be functionally sim ilar to  the C O PD  syndrome caa 
M cPherson, et al. (1978) although they may difC01 
aetiologically. The first 3 au thors also found 1 
norm ocapnic hypoxaem ia in their affected horses. T‘ac

T A B L E  I

P U L M O N A R Y  A R T E R Y  P R E S S U R E S  A N D  C A R O T ID  B L O O D  G A S E S  A N D  p H  (M E A N  V A L U E S  
A N D  S .D .) IN  N O R M A L  A N D  C O P D -A F F E C T E D  H O R SE S

G ro u p N o.
P u lm o n ary  a rte ry  p ressures (m m  Hg) C a ro tid  a rte ria l values

M ax im um M inim um M ean P a 0 2 
(m m  Hg)

P aC O , 
(m m  Hg)

pH

C o n tro l 20 33.77 15.08 23.54 91.15 36.28 7.389
± ± ± ± ± ±

3.19 4.91 2.98 5.23 2.77 0.038

C O P D  cases 25 65.45 31.01 44.56 66.13 39.38 7.423
sym p to m atic ± ± ± ± ± ±

19.85 15.61 13.84 6.40 5.98 0.054

C O P D  cases 10 42.25 19.25 28.13 86.51 34.26 7.412
a sy m p to m atic ± ± ± ± ± ±

4.60 4.64 4.37 6.39 2.75 0.033
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T A B L E  II

E FFE C T  O F  IN H A L A T IO N  O F  A N  O X Y G E N -R IC H  M IX T U R E  O N  C A R O T ID  B L O O D  G A S E S  A N D  pH  
A N D  P U L M O N A R Y  A R T E R Y  P R E S S U R E S  (M E A N  V A L U E S  A N D  S .D .) IN  8 H O R SE S  

S Y M P T O M A T IC A L L Y  A F F E C T E D  W IT H  C O P D

T rea tm en t P a 0 2 (m m  Hg) P a C 0 2 (m m  Hg) pH M ean  PA P (m m  Hg)

Pre-oxygenation 
D uring  oxygenation

66.95 ±  6.22 
108.03 ±  23.96***

38.54 ±  5.17 
40.77 ±  4.21

7.442 ±  0.040 
7.431 ±  0.032

38.8 ±  7.87 
33.4 ±  7.45**

P <0.001

wr< absence of hypercapnia in COPD-affected horses has 
been attributed by Sasse (1971) to  the hypoxia- 

I a*r stimulated hyperventilation o f norm ally functioning 
h°p alveoli. However, because o f the sigm oid shape o f the 

Iditiihaemoglobin oxygen dissociation curve, blood is unable 
Ie II to carry appreciably m ore oxygen from  the overventilated 
idus areas and so is unable to  com pensate sim ilarly for 

unsaturated blood leaving underventilated areas (Clark, 
nduc Jones and Clark, 1977). The pathology o f  equine COPD 

is different from  th a t o f hum an C O PD  (Nicholls, 1978) 
and this may be a possible reason for the differences in 
CO. retention between hum an and equine C O PD  cases, 

xaeir Systemic acidosis is also associated with a pulm onary 
omivasoconstrictor response (Harvey, 1965; Rudolph and 
¡nici'Yuan, 1966). There was no evidence o f acidosis in the 
•caprpresent horses while they were clinically affected with 
:ensi COPD and this is p robably  related to  the absence of 
sfeitl hypercapnia.
in i Euler and Liljestrand ( 1946) first showed the pulm onary 
nja hypertensive effect o f hypoxia. Later w ork showed that 
■ sai that this was due, in  part, to  a direct pressor reflex by 
ncj f the capillary vessels (Lloyd, 1964) as well as to  the m ore 
appe obvious hypoxia-induced increase in cardiac ou tpu t 
)rne caused by both tachycardia and increased m yocardial 

(jjf contractility (Aviado, 1965).
JI1(j In this work, hypoxaem ia was shown to be the main 

jfactor in the aetiology o f pulm onary hypertension in 
equine COPD. However, since oxygen adm inistration 
only partially reversed the hypertension, the involvement 
of some factor or factors o ther than hypoxia is likely. 
Further support for this opinion is derived from  the 
fact that in some asym ptom atic cases the PA P remained 
elevated although PaCL was w ithin the norm al range. 
In some COPD horses the increased in trapleural pressure 
changes are mainly due to  positive pressure changes

** P <0.01

and in these cases the increased positive intrapleural 
pressure will cause an increase in the m ean PAP. Like­
wise increased negative intrapleural pressure changes 
will tend to  decrease the PAP. The reversibility, even 
partial, o f the pulm onary hypertension o f equine chronic 
respiratory disease does not appear to  have been reported 
previously. T hat the hypertension can be reduced so 
readily implies th a t it is mainly due to a pulm onary 
vascular hypoxic response rather than to  structural 
vascular changes.

A very wide variation in the degree of pulm onary 
hypertension in sym ptom atic COPD-affected horses 
was also observed (Tables I and II). This does not 
appear to be related to  the degree o f hypoxia as the 
sym ptom atic groups shown in the tables have sim ilar 
P aO , values yet the group shown in Table I has a m ore 
m arked pulm onary hypertension than  the group shown in 
Table II. A cute hypoxaem ia production caused a more 
pronounced pulm onary hypertensive response in the 
affected horses than in the control group. A sim ilar 
m arked pulm onary reaction to  acute hypoxaem ia was 
observed by Bisgard, et al. (1975) in ponies with 
existing high altitude-induced pulm onary hypertension.
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T A B L E  III

E F F E C T  O F  IN D U C E D  A C U T E  H Y P O X IA  O N  C A R O T ID  A R T E R IA L  G A SE S A N D  pH A N D  O N  
P U L M O N A R Y  A R T E R Y  P R E S S U R E  (M E A N  V A L U E S  A N D  S .D .) IN  8 N O R M A L  A N D

8 C O P D -A F F E C T E D  H O R S E S

P a 0 2 (m m  Hg) P a C 0 2 (m m  H g) pH M ean P A P  (m m  Hg)

N orm al horses 
resting
acutely  hypoxic 

C O P D  cases 
resting
acutely hypoxic

91.9 ±  7.33
50.5 ±  7.75***

71.5 ±  8.07 
48.3 ±  6.37***

36.7 ±  3.5 
29.1 ±  2.5

37.8 ±  3.86 
34.0 ±  3.08
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7.411 ±  0.041 
7.442 ±  0.065

24.1 ±  2.42 
33.7 ±  4.75***

32.5 ±  2.20
46.6 ±  4.60***

*** P <0.001
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R É S U M É
Les chevaux atteints de m aladie pu lm onaire chron 

obstructive présentent une hypertension pulmoi 
artérielle associée avec une hypoxie artérielle syst« 
tique. L’hypertension pulm onaire chez les cher 
cliniquem ent atteints semble partiellem ent reven '~L 
lo rsqu’il y a rémission des signes cliniques ou adrai 
tration  d ’oxygène. L ’hypoxie provoquée engendre 
élévation de la pression pulm onaire artérielle tant i 
les chevaux sains que chez les chevaux atteints de mal 
respiratoire chronique obstructive.

Z U S A M M E N F A S S U N G  
Pferde m it einer klinisch feststellbaren chroni 

obstruktiven Lungenkrankheit (C O PD ) wiesen 
Hypertension in der Pulm onalarterie au f  zusammen 
einer systemischen, arteriellen Hypoxie. D er Ltuii 
Überdruck bei kranken Pferden erwies sich als teil« 
reversibel während der Rem ission von klinischen Kr; 
heitszeichen oder nach 0 2-Zufuhr. D ie Provokal 
einer akuten Hypoxie erhöhte den Pulmonaldruck 
norm alen und C O PD -kranken Pferden.
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S U M M A R Y

The  main part  of this th es i s  d e s c r i b e s  the detai led pulmonary pathology  

in 25 c a s e s  of natural ly  o cc u r r in g  chronic  pulmonary d i s e a s e  in the h o r s e .  

F u rth er  s e c t i o n s  deal  with a su rvey  of a l p h a -1 ant itrypsin l ev e l s  in the h o r s e ,  

the d eve lop m en t  of an exp er im en ta l  model  of the d i s e a s e  and a study of the 

e f f e c t s  of a s c a r i d s  on the equine lung.

T he main patho log ical  les ion w a s  bro nch io l i t i s ,  a les ion a ffect ing  al l  

the s m a l l  a i r w a y s  l e s s  than 2 mm in d ia m ete r  and c h a ra c ter i s e d  by ep ithel ia l  

h y pe rp la s ia ,  goblet  c e l l  m eta p la s ia ,  per ibro nch io la r  ce l lu la r  accum ulat ions  

and an exudate of m ucu s  and c e l l s  In the lum en.  Rather m o re  than half the 

c a s e s  had pulmonary  e o s l n o p h i l ia . Em physema w as  confined to s m a l l  a r e a s  

in the cr anial  lobe and per iphery  of the caudal  lobe.  The extent of em p h y s em a  

w a s  a s s e s s e d  by inflating one lung from each c a s e  with f ixat ive,  s l i c in g  it 

into thin s l i c e s  artd exam in ing  it Under a m i c r o s c o p e .  The number and 

type of goblet  c e l l s  in the bronchial  epithel ium of f ive  norm al  h o r s e s  w e r e  

co m pa red  with ten h o r s e s  with CPD; there  was  no s ignif icant  d i f fe ren ce  and 

in addition there  w a s  no hyperp las ia  of  the bronchial  su bm ucosa l  g la n d s .  The  

d i s e a s e  in the h o rs e  th er e fo r e  b e a r s  no pathological  r e s e m b l a n c e  to chronic  

bro nch it i s  and em p h y s e m a  of m an .  On the b a s is  of th ese  findings It i s  

p rop osed  that the d i s e a s e  be known a s  chronic  b ron ch io l i t i s .

Quantitat ive  m e a s u r e m e n t s  of the number of pulmonary m a s t  c e l l s  at 

v a r io u s  s i t e s  in the lung showed that seven out of ten h o r s e s  with CPD had 

s ign i f i cant ly  inc rea se d  num be rs  of m a s t  c e l l s  in al l  part s  of the lung excep t  

p e r ib ron ch ia l ly  when com pared  to norm al  h o r s e s ;  the remain ing three  had 

m arked ly  d e c r e a s e d  n um be rs  except  per ib ron ch ia l l y .  It w a s  not c l ea r  

w heth er  the m a s t  c e l l s  w e r e  part of an a l l e r g i c  react ion  or  m e r e l y  m a r k e r s  

of  in f lam mat ion .

H o r s e s  with CPD had s i m i l a r  a lp h a -1 ant itrypsin v a lue s  to norm al  h o r s e s .  

A d ef ic i e nc y  of  this  In man p r e d i s p o s e s  to the ea r ly  develop men t  of e m p h y s e m a .

An exp er im en ta l  model  of chronic  bron ch iol i t i s  w a s  produced in foals  by 

tiie oral  admini strat ion  of 3 -m eth y l  Indole and an eo s inophi l ic  bronchi t i s  and 

bronch io l i t i s  w a s  produced by infect ing foals  witli P a r a s c a r l s  equorum la rv a e .



frequency of right ventricular hypertrophy that was 

observed on post mortem examinations of horses affected 

with chronic pulmonary disease.
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Chronic Obstructive Pulmonary Disease 
(COPD) in Horses: Aetiological Studies: 
Responses to Intradermal and Inhalation 
Antigenic Challenge
E. A. McPHERSON, G. H. K. LAW SO N, J IL L  R. M U R P H Y  and JA N E T  M. N IC HO LSO N  
University o f Edinburgh Veterinary F ie ld  Station, Easter Bush, Roslin, M id lo th ian  EEI25 9RG 

R. G. BREEZE* and H. M. PIRIE
University o f G lasgow Veterinary School, Department o f Veterinary Pathology, Bearsden Road, 
Bearsden, Glasgow G61 1QH

SU M M A R Y
Micropolyspora fa e n i and Aspergillus fum iga tus  were identified as com m on causes o f respiratory 
hypersensitivity in horses affected w ith chronic obstructive pulm onary disease (CO PD ). Rye 
grass pollen and an Actinom ycete  evoked respiratory  allergy in a few horses. N o t infrequently, 
individual horses were found to  have respiratory hypersensitivity to  two or more antigens.

The m ethods used to exam ine for allergy were intraderm al testing and inhalation challenge 
with environm ental antigens. An intraderm al test using an M  fa e n i  extract was dem onstrated to  
be suitable for diagnostic use in horses previously accurately diagnosed as suffering from  COPD.
In contrast, the A fum iga tus  antigen used proved unsatisfactory for such a purpose. Skin reaction 
to M  fa e n i  and A fum iga tus  extracts by horses affected with CO PD  indicated tha t the hyper­
sensitivity was a dual one— a weak response shortly after injection followed by an A rthus-like 
response 4 to 8 hours later.

As a param eter for m onitoring responses to inhalation challenge, m axim um  intrathoracic 
pressure change (m ax A  Ppl) proved satisfactory, whereas changes in partial pressure of arterial 
oxygen (P a O J  did not.

IN T R O D U C T IO N  
McPHERSON et al (1978) described the identification of 
horses affected with C O PD  by m easurem ent o f the 
partial pressure o f arterial oxygen (PaO ,) and the 
maximum change in in tra thoracic pressure (max A  Ppl), 
the former being subnorm al and the latter elevated in 
affected animals. From  100 horses referred to us 
principally because o f poo r w ork perform ance or 
chronic coughing, 38 were found to  be affected (Group A), 
34 were not affected (Group C) and 28 were in a doubtful 
category (Group B). These groups o f  horses were 
intradennally tested with environm ental allergens be­
lieved to cause hypersensitive disease in other species 
(Austwick, 1966; Pepys, 1969a) and subsequently 
challenged by the inhalation o f  the same agents or 
extracts o f them. The results are recorded and discussed 
in this paper.

* ^ rese(lt address: W ash in g to n  S ta te  U niversity , D e p a rtm e n t o f 
Veterinary M icrob io logy  an d  P a th o lo g y , P u llm an , W ash ing ton

M A TERIALS A N D  M ETH O D S

Animals
The 100 horses were assigned to  Groups A, B and C 

and kept under the conditions described by M cPherson 
et a! (1978).

Techniques
The max A PpL PaO , and haem atological exam ­

inations were carried out as described by M cPherson 
et a! (1978). Partial pressure o f arterial carbon dioxide 
(PaCO ,) was determ ined on a C orning pH /blood gas 161 
analyser (Corning M edical, H alstead, Essex).

Intraderm al tests
Antigens

Bencard intraderm al skin testing solutions (Bencard, 
Brentford, England) were used for grass pollens (0.02 per 
cent, B2), tree pollens (0.2 per cent, B3), mixed moulds 
(0.5 per cent, A 13), mixed m oulds (1 per cent, M5), 
Cladosporium herb arum  (1 per cent, M3) and A fum igatus



(0.5 per cent, 2000). Bencard control solution was also 
used in conjunction with these antigens. Antigens 
from  M  faeni were prepared as described by Lawson 
et aI (1979). The acetone precipitated M  fa en i  antigen 
was diluted with 0.25 per cent phenol saline to  give a 
solution containing 1.4 mg dry m atter antigen/ml. 
The control was a nutrient broth (Oxoid CM I) diluted 
volum e for volume with 0.5 per cent phenol saline. 
Extracts were also prepared from  an uncharacterised 
Actinom ycete  (705/69) isolated from  the nasopharynx 
o f a horse. This organism  was grown for 7 days a t 37°C 
in glucose b ro th ; after sonication for 30 min at 8 m icrons 
am plitude on ice, the extract was concentrated approx­
im ately 20 times with carbowax a t 5°C and finally 
dialysed against phosphate buffered saline (0.01 M 
pH  7.2). The isolate was lost before it was identified. 
The solution used for skin testing contained approx­
imately 25 mg/ml o f dry m atter in 0.25 per cent phenol 
saline.

Techniques
0.05 ml o f the test and control solutions were injected 

intraderm ally into the closely clipped or shaven neck of 
the horse. The diam eter of the wheal was measured 
(mm) horizontally at 1, 2, 4, 6, 8 and, if necessary, 10 
hours after injection.

Inhalation challenge
In the case o f fungal extracts, a final volume o f 5 ml 

was adm inistered as an aerosol over a period o f 20 min. 
A W right’s nebuliser (Aerosol Products, London) 
converted the solution into an aerosol which was led by 
a plastic tube, 10 mm internal diam eter, into a face mask 
constructed from a rigid plastic bucket and a flexible 
plastic sleeve. An aperture 9 cm in diam eter was 
cut in the bottom  o f the bucket which was suspended by a 
strap  over the horse’s poll region. The plastic sleeve 
em braced the bucket tightly and was sealed to  the face 
with plastic foam  held in position by a self-adhesive 
nylon strip. The tube from the nebuliser passed through 
the face seal into the bucket. The attendan t wore a 
mask and the adm inistration was carried out in a well- 
ventilated room  with a wide open door.

The resting max A Ppl and PaO , were determ ined on 
the m orning o f  the test. A fter inhalations were com ­
pleted, clinical observations were m ade hourly and 
m onitoring o f  the foregoing param eters was repeated 
4 to  5 hours after inhalation. W hen no changes had 
taken place, observation continued and, where necessary, 
fu rther recordings were m ade up to  10 hours after 
com pletion o f the inhalations.

M  faeni, A fum igatus and Actinom ycete  705/69. The 
first 2 antigens were prepared as described by Lawson 
et al (1979) and the last as described above. The 
challenge dose o f M  fa en i and A fum igatus  was approx­
imately 12 mg o f  antigen extract (estim ated as dry m atter), 
whereas th a t o f the Actinomycete was 50 mg (estimated as 
dry m atter), suspended in all cases in 5 ml norm al saline.

M ouldy hay. This m aterial was used in the earlier 
part o f  the w ork and occasionally later, when horses 
failed to  respond to  the m ore specific antigens. Bales 
o f  poor quality fodder (m ouldy or heated straw  or hay 
as available) were shaken up  in a loosebox in which the 
anim al on test was confined for 1 hour before returning 
to  its own loosebox for observation and m onitoring as 
described.

Grass pollens. Rye grass pollen collected duri: 
harvesting o f a hay crop, cut while the grass wass; 
flowering and kept under dry conditions in the laborator 
was used at a dose o f approxim ately 1 gm. This»; 
insufflated into a C ox’s face m ask (A rnolds, Londt 
over a period o f  abou t 10 min. Horses were expos 
when the history suggested pollen involvem ent or wk 
no other challenge had produced a positive response.

Control inhalations. W here circum stances permitts 
each horse was made to  inhale an antigen to  which itli: 
not reacted in the skin test, as well as those to  which 
was likely to  respond, thus providing a control challem 
A t the outset, horses were exposed to  an aerosol 
5 ml of 0.25 per cent phenol saline to  which none react

Statistical methods
Chi-square tests and analysis o f  variance, follow 

when appropriate  by D uncan’s m ultiple range te 
were employed as described by M cPherson et al (191! 
S tudent’s “t ” test was em ployed in assessing response 
challenge and M cN em ar’s x 1 test corrected for continii 
was employed in com paring the results o f skin j 
intraderm al tests.

RESULTS
Intraderm al tests

H orses frequently responded by producing swellir 
to  the control injections. This confused the interpn 
ation o f skin tests em ploying specific allergens. Oi 
reactions to  an antigen which exceeded the m ean reacti 
o f horses to  the control plus two standard  deviate 
(x +  2 SD) were considered positive. The conn 
means were calculated from  the reactions o f  75 hor; 
to the Bencard control solution and 90 horses toi 
nu trient b roth  solution. These m eans, and the decisi 
levels derived from  them ( >  x +  2 SD) fo r evaluate 
response to  antigens, are shown diagramatically 
Figs 1 and 3.

Using these criteria for in te rpretations, the respoiv 
o f all horses tested with a variety o f antigens are 
out in Table i and the statistical significance of: 
differences in response given by Group A (affected) a 
Group B +  C (doubtful o r not affected) was determ» 
Significantly m ore o f the horses affected with COf 
showed skin sensitivity to  A fum igatus  and M  faeni ft 
did horses in the other two classes.

Hours

x for groups A, B and C = 
n = num ber of horses

+  = x for horses responding posit 
= x for horses responding negst

Fig 1. S k in  response o f  horses to M  faeni antigen  (0.051 
intraderm ally).
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T A B L E  I

IN T R A D E R M A L  S K IN  T E S T  R E S P O N S E  O F  H O R S E S  T O  E N V IR O N M E N T A L  A N T IG E N S

G ro u p
A

G ro u p  
B +  C C hi-square

value
P robab ility

(P)

* G rass pollen 2 31 5 34 0.931 > 0 .0 5
*T ree pollen 3 30 6 33 0.647 > 0 .0 5
* M ixed m ould  (A 13) 25 9 27 14 0.515 > 0 .0 5
* M ixed m o u ld  (A5) 13 21 19 22 0.499 > 0 .0 5
* Cladosporium  her bar um 15 19 18 20 0.076 > 0 .0 5

A ctinom ycete  spp 22 15 22 19 0.266 > 0 .0 5
* A spergillus fu m ig a tu s 17 17 5 34 11.926 < 0.001

M icropolyspora fa e n i 25 10 14 31 12.808 < 0.001

* B encard  an tigen  so lu tions

Descriptions o f  skin reactions 
Each of the antigens em ployed failed to  evoke a 

response in some horses. W hen horses responded, the 
wheals tended to be rounded and relatively circumscribed 
while developing and were dom e-shaped, tense and 
painful to the touch. Later, the swellings softened and 
diffused into the surrounding tissue. The oedem a then 
tended to move ventrally and, in severe reactions, the 
superficial lym phatics were visible. In m ost cases, the 
reactions were flattened and no longer clearly defined 
4 to 6 hours after reaching their m axim um  but, in a few 
severe reactions, 12 to  24 hours passed before the swellings 
completely disappeared. N o skin necrosis occurred. 
As descriptions are subjective, reliance was placed on 
measurement alone.

Response to M  faen i 
The mean diam eter o f the wheals a t each tim e of 

measurement for horses in Groups A, B and C which 
gave positive ( A + , B + ,  C + )  and negative (A— , B— , 
C—) response to M  faeni antigen were plotted in Fig 1.

The top of the hatched area is the calculated mean 
response (x +  2 SD) for all anim als to  control nu trient

POSITIVE SKIN  TESTS 
W faeni (25 h o rse s )

PO SIT IVE  SK IN  TESTS 
A fum igatu s  (17 h o rse s )

Time to i n i t i a l  p o s it iv e  
in te rp re ta t io n  (h o u rs )

_n_

Time to  i n i t i a l  p o s it iv e  
in t e rp re ta t io n  (h o u rs)

1 2 4 6 3
Time to maximum diam eter 
of sk in  wheal (h o u rs )

JUL
1 2 4 6 3

Time to  maximum diam eter 
o f  s k in  wheal (ho u rs)

10

Rig 2. Horses a ffec ted  with chronic obstructive pulm onary  
disease— Group A.

broth  solution. There was, by 6 and 8 hours, a clear 
separation of the responses of horses which showed skin 
sensitivity to  M  fa e n i from those which did not. In 
horses belonging to Groups A and B this had occurred 
by 4 hours. In the reacting horses in Group C the 
response was late, a t 6 and 8 hours, hence the mean 
wheal diam eter for this group at 4 hours is within the 
hatched area. If in terpretation of the test had been 
made only at 4 hours 12 per cent o f positive reactions 
would have been m issed; at 6 or at 8 hours, 10 per cent. 
If, however, readings were made a t both  6 and 8 hours 
only 4 per cent would have been missed.

The times taken to  reach a positive reaction and the 
m aximum size of wheal are shown in Fig 2.

The tim ing o f the maximum response to  the M  fa en i 
skin test indicates tha t this response could involve an 
A rthus-like phenom enon. When those horses which 
clearly reached a positive response between 4 and 8 hours 
were then com pared with animals failing to  respond in 
such a m anner in respect o f their skin reactions early after 
injection, it was found th a t they differed. The mean 
response 1 hour post-injection o f  the A +  was signifi­
cantly greater than tha t of the A—  horses (Fig I) and that 
of all horses to  the control nu trient b roth  solution 
(F  =  4.89; P <0.01). D uncan’s m ultiple range test 
indicated two overlapping subgroups: C ontrol and A— ; 
and A— , A-+.

W hile the m ajority o f animals (20/25) behaved in this 
m anner a few showed no such prim ary response and a

c for groups A, B and C -  •, ° & * 

l = num ber of horses

+ =  x for horses responding positively 
— =  x for horses responding negatively

Fig  3. S k in  response o f  horses to A fum iga tus antigen  
(0.05 m l intraderm ally).



R E S P O N S E  O F  H O R SE S  C H A L L E N G E D  BY IN H A L A T IO N  O F  M  fa e n i  A N T IG E N  
(post-challenge less pre-challenge m ax A Ppl)

T A B LE 11

n d SD
value

P ro b a b ility
(P)

P O S IT IV E
All horses 29 6.0 4.3 7.582 < 0.001

G ro u p  A 25 6.5 4.4 7.335 < 0.001

G ro u p  B 4 3.15 1.39 4.532 < 0 .0 5

G ro u p  C 0 — — — ---

N E G A T IV E
All horses 23 0.38 1.14 1.826 > 0.10

G ro u p  A 5 — 0.5 0.6 1.826 > 0.10
G ro u p  B 12 0.872 1.0 2.979 < 0 .0 5
G ro u p  C 6 0.125 1.31 0.234 > 0.10

n — n um ber o f  an im als 
d =  m ean difference (m m H g)

single anim al reacted in a very positive m anner shortly 
after injection.

Response to A fum igatus  
The same procedure was adopted in assessing the 

A fum igatus  skin test results. These are shown in 
F ig 3 where the top  o f  the hatched area is x +  2 SD for 
the Bencard control solution. The maxim um  response 
in the m ajority o f horses occurred at o r after 4 hours 
(Fig 2). Analysis o f variance o f the responses at 1 hour 
indicated no significant difference between A + ,  A— 
and contro l sites. A t 2 hours, however, there was a 
difference (F =  30.335; P <0 .01) and D uncan’s multiple 
range test indicated tw o significant subgroups, A— 
control solution and A +  .

Inhalation challenge
M onitored by changes in m axim um  intrathoracic pressure 

The criteria used in determ ining a positive response 
were as follows. Horses with a m ax A  Ppl o f < 6  mmHg

SD  =  s ta n d a rd  dev ia tion  
V  =  S tu d en t’s ‘t ‘ s ta tis tic

which increased after challenge to  > 6  m m H g (the vali 
delineating affected anim als) were regarded as havii 
made a positive response. W here the pre-exposm 
value o f max A  Ppl was already > 6  m m H g, an increa 
o f 15 per cent in this figure was considered to  indicate 
positive reaction. In the event, all horses in this latli 
category gave increases well above 15 per cent.

M  fa en i extract. The m ean responses o f all hors 
challenged are set out in T a b le ll, together w ith a statistic: 
evaluation indicating a clear response by a large pri 
portion of Group A horses to  a respiratory  challen: 
with M  faeni, com pared with the m inim al chang 
induced in animals no t hypersensitive to  this organism

In Group A, the difference in response between sens® 
and non-sensitive horses is highly significant (P <O.Oi 
In Group C, only a few horses were challenged but; 
gave a negative response. Group B, as explained 
M cPherson et aI (1978), contained a few anim als whic 
although showing some abnorm ality  o f  P a 0 2 or ffi

TA B L E  III

R E S P O N S E  O F  H O R S E S  C H A L L E N G E D  BY IN H A L A T IO N  O F  A fu m ig a n ts  A N T IG E N  
(post-challenge less pre-challenge m ax  A Ppl)

n d SD V
value

P robab ility
(P)

PO SIT IV E
All horses 12 6.84 8.928 2.654 < 0.05
G ro u p  A 12 6.84 8.928 2.654 < 0 .0 5
G p B +  C 0 — — — -

N E G A T IV E
All horses 37 0,13 1.64 0.465 > 0.10
G ro u p  A 15 0.47 1.845 0.980 > 0.10
G ro u p  B 18 0.064 1.499 0.182 > 0.10
G ro u p  C 4 0.25 1.636 0.306 > 0.10

n =  n u m b er o f  an im als SD  =  s ta n d a rd  dev iation
d =  m ean difference (m m H g) V ' =  S tu d en t's  V  sta tis tic
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R E S P O N S E  O F  H O R S E S  T O  IN H A L A T IO N  C H A L L E N G E  BY H A Y /S T R A W  M O U L D S
A N D  G R A S S  P O L L E N S

T A B L E  IV

G ro u p
A

G ro u p  
B +  C 

+  —
C hi-square

value
P robab ility

(P)

M ouldy  h ay /s traw  
R ye grass pollen

6 3 
5 6

0 11
0 6

10.318
3.736

< 0.01
> 0 .0 5

f  Ppl changes a t rest, did no t m eet our requirem ents 
for classification in Group A. F ou r o f the Group B 
horses gave a small but significant response to  challenge 
(P <0.05). Three o f the 12 horses recorded as negative 
responded by an increase o f 50 per cent, 74 per cent 
and 101 per cent in m ax A  Ppl over the pre-challenge 
level, but were even then below the threshold o f 6 mniHg. 
This influenced the “t ” test, giving a P value o f <0 .05 . 
Analysis of variance, however, showed th a t there was a 
significant difference (P < 0 .01 ) between the Group B 
horses reacting positively and those reacting negatively. 

avj, A fumigatus extract. The mean response o f all horses
0S1i, and the groups is recorded in Table III with a statistical 
:rea; analysis of the results which indicates a highly significant 
;a)t difference (P < 0.01) between those responding and those 
lat|, failing to respond to this challenge. All 12 horses which 

responded were in Group A, the affected group.
[0S Mouldy hay/straw dust. 20 horses were exposed to 
stj‘ this crude challenge. F rom  Table IV, it is clear th a t only 

p, horses in Group A responded in a positive fashion.
Ilepi Rye grass pollen. 17 horses were challenged with 
angt pollen dust. Positive responses were only obtained 
ism from Group A horses, bu t the num bers were too  small for 
isitit ana}ysis- P  was noted th a t 3 o f the 5 horses responding 
qQj positively showed a clinical response within 90 min. 
ut! They coughed, flared their nostrils when inspiring, 
>(l | showing tachypnoea and hyperpnoea and, on aus- 
'hjc’: cultation, wheezing sounds were detected. The only 

n, horse monitored a t this stage had an increased max 
A Ppl. All showed this increase a t 4 to  5 hours, as in 
the responses to  fungal antigens.

Response o f  the 38 Group A horses to respiratory 
challenge. Three horses were no t challenged and 
- failed to respond to  challenge with the antigens currently 
available— M  fa en i and grass pollen in one case and 
M faeni, A fum igatus and grass pollen in the other. The 
remaining 33 horses responded in a positive fashion to  
one or more agent. The responses to  individual 
antigens are shown in Table V.

Since all horses were not exposed to all antigens, the 
percentage figures in Table V em phasise the im portance o f 
M  fa en i as a com m on, but not sole agent involved in 
C O PD  in our horses. M ultiple hypersensitivity was 
not uncom m on. O f the 25 hypersensitive to M  faen i, 
9 were also hypersensitive to A fum igatus  and 2 o f the 
la tter also to  rye grass pollen. Two horses hyper­
sensitive to  m ouldy hay and to  rye grass pollen did not 
respond to  challenge with M  fa en i o r A fum igatus. One 
horse gave a positive response to  challenge w ith the 
Actinomycete extract. It also responded to A fum igatus.

M onitored by changes in P aO , levels
I t was found that, following a single exposure to 

challenge by M  fa e n i extract, the changes in P aO , levels 
a t 4 to  6 hours after inhalation  were apparently  u n ­
predictable and, as shown in Table VI, the mean changes 
were no t significantly different from zero but the standard 
deviation was considerable.

Analysis o f variance indicated tha t there was no 
significant difference between these groups o f horses. 
F o r this reason, consideration o f P a 0 2 changes as a 
m onitoring m easurem ent was abandoned.

W hen, however, horses which had been coughing for 
less than 12 m onths were com pared w ith horses which 
had been doing so for more than 12 m onths, in respect 
o f whether the P aO , levels increased or decreased fol­
lowing challenge, the situation in Table V II was 
disclosed.

Thus, on average, in horses responding to  M  faen i 
the P aO , levels appeared to  be elevated by challenge in 
horses affected for less than 1 year, whereas the levels were 
apparently  decreased in those with disease o f  longer 
standing. By contrast, in horses n o t hypersensitive to  
M  faeni, the PaOj levels did not show this tendency in 
relation to  duration of the cough. The same was found 
to  apply to  horses challenged with A fum igatus.

The PaCO j levels o f horses responding positively to 
M fa e n i  challenge did not alter significantly (P > 0 .05 ) as 
might be expected, since any tendency to  rise is com-

T A B L E  V

IN H A L A T IO N  C H A L L E N G E  O F  35 G R O U P  A H O R S E S

M icropolyspora
fa e n i

Aspergillus
fum ig a tu s

M ouldy
hay

Rye grass 
pollen

N u m b er exposed 32 29 8 12
N u m b er positive 25 12 6 5
Percent positive 78 41 75 42
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T A B L E  VI

C H A N G E S  IN  P aO , LEV E LS A F T E R  M  fa en i IN H A L A T IO N  C H A L L E N G E

n d SD V
value

P robab ility
(P)

A nim als + v e  on m ax A Ppl challenge 28 2.5 7.04 1.333 > 0 .0 5

A nim als — ve on m ax A Ppl challenge 19 — 0.24 6.04 1.386 > 0 .0 5

n =  num ber o f an im als 
d =  m ean difference (m m H g)

SD  =  s ta n d a rd  dev ia tion  o f  difference in P aO , 
V ’ =  S tu d en t’s V  sta tis tic

pensated by hyperventilation in norm al animals and 
Dixon (1978) has shown that horses with COPD are 
capable o f hyperventilating successfully. It seems, on 
the present evidence, tha t this is so in animals with 
relatively recent disease, whereas the older cases, while 
able to  control their PaC O , levels, cannot m aintain 
their PaO , levels.

Comparison of intradermal and inhalation testing on 
horses with M  fa e n i  and A fum igatus

The results o f these tests are shown and com pared in 
Table VIII.

M  faeni extract, in Table V III the results o f the skin 
and inhalation tests are set out in contingency tables. It 
is likely tha t the response provoked by an inhalation test 
is a reliable indicator o f respiratory hypersensitivity. 
The dose o f M  faeni extract used appeared to  be satis­
factory, although we have encountered an anim al which 
only responded to  a double dose. Inhalation challenge 
is a cum bersom e test while a  skin test is simple. The 
tables, therefore, com pare the tests to see whether a 
skin test could be used instead. M cN em ar’s x 1 test 
(corrected for continuity) indicated tha t there were not 
significantly m ore positive responses to  one or other test. 
There were, however, discrepancies between the tests. 
W hen only animals responding positively to  the skin 
test are considered, the agreem ent between the tests 
was 92 per cent (22/24) in Group A horses, 22 per cent 
(2/9) in Group B and 73 per cent (24/30) in Group C. 
In all other com parisons between the tests the agree­
m ent was unacceptably low. Thus, in a horse affected 
with C O PD  a positive response to  the M  fa en i skin 
test is a reasonably reliable indication th a t the anim al has 
a respiratory  hypersensitivity to  an extract o f the 
organism .

A fum igatus extract. There was no associat 
between the two tests except in the Group B -fi 
where the association was due to  the relatively lac 
num ber o f anim als which failed to  react to  either it 
M cN em ar’s x 2 test (corrected fo r continuity) confirm 
th a t where the results o f the test disagreed there« 
no tendency fo r either test to  evoke m ore posit 
reactions.

The agreem ent between the test results was pc 
except in the Group B +  C, where a negative skint 
was always m atched by a negative inhalation chalk 
Positive skin responses were as likely to occur in hoc 
negative on inhalation  challenge as in those which vs 
positive to  respiratory challenge.

D ISCU SSIO N
The intraderm al test showed th a t horses are sensiti 

to  a  num ber o f antigens in their environm ent and than 
developm ent o f skin sensitivity is n o t necessat 
associated w ith the developm ent o f respiratory  disea 
This is paralleled in m an (Schatz, Patterson  and Fii 
1977). Nevertheless, the association o f  M  faeni a> 
A fum igatus  skin sensitivity with equine C O PD  is broct 
ou t in Table I.

In the positive skin tests w ith M  fa e n i  antigen,: 
nature o f  the wheals, the absence o f  m easurable react«: 
1 hour post-injection in som e horses later positive andt 
tim ing o f the m axim al response in the m ajority sugj 
tha t the chief reaction was A rthus-like. The differa 
in the mean responses o f the subgroups A +  and A 
at 1 hour post-injection suggests th a t in the majority 
the horses the skin response to  M  fa e n i antigen «  
dual one— an im m ediate followed by an Arthus-li 
reaction. This, however, requires m ore detailed

T A B L E  V II

E F F E C T  O F  D U R A T IO N  O F  C O U G H  O N  P aO , LEV E LS IN  H O R S E S  C H A L L E N G E D  BY 
IN H A L A T IO N  O F  M fa e n i  E X T R A C T

A nim als + v e  on 
m ax  A Ppl challenge

A nim als — ve on 
m ax A Ppl challenge

D u ra tio n  o f  coughing <  12 m onths >  12 m on ths <  12 m on ths >  12 m o n th s

( raised 18 3 14 1
P aO , levels (

( low ered 4 6 9 1

vest 
Afi 

T 
dem 
A ft  
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whii 
not 
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I he 
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resp
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C O M P A R IS O N  O F  IN T R A D E R M A L  A N D  IN H A L A T IO N  T E S T  R E S U L T S  O N  H O R SE S  A F F E C T E D
A N D  N O T  A F F E C T E D  W IT H  C O P D

T A B L E  V III

All horses G ro u p  A 
(C O P D  affected)

G ro u p  B 4- C 
(n o t affected)

In h a la tio n In h a la tio n In h a la tio n

M icropolyspora fa e n i

In tra d e rm a l
14 5 3 3 11 2

+ 9 24 2 22 7 2

M c N e m a r’s y 1 0.6429 0.000 1.7778
P ro b a b ility  (P) N S N S N S

Aspergillus fu m ig a tu s

In trad e rm a l
27 9 9 9 18 0

8 5 5 4 3 1
M c N e m a r’s y f 0.000 0.6429 1.3333
P ro b a b ility  (P) N S N S N S

N S =  no significance

vestigation. The same appears to  be true o f reaction to 
A fumigatus.

nsili The inhalation challenge tests were successful in 
tati demonstrating the involvem ent o f M  fa e n i  and
ssar A fumigatus in CO PD. T hat on occasion other agents 
ises are implicated has also been revealed. Two horses
Fit which responded to  exposure to  poo r quality hay did

1/* not react to either M  faen i o r A fu m ig a tu s ; 5 horses 
rout showed respiratory hypersensitivity to  rye grass pollen;

1 horse was hypersensitive to  inhalation  o f an unidentified 
Up Actinomycete extract.
ictk The changes in P a 0 2 following short challenge
ndi inhalation exposure tests were unexpected and their 
ugt apparent random  natu re  puzzling un til retrospective 
era analysis revealed the tendency fo r m ore recently affected 
dA horses to show a rise in PaCL and long-standing cases 
ritj to show a fall. This m erits fu rthe r study.
WE
us-li The mtraderma! test as an indicator of the cause of 
ed respiratory hypersensitivity

When the M  fa e n i  skin test was positive, the agree­
ment between the responses to  in traderm al and inhalation 
challenge in our horses with C O PD , accurately diagnosed 
by measurement o f changes in P a 0 2 and m ax A  Pph 
was good. The same canno t be said o f A fum igatus, 
unfortunately, as the disagreem ent between the tests 
was considerable except in horses no t affected with 
COPD where there was good agreem ent when the 
responses were negative.

There are several reasons which m ay account fo r the 
positive skin test against A fum igatus  being a t variance 
with the inhalation test. F irst, the antigenic extracts 
used for intraderm al and inhalation  testing were ob­
tained from different sources; antigens in different 
f trac ts  of A fum igatus  are know n to vary greatly (Pepys, 
1969b). Secondly, the organism , unlike M  faeni, is

known to  invade anim al tissue on occasions. R ooney 
(1970) dem onstrated Aspergillus hyphae in nodules in 
the lungs o f  horses examined a t post m ortem . He 
regarded these hyphae as opportun ist invaders in 
nodules caused by parasitic larval m igration th rough 
the lungs. T hat skin sensitisation takes place in some 
such instances following infection would appear a 
reasonable hypothesis. N o such nodules were noted 
by Nicholls (1978) while exam ining the lungs o f horses 
from  our Group A (affected w ith COPD). it seems 
unlikely, therefore, th a t a satisfactory indirect m ethod 
o f dem onstrating respiratory hypersensitivity to  A 
fum igatus  will be found using a skin test.

The im portance of M  fa e n i  and A fum igatus  as 
aetiological agents in C O PD  in our sample o f horses, 
drawn from Scotland and northern  England, is u n ­
equivocal. T hat on occasion other dusts, eg, grass 
pollen and other Actinomycetes, play a role seems 
likely. O ur failure to  dem onstrate the antigen involved 
in 2 horses hypersensitive to  m ouldy hay suggests tha t 
antigens other than those investigated here are 
occasionally involved.

We should like to  point out that, although sensitisation 
to M  fa en i and A fum igatus  appears to  be com m on, 
this does no t preclude the possibility tha t m any o f our 
horses were also sensitive to  other antigens. A t the 
present tim e we have little indication that this is so, but 
the difficulty o f evaluating all possible allergens is 
immense.

A C K N O W L E D G E M E N T S  
T h is w o rk  w as m ade possible by a  g ran t fro m  th e  H orserace  

B etting  Levy B oard . T h an k s  a re  also  due  to  M iss P. W ood ing  
a n d  M r  G . K eay, b o th  o f  th e  R oyal (D ick) School o f  V eterinary  
S tudies, U niversity  o f E d inburgh , fo r techn ical assistance.
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R É S U M É
M icropolyspora faeni et aspergillus fum igatus ont été 

identifiés com me responsables d ’une hypersensibilité 
respiratoire chez des chevaux atteints d ’une maladie 
respiratoire obstructive chronique. Des pollens de 
graminées et un Actinom ycete ont été tenus pour 
responsables d ’allergies respiratoires chez quelques 
chevaux. Assez fréquem m ent des chevaux se révèlent 
individuellement hypersensibles à un ou deux, ou plu­
sieurs antigènes au niveau de l’appareil respiratoire.

Les m éthodes pour tester l’allergie furent l'injection 
in traderm ique et l’inhalation avec des antigènes trouvés 
dans l’environnem ent. U n test intraderm ique utilisant 
un extrait de M. faeni fut utilisé à des fins diagnostiques 
chez des chevaux atteints précédem m ent de maladie

respiratoire obstructive chronique. Par contre l’am 
gène préparé avec Aspergillus fum igatus ne fut p. 
satisfaisant. Les réactions cutanées aux extraits de) 
faeni et A. fum igatus chez des chevaux attein ts de malad 
respiratoire obstructive chronique, m ontrèrent » 
l’hypersensibilité était double: d ’abord  une fai
réponse suivant de près l’injection suivie par une répos 
de type A rthus 4 à  8 heures plus tard .

La pression in tra thoracique maxirna se révéla être, 
indicateur satisfaisant de la réponse aux stimulations p: 
inhalation. Au contraire les variations de la pressé 
artérielle d'CL furent inexploitables.

Z U SA M M E N FA S SU N G
Micropolyspora faeni und Aspergillus fumigat 

konnten als häufige U rsachen einer respiratorisch: 
H ypersensibilität bei Pferden gefunden werden k 
chronisch obstruktiven Lungenkrankheiten. Lolchpolli 
und ein A ctinom ycet verursachten eine respiratorisd 
Allergie bei einigen Pferden. R echt häufig fand in: 
bei individuellen Pferden auch eine respiratorist1; 
U eberem pfindlichkeit gegen zwei oder m ehr Antigene.

Die M ethoden zur U ntersuchung der Allers 
bestanden in intraderm alen Tests und in der Inhalat» 
von Um gebungsantigene. Ein in traderm aler Test ir 
M. faeni-E xtrakt erwies sich als geeignet für c 
D iagnostik bei Pferden, die an chronisch obstruktiv 
Lungenkrankheiten litten. D as A. fumigalus-Antk 
dagegen erwies sich nicht als zufriedenstellend D 
H autreaktionen gegen M. faeni und A. fumigat 
Extrakte bei lungenleidenden Pferden, schienen dara, 
hinzuweisen, dass die U eberem pfindlichkeit eine Doppel 
ist: Eine schwache Reaktion kurz nach der Injektic 
war von einer A rthus-ähnlichen R eaktion 4 bis 8 Stundi 
später gefolgt.

Als geeigneter Param eter zur Ueberwachung d; 
R eaktion au f A ntigeninhalation, erwies sich die Mess» 
der m axim alen Schw ankung des in tra to rakalen  Drucl 
(rnax. A  Ppl), w ährend die V eränderungen des arteriell 
Sauerstoffpartialdruckes sich als n icht geeign 
herausstellten.

A ccep ted  fo r  publication  1.2.79

P r in te d  by E a s te rn  C o u n t ie s  P r in t e r s  L im ite d  at T h e  Je ffe rson  P re ss, E ly, C a m b s.
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SU M M A R Y
Breed, age, weight, type o f work perform ed, seasonal onset, poor ventilation and exposure to 
moulds in the hab ita t were investigated in relation to  the occurrence o f chronic obstructive pul­
monary disease (CO PD ).

COPD was m ost com m only detected in showjum ping and hacking horses. The older a horse, 
the more likely it was to  become affected although m ost were 6 to  10 years o f age. O f the horses 
in this sample of the population , which was not a random  one, thoroughbred horses were affected 
least and ponies m ost often. The high incidence in ponies was related to their more frequent 
exposure to  poor quality fodder and bedding. M ost horses are exposed to the hazard o f moulds, 
but more affected horses were so exposed than those not affected with COPD. Poor ventilation 
of the stable increased the chance of a  horse becoming affected. Sex, body weight and season of 
onset o f coughing had no influence on the occurrence of the disease.

IN T R O D U C T IO N  
McPHERSON et al (1978) identified 38 horses affected 
with chronic obstructive pulm onary disease (COPD) 
in a group of 100 horses mostly referred because o f poor 
work performance and /o r chronic coughing. D ata 
concerning these horses and their hab ita t collected 
during that study are recorded and analysed.

M ATERIALS A N D  M ETH O D S
Animals

The same 100 horses described in our previous paper 
(McPherson et al, 1978) and classified as Group A 
(affected with COPD), Group B (possibly affected) and 
Group C (not affected) were used in this study.

The horses were referred chiefly because o f poor work 
performance and/or chronic coughing and were therefore, 
not a random sample. The classification o f Groups A, 
B and C was by m easurem ent o f the partial pressure of 
arterial oxygen (P a O J and the maximum intrathoracic 
pressure changes (max A  PpO the form er being sub­
normal and the latter elevated in horses affected with 
COPD (Group A). The levels o f these two param eters 
were normal in Group C. Group B horses did not fit 
mto Groups A or C.

Present address: W ash ing ton  S ta te  U niversity , D ep a rtm en t o f 
^ te rm a ry  M icrobiology an d  P a th o lo g y , P u llm an , W ash ing ton

Collection of data
Details o f breed, age, sex, weight and type o f work 

perform ed were recorded when the horses were adm itted. 
Inform ation concerning the stables and the kind and 
quality o f the hay and bedding was obtained by a 
com bination o f history taking and observation. Bedding 
or fodder that was visibly heavily contam inated by 
moulds, unusually dusty or showed m arked evidence of 
dam pness, or heating was considered to  be o f “ poor 
quality” . Assessment o f fodder was only carried out on 
a subjective basis, as clearly it was not feasible to  obtain 
a satisfactory retrospective sample o f  such material, 
even if the scientific basis for evaluating its quality were 
clear.

Statistical analysis
The data were assembled in multiple or 2 x 2 con­

tingency tables as appropriate. Tests for significant 
differences were made by the chi-square technique 
using the Pirie and Hamden (1972) correction factor 
where appropriate.

RESULTS 
Characteristics of the horses

Breed type. Each of the Groups A, B and C contained 
horses of three breed types. The affected Group A 
contained fewer Thoroughbreds but m ore ponies 
(P < 0 .05) than the other groups.



IN F L U E N C E  O F  B R E E D  T Y PE , A G E  A N D  W O R K  P E R F O R M E D  O N  O C C U R R E N C E  O F
C O P D  IN  H O R SE S

TA B LE I

G ro u p  A

Affected
C O P D

G ro u p  B 
P robab ly  

no t 
affected 
C O P D

G ro u p  C

N o t
affected
C O P D

P ro b ab ility  
values o f 

ch i-square
(P)

T horo u g h b red s 7 11 16
Breed N o n -T h o ro u g h b red s 16 9 13 < 0 .0 5

Ponies 15 8 5

0 —  5 years 4 5 10
Age 6— 10 years 21 20 22 < 0 .0 5

11— 15 years 9 1 1
> 15 years 4 2 1

R acing 3 6 13
W ork S how jum ping 14 7 5
perform ed H un ting /E ven ting 6 9 11 < 0.02

H acking 12 4 4
C h ild ’s pony 3 2 1

Age. Animals from 2 years old upw ards were found 
to  be affected with COPD. The prevalence of the 
disease increased as horses aged.

Type o f  work performed. Fewer horses engaged in 
various forms o f racing but m ore employed in show- 
jum ping  were found to be affected (P < 0 .01) than was 
the case with those engaged in other activities. Hacks 
also showed a higher prevalence (P <0.05). When 
showjum pers and hacks, considered as a single class, 
were com pared with other horses, the incidence of 
C O PD  was significantly higher in them (P <0.001) 
(Table II).

To ascertain whether there was an association betweei 
show jum ping/hacking and breed type, these wen 
com pared in Table III. A significantly higher proportioi 
o f the ponies and fewer Thoroughbreds were so em 
ployed (P <0.001). A sim ilar analysis revealed i  
association between age and breed type or age and typ 
o f w ork perform ed. These factors appeared to t< 
independent in a chi-square test (P > 0 .05 ), indicate 
that the difference attribu tab le to  breed type and typ. 
o f work perform ed were independent o f age.

T A B L E  II

IN F L U E N C E  O F  B R E E D  T Y P E , A G E  A N D  T Y P E  O F  W O R K  P E R F O R M E D  O N  O C C U R R E N C E
O F  C O P D  IN  H O R SE S

A  v. (B & C) 
P robab ility  values 

o f  ch i-square
(P)

T h o ro u g h b red s v. Ponies and  N o n -T h o ro u g h b red s < 0 .05
Breed Ponies v. T h o ro u g h b red s an d  N o n -T h o ro u g h b red s < 0 .0 5

N o n -T h o ro u g h b re d s v. T h o ro u g h b red s an d  Ponies > 0 .0 5

0— 10 years v. 11— 15 years < 0.001
Age 0— 5 years v. 6— 10 years < 0 .0 5

6— 10 years v. 11— 15 years < 0.01

R acing  v. O th er Types o f W ork < 0.01
S how jum ping v. O th er Types o f W ork < 0.01

W ork H u n ting /E ven ting  v. O th er Types o f W ork > 0 .0 5
H acking v. O ther Types o f  W ork < 0 .0 5
C h ild ’s pony v. O th e r Types o f W ork > 0 .0 5
S how jum ping  an d  H acking  v. O th er Types o f W ork < 0.001

A. =  G ro u p  A  (affected C O P D ) (B & C) =  G ro u p  B +  G ro u p  C (no t affected C O P D )
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T A B L E  III

T h o ro u g h b red N o n -T h o ro u g h b red Ponies

S h o w jum ping /H ack ing  
O th er w ork

7
27

20
19

19
8

=  15.733 P <0.001

Sex and body weight. There was no significant 
difference in the distribution o f either the sexes or the 
body weights over the Groups A, B and C (P > 0 .05).

Season o f  onset o f  coughing. There was no seasonal 
difference (P > 0.05) in the onset o f coughing in the 79 
horses in Groups A, B and C which had a cough.

Environmental conditions
Those factors on which data  were collected are set out 

in Table IV. Keeping horses indoors when not at work 
did not, in itself, influence the incidence o f CO PD  
(P >0.05) but poor ventilation o f the stables did

shown to be associated with the incidence o f CO PD, 
and hay o r straw moulds are known to be aetiological 
agents which induce the disease, exposure to poor 
quality hay and/or straw was examined in relation to 
breed type, age and type o f w ork perform ed. The 
results for breed type shown in Table V indicate that 
ponies were exposed to  moulds m ore often than other 
horses (P <0.05). Horses o f all ages and doing all 
kinds o f work were not significantly differently exposed 
to the hazard o f mould spores.

Since ponies were m ore often affected with COPD 
and were more frequently exposed to  the hazard of

T A B L E  IV

C O M P A R IS O N  O F  E N V IR O N M E N T A L  C O N D IT IO N S  O F  H O R SE S  E X A M IN E D  F O R  C O P D

typi

G ro u p  A 

Yes N o

G ro u p  B 

Y es N o

G ro u p  C 

Yes N o

P robab ility  value 
o f ch i-square 

(P)

In d o o rs at all tim es 16 22 10 18 18 16 > 0 .0 5
V entila tion  in ad eq u a te 16 19 6 15 3 20 < 0 .0 5
Straw  bedding  used 35 1 21 0 27 1 > 0 .0 5
H ay fed 36 0 21 0 27 0 > 0 .0 5
M ouldy straw  used 25 11 II 10 20 7 > 0 .0 5
M ouldy hay fed 29 7 14 7 17 10 > 0 .0 5
M ouldy  h ay /s traw  used 34 2 15 6 22 5 < 0 .0 5

C h i-sq u a re  calcu la ted  in 3 x 2 con tingency  tables fo r each line in the table

(P <0.05). Poor ventilation was recorded for 46 per 
cent of the horses in Group A, but only for 20 per cent 
in the other two groups.

Contact with hay or straw  o f poor quality was 
significantly different in Groups A, B and C (P <0.05). 
Of Group A horses, 94 per cent were exposed to this 
material compared with 77 per cent in Groups B and C.

Since breed type, age and type o f work (showjumping 
or other types) apparently  independently, have been

poor quality fodder, the ventilation o f pony housing was 
com pared with that for other horses (Table VI). There 
was no significant difference (P > 0 .05).

D ISCU SSIO N  
C om parison with G ilm our and Jolly’s (1974) popu­

lation figures confirmed that our sample o f 100 horses 
was not a random  one so that care is needed in extra­
polating for the population as a whole.

T A B L E  V

E X P O S U R E  T O  M O U L D Y  H A Y /S T R A W  O F  H O R SE S E X A M IN E D  F O R  C O P D  A N D  
C L A S S IF IE D  A C C O R D IN G  T O  B R EE D

E xposed to T h o ro u g h b red N on- Ponies
m ouldy  hay /s traw T horo u g h b red

Yes 19 27 25

N o 6 7 0

Z2 =  6.645 P < 0 .05



V E N T IL A T IO N  O F  P R E M IS E S  H O U S IN G  P O N IE S  C O M P A R E D  W IT H  O T H E R  H O R SE S
E X A M IN E D  F O R  C O PD

T A B L E  VI

Ponies O th er horses P ro b ab ility  value

V entilation o f  ch i-square

A deq u a te  Inadeq u a te A dequate  In ad eq u a te (P)

Ali 79 horses 18 10 36 15 > 0 .0 5

G ro u p  A only 7 9 12 7 > 0 .0 5

D a ta  available  fo r only 79/100 horses

Horses and ponies o f all breed types, ages, sexes, 
body weights and perform ing m any different kinds of 
w ork were found to be suffering from  COPD. The 
disease was m ore prevalent in ponies as a class than in 
other breed types.

Breed type, age and type of work performed influenced 
the occurrence o f C O PD  but no association between them 
was detected. Fewer Thoroughbreds but m ore ponies 
than expected by chance were affected. Quite young 
anim als were found to  be affected but the prevalence 
increased progressively with age. A lthough m ost affec­
ted horses were in the 6 to 10 year age group this may 
be a reflection of the age grouping of the horse popu­
lation as a whole. Showjumpers and hacks were 
the m ost frequent victims.

The prevalence of C O PD  in ponies may be related to 
their more frequent exposure to  poor quality fodder 
and bedding. A larger proportion o f the affected 
horses were exposed to  poor quality fodder than of 
those not affected and a relationship exists between 
exposure to  moulds from such material and the occur­
rence o f C O PD  (M cPherson et al, 1978). It was not 
surprising tha t poorly ventilated stabling was more 
com m only recorded in the history of horses affected 
with CO PD . The absence o f such a history in more 
than half o f the affected horses suggests tha t we may not 
be aware o f the proper ventilation requirem ents or that 
even in well-ventilated establishm ents animals exposed 
to  poor quality fodder acquire the disease. This would 
be in keeping with our experience tha t clinically norm al, 
susceptible horses kept out-of-doors can be induced to  
“ heave” by feeding poor quality fodder. T hat poor 
ventilation worsens the situation is suggested by our 
observations in a large town stable where ventilation 
was very bad and over one-third of the horses were 
clinically affected and had serum precipitins to 
M icropolyspora fa en i and /o r Aspergillus fum igatus.

Thus the m ore frequent the exposure to  moulds in 
fodder and bedding, especially if com bined with in­
adequate ventilation o f the stables, the m ore likely a 
horse is to  develop COPD. The increase in the disease 
prevalence as horses age may be related to  the sum m ation 
o f exposure to these factors. Pepys (1969a) rem arks 
“ tha t inhalation o f  increasing am ounts o f organic dust 
antigen by atopic subjects m ay be expected to  produce 
disease in more subjects” . Increased intensity of 
exposure produces m ore cases o f acute onset while 
increased exposure over a long tim e would be expected 
to  produce m ore cases of insidious onset if the parallel 
o f respiratory allergies in man applies to  horses. H ow ­
ever, as large num bers o f animals subjected to  similar 
poor environm ental conditions do not contract COPD,

it may be th a t some intrinsic factor, possibly relate 
to  the immunological reactivity o f individuals, a: 
Pepys (1969b) suggests for man, also plays a role.

It is interesting to  com pare the conclusions drawn frot 
this w ork with the opinions expressed by the observair 
clinician Axe (1906). H e suspected a hereditary pre 
disposition, observed the disease m ore frequently i 
heavy or coarse-bred horses and in ponies and associate: 
the exclusive use o f dam aged fodder w ith the aetiolog; 
o f the disease, particularly in older anim als.
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R ÉSU M É
La race, l’âge, le poids, le m ode d ’utilisation, I’appa 

ition saisonnière, le m anque de ventilation et l’expositic 
à  des moisissures ont été considérées pour leur ro 
éventuel dans l’apparition de la maladie pulmonaii 
obstructive chronique.

On a constaté cette affection plus fréquemm ent et 
les chevaux de concours hippique et chez les chevaux 
selle. La fréquence d ’installation est en relation a' 
l’âge de l’anim al encore que pour la plupart, les c 
apparaissent entre six et dix ans d ’âge.

Parmi les chevaux de la population  étudiée—£ 
n’était point prise au hasard— les purs sangs parure 
être les m oins touchés, et les poneys les plus sou* 
atteints. On pense que la plus grande fréquence rf 
contrée chez les poneys est en relation avec le fourrage 
mauvaise qualité reçu et avec la qualité médiocre de 
litière.

La p lupart des chevaux étaient exposés aux moisissiu 
éventuelles mais les chevaux atteints étaient plus exp® 
que les chevaux indemnes. La m auvaise ventilation1!
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locaux accroît les chances de m aladie. Le sexe, le poids 
et le caractère saisonnier de la toux on t semblé n ’avoir 
aucune influence sur l’apparition  de la maladie.

Z U SA M M E N FA S SU N G
Rasse, Alter, Gewicht, A rt der A rbeit, jahreszeitliche 

Schwankung des A uftretens, schlechte Belüftung und 
Exposition mit Pilzen in der Um gebung, wurden 
untersucht in Zusam m enhang m it dem  A uftreten von 
chronisch obstruktiven Lungenkrankheiten. D erartige 
Krankheiten wurden am häufigsten gefunden bei 
Spring- und Spazierpferden. Je älter das Pferd, desto 
wahrscheinlicher wird das A uftreten dieser K rankheiten,

obgleich die meisten Patienten 6 bis 10 jäh rig  waren. 
Die untersuchte Population war keine zufällig 
ausgewählte; Vollblüter erkrankten am  seltensten und 
Ponies am häufigsten. Die hohe W ahrscheinlichkeit 
des Auftretens bei Ponies liess sich in Zusam m enhang 
bringen mit der häufigeren Exposition mit qualit'v  
schlechtem F utter und Streue. D ie meisten Pferde 
sind pilzexponiert, aber lungenkranke Pferde häufiger 
als lungengesunde Tiere. Eine schlechte Stallbelüftung 
erhöhte die M öglichkeit einer E rkrankung. Das 
Geschlecht, das K örpergewicht und die Jahreszeit 
beeinflussten das Auftreten der K rankheit nicht.

A ccep ted  fo r  publication  1.2.79
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SU M M A R Y
The sera of horses affected and not affected with chronic obstructive pulm onary disease (CO PD ) 
were examined for precipitins to  Micropolyspora fa e n i  and Aspergillus fum igatus. Precipitins to 
both antigens were not restricted to C O PD  cases but occurred more frequently in anim als affected 
with COPD. M any anim als w ithout detectable precipitins responded clinically to inhalation 
challenge with these antigens.

IN T R O D U C T IO N
IN previous papers the au thors have described the 
pliysiopathological changes th a t may be used diag- 
nostically in horses affected with chronic obstructive 
pulmonary disease (CO PD ) and the response of these 
animals and others to  exposure to  inhalation o f certain 
bacterial and fungal extracts (M cPherson et al, 1978; 
McPherson et al, 1979). In man and cattle affected with 
extrinsic allergic alveolitis (Pepys et al, I963; W iseman, 
Selman, Dawson and Pirie, 1973) and in m an with 
asthma with pulm onary eosinophilia (Longbottom  and 
Pepys, 1964) precipitating antibodies are often found in 
the sera of affected individuals. The significance of 
such antibodies is sometim es disputed; however, al­
though they may be confusing diagnostically there would 
seem to be agreement tha t they may be involved in the 
immunopathogenesis o f the respective conditions (Pepys, 
'969; Schatz, Patterson and Fink, 1977) and th a t they 
indicate exposure to  the relevant antigen.

Horses with COPD are frequently hypersensitive to 
inhaled antigens derived from  Micropolyspora faeni, 
Aspergillus fum igatus  and possibly other organism s 
(McPherson et al, 1978). This paper is an account of 
the presence of precipitating an tibody  to  these antigens 
ound in those animals exposed by inhalation and also 

m certain other selected groups o f horses.

Piesent address: W ash ing ton  S ta te  U niversity , D ep artm en t o f
ooeS n? ry M 'c r°b io logy  an d  P atho logy , P u llm an , W ash ing ton  
vy 1 c>4, USA.

M A TERIALS A N D  M ETH O D S
The strains o f M  fa e n i (1156) and Thermoactinomyces 

vulgaris (1150) were obtained from  the Mycological 
Reference Laboratory , London School o f Hygiene and 
Tropical Medicine. The three strains o f A fum igatus  
employed were obtained as follows: 371/68 and 1330/72 
from  histologically confirmed cases o f canine m ycotic 
rhinitis and 294/71 from  a case o f bovine mycotic 
m am m ary granulom a. Antigens from  all 3 strains 
reacted strongly in gel diffusion tests w ith the serum of 
the anim al from  which they had previously been 
isolated.

Preparation of antigens
M  faeni. The m ethod o f preparing antigen was based 

on tha t described by the w orking party  (W orking 
Party, 1967). Stock cultures o f M  fa e n i  m aintained at 
5°C were inoculated on to  dextrose agar slopes which 
were incubated for 48 hours at 52°C. This culture was 
then used to  seed 30 ml am ounts o f nutrient broth 
(Oxoid CM I) with 1 per cent dextrose in 8-ounce medical 
flats. Cultures were incubated for 3 or 6 weeks at 52°C.

The resultant growth was centrifuged and the deposit 
resuspended in distilled water. The cell suspension 
was sonicated in a  100-watt ultrasonic disintegrator 
(M SE Scientific Instrum ents, Crawley, Sussex) for 
10 min at 8 microns am plitude. The sonicate was then 
held at + 5 °C  for 48 hours before centrifuging to  deposit 
the cell debris. The supernatant was precipitated with 
2 volumes o f acetone and a little sodium acetate and
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allowed to  stand a t + 5 °C  overnight. The precipitate 
was recovered by centrifugation and redissolved in the 
minimum quantity  o f norm al saline and stored at 
— 20°C. The supernatant from  the 6-week broth 
culture was retained and 0 .1 per cent w/v sodium azide 
added. The fluid was then dialysed against carbowax 
overnight to  obtain a 10-fold reduction in volume. 
The dialysis tubing was tied off and the antigen dialysed 
against running tap w ater overnight. This antigen was 
stored a t — 20°C and referred to  as concentrated broth 
extract.

A fum igatus. The m ethod o f preparing antigen was 
based on tha t described by Amos (1970). The selected 
strain  o f  A fum igatus  was grown on a S abouraud’s agar 
slope for 48 hours at 37°C, the culture was frozen and 
thawed and then inoculated into 8-ounce medical flats 
containing 30 ml Sabouraud’s broth. The fungus was 
grown at bench tem perature for 1 m onth, the fungal mat 
shaken to the bottom  and sodium azide added to 
0.2 per cent w/v. The culture was allowed to stand 
overnight before homogenising at maximum rpm for 
2 rnin (M SE 77313, Crawley, Sussex). Two volumes of 
phosphate buffered saline (PBS, 0.1 M, pH  7.4) with 
0.2 per cent sodium  azide were added to the volume of 
bulked antigen and the suspension shaken daily for 
I hour for 14 days. The antigen was filtered through 
gauze and then centrifuged at 3,000 rpm  for 30 min, 
the supernatan t was dialysed against running tap water 
for 24 hours, concentrated approxim ately x 100 with 
carbowax at + 5 °C , the dialysis tube retied and the 
antigen solution once again dialysed against running 
tap  water. The antigen was centrifuged to  remove any 
rem aining particulate m atter and stored at — 20°C.

T  vulgaris. The m ethod o f preparing antigen was 
sim ilar to that used with M  faeni. Glucose broth 
cultures were incubated for 14 days at 42°C. The har­
vested mycelium was filtered, the growth resuspended in 
distilled w ater and homogenised (M SE 77313, Crawley, 
Sussex) for 10 min. Sonic disintegration, acetone pre­
cipitation and storage were as for M  faeni.

Gel diffusion tests
Gel diffusion plates were prepared from borate buffered 

agar and citrate buffered agar (Proctor, 1967) using 
20 ml agar in 87 mm diam eter petri dishes. Wells were 
cut with the aid o f a tem plate. The central serum well 
was 14 mm  in diam eter and the 6 peripheral antigen 
wells were 5 mm in diam eter and each was 8 mm from 
the central well. Sera were used undiluted and con­
centrated x 5, the la tter being obtained by adding 2.5 ml 
serum to 0.4 g polyacrylam ide gel (Lyophogel, Gelm an 
Instrum ent Co). The central well held 0.5 ml o f serum. 
Antigens were diluted with norm al saline to contain 
11-14 m g/m l on a dry m atter basis and plates were 
incubated in a closed container for 7 days a t 32°C. 
Representative tests carried out in borate buffered agar 
which developed precipitin lines were washed in 5 per 
cent sodium citrate for 45 min and the plates examined 
for persistence o f the lines (K aufm an, 1976). Antigens 
were evaluated against control sera before use in tests.

Horses

of animals were also exam ined. Group A 2 were a]; 
COPD animals, Group D contained 10 anim als affecte 
with “ contagious coughing” , Group F  comprised 
horses with no known respiratory  dysfunction ai 
Group E contained 18 anim als with respiratory § 
orders and not showing the physiological defects 
COPD. M any o f the anim als in this last group 
laryngeal abnorm alities.

The m ethod of exposure o f horses to aerosol challenr 
and the antigens utilised are described by McPherst 
et al (1979). Anim als were exposed to  approximate 
12 mg o f  either M  faeni or A fum iga tus  antigen a; 
m inistered as an aerosol by means o f  a face mas 
Clinical observations were supported  by measurements! 
intrathoracic pressure change, partial pressure 
arterial oxygen and the changes o f  these values froi 
resting values determ ined im m ediately before exposure.

RESULTS

The anim als were divided into Group A (affected with 
CO PD), Group B (possibly affected) and Group C (not 
affected) and were those described in a previous paper 
(M cPherson et al, 1978). Sera from  4 additional groups

Results of serological tests on admission (Table I)
Sera from  172 horses were exam ined on admission' 

the hospital for precipitins to M  fa e n i, A fumigatusiis 
T vulgaris. In the standard  double gel diffusion tt 
(SDGT), 12 horses were found with precipitins 
M  fa e n i ;  where replicate tests were carried out use 

concentrated sera (C D G T), a fu rther 4 out o f 123 anim; 
examined in this m anner were found to  be positn 
Only 1 anim al showed precipitins to  T  vulgaris 
adm ission, this being dem onstrated using concentrat; 
sera.

M any (10/15) o f these reactions with M  fa en i aceioi 
antigen in one or both tests consisted o f a single precipil 
line which was not always easily detected. The additioi 
clarity o f borate buffered agar m ade it easier to  determi 
the presence o f these lines. All representative te 
done in citrate agar or washed in sodium  citrate retail, 
the lines observed in the borate buffered agar.

A few animals (4) did, however, have sera wlii 
developed well-defined m ultiple lines with one or oil 
M  fa e n i antigen. There was no evidence that t 
concentrated broth  extracts were superior to  conventioi 
acetone precipitated antigen; indeed, the later detec: 
precipitins in 5 animals in which precipitins were; 
detected using b ro th  antigens, while b ro th  antigens c: 
detected 1 anim al not found positive with acet; 
antigen.

Sera from  the same horses tested for precipitins agar 
A fum igatus  showed 7 positive anim als (7/172) in' 
SDG T, while an additional 5 anim als were fou 
positive in the 123 tested using the CDGT. J- 
as with M fa en i, m any (7/12) o f  the results were duet 
single precipitin line and m ultiple lines were uncomnif 
In 5 cases, precipitins were present to  all 3 strains 
A fum igatus, but in 7, precipitins were only pres 
against 1 or 2 strains. Precipitin lines were stable";’ 
carried out in citrate agar or upon w ashing with sodit 
citrate. Five animals out o f the 172 showed precipit 
to  both M  fa en i and A  fum igatus, 1 also possess 
precipitins to T  vulgaris.

O ut o f the 38 horses in the C O PD  Group A, 12} 
precipitins when first adm itted  (9 to  M  fa en i and 
A fum igatus, 2 reacting with bo th  antigens). Ho; 
in Groups B and C together contained 1/50 and - 
animals w ith precipitins to M  fa e n i and A funip 
respectively. In Groups D, E  and F, 44 animals"
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T A B L E  I

P R E S E N C E  O F  P R E C IP IT IN S  IN  S E R A  O F  H O R SE S  O N  A D M IS S IO N  F O R  E X A M IN A T IO N
O F  R E S P IR A T O R Y  F U N C T IO N

Serum Precipitins presen t to
concen tration)- M  fa t•ni A  fu m ig a tu s T vulgaris

All horses 1 12/172 6 . 9 / 7/172 4 .05% 0/172 0 %
5 16/123 13.0% 12/123 9 .75% 1/123 0.81 %

A (COPD)* 1 6/38 15.8% 2/38 5.25 % 0/38 0 %
5 9/33 27 .3% 5/33 15.4% 0/33 0 %

A2 (COPD) 1 3/19 15.7% 2/19 10.5% 0/19 0 %
5 2/7 28 .5% 2/7 28.5% 1/7 14.2%

B (COPD?) 1 0/24 0 % 0/24 0 % 0/24 0 %
5 0/22 0 °//o 2/22 9.1 % 0/22 0 %

C (Normal) I 1 ¡26 3 .85% 0/26 0 % 0/26 0 %
5 1/23 4 .35% 0/23 0 % 0/23 0 %

D (Contagious cough) 1 0/10 0 % 0/10 0 % 0/10 0 %
5 0/6 0 % 0/6 0 % 0/6 0 %

E (Various resp ira to ry — not C O P D ) 1 1/18 5 .5% 1/18 5 .5% 0/18 0 %
5 1/15 6.65 % 1/15 6.65 % 0/15 0 %

F (Not respiratory— n o t C O P D ) 1 0/16 0 % 1/16 6 .25% 0/16 0 %
5 0/5 0 % 1/5 20.0 % 0/5 0 %

B, C, D, E, F 1 2/94 2 13 °/• /o 2/94 2 .13% 0/94 0 %
5 2/71 2 .8 % 4/71 5 .65% 0/71 0 %
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NB N u m e ra to rs  d en o te  th e  n u m b e r  o f  an im als w ith  precip itins, d en o m in a to rs  the  num bers tested 
* C O P D  horses in G ro u p  A re la te  specifically to  th e  an im als described in a p rev ious pap er (M cP h erso n  et at, 1979) 
t  1 =  u n co n cen tra ted  se rum  5 =  se rum  co n cen tra ted  x 5

examined and 3 were found to  have precipitins, 
M faeni and 2 to A fum igatus.

to

Appearance of precipitins in response to respiratory 
challenge

Twenty-eight horses in Group A were exposed to 
specific antigen challenge, adm inistered by m ask using 
aerosol antigen. In 17 o f  these anim als, precipitins 
had not been detected in sera tested p rio r to  challenge; 
8 horses developed precipitins subsequent to  this p ro ­
vocation, 8 to A fum igatus  and 1 to  both A fum igatus  
and M faeni. The mean period between exposure and 
sampling for the dem onstration  o f post-exposure 
precipitins was 11.7 and 10.8 days respectively for 
A fiimigatus and M  faeni', individual sera were found 
to have become positive 8 days after exposure.

These precipitins which developed post-exposure were 
Present, with no exceptions, to m ore than 1 A fum igatus  
antigen and, indeed, in 4 out o f the 7 cases were present 
to all 3 antigens used in the tests. In the 6 animals 
Positive before exposure to  A fum igatus, precipitin 
reactions increased in num ber or becam e present in 
^concentrated sera which had previously been negative. 
11 the 6 animals positive to  M  faeni, subsequent to  chal- 
fflge 4 either lost o r showed fewer precipitin lines when 
compared with previous tests.

Taken overall, 18 o f the 28 challenged Group A 
animals showed precipitins to  one or other antigen 
either before and /o r after exposure to  inhalation chal­
lenge. These results are sum m arised in Table II.

Twelve Group B horses were exposed to respiratory 
challenge with bo th  M  fa e n i and A fum igatus  and a 
further 4 animals challenged with one o r other antigen.

T A B L E  II

P R E S E N C E  O F  P R E C IP IT IN S  IN  28 G R O U P  A H O R SE S 
B E F O R E  A N D  A F T E R  R E S P IR A T O R Y  C H A L L E N G E

A ntigen

P recip itin s presen t

P re­
challenge

P o st­
challenge

T ota l 
(pre- o r post- 

challenge)

M  fa e n i 8 6/27 9/28 )
)18/28

A fum ig a tu s 6 13/25 14/28 )

D e n o m in a to r  =  N u m b e r  o f  anim als  challenged with e ach  antigen
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T A B L E  III

R E L A T IO N S H IP  O F  C L IN IC A L  R E S P O N S E  F O L L O W IN G  
IN H A L A T IO N  C H A L L E N G E  T O  P R E S E N C E  O F  

P R E C IP IT IN S  (.M fa e n i)

P recip ita ting
an tibody*

C linical response to  + 20 8
in h a la tio n  challenge — 18 2

=  2.440 P >  0.05
* includes p recip itins present on adm ission  an d  post-exposure

Two anim als only in Group B responded to challenge by 
producing precipitin lines, I against M  fa en i and the 
other to  A fumigatus.

Relationship between clinical response to respiratory 
challenge and the presence of serum precipitins

In a com parison of the clinical response to respiratory 
challenge with M  fa e n i and the presence of precipitins 
to this antigen, it was found tha t 20 of the 28 animals 
that responded to inhalation challenge did not have 
precipitins detectable by the m ethods employed and 
overall there was no statistical agreement between the 
tests (P > 0 .05) (Table III). Eight animals with pre­
cipitins, however, responded to M  faeni inhalation 
exposure; 2 animals could not, however, be provoked in 
this m anner.

T A B L E  IV

R E L A T IO N S H IP  O F  C L IN IC A L  R E S P O N S E  F O L L O W IN G  
IN H A L A T IO N  C H A L L E N G E  T O  P R E S E N C E  O F  

P R E C 1P IT IN S  (A fum iga tus)

P recip ita ting
antibody*

C lin ical response to  + 5 5
in h a la tio n  challenge — 28 10

r  =  2.006 P > 0 .0 5
* includes precip itins presen t on adm ission  an d  post-exposure

W ith A fum igatus, the situation is more confused and 
the relationship between the 2 tests is even less clear 
(Table IV). Five out o f the 15 anim als with precipitating 
antibody could be provoked by inhalation challenge and 
5 out o f the 33 animals w ithout precipitating antibodies 
also responded to challenge.

DISCUSSION 
In this study, horses with C O PD  more frequently 

had serum antibody to M  faen i than horses not so 
affected. In the precipitin test, such antibodies were 
often only weakly dem onstrated and sometimes the sera 
required concentration before they could be detected. 
The incidence o f precipitins encountered in this work is 
considerably larger than tha t found by Schatzm ann and 
G erber (1972) and much more clearly indicates the

probability that M fa en i acts as a m ajor allergen involve 
in CO PD  in the horse. Clearly, such tests are si 
difficult to  in terpret diagnostically and many animal 
sensitive by inhalation challenge to M  faeni, do n, 
possess precipitating antibody dem onstrable by f  

technique employed in this w ork and, as might 
expected from  studies in o ther species, individit 
anim als may be exposed to antigen, develop antibod 
and yet retain norm al pulm onary functions.

The response o f the horse to  A fum igatus  cleat 
differs from the response to M  fa e n i ; precipitatit 
antibody is m ore readily detected when present, ft 
lowing exposure; the im m unological response tends! 
follow an am nestic pattern  and there is a poor clinic: 
response to inhalation challenge in horses with antibodi 
It seems likely tha t these differences reflect diflferenci 
in the nature o f the antigens and the behaviour of the 
micro-organism s following inhalation. Although il 
tem pting to discount the possible part played by 
fum igatus  in C O PD , the positive responses to  inhalatic 
obtained with a num ber o f  anim als and the increase 
num bers o f COPD-affected horses with precipiti; 
against this fungus indicate tha t such a deduction coal} 
be erroneous. It may be that COPD-affected hors 
have precipitins to  these fungi m ore frequently tfe 
non-affected animals either because pulm onary functic 
is im paired, a parallel being present in man whet 
in some studies, 39 per cent o f  patients w ith pulmonai 
tuberculosis have precipitins to  A fum igatus  (Buechn 
et al, 1973) or because exposure to  these antigens 
greater.

A C K N O W L E D G E M E N T  
T his w ork  w as m ade possib le by a  g ran t from  th e  Horsen 

B etting Levy B oard .
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l£S serUms de chevaux attein ts de la m aladie et ceux 
^  de chevaux indemnes ont été exam inés pour y trouver des
M  précipitines à M icropolyspora faeni et à Aspergillus
:ent‘ fumigatus. La présence de précipitines n ’était point
•lis limitée à la maladie respirato ire mais fut constatée plus
it 

by 
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fréquem m ent chez les chevaux atteints de cette maladie. 
Beaucoup d ’anim aux chez lesquels les précipitines 
n ’étaient point détectables réagirent cliniquem m ent à 
l’inhalation d ’antigènes.

Z U SA M M E N FA SSU N G  
Die Seren von gesunden Pferden und diejenigen von 

Pferden mit chronisch obstruktiven Lungenkrankheiten 
wurden au f das Vorkom m en von Praezipitinen gegen 
M  icropoly sporafaeni und Aspergillus fumigatus u n tersuch t . 
Das A uftreten von Praezipitinen gegen beide Antigene 
erwies sich als nicht beschränkt a u f  die Fälle von 
Lungenkrankheiten, aber sie traten doch bei erkrankten 
Tieren häufiger auf. Viele Pferde ohne nachweisbare 
Praezipitine reagierten klinisch au f die Inhalation 
dieser Antigene.

A ccep ted  fo r  publication  4.4.79
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Identification and Characterisation of the 
Major Antiproteases in Equine Serum and 
an nvestigation of their role in the onset 
of Chronic Obstructive Pulmonary 
Disease (COPD)
A. G. MATTHEW S
Department o f Veterinary M edicine, Royal {D ick) Schoo l o f Veterinary Studies, Veterinary F ie ld  
Station, Easter Bush, Ros/in, M id lo th ian  EH25 9RG

r  S U M M A R Y
Three major antiprotease components in equine serum were identified and characterised. These 
were the acidic prealbumin Pr, the homologue of  human a lpha-1 antitrypsin and 2 protease 
binding proteins, the acidic prealbumin Xc and alpha-2 macroglobulin, both capable o f  inhibiting 
the proteolytic activity o f  trypsin, but with only limited inhibitory effect on its esterolytic activity.
The possible role o f  these serum antiproteases in the onset o f  chronic obstructive pulmonary 
disease (COPD), analogous to the hereditary dysproteinaemia of  alpha-1 antitrypsin in man, was 
investigated. There was no evidence o f  a genetically determined variation in the protease binding 
proteins but an increased frequency of  the electrophoretically slower Pr antitrypsin alleles was 
present in horses affected with CO PD . However, because of  both the mixed breeding of  the 
animals investigated and the lack of  correlation with low serum trypsin inhibitory capacity, 
measured by inhibition of  DL-BAPA hydrolysis, the significance of  this observation could not 
be critically assessed.

IN T R O D U C T IO N  
TWO major protease inhibitory com ponents have been 
demonstrated in equine serum, in the albumin and 
alpha-2 electrophoretic regions respectively (N akam ura 
and Wakeyama, 1961; Fossum, 1970; Erickson, 1975).

^The specific nature o f  the 2 antiprotease com ponents of 
equine serum is at  present unknown.

On both acidic starch gel electrophoresis (Fagerhol and 
Laurel!, 1967) and on iso-electric focusing in the pH 
range 3-6 (Allen, Harley and Talamo, 1974), the major 
human serum antiprotease, alpha-1 antitrypsin, appears 
as a multi-allelic polymorphic protein system, the 
protease inhibitor (Pi) locus. Certain Pi phenotypes, 
particularly the homozygote of  the electrophoretically 
slowest allele, result in a dysproteinaemia o f  serum 
alpha-1 antitrypsin. Such individuals show an increased 
susceptibility to early onset panacinar emphysema and 
1964) °^ struct' ve Pulmonary disease (COPD) (Eriksson,

On acidic starch gel electrophoresis o f  equine serum, a 
number of protein systems have been described, desig­
nated prealbumin (Pr), X c/Xd conglomerate, X h and Xk 
ln decreasing order b f  electrophoretic mobility (Braend, 
1967). The genetics o f  the highly polymorphic Pr locus 
nave been described by Braend (1970), Buis (1976) and 
hcott (1977). Ek (1977) dem onstrated  antitrypsin

activity associated with the more anodal protein bands 
of equine serum on acidic starch gel electrophoresis, 
attributing this activity to a single protein, the Pr locus.

This paper presents the results o f  a study undertaken 
to identify and characterise the major protease inhibitors 
o f  equine serum and to investigate their role as a possible 
intrinsic determinant o f  CO PD  in the horse (McPherson 
et al, 1978).

M A TER IA LS A N D  M ETH O D S
Serum samples were obtained from 33 healthy 

Thoroughbred family groups and from 52 horses and 
ponies affected with COPD. The techniques used will 
be published in detail elsewhere. The methods were as 
follows.

Antiserum against the proteins anodal to the Xh 
protein on acidic starch gel electrophoresis w'as raised 
in experimental rabbits,  using a method based upon that 
described by Martin, Vandeville, Martin and R opartz  
(1974). The anti-anodal acidic prealbumin im m uno­
globulin fraction of  the immune serum was extracted by 
am monium sulphate precipitation t (Stelos, 1967). 
Fibrinagar electrophoresis and immuno-electrophoresis 
was based upon the techniques of Heimburger and 
Schwick (1962) and G rabar  and Williams (1953).
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The antiprotease activity o f  the acidic prealbumin 
and the alpha-2 proteins on starch gels were determined 
using the chromogenic substra te  staining technique 
described by Uriel and Berges (1968), using acetyl- 
DL-phenylalanine-P-naphyl ester as a trypsin substrate 
and by combining starch gel electrophoresis with 
fibrinagar plates according to the sandwich technique 
of Heimburger (1972). Immunofixation of  the anodal 
acidic prealbumins Pr, Xc and Xd after electrophoresis 
in agarose (pH 8.6) was carried ou t using a modification 
of the techniques described by Johnson (1976) and by 
Ritchie and Smith (1976).

Gel filtration ch rom atography  of  serum samples was 
carried out on Sephadex G200 (Pharmacia, Uppsala, 
Sweden). Acidic starch gel electrophoresis o f  equine 
serum (pH 4.3—4.5) was carried out using a modification 
of the technique described by Fagerhol (1972). Iso­
electric focusing of  equine serum on polyacrylamide 
gel slabs, in the pH range 4-6, was carried ou t on an 
LK.B 2117 M ultiphor system, using a modification of 
the technique described by Karlsson, Davies, Oilman 
and Andersson (1973). Alkaline starch gel electro­
phoresis was carried ou t using modifications of  the 

«^techniques described by Ashton (1958, 1960) and by 
Kristjansson and Hickm an (1965).

Spectrophotometric determination o f  the serum 
trypsin inhibitory capacity o f  whole serum and the 
Sephadex G200 fractions was carried ou t as described 
by Troyer and M oskowitz (1968), using benzoyl-DL- 
arginine-P-nitroanilide (DL-BA PA) and casein as trypsin 
substrates.

R ES U LTS
There was a biphasic distribution o f  the antiprotease 

activity of equine serum abou t the alpha-2 and albumin 
electrophoretic zones (Fig la). The presence o f  3 
precipitin arcs on immuno-electrophoresis o f  equine 
serum against rabbit anti-horse anodal acidic prealbumin 
immunoglobulins (Fig lb) indicated the presence of 
3 antigenically distinct proteins anodal to the Xh protein 
on acidic starch gel electrophoresis. The most anodal 
precipitin arc corresponded to the albumin-zone 
antiprotease component.

Immunofixation of  equine serum with rabbit anti- 
^  horse anodal acidic prealbumin serum demonstrated 

that the 3 most anodal acidic prealbumins migrate in 
the prealbumin/albumin, alpha-1 and alpha-2 zones 
respectively on agarose electrophoresis (pH 8.6).

Fig  2. (a) Fibrinagar acidic starch  g e l sandw ich technique.
The right hand trough contains a section  cut fro n t the gel. The
le ft hand trough contains bovine pancreatic trypsin  (320 llglrnl 

in 0.0025 N  HC1).
(b) Acid ic  starch  g e l electrophoresis o f  equine serum  o f  Pr
phenotype L L . The acidic prealbum in nom enclature proposed

by Braend  ( 1967) is used.
(c) The sam e g e l as (6) s ta ined  using the colorim etric substrate

staining technique.

Using the fibrinagar-acidic starch gel sandwich 
technique, two peaks of  inhibition of  the fibrinolytic 
activity of  trypsin (Fig 2a, A, B), indicated by inhibition 
of  clearing of  the fibrinagar, were detected in the more 
anodal prealbumin bands, corresponding to the Pr and 
Xc regions (Fig 2b).

Using the chromogenic substrate staining technique 
after acidic starch gel electrophoresis o f  equine serum 
(Fig 2c), inhibition of  the esterolytic activity of  trypsin, 
indicated by a zone of  negative staining (X), was detected 
only in the most anodal group of  bands, representing 
the Pr  protein. The protein bands corresponding to 
the Xc protein stained positively against the diffusely 
stained background, indicative of  only a limited in­
hibitory effect upon the esterolytic activity of  trypsin. 
This staining was present w ithout prior incubation of 
the gels with trypsin, indicating a natural esterase 
activity associated with the Xc antiprotease.

Fig 3 shows the distribution of  the alpha-2 and 
albumin-zone antitrypsin components, determined by 
fibrinagar electrophoresis o f  the eluted fractions, after 
Sephadex G200 chromatography of  equine serum. The 
alpha-2 antitrypsin activity was eluted with m acro­
globulins in the first (I9S) peak and the leading edge of  
the second (7S) peak (Regions 1-2, fractions 9-13). The 
albumin zone of  antitrypsin activity is eluted in the 
trailing edge of  the second peak and in the third (4S) 
peak (Regions 3-4, fractions 15-19). There was some 
evidence of  a minor, electrophoretically, distinct, 
interalplm-antitrypsin component eluted in the second 
peak (Region 2-3, fraction 14).

Immunofixation after agarose electrophoresis o f  the 
pooled alpha-2 and albumin-zone antitrypsin components

i n  * A l b u m i n  I:' ' ' /"■ .. _|_
\ \ 
\

■;j 
i
j

A? 1 • (a) Fibrinagar electrophoresis o f  p o o led  equine serum , 
n on ,roll% contains bovine pancrea tic  trypsin  (320 \lg lm l in 
0.0025 N  HC1). Inh ib ition  o f  the fibrino lytic  a c tiv ity  o f  tryp ­
sin about the album in and  the aipha-2 regions is show n by  

inhibition o f  clearing o f  the fibrinagar gel.
(b) hnm uno-electrophoresis o f  p oo led  equine serum  against 

anti-horse anodal acidic p rea lbum in  im m unoglobulin .
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fraction no
Fig 3. The elution p a ttern  o f  p oo led  equine serum  on Sepli-
adex G200 g e l filtra tio n . R eg ions  1-2 and  3-4 are the m ajor 

regions o f  a n titryp tic  ac tiv ity .

after Sephadex G200 chrom atography  demonstrated 
that the Pr and Xc proteins are restricted to the albumin- 
zone component.

Alkaline starch gel electrophoresis, using a tris- 
citrate gel bufTer, pH 7.6, o f  the Sephadex G200 fractions 
10-16, showed the protein com m on to those fractions 
with alpha-2 antitrypsin activity (fractions 10-12) to 
be alpha-2 macroglobulin, appearing as a single, densely 
staining band. Fractions 14-16, with no alpha-2 anti­
trypsin activity, had no detectable alpha-2 macroglobulin 
(Fig 4).

Using a phosphate gel bufTer, pH 7.35, the alpha-2 
macroglobulin could be split into 2 components, both 
capable of inhibition o f  the fibrinolytic activity of 
trypsin shown using the fibrinagar starch gel sandwich 
technique (Fig 5) . Using a tris-cacodylic acid gel buffer, 
pH 7.6-7.7, a third alpha-2 macroglobulin component, 
of intermediate electrophoretic mobility, could be 
detected. This com ponent was found in some serum 
samples using the phosphate gel buffer technique.

T A B L E  I

M E A N  T O T A L  T R Y P S IN  IN H IB IT O R Y  C A P A C IT Y  (m g/m l) O F  W H O L E  S E R U M  A N D  O F  T H E  
S E P H A D E X  G 200 C H R O M A T O G R A P H Y  F R A C T IO N S  W IT H  A L P H A -2  A N T IT R Y P S IN  A C T IV IT Y

G 200 frac tions con ta in in g
S u b stra te W hole serum A lpha-2  an titry p sin  activ ity

(n =  8) (n =  8)

C asein 1.75 ±  0.25 0.84 ±  0.16
D L -B A P A 1.28 ±  0.38 0 .1 1 ±  0.07

Chromogenic substrate staining of  the alkaline starch 
gel showed no inhibition o f  the esterolytic activity o f  
trypsin by alpha-2 macroglobulin. However, natural 
esterase activity could be demonstrated in both  electro­
phoretic components o f  alpha-2 macroglobulin.

The mean trypsin inhibitory capacity of  whole serum 
and pooled Sephadex G200 fractions with alpha-2 
antitrypsin activity is shown in Table I. There was a 
substrate-related variation in the trypsin inhibitory 
capacity, particularly marked in the alpha-2 antitrypsin 
component, casein, resulting in higher levels than DL- 
BAPA.

The alpha-2 antitrypsin fraction comprised 48 per 
cent o f  the total serum antitrypsin activity, measured by 
casein hydrolysis, but only 8.5 per cent measured by 
DL-BAPA esterolysis, the remaining antitrypsin activity 
being made up o f  the Pr and Xc proteins, the interalpha 
trypsin and, possibly, other as yet unidentified anti­
proteases.

The frequency of  occurrence of  the Pr alleles in the 
Thoroughbred, using iso-electric focusing and acidic 
starch gel electrophoresis, was similar to those previously 
described by Scott (1977). The Pr gene frequencies 
determined by iso-electric focusing are shown in Table II. 
Using iso-electric focusing in contrast to acidic starch 
gel electrophoresis, the bands corresponding to the Xc 
protein appeared markedly heterogeneous. There was 
no evidence that this iso-electric heterogeneity o f  the 
Xc protein in the Thoroughbred was the result o f  a 
genetically determined biochemical polymorphism.

. +

, y  ■ ■ T> ' . . .
■ ■ ..' ,î '■ ' aM

j' > ^  ' ■ ‘ ' -U

f ‘ 10 11 12 13 • 11 IS 16 ‘ Whole serum
.Fractions ■ • ‘ - - •

Fig  4. A lka line  starch gel electrophoresis, tris-citra te ge l 
buffer, p H  7.6, o f  S ephadex  G 200  fra c tio n s  10-16 and o f  whole 

equine serum . 
aM  =  alplta-2 m acroglobulin  T f =  transferrin
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hydrolysis inhibition, compared to the healthy T horough­
breds. However, some individual animals in the C O P D - 
afTected population had a serum trypsin inhibitory 
capacity below 2 standard deviations of  the mean of  the 
population as a whole. These low levels did not cor­
respond to any one particular Pr phenotype.

The gene frequencies o f  the P r  alleles in the C O PD - 
atfected population as determined by iso-electric focusing 
are shown in Table II. The gene frequencies for a 
number o f  specific horse and pony breeds described in 
the literature are given for comparison. There was a 
tendency towards an increased frequency of  the electro- 
phoretically slower U and W alleles in the C O PD - 
alfected population.

DISCUSSION 
The results o f  this study have established the existence 

of  3 functionally and immunologically distinct 
prealbumin proteins, migrating anodally to the Xh 
protein on acidic starch gel electrophoresis o f  equine 
serum. Braend (1967) described 3 protein zones in 
this region on acidic starch gel electrophoresis, but only 
the Pr protein has been definitively identified, due to 
its well-defined genetically polymorphic nature. The 
existence of  2 distinct proteins, Xc and Xd, between 
the Pr and Xh groups on acidic starch gel electrophoresis 
has not, until now, been established. In a study or  
the alpha-1 antitrypsin homologue of  equine serum, 
Ek (1977) suggested that the extension o f  the trypsin 
inhibitory area cathodally from the Pr protein zone on 
acidic starch gel electrophoresis, shown here to be due 
to the Xc protein, might be the result o f  slower, as yet 
unrecognised, Pr alleles.

T A B L E  II

T H E  G E N E  F R E Q U E N C IE S  O F  T H E  Pr S Y S T E M  O F  A  N U M B E R  O F  H O R S E  A N D  PO N Y  B R E E D S  A N D  
OF A M IX E D  P O P U L A T IO N  O F  H O R S E S  A F F E C T E D  W IT H  C H R O N IC  O B S T R U C T IV E  P U L M O N A R Y  D IS E A S E

Breed 
Reference 

No in study

T h o ro u g h ­
b re d 1 

S co tt (1977) 
1500

A ra b 1 
S co tt (1976) 

70

S hetland  
P o n y 1 

Buis (1976) 
280

D ole  P on y 1 
B raend (1970) 

122

T ro tte r1 
B raend  (1970) 

111

T h o ro u g h ­
b re d 2

M atthew s
63

C O P D
P o p u la tio n 2

M atthew s
52

F 0.057 0.170 0.014 0.102 0.032 0.063 0.096

A G 0.030 0.097 — — — — —

L I 0.077 — 0.046 0.004 0.045 0.040 0.019

L L 0.447 0.351 0.395 0.070 0.207 0.539 0.317

E N 0.177 0.009 0.070 0.635 0.203 0.048 0.048

L S 0.079 0.135 0.345 0.156 0.374 0.150 0.115

E x — — — 0.008 0.063 — —

s U 0.133 0.170 — — — 0.151 0.211

w — — 0.130 0.025 0.077 — 0.192

1 D ete rm in ed  using  acid ic  sta rch  gel e lec trophoresis
2 D ete rm in ed  using  iso-electric focusing (p H  range 4— 6)

Fig 5. (o) Fibrinagar-alkaline starch g e l sandw ich technique. 
The right hand trough con ta ins a section  cu t fro m  the  gel 
(phosphate gel buffer, p H  7.35) a fte r  electrophoresis o f  equine  
serum. The le ft hand  trough contains bovine pancreatic  

trypsin  (320 |lg /m l  in 0.0025 N  H C l).
(6) A section o f  the sam e g e l s ta in ed  with 1 % nigrosine. 

aM  =  alpha-2 m acroglobulin  T f  =  transferrin

Similarly, there was no evidence to show that the electro­
phoretic heterogeneity o f  alpha-2 macroglobulin in the 
Thoroughbred represents a  genetically determined bio­
chemical polymorphism.

Horses of  mixed breeding affected with C O PD  
showed no significant difference in the mean serum 
trypsin inhibitory capacity, measured by DL-BAPA
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The major antiprotease com ponents o f  equine serum 
are shown to be the Pr  and Xc acidic prealbumins and 
the alpha-2 macroglobulin. The mechanism of  action 
of the Xc and alpha-2 macroglobulin antiproteases is 
different from the Pr com ponent shown by the substrate- 
related variation in trypsin inhibitory activity. The 
alpha-2 macroglobulin and Xc protein appear to combine 
with trypsin to form an inhibitor-trypsin complex, able 
to inhibit the fibrinolytic activity o f  the enzyme yet still 
retain the ability to  hydrolyse low molecular weight 
esters. In human serum, linkage o f  trypsin to the 
alpha-2 macroglobulin to form the trypsin-protein 
esterase complex (Haverback et al, 1962) similarly 
results in the loss o f  protease activity, but esterolytic 
activity is retained (Haverback, et al 1962; G anrot,  
1966; Troyer and Moskowitz, 1968; Barrett and 
Starkey, 1973).

In the dog (Ohlsson, 1971) and in the rabbit 
(Berthillier, G ot and Bertagnolio, 1968), 2 trypsin 
binding alpha macroglobulins have been reported, both 
forming esterolytically active complexes with trypsin. 
However, a search of  the literature has failed to reveal 
any report of a trypsin binding protein in any other 

' species analogous to the Xc protein of  equine serum. 
The multiple band form  o f  the Xc protein o f  equine 
serum on iso-electric focusing between pH  4 and 6 
could arise due to different degrees o f  saturation of 
the carrier protein with the protease enzyme, a mechanism 
which is recognised as giving rise to iso-electric hetero­
geneity of a particular protein (Vesterberg, 1973). The 
naturally occurring esterase activity o f  the Xc protein 
could arise, due to steric inhibition o f  the proteolytic 
activity but not the esterolytic activity o f  the protein 
bound enzyme.

The Pr protein of  equine serum, like the alpha-1 anti­
trypsin of human serum, combines with trypsin resulting 
in a loss of both proteolytic and esterolytic activity. 
Hence it is suggested that the present, non-descriptive 
terms Pr and Xc be dropped  in favour o f  prealbumin 
protease inhibitor and alpha-1 protease binding protein 
respectively.

On alkaline starch gel electrophoresis o f  equine serum,
2 or 3 alpha-2 macroglobulin com ponents could be 
demonstrated. In the absence o f  a  genetically 
determined polymorphism, this multiple band form 
could represent varying degrees o f  saturation o f  the 
carrier protein. In man, electrophoretic heterogeneity of 
alpha-2 macroglobulin has been suggested to be due to 
the protease interaction mechanism and secondary 
conformational change o f  molecular structure (Saunders, 
Dyce, Vannier and Haverback, 1971; Barrett and 
Starkey, 1973). Natural esterase activity has been 
demonstrated in hum an alpha-2 macroglobulin 
preparations (Saunders et al, 1971).

Alpha-1 antitrypsin deficiency and its role in the onset 
of pulmonary disease in man has been reviewed by 
Kueppers and Black (1974), Lieberman (1976), Fagerhol 
(1976) and Heidelberger (1976). In the horse, Breeze, 
pf al (1977) found no significant correlation between 
the mean serum trypsin inhibitory capacity, measured 
hy DL-BAPA hydrolysis, the electrophoretically 
measured mean serum alphaglobulin com ponent and the 
occurrence of C O P D  in a population o f  horses and 
Ponies. Corbella, Ottonello and Ubaldi (1977) found 
3n increase in the serum trypsin inhibitory capacity in
3 horses with acute pulm onary  emphysema, although 
no increase in electrophoretically measured a lpha-1

globulin was found. These authors assumed the serum 
protease homeostatic mechanism in the horse to be 
similar to that in man, although a basic difference in 
the relative importance of  the albumin and alpha-2 
components had been described in the literature 
(N akam ura and Wakeyama, 1961; Fossum, 1970).

This study details a number of  major differences in 
the serum protease homeostatic mechanism in man and 
in the horse. Firstly, the relative magnitude of  the 
alpha-2 macroglobulin component differs; in man it 
produces only 15 per cent o f  the serum antitrypsin 
activity. Secondly, there is no evidence of  a trypsin 
binding protein in man analogous to  the Xc protein 
in the horse. Thirdly, the distribution o f  the 
“ alpha-1 antitrypsin” (Pr) alleles in the horse population 
is very wide compared to man, where the large majority 
of  individuals are homozygous for the one allele. There 
is evidence of  variation in the serum trypsin inhibitory 
capacity, measured, by DL-BAPA hydrolysis inhibition, 
with certain Pr phenotypes in normal horses, but this 
is not associated with the electrophoretically slower 
alleles (Matthews, unpublished data).

The apparent increased frequency of the electro­
phoretically slower Pr alleles in the COPD-affected 
population is difficult to assess critically, due to the very 
mixed genetic types in the population. Until a 
population of  CO PD  cases of  a single breed is available 
for the study, this tendency towards the slower allele 
phenotypes in the COPD-affected population, not 
correlated with abnormally low serum antiprotease 
activity, can remain no more than an interesting 
observation.
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R É S U M É
Trois antiproteases majeures ont été identifiées dans 

le sérum du cheval, et caractérisées. Il s’agit de la Pr 
préalbumine acide, homologue de l’alphaantitrypsine 
humaine, et de deux protéases, la préalbumine X c acide 
et la macroglobuline alpha 2, toutes deux capables 
d ’inhiber l’activité protéolytique de la trypsine, mais 
avec seulement un eiïet inhibiteur limité sur l’activité 
estérolytique de cette enzyme. Le rôle éventuel de ces 
antiprotéases dans l’apparition de la maladie pulmonaire 
chronique obstructive, analogue à la dysprotéinémie 
héréditaire de l’antitrypsine alpha 1 chez l’Hom m e, a été 
recherché.

On n ’a pas constaté une variation liée à des facteurs 
génétiques chez ces protéases à l’exception d ’une fré­
quence accrue d ’allèles correspondants à des antitryp- 
sines Pr. Cependant, en raison de l’imprécision géné­
tique des animaux étudiés et du m anque de corrélation 
avec la capacité inhibitrice trypsique du serum, la 
signification de cette observation parait difficile à 
exploiter.

Z U S A M M E N F A S S U N G  
Drei wichtige Antiproteasen konnten 'im  Pferdeserum 

identifiziert und charakterisiert werden. Es handelte 
sich um das saure Prealbumin Pr, ein Hom olog des 
menschlichen alpha-1 Antitrypsins und um zwei Protease- 
bindenden-Proteine, das saure Praealbumin Xc und 
alpha-2 Macroglobulin, beide befähigt, die proteoly­
tische Aktivität von Trypsin zu hemmen aber mit nur 
eingeschränkter, hemmender Wirkung auf  dessen 
esterolytische Aktivität. Die mögliche Bedeutung dieser 
Serum-Antiproteasen für das Auftreten chronisch 
obstruktiver Lungenkrankheiten— analog der hereditären 
Dysproteinaeniie von alpha-1 Antitrypsin beim Menschen 
— wurde untersucht. Ës fanden sich keine Hinweise auf  
eine genetisch fixierte Variation bei den protease­
bindenden Proteinen, aber die elektrophoretisch 
langsameren Pr Antitrypsinallele kamen bei Pferden 
mit chronisch obstruktiven Lungenleiden häufiger vor. 
Die Signifikanz dieser Beobachtung konnte indessen 
nicht kritisch beurteilt werden, weil die Pferde nicht 
aus einer Reinzucht stammten und  weil sich keine 
Korrelation mit der tiefen Serumtrypsin-Hemmkapazität 
(gemessen durch die Hemm ung der DL-BAPA Llydro- 
lyse) ergeben hatte.
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Evidence is presented  to suggest that the acidic prealbumin esterases in horse serum 
represent a protease-inhibitory protein. The esterase activity may arise from residual 
enzymic activity of the bound protease.

Introduction

On acidic starch gel electrophoresis two functionally and antigenically distinct 
protease-inhibitor protein systems have been dem onstrated in the anodal prealbumin 
region of horse serum (Matthews, 1979), corresponding to the P r  and X c prealbumin 
protein systems described by B raend  (1967). The Pr protein interacts with trypsin 
to inhibit the total hydrolytic activity of the bound enzyme, and appears analogous 
to the alpha-1 antitrypsin of hum an serum. However, the X c protein interacts with 
trypsin to inhibit the proteolytic, but not the esterolytic, activity of the enzyme 
(Matthews, 1979). Naturally  occurring aliesterase activity has been demonstrated 
in the prealbumin region of horse serum on acidic starch gel electrophoresis at both 
pH 5.4 (Gahne, 1966) and pH  4.05 (Scott, 1970). This brief communication presents 
evidence to suggest that the X c  protease-inhibitory protein and the prealbumin 
esterase are one and the same, and proposes an explanation of the origin of the 
natural esterase activity.

Acidic starch gel electrophoresis wasperformed using a modification of the discon­
tinuous horizontal system described by Fagherol (1972), the acidic com ponent of 
the gel buffer being increased, giving a final pH  of 4.3 - 4.5. Protein staining was 
carried out with 1 % nigrosine.

Inhibition of the proteolytic activity of trypsin by the acidic prealbumins of horse

S u m m a r y

Methods

181



A. G. M A T T H E W S

obsi
proi

C  ~

Fig. la .  F ib rin ag a r-ac id ic  sta rch  gel sandw ich  techn ique. T h e  
le ft han d  trough  co n ta in s bov ine p a n c rea tic  trypsin  (320 |ig /m l 
in 0.0025 N  HC1), th e  left han d  tro u g h  co n ta in s a  section  cut 
from  th e  sta rch  gel p a ra lle l to th e  d irec tio n  o f  the  run . In ­
h ib ition  o f  fib rino lysis is ind ica ted  by inh ib itio n  o f c learing  of 
the  fib rin  agar.
Fig. lb . A cid ic  s ta rch  gel e lec tro p h o re sis  o f  ho rse  se rum  of 
P r type  L L , s ta ined  w ith 1%  n igrosine.
Fig. lc . A cid ic  s ta rch  gel e lec tro p h o resis  o f  the  a d jacen t sec­
tion  o f  gel to lb  sta ined  by th e  ch rom ogen ic , ester sub stra te  
tech n iq u e  o f  U rie l & B eiges (1968).

serum after starch gel electrophoresis was demonstrated using a fibrin agar-starch 
gel sandwich technique after Heim burger (1972).

Inhibition of the esterolytic activity of trypsin by the acidic prealbumins of horse 
serum  after starch gel electrophoresis was demonstrated using the chromogenic, 
ester substrate, staining technique described by Uriel & Berges (1968) after prior 
incubation of the gel with trypsin. The same technique, w ithout prior incubation of 
the gel with trypsin, was used to demonstrate naturally occurring esterase activity 
in the acidic prealbumin region.

Results

Fig. l b  shows the distribution of the acidic prealbumin protein zones after acidic 
starch gel electrophoresis. T he  nomencla ture proposed by Braend (1967) is used.

Inhibition of the proteolytic activity of trypsin by the acidic prealbumins is 
dem onstrated  in Fig. l a  by inhibiton of clearng of the fbrin agar by trypsin applied 
to the left hand  trough. Two peaks of inhibitory activity are apparent in the anodal 
prealbum in region, labelled A  and B, and correspond to the P r  and Xc proteins 
respectively.

Fig. l c  shows the adjacent section of the same gel as l b  stained with the chrom o­
genic, ester substrate, staining method after incubation of the gel with trypsin. The 
gel background  stains diffusely as a result of trypsin diffusion into the gel surface 
during the incubation process. Flowever, a zone of negative staining, labelled X, 
indicating inhibition of the esterolytic activity of trypsin is apparent,  and is restricted 
to the P r  protein region. Three distinct positively staining bands, indicating zones 
of intense esterolytic activity, appear  cathodally to the region X  and correspond to 
the X c  protein. W hen another  section of the same gel is stained with chromogenic, 
ester substra te  technique without prior incubation in trypsin, similar bands to those
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observed in l c  are seen. These bands stain less intensely, but correspond to the X c 
protease inhibitory protein and indicate a natural esterase activity.

Discussion

T he evidence presented in this paper  strongly suggests that the X c  protease- 
inhibitory protein and the acidic prealbumin esterase zones are one and the same 
thing. The X c protein is shown to combine with trypsin to inhibit the proteolytic 
activity of the enzyme, but the bound trypsin retains a marked esterolytic activity. 
Such a mechanism would suggest that the naturally occurring esterase activity 
associated with the X c protease-inhibitory protein may be the result of the steric 
n a tu re  of the inhibitor-enzyme binding mechanism. This prevents access of sub­
strates of high molecular weight (e.g. proteins) to the active site of the bound  endo­
genous enzymes (e.g. leucoproteases), although substrates of low molecular weight 
(e.g. esters) may still gain access to the site. Barre tt  & Starkey (1973) have proposed 
a similar m echanism to explain the residual esterase activity of the inhibitor-enzyme 
complex formed by hum an alpha-2 macroglobulin on interaction with proteolytic 
enzymes. Isolated hum an alpha-2 macroglobulin preparations have been shown to 
have naturally occurring esterase activity (Saunders et al., 1971; Szewczuk & 
Szczeklik, 1973).

On starch gel electrophoresis pH  8.5 the acidic prealbumin esterase activity 
appears in the post albumin region (Gahne, 1966), while on agarose electrophoresis 
at pH  8.6 the X c protein has been shown, by immunofixation, to appear  in the 
alpha-1 region (Matthews, 1979).

Acknowledgments

I am grateful to D r  P. Imlah for his advice and encouragement with this work, and 
to Dr G. H. K. Lawson and M r E. A. M cPherson for constructive criticism of the 
manuscript. The figure is reproduced by kind permission of the E quine Veterinary 
Journal.

References

B arre tt, A . J. & P. M . S tarkey , 1973. In te ra c tio n  o f  a .,-m acrog lobuIin  w ith  p ro teinases. B iochem . 
1. 133: 709-724.

B raend , M ., 1967. V aria tio n s  o f ho rse  p rea lb u m in s on acid ic  s ta rch  gels. A c ta  vet. scand. 8 : 
193-194. ’

F a g h e ro l, M ., 1972. A cid  s ta rch  gel e lec trophoresis fo r  de tec tio n  o f  a lp h a-an titry p s in  varian ts 
(P i types). T ech n iq u es em ployed  cu rren tly . In: C. M ittm an  (Ed.), P u lm o n ary  em physem a and 
p ro teo lysis. A cad em ic  Press, N ew  Y o rk  & L o n d o n , pp. 145-149.

G a h n e , B., 1966. S tud ies on  the in h e rita n ce  o f  e lec tro p h o re tic  fo rm s o f  tran sfe rrin s , a lbum ins, 
p rea lb u m in s  and  p lasm a es terase  o f  horses. G en etics  54: 681-694.

H e im b u rg e r, N ., 1972. P ro te in a se  inh ib itio n  in  h u m an  serum : id en tifica tio n , co n cen tra tio n ,

A nim . B lood Grps biochetn. Genet. 10 (1979) 183



A. G . M A T T H E W S

chem ica l p ro p e rtie s , en zy m atic  specificities. In: C. M ittm an  (Ed.), P u lm o n ary  em physem a and 
p ro teo ly sis . A cad e m ic  Press, N ew  Y ork  & L ondon , pp. 370-310.

M atth ew s, A. G ., 1979. Id en tifica tio n  and ch a rac te risa tio n  o f th e  m a jo r  p ro tease  inh ib ito rs  in 
e q u in e  se rum  an d  a  stu d y  o f  th e ir  ro le  in the onse t o f  ch ro n ic  o b stru c tiv e  p u lm o n ary  d isease 
(C O P D ). E q u in e  vet. J. (in press).

S au n d ers , R., B. J. D yce, W. E. V an n ie r & B. J. H averback , 1971. T h e  se p a ra tio n  o f alpha-2  
m a cro g lo b u lin  in to  five co m p o n en ts  w ith d iffe rin g  e lec tro p h o re tic  and  enzym e b ind ing  p ro ­
perties. J. c lin . In ves t. 50: 2376-2383.

S co tt, A . M ., 1972. Im p ro v ed  se p ara tio n  o f  p o ly m o rp h ic  esterases in horses. Proc. 12th  Eur. 
C o n f. A n itn . B lo o d  G rp s b io ch em . P o ly m o rp h ism  (B udapest) 551-553.

S zew czuk , A. & A. S zczeklik , 1973. A m idase  ac tiv ity  o f h u m an  a m acro g lo b u lin . A rch . Im m .  
T her. E xp . 21: 839-847.

U rie l, J. & J. Berges, 1968. C h a ra c te r isa tio n  o f  n a tu ra l inh ib ito rs  o f trypsin  an d  chym otrypsin  
by e lec tro p h o re s is  in a c ry lan tid e  ag arose  gels. N a tu re  218: 578-580.

184 A nim . Blood Grps biochem. Genet. 10 (1979)



\ *

Veterinary Im m unology and Im m unopa tho logy , 1 (1979) 8 9 - 9 5  89
'  © Elsevier Scientific Publishing C om pany, A m sterdam  — Printed in The N etherlands

Short C om m unication

THE EFFECTS OF SODIUM CROMOGLYCATE ON ANTIGEN INHALATION CHALLENGE IN TWO HORSES 

jUEECIED WITH CHRONIC OBSTRUCTIVE PULMONARY DISEASE (COPD) ,

JXIL R. MORPHY, E .A . McPHERSON a n d  G .H .K . LAWSON

Royal (D ick ) S c h o o l o f  V e t e r i n a r y  S t u d i e s ,  U n i v e r s i t y  o f  E d in b u rg h ,  E d in b u rg h  
(G reat B r i t a i n )

(Accepted 9 A u g u s t 1979) 

f ,ABSTRACT

Murphy, J . R . , M c P h e rso n , E .A . an d  L aw son , G .H .K ., 1979. The e f f e c t s  o f  so d iu m
cro m o g ly ca te  on  a n t i g e n  i n h a l a t i o n  c h a l l e n g e  i n  tw o  h o r s e s  a f f e c t e d  w i th  c h r o n ic  
o b s t r u c t iv e  p u lm o n a ry  d i s e a s e  (COPD). V e t .  Im m unol. Im m u n o p a th o l . , 1: 89- 9 5 .

80 mg sod ium  c ro m o g ly c a te  (SCG) w as a d m i n i s t e r e d  b y  i n h a l a t i o n  t o  two COPD- 

a f fe c te d  a n im a ls  know n t o  h a v e  r e s p i r a t o r y  h y p e r s e n s i t i v i t y  to  M ic ro p o ly s p o ra  f a e n i . 

SCG tr e a tm e n t  2 0 -3 0  m in u te s  p r i o r  t o  i n h a l a t i o n  c h a l l e n g e  w i th  M. f a e n i  p r e v e n te d  

e x a c e rb a tio n  o f  r e s p i r a t o r y  d i s e a s e ,  u s u a l l y  s e e n  I4—8 h o u r s  a f t e r  c h a l l e n g e .  The 

d u ra tio n  o f  p r o t e c t i o n  a g a i n s t  a n t i g e n  c h a l l e n g e  a f t e r  a  s i n g l e  SCG t r e a t m e n t  was 

d ay s . The d u r a t i o n  o f  p r o t e c t i o n  was n o t  p r o lo n g e d  b y  r e d u c i n g  t h e  f r e q u e n c y  

of a n t ig e n  c h a l l e n g e .  M u l t i p l e  a n t i g e n  - c h a l le n g e ,  u s i n g  M. f a e n i  a n d  A s p e r g i l l u s  

fum iga tus, s h o r t e n e d  t h e  p r o t e c t i v e  p e r i o d  o f  SCG t o  3 d a y s .

INTRODUCTION

H orses a f f e c t e d  w i th  COPD ( h e a v e s )  show  r e s p i r a t o r y  h y p e r s e n s i t i v i t y  to  i n h a l e d  

a n tig e n s , e . g .  M ic ro p o ly s p o ra  f a e n i  a n d  A s p e r g i l l u s  f u m ig a tu s ,  i n  t h e  fo rm  o f  a  

delayed r e s p o n s e  a t  2q—8 h o u r s  a f t e r  c h a l l e n g e  (M cP h erso n  e t  a l . ,  1 9 7 9 )-  I n h a l e d  

sodium c ro m o g ly c a te  (SCG) i s  w id e ly  u s e d  i n  t h e  p r o p h y la x i s  o f  human  b r o n c h i a l  

asthma^ and  i t  i n h i b i t s  b o th  im m e d ia te  a n d  d e la y e d  a s t h m a t i c  r e a c t i o n s  to  i n h a l e d  

a l le rg e n s  i n  a l l e r g i c  s u b j e c t s  (A l to u n y a n , 1967 ; P e p y s ,  19 6 8 ) .  I t  i s  b e l i e v e d  

to a c t  b y  m a i n t a i n i n g  m em brane s t a b i l i t y ,  so  i n h i b i t i n g  d e g r a n u l a t i o n  o f  s e n s i t i s e d  

pulmonary m a s t  c e l l s  a f t e r  e x p o s u re  t o  t h e  a n t i g e n  an d  th u s  p r e v e n t i n g  r e l e a s e  o f  

the p h a rm a c o lo g ic a l  m e d ia to r s  w h ic h  c a u s e  c o n s t r i c t i o n  o f  sm o o th  m u sc le  i n  th e  

airw ays.

The p a th o g e n e s i s  o f  COPD i n  t h e  h o r s e  i s  n o t  c o m p le te ly  u n d e r s to o d  b u t  a i r w a y  

spasm i s  known t o  b e  i n v o l v e d  (M urphy  e t  a l . ,  1 9 7 9 )-  The r o l e  o f  m a s t  c e l l s  i n  

th is  d i s e a s e  h a s  n o t  b e e n  e s t a b l i s h e d ,  b u t  m a s t  c e l l  h y p e r p l a s i a  h a s  b e e n  n o te d  

in  C O P D -affec ted  a n im a ls  ( N i c h o l l s ,  1 9 7 8 )-

This p a p e r  d e s c r i b e s  t h e  p r e l i m i n a r y  f i n d i n g s  o f  p r o p h y l a c t i c  SCG a d m i n i s t r a t i o n  

to C O P D -affec ted  h o r s e s .
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jjATEBIAIS AND METHODS 

fforses

Two a n im a ls ,  h o r s e  A , a n  8 - y e a r - o l d  h u n t e r  g e l d i n g ,  a n d  h o r s e  B, a  l l * - y e a r - o l d  

h u n te r  m are , w e re  d ia g n o s e d  a s  b e in g  a f f e c t e d  w i th  COPD a c c o r d in g  to  t h e  c r i t e r i a

of M cPherson e t  a l .  ( 1 9 7 8 ) .  H o rse  A show ed r e s p i r a t o r y  h y p e r s e n s  i t i y i t y  t o  M. f a e n i

aad A. f u m ig a tu s , w h i l s t  h o r s e  B w as h y p e r s e n s i t i v e  t o  M. f a e n i  o n ly .  To m in im is e  

exposure t o  o r g a n i c  d u s t  a n t i g e n s ,  t h e  h o r s e s  w ere  b e d d e d  o n  p e a t  m oss a n d  f e d  o n ly  

o n  p r o p r i e t a r y  H o rse  a n d  P o n y  C ubes ( S p i l l e r s  L t d . ,  L iv e r p o o l ,  U .K .) .

Techniques

T re a tm e n t. N e b u l i s e d  S odium  C ro m o g ly c a te  B .P .  1% w /v  s o l u t i o n  ( P i s o n s  L t d . ,  

Loughborough, U .K .)  w as a d m i n i s t e r e d  v i a  a  m ask w h ic h  c o v e re d  th e  h o r s e ' s  m outh  an d  

nose . 80 mg SCG w as a d m i n i s t e r e d  a s  a  s i n g l e  d o s e .

A n tig e n  i n h a l a t i o n  c h a l l e n g e . M. f a e n i  an d  A. f u m ig a tu s  a n t i g e n s  w ere  p r e p a r e d  

ac c o rd in g  t o  t h e  t e c h n iq u e  o f  L aw son e t  a l .  ( 1 9 7 9 ) .  The c h a l l e n g e  d o se  o f  b o th

a n tig e n s  was 12  mg s u s p e n d e d  i n  5 m l n o rm a l s a l i n e .  N e b u l i s e d  a n t i g e n s  w ere

a d m in is te re d  o v e r  a  p e r i o d  o f  20 m in u te s .

The h o r s e s 1 maximum c h a n g e  i n  i n t r a t h o r a c i c  p r e s s u r e  (m ax . A P p l ) ,  a r t e r i a l  

oxygen p a r t i a l  p r e s s u r e  (P aO g) a n d  c l i n i c a l  s t a t e  w ere  d e te r m in e d  p r i o r  t o  

a n tig e n  i n h a l a t i o n .  C l i n i c a l  o b s e r v a t i o n s  w ere  made h o u r l y  t h e r e a f t e r  an d  

m o n ito rin g  o f  t h e  m ax. A  P p l  a n d  PaOg w ere  r e p e a t e d  5 h o u r s  a f t e r  i n h a l a t i o n .

The f o l lo w in g  m ax. A P p l  v a l u e s  w e re  t a k e n  a s  i n d i c a t i n g  a  p o s i t i v e  r e s p o n s e ;  

where p r e - e x p o s u r e  v a l u e  w as <6 minHg an d  i n c r e a s e d  a f t e r  a n t i g e n  c h a l l e n g e  to  

>6 mmHg ( t h e  v a l u e  d e l i n e a t i n g  a f f e c t e d  a n im a ls )  o r  w h ere  p r e - e x p o s u r e  m ax. A P p l  

was a l r e a d y  >6 mmHg, a n  i n c r e a s e  o f  1%% i n  t h i s  f i g u r e  w as c o n s id e r e d  t o  i n d i c a t e  

a  p o s i t i v e  r e a c t i o n  (M c P h e rso n  e t  a l . ,  1 9 7 9 )-  M ax. ¿ P p l  was m e a su re d  u s i n g  an  

in t r a - o e s o p h a g e a l  b a l l o o n  (M cP h erso n  e t  a l . ,  1 9 7 8 ) an d  PaO^ w as d e te r m in e d  on  a  

C om ing p H /b lo o d  g a s  161 a n a l y s e r  ( C o m in g  M e d ic a l ,  H a l s t e a d ,  E s s e x )  fro m  

c a r o t id  s a m p le s .

To e s t a b l i s h  t h e  m ean r e s p o n s e  o f  e a c h  h o r s e  t o  a n t i g e n  i n h a l a t i o n ,  h o r s e s  

A and B w ere  c h a l l e n g e d  w i th  M. f a e n i  o n  t h r e e  o c c a s io n s  a n d  h o r s e  A was a l s o  

c h a lle n g e d  w i th  A. f u m ig a tu s  o n  t h r e e  o c c a s io n s  p r i o r  t o  com m encing t r i a l s .

T ria ls

The h o r s e s  w e re  i n  t h e  r e m i s s io n  s t a g e  o f  t h i s  d i s e a s e  ( s h o w in g  no s i g n s  o f  

COPD, max. A  P p l  <6 mmHg a n d  PaO^ >82 mmHg) a t  t h e  s t a r t  o f  a l l  t r i a l s  u n l e s s  

o th e rw ise  s t a t e d .

T r i a l  1 : 80  mg SCG w as a d m i n i s t e r e d  2 0 -3 0  m in u te s  p r i o r  t o  t h e  M. f a e n i

ch a lle n g e  o f  b o th  h o r s e s  o n  f o u r  o c c a s io n s  a n d  th e  r e s p o n s e  m o n i to r e d  a s  p r e v i o u s l y  

d e s c r ib e d . B o th  h o r s e s  w e re  i n  t h e  r e m is s io n  s t a g e  a t  t h e  s t a r t  o f  t h r e e

90
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t r e a t m e n t s  an d  w e re  s y m p to m a tic  on  t h e  r e m a in in g  o c c a s io n .

T r ia l  2 : The d u r a t i o n  o f  p r o t e c t i o n  p r o v id e d  b y  a  s i n g l e  SCG t r e a t m e n t  i n

horses A an d  B a g a i n s t  r e p e a t e d  M. f a e n i  c h a l l e n g e  was t e s t e d  a s  f o l l o w s :

a) The h o r s e s  w e re  t r e a t e d  a n d  c h a l l e n g e d  a s  i n  T r i a l  1 a n d  t h e r e a f t e r  w ere  s u b j e c t  

to d a i ly  a n t i g e n  c h a l l e n g e  u n t i l  a  p o s i t i v e  r e s p o n s e  was r e c o r d e d .

b) H orses r e c e i v e d  SCG t r e a t m e n t  o n  d a y  1 a n d  w e re  c h a l l e n g e d  on  d a y s  2 a n d  ip-

c) A n tigen  c h a l l e n g e  w as a p p l i e d  o n ly  a t  t h e  e n d  o f  t h e  p r o t e c t i v e  p e r i o d  a s  

e s ta b lis h e d  i n  ( a ) ,  o n  d a y  i | f o r  h o r s e  A a n d  d a y s  ip a n d  3  f o r  h o r s e  B.

T r ia l  3- The e f f e c t s  o f  m u l t i p l e  a n t i g e n  c h a l l e n g e  o n  t h e  d u r a t i o n  o f  p r o t e c t i o n

provided by  a  s i n g l e  SCG t r e a t m e n t  w as t e s t e d  i n  h o r s e  A, u s i n g  M. f a e n i  an d

i A. fum ig a tu s c h a l l e n g e s  on  a l t e r n a t e  d a y s .

a) SCG was a d m i n i s t e r e d  o n  d a y  1 a n d  th e  h o r s e  c h a l l e n g e d  w i th  M. f a e n i . On d a y  2 ,

the h o rse  was c h a l l e n g e d  w i th  A .  f u m ig a tu s  an d  o n  d a y  3 w i th  M .  f a e n i .

b) The t r i a l  to o k  th e  sam e fo rm  a s  ( a )  e x c e p t  t h a t  A. f u m ig a tu s  w as a d m in i s t e r e d  

on days 1 a n d  3 a n d  M. f a e n i  o n  d a y  2 .

RESULTS *

The e f f e c t  o n  t h e  m ax. A P p l  a n d  PaO^ i n  h o r s e s  A a n d  B c h a l l e n g e d  b y  M .f a e n i  

in h a la t io n  a n d  i n  h o r s e  A c h a l l e n g e d  b y  A . fu m ig a tu s  i s  show n i n  T a b le  I .  The 

horses w ere n o t  a lw a y s  i n  a n  i d e n t i c a l  d i s e a s e  s t a t e  a t  th e  t im e  o f  a n t i g e n  

challenge a n d  t h i s  a c c o u n t s  f o r  t h e  w id e  r a n g e  o f  m ax. A p p l  v a l u e s  f o r  h o r s e  A 

before an d  a f t e r  A . f u m ig a tu s  c h a l l e n g e .  T h e re  was a  m ean i n c r e a s e  o f  7 mmHg i n  

max. A P p l a f t e r  a n t i g e n  c h a l l e n g e ,  w h ic h  c o n s t i t u t e d  a  goo d  p o s i t i v e  r e s p o n s e  

being w e l l  i n  e x c e s s  o f  t h e  r e q u i r e d  i n c r e a s e .

Changes i n  PaO^ v a l u e s  w e re  l e s s  c o n s i s t e n t .  M ean PaO^ l e v e l s  d e c r e a s e d  a f t e r  

an tigen  c h a l l e n g e ,  b u t  w id e  v a r i a t i o n  o c c u r r e d .  B o th  a n im a ls  show ed a  d o u b le  

e x p ira to ry  e f f o r t  a n d  i n c r e a s e d  h a r s h ,  i n s p i r a t o r y  c h e s t  so u n d s  a t  3  h o u r s  a f t e r  

an tigen  c h a l l e n g e ,  i n  c o n t r a s t  w i th  t h e  a b s e n c e  o f  t h e s e  s i g n s  b e f o r e  c h a l l e n g e .

T r i a l  1 : SCG i n h a l a t i o n  d i d  n o t  in d u c e  a n y  c l i n i c a l  m ax. A P p l  o r  PaOp c h a n g e s

in  e i t h e r  a n im a l  w i t h i n  30 m in u te s  o f  t r e a t m e n t ,  w h e th e r  a n im a ls  w ere  sy m p to m a tic  

or in  r e m is s io n .  T a b le  I I  show s t h e  m ean m ax. A P p l  a n d  PaOg v a l u e s  a t  r e s t  ( a f t e r  

SCG t r e a tm e n t  a n d  p r i o r  t o  a n t i g e n  c h a l l e n g e )  a n d  3  h o u r s  a f t e r  a n t i g e n  c h a l l e n g e ,  

in th e  t r i a l s  w h ere  a n im a ls  w e re  a s y m p to m a tic  p r i o r  t o  c h a l l e n g e .  I n  c o n t r a s t  t o  

■the f in d in g s  i n  T a b le  I ,  l i t t l e  c h a n g e  w as r e c o r d e d  i n  m ax. A P p l  v a l u e s  i n  e i t h e r  

horse, w i th  t h e  m ean v a l u e s  a t  3  h o u r s  a f t e r  c h a l l e n g e  b e in g  <6 mmHg. PaOg c h a n g e s  

recorded a f t e r  c h a l l e n g e  w e re  v e r y  s l i g h t .  The h o r s e s  w ere  n o t  d y s p n o e io  a f t e r  

oballenge an d  t h e r e  w as no  e v id e n c e  o f  d o u b le  e x p i r a t o r y  e f f o r t  o r  i n c r e a s e d  

b rea th in g  s o u n d s .

When sy m p to m a tic  a t  t h e  com m encem ent o f  t h e  t r i a l ,  h o r s e  A show ed no i n c r e a s e  

br max. A P p i  a f t e r  a n t i g e n  c h a l l e n g e  a n d  a  PaOg d e c r e a s e  o f  1 |.2  mmHg, w h i l s t  i n



92

rp̂ gliE I

Maximum ch an g e  i n  i n t r a t h o r a c i c  p r e s s u r e s  (m ax. A P p l )  a n d  a r t e r i a l  o x y g en  p a r t i a l  
p re s s u re s  (P a C ^ )-  M ean v a l u e s  a n d  s t a n d a r d  d e v i a t i o n  b e f o r e  a n d  5  h o u r s  a f t e r  
M. f a e n i  a n d  A. f u m ig a tu s  i n h a l a t i o n  c h a l l e n g e  i n  two C O P D -a ffe c te d  h o r s e s

V A

Horse A A B

A ntigen M. f a e n i A. fu m ig a tu s M. f a e n i

Ho. o f  e x p o s u re s 3 3 3

m ax. A P p l  (mmHg) 6 . 8 3  ±  2 . 8i | 8 . 0 0  -  1+.50 i t . 67 ~ 1 .1 6
R est

PaOg (mmHg) 8 2 .9 3  -  2 . 1 5 7 7 .7 0  ± i t . 29 81t . 87 -  5 -2 6

5 hou rs m ax. A P p l  (mmHg) 1 3 .6 7  -  2 .3 0 1 6 .0 0  i  1;.27 1 2 .5 0  i  2 .0 0

p o s t - c h a l l e n g e PaOg (mmHg) 7 6 .8 0  1 1+. 25 7 lt.ii7  -  9 -1 7 8 0 .2 3  Î  2 .1 5

~max. A P p l  (mmHg) 7 .1 7  1  1 .1 3 7 . 6 7  ± 0 .2 9 7 .8 3  ±  0 .7 6
d

PaOg (mmHg) - 6 . 1 3  — 5*61t - 3 - 4 3  1  3 -7 3 - l t . 63 ±  l t . 71

d = mean d i f f e r e n c e  b e tw e e n  p r e -  a n d  p o s t - c h a l l e n g e  v a lu e s

TABEE I I

Maximum ch a n g e  i n  i n t r a t h o r a c i c  p r e s s u r e s  (m ax . A P p l )  a n d  a r t e r i a l  o x y g en  p a r t i a l  
p r e s s u re s  (P a C ^ )-  M ean v a l u e s  a n d  s t a n d a r d  d e v i a t i o n  b e f o r e  an d  5 h o u r s  a f t e r  
M. f a e n i  i n h a l a t i o n  c h a l l e n g e  i n  two C O P D -a ffe c te d  h o r s e s  p r e - t r e a t e d  w i th  sod ium  
c ro m o g ly ca te  (SCG)

Horse

Ho. o f  e x p o s u re s  

R est

5 h o u rs
p o s t - c h a l l e n g e

m ax. A  P p l  (mmHg) 

P a 0 2 (mmHg)

m ax. A P p l  (mmHg) 

PaOg (mmHg)

m ax. A P p l  (mmHg) 

PaO„ (mmHg)

1+.33 + 1 .■ 89 lt.67 + 1.61

81-97 + 3.,61 85.1+3 + 2.61t

lt. 66 + 2 ..08 lt.50 + 1.50
85-30 + h•.85 86.9 0

+ it.35

0.33 + 0 ..29 -, 3-33 + 5 . 1 2

-0.17 +
0 ..58 - 1.1+7 +

3.9 2

mean d i f f e r e n c e  b e tw e e n  p r e -  an d  p o s t - c h a l l e n g e  v a lu e s



horse B max. A P p l  i n c r e a s e d  fro m  6 mmHg t o  7 mmHg w i th  a  P a 0 2 i n c r e a s e  o f  3 .2  mmHg.

H o rse s  A a n d  B, c h a l l e n g e d  d a i l y  w i th  M. f a e n i  a n t i g e n  i n h a l a t i o n  d id

n o t show a  p o s i t i v e  r e s p o n s e  u n t i l  d a y s  1+ an d  3  r e s p e c t i v e l y  a f t e r  S C G  t r e a t m e n t .  

Table I I I  show s th e  d a i l y  p r e -  an d  p o s t - c h a l l e n g e  m ax. A P p l  a n d  PaC>2 v a l u e s .  I n  

horse A on d ay  5 ,  t h e  p r e - e x p o s u r e  m ax. A P p l  v a lu e  w as e l e v a t e d ,  P a 0 2 (d e p re sse d

and the h o rs e  sh o w in g  c l i n i c a l  s i g n s  o f  COPD. T h is  w as p o s s i b l y  a  r e s u l t  o f  th e

! p o s i t i v e  r e s p o n s e  t o  c h a l l e n g e  on  d a y  1+. T h is  r e a c t i o n  was i n t e n s i f i e d  b y  a n t i g e n  

challenge on d ay  5-

TABES I II
M a x i m u m  change i n  i n t r a t h o r a c i c  p r e s s u r e s  (m ax. A  P p l )  a n d  a r t e r i a l  o x y g en  p a r t i a l  
pressures (PaO g) i n  tw o C O P D -a ffe c te d  h o r s e s  t r e a t e d  w i th  so d iu m  c ro m o g ly c a te  (SCG)

\'l followed by  d a i l y  M■ f a e n i  i n h a l a t i o n  c h a l l e n g e .  Mean v a l u e s  an d  s t a n d a r d  d e v i a t i o n  
I before and 3 h o u r s  a f t e r  M. f a e n i  i n h a l a t i o n  on  d a y s  1 -3

93
i

Horse A B

Ho. of e x p o su re s 5 5

m ax. A P p l  (mmHg)
D ays 1 -3  
Day 1+ 
D a t 5

3 -6 7  ±  1 .5 5  
3 .-5 
9 - 0

3 -5 0  -  0 . 5  
3 -5  
l+.o

Hest

P a 0 2 (mmHg)
D ays 1 -3  
Day 1+ 
Day 5

8 5 -5 0  ± 1 .5 5  
8 6 . 7  
7 2 .U

8 7 . 3 7  ± 1 .0 7  
8 8 .9  
81+.9

$ hours
p o st-ch a llen g e

max.

P a 0 2

A P p l  (mmHg) 

(mmHg)

D ays 1 -3  
Day Ip 
Day 5

Days 1 -3  
Day l+ 
Day 5

3 . 8 3  -  0 . 5 8  
1 0 .0  
11+-5

8 5 -7 7  -  3 -9 3  
8 0 . 1+
7 0 . 6

3 . 1 6  -  0 .2 9  
14.5 
9 - 5  

8 9 . 2 7  i  3 .8 9  
90.1+
8 0 . 6

When th e  f r e q u e n c y  o f  M. f a e n i  i n h a l a t i o n  c h a l l e n g e  w as r e d u c e d  t o  d a y s  2 an d  1+ 

after SCG t r e a t m e n t ,  b o th  h o r s e s  show ed a  p o s i t i v e  r e s p o n s e  to  c h a l l e n g e  o n  d a y  1+.

A s in g le  a n t i g e n  c h a l l e n g e  o n  d a y  1+ a f t e r  SCG t r e a t m e n t  in d u c e d  a  p o s i t i v e  

response i n  h o r s e  A ,  b u t  n o t  i n  h o r s e  B .  A  s e c o n d  c h a l l e n g e  o n  d a y  $  p r o d u c e d  a  

positive r e s p o n s e  i n  h o r s e  B .

T ria l  3: The d u r a t i o n  o f  p r o t e c t i o n  a f t e r  SCG t r e a t m e n t  i n  h o r s e  A w as s h o r t e r

in the f a c e  o f  m u l t i p l e  a n t i g e n  c h a l l e n g e .  I n  t r i a l s  3 ( a )  a n d  ( b )  t h i s  a n im a l  show ed 

an in c re a se  i n  m ax. A P p l  o f  2 a n d  2 - 3  mmHg r e s p e c t i v e l y  o n  d a y  2 ; t h e  p o s t ­

challenge v a lu e ,  h o w e v e r , w as <6 mmHg. On d ay  3> m ax. A P p l  i n c r e a s e d  b y  3 - 5  

and 7 .5 mmHg r e s p e c t i v e l y  a n d  show ed  c l i n i c a l  s i g n s  o f  COPD.

DISCUSSION

These a n t ig e n  i n h a l a t i o n  s t u d i e s  i n  two C O P D -a ffe c te d  a n im a ls  show ed  t h a t  th e  

usual re sp o n se  t o  c h a l l e n g e  c a n  b e  p r e v e n te d  by  p r i o r  t r e a t m e n t  w i th  SCG. T h is



p r o t e c t i o n  was m o st e f f i c i e n t  when h o r s e s  w e re  i n  t h e  r e m is s io n  s t a g e  o f  t h e  d i s e a s e ,  

tut when h o r s e s  w e re  ^ sy m p to m atic  SCG p r e v e n te d  th e  i n t e n s i f i c a t i o n  o f  t h e  d i s e a s e  

a fter c h a l le n g e .  /  SCG i n h a l a t i o n  i n  sy m p to m a tic  a n im a ls  d i d  n o t  p ro d u c e  a n y  a p p a r e n t  

c lin ica l im p ro v e m e n t, t h i s  b e in g  s i m i l a r  t o  t h e  f i n d i n g s  i n  man (C o x , 1 9 6 9 ) .

Die f in d in g s  show ed  t h a t  t h e  d u r a t i o n  o f  p r o t e c t i o n  a f t e r  a  s i n g l e  SCG d o s e  was 

much lo n g e r  th a n  i n  hum an a s t h m a t i c s  w h ere  SCG i n h i b i t s  a n t i g e n - i n d u c e d  b r o n c h o -  

c o n s tric tio n  a t  5  h o u r s  b u t  n o t  a t  21+ h o u r s  a f t e r  t r e a t m e n t  ( K o lo tk in  e t  a l . ,  1 9 7 3 ) .  

The reason  f o r  t h e  p r o lo n g e d  p r o t e c t i o n  i n  h o r s e s  may b e  d u e  to  d i f f e r e n c e s  i n  th e  

pathogenesis o f  t h e s e  d i s e a s e s  o r  t o  d i f f e r e n c e s  i n  t h e  c e l l u l a r  p h y s io lo g y  i n  t h e  

horse.
The d u r a t io n  o f  SCG p r o t e c t i o n  i n  t h e  h o r s e  d o e s  n o t  a p p e a r  t o  b e  r e l a t e d  t o  t h e  

frequency o f  c h a l l e n g e  w i th  a  s i n g l e  a n t i g e n  b u t  m u l t i p l e  a n t i g e n  c h a l l e n g e  d o e s  

shorten th e  p r o t e c t i v e  p e r i o d .  The r e s p o n s e  i s  d i f f e r e n t  i n  m an, w h e re  p r o t e c t i o n  

occurs when th e  sam e a n t i g e n  i s  u s e d  s e q u e n t i a l l y  an d  n o t  w hen a  d i s s i m i l a r  a n t i g e n  

is in tro d u c ed  $  h o u r s  a f t e r  SCG t r e a t m e n t  ( K o lo tk in  e t  a l . ,  1 9 7 3 ) .

Although th e s e  t r i a l s  w e re  p e r fo rm e d  o n  o n ly  two h o r s e s ,  t h e y  s u g g e s t  t h a t  SCG 

may prove e f f e c t i v e  i n  c o n t r o l l i n g  COPD i n  h o r s e s . A c l i n i c a l  t r i a l  t o  e v a l u a t e  

■ the e f f ic a c y  o f  SCG on  a  l a r g e r  nu m b er 0# a f f e c t e d  h o r s e s  i s  c u r r e n t l y  i n  p r o g r e s s .
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Summary

T he  paper  describes a technique of thin-layer polyacrylamide gel isolectric focusing 
of horse serum, within a pH  range of 4.0 -  6.0, which permits the improved reso­
lution of the acidic prealbumin protein bands. The increased heterogeneity of the 
P r  prealbum in antiprotease allele products apparen t using this technique is de­
scribed and discussed in detail, and the potential use of the technique in routine 
P r phenotyping is considered.

Introduction

O n acidic starch gel electrophoresis of equine serum, a large num ber  of prealbumin 
protein bands become apparent (Braend, 1967). The more anodal and cathodal 
bands are grouped into two genetically determined polymorphic protein systems, 
P r  and X k  (Braend, 1970). Between the P r  and X k  systems lie, in order  of in­
creasing electrophoretic mobility, a discrete group of bands designated X h  (Braend,
1967) and two antigenically and functionally distinct proteins, corresponding to 
the X c /X d  group of bands suggested by Braend (1967) (Matthews, 1979). The 
P r  protein  has been identified as the homologue of hum an alpha-1 antitrypsin and 
the ‘X c ’ protein as an alpha ! protease-inhibitory protein (Matthews, 1979).

Difficulties encountered in the technique of acidic starch gels in relation to 
P r  phenotyping were mentioned by Scott (1976) and  are reflected in the results 
of both  the 1975 and 1977 horse blood 'typing comparison tests (Buis, 1976; Storset 
&  Braend, personal communication). In  man, isoelectric focusing on thin-layer 
polyacrylamide within a limited acidic pH  range has superseded acidic starch gel 
electrophoresis in the study of genetic variants of the acidic prealbumin, alpha-1 
antitrypsin (Allen et al., 1974). F o r  these reasons, isoelectric focusing was used to
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study the multiple m olecular  forms of the acidic prealbumins as part of an investi­
gation into the possible role of serum  antiproteases in the onset of chronic obstruc­
tive pulm onary  disease in the horse. This paper  details the isoelectric focusing 
technique used and  describes and  discusses the resulting isoelectric heterogeneity 
of the P r  protein.

Materials and m ethods

Serum samples were obta ined  from 33 Thoroughbred  sire-dam-offspring groups 
and a num ber of horses and  ponies of undetermined breeding. Serum was stored 
at - 2 0  °C for up to two years until used. All Thoroughbred serum samples had 
been P r phenotyped  by a modification of the discontinuous acidic starch gel electro­
phoretic technique described by Fagherol (1972). This modification involved the 
adjustment of the relative concentra tions of the gel buffer stock solutions to give 
a final p H  of 4.3 -  4.5. Thirty  sera from the population of animals of undetermined 
breeding were P r  phenotyped  by the horse b lood typing laboratory in Oslo ac­
cording to the technique of Braend (1970).

Thin-layer polyacrylam ide gel electrofocusing in the pH  range 4.0 -  6.0 was 
carried ou t using the LK B 2117 M ult iphor system.

The gel frames (250 m m  X 125 mm) were made up of a thick glass p late (LKB 
2117-105), a thin glass p late (LKB 2117-104), a rubber gasket (LKB 93 90 6010) 
and a second thick glass p late held together with bulldog clips. T he  gel contact 
surfaces were thoroughly cleaned with detergent, dried and wiped with ethanol 
before use.

Three gel stock solutions were used:
-  acrylam ide : 58.1 g acrylamide was dissolved in 200 ml distilled water, passed 
through a 0 .22 /m i-pore  size filter and stored at 4 °C;
-  N N '-m ethylenebisacrylam ide:  1.8 g bisacrylamide was dissolved in 200 ml dis­
tilled water, passed through a 0 .22 /<m-pore size filter and stored at 4 °C;
-  riboflavine: a  sa turated  solution in distilled water was prepared  and stored at 
4 °C.

The gel was p repared  by mixing 13 ml acrylamide and 13 ml bisacrylamide with 
30 ml of 25 %  (w/v) sucrose solution, to which 3.5 ml ampholine, pH  4 . 0 - 6 . 0  
(LKB 1809-116), w ithdraw n under  sterile conditions, was added. To  this mixture 
0.4 ml riboflavine solution was added as a polymerising agent.

The m ixture was degassed by strong suction into a 50 ml plastic syringe through 
a 19-gauge needle, the needle was rem oved and the mixture poured into the frame. 
Care was taken to exclude air f rom the frame during pouring.

The gel was allowed to polymerise at room  temperature under ultraviolet light. 
Polymerisation was usually completed within 2-3 hours, indicated by a change in 
refractive index at the periphery of the gel. The gels may be stored overnight at 
4 °C with no effect on their subsequent use.

2 2 0 A nim . B lood  Grps biochem. Genet. 10 (1979)
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A fter  careful removal of the two thick glass plates, serum samples (approximately 
5 /(I) on  rectangular strips of LKB inserts (2117-106) were applied along the length 
of the gel, 1 cm from the cathodal wick, using a paper  template as a guide. The 
anodal and cathodal wicks were applied to the gel after soaking in 1 M  phosphoric 
acid and 1 M  sodium hydroxide respectively, giving an electrode distance of 
100 mm.

T h e  gel on the thin glass plate was placed upon a layer of water laid over the 
cooling p late of the Multiplier. T he  focusing lid allowing voltage application across 
the bread th  of the tank was fitted, ensuring good electrode contact with the wicks 
o n  the gel surface. After switching on the cooling system, the power pack was set 
to deliver a m axim um  of 1000 V  and 30 W. The initial potential difference of 400 V 
increased to m axim um  during the run and the initial current of 30 m A  fell as the 
pH gradient formed. Electrofocusing was completed after a 6-hour run.

T h e  gels were stained for 30 minutes at 60 "C with Coumassie Brilliant Blue 
(Vesterberg, 1972). Destaining takes place overnight using an 8:3:1 w ate r/e thanol/ 
acetic acid solution. T he  gels may be mounted for prolonged storage in a  glycerine/ 
destaining solution (1:4) mixture.

T he  stained protein bands on  the gels are best visualised with transmitted light.

Results

Thin-layer polyacrylamide gel electrofocusing of equine serum in the pH  range 
4.0 -  6.0 is a highly reproducible technique, permitting the resolution of a large 
n um ber  of acidic protein com ponents of differing isoelectric points (pi). T he  sepa­
ra tion  of these com ponents into distinct groups within the lower range of the pH  
gradient appears essentially similar to that of the prealbumin proteins after acidic 
starch gel electrophoresis (Fig. 2). T he  P r  and X k  proteins m ay be identified by 
their polymorphic nature. Between the Pr  and X k proteins, a num ber of bands 
may be appreciated. These appear  distributed into three discrete groups (Fig. 2) 
similar to the distribution on  acidic starch gels (Braend, 1967).

A  6-hour electrofocusing time resulted in optimal resolution of the proteins. By 
this technique, a 2-hour period as recommended for the electrofocusing of hum an 
alpha-1 antitrypsin variants resulted in incomplete isoelectric separation which was 
no t com parable with acidic starch gel electrophoresis.

T h e Pr protein
W ith an effectively linear pH  gradient,  the p i  of the P r  protein will lie approxim ate­
ly between pH  4.1 and 4.5.

O n acidic starch gel electrophoresis, the Pr phenotypes are determined by a 
m inimum of 10 codom inant alleles, designated F, G, / ,  L , N , S, T , U, W  and Z  in 
order  of decreasing electrophoretic mobility (Braend, 1970; Scott, 1976, 1977). 
By this electrofocusing technique, the appearance of the P r  phenotypes (Fig. 1) is
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ph a o
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Fig . 1. S ch em atic  ap p e a ra n c e  o f  so m e P r  p h en o ty p es a f te r  iso e lec tric  focusing  w ith in  the  
p H  ra n g e  4.0 - 6.0.

basically similar to that on  starch gels. However, the num ber and resolution of the 
bands in the P r  system is increased, each allele controlling a multiple band pattern 
of one or  two intensely stained bands, with a variable num ber of lightly stained 
bands.

A fter  isoelectric focusing, the P rF  allele products, recognized only in hetero­
zygotes in this series of animals, appear as indistinct double bands near the lower 
p i  limit of the protein, with a third band  of p i  indistinguishable from the m ajor 
P rN  allele product.  These bands are shown in the F N  (Fig. 2 Nos 9 and 10), F L  
(Fig. 3 N o  5) and FS (Fig. 3 N o 9) phenotypes. T he  P rI  allele products,  again 
recognized only in helerozygotes in this series, appear as two zones with p i  dis­
tributed abou t that of the most acidic P rL  allele products, with an additional band 
of p i  slightly m ore  acidic than the com m on P rN  and P rF  allele product. These 
bands are shown in the IL  phenotype (Fig. 3 Nos 12 and 21). In cases where the 
P rI  allele products  are weakly expressed, the two more acidic zones may be difficult 
to visualise.

T h e  P rL  allele product shows the three bands characteristic of the homozygote 
on acidic starch gel electrophoresis (Braend, 1970). However, two additional bands 
of intermediate p i  are apparen t in the homozygote (Fig. 2 Nos 1 and 2), the p i  of 
the least acidic of these two bands being indistinguishable from the apparently  
com m on P rN  and P rF  bands. In  a num ber of P rL  homozygotes, one or two a d ­
ditional bands are apparent,  of lower p i  than those already described (Fig. 2 Nos 
15, 16 and  17). The more intensely staining of the more acidic P rL  bands may, in 
some animals, be separated into two bands of close pi, as shown in an L L  type in 
Fig. 3 N o  3. T he  less acidic of these two ‘sub’ bands has a p i  close to a band, con­
sidered to be a PrS allele product,  shown in the adjacent LS phenotype (Fig. 3 
N o  2) and in an SS phenotype (Fig. 2 No 4). A n LS type with only the more acidic 
of these ‘sub’ bands is shown in Fig. 3 No 13.

T he  PrS allele product appears heterogeneous. In addition to the acidic band 
already described in Fig. 3 N o  2, the allele product appears to have a m a jo r  band 
of varying pi.  In some animals, the p i  of this band is similar to that of the least 
acidic of the m ajor  P rL  bands as seen in the SS type (Fig. 2 Nos 4 and 5), while in 
others the p i  of the S band  is distinctly less acidic p i  than the P rL  band, as seen 
in the SU (Fig. 2 Nos 13 and 14) and LS types (Fig. 3 Nos 2, 7, 8, 13 and 17). The
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PrS p roduct has an additional band  of p i  similar to the apparently  com m on P rF ,  
P rN  and  P rL  bands.

T h e  P rU  allele product (Fig. 2 Nos 7 and 12) appears as two distinct bands, 
the m ore  acidic band  having a p i  similar to the m a jo r  S band . In  some cases, two 
additional bands of m ore and less acidic p i ’s respectively are apparent.

T h e  protein bands considered to represent the P rW  allele products  are shown 
in Fig. 2 N o  3 in a sample taken from  a non-Thoroughbred  animal.

Discussion

Isoelectric focusing provides a readily reproducible  m ethod  of examining the P r  
phenotypes of relatively large num bers  of samples simultaneously. A lthough the 
highly polym orphic  P r  locus is reported to be the single m ost effective system in 
the detection of falsely assigned parentage in the horse (Scott, 1976), only 7 of the 
22 laboratories included in the 1977 horse blood com parison test (Storset & Braend, 
personal com munication) reported  P r  phenotypes. A m ongst  those 7 laboratories, 
however, there was only limited agreement as to the correct identity of the P r  allele 
products.  Similar d isagreem ent on P r  phenotypes was reported  by Buis (1976) 
after the 1975 horse b lood com parison test.

In  com parison to acidic starch gel electrophoresis, this isoelectric focusing tech­
n ique results in an  increased num ber  of bands in the P r  region. Recently, E k  (1979), 
using antigen-antibody crossed electrophoresis with monospecific an t i-Pr  antiserum, 
has identified a num ber  of additional bands in the P r  system after starch gel e lectro­
phoresis. Some of these bands are weak or  inapparen t after routine glycoprotein 
staining of acidic starch gel, and some lie cathodally  to the P r  bands originally 
described by B raend  (1970). T he  results of E k  (1979) are com patible with the 
previously undescribed P r  bands apparen t after isoelectric focusing.

Although the P rF  allele products are easily identified after starch gel e lec tro­
phoresis, after isoelectric focusing they are relatively inapparent,  possibly due to 
the p i  of the m ore acidic bands approaching the lower limit of the p H  gradient. 
However, extension of the pH  gradient towards pH  3.5 may correct this anomally.

T h e  bifid appearance of the m ore acidic of the m ajor  P rL  bands m ay represent 
the genetically determined variation in the L  zones alluded to by Braend and Storset 
(1979). T h e  identification of this variant after isoelectric focusing would permit 
investigation of its possible genetic control. D ue  to their variable appearance,  the 
additional bands of lower p i  observed in only some P r L  homozygotes may belong 
to a separate protein system or  represent P r  isoelectric variants independent of the 
gene products. T he  heterogeneity of the PrS allele p roduct may be due to two 
separate alleles, the m ore acidic variant of p i  similar to the L  band  being the P rT  
allele p roduct as described by Braend (1970).

T h e  protein bands considered to represent the P rW  allele p roduct was not o b ­
served in any of the Thoroughbred  horses in this series. It differs from the allele
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pro d u c t  on  starch gels, as described by B raend  (1970), in tha t  on  isoelectric focusing 
the s tronger of the two bands of m ore acidic p i  lies much closer to the m ajo r  band  
than  on acidic starch gels. I t  is possible that these bands, here  considered to be 
P rW  allele produots, m ay represent a subdivision of the P rU  allele p roduc t  as in ­
dicated by B raend  & Storset (1979). F u r th e r  investigation, using this technique, 
will be necessary to establish this.

Despite  the complexities of the P r  phenotypes after isoelectric focusing, result ing 
from  the multiplicity and par t  identity of the allele products,  the technique could 
provide a  standard  m ethod  for routine P r  phenotyping  and an accurate tool in the 
investigation of new variants at the locus.
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SUMMARY

The literature indicated that the main obstacle to 

indirect peripheral blood pressure measurements 

(sphygmomanometry) in horses, is the lack of a large 

superficial artery capable of being temporarily occluded. 

Consequently, the standard human sphygmomanometric techniques 

employing palpatory and auscultatory methods are unsatis­

factory in horses. Some other sphygmomanometric techniques 

including the xylol bead modified palpatory, the photo­

electric and the modified auscultatory methods were assessed 

by trials on horses. The latter method was s h o w n  to be 

the only potentially useful technique.

Blood pressure measurements using 'this technique showed 

that the blood pressure of resting horses shows continuous 

short term cyclic variations, an observation which was 

supported by direct peripheral blood pressure measurements. 

Peripheral blood pressure was shown to significantly increase 

in horses during excitement and also following submaximal 

exercise. During longer term studies, many technical
r

difficulties were encountered with the modified auscultatory 

technique a.nd it was concluded that it would be unlikely to 

become acceptable for general clinical use.

The literature concerning right heart blood pressure 

measurements in horses indicated that very little information 

was available concerning the right heart blood pressure al­

terations that occur in chronic pulmonary disease. Angio­

graphic studies indicated that the rise of a single hydrostatic



baseline for all rrght heart blood pressure measurements, 

as is currently used by all authors, causes an under­

estimation of right ventricular pressure. A separate 

hydrostatic baseline was therefore established for right 

ventricular blood pressure measurements.

It was shown that horses clinically affected with 

chronic obstructive pulmonary disease (CGPD), had pul­

monary and systolic right ventricular hypertension and 

that this hypertension became reversed during remission 

stages of the disease. Further studies showed that a 

close relationship existed between carotid arterial hy- 

poxaemia and pulmonary hypertension in COPD affected 

horses.

This relationship between arterial hypoxaemia and 

pulmonary hypertension in COPD was substantiated by inducing 

partial remission of pulmonary hypertension in clinically af­

fected horses, by oxygen administration. In contrast,
normal

pulmonary hypertension was induced by rendering^horses 

temporarily hypoxaemic, by administration of nitrogen en­

riched air.

Marked pulmonary hypertension was also induced during 

experimental hypercapnia or acidosis production. Bicarbonat 

atropine or furosemide administered intravenously had no 

significant short term effects on pulmonary arterial pressure

No clinical or cardiac catheterisation evidence of right 

heart failure was observed in any CQPD affected horses.

These observations were substantiated by the relative in-



frequency ox right ventricular hypertrophy that was 

observed on post mortem examinations of horses affected 

with chronic pulmonary disease.
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Chronic obstructive pulmonary disease (COPD): 
Effects of bronchodilator drugs on normal 
and affected horses
JILL R. M URPH Y , E. A. M cPH ERSO N  and P. M. DIXON
University o f  Edinburgh Veterinary Field S tation, Easter Bush, Ros/in, M id lo th ian  EH25 9RG

Summary

The effects o f  the b ronchodilator drugs, a trop ine, isoprenaline 
and terbutaline, on norm al horses and on horses affected with 
chronic obstructive pulm onary disease (C O P D ), were assessed 
by pulmonary function tests and clinical exam ination . N orm al 
horses were not affected but C O P D  horses responded by a 

1 marked decrease in in tra th o rac ic  pressure, a  decrease  in
respiratory ra te , an in itial decrease followed by an  increase 
in arterial oxygen p a rtia l pressure and clinical im provem ent 
after treatm ent with a ll 3 drugs. These changes were tem porary .

Introduction

C H R O N IC  o b s tru c tiv e  p u lm o n a ry  d ise a se  (C O P D )  in h o rse s  
is asso c ia ted  w ith  e x p o s u re  to  h a y  a n d  s tr a w  c o n ta in in g  

i moulds, in c lu d in g  M ic ro p o ly sp o ra  fa e n i  a n d  A sp erg illu s
fum igatus (M c P h e rs o n  e t  cil 1979). T h e  c o n d i t io n  is u su a lly  
reversed w h e n  a ffe c te d  h o rse s  a re  k e p t a t  g ra s s  o r  in  a  d u s t-  
free e n v iro n m e n t (T h u r lb e c k  a n d  L ow ell 1964; E y re  1972; 
Cook 1976; M c P h e rs o n  e t a l  1979). I n  th e  p a s t , th e  d ise ase  
was w idely  b e lie v e d  to  be  ir re v e rs ib le  a n d  w a s  e r ro n e o u s ly  
likened to  a lv e o la r  e m p h y s e m a  in  m a n , b u t  re c e n t s tu d ie s  

( have sh o w n  th a t ,  in  fa c t, b ro n c h io lit is  is th e  m a jo r  p a th o ­
logical f e a tu re  o f  th e  d ise ase , w ith  e m p h y s e m a  b e in g  a b s e n t 
or confined  to  sm a ll a r e a s  o f  th e  lu n g  (N ic h o lls  1978).

A d d itio n a lly , a  n u m b e r  o f  a u th o r s  h a v e  p o s tu la te d  th a t  
b ronchospasm  a lso  p la y s  a  ro le  in  th e  p a th o g e n e s is  o f  
COPD (A le g re n  a n d  C a r ls tro m  1940; O b e l a n d  S c h m itte r lo w  
1948; C o o k  a n d  R o ssd a le  1963; L o w ell 1964; E y re  1972; 
Gerber 1973; M c P h e rs o n  a n d  L a w so n  1974; C o o k  1976). 
B ronchod ila to r d ru g s , in c lu d in g  th e  p a r a s y m p a th o ly t ic  d ru g , 
atropine, h a v e  b e e n  fo u n d  to  in d u c e  te m p o ra ry  re lie f  o f  
clinical d y sp n o e a  (O b e l a n d  S c h m itte r lo w  1948; L ow ell 
1964; M u y lle  a n d  O y a e r t  1973; S asse  a n d  H a je r  1977). 
Clinical im p ro v e m e n t h a s  a lso  b e e n  r e p o r te d  in  C O P D  
affected h o rse s  w ith  th e  u se  o f  s y m p a th o m im e tic  b ro n c h o -  
dilators, in c lu d in g  a d re n a lin e , n o ra d re n a l in e , s c o p o la m in e  
hydrobrom ide a n d  N A B  365 (B o e h r in g e r  S o h n , In g le h e im , 
BRD) (O bel a n d  S c h m itte r lo w  1948; S c h a tz m a n n , S tra u b  
and G e rb e r  1972; S asse  a n d  H a je r  1977; C o rb e l la  1978). 
However, C o rb e l la  (1978) r e p o r te d  o n ly  slig h t a n d  t r a n -  

, sitory c lin ica l im p ro v e m e n t fo llo w in g  t r e a tm e n t  o f  C O P D  
i affected a n im a ls  w ith  th e  s y m p a th o m im e tic  d ru g s , e p h e d r in e , 

orciprenaline a n d  s a lb u ta m o l .
M any o f  th e se  s tu d ie s  h a v e  b e e n  c a r r ie d  o u t  o n  a n im a ls  

diagnosed a s  su ffe rin g  f ro m  C O P D  o n  c lin ica l g ro u n d s  o n ly  
and th e  re sp o n s e  to  t r e a tm e n t  a s se sse d  by  c lin ica l o b s e r ­

v a t io n  a lo n e . T h is  p a p e r  d e s c rib e s  so m e  s tu d ie s  o n  th e  effec t 
o f  3 b ro n c h o d i la to r  d ru g s , n a m e ly  a tro p in e  (a  p a r a s y m ­
p a th o ly t ic  d ru g ), iso p re n a lin e  a n d  te r b u ta l in e  (b o th  sy m p a -  
th o m im e tic s )  o n  so m e  p u lm o n a ry  fu n c tio n s  a n d  c lin ica l 
p a r a m e te r s  in  n o rm a l a n d  C O P D  a ffe c ted  h o rse s .

M ateria ls  and m ethods

A n im a ls

C O P D  a ffe c te d  h o rse s  o f te n  c o u g h e d , w e re  d y sp n o e ic , 
m a n ife s te d  a  d o u b le  e x p ir a to ry  effec t a n d  h a d  h a r s h  c h e s t 
so u n d s , in c lu d in g  w h e e z in g  a n d  c r e p i ta n t  s o u n d s  in so m e  
cases (M c P h e rso n  e t  a l  1978). A d d it io n a lly , all h o rse s  sh o w e d  
m a x im u m  in tra th o ra c ic  p re s s u re  c h a n g e s  (m a x  a  P p l) o f  
¡3« 6 m m  H g  a n d  re s t in g  a r te r ia l  o x y g en  p a r t ia l  p re s s u re s  
( P a 0 2 )  o f  82 m m  H g . M o s t o f  th e  37 C O P D  a ffe c te d  
h o rse s  w ere  a d u l t  h u n te r s  a n d  T h o ro u g h b r e d s ;  a  few  w ere  
p o n ie s  a n d  d r a u g h t  h o rse s . T h e  c o n tro ls  c o n s is te d  o f  20 
h o rse s  o f  s im ila r  b re e d s  w h ic h  h a d  n o  h is to ry  o f  c h ro n ic  
r e s p ir a to ry  illn ess  a n d  w ere  n o rm a l  o n  c lin ica l a n d  p u lm o n a ry  
fu n c t io n  e x a m in a tio n s .

M o n ito r in g  tech n iq u es

D u r in g  a ll m e a s u re m e n ts  th e  a n im a ls  w e re  s ta n d in g , u n - 
t r a n q u ill is e d  a n d  w e re  h a n d le d  q u ie tly  to  p re v e n t  a n y  e x c ite ­
m e n t- in d u c e d  r e s p ira to ry  o r  c a rd ia c  c h a n g e s . I n t r a th o r a c ic  
p re ss u re s  in c lu d in g  m a x im u m  e x p ir a to ry , m in im u m  in ­
s p ir a to ry  a n d  m a x im u m  in t ra th o r a c ic  p re s s u re  c h a n g e s  (m a x  
a  P p l)  w ere  m e a s u re d  u s in g  a n  in tra -o e s o p h a g e a l  b a llo o n  

(M c P h e r s o n  e t a !  1978). T h e se  v a lu e s  w e re  e s t im a te d  f ro m  
th e  m e a n  o f  10 c o n se c u tiv e  a n d  r e p re s e n ta t iv e  r e s p ir a to ry  
tra c in g s . I n t r a th o r a c ic  p re s s u re s  w e re  m o n i to re d  a t  re s t  fo r  
10 m in  to  e s ta b lis h  b a se lin e  v a lu e s , fo r  30 m in  a f te r  d ru g  
a d m in is t r a t io n  a n d , th e re a f te r  a t  h o u r ly  in te rv a ls  u n til  th e  
e ffec ts o f  th e  d ru g  d is a p p e a re d . R e s p ir a to ry  r a te s  w ere  
m e a s u re d  f ro m  th e  in tra th o ra c ic  p re s s u re  tra c in g .

C a ro t id  a r te r ia l  b lo o d  sa m p le s , fo r  PaC D  a n d  c a r b o n  d io ­
x id e  p a r t ia l  p re s s u re  (P aC C H ) re sp e c tiv e ly  e s t im a tio n s , w ere  
c o lle c te d  u s in g  a  p re v io u s ly  d e s c r ib e d  te c h n iq u e  (M c P h e rs o n  
e t  a ! 1978). S a m p le s  w ere  o b ta in e d  a t  re s t  a n d  a t  10, 20 , 30 
60, 120 a n d  240  m in  a f te r  t r e a tm e n t  a n d  s to r e d  in  iced  w a te r  
u n til  a n a ly se d , w ith in  1 h o u r  a f te r  sa m p lin g . B lo o d  g a s  
e s t im a t io n s  w ere  c a r r ie d  o u t  u s in g  a  C o rn in g  p H /b lo o d  g as 
161 a n a ly s e r  (C o rn in g  M e d ic a l, H a ls te a d , E ssex ). T h e  e q u ip ­
m e n t w as s ta n d a rd is e d  a c c o rd in g  to  m a n u f a c tu r e r ’s sp e c ifi­
c a tio n s  a n d  th e  e r ro r  fo r  b o th  P a O i  a n d  PaC C >2 e s t im a t io n s  
u s in g  th is  te c h n iq u e  is r e p o r te d  to  be  less th a n  2 p e r  cen t.
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Drugs a n d  a d m in is tra tio n

A tro p in e  s u lp h a te  (M a c fa r la n e  S m ith  L td , E d in b u rg h ) , 
isoprenaline s u lp h a te  ( T h o r n to n  &  R o s s  L td , H u d d e rs f ie ld )  
and te rb u ta l in e  (B ric a n y l re sp ira  to r  s o lu tio n , A s tr a  C h e m ic a ls  
Ltd, W a tfo rd )  w e re  a d m in is te r e d  b y  in h a la t io n . D o sa g e  levels 
which w o u ld  p ro v id e  th e  m a x im u m  th e ra p e u t ic  effect w ith o u t 
severe s id e  effec ts w e re  e s ta b lis h e d  by  p re v io u s  p ilo t e x p e r i­
ments. F o r  all d ru g s , a  d o se  o f  0 .0 2  m g /k g  w as  f o u n d  su it­
able. F o r  in h a la t io n  a d m in is t r a t io n ,  d ru g s  w e re  d isso lv ed  
with sa lin e  to  a  to ta l  v o lu m e  o f  4 m l, to  s ta n d a rd is e  th e  tim e  
taken fo r  d ru g  n é b u lis a tio n . T h e  d ru g s  w ere  n e b u lise d  u s in g  
2 W righ t’s n e b u lis e r  p u m p s  a n d  w ere  a d m in is te re d  v ia  p la s tic  
tubing to  a  fa c e  m a sk  (F ig  1). N é b u lis a t io n  to o k  7 m in . 
A tropine s u lp h a te  (B im e d a  U K  L td , L iv e rp o o l)  w a s  a lso  

I adm inistered  by in tra v e n o u s  in je c t io n  o v e r  a  2 m in  p e r io d .

Statistical a n a ly s is  o f  re su lts

In n o rm a l a n d  C O P D  a ffe c te d  h o rse s , re s t in g  p a ra m e te r s  
were c o m p a re d  w ith  p a r a m e te r s  o b ta in e d  a t  v a r io u s  in te rv a ls  
after d ru g  a d m in is t r a t io n  b y  S tu d e n t ’s t te s t a s  a p p lie d  to  
paired o b se rv a tio n s . M a x  a  P p l a n d  PaC>2 v a lu e s  o f  n o rm a l 

¡ and C O P D  a ffe c ted  a n im a ls  w ere  c o m p a re d  a t  re s t a n d  a t  
the tim e  o f  p e a k  re sp o n s e  in  C O P D  a ffe c te d  h o rse s  by 
Student’s t te s t.

Results

1 Atropine by inhalation and intravenous injection was
i found to cause identical changes in all parameters except 

heart rate.

In tra th o ra c ic  p re ssu re  changes

M a x  a P p l d e c re a s e d  s ig n if ic a n tly  ( P < 0 .0 0 1 )  in C O P D  
a ffe c te d  h o rs e s  a f te r  a d m in is t r a t io n  o f  all 3 d ru g s . M a x  a  
Pp l w as  r e d u c e d  by  a  m e a n  o f  72 p e r  c e n t, 63 p e r  c e n t  a n d  
68 p e r  c e n t a t  th e  tim e  o f  p e a k  re sp o n s e  to  iso p re n a lin e , 
te rb u ta l in e  a n d  a tro p in e  re sp ec tiv e ly , (F ig  2). T h e  in t r a ­
th o ra c ic  p re ssu re  d e c re a se s  r e m a in e d  s ig n if ic a n t fo r  30 m in  
fo llo w in g  iso p re n a lin e , I to  2 h o u r s  fo llo w in g  a tro p in e ,  a n d  
fo r  4  h o u rs  fo llo w in g  te rb u ta l in e  a d m in is t r a t io n .  D e sp ite  th e  
la rg e  d e c re a se s  in  m a x  a  P p l a f te r  a ll d ru g s , m a x  a  P p l o f  
C O P D  a ffe c te d  h o rse s  a t  tim e s  o f  m a x im u m  re sp o n s e  still 
re m a in e d  s ig n if ic a n tly  d if fe re n t ( P < 0 . 0 1) f ro m  th a t  o f  th e  
re s tin g  c o n tro l  h o rse s . N o  s ig n if ic a n t m a x  a P p l c h a n g e s  
w ere  r e c o rd e d  in th e  n o rm a l a n im a ls .

R e sp ira to ry  ra te

H o rse s  a ffe c te d  w ith  C O P D  sh o w e d  a  d e c re a se  in  r e s p i r a ­
to ry  r a te  a f te r  d ru g  a d m in is t r a t io n  w ith  th e  m a x im u m
re sp o n s e  o c c u r r in g  20  to  30 m in  a f te r  t r e a tm e n t  ( F ig  3). N o  
sig n if ic a n t c h a n g e s  in  r e s p ir a to ry  ra te  o c c u r r e d  in c o n tro l  
a n im a ls .

T = Time of treatment 
-------   Mean value COPD horses

Time after treatment (minutes)

Fig 3. E ffec t o f  bronchodilator drugs on respiratory rate in C O P D  
affected  and norm al horses.

Fig 1. M ethod  o f  drug inhalation in the horse using a fa ce  m ask  
ami W right's nebuliser.

□---------------------- a-------------a_____ Normal horses n = 20

30 60 120 240
Time after treatment (minutes)

Fig 2. E ffect o f  bronchodilator drugs on intrathoracic pressure in 
C O P D  affected  and norm al horses.

f  = Time of treatment
-------   Mean value COPD horses
------- = Mean value normal horses

Isoprenaline n = 12 

Atropine n = 12 

Terbutaline n = 12
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I ' = Time of treatment
—  = Mean value COPD horses

N = 12 for each drug
—  = Mean value normal horses

N  =  2 0

Time after treatment (minutes)

Fig 4. E ffect o f  broncltodilator drugs on PaO .,in  norm al and  C O P D  
affected horses.

Blood gases

The effec ts o f  th e  b r o n c h o d i la to r  d ru g s  o n  P a 0 2 lev e ls  in 
COPD a ffe c te d  a n d  n o rm a l  h o rse s  a re  sh o w n  in  F ig  4. A ll 
drugs c a u s e d  a  t e m p o r a ry  d r o p  in  P a 0 2 levels in  b o th  
COPD a ffe c te d  a n d  n o rm a l  h o rs e s  w h ic h  w a s  fo llo w e d  by  
a significant in c re a se  in  P a 0 2 to  a b o v e  re s t in g  levels in  
COPD a ffe c te d  h o rse s  (5 , 9 .5  a n d  6 .5 m m  H g  a f te r  iso- 
prenaline, te rb u ta l in e , a t r o p in e  by in h a la t io n  a n d  a tro p in e  
by in tra v e n o u s  in je c tio n , re sp ec tiv e ly ) . H o w e v e r , P a 0 2 levels 
of C O P D  a ffe c te d  h o rse s  re m a in e d  s ig n if ic a n tly  lo w e r  th a n  
those o f  re s t in g  c o n tro l  h o rse s , a t  a ll tim e s  a f te r  d ru g  
adm in istra tion  ( P < 0 . 0 1). C O P D  a ffe c te d  h o rse s  sh o w e d  a  
slight d e c re a se  (2-3 m m  H g ) in  P a C Û 2 levels f ro m  1 to  4 
hours a f te r  t r e a tm e n t ,  c o r re s p o n d in g  to  th e  tim e s  a t  w h ich  
increased P a O ?  levels o c c u r re d . N o  s ig n if ic a n t P a C 0 2 
changes w ere  r e c o rd e d  in  th e  c o n tro l  a n im a ls .

Heart ra te

W ithin  10 to  20 m in u te s  o f  in tra v e n o u s  a t ro p in e  a n d  
isoprenaline in h a la t io n , th e  h e a r t  r a te  in c re a se d  tw o fo ld  in 
both C O P D  a n d  n o rm a l  h o rse s . A  slig h t t r a n s ie n t  in c re a se  
in heart r a te  ( ~  4 8 /m in )  w as  r e c o rd e d  a t  10 to  20  m in  a f te r  
inhalation o f  a t r o p in e  a n d  te rb u ta l in e .

Clinical o b se rva tio n s

A fter d ru g  a d m in is t r a t io n ,  C O P D  a ffe c te d  h o rse s  sh o w ed  
a te m p o ra ry  r e d u c t io n  in  th e ir  e x p ir a to ry  e ffo r t, d y sp n o e a  
and f la rin g  o f  th e  n o s tr i ls .  A ll d ru g s  a l le v ia te d  w h eez in g  
chest so u n d s  in  a ffe c te d  a n im a ls . C lin ic a l im p ro v e m e n t 
persisted fo r  1 to  2  h o u rs  fo llo w in g  iso p re n a lin e  a n d  a tro p in e  
and fo r 2 to  6 h o u r s  fo llo w in g  te r b u ta l in e  tr e a tm e n t . A tro p in e

a d m in is t r a t io n  c a u s e d  m y d r ia s is  in  a ll a n im a ls  w h ich  p e rs is te d  
fo r  12 to  24  h o u rs . T h e  c o n tro l  a n im a ls  sh o w e d  n o  o th e r  
c lin ica l c h a n g e s .

Discussion

r so p re n a lin e  is a  s y m p a th o m im e tic  d ru g  w h ic h  s t im u la te s  
b o th  Bj (o r  c a rd ia c  r e c e p to rs )  a n d  B2 (o r  s m o o th  m u sc le  
r e c e p to rs )  c a u s in g  c a rd ia c  s t im u la t io n  a n d  b ro n c h ia l  m u sc le  
r e la x a tio n . T e rb u ta l in e  is a  sy m p a th o m im e tic  d ru g  w h ic h  
e x h ib its  se le c tiv ity  f o r  I32 re c e p to rs , th e re b y  c a u s in g  b ro n c h o -  
d i la t io n  w ith  little  o r  n o  c a rd ia c  s t im u la t io n . I so p re n a lin e  
h a s  b e e n  u se d  fo r  m a n y  y e a rs  fo r  th e  t r e a tm e n t  o f  h u m a n  
b ro n c h ia l  a s th m a , b u t  re c e n tly  its  use  h a s  b e e n  s u p e rs e d e d  
by th e  m o re  se lec tiv e  B2 s t im u la t in g  a g e n ts  (F o rm g re n  1977).

T h e  effec ts o f  iso p re n a lin e  w ere  r a p id  in o n se t  a n d  m a rk e d  
b u t o f  sh o r t  d u ra t io n  (ie, 1-2 h o u rs )  (F ig  2 ), b e c a u se  iso ­
p re n a lin e  is r a p id ly  m e ta b o lis e d  by  c a te c h o l-o -m e th y ltr a n s -  
fe ra se  (C O M T )  (H e r t t in g  1964). T e rb u ta l in e , in w h ic h  th e  
c a te c h o l n u c le u s  o f  iso p re n a lin e  h a s  been  re p la c e d  by  a 
re so rc in o l  n u c le u s , is  n o t  a  s u b s t ra te  f o r  C O M T  a n d  c o n ­
se q u e n tly , is lo n g e r  a c tin g . A lth o u g h  th e  d e c re a se  in  m ax  
a  P p l w ith  te rb u ta l in e  w as n o t  a s  g re a t  a s  w ith  iso p re n a lin e . 

te r b u ta l in e ’s a c t io n  w as  m o re  p ro lo n g e d  w ith  m a x  a P p | 
s ig n if ic a n tly  d e c re a s e d  f o r  6 h o u rs .

A tro p in e  a d m in is t r a t io n  b y  e i th e r  r o u te  p ro d u c e d  a  s im ila r  
d e g re e  a n d  d u r a t io n  o f  r e s p o n s e  b u t th e  p e a k  re sp o n s e  to  
in h a la t io n  o c c u r re d  a p p ro x im a te ly  7 m in  la te r  th a n  a f te r  
in tra v e n o u s  in je c tio n .

in t r a th o r a c ic  p re s s u re  m e a s u re m e n t w as  o n e  o f  th e  m a in  
p a ra m e te r s  u se d  to  a ssess  p u lm o n a ry  fu n c t io n  in  th ese  
e x p e r im e n ts . M a x  a  P p] m e a s u re m e n ts  h a v e  b e e n  sh o w n  to  
be  in c re a se d  in  C O P D  a ffe c te d  h o rse s  (G ille sp ie , T y le r  a n d  
E b e rly  1966; S asse  1971; M u y l le a n d  O y a e r t  1973; M c P h e rs o n  
e t a I  1978) in d ic a tin g  th e  p re se n c e  o f  a irw a y  o b s t r u c t io n  in 
th is  d isease .

In  th e se  e x p e r im e n ts  m a x  a  P p l w as  f o u n d  to  d e c re a se  
g re a tly  a f te r  all d ru g s . W h ile  th is  m a x  a  P p l d e c re a s e  c o u ld  
m o s t  o b v io u s ly  be  a t t r ib u te d  to  a  d ire c t  b r o n c h o d i la t in g  
a c tio n , so m e  o th e r  fa c to rs  h av e  a lso  to  be c o n s id e re d  (ie, 
a  m a rk e d  d e c re a se  in r e s p ir a to ry  r a te  w a s  a ls o  re c o rd e d )  
w h ic h  c o u ld  h a v e  c o n t r ib u te d  to  th is  m a x  a  P p l d e c re a s e ; 
it is a lso  p o ss ib le  th a t  a  d e c re a se  in t id a l  v o lu m e  c o u ld  h a v e  
c a u s e d  a  d e c re a s e  in m a x  a P p l. H o w e v e r , M u y lle  a n d  
O y a e r t  (1973) fa ile d  to  d e m o n s tr a te  a n y  s ig n if ic a n t c h a n g e s  
in  t id a l  v o lu m e  in  C O P D  a ffe c te d  h o rse s  a f te r  in tra v e n o u s  
a t ro p in e  a d m in is t r a t io n .  A d d it io n a lly , a t r o p in e  c o u ld  h av e  
d e c re a se d  a irw a y  re s is ta n c e  by d e c re a s in g  ex cess a irw a y  
se c re tio n s . B e c a u se  th e  se c re tio n s  a re  n o t  r e m o v e d , b u t 
m e re ly  b e c o m e  m o re  v isc o u s  in  n a tu r e  a n d  b e c a u s e  o f  th e  
s im ila r  m a x  a P p l re sp o n s e  in  C O P D  a ffe c te d  a n im a ls  to  
is o p re n a lin e  a n d  te rb u ta l in e  w h ic h  d o  n o t h a v e  a  d ry in g  
effec t o n  se c re tio n s , it  is u n lik e ly  th a t  th is  p h e n o m e n o n  
c o n tr ib u te d  s ig n if ic a n tly  to  th e  d e c re a se  in  m a x  a P p l a f te r  
a t r o p in e  a d m in is t r a t io n .

A f te r  t r e a tm e n t  w ith  a ll d ru g s , th e  C O P D  a ffe c te d  h o rse s  
sh o w e d  a  s ig n if ic a n t in c re a se  in  P a O ?  levels a n d  m a rk e d  
c lin ica l im p ro v e m e n t, c o r re s p o n d in g  w ith  th e  tim e  th a t  th e  
d e c re a se  in  m a x  a  P p l  a n d  r e s p ir a to ry  r a te  o c c u r re d . It 
a p p e a rs  p ro b a b le  th a t  th is  r a p id  im p ro v e m e n t in  p u lm o n a ry  
effic iency  w h ic h  w as  a s s o c ia te d  w ith  a  d e c re a se  in  th e  w o rk  
o f  r e s p ir a t io n  w as , in  fa c t, d u e  to  a  fu n c t io n a l  d e c re a se  in 
a irw a y  re s is ta n c e  (ie, b ro n c h o d i la t io n )  in d u c e d  b y  th e  d ru g  
a d m in is t r a t io n . In  c o n tr a s t ,  n o  su c h  re sp o n s e  w a s  o b se rv e d  
in  c o n tro l  h o rse s  a n d  so  th e se  re su lts  su g g e s t th a t  b ro n c h o -  
sp a sm  is in v o lv e d  in  th e  p a th o g e n e s is  o f  e q u in e  C O P D .
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F urtherm ore , a n  in c re a se  in  m a x  a P p l h a s  b e e n  re c o rd e d  
in a sy m p to m a tic  C O P D  a ffe c te d  a n im a ls  w ith in  2  h o u r s  o f  
inhalation a n t ig e n  c h a lle n g e  (M u rp h y  a n d  M c P h e rs o n , 
personal o b s e rv a tio n )  w h ic h  su g g e sts  th e  in v o lv e m e n t o f  a  
type I  h y p e rse n s itiv ity  r e a c tio n  (b ro n c h o s p a s m )  in th is  
disease.

D espite th e  m a rk e d  d e c re a se  in  m a x  a  P p l in  C O P D  h o rse s  
after b ro n c h o d i la to r  a d m in is t r a t io n ,  th e ir  m a x  a  P p l an d  
Pa0 2  v a lu es  still r e m a in e d  s ig n if ic a n tly  d if fe re n t f ro m  th o se  
of the c o n tro l  h o rse s  in d ic a tin g  th a t  th e ir  a irw a y  o b s tru c t io n  
was n o t fu lly  a lle v ia te d . T h is  re s id u a l  a irw a y  o b s t r u c t io n  is 
undoubtedly  d u e  to  th e  p re v io u s ly  n o te d  a n a to m ic a l  c h a n g e s  
of C O P D  (ie, e x u d a tiv e  b ro n c h io lit is )  (N ic h o lls  1978).

The effects o f  b ro n c h o d i la to r  th e r a p y  o n  a r te r ia l  b lo o d  g as 
tensions in  h o rse s  a ffe c te d  w ith  C O P D  h a v e  n o t  b een  
previously r e p o r te d .  T h e  in itia l d ro p  in  P a 0 2  levels in  b o th  
normal a n d  C O P D  a n im a ls  o c c u r re d , w i th o u t a  s im u lta n e o u s  
increase in P a C 0 2  levels. D e  M o o r  (1968) a lso  n o te d  a  
transitory h y p o x a e m ia  in  n o rm a l h o rse s  a f te r  in tra v e n o u s  
atropine a n d  h y p o x a e m ia  h a d  b e e n  fo u n d  to  in c re a se  in 
human b ro n c h ia l  a s th m a  p a t ie n ts  a f te r  t r e a tm e n t  w ith  
isoprenaline o r  a t r o p in e  (K n u d s o n  a n d  C o n s ta n t in e  1967; 
Field 1967; I n g ra m , K ru m p e , D u ffe ll a n d  M a n isc a lc o  1970; 
Chick, N ic h o ls o n  a n d  J o h n s o n  1973). T h is  fa ll in  P a 0 2  is 
generally th o u g h t  to  be  c a u s e d  b y  a n  in te n s if ic a t io n  o f  th e  
pre-existing v e n t i la t io n -p e r fu s io n  in e q u a li ty , in d u c e d  b y  th e se  
drugs (F ie ld  1967; W est 1976).

The d u a l a c t io n  o f  iso p re n a lin e  o n  b o th  13 T a n d  B 2 r e c e p ­
tors is d is a d v a n ta g e o u s  in  t h a t  b r o n c h o d i la t io n  is u su a lly  
accom panied  by  ta c h y c a rd ia  a s  w as o b s e rv e d  by  us in b o th  
normal a n d  C O P D  a ffe c te d  h o rse s . A l th o u g h  te rb u ta l in e  
exhibits a  u se fu l d e g re e  o f  se le c tiv ity  fo r  132 a d re n o re c e p to rs ,  
the in creased  h e a r t  r a te s  n o te d  in. o u r  h o rse s  in d ic a te s  th a t  
terbutaline e v e n  in  c lin ica l d o se s  e x e r ts  s ig n if ic a n t 13 2 r e c e p to r  
activity in  th e  h o rse . D u r in g  p ilo t  e x p e r im e n ts  u s in g  te r b u t ­
aline a t d o se s  o f  0 .0 4  m g /k g  a n d  a b o v e , in c re a se s  in  h e a r t  
rate to  6 0 /m in  o c c u r re d , a c c o m p a n ie d  b y  sw e a tin g  a n d  
muscular t r e m o r  in  m a n y  cases. S im ila r  re su lts  w e re  o b se rv e d  
following a d m in is t r a t io n  o f  is o p re n a lin e  a t  h ig h e r  d o sa g e  
rates. T h e  s h o r t  d u r a t io n  o f  a c t io n  o f  iso p re n a lin e  a n d  its 
undesirable c a rd ia c  e ffec ts p re c lu d e  its  u se  a s  a  th e r a p e u t ic  
agent in  th e  h o rse . A tro p in e ,  a lso , p ro d u c e s  a  ta c h y c a rd ia  
and cau ses in c re a se d  v isc o sity  o f  b ro n c h ia l  se c re tio n s , 
reduced b o w el m o ti l i ty  a n d  m y d r ia s is  a n d  so  it is u n s u ita b le  
as a  lo n g - te rm  th e ra p e u t ic  a g e n t.  T e rb u ta l in e  a n d  o th e r  13 2 
sy m pa thom im etic  d ru g s  w ith  th e ir  p ro lo n g e d  se lec tiv e  a c tiv ity  
may p ro v e  to  be  o f  v a lu e  in  th e  s y m p to m a tic  t r e a tm e n t  o f  
COPD in  th e  h o rse , p a r t ic u la r ly  i f  o ra l  p r e p a r a t io n s  p ro v e  
effective.
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Les effe ts d 'a g e n ts  b ro n c h o d i la te u r s  te ls  q u e  l ’a tro p in e , 
fiso p ren a lin e  e t  la  te r b u ta l in e  s u r  d es c h e v a u x  n o r m a u x  e t

1 sur des c h e v a u x  a t te in ts  d e  m a la d ie  p u lm o n a ire  c h ro n iq u e
 ̂ obstructive, o n t  é té  a p p ré c ié s  p a r  d es e x a m e n s  c lin iq u e s  e t

par des te s ts . L es c h e v a u x  n o rm a u x  n ’e n  p a r u re n t  p o in t
affectés, m a is  les m a la d e s  té m o ig n è re n t  d ’u n e  p re s s io n  in tra -  
thoracique d im in u é e , d ’un  ra le n tis s e m e n t d u  ry th m e  
respirato ire  e t d ’u n e  v a r ia t io n  en  m o in s , d ’a b o rd ,  e n su ite  
augm entée d e  la  p re s s io n  a r té r ie l le  d ’o x y g è n e . Il en  ré s u lta  
pour u n e  a m é lio r a t io n  c lin iq u e  su iv a n t l’e m p lo i d es tro is  
m édicam ents.
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ABSTRACTS 
Metabolism and nutrition
Utilisation o f a c o rn  oil s u p p le m e n te d  d ie t b y  th e  p o n y

I Kane, E ., Ba k e r , J . P . a n d  B u l l , L. S. (1979). J . A n im . S c i.
1 48,1379-13 84.

The u ti l is a t io n  b y  6 m a tu re  S h e tla n d  p o n y  g e ld in g s  o f  a  
maize o il s u p p le m e n te d  d ie t w as  s tu d ie d  to  d e te rm in e  th e  
apparent d ig e s tib ili ty  o f  fa t a n d  th e  d ig e s tib le  e n e rg y  (D E ), 
m etabo lisab le  e n e rg y  (M E )  a n d  n e t e n e rg y  (N E )  fo r  w e ig h t 

1 gain u sin g  a n  o p e n  c irc u it  c a lo r im e te r .  T h e  m a iz e  o il p ro -  
| vided 0 .15  a n d  30 p e r  c e n t  o f  th e  d ig e s tib le  e n e rg y  o f  a 

m ain tenance d ie t o f  o a ts , v i ta m in s  a n d  lim e s to n e . T h e  oil 
did n o t d e p re ss  d ry  m a t te r  o r  a c id  d e te rg e n t  f ib re  d ig e s t­
ibility a n d  e th e r  e x tra c t  o f  th e  c o rn  o il h a d  a  d ig e s tib ility  
coefficient o f  0 .93 . T h e  D E , M E  a n d  N E  fo r  g a in  o f  th e  
corn oil w ere  36 .8 , 35.1 a n d  29.7  k j /g .

The D E  re q u ire m e n t  fo r  e n e rg y  m a in te n a n c e  e x p re sse d  a s  
I kJ/kg ° -75 d a ily  w a s c a lc u la te d  to  b e  397 fo r  th e  p o n ie s

receiving th e  o a t-m a iz e  o il d ie t. S im ila rly  th e  ME f o r  e n e rg y  
m ain tenance  w as  345 k J / k g 0' 57 d a ily . T h e  ME o f  th e  o il w as 
used fo r  b o d y  fa t sy n th e s is  w ith  a n  effic iency  o f  0 .85 .

D . L. F r a p e

i Energy and protein under-nutrition in the weanling filly  foal

E l l i s ,  R . N .  W . a n d  L a w r e n c e ,  T . L. J . (1979). B r .  vet. J. 
135, 331-337.

Six W elsh  w e a n lin g  filly  fo a ls  w ere  a l lo c a te d  to  e a c h  o f  4

t r e a tm e n ts  fo r  a  w in te r  p e r io d  o f  112 d a y s . T h re e  iso -e n e rg e tic  
d ie ts  w ere  in d iv id u a lly  fed . In  2 t r e a tm e n ts  th e  d ie t c o n ta in e d  
14.8 p e r  c e n t  c ru d e  p r o te in  a n d  0 .7 0  p e r  c e n t to ta l  ly s in e  a n d  
w a s  fe d  e i th e r  to  m a in ta in  c o n s ta n t  w e ig h t (L P )  o r  to  in d u c e  
a  w e ig h t g a in  o f  0 .45  k g /d a y  (H P ). I n  2  o th e r  t r e a tm e n ts  
th e  d ie ts  c o n ta in e d  6 .0  p e r  c e n t c ru d e  p ro te in  a n d  e i th e r
0 .28  p e r  c e n t (L P P )  o r  0 .7 0  p e r  c e n t  (L P P L )  to ta l  ly s in e , 
a c h ie v e d  b y  in c lu d in g  L -ly s in e  H C 1  in  th e  la t te r  d ie t. T h e se  
2  d ie ts  w e re  fe d  to  m a in ta in  c o n s ta n t  b o d y w e ig h t. A f te r  th is  
a ll a n im a ls  g ra z e d  to g e th e r  fo r  126 d a y s  (M a y  to  S e p te m b e r) .

D u r in g  w in te r  a n d  (su m m e r)  p e r io d s  th e  d a ily  w e ig h t 
c h a n g e s  w ere  + 0 .3 0  ( + 0 .4 1 ) ,  +  0 .03  ( + 0 .5 7 ) ,  - 0 .1 2  ( + 0 .5 3 )  
a n d  -0 .0 9  ( + 0 .5 0 )  k g  fo r  th e  H P , L P , L P P  a n d  L P P L  t r e a t ­
m e n ts  re sp e c tiv e ly .

I n  sp ite  o f  b e in g  m a in ta in e d  a t  o r  n e a r  c o n s ta n t  w e ig h t 
th e  p o n ie s  o n  th e  3 lo w -p la n e  t r e a tm e n ts  m a d e  sm a ll g a in s  
in  h e ig h t a n d  le n g th  o f  sk e le ta l p a r ts  w h ile  so f t  tis su e  w a s  
lo s t. C o m p e n s a to ry  g ro w th  in  th e  la t te r  d u r in g  th e  s u m m e r  
w a s  th e  g re a te r  a s  m e a s u re d  by  w id th  o f  c h e s t, h e a r t  g ir th , 
b o d y  g ir th , h o c k s  to  p in s , w id th  o f  h o c k s  a n d  c irc u m fe re n c e  
o f  legs. T h e  d e c re a se s  in  liv ew e ig h t d u r in g  w in te r  a m o n g s t  
th e  L P P  a n d  L P P L  g ro u p s  la rg e ly  re fle c te d  th e  m e th o d  o f  
a d ju s tin g  fo o d  in ta k e  to  liv ew eig h t a t  w eek ly  in te rv a ls .

D . L . F r a p e
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SUMMARY

The study described in this thesis was designed to 

examine some serological factors which may be involved 

in the pathogenesis of chronic obstructive pulmonary 

disease (C.O.P.D.) of horses.

In the first section, zone electrophoresis of 

normal horse serum on agarose gels (pH 8.6) was studied 

and the serum electrophoretic profiles of normal and 

C.O.P.D. affected horses and ponies were compared. No 

differences between the serum electrophoretic profiles 

of healthy and C.O.P.D. affected horses and ponies were 

observed which could be attributed to the presence of the 

disease.

In the second section, the nature of the two 

major, electrophoretically distinct antiproteases in 

horse serum was investigated prior to examining the 

possible association of antiprotease■deficiency with 

the onset of C.O.P.D. in the horse, analogous to the 

association of the inherited dysproteinaemia of alpha-1 

antitrypsin deficiency and chronic lung disease in 

man. The electrophoretically faster antiprotease, a 

functional homologue of human alpha-1 antitrypsin, was 

shown to appear in the prealbumin region of horse serum 

after acidic starch gel electrophoresis (pH 4.3). This 

polymorphic antiprotease corresponded to the allele 

products of the Pr locus of horse serum described by 

Braend (1970). The genetically determined polymor­

phism of the Pr antiprotease was examined by acid starch

( x i i i )



gei electrophoresis, isoelectric focusing end rntr.unj- 

fixation electrophoresis. The occurrence of a secona 

antiprotease in the acidic prealbumin region of horse 

serum was postulated, although its nature remains to 

be established.

The electrophoretically slower antiprotease of 

horse serum was identified as alpha-2 macroglobulin, 

and was shown to contribute 48 percent of the total 

serum antiproteolytic activity. As in man, horse 

alpha-2 macroglobulin is able to inhibit the proteoly­

tic activity of trypsin, but has only limited inhibitory 

activity on its esterolytic activity. Native alpha-2 

macroglobulin was shown to possess esterase activity 

and the possible association of the macroglobulin and 

plasma pseudocholinesterase is discussed. No inherited 

polymorphism of horse alpha-2 macroglobulin was observed.

The Pr antiprotease allele frequencies in healthy 

and C.O.P.D. affected Thoroughbred horses were compared 

and no significant differences were observed. There 

was however an apparently increased frequency of the 

PrW allele amongst C.O.P.D. affected horses and ponies 

°f mixed breeding, although the significance of this 

observation could not be established. Significantly 

^creased levels of immunochemicallv measured circul­

ating pr protein were observed in a C.O.P.D. affected 

Population, although no corresponding increase in 

oiochemically measured serum trypsin inhibitory 

Opacity (STIC) was observed in this same population.
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It was concluded that serum antiprotease deficiency 

and consequent predisposition to the development of

C . O . P . D .  was unlikely to occur in the horse, although 

a possible deficiency of local bronchiolar anti­

proteases, resulting in an increased chance of hyper­

sensitization to the protease antigens of the fungi 

commonly incriminated in C .0 .P . D ., could not be excluded.

In the third section the occurrence of a serum 

homocytotropic antibody in the horse, homologous to 

human IgE, was investigated. A passively transferable 

homocytotropic antibody against Culicoides pulicaris 

was demonstrated in the serum of horses and ponies 

affected with recurrent seasonal dermatitis. Like 

human IgE, this antibody is heat-labile, susceptible 

to thiol reducing agents and persists for long periods 

in homologous skin. The elution characteristics of 

the horse antibody on DEAE-anion exchange chromato­

graphy are similar to those of human IgE. Anti-human 

IgE was shown to induce reversed anaphylaxis-like 

reactions in horse skin and iminunfluorescent studies 

provided preliminary evidence of the binding of anti­

human IgE to horse mast cells. These observations 

on the equine homocytotropic antibody satisfy Vaerman's 

(1970) criteria of interspecies protein homology 

suggesting that the antibody is homologue of human IgE.
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Summary

An abatto ir  survey o n  horses d ia g n o sed  as su ffer in g  from  
chronic o b stru ctive  pu lm on ary  d isease (C O P D ) on  clin ical 
grounds sh o w ed  that the right ventricu lar w all th ick n ess w as not 

I significantly d ifferen t from  that o f  norm al h orses. H ow ev er , 
(he w eight ratio  betw een  the  left and right ven tr ic les w as fo u n d  
lo be s ign ifican tly  (P < 0 .0 0 1 )  d ifferen t in  C O P D  a ffe c te d , 
compared w ith  c o n tr o l, horses in a study o f  17 p h y sio log ica lly  
and p ath o log ica lly  co n firm ed  C O P D  ca ses, u sing ventricu lar  
weight m easu rem en ts. N o  clin ica l ev id en ce  o f  right heart failure  
nor post m ortem  ev id en ce  o f  right heart d ila ta tio n  w as observed  
in any C O P D  a ffec ted  a n im als. It is  suggested  that the low  
incidence and degree o f  cor p u lm on a le  in eq u in e C O P D  m ay be  
related to  the reversib ility  o f  th e  pu lm on ary  h yp erten sion  
associated w ith th is d isease .

In tro d u c tio n

COR p u lm o n a le , ie , r ig h t  v e n tr ic u la r  (R V ) h y p e r tro p h y  
secondary  to  c h ro n ic  p u lm o n a ry  d ise a se  (W o rld  H e a lth  

I O rg an isa tio n  1963), is c a u s e d  b y  lo n g -s ta n d in g  p u lm o n a ry  
I h ypertension . I t  is a  c o m m o n  f in d in g  in  h u m a n  c h ro n ic  

obstructive p u lm o n a ry  d ise ase  (C O P D ) , w ith  so m e  p o st 
m ortem  re p o r ts  in d ic a tin g  an  in c id e n c e  o f  RV  h y p e r tro p h y  in  
up to  40  p e r  c e n t o f  cases (O tto ,  Z e ilh o fe r  a n d  R e is s in g e r  1969; 
H aselton  1973). B e cau se  p u lm o n a ry  h y p e r te n s io n  is an  
invariable f in d in g  in h o rse s  su f fe r in g  f ro m  C O P D  (B e ltran  

, 1974; B e rg s te n  1974; D ix o n  1978), it is su rp r is in g  th a t  R V
| h y p e rtro p h y  h a s  n o t  b e e n  w ell d o c u m e n te d  in  th is  species.

There a p p e a r  to  b e  o n ly  2  d e s c r ip tio n s  o f  its  o c c u rre n c e  (S a lu tin i 
1959; S p o rr i  a n d  S c h la t te r  1959). S a lu tin i (1959) n o te d  th a t  
deaths c o u ld  o c c u r  in  h o rse s  w ith  c h ro n ic  p u lm o n a ry  d ise ase  
due to  c o r  p u lm o n a le . S p o rr i  a n d  S c h la tte r  (1959) f o u n d  
m arked p u lm o n a ry  h y p e r te n s io n  in  2 h o rse s  w ith  c h ro n ic  
pulm onary  d ise ase  a n d , o n  p o s t  m o r te m  e x a m in a tio n , th e y  

1 found r ig h t  v e n tr ic u la r  h y p e r t ro p h y  in  b o th  b u t  gav e  n o  d e ta ils
I of how  th e y  a ssessed  th is  h y p e r tro p h y . I t  is u n c le a r  f ro m  th e

literature w h e th e r  th e  low  re c o rd e d  in c id e n c e  o f  c o r  p u lm o n a le  
in the  h o rse  re fle c ts  a  t r u e  lo w  in c id e n c e  o r  it is b e c a u se  o f  p o o r  
o bservation .

This s tu d y  w as u n d e r ta k e n  to  assess  th e  in c id e n c e  o f  R V  
hy p ertro p h y  in  e q u in e  C O P D . I t c o n s is ts  o f  2  p a r t s :  a  

I prelim inary  a b a t to i r  s tu d y  o n  C O P D  cases d ia g n o s e d  o n  c lin ica l
g rounds, fo l lo w e d  b y  a  s tu d y  o n  c l in ic o p a th o lo g ic a lly  
confirm ed C O P D  cases.

Prelim inary study

M a te r ia ls  a n d  m e th o d s

T h e  su rv e y  w as c a r r ie d  o u t  in  a  h o rs e  a b a t to i r  (N o rth  
K ilk e n n y  M e a t E x p o r te r s ,  F re s h fo rd ,  E ire ) . H o rse s  w ere  k e p t 
in d o o rs  in p en s  fo r  a  few  d ay s b e fo re  s la u g h te r  a n d ,  a t th is  
s ta g e , w ere  e x a m in e d  c lin ica lly  w ith  p a r t ic u la r  e m p h a s is  p la c e d  
o n  th e  r e s p ira to ry  a n d  c a rd io v a sc u la r  sy s te m s . T h e y  w ere  th e n  
d iv id e d  in to  2 g ro u p s , n o rm a l  a n d  C O P D  a f fe c te d , u s in g  th e  
c lin ica l c r i te r ia  o f  M c P h e rs o n  e t  a l  (1978), in so  f a r  a s  w as 
p o ss ib le  b e c a u se  th e  h is to r ie s  w ere  o f te n  in c o m p le te . A n im a ls  in 
e i th e r  g ro u p  sh o w in g  ev id e n c e  o f  a n y  o th e r  d ise a se  w ere  
ex c lu d e d  f ro m  th e  su rv ey .

S la u g h te r  w a s  b y  s tu n n in g  fo llo w e d  b y  e x s a n g u in a tio n . T h e  
h e a r ts  w ere  e x a m in e d  2 0  m in s  a f te r  d e a th ,  a t  w h ich  tim e  b o th  
v e n tr ic le s  a re  fu lly  c o n tr a c te d  in  sy s to le  (R o o n e y  1970). R o u tin e  
p o s t  m o r te m  e x a m in a tio n s  w ere  c a rr ie d  o u t  w ith  p a r t ic u la r  
e m p h a s is  o n  th e  c a rd ia c  a n d  r e s p ira to ry  sys tem s a n d  a n im a ls  
sh o w in g  e v id en ce  o f  d ise ases o th e r  th a n  C O P D  w e re  a lso  
e x c lu d e d  f ro m  th e  su rv ey .

H e a r ts  w ere  e x a m in e d  fo r  th e  p re se n c e  o f  R V  h y p e r t ro p h y  by  
c o m p a r in g  re la tiv e  v e n tr ic u la r  w a ll th ic k n e s s . R V  w all th ic k n e s s  
w as m e a s u re d  m id w a y  o n  a  lin e  jo in in g  th e  s u b a u r ic u la r  
p a p il la ry  m u sc le  o r ig in  a n d  th e  tr ic u sp id  v a lv e . L e f t  v e n tr ic u la r  
(L V ) w all th ic k n e s s  w as m e a s u re d  m id w a y  b e tw e e n  th e  o rig in s  
o f  th e  s u b a u r ic u la r  a n d  s u b a tr ia l  p a p il la ry  m u sc le s  a n d  th e  
L V :R V  w all th ic k n e s s  r a t io  w as d e te rm in e d . T h e  s ig n if ic a n c e  o f  
d if fe re n c e s  b e tw e e n  th e  m e a n s  (± sd )  o f  b o th  g ro u p s  w ere  
c o m p a re d  u s in g  S tu d e n ts ’ t te s t.

R e s u lts

T h re e  h u n d re d  a n d  six tee n  n o rm a l a n d  29 C O P D  a f fe c te d  
h o rse s  w ere  e x a m in e d . N o  g ro ss  ev id e n c e  o f  R V  d ila ta t io n  o r  RV  
h y p e r t ro p h y  w as o b se rv e d  in  a n y  a n im a l in  e i th e r  g ro u p . T h e  
n o rm a l h o rse s  h a d  a  m e a n  L V :R V  w all th ic k n e ss  r a t io  o f  
2 .3 7 ± 0 .5 8  w h e re a s  th e  C O P D  a f fe c te d  g ro u p  h a d  th ic k e r  R V  
w alls a n d  a  L V :R V  th ic k n e s s  r a t io  o f  2 .2 0 ± 0 .7 1  a  d if fe re n c e  
w h ich  w as n o t s ta tis tic a lly  s ig n if ic a n t (P < 0 .0 5 ) .

S tu d y  o n  con firm ed  C O P D  cases

M a te r ia ls  a n d  m e th o d s

S e v e n te e n  a d u l t  h o rse s  c o n s is tin g  m a in ly  o f  h u n te r s  an d  
p o n ie s  w ith  h is to r ie s  a n d  c lin ica l sig n s o f  C O P D  w ere  u se d . T h e
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mean p e r io d  sin c e  re c o g n it io n  o f  C O P D  w as 3 years  a n d  3 
m onths, a l th o u g h  it is like ly  t h a t ,  in  m a n y  o f  th e  cases th e  
disease w as p re s e n t ,  b u t  u n re c o g n is e d , f o r  lo n g e r . E lev en  cases 
were c o n f irm e d  by p u lm o n a ry  fu n c t io n  te s ts  u s in g  th e  
techniques o f  M c P h e rs o n  e t  a l  (1978) a n d  a ll w ere  c o n f irm e d  by  
gross an d  h is to lo g ic a l p o s t  m o r te m  e x a m in a tio n s  to  h a v e  ty p ica l 
COPD c h a n g e s  a c c o rd in g  to  th e  fo llo w in g  c r i te r ia  o f  N ich o lls  
(1978): M a c ro s c o p ic a lly — o v e r - in f la t io n  o f  th e  lu n g s  w ith  
limited e m p h y se m a  in  sm a ll a re a s  o f  th e  c ra n ia l  lo b e  a n d  in  th e  
periphery o f  th e  c a u d a l  lo b e ;  H is to lo g ic a lly — w id e sp re a d  
b ronchiolitis in v o lv in g  a ll a irw a y s  o f  less th a n  2 m m  d ia m e te r  
characterised  b y  ep ith e lia l h y p e rp la s ia , g o b le t  cell m e ta p la s ia , 
p e r ib ro n c h io la r  c e l lu la r  a c c u m u la t io n s  a n d  in t r a lu m in a r  
exudation o f  cells a n d  m u c u s .

T h irty -e ig h t c lin ic a lly  n o rm a l  h o rse s , o f  s im ila r  b re e d s  a n d  
age, w ere e x a m in e d  s im ila rly  as c o n tro l .  A n im a ls  w ere  k illed  by 
stunning a n d  e x s a n g u in a tio n  a n d  w ere  s u b je c te d  to  p o s t 
mortem e x a m in a tio n . T h e  e x te rn a l  c irc u m fe re n c e s  o f  th e  a o r ta  
and p u lm o n a ry  a r te ry  w ere  m e a s u re d  a t th e ir  o rig in s  a n d  th e  
a o r ta :p u lm o n a ry  a r t e r y  ( A O :P A )  c i r c u m f e r e n c e  r a t io  
calculated.

T o c o m p a re  th e  w e ig h t o f  th e  R V  w ith  th a t  o f  th e  L V  a n d  
In terven tricu lar se p tu m  (LV  +  S ), th e  te c h n iq u e  o f  F u l to n , 
H u tch inson  a n d  M o rg a n -J o n e s  (1952) w as u se d . T h e  R V  w as 
dissected f re e  f ro m  its b o r d e r  w ith  th e  r ig h t  a t r iu m  a n d  
in te rv en tricu la r s e p tu m . T h e  a t r ia  w ere  th e n  d isse c te d  o f f  b o th  
ventricles. T h e  R V  a n d  L V  +  S w e re  in d iv id u a lly  w e ig h ed  a n d  

I LV +  S :R V  w e ig h t r a t io  w as c a lc u la te d . T h e  s ig n if ic a n c e  o f  
differences b e tw e e n  th e  m e a n s  (± sd )  o f  A O :P A  c irc u m fe re n c e  
and LV  +  S :R V  w e ig h t r a t io s  o f  b o th  g ro u p s  w ere  c o m p a re d  
using S tu d e n ts ’ I te s t.

Results
N o g ro ss ev id e n c e  o f  c a rd ia c  d ila ta t io n  w a s seen  b u t 2 o f  th e  

cases sh o w e d  so m e  m a c ro sc o p ic  R V  h y p e r t ro p h y . T h e  m e a n  
(±sd) A O :P A  c irc u m fe re n c e  r a t io  fo r  c o n tro ls  w as 1 .0 4 ± 0 .1 0  

| which w as s ig n if ic a n tly  (PCO.OOl) w id e r  th a n  th a t  fo r  C O P D  
affected h o rse s  (0 .8 9 ± 0 .1 1 ) , in d ic a tin g  a  re la tiv e ly  w id e r 
pulm onary  a r te ry . T h e  c o n tro ls  h a d  a  m e a n  LV  + S :R V  w eig h t 
ratio o f  3 .4 2 ± 0 .3 9 , w h e re a s  in th e  C O P D  a f fe c te d  g ro u p  th e  
mean ra t io  w as  2.81 ± 0 .6 5 , in d ic a tin g  s ig n if ic a n tly  (PCO.OOl) 
relatively h eav ie r  r ig h t v e n tr ic le s .

Discussion

I It is g en e ra lly  a c c e p te d  th a t  th e  m o s t  a c c u ra te  m e th o d  o f  
assessing R V  h y p e r t ro p h y  is to  c o m p a re  th e  w e ig h t o f  th e  R V  

I with th a t  o f  th e  L V  a lo n g  w ith  th a t  o f  th e  a n a to m ic a lly  
confluent in te rv e n tr ic u la r  s e p tu m  (F u l to n  e t aI 1952; M e d ica l 
Research C o u n c il  1975). I t  h a s  b een  n o te d  th a t  R V  h y p e r tro p h y  
could a lso  c a u se  s lig h t in te rv e n tr ic u la r  se p tu m  h y p e r tro p h y , b u t  

| this is n o t b e liev ed  to  be  a  m a jo r  d ra w b a c k  to  th is  te c h n iq u e  
(Bove a n d  S c o tt 1966).

In m a n , w ith  a  re la tiv e ly  lim ite d  ra n g e  o f  a d u l t  b o d y  w eig h ts  
(bwt), a b s o lu te  in c re a se  in  R V  w eig h t a b o v e  th e  n o rm a l lim its  
has a lso  b e e n  u se d  to  d ia g n o s e  R V  h y p e r t ro p h y  (F u lto n  e t  a l 
1952) b u t ,  b e c a u s e  o f  th e  m a jo r  in te rb re e d  d if fe re n c e s  in  b w t 
and in  re la tiv e  h e a r t  w e ig h t, su c h  a  te c h n iq u e  w o u ld  n o t  b e  

| applicable  to  th e  h o rse . T h e  L V  +  S :R V  w e ig h t r a t io  te c h n iq u e , 
therefo re , w o u ld  h a v e  b een  th e  te c h n iq u e  o f  c h o ice  fo r  b o th  
studies. H o w e v e r , th is  w as n o t  p o ss ib le  b e c a u s e  th e  p re lim in a ry  
study w as p e r fo rm e d  in  an  a b a t to i r  u s e d  fo r  in te rc o m m u n ity  
EEC tra d e , w h o se  re g u la tio n s  b a n  th e  sa le  o f  n o n - in ta c t  v isc e ra . 
The m a in  o b je c tio n s  to  a ssess in g  R V  h y p e r t ro p h y  by  v e n tr ic u la r  
thickness m e a s u re m e n t is th a t  v e n tr ic u la r  w all th ic k n e s s  c a n  
vary g re a tly  f ro m  s ite  to  s ite  a n d  a lso  v a ry  d u e  to  c a rd ia c  d i la ta ­
tion o r  p o s t m o r te m  c o n tr a c t io n . By u s in g  fix ed  v e n tr ic u la r  
m easu rem en t p o in ts  a n d  b y  ta k in g  m e a s u re m e n ts  d u r in g

b ila te ra l  sy s to le  it w as h o p e d  to  o v e rc o m e  th e se  d ra w b a c k s . 
D e sp ite  u s in g  th e  fix ed  m e a s u r in g  p o in t  it w as fo u n d  th a t  so m e  
w all i r re g u la r i ty  o c c u rre d  a t  th e se  sites ev en  in  n o rm a l  h o rse s , a s  
ca n  b e  seen  f ro m  th e  c o n s id e ra b le  s ta n d a rd  d e v ia t io n  o b ta in e d  
in th e ir  L V :R V  w all th ic k n e s s  r a t io  (2 .3 7 ± 0 .5 8 ) . B e c a u se  o f  th e  
lim ita t io n s  b o th  in th e  c o n f irm a tio n  o f  C O P D  a n d  o f  th e  R V  
h y p e r tro p h y  a s se ssm e n t te c h n iq u e  u se d  in  th e  p re lim in a ry  
s tu d y , less re lia n c e  m u s t  b e  p la c e d  u p o n  th e  re su lts  o f  th is  s tu d y .

T h e  in c id e n c e  a n d  d eg ree  o f  R V  h y p e r tro p h y  in C O P D  
a f fe c te d  h o rs e s  w as low  in  b o th  s tu d ie s . H o w e v e r , th e  
c o n f irm e d  cases h a d  s ig n if ic a n tly  re la tiv e ly  h e a v ie r  R V s a n d  th is  
g ro u p  in c lu d e d  2  h o rse s  w ith  L V  +  S :R V  w e ig h t r a t io s  o f  1.44 
a n d  1 .43 . N o  ev id e n c e  o f  c a rd ia c  d i la ta t io n  w as seen  in  e i th e r  
su rv e y . N o  c lin ica l e v id e n c e  o f  r ig h t h e a r t  fa ilu re  w as o b se rv e d  
in  a n y  o f  th e  C O P D  cases n o r  h a s  a n y  c lin ica l ev id e n c e  o f  c o r 
p u lm o n a le  b een  seen  in  th e  h u n d re d s  o f  c o n f irm e d  C O P D  
c ases , m a n y  se v ere  a n d  lo n g -s ta n d in g , s tu d ie d  b y  th e  E d in b u rg h  
g ro u p  o v e r  th e  p a s t  d e c a d e .

E v id e n c e  o f  re la tiv e ly  w id e r p u lm o n a ry  a r te ry  c irc u m fe re n c e s  
w as seen  in  th e  c o n f irm e d  C O P D  a f fe c te d  g ro u p  a n d  th is  co u ld  
p o ss ib ly  b e  a t t r ib u te d  to  p u lm o n a ry  h y p e r te n s io n . W ith  
p e r s is te n t  o r  se v e re  p u lm o n a ry  h y p e r te n s io n  in  m a n , se c o n d a ry  
m u sc u la r  h y p e r tro p h y  a n d  a r te r io s c le ro tic  c h a n g e s  c o m m o n ly  
o c c u r  in th e  p u lm o n a ry  a r te r io le s  (S ilb e r  a n d  K atz  1975). T h is  
ca u se s  an  a d d i t io n a l  a n d  p e rm a n e n t  in c re a se  in  p u lm o n a ry  
a r te r ia l  v a s c u la r  re s is ta n c e , a d d e d  to  th e  fu n c tio n a l  in c re a se d  
v a sc u la r  re s is ta n c e  in itia te d  by  th e  h y p o x ic  v a sc u la r  re flex . 
T h e se  a n a to m ic a l  v a s c u la r  c h a n g e s  a re  n o t  a  fe a tu re  o f  e q u in e  
C O P D , even  in lo n g s ta n d in g  cases (N ich o lls  1978).

T h e  re v e rs ib ility  o f  p u lm o n a ry  h y p e r te n s io n  in th e  h o rse  
d u r in g  re m iss io n  s ta g es o f  C O P D  h a s  b e e n  d e m o n s tra te d  by  
D ix o n  (1978). L o n g  te rm  s tu d ie s  h a v e  sh o w n  th a t  th e  
p u lm o n a ry  a r te r ia l  p re s su re s  o f  C O P D  a f fe c te d  h o rse s  
c o n s ta n tly  f lu c tu a te  in  in v erse  re la t io n  to  th e ir  a r te r ia l  oxygen  
p a r t ia l  p re s s u re s  w h ich , in tu r n ,  d e p e n d  u p o n  e x p o s u re  o f  th e  
h o rse s  to  th e  a e tio lo g ic a l a g e n ts  o f  C O P D . E v e n  a f te r  m a n y  
years  o f  in te rm it te n t  a n d  o f te n  se vere  p u lm o n a ry  h y p e r te n s io n  
(eg , m a x im u m  8 0 m m H g ), th e ir  p u lm o n a ry  a r te r ia l  p re ss u re s  
q u ic k ly  re v e r t to  n o rm a l lim its  d u r in g  re m iss io n  p h a s e s  o f  th e  
d ise a se  (D ix o n  1979).

I t  w o u ld  a p p e a r  th a t  th is  g re a t re a c tiv ity  o f  th e  e q u in e  
p u lm o n a ry  v a sc u la r  b e d  a n d  th e  a b s e n c e  o f  a n a to m ic a l  
p u lm o n a ry  a r te r io la r  c h a n g e s  a llo w  re sp ite s  f ro m  c o n s ta n t  
p u lm o n a ry  h y p e r te n s io n  in C O P D . T h is  a b se n c e  o f  p e rs is te n t 
p u lm o n a ry  h y p e r te n s io n  a n d , c o n s e q u e n tly , o f  c o n s ta n t  RV  
e x tra  w o rk lo a d  m a y  b e  th e  f a c to r  w h ich  lim its  th e  in c id e n c e  a n d  
d e g re e  o f  R V  h y p e r t ro p h y  a n d  th e  su b s e q u e n t d e v e lo p m e n t o f  
c lin ica l signs o f  c o r  p u lm o n a le  in e q u in e  C O P D . T h is  is n o t  to  
im p ly  th a t  in e q u in e  C O P D  th e  p re se n c e  o f  p u lm o n a ry  
h y p e r te n s io n , a lb e it  te m p o ra r i ly , is in s ig n if ic a n t . I t is like ly  th a t  
in  sy m p to m a tic  a n im a ls  th e  e x tra  R V  w o rk lo a d  it ca u se s  is an  
a d d i t io n a l  f a c to r  to  th e  c o e x is te n t sys tem ic  h y p o x a e m ia  in  
d e tra c tin g  f ro m  p e r fo rm a n c e , p a r t ic u la r ly  in  c o m p e titiv e  
a n im a ls . T h e  p re s e n t  s tu d y  w as p r im a rily  c o n c e rn e d  w ith  
C O P D  b u t if  h o rse s  w ere  a f fe c te d  b y  n o n - in te rm it te n t  c h ro n ic  
p u lm o n a ry  d ise a se s , o th e r  th a n  C O P D , it a p p e a rs  lik e ly  th a t  
th e y  w o u ld  su f f e r  a  m o re  c o n s ta n t  p u lm o n a ry  h y p e r te n s io n  a n d  
c o n s e q u e n tly  b e  m o re  lik e ly  to  d e v e lo p  R V  h y p e r tro p h y .
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R ésum é

U n  c o n trô le  à  l ’a b a t to i r  e f fe c tu é  su r  d es c h e v a u x  identifiés 
c l in iq u e m e n t c o m m e  é ta n t  a t te in ts  d e  m a la d ie  pu lm onaire  
c h ro n iq u e  o b s tru c tiv e  a  m o n tré  q u e  l ’é p a is se u r  d e  la  p a ro i du 
v e n tr ic u le  d ro i t  n ’é ta i t  p a s  d if fé r e n te  d e  ce lle  d es chevaux 
n o rm a u x  d ’u n e  m a n iè re  s ig n if ica tiv e . C e p e n d a n t  le r a p p o r t  des 
p o id s  e n tre  les d eu x  v e n tr ic u le s  fu t  tro u v é  d if fé r e n t  d e  manière 
s ig n if ica tiv e  ch ez  les c h e v a u x  a t te in ts  d e  m a la d ie  pu lm onaire  
o b s tru c tiv e  c h ro n iq u e  (P < 0 .0 0 1 )  p a r  ré fé re n c e  au x  a n im a u x  de 
c o n trô le s . C es m e su re s  p o r tè re n t  su r  17 c h e v a u x  rep ré sen tan t 
a u ta n t  de  cas c o n firm é s  p o u r  la  m a la d ie  c o n c e rn é e . O n  ne 
t ro u v a  a u c u n e  p re u v e  d ’in su f f is a n c e  c a rd ia q u e  d ro ite  ni de 
d i la ta t io n  c a rd ia q u e  d ro i te  à  l ’e x a m e n  p o s t  m o r te m , chez  les 
c h e v a u x  a tte in ts  de  la m a la d ie . O n  su g g è re  q u e  la r a re té  et la 
f a ib le  in te n s ité  d u  sy n d ro m e  “ c o e u r  p u lm o n a ire  ’ ’ c h e z  le cheval 
a t te in t  d ’em p h y sè m e  s o n t d û s  à  la  ré v e rs ib ilité  de  l ’h y pertension  
p u lm o n a ire  a s so c iée  à  la  m a la d ie .

Z u sam m en fassun g

E ine U n te r s u c h u n g  a n  S c h la c h tp fe rd e n , d ie  k lin isch  an 
c h ro n is c h -o b s tru k tiv e n  L u n g e n k ra n k h e ite n  (C O P D )  gelitten 
h a b e n  so lle n , w ies n a c h ,  d a ss  d ie  D ic k e  d e r  rech ten  , 
K a m m e rw a n d  n ic h t s ig n if ik a n t v o n  d e r je n ig e n  n o rm a le r  P ferde 
v e rsc h ie d e n  w a r . Im m e rh in  erw ies sich  d ie  G ew ich tsb ez ieh u n g  
v o n  lin k e r  zu  re c h te r  K a m m e r  als s ig n if ik a n t (P < 0 .0 0 1 )  von 
d e r je n ig e n  d e r  K o n tro llp fe rd e  a b w e ic h e n d . D iese  S tu d ie  bezog 
sich  a u f  17 p h y s io lo g isc h  u n d  p a th o lo g isc h  b e s tä t ig te  C O PD - 
F äile  u n d  b e d ie n te  sich  d e r  W ä g u n g  d e r  K a m m e rn . Bei keinem 
d e r  C O P D - P a t ie n te n  k o n n te n  k lin isc h  o d e r  a u to p tisc h  
A n z e ic h e n  e ines V ersag e n s  b e z ie h u n g sw e ise  e in e r  D ila tio n  des 
re c h te n  H e rz e n s  b e o b a c h te t  w e rd e n . E s w ird  v e rm u te t ,  d ass  die 
S e lte n h e it u n d e r  d e r  le ic h te  G r a d  v o n  c o r  p u lm o n a le  b e i C O PD  
des P fe rd e s  m it d e r  R e v e rs ib ilitä t  d es L u n g e n h o c h d ru c k s  bei 
d ie se r  K ra n k h e it  Z u sa m m e n h ä n g e .

A ccepted fo r  publication  11.6.81

ABSTRACT 
Surgery
Esophageal healing In the pony : comparison of sutured vs non­
sutured esophagotomy

S t ic k ,  J .  A .,  K r e h b ie l ,  J .  D ., K u r z e ,  D . J .  a n d  W o r t m a n ,  J .  
A . (1980) A m .  J . ve t. R es. 42 , 1506-1513

A  5 cm  lo n g titu d in a l cerv ica l o e s o p h a g o to m y  w as c re a te d  in  10 
clin ica lly  n o rm a l p o n ie s  u n d e r  g e n e ra l a n a e s th e s ia . In  5 th e  
o e so p h a g e a l a n d  sk in  w o u n d s  w ere  su tu re d  a n d  in  th e  o th e rs , 
le ft u n s u tu re d . In  th e  firs t g ro u p  th e  o e so p h a g e a l m u c o sa  a n d  
su b m u c o sa  w ere  a p p o s e d  w ith  a  c o n tin u o u s  su tu re  o f  3-0 
p o ly p r o le n e  m a te r ia l  a n d  th e  m u s c u la tu r e  w ith  s im p le  
in te r ru p te d  2-0  m e d iu m  c h ro n ic  g u t. In  b o th  g ro u p s  a  cerv ica l 
o e s o p h a g o to m y  tu b e  w as in se rte d  d is ta l to  th e  in itia l w o u n d  a n d  
p o n ie s  w ere fed  id e n tic a l d ie ts  o f  p e lle ted  fo o d  v ia  th e  tu b e  u n ti l  
m u co sa l h ea lin g  o c c u rre d . W o u n d s  w ere  tr e a te d  w ith  w arm  
w a te r  a n d  so a p  b u t  n o  a n tib io tic s  w ere  u se d . O e so p h a g e a l

w o u n d s  w ere  e x a m in e d  e n d o s c o p ic a lly  a n d  ra d io g ra p h ic a lly  at 
r e g u la r  in te rv a ls . M e an  o e so p h a g e a l h e a lin g  tim e  w as assessed 
c lin ica lly  in  9 o f  th e  p o n ie s  (o n e  d ie d )  a n d  th ey  w ere  eu than ased  
90 d a y s  p o s to p e ra t iv e ly .  T h e  o e s o p h a g e a l  w o u n d s  were 
e x a m in e d  h is to lo g ic a lly . M e a n  o e so p h a g e a l h e a lin g  tim e  in the 
firs t g ro u p  w as 7 .5 d ay s  a n d  in  th e  u n s u tu re d  g ro u p  2 5 .6  days. 
S k in  w o u n d s  a lso  h e a le d  o n  a v e ra g e  2 3 .4  d ay s  m o re  q u ick ly  in 
th e  firs t g ro u p  o f  p o n ie s . R a d io g ra p h ic  e v id en ce  o f  a  s in u s tract 
w as p re se n t 30 d ay s  p o s to p e ra tiv e ly  in  o n e  p o n y  in G ro u p  I and 
3 in  G ro u p  II , a n d  t r a c t io n  d iv e rtic u li in a ll p o n ie s  in G ro u p  II, 
b u t o n ly  1 in  th e  f irs t  g r o u p . H o w e v e r , o th e r  c o m p lic a tio n s  were 
m o r e  c o m m o n  in  t h e  f i r s t  g r o u p  ( e g , s u b c u ta n e o u s  
a b sc e ssa tio n ). H is to lo g ic a l a p p e a ra n c e  o f  th e  o e s o p h a g u s  a t the 
su rg ica l s ite  w as id e n tic a l in  b o th  g ro u p s  o f  a n im a ls .

T . R . C . G r e et
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Summary

The therapy of equine chronic obstructive pulmonary disease (COPO) 
by means of environmental control (bedding horses on shredded paper and 
feeding a complete cubed diet) and by the use of several therapeutic 
agents, was assessed by clinical examination and pulmonary function tests,
i.e. maximum change in intrathoracic pressure, tidal volume, minute volume, 
inspiratory and expiratory flow rates and blood gas analyses.

Environmental control caused symptomatic COPD affected horses to 
become asymptomatic within 4 to 32 days (meant S.D.! 9.0 - 4.8 days).
When asymptomatic, their pulmonary function values did not differ 
significantly from those of normal horses which indicates that the 
pathophysiological changes occurring in equine COPD are reversible.

Inhalation or intravenous administration of the following broncho- 
dilator drugs; atropine, isoprenaiine, terbutaline, clenbuterol and 
etamiphylline camsylate to symptomatic COPD affected horses brought about 
a temporary, marked improvement clinically and in the pulmonary function 
parameters examined. This indicates that airway spasm is involved in 
the pathogenesis of equine COPD and that parenteral or inhaled broncho- 
dilator therapy can be of value in the treatment of acute attacks.

Orally administered bronchodilator drugs (clenbuterol and 
etaraiphylline camaylate) were not found to be effective in the treatment 
of COPD. Neither drug significantly improved pulmonary function in 
symptomatic COPD affected horses maintained in the natural challenge 
environment (exposed to poor quality hay and straw bedding which was 
dusty and visibly contaminated with moulds). In addition, neither 
drug significantly hastened the remission of clinical signs which 
normally occurred when symptomatic COPD affected horses were housed in 
the controlled environment.

Prophylactic sodium cromoglycate inhalation prevented asymptomatic 
COPD affected horses from becoming symptomatic following artificial 
Hicropolyspora faeni inhalation challenge or after exposure to the 
natural challenge environment. A linear response existed between the 
number of successive days sodium cromoglycate treatment and the duration 
of protection in the COPD horses exposed to the natural challenge 
environment. The protective period was 3.6 ^ 1.1 (mean - S.D^) after 
a single sodium cromoglycate treatment and increased to 24.3 - 13.4 
days after 4 days treatment. Two successive days sodium cromoglycate 
treatment administered at weekly intervals over a 20 day period was 
effective in preventing the onset of COPD in 6 out of 8 affected horses 
housed in the natural challenge environment.
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Serum protein electrophoresis in horses and 
ponies
A. G. MATTHEWS 
D epartm ent o f  Veterinary M edicine, U niversity o f  Edinburgh, Veterinary Field S tation, Easter Bush, Hoslin, 
M idloth ian EH259R G

Sum m ary

A m ethod  o f  e lectrop h oresis o f  horse  serum  on agarose gels (pH  
8.6) is d escrib ed , togeth er  w ith  a system  for in terpreting ch an ges  
in (he e lec tro p h o retic  zo n es based  u p on  the relative d istrib u tion  
of the m a jor serum  p ro te in s. D iffer en ces  in the protein  
com p o sitio n  o f  the ind iv id u al e lec tro p h o retic  zo n es o f  horses  
and p o n ies w ere record ed , a lth ou gh  this variation  p rob ab ly  
reflects d ifferen ce s in m anagem en t and the p resence o f  
subclinical d isea se .

In troduction

ELECTROPHORESIS of horse serum using a wide range of 
support media and techniques has been reported (Kristensen 
and Firth 1977). However, variation in the quality of resolution 
of the protein zones and bands achieved with each electro­
phoretic system has led to confusing and conflicting published 
data on the number, identity and nomenclature of the electro­
phoretic zones. Nevertheless, quantitative serum protein 
electrophoresis has been used as an aid to diagnosis in equine 
medicine for some time (Jeffcott 1971), although in human 
medicine Laurell (1973) argued that qualitative interpretation 
of the electrophoretogram accompanied by specific serum 
protein assays will provide the maximum diagnostically useful 
information. Laurell (1972) stated that quantitative variation in 
plasma proteins whose minimum concentration lies between 0.1 
and 0.5 g/litre may significantly alter the electrophoretic 
profile. In the horse, the lower limits of the normal serum 
concentration of transferrin, alpha-2 macroglobulin and the 
immunoglobulins IgG, IgM, IgA and IgG(T) are in excess of 
this threshold level (Lavergne and Raynaud 1970; McGuire, 
Crawford and Henson 1972; Ek 1981). Thus, variation in the 
circulating levels of these proteins will be reflected in the 
electrophoretic profile. Other proteins which, by virtue of their 
normally high serum concentration, may alter the electro­
phoretic profile are albumin, haptoglobin (Allen and Archer 
1971), lipoproteins (Straub, Gerber and Petitjean 1975) and, in 
the perinatal foal, alphafoetoprotein (Lock, Morgan and Mock 
1976). In the present paper, interpretation of the horse serum 
electrophoretogram based upon the distribution of these 
individual proteins is discussed and variation in the electro­
phoretic profiles of adult horses and ponies is examined.

M ateria ls and m eth o d s

Electrophoresis
A commercially available agarose electrophoresis system 

(Corning Medical, Halstead, Essex) employing an agarose- 
sucrose gel in 0.05M barbital — EDTA buffer (pH. 8.6) and a 
continuous gel-electrode buffer system was used. Electro­
phoresis was carried out at I00V for 21 mins. Routine protein 
staining was carried out using amido black B following by 
destaining in glacial acetic acid.

The relative protein composition of the electrophoretic zones 
was determined as percentage optical absorbance at 520nm 
using a Phoroscope Densitometer (Millipore Corporation, 
Bedford, Massachusetts, USA) and the absolute concentration 
(g/litre) calculated from the total serum protein determined 
using the Biuret method.

Sera
Horse sera were obtained from clinically normal animals aged 

one year or more. These horses were working animals housed 
under stable conditions. Pony sera were obtained from 2 
different sources. G roup  A  comprised 47 sera from clinically 
normal animals maintained outdoors on marginal vegetation 
throughout the year with little supplementary management. 
G roup  B comprised 15 sera from animals managed under 
conditions similar to those of the horses used in this study. 
Ponies in G rou p s A  and B were all aged one year or more.

Electrophoretic distribution o f  serum proteins

The distribution of alpha-2 macroglobulin and IgG, IgM, 
IgA and lgG(T) after agarose electrophoresis (pH 8.6) was 
derived from the results of exclusion and exchange chroma­
tography of horse serum presented by Vaerman, Querinjean 
and Heremans (1971). The distribution of transferrin after 
agarose electrophoresis (pH 8.6) has been described by Ek 
(1981), and that of alphafoetoprotein by Lock et al (1976).

The distribution of horse haptoglobin and lipoprotein 
fractions after agarose electrophoresis was determined using 
O-dianisid ine/hydrogen peroxide staining of serum- 
haemoglobin mixtures and fast red 7B staining of fresh serum 
respectively.

R esu lts

A. G. M atthew s’ present address is Ratley Lodge,  Ratley, Banbury, The typical densitometric profile of horse serum after agarose 
Oxfordshire electrophoresis (pH 8.6) is shown in Fig la. The distribution of
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TABLE 1: To tal serum  protein  and electrophoretic  zone 
concentrations o f horses and ponies In Groups A and B (g /litre ,  
m ean ±  sd)

Electrophoretic
zone

Horses Ponies: Group A  Ponies: Group B
(n = 30) (n = 47) ( n = 15)

Total protein 65.85 6.64 70.25 + 7.90 71.81 ± 7.20
Albumin 29.89 + 3.39 25.05 ± 3.67 27.88 ± 5.50
Alpha-1 6.40 ± 1.21 5.24 ± 1.00 6.34 ± 1.26
Alpha-2 6.72 ± 1.84 9.88 ± 3.32 9.22 ± 2.35
Beta-1 9.01 ± 3.30 12.65 ± 2.77 9.41 ± 2.57
Beta-2 5.39 ± 1.60 7.85 ± 2.00 8.14 ± 1.84
Gamma-1 2.22 ± 0.71 2.20 ± 0.69 2.26 ± 0.63
Gamma-2 6.33 ± 1.54 7.65 + 2.26 8.49 ± 2.14

Fig I . (a) D ensitom etric tracing o f  horse serum  a fter agarose electro­
phoresis (pH  8.6) show ing the division into the electrophoretic zones. 
(b) D istribution o f  the m a jo r serum  pro te ins in relation to the 
densitometric scan

the major serum proteins and the electrophoretic zones derived 
from this distribution are shown in Figs lb and la respectively. 
In this series the albumin zone excludes the cathodal shoulder of 
the albumin peak, which is included within the alpha-I zone. 
The alpha-1 zone contains predominantly alpha lipoprotein. 
Haptoglobin migrates predominantly within the anodal alpha-2 
zone. Braend and Efremov (1965) found no phenotypic 
differences in horse haptoglobin after starch gel electrophoresis 
and variation in its fast alpha-2 mobility after agarose 
electrophoresis is not expected. Alpha-2 macroglobulin was the 
second major component of the alpha-2 zone. In the perinatal 
foal alphafoetoprotein was the major component of the alpha-2 
zone.

The beta-1 zone contains the electrophoretically faster 
phenotypic variants of transferrin and also pre-beta 
lipoprotein. The beta-2 zone contains predominantly the 
electrophoretically slower phenotypic variants of transferrin, 
beta lipoprotein and IgG(T). The gamma zone was artificially 
divided by the insert slit into gamma-1 and gamma-2 zones. The

gamma-1 zone contained predominantly IgM, IgA, IgG(T) and 
the IgGc subclass, while the gamma-2 zone contained pre­
dominantly the IgGab subclass.

The mean total protein and electrophoretic zone protein 
concentration (g/litre) of the horses and G roup A and B ponies 
are shown in Table 1.

D iscu ssio n

The delineation of the electrophoretic zones in this study was 
derived from the distribution of the major serum proteins. 
Using this system, changes within each zone may be related to 
changes in the constituent proteins, thus providing a basis for 
interpretation of variation in the electrophoretic profile as an 
aid in clinical diagnosis.

In addition to alpha-lipoprotein the alpha-1 zone contains a 
number of minor proteins (Juneja, Gahne and Sandberg 1978). 
However, the acidic protease inhibitor of horse serum, 
analogous to human alpha-1 antitrypsin, migrates within the 
albumin zone (Matthews 1979; Ek 1981).

Increased circulating levels of haptoglobin are observed in 
man and laboratory animals during acute inflammatory 
responses, and in the horse increased haptoglobin levels 
probably contribute to the marked increase in the more anodal 
alpha-2 region observed in acute inflammatory and infectious 
conditions. Horse alpha-2 macroglobulin is capable of binding 
both antigen-antibody complexes and proteolytic enzymes 
(Lavergne and Raynaud 1970; Matthews 1979) and can 
neutralise the infectivity of human influenza-A virus (Pepper
1968). Erickson (1975) stated that horse alpha-2 macroglobulin 
is an acute phase reactant protein, although this is not the case in 
man (Laurell, Jeppsson and Tejler 1978).

The beta zones of horse serum present difficulty in interpreta­
tion arising from the electrophoretic heterogeneity of 
transferrin. The discrete protein bands observed within the beta 
zones contain predominantly transferrin (Ek 1981), although 
electrophoretically slower transferrin phenotypes, which 
migrate within the beta-2 zone, contain less protein than those 
faster phenotypes appearing within the beta-1 zone (Ek 1981). 
On visual inspection of the electrophoretogram, absence or 
reduced staining intensity of the beta-1 transferrin band in the 
presence of a distinct beta-2 band is likely to indicate a 
homozygous slow phenotype or a heterozygous slow and fast 
phenotype respectively. A distinct beta-1 band in the absence of 
a beta-2 band is likely to indicate a homozygous fast transferrin 
phenotype. Clinically, increased transferrin levels have been 
reported in the serum of anaemic horses (Thoren-Tolling 1977), 
while decreased transferrin levels are observed in horses with 
acute infectious conditions (Ek 1981) and cirrhosis (Thoren- 
Tolling 1977).

The beta-1 zone normally contains small amounts of the pre­
beta lipoprotein. Large increases in this lipoprotein fraction in 
pony serum have been observed during starvation (Morris,
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Zilversmit and Hintz 1972), suggesting that increased lipolysis 
,nay contribute to the hyperbetaglobulinaemia observed in 
cases of severe parasitism (Ooms el al 1976) and chronic liver 
disease (Merritt, Bolton and Crimprich 1975). Large increases 
¡n beta globulins have been observed in helminthiasis (Ooms el 
cl 1976), arising primarily from increased IgG(T) levels 
(Groudswaand and Noordzij 1980).

Increased gammaglobulin levels caused by polyclonal 
immunoglobulin production have been reported in chronic 
infections (Jeffcott 1971) and lymphosarcoma (Ek 1981). 
fluctuation in the gammaglobulin concentration is observed 
during the first weeks of life and electrophoresis provides a 
useful screening method for the detection of failure of colostral 
immunoglobulin transfer in young foals.

Considerable variation in mean electrophoretic zone concen­
tration was observed between the 3 groups of animals in this 
study. Neither sex nor age has been shown to influence 
markedly the electrophoretic zone concentration of adult 
horses and ponies (Massip and Fumiere 1974; Kristensen and 
Firth 1977). However, the complex influences of plane of 
nutrition and subclinical parasitism on the electrophoretic 
profile suggests that the differences encountered between horses 
and ponies are not simply breed dependant. Such variation in 
serum globulin components among apparently healthy animals 
■asts doubts upon the use of quantitative electrophoresis in the 
pase of an individual clinical case. In such cases visual inspection 
of the stained electrophoretogram to determine patterns of 
change in the globulin zones is likely to provide more clinically 
useful information.
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R é su m é

On décrit une méthode d ’électrophorèse du sérum de cheval sur 
gels d ’agarose (pH 8.6). On décrit également un système 
d ’interprétation des changements observés dans les zones 
électrophorétiques fondé sur la répartition relative des 
principales protéines du sérum. Des différences ont été 
constatées dans la composition protéinique des zones électro­
phorétiques individuelles de chevaux et de poneys ; on pense que 
ces variations explicitaient des différences dans le management 
et la présence de maladies subcliniques.

Z u sa m m e n fa s s u n g

Eine Methode der elektrophoretischen Untersuchung von 
Pferdeserum auf Agarosegel (pH 8.6) wird beschrieben, 
zusammen mit einem Interpretationssytem für Veränderungen 
der elektrophoretischen Zonen. Das System stützt sich auf die 
relative Verteilung der wichtigen Serumproteine. Unterschiede 
in der Proteinzusammensetzung individueller electro- 
phoretischer Zonen bei Pferden und Ponies wurden 
beobachtet. Die Variationen rühren wahrscheinlich von 
Unterschieden in der Haltung und vom Vorhandensein in 
subklinischer Krankheitszustände her.
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P R O P E R T I E S

A . G .  M A T T H E W S 1 , P .  I M L A H 2  a n d  E . A .  M c P H E R S O N 1 

1 2D e p a r t m e n t  o f  V e t e r i n a r y  M e d i c i n e  a n d  D e p a r t m e n t  o f  A n i m a l  H e a l t h ,  U n i v e r s i t y  
o f  E d i n b u r g h  V e t e r i n a r y  E i e l d  S t a t i o n ,  E a s t e r  B u s h ,  R o s l i n ,  M i d l o t h i a n ,  E H 2 5  9 R G  
( G r e a t  B r i t a i n )

D r .  M a t t h e w s '  p r e s e n t  a d d r e s s :  R a t l e y  L o d g e ,  R a t l e y ,  B a n b u r y ,  O x f o r d s h i r e
( G r e a t  B r i t a i n )

( A c c e p t e d  2 8  M a y  1 9 8 2 )

ABSTRACT

M a t t h e w s ,  A . G . ,  I m l a h ,  P .  a n d  M c P h e r s o n ,  E . A . ,  1983 . A  r e a g i n - l i k e  a n t i b o d y  i n  
h o r s e  s e r u m :  1 .  O c c u r r e n c e  a n d  s o m e  b i o l o g i c a l  p r o p e r t i e s .  V e t .  R e s .  C o m m u n . ,
6 :  1 3 - 2 3 .

T h e  d e m o n s t r a t i o n  o f  a  r e a g i n - l i k e  a n t i b o d y  a g a i n s t  C u l i c o i d e s  p u l i c a r i s  
e x t r a c t  i n  t h e  s e r u m  o f  h o r s e s  a n d  p o n i e s  a f f e c t e d  w i t h  r e c u r r e n t  s e a s o n a l  
d e r m a t i t i s  ( s w e e t  i t c h )  i s  r e p o r t e d .  T h i s  a n t i b o d y  c a n  c o n f e r  P r a u z n i t z - K i i s t n e r  
( P - K )  s e n s i t i v i t y  o n  h o m o l o g o u s  s k i n  f o r  u p  t o  5  d a y s  a n d ,  l i k e  h u m a n  I g E ,  i s  
t h e r m o l a b i l e  a n d  s u s c e p t i b l e  t o  2 - m e r c a p t o e t h a n o l  r e d u c t i o n .  I t  i s  e l u t e d  o n  
d i e t h y l a m i n o e t h y l  d e x t r a n - 5 > 2  a n i o n  e x c h a n g e  c h r o m a t o g r a p h y  i n d e p e n d e n t l y  o f  I g G ,  
I g G ( T )  a n d  I g M ,  a n d  i t s  e l u t i o n  c h a r a c t e r i s t i c s  i n d i c a t e  s i m i l a r i t y  i n  n e t  
m o l e c u l a r  c h a r g e  t o  h u m a n  I g E .

T h e  P - K  r e s p o n s e  o b s e r v e d  i n  h o r s e  s k i n  i s  b i p h a s i c ,  a n d  i s  m o r p h o l o g i c a l l y  
s i m i l a r  t o  t h e  l a t e  c u t a n e o u s  a n a p h y l a c t i c  r e s p o n s e  i n  m a n .  B o t h  p h a s e s  o f  t h e  
P - K  r e s p o n s e  a r e  d e p e n d e n t  u p o n  t h e  r e a g i n - l i k e  a n t i b o d y ,  a l t h o u g h  o t h e r  s e r u m  
f a c t o r s  a p p e a r  i n v o l v e d  i n  t h e  d e l a y e d  p h a s e  o f  t h e  r e s p o n s e .

IN T R O D U C T IO N

H u m a n  r e a g i n  ( i m m u n o g l o b u l i n  E )  i s  a  p a s s i v e l y  t r a n s f e r a b l e  g a m m a  g l o b u l i n  

c a p a b l e  o f  s e n s i t i s i n g  c i r c u l a t i n g  b a s o p h i l s  a n d  t i s s u e  m a s t  c e l l s  a n d  o f  m e d i a t ­

i n g  t h e  r e l e a s e  o f  i n t r a c e l l u l a r  v a s o a c t i v e  c o m p o u n d s  u p o n  s u b s e q u e n t  a n t i g e n  o r  

a n t i g l o b u l i n  c h a l l e n g e  ( B e n n i c h  e t  a l . ,  1 9 7 6 ) -  A n  I g E - l i k e  i m m u n o g l o b u l i n  h a s  

b e e n  d e s c r i b e d  i n  a  n u m b e r  o f  m a m m a l i a n  s p e c i e s  ( N e i l s e n ,  1 9 7 7 ) -  T h e s e  im m u n o ­

g l o b u l i n s  s h a r e  a  n u m b e r  o f  p r o p e r t i e s  w i t h  h u m a n  I g E ,  a n d  i n  m o s t  i n s t a n c e s  

s a t i s f y  t h e  t h r e e  o r d e r s  o f  c r i t e r i a  p r o p o s e d  b y  V a e r m a n  ( 1 9 7 0 )  f o r  t h e  i d e n t i ­

f i c a t i o n  o f  i n t e r s p e c i e s  p r o t e i n  h o m o l o g y .  T h e s e  a r e :  i m m u n o l o g i c a l  c r o s s  r e a c t ­

i v i t y  a n d  a m i n o  a c i d  h o m o l o g y ,  t h e  a s s o c i a t i o n  o f  a  p r o t e i n  w i t h  a  p a r t i c u l a r  

f u n c t i o n ,  a n d  a  r a n g e  o f  b i o l o g i c a l  a n d  p h y s i o l o g i c a l  h o m o l o g i e s .

0165-7380/83 /0000—0 0 0 0 /$ 0 3 .00 © 1983 Elsevier Scientific Publishing Com pany



P a s s i v e  t r a n s f e r  o f  s y s t e m i c  a n d  c u t a n e o u s  a n a p h y l a c t i c  h y p e r s e n s i t i v i t y  h a s  

b e e n  d e s c r i b e d  i n  t h e  h o r s e  ( R i t z e n t h a l e r ,  J\32h\ E y r e ,  1 9 7 2 ;  S c h a t z m a n  e t  a l . ,  

1 9 7 3 )  a n d ,  i n  t h e  U n i t e d  K i n g d o m ,  r e c u r r e n t  s e a s o n a l  d e r m a t i t i s  o f  h o r s e s  ( U S D )  

i s  b e l i e v e d  t o  b e  a  c u t a n e o u s  h y p e r s e n s i t i v i t y  t o  t h e  b i t i n g  m i d g e  C u l i c o i d e s  

p u l i c a r i s  ( M c C a i g  a n d  M e l l o r ,  19 7 U )-

T h i s  p a p e r  r e p o r t s  o n  i n v e s t i g a t i o n s  i n t o  s o m e  b i o l o g i c a l  a n d  p h y s i c o c h e m i c a l  

p r o p e r t i e s  o f  a  r e a g i n —l i k e  a n t i b o d y  f o u n d  i n  t h e  s e r u m  o f  R S D —a f f e c t e d  h o r s e s  

a n d  p o n i e s .  E v i d e n c e  o f  a n t i g e n i c  c r o s s  r e a c t i v i t y  b e t w e e n  h u m a n  I g E  a n d  a n  

e q u i n e  r e a g i n - l i k e  a n t i b o d y  i s  t h e  s u b j e c t  o f  a  s e c o n d  p a p e r .

M A T E R I A L S  A N D  M E T H O D S

S e r u m

S e r u m  ( a c t i v e  s t a g e  s e r u m )  w a s  o b t a i n e d  f r o m  1 2  h o r s e s  a n d  p o n i e s  s h o w i n g  

t y p i c a l  s i g n s  o f  R S D  a n d  f r o m  7  h o r s e s  a n d  p o n i e s  u n a f f e c t e d  w i t h  t h e  d i s e a s e  

b u t  w i t h  a  h i s t o r y  o f  t h e  d i s e a s e  d u r i n g  p r e v i o u s  s u m m e r s  ( i n a c t i v e  s t a g e  s e r u m ) .  

S e r u m  w a s  s t o r e d  a t  - 2 0 ° C  u n t i l  u s e d .

A n t i g e n

2 0  m g  o f  w h o l e  C .  p u l i c a r i s  w a s  m a c e r a t e d  i n  5  m l  s t e r i l e  0 . 0 1 M  p h o s p h a t e  

b u f f e r e d  s a l i n e  ( p H  7*U) (P B S ). A f t e r  c e n t r i f u g a t i o n ,  t h e  s u p e r n a t a n t  w a s  d i l u t e d  

1 :5  i n  s t e r i l e  PBS a n d  p a s s e d  t h r o u g h  a  0 . 2 2  pm  m e m b r a n e  f i l t e r ,  g i v i n g  a  f i n a l  

p r o t e i n  c o n c e n t r a t i o n  o f  2 0 0  p g / m l .  A l i q u o t s  o f  a n t i g e n  w e r e  s t o r e d  a t  - 2 0 ° C  

u n t i l  u s e d .

P r a u z n i t z - K u s t n e r  ( P - K )  t e s t

0 .1  m l  o f  t e s t  s e r u m  w a s  i n j e c t e d  i n t r a d e r m a l l y  ( i / d )  o v e r  t h e  c l i p p e d  l a t e r a l  

c e r v i c a l  r e g i o n  o f  r e c i p i e n t  h o r s e s  h a v i n g  n o  k n o w n  h i s t o r y  o f  R S D .  S e n s i t i s e d  

s i t e s  w e r e  c h a l l e n g e d  2I4 h o u r s  l a t e r  b y  i / d  i n j e c t i o n  o f  0 . 1  m l  o f  a n t i g e n ,  p l a c e d  

s o  t h a t  t h e  c e n t r e  o f  t h e  r e s u l t i n g  d e r m a l  b l e b  l a y  a s  c l o s e  a s  p o s s i b l e  t o  a n  

i n k  s p o t  m a r k i n g  t h e  c e n t r e  o f  t h e  s e n s i t i s a t i o n  b l e b .  S i t e s  w h i c h  w e r e  i n j e c t e d  

s u b e u t a n e o u s l y  w e r e  e x c l u d e d  f r o m  f u r t h e r  c o n s i d e r a t i o n .  T h e  h o r i z o n t a l  d i a m e t e r s  

(m m ) o f  t h e  r e s u l t i n g  r e a c t i o n s  w e r e  m e a s u r e d  a t  5 > 3 0 , 6 0 ,  120 ,  360 m i n u t e s  a n d  

2I4 h o u r s .

F o a l  s e r u m  a n d  p h y s i o l o g i c a l  s a l i n e  w e r e  i n c l u d e d  a s  n e g a t i v e  s e n s i t i s a t i o n  

c o n t r o l s .  A n t i g e n  a n d  P B S  w e r e  i n c l u d e d  a s  n e g a t i v e  c h a l l e n g e  c o n t r o l s .  T o  

a v o i d  e r r o r  a r i s i n g  f r o m  v a r i a t i o n  i n  r e c i p i e n t  e a c h  P - K  p r o c e d u r e  w a s  c a r r i e d  

o u t  o n  a  s i n g l e  a n i m a l .
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A n t i g e n  c h a l l e n g e  o f  s i t e s  t h a t  h a d  b e e n  s e n s i t i s e d  w i t h  p o o l e d  P - K  p o s i t i v e  

s e r u m  w a s  c a r r i e d  o u t  2 , JL|., 2l+ , J48 h o u r s  a n d  5  a n d  9 d a y s  a f t e r  s e n s i t i s a t i o n .

H e a t  a n d  t h i o l  s e n s i t i v i t y  o f  t h e  r e a g i n - l i k e  a n t i b o d i e s

E a c h  o f  t w o  0 . 5  m l  a l i q u o t s  o f  p o o l e d  P - K  p o s i t i v e  s e r u m  w a s  e i t h e r  h e a t e d  t o  

J 6° C  f o r  2  h o u r s  o r  d i a l y s e d  a g a . i n s t  2 5 0  m l  o f  0 . 1 M  2 - m e r c a p t o e t h a n o l  ( 2 - M E )  f o r  

3 h o u r s  a t  r o o m  t e m p e r a t u r e .  T h e  l a t t e r  w a s  s u b s e q u e n t l y  d i a l y s e d  a g a i n s t  5 0 0  m l  

0 .0 2 M  i o d o a c e t a m i d e  f o r  1+ h o u r s  a t  r o o m  t e m p e r a t u r e  a n d  t h e n  a g a i n s t  P B S  f o r  21+ 

r h o u r s  a t  l+ °C .  C o n t r o l  s e r u m  w a s  d i a l y s e d  a g a i n s t  i o d o a c e t a m i d e  a n d  P B S  o n l y .

T h e  h e a t  a n d  2 - M E  t r e a t e d  s e r a  a n d  c o n t r o l s  w e r e  e x a m i n e d  f o r  P - K  a c t i v i t y .

E l u t i o n  o f  r e a g i n - l i k e  a c t i v i t y  f r o m  h o r s e  s e r u m  u s i n g  i o n - e x c h a n g e  c h r o m a t o g r a p h y

A f t e r  d i a l y s i s  a g a i n s t  e q u i l i b r a t i n g  b u f f e r ,  5  m l  o f  p o o l e d  P - K  p o s i t i v e  s e r u m  

w a s  a p p l i e d  t o  a  1 . 5  c m  x  2 5  c m  d i e t h y l a m i n o e t h y l  d e x t r a n - 5 2  ( D E A E - 5 2 )  c e l l u l o s e  

a n i o n  e x c h a n g e  c o l u m n  e q u i l i b r a t e d  w i t h  O .O l+ M  T r i s - H C l  ( p H  8 . 0 ) .  A  T r i s - H C l  

g r a d i e n t  o f  O .O l+ M  ( p H  8 . 0 )  t o  0 . 5 M  ( p H  8 . 0 )  w a s  a p p l i e d  t o  t h e  c o l u m n  o v e r  16 

h o u r s  g i v i n g  a  f l o w  r a t e  o f  1+0 m l  p e r  h o u r .  I n d i v i d u a l  p r o t e i n  p e a k s  w e r e  

c o l l e c t e d ,  c o n c e n t r a t e d  b y  e v a p o r a t i o n  t o  a p p r o x i m a t e l y  0 .5  m l  a n d  d i a l y s e d  

a g a i n s t  P B S  a t  l+ °C  f o r  1+8 h o u r s .  A f t e r  p a s s a g e  t h r o u g h  a  0 . 2 2  p m  m e m b r a n e  f i l t e r ,  

t h e  p e a k s  w e r e  e x a m i n e d  f o r  P - K  a c t i v i t y .

T h e  d i s t r i b u t i o n  o f  I g G ,  I g M  a n d  I g G ( T )  i n  t h e  c o l u m n  e l u a t e  w a s  d e t e r m i n e d  b y  

s l i d e  d o u b l e  i m m u n o d i f f u s i o n  e m p l o y i n g  1 %  a g a r  i n  0 . 1 M  T r i s - H C l  ( p H  8 . 0 ) .  I g G a b  

a n d  I g G c  w e r e  d i f f e r e n t i a t e d  b y  t h e i r  m o b i l i t y  a f t e r  i m m u n o e l e c t r o p h o r e s i s  a g a i n s t  

a n t i - w h o l e  h o r s e  s e r u m  ( A l l e n  a n d  D a l t o n ,  1 9 7 5 ) -  I m m u n o e l e c t r o p h o r e s i s  w a s  c a r r i e d  

I  o u t  a s  d e s c r i b e d  b y  H i r s c h f e l d  ( i 960 ) .

R E S U L T S

P r a u z n i t z - K u s t n e r  a c t i v i t y  o f  s e r a  f r o m  c a s e s  o f  e q u i n e  r e c u r r e n t  s e a s o n a l  

d e r m a t i t i s

F o l l o w i n g  a n t i g e n  c h a l l e n g e ,  w e a l - l i k e  r e a c t i o n s  w e r e  o b s e r v e d  a t  8 o f  t h e  12 

s i t e s  s e n s i t i s e d  w i t h  a c t i v e  s t a g e  s e r a .  T h e s e  r e a c t i o n s  w e r e  a p p a r e n t  w i t h i n  

3 0 - 6 0  m i n u t e s  a n d  c o n t i n u e d  t o  e n l a r g e  f o r  u p  t o  6 h o u r s  a f t e r  c h a l l e n g e .  I n  

a l l  c a s e s  t h e y  h a d  d i s a p p e a r e d  b y  21+ h o u r s .  O n l y  t r a n s i e n t  d e r m a l  b l e b s  w e r e  

o b s e r v e d  a t  t h e  f o u r  r e m a i n i n g  s i t e s  s e n s i t i s e d  w i t h  a c t i v e  s t a g e  s e r a ,  t h e  s i t e s  

s e n s i t i s e d  w i t h  i n a c t i v e  s t a g e  s e r a  a n d  t h e  c o n t r o l  s i t e s .  T h e  m e a n  a n d  s t a n d a r d



16

d e v i a t i o n  ( S D )  o f  t h e  h o r i z o n t a l  d i a m e t e r s  o f  t h e  d e r m a l  r e a c t i o n s  o b s e r v e d  a t  

t h e  8 r e s p o n d i n g  a c t i v e  s t a g e  s i t e s  ( G r o u p  A ) ,  t h e  h n o n —r e s p o n d i n g  a c t i v e  s t a g e  

s i t e s  ( G r o u p  B )  a n d  t h e  7  i n a c t i v e  s t a g e  s i t e s  ( G r o u p  C )  a r e  s h o w n  i n  T a b l e  1 

a l o n g  w i t h  t h e  h o r i z o n t a l  d i a m e t e r s  o f  t h e  r e a c t i o n s  a t  t h e  c o n t r o l  s i t e s .

M c P h e r s o n  e t  a l .  ( 1 9 7 9 )  d e e m e d  p o s i t i v e  t h o s e  r e s p o n s e s  f o l l o w i n g  d i r e c t  i / d  

c h a l l e n g e  o f  h o r s e s  w h e r e  t h e  d i a m e t e r  e x c e e d e d  t h e  m e a n  p l u s  2  S D  o f  t h e  c o n t r o l  

d i a m e t e r s .  I n  t h e  p r e s e n t  s t u d y ,  t h e  r e a c t i o n s  a t  s i t e s  s e n s i t i s e d  w i t h  G r o u p  A  

s e r a  ( T a b l e  1 )  w e r e  i n  e x c e s s  o f  t h e  m e a n  p l u s  2  S D  o f  t h e  r e a c t i o n s  a t  t h e  s i t e s  

s e n s i t i s e d  w i t h  i n a c t i v e  s t a g e  s e r a  ( G r o u p  C ) .  T h e  f o r m e r  w e r e  d e e m e d  p o s i t i v e  

P - K  r e s p o n s e s ,  i n d i c a t i v e  o f  r e a g i n - l i k e  a n t i b o d i e s  i n  t h e  s e n s i t i s i n g  s e r a .

T h e  r e s p o n s e s  a t  s i t e s  s e n s i t i s e d  w i t h  G r o u p  B  s e r a  ( T a b l e  1 )  d i d  n o t  e x c e e d  t h e  

m e a n  p l u s  2  S D  o f  t h e  G r o u p  C  s e r a  s e n s i t i s e d  s i t e s  a n d  w e r e  d e e m e d  n e g a t i v e  

r e s p o n s e s .  R e a c t i o n s  a t  G r o u p  B  a n d  G r o u p  C  s e r a  s e n s i t i s e d  s i t e s  d i d  n o t  d i f f e r  

f r o m  t h o s e  a t  t h e  n e g a t i v e  c o n t r o l  s i t e s .

P e r s i s t e n c e  o f  t h e  r e a g i n - l i k e  a n t i b o d i e s  i n  h o m o l o g o u s  s k i n

T y p i c a l  p o s i t i v e  P - K  r e s p o n s e s  w e r e  e l i c i t e d  u p  t o  3  d a y s  a f t e r  s e n s i t i s a t i o n .

A  n e g a t i v e  r e s p o n s e  w a s  e l i c i t e d  9  d a y s  a f t e r  s e n s i t i s a t i o n .  j

(

H e a t  a n d  t h i o l  s e n s i t i v i t y  o f  t h e  r e a g i n - l i k e  a n t i b o d i e s  *

T h e  e f f e c t s  o f  h e a t  a n d  2 - M E  r e d u c t i o n - a l k y l a t i o n  o n  t h e  P - K  a c t i v i t y  o f  

p o o l e d  P - K  p o s i t i v e  s e r u m  a r e  s h o w n  i n  T a b l e  2 .  B o t h  t r e a t m e n t s  r e s u l t e d  i n  t h e  

e l i m i n a t i o n  o f  t h e  P - K  r e s p o n s e .  A l k y l a t i o n  a l o n e  h a d  n o  e f f e c t  o n  t h e  P - K  

a c t i v i t y .

E l u t i o n  o f  r e a g i n - l i k e  a c t i v i t y  f r o m  h o r s e  s e r u m  u s i n g  i o n - e x c h a n g e  c h r o m a t o g r a p h y

T h e  d i s t r i b u t i o n  o f  p o s i t i v e  P - K  a n d  i m m u n o g l o b u l i n  a c t i v i t y  i n  t h e  D E A E  

f r a c t i o n s  o f  h o r s e  s e r u m  i s  s h o w n  i n  E i g u r e  1 .  P - K  a c t i v i t y  w a s  e l u t e d  i n  

f r a c t i o n s  2 - 6 ,  o v e r  a  m o l a r  r a n g e  o f  0 . 0 5 M  -  0 . 1  i|M  T r i s - H C l  ( p H  8 . 0 ) .  T h i s  

a c t i v i t y  w a s  i n d e p e n d e n t  o f  t h e  m a j o r  i m m u n o g l o b u l i n  c l a s s e s .  H o w e v e r ,  t h e  P - K  

r e s p o n s e s  a t  s i t e s  s e n s i t i s e d  w i t h  D E A E  f r a c t i o n s  2 - 6  r e a c h e d  a  m a x im u m  3 0  -  6 0  

m i n u t e s  a f t e r  a n t i g e n  c h a l l e n g e  a n d  d i d  n o t  p r o g r e s s  f r o m  t h a t  t i m e .  A t  s i t e s  

s e n s i t i s e d  b y  f r a c t i o n s  2 , 3 a n d  3  ' t h e  r e a c t i o n s  h a d  d i s p e r s e d  b y  360 m i n u t e s .

D I S C U S S I O N

T h e  o c c u r r e n c e  o f  p o s i t i v e  P - K  r e s p o n s e s  a t  s k i n  s i t e s  s e n s i t i s e d  w i t h  a c t i v e  

s t a g e  R S D  s e r a  a f t e r  c h a l l e n g e  w i t h  m i d g e  ( C .  p u l i c a r i s )  e x t r a c t  i n d i c a t e s  t h e
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IgGab
IgGc

P i g .  1 .  E l u t i o n  o f  P r a u z n i t z - K u s t n e r  ( P - K )  a c t i v i t y  a n d  i m m u n o g l o b u l i n  c l a s s e s  
G a b ,  G c ,  M  a n d  G ( T )  f r o m  p o o l e d  P - K  p o s i t i v e  h o r s e  s e r u m  o n  D E A E - 5 2  c h r o m a t o ­
g r a p h y  u s i n g  a  l i n e a r  T r i s - H C l  ( p H  8 . 0 )  g r a d i e n t .

p r e s e n c e  o f  r e a g i n - l i k e  a n t i b o d i e s  t o  t h e  m i d g e  a n t i g e n  i n  t h e  s e r a  o f  t h e s e  

a f f e c t e d  a n i m a l s .  T h i s  i s  i n  a c c o r d a n c e  w i t h  t h e  e a r l i e r  o b s e r v a t i o n s  o f  B a k e r  

( 1 9 7 8 )  o n  a  s i n g l e  c a s e  o f  R S D  a n d  o f  R i e k  (1 9 5 > U ) o n  a- n u m b e r  o f  h o r s e s  n a t u r a l l y  

(' h y p e r s e n s i t i s e d  t o  t h e  b i t e  o f  t h e  m i d g e  C .  r o b e r t s i .

T h e  m a g n i t u d e  o f  t h e  p o s i t i v e  P - K  r e s p o n s e s  a r e  s i m i l a r  t o  t h o s e  r e s u l t i n g  

f r o m  b o t h  d i r e c t  i / d  c h a l l e n g e  o f  s e n s i t i s e d  h o r s e s  w i t h  f u n g a l  a n t i g e n s  

( H a l l i w e l l  e t  a l . , 1 9 7 9 ;  M c P h e r s o n  e t  a l . ,  1 9 7 9 )  a n d  f r o m  P - K  t e s t i n g  o f  

s e n s i t i s e d  h o r s e  s e r u m  a n d  P a r a s c a r i s  e q u o r u m  a n t i g e n  ( M a n s m a n  a n d  M a n s m a n ,  1 9 7 5 ) -  

T h e  p e r s i s t e n c e  o f  s w e l l i n g s  a t  n e g a t i v e  t e s t  o r  n e g a t i v e  c o n t r o l  s i t e s  f o r  u p  

t o  6 h o u r s  h a s  b e e n  r e p o r t e d  d u r i n g  b o t h  P - K  a n d  d i r e c t  i / d  t e s t i n g  o f  h o r s e s  

( S c h a t z m a n  e t  a l . , 1 9 7 3 ;  M c P h e r s o n  e t  a l . ,  1 9 7 9 )  a n d  p r o b a b l y  r e f l e c t s  t h e  

e x t r e m e  s e n s i t i v i t y  o f  h o r s e  s k i n  t o  r e l a t i v e l y  i n n o c u o u s  c h a l l e n g e  n o t e d  b y  

B e  W e e k  ( 1 9 7 2 ) .

T h e  r e a g i n i c  a n t i b o d y  i n  h o r s e  s e r u m  s h a r e s  a  n u m b e r  o f  p h y s i o l o g i c a l  a n d  

b i o l o g i c a l  p r o p e r t i e s  w i t h  h u m a n  I g E  i n  a c c o r d a n c e  w i t h  V a e r m a n ' s  t h i r d  c r i t e r i o n  

o f  i n t e r s p e c i e s  p r o t e i n  h o m o l o g y .  T h e  h o r s e  r e a g i n  r e m a i n e d  d e t e c t a b l e  i n



18

PQ
S

§p
P h

-Pfi

ra
Pi
a>

- p
CD
S ra
f i 0

■H - p
P •H

ra
i—1
f i i—i

-P o
f i Pi
O -P
N f i

•H o
Pi oo

P - p
f i

o
P
- p S

Po
en

CI Pio 0
•H - p
-P 0
c vJ S

•H c i
> •H
CD P

P
i—1

P f i
Pi -P
Cu f iP O
p : N
f i •H

- p Pi
ra o

P
P
f i 0
c i p

- p
f i
f i p
0 f i

s f i

fiPO

mPh

fi
ElO
fi<q

ON f ì  P  P

ON ON P  P  P

O) (H

’H |

cm o n  _fi-

P  P  P

fi­
UN f i- v o UN

ll ON O fi­ ON

f i V-’ v- co O

O
+  1
ON

+  1
ON

+  1
fi-

+  1
ON

B ■
f i v— CM T— ON
o

â

ra
0

p - p
H •H - f i ­ra 0 ra o n v o t— "LA

0 ra ll VO —f i"-p ko ■
•p P f i fi T— CM t— y—
co E*0•H

f i P +  1 +  1 +  1 +  1- p -P f i ¿3
ra en O O O O O
0 f t BEH 0 ra fi CM CM CM ONî> 0 o

•H P P
-P 1 Ci
O fi<«î o

S

f i - o o T— f i - VO
O UN ON -fi- ON

v-* v ’ r-* CM T-‘

+  1 +  1 +  1 +  1 +  1

VO f i - UN r - ON

t! VO VO* V-’ CM
,ç~ CM CM

O
VOon

HP re
ac

ti
o

n
s 

d
is

p
er

si
n

g
 

PB
S:

 
ph

os
ph

at
e 

bu
ff

er
ed

 
sa

li
n

e



19

9
fq
¡5

to
Pi

•H
to

O p!r-l 0
i—1 1—1
°  £ p

f t  ? o5
O P

GO P O
0  CQ
CQ CQ
Pi o 0
o  cq p
f t  i—i •r-l
CQ 03 CO
0
Pi 0 P

Pi o
i—1 o3 Pi
o5 p Pi
d  cq £ o
H 0 o f t
0  -P O P

P  -H o5
Ui ra

P f t
O  rH P

O •H
Pi CQ

S  p Pi
a  pi 0

^  o CO
o

m
P  f t
0  o5

f t
0 cq
|  £
05 o

•H  f t
P  f t

O
P  o5
o3 0

P  Pi 0

IP 0
CQ

. P
0p P

H o5
0 0
cq Pi

p
0 p
!> ¡3
•H
P P
•H S
cq o3
o
f t  P

0
M P

l o5
f t 0

Pi
P p
0
P r î
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h o m o l o g o u s  s k i n  f o r  b e t w e e n  3  a n d  9  d a y s .  A l t h o u g h  t h i s  i s  l e s s  t h a n  t h e  l a t e n t  

p e r i o d  r e p o r t e d  f o r  t h e  r e a g i n i c  a n t i b o d y  i n  o t h e r  s p e c i e s  ( S t a n w o r t h ,  1 9 7 3 ) ,  

t h e  e x p o n e n t i a l  d e c a y  o f  b o t h  r e a g i n i c  a n t i b o d y  a c t i v i t y  a n d  I g E  i n  h o m o l o g o u s  

s k i n  ( A u g u s t i n ,  1 9 6 7 ;  I s h i z a k a  a n d  I s h i z a k a ,  1 9 7 1 )  i n d i c a t e s  t h a t  t h e  d u r a t i o n  

o f  d e t e c t a b l e  l e v e l s  w i l l  b e  d e p e n d e n t  u p o n  t h e  i n i t i a l  a n t i b o d y  t i t r e .  T h u s  

i n t e r s p e c i e s  v a r i a t i o n  i n  l a t e n c y  i s  t o  b e  e x p e c t e d .

L i k e  h u m a n  I g E  ( D o r r i n g t o n  a n d  B e n n i c h ,  1 9 7 3 ) ,  h o r s e  r e a g i n  i s  t h e r m o l a b i l e  

a t  3 6 ° C  a n d  i s  s e n s i t i v e  t o  t h i o l  r e d u c t i o n .  I n  c o n t r a s t ,  I g G  a n t i b o d i e s  a r e  

t y p i c a l l y  t h e r m o s t a b l e  a t  %6°C  ( B r y a n t  e t  a l . ,  1 9 7 3 )  and- r e t a i n  t h e i r  b i o l o g i c a l  

a c t i v i t y  w h e n  d i a l y s e d  a g a i n s t  t h i o l  r e d u c i n g  a g e n t s  a t  n e u t r a l  p H  ( S t a n w o r t h  

a n d  T u r n e r ,  1 9 7 3 )  •

P - K  a c t i v i t y  i n  t h e  D E A E - c e l l u l o s e  e l u a t e  w a s  d e t e c t e d  o v e r l a p p i n g  i n  p a r t  

t h e  m a j o r  I g G  p e a k  a n d  e x t e n d i n g  i n t o  t r a i l i n g  I g G  f r a c t i o n ,  b u t  n o t  o v e r l a p p i n g  

t h e  I g M  f r a c t i o n .  A f t e r  D E A E - S e p h a d e x  c h r o m a t o g r a p h y  o f  w h o l e  r e a g i n i c  h u m a n  

s e r u m  o r  i s o l a t e d  i m m u n o g l o b u l i n  f r a c t i o n s  u s i n g  T r i s - H C l  ( p H  8 . 0 )  b u f f e r ,  t h e  

P - K  a c t i v i t y  i s  s i m i l a r l y  d i s t r i b u t e d  a b o u t  t h e  I g G  a n d  I g f i  p e a k s  a n d  i s  e l u t e d  

i n  t h e  m o l a r  r a n g e  0 . 1 M  -  0 . 3 M  ( i s h i z a k a  a n d  I s h i z a k a ,  1 9 6 7 ;  J o h a n s s o n  e t  a l . ,  

1968 ; P e r e l m u t t e r  a n d  L i a k o p o u l o u ,  1 9 7 1 ) .  A l t h o u g h  t h e  S e p h a d e x  c h r o m a t o g r a p h y  

m e d iu m  u s e d  b y  t h e s e  a u t h o r s  d i f f e r s  f r o m  t h e  c e l l u l o s e  m e d iu m  u s e d  i n  t h e  p r e s e n t  

s t u d y ,  t h e  D E A E  a n i o n  e x c h a n g e  g r o u p  i s  t h e  s a m e  a n d  t h e  s i m i l a r i t y  i n  e l u t i o n  

c h a r a c t e r i s t i c s  o f  t h e  h o m o c y t o t r o p i c  a n t i b o d y  i n  h o r s e  a n d  h u m a n  s e r u m ,  p a r t i ­

c u l a r l y  i n  r e l a t i o n  t o  t h e  m a j o r  i m m u n o g l o b u l i n  c l a s s e s ,  i n d i c a t e s  s o m e  s i m i l a r i t y  

i n  n e t  m o l e c u l a r  c h a r g e .

T h e  d i s t r i b u t i o n  o f  d e t e c t a b l e  P - K  a c t i v i t y  a f t e r  D E A E  c h r o m a t o g r a p h y  o f  h o r s e  

s e r u m  d o e s  n o t  p a r a l l e l  t h a t  o f  t h e  i m m u n o g l o b u l i n  c l a s s e s  G a b ,  G c ,  G ( T )  a n d  M , 

s u g g e s t i n g  t h a t  t h i s  a c t i v i t y  r e s i d e s  o u t s i d e  t h e s e  c l a s s e s .  H o w e v e r ,  t h e  

p o s s i b i l i t y  r e m a i n s  t h a t  t h e  e q u i n e  h o m o c y t o t r o p i c  a c t i v i t y  m a y  b e  a s s o c i a t e d  

w i t h  t h e  r e m a i n i n g  i m m u n o g l o b u l i n  c l a s s e s ,  n a m e l y  I g A ,  A l  ( a g g r e g a t i n g  im m u n o ­

g l o b u l i n )  a n d  1 0 S ^ ^  i m m u n o g l o b u l i n .  T h e  r e s p e c t i v e  b i o l o g i c a l  r o l e s  o f  A l  a n d  

t h e  1 0 S   ̂ i m m u n o g l o b u l i n  h a v e  n o t  b e e n  e l u c i d a t e d .  H o w e v e r ,  t h e  l a t t e r  im m u n o ­

g l o b u l i n ,  o c c u r r i n g  i n  a n t i - ( 3  l a c t o s i d e  s e r a ,  i s  s e n s i t i v e  t o  2 - m e r c a p t o e t h a n o l  

r e d u c t i o n  ( R a y n a u d  a n d  I s k a k i ,  1 9 7 0 )  a n d  p r o b a b l y  m e r i t s  f u r t h e r  i n v e s t i g a t i o n  

o f  i t s  r e l a t i o n s h i p  w i t h  t h e  r e a g i n - l i k e  a n t i b o d y .

U n l i k e  t h e  c l a s s i c a l  w e a l  a n d  f l a r e  r e s p o n s e  i n  h u m a n  s k i n ,  t h e  P - K  r e s p o n s e  

i n  h o r s e  s k i n  e l i c i t e d  u s i n g  w h o l e  s e r u m  a p p e a r s  b i p h a s i c .  T h e  i n i t i a l  w e a l - l i k e  

r e s p o n s e  o b s e r v e d  w i t h i n  30 -  60 m i n u t e s  i s  f o l l o w e d  b y  a  p e r i o d  d u r i n g  w h i c h  t h e  

d e r m a l  r e s p o n s e  i n c r e a s e s  i n  s i z e  f o r  u p  t o  6 h o u r s .  S i m i l a r  r e a c t i o n s  h a v e  b e e n  

o b s e r v e d  i n  h o r s e  s k i n  f o l l o w i n g  b o t h  i / d  c h a l l e n g e  o f  s e n s i t i s e d  i n d i v i d u a l s  

w i t h  p a r a s i t i c  a n t i g e n s  a n d  i / d  c h a l l e n g e  w i t h  a r t i f i c i a l  m a s t  c e l l  d e g r a n u l a t i n g  

c o m p o u n d s  ( M a n s m a n  a n d  M a n s m a n ,  1 9 7 3 ) .  W h e t h e r  t h e  p r o l o n g e d  p h a s e  o f  t h e  P - K  

r e s p o n s e s  o b s e r v e d  i n  t h e  p r e s e n t  s t u d y  i s  t h e  r e s u l t  o f  a n  A r t h u s - t y p e  r e s p o n s e
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m e d i a t e d  b y  n o n - h o m o c y t o t r o p i c  a n t i b o d i e s  i s  n o t  k n o w n .  H o w e v e r ,  t h e  e l i m i n a t i o n  

o f  b o t h  p h a s e s  o f  t h e  P - K  r e s p o n s e  f o l l o w i n g  h e a t i n g  a n d  t h i o l  r e d u c t i o n  o f  t h e  

s e n s i t i s i n g  s e r u m  s u g g e s t s  t h e  e n t i r e  r e s p o n s e  i s  d e p e n d e n t  u p o n  r e a g i n i c - t y p e  

a n t i b o d i e s .  F u r t h e r m o r e ,  t h e  p e r s i s t e n c e  o f  a  b i p h a s i c  r e s p o n s e  u p  t o  5 d a y s  

a f t e r  s e n s i t i s a t i o n  s u g g e s t s  t h a t  n o n - c y t o t r o p i c  I g G  a n t i b o d i e s  p l a y  n o  r o l e  i n  

t h e  g e n e s i s  o f  t h e  r e s p o n s e ,  t h e  e s t i m a t e d  h a l f - l i f e  o f  t h e s e  a n t i b o d i e s  i n  s k i n  

b e i n g  8 - 1 2  h o u r s  ( K u h n s ,  1 9 6 1 ) .  T h e  o c c u r r e n c e  o f  i s o l a t e d  3 0  -  6 0  m i n u t e  P - K  

r e s p o n s e s  a t  s i t e s  s e n s i t i s e d  b y  D E A E - 3 2  p e a k s  2 - 6  i n d i c a t e s ,  h o w e v e r ,  t h a t  o n e  

o r  m o r e  a d d i t i o n a l  s e r u m  f a c t o r s  m a y  b e  i n v o l v e d  i n  t h e  g e n e s i s  o f  t h e  2 - 6  h o u r  

p h a s e  o f  t h e  r e a g i n  d e p e n d e n t  r e s p o n s e .  A l t e r n a t i v e l y ,  s h o u l d  t h e  d e l a y e d  p h a s e  

o f  t h e  P - K  r e s p o n s e  b e  d e p e n d e n t  o n  h i g h  t i t r e s  o f  s e n s i t i s i n g  a n t i b o d y ,  t h e n  

/ d i l u t i o n  a n d  l o s s  o f  t h e  a n t i b o d y  d u r i n g  D E A E  f r a c t i o n a t i o n  m a y  h a v e  r e s u l t e d  i n  

i n s u f f i c i e n t  a m o u n t s  o f  t h e  a n t i b o d y  i n  t h e  f i n a l  f r a c t i o n s  t o  i n i t i a t e  t h e  

d e l a y e d  r e s p o n s e .

T h e  b i p h a s i c  P - K  r e s p o n s e  i n  h o r s e  s k i n  i s  m o r p h o l o g i c a l l y  s i m i l a r  t o  t h e  I g E  

d e p e n d e n t  l a t e  c u t a n e o u s  a n a p h y l a c t i c  r e s p o n s e  ( L C A B )  i n  m a n ,  t y p i c a l l y  e l i c i t e d  

b y  d i r e c t  i / d  c h a l l e n g e  o f  a l l e r g i c  i n d i v i d u a l s  w i t h  h i g h  d o s e s  o f  a l l e r g e n  

(U m e m o t o  e t  a l . , 1 9 7 6 ) .  L e s s  i n t e n s e  L C A B s  h a v e  b e e n  o b s e r v e d  f o l l o w i n g  P - K  

t e s t i n g  o f  h u m a n  s e r u m  i n  h o m o l o g o u s  s k i n  ( D o l o v i c h  e t  a l . ,  1 9 7 3 ) •

T h e  a b s e n c e  o f  p o s i t i v e  P - K  r e s p o n s e s  a t  s i t e s  s e n s i t i s e d  w i t h  a c t i v e  s t a g e  

E S D  s e r a  m a y  h a v e  a r i s e n  d u e  t o  t h e  a b s e n c e  o f  d e t e c t a b l e  l e v e l s  o f  r e a g i n - l i k e  

a n t i b o d i e s  i n  t h e  s e n s i t i s i n g  s e r u m ,  o r  f r o m  t h e  p r e s e n c e  o f  a n t i g e n  s p e c i f i c  

b l o c k i n g  a n t i b o d i e s  a r i s i n g  f r o m  c h a l l e n g e  d u r i n g  t h e  p r e v i o u s  s u m m e r .  A n t i g e n  

s p e c i f i c  I g G  a n t i b o d i e s  h a v e  b e e n  i n d u c e d  i n  m a n  f o l l o w i n g  p r o l o n g e d  a n t i g e n  

e x p o s u r e  ( D e v e y  e t  a l . ,  1 9 7 6 ) ,  a l t h o u g h  t h e i r  b i o l o g i c a l  r o l e  i n  t h e  i n h i b i t i o n  

o f  r e a g i n  d e p e n d e n t  h y p e r s e n s i t i v i t y  r e s p o n s e s  i s  n o t  f u l l y  u n d e r s t o o d  ( i s h i z a k a  

a n d  I s h i z a k a ,  1 9 7 3 ) -  F i s h e r  a n d  C o n n e l  ( 1962 )  h a v e  s h o w n  t h a t  a n t i g e n  s p e c i f i c  

b l o c k i n g  a n t i b o d i e s  i n  h u m a n  s e r a  c a n  c o n f e r  a n a p h y l a c t i c  s e n s i t i v i t y  o n  h e t e r -  

I o l o g o u s  s k i n .  I n  t h e  h o r s e ,  C o r d a l  a n d  M a r g n i  ( 1 9 7 l f )  h a v e  d e m o n s t r a t e d  t h e

o c c u r r e n c e  o f  I g G  a n t i b o d i e s  i n  h y p e r i m m u n e  s e r u m  w h i c h  a r e  c a p a b l e  o f  c o n f e r r i n g  

s h o r t - t e r m  a n a p h y l a c t i c  s e n s i t i v i t y  o n  h e t e r o l o g o u s  s k i n ,  s u g g e s t i n g  t h a t  h o r s e s  

m a y  p r o d u c e  a n  a n t i b o d y  f u n c t i o n a l l y  s i m i l a r  t o  a  h u m a n  I g G  b l o c k i n g  a n t i b o d y .

T h e  r e s u l t s  o f  t h i s  s t u d y  h a v e  s h o w n  t h e  o c c u r r e n c e  o f  a  r e a g i n - l i k e  a n t i b o d y  

i n  h o r s e  s e r u m  f u n c t i o n a l l y  s i m i l a r  t o  h u m a n  I g E ,  a n d  s h a r i n g  a  n u m b e r  o f  

b i o l o g i c a l  p r o p e r t i e s  i n  c o m m o n  w i t h  h u m a n  I g E .  I n  t h e s e  r e s p e c t s  t h i s  a n t i b o d y  

f u l f i l s  Y a e r m a n ' s  s e c o n d  a n d  t h i r d  c r i t e r i a  o f  i n t e r s p e c i e s  p r o t e i n  h o m o l o g y ,  

s u g g e s t i n g  t h e  a n t i b o d y  m a y  c o r r e s p o n d  t o  h u m a n  I g E .

A C K N O W L E D G E M E N T S

T h e  H o r s e r a c e  B e t t i n g  L e v y  B o a r d  i s  t h a n k e d  f o r  p r o v i d i n g  f i n a n c i a l  s u p p o r t
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f o r  D r .  M a t t h e w s  d u r i n g  t h e  c o u r s e  o f  t h i s  w o r k .
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A REAGIN-LIKE ANTIBODY IN HORSE SERUM

I I .  ANTI-HUMAN Ig E  INDUCED REVERSED CUTANEOUS ANAPHYLAXIS-LIKE RESPONSES IN 

HORSE SKIN

A . G .  M A T T H E W S 1 , P .  I M L A H 2 a n d  E . A .  M c P H E R S O N 1 

1 2D e p a r t m e n t  o f  V e t e r i n a r y  M e d i c i n e  a n d  D e p a r t m e n t  o f  A n i m a l  H e a l t h ,  U n i v e r s i t y  
o f  E d i n b u r g h ,  V e t e r i n a r y  F i e l d  S t a t i o n ,  E a s t e r  B u s h ,  R o s l i n ,  M i d l o t h i a n ,
E H 2 5  9 R G  ( G r e a t  B r i t a i n )
D r .  M a t t h e w s '  p r e s e n t  a d d r e s s :  R a t l e y  L o d g e ,  R a t l e y ,  B a n b u r y ,  O x f o r d ,
( G r e a t  B r i t a i n )

( A c c e p t e d  1 J u l y  1982 )

ABSTRACT

M a t t h e w s ,  A . G . , I m l a h ,  P .  a n d  M c P h e r s o n ,  E . A . , 1983 .  A  r e a g i n - l i k e  a n t i b o d y  i n  
h o r s e  s e r u m .  I I .  A n t i - h u m a n  I g E  i n d u c e d  r e v e r s e d  c u t a n e o u s  a n a p h y l a x i s - l i k e  
r e s p o n s e s  i n  h o r s e  s k i n .  V e t .  R e s .  C o m m u n . , 6 :  1 1 1 - 1 2 2 .

F c  s p e c i f i c  a n t i - h u m a n  I g E  s e r u m  i n d u c e d  p r o l o n g e d  r e v e r s e d  c u t a n e o u s  a n a ­
p h y l a x i s  ( R C A ) - l i k e  r e a c t i o n s  i n  h o r s e  s k i n .  M o r p h o l o g i c a l l y  a n d  h i s t o l o g i c a l l y ,  
t h e s e  r e a c t i o n s  r e s e m b l e d  p a s s i v e l y  i n d u c e d  l a t e  c u t a n e o u s  a n a p h y l a x i s  r e s p o n s e s  
i n  h u m a n  s k i n ,  b u t  d i f f e r e d  f r o m  r e v e r s e d  p a s s i v e  A r t h u s  r e s p o n s e s  i n d u c e d  i n  
h o r s e  s k i n  u s i n g  a n t i - h o r s e  I g G  s e r u m .  T h e  i n d u c t i o n  o f  R C A - l i k e  r e s p o n s e s  i n  
h o r s e  s k i n  b y  a n t i - h u m a n  I g E  i n d i c a t e s  s h a r e d  F c  a n t i g e n i c  d e t e r m i n a n t s  o n  h u m a n  
I g E  a n d  a  h o r s e  h o m o c y t o t r o p i c  o r  r e a g i n - l i k e  a n t i b o d y .

INTRODUCTION

R e a g i n - l i k e  a n t i b o d i e s ,  h o m o l o g u e s  o f  h u m a n  I g E ,  h a v e  b e e n  i d e n t i f i e d  i n  t h e  

s e r u m  o f  a  n u m b e r  o f  m a m m a l i a n  s p e c i e s  ( N e i l s e n ,  1 9 7 7 ) .

V a e r m a n  ( 1 9 7 0 )  p r o p o s e d  t h r e e  o r d e r s  o f  c r i t e r i a  t o  b e  a p p l i e d  i n  t h e  i d e n t i ­

f i c a t i o n  o f  i n t e r s p e c i e s  p r o t e i n  h o m o l o g y .  T h e  s e c o n d  a n d  t h i r d  o r d e r s  o f  

c r i t e r i a ,  t h o s e  o f  f u n c t i o n a l  a n d  b i o l o g i c a l  h o m o l o g y ,  h a v e  b e e n  s a t i s f i e d  i n  

t h e  c a s e  o f  h u m a n  I g E  a n d  a n  e q u i n e  r e a g i n - l i k e  a n t i b o d y  ( M a t t h e w s ,  1 9 8 1 ;  

M a t t h e w s  e t  a l . ,  1983 ) .  T h e  f i r s t  o r d e r  c r i t e r i o n  e s t a b l i s h i n g  h o m o l o g y  o f  t h e s e  

a n t i b o d i e s ,  t h a t  o f  i m m u n o l o g i c a l  c r o s s  r e a c t i v i t y  a n d  a m i n o  a c i d  s e q u e n c e  

h o m o l o g y ,  i s  e x a m i n e d  i n  t h e  p r e s e n t  p a p e r .

I s h i z a k a  a n d  I s h i z a k a  ( 1968 )  d e s c r i b e d  t h e  i n d u c t i o n  o f  t y p i c a l  w e a l  a n d  f l a r e  

r e s p o n s e s  f o l l o w i n g  i n t r a d e r m a l  ( i / d )  i n j e c t i o n  o f  a n t i - h u m a n  I g E  i n t o  h u m a n  

v o l u n t e e r s .  T h i s  r e a c t i o n  w a s  d e s c r i b e d  a s  r e v e r s e d  c u t a n e o u s  a n a p h y l a x i s  ( R C A )
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a n d  i / d  i n j e c t i o n  o f  a n t i - h u m a n  I g G ,  I ^ i ,  I g A  a n d  I g D  s e r u m  f a i l e d  t o  i n d u c e  

s i m i l a r  r e s p o n s e s .  S u b s e q u e n t l y ,  I s h i z a k a  a n d  I s h i z a k a  ( 1 9 ^ 9 )  d e m o n s t r a t e d  t h a t  

t h e  a p p a r e n t  b r i d g i n g  o f  a d j a c e n t  I g E  m o l e c u l e s  o n  t h e  s u r f a c e  m e m b r a n e s  o f  b a s o ­

p h i l s  b y  t h e  b i v a l e n t  F  f r a g m e n t  o f  a n  a n t i b o d y  d i r e c t e d  s p e c i f i c a l l y

a g a i n s t  t h e  F c  a n t i g e n i c  d e t e r m i n a n t s  o n  t h e  I g E  m o l e c u l e s  r e s u l t e d  i n  t h e  

r e l e a s e  o f  i n t r a c e l l u l a r  v a s o a c t i v e  m e d i a t o r s ,  a n d  i t  w a s  p o s t u l a t e d  t h a t  a  

s i m i l a r  m e c h a n i s m  p r o b a b l y  r e s u l t e d  i n  t h e  a n t i - I g E  m e d i a t e d  R C A  r e s p o n s e s  v i a  

I g E  c o a t e d  d e r m a l  m a s t  c e l l s .

T h u s ,  i f  c o m m o n  h e a v y  c h a i n  a n t i g e n i c  d e t e r m i n a n t s  e x i s t  o n  t h e  F c  f r a g m e n t s  

o f  h e t e r o l o g o u s  r e a g i n i c  a n t i b o d i e s ,  i n o c u l a t i o n  o f  F c  s p e c i f i c  a n t i - h u m a n  I g E  

s e r a  s h o u l d  e l i c i t  R C A - t y p e  r e s p o n s e s  i n  h e t e r o l o g o u s  s k i n .  Y e t ,  i t  i s  o n l y  i n  

t h e  d o g  a n d  a  m a r s u p i a l ,  t h e  q u o k k a  ( S e t o n i x  b r a c h y u r u s ) ,  t h a t  t h i s  r e l a t i v e l y  

s i m p l e  i n d i c a t o r  o f  s h a r e d  a n t i g e n i c  d e t e r m i n a n t s  h a s  b e e n  d e s c r i b e d  ( H a l l i w e l l  

e t  a l . ,  1 9 7 2 ;  L y n c h  a n d  T u r n e r ,  1 9 7 U ) - I n  t h e  p r e s e n t  s e r i e s  o f  e x p e r i m e n t s  t h e  

i n d u c t i o n  o f  R C A - l i k e  r e s p o n s e s  i n  h o r s e  s k i n  b y  a n t i - h u m a n  I g E  i s  d e s c r i b e d  a n d  

c o m p a r e d  t o  t h e  r e s p o n s e s  e l i c i t e d  b y  i n o c u l a t i o n  o f  a n t i s e r a  a g a i n s t  h o r s e  

i m m u n o g l o b u l i n s  a n d  i m m u n o g l o b u l i n  f r a g m e n t s .

M A T E R I A L S  A M D  M E T H O D S

H o r s e s

E i g h t  h o r s e s  f r o m  t h e  e x p e r i m e n t a l  s t o c k  m a i n t a i n e d  b y  t h e  D e p a r t m e n t  o f  

V e t e r i n a r y  M e d i c i n e  o f  t h e  U n i v e r s i t y  o f  E d i n b u r g h  w e r e  u s e d .

I n t r a d e r m a l  p r o c e d u r e s

L a t e r a l  c e r v i c a l  t e s t  s i t e s  w e r e  u s e d  t h r o u g h o u t .

A n t i - h u m a n  I g E

0 . 1  m l  o f  F c  s p e c i f i c  s h e e p  a n t i - h u m a n  I g E  s e r u m  ( S h  A h  I g E )  ( N o r d i c  Im m u n o ­

l o g i c a l  L a b o r a t o r i e s ,  M a i d e n h e a d ,  E n g l a n d )  a n d  0 . 1  m l  o f  f r e s h  s h e e p  s e r u m  w e r e  

i n j e c t e d  i / d  a t  s e p a r a t e  s i t e s  i n t o  h o r s e s  1 t o  6 . T h e  r e s p o n s e  t o  c h a l l e n g e  

w i t h  g l o b u l i n  a n d  c o n t r o l  s e r u m  w a s  r e c o r d e d  a s  t h e  h o r i z o n t a l  d i a m e t e r  o f  t h e  

r e a c t i o n  (m m )  a t  5 ) 3 0 ,  60 ,  120 a n d  J 60 m i n u t e s ,  a n d  a t  2 l+ h o u r s .

A n t i - h o r s e  i m m u n o g l o b u l i n s

0 .1  m l  o f  t h e  a n t i - i m m u n o g l o b u l i n  s e r u m  a n d  0 .1  m l  o f  t h e  r e s p e c t i v e  c o n t r o l  

s e r u m  w e r e  i n j e c t e d  i / d  i n t o  s e p a r a t e  s i t e s  o n  t h e  e x p e r i m e n t a l  h o r s e s  a s  f o l l o w s :  

F c  s p e c i f i c  r a b b i t  a n t i - h o r s e  I g G  s e r u m  ( R b  A e q  I g G )  i n t o  h o r s e s  6 ,  7  a n d  8 , 

r a b b i t  a n t i - w h o l e  h o r s e  s e r u m  ( R b  A e q  W S )  i n t o  h o r s e s  1 a n d  2 ,  F c  s p e c i f i c  g o a t
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a n t i - h o r s e  I g G  ( T )  s e r u m  ( G t  A e q  I g G  ( t ) )  i n t o  h o r s e  1 ,  a n d  p i g  a n t i - h o r s e  l i g h t  

c h a i n  ( k a p p a  a n d  l a m d a  d e t e r m i n a n t s )  s e r u m  ( S w  A e q  L c )  i n t o  h o r s e  J .  T h e s e  s e r a  

w e r e  p u r c h a s e d  f r o m  M i l e s  L a b o r a t o r i e s  L t d . ,  S l o u g h ,  E n g l a n d .

T h e  a n t i b o d y  a c t i v i t y  o f  t h e  t e s t  a n t i s e r a  w a s  c h e c k e d  b y  i m m u n o e l e c t r o -  

p h o r e s i s  p r i o r  t o  i / d  u s e .

T h e  d e r m a l  r e s p o n s e s  w e r e  r e c o r d e d  a s  a b o v e .

| V}' D e r m a l  b i o p s y

S h  A h  I g E  a n d  c o n t r o l  s h e e p  s e r u m  w e r e  e a c h  i n o c u l a t e d  a t  t h r e e  s i t e s  i n
■i

h o r s e s  a n d  5. Rh A e q  I g G  a n d  c o n t r o l  r a b b i t  s e r u m  w e r e  e a c h  i n o c u l a t e d  a t  

t h r e e  s i t e s  i n  h o r s e s  7 a n d  8 . O n  e a c h  a n i m a l  a  s e p a r a t e  p a i r  o f  s i t e s ,  c o n ­

s i s t i n g  o f  o n e  t e s t  s i t e  a n d  o n e  c o n t r o l  s i t e ,  w e r e  b i o p s i e d  a t  3 °  m i n u t e s ,  

i t  h o u r s  a n d  2 h o u r s  p o s t  i n o c u l a t i o n .  P u l l  t h i c k n e s s  d e r m a l  b i o p s i e s  w e r e  

r e m o v e d  f r o m  t h e  c e n t r e  o f  t h e  l e s i o n  u s i n g  a n  8 mm b i o p s y  p u n c h  u n d e r  l o c a l  

a n a e s t h e s i a .  B i o p s y  s p e c i m e n s  w e r e  t r a n s f e r r e d  i n t o  B o u i n ' s  f i x a t i v e  a n d ,  

a f t e r  p r o c e s s i n g  t o  w a x ,  6 pm  s e c t i o n s  w e r e  p r e p a r e d  a n d  s t a i n e d  w i t h  h a e m a t o x y -  

l i n  a n d  e o s i n ,  G i e m s a  a n d  c a r b o l  c h r o m o t r o p e .  F o r  r e f e r e n c e ,  b i o p s i e s  w e r e  

t a k e n  f r o m  u n t r e a t e d  s i t e s  i n  t w o  h o r s e s .

R E S U L T S

I n t r a d e r m a l  p r o c e d u r e s

T h e  h o r i z o n t a l  d i a m e t e r s  o f  t h e  r e a c t i o n s  a t  i n c r e a s i n g  i n t e r v a l s  a f t e r  i / d  

i n o c u l a t i o n  o f  S h  A h  I g E  a n d  t h e  v a r i o u s  a n t i - h o m o l o g o u s  w h o l e  s e r a  a n d  im m u n o ­

g l o b u l i n  s e r a  a r e  p r e s e n t e d  i n  T a b l e  I .

A n t i - h u m a n  I g E

F o l l o w i n g  i / d  i n o c u l a t i o n  o f  S h  A h  I g E ,  a  d i s c r e t e  w e a l - l i k e  r e a c t i o n  w a s  

a p p a r e n t  w i t h i n  JO  m i n u t e s  i n  a l l  s i x  h o r s e s , t h e  d i a m e t e r  o f  w h i c h  w a s  $  o r  

m o r e  mm g r e a t e r  t h a n  t h a t  o f  t h e  i n i t i a l  i / d  b l e b .  T h e s e  r e a c t i o n s  c o n t i n u e d  

t o  i n c r e a s e  i n  s i z e  f o r  u p  t o  J6 0  m i n u t e s  a n d ,  w i t h  t h e  e x c e p t i o n  o f  h o r s e  6 , 

h a d  d i s p e r s e d  b y  2 l |  h o u r s .  I n  h o r s e  6 ,  a  d i f f u s e  r a i s e d  r e a c t i o n  w a s  e v i d e n t  

a t  b o t h  t h e  c h a l l e n g e  a n d  c o n t r o l  s i t e s  a t  21+ h o u r s .  C o m p a r a b l e  r e s p o n s e s  d i d  

n o t  o c c u r  a f t e r  s h e e p  s e r u m  c h a l l e n g e  o f  h o r s e s  1 t o  5 > a l t h o u g h  t h e  i n i t i a l  

i n j e c t i o n  b l e b  r e m a i n e d  a p p a r e n t  f o r  u p  t o  2  h o u r s .  I n  h o r s e  6 , a  r e a c t i o n  w a s  

a p p a r e n t  a t  t h e  c o n t r o l  s i t e  a t  J6 0  m i n u t e s ,  a l t h o u g h  t h i s  r e s p o n s e  w a s  l e s s  

m a r k e d  t h a n  a t  t h e  S h  A h  I g E  s i t e .
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A n t i - h o r s e  I m m u n o g l o b u l i n s

F o l l o w i n g  i / d  i n o c u l a t i o n  o f  R b  A e q  I g G ,  n o  i n c r e a s e  i n  d i a m e t e r  o f  t h e  i n j e c ­

t i o n  b l e b  w a s  a p p a r e n t  f o r  1 t o  2 h o u r s ,  a l t h o u g h  a  m a r k e d  r e s p o n s e  w a s  a p p a r e n t  

b y  360 m i n u t e s .  T h e  r e a c t i o n s  i n d u c e d  b y  S h  A h  I g E  a n d  R b  A e q  I g G  w e r e  i d e n t i c a l

a t  360 m i n u t e s ,  e a c h  s h o w i n g  h e a t ,  s e n s i t i v i t y  a n d ,  i n  s o m e  c a s e s ,  d e p e n d e n t

o e d e m a .  I n  t w o  o f  t h e  t h r e e  R b  A e q  I g G  r e c i p i e n t s ,  t h e  r e a c t i o n s  w e r e  s t i l l  

a p p a r e n t  a t  21* h o u r s  a s  d i f f u s e  p l a q u e - l i k e  d e r m a l  s w e l l i n g s .  N o r m a l  r a b b i t  

s e r u m  f a i l e d  t o  e l i c i t  a  c o m p a r a b l e  r e s p o n s e  i n  t h e  t h r e e  r e c i p i e n t  h o r s e s ,  

a l t h o u g h  a  d i f f u s e  s w e l l i n g  w a s  o b s e r v e d  2i+ h o u r s  a f t e r  r a b b i t  s e r u m  c h a l l e n g e  

o f  h o r s e  6 .

i / d  c h a l l e n g e  w i t h  G t  A e q  I g G  ( T )  a n d  c o n t r o l  g o a t  s e r u m  r e s u l t e d  i n  w e a l ­

l i k e  r e s p o n s e s  w h i c h  i n c r e a s e d  i n  d i a m e t e r  f o r  u p  t o  j 60 m i n u t e s  i n  b o t h  c a s e s .

i / d  c h a l l e n g e  w i t h  S w  A e q  L c  a n d  R b  A e q  W S  r e s u l t e d  i n  a  w e a l - l i k e  r e s p o n s e

a t  120 m i n u t e s ,  w h i c h  i n  t h e  l a t t e r  c a s e  i n c r e a s e d  m a r k e d l y  u p  t o  J 60 m i n u t e s

a n d  w a s  s t i l l  p r e s e n t  i n  h o r s e  1 a s  a  d i s c r e t e  w e a l - l i k e  l e s i o n  1*8 h o u r s  a f t e r  

c h a l l e n g e .  I n  t h e s e  r e c i p i e n t s  n o  r e a c t i o n s  r e s u l t e d  f r o m  c h a l l e n g e  w i t h  p i g  o r  

r a b b i t  s e r u m  c o n t r o l s .

D e r m a l  b i o p s i e s

T h e  h i s t o p a t h o l o g i c a l  f i n d i n g s  o f  t h e  d e r m a l  b i o p s i e s  t a k e n  a f t e r  c h a l l e n g e  

w i t h  S h  A h  I g E  a n d  R b  A e q  I g G  a n d  t h e i r  r e s p e c t i v e  c o n t r o l s  a r e  s u m m a r i s e d  i n  

T a b l e  I I .

A n t i - h u m a n  I g E

B i o p s i e s  t a k e n  3 0  m i n u t e s  a f t e r  i / d  i n o c u l a t i o n  o f  S h  A h  I g E  s h o w e d  a  v i g o r o u s  

r e a c t i o n  i n v o l v i n g  t h e  v e n u l e s  a n d  p r e c a p i l l a r i e s  o f  t h e  m i d d l e  a n d  d e e p  d e r m i s .  

A c c o m p a n y i n g  t h e  v a s o d i l a t i o n  a n d  o e d e m a ,  t h e  e n d o t h e l i a l  c e l l s  i n  s o m e  o f  t h e  

v e s s e l  w a l l s  a p p e a r e d  t o  b e  s w o l l e n ,  w i t h  p a l e  o r  o c c a s i o n a l l y  p y k n o t i c  n u c l e i  

a n d  t h e r e  w a s  a  m a r k e d  i n t r a v a s c u l a r  a c c u m u l a t i o n  a n d  t r a n s m u r a l  m i g r a t i o n  o f  

n e u t r o p h i l  l e u c o c y t e s .  E o s i n o p h i l  l e u c o c y t e s  w e r e  n o t  o b s e r v e d  i n  t h e  3 0 - m i n u t e  

b i o p s i e s  f r o m  e i t h e r  h o r s e .  I n  t h e  c o n t r o l  b i o p s i e s ,  c o m p a r a b l e  v a s c u l a r  a n d  

c e l l u l a r  r e a c t i o n s  w e r e  n o t  p r e s e n t .

P o u r  h o u r s  a f t e r  c h a l l e n g e  w i t h  S h  A h  I g E ,  t h e  c e l l u l a r  r e a c t i o n  w a s  p r e ­

d o m i n a n t l y  p e r i v a s c u l a r .  T r a n s m u r a l  n e u t r o p h i l  m i g r a t i o n  w a s  s t i l l  o c c u r r i n g  a t  

i*  h o u r s  a n d  t h e r e  w a s  e v i d e n c e  o f  c y t o p l a s m i c  s w e l l i n g ,  v a c u o l a t i o n  a n d  p y k n o s i s  

o f  t h e  v a s c u l a r  e n d o t h e l i a l  c e l l s .  O e d e m a  w a s  s t i l l  a p p a r e n t  a n d  i n  h o r s e  5  

t h e r e  w a s  p e r i v a s c u l a r  l y m p h a t i c  d i s t e n s i o n .  T h e  c o n t r o l  b i o p s i e s  a t  t h i s  t i m e  

s h o w e d  e s s e n t i a l l y  n o r m a l  d e r m i s ,  a l t h o u g h  a  l i m i t e d  p e r i v a s c u l a r ,  m a i n l y  p o l y ­

m o r p h o n u c l e a r  i n f i l t r a t e  w a s  o b s e r v e d  a s s o c i a t e d  w i t h  s o m e  o f  t h e  b l o o d  v e s s e l s  

i n  t h e  d e e p  d e r m i s  o f  h o r s e  5 .
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T h e  d e r m a l  b i o p s i e s  2I4 h o u r s  a f t e r  S h  A h  I g E  a n d  n o r m a l  s h e e p  s e r u m  c h a l l e n g e  

i n  b o t h  h o r s e s  s h o w e d  a  p r e d o m i n a n t l y  m o n o n u c l e a r  p e r i v a s c u l a r  a n d  c o l l a g e n o u s  

c e l l u l a r  r e a c t i o n  w h i c h  w a s  m o r e  m a r k e d  i n  h o r s e  5 -  L y m p h o c y t e s  p r e d o m i n a t e d  

w i t h  o c c a s i o n a l  m a c r o p h a g e s  a n d  e o s i n o p h i l s .  B o t h  c o n t r o l  b i o p s i e s  s h o w e d  a  

l i m i t e d  p e r i v a s c u l a r  i n f l a m m a t o r y  r e s p o n s e ,  p o s s i b l y  t h e  r e s u l t  o f  f o r e i g n  

p r o t e i n  c h a l l e n g e .

A n t i - h o r s e  I g G

T h i r t y  m i n u t e s  a f t e r  i / d  c h a l l e n g e  w i t h  R b  A e q  I g G ,  t h e  b i o p s y  f r o m  h o r s e  7  V

s h o w e d  n o r m a l  d e r m i s  w h i l e  t h a t  f r o m  h o r s e  8 s h o w e d  l i m i t e d  i n t r a v a s c u l a r  

a c c u m u l a t i o n  o f  n e u t r o p h i l  l e u c o c y t e s  a f f e c t i n g  o n l y  a  f e w  v e s s e l s .  B o t h
i.

c o n t r o l  b i o p s i e s  s h o w e d  o n l y  n o r m a l  d e r m i s .

P o u r  h o u r s  a f t e r  R b  A e q  I g G  c h a l l e n g e ,  b i o p s i e s  f r o m  b o t h  h o r s e s  s h o w e d  a  

v i g o r o u s  c e l l u l a r  r e a c t i o n  i n  a n d  a r o u n d  d i l a t e d  a n d  o c c a s i o n a l l y  t h r o m b o s e d  

p r e c a p i l l a r i e s  a n d  v e n u l e s  i n  t h e  m i d d l e  a n d  d e e p  d e r m i s .  T h e r e  w a s  t r a n s m u r a l  

m i g r a t i o n  a n d  p e r i v a s c u l a r  a c c u m u l a t i o n  o f  p r e d o m i n a n t l y  n e u t r o p h i l  l e u c o c y t e s ,  

m a n y  o f  w h i c h  a p p e a r e d  p y k n o t i c  a n d  d y i n g .  T h e  m a j o r i t y  o f  t h e  i n f i l t r a t i n g  

m o n o n u c l e a r  c e l l s  w e r e  m a c r o p h a g e s .  D e r m a l  o e d e m a ,  h a e m o r r h a g e  a n d  a c c u m u l a t i o n  

o f  h o m o g e n e o u s  e o s i n o p h i l i c  m a t e r i a l  w e r e  p r e s e n t  i n  b o t h  b i o p s i e s  a n d ,  i n  t h e  

b i o p s y  t a k e n  f r o m  h o r s e  8 ,  f o c a l  a r e a s  o f  n e c r o s i s  a r o u n d  o b l i t e r a t e d  b l o o d  

v e s s e l s  w e r e  a p p a r e n t  i n  t h e  d e e p  d e r m i s .  C o n t r o l  b i o p s i e s  s h o w e d  n o  c h a n g e s  

f r o m  n o r m a l ,  w i t h  t h e  e x c e p t i o n  o f  i n t e r s t i t i a l  o e d e m a  i n  h o r s e  8 .

T w e n t y - f o u r  h o u r s  a f t e r  i / d  R b  A e q  I g G  c h a l l e n g e  o f  b o t h  h o r s e s ,  t h e r e  w a s  

m a r k e d  c e l l u l a r  i n f i l t r a t i o n ,  e x t e n s i v e  i n t e r s t i t i a l  o e d e m a ,  h a e m o r r h a g e  a n d  

a c c u m u l a t i o n  o f  h o m o g e n e o u s  e o s i n o p h i l i c  m a t e r i a l .  M a n y  o f  t h e  b l o o d  v e s s e l s  

a p p e a r e d  t o  b e  o b l i t e r a t e d  b y  o v e r t  n e c r o s i s .  A  m i x e d  p o p u l a t i o n  o f  c e l l s  w a s  

p r e s e n t  i n  b o t h  t e s t  b i o p s i e s ,  t h e  r e l a t i v e  n u m b e r s  o f  m o n o n u c l e a r  c e l l s  h a v i n g  

i n c r e a s e d .  E x a m i n a t i o n  o f  b o t h  2 l | . - h o u r  c o n t r o l  b i o p s i e s  s h o w e d  a  d i f f u s e ,  

p r e d o m i n a n t l y  n e u t r o p h i l  r e s p o n s e  w i t h  e v i d e n c e  o f  l i m i t e d  v a s c u l a r  d e g e n e r a t i o n .  

R e l a t i v e l y  f e w e r  m a c r o p h a g e s  w e r e  p r e s e n t  i n  t h e  c o n t r o l  i n  c o m p a r i s o n  t o  t h e  

t e s t  r e a c t i o n s .

D I S C U S S I O N

T h e s e  o b s e r v a t i o n s  o n  i / d  S h  A h  I g E  i n o c u l a t i o n  i n  t h e  h o r s e  i n d i c a t e  t h a t  t h e  

a n t i g l o b u l i n  i s  c a p a b l e  o f  i n d u c i n g  a n  i m m e d i a t e  a n d  p r o l o n g e d  r e s p o n s e  s i m i l a r  

t o  t h e  r e s p o n s e  e l i c i t e d  i n  h o r s e  s k i n  u s i n g  a  P r a u z n i t z - K ü s t n e r  ( P - K )  m o d e l  

( M a t t h e w s  e t  a l . ,  1 9 8 3 ) .  F u r t h e r m o r e ,  t h e  a n t i - I g E  i n d u c e d  r e s p o n s e  a p p e a r s  t o  

b e  m o r p h o l o g i c a l l y  s i m i l a r  t o  t h a t  r e p o r t e d  f o l l o w i n g  i / d  i n o c u l a t i o n  o f  b o t h  

h i s t a m i n e  a n d  C o m p o u n d  lp 8 / 8 0  ( M a n s m a n  a n d  M a n s m a n ,  1 9 7 5 )  > s u g g e s t i n g  t h a t  t h e  

r e s p o n s e  i s  a  r e v e r s e d  a n a p h y l a x i s  a s s o c i a t e d  w i t h  a n t i g l o b u l i n  i n d u c e d  b a s o p h i l
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d e g r a n u l a t i o n .  B y  a n a l o g y  w i t h  R C A  r e s p o n s e s  i n  p r i m a t e  s k i n  ( i s h i z a k a  a n d  

I s h i z a k a ,  1969 )  t h e  a n t i - h u m a n  I g E  i n d u c e d  r e s p o n s e  i n  h o r s e  s k i n  w i l l  b e  

d e p e n d e n t  u p o n  i n t e r a c t i o n  o f  t h e  F ( a b ^ ) g  f r a g m e n t  o f  t h e  a n t i g l o b u l i n  w i t h  t h e  

a n t i g e n i c  d e t e r m i n a n t s  o n  t h e  F c  f r a g m e n t  o f  a  h o r s e  h o m o c y t o t r o p i c  o r  r e a g i n — 

l i k e  a n t i b o d y .

A l t h o u g h  t h e  R C A  r e s p o n s e s  i n d u c e d  i n  p r i m a t e s  ( i s h i z a k a  a n d  I s h i z a k a ,  1969 )  

a n d  d o g s  ( H a l l i w e l l  e t  a l . ,  1 9 7 2 )  b y  i / d  i n o c u l a t i o n  o f  a n t i - h u m a n  I g E  a r e  

t y p i c a l l y  t r a n s i e n t  w e a l  a n d  f l a r e  r e s p o n s e s ,  b o t h  D o l o v i c h  e t  a l .  ( 1 9 7 3 )  a n d  

U m e m o t o  e t  a l .  ( 1 9 7 6 )  r e p o r t e d  p r o l o n g e d  l a t e  c u t a n e o u s  a n a p h y l a x i s - l i k e  

r e s p o n s e s  ( i C A R s )  a f t e r  i / d  i n o c u l a t i o n  o f  a n t i - h u m a n  I g E  i n  a t o p i c  a n d  n o n -  

a t o p i c  h u m a n  s u b j e c t s .  T h e s e  r e v e r s e d  L C A R - l i k e  r e s p o n s e s  w e r e  m o r p h o l o g i c a l l y  

s i m i l a r  t o  t h e  a n t i - h u m a n  I g E  r e s p o n s e s  o b s e r v e d  i n  t h e  p r e s e n t  s t u d y .

B o t h  t h e  3 0 - m i n u t e  a n d  I j - h o u r  b i o p s i e s  o f  s i t e s  c h a l l e n g e d  w i t h  S h  A h  I g E  

s h o w  m a n y  o f  t h e  h i s t o l o g i c a l  f e a t u r e s  o f  p a s s i v e  c u t a n e o u s  a n a p h y l a x i s  ( P C A )  

i n  l a b o r a t o r y  a n i m a l s  ( F i s h e r  a n d  C o o k e ,  1 9 5 7 ) -  H o w e v e r ,  t h e  R C A - l i k e  r e a c t i o n s  

i n  t h e  p r e s e n t  s t u d y  d e v e l o p  m o r e  s l o w l y  t h a n  t h e  P C A  r e s p o n s e s  i n  l a b o r a t o r y  

a n i m a l s ,  a s  s h o w n  b y  t h e  p r e s e n c e  o f  s i g n i f i c a n t  t r a n s m u r a l  l e u c o c y t e  m i g r a t i o n  

a s s o c i a t e d  w i t h  b l o o d  v e s s e l s  i n  t h e  l ^ - h o u r  a n t i - I g E  b i o p s i e s .  B y  I f  h o u r s ,  

l e u c o c y t i c  i n f i l t r a t i o n  o f  P C A  b i o p s i e s  i s  p r e d o m i n a n t l y  p e r i v a s c u l a r .

T h e  e x t e n t  o f  t h e  o e d e m a ,  c e l l u l a r  i n f i l t r a t i o n  a n d  v a s c u l a r  d a m a g e  o b s e r v e d  

i n  t h e  i f - h o u r  a n t i - I g E  b i o p s i e s  i n  t h e  p r e s e n t  s e r i e s  i s  s i m i l a r  t o  t h a t  r e p o r t ­

e d  b y  S o l l e y  e t  a l .  ( 1 9 7 6 )  i n  ¿ ( - h o u r  b i o p s i e s  o f  L C A R s  e l i c i t e d  i n  h u m a n  s k i n  

d u r i n g  P - K  t e s t i n g  o f  r a g w e e d  s e n s i t i v e  h u m a n  s e r u m .  T h e s e  a u t h o r s  r e p o r t e d  

a p p r o x i m a t e l y  1 : 1  r a t i o s  o f  p o l y m o r p h o n u c l e a r  a n d  m o n o n u c l e a r  c e l l s  i n  t h e  

i n f i l t r a t e ,  i n  c o n t r a s t  t o  t h e  p r e d o m i n a n t l y  p o l y m o r p h o n u c l e a r  c e l l  i n f i l t r a t e  

i n  t h e  p r e s e n t  s e r i e s .  H o w e v e r ,  D o l o v i c h  e t  a l .  ( 1 9 7 3 )  e a r l i e r  r e p o r t e d  a  p r e ­

d o m i n a n t l y  p o l y m o r p h o n u c l e a r  l e u c o c y t e  i n f i l t r a t i o n  o f  L C A R  b i o p s i e s  i n  n o n -
-j

a t o p i c  s u b j e c t s  a f t e r  c h a l l e n g e  w i t h  a n t i - h u m a n  I g E  o r  a n t i - F ( a b  ) g  o f  h u m a n  I g E .

A l t h o u g h  t h e  h i s t o p a t h o l o g i c a l  f e a t u r e s  o f  R C A - l i k e  r e s p o n s e s  i n  t h e  p r e s e n t  

s t u d y  i n d i c a t e  t h e  p a r t i c i p a t i o n  o f  b o t h  l e u c o t a c t i c  a n d  v a s o a c t i v e  s u b s t a n c e s  

i n  t h e  g e n e s i s  o f  t h e  r e s p o n s e ,  a  m a j o r  d i f f e r e n c e  b e t w e e n  t h e s e  r e s p o n s e s  a n d  

p r e v i o u s  r e p o r t s  o f  d e r m a l  a n a p h y l a c t i c - l i k e  r e s p o n s e s  i n  t h e  h o r s e  i s  t h e  

a b s e n c e  o f  e o s i n o p h i l  l e u c o c y t e s  ( R i e k ,  1951+ . B a k e r  a n d  Q u i n n ,  1 9 7 8 ) .  M a n s m a n  

a n d  M a n s m a n  ( 1 9 7 $ )  o b s e r v e d  L C A R - l i k e  r e s p o n s e s  f o l l o w i n g  i / d  i n j e c t i o n  o f  

C o m p o u n d  I48/80 i n  h o r s e s  a l t h o u g h ,  h i s t o l o g i c a l l y ,  e o s i n o p h i l i a  o f  t h e  d e r m i s  

w a s  n o t  a p p a r e n t .  C o m p o u n d  I48/ 8O  i s  a  n o n - c y t o l y t i c  r e l e a s e r  o f  v a s o a c t i v e  

s u b s t a n c e s  f r o m  m a s t  c e l l s  ( K a z i m i e r e z a k  a n d  D i a m a n t ,  1 9 7 8 ) .  H o w e v e r ,  i n  c o n ­

t r a s t  t o  c o m p a r a b l e  m a s t  c e l l  a c t i n g  a g e n t s ,  s u c h  a s  C o n c a n a v a l i n  A ,  C o m p o u n d  

148/ 80 . i s  a  p o o r  r e l e a s e r  o f  h i s t a m i n e  f r o m  b o t h  h u m a n  a n d  h o r s e  b l o o d  b a s o p h i l s  

( S i r a g a n i a n  a n d  S i r a g a n i a n ,  1 9 7 5 ;  K i n g s  a n d  d e  W e e k ,  1980 ) .  H i s t a m i n e  i s  

p o t e n t l y  e o s i n o p h i l o t a c t i c  ( A r c h e r ,  i 960) ,  b u t  i t  i s  o n l y  o n e  o f  a  n u m b e r  o f
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c o m p o u n d s  r e l e a s e d  d u r i n g  s y s t e m i c  a n d  l o c a l  a n a p h y l a x i s  i n  t h e  h o r s e ,  i n c l u d i n g  

5 - H T ,  k i n i n s  a n d  p r o s t a g l a n d i n s  ( H a n n a  e t  a l . ,  1982 ) .  T h e s e  l a t t e r  c o m p o u n d s  

h a v e  n o t  b e e n  s h o w n  t o  b e  e o s i n o p h i l o t a c t i c  ( B r o d e r ,  1 9 7 9 ) . A l t h o u g h  t h e  

r e l a t i v e  i n d i v i d u a l  i m p o r t a n c e  o f  t h e s e  v a s o a c t i v e  m e d i a t o r s  i n  t h e  g e n e s i s  o f  

d e r m a l  a n a p h y l a x i s  i n  t h e  h o r s e  i s  n o t  k n o w n ,  B u r k a  e t  a l .  ( 1 9 7 6 )  p u b l i s h e d  

p r e l i m i n a r y  d a t a  s h o w i n g  t h a t  i n  t h e  h o r s e  t h e  r e l a t i v e  p e r c e n t a g e s  o f  t h e  

a v a i l a b l e  m e d i a t o r s  i n  a  t i s s u e  p r e p a r a t i o n  w h i c h  a r e  r e l e a s e d  a f t e r  im m u n o ­

l o g i c a l  o r  n o n - i m m u n o l o g i c a l  b a s o p h i l  d i s r u p t i o n  v a r y  w i t h  t h e  n a t u r e  o f  t h e  

d i s r u p t i v e  c h a l l e n g e .  F u r t h e r m o r e ,  t h e r e  i s  e v i d e n c e  t o  i n d i c a t e  t h a t  t h e  

h i s t a m i n e  r e l e a s i n g  a c t i v i t y  o f  c h e m i c a l  m a s t  c e l l  " d e g r a n u l a t i n g "  a g e n t s  v a r i e s  

b e t w e e n  t i s s u e s  a n d  s p e c i e s  ( K a z i m i e r c z a k  a n d  D i a m a n t ,  1 9 7 8 ) .  H y p o t h e t i c a l l y ,  

t h e r e f o r e ,  C o m p o u n d  7+ 8/80  a n d  a n t i - h u m a n  I g E  i n o c u l a t e d  i n t o  h o r s e  s k i n  m a y  

r e s u l t  i n  t h e  r e l e a s e  o f  a  s p e c t r u m  o f  v a s o a c t i v e  a n d  c y t o t a c t i c  a g e n t s  d i f f e r e n t  

f r o m  t h a t  r e l e a s e d  b y  d i r e c t  a n t i g e n  c h a l l e n g e  o f  s e n s i t i s e d  s k i n ,  a n d  m a y  

p r o v o k e  a  t y p i c a l  a n a p h y l a c t i c  r e s p o n s e  w i t h o u t  e o s i n o p h i l i a .

U n l i k e  t h e  S h  A h  I g E  i n d u c e d  R C A  r e s p o n s e ,  a n  R b  A e q  I g G  r e s p o n s e  w a s  

i n a p p a r e n t  a t  3C  m i n u t e s , b u t  b y  I4 h o u r s  h a d  d e v e l o p e d  i n t o  a n  o e d e m a t o u s  d e r m a l  

w e a l  w h i c h  h i s t o l o g i c a l l y  s h o w e d  a  s e v e r e  n e c r o t i s i n g  v a s c u l i t i s .  T h i s  c o n t r a s t s  

w i t h  t h e  i n f i l t r a t i v e  p e r i v a s c u l a r  c e l l u l a r  r e s p o n s e  o b s e r v e d  i n  t h e  I j - h o u r  a n t i -  

I g E  b i o p s y .  B y  2i+ h o u r s ,  t h e  a n t i - I g G  r e s p o n s e  i n  t w o  o f  t h e  t h r e e  r e c i p i e n t  

h o r s e s  w a s  s t i l l  a p p a r e n t  a s  a  d i f f u s e  p l a q u e - l i k e  l e s i o n ,  w h i c h  h i s t o l o g i c a l l y  

s h o w e d  e v i d e n c e  o f  w i d e s p r e a d  p e r i v a s c u l a r  n e c r o s i s  a n d  i n t e r s t i t i a l  c e l l u l a r  

i n f i l t r a t i o n  i n  c o n t r a s t  t o  t h e  r e c e d i n g  a n t i - I g E  r e a c t i o n s  a t  2J+ h o u r s .  T h i s  

R b  A e q  I g G  r e s p o n s e  i s  a  m o d e l  o f  t h e  r e v e r s e d  p a s s i v e  A r t h u s  r e s p o n s e  ( R P A R )  

( A n d e r s o n ,  1 9 7 6 ) ,  c l a s s i c a l l y  e l i c i t e d  b y  i / d  a n t i b o d y  i n o c u l a t i o n  f o l l o w e d  b y  

i n t r a v e n o u s  a n t i g e n  c h a l l e n g e ,  t h e  a n t i g e n  i n  t h i s  c a s e  b e i n g  e n d o g e n o u s  

c i r c u l a t i n g  I g G .  M o r p h o l o g i c a l l y ,  t h e  E P A R s  i n  t h i s  s e r i e s  s h o w  t h e  c h a r a c t e r ­

i s t i c  f e a t u r e s  o f  a  T y p e  I I I  h y p e r s e n s i t i v i t y  r e a c t i o n  ( R a n a d i v e  a n d  M o v a t ,  1 9 7 9 ) -  

S i m i l a r  R P A R - l i k e  r e s p o n s e s  w e r e  a l s o  o b s e r v e d  a f t e r  i / d  i n o c u l a t i o n  o f  a n t i ­

w h o l e  h o r s e  s e r u m  a n d  a n t i - h o r s e  l i g h t  c h a i n  s e r u m .  H o w e v e r ,  t h e  f a i l u r e  o f  

a n t i - I g G  ( T )  t o  i n d u c e  a  r e s p o n s e  i s  u n e x p e c t e d ,  b u t  m a y  b e  t h e  r e s u l t  o f  l o w  

c i r c u l a t i n g  I g G  ( T )  l e v e l s  i n  t h i s  h o r s e .

S i n c e  t h e  R C A - l i k e  r e s p o n s e s  i n d u c e d  b y  S h  A h  I g E  i n  h o r s e  s k i n ,  w h i c h  h a v e  

b e e n  d e s c r i b e d  i n  t h e  p r e s e n t  s t u d y ,  a p p e a r  t o  r e s u l t  f r o m  a n t i g e n i c  c r o s s  

r e a c t i v i t y  o f  t h e  a n t i g l o b u l i n  w i t h  b a s o p h i l  b o u n d  h o m o c y t o t r o p i c  a n t i b o d y ,  t h e  

m o r p h o l o g i c a l  s i m i l a r i t y  o f  t h e  R C A  a n d  R P A R - l i k e  r e s p o n s e s  a t  1+ h o u r s  m i g h t  

s u g g e s t  t h a t  t h e  l a t e r  s t a g e s  o f  t h e  f o r m e r  r e s p o n s e  m a y  b e  a n  A r t h u s  r e a c t i o n  

m e d i a t e d  b y  a n t i - I g E - h o m o c y t o t r o p i c  a n t i b o d y  c o m p l e x e s .  H o w e v e r ,  t h e  h i s t o -  

p a t h o l o g i c a l  d i f f e r e n c e s  b e t w e e n  t h e  t w o  r e s p o n s e s  i n d i c a t e  t h a t  t h e  r e a c t i o n s  

o c c u r  i n d e p e n d e n t l y  o f  o n e  a n o t h e r  a n d  t h a t  t h e  p r o l o n g e d  R C A - l i k e  r e s p o n s e s  a r e  

p r i m a r i l y  d e p e n d e n t  u p o n  c o m m o n  F c  a n t i g e n i c  d e t e r m i n a n t s  o n  t h e  h o r s e  h o m o c y t o -



121

t r o p i c  o r  r e a g i n - l i k e  a n t i b o d y  a n d  h u m a n  I g E .

B o t h  V a e r m a n  e t  a l .  ( 1 969 )  a n d  N e o h  e t  a l .  ( 1 9 7 3 )  h a v e  s t a t e d  t h a t  im m u n o ­

l o g i c a l  c r o s s  r e a c t i v i t y  i s  a  p r a c t i c a l  a l t e r n a t i v e  t o  s o p h i s t i c a t e d  a m i n o  a c i d  

s e q u e n c i n g  a s  a  m e a n s  o f  d e m o n s t r a t i n g  h o m o l o g y  i n  p r i m a r y  p o l y p e p t i d e  c h a i n  

s t r u c t u r e .  T h e  r e s u l t s  o f  t h e  p r e s e n t  s t u d y  i n d i c a t e  s o m e  d e g r e e  o f  im m u n o ­

l o g i c a l  c r o s s  r e a c t i v i t y  b e t w e e n  h u m a n  I g E  a n d  h o r s e  h o m o c y t o t r o p i c  a n t i b o d y ,  

t h u s  s a t i s f y i n g  V a e r m a n 1s  ( 1 9 7 0 )  f i r s t  o r d e r  c r i t e r i o n  o f  i n t e r s p e c i e s  p r o t e i n  

h o m o l o g y ,  n a m e l y  t h a t  o f  i m m u n o l o g i c a l  c r o s s  r e a c t i v i t y  a n d  a m i n o  a c i d  s e q u e n c e  

h o m o l o g y .
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A STUDY ON THE POSSIBLE ROLE OF CHYMOTRYPSIN IN THE AETIOLOGY OF 
EQUINE CHRONIC OBSTRUCTIVE PULMONARY DISEASE (COPD)

J I L L  R .  T H O M S O N ,  E . A . M c P H E R S O N ,  G . H . K .  L A W S O N ,  P E N N Y  W O O D IN G  a n d  R .  B R O W N

U n i v e r s i t y  o f  E d i n b u r g h ,  R o y a l  ( D i c k )  S c h o o l  o f  V e t e r i n a r y  S t u d i e s ,  V e t e r i n a r y  
F i e l d  S t a t i o n ,  E a s t e r  B u s h ,  R o s l i n ,  M i d l o t h i a n  E H 2 5  9 R G  ( G r e a t  B r i t a i n )

( A c c e p t e d  11 A u g u s t  1 9 8 2 )

A B S T R A C T

T h o m s o n ,  J . R . ,  M c P h e r s o n ,  E . A .  ,  L a w s o n ,  G.H.K.,  W o o d i n g ,  P .  a n d  B r o w n ,  R., 1 9 8 3 .  
A  s t u d y  o n  t h e  p o s s i b l e  r o l e  o f  C h y m o t r y p s i n  i n  t h e  a e t i o l o g y  o f  e q u i n e  
c h r o n i c  o b s t r u c t i v e  p u l m o n a r y  d i s e a s e  ( C O P D ) .  V e t .  I m m u n o l .  I m m u n o p a t h o l . ,
! * :  3 8 7 - 3 9 5 .

T h e  c h y m o t r y p s i n  a c t i v i t y  o f  s e v e n  b a t c h e s  o f  M i c r o p o l y s p o r a  f a e n i  a n d  o f  
f i v e  b a t c h e s  o f  A s p e r g i l l u s  f u m i g a t u s  c u l t u r e  e x t r a c t s ,  p r e p a r e d  f o r  i n h a l a t i o n  
c h a l l e n g e  i n  h o r s e s ,  w a s  a s s a y e d  a n d  w a s  f o u n d  t o  r a n g e  b e t w e e n  0 .2 9  a n d  1 . 1+5 
u n i t s / m g  p r o t e i n  a n d  0 . 0 2  a n d  0 . 2 0  u n i t s / m g  p r o t e i n  r e s p e c t i v e l y .  H o r s e s  
a f f e c t e d  w i t h  c h r o n i c  o b s t r u c t i v e  p u l m o n a r y  d i s e a s e  ( C O P D )  w e r e  c h a l l e n g e d  w i t h  
t w o  b a t c h e s  o f  e a c h  a n t i g e n  w h i c h  h a d  d i f f e r e n t  c h y m o t r y p s i n  a c t i v i t i e s  a n d  n o  
s i g n i f i c a n t  c o r r e l a t i o n s  w e r e  f o u n d  b e t w e e n  t h e  d e g r e e  o f  r e s p o n s e  t o  c h a l l e n g e  
a n d  t h e  c h y m o t r y p s i n  a c t i v i t y  o f  t h e  a n t i g e n s .

I n h a l a t i o n  o f  t w o  d o s e s  o f  n e b u l i s e d ,  p u r i f i e d  c h y m o t r y p s i n  o v e r  1+ d a y s  d i d  
n o t  i n d u c e  s i g n s  o f  r e s p i r a t o r y  d i s e a s e  i n  C O P D - a f f e c t e d  h o r s e s .  H o w e v e r ,  
r e p e a t e d  c h y m o t r y p s i n  i n h a l a t i o n s  a f t e r  a n  i n t e r v a l  o f  3  w e e k s  c a u s e d  a n  
e x a c e r b a t i o n  o f  s i g n s  o f  C O P D  i n  o n e  h o r s e .  T h e s e  s t u d i e s  s u g g e s t  t h a t ,  
a l t h o u g h  r e p e a t e d  i n h a l a t i o n  o f  p u r i f i e d  c h y m o t r y p s i n  m a y  i n d u c e  r e s p i r a t o r y  
h y p e r s e n s i t i v i t y  i n  h o r s e s ,  t h e  c h y m o t r y p s i n - l i k e  e n z y m e s  o f  M .  f a e n i  a n d  
A .  f u m i g a t u s  d o  n o t  p l a y  a  m a j o r  r o l e  i n  t h e  p r e c i p i t a t i o n  o f  c l i n i c a l  s i g n s  
o f  e q u i n e  C O P D .

IN T R O D U C T IO N

A  w i d e  r a n g e  o f  e n z y m e s  a r e  k n o w n  t o  b e  p r o d u c e d  b y  b a c t e r i a  a n d  f u n g i  a s  

m e t a b o l i c  b y - p r o d u c t s  o f  t h e i r  g r o w t h  p r o c e s s e s .  M a n y  o f  t h e s e  e n z y m e s  a r e  

r e l e a s e d  e x t r a c e l l u l a r l y  o n  t o  t h e  s u b s t r a t e  a n d  s o m e  m a y  e n t e r  t h e  a t m o s p h e r e  

o n  d u s t  p a r t i c l e s  a n d  m a y  t h u s  b e  i n h a l e d  ( M a t s u b a r a  a n d  F e d e r ,  1 9 7 0 ) .  S u c h  

e n z y m e s ,  m a n y  o f  w h i c h  a r e  p r o t e o l y t i c ,  a r e  w i d e l y  u s e d  i n  t h e  m a n u f a c t u r i n g  

i n d u s t r y  a n d  r e p e a t e d  e x p o s u r e  t o  t h e m  h a s  b e e n  f o u n d  t o  c a u s e  r e s p i r a t o r y  

d i s e a s e  i n  m a n .  T h i s  o c c u r s ,  f o r  e x a m p l e ,  i n  f a c t o r y  w o r k e r s  e x p o s e d  t o  

B a c i l l u s  s u b t i l i s  p r o t e a s e s  i n  t h e  m a n u f a c t u r e  o f  e n z y m e  d e t e r g e n t s  ( F l i n d t ,  1 9 6 9 ;

0 165-2427 /8 3 /$ 0 3 .0 0  © 1983 Elsevier Science Publishers B.V.
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P e p y s  e t  a l . ,  1969)  a n d  i n  f a c t o r y  w o r k e r s  e x p o s e d  t o  p a p a i n  i n  t h e  m a n u f a c t u r e  

o f  m e a t  t e n d e r i s e r  ( P l i n d t ,  1 9 7 8 ) .  C e r t a i n  e n z y m e s  m a y  a l s o  g i v e  r i s e  t o  p u l ­

m o n a r y  e m p h y s e m a  ( G o l d r i n g  e t  a l . ,  1 9 7 2 ) .  I t  h a s  a l s o  h e e n  p o s t u l a t e d  t h a t  

e n z y m e s  r e l e a s e d  f r o m  M i c r o p o l y s p o r a  f a e n i  a n d  A s p e r g i l l u s  f u m i g a t u s  m a y  h e  

i n v o l v e d  i n  t h e  a e t i o l o g y  o f  f a r m e r ' s  l u n g  a n d  p u l m o n a r y  a s p e r g i l l o s i s  i n  m a n  

( W i c o l e t  e t  a l . ,  1975 ) .

T h e  p r o c e s s  b y  w h i c h  t h e s e  i n h a l e d  e n z y m e s  g i v e  r i s e  t o  r e s p i r a t o r y  d i s e a s e  

i s  n o t  f u l l y  u n d e r s t o o d ,  b u t  t h e  f o l l o w i n g  h y p o t h e s e s  h a v e  b e e n  p r o p o s e d :

i )  E n z y m e s  m a y  s i m p l y  a c t  a s  a n t i g e n s  a n d  i n d u c e  a n  i m m u n o l o g i c a l  r e s p o n s e  

w i t h o u t  b e i n g  p h a r m a c o l o g i c a l l y  o r  e n z y m a t i c a l l y  a c t i v e .

i i )  E n z y m e s  m a y  a c t  p h a r m a c o l o g i c a l l y  o n  t h e  r e s p i r a t o r y  m u c o s a  g i v i n g  r i s e  t o  

i n f l a m m a t i o n ,  a i r w a y  c o n s t r i c t i o n  a n d  m u c o s a l  s e c r e t i o n  a n d ,  d u e  t o  t h e i r  

e n z y m a t i c  a c t i o n ,  m a y  d i g e s t  l u n g  t i s s u e  r e s u l t i n g  i n  i r r e v e r s i b l e  l u n g  

d a m a g e  ( W i c o l e t  e t  a l . ,  1 9 7 5 ) .

M .  f a e n i . a  t h e r m o p h y l l i c  a c t i n o m y c e t e  f r e q u e n t l y  r e c o v e r e d  f r o m  s p o i l e d  h a y ,  

i s  t h e  m a j o r  a l l e r g e n  i n v o l v e d  i n  f a r m e r ' s  l u n g  i n  m a n  a n d  a n i m a l s  ( P e p y s ,  1 9 6 9 ;  

P i r i e  e t  a l . ,  1 9 7 1 ) .  W a l b a u m  e t  a l .  ( 1 969 )  a n d  B i g u e t  e t  a l .  ( 197 )4)  h a v e  s h o w n  

t h a t  f a r m e r ' s  l u n g  p a t i e n t s  u s u a l l y  s h o w  p r e c i p i t a t i n g  a n t i b o d i e s  a g a i n s t  e n z y m e s  

o f  M .  f a e n i ,  s o m e  o f  w h i c h  a r e  c h y m o t r y p s i n - l i k e .  T h e  s a m e  p h e n o m e n o n  h a s  b e e n  

o b s e r v e d  i n  c a t t l e  w i t h  f a r m e r ' s  l u n g  ( N i c o l e t  e t  a l . ,  1 9 7 4 ,  1 9 7 7 ) .  A d d i t i o n a l l y ,  

h u m a n  p a t i e n t s  w i t h  p u l m o n a r y  a s p e r g i l l o s i s  h a v e  b e e n  s h o w n  t o  h a v e  p r e c i p i t i n s  

a g a i n s t  t h e  c h y m o t r y p s i n - l i k e  e n z y m e s  o f  A . f u m i g a t u s  ( B i g u e t  a n d  V e m e s ,  1 9 7 4 ) .  

T h i s  d e m o n s t r a t e s  t h a t  t h e s e  c h y m o t r y p s i n - l i k e  e n z y m e s  p r o v i d e  s t r o n g  a n t i g e n i c  

s t i m u l i  a n d  t h a t  t h e y  m a y  b e  i n v o l v e d  i n  t h e  p a t h o g e n e s i s  o f  f a r m e r ' s  l u n g  a n d  

p u l m o n a r y  a s p e r g i l l o s i s  i n  m a n .

T h e  p h a r m a c o l o g i c a l  e f f e c t s  o f  t h e  e n z y m e s  i s  l e s s  w e l l  d o c u m e n t e d  b u t  

e x p e r i m e n t a l  i n h a l a t i o n  o f  t r y p s i n ,  c h y m o t r y p s i n  a n d  o t h e r  p r o t e a s e s  h a s  r e s u l t e d  

i n  b r o n c h o c o n s t r i c t i o n  i n  d o g s  a n d  c a t s  n o t  p r e v i o u s l y  e x p o s e d  t o  t h e s e  e n z y m e s  

( G o l d b e r g  e t  a l . ,  i 960 ; W a l b a u m  e t  a l . , 1 9 ^ 9 ) -

E q u i n e  c h r o n i c  o b s t r u c t i v e  p u l m o n a r y  d i s e a s e  ( C O P D )  h a s  l o n g  b e e n  a s s o c i a t e d  

w i t h  t h e  e x p o s u r e  o f  h o r s e s  t o  a n t i g e n s  i n  m o u l d y  h a y ,  s t r a w  a n d  s t a b l e  d u s t .

I n  n o r t h e r n  B r i t a i n ,  M .  f a e n i  a n d  A .  f u m i g a t u s  h a v e  b e e n  i d e n t i f i e d  a s  p l a y i n g  

a  m a j o r  a e t i o l o g i c a l  r o l e  ( M c P h e r s o n  e t  a l . ,  1 9 7 9 ) .  C O P D  h a s  b e e n  s h o w n  t o  

i n v o l v e  a  r e s p i r a t o r y  h y p e r s e n s i t i v i t y  t o  t h e s e  m i c r o - o r g a n i s m s  a n d  i t  i s  p o s s i b l e  

t h a t  t h e  c h y m o t r y p s i n - l i k e  e n z y m e s  r e l e a s e d  b y  t h e m  I n t o  t h e  e n v i r o n m e n t  m a y  p l a y  

a  p a r t  i n  t h e  a e t i o l o g y  o f  t h e  d i s e a s e .

T h i s  s t u d y  i n v e s t i g a t e s  t h e  p o s s i b l e  r o l e  o f  c h y m o t r y p s i n  i n h a l a t i o n  i n  t h e  

p a t h o g e n e s i s  o f  e q u i n e  C O P D  b y  m e a s u r i n g  t h e  c h y m o t r y p s i n  a c t i v i t y  o f  a n t i g e n s  

u s e d  f o r  i n h a l a t i o n  c h a l l e n g e  a n d  b y  c o r r e l a t i n g  t h e  c h y m o t r y p s i n  a c t i v i t y  o f  

t h e s e  a n t i g e n s  w i t h  t h e  r e s p o n s e s  o f  t h e  C O P D - a f f e c t e d  h o r s e s  t o  c h a l l e n g e .

I n  o r d e r  t o  a s s e s s  t h e  p h a r m a c o l o g i c a l  e f f e c t s  o f  i n h a l e d  c h y m o t r y p s i n ,  C O P D -
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a f f e c t e d  h o r s e s  w e r e  c h a l l e n g e d  o v e r  a  s h o r t  p e r i o d  o f  t i m e  w i t h  p u r i f i e d  c h y m o ­

t r y p s i n  a n d  t h e  r e s p o n s e  r e c o r d e d .  T h e  a n t i g e n i c i t y  o f  c h y m o t r y p s i n  i n  h o r s e s  

w a s  a l s o  t e s t e d  h y  r e p e a t i n g  t h e  c h y m o t r y p s i n  i n h a l a t i o n s  o v e r  a  l o n g e r  p e r i o d .

M A T E R I A L S  A M D  M E T H O D S

1 .  A s s a y  o f  t h e  c h y m o t r y p s i n  a c t i v i t y  o f  M .  f a e n i  a n d  A .  f u m i g a t u s  a n t i g e n s

S e v e n  h a t c h e s  o f  M .  f a e n i  a n d  f i v e  h a t c h e s  o f  A .  f u m i g a t u s  c u l t u r e  e x t r a c t s  

w e r e  p r e p a r e d  u s i n g  t h e  t e c h n i q u e s  o f  L a w s o n  e t  a l .  ( 1 9 7 9 ) -  T h e  c h y m o t r y p s i n  

a c t i v i t y  i n  e a c h  h a t c h  o f  a n t i g e n  w a s  a s s a y e d  s p e c t r o p h o t o m e t r i c a l l y  h y  m e a s u r i n g  

t h e  i n c r e a s e  i n  a h s o r h e n c y  a t  2 9 6  n m  r e s u l t i n g  f r o m  t h e  h y d r o l y s i s  o f  b e n z o y l - L -  

f t y r o s i n e - e t h y l - e s t e r  (BTEE). O n e  u n i t  o f  c h y m o t r y p s i n  h y d r o l y s e s  o n e  p m o l  o f  

B T E E  p e r  m i n u t e  a t  p H  7 - 8  a t  2 $ ° C  ( H u m m e l ,  1 9 9 9 ) -

2 .  T h e  r e s p o n s e  o f  C O P D - a f f e c t e d  h o r s e s  t o  M .  f a e n i  a n d  A .  f u m i g a t u s  i n h a l a t i o n  

c h a l l e n g e

F i f t e e n  C O P L - a f f e c t e d  h o r s e s  w e r e  c h a l l e n g e d  w i t h  M .  f a e n i ,  h a t c h  1 ,  a n d  

19  C O P D - a f f e c t e d  h o r s e s  w e r e  c h a l l e n g e d  w i t h  M .  f a e n i ,  h a t c h  1),. S i m i l a r l y ,

A .  f u m i g a t u s  h a t c h e s  2  a n d  9  w e r e  u s e d  t o  c h a l l e n g e  1 0  a n d  8  C O P D - a f f e c t e d  h o r s e s  

r e s p e c t i v e l y .  T h e  c h a l l e n g e  d o s e  o f  M .  f a e n i  a n d  A .  f u m i g a t u s  a n t i g e n s  w a s  1 2  m g ,  

s u s p e n d e d  i n  9  n o r m a l  s a l i n e .  T h e  a n t i g e n s  w e r e  a e r o s o l i s e d  u s i n g  a  W r i g h t ' s  

n e h u l i s e r  a n d  a d m i n i s t e r e d  v i a  a  f a c e  m a s k  w h i c h  c o v e r e d  t h e  h o r s e ' s  m o u t h  a n d  

n o s e  ( M c P h e r s o n  e t  a l . ,  1 9 7 9 ) -

P r i o r  t o  a n t i g e n  . c h a l l e n g e ,  t h e  h o r s e s  w e r e  e x a m i n e d  c l i n i c a l l y  a n d  s o m e  

r e s p i r a t o r y  f u n c t i o n  p a r a m e t e r s ,  i . e .  m a x im u m  c h a n g e  i n  i n t r a t h o r a c i c  p r e s s u r e  

( m a x .  A P p l )  a n d  p a r t i a l  p r e s s u r e  o f  a r t e r i a l  o x y g e n  ( P a O g ) ,  w e r e  r e c o r d e d  a s  

d e s c r i b e d  h y  M c P h e r s o n  e t  a l .  ( 1 9 7 8 ) .  F o l l o w i n g  a n t i g e n  c h a l l e n g e ,  h o r s e s  w e r e  

f e x a m i n e d  c l i n i c a l l y  a t  h o u r l y  i n t e r v a l s  a n d  m a x .  A  P p l  a n d  P a O ^  w e r e  r e - m e a s u r e d  

a f t e r  9  h o u r s .  T h e  c r i t e r i a  o f  M c P h e r s o n  e t  a l .  ( 1 9 7 9 )  w e r e  u s e d  t o  i d e n t i f y  a  

p o s i t i v e  r e s p o n s e  t o  a n t i g e n  c h a l l e n g e ,  i . e .  a n  i n c r e a s e  i n  m a x .  A  P p l  a t  9  h o u r s  

a f t e r  c h a l l e n g e  o f  1 $% o r  m o r e  o f  t h e  p r e - e x p o s u r e  v a l u e  w a s  t a k e n  a s  i n d i c a t i v e  

o f  a  p o s i t i v e  r e s p o n s e .

T h e  s i g n i f i c a n c e  o f  t h e  c o r r e l a t i o n  b e t w e e n  t h e  c h y m o t r y p s i n  a c t i v i t y  o f  e a c h  

h a t c h  o f  a n t i g e n  a n d  t h e  d e g r e e  o f  r e s p o n s e  t o  c h a l l e n g e ,  i . e .  t h e  i n c r e a s e  i n  

m a x .  A  P p l  a t  9  h o u r s  a f t e r  c h a l l e n g e ,  w a s  t e s t e d  b y  l i n e a r  r e g r e s s i o n  ( S n e d e c o r  

a n d  C o c h r a n ,  1967 ) .
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3 .  R e s p o n s e  o f  C O P D - a f f e c t e d  h o r s e s  t o  p u r i f i e d ,  c h y m o t r y p s i n  i n h a l a t i o n  c h a l l e n g e

E i g h t  C O P D - a f f e c t e d  h o r s e s  w e r e  h o u s e d ,  i n  a  c o n t r o l l e d  e n v i r o n m e n t ,  i . e .  

e x p o s u r e  t o  t h e  a e t i o l o g i c a l  a n t i g e n s  w a s  m i n i m i s e d  b y  b e d d i n g  h o r s e s  o n  p e a t  

m o s s  a n d  f e e d i n g  a  c o m p l e t e  c u b e d  d i e t ,  f o r  11* d a y s  p r i o r  t o  a n d  d u r i n g  t h e  

c h y m o t r y p s i n  i n h a l a t i o n  s t u d i e s .  A l p h a - c h y m o t r y p s i n ,  t y p e  I T ,  o f  b o v i n e  p a n c r e a s  

o r i g i n  ( C Ï Ï Y  5 3 ,  S i g m a  L o n d o n  C h e m i c a l  C o m p a n y  L t d . ,  P o o l e ,  D o r s e t ) ,  a c t i v i t y  

3 7  u n i t s / m g  p r o t e i n ,  w a s  u s e d  f o r  i n h a l a t i o n  c h a l l e n g e .  T h e  8  C O P D - a f f e c t e d  

h o r s e s  w e r e  c h a l l e n g e d  w i t h  1 7-5  u n i t s  c h y m o t r y p s i n  b y  i n h a l a t i o n  o n  d a y  1 a n d  

w i t h  5 2 . 5  u n i t s  c h y m o t r y p s i n  o n  d a y  1*. T w o  o f  t h e  8  C O P D - a f f e c t e d  h o r s e s  ( A  

a n d  B )  w e r e  r e - c h a l l e n g e d  w i t h  1 7-5  u n i t s  c h y m o t r y p s i n  o n  d a y s  2 2  a n d  29 ,  a n d  

w i t h  9 2 . 5  u n i t s  c h y m o t r y p s i n  o n  d a y s  2 5  a n d  3 2 .  T h e  t e c h n i q u e s  f o r  d r u g  

a d m i n i s t r a t i o n ,  m o n i t o r i n g  t h e  h o r s e s '  r e s p i r a t o r y  f u n c t i o n  a n d  a s s e s s i n g  t h e  

h o r s e s '  r e s p o n s e s  t o  c h y m o t r y p s i n  i n h a l a t i o n  w e r e  a s  d e s c r i b e d  f o r  a n t i g e n  

i n h a l a t i o n  c h a l l e n g e .

R E S U L T S

1• A s s a y  o f  t h e  c h y m o t r y p s i n  a c t i v i t y  o f  M .  f a e n i  a n d  A .  f u m i g a t u s  a n t i g e n s

T h e  c h y m o t r y p s i n  a c t i v i t i e s  r e c o r d e d  i n  t h e  d i f f e r e n t  b a t c h e s  o f  M .  f a e n i  

a n d  A .  f u m i g a t u s  a n t i g e n s  a r e  s h o w n  i n  T a b l e  I .  T h e  c h y m o t r y p s i n  a c t i v i t y  o f  

M .  f a e n i  a n t i g e n  v a r i e d  c o n s i d e r a b l y  b e t w e e n  t h e  b a t c h e s ,  i . e .  f r o m  0 .8 1 *  t o  

17 .1+  u n i t s  p e r  c h a l l e n g e  d o s e .  T h e  c h y m o t r y p s i n  a c t i v i t y  i n  t h e  b a t c h e s  o f  

M .  f a e n i  a n t i g e n  w a s ,  i n  g e n e r a l ,  f a r  h i g h e r  t h a n  t h a t  i n  t h e  b a t c h e s  o f

A .  f u m i g a t u s  a n t i g e n ,  w h e r e  t h e  a c t i v i t y  r a n g e d  f r o m  0 .2 1 *  t o  2 .1 * 0  u n i t s  p e r  

c h a l l e n g e  d o s e .

2 -  T h e  r e s p o n s e  o f  O O P D - a f f e c t e d  h o r s e s  t o  M .  f a e n i  a n d  A .  f u m i g a t u s  i n h a l a t i o n

c h a l l e n g e

O f  t h e  1 5  C O P D - a f f e c t e d  h o r s e s  c h a l l e n g e d  w i t h  M .  f a e n i , b a t c h  1 ,  i n  w h i c h  

t h e  c h y m o t r y p s i n  a c t i v i t y  w a s  5 - 6 1 *  u n i t s  p e r  c h a l l e n g e  d o s e ,  13 h o r s e s  r e s p o n d e d  

p o s i t i v e l y  a n d  2  f a i l e d  t o  r e s p o n d .  F i f t e e n  o f  t h e  1 9  C O P D - a f f e c t e d  h o r s e s  

c h a l l e n g e d  w i t h  M .  f a e n i , b a t c h  1* ( c h y m o t r y p s i n  a c t i v i t y  1 7 .1 *  u n i t s  p e r  c h a l l e n g e  

d o s e ) ,  r e s p o n d e d  p o s i t i v e l y ,  w h i l s t  3  h o r s e s  f a i l e d  t o  r e s p o n d  ( T a b l e  I I ) .  I t  

a p p e a r s ,  t h e r e f o r e ,  t h a t  t h e  d i f f e r i n g  c h y m o t r y p s i n  a c t i v i t i e s  o f  t h e s e  b a t c h e s  

o f  a n t i g e n  d i d  n o t  i n f l u e n c e  t h e  n u m b e r  o f  p o s i t i v e  r e s p o n s e s  t o  M .  f a e n i  
i n h a l a t i o n  c h a l l e n g e .

T h e  n u m b e r  o f  p o s i t i v e  r e s p o n s e s  t o  A .  f u m i g a t u s  i n h a l a t i o n  c h a l l e n g e  i n  

C O P D - a f f e c t e d  h o r s e s  a l s o  d i d  n o t  a p p e a r  t o  b e  r e l a t e d  t o  t h e  c h y m o t r y p s i n
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TABLE I

The Chymotrypsin activity recorded in different batches of Micropolyspora faeni 
and Aspergillus fumigatus antigens

A n t i g e n  B a t c h  N o . U n i t s  o f  C h y m o t r y p s i n  
p e r  m g  p r o t e i n

U n i t s  o f  C h y m o t r y p s i n  
p e r  c h a l l e n g e  d o s e

1 0 .1 + 7 5 .6 1 +
2 1 . 1+0 16.80

3 0 . 0 7 0 .8 1 +

M .  f a e n i  i t 1 .1+ 5 1 7 .1 + 0

5 0 . 7 7 9 .2 1 +
6 0.29 3 . 1+8

7 0 . 1+1+ 5.28

1 0 .1 8 2 .16

2 0.2 0 2 . 1+0
A .  f u m i g a t u s  3 0.0 8 0.96

1+ 0 . 01+ 0 . 1+8

5 0.02 0 . 21+

T A B E E  I I

E e s u l t s  o f M i c r o p o l y s p o r a  f a e n i  i n h a l a t i o n  c h a l l e n g e i n  C O P D - a f f e c t e d  h o r s e s

A n t i g e n  
b a t c h  n o .

N o .  o f  h o r s e s  N o .  o f  p o s i t i v e  
c h a l l e n g e d  r e s p o n s e s

N o .  o f  n e g a t i v e  
r e s p o n s e s

1 15 13 2

k 19 15 3

T A B E E  I I I

R e s u l t s  o f  A s p e r g i l l u s  f u m i g a t u s i n h a l a t i o n  c h a l l e n g e i n  C O P D - a f f e c t e d  h o r s e s

A n t i g e n N o .  o f  h o r s e s N o .  o f  p o s i t i v e N o .  o f  n e g a t i v e
b a t c h  n o . c h a l l e n g e d r e s p o n s e s r e s p o n s e s

2 1 0 1+ 6

5 8 5 3
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a c t i v i t y  i n  t h e  d i f f e r e n t  b a t c h e s  o f  a n t i g e n ,  f o u r  o u t  o f  1 0  C O P D - a f f e c t e d  

h o r s e s  c h a l l e n g e d  w i t h  A .  f u m i g a t u s , b a t c h  2  ( c h y m o t r y p s i n  a c t i v i t y  2.k0  u n i t s  

p e r  c h a l l e n g e  d o s e ) ,  r e s p o n d e d  p o s i t i v e l y  t o  c h a l l e n g e .  O f  t h e  8  a f f e c t e d  h o r s e s  

c h a l l e n g e d  w i t h  A .  f u m i g a t u s , b a t c h  5  ( c h y m o t r y p s i n  a c t i v i t y  0 .2 k  u n i t s  p e r  

c h a l l e n g e  d o s e ) ,  f i v e  r e s p o n d e d  p o s i t i v e l y  ( T a b l e  I I I ) .

T h e r e  w e r e  n o  s i g n i f i c a n t  c o r r e l a t i o n s  ( P  > 0 . 0 5 )  b e t w e e n  t h e  d e g r e e  o f  

r e s p o n s e  t o  c h a l l e n g e  ( i . e .  t h e  i n c r e a s e  i n  m a x .  A  P p l  a t  5  h o u r s  a f t e r  c h a l l e n g e ,  

c o m p a r e d  t o  p r e - c h a l l e n g e  v a l u e s )  a n d  t h e  c h y m o t r y p s i n  a c t i v i t y  o f  e i t h e r  b a t c h  

o f  M .  f a e n i  o r  A .  f u m i g a t u s  a n t i g e n s  ( r  ( 2 6 )  =  - 0 . 2 5 7  a n d  r  ( 7 )  =  0 . 1 3 0  

r e s p e c t i v e l y ) .

3 . R e s p o n s e  t o  C O P D - a f f e c t e d  h o r s e s  t o  p u r i f i e d  c h y m o t r y p s i n  i n h a l a t i o n  c h a l l e n g e

T h e  C O P D - a f f e c t e d  h o r s e s  w e r e  a s y m p t o m a t i c  p r i o r  t o  c h y m o t r y p s i n  i n h a l a t i o n  

c h a l l e n g e  a n d  t h e i r  m a x .  A  P p l  a n d  P a 0 2  v a l u e s  w e r e  w i t h i n  t h e  n o r m a l  r a n g e s  o f  

M c P h e r s o n  e t  a l .  ( 1 9 7 8 ) ,  i . e .  m a x .  A P p l  < 6  m m H g  a n d  P a O ^  > 8 5  m m H g , P a O ^  v a l u e s  

b e i n g  m e a s u r e d  a t  3 7 * 7 ° C .  I n h a l a t i o n  o f  1 7 . 5  u n i t s  c h y m o t r y p s i n  o n  d a y  1 a n d  

5 2 . 5  u n i t s  c h y m o t r y p s i n  o n  d a y  Ij. d i d  n o t  i n d u c e  s i g n s  o f  C 0 P D  i n  a n y  o f  t h e  8 

C O P D - a f f e c t e d  h o r s e s  a n d  t h e  p o s t - c h a l l e n g e  m a x .  A P p l  a n d  P a O ^  v a l u e s  r e m a i n e d  

w i t h i n  n o r m a l  r a n g e s  i n  a l l  o f  t h e  h o r s e s .

N e i t h e r  h o r s e  A  n o r  h o r s e  B  r e s p o n d e d  t o  i n h a l a t i o n  o f  1 7 - 5  u n i t s  c h y m o t r y p s i n  

o n  d a y s  2 2  a n d  2 9 .  H o r s e  A  d i d ,  h o w e v e r ,  r e s p o n d  p o s i t i v e l y  t o  5 2 . 5  u n i t s  c h y m o ­

t r y p s i n  i n h a l a t i o n  o n  d a y s  2 5  a n d  3 2 .  T h e  h o r s e  s h o w e d  c l i n i c a l  s i g n s  o f  C 0 P D  

5  h o u r s  a f t e r  c h a l l e n g e  a n d  t h e  r e s p e c t i v e  m a x .  A  P p l  i n c r e a s e s  a b o v e  t h e  p r e ­

c h a l l e n g e  v a l u e s  o n  t h o s e  d a y s  w e r e  6 . 0  m m H g  a n d  8 . 5  m m H g . C l i n i c a l  s i g n s  o f  

C 0 P D  p e r s i s t e d  i n  t h i s  h o r s e  f o r  2k t o  I4.8 h o u r s  a f t e r  c h a l l e n g e .  H o r s e  B  f a i l e d  

t o  r e s p o n d  t o  c h a l l e n g e  w i t h  5 2 .5  u n i t s  c h y m o t r y p s i n  o n  e i t h e r  d a y .

D I S C U S S I O N

A  c o n s i d e r a b l e  v a r i a t i o n  w a s  r e c o r d e d  i n  t h e  c h y m o t r y p s i n  a c t i v i t y  o f  t h e  

d i f f e r e n t  a n t i g e n  b a t c h e s ,  p a r t i c u l a r l y  b e t w e e n  t h e  M .  f a e n l  b a t c h e s ,  w h e r e  t h e  

c h y m o t r y p s i n  a c t i v i t y  r a n g e d  f r o m  O . 8I4 t o  1 7 . I 4. u n i t s  p e r  c h a l l e n g e  d o s e .  T h e  

r e a s o n  f o r  t h i s  v a r i a t i o n  i s  n o t  k n o w n .  T h e  s e v e n  b a t c h e s  o f  M .  f a e n i  a n t i g e n  

w e r e  p r e p a r e d  u s i n g  t h e  s a m e  t e c h n i q u e ,  f r o m  t h e  s a m e  s t r a i n  a n d  s t o c k  c u l t u r e s  

o f  M .  f a e n i .  T h e  i n c u b a t i o n  t i m e  d i d  n o t  a p p e a r  t o  a f f e c t  t h e  c h y m o t r y p s i n  

a c t i v i t y  o f  t h e  M .  f a e n i  b a t c h e s .  B a t c h e s  1 ,  2 ,  h ,  6 a n d  7  o f  M .  f a e n i  w e r e  

i n c u b a t e d  f o r  3 w e e k s ,  b a t c h  3  w a s  i n c u b a t e d  f o r  1], w e e k s  a n d  b a t c h  5  f o r  6 w e e k s .  

B a t c h e s  2  a n d  I4 h a d  t h e  g r e a t e s t  c h y m o t r y p s i n  a c t i v i t y ,  i . e .  1 6 . 8  a n d  1 7 . Ij. u n i t s  

r e s p e c t i v e l y  p e r  1 2  m g  c h a l l e n g e  d o s e .  T h e  b a t c h e s  o f  A .  f u m i g a t u s  w e r e  c u l t u r e d  

f r o m  t h e  s a m e  s t r a i n  o f  A .  f u m i g a t u s  a n d  w e r e  p r e p a r e d  s i m i l a r l y .  T h e  c h y m o t r y p s i n
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a c t i v i t y  i n  t h e  b a t c h e s  r a n g e d  f r o m  O . 2J4 t o  2 .1+ 0  - u n i t s  p e r  c h a l l e n g e  d o s e .

T h e  n u m b e r  o f  p o s i t i v e  r e s p o n s e s  t o  M .  f a e n i  a n d  A .  f u m i g a t u s  i n h a l a t i o n  

c h a l l e n g e  i n  C O P D - a f f e c t e d  h o r s e s  d i d  n o t  a p p e a r  t o  b e  r e l a t e d  t o  t h e i r  c h y m o ­

t r y p s i n  a c t i v i t y .  N e i t h e r  d i d  t h e  d e g r e e  o f  r e s p o n s e  t o  c h a l l e n g e  c o r r e l a t e  

s i g n i f i c a n t l y  w i t h  t h e  c h y m o t r y p s i n  a c t i v i t y  o f  t h e  a n t i g e n s .  T h i s  s u g g e s t s  

t h a t  t h e  c h y m o t r y p s i n  c o m p o n e n t  o f  t h e  M .  f a e n i  a n d  A .  f u m i g a t u s  a n t i g e n s  d i d  

n o t  p l a y  a  m a j o r  r o l e  i n  t h e  o b s e r v e d  r e s p o n s e s  o f  C O P D - a f f e c t e d  h o r s e s  t o  

a r t i f i c i a l  i n h a l a t i o n  c h a l l e n g e  w i t h  t h o s e  a n t i g e n s .

T h e  p h a r m a c o l o g i c a l  e f f e c t s  o f  e n z y m e  i n h a l a t i o n  i n  C O P D - a f f e c t e d  h o r s e s  w a s  

t e s t e d  b y  i n h a l a t i o n  o f  p u r i f i e d  c h y m o t r y p s i n .  T h e  i n i t i a l  1 7 - 5  u n i t  d o s e  w a s  

c h o s e n  a s  t h a t  w a s  e q u a l  t o  t h e  h i g h e s t  e n z y m e  c o n t e n t  o f  a n  M .  f a e n i  c h a l l e n g e  

d o s e .  T h i s  i n i t i a l  c h a l l e n g e  d o s e  d i d  n o t  i n d u c e  s i g n s  o f  r e s p i r a t o r y  d i s e a s e  

i n  a n y  o f  t h e  8 h o r s e s .  I n c r e a s i n g  t h e  d o s e  t h r e e - f o l d  t o  5 2 . 5  u n i t s  c h y m o ­

t r y p s i n  a l s o  f a i l e d  t o  i n d u c e  r e s p i r a t o r y  s i g n s  i n  t h e s e  8 h o r s e s .  I t  w a s ,  

t h e r e f o r e ,  c o n c l u d e d  t h a t  t h e  p h a r m a c o l o g i c a l  e f f e c t s  o f  c h y m o t r y p s i n  c o n t a i n e d  

i n  t h e  a n t i g e n  c h a l l e n g e  d o s e s  w a s  u n l i k e l y  t o  h a v e  c a u s e d  t h e  o b s e r v e d  p o s i t i v e  

r e s p o n s e  t o  a n t i g e n  c h a l l e n g e  i n  C O P D - a f f e c t e d  h o r s e s .

R e p e a t e d  i n h a l a t i o n  o f  h i g h  d o s e s  o f  p u r i f i e d  c h y m o t r y p s i n  i n d u c e d  s i g n s  o f  

C O P D  i n  o n e  h o r s e  w h i c h  h a d  n o t  p r e v i o u s l y  r e s p o n d e d  t o  t h e  i n i t i a l  c h y m o t r y p s i n  

c h a l l e n g e  d o s e s .  T h i s  s u g g e s t s  t h a t  t h i s  a n i m a l  d e v e l o p e d  r e s p i r a t o r y  h y p e r ­

s e n s i t i v i t y  t o  t h e  p u r i f i e d  c h y m o t r y p s i n  p r o t e i n .  M c P h e r s o n ,  E . A .  ( u n p u b l i s h e d  

d a t a )  h a s  p r e v i o u s l y  i n d u c e d  r e s p i r a t o r y  h y p e r s e n s i t i v i t y  t o  a v i a n  a l b u m i n  i n  a  

C O P D - a f f e c t e d  h o r s e  t h r o u g h  r e p e a t e d  i n h a l a t i o n  c h a l l e n g e  w i t h  t h i s  a n t i g e n .

T h i s  d e m o n s t r a t e s  t h a t  i t  i s  p o s s i b l e  f o r  C O P D - a f f e c t e d  h o r s e s  t o  d e v e l o p  r e s ­

p i r a t o r y  h y p e r s e n s i t i v i t y  t o  f o r e i g n  p r o t e i n s  t h r o u g h  r e p e a t e d  i n h a l a t i o n  e x ­

p o s u r e .  I n  m a n ,  s e n s i t i s a t i o n  t o  t r y p s i n  a n d  c h y m o t r y p s i n  h a s  b e e n  d e s c r i b e d  i n  

l a b o r a t o r y  w o r k e r s  a f t e r  r e p e a t e d  h a n d l i n g  o f  t h e s e  e n z y m e s  ( H o w e  e t  a l . ,  1961 ) .

T h e  r o l e  o f  t h e  c h y m o t r y p s i n - l i k e  e n z y m e s  o f  M .  f a e n i  i n  t h e  p a t h o g e n e s i s  o f  

f a r m e r ' s  l u n g  i n  m a n  a n d  c a t t l e  a n d  i n  e q u i n e  C O P D  i s  n o t  k n o w n .  A s  p r e v i o u s l y  

n o t e d ,  p r e c i p i t a t i n g  a n t i b o d i e s  a g a i n s t  M .  f a e n i  a n d  t h e  c h y m o t r y p s i n - l i k e  

e n z y m e s  o f  M .  f a e n i  h a v e  b e e n  d e m o n s t r a t e d  i n  h e a l t h y  h u m a n s  a n d  c a t t l e  p r e ­

v i o u s l y  e x p o s e d  t o  m o u l d y  h a y ,  a s  w e l l  a s  i n  p a t i e n t s  w i t h  f a r m e r ’ s  l u n g  

( N i c o l e t  e t  a l . , 1 9 7 2 ;  N i c o l e t  e t  a l . ,  1 9 7 7 ) .  T h e  p r e s e n c e  o f  p r e c i p i t i n s  

a g a i n s t  t h e  c h y m o t r y p s i n - l i k e  e n z y m e s  o f  M .  f a e n i  i s  e v i d e n c e  o f  t h e i r  a n t i ­

g e n i c i t y  a n d  o f  a n  i n d i v i d u a l ' s  p r e v i o u s  e x p o s u r e  t o  t h e s e  e n z y m e s ,  b u t  t h e y  

d o  n o t  n e c e s s a r i l y  i n d i c a t e  t h e i r  a e t i o l o g i c a l  r o l e  i n  t h e  p a t h o g e n e s i s  o f  

f a r m e r ' s  l u n g .

T h e s e  s t u d i e s  s u g g e s t  t h a t ,  a l t h o u g h  r e p e a t e d  i n h a l a t i o n  o f  p u r i f i e d  c h y m o ­

t r y p s i n  m a y  i n d u c e  r e s p i r a t o r y  h y p e r s e n s i t i v i t y  i n  h o r s e s ,  t h e  c h y m o t r y p s i n - l i k e  

e n z y m e s  o f  M .  f a e n i  a n d  A .  f u m i g a t u s  d o  n o t  a p p e a r  t o  p l a y  a  m a j o r  r o l e  i n  t h e  

p a t h o g e n e s i s  o f  n a t u r a l l y  o c c u r r i n g  C O P D  i n  G r e a t  B r i t a i n .
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Chronic obstructive pulmonary disease in the 
horse 1: Nature of the disease
E. A. M cP H ER SO N  and J ILL  R. T H O M SO N
Department o f  Veterinary M edicine, University o f  Edinburgh, Royal (D ick) S choo l o f  Veterinary Studies, 
Veterinary Field S tation, Easter Bush, Roslin, M id lo th ian, EF1259RG

Summary

The a e tio lo g y , p a th o p h y s io lo g ica l ch an ges, p a th o lo g y  and  
clinical sign s o f  the d isease a s presently  u n d erstood  are 
discussed. T h e co n d itio n  appears to  be a hypersensitiv ity  o f  the  
respiratory system  in so m e  horses to  p o o r  q u ality  hay and straw . 
Micropolyspora faeni is the c h ie f  agen t id en tified  in  the  
northern part o f  the U n ited  K in gd om . In o th er  lo c a tio n s , the  
chief agent is  probab ly  d ifferen t. T h e  principal ch an ges are 
spasm o f  the a irw ays and b ro n ch io litis  o f  the sm all a irw ays. 
Onset m ay be acute or in sid io u s. T h e  ch ie f clin ical sign s are well 
known but the d isease process is reversib le if  the sou rce  o f  the  
antigen is rem oved . In early cases, d eterm in ation  o f  increased  
m axim um  in trath oracic  pressure ch an ges and co -ex isten t 
subnorm al arterial o xygen  pressure are the best o b jective  
confirm ation  o f  d ia g n o sis . T h e sam e m easu rem en ts m ay be 
made on  a sy m p to m a tic  horses if  they  have been challen ged  4 to  
5 h earlier by in h a la tion  o f  the appropriate an tigen , or  even  
exposed to  p o o r  q u ality  hay or  straw . O ther m eth o d s availab le  
to the c lin ician  are d iscu ssed .

Introduction

CHRONIC obstructive pulmonary disease (COPD), also 
known as heaves, broken wind and alveolar emphysema, is 
probably the most common cause of chronic coughing in horses 
in the United Kingdom and western Europe. The disease is 
thought to have been recognised as far back as 333 BC by 
Aristotle, who described the characteristic expiratory effort or 
‘heave’ associated with this condition (Smith 1919). The 
importance of COPD is well recognised and Gerber (1973) 
believed it to be the most frequent cause of premature 
retirement in the Swiss horse population. Horses from two years 
old and over may be affected and the prevalence increases with 
age. There is no breed or sex predisposition for COPD.

A etio logy

Dusty atmospheres and mould in the hay have been 
associated with the occurrence of the condition by many 
authors (Cook and Rossdale 1963; Gillespie and Tyler 1969; 
Eyre 1972). More recent studies have shown equine COPD to be 
a pulmonary hypersensitivity to organic dust antigens in the 
environment (McPherson et al 1979). In northern Britain, 
Micropolyspora faeni (a thermophilic actinomycete) and 
Aspergillus fum igatus (a fungus) are the predominant
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aetiological antigens. Grass pollen and on occasions other 
minor as yet unidentified agents are also involved (McPherson 
et al 1979). In other parts o f the world, the principal antigens 
may well be different. Thermophilic actinomycetes and fungi 
(hereafter loosely termed ‘moulds’) occur in large numbers (5 
million/g) even in very good quality hay and straw and at levels 
of up to 1 billion/g in visibly contaminated material (Lacey 
1974).

Modern methods of fodder and bedding conservation have 
exacerbated the difficulties experienced in obtaining good 
quality hay and straw.

P a th o lo g y

At autopsy, the lungs of a symptomatic COPD-affected 
horse in which the disease is long standing fill the freshly opened 
chest. They often have rib indentations on the surface. The 
lungs retain their over-inflated appearance for some time, often 
have puffy looking peripheral areas to the lobes and are pale 
pink.

Nicholls (1978) autopsied 25 COPD-affected horses and 
summarised her findings as follows : ‘the principal lesion in all 
25 horses examined was chronic bronchiolitis consisting of a 
hyperplastic bronchiolar epithelium, goblet cell metaplasia, 
peribronchial cellular infiltration and exudation of mucus or 
pus into the lumen. This combination produced narrowing of 
the airway and resultant alveolar over-infiltration. Emphysema 
estimated by examining slices of inflated lung was infrequent, 
occurring only in the cranial lobe or the periphery of the caudal 
lobe and seemed to be a late development in the course of the 
disease.’ This author stated also that all the small airways (less 
than 2 mm in diameter) were affected and the lesion was 
characterised as quoted above.

More than half the cases examined had a pulmonary 
eosinophilia. It was also noted that the number and type of 
goblet cells in the bronchial epithelium were similar in COPD- 
affected horses and in normal horses. In addition there was no 
hyperplasia of the bronchial submucous glands and the author 
therefore concluded that the disease in the horse bears no 
pathological resemblance to chronic bronchitis and emphysema 
of man. In asym ptom atic CO PD -affected horses or 
symptomatic horses in which the current attack has been of 
short duration (ie, less than seven to 14 days), the lungs usually 
appear macroscopically normal.

P a th o p h y sio lo g y

Sporri and Leeman (1964), Gillespie, Tyler and Eberly 
(1966), Sasse (1971) and Willoughby and McDonnell (1979)
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were all concerned with establishing methods of measuring the 
pathophysiological changes occurring in COPD-affected 
horses. The work of Sasse (1971) showed that affected horses 
suffer an increase in the work of breathing and that this is 
mainly caused by an increased maximum change in 
intrathoracic pressure during each breath. McPherson et 
a/( 1978) confirmed both the importance of these findings and 
the hypoxaemia which exists in such cases. McPherson et al
(1979) showed that inhalation of extracts of M  faeni and A 
fumigatus cultures may exacerbate the clinical disease or 
provoke asymptomatic horses to become symptomatically 
affected. The clinical disturbances can occur within 1 to 2 h of 
challenge; however, the reaction usually culminates 4 to 10 h 
after challenge.

The reason for this apparent hypersensitivity of certain 
horses to particular dusts is not at all clear though a respiratory 
allergy seems most likely. The result of exposure to these agents 
is a functional spasm of the airway smooth muscle and a 
widespread exudative bronchiolitis.

The addition of forceful expiration to the normal expulsive 
effort tends to exaggerate the normal collapse of the non- 
cartilaginous airways and partially collapses even the 
cartilaginous ones as demonstrated endoscopically by Fischer
(1980). This, in addition to airway spasm and the above 
mentioned pathological changes, causes a reduced change of air 
in the alveoli with each breath because the residual alveolar 
volume is higher than normal. This leads to a reduction in the 
alveolar oxygen content (PA q2) which in turn results in reduced 
oxygen uptake by the blood. The oxygen level in arterial blood 
(the partial arterial oxygen pressure PaQ 2), is therefore 
subnormal. This hypoxaemia causes pulmonary hypertension 
and consequently an increased right ventricular workload. In 
extremely advanced cases cor pulmonale is said to occur 
(Salutini 1959) although Dixon et al (1982) found that this was 
uncommon even in animals with long standing COPD.

These changes appear to be reversible if the animal is moved 
into a controlled environment (Thomson and McPherson
1982). However, the animal remains hypersensitive so that even 
a short exposure to the offending antigen will render an asymp­
tomatic COPD horse symptomatic (ie, clinically affected).

M an ifesta tion s and clin ical signs

The disease may manifest itself suddenly or develop 
gradually. The work performance is reduced and there is a 
chronic cough, ie, present for more than three months. 
(Coughing for over a year is highly indicative of COPD.) Nasal 
discharge is usually scanty, watery or mucoid. Dyspnoea with 
flaring of the nostrils as the animal inhales is often seen and the 
increased and double expiratory effort long associated by 
veterinarians and owners with ‘broken wind’ is usually evident. 
On auscultation harsh breathing sounds, mostly inspiratory, 
may be heard over a wide area of the chest. Wheezing or 
crepitant sounds, if present, are characteristic. In early cases it is 
difficult or impossible to detect abnormalities on auscultation. 
The rate and depth of breathing is often increased. Many 
authors assert that the area of expansion of the lungs is 
increased but Sasse (1971) deduced from the literature and his 
own experience that such a clinical sign depended on the degree 
of development of COPD. With this we agree, and this test is 
therefore generally considered too subjective and unreliable to 
be of diagnostic value.

D iagnosis

In most instances, COPD can be diagnosed on clinical

grounds and by response to therapy. Pulmonary function 
techniques which can be used to confirm the diagnosis include 
the maximum change in intrathoracic pressure during breathing 
(Max A Ppl) and P a g 2 measurement. In COPD-affected horses, 
Max A Ppl is 6 mmHg or more and P aQ2 is 82 mmHg or less 
measured at 37°C (85 mmHg or less measured at 37.7°C) 
(McPherson et al 1978).

In clinically affected horses the adm inistration  of a 
bronchodilator drug (eg, atropine sulphate 0.02 m g/kg  body 
weight [bwt], clenbuterol [Ventipulmin; Boehringer]0.8pg/kg 
bwt or etamiphylline camsylate [Millophyline — V; Dales 
Pharmaceuticals] 3 m g/kg bwt) provides clinical relief to horses 
affected with COPD within 10 to 20 mins after treatment. A 
retrospective diagnosis may me made by assessing the horse’s 
response to a controlled environment.

The following techniques have also been investigated for the 
diagnosis of COPD.

Intradermal testing fo r  antigen sensitivity

A positive antigen intradermal reaction is evidence that a 
horse has had previous exposure to that antigen and developed 
skin hypersensitivity. It does not necessarily indicate respiratory 
hypersensitivity in the horse. McPherson et al (1979) reported 
that significantly more COPD-affected horses showed skin 
hypersensitivity to M faen i than did normal horses and that 90 
per cent of COPD cases with skin hypersensitivity to M  faeni 
also showed respiratory hypersensitivity to the organism. Using 
other antigens, positive skin reactions were as likely to be found 
in normal horses as in those affected with COPD. It seems 
reasonable to presume that other agents predominate in 
different parts of the world. Halliwell et al (1979) also found this 
type of test unreliable as a means of diagnosing COPD although 
more of their chronic pulmonary diseased horses reacted to 
mould antigens than did their controls.

Antigen inhalation challenge

Exposure to antigen by this route either by exposure to 
mouldy hay or straw or, more specifically, to nebulised culture 
extracts (McPherson et al 1979) may be used to advantage for 
diagnosis. This test is particularly useful in early cases with a 
history suggestive of COPD but not showing overt clinical signs 
at the time of examination, or in well established cases which are 
in remission (or asymptomatic) as a result of being maintained 
in a controlled environment.

A crude natural inhalation challenge can be carried out in 
practice by exposing horses to mould-contaminated hay or 
straw for 12 to 24 h. Should a horse be sensitive to that 
environment, a distinct worsening of clinical signs should be 
evident within that time. The owner should observe the horse 
hourly during the first 8 h of the challenge in case it precipitates 
marked respiratory distress. If this occurs, the horse should be 
immediately removed from the challenge environment. As 
previously mentioned, horses may be sensitive to a range of 
different antigens, including pollens, and this should be borne 
in mind in the event of a horse failing to respond to challenge 
with mouldy hay or straw.

Serum precipitating antibody

Lawson et al (1979) found that precipitins to M faen i and A 
fumigatus were present in the sera of both normal and COPD- 
affected horses though they were found more frequently in 
affected  horses. M any C O PD -affected  horses without 
detectable precipitins respond clinically to inhalation challenge 
with those antigens. As with intradermal testing this is not a 
reliable diagnostic tool.
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Radiographic examination o f  lungs

L ateral rad io g rap h s o f  th e  lung o f  th e  h o rse  can be technically  
satisfactory. T rim ax  film s (fast) have given the best results , the 
exposure facto rs being 110 Kv, 300 m A  fo r 0 .04  secs w ith an 
AFD o f  120 cm . D istances from  tu b e  to  sub ject an d  sub ject to 
plate a re  d ifficu lt to  keep s ta n d a rd . T h e  im ages p ro d u ced  by the  
lung nearest the  p la te  are sh a rp  bu t those  by th e  lung  n earest the 
tube are  enlarged and  ra th e r ill defined .

In horses w hich have been sy m ptom atic  fo r som e tim e, a 
general increase in density  gives an  overall grey im age o f  the 
lungs. A reas o f  g rea te r density  a re  som etim es seen. T hese  are 
snow flake-like an d  p resum ab ly  rep resen t areas o f  m ore in tense 
bronchiolitis. In asy m p to m atic  and  m any  early  cases, th e  lungs 
appear rad io log ically  no rm al. F o r this reason rad io logy  is no t a 
reliable d iagnostic  aid  an d , in ad d itio n , the  d is to rted  im age o f  
the lung n earest th e  tu b e  m akes in te rp re ta tio n  d ifficu lt.

C onclusions

E quine C O P D  is a  re sp ira to ry  hypersensitiv ity  to  m ould  
or o c ca s io n a lly  to  p o lle n  in th e  e n v iro n m e n t. H ay  and  
straw are  the  p rincipal sources o f  the  allergens. T he onset m ay 
be sudden  or g rad u al. T he reac tion  tak es the  fo rm  o f  an airw ay 
spasm and  a b ro n ch io litis , the  la tte r involving the  small 
bronchioles only . T he earliest response o f  an  asym ptom atic  bu t 
affected ho rse  to  challenge, w hich m anifests in ab o u t 2 h, is in 
keeping w ith a  type I allergy. T h e  m ore  obvious heaving 4 to  10 h 
after exposure  m ay be a  delayed type  I o r  a  type III allergic 
response.

In trad e rm a l testing  and  p recip ita ting  a n tib o d y  d e te rm in a tio n  
are o f  n o  help to  the  p rac titio n er. R ad iography  o ffers 
difficulties in techn ique  and  in te rp re ta tio n  and  is no t a reliable 
diagnostic m eth o d . In p ractice , o bservation  o f  the effect o f  
deliberate exposure  to  p o o r  q u a lity  hay o r straw , o r the 
introduction  o f  en v ironm en ta l co n tro l m easures o ffe r  the best 
diagnostic aid in horses w hich a re  n o t show ing overt clinical 
signs.

T he term inology  o f  the  disease is considered by m any  to  be 
unsatisfactory . Eyre (1972) and  L ittle jo h n  (1978) p re fe r the 
term equine asthma. O n the  o th e r  h an d , N icholls (1978) w riting 
as a p a th o lo g i s t ,  e x p re s s e d  a  p r e fe r e n c e  fo r  chronic  
bronchiolitis. T h e  te rm  reversible chronic obstructive  
pulmonary disease or equine respiratory allergy m ight be  m ore 
appropria te  and  useful to the clinician a lth o u g h , on  balance, it 
would be p re fe rab le  to  p o stp o n e  in tro d u c in g  yet a n o th e r new 
term at this stage o f  the  u n fo ld in g  o f  th e  broken-winded horse 
syndrom e.
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Résumé

O n discute l ’e tio logie , les changem ents p h y siopa tho log iqes, la 
patho log ie  et les signes cliniques de la m alad ie  telle q u ’on 
l ’ap p réh en d e  a u jo u rd ’hui. C ette  m aladie p a ra it ê tre  une 
hypersensib ilité  du  systèm e resp ira to ire  de  certa ins chevaux en 
présence de foins ou de  pailles de m auvaise  qualité . 
M icropo lyspora  faeni est l ’agen t p rin c ip a l iden tifié  dans le 
n o rd  du R oyaum e U ni. Les troub les m ajeures so n t des 
spasm es des voies resp ira to ires et une b ro n ch io lite  au  n iveau 
des voies secondaires. L ’a p p aritio n  de la m alad ie  p eu t être  
aiguë ou bien  insidieuse. Les signes cliniques essentiels son t 
bien  co nnus, l ’évo lu tion  de la m alad ie  est réversible si la source 
d ’a n tig è n e  e s t su p p r im é e . D an s les cas ré c e n ts , la  
d é te r m i n a t i o n  d ’u n  a c c r o is s e m e n t  d e  la  p r e s s io n  
in tra th o rac iq u e  m axim um  avec une p ression  d ’oxygène artérie l 
sub  n o rm ale  sim ultanée ne fo u rn it la m eilleure con firm atio n  
d iagnostique . Les m êm es m esures peuvent être faites sur des 
chevaux sans sym ptôm es q u ’on a soum is 4 ou  5 heures plus tô t 
à une in h ala tio n  de l ’an tigène ad éq u a t ou que  l ’on  a exposés à 
des fou rrages de m auvaise q u a lité . D ’au tres  m éthodes à  la 
po rtée  du  clinicien so n t d iscutées.
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Zusammenfassung
D ie A e tio lo g ie , d ie  p a th o p h y s io lo g is c h e n  V e rä n d e ru n g e n , d ie 
P a th o lo g ie  u n d  d ie  k lin isch en  Z e ic h e n  d e r  K ra n k h e it w erd en  
d isk u tie r t . E s sc h e in t sich  u m  eine  U e b e re m p fin d lic h k e it  d e r  
A tem w eg e  b e s tim m te r  P fe rd e  gegen  H e u  u n d  S tro h  sc h le c h te r  
Q u a l i t ä t  z u  h a n d e ln .  M icropolyspora fa e n i is t  d a s  
h a u p ts ä c h lic h  v e ra n tw o r tlic h e  A g en s in d en  n ö rd lic h e n  T eilen  
des V ere in ig ten  K ö n ig re ich es. In a n d e re n  G e b ie te n  sind  
w a h r s c h e i n l i c h  a n d e r e  A g e n te n  v e r a n t w o r t l i c h .  D ie  
v o r h e r r s c h e n d e n  S tö ru n g e n  b e s te h e n  in  S p a s m e n  d e r  
A tem w eg e  u n d  in e in e r  B ro n ch io litis  d e r  ‘k le in en  L u ftw e g e .’ 
D er A n fa n g  d e r  K ra n k h e it k a n n  sich  a k u t o d e r  sch le ich en d

e in s te llen . D ie w ic h tig s te n  k lin isc h e n  Z e ic h e n  s in d  g u t b e k a n n t, 
a b e r  d ie  K ra n k h e its p ro z e s s e  s in d  re v e r s ib e l ,  w e n n  die 
A n tig e n q u e lle  e lim in ie rt w ird . In  f rü h e n  F ä lle n  s te llt die 
B e stim m u n g  ein es e rh ö h te n  m a x im a le n  in tr a th o r a k a le n  D rucks 
u n d  e i n e r  g l e i c h z e i t i g e n  S e n k u n g  d e s  a r t e r i e l l e n  
S a u e rs to f fp a r t ia ld ru c k s  d ie  b es te  o b je k tiv e  B e s tä tig u n g  der 
D i a g n o s e  d a r .  D ie s e  M e s s u n g e n  k ö n n e n  a u c h  an 
a sy m p to m a tis c h e n  P fe rd e n  d u rc h g e fü h r t  w e rd e n , d ie  4 bis 5 
S tu n d e n  v o rh e r  e in e r  I n h a la t io n  d es b e tr e f f e n d e n  A ntigens 
o d e r  a u c h  n u r  e in e r  E x p o s it io n  m it H e u / S t r o h  sch lech ter 
Q u a li tä t  a u sg e se tz t w o rd e n  s in d . A u c h  a n d e re , d e m  K liniker 
z u g ä n g lic h e  M e th o d e n  w e rd e n  b e s p ro c h e n .

A ccepted fo r  publication 1.3.82.

ABSTRACTS 
Nervous system and diseases
Migration of a spiruroid nematode through the brain of a horse

M a y h e w , I. G .,  L ic h t e n f e l s , J .  R ., G r e in e r , E . C .,  
M a c K a y , R . J .  a n d  E n l o e , S. C . (1982) J. Am. vet. med. A ss. 
180, 1306-1311.

A  P R E G N A N T  1 0 -year-o ld  m are  w as ex am in ed  b e c a u se  o f  an  
a c u te  n eu ro lo g ic a l d is tu rb a n c e . C e n tra l n e rv o u s  sy s tem  signs 
c o n s is te n t w ith  a sy m m e tr ic  b ra in  stem  d isease  w ere  n o te d  on  
p h y sica l e x a m in a tio n , in c lu d in g  h e a d  til t ,  tu rn in g  o f  th e  h e a d  
a n d  n eck , a sy m m e tric  eye d ro p  a n d , o n  b lin d fo ld in g , t ig h t 
c irc lin g  to  th e  le ft side .

E q u in e  p ro to z o a l  m y e lo e n c e p h a litis , h e a d  t r a u m a , h e lm in th  
m ig ra tio n , c e re b ro sp in a l m y iasis , b a s ila r  e p id u ra l e m p y a e m a  
w ith  p o ss ib le  e x te n s io n  f ro m  a  le f t  o ti t is  m e d ia - in te rn a , 
tu m o u r , a n d  v iral en c e p h a lo m y e litid e s , in c lu d in g  ra b ie s , w ere 
c o n s id e re d , in th a t  o rd e r ,  as th e  p o ss ib le  ae tio lo g ie s .

H a e m a to lo g y ,  s e ru m  b io c h e m is t r y  a n d  lu m b o s a c r a l  
c e re b ro sp in a l flu id  (C S F ) an a ly s is  w ere w ith in  n o rm a l lim its . 
A t l a n t o - o c c i p i t a l  C S F  c o l l e c t i o n  w a s  u n s u c c e s s f u l .  
A n tip ro to z o a l  th e ra p y  w ith  tr im e th o p r im -s u lfa d ia z in e  (30 
m g /k g , per os tw ice daily ) w as in itia te d  a n d  fo lic  ac id  (75 m g 
in tra m u sc u la r ly )  w as g iven  on ce  w eek ly . T re a tm e n t c o n tin u e d  
fo r  five w eeks a n d  th e  m a re  im p ro v e d  th ro u g h o u t  th is  p e r io d . 
H o w ev er, n eu ro lo g ica l signs re c u rre d  a n d  d e sp ite  in c re a s in g  th e  
tr im e th o p r im -su lfa d ia z in e  to  60 m g /k g  tw ice  d a ily  a n d  th e  fo lic  
a c id  to  75 m g tw ice w eek ly , th e  m a re  c o n tin u e d  to  d e te r io ra te  
a n d  w as d e s tro y e d .

A t n ec ro p sy , la rg e  m alac ic  tra c ts  w ere  fo u n d  e x te n d in g  
th ro u g h  th e  b ra in  stem  a n d  c e re b ra l c o r te x . C ro ss  se c tio n s  o f  a  
n e m a to d e  w ere  seen  o n  m ic ro sc o p ic  e x a m in a tio n  a n d  w ere 
su b se q u e n tly  id e n tifie d  as b e lo n g in g  to  a  sing le g rav id  fem ale  
Draschia (H a b ro n e m a )  megastoma.

T h e  a u th o rs  stress  th e  valu e  o f  re p e a te d  e f fo r ts  a t  h a rv e s tin g  
C S F  fro m  th e  co llec tio n  site  n e a re s t th e  le s io n  a n d  e m p h as ise  
th a t  C S F  eo s in o p h ilia  h a s  b een  o f  va lu e  in id e n tify in g  cases o f  
e q u in e  c e re b ro sp in a l p a ra s ite  m ig ra tio n . T h ey  p ro v id e  a  u se fu l 
ta b le  o f  th e  m a jo r  n eu ro lo g ica l sy n d ro m e s  seen  w ith  n e m a to d e  
a n d  fly  p a ra s ite  m ig ra tio n s  th ro u g h  th e  C N S , w h ich  c o n ta in s  a 
sugg ested  p a ra s ita c id e  th e ra p y  fo r each  sy n d ro m e .

Abstractor’s comment —  T h is  excellen t p a p e r  is o f  v a lu e  to  th e  
c lin ic ian  b ecau se  th e  d e ta ils  a n d  m e th o d s  o f  n eu ro lo g ic a l 
e x a m in a tio n  a re  d esc rib ed  in  a  c lea r  a n d  re a d ily  u n d e rs to o d  
m a n n e r  a n d  th e  r a tio n a le  fo llo w ed  in  th is  case w o u ld  b e  
v a lu a b le  to  an y o n e  in v es tig a tin g  a  s im ila r  case.

D . P .L E A D O N

Neoplasia
Endoscopic diagnosis of squamous cell carcinoma of the 
equine stomach

Ke i r n , D . P . ,  W h it e , K . K ., K in g , J .  M . a n d  T e n n a n t , B. C. 
(1982) J. Am. vet. med. A ss. 180, 940-942 .

A N  11-y e a r-o ld  g e ld in g  o f  m ix ed  b re e d in g  w as e x a m in e d  for 
w e ig h t lo ss  o v e r  a  th r e e  m o n th  p e r io d .  T h e re  h a d  been 
p ro g re ss iv e  r e d u c tio n  in  fo o d  in ta k e  w ith , la t te r ly , a  re fu sa l to 
d r in k  w a te r . A t a d m iss io n , th e  re c ta l te m p e r a tu re ,  h e a r t  rate 
a n d  re s p ira to ry  ra te  w ere  n o rm a l . N o  a b n o rm a l  m asses  were 
id e n t i f ie d  b y  r e c ta l  e x a m in a t io n .  H a e m a to lo g y  a n d  b lo o d  
b io c h e m is try  f ig u res  w ere  all w ith in  n o rm a l  lim its . A b d o m in a l 
p a ra c e n te s is  led  to  th e  co lle c tio n  o f  f lu id  c o n ta in in g  3 .3 g of 
p r o te in /d l  a n d  a  w h ite  cell c o u n t  o f  4 - 2 x  1 0 ’ / l i t r e  w ith  90 per 
c en t n e u tro p h ils  a n d  10 p e r  c e n t  m o n o n u c le a r  cells . It w as not 
p o ss ib le  to  e x a m in e  th e  s to m a c h  v ia  th e  n a re s  b e c a u s e  o f  the 
in a d e q u a te  len g th  o f  th e  f ib re sc o p e .

A n  e x p lo ra to ry  la p a ro to m y  w as p e r fo rm e d  u n d e r  general 
a n a e s th e t ic . P a lp a t io n  o f  th e  s to m a c h  re v e a le d  a  la rg e  f irm  mass 
w ith in  th e  w all o f  th e  s to m a c h  a n d  a s so c ia te d  a d h e s io n s . A 
m id ce rv ica l o e s o p h a g o s to m y  w as p e r fo rm e d  a n d  th e  same 
f ib re s c o p e  w as p a s se d  d o w n  th e  o e s o p h a g u s  to w a rd s  the 
s to m a c h . R e sis tan c e  w as m e t a t th e  c a rd ia  b u t  w as overcom e 
a n d  th e  lu m in a l su r fa c e  o f  th e  s to m a c h  v isu a lise d . W ith in  the 
o e s o p h a g e a l  r e g i o n  o f  t h e  s t o m a c h  a  r o u g h  n o d u la r  
(cau liflo w er-lik e )  m ass w ith  a re a s  o f  u lc e ra t io n  a n d  n ec ro sis  was 
o b se rv e d . T h e  m ass w as p o o r ly  d e m a rc a te d . A  b io p sy  specim en 
w as o b ta in e d  a n d  th e  a n im a l k illed .

A t n e c ro p sy , th e  m ass w as c o n f in e d  to  th e  o e so p h a g e a l region 
o f  th e  s to m a c h  a n d  sh o w e d  h is to lo g ic a l fe a tu re s  c h a rac te ris tic  
o f  sq u a m o u s  cell c a rc in o m a .

Abstractor’s comment —  T h is  p a p e r  d ra w s  a t te n t io n  to  the 
d iff ic u ltie s  e x p e rien ced  in d ia g n o s in g  sq u a m o u s  cell ca rc in o m a  
o f  th e  s to m a c h . B e cau se  o f  th ese  p ro b le m s , th e y  a re  o f te n  a t an 
a d v a n c e d  s ta g e  b e fo re  d ia g n o s is  is m a d e  a n d  n o n -in v asiv e  
p r o c e d u r e s ,  w h ic h  a llo w  e a r ly  r e c o g n i t io n ,  a re  r e q u ire d .  
U n fo r tu n a te ly ,  a s  th is  p a p e r  e m p h a s ise s , f ib re sc o p e s  longer 
th a n  180 cm  a re  n o t ye t a v a ila b le . T h u s  an y  v isu a lis a tio n  o f  the 
s to m a c h  re q u ire s  an  o e so p h a g o s to m y .

G . A . M U NROE
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Chronic obstructive pulmonary disease in the 
horse 2: Therapy
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Sum m ary

The therapy o f  eq u in e chron ic o b stru ctive  p u lm onary d isease  
(C O P D ) essen tia lly  en ta ils m in im isin g  the h o rse ’s ex p osu re to  
the aetio lo g ica l a n tigen s w hich  are pred om inan tly  therm op h ilic  
actin om ycetes and m o u ld s  occurring in hay and straw . T h is can  
be a c h ie v e d , fo r  e x a m p le , by k eep in g  a ffe c te d  h orses  
perm anently ou t o f  d o o r s , or  w h en  sta b led , using shredded  
paper, w o o d  sh av in gs or peat m o ss as b ed d ing  and feed in g  a 
com p lete cubed  d ie t . T here sh ou ld  be n o  su p p lem en tary  hay  
feed ing apart fro m  d u st-free  vacu u m -p ack ed  h ay . A p p ly ing  
such m easures gen erally  a llo w s horses to  b ecom e asym p tom atic  
in seven  to  14 d ays.

B r on ch od ila tors and co rtico stero id s bring ab ou t a m arked , 
but tem p orary , im p rovem en t and can be o f  value in the  
treatm ent o f  acute a ttack s. T h e u se  o f  oral b ro n ch o d ila to rs in 
com b in ation  w ith  en v iron m en ta l co n tro l m easures m ay h asten  
the rem ission  o f  c lin ica l sign s in a ffec ted  h orses. Inhaled  sod iu m  
crom oglycate  can  be used  p rop h ylactica lly  in a sym p tom atic  
horses to prevent the  on set o f  C O P D  w hen  u n avo id ab le  antigen  
exposure is a n tic ip a ted .

In troduction

T H E  th e ra p y  o f  c h ro n ic  o b s tru c tiv e  p u lm o n a ry  d isease  
(C O P D ) in v o lv es th e  in s t i tu t io n  o f  e n v iro n m e n ta l  c o n tro l 
m e a s u re s  w h ic h  m a y  b e  u s e d  in  c o n j u n c t i o n  w ith  
c h e m o th e ra p y . T h e  c u r re n tly  a v a ila b le  m e th o d s  o f  tre a tin g  
C O P D -a f fe c te d  h o rse s  a re  p re se n te d  h e re .

E nvironm enta l con tro l

T h e  m o st f a v o u ra b le  lo n g  te rm  m e th o d  o f  c o n tro llin g  C O P D  
is to  re m o v e  a f fe c te d  h o rse s  f ro m  c o n ta c t  w ith  th e  a e tio lo g ic a l 
a n tig e n s  o c c u rr in g  in h ay  a n d  s tra w . T h is  c a n  m o s t  re a d ily  be  
ach iev ed  b y  su b s ti tu t in g  fo r  s tra w  a n y  o f  th e  fo llo w in g  fo rm s  o f  
sta b le  b e d d in g  —  sh re d d e d  p a p e r ,  h a rd w o o d  sh a v in g s  o r  p e a t 
— a n d  fe e d in g  a  c o m p le te  c u b e d  d ie t. H a y  sh o u ld  n o t  b e  fed . 
A n  a lte rn a tiv e  s u ita b le  feed in g  reg im e  co n s is ts  o f  v a c u u m - 
p a c k e d  h a y  (H o rs e h a g e ;  W e s tw a y , T o rb a y )  in  c o m b in a tio n  
w ith  a  ty p e  o f  c u b e  a p p ro p r ia te  to  th e  h o r s e ’s en e rg y  n e e d s . T h e  
sta b le  s h o u ld , p re fe ra b ly , be  a t lea s t 46  m  (50 y a rd s )  to  th e  
w in d w a rd  sid e  o f  th e  h a y  s to re , a c c o rd in g  to  th e  d ire c t io n  o f  th e  
p rev a ilin g  w in d . H o w e v e r , it is fu tile  to  ta k e  su c h  p re c a u tio n s  
w ith  th e  in d iv id u a l’s e n v iro n m e n t i f  th e  d u s t  g e n e ra te d  in  th e

Jill T hom son’s present address is East o f Scotland College of
A griculture, Veterinary Investigation C entre, Bush Estate, Penicuik,
M idlothian

m a in te n a n c e  o f  o th e r  h o rse s  o n  th e  p re m ise s  g a in s  a d m iss io n  to  
th e  a ir sp a c e  in w h ich  th e  C O P D -a f fe c te d  h o rse  is b e in g  k e p t. 
AH a n im a ls  sh a r in g  a n  a ir sp a c e  w ith  th e  a f fe c te d  h o rse  sh o u ld , 
th e r e fo re ,  b e  su b je c t  to  th e  sa m e  e n v iro n m e n ta l  c o n tro l  
m e a s u re s .

T h e  a lte rn a tiv e  m e th o d  o f  e n v iro n m e n ta l  c o n tro l  is to  k eep  
a f fe c te d  h o rse s  a t  g ra ss , p ro v id e d  th e  a n im a ls  a re  n o t  
h y p e rse n s itiv e  to  p o lle n  a n d  th e  g ra sses  a re  n o t  in  f lo w e r. In  th is  
c o n n e c t io n , o n e  sh o u ld  n o te  th a t  m u ltip le  h y p e rse n s itiv ity  is n o t  
u n c o m m o n  in C O P D -a f fe c te d  h o rse s . N o  s u p p le m e n ta ry  h a y  
sh o u ld  b e  fe d  a n d  g ra z in g  a re a s  sh o u ld  n o t  b e  a d ja c e n t  to  o r  
d o w n w in d  o f  th e  h a y  o r  s tra w  s to re s . A n y  su p p le m e n ta ry  
feed in g  sh o u ld  b e  in  th e  fo rm  o f  a  cu b e d  d ie t.

E v e n  ‘g o o d  q u a l i ty ’ h a y  c o n ta in s  la rg e  a m o u n ts  o f  fu n g a l 
sp o re s  a n d , f o r  th is  r e a s o n , a t te m p ts  a t c o n tro llin g  C O P D  by 
fe e d in g  ‘o n ly  th e  b es t h a y ’ w ill in v a r ia b ly  fa il. T h e  fe e d in g  o f  
h ay  w h ich  h a s  b e e n  so a k e d  fo r  h o u r s  in w a te r  is n o t  u n iv e rsa lly  
su c cess fu l. T h is  m a y  b e  b e c a u s e  d u s t  g e n e ra te d  in h a n d lin g  th e  
h a y  (eg , by  filling  h a y  n e ts )  b lo w s in to  th e  v ic in ity  o f  th e  h o rse , 
o r  it m a y  b e  th a t  w e ttin g  th e  h a y  d o e s  n o t  p re v e n t  th e  e ffe c ts  o f  
e x p o s u re  to  a n t ig e n . T h e  e f fe c ts  o f  fe e d in g  w et h a y  
c o n ta m in a te d  w ith  M ic ro p o ly s p o ra  fa e n i  a n d  A sp e r g illu s  

fu m ig a tu s  h a v e  n o t  b e e n  s tu d ie d .
I t is n e v e r  p o ss ib le  to  e lim in a te  fu n g a l sp o re s  c o m p le te ly  f ro m  

th e  e n v iro n m e n t, b e c a u se  th e se  sp o re s  c a n  b e  a irb o rn e  fo r  m a n y  
h u n d re d s  o f  m ile s . H o w e v e r , u s in g  e n v iro n m e n ta l  c o n tro l  
m e a s u re s  it is p o ss ib le  to  r e d u c e  th e  levels o f  th e  a n tig e n s  to  
b e lo w  a  th re s h o ld  re q u ire d  to  c a u se  c lin ica l d ise a se . T h e  
a p p lic a t io n  o f  th e se  m e a su re s  a llo w s C O P D -a f fe c te d  h o rse s  to  
b e c o m e  a s y m p to m a tic  in o n e  to  tw o  w eek s , in  m o s t  ca ses. 
H o w e v e r , sev ere ly  a f fe c te d  h o rse s , in  w h ic h  th e  illness h a s  b e e n  
o f  lo n g  d u r a t io n ,  m a y  ta k e  six  w eek s o r  lo n g e r  to  b e c o m e  
a s y m p to m a tic .

C h em oth erap y

T w o  fo rm s  o f  c h e m o th e ra p y  c a n  b e  a p p l ie d : (1) t r e a tm e n t  o f  
s y m p to m a tic  h o rs e s  a n d  (2) p r o p h y la c t ic  t r e a tm e n t  o f  
a s y m p to m a tic  h o rse s . (T h e  c h e m o th e ra p e u tic  a g e n ts  d e sc rib e d  
c a n n o t  b e  u se d  in c o m p e tin g  h o rse s  in  G re a t  B r ita in  a n d  I re la n d  
u n d e r  th e  c u r re n t  F E I  an d  J o c k e y  C lu b  re g u la tio n s .)

T R E A T M E N T  O F  S Y M P T O M A T IC  H O R S E S

W h e n  C O P D -a f fe c te d  h o rse s  a re  in  se vere  r e sp ira to ry  
d is tre s s , t r e a tm e n t  w ith  c o r t ic o s te ro id s  o r  b r o n c h o d i la to r  
d ru g s  h e lp s  to  a lle v ia te  th e ir  c o n d it io n . T h e  im p ro v e m e n t, 
h o w e v e r , la s ts  o n ly  fo r  th e  d u ra t io n  o f  t r e a tm e n t ;  so m e 
p e rm a n e n t  e n v iro n m e n ta l  c o n tro l  m e a su re s  sh o u ld  a lso  be  
in d ic a te d .
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C o r tic o s te ro id s

P a re n te ra l  c o r t ic o s te ro id s  h av e  b een  u se d  fo r  th e  tr e a tm e n t o f  
C O P D  (C o o k  a n d  R o ssd a le  1963; G e rb e r  1973; B eech  1979). 
T h ey  a c t b y  su p p re ss in g  th e  allerg ic  re sp o n se  to  a n tig e n  
ch a llen g e  a n d  re d u c in g  a irw ay  in f la m m a tio n . C o r tic o s te ro id s  
(eg , b e ta m e th a s o n e  o r  p re d n iso lo n e )  a re  so m e tim es u se d  to  
tr e a t  a c u te  C O P D  cases b u t th e ir  a c tio n  is n o t  a s  im m e d ia te  as 
b ro n c h o d ila to rs .  T h e  te m p o ra ry  a n d  p a r t ia l  im p ro v e m e n t a f te r  
c o r tic o s te ro id  th e ra p y  las ts  on ly  fo r  th e  d u ra t io n  o f  t re a tm e n t. 
L o n g  te rm  u sa g e  o f  th ese  d ru g s ca rr ie s  th e  very  c o n s id e ra b le  
risk s o f  s id e -e fec ts , p a r tic u la r ly  th a t  o f  lam in itis .

B ro n c h o d ila to r  d ru g s

B ro n c h o d ila to r  d ru g s  w h ich  h av e  b een  u se d  fo r  th e  th e ra p y  
o f  e q u in e  C O P D  in c lu d e  th e  p a ra sy m p a th o ly tic  d ru g  a tro p in e , 
sy m p a th o m im e tic  a g e n ts  (eg, iso p re n a lin e  a n d  c le n b u te ro l)  a n d  
th e  x a n th in e  d e riv a tiv es  (eg, e ta m ip h y llin e  c am sy la te ). T h e  
m a in  v a lu e  o f  b ro n c h o d i la to r  th e ra p y  in  C O P D  is to  tr e a t  cases 
o f  ac u te  re sp ira to ry  d is tre ss  w h ere  th e  a lm o s t im m e d ia te  e ffe c ts  
o f  th ese  d ru g s , w h e n  g iven  in tra v e n o u s ly  o r  b y  in h a la t io n , are  
b en e fic ia l. H o w e v e r, a s  p re v io u sly  n o te d , a  m a jo r  fe a tu re  o f  
C O P D  is a  w id esp rea d  e x u d a tiv e  b ro n c h io litis  w h ich  o ccu rs in 
a d d it io n  to  a irw a y  sp a sm . W h e re a s  b ro n c h o d i la to r  d ru g s  can  
c o rre c t th e  la t te r  a irw a y  o b s tru c tio n , th e y  c a n n o t g rea tly  
in f lu e n c e  th e  fo rm e r . T h e re fo re , even if  b ro n c h o d ila to rs  a re  
to ta lly  e ffe c tiv e  in re liev ing  th e  a irw a y  sp a sm  in C O P D , th ey  
ca n  on ly  cau se  a  p a r t ia l  im p ro v e m e n t in  th e  a n im a l’s o v era ll 
p u lm o n a ry  a irflo w .

P a ra sy m p a th o ly tic  d ru g s . P a ra sy m p a th o ly tic  d ru g s  su c h  as 
a tro p in e  cau se  b ro n c h o d ila t io n  by  d ec reas in g  p a ra sy m p a th e tic  
to n e  o f  th e  a irw ay  sm o o th  m u sc le . A tro p in e  h a s  b een  fo u n d  to  
b r in g  a b o u t  c lin ica l im p ro v e m e n t in C O P D -a ffe c te d  h o rses  
(A lex an d e r 1959; C o o k  a n d  R o ssd a le  1963; M uy lle  a n d  O y a e rt 
1973). H o w ev er, its sh o r t d u ra tio n  o f  a c tio n  (1 to  2 h ) (M u rp h y , 
M c P h e rs o n  a n d  D ix o n  1980) a n d  its w id e sp re a d  system ic  side- 
e ffe c ts , in c lu d in g  ta c h y c a rd ia , m y d ria s is , re d u c e d  b o w el 
m o tility  an d  in c rease d  v isc o sity  o f  re sp ira to ry  se c re tio n s , 
p re c lu d e  its w id e sp re a d  use .

S y m p a th o m im e tic  b ro n c h o d ila to r s .  T h e  sy m p a th o m im e tic  
am in es b r in g  a b o u t  b ro n c h o d ila t io n  by  s tim u la tin g  th e  b e ta  
ad re n e rg ic  re c e p to rs  in th e  re sp ira to ry  sy s tem . T h e  b e ta -2  
sy m p a th o m im e tic  b ro n c h o d ila to rs  sh o w  p re fe re n tia l se lec tiv ity  
fo r  th e  b e ta -2  re c e p to rs , th e re b y  c a u s in g  re la x a tio n  o f  th e  
a irw ay  sm o o th  m u sc le  w ith  few er c a rd ia c  s tim u la tin g  e ffe c ts . 
T w o  such  b e ta -2  sy m p a th o m im e tic  a g e n ts , c le n b u te ro l a n d  
te rb u ta lin e , h av e  b een  sh o w n  to  b r in g  a b o u t  a  m a rk e d  c lin ica l 
im p ro v e m e n t in  C O P D -a ffe c te d  h o rse s  w h ich  las ts  fo r  4  to  8 h 
(Sasse  a n d  H a je r  1977; M u rp h y  e t a l 1980). C le n b u te ro l  is 
m a r k e te d  c o m m e rc ia l ly  f o r  e q u in e  u se  ( V e n t ip u lm in  ; 
B o e h rin g e r)  an d  in tra v e n o u s  (iv) a d m in is tra t io n  o f  th is  d ru g  is 
u n d o u b te d ly  o f  va lue  in th e  tr e a tm e n t o f  severe ly  a ffe c te d  
h o rse s  (D en ac  a n d  P f is te r  1981). H o w e v e r , o ra l a d m in is tra t io n  
o f  c le n b u te ro l fo r  14 d ay s  to  C O P D -a f fe c te d  h o rse s  m a in ta in e d  
in  a  h ay  a n d  s tra w  e n v iro n m e n t h a s  n o t  b e e n  fo u n d  to  im p ro v e  
s ig n if ican tly  th e ir  c lin ica l signs o r  lu n g  fu n c tio n  m e a s u re m e n ts  
(T h o m so n  1982). C le n b u te ro l a d m in is tr a t io n , in c o m b in a tio n  
w ith  e n v iro n m e n ta l c o n tro l  m e a su re s , m a y  speed  th e  rem iss io n  
o f  c lin ica l signs in a f fe c te d  h o rse s . S id e -e ffec ts , in c lu d in g  
sw ea tin g , m usc le  t r e m o r  a n d  ta c h y c a rd ia , m ay  o c c u r  a f te r  
tr e a tm e n t w ith  sy m p a th o m im e tic  b ro n c h o d ila to rs  a n a  m ay  
p ersis t fo r  u p  to  3 h a f te r  t re a tm e n t.

X a n th in e  d e r iv a t iv e s .  X a n th in e  d e r iv a t iv e s ,  in c lu d in g  
th e o p h y llin e  a n d  a m in o p h y llin e , a re  p o te n t  b ro n c h o d ila to rs  
(P a in  1973). E ta m ip h y llin e  c a m sy la te  (M illo p h y lin e -V  ; D ales 
P h a rm a c e u tic a ls )  is a  th e o p h y llin e  d e r iv a tiv e  a n d  h a s  b e e n  used 
in  th e  tr e a tm e n t  o f  e q u in e  C O P D . T h e  e ffe c ts  fo llo w in g  iv 
in je c tio n  a re  s im ila r  in  m a g n itu d e  to  th o se  o f  c le n b u te ro l  and 
te rb u ta lin e , b u t  a re  o n ly  o f  2 to  4 h  d u r a t io n .  T a c h y c a rd ia  m ay  
a lso  b e  o b se rv e d  fo llo w in g  iv e ta m ip h y l l in e  ca m sy la te  
a d m in is tr a t io n . A s w ith  c le n b u te ro l ,  o ra l  a d m in is t r a t io n  o f 
e ta m ip h y llin e  ca m sy la te  fa iled  to  b r in g  a b o u t  a n y  s ig n ifican t 
im p ro v e m e n t in  C O P D -a f fe c te d  h o rse s  h o u se d  in  a  h a y  and 
s t r a w  e n v i r o n m e n t  ( T h o m s o n  1 9 8 2 ) . H o w e v e r ,  o ra l  
a d m in is tr a t io n  o f  a  th e o p h y llin e  c o m p o u n d  h a s  b e e n  fo u n d  to 
im p ro v e  s ig n if ic a n tly  th e  p u lm o n a ry  fu n c tio n  o f  sy m p to m a tic  
C O P D -a f fe c te d  h o rse s  (P e te rm a n n  1981). T h is  c o m p o u n d  is 
n o t  c u r re n tly  c o m m e rc ia lly  a v a ila b le  in  th e  U n ite d  K in g d o m .

It c a n  be  c o n c lu d e d  th a t  b r o n c h o d i la to r s  c a u se  v e ry  rap id  
c lin ica l im p ro v e m e n t w h e n  a d m in is te re d  iv o r  b y  in h a la tio n , 
u s in g  a  n e b u lise r . C o n s q u e n tly , th e se  d ru g s  a re  u se fu l in  the; 
in itia l m a n a g e m e n t o f  a c u te  c lin ica l c a se s , a t  w h ic h  stage 
p e rm a n e n t  e n v iro n m e n ta l  c o n tro l  m e a su re s  sh o u ld  a lso  be 
im p le m e n te d . H o w e v e r , th e se  d ru g s  d o  n o t  b r in g  ab o u t 
c o m p le te  reco v e ry  a n d  th e ir  e f fe c ts  a re  te m p o ra ry  ( la s tin g  only 
a s  lo n g  a s  a d e q u a t e  b lo o d  le v e ls  a r e  m a in t a in e d ) .  
B ro n c h o d ila to r  d ru g s , th e r e fo re ,  h av e  n o  p la c e  in th e  lo n g  term  
tre a tm e n t  o f  e q u in e  C O P D  a s  a  s u b s ti tu te  fo r  e n v iro n m e n ta l 
c o n tro l .

M u c o ly tic  a n d  e x p e c to r a n t th e ra p y

B ecause  h y p e rse c re tio n  o f  v isc o u s  m u c u s  in th e  a irw ay s  is an 
im p o r ta n t  p a th o lo g ic a l  c h a n g e  in  C O P D , th e  u se  o f  m u co ly tic  
a g e n ts  a n d / o r  e x p e c to ra n t  th e r a p y  h a s  b e e n  re c o m m e n d e d  in 
a d d it io n  to  th e  p re v io u s ly  m e n tio n e d  m e th o d s  o f  trea tin g  
sy m p to m a tic  C O P D -a f fe c te d  h o rs e s  (D e e g a n , L ie sk e  and  
F is c h e r  1980). M u c o ly tic  a g e n ts ,  su c h  a s  b ro m h e x in e  
h y d ro c h lo r id e  (B iso lv o n  ; B o e h rin g e r ) , r e d u c e  s p u tu m  viscosity  
a n d  th e re b y  a id  e x p e c to ra tio n . H o w e v e r , th e  u se  o f  b ro m h e x in e  
h y d ro c h lo r id e  in sy m p to m a tic  C O P D -a f fe c te d  h o rse s  w ith o u t 
a n y  a d d it io n a l  m e a su re s  w as n o t  fo u n d  to  h a v e  a n y  lasting  
b e n e f ic ia l e ffe c ts  (S c h a tz m a n n , B ü rg i a n d  S tra u b  197 3 ; C o o k  
1976).

E x p e c to ra n t  th e ra p y  b y  m e a n s  o f  iv in fu s io n  o f  la rg e  vo lum es 
o f  f lu id  in  C O P D -a f fe c te d  h o rs e s  h a s  b e e n  in v e s tig a te d  (D eegan  
e t  a l 1980). T h is  in v o lv ed  th e  a d m in is t r a t io n  o f  20  to  40  litres  o f  
0 .9  p e r  cen t iso to n ic  sa lin e  a t  a  r a te  o f  10 litre s  / h ,  o n  th r e e  to  six 
success iv e  d ay s . Im m e d ia te ly  a f te r  t r e a tm e n t ,  m o is t ra le s  were 
h e a rd  o n  a u s c u lta t io n , th e  h o rse s  c o u g h e d  a n d  sh o w e d  a  nasal 
d isc h a rg e . A f fe c te d  h o rse s  w ere  fo u n d  to  h a v e  m a rk ed ly  
im p ro v e d  a f te r  th e  c o u rse  o f  t r e a tm e n t ,  H o w e v e r , s id e -e ffec ts  
in c lu d in g  e x c ite m e n t, ta c h y c a rd ia , d y sp n o e a  a n d  co lic  w ere 
o b se rv e d  in  so m e  cases d u r in g  a n d  a f te r  f lu id  in fu s io n .

P R O P H Y L A C T IC  T R E A T M E N T  O F  A S Y M P T O M A T IC  H O R S E S

S o d iu m  c ro m o g ly c a te

In h a le d  so d iu m  c ro m o g ly c a te  is w idely  u se d  fo r  the 
p ro p h y la c tic  t r e a tm e n t o f  a lle rg ic  re sp ira to ry  d ise ase  in  m a n . It 
h as  n o  d ire c t b ro n c h o d i la to ry  o r  a n ti - in f la m m a to ry  e ffec ts . 
T h e  m e c h a n ism  o f  a c tio n  is n o t c o m p le te ly  u n d e r s to o d ,  b u t  it  is 
be liev ed  to  s ta b ilise  se n sitised  m e m b ra n e s  o f  p u lm o n a ry  m ast 
cells . T h is  ’ p re v e n ts  d e g ra n u la t io n  o f  th e  m a s t  cells a f te r  
ch a llen g e  w ith  th e  a e tio lo g ic a l a n tig e n s , th u s  in h ib itin g  the  
re lease  o f  p h a rm a c o lo g ic a lly  a c tiv e  su b s ta n c e s , eg , h is ta m in e , 
s lo w -re a c tin g  su b s ta n c e  o f  a n a p h y la x is  a n d  5 -h y d ro x y try p -
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tamine (Cox 1976). This drug should be administered prophy- 
lactically and is not intended for therapy once the patient is 
showing clinical signs of disease.

Inhaled sodium cromoglycate (Cromovet; Fisons) has been 
shown to be effective for the treatment of equine COPD when 
administered prophylactically to asymptomatic horses. The 
duration of the protective period increases linearly with the 
number of successive days of treatment with the drug, eg, the 
protective period varies from about three days after a single 
sodium cromoglycate treatment to as long as 24 days after four 
successive days’ treatment (Thomson and McPherson 1981). 
Twice-weekly sodium cromoglycate inhalations have been 
found to be effective in preventing the onset of COPD when 
affected horses are housed in a challenge environment (ie, on 
hay and straw) for longer periods. In this respect, a four day 
treatment schedule may be preferred because this would allow 
longer intervals, eg, 21 days, between treatments.

This therapy, although of proven efficacy, should not, if 
possible, be substituted for the management of cases by means 
of environmental control. However, there are some cases where 
exposure to the aetiological antigens may be unavoidable, eg, 
during transport or when horses are temporarily housed away 
from their home environment. In such instances, prophylactic 
sodium cromoglycate treatment may be useful. Alternatively, 
long term intermittent sodium cromoglycate treatment could 
facilitate the management of a horse kept at livery or in large 
stables where the provision of special environmental control 
measures may prove difficult to institute.

C o n clu sion s

In most COPD-affected horses, the disease can be well 
controlled by minimising exposure to the aetiological antigens. 
The resulting improvement in a horse’s clinical state may be 
such that even a skilled examiner would not be able to detect its 
affliction. This must pose a problem for a veterinarian asked in 
the summer grazing season to advise a purchaser, or to carry out 
a health examination for any other purpose. At any time of 
year, it is wise to note whether any special managemental 
procedures are being followed.

When horses are severely affected, rapid relief may be 
obtained by the use of parenteral or inhaled bronchodilators. 
C o rtic o s te ro id s  may be used in c o n ju n c tio n  w ith 
bronchodilators in such cases. These agents only bring about a 
temporary improvement and environmental control measures 
should also, therefore, be applied. A course of oral 
bronchodilators an d /o r  expectorant therapy may speed the 
horse’s recovery but these forms of therapy have not been found 
essential to the complete remission of COPD.

Sodium cromoglycate may be used prophylactically in 
asymptomatic horses when unavoidable antigen exposure is 
anticipated. The duration of protection varies according to the 
number of inhalations on successive days. Consequently, this 
form of therapy may be used as a temporary measure where 
brief exposure is anticipated or as a long term measure by 
repeating inhalations at regular intervals.
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R ésum é

Le traitement de la maladie pulmonaire chronique obstructive 
exige notamment de soustraire l’animal aux antigènes 
générateurs de la maladie. Ceux-ci sont surtout des 
actinomycètes thermophiles et des moisissures de foin et de la 
paille. Par exemple, on peut maintenir les chevaux malades au 
dehors en parmanence ; ou bien utiliser une litière de papier, de 
copeaux ou de tourbe et une alimentation en granulés 
complets. Il ne devrait pas y avoir d ’alimentation à base de 
foin sauf emploi d ’un foin totalement dépoussiéré et 
conditionné sous vide. L’emploi de ces mesures entraîne la 
disparition des symptômes dans un délai de 7 à 14 jours.

Les bronchodilatateurs et les corticostéroîdes apportent une 
amélioration temporaire et sont utiles pour le contrôle des 
crises aiguës. L ’emploi des bronchodilatateurs en combinaison 
avec l’assainissement de l’environnement, peut hâter la 
régression des signes cliniques. Le cromoglycate de sodium en 
inhalation peut être employé à titre préventif contre 
l’installation de la maladie pulmonaire chronique obstructive, 
lorsqu’on prévoit une mise au contact des antigènes.

Z u sam m en fassu n g

Die Therapie der chronisch obstruktiven Lungenkrankheit
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(C O P D ) des P fe rd e s  u m fa ss t im  w esen tlich en  e in e  m ö g lich st 
k o m p le tte  A u ssc h a ltu n g  d e r  a e tio lo g isc h e n  A n tig e n e , d ie  v o r 
a llem  a u s  th e rm o p h ile n  A c tin o m y c e te n  u n d  S ch im m elp ilzen  im  
H e u  u n d  S tro h  b e s te h e n . D as k a n n  z u m  B eisp iel e r re ic h t 
w erd en  d u rc h  d ie  p e rm a n e n te  W e id e h a ltu n g  o d e r  —  im  S ta ll —  
d u rc h  S tre u e  au s P a p ie rsc h n itz e ln , H o b e ls p ä n e n  o d e r  T o r f  u n d  
e in  g ew ü rfe lte s  A lle in fu tte r . E s d a r f  k e in  H e u  g e fü tte r t  w e rd e n , 
a u s se r  s ta u b fre ie m , v a k u u m -v e rp a c k te m  H e u . D u rc h  d e ra r tig e  
M a ssn a h m e n  k lin g en  d ie  S y m p to m e  in n e r t s ieb en  b is  14 T ag en  
im  a llg em ein en  a b .

B r o n c h o d i la ta to r e n  u n d  C o r t i c o s te r o id e  e r z ie le n  eine  
d e u tlic h e  a b e r  n u r  te m p o rä re  B e sse ru n g  u n d  k ö n n e n  bei der 
B e h a n d lu n g  a k u te r  E p is o d e n  v o n  N u tz e n  se in . D ie  V erw en d u n g  
o r a l e r  B r o n c h o d i l a t a t o r e n  in  V e r b i n d u n g  m i t  
H a l tu n g s v e rb e s s e ru n g e n  k a n n  d ie  R e m is s io n  k lin is c h e r  
A n z e ic h e n  b e s c h le u n ig e n . In h a lie r te s  N a -C h ro m o g lu c o n a t  
k a n n  p ro p h y la k tis c h  b e i s y m p to m e n fre ie n  P fe rd e n  e ing ese tz t 
w e rd e n , u m  d a s  A u f tre te n  v o n  C O P D  b e i u n v e rm e id l ic h e ru n d  
v o ra u s s e tz b a re r  A n tig e n e x p o s itio n  z u  v e rh in d e rn .
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F r a u e n f e l d e r ,  H . C . a n d  A d a m s , S. B. (1982) J . A m .  ve t. 
m e d . A w . 180, 771-772.

A  T H R E E -y e a r  o ld  Q u a r te rh o rs e  g e ld in g  w as ex am in ed  a f te r  a 
b o u t  o f  “ c h o k e ” . F o u r  m o n th s  ea r lie r  th e  h o rse  h a d  b een  
k ic k e d  o n  th e  side  o f  th e  n e c k . E n d o sc o p y  a f te r  th e  f irs t  b o u t  o f  
c h o k e  re v e a le d  o n ly  a  sm a ll a r e a  o f  h y p e ra e m ia  in  th e  
o e so p h a g e a l m u c o sa . L a te r , a  la rg e  d if fu se  sw elling  a p p e a re d  a t 
th e  c a u d o v e n tra l th i rd  o f  th e  n e c k . T h e re  w as so m e  re s is ta n c e  to  
p a lp a tio n  o f  th e  sw elling  a n d  e n d o s c o p y  rev ea led  a  la rg e  
m u co sa l d e fe c t filled  w ith  fo o d  o n  th e  v e n tra l a sp e c t o f  th e  
d is ta l th ird  o f  th e  cerv ica l o e s o p h a g e a l m u c o sa . C o n tra s t  
r a d io g ra p h y  c o n f irm e d  th e  d ia g n o s is  o f  a n  o e s o p h a g e a l  
d iv e rtic u lu m .

T h e  a n im a l w as a n a e s th e tise d , p laced  in  d o rsa l rec u m b e n c y  
a n d  a  n a so g a s tr ic  tu b e  p assed  in to  th e  o e so p h a g u s . R o u tin e  
d issec tio n  b e tw een  th e  neck  m usc le s rev ea led  a  la rg e  f ib rin  
co v e red  d iv e r tic u lu m  v e n tra l to  th e  tra c h e a . L a rg e  a m o u n ts  o f  
c lea r  yellow  flu id  o o z e d  fro m  th e  s ite . T h e  d iv e r tic u lu m  w as 
resec ted  an d  th e  re m a in in g  10 cm  lo n g itu d in a l d e fe c t in  th e  
o eso p h a g e a l m u co sa  c losed  w ith  sim p le  in te r ru p te d  su tu re s , 
u s in g  2 /0  p o ly p ro p y le n e  w ith  k n o ts  p laced  w ith in  th e  lu m en . 
T h e  edges o f  th e  tu n ic a  m u sc u la ris  w ere  d e b r id e d  an d  c lo sed , 
u sin g  sim p le  in te r ru p te d  su tu re s  o f  2 /0  D e x o n . T h e  a re a  w as 
th o ro u g h ly  flu sh ed  w ith  a  la rg e  q u a n t i ty  o f  R in g e r ’s c o n ta in in g  
c ry s ta llin e  so d iu m  pen ic illin .

A  fe n e s tra te d  d ra in  w as p laced  a lo n g s id e  th e  o e so p h a g u s  an d  
th e  neck  m usc le s r e o p p o s e d . T h e  n a so g a s tr ic  tu b e  w as le ft in  th e  
o e so p h a g u s , su tu re d  to  th e  left n o s tr il an d  p lu g g e d . A  liq u id  
m ix tu re  o f  a lf a lfa  m ea l, h o rse  cu b es , b ra n , d e x tro se  a n d  
e lec tro ly tes  w as a d m in is te re d  v ia  th e  n a so g a s tr ic  tu b e  fo r  fo u r  
d ay s  a f te r  su rg e ry . A t th is  s ta g e  th e  d ra in  w as re m o v e d . 
A n tib io tic  th e ra p y  w as c o n tin u e d  fo r  seven d ay s  a f te r  su rg e ry  
a n d  th e  a n im a l d isc h a rg e d  18 d ay s p o s to p e ra tiv e ly . A  liq u id  d ie t 
w as c o n tin u e d  fo r  fo u r  w eeks.

T h e  a u t h o r s  c o n s id e r e d  th i s  p a r t i c u l a r  o e s o p h a g e a l  
d iv e r tic u lu m  to  b e  o f  th e  p u ls io n  ty p e  w h ich  is th o u g h t  to  o c c u r 
b e c a u se  o f  a  m u c o sa l h e rn ia t io n  th ro u g h  a c q u ire d  d e fec ts  in  th e  
m u sc u la ris  o f  th e  o e so p h a g u s . I t is c o n s id e re d  th a t  th is  d e fe c t 
m a y  h a v e  b een  cau sed  by  e x te rn a l t r a u m a  to  th e  n eck .

A b s tr a c to r ’s  c o m m e n t  —  T h is  p a p e r  is o f  in te re s t b e c a u se  it 
desc rib es an  a lte rn a tiv e  te c h n iq u e  fo r  su rg ica l tr e a tm e n t o f  
o eso p h a g e a l d iv e r tic u lu m . P re v io u s  p a p e rs  h av e  su g g e sted  th e  
re p u ls io n  o f  th e  r e d u n d a n t  e v a g in a te d  m u c o s a  in to  th e  lu m en  
a n d  a p p o s itio n  o f  th e  edges o f  th e  m u sc u la ris  d e fe c t. H o w e v e r  
in  th is  case , b ecau se  o f  th e  size o f  th e  d iv e r tic u lu m  a n d  th e

p o ss ib le  d e g e n e ra tio n  o f  th e  in te g r ity  o f  th e  m u c o s a , the  
d iv e r tic u lu m  w as ex c ised . T h e  a u th o r s  c o n s id e r  th e  co rre c t 
se le c tio n  o f  n o n -re a c tiv e  s u tu re  m a te r ia l ,  p la c e m e n t o f  the 
m u c o sa l su tu re  k n o ts  w ith in  th e  lu m e n  a n d  th e  re s tin g  o f  the 
o e so p h a g u s  fo r  se v e ra l d a y s  a f te r  su rg e ry  to  b e  ex trem ely  
im p o r ta n t .

G . A . M u n r o e

Haematology
Haemophilia A  (factor VIII deficiency) in a colt

F e ld m a n ,  B. F . a n d  G ia c o p u z z i ,  R . L . (1982 ) E q u in e P r a c t . 4, 
24-30.

T H E  c lin ica l p ic tu re , l a b o r a to ry  in v e s tig a tio n  a n d  d ia g n o s is  o f  
a  case  o f  sev ere  h a e m o p h il ia  A  ( fa c to r  V III  d e fic ien cy ) in a 
th re e -d a y -o ld  Q u a r te rh o rs e  c ro ss  c o lt  a re  p re se n te d . O n  in itia l 
e x a m in a tio n , th e  co lt h a d  m a rk e d  jo in t  sw ellings b u t  was 
o th e rw ise  b r ig h t,  a c tiv e  a n d  n u rs in g  w ell. J o in t  ta p s  o f  th e  knees 
rev ea led  b lo o d . T h e re  h a d  b e e n  n o  p re v io u s  h is to ry  o f  fo a lin g  
p ro b le m s . A  c o a g u lo g ra m  sh o w e d  a  p ro lo n g e d  a c tiv a te d  p a r tia l 
th ro m b o p la s t in  tim e  (A P T T )  c a u se d  b y  less th a n  5 p e r  cen t 
f a c to r  V III . A ll o th e r  c o a g u la tio n  a ssa y s , in c lu d in g  o n e  fo r  the 
p re sen c e  o f  a n  in h ib ito r  to  f a c to r  V III , w ere  n o rm a l . T h e  
p a c k e d  cell v o lu m e  w as 0 .2 2  l i t r e s / l i t r e  a n d  to ta l  p la sm a  
p ro te in s  46  g / l i t r e .  T re a tm e n t  c o n s is te d  o f  th e  a d m in is tr a t io n  
o f  2 litre s  o f  f re s h  e q u in e  b lo o d . O v e r  th e  n e x t fo u r  d a y s , th e  size 
o f  th e  jo in t  sw ellings d im in ish e d , b u t  o n  th e  s ix th  d a y  th e  colt 
d ie d . P o s t  m o r te m  e x a m in a tio n  re v e a le d  h a e m o r rh a g e s  in 
sev era l o rg a n s  a n d  a ll jo in ts  c o n ta in e d  b lo o d . T h e  a u th o rs  
c o n s id e re d  th e  case to  b e  th e  f irs t o f  c lassica l h a e m o p h il ia  A i n a  
h o rse  w ith  a  Q u a r te rh o rs e  b a c k g ro u n d .

A b s tr a c to r ’s  c o m m e n ts  —  H a e m o p h il ia  A  is a  r a re  in h e rite d  
c o a g u la tio n  d e fe c t w h ich  h a s  b e e n  r e p o r te d  p re v io u s ly  in  m ale 
T h o ro u g h b re d s , A ra b s  a n d  S ta n d a rd b re d s .  T h e  d isease  seem s 
to  b e  e x trem e ly  se vere  in th e  h o rse  a n d ,  as a  re su lt ,  few  a f fe c te d  
a n im a ls  su rv iv e  b e y o n d  six m o n th s  o f  ag e . T h is  case  a p p e a rs  to  
b e  th e  f irs t  re c o rd e d  in  a  c ro ssb re d  a n im a l. A s th e  a u th o r s  p o in t 
o u t ,  a  n o rm a l p ro th ro m b in  tim e  w ith  p ro lo n g e d  A P T T  in a 
y o u n g  m a le  h o rse  w ith  a  h is to ry  o f  sp o n ta n e o u s  h a e m o rrh a g e  
a ro u n d  jo in ts ,  su g g ests  a n  in tr in s ic  c o a g u la tio n  d e fe c t su c h  as 
h a e m o p h ilia . F u r th e r  la b o ra to ry  te s ts , su c h  as th o se  c a r r ie d  o u t 
in  th is  p a p e r ,  a re  th e n  re q u ire d  b e fo re  a  d e f in ite  d ia g n o s is  o f  
f a c to r  V III  d e fic ie n c y  c a n  b e  m a d e .

B. V . A l l e n
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Effects of environmental control on pulmonary 
function of horses affected with chronic 
obstructive pulmonary disease

JILL R. T H O M SO N  and E. A. M cPH ER SO N  
Departm ent o f  Veterinary M edicine, Royal (D ick) S choo l o f  Veterinary Studies, Veterinary Field S tation, near 
Roslin, M id lo th ian

Sum m ary

The e ffe c ts  o f  en v iron m en ta l co n tro l o n  horses a ffec ted  with  
chronic ob stru ctive pu lm on ary  d isease  w as assessed  by clin ical 
exam ination  and pu lm on ary  fu n ctio n  tests , ie , m axim um  
change in in trath oracic  pressure, tidal v o lu m e , m inute vo lu m e , 
n o n -e la s t ic  w o rk  o f  b r e a th in g , d y n a m ic  c o m p lia n c e ,  
inspiratory and exp iratory f lo w  rates and arterial b lood  gas 
analysis. A  co n tro lled  en v iron m en t (ie , b ed d ing  horses on  
shredded paper and feed in g  a com p lete  cubed  d iet) caused  
sym p tom atic  C O P D  a ffec ted  h orses to  b ecom e asym p tom atic  
within four to  24 days (m ean  ±  sd 8 .4  ±  4 .8  d ays). W hen  
a sym p tom atic , their p u lm on ary  fu n ctio n  va lues did n o t d iffer  
sign ificantly  from  th o se  o f  norm al h orses, w hich  in d ica tes that 
the p a th o p h y sio lo g ica l ch an ges occurring in equ ine C O P D  are 
reversible. T h e  tim e taken  fo r  horses to b eco m e asym p tom atic  
correlated sign ifican tly  w ith ag e , duration  o f  illness and  
severity o f  d isease  as ad ju d ged  by the n o n -elastic  w ork  o f  
breathing.

In troduction

S E V E R A L  a u th o r s  h a v e  n o te d  c lin ica l im p ro v e m e n t in  h o rses  
a ffe c te d  w ith  c h ro n ic  o b s tru c tiv e  p u lm o n a ry  d ise ase  (C O P D ) 
as a  re su lt  o f  e n v iro n m e n ta l  c o n tro l  (T h u r lb e c k  a n d  L o w ell 
1964; E y re  1972; S c h a tz m a n n  e t  a l  1974; C o o k  1976). S u ch  
m easu res  a im  to  p re v e n t e x p o su re  o f  su sc e p tib le  h o rse s  to  th e  
a e tio lo g ic a l a g e n ts  o f  C O P D  w h ic h , in  G re a t  B r ita in , a re  
u su a lly  th e rm o p h il ic  a c tin o m y c e te s  a n d  m o u ld s  o c c u rr in g  in 
hay a n d  s tra w . M in im a l d u s t  reg im es in c lu d e  k e e p in g  h o rse s  
p e rm a n e n tly  o u td o o r s  w ith  n o  s u p p le m e n ta ry  h a y  fe e d in g , 
s ta b lin g  h o rse s  o n  p e a t m o ss , w o o d  sh a v in g s  o r  sh re d d e d  
p a p e r  a n d  feed in g  a  c o m p le te  cu b e d  d ie t, a lo n g  w ith  s ta b lin g  
h o rses  aw ay  f ro m  h ay  a n d  s tra w .

A lth o u g h  c lin ica l im p ro v e m e n t h a s  b e e n  n o te d  b y  severa l 
a u th o rs  a s  a  re su lt  o f  e n v iro n m e n ta l  c o n tro l  th e re  h av e  been  
few s tu d ie s  in to  th e  e ffe c ts  o f  su c h  m e a su re s  o n  th e  p u lm o n a ry  
fu n c tio n  o f  C O P D -a f fe c te d  h o rse s . S c h a tz m a n n  e t a l (1974) 
re c o rd e d  s ig n if ic a n t d e c re a se s  in re sp ira to ry  ra te  in C O P D -  
a f fe c te d  h o rse s  fo llo w in g  re m o v a l o f  h ay  a n d  s tra w  f ro m  th e ir  
e n v iro n m e n t. P u lm o n a ry  fu n c tio n  te s ts  p e r fo rm e d  o n  tw o  o f  
these h o rse s  d e m o n s tr a te d  d e c reases  in m a x im u m  c h a n g e  in 
in t ra th o ra c ic  p re ssu re  (m a x  A P p l)  a n d  n o n -e la s tic  w o rk  o f  
b re a th in g  a n d  a n  in c re a se  in d y n a m ic  c o m p lia n c e  as a  re su lt o f  
th e  a b o v e -n a m e d  m e a s u re s . S im ila rly , M e is te r , G e rb e r  a n d

Jill T hom son’s present address is: Veterinary Investigation Centre,
Bush Estate, Penicuik, M idlothian

T s c h u d i (1976) a n d  D ix o n  (1979) re c o rd e d  s ig n if ic a n t in c rease s 
in  p a r t ia l  p re s s u re  o f  a r te r ia l  o x y g en  (P a Q 2) in  C O P D -a f fe c te d  
h o rse s  w h ic h  w e re  p re v e n te d  f ro m  acce ss to  h a y  a n d  s tra w .

T h is  s tu d y  a im e d  to  p ro v id e  m o re  in fo rm a t io n  o n  th e  
p u lm o n a ry  fu n c tio n  c h a n g e s  o c c u rr in g  in  C O P D -a f fe c te d  
h o rse s  re su ltin g  f ro m  e n v iro n m e n ta l  c o n tro l .  A  ra n g e  o f  
p u lm o n a r y  f u n c t io n  m e a s u re m e n ts  w e re  o b ta in e d  f ro m  
a f fe c te d  h o rse s  in th e  sy m p to m a tic  a n d  a s y m p to m a tic  p h ases  
o f  C O P D  a lo n g  w ith  v a lu es f ro m  n o rm a l h o rse s  a n d  th e se  
re su lts  c o m p a re d . T h e  tim e  ta k e n  fo r  h o rse s  to  b e c o m e  
a s y m p to m a tic  in  a  c o n tro lle d  e n v iro n m e n t (ie, th e  rem iss io n  
tim e) a n d  so m e  fa c to rs  p la y in g  a  ro le  th e re in  w ere  a lso  
in v e s tig a te d .

M aterials and m eth od s

H o r se s

T w e n ty  h o rse s  w ere  id e n tif ie d  as b e in g  C O P D -a f fe c te d  
a c c o rd in g  to  th e  c r i te r ia  o f  M c P h e rs o n  e t  a l  (1978). T h ese  
h o rse s  w h ich  h a d  b e e n  ex p o se d  to  d u s ty  a n d  m o u ld y  h a y  an d  
s tra w  (G roup  A l )  w ere  e x a m in e d  c lin ica lly  a n d  th e  fo llo w in g  
p u lm o n a ry  fu n c tio n  p a ra m e te rs  w ere  m e a s u re d : m ax  A P p l, 
tid a l v o lu m e , m in u te  v o lu m e , n o n -e la s tic  w o rk  o f  b r e a th in g , 
d y n a m ic  c o m p lia n c e , m a x im u m  in sp ira to ry  a n d  e x p ira to ry  
flow  ra te s ,  in sp ira to ry  tim e  (I t) , e x p ira to ry  tim e  (E t) , E t : I t 
r a t io ,  P a q 2, p a r t ia l  p re s s u re  o f  a r te r ia l  c a r b o n  d io x id e  
( P a c o , )  a n d  a r te r ia l  p H .

T h e se  h o rse s  w ere  th e n  h o u se d  in  a  c o n tro lle d  e n v iro n m e n t, 
ie, e x p o s u re  to  th e  a e tio lo g ic a l a g e n ts  w as m in im ise d  by 
b e d d in g  w ith  sh re d d e d  p a p e r  (S h re d a b e d  L td ,  E x e te r)  a n d  b y  
fe e d in g  a  c o m p le te  c u b e d  d ie t  (S p ille rs  A g r ic u l tu re  L td ,  
L o n d o n ) . C a re  w as ta k e n  to  e n s u re  th a t  h ay  a n d  s tra w  w ere  
n o t  s to re d  o r  h a n d le d  in  th e  v ic in ity  o f  th e se  h o rse s . S tab le s  
w ere  w ash ed  re g u la rly  to  m in im ise  d u s t  levels. T h e  h o rse s  w ere  
g iv e n  d a i ly  c l in ic a l  e x a m i n a t i o n s  a n d  w h e n  c l in ic a l ly  
a s y m p to m a tic ,  th e  a b o v e -n a m e d  p a ra m e te rs  w ere  r e m e a su re d . 
T h e se  h o rse s  w ere  th e n  c lassed  as G roup  A 2 .

T h e  sa m e  p a ra m e te rs  w ere  re c o rd e d  in 20 c lin ica lly  n o rm a l 
h o rse s  w h ich  h a d  n o  re c e n t h is to ry  o f  r e sp ira to ry  illness 
(G roup  B ). T h e se  h o rse s  w ere  h a y -fe d  a n d  b e d d e d  o n  s tra w . 
C a se  d e ta ils  o f  th e  C O P D -a f fe c te d  a n d  n o rm a l h o rse s  are  
sh o w n  in T a b le  1. B o th  g ro u p s  w ere  o f  s im ila r  ty p e , age  a n d  
b o d y  w eig h t (b w t).

P u lm o n a r y  fu n c t io n  re c o rd in g  te c h n iq u e s

M a x  A P p l w as m e a su re d  as d e sc rib e d  by M c P h e rs o n  e t  a l
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TABLE 1: Case details of CO PD -affected and norm al horses

COPD-affected horses Normal horses

Group 
and horse 
number

Breed/
type Sex

Age
(years)

Weight
(kg)

Duration Remission 
of illness time 
(months) (days)

Group 
and horse 
number

Breed/
type Sex Age

(years)
Weight

(kg)

A1 Thoroughbred Mn 10 480.0 12 5 B1 Hunter Mn 9 481.4
A2 Hunter Mn 8 452.3 8 7 B2 Heavy hunter Mn 13 584.5
A3 Hunter F 15 511.8 48 7 B3 Hunter F 9 434.5
A4 Pony Mn 6 383.6 5 6 B4 Hunter Mn 4 495.9
A5 Hunter Mn 10 584.1 9 8 B5 Thoroughbred F 5 539.1
A6 Hunter Mn 12 509.1 10 5 B6 Hunter Mn 8 553.6
A7 Hunter Mn 12 519.1 30 10 B7 Thoroughbred Mn 4 485.5
A8 Hunter F 23 458.2 52 24 B8 Hunter Mn 9 470.9
A9 Heavy hunter Mn 13 636.7 36 4 B9 Hunter Mn 20 614.6
A10 Heavy hunter Mn 10 659.1 12 7 B10 Hunter Mn 9 543.6
A11 Hunter Mn 16 409.1 48 14 B11 Thoroughbred Mn 7 586.4
A12 Hunter Mn 10 521.8 60 16 B12 Hunter F 10 493.2
A13 Thoroughbred M 11 525.5 26 6 B13 Hunter Mn 3 445.5
A14 Thoroughbred Mn 7 469.3 5 8 B14 Thoroughbred Mn 2 365.5
A15 Hunter F 5 492.6 6 4 B15 Hunter F 10 528.2
A16 Thoroughbred Mn 14 515.7 14 9 B16 Heavy hunter Mn 8 631.8
A17 Thoroughbred Mn 12 529.0 12 10 B17 Norwegian Fjoord M 10 407.3
A18 Thoroughbred F 8 488.2 16 5 B18 Hunter F 12 489.1
A19 Hunter F 7 526.4 6 6 B19 Thoroughbred Mn 6 540.0
A20 Hunter Mn 10 559.7 9 6 B20 Thoroughbred Mn 10 459.0

Mean 10.95 511.57 21.20 8.35 8.40 507.93
(± sd) ± 4.08 ± 66.03 ±17.96 ±4.82 ±4.03 ± 68.69

Mn Male neuter 
F Female

(1978) using  n a rro w e r  p o ly e th y le n e  in tra o e so p h a g e a l tu b in g  (3 
m m  b o re , 2 m m  w all x  190 cm  lo n g ). T h e  in tra th o ra c ic  
p re ssu re  ch an g es w ere  reco rd ed  in cm  H 20 .

T id a l v o lu m e , m in u te  v o lu m e , in sp ira to ry  a n d  e x p ira to ry  
flow  ra te s  w ere  m e a su re d  usin g  a  face  m a sk , p n e u m o ta c h o ­
g ra p h  (F  3000L  F lo w h e a d ; M e rc u ry  E le c tro n ic s  [S c o tla n d ] 
L t d ,  G la s g o w )  a n d  e l e c t r o n i c  s p i r o m e t e r  (C S 9  
E le c t ro s p i ro m e te r ;  M e rc u ry  E le c tro n ic s  [S c o tla n d ]  L td ,  
G lasg o w ). T h e  face  m a sk , w h ich  c o v e red  th e  h o r s e ’s m o u th  
a n d  n o se , w as c o n s tru c te d  f ro m  a  rig id  p o ly th e n e  c o n ta in e r  
( len g th  20 cm , to p  d ia m e te r  20 cm , b o t to m  d ia m e te r  12 cm ) 
w ith  a  15 cm  w id e  f lex ib le  p la s tic  sleeve a t ta c h e d  to  its 
p ro x im a l e n d . A  5 cm  d ia m e te r  ho le  w as cu t in  th e  base  o f  th e  
m ask  in to  w h ich  a  rig id  p la s tic  c u f f  w as sea led  w ith  p e rsp ex  
c e m e n t. T h is  c u f f  p ro tru d e d  3 cm  f ro m  th e  b ase  o f  th e  m ask . 
T h e  ta p e r in g  e n tra n c e  to  th e  f lo w h ead  w as f itte d  secu re ly  in to  
th is  c u f f  an d  th e  c o n n e c tio n  sea led  by ad h es iv e  b a n d a g e .

T h e  in tra o e so p h a g e a l tu b e  p assed  th ro u g h  a n  a d d i t io n a l  8 
m m  d ia m e te r  o p e n in g  in th e  b a se  o f  th e  m a sk  a n d  th is  
c o n n e c tio n  w as sim ila rly  sea led . T h e  m ask  w as h e ld  in  p o s itio n  
o n  th e  h o r s e ’s h e a d  b y  a  n y lo n  s tra p  o v e r  th e  p o ll. T h e  
p ro x im a l en d  o f  th e  m ask  w as sea led  a ir  tig h t w ith  a  d o u b le  
ru b b e r  s tr a p  se cu re d  w ith  se lf  a d h es iv e  n y lo n  s tr ip . T h e  
p n e u m o ta c h o g r a p h  w as c o n n e c te d  b y  tw in  p o ly e th y le n e  
tu b in g  2 .5 m  lo n g , in n e r  d ia m e te r  3 m m , to  th e  sp iro m e te r .

T h e  sp iro m e te r  w as c a lib ra te d  u sin g  a  R o ta m e te r  f lo a t g au g e  
(G E C -E llio tt , P ro c ess  In s tru m e n ts  L td ,  C ro y d o n ) . A  v a cu u m  
p u m p  p r o v i d e d  a  p o s i t i v e  a i r f l o w  t h r o u g h  t h e  
p n e u m o ta c h o g ra p h  a n d  th e  f lo a t g a u g e . A  valve  b e tw e e n  th e  
p u m p  a n d  th e  p n e u m o ta c h o g ra p h  a llo w ed  th e  flow  level to  b e  
a d ju s te d  m a n u a lly . T h e  tid a l v o lu m e  w as c a lib ra te d  b y  p ass in g  
3 litres  o f  a ir  th ro u g h  th e  p n e u m o ta c h o g ra p h  f ro m  a  3 litre  
sy ringe .

I n t r a th o r a c ic  p r e s s u re ,  t id a l  v o lu m e , in s p i r a to r y  a n d  
e x p ira to ry  flow  ra te s  w ere  re c o rd e d  s im u lta n e o u s ly  a n d  v a lues 
fo r  th ese  p a ra m e te rs , in sp ira to ry  a n d  e x p ira to ry  tim e  w ere

c a lc u la te d  f ro m  a  m e a n  o f  10 c o n se c u tiv e  a n d  re p re se n ta tiv e  
re sp ira to ry  cycles. T h e  m in u te  v o lu m e  w as m e a su re d  by elect­
ro n ic a lly  c u m u la tin g  th e  tid a l v o lu m e  o v e r  1 m in .

T o  d e te rm in e  th e  v isc o u s  w o rk  o f  b r e a th in g ,  p re ssu re -  
v o lu m e  lo o p s  w ere  c o n s tru c te d  a s  d e s c rib e d  b y  S asse  (1971) 
a n d  th e ir  a re a  m e a s u re d  by  p la n im e try . D y n a m ic  co m p lian ce  
w as c a lc u la te d  f ro m  th e  ra t io  o f  t id a l  v o lu m e  to  th e  d iffe ren ce  
in  in tra th o ra c ic  p re ss u re  b e tw e e n  th e  p o in ts  o f  z e ro  a irflo w  
w h ic h  c o r re s p o n d e d  to  th e  b e g in n in g  o f  in s p i r a t io n  and  
e x p ira t io n . F o r  th e se  m e a s u re m e n ts ,  c a re  w as ta k e n  to  select a 
r e p re se n ta tiv e  r e s p ira to ry  cycle  f ro m  an  a re a  o f  th e  trac in g  
w h ere  th e  re sp ira t io n s  w ere  c o n s is ta n t  r e g a rd in g  f req u e n cy  
a n d  a m p li tu d e .

C a ro tid  a r te r ia l  b lo o d  sa m p le s  fo r  P a Q 2, P a ^ Q ,  a n d  pH  
e s tim a tio n s  w ere  c o lle c te d  as d e sc r ib e d  b y  M c P h e rs o n  e t  al 
(1978), s to re d  in  iced  w a te r  a n d  a n a ly s e d  a t  3 7 .7 ° C  w ith  a 
C o r n in g  168 p H / b l o o d  g a s  a n a ly s e r  (C o r n in g  M e d ic a l, 
M e fie ld , M a ss a c h u se tts , U S A ).

S ta tis tic a l a n a ly s is

T h e  re su lts  f ro m  th e  th re e  g ro u p s  w ere  c o m p a re d  b y  analysis 
o f  v a r ia n c e  (D o w n ie  a n d  H e a th  1974) a n d  D u n c a n ’s m u ltip le - 
r a n g e  te s t (B liss 1967, 1970). S tu d e n t ’s t te s t w as u se d  to 
c o m p a re  re su lts  b e tw e e n  G roups A l  a n d  B a n d  betw een  
G roups A 2  a n d  B . S tu d e n t’s p a ire d  t te s t w as u se d  to  co m p are  
re su lts  o f  G rou p s A l  a n d  A 2 . T h e  s ig n if ic a n c e  o f  the  
c o r re la tio n  b e tw e e n  th e  re m iss io n  tim e  in  C O P D -a ffe c te d  
h o rse s  a n d  th e ir  ag e , b w t, d u ra t io n  o f  illn ess , sy m p to m a tic  
m a x  A P p l ,  t id a l  v o lu m e , n o n -e la s tic  w o rk  o f  b re a th in g , 
d y n a m ic  c o m p lia n c e  a n d  P a Q 2 w as te s te d  b y  lin e a r  reg re ssio n  
(S n e d e c o r  a n d  C o c h ra n  1967).

R esults

T h e  m e a n  (±  sd ) p u lm o n a ry  fu n c tio n  v a lu es  fo r  th e  th ree
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TABLE 2: Pulm onary fu nction  values (m ean ±  sd) fo r sym p tom atic  C O P D -affected  horses (Group A1), asym p to m atic  COPD- 
affected horses (Group A2) and norm al horses (Group B), w ith  statis tica l differences betw een groups

Parameter Group A1 Group A2 Group B F value Subsets

Respiratory rate (per min) 14.65 ± 5.21 11.90 ± 1.97 11.80 ± 2.55 5.78** A p  A 2 a 2, b
Max A Ppl (cm H20) 19.65 ± 8.68 5.15 ± 1.00 4.94 ± 0.93 55.26** A t a 2, b
Tidal volume (litres) 6.66 ± 1.61 6.78 ± 1.52 6.32 ± 1.53 0.50NS —

Minute volume (litres/min) 93.14 ± 33.56 78.68 ± 13.81 72.25 ± 15.93 4.37* A p  A 2 a 2, b
Non-elastic work per breath (joules) 10.46 ± 5.32 2.27 ± 0.70 2.21 ± 0.82 45.89** A , a 2, b
Non-elastic work per litre tidal

volume (joules/litre) 1.59 ± 0.69 0.34 ± 0.08 0.35 ± 0.09 75.07** A1 a 2, b
Dynamic compliance (litres/cm H20) 0.82 ± 0.45 2.52 ± 0.89 2.33 ± 0.93 27.99** A1 a 2, b
Max inspiratory flow rate (litres/min) 261.34 ± 58.76 219.86 ± 36.87 224.25 ± 39.00 4.92* A-, a 2, b
Max expiratory flow rate (litres/min) 201.90 ± 31.78 198.02 ± 27.24 207.92 ± 41.40 0.43NS —

Inspiratory time (It) (sec) 1.89 ± 0.64 2.40 ± 0.51 2.47 ± 0.56 6.11** A1 a 2, b
Expiratory time (Et) (sec) 2.76 ± 1.02 2.88 ± 0.53 2.88 ± 0.76 0.15NS —

Ratio Et: It 1.50 ± 0.35 1.24 ± 0.29 1.20 ± 0.25 5.89** A1 a 2, b
Pao2 (mm Hg) 76.67 ± 5.11 91.95 ± 3.18 92.55 ± 3.12 105.75** A1 a 2, b

Pac02 (mm 40.39 ± 3.02 40.22 ± 2.71 40.36 ± 3.29 0.02NS — —

Arterial pH 7.438 ± 0.015 7.435 ± 0.011 7.437 ± 0.019 0 NS - -

* P<0.05 
** P<0.01 
NS Not significant

g ro u p s  a n d  th e  s ta tis t ic a l  d if fe re n c e s  b e tw e e n  g ro u p s  a re  
p r e s e n t e d  in  T a b l e  2 . C o m p a r e d  t o  n o r m a l  h o r s e s ,  
sy m p to m a tic  C O P D -a f fe c te d  h o rse s , w h ile  in th e  c h a llen g e  
e n v iro n m e n t, h a d  s ig n if ic a n tly  in c re a se d  r e s p ira to ry  ra te ,  m ax  
A P p l ,  m in u te  v o lu m e , n o n - e la s t ic  w o rk  o f  b r e a th in g ,  
m a x im u m  in s p ira to ry  f lo w  ra te  a n d  E t : I t  r a t io  a n d  s ig n if ic a n tly  
d e c re a se d  d y n a m ic  c o m p lia n c e , in s p ira to ry  tim e  a n d  P a Q 2. 
T h e re  w e re  n o  s ig n i f ic a n t  d i f f e r e n c e s  in  t id a l  v o lu m e , 
m a x im u m  e x p ira to ry  f lo w  ra te ,  e x p ira to ry  tim e , P a ^ Q 2 o r  
a r te r ia l p H  b e tw e e n  th e s e  tw o  g ro u p s .

W h e n  h o u se d  in  th e  c o n tro lle d  e n v iro n m e n t, th e  a f fe c te d  
h o rses b e c o m e  a s y m p to m a tic  in f o u r  to  2 4  d ay s  (m ean  ±  sd  8 .4  
±  4 .8  d a y s ). W h e n  th is  o c c u r re d , th e re  w ere  s ig n if ic a n t 
d ec reases  in  r e s p ira to ry  ra te ,  m a x  A P p l,  m in u te  v o lu m e , n o n ­
elastic  w o rk  o f  b r e a th in g , m a x im u m  in sp ira to ry  flo w  ra te  a n d  
E t : I t r a t io  a n d  s ig n if ic a n t in c re a se s  in in s p ira to ry  tim e  an d  
P a Q 2. T h e re  w ere  n o  s ig n if ic a n t c h a n g e s  in th e  re m a in in g  
p a ra m e te rs . P re ss u re  v o lu m e  lo o p s  f ro m  an  a f fe c te d  h o rse  in 
the  sy m p to m a tic  a n d  a s y m p to m a tic  p h a se s  o f  C O P D  a re  
sh o w n  in F ig  1.

O n  te s tin g  th e  re su lts  b y  a n a ly s is  o f  v a r ia n c e , th e  th re e  
g ro u p s  fell in to  tw o  su b s e ts , A1 a n d  A2, B fo r  all p a ra m e te rs

Fig I. Respiratory pressure-volume loops fro m  a COPD-affected 
horse (A I9 ) when symptomatic (left) and asymptomatic (right).
 Dynamic compliance line. Values fo r  non-elastic work per
breath: 10.25 joules (symptomatic) ; 2.18 joules (asymptomatic)

in  w h ic h  s ig n if ic a n t d if fe re n c e s  ex is ted  b e tw e e n  g ro u p s , ex cep t 
r e s p ira to ry  ra te  a n d  m in u te  v o lu m e  (A l, A2 a n d  A2, B) (T a b le  
2 ). T h e re  w ere  n o  s ig n if ic a n t d if fe re n c e s  in t id a l  v o lu m e , 
m a x im u m  e x p ira to ry  flow  ra te ,  e x p ira to ry  tim e , P z q O z o r  
a r te r ia l  p H  b e tw e e n  g ro u p s .

T h e  in d iv id u a l  r e m is s io n  t im e s  in C O P D  h o r s e s  a re  
p re se n te d  in  T a b le  1. S ig n if ic a n t p o s itiv e  c o r re la tio n s  ex is ted  
b e tw e e n  th is  t im e  a n d  ag e , d u ra t io n  o f  illness , sy m p to m a tic  
m ax  A P p l, n o n -e la s tic  w o rk  o f  b re a th in g  a n d  a  s ig n if ic a n t 
n e g a tiv e  c o r re la tio n  w ith  d y n a m ic  c o m p lia n c e . N o  s ig n if ic a n t 
c o r re la tio n s  o c c u rre d  b e tw e e n  th e  re m iss io n  tim e  a n d  b o d y -  
w e ig h t, s y m p to m a tic  tid a l v o lu m e  o r  P a Q 2 (T a b le  3).

Discussion

L u n g  v o lu m e s w ere  n o t  m e a s u re d  in  th is  s t u d y ; b e c a u s e  th e  
g ro u p s  o f  h o rse s  w ere  o f  s im ila r  b o d y  m ass th e  re su lts  w ere  
c o n s id e re d  c o m p a ra b le .

S y m p to m a tic  C O P D - a f fe c te d  h o rse s  sh o w e d  s ig n if ic a n t  
c h a n g e s  in  m a n y  p u lm o n a r y  f u n c t io n  p a r a m e te r s ,  m o s t  
n o ta b ly  m a x  A P p l ,  n o n -e la s tic  w o rk  o f  b re a th in g  a n d  P s q 2. 
T h is  is in a c c o rd a n c e  w ith  th e  f in d in g s  o f  S asse  (1971), M u y lle  
a n d  O y a e r t  (1973) a n d  W illo u g h b y  a n d  M c D o n e ll (1979).

T h e  p u lm o n a ry  fu n c tio n  v a lu es fo r  a s y m p to m a tic  C O P D

TABLE 3: S tatistical correlation betw een remission tim e (ie, 
tim e  taken  fo r C O P D -affected  horses to becom e asym ptom atic  
in a controlled environm ent) w ith  their age, b w t, duration of 
illness and som e sym p tom atic  pu lm onary fu nction  m easure­
m ents

Parameter Correlation
coefficient Significance

Age r( 18) = 0.713 P<0.01
Body weight r( 18) =-0.260 P>0.05NS
Duration of Illness r( 18) = 0.674 P<0.01
Max A Ppl r( 18) = 0.854 P<0.01
Tidal volume r( 18) = 0.135 P>0.05NS
Non-elastic work per breath r( 18) = 0.846 PC0.01
Non-elastic work per

Inspired litre r( 18) = 0.819 P<0.01
Dynamic compliance r( 18) =-0.452 PC0.05
Pa02 r( 18) =-0.289 P>0.05NS

NS Not significant
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h o rse s  d id  n o t  d if fe r  s ig n if ic a n tly  f ro m  th o se  o f  n o rm a l h o rses 
w h ic h  in d ic a te s  t h a t  th e  r e s p i r a to r y  f u n c t io n  c h a n g e s  
o c c u rr in g  in C O P D  a re  reversib le . H o w e v e r  it h a s  b een  
su g g e sted  th a t  su ch  p u lm o n a ry  fu n c tio n  tes ts  a re  o n ly  c a p a b le  
o f  id e n tify in g  g ro ss re sp ira to ry  d isease  a n d  a re  in su ff ic ien tly  
sen sitiv e  to  d e te c t low  g ra d e  o f  loca lised  d isease  (S p ie rs , 
T sc h u d i a n d  G e rb e r  1981). B ecau se  so m e  o f  th e  m o re  sensitive  
p u lm o n a ry  fu n c tio n  te s ts  u se d  in h u m a n  m ed ic in e , eg, fo rce d  
e x p ira to ry  v o lu m e  o v e r  1 sec, re q u ire  p a tie n t  c o o p e ra tio n , th ey  
a re  n o t  a p p lic a b le  to  v e te r in a ry  m ed ic in e . H u m a n  p a tie n ts  
w ith  m ild  lu n g  d ise ase  sh o w  m o re  ev id en ce  o f  im p a ire d  
p u lm o n a ry  fu n c tio n  o n  exerc ise  th a n  a t  rest (W est 1977). I t 
m ay , th e re fo re , be  o f  v a lu e  to  p e r fo rm  exerc ise  s tu d ies o n  
a sy m p to m a tic  C O P D  h o rse s . H o w ev er, th is w o u ld  n ecessita te  
fa s t tre a d m ill  o r  te le m e tric  te c h n iq u e s .

T h e  use  o f  b ro n c h o d i la to r  d ru g s  in sy m p to m a tic  C O P D  
h o rse s  h a s  b een  fo u n d  to  m a rk e d ly  d ec rease  th e  m ax  A P p l a n d  
n o n -e la s tic  w o rk  o f  b re a th in g  (M uy lle  a n d  O y a e r t 1973; Sasse 
a n d  H a je r  1977; D e n a c  a n d  P f is te r  1981). T h e se  ch an g es , 
w h ich  w ere  te m p o ra ry , in d ic a te  th a t  a irw ay  sp asm  c o n s titu te s  
a  m a jo r  c o m p o n e n t o f  th e  a irw ay  o b s tru c tio n  o c c u rr in g  in 
C O P D . H o w e v e r ,  a t  p e a k  r e s p o n s e  to  b r o n c h o d i l a to r  
t r e a tm e n t, th e  p u lm o n a ry  fu n c tio n  valu es o f  C O P D -a ffe c te d  
h o rses  re m a in e d  s ig n if ic a n tly  d if fe re n t  f ro m  th o se  o f  n o rm a l 
h o rse s  (M u rp h y , M c P h e rso n  a n d  D ix o n  1980). T h is  w as 
th o u g h t to  b e  b e c a u se  o f  th e  a n a to m ic a l ch an g es  o c c u rr in g  in 
C O P D , ie , d i f f u s e  b r o n c h io l i t i s ,  a n d  th e  p re s e n c e  o f  
m u c o p u ru le n t  e x u d a te  in th e  a irw ay s (T h u rlb e c k  a n d  L ow ell 
1964; N ich o lls  1978).

F ro m  th is  p re se n t s tu d y , it w o u ld  a p p e a r  th a t  e n v iro n m e n ta l 
c o n tro l  b r in g s  a b o u t rev ersa l o f  th ese  ch an g es  th e re b y  a llo w in g  
p u lm o n a ry  fu n c tio n  a n d  b lo o d  gas v a lues to  a t ta in  n o rm a l 
levels. It a lso  su p p o r ts  th e  p a th o lo g ic a l f in d in g s  o f  T h u rlb e c k  
a n d  L o w e ll (1964) a n d  N ic h o lls  (1978) t h a t  d e s tru c t iv e  
em p h y se m a  is n o t  a  m a jo r  fe a tu re  o f  th is  d isease . S h o u ld  
s tru c tu ra l  e m p h y se m a  o c c u r  a s  p a r t  o f  th e  p a th o lo g y  in 
a d v a n c e d  cases (A le x a n d e r  1959; G illesp ie  a n d  T y le r  1969) th e  
d eg ree  o f  rev e rsib ility  w o u ld  be p ro p o r tio n a te ly  re d u c e d . I f  
su c h  a n a to m ic a l  c h a n g e s  w ere  w id e s p re a d , th e  c o n d it io n  
w o u ld  be  c o m p le te ly  ir re v e rs ib le . H o w e v e r , th e  a u th o r s  
c o n s id e r  th e  la tte r  p h e n o m e n o n  to  be  very  u n c o m m o n .

T h e  rem iss io n  tim e  v a ried  g re a tly  a n d  c o r re la te d  m o st 
s ig n if ic a n tly  w ith  ag e , d u ra t io n  o f  illness a n d  severity  o f  
d isease  as a d ju d g e d  by  th e  n o n -e la s tic  w o rk  o f  b re a th in g . It 
seem s likely th a t  a n im a ls  in w h ich  th e  d isease  h as  b e e n  lo n g  
s ta n d in g  w o u ld  have  m o re  a d v a n c e d , a lb e it  reversib le , 
p u lm o n a ry  p a th o lo g y  w h ich  w o u ld  ta k e  lo n g e r to  reg ress. T h e  
fin d in g  th a t  tw o  h o rses  w h ich  h a d  b een  a f fe c te d  fo r  m o re  th a n  
fo u r  years  re q u ire d  th e  lo n g est rem iss io n  tim e , ie , 16 an d  24 
d ay s , su g g ests  th a t  th e  p a th o lo g ic a l ch an g es  w ere  a d v a n c e d  in 
th o se  cases. It is a lso  p o ss ib le  th a t  th e se  h o rse s  w ere  ex trem ely  
sensitive  to  th e  a e tio lo g ic a l an tig e n s  o f  C O P D  a n d  th a t  th e  
level o f  su c h  a n tig e n  in th e  e n v iro n m e n t w as su ff ic ie n t to  a c t  as 
a  challen g e .

In  c o n c lu s io n , th is  s tu d y  suggests th a t  e n v iro n m e n ta l  
c o n tro l  b rin g s  a b o u t  s a tis fa c to ry  rem iss io n  o f  C O P D  in 
a f fe c te d  h o rses  a n d  is, th e re fo re , o f  m a jo r  im p o rta n c e  
th e ra p e u tic a lly .
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SUMMARY

Some parameters of equine tracheobronchial secretion (TBS) from 9 normal 
horses were studied and compared with TBS from 25 horses suffering from: various 
chronic respiratory diseases. Specimens were collected using a transnasal route 
and lavage in 20ml of sterile normal saline.

TBS from normal horses contained fewer cells than from diseased horses and 
these comprised predominantly ciliated columnar epithelial cells with some 
squamous epithelial cells and macrophages. Inflammatory cells were scarce or 
absent. The specimens from 12 horses with chronic obstructive pulmonary disease 
(COPD) contained neutrophils predominantly. Small to moderate numbers of 
eosinophils were present in some samples. Curshman's spirals and "foamy macrophage 
were also identified. In TBS from 8 COPD affected horses which had been rendered 
asymptomatic by environmental control, fewer neutrophils and eosinophils were 
present, as compared with specimens collected in the symptomatic phase. TBS from 
6 horses suspected of having chronic bacterial bronchopneumonia contained moderate 
to large numbers of neutrophils with occasional eosinophils in Borne specimens. The 
cytological pattern in TBS from 7 horses with lungworm infestation (Dict.yocaulus 
a m f i e l d i ) was dominated by pronounced eosinophilia with mild to moderate 
neutrophilia.

Electrophoresis (EP) and immunoelectrophoresis (lEP) on agarose and single 
radial immunodiffusion (SRID) were performed on the sol phase of TBS separated 
by routine centrifugation, from normal and COPD affected horses.EP and IEP 
suggested that the predominant proteins in equine TBS were albumin and 
immunoglobulins. In specimens from COPD affected horses which were symptomatic 
at the time of collection, the proportions of protein which migrated in the ^2,
/G 1 and & 2 zones were significantly higher than in specimens from normal horses. 
TBS from COPD affected horses which were asymptomatic at the time of collection 
had an electrophoretic protein profile intermediate between that of the symptomati 
group and the normal horses. IEP and SRID analyses revealed the presence of IgA in 
each specimen. Ig<5 and IgT were infrequently present in detectable levels in 
specimens from normal horses and IgM was not detected. In comparison, IgG and IgT 
were detected in nearly all of the samples from COPD affected horses. The ratio of 
IgA/Total Protein was significantly elevated in TBS specimens from COPD affected 
horses.
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CHRONIC OBSTRUCTIVE PULMONARY 
DISEASE IN THE HORSE —  A REVIEW
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E.A. M cPH ERSO N , Department of Veterinary Medicine, Royal (Dick) School of Veterinary Studies,
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ihronic obstructive pulmonary disease 
COPD) is also known by a number of 
ither terms such as “ heaves", 
broken w in d " ,  “ a lv e o la r  
mphysema", "equine asthm a" and 
lore recently the name "recurrent air- 
;i obstruction" was introduced. It is 
„jably the most common cause of 
ironic coughing in horses in the tem- 
srate parts of the Northern  
lemisphere and its importance is 
■cognised widely. Horses from two 
jars old and over may be affected and 
IB prevalence increases with age. 
here is no breed or sex predisposition 
k COPD.
ithe United Kingdom, the condition 
¡most frequently seen in the stabled 
orse and is associated with dusty at- 
mspheres and "m ou ld " in hay and 
law. Studies carried out over the 
jst 10 years have shown equine 
DPD to be a pulmonary hypersen- 
ilivity to organic dust antigens in the 
roironment. Micropo/yspora faeni (a 
termophilic actinom ycete) and 
spergi/lus fumigatus (a fungus) ap- 
ear to be the most predominant 
iliological agents in northern Britain 
fffte principle antigens may vary in 
¡¡¿rent parts of the world. Ther- 
ophillc actinomycetes and fungi oc- 
iir in large numbers (5 million/g) 
<en in very good quality hay and 
raw and in amounts of up to 1 
llion/g in visibly contaminated 
aterial (Lacey 1974). Baling fodder 
Ah a high moisture content results in 
eat being generated within the bale, 
lus creating optimum conditions for 
'ultiplication of the thermophilic 
«janisms. Occasionally, the problem 
ay be encountered when horses are 
■Jt-of-doors during the summer mon- 
is in the United Kingdom. These 
¡ses are thought to be associated 
■ith pollen from grass or trees. Un- 
oubtedly there are many other as yet 
«identified agents which may be in- 
slved in some cases of COPD. 
tcently we have succeeded in 
scnonstrating respiratory hypersen- 
tivity to forage mites- (Tyroglyphus 
iigior) in CO PD  affected horses, 
lultiple hypersensitivity is not uncom­
mon.

The reason for this apparent hypersen­
sitivity in certain horses is not at all 
clear though a respiratory allergy 
seems most likely.

CLINICAL SIGNS
The disease may manifest itself sud- 
dendly with horses becoming acutely 
dyspnoeic. More commonly, the con­
dition develops gradually, the horse 
showing reduced exercise tolerance 
and a chronic cough i.e. present for 
more than 3 months. Coughing for 
over a year is highly suggestive of 
COPD. Nasal discharge is usually scan­
ty, watery or mucoid. Muco-purulent 
material may be expelled during 
coughing resulting in deposits of such 
material against stable walls or on the 
floor.
The clinical signs vary considerably in 
degree, from occasional coughing with 
a slight increase in expiratory effort to 
dyspnoea with marked increase in in­
spiratory and expiratory effort, increas­
ed respiratory rate, flaring of the 
nostrils and frequent coughing. On 
auscultation, the respiratory sounds 
vary according to the severity of the 
condition. This ranges from slightly in­
creased and harsh inspiratory sounds, 
mostly over the doral areas of the chest 
to a range of pronounced inspiratory 
and expiratory sounds including crepi­
tant sounds and wheezing being heard 
all over the chest.

PATHOLOGY AND  
PATHOPHYSIOLOGY
If a COPD-affected horse has been 
symptomatic of long standing, at 
autopsy the lungs fill the freshly open 
chest and often have rib indentations on 
the surface. The lungs retain their 
over-inflated appearance for some 
time, are pale pink in colour and may 
have puffy-looking peripheral areas to 
the lobes. In an asymptomatic horse or 
symptomatic horses in which the cur­
rent attack has been of short duration 
(i.e. less than 7-14 days), the lungs 
usually appear macroscopically nor­
mal.
Nicholls (1978) autopsied 25 COPD- 
affected horses and summarised her 
findings as follows: 'the principal lesion

in all 25 horses examined was chronic 
b ro n c h io l it is  c o n s is t in g  of a 
hyperplastic bronchiolar epithelium, 
goblet cell metaplasia, peribronchial 
cellular infiltration and exudation of 
mucous or pus into the lumen. This 
combination produced narrowing of 
the airway and resultant alveolar over­
inflation. Emphysema estimated by ex­
amining slices of inflated lung was in­
frequent, occurring only in the cranial 
lobe or the periphery of the caudal lobe 
and seemed to be a late development 
in the course of the disease'. This 
author stated also that all the small air­
ways (less than 2mm in diameter) was 
affected  and the le s ion  w a s 
characterised as quoted above. More 
than half the cases examined had a 
pulmonary eosinophilia. It was also 
noted that the number and type of 
goblet cells in the bronchial epithelium 
were similar in COPD-affected horses 
and in normal horses. In addition there 
was no hyperplasia of the bronchial 
submucous glands and the author con­
cluded therefore that the disease in the 
h o rse  b ea rs  no p a th o lo g ic a l 
resemblance to chronic bronchitis and 
emphysema of man.
During the past 10 years, many groups 
of workers have been concerned with 
measuring the pathophysiological 
changes which occur in CO PD - 
affected horses. It has been shown 
that horses suffer an increase in the 
work of breathing and that this is main­
ly caused by an increased maximum 
change in intrathoracic pressure during 
each breath. Pulmonary resistance is 
increased and dynamic compliance 
d e c re a se d . H y p o x a e m ia  and  
pulmonary artery hypertention exists in 
such cases. These changes appear to 
be reversible in the majority of cases if 
suitable managemental changes are in­
troduced.
McPherson et al (1979) showed that in 
halation of extracts of M. faeni and A. 
fumigatus cultures may exacerbate the 
clinical disease in many affected 
horses. It may also provoke asymp­
tomatic horses to become sym p­
tomatic. This effect may occur within 1 
to 2 hours of inhalation challenge; 
however, more commonly, the re­
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action culminates 4 to 10 hours after 
challenge. The mechanisms giving rise 
to this reaction are not known but this 
¡s an important area for further study. 
A functional spasm of the airway 
smooth muscle is thought to occur as 
part of the disease process. This has 
been deduced from studies showing 
that administration of bronchodilator 
drugs will alleviate (totally or partially) 
the signs temporarily.
The addition of forecful expiration to 
the normal expulsive effort tends to ex­
aggerate the normal collapse of the 
non-cartilaginous airways and partially 
cpllapses even the cartilaginous ones 
as demonstrated endoscopically by 
Fischer (1980). This, in addition to air­
way spasm and the above mentioned 
tathological changes, causes a reduc- 
I 'change of air In the alveoli with each 
breath because the residual alveolar 
volume is higher than normal. This 
leads to a reduction in the alveolar ox­
ygen content (P A 0 2) which in turn 
results in reduced oxygen uptake by 
the blood. The oxygen level in arterial 
blood (the partial arterial oxygen 
pressure-Pa02), is therefore subnor­
mal. T h is  hypoxaem ia  cau se s 
pulmonary hypertension and conse­
quently an increased right ventricular 
workload. In extremely advanced 
cases cor pulmonale is said to occur 
ISalutini 1959) although Dixon et al 
11982) found that this was uncommon 
even in animals with long standing 
COPD.
It has been suggested that CO PD  af­
fected horses suffer from non-specific 
hyper-reactivity of the airways and that 
this mechanism rather than allergy is 
I  (olved in the pathogenesis of COPD. 
i .cent studies by Derkson et al (1985 a 
and b) have shown that such horses 
are hyperreactive to aerosol and in­
travenous administration of histamine 
whilst symptomatic but during disease 
remission, the response to histamine is 
no different from that of control 
ponies.

DIAGNOSIS
If a horse is showing marked clinical 
signs of COPD, a diagnosis can be 
made on these grounds and confirmed 
by intravenous administration of a 
bronchodilator drug (e.g. atropine 
sulphate 0.02 m g/kg bodyweight, 
clenbuterol (Ventipulmin; Boehringer) 
0.8 ug/kg bodyweight or etamiphylline 
camsylate (Millophyline-V; Dales Phar­
maceuticals) 3mg/kg bodyweight). An 
improvement should be evident within 
10 minutes of treatment. A  retrospec­
tive diagnosis may be made by assess­
ing the horse's response to a change in 
environment.
If horses are asymptomatic or in the 
early stages of developing the disease,

the diagnosis can be very difficult and 
relies on a combination of the history 
plus attempts to either exacerbate or 
improve the condition through en­
vironmental changes. Such cases may 
be referred to veterinary schools or 
equine research centres for assistance 
w ith d ia gnosis. If facilities are 
available, pulmonary function testing 
in combination with antigen inhalation 
challenge may be used. Exposure to 
mouldy hay or to pollen or, more 
specifically, to nebulised culture ex­
tracts has been described by McPher­
son et al (1979). A  crude natural inhala­
tion. challenge can be carried out in 
practice by exposing horses to mould- 
contaminated hay or straw for 12 to 24 
hours. Should a horse be sensitive to 
that environment, a distinct worsening 
of clinical signs should be evident 
within that time. The owner should 
observe the horse hourly during the 
first 8 hours of the challenge in case it 
p recip itates m arked respiratory 
distress. If this occurs, the horse 
should be removed from the challenge 
environm ent im m ediately. A s  
previously mentioned, horses may be 
sensitive to a range of different an­
tigens, including pollens, and this 
should be borne in mind in the event of 
a horse failing to respond to challenge 
with mouldy hay or straw.
The use of intradermal testing for an­
tigen sensitivity and examining for 
serum precipitating antibody have 
been investigated but found to be 
unreliable as d iagnostic  tools. A  
positive antigen intra-dermal reaction 
is evidence that a horse has had 
previous exposure to that antigen and 
developed skin hypersensitivity. It does 
not necessarily indicate respiratory 
hypersensitivity in the horse. Similarly, 
serum precipitins to antigens are com­
m only found in both normal and 
COPD-affected horses and are simply 
an indication of previous exposure. 
Traditionally, an increase in the area of 
expansion of the lungs was used as a 
diagnostic test, but in general, this is 
now considered too subjective and 
unreliable to be of diagnostic value. 
Additionally, considerable advance­
ment of lung changes would need to 
have taken place before a measureable 
difference in lung area could be 
detected. Thus, it is of little help to 
veterinarians called to examine a horse 
in the early stages of the disease.
In recent years, there have been many 
studies of the cytology of tracheal 
aspirate from CO PD  affected horses 
and these have all yielded similar 
results. Neutrophils are the predomi­
nant cell type in symptomatic horses 
comprising 60-70%  of the total cell 
count. They may be found in very large 
numbers in some cases. A s  the total

cell count of the aspirate increases, the 
percentage of neutrophils tends to in­
crease in a linear fashion (Nuytten et al
1983). Macrophages.comprise 10-20% 
of the aspirate with small numbers of 
epithelial cells, monocytes, eosinophils 
and lymphocytes also being present. 
Plugs of inspissated mucus which have 
adopted the shape of small airways 
(Kurchman's spirals) may also be seen 
and indicate a small airways disease. 
However, these cytological features 
are not spec ific  enough  to be 
diagnostic for COPD.
Im m uno log ica l stud ie s on the 
tracheobronchial secretion of COPD- 
affected horses are in their infancy. 
Maxwell (1984) has demonstrated an 
increase in the total protein content of 
tracheobronchial m ucus of sym p ­
tomatic COPD  horses as compared 
with normal horses. In particular, the 
ratio of IgA / to ta l protein w as 
significantly elevated and IgG and IgT 
were detected in nearly all samples 
from sym ptom atic CO PD-affected  
horses. The  latter tw o im ­
munoglobulins were infrequently pre­
sent in detectable levels in normal 
horses. Further immunological studies 
on the tracheobronchial secretion of 
COPD  affected horses may ultimately 
yield a reliable diagnostic test.

THERAPY
The therapy of CO PD  involves the in­
troduction of environmental control 
measures (a so-called minimal dust en­
vironment) which may be used in con­
junction with chemotherapy.

ENVIRONMENTAL CONTROL
A s most cases of CO PD  are associated 
with stabling and exposure to the 
aetiological antigens occurring in hay 
and straw, the most favourable long 
term method of controlling the disease 
is to introduce changes to the environ­
ment. This can be achieved most readi­
ly by substituting for straw any of the 
following forms of stable bedding — 
shredded paper, hardwood shavings or 
peat with soiled material removed on a 
daily basis and not 'deep littered'. The 
horse should be fed on a complete 
cubed diet and no hay. An alternative 
suitable feeding regime consists of 
vacuum -packed  hay (H orsehage ; 
Westway, Torbay) in combination with 
a type of cube appropriate to the 
horse 's  energy needs. The stable 
should, preferably, be at least 46m (50 
yards) to the windward side of the hay 
store, according to the direction of the 
prevailing wind. However, it is futile to 
take such precautions with the in­
dividual's environment if the dust 
generated in the maintenance of other 
horses on the premises gains admis­
sion to the airspace in which the
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allergic respiratory disease in man. It 
has no direct bronchodilatory or anti­
inflammatory effects. The mechanism 
of action is not completely understood, 
but it is believed to stabilise sensitised 
membranes of pulmonary mast cells. 
This prevents degranulation of the 
mast cells after challenge with the 
aetiological antigens, thus inhibiting 
the release of pharmacologically active 
substances, e.g. histamine, slow - 
reacting substance of anaphylaxis and 
5-hydroxytryptamine (Cox 1976).
This drug should be administered pro- 
phylactically and is not intended for 
therapy once the patient is showing 
clinical signs of disease.
Inhaled  sod ium  crom oglycate  
(Cromovet; Fisons) has been found to 
be effective for the treatment of equine 
CO PD  when administered prophylac- 

, tically to asymptomatic horses. The 
duration of the protective period in­
creases linearly with the number of 
successive days of treatment with the 
drug, e.g. the protective period varies 
from about three days after a single 
sodium cromoglycate treatment to as 
long as 24 days after four successive 
days' treatment. Twice-weekly sodium 
dromoglycate inhalations have been 
found to be effective in preventing the 
onset of CO PD  when affected horses 
are housed in a challenge environment 
(i.e. on hay and straw) for longer 
periods. In this respect, a four day 
treatment schedule may be preferred 
because this would allow longer inter­

vals, e.g. 21 days, between 
treatments.
This therapy, although of proven ef­
ficacy, should not, if possible, be 
substituted for the management of 
cases by means of environmental con­
trol. However, there are some cases 
where exposure to the aetiological an­
tigens may be unavoidable, e.g. during 
transport or when horses are tem­
porarily housed away from their home 
environment. In such instances, pro­
phylactic sodium cromoglycate treat­
ment could facilitate the management 
of a horse kept at livery or in large 
stables where the provision of special 
environmental control measures may 
prove difficult to institute.
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