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INTRODUCTION.

EOSinOEhil Se

Eosinophils form only a small proportion of the
white blood cells. They have, however, aroused the
curiosity of many investigators during the past hundred
years. According to Rud (1947), an Englishman, VWharton
Jones, described coarsely granulated cells in the blood
in 1846; Illax Schultzc first described the eosinophile
cell as a morphological entity, while Ehrlich in 1878
carried out staining procedures to demonstrate their

aclidophlle characterstic and named them eosinophils,

Apart from their staining properties, eosinophils
differ from neutrophil polymorphs in three distinct ways.
Firstly, their nuclei are more regular in shape with, in
the majority of cases, only two well-formed lobes;
secondly, their granules are distinctly coarser than fhat
of the neutrophil; thirdly, the average size of the cells
is slightly grecater.A picture of an Eosinophil demonstrating
the first two points of distinction is shown in Plate I.
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Examples of a staff and three-lobed cells are shown in
Plates II and III. These are less common and are found

mainly in cases of eosinophilia,

PLATE III.

The fact that eosinophils are gquite distinct
entities of the blood, and not merely products of

artificial staining methods, is confirmed by information

on their chemical constituents. At one time, Code (1937)

considered that the cells were rich in histamine, but this
view has been fairly conclusively proved incorrect by
Valentine, Pearce & Lawrence (1950). One of the major
constituents is iron, and there is also a high proportion
of liﬁ?d in the granules. The cells are more resistant
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to lysis than their brother leucocytes, and according to
Osgood (1937) their expectation of life is greater than

neutrophils.

In a brief review (Cape 1952) an attempt was
made to assess present knowledge of eosinophils. This
knowledge has been obtained mainly by a study of
eosinophilia from both a clinical and experimental point
of view. It points to the influence of "foreign protein”
as the main stimulus to an increased level of eosinophils
in the blood. Consideration of the many varied causes of
eosinophilia shows that,‘perhapa without exception, this
element of "foreign protein” is present: such cé%ea range
from asthma to skin diseases, drug intoxications to
parasitic infestations, and éertain ill-defined groups of
disorder such as polyarteritis nodosa, Loeffler's
syndrome and Tropical eosinophilia. On the other hand, a
disappearance of eosinophils from the blood stream has
been noted in a variety of conditions. Rud (1947), quotes
Naegeli as setting down five groups of pathologiéal
conditions which produce this effect. These are firstly,
acute infectious diseases, with some exceptions, followed
by postinfectious eosinophilia; secondly all intoxications
in their early stages; thirdly, all large operative
incisions; fourthly, pernicious anaemia and finally,
certain internal secretory disturbances. Emil Schwarz (1914)
noted the occurrence of eosinopenia and linked this with

the endocrine system.

The concept of the Adaptation Syndrome introduced

by Hans Selye was, however, the first clear account of the
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cause of this eosinopenia; Dalton and Selye (1939)
included the reaction as a constant finding during a
condition of stress. During the past fifteen years this
"eosinopenic" effect of stress has been shown by many
authors to be due to stimulation of the suprarenal cortex
by corticotrophin from the anterior pituitary. .
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Link between Bosinophils and the Endocrine Glandse

The work of Selye followed by that of Thornm,
Forsham, Prunty and Hills (1948) has clearly established
that the administration of corticotrophin has a specific
effect on the eosinophils. The nature and mechanism of
this effect is the subject of the studies which are
described below. Before considering them, some further
general comments on links between eosinophils and the
endocrine system provide a background to the experimental

WoTke

Rud (1947) has shown that there is a persistent
diurnal variation in the levels of eoainophila. This
observation has been confirmed by Swansonh(1952) Bonner
(1952) and others. It secms that the level of eosinophils
rises and falls with the delicate rhythm of the homeostatic
mechanisms of the body. There is a morning increase in
urinary excretion of lipoid aolubie reducing steroids which
exceeds the morning increase in glomerular filtration ratve,
(Goldman & Bassett, 1952). This suggests increased
suprarenal cortical activity at that time, perhaps due to
the "shock” of getting out of ﬁed! Such an increased
activity may be linked with the falling numbers of eosinophils
found in the blood during the forenoon period.

The current belief is that the hypothalamus exerts
a controlling influence on homeostasis. Hume (1949) has
demonstrated by skilful experiments that this area plays
an egsentlial part in the mechanism by which stresses produce

adrenocortical stimulation and eosinopenia, Fig. I is a
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digrammatic representation of his results. It should be
noted that, while the pathway from injured area to the
hypothalamus is a nervous one, he postulates a humoral
connection between the hypothalamus and the anterior
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Fig. I.

Earlier writers, of whom Rud quotes Eppinger, Hess
Schilling and others, suggested that the eosinophils were
under the control of the autonomic nervous system., They
described a vagotonic blood picture characterised by
- lymphoeytosis and eosinophilia and a sympathicotonic picture
in which she numbers of lymphocytes and, more particularly,
eosinophils fell. Iliore recent work has confirmed the accuracy
of these observations but has shed new light on the mechanisms
involved. It would now seem likely that the controlling
influence on the levels of eosinophils, and most probably of
all the white cells, is a humoral one.
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Alms of the Present Studies.

In the series of studles which are described below,
it is intended to describe firstly, the effect on the
eosinophils of the blood of giving corticotrophin, and,
secondly, an attempt to discover the mechanism of this
effect. The studies are, therefore, divided into two

groupse
llethodse.

One essential was to obtain a satisfactory
stimulation of the adrenal cortex. This was acheived by
giving ACTH in an intravenous infusion. MeIntosh (1951)
has shown that intramuscular ACTI may be destroyed at the
site of injection before it has an oprortunity to be
absorbed. It was considered that a slow, even intravenous
drip would give a consistent stimulating action on the :
supratenal cortex. In all cases a fresh vial of ACTH
(Armour) was dissolved in sterile water and added to
500 c,c, of 5% dextrose in water immediately before
administration. This ensured that the ACTH was fresh and

active.

-The method used for counting eosinophils was a
modification of the method first used by Dunger (1910).
This method has been oriticised by Henneman, VWexler and
Westenhaver (1949). They claim a large and rapid decrease
in cell count with & passage of time after dilution of
blood in the white cell pipette; a similar decrease was
noted when repeated counts were performed on oxalated

blood samples kept for 24 or more hours.



These findings have not been confirmed by my
personal experience. VWhile there is no doubt that if
the diluted blood is left for periods of 1 hour or more,
a deecrease in numbers of eosinophils will occur, no
significant drop occurs for periods of less than that
time., One feels that too much reliance cannot be placed
on Henneman's results, as our "in vitro"” study of the
effect of adrenal steroids on eoginophils has shown that
the reduction in numbers of eosinophils in a sample of
oxalated blood is not significant after 18 hours
incubation at 37 C. For experimental work, when it is
possible to perform the eosinophil counts shortly after
taking the blood, the Dunger method, gives a clearer
definition of the cells for counting purposes, and is
preferable to that of Randolph (1944)., All counts were
carried out 5 - 15 minutes after the specimen of blood
was diluted with the cosin-acetone mixture. This mixture
was kept below 4 C in a refrigerator to keep it fresh, and
was renewed frequently. I have personally performed well
over a thousand eosinophil counts using this method and
have felt satisfied with it.

Details of the various methods used are given in

the appendix.
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THE EFFECT OF THE ADMINISTRATION OF ACTH ON
EOSINOPHILS o

a. Jualitetive,

This effect is now well known, and is the basis
of the Thorn Test, (Thorn et al.l848) of adrenocortical
function. Fig.2 illustrates the effect of giving a
patient an intravenous infusion of 500 c.c. 57 dextrose
in water containing 10 mgm. of ACTH over a period of 8
hours. The numbers of eosinophils present falls, at
first slowly, then during the third to fifth hours more
rapidly, and finally levels off as it approaches zeros.
In patients with a normal suprarenal cortex, the drop in
numbers of eosinophils is such that after 4 hours of
stimulation there will be less than 50, of the original

eosinophils remaining in the blood stream.

100 EFFECT OF INTRAVENQUS ACTH(I Omgm/hour) ON
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b.duantitative.

Farther study of the quantitative aspects of this
reaction has been undertaken (Cape, Carruthers, Robinson,
Palmer & MeIntosh 1952). The technique used was to vary
the amounts of ACTH in the infusion and compare the
results obtained by plotting them on a graph. Five
individuals were studied. All received a series of
infusions, with an interval of 3-5 days between each to
exclude the possible occurrence of progressive
adrenocortical hyperplasia., The total amounts of ACTH in
the infusions varied from 0.4 mgm to 16.0 mgme The rate
of the intravenous drip was regulated to allow the 500 c.Ce
infusion to run in over a period of 8 hours. The dose

given was then expressed in mgm/hour.
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Fige 3 shows the results in the first case. It will

be seen that the graphs fall into two main groups. The
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first group representing nil and 0,05 mgm per hour shows
no progressive fall in the number of eosinophils. The
second is that in which a fall of 50/ or more has
occurred within 4 hours; it includes all doses of 0.10 mgn

per hour and greater.

The second case (Fig.4) shows a very similar

picture.
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The two cases illustrate that, once a fully
effective dose is given, further increases do not effect
the rate and amount of fall; for example, in the first
case 0.25 mgm per hour produces as rapid a fall as 2.5 mgm
per hour. WMinor differences in the curves are not
considered significant, being due to inaccuracies inherent

in counting eosinophils.

These two patients were studied personallye. Full
details of the individual eosinophil counts are given in



the Appendix. 1%,
The other three cases showed similar results. In
two of these an intermediate group is seen between those
showing no response and those showing a full response. This
intermediate group was present over a small range of dosage,
varying from 0.075 mgm per hour to 0,175 mgm per hour.
(Figs.5 & 6) The final case is illustrated in Fig.7.
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The results obtained show that the minimum
effective rate of administering intravenous ACEH to produce
a maximum fall in the level of circulating eosinophils in
the minimum period of time lies between 0.1l mgm per hour
and O.25 mgm per hour in the five patients studied. As a
corollary to this it would seem logical to suggest that the
amount of ACTH produced by the pituitary in response to
stress, over and above the normal amount secreted, must be
at least 0.1 to 0.25 mgm per hour. WVhile the minimum
effective doses found in the five cases were all of the
same order, there were minor variations and it is likely
that each individual has his own critical level at which a
full eosinopenic response occurs. One should also state that
it was not possible to use the same batch of ACTH in all cases,
although the same batch was used in all administrations to

the same patient. This may account for some of the differences



from individual to individual. From a gquantitative
point of view there was only & very small difference
between a completely non-effective dose and a fully

effective one.

The Effect of the Administration of intravenous ACTH to

a Splenectomised Patient.

The same technique as that described above was
employed to study one patient who had a splenectony
performed about six months previously. ©She was a young
girl of 21 with severe crippling rheumatoid arthritis
present since childhood. This had been accompanied
latterly by a low total white count and palpable spleen.
The latter was removed in the hope of improving her
condition, without much success. Followlng the operation
she developed an eosinophilia. The results obtained in

her case are shown in Fig. 8.
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Unfortunately it was not so detailed as in the other cases,
because counting of eosinophils was made technically more
difficult by massive rouleaux formation of red cells and
increased resistance on their part to lysis under the i
influence of the staining fluid. Both Dunger's and
Randolph's methods were tried with the same results.
Finally 1000 cell differential counts were carried out on
peripheral blood, and total white cell counte, from
which the numbers of eosinophils were calculated. Bonner
(1952) found this method satisfactory, provided 800 cells
were counted in the differential. It is interesting to
note that the minimum effective dose of ACTH to produce
greatles
eosinopenia in this csse is appreciably,.than in the other
cagses. Again the differences in batch of ACTH must be

remembered.

Effect of ACTH on Nosinophils in a case of Addison's

Disease.

One patient with Addison's Disease was given an
infusion containing 16 mgm ACTH over 8 hourse. Eosinophil
counts were performed before and 2, 6 and 8 hours after
the beginning of the infusion. No eosinopenic effect
occurred. The results are shown in Table I. This
observation cénfirms many earlier reports and illustrates
that the eosinopenic effect occurrs only in the presence

of a normal adrenal cortex.
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Hours after beginning aninophil
ACTH Infusion.(2mgm/hx) Counte.

0 409
2 429
6 507
8 443

Table I. The effect of ACTH on Fosinophils

in Addison's Disease,

Effect of ACTH administration on the eosinophils of patients

with an eosinophiliae.

In my experience the presence of eosinophilia of
slight or marked degree does not alter the reaction to
intravenously administered ACTH to any extent, This is
true whatever the cause of eosinophilia. The only
difference lies in the faet that the 507 level may not
be reached in 4 hours in some cases. Three examples of
this are shown in Table II. The most dramatic effect was
seen in the patient No.2 who suffered from a severe
iododerma with a marked eosinophilia (Cape 1954). The
first case was considered to have a Loeffler's Syndrome,

and the third was a young boy with a severe reticulosis.
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Patient Cause of Time after Eosinophil
Number. Fosinophilia. commencemnent coun%.
0 .

l. Loeffler's 0 hrs. 1,069
Sy.ﬂd.rome. 4 hrs. 676

8 hrs. 149

2e Iododerma, 0 hrs. 8,866
4 hrs. 5,316

8 hrs. 1,772

D Reticulosis. 0 hrs. 1,331
" 4 hrs. 912

8 hrs. 440

Table II. Effect of intravenous ACTH on Bosinophilia,

The Significance of Kosinopenia.

From the above studies it is fair to suggest that
the eosinopenic effect of corticotrophin forms a sensitive
test of adrenocortical function. &Expressed in another way,
a significant fall of cosinophils in the peripheral blood
is an indication that the adrenal cortex has been stimulated
and is putting out an increaszd secretion. It does not,

however, indicate the degree of stimulation.

lfeIntosh and Holmes (1951) have shown this
conclusively. They gave two patients #arying amounts of
ACTH in a continuous intravenous infusion over 24 hours. The
amounts varied from none to 1l60mgme. 4 full eosinopenic
response was obtained with Smgm in 24 hours (approximately
0.21 mgm per hour cf. above). They also measured the urinary
output of l7-Ketosteroids as a measure of suprarenal cortical
activity. This excretion increased steadily with doses of
2.5, 5, 10 and 20 mgnm per 24 hours, dbut 40, 80 and 160 mgm doses
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showed proportionately much less marked increases. Similar
results were obtained by Renold, Forsham, llaisterrena and
Thorn (1951). They gave 20 mgm ACTH intravenously over an
8 hour period on five consecutive days. ZEosinophil counts
were performed before and 10 hours after the beginning of
each infusion. 1l7-Ketosteroid excretion was measured over
each 24 hours period. The eosinophil count fell to zero

on the first day and subseguent days, but the l7-Ketosteroid
excretion increased progressively till the third day, after
which the level remained the same. These results show that
the adrenal cortex was stimulated to a greater degree than

that required to produce eosinopenia,

More direct evidence was obtained by Nelson, Samuels,
Willardson and Tayler (1951). They describe a method of
estimating 17 - hydroxycorticosteroids in the blood, these
substances presumably emanating from the suprarenal cortex.
The administration of 15 mgm ACTH in a continuous drip over
24 hours raised the level of these substances to 40
microgrammes per 100 ml; while 5 mgm, administered in the
same way over the same period raised the level to 30
microgrammes per 100 ml., Information about eosinophil
counts is not given, but from the studies described above,
one can assume both these amounts would produce a full

eosinopenic respomse.

Summary of the effect of the administration of ACTH on
Eosinophilse.

The above studies show :-
l. Administration of ACTH to a person with

a normal suprarenal cortex results in a
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progressive fall in the level of circulating

eosinophils of 50/ or more in 4 hours, while
after 8 hours continuous intravenous ACTH the
level is only about 5-20% of the original onee.

2+ The minimum rate of intravenous ACTH required
to produce this effect was from 0.l - 0.25 mgm
per hour in the five cases studied.

d«. Administration of increased rates of intravenous
ACTH do not alter the eosinopenic effect. They
will, however, result in an increase in
adrenocortical activity, measured by the urinary
excretion of 1l7-Ketosteroids, and blood levelsof
17-hydroxycorticosteroids.

_ﬁmnﬁtug fall in circulating eosinophils is thus a
” sensitive indicator of adrenocortical stimulation,
but it does not imply a maximum or "all-out"”

effort on the part of the gland.



20.

THE MECHANISM OF THE EOSINOPENIA.

It is established that a hormonal substance,or
substances, is produced by the adrenal cortex after
stimulation of this gland by corticotrophin, which
substances cause a marked drop in the numbers of
circulating eosinophils. Three hypotheses may be put

forward to explain how this occurs. These are :-

l. There may be a peripheral intravascular lysis
of the cells;

2o There may be a segquestration of the cells fram
the blood stream into a tissue or tissues,
temporarily or permanently;

3¢ There may be inhibition of production or release
of the cells in the bone marrow.

The latter possibility might be associated with, or combined
with, either or both of the first two.

. 'In Vitro' Studies

If a peripheral intravascular lysis of eosinophils
occurs it would seem likely that a similar action on the
cells would take place 'in vitro', if they were exposed to
the same hormonal substance. In collaboration with Dr.
Thomas and DrePalmer, the author has investigated this
possibility (Cape, Thomas, Palmer, 1952). Two series of
observations were made. The first was a study of the effects
of plasma taken from patients with an ACTH-induced eosinopenia
on the eosinophils of blood from a second individual. Such
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specimens of plasma will be referred to as 'eosinopenic
plasma' for the sake of clarity. The second was a study
of the direct effects of adrenal steroids on eosinophils.

1. The Effect of 'Fosinopenic Plasma' on Eosinophilse

In this series of experimé&s, *eosinopenic plasma’
was obtained in ten instances from patients who had been
receiving intravenous ACTH for at least six hours, and
whose eosinophil counts had dropped to very low levels. It
was prepesed that at this time the plasma from such
patients must contain potent eosinopenic material derived
from the stimulated adrenal cortex. Samples of blood were
obtained from a selection of donors. Eosinophil counts were
performed on each sample, after which they were divided into
two ﬁ%tions. To one was added 'eosinopenic plasma'y, the
second wag used as a control. All samples were incubf@ited at
37°C in an air oven for from 4 - 18 hours. Further
eosinophil counts were carried out @n all samples after 4
hours, dn three samples after 8 hours, and 4n one sample after
18 hours. :

The first incubation was carried out using one part
of plasma to one of donor blood. It was eonsidered, however,
that dilution of the humoral substances present might be
sufficient to inhibit a lytic action, ard all subsequent
incubations were performed using nine parts of plasma to one

of donor blood.

From the first six incubations and the accompanying
six control specimens, blood films were prepared and stained

by VWright's stain.
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Bosinophil count/c.mm.

After incubation.

Daration of Before Control
incubation (hrse) incubation DLoOG. Blood * Plasma.

4 3,275 3,220 3,244
4 2,600 2,697 2,664
4 66 66 66
4 660 650 770
4 55 55 44
4 111 111 100
4 455 422 555
8 422 333
4 122 122 111
8 111 113
4 166 133 222
8 . 144 111
4 333 335 300

18 266 422

Table III., Effect of Plasma from Patient with ACTH-induced
Tosinopenia on Eosinopnils of Donor Blood.

The detailed results are shown in Table III, and
are graphically represented in Fig.9. It will be seen that
no alterations occurred in the eosinophil counts after the
incubations. Careful study of the blood films revealed no
morphological changes between the eosinophils of control
or diluted blood after the incubations. The mean lines
shown in Fig.9 of the control & experimental counts, both
show a slight decrease at the end of 8 hours. This is
presumably due to destruction of a small proportion of cells
caused by repeated handling and shaking of the blood samples.

There was also a reduced degree of accuracy in the counts on
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the diluted blood, which the results illustrates In all
cages other than the first two, where the count was high,

four or more Fuchs-Rosenthel chambers were counted.

X Represents counts on blood + plasma, dots the control counts.
Coosged is mean of former, dotted line of latter.
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Thus using the technique described, no evidence of
a destructive effect on eosinophils by *eosinopenic plasma‘

was demonstrated.

2+ The Effect of ACTH, Cortisone and Compound F on
Eosinophils in vitro.

In this series of observations a suitable amount
(see Appendix) of one of the three hormomes, ACTH, cortisone
end Compound F, was added to S5cc of blood, and to one series
of specimens a mixture of ACTH and cortisone. The same

technique of incubation and repeated eosinophil counts was
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followed as in the previous studye.

Hormone Concentration
Ermone ?;00 Hosl hils/ce.C after incubation
used. CaCe 000 « 0 Se OUrS. O=Ll0 hours

Cortisone 0.68 122 111
b » 341 260 272
" - 198 189 161
" " 212 237 198
" » 126 147 111
ACTH 0.06 198 183 172
" » 212 191 186
a » 126 118 111
" » 182 194 161
» » 255 399
ACTH and
cortisone. '
" 0.68 198 215 180
- o 212 169 175
" - 126 95 100
" » 205 205 177
" = 55 44
e » 127 115 122
i " 146 138 132
" " 135 151 121
" » 106 . 9% 105
Cortisone. 20,0 143 111 122
" " 105 111 110
. - 176 194 183
¥, - 110 73 100
" " 321 366 312
Compound F. 2040 143 122 153
" - 67 5% 72
5 " 270 267 300
" ¥ 161 158 139
" L 237 222 219

Table IV. Effect of Hormones on Fosinophils after Incubation.

The results obtained are shown in Table IV, and are
represented® graphically in Fig.l0. The tests were repeated



100
EOSINOPHIL

COUNTS

60
AS

80

40|
PERCENTAGES

20

x
>
o
® GORTISONE MASSIVE DOSES OF
« ACTH x  CORTISONE
s CORTISONE 8 ACTH| _ couooinp F
» COMPOUND F
2 6 8
TIME IN HOURS

FIG. 10.

244,



26,
twice with cortisone and Compound F as it was felt that the

amounts of the hormonses used in the first series might be

- insuffictent.

It can be seen that in no instances was there a
significant alteration in the numbers of eosinophils
presents As in the previous study no significant destruction
of eosinophils wag founde.

2+ The Role of Anticoagulantiss

Anticoagulants were of necessity used in both these
studies. In most cases this was a mixture of potassium &
ammonium oxalate (Heller & Paul 1934). While this could
theoretically interfere with the hormones' activity, there is
no evidence that it doese. In the remaining incubations herapin
was used. Godlowski (1951) has shown that full heparinisation
will prevent the eosinopenic response to ACTH occurring. His
contention was that hepapin brings eosinophils stored in the
tissues, into the blood stream, thus counteracting the
eosinopenic effect of adrenal steroids. This action could not
occur in the test-tube studies described, Further reference

will be made to this later.

Imehrcke, Lewis and Kark (1952) reported that when
'in vitro' tests were camied out on defbrinated blood a fall
in eosinophils occurred when cortisone and compound F were
added to the sample. Their results have not been confirmed
in a brief study carried out with this object in view.

Tﬁo samples of blood were taken from one patient.
The first was added to an oxalate anticoagulent mixzture, while
the other was defibrinated by shaking up with a few small
glass beads. The addition of compound F, cortisone free
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alcohol, and crystalline cortisone acetate to the samples
produced no significant fall in eosinophils after 5 hours
incubation. The results are shown in Table V. These show
two interesting features; firstly, the defibrinated blood
had lost about 50% of its eosinophils compared with the
oxalated blood before any hormones were added, and secondly;
the greatest drop in eosinophils, about 30%, occurred in the
oxalated sample to which cortisone free alcohol was added.
This latter was not however considered significant as it was

less than 5070

Bosinophil countse.
Hormone Angiooggg;ant Before X4
net -

cr
Usede Incubation. Tncubation (5hrs.)
Cortisone Potass.& Amm.
Acetate. oxalate. 1085 924
Defibrinated. 536 631
Cortisone Potass.g& Amme
Free oxalate. 1085 770
Alcohol. Defbrinated. 536 618
C ound
omg. Potass.& Amile
oxalate. 1085 1005
Defibrinated, 536 651

Table V. Effect of Hormones on Eosinophils of defibrinated
ate 000 e

4, Conclusions from 'in vitro' studies,

afhcr

The results obtained confirmed eerlie® reports by
Swrausa,
Forsham, (1952), Fineh-et-elt and Baldridge et al (1951) of
similar studiess It is considered that if the eosinophils
were destroyed by adrenal hormones, at least one half would
have disappeared after 4 hours incubation. Not only did this
not occur but there was consistent trend to suggest that a

slow but progressive diminmntion in numbers of eosinophils was
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taking place. While admitting that conditions in a test-
tube are artifiecial, the evidence does not suggest that
lysis of eosinophils is a satisfactory explanation for
their disappearance following suprarenal cortical
stimnlation. The conflicting evidence on the part
anticoagulants and fibrin play, does not clarify the
situation.

Staudies of "Phase of Reappcarance” of Fosinophils,

If all the mature eosinophils circulating in the
peripheral blood are destroyed by adrenal steroids, it would
be logical to expect the cells reappearing in the bhlood
stream after the adrenocortical stimulation had ceased, to be
new and immature ones. On the other hand, if the eosinophils
were temporarily removed from the blood stream, and the same
cells returned after the increased levels of steroids had
fallen, one would expect the returning cells to he older than
before. An investigation was carried out to determine whether

there was any evidence in support of either of these hypotheses,

During the period follewing cessation of ACTH
administration, 1000 cell differential counts were
performed on blood films prepared at frequent intervals, until
the total cosinophil count had returned to the level present
before the hormone was given. Five patients were studied in
this way. To determine the maturity of the eosinophil cells
the number of lobes in the mucleus was counted, the cells

being recorded as staff, 2-lobed, 3-lobed etce.

The results obtained are shown in Table VI.
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Case Time in hours Eosinophil es of Fosinophil present per
Ro. after stopping count. 1000 cells,

Staff. 2 lobed. 2 lobed. 4 lobed.

8 0 1069 7 52 28 2
2 179 2 14 13 1

4 144 2 12 1 0

6 332 2 13 4 1

8 468 1 24 7 1

13 329 2 15 7 1

15 505 3 35 10 1

17 1007 5 42 22 2

2e 0 467 1 75 5 0
5 0 0 1 0 0

10 100 0 8 1 0

14 376 1 24 1 0

20 485 7 28 4 0

3e 0 53 1 17 5 0
4 0 0 0 0 0

7 14 0 1 0 0

10 40 0 2 2 0

13 51 0 3 1 1

30 112 1 13 3 0

4. 0 250 4 33 6 o
10 37 0 2 2 0

14 104 1 3 0 0

18 104 2 11 2 0

22 183 6 10 5 0

33 512 6 32 12 2

5. 0 8 29 12 0
9 0 ‘0 10 0

21 0 3 2 c

24 177 0 22 6 0

27 : 3 9 3 n

30 296 1 8 6 0

36 445 3 12 3 1

48 550 5 32 9 0

Table VI. Study of Reappearance of FRosinophils after ACTH stopped.
are shown the counts immedictely before beginning

The first two cases were given an 8-hour intravenous
1nfnsion’#$hile the other three cases were given longer courses

of intravenous ACTH, infusions running from 12-20 hours in each 24,
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for 8 - 10 days. This latter method is more than
sufficient to maintain a constant adrenocortical
stimulation over the 8 - 10 day period. The results
obtained do not show any significant difference in the
proportion of staff eosinophils to the more mature cells
during the phase of reappearance from that present before
the adnministration of ACTH. 1In other words, there is no
evidence to support an increase in new cells, whether the

period of adrenocortical stimulation is 8 hours or 10 dayse.

In the first two cases the "phase of reappearance”
lasted 17 and 20 hours respectively. In the other three
casee this period was longer, 30,33 and 48 hours
respectively. This can be related to the fairly rapid
falling=-off of increased adrenocortical secretion after
stopping the intravenous flow of corticotrophin. Nelson et
al. (1951) found that four hours after a 24-hour intravenous
infusion of ACTH was stopped the level of
l7-hydroxycorticosteroids in the blood fell from 40 megms to
12 megms 5. aninophilé were reappearing 6 and 10 hours after
the stopping of the ACTH in cases 1 & 2, and 7 and 10 hours
after it in cases 3 & 4. This supgests a close correlation
between fhe reduction of adrenal steroid output and the

reappearance of the ecsinophils.

In cagses 3 & 4 the level of eosinophils at the end of
the "phase of reappeurance” was significantly higher than the
levels before ACTH administration. This may be due to a
temporary inhibition of adrenocortical secretion. It might
also be due to the :eturn to the blood stream of seguestrated

eosinophils to whose numbers were added new cells in the bone
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marrow until the period of adrenocortical stimulation

wag ended.

. Comment on "Phase of Reappearance"” Studiess

Thegse studies do not supply proof of either
destruction of eosinophils or sequestration of them from
the blood stream. They confirm results reported by Solomon
end Humphreys (1951)

In my view when they are considered with the
results of the "in vitro" studies they add further evidence
against a destiruction of the eosinophilss The theory of
temporary removal of the cells from the blood stream
followed by return after stopping the adrenoccortical
stirmmlation, seems more tenable, for two reasons. Firstly
in Case No.4, the only case in which a significant change
in matarity is seen, there is an increase in older cells
after full reappearance of ecosinophils has occurred, 14 3
and more lobed cells per thousand compared with 6 per
thousand, and secondly, the rapid reappearance of cells of

the same maturity as before stimulatione

The first point ic not supported by the other two
cases in which prolonged edrenocortical stimulation was given.
Further comments on this will be made after the account of

bone marrow studiess

The rapid reappearance of the eosinophils suggests
either a return of cells sequestrated in tissues throughout
the body, or the release of relatively large numbers from
the bone marrow, In this latter event, evidence of a "build-

up” in numbers of eosinophils in the marrow might be expected.
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Bone Marrow Studies,

The bone marrow is now recognised as the site of:
origin of the eosinophils of the blood. This recognition
comes only after a considerable difference in opinion among
earlier writers, of whom Rud (1947) quotes lax Schultze,
Weidenreich and Ehrlich as protagonists of three different
points of view. The first regarded eosinophils as
derivatives of neutrophils, the second favoured formation
of the cells in the tissues, while the third considered the
bone marrow as their site of origine The recognition of
eosinophil grenules in Fromyelocyie and Iycloeyte cells,
Plates IV and V 1s strong evidence that hlood eosinophils are
formed under similar conditions to the neutrephils in the

bone marrow.

An investigoetion was carried out on bone marrow
samples, before, during and after a period of adrenocortical
stimulation. The technique adopted was to perform sternal
punctures and from the marrow samples to prepare films and
"squashed granule" smears for detailed study. The films and
smears were stained with Wright's Stein. Differential couants
were then carried out counting 1000 cells in each case. The
same patients were studied as in the investigation of
reappearance of eosinophils. In addition the case of Addison's
diseaaa was uged ag a controls Four subjects had an 8 hour
intravenous infusion of ACTH, while the two other cases were
studied before, during and after a more prolonged period of

stimulation of 8 and 10 days respectivelye.



PLATE V.
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Study with short period (8 hours) of ACTH administration.

The full differential counts are shown in the
Appendix. The figures obtained for all types of eosinophils
are shown in Table VII. Case 4 was the case of Addison's
Disease, Cases 3 and 4 show very little change after ACTH
administration. Case 1 shows a considerable increase in
numbers of early eosinophils while Case 2 shows an equally
considerable drop in numbers of more mature cells, There is
therefore no consistent behaviour discernible on the part of

the eosinophils.

Type of Cage 1N0Se

Bosinophile 1 2 2 4
Cell. 0 hrse. 8 hrs, O hrs. 8 hrs. 0 hrs. 8 hrs., 0 hrs. 8 hrs.
Promyelocyte 0 & e 1 4 0 : § 0
liyelocyte. 2 13 10 12 20 6 3 2
Hetamyelocyles 4 13 22 10 15 22 2 1
Staff. 5 10 28 34 25 a7 5 2
2-Lobed. 13 11 158 80 23 22 25 40
3-Lobed. 0 1 28 19 b A 0 3 2
4~Lobed. 0 0 6 1 0 0 0 0

Table VII. Numbers of the various types of Tosinophile Cells

in the larrow bhefore and afiter 8-hour infusion of ACTH.

Notee The time in hours represents the beginning and end of the
8~hour infusion of ACTH.

Cage 1 was a man who had a persistent leucopenia, The
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numbers of polymorphs present before this infusion of
ACTH was 31, while after the 8 honf period the figure
was 27. When he was given a longer course of ACTH his
vhite count ro=e to 15,00b.77% polymorphs, from an
average count of 2,500, 67 > lymphocytes.

Case 2 was a case of Loeffler's Syndrome. His

initial eosinophil count was 1,069. This fell to 149 after

8 hours. The marked foll in mature eosinophile in the

merrow of almost 505 suggests that the marrow sample

contained a proportion of 'peripheral' blood. It is thus

difficult to interpret thls resulte.

Cases 3 & 4 had normal blood pictures and marrow

filmse

Study with prolonzed (8-10 days) ACTH administration.

Case I from the asbove study and a further case
were investigated. The full nmarrow differential counts
shown in the Appendixe The details of the numbers oif
eosinophils per thousand cells are shown in Table VIII.

Type of Fosinophile Case Nos.
1 5

CellB. 0 hrs. 240 hrse 0 hrse 192 hrst
Promyelocyte. 0 1 3 0
Hyelocytes 6 3 2 2
lletamyelocytes 6 9 10 2
Staff, 8 8 15 8
2=Lobed. 4 13 20 6
J=Lobed s 1l 1 2 0
4-TLobed. 0 0 3 0

(o 5)

are

Table VIII. Numbers and Types of Eosinophile Cells in the

Uarrow before and after 8 & 10 days of

corti 2t ati
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Case 1 here shows very little change. This 1s
striking when one considered that over the 10 day period the
polymorphs increased from 3 to 232, Case 5 shows a distinet
fall in numbers of eosinophils both immature and mature forms;
polymorphs increased from 124 to 313.

The explanation of the different results obtained
in these two cases may be duve to the chronic leucopenla of
Case I. This implies a defect in the marrow., This defect
was temporarily overcome by the adrenocortical stimulations.
Neutrophils were ﬁroduoed in enormous guantities compared
with their pre-ACTH level. Kosinophils remained about their
previous level., One might have oxpected a fairly considerable
increage in them, if the adrenocortical stlmulation which
released the polymorphs had not, at the same time, exerted

some damping effect on evainophil production.

Tentatively, therefore, one might postulate from
these two cases of prolonged adrenocortical stimmlation,
may

that the hormones produced,cause a decrease in the

production of eosinophils,

Marrow 'Squaghed Granule' Preparationss

In an attenpt to examine pure nerrow, granules were
erushed and sneared between two slides. The resulting
preparations were stained and a variable number of cells were
counteds The methéd of preparation of the smears makes
accurate morphological identiflcation very difficult.
Eosinophils, however, with thelr easily recognlsed granules

could be identifieds 4As a check on the method neuntrophils
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were also counted. Two cases were studied (Nos 2 & 5)

and the results obitained are shown in Table IX.

Case 2. Case 4.

(200 cells counted) (300 cells counted)

0 hrs. 8 hrs. 0 krse B days.
letamyelocytes, 11 1 48 46
Staffs. 63 72 144 124
Polymorphse 49 43 82 114
- Eosinophil lletamyel. 10 3 3 0
® Staff. 19 a5 8 8
» Polys. 48 57 14 8

Teble IX. Harrow Scouches before and after ACTH.

There is fairly gcod correspondence between the
mumbers of neutrophils before and after ACTH, which
suggests that fair samples of eells were takens It will be
noted that, examiged in this way, Case 2 shows a slight
increase in ecsinophils compared with a considerable fall
when the filmes were examined. Case 4 still shows a definite
fall but this 1s less striking. These findings suggesi that
the examination of films from marrow may give a misleading
impreasion of the numbers and proportions of eosinophils
presents The result in Case 2 new indicates that no
significant change occurred in the marrow eosinophils,.



laryrow Study in Case of merked Foginophilia,

Recently a case of ibloderma with a marked
eosinophilia has been reported (Cape 1954). The patient
received an almost continuous intravenous infusion of
ACTH for 10 days, He had a rouvine marrow examination 72
hours before the bézinning of this therapy, and a second
examination 96 hours after it had begun. The results of
these are shown in Table X, Unfortunately only 300 cells
were counted on the first marrow, and only the eosinophil
figures are available. The second specimen was examined

by the some methods as those in the cases described abovce
Fued details o Appendip,

Types of 72 Hours 96 Hours after
Eoginonhile Before ACTH
Promyelocytes 6 1
Hyelocyte. 50 14
lletamyelocytes 43 23
Staff. 113 49
2-Lobed. { 373 57 )
3=Lobed. ( 6) 64
4~Tobed. ( 1)

Table X« Effect of ACTH on Marrow of Case of Iodoerma
and marked Fosinophilia.

Doring the time between the samplings of the

b—rch
marrow, the e¢osinophilecount fell;22, 260 to 0. In spite of
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this the marrow still contained 15, of eosinophils of

all types, with a proprtionately greater loss of mature
cells than immature ones. One must add that in the 72

hours before giving ACTH the eosinophil count fell from

22, 260 to 8,866 and that after the 48 hours of ACTH this
had fallen to zero. ¥Fig.ll illustrates that this latter
fall was in fact due largely to the ACTH and not merely &
the continuation of an existing trend. It will be seen that
after the first 10 mg of ACTH had been given there was a gap
in time of about 12 hours before the next infusion was
administereds During this time the eosinophil level rose
from about 1,600 to about 5,400, After resuming ACTH therapy
it quickly fell to zeros

) =T AN | 3
0. d ogeeG| 7 8 a.ﬁ.&?h“ 12 13 14”5!8 € IT 1B © 2021
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In this case the eosinophils in the marrow were
spared to some extent, the vanishing phenomenon which
affected their descendants circulating in the blood stream.
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Conclusions from Bone larrow Studies.

1.

24

The results obtained indicate :

That no significant alteration in numbers of types of
eosinophils in the bone marrow can be detected after a

short period of adrenocortical stimulation.

There may be a significant reduction in numbers of marrow
eosinophils after prolonged adrenocortical stimulation.

This effect is much less marked than the effect on
eosinophils in the peripheral blood. It is suggested that
the eosinophils present in the marrow at the beginning of

a period of adrenocortical stimulation may be protected
from the destructive or sequestrative force of the hormones,
4t the same time there may be a partial inhibition of the

formation of further new eosinophils,
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DISCUSSION.

The results obtained in these studies confirm
available reports on the subject, with one notable exception
(Godlowski 1953), which will be referred to later. The
effect of corticotrophin on eosinophils has been known for
gome time. The minimum effective dose of ACTH required to
produce this effect had never been established. This has sonme
importance from a therapeutic standpoint, giving an indication
of the dose of ACTH that may be required in a given case. The
small amounts of hormone fequired to produce sufficient
adrenocortical stimmlation to cause an eosinopenia is of
importance in the Thorn Test. In the light of the studies
reported above, one can recommend that a satisfactory method of
performing this test is by using an intravenous infusion of ACTH
at the rate of 1.0 mgn per hour for 8 hourse. This requires
only 8 mgm of ACTHe It is considered an advéntage to perform
three eosinophil counts, one at the outset, one at 6 hours,
and one at 8 hours after the infusion begins. The response to
such a test is a good guide to the state of the adrenal cortex,

In spite of a painstaking series of studies the
mechanism by which this eosinopenia occurs is not clear., To
review and examine the resulis obtained, the hypotheses suggested

earlier, will now be reconsidered.

1 ? Lysis of eosinophils in the blood stream.

A gimple toxic effect of adrenal steroids on
eosinophil cells which causes this disintegration is ruled out
by the "in vitro" studies. They do not, however, exclude
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destruction of the cells by a more complex mechanism ™in
vitro”. In the case of iododerma quoted earlier (Cape 1954),
there muet have been considerable destruction of eosinophils
as the original level was 8,866 compared with a level of
gbout 1000 after the influence of adrenocortical stimulation
had ceaseds During the 10 days stimulation a large number
of eosinophils must have disintegrated.

Whitby & Britton (1947) state that "polymorphs become
senile and die in the blood-stream, some may be excreted in
the saliva but-most are probably destroyed in the reticulo-
endothelial system", It is reasonable to suggest that the fate
of eosinophils is a similar one. When a prolonged period
of adrenocortical stimulation is maintained it is obvious that
nurbers of eosinophils will come to the end of their natural
life during the course of ite If the agent which produced an
eosinophilia is simultaneously withdrawn, there will be
nothing to produce a recurrence of the eosinophilia, when the
adrenocortical stimulation ends. This would account for the
results obtained in the lododerma case.

In the group of cases studied during a short period
of adrenocortical stimulation, there is absolutely no evidence
in favour of a destruction of the eosinophils. They disappear
from the bloodstream and reappear again quite rapidly in the
same numbers and stages of maturity as before. In the group
of cases studied over a longer period, the death of an
appreciable number of eosinophils must occur in the normal

process of ageingof the cells.
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? Sequestration éfom the od stream

This suggestion holds most appeals. In the studies
described there is not a single fact which is against this
hypothesis. We know, that eosinophils have a predilection
for entering the tissues, in such conditions as the
Eosinophilia-Pulmonary Syndrome (Apley and Grant 1945). As
a site to which such temporary withdrawal may be made the
reticulo-endothelial system offers a ready haven. It is
interesting to note that, following splenectomy, ﬁany
people have an eosinophilia for a year or more, the case
reported above being an example., Lucia, Leonard and Falconer

W Leucocy @
(l93?]>hqgver, have shown that a normal eesinopenie response
to adrenaline occurs in splenectomised animals. Further

comment on this subject will be made later,

32 Effect in Bone-llarrow,

The results of the marrow studies indicate that with
a short period of adrenocortical stimulation no significant
changes can be noted in this tissues This has been the
experience of other authors (Roaenthal et al {1950), Godlowslki
(1948), Best & Samter (1951) Finch et al (1951) studied
marrow over a 21 day period of treatment with ACTH end found
no significant change in eosinophils. The interpretation of
the equivocal results found after more prolonged stimulation
in the present study is more difficult. To assess it fairly
one must consider the behaviour of the white cells as a
whole. Fige 12 illustrates the effect of 10 day continuous
adrenocortical stimmlation on the white cells of peripheral
blood in Case 3, while Table XI gives the counts of the
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neutrophil series before and after the 10 day periode Both
indicate a considerable increase in polymorph productione
Examination of the marrows show that this increase in one
member of the granular series is not associated with a
similar increase in the eosinophile members of the same

gseries. (vide Table VIII)
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The gaps in the lines represent passage of time. The
second series of hours signify the time in hours after

stopping ACTH. See text.
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casec. ' Before ACTH. After ACTH.
Polymorphs. 302 11,850
Staff. 139 2,100

Table XI. Change in absolute neutrophil cell count per c.mm.
before and after 10 days of ACTH in Case 3 (Table VI)

When performing the sternal punctures on the cases
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described, it was noted that the marrow was much more
vascular after the period of stimmlation. Unfortunately
total cell counts were not performed on the marrow
specimens as the accuracy, and thus the validity, of
such counts was thought dountful, There was, however, a
definite inerease in cellularity after stimmlation,

noted in the "squashed granule" preparations.

An increase in total cellularity indicates that the
alteration in mumbers of marrow eosinophils in Case 3 is
only a proportional one, but the presence of several
"anknowns" makes it difficult to draw any satisfactory
conclusions. One can claim that there is no storing up
of eosinophils preparatory to a guick release of them
into the blood stream at the end of a period of
adrenocortical stimulation. In view of the reports of
other investigators quoted above this does suggest the
probability that bone marrow production of eosinophils
continues normally, but that the cells released into the
circulating blood are quickly removed.

The work of Godlowski. (1953).

In a book entitled "Enzymatic Concept of
Anaphylaxis and Allergy", Godlowski has reported his
investigations into the mechanism of hormonally induced
eosinopenia, He states quite definitely that adrenal
steroids of the C.ll-oxygenated group have a "lytic"
action on ecosinophils of the blood. His views seem based

on good grounds and fit into an enzymatic conception of
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anaphylaxis and allergys A discussion of the evidence for
and against this conception lies outside the scope of this
thesis. His views on the mechanism of eosinopenia
following adrenocortical stimulation however, must be

examined in some detail.

He quotes & pories of "in vitro" studles
(Godlowski 1953A) in which a 50/ fall of cosinophils
occurred after only 3 hours of incubation. The test was
performed using heparinised blood (100 units heparin/mi.
blood) and eucortone or cortisone acetate as the hormonal
substance., This techniqnel would appear to be almost the
same as in our studies. The resulis obtained were quite
different. Muehrcke et ale. (1952) carried out similar
studies using heparinised blood, and failed to demonstrate
any destruction of eosinophils. Godlowski (1953%)
explains this by the suggestion that heparin protects the
cells, if sufficient is used., The hormones are unable to
penetrate to the interior of the cell to produce the
proteolytic effect which, Godlowski (1953c¢c) claims, destray
then, This reasoning is not easy to understand, as
Huehrcke and his co-workers used less heparin in their
studies than Godlowski used in his. From the paper of the
former authors ome gathers that 40 units of Heparin were
used in 3 ml. of blood, while Godlowski used 100 units per
mle

To test his hypothesis, it was decided to repeat a
small series of "in vitro"™ experiments under as similar
sonditions as possible to those of Godlowski. 10 mle. sanmgples
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of blood were taken from five male subjects and each
was added to 1000 units of heparin. The resulting
samples were each divided into two 5 ml. specimens, one
specimen being kept as a control in each case. Various
amounts of "supracort” adrenocortical extract or
cortiaopa acetate (alcohol suspension) were added and,
after initial eosinophil counts had been performned, all
ten specimens were stored at 37°C in a water bath. In
this study Randdélph's method of staining and counting
eopinophils was used, as this was the technigue favoured
by Godlowski. The results are shown in Table XII.

Fosinophil counts.

Hormone used. Initial, After 5 hrs Incubation
Cortisone acetate 112. 9%7.

0+2 CCe

Cortisone acetate 422« 389

004 m/ CCs

Cortisone acetate 200 269.

0e3 mgm/cc.

"Supracort" 620. 692,

15 mgm extract/cce

"Supracort” 124, 130.

7.5 mpm extract/cce

Table XII, The Effect of "Supracort" and Cortisone Acetate
on Eoginophils in vitro.

The results are similar to those of all the
earlier "in vitro™ studies. No fall in eosinophils occurred.
In view of thilis further confirmation of the earlier studies,
it i difficult to understand Godloweki's findingse Exact
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details of the form in which he used cortisone acetate
are not availables The writer has now used the hormone
as powdered cortisone free alcohol, crystalline cortisone
acetate and the Merck alcohol suspension of cortisone
acetate and has consistently obtained the same resulis.
Ag far as is known, only Godlowski and iuehrcke et al
(1952), who used defibrinated blood, have demonstrated a
significant drop in eosinophils using a similar technique.

Godlowski (1953d.) also claims that examination
of blood films prepared before and after a period of
adrenocortical stimmlation reveals a marked increase in the
numbers of disinte rated cells. His claim is not
supported by any detailed comparative countse. These
findings are again contrary to those obtained in this study.
Over forty 1000 cell differential counts, involving study
- of about 400 blood films, have been performed on blood
collected while the effect of ACTH was presente. Comparative
counts of disintegrated cells before and after ACTH were not
made, as there was never any evidence in the films that a
significant increase in numbers of such cells occurred.
Padaver and Gordon (1952) describe experiments with rats to
which cortisone was given. They obtained a satisfactory
fall in numbers of eosinophils in blood, and peritoneal and
pleural spaces. They also demonstrated an increase in the
mumbers of dejenerating eosinophils 6 hours aiter the
cortisone administration. The increase from 1.0l - 2,27%
of all eosinophils, while significant, is not impressive as
an indication that the reduction in'numbers of eosinophils

was due to destructione
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A further hypothesis of Godlowski's 1s that not
only eosinophils, but all the white blood cells are
lysed to a greater, or lesser extent by the adrenal
steroids., (Godlowskl 1953e). That a lysis of polymorphs
should occur seems unlikely in view of the accepted fact
that adrenocortical stimulation consistently produces
a marked leucocytosis. Godlowskl explains this by
postulating that the lysed polymorphs release the
~ leucocytosis-promoting factor of lenkin (195%) which, in
turn, causes the leucocytosis. Case 3 in the "Reappearance
of Eosinophils" study above gives information which does not
support this hypothesis. The numbers of neutrophils found
in Cases 1 = 4 in "Phase of Reappearance” study (Table VI
p28) are shown in Table XIII.

Absolute polymorph counts/cmm. after ACTH given for

Case Nos 0 hours. 2 hours. 4 - 5 hours. 6 = 7 hourse
1 9,109. 8,814. 7,227, 10,064.
2 2,466 4,340.
3 302 168 004. 562.
4 7,020 7,008 7,980, 7,326.

Table XIII. Absolute Polymorph counts/cmm. celculated from

total white counts and 1000 cell differentials

Case 3 does confirm Godlowski's theory, while case 1 also
shows g fall of just over 20% in numbers of polymorphs after
4 hours. The other two cases do not show any drope.
Godlowski (1953f) performed perfusion experiments in 4 dogs,
two of vhich were used as controls. O0f the two given

eucortone in the perfusing blood, one showed a drop in
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numbers of polymorphs of about 60j: sustained for 4 hours,
while the other showed & drop verying between 9 and 117,
In a series of experiments in an isolated section of
inferior vena cava, Godlowski (1953g), only one out of the
four demonstrated a significant drop in numbers of
polymorphs, while in his "in vitro" studies (Godlowski
1953a) only eight out of thirteen results suggested a
significant drop in numbers of polymorphs. To sum up
these results, one can only say that Godlowski's suggestion
is not consistently supported by either the results shown
in Table XIII or by his own, resalie.

Perhaps the most interesting of Godlowski's
observations was on the tissue eosinophilia which he found
in the intestinal nucosa. He studled this in the following
mannery (Godlowski 19534) : samples of stomach, duodenum,
jejunum,ileum and colon were removed from 17 dogs; 2-3 weecks

later, 8 dogs were given an adrenocortical stimulation; 4
hours after this, all the dogs had further intestinal
specimens removed; finally, a week later, further intestinal

blopsies were performed on 5 of the dogse

The results show an increase in intestinal
eosinophilia between the first two series of biopsies, and a
further increase beiween the second and third series.

Godlowski claims that the increases are of the same order in the
treated and untreated groups. To assess the significance of
this claim, one must consider his experiment in greater

detail.

The degree of intestinal eosinophilia was given
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as the number of eosinophils found per high power fielde.
To obtain this number, the mean of 90 high power fields
was taken, 30 from a section or sections of duodenum, 30
from sections of jejunum and 30 from sections of ileum.
There was a considerable variation in the numbers obtained
in individual dogs; for example, the average count
obtained in the initial biopsies of the eight "treated”
dogs was 24, while the same average for the 9 control dogs
was 38. There was also a wide variation in the percentage
increases between the first two biopsies in different dogs;
in the treated group this ranged from + 305 to + 153% with
an average of 3 75%, in the control group from -13% to
« 2205 with an average of & 53{ls Because of the wide
variation from dog to dog the difference in the average
increases is not aignificant. It does, however, suggest that
if a larger number of aniﬁals had been studied, a significant

increase might become obvious.

This suggestion is stremgthened i1f one considers
the data in a second way. The average figure obtained at the
first biopsy for the numbers of intestinal eosinophils per
high power field of the 8 treated dogs was 24, This rose to
42 at the second bilopsy, an increase of 75%. The equivalent
average figures for the nine control dogs were 38 and 48 an
increase of 26%. BExamined in this way the difference in the

percentage increases gains in significance.

Hendling of the gut of experimental animals will
produce an intestinal eosinophiliay (Speirs and Heyer.1949).
The same procedure will act as a "stress" and cause stimulation

of the pituitary-adrenal axis, and consequently an eosinopenia,



It seems possible that the two conditions ére connected,

end that the second may be the reult of the first.

Godlowski (1953&], however, vigorously claims that the two,
intestinal eosinophilia and blood eosinopenia, are

unrelated, basing his view on the experiment discussed above.
The datae available is, in fact, insufficient to prove his
contention, and even arouses the suspicion that further

studies might reveal a significamte contrary to his belief,

Roche, Thorn and Hills (1950) have studied
the eosinopenia present following operations in man. Their
results showed that when a normal recovery took place after
the operation the eosinopenia would last for 24-#48 hours
and return to pre-operative levels would be complete in 3
dayse It is a reasonable supposition that the same sequence

of events would occur in Godlowski's dogs.

One cam, therefore, suggest that the following

may be the seguence of events in Godlowski's experiments.

1. Laparotomy to obtain first set of biopsies with
| resulting adrenocortical stimulation and blood eosinopenia

for 24«48 hours with a return to normal on the third day,
During that period of 48 hours eosinophils are being
released into the blood stream from the marrow in
normal numbers, but owing to a chemotactic effect are
immediately drawn into the intestinal muicosa where a
condition of tissue eosinophilia guickly buildsupe.

2. During the 2 to 3 week period before the second stage of
this experi%ﬁnt some of the sequestrated eosinophils will

die having reached the end of their life cycle, some may/3
m
be able to return to the blood stream, but most appear
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be held fast where they are. Thus,

3« Yhen the second biopsies are teken all dogs show a
degree of intestinal eosinophilié. 4 hours previously
eizht had received a second adrenocortical stimulation
and by the time of £ak1ng the biopsies an§ appreciable
nunber of eosinophils had been removed from the bloode
These have been caught in the intestinal mucosa and one
would therefore expect a slight increase in levels in
the mucosae of the dogs which had the extra adrenocortical
stimalatione It is claimed that the results obtained were
suggestive of such an increase without having actual
statistical significance.

The main reason for this statistical result
lies in the wide range of variation in the 1ytestinal
eosinophil results from dog to doge. This is attribﬁtable to
two main couses:

1) The natural individual differences from dog to dog, and
2) The variable responses of individuals to the stress of the
first operation, which could not possibly be of precisely the
same nature in all the dogs. :

One would expect the difference between the
increased eosinophilia of the two groups to be slight because
the period of eosinopenia following thé first operation
persisted for 24-48 hours while that due to the adrenocortical
-stimmlation could only have been present from 1l-2 hours.

Taking these factors into consideration one can
claim that Godlowski's suggestion that this intestinal
eosinophilia and blood eosinopenia are unrelated phenomena is
by no means confirmed by his experiments. One may even go

further and claim that they are suggestive of an association
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between the two reactions, although statistically, the
suggestion is not significant. llore definite information
might have been obtained if the period of adrenocortical
stimulation before the seccond biopsy had been prolonged
for several dayse.

Theory of Seguestration of Eosinophils into Intestinel

ucosae,s

The results obtained in the various "in
vitro" studies described earlier considered with these
obtained in the "Phase of Reappearance” and Bone Marrow
Studies are al% consistent with a sequestration of
eosinophils frém the blood stream as a result of
adrenocortical stimulation. Indeed, from the former one
is comﬁletely convinced that destruction of eosinophils
does not take places It has always been felt that if
one knew the functions of the eosinophils some light would
be shed on the whole probleme These functions appear
closely associated with "foreign protein™ which is perhaps
the one type of substance which will consistently produce
an eosinophilia, The fact that eosinophils may acqnire the
antigenic proggties of the protein (Godlowski 194&) suggests
that in some way the protein is incorporated into the
eosinophil cells and in this way it may well interfere with
its possible toxic effects.

The commonest mode of entry into the body of
protein is through the intestinal tract. It follows that
eosinophils will commonly be found in that situation, a
conclusion which is confirmed by many observations of

Godlowski. He showed (Godlowski, 1953}) that by varying the
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protein in the diet of animals he could produce vériationﬂ
in the degree of intestinal eosinophilia.

The "Alarm Reaction" is instigated bﬁ
adrenocortical stimulation. The conception of such a
reaction implies a preparation on the body's part to deal
with the particular stress which has caused the stimulation.
It is eonsistent with such a hypothesis to suggest that
eosinophils congregate in the intestinal mucosa, which may be
regorded as thelr particular battle station. Polymorphs, on
the bthsr hand, accumulate in the blood ready to be drawn
to any site whgre they may be called upon to encounter a
bacterial or mechanical Btressy Such a distribution of the
cells will occur when an artificial stimulation, such as
the administration of ACTH, tekes place.

The white cells of the blood are generally
agreed to arrive at particular sites in response to
chemotaxis. By this is meant that some substance at the site
develops a strong biochemical attraction for the particular
type of cell concerned and draws it to the site. One may
pertinently ask what chemotactic influence can exist which
will draw eosinophils to the intestine? This ies not knowne
It is, however, accepted that when excessive adrenocortical
stimnlation occurs, ulcers may develop in the gastro-
intestinal tracte It is reasonable, therefore, to suggest
that lesser degrees of stimulation will exert some
influence on this tracte Part of the result of this could
be the release of a substance in the mucosa which exerts a

chemimtactic influence on eosinophils,
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To sum up, one cannot accept as the
mechanism of eosinopenia a sacrificial destruction of the
cells. If adrenal stexfoida destroy eosinophils, why does
such an action not take place in a test-tube? The
conception of eosinophils ag useless or even harmful cells
has little appreal, and seems contrary to all natural laws.
There can, %, be no object in their destruction.

The theory of sequestration 15 consistent with the results
of the present studies, and with most of the available
reports on the subject. In additlon, it offers a
reasonable theory of the function of eosinophils following

adrenotortical stimulation.
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APPENDIX o

Eosinophil Counts: A modification of the method first usd
by Dunger (1910)es 5 cce. of 2 eosin and 5 cc. of acetone

were added to 90 cce of water to form the diluting fluid,
Blood was diluted 1 in 10 in a Hellige white cell pip-
ette. Counts were dore within five to fifteen minutes
using either a Spencer bright line haemocytometer or a
Fuchs-Rosenthal counting chamber., In most cases the
latter was used as it allowed a greater depth of fluid to
be counted; this meant that the counting of two chambers
gave reasonably accurate results, while with the haemo-
cytometer four chambers had to be counted to give comp=

arable accuracy.

Calculation of the guantitics of hormones used in the

"in vitro" studies,

The amount of ACTH used was calculated as follows: Fronm
the oﬁservationa described in the first section, pp 10-13,

it was known that 1 mgme of ACTH per hour in an intraven-
ous drip was certain to produce a maximum eosinopenic
effect in four hours. Thus, without allowing for any

loss of ACTH to the extravascular tissues, one can make a
crude calculation that 4 mgme ACTH in 6,000 cc. of blood
should be more than enough to produce any effect it might
have on the eosinophils. This means 0,003 mgme in 5 cce
The actual amount of ACTH used was approximately C.026mgme.,

or about twenty times the estimated effective amount.



The amounts of cortisone and compound F used were identical,
In the first series of incubations these were calculated

to give half the equivalent concentration to that produced
in the total blood volume by 100 mgme of the hormones. It
wasg considered, however, that this concentration might be
inadequate, asit is possible that stimulation of the adremal
cortex by ACTH may produce a much greater quantity of the
hormones. For this reason the second series of incubations
were coarried out with these hormones, using much larger
guantities of them.

The effect of the administration of ACTH on eosinophils,
Details of the data illustrated in Figse. 3 and 4.

Fige 3s Cagse Eofe See pe 10

Infusion

number 1 2 3 4 5 6 7
ACTH

(mgm/ hx) nil 04085 0025 0.5 0475 1402 2423

Eosinophil counts

Initial 186 189 175 206 254 298 250
After
1 hour 169
(687)
2 hours 82 132 20 91 276 229
(44%)  (69%)  (51%)  (44%) (109%) ( 92.~)
3 hours 101 82 45 96 157
(545) (47%)  (22%) (38%) (53%) (ao,al
4 hours 33 108 85
(173)  (42)) (18%)
5 hours 134 74 25 59 50 39
(707)  (42%)  (13%) (23%) (175) (16%)
6 hours 234 26 59
(126) (13%) (23%)
7 hours 136 23 25 9
(715) (13;,9) ( 8%) (4%)
8 hours 184 17 6 20
(100%) a) ( 8%) ( 2%) ( 7%)

ACTH (Armour) Batch Noe. J. 26311,



Fipe 44 Case Rafe See pe 11,

Infusion
number 1 2 3 4 5 6
ACTH
(mgm/ hr) nil 0.05 0.l 0.25 0425 045
Fosinophil counts
Initial
(100%) 301 189 271 256 306 231
After ‘ '
1 hour 206 232 160 321 165
(L09%)  (86%)  (63%) (105%) (71
2 hours 282 206 150 192 267 192
(90) (109.)  (85;:)  (75%)  (897)  (83%)
3 hours 315 169 202 161 172 112
(105520 (895) (78.)  (635)  (57% (48%)
4 hours 259 206 155 119 16% 119
(8652) (109%) (575)  (463)  (54%)  (51)
5 hours 380 67 65 126
(126)5) (25%)  (26%)  (42%)  (30%)
6 hours 164 215 108 39 65 72
(547)  (113p)  (39p)  (153)  (229)  (31%)
7 hours 57 33 46
(215.)  (13%) (205)
8 hours 333 259 88 34 48 43

(r07,) (137:) (323 (13:) (16:)  (19%)
ACTH {Armour) Batch Noe XK. 30002.

Study of "Phase of Reappearance”of eosinophils.
10 or more blood films were prepared at intervals during
and after administration of ACTHe. 100 cell differential

counts were performed on at least 10 separate films and
the 1000 cell counts were calculated from them. A sample
is shown below. In the detailed results of the study
only the final 1000 cell counts are given.



Sample of determination of 1000cell count,

Polymorph

Staff 7 213
Lymphocyte 27 31 26

lionocyte 2
Basophil 5
Eo. staff 0
Eoe 2«lobed 7
Eoe 3=lobed O
Eoe 4=lobed O

Cage No le.

Time in

hours 0 2 4

Eosinophil

count 1,069 1,086 676

Total WeBeCoa

count 15,300 13,650 12,250

Differentials
Polymorph 528 645 592
Staff 66 48 69
Lymphocyte 252 162 208
Honocyte 30 24 39
Basophil 35 18 15
Eb. staff 7 3 )
Eoe 2=-lobed 52 75 45
Eo= 3=-lobed 28 22 23
Eo= 4=lobed 3 0

0

O W =2 G W

o B G O B

52 53 48 50 54 53 59 57 50 52 G528

710 3 2 8 8 6 66
27 20 24 19 20 22 31 2562

2 2

1
0
2
5
1

o @ & B e

6 3

5 6
1 1
6 7
3 3
0 0

See Tabhle Vi

211 0 30
3 3 3 35
o 00 7
6 3 7 52
3 2 1 28
010 =2
6 8 10
400 149 179
12,600 15,350
13,500
639 7156 683
60 53 69
201 185 175
26 32 28
18 10 16
6 0 2
39 £ 14
12 2 13
1 0 1

12

144

13,100

679
44
224
28
8

2
i2
1

0

(continued on next page)



(table continued from previous page)
14 16 21 23 25

332 468 329 506 1007

17,250 14,250 15,350 16,150 15,050

651 658 721 676 618
54 52 46 27 32
202 202 159 194 261
53 48 4l 49 29
8 13 9 8 19

2 1 2 3 5
13 24 15 36 42
4 7 10 22

1 1 1 2

0 hours refers to the start of the ACTH infusion. The
_infusion continued for eight hours. ZIosinophil count refers
30 shishar counbs which wers perfurmed at the ssme time &s
the differentials from the same samples of blood. The
following tables of the other cases are compiled in the same

WaYe



case Noe 2. Sece Table VIe

Time in

hours 0 4 8 13 18 22 28

Fosinophil

count 467 109 9 0 100 376 485

Total WB.C.

count 6,860 7,000 7,Y50 7,350 9,000 8,700 9,600

Differentials
Polymorph 360 618 742 653 439 452 331
Staff 20 36 18 44 50 36 21
Lymphocyte 430 a76 210 229 421 4056 544
lionocyte 100 46 28 74 74 74 58
Basophil 9 6 0 0 8 7
Eo. staff 1l 0 0 0 0 7
E0e 2=-lobed 75 16 2 1 8 24 28
Lo« 3=lobed 5 2 0 0 : ! 1 4
Lo« 4=lobed o 0 0 0 0 0 0

These two cases received an eight hour infusion of ACTH. The
following three were given & more prolonged course, which
lasted ten days in Nos. 3 and 5 and eight days in No. 4.

The data on Cases 3 and 4 are presented in two parts; in

the first section the differentials are shown during the
early period of adrenocortical stimulation, while inthe
second section are shown the counts taken during the

period of reappearance of eosinophils., Only the latter
data are available in Case Noe 5.



Cage -No'. De

Time in
hours 0

Eosinophil
count 53

Total WeBeCe

See Tebles XII and Vie

Section 1.

2

26

count 2,320 1,400

Differentials
Polymorph 130
staff 61
Lymphocyte 683
lonocyte 71
Basophil 32
Eo. staff 1
FEoe Z=lobed 7
Eoe B~lobed o
Eoe 4=lobed 0

Section 2.

119
100
653
93
21
1
12
5

0

4

25

6

1,680 1,520

300
186
453
44
10
2

4

1

0

369
120
475

29

o = K O O

0 hours represents the time

25

0

52

2,200 3,600

498

87
309
104

© o O

Time in

hours 4

Eosinophil

count : 0

Total WeBale

count 15,000

Differentials

Polymorph 787
Staff 14

Lymphocyte 174
Monocyte 25

Basophil
Loe staff
Eoe 2«lobed
E0e S=~lobed
Eoe 4~lobed

12,450 15,200 14,500 11,750

- 4

14

814

: =
OOHO&gﬁQ

10

40

6886
18
262
28

oMo

13

51

645
8
305
36

HMHWOM

397

67
288
147

o o o o -

30

112

433
6
455
22

omapm

96

525

52
304
128

o o o o +

of stopping ACTH.



Cage Noe 44

Time in
hours

Eosinophil
count

Total W.B‘.G. g
count

Differentisals
Polymorph
staff
Lymphocyte
lonocyte
Basophil
Eoe staff
Tos 2-lobed
Fos 3=lobed
Boe 4=lobed

See Tables VI and XTI, Section 1,
0 2 5 7
250 265 98 42
10,800 10,350 10,500 9,450
646 680 764 785
27 24 39 38
285 194 132 1256
44 50 49 37
4 4 7
4 i A i
33 29 10 4
6 5 3 )
0 1 0 0

Section 2, O hours represents the time of stopping ACTH,.

Time in
hours after O.

Eosinophil
sount

Total W.B«Cas
count

Differentials

Polymoxrph
Staff
Lymphocyte
Honoc

Baso

Eo. staff
BEoe 2=lobed
Eoe 3=lobed
Ece 4=lobed

10

37

14

104

18

104

22

183

33

512

17,000 17,450 16,500 15,700 14,050

643
19

28
47

coovipHD

a70
17
3428
52
1

2
11l
2

0

581
8
347
55
0

6
10
0

0

817
6
380
33
9

6
32
12
2



Cage Noe S See Table VI,
0 hours represents the time of stopping ACTH.

Time in

hours after 0. 9 21 24 27 30 36 48

Eosinophil

count : 177 296 445 559

Total WeBaCe 22,800 25,700 . 23,2850

count 23,050 17,600 21,000 16,400

Differentials
Polymorph 537 202 185 231 317 298 202
Staff 28 3 5 10 13 19 20
Lymphooyte 356 733 722 694 625 645 691
Hoﬁocyte 79 57 60 51 30 19 41
Basophil 0 0 0 0 0 0 0
Eoe staff 0 0 0 2 . 3 5
Foe &=lobed O 3 83 6 8 12 &
Eoe B=lobed C 2 5 5 6 9
Eoe 4=lobed O 0 0 0 0 0



Bone Marrow Studies. (I) :
2-. 3! 4.

Patient, 1. i
Time, 0 Hrs, 8 Hrs. 0 Hrs. 8 Hrs. Q Hrss 8 Hrs, 0 Hrs. GTSe
Uyeloblasts., 6 8 4 8 18 6 2 2
Promyelocytes. 35 34 6 16 14 14 4 8
liyelocytess 100 o7 26 50 53 47 28 25
Metamyelocytes, 113 81 56 64 87 103 g 4
Staff, 183 110 72 166 212 157 197 154
Polymorphs, 31 27 232 295 195 264 226 296
Lymphocytes, 173 153 108 51 137 151 304 326
lonocytes, 17 15 24 2 6 10 22 9
Basophilse 4 1 6 12

Prenormoblastse 13 8 P 3 5 @ 3

Kerly Normoblasts. 25 ~ 30 10 16 10 7 A
Inter,Normoblasts. 98 122 116 44 64 47 23 13
Late Normoblasts. 154 253 66 113 103 102 66 70
Eo.Promyelocytess 0 1 0 4 0 2 4 0
Eo.llyelocytese 7 13 10 12 20 6 3 2
Eo.lletanyelocytes. 4 - 13 22 10 16 22 2 i
Eo.Staffe 5 10 38 34 26 2% 5 2
Eoe 2 La 13 11 158 80 23 22 25 40
Eoe 3 La 0 1 28 19 1 0 3 2
Eoe 4 L. 0 0 6 1 0 0 0
Plasma, 19 20 8 9 6 6 1 0

1000 Cell Differential Counts on Bone Larrows. 0 and 8 hours
refer to the beginning and of AGTH administration.

The above results are those of the study with a short period of
adrenocortical stimulation.



Bone marrow studies (II).
Study with prolonged period of adremocortical stimulation.

Patient No. 1 5

Time 0 hrs 28hrs 240 hrs 0 hrs 194 hrs

Differentials
Myeloblasts 24 11 5 10 0
Promyelocytes 25 26 15 19 3
Myelocytes 116 76 75 76 39
lletamyelocytes 7 70 60 122 93
Staff 75 166 i78 217 159
Polymorphs 3 42 232 124 313
Lymphocytes 63 102 88 43 140
lionocytes 6 7 6 0 8
Basophils 2 7 0 3 0
Pronormoblasts 9 15 9 5 4
Early normoblasts 28 10 12 17 iz
Intermeds " 265 180 78 57 48
Late - 253 246 204 234 174
Eoe promyelocytes 0 0 3 0
Eo. myelocytes 6 8 3 2 2
Eo. metamyelocytes 6 6 10 2
Eoe staff 8 14 8 15 8
Eoe polye. 2-lobed 4 10 13 20 6
E0e Polye 3=lobed i 1 0
Eoe pOlye 4=lobed 0 0 0
Plasma 0 0 20 1

0 hours represents the beginning of ACTH administration, and the
time in hours is the number after that time.



Bone marrow studles Il
Study in case of marked ecsinophilia.

Time 72 hrs. Eg%gre beginning 96 h:gaggig%i begin-
Bykjublphbs 5
Wlocytea ' 20
liyelocytes 38
Hetamyelocytes 82
Staff 198
Polymorphs 279
Lymphocytes 81

- Monocytes 13
Basophils 2
Pronormoblasts

Early normoblasts

Intermed. " 32
Late " 75
Eoe. promyelocytes 6 1
Eoe myelocytes 50 14
Foe metanyelocytes 43 23
Eo. staff 113 49
Eoe. polye 2=lobed { 57
Eoe POlye 3=lobed (-- 373 6
Eoe polye 4-lobed g 1
Plasma 11

The results shown in the first column are based on only 300 cell
counts and no other data are available at that time., The second
column shows results obtained in the same way as in the earlier
studies,



