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MQst autheritips aro 

prominent i,ominent amo.'° the diseases of 

century, or century and half, 

,aolty of references to the disease In early literature le 

rerieo#tiion of the general ladk of veterimtr literatme on 

1' 

tt14 at this time than it is un Iodination 

disease. 

Hu 

as 
oust 

pinion that iir 

ion have resulted ill an 

appears to be borne o 

in baef'aattle.. 
No attempt be made here give a comgr..henstrb roam 

of the ve1uminoua literature on this disease This has beet dona 

tly in an excellent review by Hibbs (3.954). Instead 

reference will be made only to the more important landmarks in the 

advance of our Isnowledce of the dimasQt. ranc1 in particular to 

( 
the incidence 

tine iinto the 

1 ea 

e object f 
ve 

Al f'aSOG the disease 



24 

those aspect which have an immediate bearing on the sdbject 

matter of this thesis* 

Although Ferric ?ever had been recognised at least a century 

earlier (Hutyra and Narek, 1926) 0 it was not until 1897 that a 

definite advance vas made in otr knowledge -of the disease. In 

that year a Danish veterinarian, Jurgens J. Schmidt made his 

clasoical discovery of the ndder infusion, later to be changed 

to udder inflation, treatment of miik fever. Prior to this the 

treatments recommended were entire - empirical and indeed often 

contradictory. The theoriee as to the aetiology were of a like 

nature, and are now only of academic interest* 

Schmidt 's treatment was based on his theory that the 

disease was due to infection of the udder with a °virus% Hie 

theory arose from a mistaken observation. In examining 

colostrum from casos of milk fever, he observed what he believed 

to be evidence of cellular disintegration, and concluded that 

some ferment or toxin wes caueing degeneration of the mammary 

alveoli. It is probable that what Schmidt actually saw were 

normal constituents of colostrum, the so-called "corpuscles of 

Donne (mono-nuclear cells filled with fat globules). It is 

obvious, therefore, that if Scbmid had controlled his 

observations by examining the colostrum of normal cows, his theory 

would never have been formulated, and in consequence his highly 

successful treatment would not have been evolved. 

In order to destroy the supposed infection Schmidt (1902) 

infused the udders of cows affected with milk fever with a 1% 

solution of potassium iodide. The results were remarkably 

successful and reduced the mortality of the disease from about 70% 
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u+Cii. a . titie eea0.[;2ve=eelae Prce the rem. of 

fermentation tasta they edx4oludod that the hniorg-Vcaemla -calming 

ion woo the result o? QáII increaviQd glucose content of tho 

blood although they stated that oocasionallv rod4 aëion af lastoso 

e=maw gland took places 

The bnioglyoaemia them, was support 

ported successful resulto (Nhguire 192 

evor u e Wections. Auger (1924c) 1t 

T.0 t1926aì 
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7. 

'The milk cou has been bred to produce an aommousquantit* 

of milk; indeod, Ilso silk secretion may mu be egwie d as almost 

°The colostral of the cow is rich ln calcium' and it was 

considered likely that tho onset of a profuse lactation might 

occasion a rapid redustion in the concentration of the blood calcium. 

This Idea seemed to be supported by our further observation that the 

spastic eeisures which often characterise tho ea rly. stages of milk 

fever wore tetanic tn character. 

øu e believnd that the mere mechanical utithdremal of calcium 

from the blood as the result of the onset of a profuse secretion of 

milk conLi not in itself be regarded as the cause a raiak fever" 

because if this verso so evury heavy milking cow would be sUbject to 

the disease. 

*Fø* that reason we postuleted that some other factor, 

the ea, must act as a Ivediapes, 3 cause, and we suggested that 

such might be found in parathyroid dsirunction 

'The fell ing, then vere the essential pants in or 

hypothes101 

1) The wature of milk fev may be understood as a 

&d deficiency, resulting in the accumulation of toxic 

Substances sudh as guanidine' and a fall in blood..calcium, the fall 

in calcium being forth accentuated by lactation. 

2) The curative effect of mammary inflation is due to 

u) the stimulation of adrenal secretion ane. the 

coneoque.t oxidation or toxins 

t4 Us retardation of the formation evil% aril the 
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k :rre and Ceeig 1 1 ( 147,a3 ) v 

outesquentiv naimous ¡Aber toorberos 

4%) reported maxisal4p anima and average 

70,1*, 3 00 and 5,0 ugp pe r cent. ope 

to dmonotrate a lowered emu calcium evel 

In sot( dioeaseo of bovinee other ttmn mint 

favor. Oreic ) reported that tha dimee loribing 
alarms in e,r aloo aaCOMVOrlied 13V a T7ypo3olmentaa 



r ia ( milk 

fevrr there was a s$ uf the cod tst. r.sza 

(1 ;0 ) drew attention e fact ,t TAU evrr the product of 

the blood calcium and crue only one fth of that of 

id dysfunction theory on 

account of the fact that it everimentp -atxwroide:ctomy there is 

at increase in the 1evel of blood phosphate acoemFanyinc the 

lowering of blood saissium 

Creig (193%) demon ra. t .dar l.tf3.ati a?.ted 

l.. a rise ln the l,cwl of blood .. He stated that the rise 

was at firat rapid and then b ual, and that signs or 

ntYs°r.:'3 caus e He emi 

recovery became evident whom the blood calcium level was in the 

rec-'an of 64 DM, t This was confirmed by Fish (1930$ who 

ehcueà also that udder inflation produced ca rise in the b3rwa 

phosphate level, thrlt thin rie was more rapid than the xlss in 

the blood calcium, a result of the work of kuger (1926b), uho 

was 2."tl.e to domoret:..tiate any increase ln $l-cod pressure ;'aá.?.cwia'g 

udder irfl4xtion , the view of Dryerro and Craig (3925) that udder 

Inflation =era to beneficial abate by s lag the 

secretion or adrenaline; was abaft/med. Hayden (1 +ae able to 

show that Aditte acuukulat:lcae mos not an 'important actor in the 

aetiology of fever, 

As a result of the dexleemdmot3.oá1 by Little 

mi fever is asataci-atoca uith a y;iocaicaemia, udder 

was superseded as a treatment by calcium .irj ecti4n they, 

chloride was fibr) a`irat salt to be employed, but beoatse or its 

irritant properties, /tuns supplanted by the less irritant calcium 

emanate. 'teeny otitelAvi. 1564414&he.te , Mkite tf5B qelAMe an7. 

o; 



comp/otQly norda to arAd could 

injection, came to yec3 

discussed it more tail later In this theetal 

The work of Dryorre and Groig and of Little ; i t 

at impetus to the Investigation or the milk favor 

the years inmodiately following their demonstration that milk femr 

was associated with a, ,?ypoealcaemia e groat deal of ttrsic waa done on 

the various ash3eets of the problem* 

Harding (2929) regarded milk favor to4 

res;zl tIng from an4ydraamia, He was unable, 

the d yxeca3,caet3la and hypophosphataccis on tXs basis a From a 

comparison of tho blood protein values of normal cows and cows with 

milk fever, Wilson and Hart (1932) consider+sd that anWdre04$ 

not e: ta taut factor in milk fevse* 

lam! Sjo11ema.q Saok.1.0s and 

lot/over, tO a twart far 

followed 

up the work of Dmerre and Crag and Little and Wright by an 

intensive study or various aspoE3ta of the mil; fever pmb3.ear Tho 

rosu3la of their work were published in aaorles of papero fron 1920 

to 1932 which adr;3ad aozs rably 4o our 4nuowJledr,e of milk fevers 

Slalom a11om ( i928) showed t ta mUc fever oases the blood 

inorganic phosphorus was abou t half the normal valuea and lato 

Sjellema and Soo:Uos (1930) found that the blood mameaium level was 

about 50% above normal They eso pointed out that tho ionised 

swum calcium was wg7 low- art avor neo of (444 compared with an 

oversee of 1.10 1agm. in 100 normal cows in^ Sjal?:ema (1932 ) 

43 that Sjcilo, Seek les and van der 

hundred cows had been cured by the raV!?3RoLtf, Jul Qcti ,Ck23 of a 



or 40 ons of crystallinc3 calci shier e and /5 - of 

amagnesium aride, In 300 cc. water. Seekles, 

van dor Keay (1932a, 1932b) showed that the us of 

chloride along with calcium Chloride lessened the risk of 

fQ awS.ng calcium chloride inj actian Prom a study of three 

o" arvad fbr a}eriad of afew months before, and a 

colVing Ssenos. Weal= and van der Kaay (1932c) 

significant variations occurred ta the mineral 

content or the blsad until afew days before paxtivitions Germ 

and ßxorganie phosphorus decreased about four days before 

reaching mAnima ehort3,y before er shortly after ca.Zning, 

ono on ene cow in remect of serum magma showed small 

inverse to sale um and áhosphorus. The Vague tono of the 

as judged * the rusQonsa to tost injections of adrenaline 

was ti"ollnd to increase as Trammed* advancaed, due tyas thought,, 

to rise in the potassium a calcium ratio. 

Duteh workers stressed that m } lk fe s4 must be regarded 

as a c distar°rp9nee in minerLa metsbcliän and postulated 

iY3terfo with the autonomic nervous system and endocrine 

relationships as contributing to the avá.ty metabolism In milk fever, 

Their opinions at this stage wer .3 fy S j allems ( 1932bi in a 

article, 
Later) to 1940, Seekle ( 1937, 19400., 1940b) 

ied a series of papers in which he eldboratcd at the cancel 

as an upset in the endocrine relationships and in which he 

that WI raver ma associated with kyperf:kmction of the 

tuttary. Ile claimed to have demonstrated tbe presence o? 

7.17A .i,e; g'9.yc.ezoble ?treftmrA ga ftFAtt,:. .34* 

mdlk feVer maces 
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se The reel 
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parturition erit 

of 

ez mime et' the disturlseeto stinatul, 
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( 5á in this cutlery 

) s and Ifia,c °z, ( 1938 ) America* on the 

ex llama parturient t1 t5 es 

( 1939 ) the al:deal aspocts of al% fever, 

timely little work vas done in the 3.93(03. Thu was 

'habit,' duo to the highly successful, zsmata obtained in the 

:.firoatueaxt of milk fever by calcim isdoction 

Since the end of the war in 1945 a cowl era 



Hiblm ^xA his co-workers (41 awe, Memoè utton 

`IabsID Kroa:so Pounden» corm tft Sutton 194614 Hibbs» iotmá 

we 1947, Hibbs 1950, Hii~.bo iounden & Ki'4-a;t= 1951) have 

published t4 series of ïapors dealing in particular with attempts to 

Er/event milk Ji'4.l41Vr by the administration of Vitamin 14 moiio4ve 

with Vitamin D and by tine the dosage to a. period of a 

o prior to parturition» Hibbs (1950) claims to haYe loomed 

the in serum calcium occurr normal parturient eews» and 

to have reduced the incidence of mil over. bellevoß tbat n 

practical and effective method of prevention of milk 'Paver can be 

based on his findings. 

Itch of tho room boo xa directed towards 

tiee.tion of the Woo , 

in normal cows, 

Johnsm,y Eaton» Spio # mat o mate (194 ) have 

on the level of scrum 

tho effects of meinrinsa td:a=. ho serum calcium and 

phosphorw!s» total iamoglobin» plasma carotene and Vitc.*an A 

In parturient cows. Mercer» Estsa% áßhnson» Spialmanx 3'laotrideer 

. Intteroon SI Nesvetr (1949) have studied the effects of 

tryterrtapticn of milking du.°Wnt; .F.ra lactation period an the serum 

calcium level in narmal. cows. N? è.dermoi tgr end Smith (1948 ve 

studied the effects of abstention from m3.A.t°ing after calving on 

the ?AtPt>;,o of blood calcium and phosphorus in normal cows.. 

Nïeáermeier0 Smith and t,#litohal.. (2949) have otìdied the levols of 

blood calcium» mensal= avd phoortcuup in maatc3ctcmieed cows at 

parotarition.. 

The se ricers OD the e tion 



on the level of se um calcium Gill te dß,pcusced in detail later in 

thin th.awlle. 

Cra3.ge (Clr,1on & Stoll 1947, CraS.ge 1947, Craige, Johnsen, 

Blackburn '. Co.°fin 1949) has claiTled that the 4,*4211 in aernm calcium 

in milk fever is due to ap3trvurient alkalosie, à?e suggests that 

favsr can be exP1aireet can the basis of a euc3den rrithdrawal of 

electrolytes frum tbe blood into the colostrum and the cuí>reasion 

of efficient calcium mobilisation as a rasa.altor developing alkalosis. 

He induced a lowering of blood calcium, and claims to have isrYduogd 

Symptoms of milk fever and death tg artificial annlinisaticn by 
the 

C7y al or iaatrov©noua edmin.. strntt.o.z of sodium carbonate to nen- 

Artxrlerit cows (Graige 1947), Study of Craigeia work* however, 

shove thit ' th,e ltat:erin; of ceren calcium produoed ty the 

edmisa3etra.tior or sodium carbonate was c1.ielt. Furthecmorer the 

clinical wmptcme he describes ara not typical of mAi4 fever. His 

Iaypotrresi o carsaaot, be regarded as ,;rotes, 

in Sweden, Gwen (1950) kam studied the haemocgto1oC;ica1 

i 

p3otrzrd in eleven cases of Wilt fever which did not respond ta 

treatment, He has also made ìaistalocical arnd histoclzem" cxzl studios 

of the thyroid, parativraß dp adrenal and pituitary ciando of these 

.ossee at autopsy. Prom tho raau?ts of tlaeees studiae Corm bas 

au;: gReted that malk fever mear be aoeociated with an increased 

: i tui tary.adrena3 aortioal activity and he believes thLt St should be 

3neorp^rxateeî in the group of diseases which Seiye (1946) ha.: termed 

of o$aptatiQrP, 

The ;repent investigation was started in ¢hc, autumn 
of 194t;. 



VOring the spring and summer of that year a considerable nuMber of 

cases of milk fever which had not responded typically to calcium 

therapy had been enceuett-ved in the clinical Liractice of the Royal 

(Dick) Veterimary College* This had been especially tho case on one 

Articular farm, where, in the course of a feu make, four ewe in 

succession had boon lost following failure to respond to calcium 

odministration4 On this farm resort to udder inflation therapy had 

oved successful whore csloiwa thee had failed* An account of 

those and other cases has been published. by Robertson, Burgess, Marrs, 

and Mane (1948)* Biochemleal analysis of the blood of the cases 

reported by Rebertson et alia suggested that the beneficial offects 

of udder inflation might be duo to its ability to raise the plasma 

inorganic phosphate as wel/ as the serum calcium* Fidh (1930) in hie 

original work in demonstrating the bncybosphatsamia In milk fever, 

had suggestc4 that tho low blood phosrhato level micht be equally as 

iMportent as the lou blood calcium level* While 'Itms difficult to 

believe that this vas tho case, it vas thoudht possible that, in meal 

which did not respond to calcium therapy, to level of blood 

,nargenie phomphoito might be of some significance* 

Barker (1748) bad suggoctod that bypsitosphataemia was a 

comPlicating factor in a typical case of milk fever* U had made it 

a routine to supploment the use or calcium boroglutonste by 

incorporating one ounce of acid sodium ptosphato in the calcium 

solution and ho claimed good results from this thorary 

Ac a perusal o: the literature revealed very feu biochemical 

studies of the effects of calcium treatment, it was decided to wl° a 

detailed investigation of the clinical aspects of iml.k fever 



concentrat icularly on the biochemical response, to treatment* 

AfarthQr j u©ti f1.cation for such a study was the fact that 

veterinary surgeons had reported that tboy were encountering 

amazes nuMber of cases of mi1k fever which did not respond 

to calcium therapy, Germ (1950) has re,a,..ted that in recant years 

N atad wsdi= oalo ium tlzeratxy end air inflation have been far 

laso e imo 3n the treatment of milk tevyr* MC?3armn (1952) in 

Austral a has observed an increased timber of relapses following 

treatment and st .tee that he caset? constitute Qdifficu2t,y in 

further treatment* 

As most we agreed tha 

i3 the upsa nera1. mvtabolq 

meepesium and phoephot it was c?ecic3od to confine our obse 

to to bined fractiono, Or the various ferme of blood phosphorus 

only the inorganic phosphate traction has been studied in this 

investigation. A parallel study , the organic phosphate fractions 

has been marie by Keane (1952). 

It vae r it 

in the blood calcium, 

parturient cows night 

milk fever A stuA7 

atuay of changes occurring 

incruento LhosPhorup in ncrrma3.. 

tho role of these elemento á n 

literature on this aspect showed a 0Drom 

tain amount of ä3.sagreements partic:ú,exly as regards tho Uah..:viotr 

of serum magnesium in the parturient cow. 

Finally, it became apparent during the course cz tho 

investigation that it might be useful to make a stmi,r of effects 

on normal cows or the treatments generally emp3.aye1 in the 
therapy of 



Inds ns# and of valor 

pert 0nt 4ti04 

atigation of the 

end acid sod um phosphate 

on ou normal partviseit and 

Whi it was not anticipated ú t 
wtould, throw much licht on the fimiWammtal cause 

it was felt that it mieht he to elucidate some as 

preblem and otntr3bute to a better understanding of the 

of the disease,. 

Details of the 

¡the jugular or 

as the samples could 

of help. This was 

be collected during 

ac<c?e9 adVantsgb of co 

s 

so ions. 

Cí wi t;"draY;rn either 

9 the VOA 11140ritY Prom mammary! 

3CD Gated rem thin Soin with a F:inims 

bemuse magy of the samples had to 

when ne help was arailable. An 

item tbe mlum7 Vein was that 

caused a minima amount of disturbance to the coW* 

About 90 te., of blood were collected at each sampling 

h 60 were soulated and were used fer the inorganic 

te astimatlens. The other 30 ml. were calmed to clot 

serum ta separate, and wore used for the estimation 

calcium and magnesium. 

Amato. 1ll avaratus used washed thoroughly 

rinsed three times in distilled uuter and dried in a hot air 

oven before use. Al/ reagents wore of A.R quaZtt7.. 

AMAMI' 

modification of 

calcium was est 1ratea: by the 

Well method (1925).The CR3aartcntint 

1, 



of se 

according to 7Ì. 

estimated kv. the method of P! 

fiderimet,.*ie readings fer the memos um and inorganic phosphata 

sGimatione were carried out on a 

Ali milOmmo vere done in 

in this thesis represent the mean of two estima 

results of the two estimations differed by moro than 5% the 

estimation was repeated, 

The majority of the photo Ina 

three hours -of the collection of the a 0. 

(1 0). The 

trä 
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ilLitlialgatiostIgazafasaLkataltiaatt 

ZWASSURI. 

HhOlgs &Matbertii& (lol) ware the first to note a 

reduction in the blood. inorganic Dtosphate in Marna cows at calving. 

Palmer, Cunningham and Eckles (1930) oonrirrtal this Observation. 

They found a reduction Jew much as 3,20 mgm. per 100 ml. in 

inorganic phosphate at parturition. WILMA and Hhrt (102) in a 031201- 

of 19 maws having normal parturitions, fund that there was a tendens 

for the blood calcium of met of the cows to fall slightly sometime 

i4t4n the first three days after oaring* They found the tendency to 

tenors mead in Sews that had bean through a previous lactation. 
Thio is an mti' a:4 interesting observation which haa never boen 
subsequently confiremd Wilson and Hart also to that the blood 

inorganic phosphate tended to fall within the firot throe days after 

calving, but they found this tenth* s7 not tc bo se oemsdatemdiss it 

ums for calcium* 

Godden and Alloroft (1932)0 in a study og 23 cow having 

thdr 1th, parturition, observed a definite fall it 00Pla calcium just 

at, or within 24 hours of, (salving, with a return to normal in 44 

days. Thny stated that there ums a sharp fall in inorganic phosphate 

just prior to calving, and that this was invaridhly indicative of the 

onset of labour. 



La , 1 e* et (19 

20, 

ch,anges in serum calcium and:inarganic ph.00ptate at calving, 

ma extended thair observations to serum ea.`tum, Thoy fcund the 

behaviour or serum nagnqs,iJ.t3 to 1-A more 6Tratiß than-that or calcium 

or lnorganic ahc+sphato, but that- ere was a teYadezacy far thm level of 

serum magnesium to be raised just at, or for 24.43 ZB.a3ura after, 

calving. In acme :tndividaal cows th3.p change ecc:urred the day before 

",Yf4ilving They found thats can tho whole, eerua magnesium vnriad 

i;,veraely with serum calcium. In the light of their s3bsorvaticns $ 

thay suggestod that +be abnormal fall inaerum cair;it>m in milk fover 

Might be only an exaggeration of the normal physiological chanco 

which occurs in the blood of the CPW at calving, 

Various wafters e.g. Soeklos0 Sja3.leaa and vnn der Yaw 

41:13200 L$tti.0 and Nattle;k (1933a)p Little and Yattie:r (193210 

)uckworth arad Godt?en (1940) and Blood and White ( 1949) have confirmad 

hc fall in blood calcium Q.md inorganic phoophate in normal coup at 
Hayden (1930, however, faund tho inorganic, Magda, total 

acid acaluble?, and total phosphorus at, or shortly anew' parturition 

showed very little deviation Prom data tbtained from noxrapregnan't cow. 

Ancroá'G and Caddell ( 1934) oeUep $ Sj ollema vex, dar itaay 

(3.9.3.c) have reported a Tlypormagnesaemia in normally calving caws. 

liajlen (193a) and Blood and White (1949) have failed to and a raised 

norm magnesium level In parturiettt cows. 

The investigation described hero was ertakon cause it 

was felt that a detailed ptudy of the chaavoc blood ce1.civmt, 

magma.= and ixoraenica phosphate in normal part I,ca moo tight 

elucidate acme of the pointa on which Me literature is oontradiQttry. 



It.= also r. t that e proper understanding of the el 

in these elements in the normal co,r was a necessary prerspielte for 

tho micro of the role of calcium $ magneto and inorganic 

te fever, Mn view of the fact that w Observation of 

(1932) that the changes were moro ma,,.tzod In ewe with 

ouo don than in girot ealfT animals had rot been 

ed, their ovn findings on this point wore not 

ve it to investic ̀mta thio alaptvto of the 

nvestigatien woad teat the 

and Allere.t tat milk fever ma 

ßalogieal changos at parturition' 

valiat 

of the investigat; 

farms undor the same managi 

three times dagy, 

e 

21, 

staples i 

0ti cs uns 

croas OaII0 

h 
t 

Q ditIty postpartum, It becamo clear during 

of the in tian that while daily sampling was 

in the prepartum and later pos4artum periada$ vs*. froquen 

vas necessary le immediate postpartum period if 

e awe of the &AMON occurring was to be obtained, 



level of serum, magnesium by the injection of magnesium salts, e 

by th lowering of the level of serwa calcium by the Injection 

et sodium oxalate. bexker ( 193 9 ) hae laid groat stress on 

the 0 ratio as e factor in the symsrtcmatology of ea, fever 

He claims to be able to classi 44 aylxvaicasnist into three 

clinical oal groups a000 t0 whether it is accom emied bye 

normal, raiseciA or lowered serum mr7pcUiva 1ora* 

iiyperragnesammia awl hypocAsacala he associates with reeiing 

paresis and eventuol narooais; normal serum magneeuai and 

esalcaem?.a with tetany of the hind legs, paresis and eventual 

coma; and hyporvenaseems.e, and hypocalcaemia with genezelised 

tei,any, 17peraesthosia and convulsions, Robertson ( 190 ) tss$ 

unable to classify his capes on the basis of the serum 

mae.3esium iave?s as described 'i llrarlrer. 

As a resu4 of thn attention focussed an the roles of 

serum magnesium and plasma phosihate there, has been a tendency 

in recent years towards the use of Complex preAratiens of 

calctium, incaxporat_ za; magnesium and phosphate, in place of 

the simple calcium solutions mxtov.f.c,saly use4 .i3k farlor 

therapy. 

In contrast to the effect of oalcimm injection thorax, 

the effact of udder inflation in tie treatment of ms lk fUs/er, 

bas been moro extensively studied. ed. Dryers anci, Craig ( 3.923 ) 

found that udder inflation caused an invaralale rase in yhea 

bleed calcium levl, They found that the rise wan at first 

rhpid and was fbllawed by a distinct hypercalcannia., which 

might r:>ersiet fer stovaraâ. days. (lanes showed definite signs 

of recovery when the serum calcium 3cssr<al m0 ebout. 6 to 7meM 

por ma. Fish ( 2930 ) confirmed that wider 3.n.,latacn Xaised 

tho blood cal cium 1eve:t:, and extended his obe tions to tho 



k bier in the latar otage the i.nveaticatien , blood samiss 

were tnken ew3 nearly as possible every 4, hours in the arst .e2GY 

postpartum, every 8 h4urfá mi3 second Gay and every 12 hours in 

the third day le imoossibility e a.seura tely foracast ng the time 
of ca3.vin; j, and the fast that the farms were situated ten miles ';. 

the laL°oratory, made it diffice adA9t $ 104 frequmcy In 

Mod sam;;lince 



MEAN VAt-ut.S OF SERUM Grìi-C- IuN1 OUF\IN:/ i`Ht Pt\ t Ì 11fZiLIY Ï PkR1OD i 
(32 NORI`1AL. COWS) 

z ¡ o 0 

DAYS FROM CALVIN G 
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Aggar ag.a1+L11w 

The eeMpletit data for serum calcium estimations the 32 

normal cows aro Prseos;+ed in Tables 10 20 3and 4(Appendix To 

p p * is 9 
3 
A t and iV) Figure / shows t.no mean data for the 32 

Memel 00vD in graphic form* 

These results ^iGR 4 range ior tho period 14 mFcapQrtun to 

1Qw20 ders postpartum of 1249 to 5.65 mgm* raleiva por 100 ml,. serum. 

It till be seen from Figure 1 that the mean values for calcium 

remained fairly constant between 10050 an? 11000 sa.;m. por cant* from 

14 &aye r,aronartum until about 1 day ,ra; artam. The u mca tdthin this 
period (Tables 10 20 3and 44 Appendix Is pp* 1s iii and iv) was 

12.09 to 009 mgmr There were no icant changes in the level of 

scrum aaleiura during this per.iod. 

Fron a.ppto:l.ta3y 12 hours fore calving there was a fall ixt 

the values of serum calcium which persisted, until about 304 dtwo 

pootpar tca3. 

ror the purpose of analysis the levels at 

2 days ¿+sogJLT.4`tium have bean taken as the teas for comparison. This 

basil; hap been chosen as samples wore available at 2 days Iretartun 

for neatly all of tho 32 soue studied, and they iepre$Qtited a fair 

average of the normal ?re':x^rtim levels* before the changes a,ßsoCiate2 

with parturition became evidealt in the few cases where no samples 

were available ble fcar the period 2 dap propartams tho levels at either 

1 day or 3 days FarePartaa have boon taken as the basis for comparison. 

1, tho 1s of results t 2 day rrc;aart.m levels have bean 
r * 

tettpRred vaIth (1) thol v4It?as pe.arost ealv?.uc:±t (2) the values nearest 

8 hours postpartum; (3) the values nearest 2 days postFartumf 



(4) the yaws in the period 34 days Poet (3) tbv values 

in the period 10.20 dors postgart011. 

The significance of chances and Vero has Um. 

by tudentio* t teat. 

A emporlgqn 031 tfiag bade of ty3 in values 2or normal 

caus used in the ingestigattonß is sheun in Table 2. Stn ¢om have 

ran.' to be cuitied from the comparison in the period 3.87 days 

postiDartum: and three in the period 10.20 dap pwsOt?artuo« aim no 

ceollle3 etom available for the Minas thM1 roppeative Patode« 



SERUM CALCIUM 
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FIGURE 2. COMPARISON OF DIFFERENT GROUPS DURING 
THE PARTURIENT PERIOD 
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2 dare 
preportum 10692 10.92 10,92 10.30 1043 

C0.á.w?s,; 02) 9.53 

lours 02) 
postpartum 9,54 

2 dogs (32) 
postpartum 

tivo (26) 
postpartum 

10.20 do,ys (29) 
postpartum 

Mean Change 

Similisonse 

9.72 

sonomeASflt060toMBNÇlQfAE94l$ t?laä450$AA£ooRi41(1 9i/EteIVQAl4hl4ìiA5e4ipQFJi i9Gil16eiqty! 

Number of animals in each comparison are ma in darentheals. 

= Not signiflOent 

calcium at calving* 

ies were 

of aa 

period, is ahoun ßn ;ure 

Tho analysis which follows waa 

ignif3.ea.nae of the changes within the 

Th Q differences lu the 

gaTram iduziing the 

out to est the 

and to t the 

Significance of the differences betwaan groups 

25. 



11 be men t, 

ei4;niileant ohange# there was a 

la1ueo of serum oalcl?b ; matting 

wilm410a. 

Az be at 

creme 1eti,.z ozd alu9 

2nd, and 412,4 and 3rd and 4t,h . oat? ezdnalo The foronodo 

between other exoew}m wem =It agnoutanta 

there was a 



Table 3 ohms a =a.M.V'+3".3vsWK3 of the moan values at 2 dars 

vellartum vith the mean values nearest el hours postpartum. 

At S houri postpartum, the= uno no significant change in 

the values of serum calcium in first calf animalsg second calf 

animals showed a significant fallt while third and fourth calf 

inal s showed a Yig4y significant fall. 

Analysis of the differences between groups showed that 

there was eM highly significant differme° hottyeen first and fourth,. 

and between second and fourth cals.° animale r there= a 

significant difference between first and third calf an 5ma/s 

the differences botwouzt other croups were not significant. 



Table 4 . q. 

are 2 &,ye pcsst` ortun 

CIA @tx bJtocei3 2 days 'tì.rtun 

At 2 &we. Yn than ma no sienifiwnt cluzzb 

first calf animals, there vas a aigti..,.cant fall in tIlird caf: 

animas, anti them vans á highly significant fall in socona attd f 
calf a3âim..R1 

Thane war° no signif3sint diffm::nceas bottoat7 (3notps this 

comicrison 

28. 



Table 5 chew the comparison between 2 dayp prepartugK and 

7 days poetparbsa for 26 oowe with sempaee available in thie Porio 

TA0 , g. 

i per 100' 

At 3w7 days postpartum nose et the individual groupa 

showed a/eva significantly lower than at 2 deys ;.relertuma 

althou;h when the 32 animals were aoneiderFed as agrESup (Table i) 

there VW otill a highly significant fh.l,l in scrum calcium. 

Analysis of the differences beiwo,.ra groups showed that 

there was asir.ni.'icant difference between first and third calf 

anima/s. 



bie 6 

1040 days pootr 

this rye/1.4d 

Cr 29 mom 

2aeyo prerartm 

eompt,ae available ill 

At 10-20 days postpartum on4r second calf animals 

showed a level of aerm calcium significantly lower than the 

2 "day wro artwa evels 

Thore were no o aioant difamemos &3Po 

in 4 CC9?`:5X124,$0no 



31* 

order to dnonat 

of the fall in serum calcium in individual owe aud in the 

various group &two decided to compare the 2 day prepartum 

love/ with the lowest level reached tv serum calcium in the ported 
12 hours prepartma to three days postpartum* This method of 

comparison was rendered necessary tor the fact that therevaa 

nosidorable variation in the time, relative to calving, when 

the maximum fell in serum calcium took place; e*g** in some 

0=0 S calcium uva at its luvest at calving while in others 

it ma at its lovest 2.3 days postpartum* 

The results of this Mayllit1 ahem in 'table 5 

(Appendis 1, 1) 5).* be means for the various groups are oh 

in Table 7, 

:OW* 
titaregliftaiiimatialata°110 

Man Velum at 2 ders Prepartun Conparel with Means a the laweaet value reacted &rim the varied 
hoots property& to 3 &Vs PosittiPartMik 



 

Comparison of the me in Table 7 ( t test ) ed 

that there was u highly eignificart diff erence between lots and 

4th. between . ana 3rd. ! and between 2nd. ard 4th. . ca.l f ?F3#'!tnale 

( P less than 0.01 ) , . The difference between other roue* were 

not eignificant,, 

.The results for a 

`s 4M w ere cC.ncidered 
ignificant fall in the level of semi es4 

acrease tor.dod to be abrupt eoyneac?nd 32.24 ho 
ameît pereisting until about 3.7 dap at calving 

paet.:artum rormal pmartum Imels had been regain(. 

Oemparieen of the different groups shomd that the 

erum calcium wets Influenced in aeignificant manner by the nusiber 

partur3tione which the cow had undergone. Thus, al.ttoudh first 

anina/0 dl.cl shag a decreaca in the level of verve calcium 

xing a the fall not statistically eUTIficant. a do 

htrt3 and fourth calf cows chum/ a highly significant fall at 

parturition, end there was a significant tendency or fall to be 

creator with each eueceeding parturition; e.g. at calving first 

é3 

+ 

l 

0 

The 

showed a mean decrease of t?,,,ED ucm+, second ea 

of 01.: third calf animals of /46 mgms ß and faarth calf 

animals a decrease of 2.93 Ape 

Study of the data far indi caw á although 

the áal at vemritten was consistent, ther e wee ootacidera,hl.e 

variation in the timev xelativv to calving, when the lowest level Q 

semi celaura isae reached. In come animals the 3'tmrat point was 

rnehed nt 144011ft haßiaáe epaiiitiag.} TAU grAdunl rotnrn 0 

3Z. 



normal levels at about 3 days postpartum; e.g. Cow 26. In others 

there was an initial drop around parturition, followed by a return 

towards normal levels, and then a secondary drop 24-48 hours after 

calving* with a gradual return to prepartum levels; 640 Cow 55. 

In some cous this secondary drop was greater than the first. 

The fall in blood calcium was often considerable' especially 

in the older animals. The lowest values recorded were 5.65 mcm* 

in Cow A, 6.55 mgm. in Cm 26, 6.94 mem..in Om 6, and 7.07 rgrao in 

Cow .20.. These values are as low as those found in some well marked 

clinical cases of milk fever. 
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81».1721L14,...., 

The complete data Am serum maenesium for the 32 normal 

Cowie gresented in tabular form in Tables 61 7, o 

(Appendix Z pp vi, vii, viii and ix). Figure 3 the mean 

data in graphic form. 

These results dhow a rango tor the period 14 days 

propartum to 1040 dav postpartum of! 1.8a mgm. to 4.45 RP" 

magnesium per 100 ml. serum. 

Study of Ficure 3 0110w$ that the mean values for velum 

magnesium remained fairly constant between 200 mcm4 and 2.90 Im. 

per cent. 1 an 14 days prepartum until about 2 days propartum. The 

actual range vithin this period (Table tap 7, 8 and 9; Appendix 1) 

2.08 mgm. to ,3.5 mvp. more were no significant changes in the 

level of serum magnesium during this period,. 

From about 1 df., y before calving there uno a rise in the 

level of serum magnosium which persisted until about 2 dqys post,- 

partum. 

Anklatail. The same basis of opatoce 

was used for serum calcium has been adopted for the anakysis of the 

resulto for serum magnesium. The same number of cows were available 

for corAparison in each period ac were available for serum calcium; 

i.e. 32 cows in the calving, 6 hours postpartum, and 2 days 

postpartum periods, 26 Cows in tho 3-7 days postpartum period, and 

29 cows in the 1040 &gr. -)ont,)artum period. 



á rib 1e 6 oho máa 

#10 # If4 +D f 10r0 0/Fl;dl'¡ 

$ hpure 
rsoatpartto ( 32 

2 days 
ptastpas.*t 

3,4 days 
postpartum 

1040 days 
postpartum (29) 

*an. Change. 

"...trantb 

thee animals. 

11443.e :it= per ÄE`:; :â.t. 5ortm. 
!41il4YFw4w.b+t4a slgaaaasöae aT ß a_roMrllrw ;mAotrltMs.iri 

2.7) 2,73 2,73 n.79 2:74 

:3.3 

3.16 

2..80 

244 

+'0.43 +ti21 +4401 *0a10 

U.S. kd.;S 
!*i0.11ly#**r*r*UïAiOrr!l1,.A004+R*#OYI411 lsoOAA4R:R.**A0Ai00b.lA+1!A'/togiRlRM#ir 

Nurber of animas .Éech oe1..r L.iiiS°at`3l Mom .,thf37Qß$7 

14.6. ta Not simificant. 

it trilPr. be 00011 that, when th :32 o aro considered. as one 

ow). there was a highly significant rise in the ce serum 

iái3p3gpio3 at saving and that it 'p7araiateCi until 2 day's postpartum. 

The .rise in fxaL;nc3:31t.11 , at Its rwrizzam at about 8 hours xsstpartam. 

7óñ:Ivalttes were regained at abort 3»7 days past;;-;artuA, 
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.ra ta 

phics orm« 

A comparison of ti ae mean 

t3$3 at calving; the d. 

re the 

In the "different 

at 2 da,ie , th the 

t gr$tups , is shown in TAl e 9 

u be ems** that, while first animale show 

ignifiaunt change a there a highlby significant plea in the v 

of corm mames.ium .i,ng in eaaond and thira oaf animas, 

vital outAth calf animalb showed a eigairláaut ribs* 

of the d9.fforexcoo 1-ir3tutum grvope e owed that 

Ms a i. pifloont difforenoe botwnen first and thirsi calf 

a o:a.cnifica.nt differonoo between first end second 

calf animals. The di..:'arenGee between other groups woo not 

e pir iceaCf,,, 

uee 



Table shoveaa 

ipextm with Zit, 

= of 4-'1 

a44 

At 6 hours Ox 

the -mime of scrum mamssi 

third* ana fourth cal? animals shoued a highly s 

Analysis .3,ysis o:' tho differences betxmon groap0 

ro highly simif3.cant d3,ffarerces 

second: first and third* first and fourthÑ se 

st: 

am'} fourth cal., stioolo, There was a significant diP^forancs 

batman second end third calf otimnla Tho differences between 

other groups were tot significant. 



Table 11 sham th : empa:Ason between 

2 

' ' 

Praptirtt. 

1 2,;9 #r 
0,4W. 4.:5,41.CAP, 

2.6$ 

tki Changoe 

$j11 NIS* 

200Y 

0,036 +0,4113 

" N thC7 -1 'WW1 et siastetentt rime third 

calf anirmls; but Iv chanze t the pew ?moms* 

sinairela or the differences between greup showed that 

there lino a higtay eignificart difitsrence between 'first and third 

oe.if animas, end sigatficant differences between first mid 

secoclo and between first and f ourth oaf minas* The 

differences between Wm. grouPe r VA e,triartaante 



Table 12 show o comparioon totwoma P. dare prepartam 

and 3.7 days pootpartaa for 26 cows with samplc. avail:1407/e 1.11 this 

period. 

esium per 1Q° m1Serum 
16D 
nnlo 

4.. k 

4f.fratt.13,a,44d4 400; 

2itte 2,05 

1 24411 2,42 611 

+11 

NA% 

U4 1 
,.--,-;4,,,abwr 

?:feae 

At 3.7 &vs pootpavtam, tL,:iva4r10, 4044 ot t44 gr414Pa 

elbowed a 2.coira1 oigutrioently hiefier then at 2 aaws, proparten. 

ilnaZysis of t. betwoze grottlls lithoworl that 

there wor$ 10 igaificart diffrmfaeva betz,teeri. grtalm 112,0 

easparisona 



Table 13 shows the Comparison between 2 days propartum 

and 1040 days pm or 29 cows with samples available 4n 

this poriol. 

9:4:alia.,4102". 

At 1040 poStpartum nono of tho kTows shousd a low/ 

siErificantly biho than at 2 days prepartuma 

Thom tiers no Significant difforonses between croups In 

this ookArisone 



ilialmaawas Iza otter to dötz v' 

of *Magee in so= maned= the ooze bao thï3d 

ae vae 'coca Oer a o.+ma igkeR , the 2 day 

pao ompered With the higheat level attained by emu 
mognesium, in the period r. halve ; -um to throe cup post*, 

eau t.hio awards ?33 cam ohC1wn in Table 10 

partas 

(A 0) 

for the 

i Table 144 

-Ak3 .' We mvariR(mt are 

Table ( t 
( at 1% afT0ront1 between `weQn 

i' Q3 rth et' .° anitaalE3.o. 

( at 5;7 ) between first Mid 

ea between other groupo were 



Tho results e the investigation shou that 
3P cc = wore considered as one group, there uas a h 
Aso in tho level of serum magnesium, at parturition 

ail of the 

isnificant 

The rise 

commenced about a day before calving and persisted at a signific- 

higher /ovol until about 2 days postpartum. Normal levels uere 

regained about 34 days postpartmo 

Comparicon of the different 0 2s showed that there was 

no significant increase in serum magnesium at calving in first calf 

sninalo. Each of th;) other rou wed a highly significant riot). 

There was the same tendency tor tha chongo to become significantly 

fTeator with each succoedine, parturition as was ovidwituath serum 

enicium4 

The highest velum recorded in serum magmesi'am in this part 

of the investigation2 have been 4.65 mgm. in a normal ,,larturiont 

3rd cat cow, and 4434 mgm.in a fourth calf cow. 
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4b 1t.:;sx.:' 

Tise c plate data for plasma inm: °l p:a.ate is 

4.eecrtted in tabular fama in Tables 11 12, 13 and 14,, (Awe 
pp. :i9 a 2111 and AO, and in graphic form in Picure 5, 

These resulte show a range for the pori 14 days propartum 

1040 days pC7stpamulI pf 155 C .i s to 94140 mo ÿihq.sf:ia intrj;.'LF3ic 

)hee j,:hate ner 100 m1. 

Study of Pipnrp 5 shows that the ne uee 

phosphate rema:inod fair3w* constant between 5.50 nefil. and 6.00 apt.. 

por cent. from 7 ;:vpéì.rtum until about 1 day pro."tus. The 

actual rairth z.ithin the period 14 dva ;rrrum to 1 da;l r&rm 
Wjenx Tr?b:tf449 1,9 12$ 13 an 14I was 36 rigs. to 9.40 Lon. 
Thera were no si'ni cant changes in the love/ a plasma inorcanic 

ohaspdate durirr this period. 

Prom about 1 day pre_ 

inorganic phosphate to reach a , at the tire of calving.. This 

re ma a .° evel of 

was fo1l cwed ,* a sharp rise to a manimum at 6 hours postpartum and a 

further fall at about 2 days pcetpastumy with a return te norma/ levels 

at 34 days postpartum* 

a ?, , . x , 
. 
s The q have ed hV the 

same method e0 wae mod for serum calcium and 1 cnasiumM All or the 

32 caws were available: for comparison in the ca Zvine,t 8 hours poet*. 

lartum and 2 days post Artum periods, 27 cosse were avai1, ,bá.e in the 

34 days postpartum period, and 29 sous in the /ia,.wQ doys postpmtum 

period 



Table 25 shows the compcxison for the 

OP,0 A à 

olpoolocp.s.eitwoOosi 

2 dckyo 
7.vcoartum 

caring (32) 

i 

Phosphate I. *,*00.01414** 

5.79 5.. 

_ 

per 3A0 m10 
40000400000.0.0.0 

549 5072 

4. 00 

0 f,ei.otRe*ea 

3 hours 
)ØS J: (32) .5.39 

2 dap 
pootpartum (j . 2) 4409 

301 dap 
poet 1 (27) 5044 

10.20 days 

pootpartom (29) 5094 

Mau bugs, s0.06 4640 .0.90 .462$ +0026 

SIcni. cam. 1,1 N.S. N#S0 

04peot00,00,114011,00ittiveeeect0000ft$600049.4.0e0w0404106o0411110*04000,4W1141414,0 

114, = Not Significante 
Nos, of cows in each comparison are shown in paronthesiso 

- It will bo aeon that in this comparison there was a highly 
sionifieant fall in the level of plasma inorearie phosphate at 

cra,vinc, and at 2 days postpartum. The level at hours postpartum 

was not simificantly below the 2 day prepartum level, This is due 

to the fact that ter e was a narked and highly significant rise 

(at 1%) in the level of inorganic phosphate fran calving to G hours 

postpartums This wao followed by a secondary fall and then a rettren to 

normal values at about 3-7 dayo pootpartum0 
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PLASMA INORGANIC PHOSPHATE FIGURE 

< 
E - o -- 
gr 

a. 

E 

o 
o 5. 
I. 

w 

IC 

vl o 
Q. 

<3 
o 

cr, 
E 2 

_. / - - - 

COMPARISON OF THE DIFFERENT 

GROUPS DURING. THE PARTURIENT 

PERIOD 

, 

FIRST CALF (7) 

SECOND CALF (I) 

THIRD CALF (q) 

FOURTH CALF 

7 4- 5 H 3 2. 1 /2. O 12. 21+ 3(o 1+2 3 4- 5 io 7 10-2(3 

DAYS FROM CALVING-) (---- HOURS FROM CALVING 3 4 DAYS AFTER CALVING -) 



Y'; . ., 
. Ñ 'Fi¡ .}..y4 b '" Rf.kS1k..: , i ig46F tJ 6 

shows tho camaarisan of the differences in behaviour ae plasma 

inorganic *?hns rhat4 5.a the different crauas in grarihio fame 

4n» t 

A comparison of the mean 71:4+4\1e4Y at 2 deys 4/repaM' dSrtt'JI with the 

wan 7alues at calving* in the different groupes shown in 'l'eblo 16. 

It will be seenp that 111 croups showed a highly siga.o.i cant 

fall in the values of inerranics phosphate when the values at calving' 

are compared with the -:aluoa at 2 darn gtrepartun* 

Analysis of the differences between Lrúupe (t toot) s'rnmï 

that there was a significant difference between first and third end 

between fist and fourth calf animals* The d3.ffQrz:rces i~;otwocn 

other groups were not picants 



Table 17 Blvme the OcuparloOt of the moan-values at 2 days 

:reparatath the mean values a t 8 hours poaat n4 

4,6 .. 
,v4 

ti.1:17"° 
t 

. t.,,,,tLy I 

.,,. -t 
0 

. .. 

. 

5076 

404.2e14 .4. 
; 

sQooea 
. alf, 
, 
, 

t ; 

6419 

,,,, 
. 

Third 
Calf. 

. 

5460 
o 

4 
_. 

i 
rourt CU 

, 

5464 
s 

`J:1 houro 
;roctiyArtam 

t 

, 

Ilea Chance, 
, 

6.65 

44)409 

.da.41`..*Vescp.......4..a4-A I :Oho 

5* 

.. 

0.0-11,-otrer,... 

4489 

4.0471 

05.01...x......shar vtaiPagif ; 

4434 
. 

: 

4030 
. 

, 

,_ 
. 

SigniRicance4 
.L.,_ 

' 
. ifi. 

. 

., 

... 
. ,... 

6 

1414 L,34. 

At 8 houre poetpartun there siera-no-rigr--- 1-zorzos 

the 1:wels of tnorganic Iftephorus in 111140 second and third calf 

animala when the levels were compared with the /even at 2 days 

Ivepartum4 Fourth of animals showod a denificant fall* 
Maio f ti ,: difftraretni btltreen groups ahowed[that there 

was a high/y sicniM.ant difference botween fIrat oaf me:vas =4 

fourth calf animals; and a sicnificant differetoo between fIrst cale 

animala and ti rd calf anlmals0 The dif'foroncos boWeen, other croups 

were tot sicTificant 

466 



47. 

Table 18 shoos the comparison between 2 days pronartum 

and 2 days PostIlartum. 

Inorganic Phosphate per 100 mi. lasma. 
.... _ . _ , .. 

, First 
Calf 

' (7) 

.. 

* -1,--777---r-i SOCOM rhIrd 
(,,,,,,,7, i it1.1-E'.. ..,....". 

p 

(8) (9) 

.,;--7-=.1 -1 
1 .vourua 

Calf. 

(5) 
... _ . 

2 days 
prepartum . 5.76 6.19 

.., 

5.60 

_ 

, 5064 

2 dvfa 
postpartum 

:..., AWdWWWOilO4Wd...W.WkM. e a..-t 

Mean Change 

.J.,.............,_ 

. .. 

' 4090 5$4 4.75 4.57 

$.0.86, -0.85 
; 

...............,,.... 

f 

e 

-068.5 
0 

0 44.07 
r 

significance 
. 

1,0,0 li 1 1 .14J 
g 
g 

114o 0 1 N.S. 

At 2 days postpartum there VraS a significant fall n the 

leTel of inorf7:221c phosphate in second cal imalso but no significant 

change ia the ether groupS. 

Analysis of the differences between grouns shoved that 

there were no significant differences in this comparison. 



Table 2 J s cow 

7 dEws poovartum 4, 27 oe47s 

latter p ric',d 

2 t?47,3 
prapart= 

A }.7 days t 

lovel of inerE :anie pheez ate 

Igarte an v e 

a oiwnifirsa1t fall in the 

0000nd calf animalo, but no 

tho other gromoo: 

differences between 

efereneee .á.n t1lo °capariscn 



49. 

Table 20 ßh3 

aT ZOO Atityto postpartia for 29 ow. 

latter periods 

darn propertum 

pi es available in the 

At 10.20 dap pos partum none of the groups had a level 

eivnificantiv lower than at 2 dare premrtum, 

Anarnie of the differences between Maul* oh*ix that 

there( wore highlr eicalficant digferences between second and 

third and between second and fourth mat azinaleop 



of the Chances in 

!used as was used for serum cal 

propartum level vas =per 

'by plasma inorganic phosliihats in the pa; 

to 3 dRYß zootPartuln 

Tho results of 

(An. Ildt: Pizr) 

The usans for 

ids e 

'za 

g* ., the 2 

4est level reached 

hour* pm:orb= 

Te 35 

3x Tab`.., e 21. 

Mao 21 shod 

progressive increase in a 

change tir each cucceeanc partzwitA ca as was 01:0, 

calcium aaad magnesium* Analysis of ther data, however* ex.hewci 

that "tao menees botwcon euws was not statistically 

significant* 



51. 

The resrlts fkr plasma inorganic phospate, therefore, 

Shaw that, when tit; 32 cows were eonsiderod a one croup, there 

was a highly significant rein in the level of plasMa inorganic 

phosphate at calving. The fall at calving was followed immediately 

by a marked rise in thc level of inorganic phosohorus, with the 

result that, 8 hours after califtg, the level wae not significantly- 

lower than at 2 days prepartum. There was a secondary fall in the 

phosphate level fral 8 llours postpartum to 2 days postpa:Aum, po 

that in the latter period, the level wae significantly lower that 

at 2 days prer-tum. At 3.4 dap postpartUm the loVel vas still 

lower than at 2 days prepartml, but not significantly so. By 10-20 

days postpartum the norrot propartum levels had been regained* 

Tho tendency for a fall in plasma inorganic phosphate at 

calving was moro eeneistent than the fall in serum mini= or the 

rise in serum magnesium, 

Comparison of the different groups showed that all 

showed a highly significant &crease in the level of inorf7tnic 

phosphate at eal,elig, The fall MS at Its maxim= in all groups at 

calvinc, and ty.. significantly greater in third and fourth vat 

animals than ta flret calf animals. Second calf animals occupied an 

intermediate position,. 

The behaviour et. inorganic pheephate in the vrrielle groups 

differed Xn the immediate postpartuM Tmried, (Figure 00 Milo all 

croups showed a rise in the Vattil3 of plasma inorganic phosphate from 

calving 4,4 appreaimately S hours postpartum, the levels in the third 

and fourth calf groups remained below the ;3?cvartum lovels until 



approximately 3-7 clara postpartum. Second it aninale shmet1 

a rime from calving to 8 hoinv, postpartira to a level slightly 

.Yer than their pre;:arkm level and reralned fairly at 

thereafter, The first if animals showed a very marked rise in the 

love), oÇ 4norganic phosphate from calving to e hours pcstpertmit and 

during the period 4hours postpartum to 20 hours postpartm the mean 

values 'were actually above those of tho prepar tum period. From 

approximately 20 hours postpartum the level ln eirst calf animals 

again fell so that at 7 days postpartum the level of inorganic 

phosphate in first calf animals ,,onded to be below that of the other 

growls. By 10.20 dap oettartum first calf animals had regained . 

their parturi 1evei. 

It is evident, thofo ret that the behaviour of inereanic 

phosphate in rirst if animale differed,signieicantly from that 

of third %id fourth calf animals during the postpartum deriod. The 

second calf animale occupied an intermediate position, 

The lowest levels reached by inorganic PhosPhato in the 

invest gation oft *6! it.4r cows wore 2.70 lags. in first calf animals 

2.90 meta. in second calf animals, 240 mos. in third calf aninale, 

and 1055 mga0 in fourth oaf animas, 



"BORDERLINE~ CASES OF MILK FEVER 
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Morderline" Cows. 

Duri the course of the investigation on normal 

.arturient cows, two cases were encountered which appeared to be 

showing "borderline° symptoms of milk forar. The data for the 

animals have been presented separately in Table 16 (Appendix Ipp.xvi). 

Figuro 7 shows the data for these two animals in graphic form. 

Cow nudber 7 use a sixth calf cou ari cow nudber 56 was a 

second calf cow, Both cove appeared dull and uneasy after calving, 

and a)peared a if they were going to develop milk fever. In cou 

number 7 the serum calcium dropped to 5.42 mgm., plasma inoranic 

phosphate to 1.70 lAgm and fiertat magnesium rose to 4,10 mgm. per 

l00 ml. In sou nudber 56 the serum calcium fell to 6,00 mm,, the plasma 

inorganic phosphate to 2,75 ment., whi1e the serum magnesium rose to 

600 mom, per 100 mI, 4A, the highest level or serum magnesium 

encountered in the whole of the invest lation of normal ar4 milk fever 

cows. The return of the cowl to norm/ was co.incident with the 

commencement or the return to normal of the blood 1eve100 



D3;091USS 011 . 
0 the resulte at thiS 

cs workers who have noted a fall in of serum 

oe pleas inorganic phosphate, and a' Ln tho level of 

o qmesium in normal cows at parturition. 

The failure of some workers to note these changes associated 

with parturition is probably due to insufficien t frequency of blood 

sampling. It will be evident from inspection tion saf the date presented, 

that daily sami. as has been practised `'any workers, will often 

fail to demonstrate the ehanges occurring' will cive no indication 

of the rapid alteration which may tam place in tha levels of calcium, 

magnesium and inorganic phosphate at$ or around cal=.r3.ng. The 

i nwea,sea3 frequency of blood Sa, ing prababl.c accounts also for the 
fact that the chymes which have b,In found In the levels of calcium, 

magnesium and inorganic phexsphato nre greater than those .lcmnc3. by 

moot previous workers. 

CC the three blood CQn9ti tuü3'ltkI =mined# greatest 

relativa changes have been noted in the plasma inorganic Phosphate, 

and the remits support the sta.tment of &Wort and Alloroft ( 1932 

that the fall in inorganic phosphate is a reliable indication o 
Impending ?prturitios. 

The most interest aspect of the res to of the atigat,icyn 

is the finding that tbc: changes in ali three c¢ nts ! e 

significantly more marked with eaah succeeding Der1curielon. Sino* 

Milk fever practi :e.l ly never occurs ?n first calf heifers anCJ, is 

rare seen in second calf animals, (Anderson 193a, Allcre ft 1947a) 

this finding would seem to support the hypothesis of k icraft and 



Godden ( 1934 ) that milk fever is a pathological exaggeration of the 

normal physiological changes occuring at parturition. This 

hypothesis is also supported by the fact that the changes occurred 

during the period when milk fever is most coon i.e., 12 hours 

prepartum to 2..3 days postpartum. It is of interest to note that, 

in this study, it has been found that there was a good deal of 

individuai variation within this period in the time, relative to 

calving, at which the serum calcium reached its lowest level, as is 

to be expected if milk fever is to be regarded as a pathological 

exaggeration of the normal changes at parturition. Further, the fact 

that two eases of "borderline ° milk fever were encountered also adds 

weight to the hypothesis. These cases can be regarded as transitional 

cases between on the one hand, normal cous where the fall in blood 

calcim is arrested before clinical signs of milk fever becomes 

evident, and, on the other, cases where the fall in calcium progresses 

to such an ed,ent that clinical milk fever results. 

The fact that there was a certain amatunt of overlapping between 

the levels of serum calcium in normal cows at parturition and the 

levels in clinical cases of milk for suggests that there may be 

individual variation between cous in the level of serum calcium which 

can be tolerated without the exhibition of clinical signs. 

Alternatively, it may be that a lowered level of blood calcium is not 

the only requisito for the production of clinical milk fever and that 

other metabolic changes must occur concurrently. The evidence 

resulting from this study suggests that, if this second premise be 

accepted, the other necessary metabolic changes are not merely a 

concurrent fall in the inorganic phosphate level or a rise in the 

serum magnesium; e.g. in Cow 56 (Table 16, Appendix I p.xvi) the 

serum calcium fell to 6.00 mgmn uer cent., while the inorganic 



phosphate i4Gli to 1.7014,. and the serum maposium rose to 6.00 

mos. without the caw developing clinical ni/k fever. It seams, 

therefore, that the lovels of calcium, magnesium mad inorganic 

Phosphate in the blood j not to th o only factors in (IA lu 44 .1 4 

utethor ointoe. t3ic for occurs. Tho acopo of the prep 

study doom not uarratt speculation as to uhat those factors may 

The acceptance of the theory that milk fever is au 

exaggeration of th o normal changes eccurring in cum at paptur. 

Mon does not, of course, get ano very far It does, hommv, 

suggest that investigation of the causes of the changes tu ml 
0043 night help to elucidate the 'ultimate cause cereal: fever._ 

Limited studies an the causation of these 04amges huvo eormal 

L:ar t of this investigation and the remulto aro reported in Pt 
2 and 3 of this Section. 

Certain pointa eri ram the study of serum, r 

and plasma inorganic phosphato in normal partmrient caws can 

atod he 040 

.aug. The results of the present tîr mply conilrm 

Mae findings of those previous wowkera VI) have noted a rise in 

the level of on magnesium at normal parturition. Vary little 

in known about the nechanisms which control the levtl a? scrum 

faar mesium The phermoveleelmlly antagonistic actions of 

slum and nagnosium ions aro, however, vo11 understooa. Thus 

Ibiter and Auor ( 1900 showed that the ponto ral injection 

f magnosim malts reducom narcemts and anaesthesia, and that 

C can to com*)re4 by the administration of calcium oaltos 

his has been confirmed hy Noem and Ilingo ( 2942 )0 metina 1 

tdth iL 

dogs. Seekles, Sjollema tIt van der Row ( 1S$2a ) iv 

mi trated the same effects in cattle. This led EloUbok ( 1932 ) p 



Fribel ( 1933 ) end Schulhof ( 1933 ) to peotulate that 

magnesium nerceeis io the cameo of milt fever. While it is 

poesible that the calcium magneolum ratio is of importence in 

the symptomatelogy e milk fever, na has been ouggeeted by 
Darker ( 1939 )$ it is unlikely that the level e blood magnets.. 
ium has a direct aetiological eignificace It is coro likely 

that, so far as the level or oerum magnesium at normal parture 

ition is concerned$ the primar,y determining factor lo the lowered 

level or sernm calcium, In support or th is it nay be oaid that 

while it ie difficult to ouggest remoons for a primary change in 

serum magnesium, it is poseible to postulate fairly plausible 

reasons for the fall In oerum calcium at parturition, tug th 

drain in blood calciam ;?rom the onset of lactation* That there 

is a reciprocal relationship between ooz um calcium and tieetealltil 

is demonstrated by the inermeed level which accomeenieo the 

decrease in =rum =battle in =elate poisoning' and by the 

hypeceleaemia which accompanies the hypermagnememia induced by 

the :enteral aaainistration of magnesium ealts ( Duncan 1942 )e 

The fact that, ao shoon in the tent otudy$ the changes in 

both elemento became etreereeeively more matted with each 

succeeding parturition:, lends support to the view that there 

an inter-relationship between the two, and ouggests that the 

reciprocal relationship may be of a quantitative nature, 

,rn Comparison of Figures 1 and 5 

suggeoto that there la no ouch elese intererelationehip 

between the blood calcium and the Inerganie phoophate$ aith 

both fraotions showed a diotinct and oignificant drop at 

calving. Xn the woe of serum =letup, however* the drop 

continued pootepartum$ to reach a minimum level at about 24 

bourn after eerturitione Plasma illOrCald0 phoophate0 on 

the other ha, ohywed a marked and opectacular rice 



commencing at parturition and reaching a maximum between S and 

20 hours postpartum. The impression given is that the act of 

parturition had little effect on the level of serum calcium 

the fall continued for another 24 hours;; in the case of 

inorganic phosehate, however, the act of parturition was 

followed by an immediate reversal of the trend - the fail was 

arrested and a rapid rise in the blood level substituted. It 

appears, therefore, that the level of plasma inorganic phosphate 

is influenced directly by the act of parturition. 

Study of Figure 6 show that the postpartum rise in plasma 

inorganic phosphate was most narked in fist and second e,. If 

animals. In the case of first calf animals the rise was such 

that the levels attained during the period 4 hours postpartum to 

20 hours poste 'tum were above the normal preparttm levels. In 

second calf animals the inorganic ehos)hato regained its pre - 

partura level about 4 hours postpartum and retained fairly const- 

ant thereafter. In the case of third and fourth calf animals 

there was a smaller but distinct rise in the immediate postpartum 

period, followed by a more gradual return to normal levels. 

Those findings suggest that first calf animals are capable of 

reacting more strongly than older animals to a fo11 in the level 

of blood phosphate. They appear to be able to mobilise phosphate 

more quickly than second, third off° fourth calf animals. This 

may be the reason for the fact that the fall in the inorganic 

phosphate at parturition is least marked in first calf animals, 

and becomes, more reeked with each succeeding parturition. This 

ability of first calf animals to oempensate more readily for 

alteration in the level of a blood constituent may be one of 

the reasons for the fact that milk fever never occurs in first 

calf an.im lse 



rollowing the initial rise in the level of inorganic phosphate 

in the immodiate pootpartum period in firmt calf animalo there wan a 

aocondary fall, so that from about 2 dayo ppatpartu0 to about 6 days 

pootoartum, the leve/ in the animals tended to be lower than in the 
ether [Toone. The possible significance of this secondary fall in first 

dalf animals will be discussed latore 

.1! .)(t Tho raout genera4y 

accepted explanation of the drop in blood calcium at normal 

parturition* and in milk fevers is the drain produced by the onoet 

of rain seorotion. The 'orival of calcium from the blood by the 

secretion of colostrum man one o? the postulytes on uhiohDryerre and 

Grog ( 1925 ) basod their parathyroid dysfUnction theory, Little 

and Wright ( 1926 ) ouegested that the drain of calcium in the 

colostrum wao sufficient to account ?or the fall in the level of 

blood calcium. 

A prima facie caso for this theory can be argued on the 

folloving 

1. The fall in blood ealcium 10 cooincident with the onset 

of lactation. 

2. As was pointed out by Little and Wright ( 1926 ) half a 

gallon of colostrum contains as much calcium ao the blood at 

any one time. It io ovidonts therefore, that the onset of 

lactation reoulto in a considerable demand on the available 

blood calcium ir the mechanises for tho mobilisation of 

calcium from the body r000rves wore incapable of meeting this 

demand, a lowering of blood calcium would resulte 

3, The fall in blood calcium at parturition lo greatoot in 



øøwø which have had at least threo previous parturition 

i.e. in cows V:ich are at the peak of their 
milk w:motion. 

44,0 The dairy cow at animal in which milk production 

has Teadhod a very high level. ilypocaleaemia is rare in beef 

broads where milk production is not eo we11 
developed. 

In order further to elucidate :tiza effect 
of the onset of 

lactotion on the 1eÛ1 n of blood caltiun, magnesium 
and inorganic 

phosphate it was decided to study the 
effect of prepartum milking 

and of mastectomy on the letals of thane 
blood fractions. The 

result) of the studien are reported in Parts 2 and 3 of this 

Sect:ten. 



aatail( íaals 
V the fa'i.l in blood calcium atad pho9pherus In normal cows at 

LuMRoidriot] is related to the madam demand for these pimento 

produced by the onset of lapßationr propertUm milkinga by 

stimulating a more gradual ccsoet of milk e0CretionF should tetd to 

pxeevetìt the abrupt fall in those elements. If drainage into the 

milk 3.s a potent anctc>r ia influencing the 3.eve3. of blood calcium 

and phosphorus it is to be expected that the gradually increasing 

drain produced by pre»iartcdt milking would have oto of two effecte. 

Firstly, it (scy:aid rrovduce a gradue.3. f`'. ) n calcium and phosphorus 

tso»incidánt with the gradua/ risa In the accretion a^etog or 'secondly, 

by allowing the mobilisation mechaniOms time to compensate for the 

loss via the milk, it could abolish the fall raltagether. 

The changes in blood calcium and philisphorus in zxrepartazm 

Milked cous have boon WtOdißd by two groupe ©f American workers, 

;Mom et al ( 1948 ) sttu3ied the effects of preparttm m3 llIne an 

the blood ca.3cd,um and pduoopha.tca Two of cora w e,eedj 
ono croup was milked fey ten doy, prier to the expected calving 

date, and the other m133md only after ea?.ving. Blood =plea were 

taken at weekly interva1s j commencing fou° weeks prior to aalving, 

immediately after aalvincp and ending four weeks after caivß.ng6 

These workers noted no apparent diMmaoc:s between Gout milked 



090 on 2F F S'os gro{s;iá 

tihate droppe appreciably at calving and returned 

to the preps:ettas3 level within a week artar calving. 

As a result of a study of 46 pews Smith ^w? Blower ( 

Wei no significant effect 

that it woad sees that 

malt sB#retion are 

eci@. They presented 

partamo the day or 

© the ,.é3vE3ptioa @ 
rather wide intervals. As has been not ear 

taken at 

necessary 

to take very frequent blood samples in rdcrr to de e changes 

which may ezrring in the blood picture at partur3tion 

lNooe e that differennas between rrer>rtun 

naked l may have tom missed in the investiotticns 

fluoile$ 

e effects of 

or phosphorus. Btutflaty 49 ' 

of prmmainmtmillting lovere of 

eAnien is apponm*Ay tesed on the arvatio of iddawson 

and Maggs ( 1950 ) *Attu 06 parturitions in pre-oilked. cows there 

were only 3 came tent* fever* It is impossible, hewevoro to 

tannins tho significance of these figugc+eu as no lsfortaata.cn is 

ven as to susceptibility of the population eAge hou maPV ez' 

the parturitions mera first or second ealv4.xgs! 

re been no r(vo 
on tbo hlood 

asserted tha the practice * Hie 



and 3: ; 

Materials and Methods 

The 00044 Or mextrtun Int.g as ttd< 

As ko . ed later It was Dm,-11-13s2,0 to utilß:ee 

those an 

Tho object in 

an appreciable quoit!, 

any °Mot on *z 
euro or ghost could + 

vas started three weeks Wore 

tho proverb= period the cows were a liberal co 

in the acteoraingwae process. 

two 

only 

con 

calvine so that 

by t in 

samplas wars 

at$ ppsNtiae daring the ;.verAa..a ported. Postpain% 

tumor of blood conpline was adopted ea was used in the 
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and aslAysad thar total oaloion, nagneutrn arid pbosphate 
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wriode Flve of the cows gave negligible quantities of r413 

predartum despite Moral reeding are uent stripping of the udder. 

In the of these five cows the blood picture was identical, with 

that obtained in the study of normal cows at calving* Aceordingly 

the remits from these animals have not been preeentua. The other 

two cows which gave negligible quantities of Eftlk prepartum 

developed ellniealmiik fever. The data from these animals are 

Immmaed in the sectim devoted to the study of clinical cases of 

milk fever* 

Two cows gave cl.) reelable quantities of m lk during the 

pexrt un period. Seth these animals were at their fOurth 

parturition, Cow Tantber 1 gave a tota/ of a2.72 I. milk dur thg the 1 

prepartms ;)eriod, and 004, number 2 a total of 46.86 kg. 

The data for the blood analyses for these animals is presented 

in Table 17 (Appendix Z9 p.xvii), nr4 for the MIlk analyses in Table 

20 (Appendix To p. xviii). Figure shows the mean data for serum 

ealeium for the two propartum milked cows compared with tho data 

obtained from the S normal fourth calf an whichwre used in the 

invnstigation described in 'Part 1 of this Section, The histogram 

Shows the mean daily excretion of calcium in the milk durSng the pro . 

partum period for the two *owe Figure 9 is a similar graph tor 

plasma inorganic phosphate and Figure 10 for SeriEl momenta' The 

mamesium secretion in the milk has not been plotted as the 

!quantities seereted wore so small. 

Great caro mumt be exercised in r.wing conclusions &ea 

these results as on4 two cows are involved. Tho results are, 

however. oonaiotent ter the two animals studied. 



.° cor calcium and plama inmanlc 

Pt the last 12044 hokula wore caving 

pootI -Id *woo V* Tsmartm milked ems 

ual ?an t 5.6 days ravoartmap 

So far set 
initiation of laatat be o 

the levels of bleed =lam end 

secretion. The 

vats delved in the TzeT: ; 

cmcl cepeeltalliNte thin St 

d 
dc 

not agree with those of American workere who have famd no apparent 

differences bottr ,;n vrepartum nilked anti normal cow* 

The fact that the fall in blood calcium and inoreardo phes 

to, the rice in the level 

sweets that the blood 

de demands of lactation* Within its Units. 

oy, supports the theory that drolnago into tho 

o the came roll them elements =me 
perstldwitien. 

)10 definite hicien can be Sea O: PLIGI100 vf 

mi1ldng on the incidence of min .fevi::r, 

tionneition. howG;vo:*m it to inter8at to noto tho tim pre` 

psalm Naked opus shoved 1evela of calcium and inorganic phoe-hate 



st parturition 
ans of the caw 

rtart-um wa.s more pro/ 

varara levels for ormel 

cf. normal levels in the 

" d to 

ouezest that preparr= *Ming inoreased the likelihood or 

evor developing 

- tir ut: 

other hand it Acht be argued that d bop ist calcium and 

inorganic phenolate fez. the sudden Change seen in 310111101 COW UV 

C1-23.0V the tissuee time to accommodate, and enable the 

Aerate ltmer ot these fkactione than is ronallq 

Alternatively, the gradual shame may &lew the mobillfatinn 

raechanises more time to compensate, and thus waver* the oiled= end 

inorganic phosphate frem to levs at mieh eli.dv4 

fever occurs. The answer to these questi .3exade en further 

investigations; it does seen that the detailed study or prep=t 
rtUcoa ewe ry be minable in elucidating the Actioloor or milk 

fever. 

ccmcluda% t be 

+eccperfment con only d as 

re of an lt with 

de eo raelusions 



A MuU.94.,t,Le.Ufsat.,..2'1:91Aaste mt..% the Sert 

e- 
Phosphate in Partorj.ente 

tiCabsdia.10 

The complete removal of the udder from a pregnant animal 

provides a method of allowing parturition to take place without the 

concurrent compilation of the onset of milk secr,tion. /12 the 

study of the blood chemistry at parturition, therefore, mastectomy 

provides a possible means of differentiating the changes 

associated with the act of parturition per sep from thoøo 

associated with the onset of milk secretion. 

Two reports have appeared in the literature on the effect 

of mastectomy on the blood calcium and inorganic phosphate at 

parturition. Wilson and Hart ( 1932 ) studied the effect of 

mastectomy on one parturient goat. They found th ;t the serum 

calcium stayed level at parturition. Plasma inorganic phosphate 

dropped from a prepartum letel of 7.66 mgm. to 5.59 mgm. per cent at 

oarturition. This was fAloved by a marked rise to 11.52 mgm, per 

cents one day after parturition. 

When the present investigation was started no reports had 

a Jpeared in the literature en the effects of mastectomy on the 

blood chemistry of parturient cows. Niedermeierp Smith and 

Uhitehair ( 1949 ) have since reported a controlled experiment on 

the effect of mastectomy on the blood calcium, magnesium, inorganic 

phosphate and plasma fat in eight parturitions in five cows. These 

irorkers renorted that mstectomised cous shauwed only very slight 



fa, 

sera tagftealuat abolishod In masteeterised cows* Plasma tem.. 
mu phosphate wu reparteu as fn1g at Arturition in both 

reertiectouteed sad v4;0441 %we WIZ a1ight17 =Wet decrease in 

'tam mastestortised sninS160 

glterials and Methods. 

Three sloes WM 1100d 

;.leirforned, se described by Fraa ( 1944 ) . under fatravenous chloral 

Waste anasethesiai when tho ewe were approzdasatali sbc math. 

ProMmtito 

¡Iced 1, 

frequency et blood sanztling vas Wept/EA as me need in the studies 

of norna owe at irrturition The =Ma parisariest OW Oa* be 

rega'ded as controls as the the ot teedttis mid asOsissient IMO 

oneentis13,7 the emu 

Cow amber 2. was a thiri øaiS î avbo. 2 a moo:ad 

calf anima. Za the ease e Co w number 3 the coat .4, boa, f the 

- the jvo, ina The vamp 

parturition wee untwat bat it vas at least the fourth. 

ttairing was norm/ ant unaided in 1 tze The 

data are presented in Table 20 (Appendix L poo00 

mbar 2 calved stseashat usetpected11 with the result that the data 

'this la thz mpartito tfa* oommtett liteagrolo 

.riestre 11 ahews the ata insmpni4 rsoso risers 22 chore 

the CaVarirS021, thc ',wan data for tø **woe mastactontsed cuire 

with thil mean data ter three wrnal psirtarient owe, W. rows 

mbar 3, 55 and 2 6 These cows wore show= because they wore 
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FIGURE 11 BLOOD CALCIUM, MAGNESIUM AND INORGANIC PHOSPHATE IN 

MASTECTOMISED COWS 
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comparable in number of calving with the naatectomised cows and 

because they had a similar Dumber of samples available. In order to 

aVoid undue bias, only period containing samples from at least two 

of the three cOWS ta each group, have been plotted on Figure 22. 

e. 
Study of Figure 11 shows that all three opus did show a drop 

in the level of serum calcium at parturition. The fall was, 

however, very slight and was followed immediately after parturition 

by a rise in the level of serum calcium. The postpartum rise was 

most marked in Cow 3 which showed a rise from 9.30 mgm at calving 

to 10.30 mgm. at 8 hours postpartum,' 

Comparison of the mean data for masteotomised cows with the 

mean data for normal cows (Figure 12) shows that the fs.r1 in scrum 

calcium at parturition was smaller in mastectomised cous. The main 

difference between the two grows was evident in the postpartum 

period. In normal cows the lowered level of serum calcium 

persisted until 3.4 days postpartum, while in mastectomised cous the 

preparbum level had been regained by 8 hours oostpartum. 

rum Mas 
In this constitutent the changes associated with normal 

parturition ware almost completely abolished. In Can 3. and 2 there 

ves a very slight rise in the lava of serum magnesium at 

parturition. 

Study of Figure 11 shows that in all three mastectomised 

cows, there was a fall in the level of this constituent around 

parturition.; in Cow 1 the lowest point was reached at 2 hours 
prepartum, Llia Vat,: -2 and 4 -ho ars prerklattomo and 1131,C474- ob calvd.nto 



MEAN DATA FOR MASTECTOMISED COWS COMPARED WITH MEAN DATA FOR NORMAL COWS 
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Cou 3 slaewea amarked transient rise in ß noroanic phosphate in the 

to 2 dey preFaztum ; erioá, The immediata POStpet+tUat pried was 

marked in all throe ems by a riso in the level of plasma inoroani.o 

phosphate. In Cows l and 2 the level rose l,rt:,ed9aate3y after calving 

to reach and T7aintai.n alevel Magser, than in the prepariea1t pemi.od. 

Coo 3 oItowed a smaller rio in tho immediate postpartum period and 

then a more marked riee af;or a amender 

houra postpartum. 

A comparison of rtenn data tho two groups of cows 

( rigur- 12 ) shwa that 

was Dialler in the two 

oarttlrittona The fall the mastextoo.i.eed cove tended to be 

slightly mailer and the rice following ca1v; ng to be alightly more 

rapid. It will be noted, hawever, that, while mastactemised cols 

rhovid a higher level In the later posßiartum period noreal cues 

Showed a level lower than in the prepartus paled. 

fall which tccurood at 30 

behaviour plasma inom°ganic phosphate 

pa in the period ionediately around 

the results or the invaaticati.oz th those 

of Foi edess eier et a1. ( 1949 The *Ill in b1ood 

e3.3,ghtiot greater ir Vale study, 

been 

N iad.ermeier et al, reported no Aae! 

in s -cn magrasi,um at aartvri"tion à.n tnaatectomia$d cows while in thi.ia 

study a slight but definite rise took place in all three cows, n 
both studied a fall in p3aama inorganic phosphate at ,aa,rtur4.tiora 

slightly lean In masfioct,arn.t.aed cows than in aortal cowaa has boon 

observed. Tho postpa]Ctam rim) in :lnoroçnic phosPh,.ts wee Y.,eare rapid 

in the cows sturli:od in the presort investigations A oimi3ar, but 

slightly less well narked # tendency is evident, in the data .er izAturetv 



et al., although they do rot comment on this aspect. Milne and 

Hart ( 1932 ) also reported a rapid rise in the postpartum level of 

inorganic phosphate in their study of one mastectomised goat. The 

tendency for plasma inorganic phosehate to attain a higher level 

in the poJtpartum period as compared with the prepartum period, is 

not evident in the data presented by Niedermeier et al., except in 

the case of two cows., 

Tho results of thee studied on masteotomieed cows suggest 

that the onset of milk secretion is the major factor in producing 

the drop in serum calcium in normal caw o at earturition. 

TWO possible explanations of the diminution of the fall in 

serum calcium in masteotomised cows present themselveo. Fitly 

it cou;d be argued that the diminution in the fall in serum calcium 

is due to the abolition of hormonal or nervous mechanisms normally 

operating from the udder at parturition. There is no evidence, 

however, that the udder has any endocrine function% With regard to 

nerve mechaniams, it ie well blown that nerve reflexes, originating 

in the udder and acting via the posterior, pituitary, are 

concerned in the ehenomenon of the "let down" of mi/k. There is no 

evidence that these mechanisms are associated directly with the 

control of mineral metabolism. 

$aeondly, it is possible that the diminution fall in 

cerum calcium in eastectomisExi ewe is due to the abolition of the 

drain in blood oaloium resulting from the onset of milk secretion. 

This seems the more rational exelenition. As will be ehown 

a good deal of experimental evidence has accumulated suggesting 

that milk secretion does have an influence on the level of serum 
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the fact that fapojt 

pf tho udder, indicates that it 10 sz 

vory slight caan,, 

=t,cetoniced caws aro ih 

z: acce$rt the s. -ticdt. that serum calcium and 

inverse relationship* so that tho findings lo4d 

to suah a wothas 
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4: 
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to 

sL1eg7ots,on 

who notod on appreciale 

minutes all7per exercise, .01.1oued by a " 

porsisted for at t 2 « The= 

4iVN1eJ.id * f Eilatar et al, are vocy Va r \i\i7 # 
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smlo pattern ao io obsermi nactectorgtml or nortca. cow* Purr:hero 

4diJMava cod mar* a ) have ro¢ortod no cameo $.31 plasaä .rt.rpop 

organica phosphata men and does ao restalt of sovixre owarciao, 

If exerek so trer° tho Ort4` fEW.4327 it%) WI :ttt io 341:03.4r that 

01131.1Y' c?,anffcaFS wad t?Worm-4 Av jzriurition in other spec:1wr 

The changes observed phosphate at ;'Al.turition it women 

(C. s and Moe 1932 ) Ista,y !light aril transitory, 1.= 



NA Sill t ie 34), inetzaulo 

Ototiphate during ti* later stetet eP vreolanos in aueno 

a peak at deltwx% Volargyed Iv a sixtrtit dealt*. Tbia ie the 

rotation of the eindingo ot van Laniingbanfo Ilendercon Bauling. 

( 1942 ) who noted a rzvcressive lcuering oe the ploona inorganic 

phosphate in helfern tdth advancing geota ono It lo also the 

roveroo of the well estdblished finding of a fal In the -ova 

inemorale ijhoophate at caving . 

The fast that sip', 

atti, 
!law not beam recorded in 

ether species makes It iUke3r that exercise is a ma,jor canoe of 

o tot at calving r 

mastootanised cows. That the all is not due wû3 to 

transference of inorman_c to organte phosphate in the 2..eed 

by the fngs of Moodie ( 1952 ) who has recorded a fall im the 

total blood phosphate in these motectomisca cetwila 

A good deal of ampertmental evidence has rev accumulated 

surgesting th 4 the d'ai of. calcium into to colostrum is a major 

factor in effusing the louering o Lime calcium 40=11 sewo at 

:arturition* 

The moot etrect evidence In suort of this hype 

gen by the experiments of Illedermior et al. ( 1949 ) on 

mactectomis-; cows* Their findings in reswot of serum calcium 

bmn largely confirmed in this stuay. ComAcmentary evidence 

tending to wad weight to the theory has aloe been forthcoming in 



recent years. Thus Niedermeier nnd alith ( 1948 ) reported higher 

than normal lovols of sor,jm calciuM c.t 3.4 days postpartum 2e1lowing. 

mn initial drop at calving, in cø ich were not milked a2ter 

parturition. They reported that the highest levels occurred at the 

tine roferoatost intramammary,pressurow Vbrcer at al. ( ,194) ) 

reported that the interruption of a 10 day period during 

laotation result& in a significant elevation of serum calcium*. 

The Meng in this study that tho :an in serum calcium at 

arturition is most marked in coup which have reachedthe peck o f 

their miiitrodustions also gives indt:Lact support to the hypothettio. 

Pliwther support is given by the gnat that in the tuo Irepartuts 

mined caws which eave mpdreciable quantities of milk before calvine, 

the serum calcium shoved a gradual fall co.incident with tho rise in 

the-level of calcium accretion in to vat, ana in contrast to tho 

abrupt fall in ear calcium seen in normal cams AD has boon 

painted out before, houevero It CGTO mupt be taken in arguing too 
foc.tgr from this Vnited datap especially as it is Sn 

contradiction to at results which, while they nra lees 

detailed in resl)ect of rrequenw or blecd emp4ings are based on muO 

lareer numbers of aninalne 

When all the evidence is teen into noocunt9 hmovero it 

doe Dom pradblethat the drain of ooleium into the colostrum is 

the min ea= ef the lowo ng of blood calcium in mrnal cows at 

loturitIOns 

if o accogt the hypothcels, which score roasonablei that 

tforer le an eamegoration a the nimmal 
aseeciated with Àrwit.o tt le clear that tho drM,111 of oniejum 



Tram the blood into thqlolIk is one or the major factors it the 

aetiology or milk fevar. That it is not the oni,y factor is obvious 

fran the fact that, ir tttloro, ever, heavy milking cow mad bo 

subjoot to the disease as was pointed out by Craig ( 1900a ). 17411Y 

at al, ( 1946 ) have shown that the colostrum of cots dovelvt) 

rover is no highs calcium content than the colostrua of 

parnal cam. Thom workers have also shown ( Hiltbss ;2oundau and 

Krauss 1951 ) that milk ravar casos secret() no moro cclot raa than 

normal CCIYEI It is logical to assumes theroforas as :Is suggested 

by Hibbs et alit,( 1951 ) that the fundamaatal differanca bean woe 
which &m10 ) Wit fever and those uhiCh do net; 153o in a, d2.f2trence 

In the functioning of the calcium regtaating mr.:Chnuisms, 

Tho avidenco rodulting from the presont stuy4y suggests that 

mothaulems controlling tho mailloation e calcium 1;c 
rovey ired with ea dh succeeding parturitiem4 A point is 

reached; usual:47 agtor the third or saboaquent parttritions when, isa 

a proportion or animist tho mocaulnisms ?ail to counteract the fall in 

blood calcium rorulting from tho &muds or milk semutions 1ith the ; 

!kit that clinical milk fever MOWS* 

Wards Blower awl Adam ( 1952 ) havo rotr reported the 
results of a stufly which ty help to elucidate the causes of the 

.)rogrossiva increase; with advancing ages in the malgiitude of the 

changes in swat calciun in parturitnt cam. Th000 w000 doueuotod 
comoloto calcium balance etWioe 111011mitoll onnber of cous for a 

period of throe weeks before, and tame weeks attar parturition.. 

rour groups or cows wore used viz, primirots Jersey coon* mature 

normal4 calving Jersey cows, !datum, mr9lally ealvino Quemoy and 



and Tatum tie cows which deve uod eovc:r. 

Mecum n eql,lesntl3r devClop$.Ig milk fever ware found to 1,1Q :?,n 

centis ga V.L V e ' i".li+ii 4tiìì{ [FIe throughout 

rrimontal peried; the two croups of ra4ma 

noras117 ctits tore in pUborderlirae calcium balance dum ng 

the prepartum iortad and changed to a nogati vo calcium balance ;# uat 

gora calving$ the rrimiLarous cows remained in a d4fin tely and 

cokis?.stmfii+Zr positive calcium balance during the pro°: 

switched to a negative balance about a to 2 days 

These tmcul i's suggest that the failure of to 

mobiliso calcium as cDicle4 an young animals, and thus to co tweet 

the felling blood calcium level, may be associated tatla de;plátf on of 

the body reserves V e47 r tk , tine rfom a prolonged negative calcium balance. 

In JI 7 senneiV4m the recent Utaay of Thomas, . Ru 
and Geschickter ( 1952 ) on the time distribution of intravenously 

injected raäiocalcium ( calcium 45 ) maybe of .acne sigtaificatice 

In a oom,arison of young and adult rabbits injected intraranead3,V 

with very small Quantities ae calcwms 45 them workers found that 

rate ar bone uptake of the injowted ealatta vas avroximately 89 aer 

cent or V3a injeeted dose for young animalsA and per eant fm. the 

1dc4ltú p in four hours. They pant out that the uptake or wiz:t?1 bq 

the bones rust be in tho natura bf an e frtaBeau as the rate 

Ea?take is 2ar too nßw,id to be erolained ase a growth s in the 

building up cf comma tissues. They therefore eug;..e t the 

femme magnitafle of the uptake by the bones ixt mum and adult 

animala could be =p°s& in terms at a WfforatoQ tn *offoctivo 

bone arm* ,nvaildble for =halve In it;h+a two aca croups* 



While it is dancerous to argue hr analca from xsaT:bits to 

catt10 the apparent ability, of younc dairy eatt.le to mobilise 

calcium mare readily than older cattle could be exvlained iy 
postulating a similar difference in "effoctive bone orooP avoiabie 
for interchange or celetvm between the-) blood and the bow reservoss 

Experiments on cattle t,rith rediemlefAmtv designed to test this 

summation woad r 4-0 to offer a hopeful 1ftô of' future research, 

The sudden reversal of the trend of .'illasma inergarla 

phosphate frcm a fall at ooivinc to a rise imediately after calving4 

has surgesed that the changes in inorganic hoette ere m 

04000iACX1 $744.th the act of parturition r se than. 0,re 

the chameo Berm calcium* That this m to proved 'iv the fact 
that emcee, in the level of inorganic *militate persist in 

parturient rustentaaised ems. 111,Aat milk secretion does have en 

effect en the level a. plasm:: inormnic phosi)hc-4to e harevery 

ougi-estecl the fact thot nozw,..1 contrel ewe showed a lower lu 

of inergerie ',heel:bate in the postpartum period ao compered to the 

prepartm )?p while tU mastectemised cows the opposite me the 

case i.o the level =a higher in the postlxartun than in the 

t?reprl.rtum ,51er5oclo This higher level f inorcaric dhosphate 

:!':'ellcAring calving in the mastectomi sod Cct n! may be explained by the 

cessation of the demarx2s of the growing foetus nd the absence of 

the demands of lactation. The behaviour of the /llama Inorganic 

phosphate in the two lirepartum milked cotro which gave alx,ef,aatle 

quantitioe of milk before calving!) ace svparts the kt-L-4..,,Wvio that 

milk secretion plays ea:v., plirt in influencing the iner;.nnto phearthata 

level at xirturition. 

Th fiîirf; f tinrd cm th ceollm btattnef.,) 



of print us cot may bo of come, öi ificarbe in apistin, the 

secondary fal/ in iscWa: anie Acs_hato which occurs in fire 

animala following the marked initial rise after calving tFleur° 6 

>$s socordary fell in first calf antm3s occurs about a day aftar 

per9.od . . whe^ p according to Nerd e'/.-1 ales priniparcus .rysitnal; 

into a nogative calcium talanc.s ana may possibly be related to a. 

mim4,3.a;r change in the phoerthmte balance, 

The results obtained in the :att r of s um in 

prepartum milkodl and masteactomisad eow confirm tho well f h 

recognised invors e relationship sL oxi s timc bE:'t«om serum 

calcium and serum ma,mosiume /n then limas the lxve3 cf sar ls 

calcium appears to be the primry determining factors and the 

nami tuda of the rise in serum magnesium aat; earo a in genera:1 to be 

a reflection af, the m4;enitude ' of the fall in serum calcium 

In conclusion army be said ;,h,n t it is esalluk4r, that ' the 

fundamental cause of ELM fever will be ascertalne3 until Elora is 

known coacerning - the control of the blood calcium in the bovines 

and the factors whieh .3.n:'.JG:ence it* A point which should be borne 

mind IS that the ' stady ef the calcium recast:7A; mechanisms in other 

animals may nht necessarily be of much tassistaec;e s cas it is doubtful 

If a disease stria comArable with milk fever oce:urs in any 

apart from the caw tard the ewo* fovc.r has bc>>:,tt concallw 

'Wood in the was but Ho ( 1952 ) nas recently at dula.e on 

whether tae condition does in fact ocour in this slveivo s and the 

authora s clinical emporionce tends to confirs ' these suspicions* :t 

may be that he higher level cf milk secretion in rindmatts s 

á:articzúax'3,g the dairy was is sufficient to account for the 



a, ce. On other handiy it is pos; 

ritios in the calcium reculmtlag 

mechanisms in niraetts which have a l;, me ät tho =motion 

silk fever* 

the e ew' serma t corma 

lasma inergan phoaLha have boon 

normalD kImm;.rbra cal R:d and mastce^".scxi cows. from 

ProPartum until 24 days post.paxtum. 

2. Voamal sous showed a sign decrease level 

of. serum calci= at colvinc. The gal4 commenced abate:, 1.2 to 24 hesur4 

before wlvin{;t and continued postpartum to roach amita',:.al love' at 

about 24 hours after calving* This was limed by a cradua3. °turn 

to o2c:srm4Â levels at about : to ``l days posartiza. Qbser., 

rations 

++cn 

o rer+ cows s3 that r e para s. 
serum '+'l.Yr['i.24m 3G:i..ÌE7 3iGs>* and was moro Gradtial tho fall 

ill cows milked on.14, after darturitiou* The fall in ear oalcium 

teu7rd to co-i:aolde with the lacre° so in the level (JO secretion of 

calcium 1.21 the millr nastecteascd cows tizo 5all in serum calciu l 

Mt parturition. Ems groa'b e diminished in comparison with s..o=^1 ems 

of the cemo age. It is concluded that tú3a drain a a.loium from the 

blood to the Qplostrun iv a t or factor in Producing the fall i t 

p calc ium et i.ertmiL°?.on in mtva emu* 
3. Norml caws ml.wed a wi . 

of serum agnecium at _ arturá ticta 

sernm calc$m. The risa in scrum 

Ant incroane in tho level 

verso to the dc;ceease 

was at its tm.imum at 



aim* 8 hours vootänftra In Aso, 

ooran nacnef3laa tïndod to coY;.eneE3 oarw 

mat`?/zed* then in ems milked 047 pf`i]artixa emi,. 

1 

tranotont vh;ncoe wire oboervod eorain taameoSsit naetootonieed 

oetro at parturition, oaangeo Dorm taacnooinn nornal an 

at t.ortwition are matted ao bolne mom:1w 

ealeitin 

inorranie Q at 

^..d,.hours 

:xliato mom?. tho so 

to a Al chow Ln 

vas not e .,ecn#ir lotycr than the 

pooh at a hours , " t.`at":' 4áßo or 

Coon xx3t4arturag, and than 147 

firet calf eninala the ;Ioatparttv 

folio;od by w eeforAl'°:r,p oo that erice 3 

levole 43 ,51..C3 t Qc.a ininaaa fraero ^tor . than 

.arelxrtum ectz 

*tool :hate 
1iy, ÿy 

that of 

,, 1' l44 fall during V# 

tho level of pheopizfite secretion 

4h 

tiOop 

Wont 

x)ot;.`.s. the 

groupa. 

mania 

rise in 

ni* ince4of3tentaed owe 

*ma inorcania ph;tt3záto ehoued a **mace at Avinc which mo 

al:3F3E3t f3a groat ae that aeon in riorna owe e tho am* The 

:3artura period trß rraeltad wletootectq F. ewe by a v:91,4, 

the lava plaarx b A _::ctáat eo that lctti.3 no 
4JF V4k:.7W 6t-ó 

TN) ?el: in 'gamma Inorganic phosphate so")mStso be moro 4 

=minted uith tho act o? ;;i'rtwit?cn than it is ultFa the 



mi:U: on aathough the evi a suggest 

latter aa3aya como part ixt the lower f inorganic 

at tion*. 

In normal cowl tito changos In all three 

rnaivelY =cm marked with oach succeeding 

parturition. 

6 "2.1.1g the Imes 

cows wore axnont 

roc 

to be 

with potteneous 

7. The resulta of trh o invest at a Jw the 

bypotheele thet al3sc fever can be %.eganded a, I-At:11014a 

ze.e,goration of the normal. physiological changes associated with 

.°.a:tupritiart* Xt has been concluded that the drain , in calcium 

trom the blood t0 Me wcl0st-sa majons factor in producing 

the fail 3.n mrtr. =lotto at rarttrition in normal ems* if 
thesis that milk favor is an =aeration of the 

changes =opted) it V.?ot,ts that the drain in 

the coloaizm I0 a ./r.slw factor In Mc aotiac1/415,. 

Tt abtri ciaa that this cannot be Vae ftsto3ry '¡ 

;*msted that clinteel milk fever mr be the 'meat 

of aprogreaeve int+erforenco with tho m0bilianti 0sn of ea3.aninnn 

such w0 ant 3zlt from. _a "rcagreaalvc de3cr oase in the 

a3.aty f 1 the body MinrifeS 



L 

Tho z 

ompl 0Yod in f- tá 

almost =clue od in this 

._,,? four ounces civon intravenausly0 

doseS 

tandet?ti 

Sn recent years to une r doses; many veterinary surgeons now 

wo doses e up, to tt frequentl,y threa ounces °z.ttraversoualy 

one three ounces sulxrutaneo?., 

aring ttaa investigation of 

oases or milk fever by 't` e Intra vono Inj iGtS cn of caleum 

t troo. ont bf 

borogltâconate described 4.14 Section DR alarm) pbseám that thn 

;otion e calcium taas almost invariably followed hy arise tho 

le of Ilaema inorsanic Ohbea;hm.tQ, and Proauently tv a fan, In the 

level of serum msoles9;uca. I t was doaidod to see if these ersatz 

occurred in normal parturient and nonp.partm.l@nát 49o53s 

Grace ( 3.947 . ) stated that the intravenous 

calcium gluccnatc fellowed in )arturie.t cows hy a rise in the 

level or tho blood Suorvn.ni.c 4Losphatn tn nonopE1l urien t cows 

in the level of this constituant. Ile claimed that in ma» 

imt Wje c,.lfi "alhalt:.acd4ÿ hy the oral mb,fi.nistsotien 

of sodium carbonate, calcimt inQoction was followed by a rise in the 



83* 

level of b1o00 inorganic phosphate* No called this Itmemanon 

PhOophorus Rev nd regarded it aEl evi(3enee 2avour of hia 

pticn of mill: fever as a 1,-)arturent alkalosis* 

Allaroft ( 194%) has stuCtiod the effects of tanammous amd 

subcutaneous injections of calcium and momestum salts in normal 

battle* Ile did 4ot study the a:Toots of those salts on the Wilma 

pheolliate 

In recent years Barker ( 1943 ) has adveuated the use of 'maid 

sodium phosphate aler3 with calcium bor,oglucenate in the treatment of 

milk ?over, and has dlatmed a reduction in the incidence of relapses 

following trea bpj the use of this tharagi. No reports have been 

found in the literature on the effects of Injection of acid sodium 

phosphate in ruminants* An there is evidence ( Binger 1917, Tiodall 

1$22 ) that in dogs, the imdeotion or this salt results in a fall in 

the level of serum calcium, it was decided to otudy the offset of 

injeotione o? the salt it normal parturiart and nen-yrrtizaiimaiomWO. 

A,00, 

A stu4y was made of the effect of the intravenous injootten of 

o) four °awes of calWum boroglucenate (equivalent to U*00 g* Ca); 

ardt) two °moss of ao14 sodium phosphate (equivalent to S*40 0* Na 

and 11.30 g# PO on the levels of scrum calcium awl nemesia= au/ 

plasma in's/ate phocrhate in sIx parturiant and sin nm...parturient 

etme. The cous used more norml animalu on the Field Station of the 

yetortnary ehoolo 

The non.parturiaat woo used in this euportmont 1=1 ealval for 

rdninurt period of Oz. woks* The aKoaient s on parturient cauc 

ware earrie6 out tritbiz a twin= perioa of rifteon hours after 

calving* It was felt that a oldat staggering of tho time of 



on reIa ve to calving' s:mild 

tend to cancel out the offeet, of allY e 

levelo of the blood frootiono which mieht normally te 

at this ttoe. The chancoo rocultJ.rk : from tho injecttono 

therefore be more easily reacglieed. /n moo cf Um 

portorien4 ocuy E;ivcn aalLium Wootiono tho overage mri between 

ealvtne and tho atart of the experiment 11c,, (tav'r;r? 1aotrop with a 

morimum of fifteen hourc and a minimum of five am rat. thc six 

coup given ¿hoephate Woo ono tau 

with a of tuelve .1owo a of one how* 

MS. 

The oats dianvlvod apprcocimataly 16 oso. of 

ditrauxxi water rtnd uore ilectecl irto the j ., e . vein 75:7 exovw 

using a "flutter valve" injection ection ae3iAratuo injoctice occupied 

about five to ten :..,.: The pro.injection Mood eanple tOken 

Ann the juedlar vein ond the selutton injected before removal of 

the nacelle* The mjority tho poetidujectlen sorrolea wom taken 

teen :tho .,leatualy vein* r pout...injection eam,)loiá iJme token row tho 

LS(;l7l.`1r van, ttCI .'C:in oppoal ú 

taken, to avoid am rib% of c I'M= of needle by the ins 

lectod oaut ion. 

ocean oamplet,i i.om 

so 4 r3ours. 6 hOuyi a and 

the ono alma for lujoL1tiptt was 

f2`1.n2,1tf3z?a 30 miFnutÄos 

I ;ßurs feil tïuing inj ea`'+ioaa 

The ßn£3lyleß were dono ao dGúoribe6.i in °GonQral iht6`rialp and 

tttlac,:u« 

comploto data for corm 00 : c 



FIGURE 13 

THE EFFECT OF INTRAVENOUS INTECTION OF 4.oz. CALCIUM 

BOROGLUCONATE IN PARTURIENT AND NON - PARTURIENT 
COWS 

PARTURIENT COWS (49) 

_ _ NON-PARTURIENT COWS (6) 

=F 3 

o I z 3 4- S 40 7 
g 

HOURS FROM INTECTION 

9 ro 



inorganic phosphate, resulting from thio experiment are ',repeated 

in Mies 21, 22 ana 23 (Appendix 2, ppazi and =Ai). The mean 

data Por the two groups of cows aro hown in rigure 130 

Figure 23 shads that the vise in arum calcium produced 

intravenous Injection of 4 0.000 of calci wae of 

a,),_fradatately the namitudo vorturiont and nen-parturiont 

cows. Tho average level 15 mute e after injection was about 18 nam 

aril the mlni mala 16000 mm, The tqit tail was closely 13aran4 

in the tt70 er01100 0 With a elSghtly quiclav fall in the mrturient 

group. Noma levels wove regained about Dix hours after injectleng 

the effect of the injection, a udgod by the germ calcina amre 

had completely disappeared by ton hews post- octione 

There wefts therefore, no apparent differences in 

ryarturiont awl non.parburicnt cows in the behaviour a Qrut calcium 

fatal:in the Antraverouo injection of calo' im borogluconate 

There was a Iht tendency for perm mamentra to fall 
folic-Wag the 1.94ection a? caleitzl lxvog-luconates Cott7karipaa ca? the! 

moans, havevor, shod that the faXi vas net statisticalV o "Avant. 

Following the injecaon of calcium boreclucwatep there was a 

rise in the leml e plasma inorganic phoophate in both ,porturient 

end now. prtuiit cone Tho piota level reached ita mud= 
on the average* ane hour after injection, although thore uw Ct, 

Certain =ma of variation ill 14vidual animas. Miter the peak 

at me hour thAD ¡opt o level fell to ire...injection levels at 

about the sixth hour, 

The rise in the inorganic 02osphato 3.evo1 tr,. grater in the 

parttuvient than ii:- tho non-parttrient mow* Analysis of the date 

t toot ) ohoued that in parturient animals, there wao d highly 



The lowly. at 25 minutes, 30 :°:imeatoa and 2 hours t-injoct Ave 

aignifiaantl,T higher ( at 5% ) than tho pre.injection level, 

The rico in inorganic ::)%osÿhatn nonparourZont ems wo not 
d. is showed that it uno not it 

Study of tio dain OOT individual apt > l . Molo 23, ;nran 

) sa that in rarturIcnt cows tho rice in Ur: phrosOhate 

level was consistent, that it was =7 mar,-al in saw an.nals 
within ashart tino e the Injoction. Thus cow C 4 showed arise PEWA 

1429 3097 In 15 .:fo, and to 446 mat in minntQa*' 

0 wag ¡lc33lt9Gied 47 a LI:larked gall to 2,10 , at ene hour poct 
Wootton* C to e0 interest in that ttae pro-injection level 

e 644 huh. for a °arturi ant coy. is .(wobably duo to 

the fact tha the start og the rnpertnent, 

seven hofa.;so t;lat tho paoeLato level vas , 

n.oal pee t;]artum rise. it EGV be natal. that e _.o 

Aal ef leer 

Winc calcium 

la this nommpert 

atoo this am still ..pamcd a rise 

:moun the tandonoy fee a rise ill the 
to level ems not so +aonaiatont Tue cows 0 8 and C 11 

transient all Sn inorganic ,heslbate 

0 12# shooed anal 

ut tho amverimcntp 



THE EFFECT OF INTRAVENOUS INTECTION OF 2oz. 
FIGURE 14- ACID SODIUM PHOSPHATE IN PARTURIENT AND 
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Hsu) 

The 4 data serum csa3c e 
inorganic phosphate, resulting frca this e .) 

tod in Tables 24, 25 atad 26 (Appendix 2, pp. =di and 

The mean data ror tlao toa groups of csadd are shC3t?83. in 

Figm-e 14. 

Study ci` tao c2u,ta shows that thc don of 2 asa« cú 

a a PhooPhat.3 rem ed in an irkntd3.at, s rise in the level 

of plasma incxgan,tc phosphate. The rise way 1 more 

narked in t,he nen,parturicant cawsy in keeping 

initial levels in these animals. The mean level at 13 minutes 

Dost-injection way 12.83 mgm in parturient cows and 14.97 

In ncanmpartur#,ent cows. The lAches t /orag attained ms 2750 

mom+ in a non-gesttest&umw, and the smallest rise was to 

$.77 men. 3n a ïArtuißent animal. The post-West/on rise was 

followed tv a rapid fall so that normal ovals were regained a 

ci: hours pOat-injaction. In partttrir:nt- cows, howeaver¢ the 

levels tended tß romain slightly' above their prE.injection 

levels oven et 10 hours pr+et-injection. This w= vtdoUbtedIV 

dus te the low initia/ levels in these tows, and to the fact 

that the level would normally be rising at this thie. 

rxcarb-partmicant aase had regained their pxrooinjectian 

love by ].Q hours post-injection, with the =caption of cow 

?2 which qhissed an initia/ level or 445 zgm., and a level at 

lo hßttre a.ftor i»dect?%co of 7,27 13411 This cannot te aeesribed 

directly. to the phosphate ine4tfirian, hsweverA, ay the levels at 

four and six hours poatolxpctirn were iogear than the 10 hour 

eFJtwixjeaclt2as level. ElvV 12 31 Showed a vary rapid fall in the 



phoo:,hate le. with a level at 2 hotm 

than the pre- ction love/ 

appears therefore 

phste ir 

acid sodium phosphate ;lorsisto, ua 

In 

,c,,,,,,r, 

. 
be SCJade rapid 

ïi7rl±"r2_ +F;,:.Q. ¿ . 

The injection of acid sodium 

both parturient erd tstsh+parturient cows hy a fall in táte le 

rum calt9itu1m. There una an immediate fall a approximately 
per cent in serum o:alctium Wpme/1 minutee after injection 

the phosphate solution* The maximum mean fall was of the 

er of 1.50 semi and ocourred at about one to two hours 

nj oct2ola. From one to ten hours poet.inj eotion the 

serum csaloism remained fa3.rkq constant so that it 
lào-r the proiiasjaction level at the snd of the eyerim ets 

ießn of tho means showed that there was u 

°aá.1 ( at 5% ) in serum caltaitxez in parturient cow 

ten after injectten, and a Uglily significant fall 

at 1% ) when the remainder of the periodo were ameAred with 

the pre-injection lovele.. In xoStpaxturient cows all the ,;oat« 

injection periods showed a highly significan t all ( at I% ) 

serum ea/aim when compared with the pro injeatima l. ' 

Apart Pram the fact that* as is to be expected' the 

of serum cavil= wore lower in the ;xtrttael,eist than ?n 

'ont .group, there were no significant dif:'forences 

the croups in the àoehaviottr of serum caa9.ala. 

Study of the data for 9.ttividuea animals shows t 



tendency for a fall oor; =lam L eistentM The 

mactimab depost3s;? ?n árcdüced by the pho3pha Wootton in an 

indivi,'.á tas 2.35 memo im the Q3on.x...`tu:'ion tow P 

the minima was Lao m in the parturient cm P 2 and 

the nano.parturi+ant P a. 

gidak 
The injectiox>. of 2 QJs. acid sodium splut,e prädueed 

no ocns istent or simificsant chance in corm mole; iun 

parturient or non-pa.rturient cnwe. 

The results indicate 

that the rise inserts Calcium produced by the intravenous 

lejestioo of four ounces of oaloium borog3ucanr:ate .is of very 

short dutrationp in both parturient end a>tonm.parturiozat cows, In 

both groups t,hL, serum calcium had returned to its pro.inpstion 

level some nix to ten hours f011orrring #nj+eAtion These restate 

agree With4thace of =croft ( 391:7 ) axda in this respecte with 

thoet of Craig() ( 1947 ) 'Who found that the, . 014Z*L'El 002.09,tri hat 

returned to its pro-injection lavoä 'by 24 hours after iazi eCtiobi 

no samples having been taken began 4 and 24 óouxmattAer 

injections, The *stele* effect of intravenous, 

suggests that the practice of stap, 1ammatft the Intravenous 

itsj ertiao of oalolura with a subcutaneous injection, as le 

practical by ,. ny veterinary =Temas in the troalent of milk 

balms, is a sound one. 

Tho injeotion of calcium vu followed by a very al3,c<at 

fall in the level of serum magnesium. as trap found-by ailoro8`b 



)* 
batueoh the two Iona* 

The injection 

1.Tyadistinct increas 

was followed in parturient: 

the concentration cf Aesop inorganic 

ate, in partla.i.tarat coos thia was loos wall rnarltei, 

diaagreemedt ttith those of Orales { 1947 } 

observed a Disc in plasma iuvrcaria phaephatw 

and the reversa non.post comp 

the data he prenante makes it doebtral if h3s 

epneblo one are justified For iszaton)l hie observations on 

parturient cows were made at tioos varying between 11 daps prow 

partem( and 20 dove postpartum This Emma to Ivesume a rather 

wido intar mtation the parturient period. Tbo allego4 

differimumkbetueen parturient and rion.parturimmt sews, which he 

es teS t'llholtiteems retty/Mar* S. one cf the nain bunco for 

conception °t alk favor aä a manifestation of alkaloeiss 

as he claims to bave induced a rise in the p/asma inorca°ie 

Phosphate following calolum injection on in non»parturieht cots 

chich had been givet sQà#um carbonate oral administration, 

ThA finding, in this study', that only two á:on.parttusiont cows 

showed yery sliebt d its Inorganic phosphate following 

calcium Injection, and a t the otâ.C3r row f ed É i9°ly 

distinct increseea contradicts ono a or-042w 

aetfavour of tho alUalocis theory, 

t Lowell known that the concentration of circulating 

b1a ium ted to tbe concentration of cixcu],atimg 

plasma protein paamma phosphite, and vario_;a attempts have 

been made to derive equations to =press those rela tlome%.ps 

( Shell 1939 ) it seems pCfesiblo that the rim in blood 

phosphate folloWinc calcium injection io the 3epultr of 



 

adhiliaetion of phosphate in an i Milk* t+a raetcre the calcium a 

protein phosphate uilihla. Tho greater increase in the 

plOsna inorganic piospInte in parturient cows forowing 

calcium injection is most prObablï duo to the :-Etet ttmt the 

initial levels are lever, and to the fact that tae ?.eve/ tonds 

to be increasing anyhow in normal mrttrient cows in the 

immediate postpartum Feriad. i.e., at th ca tirac when these 

experiments wore being conducted' 

3 The rim in the . 

joyel of plasma inorganic phosphate produced by the intravenous 

injection of two ea:loss acid sodium çhoaphata was eomp1.ot,ay 

dissipated by six hours after injection. The resat . 
therefore similar to tha t found In the study pf the effact of 

injectior, of four ounces calcium baraglucsaQ.><ate on the serum 

calcium leve3.. 

The most interesting result of this part of the 

investigation time that the Injection of acid sodium phosphate 

was followed by' a raduation. 3n the concentration of acme 

calcá.um±ï The tisCrásse in campt calcium was of tae order of 

145ß mom+ por cent' This te a mailer fall than that produced 

bg Binger ( 1917 ) in his expor9nents on dort. Lb #'eund that 

&pem equivs3.exnt to 1501 mgms P perk. reduced blood calcium 

Prom about,* tegm, to otout fi mgr4 ;ter cont. Tie; difforencee 

can be explained in terms of the difference ir dosage, In the 

present experlm3te the dosage (aase the weight Of the cows 

to be about 400 ), was aoprokimatekv at the rete caF 18 VI 

P perk. Anc+thor factor which moo help to ecizZain the 

diffex°epca is that; as vas pointed out Greenwald ( 1901 )s 



Binger c . be a o 1 for oly tho too_ of 

haemo.dilutie,np ho 

quantities of solution almost equal to the bleao4 volumo of the 

dog. I3aeco-dilution will not emzalain tho fell án ser un 

calcium in thl stukv az; the quantity of injectod solution 

( apprç,;ni.:tatoly 16 OW. ) 10 tlaiMigi Mzat in relation to the 

blood. trauma of the) cow. 

CreeanLolit ( 1S31 ) t that decrease' in 

scram calcium which .follows acid sodium phosphata 11'40ot/w-nn is 

not nacoosarily duo te any specific action of thp p Un. No 

had dcmonstraroti ( CeenVald 1VIS ) that Injection of sodium 

cuiphata L..rvdumA qpito as ma..*ad decreases in the oonceniarat; 

or . ood calcium ao did injoction or :sodium phos .tete. 'nation 

( 1922 ) hnd also concluded that the sodium ion was the 133(Ve 

important one, and that tha Da/Ge ratio was more important than 

the ratio in the ..roduction of totem following injection 

a e ahmphatei salts. Schmidt and Croeanhorg ( 1935 ) 

disceasoing Groe:nW''ts abjeáotions to Binger.fa wort' suggerat' 

that., despite his criticism, there is vinca of a roci)rocal 

relationship botmen calc :.? 1n8.10 phooztate 

co the &worm rolationship betweon the two in 

idc.ctomised e:ioge., and in human ncwshri tio. 

bo a zeciprooal relationship between the two t e 

Oodor certain condition loos not invalidate GroenwaId's 

isaggcotion that the Na ion maybe og-orelly ae important as the 

on in producing the fall In sarum calcium which fal'"twit 

mitten of acid sodium phosphate* 

So far as the preaesat t.*vnetigat 



thcrefpre , aare wart be Ikon not to at te tha fall ta 

srrum cala= dir:ttly and solely to th::: increased =centre 

of the Mood 
. 
phosphate. It seem equa7.ly po198iblet #ri view of 

t=r eemaldf m work, that it lo related to the increased 

concentration of the blood sodium, or to ace.btaatl.are o be 

incrat-ssed oot:centr'tion of both ions* 

The reduction in blood calcim would men to be an 

argument acainst the use of acid sodium 71hoskkate as m 

suplEarsent to Calcium therapy it the treatment of milk fever.. 

On. the other hand, the decrease is slicllt uith the dosage 

amployeeSt. PUrther* this argument Ignores av poecible 

beneficial effect which may tol' ow the raising of the blood 

phoepbate . 

94% 



94. 

A VzË.k .1:4" 

Tho udder inflation atment of fever developed 

hap been deacrib in the general to q thesi 
in a semeawhtt fortuitous manner free the udder Infusion treat.. 

ment evolved by Schmidt et the close of the /9th century. The 

dramatic resulta obtained with udder Inflation in the treatment 

of milk Alvaro b h3e they stimulated a erdat deal of 

peculation as to its ncae?ez o£ actiont lave not led to mtaoh 

roriment investigation or its effects ects 
Enema and Crag ( 1925 ) :tn the paper 3n which th 

ally eimeniied that milk fQvnr might be related to 

parathyroid dys Atnotion, suggested tba.t udder inflation "IT, 

Initiating J:.3Cñì1erf+1l afferent stiimuw..i. $°úfir3:,,y causes an 

nceesive secretion of adrenaline and peso ;f `.'i.3VC3ntS 

calcium lona. The adrenaline now exerts its 'vim of hastening 

opAdation, the toxins are btxrned up and the blood prroaaurs 

raised," Followin-g can the demonstration by LittIe and WrIt=ht 

( 1925 ) and i2ryerre and Greig ( 1928) that milk rover traa 

accompanied a hypoca...caemiaQ it was aho4Jn by Di . . : and 

Creig ( 19, in clinical =sea of Wilk x"aver 

inflation was fra lowed by an increase the blood 

They also shawed that udder inflation caused a rice in the blo 

calcium i27. normal lactating ewes* Fish ( 1929 ) showed that In 

milk favor cases ur?dos inflation µarorluged a rise in the 

inorganic phosphate fraction of the blcacds is bao boon 



confirmed Iv Smith and Niedermoier ( 2948 ) and Yiedonalan and 

Smith ( 1950 )* It ie nei, well ostabliahed that inflation of 

the udder will raise the blood calci and phosphate in animale 

affected with milk Over, 

MsAy ve , . snrgeons have found that cases of milk 

'vor which do not respond to calcium injection therapy, will 

often respond to trader inflation* The exact reason for this has 

t been apparent* 

Robertson et al* ( 1948 ) and Robertson ( 2949 ) found 

limited nuMbsr of ceo of milk fever occurring on one 

ponded to udder inflation after showing an unsatisfacts7 

espouse to calcina thoron?* Analysis of blood empires from 

sac eases suggested that the beneficial effects of udder 

inflation might be due to its ability to cause a consistent rise 

in the blood pbbsphsto level semen. as in the blood calcium 

level* Resets obtained in the treatmarb of clinical CØ1 of 

[i.1.k fever in the present investigation tended to support, this 

.7ir(thg* 

It was felt that a detailed study of the et 

tion on the levels of calcium, magnesium, and inorganic 

o0hate in normal cads might be of help in azplaininfrON? 

or inflation mv be successful when calcium injection therapy 

le* It was also felt that such a study might te of h p in 

lucidating tbe enact mode of action of udder inflation* 

lt has genera32r been assumed that the main action of 

elation in raising the blood calcium and phosphorus Is 

stopping the accretion of these elements and in forcing them 

back into the circulation from the udders This theory was lent 

);Ort by the findings of Hayden i 2927 ) and en& ( 2928 ) 



a 

thee.ï 

ain the blood 

not normally present in the 

Wm criticised For example 

noddle ( 2949 ) has suggested that cows which have 

been 
1J45b1a.1l' +`+A tJOi"Jsr iOC 1Ii MYIIYFII .:aSb fever have 

presumably toed seem .° Ile postulated that udder 

inflation might produce i effects bJj the vressure 

Minerva endings in the udder producain;; remote effects through 

the re OW of hermones A similar thomr 'stas been ouggootad 

by Creen ( 1.939 ir , ar 'x;a e ( 1930 ) has postulated anima? 

hormone. the release of which following udder inflation causes 

ariso in blood coleiUM These nervo roti= and haymow:1 

theories, while possible , rema; 

unsupported* nt evidence. 

In thin in9o0tieai'iic;`m it was ecidßd 

ïypotheSis that udder inflation acts by forcing 

phosphate back into the circulation. It was argued 

this theory were trust, inflation of the udder 'while 

was distended with Wit should result in m greater 

fr blood calcium and gaaspbmte than inflation of an 

Arc thew .r as yet entirely 

eh 

had teen emptied of taSllb as completely as assiblo, *rower,, 

inflation of the udder of a dry nrsn-laotatine coy should result 

in no ineraase, or a vary slight increase in the level cf 

blood calcium and ;jtao:;.hato if the rise in those alemnts is d: 

to either stopping a milk secretion or pushing te,crk of caalai. 

and Phosphate Into the cires4atione, 

Am udder inflation hoe else been used in the thcataaent or e tetart,g, a condition accompanied by a Yypcoagnesa mia, it 
was felt that a study of the effect of udde r inn.atian on the 



blood owed= leorels in mortal ones night be of interest. 

The effect of udder inflation on the aerate caloion and 

oagneeium and plasma inorganic Ohm:Otem* Stied an 26 

norma/ cows of the Ayrthiro breed. All of tho =tempo at 

their third or subsequent partur. 

Sim cows were parturient ln those the Inflation of the 

udder vaa ode d out as soon as pitesible ate r calving. The 

madam period Villa elapsed between can and the inflation 

of the udder -way fifteen hours, Those cows wore not milked 

before inflation. 

Twleve oove were non.parturiont and had waved for a 

minimum period e sizwroft. of these 3 vero lactating and in 

4 of these the udder was inflated at the maul ce 

without railldse out the udder before inflations in to other 

4 nonr-oarturient lactating cows the trader ciao milked out as 

corilitetelY (10 possible immedi Aely before inflation, Tha 

reraining 4 cove were noni.parteriento non-lactating anima** 

l`n all cases the udder as inflated with air. The 

apparatuy uyed consietd of a)mmel pump connected to a teat 

e4la by moans of rubbor tubing . with an air filter inforpos 

between the pump and tho toot cailla. 

In each case tho udder was inflated until it had attained 

the amount Of distonaion torvally employed it the treatment 

of clinical oases or miik rover by this methods After, 

inflation of eadloarter of the udder the toot wan tied with 

bandage to prevent the escape of air, The bendaces were r 

about one hour artor the end of Inflation. 'there was usual,. 

no escape of air at this time. 

Blood eamples were collected bi te1r before 



THE EFFECT OF UDDER INFLATION IN NORMAL 
FIGURE 15 PARTURIENT COWS (MEAN DATA FOR (, COWS) 
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inflation. and 4 15 minutest, 30 rtinutoor, I howl, 2 llama. 4 
hours., 6 hours and 10 --ours after the end of inflatten. All 

blood samples in this 0=perime3ft were taken from the msmavy 

veal. 

WiTk 

A 4'4 A;G! 

The sample 

and pa inorganic phosphate, resulting from this exporiment 
are presented in Table 27 (Appendix 2 p, usiw) The MO= data 

for the six cows are ell= Figure 1$gp 

The data show that udder iziation resulted in 

parturient sows in an immediate ineream in the level of sawn 

osloitan. The rise was evident within imatos of inflation 

r soma oalatts,, sem maenad= 

ano aitained its w.,.11 between 2 and ()hours after 

itelatiOn 

Comparison of the men= pre..inflation level with the melt 

values after inflation shoved that the mean values at 15 

minutes. 30 minutest, / hour and 2 hours after inflation were 

significantly higher ( at 5,; ) than the mean vre..inflation 

lava. The differences at 4 hours. 6 hours and 10 hours were 

highly significant ( at 1% ), 

Tho namimum Increase was $hm by cow U 5 which showad 

arise from a pre..iyanation level of 7.30 mgm. to 10.45 mbm. 

at 2 hours atter inflations 

Although there vas a tendency far serum magnesium to rise 

following inflationg statistical analysis 116WWW, that the rise 

was not significant. 

There Was e tendency for plasma inorganic phosphate to 

increase after udder inflation. Analysis of the differentiae 

between te 'inflation level nnd the moan post.. 



THE EFFECT OF UDDER INFLATION 

FIGURE 16 ON NON - PARTURIENT COWS 
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inflation levols a e was e 

significant increase at i hour 6 houro there was 

a highly significant r at 1% h th :vele at 0 

minutes, 2:Yiourss 4 hours 10 hours upr inflation were not 

igntáiaantly higher than pre-inflation levels e TUB 

onalysio, eug.,epto t the considerable variation in 

behaviour of pleena inorganic phate following inflation. 

Study ß data for individual animals ouyoE7rtro {`i'_'',ie 

trann:: WhiVWa: had e. reicia.l.á.a eM*w+E7 ÿ+Yoidelation 

low/ showed a marked, J.tzloreas e immediately fenewlng 

inflation latiqn and then a . sudden fall at 30 miinitE31l end 

uetuatinig level dá inorganic ptcaphata cow U 3 the 

ophata behaved in a similar manner, =cep it shoved 

extrwmAly low level . 

at 4 hours after n; 

U 4 the lave/ at /0 hours was below the pro.in?; 

while in all the other cows the 10 % pee#rinflatidYt lovt?l 
higher than the pre.i ' ' t$.[3n /ovals. . In cows U 5 and U 6 the 

levals at 10 hours were markedly higher than the pro-inflation 

levels, 

Bo 

The 

The data ah 

e in the love of rya e 

cay;3o The increase wee 

The maxim= elevation ma a 

i:rß.th3,n 15 to 30 minutea ,t;er 
3ovels wore regained about 4 to 6 

the three ps of 23Èn- 

in Tables 2B 29 end :30 App;l-kin 20 

The mean da taro procentod 

was followed by= 

both groups of 

a slight and i'ranoicn 

2Npvitr o. moo 

ore-inflation 

a inflation. 



Analysis of the data for the twe groups of lactating 

cows showed that the increase ft serua calcium was not 

statistically significant. 

Although the cows which were not milked before Infla ion 

did show a greater 'Increase in or calcios than the ewe which 

Hoe. milked out before inflations the difforespes are small and 

are not statistically siglificant fOr the numbers of. cows 

involved. 

In non.lactating cave Uddar inflation was followed by a 

consistent &elite In the /ova of scram calcium. The fall in 

serum calcium comemed immediately after infl&lon and terliod 

to persist until the end or the emictiment. This fall in serum 

calcium was significant ( at 3% ) whantbo mean values for the 

periods 2 hours ond 4 hours poselation or compared with 

the moan ;inflatIon levaldk 

Udder inflation had no consist= 

on serum magnesium in any of the groups norma too. 

parturient cowo. 

Study or the data shows that udder lunation wa followed 

in all 43QU T an increase In the lave/ of plasma Inorganic 

phosphate. In lactating cows milked before inflation and in 

non.lactating cows the rise tow; slight. in the faster the 

mamimum rise woo attained between 1 and 2 hours artily 

inflations and In the latter the mmimum rise occurred between 

15 30 minutes after inflation* 

Analysis of the data for these two groups (Lee* 

lactating milked and norpilactating) shoved that the chamois 

were not statistica. , micnificant, when tha poet.innation 

were compared with the pre.innat&Ailevele* 

1ft the lactatine Oow O not sdlkod 1;ofOre aton the 
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rise in inorganic phosphate wa . e 

persist until the ord of the experimental period. 

Analysis of the data tee this group showed that there 

was a highly' significant Increase in the level of inoi, o 

phosObate 15 minutes after lunation* The Increases bhosn at 

2 hours and 6 home after inflation were significant ( at 

/lactating Wele not milked before inflation, therefore, 

showed a significant increase in plasma inorganic phosphate 

following Inflation, while lactating coos milked before 

inflation ard nonr.lastating cows showed an increase which vas 

not statistically significant. 

st,191-ariliziLli 
The onli previous ivoatatton of the eftect of Ud 

innation on the lovel of serum Calcium ilk :IMO. animals uno 

tY DrVerre and Gregg ( 19213 ) who studied the effect of 

inflation in 4 normal lactating owes. They fomd that inflat. 

Ion caused arise or about 14S in blood calcium* The results 

of the preset* study support this fin:ling. 

Th c most interesting aspect ethe result 

while udder Inflation was followed by an Increase in the 

concentration of serum csic un :In varturiert cows amq in 

lactstinc eews# in now.lactating cows it was renewed 

&mew 2ì serum calcium. 

The fact that there was a z!.ee n lactating 

not in nonmactatImg oaws suggests that the rise in ear= 

calcium l'ellowing udder inflation lo due either to the 

of milk secretion or to the resorption of calcium from the 

mammary' glendp or to a combination or the effects, . There 

seems to 'be, no doit that udder inflation will stop milk 

sea:motion* Peterson and Rigor ( 1932 ) and Garrison and Turn 



( 1936 ) have shown that milk secretion is practically 

completely inhibited when air pressures equivalent to 25 to 40 

mm. of It; are maintained in the uLder. The pressure usually 

attained in udder inflation is 60 to 70 mm. He ( Niedermeier 

and Smith 1950 ). 
. 

. Two facto seam to suggest that actual resprPlbion of 

calcium takea place. Firstly, the rise in blood calciuM occurs 

within a very short time of inflation e.g. there is an 

npreciable increase within 15 minutes of inflation© This 

cannot be attributed entirely to the stopping of milk 

secretion. Secondly, the rise in serum calcium is more marked 

in parturient couo than in non-parturient lactating cows. This 

might be explained by the fact that colostrum is much higher 

in calcium content than is normal milk and that a greater 

rise was to be exf-cted if this resorption hypothesis is 

accepted. The fact that the riso in serum calcium was greater 

in lactatinv cows not milked before inflation than in lactat. 

Inc cors milked before inflation also suggests that resprption 

from the mammary gland is taking place. 

The rea its obtained for plasma inorganic phosphate are 

Similar to those fur serum calcium end also tend to suggest 

that resorntion from the mammary gland is taking place, The 

fact that in non.parturient lactating cows not mi,ked before 

inflation, the lhos:lha'e level was still increasing at the 

end of the experiments, suggests that the stopping of milk 

secretion in also influencing the blood picture. 

In the light of tho oboe tore would BOON to be 

little nixd to poctulste env sroil hormorni *rum retiez 
antsms in explanation of tho blood changea observed after 

udder inflation. 
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lo The intravenous tion of four ouncos of calcium 

boraglusenate In both normal part:a-isn't ana non-parturient cows 

resulted it an immOlate rise in the level of serum calcium« 

This was Q1IX tj a rapid fall so that normal levels were 

regained some six hams after injection, There was a 

tendency for sarm magnesium to fall slightly following calcium 

injection. In both parturient and non-parturient cows there 

a rise in the level of plasma inorganic phosphate follcwirc 

calcium injection. The peak of the rise oecurred aly,mt an hour 

injection; this was followed by a rattwn to yve...dnjactiOn 

levels at about the sixth hour. The Increase in the phosphate 

was more marked in rerturient than in non-parturismt cows. 

It is concluded that: in view of the tranaiert effect at 

itrafEDnou injcotion at the soma calcium levols the pectic 

of supplementing intravenous calcium therapy by a sUbcutanecus 

injections in the treatment or clinical milk fever# is a sound 

one. The rise in plasma inorganic phosphate following calcium 

injection ia attributed to an attempt to restore the normal 

calcium-protoin..phosphateecullibriun. The greater increase in 

plasma inorganic phosphate ln parturient cows is attributed to 
E 

the lower latialleveles and to the fact that the phosphate 

level tends to be increasing anyhow In norma/ parturient cous 

at the time at which the experiments were conducted, 

2, The injection or to ounces or ad sodium phosphate 
resulted in an Immediate rise in the level or plasma inorganic 

phosphates with a return to pre4-Injectlon levels about nix 1 

after injection4 There was a reduction of approximately 15 par 

cent in the concentration of aeri calcium following acid 

sodium phosphate injection No consistent change in the level 



1044, 

of samm magma . d ':orwd 
It: is suggested that thu reduction in tho concentration 

rum calcium may be the result of the increaeei in Phoephate 

one, the xrease in sodium tuts, ar a ccMbination ttrese 

o."fects. The reduction # n serum calcium uvula write be an 

argument agalnet the use of acid sodium phosphate in the therul 
of milk fewer. Thie may, however, be coOkteractt+d bv e 

benefia7.zl effect s"x'as the raising of the blood phosphate level 

3. Udder inflation resulted in en increase in the 

eanoentrattoa of serum calcium ica :amrturiest eows , ana Julien* 

uri+anto lactating cose. notoparturient 

cows aslight, bat conpy.stent fa1l in comb calcium felletwatl 

udder in.flaticn . A rise iáì Z£3vol of plasma inorganic 

phosphate limed udder i!?f LiSn in all groups of ßaa$ with 

the ema1Zest rise in the non4aotating groupe The increaees 

In the concentration of serum calcium and plasma inorganic 

phosphate wore more marked in parturient than in ndlr»perturient 

cove, and more marked in naa-psrtua'ient, lactating cows tot 

milked before inflation than in not-;arburiont lactating cows 

milked before tnflatt.on. No consistent divulges in serum 

magnesium were observed follcsrtng udder inflation in any of 

the groups of normal comes 

4tt 3A concluded that udder tt 

by the stopping of railk rail secretion and by caurant; 

resorption of calcium and phosphata from the mi1k . The greater 

increases in serum calcium and plasma inorganic phosphate in 

parturient than in nonuri+nat cows can be explatnod by the 

greater concentration of calcium anZ paos 
.,.°nate in colostrum 

than in normal mint,, 

There seems to be no n d to hes 



Q8" nerve, f.3. 1011 

inflation* 



a observation of Little and 

fever ie accompanied IT a. Irpocalcaecla, 

confirmed by =crow waters. Alis a result¡ calcium 

substitution therapy came to be esplaty ed. This treatment was 

often se spectacular in its action* cud so generally 

satiefeeeteny in its mullet that there vas a tendency to same 

that the hypacalcassia waS the only important biochnaical 

cstßtion of the disease* /An-ewers the success the treatnea t 

) that mMc 

tended to diaCourace any 

its affects. 

Quite s n af ha t o t 

( 929 ) tha t the 

xorxocalcaemia of milt Baver was a orkaaniod 3v a Yypophisphat. 

aeraia. This also hen been =Idly confixtae3. U,istil room 

years, henevcr, it has been wowed that the hypophesphataemia 

s rQ:sative/y unimportant, and there has been little 

discussion on the significance of the lao/ blood phoephata 

levels in milk raver. Fish ( 1930 ) had suggested that tho 

phaspimtaecia and hyperglycaemia in reilk ¡Weer lacht hew. m 

ing on the muscular Araysis &matted, as a result of 

sterxbaneQ a the iaexoaaapaosphate rGla.tic,nsli ps. AcemeinC14 

áe euggeAted that phosiáate as g-rc,r11 av calcium shoed be used 

n milk fever theramo and :.. w vomited the use of a ctolxtion oC 

etailed biochemical invostication of 



as a therapeutic ;slit This therapy 

was ne used on uide scale and little attara`r i on = paid 
to the le of the blood phosphates in. milk fever until Barker 

( 190 ) described Us Me or amid sodim . 0100Pbets ae a 

suPOleraerct te oa? e3uia burftlucvnate tborppgr' 13g claimed ti" 4av 

observed fewer relapses and fewer of persistent paresis 

fol/oring totbiziecl calcium and Phosphate treatment* Use 

following calciuia. theram alcn.eOut, ta haE ptbilasa re data 

support of theac a:asect3onee 

There is vary little pules 

treatment vita calcium on the blood ep 

by Roberto= ( 1949 ) 41 and by Robertson et ( 

suggested that where asatisfaatanr teponso 

was abtainede there was an increase in the leve/ de 

inorganic L,ho lte alter treatment. Conversely, cases whidh 

did Lot respond sati#!sfaetcrAy treatment, taud to show 

a xorsiaterstly low blood phosphate level, Treatment tor udder 

inflation resulted in a consistent rise in the level of plasma 

inorganic phosphate as well as in the serum r:alaieamw berteoss 

suggested that the messes of uddar inflation 3.n moo 

had failed to r, 6y;ond to calcium theram might bes duo to 

ability to cause acanesistent rise in the bleod t,hoaphate level* 

The part played by serum magnesium is3 mü.3k f- hasa 

aroused considerable interest. 81021021 1nit Oeeklos ( 1930 4 

and siollema sad Seakies ( 1932 ) shawl that in milk fever the 

soma mewl= áe abaft the level found in norma/ cows. Is:leubek 

( 1932 ) 10 Prihyl ( 1933 ) and Selaulef ( 1533 ) regarded silk 

fever as a fora of remosium ratcooiMV' due to the lowering of 

the CaAg ratio. Hibbs ( 1950 ) has claimed that the narcotic 

effect of magnesium is elicited both by the zmising of the 



'ron the bloce yhospha He gound tha 

initial fall in Illookhata level 

a t oh was owe ropli than the 

p Iáietkameier and 3nith 

inflation in seven mame 

of milk fever* Zn their case recovery todk ce when the 

soma calcium had reached about b mess per cent; plaoma 

Inorganic Phosphate was still belts/ the normal rango at the time 

or receraery . They suggested that the relative levels or calcium 

magnesium and phosphorus were more 

blood level or am one constituent. 

The present study was undertaken In 

10 PM or the part goyed by 

nic phosphate in tho oimptonatoloa or milk 

th ture of the response to treatment. 

7;3.47* n ma decided to take pro.tweataant bloal amples 

°al cases of mii4 fever* and* whore , o scible * to 

;3ent blood samples £oi,%v.dm treatmen t a© that the 

or serum calcium* aerum magnesium and plasma inorganic 

-e during the recovery phaso could be aacortstiZeâ 

t then the actual 

boon collected from ss e tb; 
ight was were affected more than 

o that a total or 12e0 pretrowtmai blood ass 

are cs One haired or those cases were attended by 

he author po anally snd occurred in the cl+ +üsi pravtite 

the veterinary whoa. Tho remaining 2C collogs occurred in 

o c33riic+al practice or the veterinary ecroa were net 



wre iM1Vant W 

The 00110 were Ivedeminantly 

&mew s# Sharth'Pri%W ns $ 

AIDDIUMUDP Blood sh n,Pl1 viers 

befe treatment 1Lîaf aÿ from the lLcular vein ve was 

normally' used for injection. äsostmotre,t malt Mood, caplets 

Were taken as fmclu>nt4 as poets Me e .3 nüc moos" 

aeon by the author, a bleed sample was Wren abort 15 to $0 

rAautee after troztlent As the eases wore all routne ewe 

encountered in clinical ivactwca it was not always sable to 

take as frequent blood swam . 'treatment act u'agi ae"zbed 

The frequency of poofi,.tbreatrent .,m depended Imply cm 

the ceoix)xaticn. of the owner and on the accessibility of the 

farm to the 1.a`. .xratary, AccorditkIlyp there te great variation 

ir the =bore yAst»txoattiont ambles taksnit and in the time 

*elativo to treatment at which they wvre taken This bee 

rendered difficult tho crderly presentatica of the data in 

tabular form: 

two f o£ t 
of four emcee of calcium ha 
the udder with air 

140114114114 itpairds In the CaMpeiriSCra 

met. have bear l) stuxientte t test in the 

of small groups ( Minima 19% ),azd 2) In groups 

large numbers of sample* ( over thirty ) a OOMPAH0081 

made using the Stc Error of the Difference , between bane 

Mainland g9,35 ) 4, Where the difference between Groups . 
than three times its Standard Error the difference me 

For 

.7Arisem 



been regarded as.) signifieent ( at V., ); whom the 

differeme %Ns t'Avater then %lee its Sterdard Ei' the 

dUitrenee hrns bø m m.-;arded as eimifiernt ( t ). 

Z T.:450( 11, '14 t 

tteittment data 

*Az ard 10=4 

Table 2-5 rtvos the MSS iøN for 1) AU pre.treatment 

levels ( 228 ). Levois before ft trsatment 

( 96 . ), end 3) Levels before second or subsequent 

treatments ( 32 ) 

tu Tntoa,e (Appemibe 3 pp* aztillisi 

1.014..2a*, 

E-;* .: ' ; VIMIli n 

a AU fraltrlonto - 
(120 5.0, 0.320 34,23, 0065 1.61 0.035 

b) 114 Treatmeat 
96) 4462 0420 349 O.5 3455 0.0?) 

Stubouseat 
- ,terienta (32) 5.71 O,299;.25 0.109 IA 0.164 

Ditterezce 1 

' a) 40. b 0.09 O27 O*06 0.170 ; 0.26 

ficanes 3 !Ws jiG 
, 

, 

nith. a Not Sigaittiaaats 

k$].1 be ass* that 8I3'51ß e the dittworxeil 

Lobs= Ermxpe' shooed Vat there vaa a War 33,016Sisamt 

diflerance befatem the Iowa of car= salaam before Meet 

taffoatmelnt end the Iwo/ or se= aelei= before socatra ale 



inarcat? y 

than they are in n 

dorm Vaaanee11X1 

no sicnifi 
of corm mane 

t the le 1e of coma calcitic' 

cignificent3ty lower In seak. fever loos 

cove at :arttarititn: The levels ot 

cases of Wit faver oneountored in this 

Andy did not appear to differ Greatly' from those i33 normal 

parturient cow. A comp^ricon was therefore made be 

moon rre.traa tment 1.eVe1,u of eerum macneo :un mi71.1 fever 

eame, and the man level in the 32 normal ient cow 

studied in Soction 3 The MO= eerta =Pea ilE1 3Wei in ant 
*Ater oases 321 mono per cent. The MIax% SWUM macnecim 

level 5.n the 32 =cal *ova at eight heurs pout*Torttla i.e, 
at the time of the =inn %eaan increase. was 3.17 . There 

was no eß.mificant difference between thee. mono. Since milk 

feVor Oc= ivedaminantly in tiaini or subeequont calf .s 
ccnfar:ism 9.s hotfoot' the fever levee' and the 

e cat hours ;ectportulqe.in third eald fourth calf 

=kale. The far third and four palf eCW at e 

postpartum was 334 irps per cent i.e.. Lÿher than the e moan 

level rqlk fever cases. The difference wsm, hcwover, nob 

eimifácant4 The 1oVe3. of Germ nagnesim WU' fever. 

therefore,p did not differ cignilicnnG3,y from the level in nOrtlIta 

Wk1Os 

trxh attack 

moderate or (levers Q! 

ZQVF9T' /21 

native 

08 



tion v 

clinical li etory without re co to the t 

eral guiding Principle vae ,. wf°a& were stiY 

foot at the tine of txaatunt or classified so"Pa30$ 

sternal recumbency at the time of trea:baent were 

an Pmodsrate", and cases in lateral recumbency were 

c3,aeelf as "ewers" The only exceptions to this rule Tare 

capes whißl were in sternal mC,L1dbaYtíElf Éä:R1t which were deserjbed 

in the o cal history ae being nalertn or "showing 

Somptome Thee+e cases wore classified in the tavale #ategory« 

The class cation of cases : is shown in Tablaa 31 (Appendi% 30pp, 

=Vit :oft and xxx) 

Acomparison of 

serum o clrm# serum nagneeium and plasma 

different groups. The mean le 
shown in Table 23. 

Ioephate a 

Í3..8. 

NvN. of up 



I', l9 "c°r that a 

groups showed tha t the L3eftmc os in role 

mica.= were highly siglifieant between a.3.l tirt:° groups. Th 

more no significant differences between groups in tba lords' 

serum magnesium /a the casa of plum inorganic phosphate, 

there was a maw g.°á . difference between came 

mad Fz:Totals ami oases 

cases shaming all Sisiptoms and =ewe al orate 

It mould appear. thhereforef that the e11,n/cal picture 

was influenced mainly by the levels of serum calcium and 

Aasma inorganic phosphate. The love/ of ocrin rxznosiMm did 

not appear to have a4 important i!'tfl on the sevortt7 of 

the oll iea3 signs 

It 007 be noted that3 to was a general 
tendency for the severity etf the olinical signs to be 

aignifi eantly' related to the extant of the depress/on in 

Germ calcium and plasma Inorganic PhosPhatex, there were 4 ttir 

exco¡Itiexs to the rule. Per amampIep Om 64 (Table ,2v 

Appendix 30 zociz mixed showed a serum cols um 

Zetloi of 490 nos, and a p3ama incroante phosphate level of 

130 mom. although he was or. he foot at the time of 

treatment, Cura 47 shoved tioderate2; seore symptoms at' 

vr.nk fever with aortae ealolum low/ of 43 raga, 

an incmanic phosphate levI of 2.$3 rote Oaf 45 shoot 

oUnical aims of milk fever with a smut aelitiun level or 

6,23 min, and sot imorguirlr phosphate level of COO ron. It is 

evicf.enta therefore. that this semi calcia and plasma inorgaai 

phosphate levels mere not the mole %attars áeteritiniag the 

eafreei#pr of thrdr Wnlgel p#4=9. 

400 iwtiatalg;Ati t ptMlwri0rl lriMaito 
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occurred between tea haz 

). ; Tho time 

Of the 93 

befaro calving 

oalvtago The avorage interval between calx 

for these 85 eases vas 264 hours. The dict°-ri 

other eight oases is ahem ia Table 33: (9gpendim 
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possible, to avad tplbj vs irt;, o the nature 

the response the on37 criterion VA 
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oases ellesified as shooing an unsatistaotory rooms. 

wo aeáefinite relapse motor tirst treatise:at Ina foi 

:bother .. tree. trias tho tho Dews did not show 
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RELATION BETWEEN TIME FROM CALVING AND 

FIGURE 17 RESPONSE TO FIRST TREATMENT IN MILK FEVER 

CASES 

IJ 

5 

4- 

2 

SATI SFACTOR' RESPONSE (3i) 

UNSATISFACTOR1 RESPONSE(20 

10 -(e 5-O O-5 G -lo 11-15 IIO ZO 2.I-25 v'3o 31-35 31.-/.04.1 -SO 50nnd over 

HOURS FROM CALVING 



ate a atto od iv. th extthor 

c, this bes140 

!ay on this basis ffi GC =in 
tak fever forty cow, 

reotpcswe to tkva 
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11111$4 footorilty to Ales t tree,t 
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nigr.+onnt The distribution a thB t 
4 calving, ixa tItn two grows is shown 

It 1411 % soon that 6i'ht of the .ro: ne oaseS n. risa bears 

calving Issatiefactolr resposSo to first ..mat :nt 
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BLOOD CALCIUM AND INORGANIC PHOSPHATE IN 

FIGURE. I S SATISFACTORY AND UNSATISFACTORY CASES 

FOLLOWING TREATMENT WITH CALCIUM BOROGLUGONATE 
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fte oanple' 

404/0429.0t2 
: 

kInifirt ,i2rg, A total. 

oattiento by udder littla+äion, .' 
c ómv# WSW. 

or ilweee mow wo I:resentee: in S'a 34 

( APpond$4c, « á =211.11). data are OhoOtt in Figure 39* 

;tom 19 dtwus Vat udder árela.tlan .12.0x4 tte 

rise the lava of.4 oral= !,x/ 

ma. to remit a peak k e four hot= oRtior .f.alatiofa 

fonettod by a, olight deolizeo awl then aladua rule itzá one 

do,7 eta, inflatiatt until ,34 do,y6 attar Szflationo St* a 
the data 

allow tits 

(Talao 34 it_;outt% . 

ma -ow cm% utent Tdhe 

meant of the inerease depeodoil uainly on the initia lava o 

the to+eaao Imo it markal came =-i: 
inflation levas Thus Om 39(2) 81-m4 a 

bororo lunation 

44(4) chewed a 0_ 

5.96 rm. Eme hour a 

simples 

evidence 

the levo 

rt3ur IEoztvC! }i3 

how., until 14 i3icialos and a cA.adt 

inflation*. 

tho tia oe 1,11 

tenc3od to in vory 

meanie **on an initt-a level of 0 
nfteon saiturtes a:titer inflations 

0019 Deno berme inflation to 3,45 zignr:Milo= nintoo 014 

Orz babarad. iTA 

3.0 ma 4' mapit3 o to 

0 ma 



inflations and .20 . thirty minutes after 
The genraraä, tramb:icy wan pltlema inorganicPboo1hoto to 

double its p?'e.inflai'iion value +" ono hour after inflation. 

One Co ,r, 81 (2) 40 shoved a slight and transient fall in the 

phosphate Zevb1 fifteen minutes after inflation, and the a 

sharp rise to ene ho-,n, after inf?ation. Cow 69 (2) after a 

ma-lcad initial rise, shoved a Sharp fall to 044 WA* at one 

hour after inflation and then a riso to 3.26 m8r: at tvo hours. 

The maximum change in an individual case fcîlovin gx inflation 

Imo in (kW 89 (2), vhiCh shoved arise s a ;vewinflation 

level of 049 rVA. to 645a mera. 0= hours after inflation. 

Serum magnesium showed a alight increase after udder 

inflation and remained above the Eva»1nflatlon levels far ten 

hours and then showed a gradual decline* Stud of the data far 

individual rases shows that the rise in serum magnesium, 

al$hough small, was consistent. 

LI order to tost the significan of mes in serum 

+calo4 um, aeruM magnesium and ;lasna lmrg;ardo phos*ate 

following udder inflation in milk foyer cases the values in 

p4E3b.inf.á.atioY1 ,:er3.ods crmpared t teat trith the 

cC1rrespondil2c values in the ive- t periods* This 

murex ASltw@: that, in the oases or 

inorganic -rgaric vhosaphates there vas a 

( at 1% ) between all of the moan 

periods and tho c+m:- respond?:ng moan values in the r3ro+iralation 

period. In tho casa cai' Serum magnesium the mean vtlucaa at 

fäf een minutes, thirty m.únaateay, one hour, two hours and ten 

hours shoved Q highly eicniflcant difference ( at V ) ukon 
commred with tho corrospondine ;ro.itamtipm values* The 

calcium anci. plasma 

!p1e:leant difference 

the pos4oa!rdlat3.oa. 



*7 

The vaultv at IA44 hours 

t, ' entav df. from the 

6orreqpoixiing pro+*infleúion valasflo 

The tines of rocoveryg aE3 3114* by tine the cous 

rem to their fE:g aro ek4141 fall Table 36 (APPE32104: I)s öwtm) k 

The average tine for the ten woos G7hich did mover 'gas 

hcrtrop tß:th a rang f Moan minutes to ten hours, 

The love of' the bleed conetituenU at the time of' 

recovery were 4. SUron oalclutt 7009 De II ( 5.91) Man Moo); 

serum wawa= 349 1DEP « (P 36 to 345 sva ) planna 

inQracnifl phosphate 2,69 ocraa (0004 to 4+50 merl,) It be 

wont thorefems that them ues ersnetzlorabla variation in tho 

loVe3o of the throe constituents at the tirio of mcovorya 

Of the ton ems treated by udder itsflation, one cOss 

:so 90t died altar receiving further treatment (See pr WO* 

No. relapsed followine initial trostmabvtalciun 

uas troated tor udder inflationo relapsed againu vac 

treated by a second calcium injeietionp relapsed again, and ues 

finallv tava.ted by udder inflation and recovered, Of 04 

rambling eicAt cove narr relapsed Relloti li ssWer inálationp 

but five of thoso eases had Lrevicusly i3won treated bit calsiu!3 inS E3o 

4.14101-sItt4ELAC lowitmo to VSinattlani 1 
moos ot favor the post»treatont blood levels wwwo 

studioii eonoiflerable detail. Moist of the data from tbsee 

cases have bees abstracted and used in the pr3pcgratß on of the 

above toeeatoo xii:trocra,g the comploto data, ara valuable ta 

chairing the trends *a the behaviour of the 'bleed freatiose 

Palleasit trcatiseat The esnatee and te*der3ty gesentsttcn 

tho cmple& data *cm the cams is t.auler A= rerdered 



ibie by the fad 

treatment for recovery, vtYiere 

Ca 813, fotzr tre-timextto before (went 

i3ar':G9nsible to take the pout-tti'eaizteYï 

cam intervals AccQäding 3.y, crapho e 

teta data of ewe of t,heee anirae, showin,, the afferent 

of cams encountered and Lire used to inuntrate pa4nte 

diacue$ion of ree to wha.ch fe1104re« 

t 
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at 
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AND GE!?E1-4L D?:SCUSCICld. 

The t /eveio of serum ce?,lcium, arum 

macnesium and plasma inorcaantc phoopëaata in milk fever capes in 

this investigation agreo fair],y closely with thaev of previous 

workers. Tho xeoulte confirm the already we3l-establleTeä fact 

that milk fever to easual/y astaac3.ate4 with a.Lalcasm,tac, 

bypcphcsphataemia, and hyperma cness.emla. The hypocalcaemia and 

the hypophospsuc ars more marked in milk fever Uaan 34 

normal parturient caws. Zn the caves invmstt tad hereß 

however, the level of ser um miagneaium wee lower than it was in 

s?crmal parturient cows of an age supeeptible to indlk fever. 

Tt fellows, therefores, that the statement that milk fever is 

associated with hersarnmgneeaeniß can be regarded as true only 

Vier ?emersnenasaemla is meant a level of serum, magnesium 

h, cher than in name *`onwpartlieleYit. ewe, 

The results of the atti,,tß; era an normal cowc in the earlier 

nee;ttens aucavsted that the increase in the aerum macnesiwca was 

a reflection of the decrease in the eeruo calcium, a4sd that the 

E. atont of the rise in serum magnesium was proportional to the 

é3mtent of the fhll in serum calcium. Thie quantitative 

relat3cnahip doee not appear to hold in clinical milk fever. 

is logical to s:seeae that there is a limit to the ability of 

serum magnesium to sise #u response to afalling blood calcium 

level and that this it lo reached in cl3.nica3. milt /War* 
it is probable also that in cliniall iú3lii fever the medhanian 

which stimulates the rise In serum. magaeeivta becomes impaired 

in keeping with the general slowing down of metabolic processes 

which acconparitaa the disease. 

The fact that the level of perum magnesium le ne higher 

in milk fever than in normal ealattciexct cows, and that there 



VE0 An lev of serum 

(Tab lo 23) 

a vor,, important 

been suggested 14Y 

=Caesium and the severity 

suggests that serum magma: d 
rolw in Ical milh *mere However 

950 4 it is possible that the timsas, 1401 serum 

L,nie Moistens in magnesium level ascouts for thca lack of 

typical milk fe*vo-r and fer the comatose *mati= which usually 

Is coon in spite of the low blood calcium level,e 

As alre?:0.7 mentioned, Dasher ( 1939 ) bao c2a0sified 

hpiseace.lcaemia into three clinical croups according to whether 

it le accompanied by a raisedQ lowered or ncxrmal l.>vol of serum 

magnesium claims that cases of hg;eeeleaen¢,a with a mean 

serum magnesium level pf 3.X risluil Per cent am "narcosise 
cases with a mean level of Sj0 rot. asan 000m00, ang nanan 

with a mean eeea uM mapesitna level 0110,80 mss, per cent show 

cexci tement and commilsions°, It 1.0 possible to agree with the 

last of :Barker' s groups 140* hFpocalcasmia mccompm,ied by 

hnoosgneseasmf.a «+ esseatially the blood picture in lastatiort 

totem' where the cl.izeical signs are usually recognisably 

different from those in true milk fever, It is lava oa4V 

classify oases into the other oliniral groups suggested by 

Barker. The method is lmrgely dependent on aaiajactive =pro". 

ions of the nature of tho clini oal signs and depends a great 

deal on the clinical n and cul:leriance the observer 

So far as present study is concerned, all that can be said 

is that it was found impossible t, eainioallz 

into a croup -showing %larcegis" and a group showing °comaa+. 

An argument against Serhes's classification is that it aecribes 

a very definito difference in clinical manifestation to aver7 

plight change in the level of ertla magnasium« The results 
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Obtained in this study shoo that re may be conelderable 

variation in the level of serum magneeium in an individual cou 

within a relatively short apace of ttole without am alteration 

in the o1iniaa1 picture* (e*g* caee 31, Figure 20),, Moreover' 

the group 16A:reachiYg most nAarU, Barkeroe t;comntio,tel9 type, 

(the croup: ,&thKwing severe symptoms of mllk fever, Tabl() 24 

ehewed a slightly higher mean "wale serum magnesium than the 

group nowt nearly s,I.aprouQhtag DOkor's *narcotic" type (the 

gyoup showing moderately severe oymptone}. 

The finding that the eever3.ty of the Cliraica3, signs me0 

'significantly : related to the extent of the depreselon In soma 

calcium agreee with the original obpervatiena of Little and 

Wright ( 1925 ),* and with thoee of Dryerre and Greta' ( 1928 ). 

It disagrees with the recent Oind3xg of Blcrcad: Larsen and 

White ( 1949 ) who found no correlation between the eevarity* of 

the clinical signa and the extent of the ctepreseion in sermn 

calcium in astudyP of twenty five cases of milk fever, 

While there was* in the present etudyr a significant 

genera1. terdenay teethe severity of tho clinical sires to bo 

related to the extent of the diirpreesiean in serum calcium and 

also in plasma inormnicc phosphate* there were certain 

exceptions to the general rule, The moot marked amaTp:i.m 

001i 64 whicÌx was alloying only milk ages of milk fever -with a 

semi! calcium levol of 2c,90 r:IMr ard a :,-aama izorganie photo/ 

photo level of 1.10 . 

mum*; per cent.. That the clinical picture . 

le not sal.ely deperdent on the levels of serum calcium and 

planma inorganic Ohoap»t.e le evident particularly in tho study 

of t,hca lotels of serum calcium after treatment with intraven.ouo 

calcium bororlucxnate * Thus Figure 21 cthows that in the group 
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of cases which responded satisfactorily to calcium traainent 

moan level of serum calcium had returned almost to its pre. 

injection level hy 12 hours anor treatment* although none of 

the cows were exhibiting clinical signs of milk fovor at this 

time, The data for indid' also chew wis point clear * 

Thus in Cow 31 (Moro 20) the saran calcium had roturned to 

a level of 4057 sou per cent within 22 hours of Injection* 

The serum calcium romain,,, at this love/ for a farther 24 h 0 

althourh the cow showed no more definite signs of milk fever 

during this time than slight dullness* The rise in scrum 

calcium in this cow producerdlw the second calcium !Weal 

was also very transielts and within e further 12 hours the 

serma calcium 1,441 fallen to 441 rials athough the Oft Me 

normal and eating at this timo* A similar picture was evident 

in many of tarn other cows auhlooted to detailed study 

(Figures 21, 2, and 24)* 

The finding that a diattmAkTocaloe OtJ . 

co not agree with the views of Mitt* et al* ( 2944 ) and 

curs even in cases which do not relapse 4A:41/owing treatment* 

Mbbs et al. ( 1951 )* Those workers state that the declito In 

p !A calcium following troatment levels off comowhere near the 

level, ana that in eases which raapso the Nil In forum 1 

centime until milk fever levels are acalnreeched, 

in searching for an oxplanation of the low serum wad= 
Jvc10 without clinical signs it she v remembered that only 

iho total !serum calcium levels have been studied hero. Sookles* 

elollema aud vat der Nam ( 19320 ) claim to have carod an 

typical case of milk fever lzr the inj of ection 

t 

parathyroid 

rot end, although the total serum calcium was lover after 

recovery, the ionised °Aaiun had increased to double its pro.. 
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sible, recxo a that the ability al 

Certain cows taa to levels of total serum calcium 

athera without the athiüi.ti.ean of clinical eigm may be due to 

differ4311C3ee in the partition pf serum calcium' 

study o. the bahadious of serum calcium Miming eatm, 

calcium borogi.ueonate Injection (Figural) 209 21, 23.,, 

) stCOe;Sta that calcium injection, by virtd° of raie 

the blood calcium level, aboliehee the cl.ini,cal si ana 

the calcium regulating mechanisms time ttx reW.4.bMA normal 

levels. In nther tr calcium injoction acto az a temporary 

expedient until the normal regulatara~ mechanisms come into play 

tuer than by' any direct specific curative action. : The 

etudies reported inflection 1suggested that the main came+ 

khe fall in blood calcium is the drain tooduced by the some Ì 

e coldetrums /t follows# thereon, that calcium injecfiinp, tar 

serve o+ to counteract the effects e the dmin or mammary 
secretion until the calcium regulating mechanisms have time to 

er:i 

tare nc,rmú. lavele.. Hibbs and his co...workers ( 2 951 ) have 

ved at somewhat ntmilar conclueione 

Tho study or normal parturient eese$ 

!~ 

efOre lixirturi.tian, and that lower than normal levels persisted 

31:11 

til 3.4 days postpartum. The results from the four cases in 

4h the blood picture was etudied in the prelartum period and 

which eub.eee#uent4r developed milk. ever ( Figures 20p 21, 25 ana 

show that the all commenced last 12..24 bows pre.* 

i.e., the tine at which the changea commenced no 

It has boon round that milk fever cease oca torero 

thin a few how's at ca,lvingc, are two likely to 

treatment them are came ocaurring later in 

e 

that the fall :in earns calcium commenced 1204 hours 
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rztion to calming* 

These facts further suppii t to the ki}ofiü esds that . 

1`14 *Ii° fever :ts emógArat;t.gn e the normal illbenge0 8101804@,t64 

with -Astur.tica They £tutiri::y suggest that It usually requires1 

some 304 days for the termal colt`i= regulating mechanisms to 

compensate for tho danwstio for calcium produced by the ;widen 

increase in secrc:tß cta e *acetyl= at pa,.f.t.R.ön* Must 3a 
a case given calcium treatment either before or säavrtl,,v after, 

parturition it is likel7 that the artificial rl ising of the 

blood calcium trill not be maintained sufficiently long for the 

mina regulating medha#isme to come into play and restore 

the normal 1eVelay Conversely* in a case occurring* say 24 

hours after caving* the raised blood calcium level is 

maintained sufficiently lone for the calcium regulating 

mechanisms to restore saolmaal levels*. ::`'.'falove, tbereorel 

tì& in cases occurring near parturition* anithimg tch9.ah wi3.l 

serve to mminta.9.n the scrims valer level will lemma the 

likelihood of role The rapid dc,aine I Sk the seam miol,un 

level and the high percentage of relapses following intraven040 

calcium therapy* reported in this Section* and the transient 

effect of intravenous ctfsicn of calcium on the soma calcium 

levels in normal cooc, reported in Section a suggest that the 

PraOtimi of OuPlamentimg. Intravenous theraPY bi7 aubautioaous 

injection of calcium is mends 

Tre results, obtained in the treatment of clinical eozaa 

l?c fever by udder inflation would seem to support the comosly 

Amami belief that mammary infla.tion 3a a more relial4e 

tslettt than calcium injection tk.zerapy. Thus Um out a£' lì 
ees ) shwa' an unaatie£acèy response to taent by 

udáer inflation with 23 aut of 97 40% ) t."eated 
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calcium thessgy The mnber of cases 

lotion is h er, too small o { the drawl. 

conalüsieyns., Ptrbher , moot of the cases ated ba 

Inflation were treated some time after calving atad 

fore more likely. to respond satisfactorily to 

The results are however* in keepixc with 

and it s pese /tie to 0401ain 

result in loos frequent re 

The results obtained in the o 

inflation un normal coos r&:p=ted In ction 2 Pr 20 

that reumary inflation aets by eu ing resorption of 

phosphate Prom the ow:L=7' Band* and by the 

lá tiön. Thelma a o studied in 

the drain into the oaloeatrnti tamt; the 

blood calcium* Udder innationi 

therefore beides ing the blood calcium avd /izeapitate . 

levca].s., will prevent wther milk secretion* and thus stop 

basic cause of the fall in blood calcium* Calelum injection* ch 

the other handi, by abolishing the clinical acne a rexver, 1 

and in conoeVenee allowing iletak4700 ,VOCOeDeì$a ludisag the 

oeoretion of ti3k, rotura normal* will to mere likely 

than udder be-Utica to awed relapoa* would seem 

that the practice ae lking a cow atte. cale treatment 

would have eonsehat the saue effect ao udder infla tice* 

Abstaining *cm milking* hrnomer0 does not the Wyk 

main ee,i= the; 

being secreted* at least it the early stages t 

relapse is moot acute Moderns/or and alith 

shown that abstention rem mi3Lixig after. Qalvi . e0 

prevent the fall in eserum calcium at calving* end indet 

their oases developed clinical milk fever* It Was not until 



FIGURE 25 MILK FEVER CASE No. GG 

T CALCIUM INTECTED 

'i (r 5 it 3 z 1 o I 2. 3 Ir 

DAYS FROM CALVING 

,w 



e Gi levels 0+3 arum 

explaining he 

the may be 

superiority of udder inflatiaa as 

with calcium therany Ueda. ittarataa caused a more 
tent increase án the Fla inerganic photlita 

injections t3 ß 

i' bortson at al. an b`'ìt ( 194 
tilted that the beneficial effect of udd inflation in 

ch did not recover following calcium treatment uight 

be due to the abi33.tY uddar Inflation to oalm,r a mro 

4.es .ng 

marked an consistent rise ° in the vorg`:á3 :Agesphate. 

That a rim in the level aama inorganic Phosphate 

nt iv necessary for satisfactory recovery is 

et,n results a%`.ca:r.ned in the study of satisfactery 

ti responses to calcium therapy. (Figuro 

It t hough the beLaviour of gor°,m 

similar In the satisfactory group ther l'es 

sustained rise the lave/ of plasma inorganic phosphate 

calcium trc:atmmt, whereas in the 

unsatisfactorily to calcium therapy the Item= a 

showed a slight Initial rise and thon ag1'aival decl 4ne. Those 

results would seem to support the suggestion or Mel( 10) ) 

and of Barker ( 1946 ) that phosphate as well av calcium shauld 
I 

used in riik fever fihersapY On tho other hands it nay be 

that the rim in plasma inorganic phosphate ta cases which 

responded aatisfactcargv to calcium thoragr lamer au 

indication that the norma/ re:galating mechanists are coming 

into play* This suggestion is supported by the fact that in 



FIGURE 2,6 MILK FEVER CASE No. 3 2 

o 

( 4 1 5 3 2 

T UDDER INFLATED 

T CALCIUM INTECTED 

'j` CALCIUM IN?EGTEO 

Ga 

M9. 

o I 2. 3 S c, 7 

DAYS FROM CALVING 



both grßiAs" th+an ah initie rise to four hours after 

injection* In satisfactory casca occurring as has been ahown, 

later in relation to calving than unaatisfaustory °ammo th 
phosphate level is possibly at a stage wham it is coing to tee, 

in s,e.aimat , parturient ccw s, while ta msat9,afactary cases the l. 

ors aazuesag the saoreaal fall in blood phosphate arc still 

pc.rative a. 

It is .h fore, :t 

level of plasma inorganic phosphate in e ea which reepond 

satisfactorily to calcium_ therapy is more an indication on ahat 

ormal regulating mcàahanisma are ar lm functioning than 

he actual phosphate level is of any intrinsic ei icaszoe 

in the production öf the c3iniaa3, picattaro. If this premise is 

carract, it Po;1+awm that the artificial rigiaia , of tha blood 

phosphate ä.sval by the injection of phcaaphate gaits, will 

mat have . 
any marked beneficial effect, The determination 

the ;clinical significance of the moad phosphate 1av2 must, 

t'..ereftre a await the reaults of controlled epariments 

comparing the efficacy of eaalci= therapy alone with comhived 

calcium and phitaphato therapy, 

The reoul ta of the studies of normal parturian t cowk 

and of maai,votomised parturient cam ataggested that the ;laema 

inorganic phosphate level is influemacsl moro by the act of 

Parturition than by the Q:aaflt mnit , neorot9.on,, whereas, 

with, serum calcium, thc opacaßte apk3er?rs to be the cases It 

Seems, thereferre , that these are fundamental differantseQ in.. tha 

factors which produce the changes in these two fractions in 

normal parturient and min fever come IIntil more is known 

eonce.rn im the factors Influencing the plaama fnorcanie 



phosphate it is net tESib1 t o arrive at a dfite op 

on the significance of its rolo in milk revers 

The studies of mastectemised and c.repartml milked cows 

Suggested that the drain of calciltm into the colostrum, was the 

major cause of the ftU in blood calcium in naerml cows at 

parturition. It follows, therefore, if it lo accoAod that 

milk rover :Is an exagger tion of the normal changes that the 

drain of calcium into the colostrum iv the major cause of the 

Thu in blood cola= in cows with clinical mi.lk revers 

It wouId seems ther4lores that c/inica/ milk rover is 

the result of the animal being less able than the normal cou 

to (lope with the sudden demands produced bv tho secretion of 

the oelcdxst.r.lch colostrum* The gall in Wood calcium 

prog,,roason 1 such an oxtev;', that alinica DIM fever on 
In some animals, in the absence of treatment* the 

hypocalcaomia persists until death results, possnly Pros 

cellular damage consequent on tho prolonged hypacalcaemia 

In others* the hypocaloacata results in a slowing of 

Metabolic processes* includng the secretion of colostrum' so 

that the basic cause of the Pall in the blood calcium is 

romovod, A gradual rive in tho bloul calcium is initiated 

the normal regulating mechanisms* Calcium theraw appears 

moroly to aboliah the immediate symptoms and allow time far the 

mobilisation of calcium from the osseous tissues. The 

abolition of the symptom nay load to farther colootmsm 

Secretion and thus predispose to relapse,. Udder inflations en 

the other hands by rsieng the blood calcium and at the are 

tliotime, 

stopping further coloctrum secretions is loos 1514r to 

follood *relapse. The chances of reAapoo ocourerg 



after about the third day postpartum are less because the 

calcium regulating mechnnisme have had more time to meat the 

demande, and becauee the secretion of the calciumoridh colootrum 

has been replaced 1r he secretion of normal milks 

The resulte, therefore, imply that in milk fever, the 

Selolum regulating mechaniame ere essentially normal, and 

that the basic cause of the disease ie an inability of the 

normal mechaniems to mebilize calcium sufficiently quickly to 

not demands resulting from the onset of colostrum oecretion* 

Thu primary dysfbnction, therefore, is more likely to be an 

impairkent in the mobilieation of calcium such es might result 

Prom a decreise In the avrolability of calcium tu the body 

reserves for interchange with the bleed* Thus, the norma/ 

regulating mechanisms require more tiM0 to MezA demands en the 

blood calcimm resulting from the onset of milk secretion* 

In support of this hnothosis it may be uaid that it iu 

difficult to =plain certain aopects of the reoulte, particularly 

the effects of calcium injection and udder inflation therapy, 

by accepting the hypothesis that milk fewr is associated with 

an orianic dysfUnction af the calcium regulating mechaniemo 

such as parathyroid activity, ae wee pootulated by Dryorre erA 

Greig, Zt is very difficult to comprehend the nature of an 

organic dysfunctionwhichis of such a temporary nature, and 

which is so readllyTectified Ty, a treatment easentially 

roplacement in effects This criticism,appliee even more 

forcibly to the theories or Sockles ( 190 ) , who Ivstulates 

a multiglandular dyeAmetion in milk fever. 

It would seem that milk fever, and in particular the 

increeeed ineidenve in older animals, could be eXplained more 



p14 and more aatir.w7,l. by 674iottart .iràe a decrease, with 

Wyoming ages in the availability of calo3.nn in the osseous 

tissues for intarcá:.angs with the blood. As 3s suggested ta 

Section 1" a study of this aspect of the ;ro1-.1oto,a u9.4A3 

padieaoaIoiumo -wain dew to ofrer e. hopeful /tile of futaru 

research., 
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ST.EsTAla or SECTION 

1) Pre-treatment levels of serum calciuo, serum 

magnesium and plasma inorganic phosPhate are presented for 128, 

cases in 96 cows. The levels of serum calcium and plasma 

inorganic phosphate were significantly lower than in normal 

arturient cows. The levels of serum magnesium, however, did 

not differ significantly from those in normal parturient cows. 

2) The levels of serum calcium and plasma inorganic 

phosphate showed a significant correlation with the severity 

of the clinical signs; the level of serum magnesium did not. 

3) Data are resented on the number of calving at which 

milk fever occurred, and the tine from calving to the onset of 

the disease. 

4) The response of cases to treatment by ce.lcium 

injection and udder inflation therapy has been studied. Of 6G 

cases treated by calcium injection 26, or 41%, showed an 

unsatisfactory response to first treatnent. Cases shmding a 

satisfactory response to treatment were treated at an average 

time of 23 hours after calving, while cases shIwing an 

unsatisfactory response were treated at an average time of 6.5 

hours. This difference was highly significant* 

5) The pre-treatment blood levels of calcium, magnesium 

and inorganic phosphate gave no indication of the likely re. 

Emma to treatment. There was a sitpificant difference, 

however, between satisfactory and unsatisfectory cases, in the 

ehaviour of plasma inorganic phosphate following calcium 

therapy. The behaviour of serum calcium was similar in the two 

OW00. 
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6) Mown treutments by udder inflattcastmre studied* 

Nine cases responded to one treatment, One cow died aftor 

receiving farther trostnent. The other case relapsed and 

responded fiiyally to to î1t iffn thoragy after relapsine 
to calcium treatment, 

Udder inflation resulted a 0 in th 

levels of all throe blood fractions* 

7) in 14 cases tho Ivot.tmatment blood levels more 

studied in considerable detail* These Studies ohm that calcium 

therapy produced only a very transient rise in the level of ' 

sO? um calcium. Udder inflation resulted is a more sustained rise 

Sn the levels of the blood fractions* It is succested that the 

essential effect of calcium Injection and udder inflation 

theraly is to abolish the ell-nasal signs and allow time for the 

normal regulating mechanisms to re.establish normal levels* 

0) The significance of the results of,the studies of 

milk fever cases is discussed in relation to the results of 

study as a whole* 



boon studiedss. 

a) the variations In the levels o erum calcium, 

acta of the milk fever oba have 

scrum macnesium and plasma inorconic )hosphats in thirty two 

normal, two pr000rtack milked, and three *04tectomised coue, 

from fourteen to seven daye re ptiz mntil fourtem dap 

postpartimn* 

b) the effect of intravenous injection of calcium 

borogluconate ana of acid medium ,:hosphate in six normal 

,:arturient and six normal non-nerturient cows* 

c) the effect of udder Inflation on six normal 

fluent and twelve normal nensperturient cows* 

end d) the initial levels of serum calcium, serum 

mgnesium and plastic Inorganic 1iles:410,o in one hundred and Wen 

eicht cases in ninety st: caws with clinical milk fever, and the 

variation° in these blood fractions falawing treatment by 

calcium inlocticn and seder inflation* 

2) a) Normal ems showed a significant decrease in the 

level of serum co cin* at oct.,, urition* The fall commenced some 

twelve to twenty four hours drepartum and lower than normal 

levels persisted until throe to seven days postArtum* 

b) Serum tamesium showed u significant increace at 

00.17. th, broadly immerse to the decrease in or caleina* 

o) There was a significant deerease in the level of 

plasma inorganic phosphate at calving* me:Um was 

Mimed an immediate reveroal of the trend co that at 8 hours 



postpartum the levels were not ciepifloantly leuer than the 

protArtum 4velso This uns. succeedex i by a secondary roil to 

tue.days,postpartum and then a gradual return to norm/ levels 

at three to seven days postxrtumo 

. and d) The chenges.in all throe constituents became mere 

marked e-rith mch succeeding parturition until at /mot the 

fourth. 

3) Limited studies on prepartzha milked cows showed that 

in Aaco of.the abrupt ,fall in serum calcivn and.plamma. 

inerganic.phosphate soon in normal =moo a gradual $41.. 

resulted, The fall commencod in four to five days orepartum 

Ed was cc*.incident with the imrowo in the secretion of 

calcium and phosphate in the naks 

4) 7.n mastectemised cows the changes in the levels of 

serun calcium and serum Inagileatilla at parturitUmumre 

pract1cal.74y sompletely.atolishods Plasma inorganic phosphate 

showed a fall at calving similar to that open in intact ems, 

but the pasta,;. 4, rise was more raAdi 

5) Prom tho results of tho above studios it is 

concluded**. 

a) that the changes In serum magnesium are a 

reflection of the changes in or calcium' 

b) that the level of plana iionic phoie is 

influenced more by the act or ,ArturitIon than by the onset of 

milk secretion o although the lattor aeons to have solute 

linfluenco on its bohavieure 

c) that the major cause of the fall it serum calcium 

at parturition is the drain produced by the onsot of colostrum 
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secretion* 

and d) that milk fever can be roc Ided as an emgcar- 

ation of the nevmal chncos at parturition* 

It follows,..thereforo, that tho onset of milk 

secretion is a major cause of the fall in blood calcium 

milk fever* 

6) The intronous injection of calcimborocluconato 

resulted in a very transient rise tr the level of. serml calciuM 

Sn norma/ parturient and non..partarient cows* A rise in the 

level of plasma inorganic phos7ohate; greater in parturient 

' than innonmpartnrient mot followed calcium injection* It 

is sumestad that this is due to an attomyt to restore the 

normal blood c1ciu s protein s phoslhate equilibriums The 

greater rise in parturlont cows. may be due to the lower 

initial levels awl to tho fact that the phosphate level =47 haVO 

been increezliv amhew at the time at which the experiments 

Were conducted* 

7) The intravenous injection of acid ecdium phosphate 

Sin normal parturient and non.yorturiont cows was followed by 

1 a very transient rise in the:level of plasm inorganic phoephate 

and by a rail in the level of serum calcium* It is ausceeted 

that the gall In erum calcium nag be 41,10 to the incrowe in 

the pheriAate Sons, or in the sodios Ions: or to a combination 

of those effects* 

0 Udder inglation wma followed in. no parturient 

and 4.71 mn-parturSont lactating caws by a rise in the levels 

of sort calcium and plasma inorganic phosphate* The :Increases 
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were creator in pcit ont cowe than in nenplerturiast cows, and 

grater in terogarturion lactating cows not ilked before 

inflation than in neu.parturient lactatin cows milted berme 

Inflation. In non-parurientp non.laotating ems udder 

illflationwas followod by a decrease in the levol of serum 

calcium and by a vnry alight and transient rine in plasma 

Inorganic. Phosphate. There were ro sigairicant draws in the 

levels of serummgasiti.um in any of the grouPs. 

It is conoludea that udder inglation acts essentially 

by ,stopping milk secretion and by causing the return of calcium 

and phowjhato from the gland to tho blood. 

9) Studies of milk fever cases slimed that the lcvele 

or serum calcium and p1a qma inorganic phosphate were 

significantly /ewer than in normal -xturiont cows, while the 

levels of serum tramosium wdtd not significantly different. 

There was a ecant correlation between the severity of the- 
clnical signs and the entent of the depression in serum 

ealcitn ard inorganic phosdhate, butt* correlates) with the 

!levels of norm magnesium. It is concluded that while the 

level of serm nagnesim mcq bQ of importance in att-31Qining 

t4o lack of tetonic symAame in tho disease, tt le not of wgy 

.,:reat significance in typical milk foyer. 

10) In niII4 Toyer caeca which rosAndod satisfactorily t4 

Itreatennt there wao a marked rise in the level of plaama 

inorganic ,ohoephate, while in unsatisfactory cams the phoephate 

level showed a slight initial rise end than a gradual U. 

Inals suggests that a rise in the level or this constituent 4" 

600000ary for satisfactory recovery, It is Dotnted out, 



however, that the rioe in gasma illOrtlani.c Phosphate may be 

cv/y an indication that the normal regulating mechanisms are 

overcoming the low bleed phosphate l`.14els p and that the use of 

phosphate injections will not iifecF3ioErikr lave any mar?Yed 

beneficial ewfßct* 

in considering the resulto t. e- Inorganic 

te or the study as a whole, i t ic conOludad tilat more 

4 is necessary tofore the exact iconsö or Ito role in 

`.;.% fever can be appreciated*. 

11) it wee found that cases of milk. Rever occurring 

either r befcre , or shortly after caving, wore more 1ikek7 to 

relapse Telloving calcium tkzerapy than were cases occurring 

later in relation to c:alvi..ng. The behavicur or oermn calcium 

476`3l1.Q47in¿' calcium therapy t7Ëgg''G'oted that this acts essentially 

by abolishing the clinical signs gns aa,d a1lowl ; tine fo- tho 

normal regulating mechanisms to meet the demando on the blood 

calcium res;lting Prom the oneet of milk searetian. 

Consequently, caces occurring before: or awn ait° r (.11 go 

aro mere likely tc ro1w.a:.n; calcium therapy tht are 

*ea 9 occurring .2,ater. vfl trwted by udder inflation are 

less likely to relapse besides causing resorption G 

calcium Prom the tremor; f'}3.wre, and thus abolishing the clin 

aienc s udder inflation e er milk secretion and thus 

removes the basic cause of in bleed calci.um. 

12) The results of the investigation as a whole auggeat 

here in no DrImary dysfunction Of the ccalaium regulating 

mechanisms in malt lever .Iv is cuggecatad that the sature of 

tho dims a is rope readily mplained by postulating a daoreasv 
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TABILE . 31 (Contd. ) 

Cow 
Number 

Oa. 

Pre-Treatment 

mg 1 .. 

..Le , 
C11n2i.ca1. Calvi 

C,1v¡ng.. Type Treatment Number 

81 (1) 5.20 2.73 2.25 Mod. U. ^ 
(2) 4.60 2,23 1.09 Se v. 

82 3.80 3.10 2.12 3h Mod. U.r 

83 4.80 3,50 0.96 22h. Mod. S. 

84 
1) (2) 

4.15 
ç 7. 

4.65 O. 
2. 

3h. 
71Lpúd., 

U. 

+5 (1) 44:0405 1.75 o12. !'&'3d. U. 

(2) 4.Q 4.40 
% 

3.06 3..1. rbd. 
(3) 6.20 2.97 2.00 Mild 

87 .24 4,C O.Q+ ? ? S. 3 3.10 4.G5 0.29 301. Mod, S. 6 
89 (1) 4.50 .. 0.94 -óh. Mod. U. 4. 

2 33.80 m 0.19. Sev. 
90 1 4.90 3.00 0.86 *.8h. Med U. 

2) 5.70 4.00 2.43 111.1c1 

91 4.30 3.10 1,46 36h, Soy. S. 3 
92 (1) 4,70 2.90 0.77 4.0h. Mild U. 4 

) 

i2 

5.60 
4.85 

3.05 
2.30 

2,99 
11 2.G 

Mild 
Mod. 

93 1 5.55 3.30 2.71 6A. Mild U. 3 
(2) 5e50 3.40 2..69 Mild 

94 30110 3.00 2.71 48i2, Mod, S. 

96 3.90 3.60 1.94 36L:. S. 5 
98 (1) 

(2 

4.80 

4.40 
3e7, 
3.75 

1.15 
2.49 

16h, Mod. 
Mod. 

U. . 5 

(1 4,70 3,10 0.55 3h4 Mild U. 4 
(2 8.20 3.15 0.33 fii? d 

100 4.50 2,85 1.62 4mo. tEld 4 
lOm: 4.20 2.60 1.03 96b. Scv. S. 4+ 

102 (1) 3.90 2.90 0.74 12h. Mod. U. 4 
(2) 4.00 3.25 2.08 Mild 

103 2.50 2,20 2.42 18h, Mod. S. 3 
104 3.50 945 0.45 12h. 5av. S. 4 
105 (1) 

2) 

4.85 
7.80 

2.90 
2,65 

1.33 
1.67 

-6h. Mod. 
YL ld 

U. 3i 

106 4.30 2,65 0,61 15h. Mbd. S. 4 
111 3,50 3.65 0.95 16h. Bev. S. 7 
112 4.30 .5.50 0.76 36h, Sev. S. 5 
113 3.50 3.40 1,11 2713, S. 3e 
124 7.00 2.60 0,75 12h. S. 3 

115 3.90 2,40 0.58 2312. 
q? i S. . 

117 5.40 2.46 1.99 15h, 1,7d. Se 

118 5.00 2.84 5,52 13h. ? S. 4 
119 4.95 3.75 2.58 1h, s. 3 
120 (1) 1460 2.82 2,70 8h. Mod. 3+ 

(w 4,50 2,24 2.07 Mod. 

121-(1 4.40 3.20 1,00 26h. Mod. U. 5t 

(2 3.80 2.95 1.04 Mad. 

122 (1 
(2 

3.60 
4,00 

3.45 
3,00 

1.39 
2,06 

20h., Mod. 
Mod. 

U. 4 

3 (1 
(2 

4.80 
7,80 

2.,74 

2,83 
0.84 
1.73 

.-3ia. Sev, 
Mild 

U. 7 

124 (1 4,20 3.91 2,89 511. Mod. U. 

(2 5.00 4.33 2.34 r..bdA 

odono o o . 0 .0E7nt , 



4 3.30 ;' 
:-`?6 1.95 10 :-35 

127 3.0i) 3.47 1.44 
6.20 2.29 1.50 
4.20 2.36 1.75 

130 5.00 2.53 1.65 
131 5.60 240 2.34 

5 2..44 06 
2i20 5477 
2.26 2.49 
3.00 2446 
.R90 2.26 

3.37 0.63 
25() 2..30 
1.50 0,C0 
3.23 2..64 
2.20 1.00 
3.55 1.20 
1.70 1.il? 
4.00 2,60 
4.l:i 1.34 
4.70 2.05 

2.+. a 
0.80 

.... 1e10 

.247 .. 
1.50 2.60 
327 2.76 

5 
136 
137 
138 

142 
343 
144 
14'5 
146 
147 
140 
149 
150 
151 
15/ 
153 

4.20 
7.60 
4.20 
4.2o 
530 
6.00 
3.00 
540 
5.40 
3.40 
5.00 
6,60 
6.00 
4.70 
4.00 
5.C* 
fi0? 
8,00 

t CrAt 4;s but no 

after ambit= at 6 months. 
" after : -bertion at 7 =ethos 

= moderate e,yriptcro 
nuti 
Sou'w. 

U unePtiofactow 
ea in pasonthealca 

syrotome ©f milk 

Q 

revv. ., 
iiiret treatment. 

first troatmont« 
the maw : et the trf:"x?`,"nsvst .21 ewes tatcTi relai7aerl.. 

2 

7 
2 

$ 



Clay 
Number 

4!1.. 

-a100a 
Pre. 

Treatment 

29 
33. (2) 
33 
36 
42 
43 
45 
46 
47 

50 
61 
62(7) 
63 
64 
66 
68 
69 
76 
78 
79 
4(2) 

85 
91 
92 (3) 
93 (2) 
94 
96 
90 (2) 
103 
106 
11/ 
313 
115 

3.27 
4.57 
2,16 
3.69 
6.21 
5.96 
5.25 
4.30 
9.69 
6.90 
3.10 
3.50 
7.50 
4.40 
2.80 
3.85 
5.30 
7.80 
4.35 
5.40 
4.80 
740 
6.20 
4.30 
4.05 
5.50 
3.10 
3.90 
440 
2.50 
4.30 
3.50 
3.50 
3.90 

4. 
aarataftwamta 

lisandalatia 

10.4 
11.65 
13.73 
.4,05 

3.13 
17.73 
1848 
1100 
17.42 
15.35 
9.05 

11.70 

12400 
13.50 

\rjti 
10,70 
14.50 
11.80 
/2.60 
13.90 
14.80 

11,05 
11.10 
15.50 
9.30 
10.70 
12,70 
11.60 
32.60 
13.90 
16.60 
13.60 

re rle- 

12.58 

10c 

cc 

a 

a 
14,20 

a 
a 
a 

0,70 
10.30 

a 
a 
a 

11,50 

a 

6490 

9.50 

9.90 

a 
a 

a 
a 

10.10 

7.40 
8.% 

9.65 
a 

10.03 9.2 

441 

10.87 
a 
a 

a 
a 
a 
a 
a 

8,10 
10.80 

a 
a 

Is 
8.90 

.=, 

a 

a 
a 

a 

5.80 
8.20 

a 
a 

Is 
3.45 

f3.73 

6.34 
944 

7.63 

haws 
41,-11141.2. 

5.87 

0,00 

10450 
720 

.1* 

9.55 B010 

6.05 .30 

6.00 

7.(i0 

7.40 
6.50 
7.70 
9.00 

3.0.SO 
a 

11. 

10.00 
9.90 1 8.40 
a 

70 3 
a 

4, 
7.00 

a 

6.55 

a 

6.80 1 

40 4 

5.10 
6.65 
a 

err 

7.09 6.S6 
.0000/040444000,,time 

a 

Is 

6,90 
7.20 
7.00 

4.40 
5.a) 
a 
a 
a 

5.70 
a 
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