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INTRODUCTION 

'Within a relatively recent period of time it has been shown in 

several species of higher animals that the wall of the small intestine 

acts as the primary site for the conversion of carotene to vitamin A. 

However, the possible existence of other or secondary sites of carotene 

·metabolism has been indicated with several species. 

In support of such extra-intestinal sites several workers have 

shown an apparent species difference between sheep and cattle with 

respect to their ability to convert intravenously administered carotene 

to vitamin A. These studies, including two at this experiment station, 

were primarily confined to short time observations of blood changes of 

vitamin A for estimating the rate of conversion. Due to the incon­

sistent increases of this vitamin in the blood of cattle after injec­

tion considerable controversy-ilas developed concerning the ability of 

these animals to utilize carotene normally circulating in their blood. 

This study was undertaken to determine whether or not a large 

amount of intravenously administered carotene given over a period of 

time would (1) affect the blood vitamin A values of depleted dairy 

calves; and (2) result in any improvement in the condition of calves 

showing definite clinical avitaminosis A symptoms. 



REVIEW OF LITERATURE 

In 1913 MeCollmn and Davis (31) reported the discovery of a 

necessary dietary growth £actor in eggs and milk, which they referred 

to as the f'at soltible A £actor. The letter A was later prefixed with 

the term vitalll!n and the factor became known as vitamin A. After the 

extensive investigations 0£ Steen.bock (44) beg1nn!ng in 1919, consider­

able evidence pointed to a relationship between the.yellow oarotenoid 

pigmentation of vegetable matter and vitam!IrJ. A activity. 

A chemical basis showing the relationship between vitamin A and 

its prectJ.rsor was finally established in 1930 by Xarrer and his asso­

ciates (23). During this same period of' time, Moore (36) obtained 

biological proof' of' this association by showing that ea.I"otene admin­

istered orally to rats was convertible to vitamin. A in the body of the 

rat. Finding the greatest concentration of the vitamin to exist in 

the liver (37) he assam.ed that. becau.se of its many other important 

metabolic functions this organ was the site of the transformation of 

carotene to vitamin A within the body. 

Though this theory was accepted for almost 1; years, the evid­

ence presented during this time by various workers (1, 12, 38, 39, 52) 

was eontlicting and u.nsatisfaetory in conf'il'Dlirig the liver as .. ~he si'.te 

ot conversion. In 19~6, Verzar and McDougall (51) propesea the in- · 
I· . 

test.tnal mu.cosa as the possible site ot conversion bu.t no detbJte · 

evidence was obtained in su.pport of' this hypothesis un:tll 1947 when 
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the answer came almost simultaneously from three separate grollps or 

workers •.. Glover, Goodwin9 and Morton (18) found appreei~b].e am9WJ.1:;s . 

of vitamin A in the intestinal wall of rats which bad previo11sly been 

depleted or their vitamin A stores and then fed considerable amoants 

of earote~e. Matterson., Mehl, and Deuel (30) reported that the oral 

.administration of a carotene sol11tion to vitamin A depleted rats re­

sulted in a increase in the vitamin A content of tb,e in.ii.et:ltinal wall 

approx!matel1 one holir.before it appeared in the liver, where the level 

remau.ed lower than the intestinal level for almost roar boars. 

Thompson, Ganguly., and Kon (48) stated that the administration of car­

otene to fasting vitamin A deficient rats was follow~ by tJae appear­

ance·otvitamin A in.the intestinal wall in q11antities larger.than·~ 

the liver or cireul.ating bloodo They also found that pigs dosed with 

a carotene sol11tion jll.st before slaughter showed a higher vitamim.A 

eoneentration in their blood plasma, mesenteric lymphatics and intest;_ 

in.al wall than did control pigs. 

Namero11s other workers immediately eonf'irmed.the intestine a:s a 

site of conversion by applying both in vitro and JJl .I!!2 experiments 

on several spe~ies of animals.. 1D: vitro transformation was demonstrat­

ed in the small intestine of the rat by Weise 1 Mehl, and De11el (54), 

in sheep by MeGlllivary (32) 9 and in dairy calves by StalleUp and 

Herman (43) • l!l yivo intestinal conversion has been shown in the rat 

by Alexander and Goodwin (3) 9 and Mattson (29); in rats and pigs by 

Coates, Thompson and Kon (10), and by Thompson and co-workers (45, 46, 

48, 49); in sheep by MeGillivary (32) and ICJ.osterma'1 and co~workers 

(26); in sheep·, goats and rabbits by Goodwin and eo-worlters (19, 20); 

in chickens by Thompson, Coates 9 and :Kon (47) and Cheng and Detiel (8); 

and in dairy calves by Elliott (15)o 



That a difference might exist as to the sites 0£ carotene con­

version between different spe~!es be@ame apparent when it was :not1:1d 

that rats (3) ii (49) 9 rabbits (20) 9 pigs (10), (49), sheep and goat1:1 

(19L1 normally did not have any earotene in their blood while d~.1,r;r_ 

cattle (15) exhibited large quantities of carotene in their eirelllat­

ory system~ It was recently shown by Ganglll.y., Mehl, and Deuel (16) 

that animals fall into at least tour groups insofar as their ability 

to absorb and deposit the different earotenoids within their bodyo 

4 

Tb.e a(l)taa.l e:xistenee 0£ sites of eonversion other than the in.­

teatime has been indicated by the apparent effe~tive 111:iilization of 

parenterally acmdnistered carotene by some animalse Early work eGn­

cerning the intravenous, intram11scular or slil.bcu.taneo11s injections of 

carotene sol111iions was contradictory and 1.,_concla.sive. Ahmad, Grewal 

and Malik (2) and Vinet, Plessiner and Raoul (52) reported positive 

co:nversiom: with the intra.venoms inj eetion of a colloidal s11spension 

of carotene to vitamin A defi~ient rabb!ts. The latter workers, how.;.. 

ever 9 were unable to demonstrate·· such· ~onversion in rats and dogs a 

Phillips and Bohsted (40) observed that large dose.s of s11bc11taneousl1 

injeeted lill&rotene suspended in water were effective in improving d.e­

fi1den~y conditions of vitamin A depleted rabbi.ts but sni.all doses 

were heffective .. Drummond and co-workers (11, 12, 13) were unable 

to obtain any conversion in rats, rabbi ts or ieiats by way of·.· the in.;.. 

traveno11s route and stated that @aroteneintrodiieed directl1i~to the 

cir~ulation in the form of aq11eo11s 9 collodial s11spensions was rapidly 

removed from the blood stream like a1ij' other foreign ma.'l;e:t:"!al by the 

K11pffer cells qf the liver. Leese, Leese, Steenbock and Baumann (28), 

and Sexton9 Mehl and De11el (42) reported inefficient 11tilization of 
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parenteral administered aqueous or oil colloidal carotene solutions to 

rats since deficiency symptoms and death occarred even thoagh consider­

able amoants of carotene were still present within,the body. 

Some of these discrepancies between the results of different in~ 

vestigators has been indicated to be due to the difference in the type 

of solvent and pbysical state of the carotene dispersion used. 

Tomarelli, Charney and Bernhart (50) reported that carotene sol11bil­

ized in water with an active surface agent in the form of Tween 80 

(polyoxyetbylene-sorbitan monoleate) and injected intramuscularly 

could serve rats as an effective soarce of vitamin A while carotene 

dispersed in sesame oil was very poorly 11tilized. In the former soltt­

tion the carotene is dissolved in an appropriate solvent such as cblo­

oform and then dispersed in the Tween. This reduces sarfaee tension 

producing a clear solution that remains stable when dilated with water. 

This was farther confirmed by Hentges and Sorenson (22) who found that 

the intravenous and intramuscular injection of the abo~e aqueous car­

otene solution into vitamin A deficient pigs resulted in the relief of 

avitaminosis A symptoms, while similar injections of carotene suspend­

ed as a colloidal solution in cottonseed oil £ailed to relieve de.fie-

!ency symptoms. In order to rule oat the possibility of the injected 

aq11eot1s caro~ene returning to the intestinal site of conversion the 

anterior, posterior and colliac arteries were ligated in addition to 

canntil.ation of the ®ommon bile dll.Ct. The fact that these measares did 

not prevent the parenterally- administered carotene from being com.­

v~:rted to vitamin A strongly- indic~ted the existen~e of secondar1 sites 

of conversion in the pig. ,. 
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Bieri (4) injected an aqtteotts sol~tion of carotene dispersed in 

Tween 40 (polyoxyethylene-sorbitan_monqp~lmitate) intramuscularly into 

vitamin A defi~ient rats after surgical removal of ·tne small in::testine 

and found appre~iable amoants of a vitamin A like su.bstanoe in th~ . 

blood serl!IJ!l. Later Bieri and Pollard (6) indie:ated flll'ther the exist-

ence of' extra-intestinal sites of @onversion in the rat by showing 

that the formation of' vitamin A from injected aqtteoa.s Tween carotene 

oc~l1t"red essentially Wlimpared after ligation of the bile dtw~, re­

moval of' the ·. small irltestine or kidneys or removal of' 60-75 per ·oent 

of the livero In more recent investigations McG1llivar;r9 Thompson 

and Worker (34) and Worker (55) (56) have added further eonclnsive 

evidence of' extra-intestinal conversion by applying more extensively 

the methods 11sed b1 Bieri. The1 have found with the rat that the form­

ation of vitamin A from earotene administered intraveno11slyin an aqu.e­

ou.s Tween dispersion was unaffected by de~apitation of the head, com­

plete removal of the lungs 9 liver~ stomaeh9 small intestine, large 

intestine, panereas 9 kidneys~ adrenals 9 and gonads. The former work­

ers (34) have demonstrated further that Sll©h conversion VSS little 

affeeted by the aetivity of the thyroid gland. Worker (55) has also 

shown that conversion is no~adversely af'feieted by complete removal of 

the liver in rabbits. From s~eh results it has been conclwied by var­

iou.s exper.iJnenters thatii at least in the rat, the ability to eonvert · 
·,, 

injected carotene into . vitamin A is not a fun@tion of any one b11t of 

several organs or tiss~eso McGillivary and associates (33) sllggested 

that the intraveno11S conversion results primarily from a random oxida­

tion of the earotene9 the initial stages of which 1118.Y' oeear ii the 

blood. 



7 

Recently Bieri (5) has reported that vitamin A deficient chicks 

and rabbits successfully converted intravenously administered'carotene 

to vitamin A which appeared in the liver and sertnn.. Kon, Mcf}.illivary 

and Thompson (27) have also reported the conversion of intravenously 

administered aqueous Tween carotene solution by rabbits in addition to 

rats. However, they were unable to show any evidence of conversion by 

the injection of carotene dispersed in oil or i~ water without Tween. 

Of late, however, McGillivary and associates (35) have confirmed the 

work of Greenberg and co-workers (21) by demonstrating the appearance 

of vitamin A in the rat after intravenous administration of a special­

ly prepared aqueous emulsion of carotene without the use of surface­

active agents such as Tween. They reported that the conversion was 

effected in a similar manner; that is, the vitamin A appearing first 

in the blood as the alcohol which was subsequently esterfied by the 

liver, but not as efficiently as when injected as aqueous Tween dis­

persions. In contrast they found that goats injected with the same 

type emulsion did not show any significant increase in plasma vitamin A. 

Bieri and Sandman (7) found that carotene in oil is not utiliz­

ed intravenously and that for maximum growth in rats approximately 4 

to 6 times as much aqueous Tween carotene is required parenterally as 

orally. Somewhat perplexing then is the recent report by McGillivary 

and Worker (33) that a carotene Tween dispersion was equally well 

utilized whether injected intravenously,.· intraperitoneally or given 

orally as indicated by increased hepatic vitamin A levels in rats. 

Intramuscular injections were less eff,i.ciently utilized while sub-. 

cutaneous injections failed to increase liver vitamin A stores. They 

were unable to demonstrate any increase in plasma vitamin A following 

the intravenous injection of the solution into goats. 
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Kloste1;'l'Oans, Bolin and Light (26) were unable to :f'ing a!lY CQP."." 

version after inje@ting aqueous Tween carot~'lle or,earotene suspe~gE9<3. 

in cotton-seed oil into the veins of sheep. Contrary ~o t~s, Church, 

M.a.cVicar and Bieri (9) found that sheep were able to convert the in­

travenoasly injected aqueo11s Tween 40 (polyoxyetby'lene-sorbitan mono"."' 

palimtate) carotene sol11tion into vitamin A rather rapidly .. Th.ts 'Work 

has been confirmed by Kirschman (25) who obtained signif'~eant increases 

in plasma vita.min A following the intravenous injection of aq11eous 

Tween carotene in goats and ileoctomized sheepo 

Carotene sollibilized in an aqu.eolls Tween solution and injected 

parenterally has apparently been 11tilized saccessfally as a spurce or· 

vitamin A by several species of animals. However, the ability of cattle 

to 11tilize this solution when administered intravenously has been 

questionable .. AlthotJgh both Church and bis @o=workers (9) ana Kirs~bman 

(25) were able to show conversion in sheep 9 they were unable to show 

any conversion when the same type solu.tion was inje~ted into Hereford, 

Guernsey, or Holstein calves .. 

Church (9} injected seven vitamin A defi@ient Hereford calves 

weighing between 150-200 lb .. with single injections containing 13.7 mg. 

to 17.0 mg.of carotene each. The analysis of blood samples and liver 

biopsies taken before and after inje@tio:n when correlated with olirµ.eal 

defi©ieniay symptoms did not reflect a:ny significant conversion of car­

otene to vitamin A in any of the calves. 

Kirschman (25) depleted and then inje©ted three Holstein and five 

Gnernsey calves 9 having an average weight of 355 lb9 with single inject­

ions containimg between 0 .. 23 mg.to 0086.mg.of carotene per kg. of body 

weighto Bl6od samples taken at various intervals over a nine day per-



iod did not.· show any positive indication of @arotene conversion to 

vitamin A:0: Similar intravenous inje©tions to three undepleted @alves 

and·five alternate day inje@tions containing 48 lllgo·Of earotene each 

to one Guernsey @alf' did not result in any appre(Gliable iru::irease in 

plasma vitamin A,, However 9 t'Wo @alves re@eiving dire®t lnjections of 

the Tween dispersion @ontaining 90 mg o of @arot,ene into the duodenmn 

showed in@reases in plasma vitamin Ao 

9 

Kon~ M@Gillivary and Thompson (27) were Wll.able to show any appre­

©iable @onversion with the inje@tion of @olloidal @arotene or @arotene 

solubilized in Tween to depleted Ayrshire and Shorthorn ©alves. Ea©h 

of' three ©alves was inje©ted on three o@©asions at intervals of 6-10 

days with 10 ml., of' aqueo11s Tween 11J:ontaining 10 mgo of ©arotenee Three 

additional calves re©eived a single.inje@tion of 10 ml.., of the.same sol­

utione A small but reprodu©!ble in@rease in vitamin A al@ohol O©©virred 

after ea@h inje@tion but it was @onside:red too limited to be of' value 

to the ©alf for preventing vitamin A def'i@ien©yo In @ontrast the oral 

administration of' aqueous Tween @arotene produ@ed marked in@reases in 

plasma vitamin A.., 

Elliott (15) inje@ted dairy@alves int:ravenously with large a= 

moimt~ of @arotene ri@h plasma but did not obtain any positive eviden@e 

of conversion by this methodo On the other hand Eaton and asso©iates 

(14) and Warner and Maynard (53) f'ollllllld that intravenously inje@ted aque= 

ous @arotene was utilized by Guernsey and Holstein @alveso 

Eaton and @o=workers (14) depleted six Holstein and six Guernsey 

@alwes and then divided them with restri@tion as to breed and sex into 

the following treatment groups2 lo no treatmentJ 2o intravenous and 

3e oral administration of ©arotene dispersed in an aqueous Tween sol-
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llt.f.on., All calves bad diarrhea and e:xhibited m11Scular ineoordination 
' 

and ,9nvlllsive attacks during the experiment. The carotene was admin-. . ' 

istered twice daily for six days eit~er by injection or orally in 

gelatin capsllles at the rate of 120 mcgo per lb. of body weight. ;rn­

jecte4 carotene resulted in higher blood plasma levels of carotene alld 

vitam;f.n A than orally administered.carotene. Spinal fluJ,d pressures 

as well as degree of diarrhea9 mascalar !~coordination and convulsive 

seizures were decreased in both gro!ll)s re~eiving carotene. 

Warner and Maynard (53) depleted. tour 300 lb. Holstein ball calves 

lll'ltil distinct deticienc1 symptoms. were· apparent. Two calves received 

40 daily' injections of 5.4 mg. of carotene stabilized in an a\t1eot1s le.>% 

cocon~t oil solntiom with 2% intravenoilS g~latin. Two other calves re­

ceived the same nmn.ber of 1-nje@tions or 0,9; mg. ot vitamin A alcohol · 

in the same solution. No beneficial. eff'e@ts were noted from the carotene 

injections bttt the calves receiving vitamin A improved noticeably. In 

contrast to these results 9 howeverj aqa.eoas colloidal carotene proved 

be~ef1eial in a second trial. Six 300 lb. Holstein calves were deplet­

ed and then injected for six straight day-s with an aqu.eons ~olloidal 

sl1$pension of carotene at the rate or 30 mg. per 100 lb. of body weight. 

They stated that a statistically significant increase in plasma ea~otene 

and "rttamin A was observed as estimated by three independent analytical 

procedures. 

The existing evidence seems to show definitely that the intesti­

nal wall is the main site of @onversion of carotene to vitamin A. How­

ever, the apparent etteetive ~tilization of parenterally a~stered 

carotene by some spe@ies suggests the possibility ef some se~ondary 

site or sites of conversion in addition to the intestine in some animals. 
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EXPERIMENTAL PROCEDURE 

This experiment 'Was conducted to study the ability of dairy calves 

to convert intravenously administered carotene to vitamin A. Calves 

were depleted until their blood vitamin A values were 5 mcgo or less 

per 100 ml. of plasma for a period of 12 or more consecutive dayso 

They were then injected intravenously at varyin€: intervals 'With carotene 

suspended in an aqueous solution of Tween 40 (polyoxyethylene sorbitan 

monopalimtate). Blood samples were obtained periodically after in­

jection and analyzed for carotene and vitamin Ao 

Early observations following the injection of several calves in­

dicated that other criteria in addition to blood vitamin A level would 

be helpful in establishing any possible conversion of the injected 

carotene to vitamin A. To study the physiological value of the in­

jected carotene~ calves were depleted until clinical symptoms of avita­

minosis A were established. Carotene was then injected intravenously 

and the resporlse of the animals in terms of the remission of avita­

minosis A symptoms was observed. 

Clinical deficiency symptoms i~cluded severe scours~ muscular 

incoordination, poor physical appearance and ocular changes such as 

papilledemaj exopthalmia and nyctalopia. Tests were made so rigorous 

that there could be no reasonable doubt about the remission of any 

clinical symptom. Scouring was considered as a symptom only after the 
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condition had persisted continuously in a mild-to-severe .form for sev­

eral dayso Muscalar incoordination was accepted as a symptom when a 

ealf showed poor control of his hind legs and woald stagger and lose 

his balance. The general physical condition of each animal was class­

ified as good, .fair or poor according to daily observations and weekly 

live weight changes. Papilledema was observed with the aid of an 

opthalmoscope. At various intervals the animals were tested for 

nyctalopia by observing their reactions in dim light (evening) to ob­

jects placed in their path. 

Purebred male Holstein, Ayrshire, Guernsey and Jersey calves not 

needed for future service were obtained from the college dairy herd for 

this study., The calves were tied in individual solid-partitioned stalls 

located in a heated and ventilated barn. Wood shavings were used for 

bedding. The normal diet for the calves consisted of whole milk, a 

calf starter and prairie hayo The whole milk was fed twice daily at 

the rate of l~ of live weight 11p to a maximum of 10 lb. per day for 

each oalfo The standard ~alt starter was fed according to appetite u.p 

to a limit of 4 lb .. daily. Prairie bay was fed ad lib!tumo The calves 

were depleted of their carotene and vitamin A stores by a diet def!~ 

cient in those two materials. The r9ughage portion of the diet con­

sisted of a mixture ot 40 lbo of wood cellulose1., 20 lb. of cottonseed 

hulls and 60 lb., of molasses. These ingredients were mixed thoroughly 

and .. then passed through a roller blender. The con©entrate pol;'i;;ion was 

a combination of equal parts of 41% cottonseed meal and white hominy 

f'eed plus 1% each of' steamed bonemeal, finely ground limestone and 

1So1ka-Floe, an a©id-treated wood palp cellalosee 



trace Illineral salto Skimmilk was fed twice daily at the rate of 10% 

of live weight to a :maximum of 10 lbo dailyo As the consumption of 

roughage and concentrate increased the milk was appropriately removed 

administered orally at-two-week intervals • 

. Some calves were fed a m.ormal diet for short periods before be­

ingp;t,aced on the depletion diet where as other calves were placed 

directly on the depletion dieto The dietary regimen tor each calf is 

descr;pf:'d. in its (@ase history .... 

The carotene sol~tion wherein Tween 40 acted as the dispersing 

agent was prepared as described b1 Bieri (4). Crystalline carotene 

(90% beta and 10% alpha) was dissolved in about 2 ml.a of warm chloro­

form and then an adequate portion of Tween 40 at 100° Co was added 

rapidly with constant stirrimgo Heating was continued for about one 

min~te or less to drive off the excess ©hloroformo The solution was 

1.3 

brought to near .the desired volum.e with distilled water at 80° Co The 

mixture was then transfered to a brown volumetric flask and brought to 

the correct volum.e at room temperature with a small amount of distill-

ed water o The solutions were kept in . the dark and were made up fre-

quently to avoid prolonged storageo 

The amounts of ©arotene administered intravenously were based o~ 

.the National Research Cowi©il (,41) recommended daily dietary intake of 

6 IDgo of.carotene per 100 lbo live weight and on results of previous 

worke All of the carotene inje©tions were made dire©tly into the 

jugular vein, the amounts injected, number of injections, and length of 

time between inje~tions were adjusted a©©ording to the increase in blood 

carotene and the response of the animal following each injeotiono 
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Blood samples were drawn from the j1:1g1Uar vein into tubes con­

taining lithillln @itrate as the anti@oagw.anto The samples were centri-
I 

fuged immediately and pla©ed in a refrigerator at 5-10° Co £or not more 

than one week imtil analysis collld be madeo Blood analyses for vitamin 

A and carotene were made a@cordi.ng to the method of Kimble (24)o 

Autopsies were performed on ©alves that died during the experi­

ment and samples of bile and liver were obtainedo Bile was analyzed 

both ©hemically and biologi@ally for the presen@e of @a:roteneo. Liver 

samples were analyzed for ©arotene and vitamin A to determine the effec­

tiveness of depletion of this organ in negative control animals, and 

for comparison with animals that had been injected with caroteneo The 

samples were stored in a deep freeze until analyzed by the method devel­

oped by Gallap and Hoefer (17) o 



RESULTS 

The results for each calf are presented in individual case 

histories. The age of the calf and the diet received are given 

at the beginning of each case history. This is followed by a 

description of clinical deficiency symptoms, the condition of the 

animal and blood levels of vitamin A and carotene before and 

during the time of each series of carotene administration. The 

rate of carotene administration, length of each injection series 

and the time blood samples were taken are given for each se~ies 

of injections. Tl:le plasma vitamin A and carotene values for 

each series of injections are represented graphically with each 

case history;, Complete plasma vitamin A and carotene values for 

each calf for the entire experiment are ··11sted in the appendix. 

15 
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Jersey calf number 71 was 78 days of age and was ~eceiving a nor­

mal dry ration when placed on the vitamin A deficient dieto After 72 

days on the deficient diet the plasma vitamin A and carotene levels 

had decreased to approximately 4 mcg. and 25 mcg. per 100 ml., respect-

.. ively. At this time the calf weighed 200 lb. and did not show any 

clinical symptoms of vitamin A deficiency. Carotene was then lnject-

ed at the rate of 24 mg. per 100 lb. live weight every day for 20 dayso · 

Blood samples were taken on alternate days. A total of 495 mg. of 

carotene was injected during the 20 day injection period. 

As sqown in Figure ·l, plasma vitamin A increased about 20 mcg. 

and plasma carotene increased 735 mcg. per 100 ml. during the period 

of injection. Vitamin A decreased sharply following the sixth in­

jection and after the last injection the vitamin A values became very 

erratic. On two successive days the values were masked by the correct­

ion factor applied for the blue color produced in the presence af caro­

tene. Plasma carotene began to level off after the seventh injection 

and decreased with the last injection. 

Eighty-seven days after the last injection the calf showed de­

ficiency symptoms including nyctalopia, exophthalmia, muscular inco­

ordination and a poor physical condition. Vitamin A and carotene levels 

had decreased to approximately 3 mcg. and 31 mcg. per 100 ml. of plasma, 

respectively. The calf now weighed 230 lb. During the next 37 days 

he received a total of 637 mg. of carotene in 12 injections. The 

schedule of administration was as follows: two injections, 28 mg. each, 

four days apart; six injections, ranging from 57 to 59 mg., each at 

four day intervals; four injections, 60 mg. each at two day intervals. 

This represents from 12 to 24 mg. per 100 lb. live weight. A blood 



17, 

sample was taken prior to each injection. Carotene was injected at the 

lower level to detennine if high plasma carotene was interfering with 

the detennination of plasma vitamin A. The amount was gradually in­

creased in an attempt to reverse the deficiency symptoms. 

By the third injection the deficiency symptoms had increased in 

intensity and the cal f was almost completely blind . A stigma had dev­

eloped in the center of the right eye and a white cloudy condition had 

appeared in the left eye . Following the fifth injection the stigma and 

cloudy condition of the eyes disappeared and day vision appeared to be 

nonnal. After the ninth injecti on there was no evidence of muscular 

incoordination and the physical condition was improved. At the end of 

the injection period the physical condition was good but papillidema 

and complete night blindness still existed. Vitamin A increased about 

15.5 mcg . and carotene 357 mcg . per 100 ml. of plasma. 

The possibility that the symptoms had proceeded beyond the point 

of reversion prompted the oral administration of several large (200,000 

I. U.) doses of vitamin A alcohol in capsule fonn. Following this ad­

ministration plasma vitamin A increased sharply to 44 mcg. per 100 ml. 

Within a few days the calf had nonnal night vision but the conditions 

of exophthalmia and papillidema improved only slightly during the next 

several weeks. The calf had been maintained on the deficient diet 220 

days, supplemented at intervals with intravenous injections of carotene 

before any vitamin A was administered orally. 
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Ayrshire calf number 118 was placed on trial 7 days after birth. 

He received a normal diet including whole milk for 36 days after which 

he was gradually changed over to the depletion diet. Carotene inject­

ion was started after 36 days on the deficiency diet when his blood 

values for vitamin A and carotene decreased to approximately 4 mcg. and 

19 mcg. per 100 ml. of plasma, respectively. He weighed 135 lb. and 

did not show any definite vitamin A deficiency symptoms. 

A total of 364 mg. of carotene was then injected at the rate of 

24 mg. per 100 lb. live weight every other day for 20 days, blood sam­

ples being taken on alternate days. Plasma vitamin A and carotene 

changes are shown in Figure 2. Plasma vitamin A increased to a maxi­

mum of approximately 10 mcg. and plasma carotene increased 725 mcg. per 

100 ml. After the last injection the vitamin A values became very 

irregular and two of the values were masked by the carotene correction 

factor. 

Sixty-three days after the last injection blood vitamin A and 

carotene had decreased to about 2 mcg. and 33 mcg. per 100 ml. of plas­

ma, respectively. During this time a severe condition of exophthalmia 

developed but no other signs of vitamin A deficiency were apparent. 

The calf weighed 197 lb. and the physical condition was good. 

He was injected 14 times with a total of 340.5 mg. of carotene at the 

rate of 12 mg. per 100 lb. live weight every four days, blood samples 

being taken immediately before each injection. 

At the end of the injection period the exophthalmic condition 

had improved but was still present. Plasma vitamin A increased about 

12 mcg. and plasma carotene 120 mcg. per 100 ml. of plasma. After the 

last injection plasma carotene gradually decreased while plasma vitamin 

A dropped slightly and then increased to a high of 16 mcg. per 100 ml. 

of plasma. 
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Sixty-four days after the last injection of the second period the 

calf showed symptoms of mild night blindness and 16 days later develop­

ed complete night blindness, complicated by an exophthalmic condition. 

After 93 days without carotene the vitamin A was variable at approxi­

mately 3 mcg. and the carotene 18 mcg. per 100 ml. of plasma. The calf 

weighed 301 lb. and its physical condition was good. 

He was then injected three days in succession at the rate of 6 

mg. of carotene per 100 lb. live weight. On the third day of injection 

the calf was classified as only slightly night blind and four days later 

his night vision was normal 9 but the exophthalmic condition was still 

present. 

Vitamin A increased about 12 mcg. and carotene 58 mcg. per 100 

ml. of plasma. During 72 days after injection the calf did not show 

any definite vitamin A deficiency symptoms other than the ex9phthalmia 

and this condition improved. The physical condition appeared good and 

the calf was removed from the experiment after being maintained on the 

completely deficient diet for 336 days with periodic intravenous in­

jections of carotene. 
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Holstein calf number 8 received a normal diet for 30 days before 

being placed on the depletion diet. ~fter 66 days on the deficient 

diet his blood levels of vitamin A and carotene were less than 2 mcg. 

and 15 mcg. per 100 ml. of plasma, respectively. The calf weighed 185 

lb. and did not show any signs of vitamin A deficiency. A total of 

407 mg. of carotene was then injected at the rate of 12 mg. per 100 lb. 

live weight every other day for 32 days. Blood samples were taken on 

alternate days and these values are shown in Figure 3. 

Plasma vitamin A increased approximately 12 mcg. and plasma caro­

tene 438 mcg. per 100 ml. Immediately following the sixteenth inject­

the calf went into a state of shock and gasping for breath died within 

a few minutes. An autopsy failed to show the cause of death. Liver 

vitamin A w~.s 52.2 mcg. and carotene 56 mcg. per 100 g. fresh weight. 

The bile had an orange color instead of the characteristic green color. 

This suggested a high concentration of carotene however analysis failed 

to show the presence of carotene. The calf had been on the deficient 

diet 96 days at the time of death. 
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Jersey calf number 6 received a normal diet for 36 days before 

being placed on the depletion dieto After 55 days on the depletion 

diet the calf's vitamin A and carotene blood levels were less :than 1.5 

mcg. and 10 mcg. per 100 ml o of plasma, respectivelyo Lacrimation and 

a mild scouring condition had developed but otherwise the physical con­

dition of the calf appeared good 0 It weighed 105 lb . 

A total of 248 mg. of carotene was administered in 18 injections 

at the rate of 12 mg . per 100 lb. live weight o The first 16 injections 

were made on alternate days, blood samples being taken the day after 

each injectiono The last two injections were made 5 days apart, blood 

samples being taken immediately prior to each injection. Plasma changes 

are shown in Figure 4. 

After 9 injections the calf had stopped scouring and there was 

no sign of lacrimation. About 5 minutes after the sixteenth injection 

the calf went into a state of shocko He was immediately given an in­

jection of antihistamine and within a few minutes appeared normal and 

was able to stando 

There seemed to be no adverse effect from the seventeenth inject­

ion but a few minutes after the eighteenth injection the calf died. An 

autopsy failed to show the cause of death. Liver values for vitamin A 

and carotene were 76.5 mcgo and 46 . 8 mcgo per 100 g. fresh weight, re­

spectively. It was noted that the bile was orange in color but the 

presence of carotene was not detected o During the injection period 

vitamin A increased approximately 11 mcg . and carotene 246 mcg. per 100 

ml. of plasma. The calf had been on the deficient diet 96 days at the 

time death occurred o 
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Guernsey calf nl.llllber 76 received a normal diet from birth to 31 

days of age before being changed over to the depletion diet. After 55 

days on the depletion diet the calf 1 s plasma values for vitamin A and 

carotene had decreased to approximately 3 mcg. and 15 mcg. per 100 ml. 

of plasma, respectively. The calf weighed 131 lb. and was in fair 

physical condition but had a very severe case of scours. 

A total of 240 mg. of carotene was injected at the rate of 12 mg. 

per 100 lb. live weight every other day for 32 days. Blood samples 

were taken the day after each injection. These values are shown in 

Figure 5. Plasma vitamin A reached a maximlllll increase of about 12 mcg. 

on the eighth injection and plasma carotene, 363 mcg. per 100 ml. of 

plasma on the thirteenth injection. The scouring condition began to 

improve after the fourth injection and by the nineteenth day it had 

ceased completely and the calf's physical condition was good. 

Sixty-five days after the last injection the calf showed clinical 

vitamin A deficiency symptoms of complete night blindness and papille­

dema. Plasma vitamin A was about 5 mcg. and plasma carotene 18 mcg. 

per 100 ml. of plasma. The calf weighed 178 lb. and was in good phys­

ical condition. 

A total of 172 mg. of carotene was then administered in six in­

jections during an eight-day period. The first two injections were 

made on alternate days at the rate of 24 mg. of carotene per 100 lb. 

live weight and the other four on successive days at the rate of 12 

mg. per 100 lb. live weight. Blood samples were taken the day follow­

ing the first and second injection and just before each of the daily 

injections. Plasma vitamin A increased approximately 12 mcg. and 



plasma carotene 535 mcg . per 100 ml . of plasma . Ni ght blindness had 

completely reverted and the condition of papill edema had improved by 

the end of the period. 

The calf became completely blind 164 days after the second series 

of i~jections. The loss of sight developed suddenly within a week 

after a regular ~cular examination at which time a marked increase in 

the severity of papilledema was noted. Prior t o this time the calf 

had shown no signs of sight impairment since the last ·period of in­

jection. The blood plasma levels had declined to 2. 6 mcg. of vitamin 

A and 31 mcg. of carotene per 100 ml. of plasma and the physical con-

dition was good. 

The calf was injected five times over a period of 15 days ~ith a 

total of 179.0 mg. of carotene at the varying rate of 9 to 24 mg. per 

100 lb. live weight. Plasma vitamin A and carotene increased approxi­

mately 7 mcg. and 184 mcg., respectively. In an attempt to determine ..... 

i~ the blindness was permanent the calf was given three oral doses 

(150j000 I oUo each) of vitamin A alcohol on alternate days. He was 

then placed on a normal ration including alfalfa hay but after 30 

days was still blind. The calf was mai ntained 342 days on the defi-

cient diet supplemented with intravenous carotene injections before 

becoming cqmpletely blind. 

28 
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Ayrshire calf nllI!lber 85 .after receiving a normal diet for 29 

days was gradually changed over to the depletion diet. After 53 

days on the depletion diet the calf 1 s blood values for vitamin A and 

carotene had decreased to about 2 mcgo and 3 mcgo per 100 ml. of 

plasma, respectively. This calf,. which had a seve;re case of scours, 

was in only fair physical condition and weighed only 101 lb. 

During the next 65-day period the calf received a total of 334 

mg. of caroteneo Sixteen injections were given on alternate days at 

the rate of 12 mg. of carotene per 100 lb. live weight 9 followed by 

eight injections at the same rate every fourth day. (Six days were 

allowed to elapse between the sixteenth and seventeenth injection so 

that the day of injection would coincide with that of another calf.) 

Blood samples were·taken the day after each of the alt~rnate-day in­

jections and just before each of the fourth-day injections. The 

plasma changes for tne period are shown in Figure 6. 

Plasma ·vitamin A increased approximately 12 mcg. and carotene 

increased 253 mcg. per 100 ml. of plasma. The scouring condition 

31 

began to improve after the seventh i~jection and by the tenth injection 

the calf had stopped scouring and his physical condition had improved. 

Thirty~two days after the last injection the calf had developed 

almost complete night blindness and a nl.ild case of papilledema. He 

was not carried to complete night blindness because it was desired to 

study the effect of carotene injection on a mild case. Plasma vitamin 

A and carotene levels were approximately 7 mcg. and 40 mcgo per 100 ml., 

respectively. The calf weighed 183 lbo and his physical condition was 

good. At this time he was injected with a total of 88 mg. of carotene 

at the rate of 12 mg. per 100 lb. live weight on 4 successive days. 



Two days after the last injection the calf had recovered normal nigh~ 

vision and the ccr,pdition o,f papilledema was slightly .:l;m.provedo Vita:­

min A increased about 12 mcgo and carotene 5QO mcg. per'lOO mL of 

plaSil\ao 

Seventy-three days after th.;s second series of carotene inject­

ion the calf had developed complete night blindnesso His physical 

condition was good, however, and he weighed 223 lbo The plasma lev­

els for vitamin A and carotene were about 4 mcgo and 27 mcgo per 100 

mL, respectivelyo On two successive days 13o4 mgo of carotene was 

administered intravenously at the rate of 6 mgo per 100 lbo live 

weighto Night vision was improved and within J days there was no 

sign of nyctalopiao Plasma vitamin A showed an increase of approxi·-

mately 6 mcgo and plasma carotene, 40 mcgo per 100 mlo 

32 

During the following 101 days varying degrees of night blindness 

were indicated on different occasions but the condition was never diag-
1 

nosed as definite nyctalopiao The physical condition was good and the 

calf' was removed from the trial after being maintained 329 days on the 

deficient diet supplemented with intraveno~s injections of caroteneo 
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Ayrshire calf number 3 received a normal diet from birth to 20 

days of age and then was changed over to the depletion diet. After 71 

days on the depletion diet he developed a very severe case of scours. 

Blood vitamin A was less than 3 mcg . and carotene 7 mcg. per 100 ml. 

of plasma. The calf weighed 134 lb. and appeared to be in good physi­

cal condition except for the scouring. 

35 

Carotene was injected in nine doses totalling 153.3 mg . at the 

rate of 12 mg . per 100 lb. live weight every fourth day. Blood samples 

were obtained prior to each injection. By the time of the second in­

jection the scouring condition had become extremely severe and the 

calf0s physical condition was poor. After the fourth injection both 

the scouring and physical condition began to improve and by the time 

of the fifth injection scouring had stopped completely. Plasma vitamin 

A increased about 5 mcg . and carotene 43 mcg . per 100 ml. during the in­

jection period (Figure 7). Despite this apparent favorable response 

the calf died two days after the fifth injection. He had refused feed 

the previous day. An autopsy showed an impaction of the omasum appar­

ently resulting from the consumption of a large amount of wood shavings . 

The concentrations of vitamin A and carotene in the liver were 69.98 

mcg. and 28.73 m9g. per 100 g. fresh weight, respectively. Examinat­

ion of the gall bladder showed that the bile was light orange in color 

but neither chemical or biological analysis i ndicated the presence of 

carotene . The calf had been maintained on the deficient diet 106 days 

before death. 
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Jersey calf number 62 was placed on the depletion diet 18 days 

after birth and carried until the development of avitaminosis A symp­

toms which included serious vision impairment, severe scours and mus­

cular incoordinationo The calf weighed 92 lb. and vitamin A and caro­

tene blood levels were less than 2 mcgo and 5 mcg. per 100 ml. of plasma, 

respectively. A total of 56 . 5 mg o of carotene was injected during 16 

days at a rate of 12 mgo per 100 lbo live weight every four days. 

The severity of the deficiency conditions continued to increase 

after the second injection and the physical condition became poor. A 

slight rise in body temperature above normal and heavy breathing in­

dicated pneumonia . The calf died two days after the flfth injection 

and an autopsy showed the lungs to be severely damaged, bypneumonia; 

Plasma vitamin A increased about 2.5 mcgo and plasma carotene increased 

20 mcg. per 100 ml. of plasma (Figure 8)0 The concentrations of vita­

min A and carotene in the liver were 54.68 mcg. and 45.08 mcg. per 100 

g. fresh weight, respectively. The gall bladder was distended and the 

color of the bile was orange but the presence of carotene was not de­

tected by a biological test. The calf had been on the deficient diet 

93 days at the time death occurred . 



Jersey calf number 61 received a normal diet until he was placed 

on the depletion diet 18 days after bir tho After 62 days avitaminosis 
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A symptoms including complete night bli ndness, severe scouring and mus­

cular incoordination had developed . Blood plasma levels of vitamin A 

and carotene were about 4 mcg o and 8 mcg o per 100 ml o, respectivelyo 

The calf weighed 93 lbo and was in fai r physical conditiono Carotene 

was then injected at the rate of 12 mg o per 100 lbo live weight, four 

such injections being made during a six-day period o The first two in­

jections were made on successive days and the last two on alternate dayso 

A total of 41~ 06 mg o of carotene was suppliedo 

Deficiency symptoms improved after the last injection and vithin 

7 days the calf showed no symptoms of night blindness, scouring, nor 

muscular incoordination, his physical condition was goodo As shown in 

Figure 9 plasma vitamin A increased approximately 4 mcg. and plasma 

carotene 166 mcg . per 100 ml . 

Within eighty-eight days after the last injection the calf had 

again developed complete night blindness and severe scours o The plasma 

vitamin A and carotene had decreased to approximately 3 mcg o and 15 mcg. 

per 100 ml o, respectivelyo The calf now weighed 165 lbo and was in 

fair physical conditiono Carotene was then injected six times over a 

period of 15 days with a total of 65 .7 mg. being giveno In the first 

five injections carotene was administered at the rate of 6 mg o per 100 

lbo live weight and in the last injection the dosage was doubledo The 

time between injections varied from 1 to 5 days o Blood samples were 

taken just prior to each injectiono 
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At the end of the injection period the conditions of night blind­

ness and scouring had cleared up and the physical condition of the calf 

had improved. Plasma vitamin A increased approximately 3 mcg. and plas­

ma carotene 266 mcg. per 100 ml. of plasma. Plasma vitamin A did not 

change appreciably until after the last injection when it began to rise 

gradually. Two blood samples were taken within six days after the last 

injection and the animal was observed for another week and then remov­

ed from the experiment. The calf had been maintained for 180 days on 

the deficient diet during which time he recovered twice from vitamin A 

deficiency symptoms following the intravenous administration of carotene. 
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Ayrshire calf number 28 was started on the deficient diet 17 days 

after birtho After 53 days on the deficient diet a severe case of scours 

developed and a few days later body temperature increased to 104° F. 

The calf died at the age of 77 days and an autopsy showed that death 

was caused by pneumoniao At the time of death blood plasm.a vitamin A 

was approximately 2 mcg. and carotene 4.0 mcg. per 100 ml. An examin­

ation of the gall bladder showed the bile to be dark green in color. 

The liver contained 59.85 mcg. vitamin A and 4.0 mcgo carotene per 

100 g. fresh weight. 
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Ayrshire calf nllm.ber 81 received a normal diet for 15 days after 

birth and then was placed on the deficient diet. As the res11lt of a 

weak condition at birth the calf had been administered abo11t three 

ounces of cod liver oil twice daily for a period of one week before he 

was obtained for this experiment. 

After 94 days on the deficient diet the calf developed complete 

night blindness, :muscular incoordination ap.d severe sco11rs. As these 
. . ' 

d~ficiency symptoms increased in severity the physical condition be­

came poor and death occ11rred after 107 days on the depletion diet. At 

the time of death the blood plasma levels of vitamin A and carotene 

were less than 2 mcg. and 3 mcg. per 100 mL, respectively. An a11topsy 

indicated pneumonia. Liver val11es for vitamin A and carotene were 44 • 

.31 mog. and 9.40 mcg. per 100 g_. fresh weight, respectively. The 

color of the bile was dark green. 
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Holstein calf number 84 was placed on the depletion diet 3 days 

after bi:rtha Within 47 days mild night blindness, severe scours and 

muscular incoordination had developedo The severity of the deficiency 

symptoms increased, the physical condition became poor and the calf 

died after 51 days. Plasma vitamin A and car-0tene levels at the time 

of death were less than 3 mcgo and 1 mcg. per 100 mlo, respectively. 

Although the calf had difficulty in breathing the last two days 

before death, an autopsy did not show any signs of pneumonia. The color 

of the bile was dark greeno Liver values for vitamin A and carotene 

were 24.20 mcgo and 3 mcgo per 100 g. fresh weight, respectively. 



DISCUSSION 

At the start of the experiment only blood analyses were used as 

criteria to test for conversion of the injected carotene to vitamin A. 

This procedure is exemplified by calves 8, 71, and 118 when injections 

were begun in the absence of deficiency symptoms other than low vitamin 

A blood levels. The peculiar fluctuations of plasma carotene and vitamin 

A of calves 71 and 118 during the first series of injections were confus­

ing. The high plasma carotene concentrations might have interfered some 

with vitamin A determinations and thus account for some of the erratic 

plasma vitamin A values. Carotene interference in the determination may 

also suggest that some of the apparent vitamin A increase may have been 

due to artifacts. Both calves were injected at the same time with the 

same carotene solutions. 

In the case of calves 6, 8, 76 and 85 which received lower carotene 

doses the plasma vitamin A values were more uniform during the early 

part of the first injection series. However, as the injection time ,,pro­

ceeded plasma vitamin A decreased and plasma carotene increased. This 

inverse relationship between plasma vitamin A and carotene was apparent 

at about the same time in all four calves and seemed to be directly as­

sociated with a newly prepared carotene solution, portions of which 

were being injected into each calf. It appeared that the calves were 

unable to utilize the carotene in this solution to the same extent as 

that of other batches. A new solution resulted in an increase in plasma 
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vitamin A, but this observation was limited because of the deaths of 

calves 6 and 8. Since the same carotene supply was involved in all solu­

tions used during these observations it would seem that the difference 

was in the makeup of the solution. 

McGillivary and associates (33) (34) have reported similar differ­

ences between dispersions prepared from the same sample of carotene when 

injected into rats. They proposed that the variation in vitamin A forma­

tion from different carotene solutions might represent differences in 

the physical state of the carotene in the solutions. 

In spite of some of these discrepancies and confusing responses 

the plasma vitamin A values increased in all the injected calves with 

each series of injections . Avitaminosis A symptoms were reverted by the 

injection of carotene although the remission was not complete in some 

cases. This proved that at least a portion of the apparent increase of 

plasma vitamin A was used by the animals . Jersey calf nlDTlber 71 did not 

regain normal night vision after the injection of carotene but the eye 

stigma and muscular incoordination cleared up and his physical condition 

improved. Had this not been the first calf examined more time would have 

been allowed before the oral admi nistration of vitamin A. It was neces­

sary, however, to determine if the condition was permanent so that other 

calves would not be allowed to proceed too far as later occurred in the 

case of calf nlDTlber 76. 

Calves nlDtlber 3 and 62 died while receiving low levels of injected 

carotene. The deficiency condition of the latter calf was extremely severe 

at the start of injection and he succlDtlbed to pnelDTlonia the occurrence 

of which made it very diff i cult to deplete and maintain the calves in 

the state of deficiency desired . Further proof of the conversion and 
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utilization of the injected carotene was demonstrated by several calves 

which were injected and survived on the deficient ration between 180 and 

336 days while uninjected calves died within about 100 days. 

Calves number 6 and 8 died as a direct result of the injected solu­

tion. Calf number 6 recovered from the first attack but died two injec­

tions later from a different solution than the one which had previously 

affected him. The solutions in both cases did not result in any ill effects 

when used on other calves. 

Kon and his associates (27) have reported the same general type of 

symptoms following the injection of large amounts of Tween to dairy 

calves. They attributed the cause of death to a toxic condition produced 

by the Tween. 

The formation of vitamin A from the injected carotene was apparent 

but it was difficult to determine the rate or efficiency of conversion. 

This was undoubtedly complicated by such things as the state of deple­

tion, the individual ability of conversion, oxidation of the carotene in 

the blood and the previously mentioned possible variations between and 

within the solutions. In some cases large amounts of injected carotene 

were needed to clear up deficiency symptoms while at other times such a~ 

the last injections of calves 85 and 118 smaller amounts were effective. 

These differences were also noted in the re-occurrence of deficiency 

symptoms which sometimes appeared earlier after larger doses of carotene 

than after smaller ones . It appeared that the best results were obtained 

when injections were given daily or every other day indicating that per­

haps only a small amount of the carotene in each injection could be 

utilized by the calves. 



An examination of bile in the gall bladder showed that injected 

calves had an orange colored bile while the bile of uninjected calves 

had a more characteristic dark green color . The possibility of the bile 

acting as a mode of transportation of injected carotene from the blood 

to the intestine for conversion was investigated. The color could not 

be identified chemically as- carotene or bilirubin. The bile from calves 

number 3 and 62 which was orange in color was fed to vitamin A deficient 

rats in a biological test to determine if it contained vitamin A activity. 

Orange colored bile obtained from two other calves which had been injected 

for this purpose only, was also fed. The rats died from apparent avitamin­

osis A confirming the chemical analysis that no carotene or at least 

biologically available carotene was present in the bile. It has been 

reported (41) that during vitamin D deficiency the gall bladder is fre­

quently distended by the accumulation of a viscous ropy orange-yellow 

bile. However in the present experiment all calves received vitamin D 

and the. condition was found only in the injected calves that died and 

not the uninjected calves . 



SUMMARY 

Studies were conducted to determine whether i~travenously 

administered carotene could be utilized as a source of vitamin A by 

Holstein, Jersey, Guernsey and Ayrshire male calves. The calves were 

depleted of their vitamin A reserves until their blood plasma levels 

were less than 5 mcg. per cent for 12 consecutive days or until they 

had developed distinct avitaminosis A symptoms or both. The deficien­

cy symptoms included complete night blindness, papilledema, marlted 

diarrhea and muscular incoordination. 

Carotene suspended in an aqueous solution of Tween 40 was in­

jected at various arbitary levels from 6 to 24 mg. per 100 lb. live 

weight. The animals were injected daily, on alternate days or every 

four days over periods ranging from 2 to 65 days in length. Blood sam­

ples were taken prior to injection and at regular intervals there­

after. 

Utiliza-tinn of the intravenously injected carotene was apparent 

as shown by the reversal of the various deficiency symptoms. Several 

calves receiving injections were maintained on the deficient diet., 

between 180 and 336 days while uninjected calves died within 100 days. 

Following injections there was a marked increase in plasma carotene 

with moderate and irregular increases in plasma vitamin A. 
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TABLE I 

JERSEY NO. 71 

Age Vitamin A Carotene Remarks 
d_a, mcg,/100 ml. plasma mcg,/100 ml. plasma 

78 13.64 154.65 
84 11.73 128.10 
87 . depletion diet 
92 13.38 84.90 
99 2.28 38.10 

106 3.66 17.80 
109 6.94 15.30 
113 6.94 12.38 
116 6.34 13.65 
120 5.13 19.05 
12.3 6.85 13.05 
127 8.80 9.30 
130 5.76 9.75 
l.'.34 5.61 12.08 
1.37 5.61 14.55 
140 4.90 11.J..O 
143 5.32 14.io 
146 5.20 12.:15 
149 2.74 7.,05 
152 3.57 17.:02 
155 'l1~·49 17.25 
158 4 • .32 25.57 
159 start injection 
160 5.61 174.82 
162 .3.68 .301.80 
164 4.96 539.60 
166 15.42 534.20 
168 24.14 555.30 
170 18.65 654 .. 00 
172 11.68 738.75 
174 10.80 744 .. 75 
176 10 .. 50 760.00\ 
177 last injection 
l7S 14.06 698 .. 1.'.3 
179 9 .. 60 620.50 
180 1.ao 589 .. 50 
181 3 .. 35 496.50 
1S2 o.oo 463.50 
lS) o.oo 334 .. 00 
lS4 2 .. 90 513.00 
lS5 9.58 m .. so 
186 2.,:30 391 .. 50 
18$ 6.95 355 .. 25 
190 1 .. 12 319 .. 00 
192 ),.06 273 .. 75 
194 6 .. 00 269 .. 10 
197 7 .. '.55 239 .. 25 
( oontin12e,d) 
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Table 1 ( continued) 

Age Vitamin A Carotene Remarks 
da 2 mcg o(lOO ml. plasma mcg 2 /lOO ml 2 plasma 

200 1.17 19L70 
203 4o95 165090 
206 5o25 137010 
209 5o72 105.00 
212 5.72 101.40 
218 6.00 78.75 
224 5.55 53.25 
230 5.04 66.15 
236 2.72 55.95 
240 1.38 49.20 
244 5.67 49.20 
248 L35 46005 
252 2.24 43.50 muscular incoordination 
256 2.48 40.05 
260 L44 33.90 nyctalopia 
264 3.50 31.65 start injection 
268 7.91 60.30 
272 5.40 86070 eye stigma 
276 7 o'.35 122.85 
280 11.82 114.20 stigma cleared up 
284 8.82 147.90 
288 5.43 188.70 
292 9.47 220.50 
294 13.43 241.80 incoordination cleared up 
296 10.32 303060 
298 15026 .358.00 
300 19.08 381.80 last injection 
302 17.60 383000 
304 17.37 389.10 
308 13028 100020 orally administered vitamin A 
309 43095 264.10 
315 27.59 153090 nyctalopia cleared up 
317 25.11 135.80 
321 28049 138.45 
325 47.01 136.50 
332 24.27 100020 
338 22.14 69020 
344 18.12 70050 
351 19.50 42oQ 
357 15.57 38.10 
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TABLE II 

AYRSHIRE NOo 118 

Age Vitamin A Carotene Remarks 
da. mcg./100 ml. plasma mcg./100 ml 9 plasma 

;,; 

29 3.72 24030 
36 5o90 14a20 
39 5o35 19005 
43 9a55 40020 
46 8.04 37095 
50 11006 82.35 
53 f5o04 6£L25 
54 depletion diet 
57 8029 28020 
60 4o90 21045 
64 4o90 19050 
67 3o46 17055 
70 3o91 15000 
73 3.91 16.95 
76 2.52 14055 
79 )oOO 13065 
82 4o05 17.55 
85 L83 11.70 
88 3.98 18077 
89 start injection 
90 4o42 240015 
93 6042 378080 
95 9o84 490080 
97 12074 618040 
99 1L80 594030 

101 12.63 497028 
103 4ol5 716.00 
105 6.98 7lil~o 75 
107 13091 744040 
108 last injection 
109 12072 643044 
110 10.07 626.00 
111 1.50 520050 
112 4o30 515050 
113 o.oo 457075 
114 1.95 330000 
115 7o98 42L50 
116 5.50 457075 
117 5o65 360.75 
119 OoOO 307000 
121 6090 286040 
123 5o81 257085 
125 9o98 207045 
128 6.27 149.25 
131 4o5J 114019 
134 7o14 121065 
137 5o87 105000 
( continued) 
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Table 2 (continued) 

Age Vitamin A Carotene Rem.arks 
da. mcg./100 ml, plasma mcg 2 /lOO m1 8 plasma 

140 6.50 74.85 
14.3 4.47 6lo.35 
149 5.28 4.3.95 
155 6.05 34.05 
161 5.04 66.15 
167 2.09 40.75 
171 2.40 .3.3.00 start injection 
175 7.89 91.80 
179 8.72 126.75 
18.3 4.82 153.15 
187 5.21 140.40 
191 2.79 105.00 
195 6 • .38 9.3.00 
199 8.24 106.70 
20.3 8.09 147.90 
207 1.1.45 1.34.55 
211 11..3.3 112.20 
214 11.72 140.40 
218 13.45 152.00 
222 14.49 154.80 last injection 
226 9.14 l.37.85 
2.30 9.18 124.20 
2.34 8.67 10.3.80 
238 7.23 74.70 
245 10.08 52 • .35 
251 15.84 47.25 
255 12.15 50.10 
262 10.88 .37.50 
268 8.80 41.10 
274 6.62 .30.20 
280 6.45 16.50 
286 3.57 12.00 
292 9.54 13.80 
298 5.11 15.60 
302 nyctalopia 
304 2.43 26.10 
310 7.02 22.20 
315 3.-03 17.70 start injection 
316 6.98 72.15 
317 6.17 76.05 last injection 
321 15.63 63.00 nyctalopia cleared up 
3.31 13.68 61.80 
341 13.92 33.00 
351 8.25 24 • .30 
.357 5.24 22.40 
367. 7.26 24.75 
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TABLE III 

HOLSTEIN NOo 8 

Age Vitamin A Carotene Remarks 
da. mcg./100 ml 9 plasma mcg./100 mL plasma 

20 10080 31.50 
23 7.54 27.15 
26 12.61 25.65 
29 9.04 29.85 
32 7.32 29.85 
35 4.90 22005 depletion diet 
41 8.79 34.42 
44 7.03 43.65 
47 7.02 43.65 
50 6.95 41.73 
513 4.43 30.90 
56 2.87 23.85 
59 4.04 19.28 
62 2.13 19 • .30 
65 3.35 16.00 
68 2.87 15.55 
71 0.56 18.75 
74 0.78 16.05 
77 1..31 13.80 
80 0.96 13.65 
83 Ll5 11.80 
86 2.90 14.70 
89 1.70 14.20 
92 1.50 10.35 
95 1.06 12020 
98 1.51 14000 

100 2o77 13.15 start injection 
101 2o23 15.05 
102 5.24 85.05 
1011- 7.82 194.85 
106 7.11 200.25 
108 8.62 181.95 
110 13.77 247 • .35 
112 11.39 232.35 
114 10.30 234.15 
116 9.80 237.60 
120 8.55 284.25 
122 6.72 305.05 
124 5.21 320.25 
126 5.25 401.55 
128 2.66 424.50 
1.30 5.16 437.85 
131 calf died 
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TABLE IV 

JERSEY NO o . 6 
I 

Age Vitamin A Carotene Remarks 
da, mcg 2 /lOO ml 9 plasma mcg 2 /lOO ml 2 plasma 

19 10.71 18.60 
25 9o55 24.15 
31 8.30 44085 
37 7ol8 36030 
42 depletion diet 
43 6.05 40.22 
49 2.00 ·57.60 
55 4.17 25.30 
61 3.35 16.,00 
67 1.04 11.90 
73 1.33 7.13 
79 2o56 9.85 
85 0.78 6.20 
91 0.57 9.98 lacrimation, mild scours 
95 2.84 12.10 
96 1.48 9.75 
97 1.15 9.45 sta;rt injection 
98 3.68 74.10 

100 9.51 120.30 
102 12.50 230.40 
104 9.00 262.50 
106 1L18 195.,00 
108 8.46 190.95 
110 9.97 185.70 
112 8.75 166.80 lacrimation cleared up . 
114 10.40 ,. 187.20 scours cleared up 
116 7.63 2lfL35 
118 4.,25 230.55 
120 5.43 239.25 
122 2.27 236.70 
124 1.71 256.95 
125 state of shock 
126 2.80 243.00 
128 5.18 242.70 
132 11.13 147.15 
137 5.06 139.05 calf died 
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TABLE V 

GUERNSEY NOo 76 

Age Vitamin A Carotene Remarks 
da 2 mcg 2 /lOO ml 2 plasma mcg./100 ml. plasma 

22 9.55 2L45 
25 7o32 32.55 
28 10.05 26.10 
31 6.47 29025 
34 7.06 .35.85 
37 6.94 46.90 
40 9.42 55.97 
45 depletion diet 
46 8 • .30 51.60 
49 6.11 31.95 
52 5.98 22080 
55 5.10 17.78 
58 4.65 18.5.3 
61 5.53 16.05 
64 3 .30 16.50 
67 4.87 17.43 
70 0.78 19.05 
73 1.22 16.05 
76 2.52 13.35 
79 11.81 14.20 
82 L57 15.55 
85 .3.01 16.05 
88 2.59 16.55 
91 1.73 13.15- severe scours 
94 .3.17 15.40 
97 .3.06 14.50 
98 3.6.3 14.20 
99 4.03 13.80 

100 2.63 14.70 start injection 
101 3.78 85.65 
10.3 8.87 174.60 
105 9.14 204.30 
107 8.54 139.05 slight scours 
109 9.15 194.85 
111 9.69 197.25 
113 9.90 207.60 
115 11.88 199.65 
117 11.69 194.85 
119 10.32 257.85 scours cleared up 
121 9.41 310.20 
123 6.56 337.50 
125 5.69 363.45 
127 4.88 328.65 
129 7.38 292.50 
130 last injection 
131 3.53 300.00 
133 10.13 241.05 
136 8.34 201.15 
( continued) 



Table V (continued) 

140 
144 
148 
152 
156 
160 
164 
168 
172 
176 
180 
184 
188 
192 
195 
196 
198 
199 
200 
201 
202 
203 
205 
209 
213 
220 
226 
2.32 
238 
244 
250 
256 
262 
268 
274 

' 279 
285 
291 
301 
309 
315 
325 
335 
345 
355 
365 
366 
368 
371 
375 
380 
387 

6.20 • I . 

4·.23 
3.24 
4o49 
7.41 
5.36 
6.50 
9o60 
4.91 
8055 
5.73 
2.18 
5.52 
5.90 
5.3.3 
.3.00 
6.65 
6.08 
8.02 
7.71 

12.75 
15o.30 
7.68 

17.t>O 
11.46 

7o.37 
8.45 
8076 
5.73 
6.49 
6 • .34 
5.31 
2.37 
4.23 
.3o06 
4.59 
4o14 
5o79 
7.77 
5.58 
8.04 

10097 
7o05 
5.45 
4.19 
.3.80 
2.60 
4.79 
8.19 
5.34 
4.91 
7°24 

6.3 

Carotene ReJru:l,r~J 
mcg./100 ml 8 pl~sm.a 
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TABLE VI 

AYRSHIRE NOo 85 

Age Vitamin A Carotene Remarks 
g;. mcgaLlOO ml 1 elasma mce:aLlOO mls elasma 

11 20.20 11~10 
17 20047 16095 
23 11.84 37095 
29 9.17 21.82 
35 8e92 19.50 
36 depletion diet 
41 4.36 24.75 
47 5o85 15080 
5.3 6.64 9o50 
59 4.71 7.88 
65 5.20 .3o65 
71 4o24 5o40 
77 4.97 4.60 
8.3 2 • .39 .3.54 severe sco11rs 
87 4.46 4.60 
88 lo87 .3.15 
89 . l.4.3 2o85 start injection 
90 . 4.40 67080 
92 8 • .37 115035 
94 8090 219075 
96 8.72 152.55 
98 8058 174060 

100 10.26 142095 
102 9.96 112.95 
104 10064 198.75 
106 11.65 134.40 
108 10.07 198.,75 scours cleared up 
110 10005 240.15 
112 8.15 241005 
114 5o52 248.25 
116 8052 256 • .35 
118 1.3034 235.80 
120 14.66 250.01 
122 9.27 162.30 
125 12.98 164040 
129 10083 145005 
133 8.75 122025 
137 3.56 104040 
141 7o32 100.50 
,145 13030 108000 
149 11.36 135015 
153 13.46 120.90 last injection 
157 15048 106080 
161 12091 89010 
165 4o71 24030 
169 7o32 64.50 
173 6.98 5Ll5 
(continued) 
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Table 6 (eontin11ed) 

Age Vitamin A Carotene Remarks 
da 1 . mes;: 1 Q.OO ml 8 gJ.asma mes;: 2 LlOO ml 1 glasma 

177 6.99 48.60 
181 7.74 52.80 
185 6.40 38.10 mild nyetalopia 
186 start injection 
187 6.32 155.40 
188 6.47 314.40 
189 8.04 334.40 last injection 
190 8.75 551.50 
191 12.20 475.25 nyetalopia cleared up 
192 9.55 460.00 
194 12.70 371.40 
196 19.26 .309.00 
202 16.17 255.90 
209 1.3.10 182.70 
215 15.42 102.60 
221 10.98 71.70 
227 H2o48 55.,.30 
2.3:3 :6666 48.,15 
2.39 7.22, 45.15 
245 5.20 19.90 
251 8.25 24.30 
257 . 5 .4{:> 2.3.40 nyetalopia 
262 4.29 27.30 start injection 
26.3 ,.0.3 60.15 last injection 
264 4.44 66.15 
268 10.10 57.60 nyetalopia cleared up 
274 6.30 49.20 
280 7.23 46.20 
290 7.56 27 • .30 
298 5.52 22.20 
.304 5.70 19.05 
314 12.84 18.00 
.324 6.69 21.75 
.3.34 5.18 20.85 
344 4.41 20.40 
.354 5.30 22.20 
364 8.1.3 26.10 
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TABLE VII 

AYRSHIRE NO. 3 

Age Vitamin A Carotene Remarks 
da. mcg./100 ml. plasma mcg./100 ml. plasma 

11 14.98 6.45 
17 13.36 10.20 
23 10.86 8.85 
24 depletion diet 
29 6.05 3.15 
35 8.51 3.60 
41 7.08 3.35 
47 1.28 3.60 
53 J..89 4.53 
59 1.77 4.50 
65 L81 4.73 
71 2.24 2.93 
77 1.15 8.33 
83 2.45 10.65 
89 2.34 3.90 
92 severe scours 
96 2.61 6.30 start injection 

100 4.83 19.50 bloody scours 
104 4.65 28.00 
108 5.34 31.01 scours cleared up 
112 7.52 33.45 
116 6.62 39.60 
120 7.50 35.10 
124 3.57 33.45 
128 3.05 42.20 last injection 
130 calf died 
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TABLE VIII 

JERSEY NOo 62 
' Age Vitamin A Carotene Remarks 

da. mcg./100 m1 9 plasma mcg 2 /iOO ml. plasma 

14 8.07 8.78 
18 depletion diet 
20 5.90 7.80 
26 6.60 9.98 
32 5.69 18.75 
38 4.38 12.08 
44 2.80 7.80 
50 1.11 5.40 
56 1.23 2.70 
62 2.96 3 • .35 
68 2 • .30 .3 • .35 
74 0.68 1.80 
80 2.5.3 4.75 
86 2 • .30 4.00 mild soou.rs, mild. nyot~lopia 
93 2.39 4.95 start injection 
97 5.18 20.85 nyctalopia and almost blind, 

101 .3.94 21 • .30 / severe scotll's 
105 · 4.47 25.65 
109 4.64 25.20 last injection 
111 calf died 



Age 
da. 

18 
34 
47 
53 
59 
65 
71 
77 
78 
80 
81 
82 
83 
85 
87 
89 
92 
95 

100 
106 
112 
122 
130 
136 
146 
156 
166 
172 
173 
174 
175 
178 
179 
181 
182 
183 
186 
187 
189 
192 

Vitamin A 
mcgollOO ml. plll.sma 

8.85 
4.44 
4.71 
4.12 
4.80 
4.78 
4.17 
5.49 
4.32 
4.38 
4.95 
6.78 
5.29 
8.47 
6.03 
2.67 
2.19 
9.45 
7.22 
4o37 
3.96 
5.11 
6.22 

10.53 
5.70 
4.22 
2.,69 
2.65 
3.21 
3.38 
3.05 
2.07 
1.32 
1.32 
1.92 
2.46 
2.76 
3.80 
8.19 

68 

TABLE IX 

JERSEY N.0., 61 

Carotene 
mcg./100 ml. ,Plasma 

Remarks 

4.50 
12.00 

9.00 
0.50 
0.50 
4.95 
0.50 
0.50 · 
7.65 

87.30 
99.00 

103.80. 
140.95 
173.10 

qepletion diet 

n,rctalopia 
musclllar incoordination 

start injection 
severe ~s 

last !nje.ct!on 

116.10 scours, incoordination cleared 
96.60 nyctalopia cleared up 
62.85 
53.40 
45.15 
32.10 
19.50 
15.60 
16.,65 
15.15 
16.35 
18.15 
17.10 
15.60 
64.0; 
47.70 
32.10 
61.20 
48.15 

101.40 
205.20 
227.60 
179.70 
216.25 
109.80 

n,rctalopia 
severe scours 

start injection 

scours cleared up 

last injection 
n,rctalopia cleared up 
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TABLE X 

AYRSHIRE NOo 81 

Age Vitamin A Carotene Remarks 
da, mcg.11.oo mL plasma mcg./100 ml. plasma 

16 depletion diet 
36 12.03 6030 
49 8.49 3o60 
55 6000 7o20 
61 7o83 0.50 
67 9o84 Oo50 
73 4.32 4o95 
79 5.50 Oo40 
85 3.99 12.00 
91 3.63 5.40 
98 o.oo 4.50 

108 2o28 4o50 
114 1.22 3.60 nyctalopia, severe scours, 

/ muscular incoordination 
122 calf died 

TABLE XI 

AYRSHIRE NOo 28 

Age Vitamin A Carotene Remarks 
da 11 m~ga/lOO mla plasma mcg./100 ml. plamna 

6 7o31 6090 
12 9.43 18078 
18 8.51 10020 depletion diet 
24 6.77 7o80 
28 7ol9 9.30 
35 3.40 7.25 
41 2.07 4o60 
47 1.31 5.40 
53 2.77 6.95 
59 1.72 2.10 
65 1.61 3ol5 
71 2.52 4.90 severe scours 

'?7 calf died 

TABLE XII 

HOLSTE! NO. 84 

Age Vitamin A Carotene Remarks 
da. mcg./100 ml. plasma mcg./100 ml. plasma 

23 5.34 6030 
36 11.73 4.50 
42 4.01 5.85 
48 4. 59 o.oo 
~4 1.10 o.oo calf died 
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