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INTRODUCTION

“he importance of the role of vitamins in the animal
body remsined obscure to investigators in the field of
nutrition until after the beginning of the present century.
“owever, duringe the past two decades, very rapld progress
hag been made. At present, the chemical structure is
known for 15 different vitemins which are required for the
maintensnce, zrowth, and reproduction of animals.

3imilarly, the importance of the endoerine glands in
the regulation of the phyaiological functions of the body
was recognized only in recent years. At present, the
endocrine zslands are known to function as the controlling
centers of the various physiological processes that occur
in the animal body. #ith the extensive investigstions of
the effects of different vitamins and hormones in the
animal body, it isg of perticular interest, at the odresent
time, to consider the interrelations between the vitamins
and hormeones in their funetioning. The present study was
unidertaken, therefore, to study the interrelationsghip of
certain vitsmins of the B-complex (riboflavin, folic asecid,
pantothenic acid, and vitamin Byl and thyroxine, the
hormone of the thyrold glands.

The importance of riboflavin, folic acid, psntothenic
acld, and vitamin Byg in poultry nutrition is well

establishel. Adeqguate amounts of all of these vitamins



are recuired for rapid growth end good livability in the
chiek. ZAiboflevin, folic acid, 2nd pantothenic acid are
also reauired for normal reproduction in hens. In addi-
tion, a deficlency of pantothenic acid results in nutri-
tional dermatiitis in chicks and hens. diboflavin
defTiciency also results in a curled toe paralysis condi-
tion. olic acid is also required for normal feather
Tormation snd hemoglobin formation in the chick.

The thyreoid zland is known to function as & con-
trollin - physiological mechanism for growth, maturation,
arnd reproduction of chickens. The thyroid hormone
(thyroxine) controls the metabolic rate and the general
oxidative nrocesgses in the body. Tt is also Interrelated
with othuer endocrine glands. 3Reproduction is effected by
the thyroid function, probably throuzh the gonads and
pituitary. Disfunction of the thyroid gland interferes
with thyroxine production, resulting in 2 depression of
the mei&bolic rate, impaired physical and mental responses,
letharyy, and sterility. Cn the other hand, excessive
thyroxine production or 2dministration causes elevation
of the metabolie rate, nervousness, increassed activity,
and sometimes results in toxicity.

~t the pnresent time, considerable experimental work
igs helins conducted in which the action of certasin chemical
compounds, vnown to have snecific effects on the function-

~

ing of the thyroid glands, are being studied in relation



to their effect on the market guzlity of poultry meat.
These substances not only effect the degree of fTattening
put also effect the feed utilization.

A few investigators nave reported an inter-dependence
netween certain of the vitamins and hormones. J3ince both
the hormones and the vitemins are regulatory in nature,
it is considered probable that many more Interreclations
exist between these two most important types of regulatory
substarces in the body. W%ith this in mind, work was
initiate?, involving the gtudy of possible interrelation-
shipa of thyreoxine and four of the B-complex vitamins in
chiick nutrition. Riboflavin, folic acid, pantothenic

&cid, and vitamin By, were selected for study.



JEVIEW OF LITERATURD

Jackson (18285, 1228) and stephens (1941) have clearly
shosn that malnutrition in laboratory animals profoundly
moiifies the structure and function of endocrine glands,
resulting in hypofunction of the entire endocrine system.
Lndoerine-nutritional relationsghipa have been reviewed by
Suilbert in 1242. It was pointed out that undernutrition
sgenerally proiuces a phenomenon of inanition which acts
throuzh the pituitary gland and thersby affects all other
zlands. Phillips, Friedman, and Turner (1939) reviewed

he relation of nutrition te reproduction. They remarked
that "foold restriction that causes marked growth retarda-
tion in young or weight losses in adults, results in
cessation of esgtrus in the female, loss of sexual 1libido,
mortality of aperm, and tegsticular atrophy in the male'.
Zreneman (1940) observed that restriction of food to
chicks resulted in a suppression of body growth and pro-
duced testes that were smaller in oproportion to body
weirht than those of chicks receiving a full diet. iwvans
(1928), Guilbert and Hart (1830), Pearson (1237}, Crent
and ¥elollum (1931), and Yertz (1945) have shown serious
nitriticonal disturbances to'dépress reproductive capacity.
zomez ont et al. (1947) obse.ved that in partially starved
rats, the hypertrophy and hyperplasia of the thyroid gland

Induced by thiouracil is less marked and develops later



than in normally fed controls. Guilbert (1%42) reported
that an iodine deficiency in the dliet of animels causes
rensrodaictive fallure prinerily through develoopment of &
soltross condition in the developins fetus. 4belin (193C),
workin - with rats, found that increasing the casein content
of & thyrotoxie dlet decreased the geverity of the symptoms.
Uffects of vitamin 4 deficlency on the thyreid glands
of the rst have been reported by many investigsztors.
elarrison (1231) noted hypertrophy of the ¢lands in rats
and abnormel distention of the follicles in vitamin A
deficiency. Coplan ond Jampason (1235) reported that
vitamin & deficlency produced definite hypertrophy of the
thyroild glends in the female rat and consistant atrophy
in the male. £ discussion on the excess requirement of
vitamin . in human hyperthyroidism has also heen presented
oy simkins (1847). Lipsett and vinzler (1947) found that
the tihyreld zlands of vitamin & deficient rats, wervre
relatively heavier than those of the control animals, and
that vitamin A deficiency decressed the rate of Tormation
of thyroxine. Their results indicated that iodine metab-
clism was abnormal in the vitamin 4 deficient rat. 3adhu
and Truscott (124R8) observed that hypervitaminosis 4 was
accomvanied by a Jecrease in protein-bound iodine in the
liver and thyroid glands, and an increase in protein-
bouni ieciine In the blood serum, pitultary an3 skeletal

miscles. They susgested that these results were due to a



decreasei hepatiec destrm: -tion of thyroxine, with a con-
secuent hyperthyroxinemia. The latter depresses the
thyrotronic hormone secretion, producing the observed
deecresse in Doth thyroid weight and in protein-bound
iodine in the thyroid glands.

The work of FTrgheff et al. (1845) is an example of a
vitamin-hormone relationship in which they pointed out thsat
vitamin 4 in rats stimulates rapid growth throuzh the
pituitary <rowth hormone.

in zddition to the observations of sbelin et al.
(1£3C), abelin (1933) ani Von Euler and Klussman (1832),
Lozaras and Jrummond (1238), and sure and Buchanan (1937b)
also obtained evidence of an increased requirement of
vitzmin o in the rat during experimental hyperthyroidism.
The same was found to be true for the ascorbic acid
recuirements of the guinea pig by Svirbley (1235}, and
sure and Theis (19282) in rats.

~aniler and Follis, Jr. (1948) further stated that
thyroi feediny nastened the death of choline deficient
rats sbowing no necrosis or fibrosis of the liver. They
fount that rats, fel diets deficient in both cystine and
choline, were more susceptible to hyperthyroidism than
those receiving diets adequate in either of these nutrients.

ertz (1946) postulated that the disturbance of the
normsl hermonal mechanism, associated with & vitamin

ceficiency, may represent either iailure in the hormone



proiuction, » loss of responsiveness on the part of the
tissues involves, or decreased hormone destruction. Thus
aneéstrum in rats resulting Trom feed restriction (Harrian
et al. 1928, Orill et al. 1344), impalrment of stilbestrol
response in the folic acid ceficient chicks (Hertz, 1245),
and persistant estrug in B-complex deficlent rats to which
eatrogens have Deen intrasplenically administered, are
exsmpiles of the possible rescticns, mentioned sbove, show-
ins definite functional relationships between vitsmins and
hormones. According to Trill et al. {1843} excesgive
duses ot thyroxine or desiccated thyroid cause znegtrus

Iy

anii loas of body and ovarian welght in the adult rat and

prevert zonadal development in the youn:y snimal. They
steted thot these eflfects can be prevented In adult rats
by the administration of increased smounts of thizmin or
yeast. Lranoff (1545) reperted that these nutrients are
without efrect in the young znimals.

Tertz (1%485) stated that @ highly specific dietary
factor {(folic acid) may be shiown to be both quantitatively
and cuzlitatively involved in & hormonzl resnonse result-
ings iv mew tissue formztion. This gituation is somewhat
snalogous to the necessity for adequate iodine inzestion
for nermal thyroid function. 2rill (1838) presentes
extenzive Jata indiecating that the thyroid-fe? rzt has an
inereased requirerent for thizmin, p,ridoxine, 2angd

panticilenie acic. e further sugzested thet the fsilure



of the thvrotoxic rat to utilize estrogen optimzlly is
releted to its deficiency of B-complex factors.

Trahoff {(1947) stated that administration of liver
completely counteracted the retardation of growth and
inkibition of ovarian development obaserved in immature
rats fed large amounts of desiceated thyroid. He concluded
that liver contained some factor other than ribeflsvin,
caleium pantothenate, or folic acid, which is reguired for
normal zrowth and ovarlan development in the immature
thyroii-fed rat.

sure and Smith (1834) demonstrated that retardation
of loss of welght can be secured in animals receiving
toxic doses of pure erystslline thyroxine (3quibb's) by
agdminigtration of a potent vitamin Bl concentrate. Jsure
and Buchanan (1937s) found that after the heat stable
components of the vitamin B complex had been nrovided by
autoclaved northwestern dehydrated baker's yeast, pure
erystalline vitamin B was an excellent anti-thyrogenic
agent in dally decses of 30 to 100 gamma, capable of
counteracting the toxicity of as high a daily doze as (.2
mg. of thyroxine.

Togrpeshall and Greene (12233) found that in their
studies the liver glycogen 1in rats was reduced more by
the administration of thyroxine than by feeding dried
thyrold 7land. Himwich, Soldfarb, and Cowgill (1831, 1932)

found that dogs fed desiccated thyroid needed more vitamin



gdecomplex ag judged by the onset of anorexia and loss of
weivht. This was confirmed in the pigeon by Cowgill and
“glmieri (1933). Frazier and Friedmen (1235) found a lower
percentapge of glycogen in the liver during hyperthyroidism,
vhich could not be raised by the feeding of sugar. Drill
(1937 surs

¢

rested that the loss of glycogen in the liver
during hyserthyroidism might be due to the destruction of),
or inability to utilize, the J-complex vitaminsg suvplied
by veast as a result of administration of desiccated
thyreid. e noted that rats, on a normal diet containing
2.1 to Z.4 International Units of vitamin G per day and
receivins C.1 me. of thyroxine subcutaneously per day,
eventusally lost weight and showed low liver glycogen values,

Bethell et al. (1947) sugrested that the increased
metabolliec rete, which results from the administration of a
thyrctoxic material, may necessitate an increased dietary
intalke o members of the vitamin 8-complex. The results
of many workers confirm such a hypothesis (ibelin, 1970},
Cowyill znd Pealmieri (1933), and Himwich et al. (19231,
16325 .

The partisl protective effect of vitamin By against
thyrotoxicocity, reported by sure and Smith (1934}, was
later contirmed by 3ure and Buchanar (1937a) and Drill ani

sherwood (1838). 741l and Overman (1942} found +4

e
[

t

b

pyridoxine and calecium pantothenate were regjuired i

i

»

larger cuantities during experimentally induced



1¢C

thyrotoxicosis. aAbelin (1945, 194€; observed a beneficial

effect when massive doses of calcium pantothenate were

Bl
fate

administerel 10 hyperthyroid rets receiving a crude ration.
“his gusvested a Tunctional relationship between panto-
tizenic acid and thyroxine.

Jetheil et al. (1847) confirmed the presence in yeast
of an anti-thyrotoxic factor as previousgly reported by
orill (1937}, Sure and 3mith (1834}, and Sure an’ Buchanan
(1937&). They also found liver tc be a better source of
the anti-thyrotoxic material than yeast and reported that
this fzector wass not one of the then recogmized B-complex
vitamins.

sllardyee et al. (19473, working with rats, observed
that the aiministration of riboflavin, thiamin, and
pyritoxine counterscted the effect of desiccated thyroid
s0 far as tre elevation of the bassal metabolic rate and
loss ¢of welsht were concerned. 2Iiboflavin proved to be
the most effective of the three vitaming used. Thease
workeir's found that, without rivoflsvin supplements, the
basal metabolic rate of male and female rats dropped below
the orisinal level. These animals lost weight, despite
tire continued adminigtration of desiceated thyroid over a
lony neriod of time. “hen the series of thyroid admin-
istrations were repeated after zn interval of time, the
elevation of the bHasal metabolic rate was less in all

cases. apparently the rats aijust themselves fairly
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rapiily to the action of sdded desiceated thyroid and
develon n certain tolerance. ~lthough the rats were able
to overcome the action of.ﬁaily doses of desiccated thyroid
without vitamin supnlements, the inclusion of vitaming
fecilitated a more rapid recovery. The effectiverness of
the vitemins was in the following order, from greatest to
least:s ribeflavin, thiamin HQl, para-aminobenzoic acid,
nicctinic acid amide, calcium pantothenate, and pyridoxine.

Fartin (1947) stated that when rats, on stock diets
containins saulfaguanidine, were given thyroxine, an acute
leuconenia develoved. The simultanecus oral treztment of
these rats with "folie acid™ concentrate resulted in a
nullification of the tendency toward a leucopenia. On the
stock sulfanomide diet, there was a marginal intske of
folic acid sttributed to a reduced synthesis of this
vitamin in the intestinal tract. He concluded that
thyroxine, and the concomitant high metabolic rate, in-
cresased the demand of the asnimal for "folic zeid.”

Trahoff and Hershberg (1245) working with rats, how-
ever, were unable tc alleviate the symptoms resulting from
thyroid administration by greatly inereasing the calcium
nantothenate level of the ration. They further found that
rats fed 2 purified ration, very high in the members of
vitamin Z-complex known to be required, grew poorly when
desiccated thyroid was added to the diet. The feeding of

a yveast-containing ration resulted in much bhetter growth
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and survival. This indicated that some factor present in
yeast, other than the vitamins added, exerted an anti-
thyrotoxic effect. Their results indicated thati rats,

fed ourified diets, are extremely sensitive to thyroid
feeain . . This sensitivity manifested itself in sudden
deatn, apparently due to cardiase failure. Length of sur-
vival was markedly prolonged in thyroid-fed rats receiving
Gecomdlex vitsming in the form of yeast. <Thege workers
stated, in this regard, that the marked sensitivity of the

hyoerthyroid organism to adrenslin is of particular

wasb (1841) demonstrated thet Jdoses of adrenalin,
relatively inmocuous for the normal rat, proved fatalAwithw
in three to five minutes when injected into animals that
had been pretreated witn thyroxine for three days. Simi-
larly the concentration of adrenalin and adrenslin-like
gubstances in the heart muscle following an injection of
adrenslin was markedly increased if the animals were pre-
treated with desiccated thyroidg.

craholf (1948) stated thet immasture female rats
fallel to survive when fed purified rations containing
botli: pancreas and desiccated thyroid. e further observed
ithat length of survivel was significantly prolonged if
eitier panereas or thyroid were e¢liminated from the experi-
meéntal ration. The deleterious effects of pancreas in the

thyrodid fed rat were not due to increased digestion or
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absorpticon of thyroactive material.

itarx et al. (1948) and Ershoff and darx (1248) indi-
cated in thelr recent works that choleslerol may also
arolon: the survival time in dmmature rats, fed desiccated
thyroid in & diet also containin; Jdesiccated wheole liver,
veast, aextracted liver residue, the benzol-insgoluble

Srzetion of extracted liver residue and xanthine.

iobhlee et al. (1848) stated that a thyrotoxic condi-
tion in ths chiek, induced by feedinz desicested thyroid or
iodirated casein, wag effectively counteracted either by
suppolemerting the diet with condensed fish solubles or by
the injection of reticulogen (a concentrated liver extract
used 1 tue¢ treatment of pernicious anemial). 4An increased
growth roesponse was obtained upon addition of either
desiccated thyroid or iodinzted cesein tc a ration contain-
ing adequate amounts of the known and unidentified growth
factors.

rahoff (1248), in bis recent studies with rats,
observel that oral administration ¢f desiccated whole liver
orolenes sorvivel and counteracted the retardation in

growti of lmmatare rats feld toxic doses (C.5% of ration) of

desiceste? thyreid. 7The findings of Irshoff and Yevilliams
(1948) indicate thet the bereficisgl effect of extracted
liver residue on growth ana survival of immature rats, fed
mass ive ﬁosé& of desicecated tbyrei?®, is ecqually evident in

rets Jet massive doses of thyroxine, thyrogiobulin or
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icdinated caszein. The effects were particularly striking
in the rsts receiving thyroxine. according to ‘rshoff
(1£47) tre protective factor(s) was nresent in the benzol-
insoluble fraction of extracted liver residue. !e further
guggested that the arowth promotiny and survival-prolonging
effects of liver in the immature hypverthyroid rat are due
to separate fzctors other than the presently recoimized
nutrients, including vitamin Bjyo.

¥ichol et al. (1249) found that vitamin By, admin-
istered orally or parenterally completely counteracted a
thyrotoxic condition in chicks produced by feedlng a bassl
ration containing 0.05 percent iocdinated casein.

Jague et al. (1848) reported that in New Hampshire
chiicks f'ed a ration low in thiamin, pyridoxine, bioctin,
sentothenic acid, or riboflavin, injected thyroxine oro-
duced bDlsckening at the base of the wing festhers. In
vitsmin 0 and ¥ deficiency, thyroxine produced a deeper
blackeninz than was observed in vitamin D and ¥ deficiency
without the administration of thyroxine. They fTurther
observed ihat thyroxine caused high mortality in chicks
fed a ration low in folic acid or pantothenie acid. fanto-
thenic acli de’iciency symptoms in chicks were nartislly
counterscted by thyroxine injection.

The results of studies by Haque et al. (194¢), working
with testosterone propionate snd estradiol propionate in

the deficiency of certain vitemins (riboflsvin, pantothenic
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aciz, folie acid, vitamin I, choline, nilagcin, vitamin D,
vite

®
L r
GAn

, toilamin, pyridoxine, and biotin), indicated
.t.e}.-} ’.3? t; 2

2 “eTiclency of riboflavin in chicks uvroduced a

sli~htlry -oiterogenic effect. These workers slso suggest

teat ribofiavin is reguired for the formastlon of thyroxine

Ly the thyrold glands in chicks.
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PURPQSE

The object of this work was to study the efTect of
thyroxire aduinistrstion in chicks fed sdecuste diets
except for varying degrees of single vitamin deficiencies.
In threse experiments, rivoeflavin, folic acid, pantothenic

acld, and vitamin B,y were selected for study.
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GENERAL EXPERIVENTAL PROCEDURE

Day-old New Hampshire "straight run" chicks obtained
from the University of Yaryland Poultry Fxperiment station
were used in all studies, except the study involving
vitamin Byg. In this study, mixed chicks, hatched from
exgs of heng fed a ration containing no animal protein,
were obtained from the Division of Poultiry Pusbandry,
United states Department of Agriculture, Beltsville,
Maryland.

At hatching time, all chicks were wing-banded and
weizhed. They were reared in electriecally heated batteries
with ralsed sereen floors. Feed and water were svailable
to toe chicks at all times. The body welphis of individual
chicks were recorded weekly. Mortality of chicks was alsco
recorded.

411 experiments were terminated when the chicks were
four weeks old, except as indicated. The experimental
pericld was onreceded by & preliminary standardization
period ir 21l studies. B3aby chicks ranging in body weight
from 35 to 42 grams, were selected and distributed into
grouns of approximately 30 to 4C chicks at the start of
the preliminary perici. 4t the end of this pe-jod, the
chiicks were Jlstributed inteo uniform groups, eliminating
the very rapidly and slowly growing chicks. The prelimi-

nary period varied in length in the different studies,
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ransing from one to three weeks in durstion. This was
dene in order to modify the length of the experimental
seriod.

In the studies dealing with riboflavin, folie acid,
and pantethenic acid, a purified type ration was used.
This ration (113) is adeguate in all the presently recog-
nized nutrients required by the chick for the rapid
growth, witi the possible exception of vitamin 3,,.
since sincle vitamin deficiencies were studied in each
exoe~iment, these rations were rendered deficient in
thege vitaming Dy omitting the vitamin under study. The
vitemin omitted was then added in graded amounts to the
diets cof the dlfferent groups of chicks in each study.
In this way the effect of thyroxine injections in chicks
receiving diets contzining suboptimal and adequate levels
of esch: vitamin could be studied. The chicks were fed
the respective dietes during the preliminary and experi-
mental period.

Ir the experiment with vitamin Byo,s all the chicks
received & diet deficient in this vitamin during the two
weeks preliminary period. This dlet is given in table 2
(alet ). oafter this period the chicks were fed diet B
also shown in table 2. 4 crude vitamin Byg concentrate
was aided in graded amounts to the respective diets of

the different groups of chicks. Jliet B is also deficient



Table 1.

Composition of Dmasal ‘atioa 113,

19

3
#ain Ingredients ., Percent Vitamin Supplements . mg/100 gnm.
Glucoss {(Cerelose) 61.4 Thiamin HCL Oud
¢asein {orude) 18,0 Rivoflavin 0.8
Gelatin 1040 Ca pantothenate Geld
Soybean 6il 4eD Higotvimie acid 8.0
Salts 1¥ 640 Choline Gl 200.,0
Hethionine Dal Fyridoxine HCOL 0.6
Catog 1.5 Biotin 0.02
Kglii0y Cot Folic acid 0.2
HaliPOy4 0,73 Inozsitol 100.0
Ga3(P0)2 1.3 Pare-smino-benzoic
ac¢ld C.2

Nall .88

alpha-tocopherol 0.5

J-Moathyl-1,
Fe(C8ligly) o 6H0 0.14 4-naphthoquinons 0.1
¥nS04. 48,0 0.041
KI* 0.004
Eaﬂlz 0,002
CuS04. BH,0 0.002
HpBOg 0.0009
G030 4. 7H0 0.0001
Vitemins 4 in I.U. 12001
Vitamin Dg in

“x.@-&.ﬁq Qaltg 1701

1 vitesdins .. and DB ars fed by dropper weckly.

* Ground and mixed seperately.



Table 2.

The cemposlition of ratliocn uveed in the study

of Vitasmin 912 and thyrcxine.

E LN LR L N S

Fayraant of total ration

Inwﬁiga‘@a antion A : detion B
&n 1 &n
Cerelose B0.0 11.5
alpha-protein 40.0 -
Zoybean meel - 80.0
Soybean oil 3.0 2,0
Cod liver oil Oub Qa5
D-iathionine 0.5 -
3&0@3 2.0 20
Rghtlg 0.9 0.9
Cag(PO4)p 0.8 0.8
ke Cl Q.88 0,88
b0« TH0 G450 0450
Farriec citrate O.l4 Del4
I 0.004 0,004
ﬁnﬁlg G, 002 0,002
HgBOg 0.0009 0.000%
aas%.m O 0.0001 0, 0001
Ouis0, . BHE0 0,002 0.002
Bng g
Thiamin ECL 1.0 1.0
Riboflavin 1.0 1.0
¢a pantotheunate 240 240
fiiaein anide 8.0 5.0
Pyridoxine 0+80 0.50
Choline C1L 200.0 200,0
Biotin 0.08 Q.02
Tolic acid 020 0«20
Irnoaitel 100.,0 100,0
Pars anino beazoic scid 020 0.20
¥enadlone 0.50 0,50
Alphe tooopherol 0.50 0.50
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To ensure a uniform distribution of the vitamins,
all tre vitamins, except vitamins A and D, were first
placed in solution and mixed with the dry Inpgredients.
Yitarin . gni D feeding o0il was aiministered orully to
each chick on 7th, l4th and 2lst day in cuentities to
zusdly 1207 L.U. of vitemin 4 and 170 4. o000 unitg of
vitausin Dy per chick per week.

e thyroxine injections were not administered until

the berinmingz of the experimental period in rll the

1]

Bt

studiesz. Crystalline thyroxinel was dissolved in a water
aolution containing 4 percent sodlium hydroxide, in amounts
so that each cc. of the resulting solution contaianed
either C.2 or 2.0 milligrams of thyroxine, as indicated.

vne nalfl of chicks in al1ll the studies were injected
intramascularly with thyroxine solution. The amount of
thyroxine used varied in different exveriments, as ind4i-
cated under results. The number of injections also 4if-
fered in the various experiments. These modifications
were made in order to study the effects of injecting
different smounts of thyroxine with 3 varying nurber of
injections in chicks receiving graded levels of esch
vitamin,

ihe detailed procedure employed in the experiments
dezling with the study of the relationship of each of the

vitaninag to thyroxine is described below:
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Lxperizents with riboflavin gnd thyroxine. 32ation 113,
excluiing riboflavin, was used as the basal ration.
Crystalline riboflavin was added to the respective diets
&t levels of C.1, 0.2, 0.4, and C.8 mg. per 100 grams of
ratior in all experiments. However, & level of C.3 mg.
cf rineflavin per 100 grams of dlet also was used in the
“irat experiment. In this exveriment 2 totsl of one milli-
gram of thyroxine (0.5 cc. of solution) per 100 grams of
bodr welrnt waa administered In & single injection to each
ctick st the age of three weeks. Two groups of chicks
vwere also maintained on & practical chick sgtarter ration.
The chiicks of one of these groups &ls3c were injected with
cne millirram of thyroxine wer 100 grams of boiy weicht on
the Zlat Asy of age.

-

In the second and third exneriments, each chick was
injected with 0.1 mg. of thyroxine (0.5 ce. of solution
containing 0.2 myz. per ce.) ver N0 grams of body weight,
durins the 13t and 4th day of the second, third and fourth
weers. ach chick recelved & total of 0.8 mo. of thyroxine
per 100 zrans of »Hody welight during the experimental period
in these exneriments.

Txnerimentz with follc acid and thyroxine. Dasal

ration 113 execludins felic aci? was used. Crystalline

ok
23
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2dcd to the respective dlets ot levels of
15, &0, ard 200 zommg ner 100 grams of feed in 211 experi-

rentis.  Uowever, in the first experiment, in addition to



the above levels, diets containing 25, 35, 100, 500, and
1000 gamma of folie acid per 100 grams of diet were stud-
ied. TNiets, containing 1000 gamma and 25 gamma per 100
grams, were also studied in the second and third studies,
respectivesly. Two groups of chicks were also maintained
on & practical echick starter ration in the first and
second experiments.

In experiment 1, a single inJjection of 0.5 mg. of
thyroxine (0.25 ec.) per 100 grams of body weight was
given to each chick at the age of 3 weeks.

In experiment 2, three different levels of thyroxine
(C.25, 0.5, and 1.0 mg. per 100 grams of body weight) were
injected on the Zlst day of age in chicks fed the diets
containing different levels of folic acid. Similar in-
Jections were also given to the chicks fed the practical
chick starter ration. This was undertaken to study the
comparative effects of each level of thyroxine administered
in one inj:ction, in chicks fed similar graded amounts of
folie acid.

In experiment 3, the experimental period, number of
injections and the amount of thyroxine administered were
medifie”. The experimental pericd was three weeks in
length, seginning at the end of the first week. 3ix in-
jections of 0.1 mg. thyroxine ner 100 grams body weight
were wiven on the 18t and 4th day of the 2nd, 3rd and 4th

week, or & total of 0.6 mg. of thyroxine per 100 grams of



hodv welght. Blood hemoglobin determinations were made
on certain of the injected an: non-injected groups of
chicks fed diets deficient and adequatle levels of folic
acid.

Lxperiments with pantothenic acid snd thyroxine.

3agal ration 112 was used excluding the pantothenic aeid.
Jantothenic acid was added to the different diets at levels
of 018, 0.5, and 2.0 mg., per 100 grems of ration in sll

the experiments. Additional levels of 0.3, 1.C ani 5.0

mg. per 100 zrams of feed also were fed in the first experi-
ment .

In experiment 1, a single injection of 0.5 mg. of
thyroxine (C.25 ce.) per grams of body weilght was given to
each chick on the 21st day of experiment.

“xperiment £ wes undertaken to study the effect of
varyin: the numuber of injections with an equal amount of

hyroxine administered in chicks fed diets containing

sraded levels of pantothenie z2cii. In this experiment,

ver 10C zrams body weight. In one series this was glven in
2 injections of 0.25, 0.25 end 0.5 mg. on the l4th, 19th,
and 24th day, respectively. In a gecond series two in-
Jeetions of 0.5 and 0.5 mg. of thyroxine per 100 grams of
cody wel ht were gilven on the 14th and 2lst day, respective-
ly, while in a third seriles & single injection of 1.0 mg.

per 100 gramg of body weight was administered on the Zlst



day. ©Chicks receiving diets containing similar levels of
pantothenic acid were used 1in all these series.

In experiment 2, the number of injections, amount of
thyroxine and the length of experimental pesiod were modi-
fied as described in the third exieriment involving folie
ascid. 3ix injections, each consisting of 0.1 mg. of
thyroxine per 100 grams of body weight were given during
g three weeks experimental pericod. Ubservetions on the
severity of the dermatitic symptoms of pantotiheniec acid
deficiency were made on the 28th dey of experiment.

D Txperiments with vitamin Bygs and thyroxine. Prior

—— et

to the experimental period, the chicks were fed diet A
(table 2) for a two week vreliminary standardization
period. 3assl ration B, the composition of which is alsc
miven in table 2, was used during the three week experi-
mentsal neriod. This baszal ration contained a protein
supilement of segetable origin and wes quite deficient in
vitamin Byg. A erude vitamin Byg concentrate was added
to the different diets at the levels to supply 0.375, 0.75,
1.5, and 3.0 gamma of vitamin 845, respectively, per 100
gramg of ration. 3ix injections of 0.2 mg. of thyroxine
(a total of 1.2 mg. of thyroxine) per 1CO grams of body
weizht, were given to each chick on the 1lst and 4th day

of the Jrd, 4th and 5th week.



RESULTS
A Lxperimentg with riboflavin and thyroxine. Three

evperiments were conducted to determine the effects of
thwyroxine injections upon mortality, body weipght, and
thyroid weizht of chicks fed diets containing low or ade-
quate amounts of riboflavin.

In experiment 1, a gingle injection of 1.0 ms. of
tiyroxine per 100 grams of body weight was ziven, on the
€lat day, to chicks fed diets containing different levels
of rivoflavin. The results are p»resented in table 3. In

experiments 2 and 3, the experimental period was length-

i

ened to 3 weeks in duration. The level of thyroxine was
also modified to G.6 mg. per 100 grams of body weight,
ziven in 6 injections (each of 0.1 mg. per 100 grams of
body welisht.) during the experimentel period. The results
of tiese two experimenis were combined and are presented
in tevble 4 znd figure 1. The combined results of all
three experinents are shown in table § and figure 2.

1) tortality. The data given in tables 3, 4, and &
show tnat the mortality was greater in all groups of chicks
injected with thyroxine than in those not injected. Of
the total 23C non-injected chicks In these three experi-
ments, 10.4% died Auring the experimental periocd as com-
pared to 2¢..0%L for the 234 injected chicks. This higher

mortality occurred either as a direct effeect of the



Table 3. sffeet of thyroxine injections on mortality,
body weight and thyroid weipht in chicks
receiving different amounts of riboflavin.

{txperiment 1)

: Added : : Humber : Vortality: Average. Averaze
s+ riboflavin: Thyroxine: chiaks during : 4 weeks: thyroid wt.
Group: ng/l00 ga : injected®: at 4 4th woek ; welsht,: wms/100 gm

e s. da

:_of diet v 3 weeks & i s body wh.
1 0.0 - 4 (7)™ 42.8 a8y 16.6
2 0.0 - 3 (7) 87.1 78 9.6
5 o1 - 1s@as oo 18 1s.2
4 0.1 - 8 (13) 30.7 140 10.3
5 0.2 - 13Qs) 0.0 2o 10
2] 0.2 * 9 (13) 30,7 238 11.0
‘?~ o —3:3. T : o -1; Zl;)~ o ;.5 o mﬁiﬁ“ S ”9:9’ )
8 0.3 * 11 (14) 2l.4 21y 7.6
I S T e R T
10 Oed - 11 (13) 16.8 288 8.7
w o8 - 1208 oo 2 8.9
12 0.8 * 10 (i2) 16.6 230 7.7
12 rectieal chiek - 12 (12) 0.0 185  18.2
starter
ie v " " - -1z (12) 0.0 201 8.3

Fow o siugle dajeetlon of 1,0 mg pes 100 g ol body wel ht was injected
on 2lst day,

* Pieures in the parsntheges indieate total number of chicks at ihe
bezinningy of toe exporiwerntel pescicd,



Thyroid weight (mg/100 gm body wt)
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——— Non-irnjected
..... Thyroxine injected
1

i - N
0.1 0.2 0.4 ¢-8
Levels of riboflavin (mg/100 gm of diet)

Figure 1. Average thyroid weight as influenced by thyroxine
injection and level of riboflavin in the diet.

(Combined results of experiments 2 and 3)

82
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Table 4. sffect of thyroxine Injesetion on wortality,
body walsht and thyrold welight in chidks
re¢aiving different amounts of ribeflavin.

sZxperiments 2 and I combined)

rAded : : Yortality ¢ Average: AVerase
: riboflavin, :Thyroxine., Number curing @ welght,. thyroid wt.

Group: ng/l00 gm :injected™®; chieks : expt.period: 4 weeks: ng/l00 gm
3 o

:_of diet i 4 weeks P P dga  : body wh,

1 0.0 - 15 (30)*%  80.0 9 12,8

2 0.0 + 10 (30) 668.7 7S 9.8
s o - e (30 166 1o 12,3

4 0.1 + 23 (30) R3.35 131 S.1
s o - == 0.0 134 101

6 0.2 * 24 (30) 20,0 =07 6.3
7 ow - e  sa 22 5.6

8 0.4 * 26 (30) 13,3 223 7.1
"9 os - Tz (290 0.0 28 8.
10 Q.8 + a5 (30) 16.6 236 Beb

¥ oosix injectiona of 0.1 my ner 100 gns of body welight ware given
during 3 weeks of experimental perilod.

#* Figurea in the parentheses indicate totsl number of chicks at the
Leginning of the siperilieontsl period,



Table 5. Effect of thyroxine injections on mortality,
body welght and thyrold welsikt in ehicks
receiving different smounis of ribvoflavin.

{Cxperinents 1, 2 and 3 combined)

:+  Added 3 H T w#ortality : average: Average
. Tibveflevin: Thyroxine: Number : during : weicht,: thyroid wi.
Group: mg/100 gn : injected*: chicks :okpt.period: 4 weeks: mg/lU0 gm
of diet i 4 weeks: % i gm  : body wt,
1 0.0 - 19 {37)* 48.6 73 13.4
2 0.0 - 13 (37) 64.8 78 9.6
4 Gl * 32 (43) 28.5 133 9.4
6 Cal - 41 (41) 0.0 202 10,2
6 0.2 & 33 (43) 83,2 214 7.8
7 Ged - 41 (42) £.3 236 948
8 0.4 - 37 (43) 13,9 234 7.8
9 0.8 - 41 {41} 0,0 2239 8,9
1G G.8 - 28 {48) 16,86 288 6.2
11 #ractleal ehilck - 12 (12) 0,0 185 13,2
starter
iz i " i - 12 {12) 0.0 201} B.5

* pisures in the paventheses indlcate total number of chicks at the
beginning of the expsrizental perlod.



Thyroid weight (mg/100 gm body wt)

———— Non-injected
----- Thyroxine injected

0 1 2 .4 .8
Levels of riboflavin (mg/100 gm of diet)

Figure 2. Average thyroid weight as influenced by thyroxine
Injections and level of riboflavin in the diet.

(Combined results of expts. 1, 2, and 3)
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thyroxine injection itseli, or due to an increased require-
ment for riboflavin as a result of the thyroxine injection,
nraoducing e mere severe deficiency of this vitamin.

Body weicht. From the data on the average body

weights, siven in table 4 (combined results of 2nd and 3rd
exnerizents, it aopears that the injection of thyroxine in
enicks, receivins dietls low or suboptimal in riboflavin,
s1lintly irereased the rrowth response over thes: not in-
Jectew. sltnough this difference in growth is nct preat,
it i3 cernszistant In all the groups where the level of
cizoflavin #3353 not adecuate. “lowever, this difference in
sroatt resdonse was not observed in experiment 1 (table 3).
In the first'axperiment the chicks were ziven a single
injectior of 1.0 mg. o7 thyroxine per 1CC grams of bhody
weivhl on the 2lzt day of azge and the experimental period
was only cne week in length. In experiments £ angd 3,
where the injeetion of thyrcxine resulted in an increased
zrowth respense, the chicks were given € injections of
thyrexine (0.1 mg. eaeh) during & three-weeks experimental
nepricd. 3 the lev-l of riboflavin was ineressed in all
exnerirents, the zrowth re:ponse was correspondingly in-
crezge’ irresjective of thyroxine injections.

o,
A

dyroil zlanda. then thyroxine was not injected,

the averaixe welght of the thyroid glands, exoressed in
milligrars Der 120 grams of body welght, was greatest in

the chicks of those groups receiving no sdded riboflavin
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(tables 3, 4, and 5). A8 the level of riboflavin in the
diet was increased to the adequate level the average

weirnt of the thyrcid glands was corresgspondingly decreased.
Thisz is 21lso illustrsted by the data plotted in figures 1
and 2. The average thyroid weizht, exnressed as milligrgms

x3

neir 100 srans of body weigat, was greater for chicks
rece’vins diets containing 0.C or 0.1 mg. of added ribo-
fiavin ner 10O grems than for those chicks receiving a diet

-

whicl cortained U.8 mge of added riboflavin per 100 grams.

Trnis difTerence was found to be gignificant at the 1% level

when the datse was analyzed statistically using the "t"

test. In experiments £ and 3 (table 4 and figure 1), this

also was true for those groups of chicks which were

injected with thyroxine. 3uch an effect was not observed

in exoeriment 1, where a much shorter experimental period

w&as uged anl only one injectiion of thyroxine was administered.
‘rom the results presented In figures 1 and 2, it

grppears that there is an inverse relationship between the

averagse thyrold welght, when expressed in milligram per

1T sreme of body weight, and the level of riboflavin in

the Jiet. Tne averagse thyrold welight was lower in each

(]

csze for the chicks of the injected groups than for those

£

chicks < the non-injected groups receiving the same level
of rivoilavine. This indicated the effectiveness of the

thyroxine. (nly one exception to this, shown in taeble 5
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Comparative effects of number of injectiong and

length of experimental pericd. In experiment 1 (table 3),

A s St A

the chicks were given single Injecticns of 1.C mz. of
thyroxine per 100 grama of body weipht at the age of 3
weeks, with en experimental period of only one week. fow-
ever, in exneriments € and 3 (table 4) six injections of a
total of €.6 m-. of thyroxine per 100 grams of body weight
were iiven Auring 2 three week experimental period, begin-
niny with the second week.

The effect of thyroxine injection on mortality, sas
gimilar vhen the thyroxine wiss 7iven either in a single
injectior of 1.0 my, Der 10O grams of Dody welght at the
start of 5 one week exnerimental neriod or in € Injections
of 0.1 me. ner 100 grams of body welght during a three-week
experimental period. Both of these levels of thyroxine
represent < much higher level than is normslly secreted
by the chick., Yevertheless, the effects of thyroxine in-
jection on thvroid weisht and body welzht became more
cbvicus in the 2nd and 3rd experiments where the three-week
experimertal period was used, even thourh less thyvroxine
was injected.

Ciher cbservations. At three weeks of aze, New

Hampshire chicks, fed a dlet deficient in riboflavin,
Jeveleonel whnite streaks of Aenismentation In the primary
and secondary wing feathers. Thesge sitresks were more

obvious when the chlcks were injected with thyroxine. Two
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to three such streaks were present in the primsry and
secondary feathers of each wing. Cther recognized symp-
toms of rihoflavin deficiency were obsgerved.

Chicke fed the purified diet containing 0.2 mg. or
more of rinoflavin per 100 crems of diet grew as rapldly
or faster than the chicks fed the oractical chick starter
uzed In this experiment.

cxperiments with folic z2¢id and thyroxine. Three

exveriments were conducted to determine the effects of

thyr xine injections upon mortality, body weizht and thyroid
wel ht of chicks fed diets conteining low and adequate
tevelz of folic acid. This study was further designed to
obgerve the efferts of 4ifferent levels of thyroxine in-
Jecticns uring a one week experimental perioi. The results
cbtained in these experiments are presented in tables 6 to
11 inclusive, and ficure 2. In experiment 1, a single in-
Jection of 0.5 mg. of thyroxine per 100 grams of body weight
was yiven on the 21st day to chicks fed diets containing

“ifferent levels of folic acid, The results of this experi-

ment are presented In table €. In experiment Z, three

f’:’@

ifferent levels of thyroxine (C.25, 0.5, and 1.0 mg. per
10C 7rams of body weight each) wers administered in single
injections on the Zlst day. The results are presented in
tables 7 snd 8, exceont for those results obtained with the
Ceb myre dose. These results are combined with those of

experiment 1 and are shown in table 6. In the third
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experiment, the levels of thyroxine, number of injections
and length of experimental period were modified to 0.6

mz. of thyroxine (0.1 mg. per 100 grams body weight) given
in & injections during a three weeks experimental period.
The results of thisg experiment are presented in table ©
gnd fiyure 3. The combined results of all the experiments
are ghown in table 10. The effect of injection of 4if-
ferent ammounts of thyroxine on thyroid weight in chicks is
shown in table 11.

Lortality. From table 10, it is evident that there
was zgreater mortality in all groups of chicks injected
with thyroxine than in the groups of non-injected chicks.
In the chicks of the non-injected groups, there was a
total of 13.0 percent mortality during the experimental
period, whereas, in the injected groups, there was 27.6
percent mortality. There were 192 chicks in the non-
injected grouns and 203 chicks in the injected groups.
Although there was considerable mortality in the chicks of
the non-injected groups, the mortality was over twice as
high in the injected groups. As is shown in the tables,
the mortality of chicks receiving low levels of folic acid
was high. Furthermore the injection of thyroxine resulted
in an even greater mortslity of chicks receiving the low
levels of folic acid.

Yo greater mortality was observed when hisher levels

of thyroxine were administered as compared to the lower
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Table 6, E&ffeet of thyroxine injection on mortality,
body weicht and thyroid weisht in chicks
receliving different swwunis of folic acid.

{(Conbined resulis of expsrinents 1 amd 2

LAded Hortality Averace sveraze
folic seid, hyroxine usber during waight, thyroelid wt.
Group gamma/100  injected ehicks  4th week 4 weeks ng/100 gm
@ of Yeed 4 weeis e Zm body wb,
1 18 - 7 (12)"° 4l.¢ 183 15.9
b4 15 - 4 (12) 56,6 144 13.5
oA s - 4 {B) 20,0 1864 $.9
4 ]S + 2 (8) 60.0 183 8.4
* 6 36 + 7 {9} 22e5 245 8.2
7 56 - 17 (17) G.0 200 i2,6
8 50 - 13 {18) 2747 20% 11.8
* 9 100 - & (9) il.1 252 11l.2
* 10 1% + g {9) 1l.1 243 10.5
il 200 - 18 (14} 0.0 245 1l.58
12 200 + 16 (18} 0.0 248 S
* 13 500 - s (8) 0.0 245 10.1
* 14 500 4 6 (7) 14.2 23% 10.7
15 1000 - 14 (14) J¢0 261 G
* 17 rractical chiek = 5 (8) 0.0 203 1344
atarter
* 18 T o B L J 5 (5’) 0.0 30{) 11.0

* Ranresent results of expertment 1 onlyw.

¥ Fimures in parentheses indicste total rnunber of chicks at the

beginuing of the experimental perilod.



Table 7., uLifect of ihyroxine injeetlon on mortality,
hodly weight and thyroid welight in ehicks
veeceivics different asounts of folle seld,

(Txpuriment )

+ Added s t ‘ : Howrtality: Averace: Lverage
1 folle wold,; Thyrcxine: Fusnber . during : welght,. thyrold wt.
Group: camma/l00 : injected : chicks : 4th week : 4 weeks: rg/lO0 gn

LY

i gn of feed: . 4 weeks: i : oy body wt,
1 18 - & (8)% £0.0 188 12.1
a8 15 + 1 {8) £0,0 158 14.6
3 &0 - 7 {8} 125 122 13.4
& 80 - 5 {8) 37 o4 150 12,1
5 200 - £ (8) (a0 245 10.4
6 200 + 7 (8} 128 Pt 8.8
7 1000 - 8 {8} 0.0 247 0.2
Sne
8 1000 + 7 (B)PL8sing 0.0 2553 8.3
g Practiesl chigk - 5 {5) 30 2158 12.8
gstartor
10 " o b + 5 (5) Q.0 200 10.4

i ogingie injoectlon of 0.25 mg of thyroxine was given on Zlst day.

* Figures in the parentheses indicate total number of chicks at the
beginning of the experimental period.



Table 8, HEffect of thyroxine injection on mortality,
body weight and thyroid weight in chicks
receiving different asmounts of folic agcid.

{Fxperiment 2)

: Hortallily: averase: average
Humber : during weight, : thyroid wt.
chieks ; 4th week : 4 weeks: me/l00 gm

: Adided 3
t foliec scids Thyroxine
Group: zemms/l00 : injected

s WE vE 9k
"y B4 we

g of feed: 4 wasks: % em  :  body wt.
1 186 - 5 (5)* 0.0 151 10,7
2 L5 * 1 (5) 2040 144 8.3
x0T T T e Tew i 10
4 50 + 5 {2 33.3 171 11.8
s Twe T T TEsw® e e ws
G 200 4+ 8 (3) 0.0 234 B3
T7 T o T TS5 Te a1
g 1000 2 5 (8) 37.5 £39 8.8
"5 rreetloal oilek - 4 (5) 20,0 209 10.5
starter
e " " " + 3 (D) 40.0 21 10.4

A single injection of 1.0 mg of thyroxine per 100 g of body weicght
was clven on the 2lst day.
¥ lasbers ln parsntheses indicate totel nunber of chieks at start of
experinenial periocd,



’:{.‘ahle $. Lffeet of tuyroxine injection on mordality,
body weight and thyroid welcht in chlcks
receliving different amocunts of folic agid.

(sxperinent 3)

: Added : zi-{iartality PAVSTRLR: HTSYReSs !
: folic aeid, Thyroxios: Bumber : during *w&ight,.th*rsm wt.. Hemow-
Group: gamma/100 : injected : chicks expt.period;:4 weeks:nzg/100 gn : globin

» wve

;. im of feed 14 woeks : & i gn : body wt s y
i 00 - 5 (14)* 62.2 g2 12.1 6440
2 00 + 3 (15) 80.0 76 10.0 4.48
s 1 - e ()  46.6  1s2 1L 7.98
4 15 + 14 (18) 6.6 152 8,9 8,58
"5 s - s oo =s w00 -
6 25 + 14 (18} 6.6 323 7«0 -
7 T w7 T isam oo mr om0 -
8 50 > 15 (18) G.0 280 6.8 -
Te T Two T T o T s am’ | ew | ms ss 7.6
i 200 + 14 (1B) 646 321 6,6 7.99

* Fimures in the parenthoses indicate total number of chicks at the
beginning of the experimental period.



Thvroid weight (mg/100 gm body wt)

a2C

\*“
it O -l <
Non-injected
..... Thyroxine injected
2 15 25 50 200

Levels of folic acid (gamma/10C gm of diet)

Firure 2. Average thyroid weight as influenced by thyroxine
injections and level of folic acid in the diet.

(Experiment 3)
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Table 10, Effsct of thyroxine injoction oa mortality,
body welzht end thyrold welght in ohieks
raceiving different ampunts of foliec acid.
(Cozbined results of experiments 1, # and 3}
. LAded 1 H ¢ Lortality 1 Aversgze : Aversge
: folic eeld: Thywraxine, Humber : during ' welzht, :thyroid wt.
Group: zaszema/l00 : injected : chleks :expi.periocd: 4 wesks :me/100 gn
: g of Teed: t & weakat & 3 & 1 body wt,
3 00 - & (17)% 647 94 1l.8
] o0 * 3 (18) 83,3 %6 10,0
T3 T s T T T Taem T sea | 1as 1as
4 18 - 20 (37) 45,9 168 10.1
s e - T T Iras) s s 10
8 25 * 16 (20) 20.0 221 7.2
T T T e T T T T T i (s0) | a0 sas 1.6
8 50 * 38 (80) 24.0 228 10.0
) ; T ;05 T ~~~ oo 2?‘{;?; o uéjﬁﬂ o “ﬁgﬁg T ;§:B~ )
10 200 + 45 (47) Gek 260 8.6
1 ee - 0 (30) 0.0 248 9.8
iz 1000 + 25 {31) 18.3 240 8.8
*Pimures in the paventheses indicate totel number of chicks at the

veglnning of

Total 7 chicks

Hon~injected echicks

Injectsd chiaks

the experimental period,

sortality §  iortality ¥

198 26 13.0

203 66 27.8



Table 1l. Z#Effect of injection of different amounts
of thyroxine on thyroid weight in chicks
receiving different levels of folic acid.

(Experiment 2 only)

; Added
: Thyrexine: folic aold,
Group : injected®: gmmwma/iCo

Level of thyroxine injected
in ng/100 gn body weight

.0 ! 0.80 ' 0.25

‘ws es g8 e

1 : _gmn of feed i A

1 - 15 10.7 15.9 12,1

2 2 15 B.3 13.5 1446
s - T T Te T T e o1ze e

4 + B0 11.8 1.8 13.1
T T T e T T T s s 08

G + 200 B3 8.7 8.9
T T T T T e T T T Tees T s 1.2

2 + 1200 5.8 8.¢ Ea3

¥

The e¢hicks were injscted on the Zlst day of age.



levels, when given in & single injection. However, when
six injections of 0.1 my. of thyroxine per 100 grams body
wel ht were ygiven during a perlod of three weecks, no
epparent eflfect on mortality was observed (table 2).

Sody weight. Little difference in body weight was
obgerved in these experiments as & result of thyroxine
injectiona, irrespective of amount of thyroxine or length
of the exverimental periocd. The results of the experiments
shown in tables B and 9 suggest that the average body
weirht 12 slightly lower when thyroxine is administered te
chicks receiving low levels of folic acid. This is not
true, sowever, in the results shown in table 7.

Thyroid zlands. In the experiments involving an

experimental period of only one week in duration (tables

©y 7, 8nd 8) there is little corrclation between the thyroid
weipht and level of folic acid in the diet, with the posgsi-
ple exception of the results shown in table 6. In this
experiment the thyroid weizht was glightly decreased as

the level of folic acid in the diet was increased. The
injection of thyroxine at the beginning of the experimental
period decreaged the thyroid weight indicating its potency.
Sut agein, no correlation was observed bhetween the thyroid
size of the injected chicks and the level of feolie acid

in their diet, except for the results shown in table 6.

In this exveriment, the thyroid weigzht decreased ag the

level of Jolle acid in diet increased.
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¢n the other hand, when the experimental period was
three weeks in duration and the thyroxine was given in
six (0.1 mz. per 100 grams of body welght) Injections
surdng this period, the average thyroid weight of both the
thyroxine injected and non-injected groups of chicks was
consistantly greater when the smount of folice acid in the
Jiet wes not adequate (table ¢ and figure 3). As the
felic acl?® content of the Jiet was inereased the thyroid
wel hts decreased. It is believed that the effect of &
folie acid deficiency on thyrold size was more clearly
shown in this experiment than in those previocualy described.

“hen Tolie acid was fed at a level higher than the
normsl reguirenent, there was no observed effect on thyroid
sige, mortslity or body weight at 4 weeks of age in either
the thyroxine injected or uninjected sroups.

temoslobin. The results of hemoglobin determinztion

orn the bloc? are shown In table €. The hemoglobin level
was Uound to be slizhtly lower for the groups of chicks
receiving the bas&l ration containing no added folic acid
then that for those receiving the adeguate levels of added
folic acii. However, the injection of thyroxine resulted
in a =msrked decresse in hemoylcobin content of the blood of
chicks receiviny the low folic acid diet. On the other
hand, whnen the adequate amounts of folic acid were supplied
the injections of thyroxine did not effect the hemoglobin

level of the blood. Since & folic acid deficlency results
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in enemia in chicks, these results would indicate that
the injection of thyroxine had produced an increased
recuirement for folic acid, thereby resulting in = more
aecute delicliency state.

comparative effects of amounts of thyroxine injected

andg length of exnerimental period. The edministration of

a single injection of different amounts of thyroxine
followet Dy 8 one weik experimental period as done in
experiments 1 and £ (tables 6, 7, anda &) had similar ef-
fects on mortalily and Dody weight of chicks {ed dliets
with diflerent levels of folic acid. 43 mentloned above,
the thyroxine injection increased rate o mortality but
exerted no appreciadble elfect on rate of growih.

Table 11 shows the effect of amount of thyroxine in-
Jected on thyroid size when an experimentsl period of one
week was used. [he injeetion of 0.25 mg. per 10C grams of
body welsnt was {ocund to Ye equally effective in reducing
the thyreold size as 1.0 mge. of thyroxine per 100 grams of
body weizht. In experiment 3, however, a longer experi-
menitazl period was used (from 7th to 23th day) and the
thyroxine was given In 6 doses of C.1 mg. per 100 grams of
body weight during the experimental period. In this
experlment the efects of the folic acid level of the
diet and the thyroxine injections were observed more
readily. 7There was a consistant decrease in thyroid size

ag the level of folic acid in the diet was lncressed.
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This was true for the chicks receiving thyroxine injections,
as well as for those not receiving the injections. Further-

more, =8 was mentionel above, greater differences in growth

were oolserved when the three week experisental period was

empleoyed. Loreover, ilie mortality, az a result of the

thyroxine injections, was greatly reduced since stualler
uantities of thyroxite were injected at intervazls Zuring

& lornger perlod. These results Indiczte that the longer

experimental period ig importent if such differerces are to

be studied. apparently the injection of smsller smcunts of

thyroxine more frequently is just as effective as sinvle
njections c’ larger gusntities.

vxperizents with pantothenic aseid and thyroxire.

Giree experiments were conducted to study the efTects of
hyroxine injection upon mortality, body weight, symptoms
sertotrenic acid deficiency and thyrold welght of

&

chicks Jed diets contzining low and zdecuate levols of
& .

nanteothenic aclids These experiments were also designed to
stuly the eifeect gt 4 weeks of age of injecting an zmount
of thwroxine on the Zlst day as compared to the Iinjection
of the ssme amount In two and three injections given on

the 1l4th and 21st day and the 14th, 18th and £4th days,
resvectively. In these experiments zraded levels of panto-
thenic acl. were fed toc the diiferent groups of chicks

rangzin. from a complete deficlency to adeguate levels as

shown in tnhe taples.
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In experiment 1, & single injection of 0.5 mg. of
thyroxine ner 100 grams of ody weight was given on the
¢let day in cnicks fed dietls with different levels of
pantothenic acid. The resultis are shown in table 12

In experiment 2, one milligram of thyroxine per 100
prams ol Dody weight was injected. In one series this
wig #iven on the Zlst day in chicks followed by an experi-~
mental period of one weck. In & second series, it was
adninistered on the l14th and Zlst dsy (C.5 mg. and 0.5 mg.
of tiyroxine per 100 grams of body weight). In a third
geries it was given on the 1l4th, 19th, and Z4th day (0.285,
Cecdd, ane Cod mz. o thyroxine per 100 grams of body
welynt). In esch series chicks fed diets contalning
different levels of pantothenic acid were used. The re-
sults are shown in tables 13, 14 (in Appendix), and 15
an’ in figure 4. 3Since almost all of tie chicks receiving
the low levels of pantothenic acid in the first two series
died, tables 13 and 14 which present these results are
ineluded in the aprendix.

In experviment 3, & injections of U.1 mg. of thyroxine
per 100 grans of Dody weight were given to chicks fed
dAiets with graded levels ol pantothenic acid. These were
50 noon the 1st end 4th day of the second, third and
fourih weeks. 7The results are presented in table 16 and
Tigure . Coubined resulits of z2ll three experiments are

sl.own ln tavle 17 and figure 6.



Table 12. Effect of thyroxine injection on mortality,
body waight and thyrold wmeisht
raceiving different amounts of

(Ixperirent 1)

in chicks
pantothenlc seid.

4%

Aadded :

o

:pantothenie: Thyroxine: Thamber
Group :ucid,mg/100: injected : chieks

*
P

Hortalltly:
during
4th w%@k H

AvVerage; AvVerage

: walcht,: thyroid wt.
4 weeks: ag/l00 gm

e of Peed : 4 weeks: : mr . bolv wh,

1 0.0 - 4 Geld G 3.0

2 0.0 + 0 (3)*  100.0 0 40

% 0.1% - 4 (&)} 33,3 2% A §

4 0,18 + 3 (8) 50,0 a7 2B
-— -~ -~ - - - - — - - - - - - — — L] - - - - ~~ - - - - - - - -~ - L -~ -

B3} Cu3 - 7 (8} 18.8 %4 1.8

& D.3 + 5 (8] 32.5 i 15.8

7 1ol - ? {7} 0.0 117 2leB

8 0.8 + 6 {7) 14,2 112 16.5
- - L - - — - - W e e s W R ad L4 — e Ed - s -~ -~ L Rl ol - g - L4 — - L R -

E»' 3»1{} - ? (9) 2?‘02 l?} lbcg

o 1.0 + & {8} 11.1 153 106

11 2.0 - 5 {e) 0,0 200 1i.8

b3 el 4 3 {3 62,8 174 13.1
- L Ed R - - E L] - - R cd -~ - e - — - R e L A . haad - - . L — —— - e o -

15 3.0 - i2 {13) 0.0 191 18.2

14 Got) - 11 {18 Gadh 08 1lE.8

* Figures 1 the parentheses indicate total number of chieks at the
beginning of the eaiperimental periud.



Table 1D, Iffeet of thyroxine Injection on zortelity,
body weloht and Soreld welaht in ehilcks
rogeliving different sswunts of pantothonic acid,

{Ezxporicent 2)

3 Sided " s Mmmiw 3 awz:%;m 1 AVEPELU
tpasntothenlie: Thyroxine: Fasber : during 1 welpht,: thyrolid wi,
e ¢ wi.é,wwm injeoted”: chicks ;expt.pericd: 4 weeks: w/100 g

a LS wesku; i i g i Body wh,

= 5 k’

1 0.0 - 0 (7)7" 200.0 R
2 0.0 . o {7 100,40 6 0e0
B N T N S Y
4 .15 * 1 (5) GEIRC 100 12,0
Tt T o T2 T s ass mee anm
& 0,50 * & (&) 1646 207 748
T T e T T T v T T e T e T ey
6 240 + 6 (7 14.2 280 Be

* Tuzew Jnjections of U.80, 0.20 end 0.0 mg of thyrezine per 100 gm
of body welght wers injeobed ou 14%h, 16th, axd 84tk dey of the

“F Plares in the parentheses indipats totel mumber of chieks at e
beolmming of the experinental period,
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Figure 6. Averare thyroid weicht as influenced by thyroxine injections
and level cf pantothenic acid in the diet.

(Combined results of expts. 1, 2, and 3)
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Vortslity. The combined results of all experiments
with pantothenic acid and thyroxine, given in teble 17,
show thet the mortality of ehicks was 38.4% for the non-
injected groups including a total of 177 chicks as compared
to 47 .25 for the 18Z chicks of the injected groups. From
the dats presented in tre tables the injection of thyroxine
in chicks, recelving different levels of pantothenic acld
in diet, does not sopear to effect the mortality rate in
any consistant manner, although the overall mortality was
grecter for all groups of chicks injected than for those
non-injected with thyroxine. Thisg difference in mortality
iz not considered siinificant.

Body weight. 1In all the experiments the mortality of
the chicks receiving no or 0.15 mg. of added pantocthenic
acid per 1C0C grams of diet was so high that the number of
surviving chicks does not permit any conclusions concerning
the efTect of thyroxine injection on body welight of chicks
receiving low levels of pantothenic acid. In higher levels
of pantothenic acild, no consistant effect was observed.

Thyreii zlands. The data given in tables 12, 15, 16,
1% and figures 5 and 6, ghow that there is a difference in
the thyroid weights of uninjected chicks fed different
levels of pantothenic acid. In general, as the level of
pantothenic acid in diet was reduced, the thyroid size,
expressel @3 milligram per 10C grams body weight, increased.

it is pelieved that any exception to this trend (group 1
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in table 16) can be attributed to the small number of
chicks involvedl. 48 the level of nantothenic acid was
inereased, the thyreid weights were correspondingly de-
creased. The results of the groups in all three experi-
ments receiving the 0.15 mg. level of added pantothenlic
acid and those receiving the £.0 mg. level were combined
{(sroups 3 and 7 in table 17). The differences in thyroid
weishts bDetween these combined groups were found te be
sizvnificant at the 27 level when snalyzed by using "t"
test. 7This inverse relestionszship between thyroisd weight
end level of pantothenic acid in diet also was observed in
the chicks which received tﬁyraxine by injection.
zomparative effects of number of thyroxine injection

and length of experimental period. ¥hen the number of

injections were varied but the same total amount of
thyroxine (1.0 mg.) was administered the effects on
mortality, body weight and thyroid size (table 15 in text
and tables 12 and 14 in apoendix) were similar. The ef-
feet of 2antothenic acid deficlency in thyroxine injected
chicks was more pronounced as revealed by the diflsrences
in thyrolil weights, expressed in milligrams per 100 grams
cof nody welght, when the period of injections was longer
than one week. This indicates that 2 one week experimentel
seriod ia not adequate 1o reveal any aporeciable difference
in the size of the thyroid glands Jue to the injection of

thyroxine. ‘lowever, when thyroxine was administered during
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a two or three week periocd an effect on the size of the
thyroid glands was observed.

ihe relationship between the pantothenic acid content
of the diet and the averaze thyroid weight of chicks in
these exneriments is similar to thoss observed in the
study of tne relationship of the riboflavin level oflﬁhe
diet to thyroid weight. 1In both studies, this relation-
shipy was alsc evident in chicks which had been injected

with thyroxine.

Lffects of injection of thyroxine on the dermatitis

of pantgothenic acid deficiency. Jevere dermatitis was ob-

serve? Iin the mouth, eyes, and on tne feet of the chicks
fed fiets Jdefiecient in pantothenic acid. The severity of
the syuptomns Jdecreased as the level of pantothenic scid
in the 2iet was increaged. lowever, the severity of the
dermatitis was noticeably less in the deficient chiecks
which had been injected with thyroxine. This decrease in
the severity ol dermatitic symptoms was more obvious when
the period of injections was of two or three weeks in
length &s compared to a period of one week. sg long as
the same amount of thyroxine was administered during an
experimental period of the same length, the number of
injections 3id not appear to influence the effect of
thyroxine on the ameliorstion of the dermatitic lesions

oi pantothenie acid deficiency.
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P xperiment with vitamin B:g and thyroxine. This

exderiment was conducted to study the effect of injected
thyroxine in chicks fed diets containing Iinsdecuste and
adequate amounts of vitamin Big. A crude vitamin 34, con-
centrate obtained from ltereck & Co. was usged &3 & source of
this vitamin. This materizl also contained charccal and
soybean Jlours.

uring g oreliminary period of two weeks the chicks
were (e¢d diet 4 shown in table 2. &t the end of this
meriod the chicks were digtributed into uniferm groups as
described under genersl experimental procedure.

furing the following three weeks experimental period,
basal dlet & (table 2) was used. Both of these basal
diets contained protein of vegetable origin and were very
deficlent in vitamin Byo. The results of this experiment
are oDresented in table 18.

‘rom tnege results it is evident that no mortality
cecurred which can De attributed as beiny due to & lack of
this vitamin or to the injection of thyroxine. Detter
growth wss obtained in the groups of chicks receiving
vitemin Zy5 crude concentrate thsen In those receiving only
the basal diet. This was also true when thyroxine was
administered. The addition of vitamin B,, crude concen-
trate, at = level to supply 1.5 gamma of vitamin 3, per
10C . rams of dlet, was found to be adequate under the

conditions of this study. 7There wss a s3light depression



Table 18, iffect of thyrczine injectior on mortelity,
body weight and thyrold welsht ian c¢hloks
reowiving different weounts of vitesuln Dye.
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of growth in both the injected and non-injeeted groups of
chicks fed diets gontaining 3.0 gamma of vitamin Byg sup-
plied by this crude concentrate.

Again, the thyroid sige was found to be slightly
larger, when expressed as milligrams per 100 grams of body
weight, in the c¢hicks receiving no or low levels of added
vitamin Byg in the diet, as compared to those receiving
adequate amounts of this vitamin. Howsver, these dif-
feronces were guite small., The injection of thyroxine
noticeably depressed the thyrém size in ehicks irre-
spective of their vitamin B;p intake.
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DISCUSSICON

Lxperiments with riborlavin and ihyroxine. In the

experioents involving g study of the effect of the dietary
level of riboflavin and thyroxine injection, pnresented
above, mere than twice the moriality occurred in the thy-
roxing treated groups of chicks a3 compared to that of

the chicks in the non-injected groups. This difference in
mortality retle may e due elther to a thyrotoxic effect,
following thyroxine injection, in the riooflavin deficient
culcks, or to an lincreasged requirement for rivoflavin as s
rezult of Las thyroxine Injections. The rindings of the

present atudy would sugzest that the latter is more

i
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ble, since a -rester increase in mortzlity was ob-
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recelivins the lower levels of riboflavin. If this is true,
this cbservation 1s quite comparable tc that of Handler
ang Jwilis Jre. (1248) who reported that rats deficient in
cystine and vitamin choline were more susceptible to
hypert. yroidism. Horeover, <aab (1941) demonstrated that
the administration of thyroxine produced heart failure
re-ailting in death when adrenalin or substanceg having
adrenalin activity were subsequently injected. Turthermore,

Yertz (1946, stated that deficiencies of B-complex vitamins

resuite? In s disturbance of the normal hormonal mechsanism.
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Trhe growth response obgerved in these exveriments,
with chicks receiving low levels of riboflavin, was
s1i;htly zreater in the groups of chicks injectel with
thyroxine than in those not receiving thyroxine. 7This
increagsed growth responge was ireatest when the chicks
were given six injections during a three week exnerimental
neriod.,

Iin this connection sllardyce et al. (1947) reported
tat tne Husal metebolic rate of male and feuwszle rats fed
a dilet defielent in ribofiavin dropped Yelow Ulhe orlizinal
tevel anl & loss in welight resulted wnen desiccated
thyreid was continuously fedi. They further Indicated that,
althougl rats were able to overcome the action of desice-
thiyroid without vitamin supplementation, the addi-
tion of geveral vitamins, including riboflavin, facilitated
a rapild recovery.

In adaition Betheil et al. (1%47) assumed that the
metabolic rate, which results frowm the admine-
istration of thyrotoxic material, may necessitate an in-
creased dietary intake of members of the D-complex vitamins.
This assumption was also confirmed by other workers
mentioned under the review of literature.

since the differences in zrowth, &s a result of
thyroxive injection of chicks receiving low levels of ribo-
(lavin werv snell, and since only a few chicks survived,

these 1ilferences cannol be interpreted as having any real



significance. It is considered likely that these small
“ifferences in the average weights of the chicks in these
Srouns wmay be attribated to 2 greater mortality of the
gnzller ecixicks. 48 & result the sverage body weiihts of
the survivins chicks would be higher in the greung of
chicks receiving thyroxine.

the results of the »resent exveriment show ithat
eniarrement of the thyroid rlands resulted from 2 Iletary
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gmey of rivoflavin. In previous stud
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Liliie, hatfer and 3rizesg (1248) indicated that =

f""

deficiency of riboflavin orcluced 3 goiterogenic effect

in Yew lamoghire chicks. heze reaults have heen confirmed
by the oresent study. It wzs observed in these exderiments
tiat a3 tihe deflciency of riboflavin hecame Jreiter the
thoyroid size was corressondingly increased. The samz was

triz eve 1 the dnjected zroups of chicks although there

}-—J

also wes & lecresse In the thyrcoll size regs 38 of the
dletary level of riboflavin, when thyroxire injections
were Lami-istered. The cause of enlsrged thyroids in the
ran-1‘ected chicks may possibly be due to = nartisl
cesasation of thyroxine oroduction by the thyrceil slands.
thyretropic hormone o7 the pltultsrr zland stimulates
ihe thyroid olands to secrete thyroxine when the t yroxine
procuction 1s reduced. In the Adeficlency of riboflavin
the thvrold irlands may not be able te forr thyroxine in

novrial amounts; as s regult the »ituitary gland woull



continue Lo secrete the thyrctropic hormone which would
wive rise to an increase in thyroid growth.
Cague, Lillie, Shaffner and Briggs (1249) also

.

incicated that riboflavin may be required by the

7
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for the formation of thyroxine. ‘Hewever, if & deliclency
¢ edbeliavin results in & decressed eRility of the

thyrold glands to produce thyroxine, it would apoesr that
the injectieon o thyroxine would overcome this effect and

resuplit In normal thyreid sizee Since thal was not Tound

t¢ e true in this study, riboflavin

M)

poears to function

i gore otier way. It is possible that ribollavin is
regaired, pessibly in an enzyme systen, {for oreformed

toyroxine to exert its action on the pituitery ;larn’ in
the matnterance of the normal hormonal bhelance., I such
is true a Jeficiency of ribollavin would be exnected to
cesualt in o hyperfunction and an increase in size of the
thyroid glands.

~nother possible exnlaenation is that a deficicney of
rizeflavin limits the growth rate of 11¢ bely to a
wreater extent than that of the thyroid slands. Since
tie Liyrold size 15 exoressed In terma of millisrass oer
L0 srams OF booy welght, sny factor which woul? limit
tice prowth of the body te 8 greater extent than that of
the thyrol! slands, would result in &n increcscd relative
slze oi the thyroid.

Ve depigmentation of the wing feathers in the
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Agficiency of riboflasvin indicates the necessity of
iboflavin in the formation of feather pimments in the
chicks. This effect does not appesr to be due o &
Jecresze in the »roiuction of thyrexine. "ad it been so,
then the chicks injected with thyroxine would not have
shown this cenition. This observation appears tc be re-
leted w1t the report of faque, Lillie, Shaflfner and
riros (1848) who suggested that perhups the melanin
crocucing cells were affected directly by folie acid
deffciency. This 2lsc may be true in the case of a rivo-
ilavin deficiency.

Cxveriments with folig acid snd thyroxipne. In these

p————

exverisent:, the injection of thyroxine In chlcks, receiv-
ins clets containing inadecuste amounts of folic eacid
esulted in a mortzlity rate whiech was more thun twice as

great =2s that obDgerved in chicks receiving the sszme amount
of feolie zecid but not iagecteﬁ with thyroxine. It is
chroious however, that, even in the absence of the thyroxine
Injecticn, the low levecls cf folic acid were inadecuate

an?® roeuited dn sn appreclable mortality. The increzsed

mortality, as 2 result of the Lhyroxine injectiocns in the
chicks feld a rstlon d:fleient In folic aecild, suszests

that the sdministrsiion of thyroxine enhanced the degree

of the folic avid deficiency. If this 18 true, no explana-
tion can be given Tor the inereased mortality ovserved in

the wrouns of chicks fed a ration containing 1000 gamma of
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folie zeid as a result of thyroxine injection.

Cn the other hand, the thyroxine injection itself
may have been the cause of part of the mortality, since
ncreased mortality w:s observed in certsain of the groups
receiving adecuate levels of this vitemin when thyroxine
wae administered. Heference is made to table 10, which
shows that mortality occurred in chicks fed diets contain-
inr beth low as well as high levels of folic acid when
injected with thyroxine. This would suggest that thyro-
toxicity was the cause for part of the mortality.

Jnother possible ceuse for the inereased mortality,
observed Iin this study, is that the thyroxine injections
oroduced a deficiency of vitamin By, or an unidentified
factor(s). Hobblee et al. (1948) reported that condensed
Tish solubles and liver extract contained a substance,
the requirement for which was increased by the administra-
tion of desiccated thyrold or iodinated casein to c¢hicks.
Later, Nichol et al. (1842) found vitamin Bys to be as
effective as fish solubles or liver extract in this
connection. However, this explanation is not considered
1ikely, since chicks from dams receiving 2 normal ration
were used in all experiments and the experimental ration
included 18% crude casein, which contains an appreciadble
amount of vitemin Byo.

The Injection of thyroxine in chicks receiving gdif-

ferent levela of folie acid in the diet produced variable
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effects on the body welght. For the most part the body
weisht was slichtly depressed when thyroxine was injected
in chicks receiving inadequate smounts of folic acid.
However, in one experiment, this was not found to be true.
for this reason no significance can be attzched to the
srmall differences in growth response obtained in these
experiments as a result of thyroxine injection. Iowever,
the experisent, in which thyroxine injection did not
depress growth, was conducted during warm weather and in-
volved an experimental pericd of only orne week. Under
these conditions the injection of thyroxine msy have re-
sujted in a stimulation of feed consumption, thereby
magking any direct effect on thyroxine on rate of growth.

The slightly larger thyroid size, when expregsed ag
milligrams per 100 grams of body weight, in chicks receiv-
ing 8 Jiet containing low levels of folic acid, as compared
to those receiving diets containing adequate amounts of
folic acld, suggests that folic a&cid may be essential for
the formation or function of thyroxine in the chick.
Zowever, ihls relationship was not cleerly demonstrated
ag was Jone in the studlies with riboflavin and pantothenic
acii.

ertz (1245) showed that folic acid was required both
gualitatively and gquantitatively for hormonal response
resulting in new tissue formatlon. It is guite possible

thet folic acid may be concerned in a similsr way in the



present atudy.

#rom the results it sppears that larger amounts of
thyroxine are needed to depreeés tc an equal extent the
thyroid plands of chicks receiving & diet deficient in
folic seid than are required in chicks receiving a com-
plete diet. Smaller amounts of thyroxine were needed to
depress the thyroids when the folic acid level in the diet
was adenuate. This further indicates that thyroxine
secretion, or funetion, In chicks is affected when there
is insufficient folie scid in their diet. This action
might bhe expected in view of the work of llertz (1948) who
offered the deficiency of certain vitamins as the cause

for a disturbance of the normal hormonal mechanism.

Experizentg with pentothenic scid and thyrexine. As
shown in the results obtained from the experiments with

vantothenic acld and thyroxine iIn chicks, the mortality

of chicks receiving diets containing Inadequate levels of

santothenic acid was slizhtly inereased as a result of
the injection of thyroxine. Although the éifference in
mortality was slight this effect of thyroexine injection

in ehicks receiving low levels of panteothenic acid is
comparable to that cobtained in chicks receiving diets con-
tainin~ Inadequate levels of folic acid and riboflavin.
Yowever, the difference in mortality was corsiderably
rreater in the other experiments.

This obsgervation is in agreement with those of Drill
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(1e32), Betheil et al. (1847), Abelin (1930C), Cowgill and
Palmeiri (1$323), Himwich et al. (1231-32) end Drill et al
(1942} who reported that calecium psntothenate was required
in larper ouvantities during experimentally induced thyro-
toxicosis. «belin (1245, 1944) observed similar results.
Tre results of the nresent study suggest that a functional
relaticnship betwecn pantothenic aclid end thyroxine may
exist, since the zidministration of thyroxine caused harm-
ful ef7gctes in chicks fed cdiets deficient in pantothenic
acid.

The weights of the thyroid glands of chicks in both
thyroxine injected and non-injected groups were quite
variable. However, wahen the thyroid weights are exoressed
as millisrams ser 100 zrams of body welght, the average
thyroid welzhts of the chicks receiving low levels of
pantothenic acid were found to be significantly grester
than those of chicks receiving adequate amounts of panto-
thenic geild., This suggests that thyroxine secretion is

supsoreszed when the level of pantothenic acid in the chick

amount of pantothenic acid is present. This observstion
is in s reement with those of Hague, Lillie, 3haffner and
Brirmes (1848),

Ir this eﬁperiment, it has been founi that an experi-

rentaél period of one week wes not s satisfactory as
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longer periods in studying the effeet of thyroxine in-
Jection and thyroid size. The differences in thyrecid
weirht were greatest when the periocd of injection was
three weeks in length., This indicates that in the defi-
ciency of pantothenic acii, the action of thyroxine on
the thyreid glands of the chicks is very mild. Jseveral
vitaming appear to be concerned in the normal functions
of the thyroid glands in chicks, but the effect of

thyr xine injections appears to be less marked in panto-
ihenic zecid deficiency than In either folic acid or
rivefliavin defliciency.

The marked decrease in the deficiency symptoms
(dermatitis) of pantothenic acid in chicks as a result of
thyroxine injections was first observed in previcus work
(Hlaque et al. 1948). This finding has been confirmed in
the present study. The »nrotective effect of thyroxine on
the manifegtation of the dermatitic lesions in pantothenic
aci? deficlency in chicks was more pronounced when the
injections were administered during a period of three
weeks. This anti-dermatitic effect of thyroxine further
irlicntes that there is a relationshi» between this vita-
min ane the thyroid hormone.

sxperiment with vitsmin B,, and thyroxine. In this
stuiy, mach more rapid growth was obtained in the chicks
which received vitamin Byo in their diets, than in those

chicks receliving only the basal diet. This was also true
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vhen thyroxine was Iinjected. Thesge results are in agree-
ment with those of Nichol et al. (1249) who found vitamin
Bz to be highly active in stimulesting the growth of the
hyperthyvroid chicks. Llobblee et al. (1948) also reported
that fish: solubles or liver extracts, both of which are
ood sources of vitamin 390, exerted a similar effect.

in this study a level of crude vitamin 335 concen-
trate, winich supplied 1.5 gamma of vitemin Byc ver 100
grems ol diet, was found to be adeguate for optimum growth.

This is in arreement with the finding ot Hichol et al.

iobblee et al. (1848) further observed that the feed-
in: of lodinated casein to chicks, receiving a diet low
in vitamin 813, regsulted in a depression of gsrowth. On
the other hand, when adecuate amounts of vitamin B1p cOD-
taining supplements were added, & greater growth ressonse
was obteined in the hyperthyreid chiecks than in those not
receiving iodinated casgein. The results obtained in the
present study do not confirm those findings of “obblee et
ale (1844), since thne injection of thyroxine did not
naterially effect the growth response of chicks receiving
the different levels of vitamin By5 crude concentrate.

~hen vitamin 345 was not added to the chick diet, the
average tihyroid weight was found to be 11.2 mgs. per 100
grams of bDody welght. ilowever, it was found to be only

10.2 me. per 100 grams of body weight in chicks which were
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fed an adeguate amount of vitamin B,,. In this study, as
the level of vitemin BlE was increased there was a gradual
decrease in the weight of the thyroid glands, as exgrasséé
in millicrams per 100 grams of body weight. This supmests
tie necessity of vitamin 35 also for the normal function
of tre thyroid glands of the chicks. Further stulles are
reculred to elucidate this interaction between vitamin
312 snd thyroxine, and their eifects on the thyroid glends.
E. -eneral. Under the conditions of these experiments,
involving & stuiy of the effectsa of thyroxine injections
i chicke, receiving adeguaie diets, except lor single

deticien

03

ies of rinoflavin, folic acid, pantotlhenic aecid
or vitamin 335, the results, in general, are quitc similar
for easch of thess vitamins studied. In this connection,
the thyreid weights, when expressed in milligram: oser 100
sramg of body welght, were increased as the dietary level
af easch vitamin studled was decrzased. This wss most
sroniounced in the case of riboflavin and pantothenic acid.
similerly, the injection of thyroxine in chicks, receiving
ciets dellicient in pantothenic acid, folic acii or ribo-
flavin, resulted i &n increased mortality rate. 7This was
not observed, however, in the experiment invelving vitamin
Sse

s lthourh the effect of thyroxine injection on body
welrht was less merked, in general, a decrease in body

welpht wes observed in ehicks, receiving the diets containing
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low levels of either folic acid, riboflavin or pentothenie
acid. Since the effects are quite similer in each of the
vitamin deficiencies, it appears probable that the
mechanisms involved in produeing these effeets are com-
parable in nature.

In the experiments involving riboflavin, folie acid,
and pantothenic acid, in which experimental periocds of
different lengths were used, it was found that the three
weeks experimentel period was much more satisfactory in
studying the effects of thyroxime injeetions in vitemin
deficient ahtcka; %&anfigsfgitﬁk? a one or two weeks

experimental period.
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SUMMARY

In New Hampshire chicks fed an adequate diet, except
for single deficiencies of riboflavin, folic aecid, or
pantothenic acid, the injection of thyroxine resulted in
greater mortality. Increased mortality was not observed,
however, when thyroxine injections were given to chicks
receiving a diet deficient in vitamin Byg.

In chicks fed diets containing low or suboptimal
levels of riboflavin, the injection of thyroxine slightly
increased the growth response over the controls. However,
the injections of thyroxine in chicks receiving diets
deficient in folic acid had no consistant effect on growth,
although it apneared to slishtly derress the rate of
crowth in most instances. The mortslity of chicks re-
ceiving low levels of pantothenic acid was too great at
4 weeks of age to permit a study of the effect of thyroxine
injection on body weight. Injection of thyroxine in chicks
recelving a diet deficient in vitamin 3y, did not notice-
ably effect the rate of growth.

The averaze weight of the thyroid zlands when expressed
as mg. per 100 grams of body welght of chicks, receiving
dlets cdeficient in riboflavin, folic acid, pantothenic

acid, or vitamin B,,, was found to be greater than that

of chicks receiving adeguate levelsg of each of these vita-

mins. In general, there was an inverse relationship
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between the average weight of the thyroid glands and

level of each of these vitamins in the diet. This goiter-
ozenle effect was greatest in the chicks which received
diets deficient Iin riboflavin, or pantothenic =cid.

In the experiments involving riboflavin, folic acid,
and nantothenic acid, where experimental period of dif-
ferent lengths were used, it was found that 2 three week
experimental pericd was much more satisfactory, in
studyinz the efiecta of thyroxine injections in vitamin
deficient chicks, than elther s one week or two week
experimental period. This was particularly true in study-
iny deficiencies irn thyroid weipht 2nd body weight.

The injection of different amounts of thyroxine {from
.25 to 1.C mg. pver 100 grams bSody weight) in deficient
chicks <id not appesr to influence the effect ~n mortality,
body weight, and thyroid size.

New Hampshice chicks fed a diet deficient in ribo-
flavin devecloped white streaks of depigmentaztion in the
primary and secondary wing feathers. These gtrezks wers
more obvicus In chiecks which had been injected with thy-
roxine.

Injection of thyroxine reszulted in a marked decrease
in the hemoglobin content of the blood of chicks, receliving
a diet low in folic acid.

The severity of the dermatitis of pantotheﬂic acid

deficiency was noticeably less in the deficient chicks



which had been injected with thyroxine.

9. Under the conditions of this study 1.5 gamms of
vitamin Byg per 100 grams of ration was found to be the
optimum level for the Kew Hampshire chicks.
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FOCT NOTE

1. Thyroxine was supplied by E. R. Squibdb

and Sons, New York,
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