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PREFACE 

Experimentally induced or naturally occurring hyperth7ro1dism 

has been associated with an enhanced dietary requirement tor 

several ot the vitamins, particularly those of the B-complex. In 

the course of experiments in progress at the Oklahoma Agricultural 

Exper1men~ Station on unknown growth factors for successful re-

. production and lactation in rats and swine, an assay procedure waa 

developed which used the growth-depressing effect of hyperthyroidism 

induced bJ feeding iodinated casein. A survey of the 1nformRtion 

ava.ilable showed that inadequate information was available con­

cerning the effect of such endocrine imbalance on the vitamin 

content of the tissue, even for those vitamins for which suitable 

assay procedures have been developed. As a forerunner of studies 

on the effect of hyperthyroidism on the vitamin a12 content of 

tissue, studies were made to determine the effect on riboflavin, 

nleotin1c acid and pantothen1c acid. This report deals with 

certain of these studies. 
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INTRODUC'rION 

Various studies have been mode on the effect of experimentully 

induced hyperthyroidism on vitamin metabolism and vitamin requlre­

ments. However, the dBta published on the effect of hyperthyroid­

ism on the riboflavin, n1cot1nic acid and pantothenic a.old content 

of rBt b1asues are very limited. 

In 1932 Hemwich (13) demonstrated an increased requirement 

f'or vitamin B during hypepthyroldlsm in rats. At about the same 

time Cowgill and Palmieri (5) discovered that the vitnmin 8 re­

quirement for pigeons was greater during hyperthyroidism than 

under normal condlttons. Dr111 and Sherwood (10) found 1n 1938 

that rats fed a normal diet plus sufficient thyroid gland to 

prodLtce a loss in weight woua.d stop losing weight when th1am1n 

was injected and would regain their lost weight when o. sou rce 

rich in the vitam1ti B2 complex such as yeast was added. In a 

s1m1.lar fltudy Drill and Overman (9) demonstrated that injections 

of pyrido:,:1ne snd Cf-, lcium pa.ntothentate could effectively replace 

the addition of yeast. Thus in addition to thiamine, ooth pyri­

doxlne end pantothenic acid were required in larger amounts (h :r1ng 

experi~enta l hyperthyroidism. 

Chevremont and Combaire (4) reported th.at during the increase 

in cellular metabolism prodt1ced in rats by the injection of 20 mg 

per day of thyroxine, the d1alyzable l t=i ctof'ls vin of all the tissues 

increased and the lacto:t'l !?vin comblned as yellow enzyme decreased. 

In an experiment carried out by Sure and li'ord ( 19) subcutaneous 

injections of from 0.5 to 1.0 mg of synthetic thyroxlne to peired 
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rflts given 850 mg of ribofl.n vln for 17 to 20 dt1ys resulted in 

the excretion of 18 rger amounts of ribovlavin and only slightly 

larger exc r etions of thiamine ln the urine or the expcrl r:- ental 

rats than of the controls. 'J.'1ssue 1e,,e1a of both vi tBmins were 

decreased. i'hey further sta Led that oral administration of the 

same amount of synthetic thyroxine produced only a small d9crease 

in the riboflavin content of various tissues. No explanation was 

given for this observstion since the animals showed symptoms of 

thyroid toxicity. 

Katzenelbogen (14} investigated the relntionshlp between 

hyperthyroldism and nicotinlc ecld requlr9mcnt. He noted that 

feeding of desiccated thyroid to rats on a diet low 1n nicotlnic 

acid resulted ln a marked diminution of the coenzyme I content of 

both liver and kidney cortex. Increesed dos cge of nicotinic acid 

restored the normal coenzyme I con t ent 1n the hyperthyroid enlMel. 

Drill (6) den,.onstret.ed that rats receiving 12 groms of a 

normal diet plus 100 mg of thyroid gland per day showed a normal 

amount of th1emin in the spleen, a red u0 tion in the kidney end a 

marked reduction ln the liver when compared with normal rats on 

the same dlet. Hyperthyroid rats ·raoel v i. ng 12 mg of normal diet 

and later injecteu with 500 mcg of thiamin per day, while still 

receiving the thyroid gland showed normal amounts of th1am1n in 

the spleen and muscle, sl:t ghtly ralaed content in the heart a.nd 

a def'lnlte reduction ln the kidney and liver. The hyperthyroid 

rate injected with 500 mcg of th1am1n per day eliminr~ted the s1:1me 

amount of th1 Rmine in the urine as the controls. 



Ershoff reports (11) that toxic doses of' desiccated thyroid 

increased requirements for at least one unknown nutrient in the 

immature f'emal<.~ rot. Fa.tlure to provlde this factor in adequate 

amounts resul t ed in deficiency symptoms, manifest ln the thyroid­

fed rats by retEirded growth.and early death. Whole liver com­

pletely counteracted the above reterdPtion of growth, while both 

whole liver and yea.st prolone;ed s ienlflca ntly average surv1 va 1 on 

thyroid-contalnlng r H tiona. 1rhe beneficial affects of whole 

liver on the growth of immature thyroid-fed rats were correla ted 

with in · r oased f ood consumpt1¢n Pnd increased eff icienty of 

food ut1lizat1on. The protective factor (s) 1n whole liver and 

yeast was d1st1nct from eny of t he known v1tr::m1ns since 1ndlv!dual 

supplements of thiamine, riboflavin, pyridoxlne, calclun1 pento­

the nt s te, nicotinlc a cid, 1_nos1tol, p-amino benxolc acid, biotln­

folic acid or ascorbic ecld were witho~t effect on the above 

symptoms. Bethell ( 2) a.nd Lardy demonstre ted that on a syn the tic 

basal r a tlon whole liver powder st a level of 10% completely 

reversed the growth retardation in the lmma ture, hyperthyroid r a t; 

a level of 3 to 5 per cent was partially effective. 

Betheil end Lardy (2) stete tbat ·vitamin B12 ls e ffect i ve in 

counteracting the g rowth retardation which results from the feeding 

of des!ccsted thyroid. 

Drill nnd Shaffer (7) demonstrated that when hyperthyroid 

dogs ·,.:ere d epr1 ved of a y~ast su pplement,, the caloric intake 

dropped b~ low no rmal , Dnd we1ght losses f ollowed. In en experiment 

condu.cted by Sure and Ford (19 ) the exporfmenta l-hyperthyroJd r a ts, 



given daily doses of 0.59 mg of synthetic thyroxine by injection 

consumed more food than the control rats. 

A sex difference 1n response to thyroid feeding in rats has 

been reported by Drill (8). He found that femaie rats receiv1ng 

100 mg of desiccated thyroid gland daily ceased to lose weight 

when given 50 mcg of thiamine and regained their lost weight when 

yeast was added to the diet. In male rats only 50 mg of thyroid 

gland could be so counteracted • . Drill (6) aiso noticed that 

female rats were more resistant than male rats to thyroid feeding 

as judged by the difference in the loss of weight. 

4 
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PROCEDURE 

Rats of the Sprague-Dawley strain were used in these ex­

periments. In Experiment I 16 mele rats weighing approximately 

175 grams, were placed on the basal ration (Table I) for an 

equilibration period of 10 days. 'I'hey were then alloted a.ceording 

to weight into two groups. One group (designated C) .was given 

the basal ration while the other (designated E) received the same 

ration plus 0.25 per cent iodinated casein (Protamone, Cerophyl 

Laboratory, Kansas City, Missouri). The basal ratinn included 

the mineral mix recommended by Hegstad {12) in order that these 

nutrients would not be limiting nutritional factors. The basal 

ration was supplemented with one half the usually accepted 

optimal amounts of vitamins in order that a presumably adequate 

but not excessive supply was avail~ble. In this way it was hoped 

that the vitamin content of the tissues would . more nearly re­

present the amounts required for the metabolism of the cells 

rather than either a. condition of storage following excess supply 

or a state of depletion. Rats were kept ~n individual cages and 

supplied food and water ad libi tum. The rats were weighed daily. 

After ten days, the rats on the e~perimental ration lost approxi­

mately 12 per cent of their initial body weight while the controls 

gained weight. Symptoms of hyperthyroidism, (nervousness, hyperp­

nea, tachycordia) were evident. The animals were then sacrificed 

and the liver, kidneys, heart, brain and a section composed 

principally of the gastrocnemiua muscle were removed from each 

rat. The samples were frozen and stored at -14° C until analyzed 
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Tissue samples were analyzed for their r1bo!'lav1n and n1co­

t1n1c acid content. Tissue extracts were prep;:rod by acid 

hydrolysis according to the method described by the Associ Ptlon 

of Vitamin Chemists (1) which involved the followtng procedure: 

A homogenous sample of tissue weighing approx1rnetely 1 to 2 grams 

was blended with 25 ml of water in a Waring Blandor. washed into 

a 125 ml 1rlenmeyer flask and autoclaved with 5 · ml of l N HCl 

at 15 lbs. for 15 minutes. The extract was then neutralized with 

NaOH• transfered to a 100 ml volumeter1c flask. made up -to volume 

and filtered into a 125 ml Erlenmyer flask. plugged with cotton 

and autoclaved. '£his extract was used for both r1bofl~v1n and 

nicotinic acid. The procedure of Snell and 6trong (17) with a 

modlf1cat1on of the basal media was used for the microbiolog ical 

assay of riboflavin. ·rhe modified basal media contained per 11 ter: 

Sodium hydroxide treated peptone 
1-cystlne 
1-tryptophan 
Yeast Supplement 
Glucose 
Adenine. quanine, uracil 
P-amino benzoic acid 
Pr1doxine 
Nicot1nic Acid 
Calcium d-pantothenate 
Salt solution A 
Salt solution B 

10 g. 
200 mg. 
200 mg. 

2 g. 
40 g. 
20 mg. 

800 mcg. 
200 mcg. 
200 mcg. 
200 mcg. 
10 ml. 
10 ml. 

The procedure of Snell and Wright (18) with the following mod1-

flcatlon of the basal media was used for the m1crob1olog1cel de­

termination of nicotlnlc acid. The modified basal n1cot1n1c scid 

media contained per liter: 



Acid-hydrolyzed casein 
1-cystine 
1-try-ptophane 
Glucc;u,e 
Sodium Acetate 
B1ot1n 
P-am1no benzo1c acid 
Thiam1n 
Calcium d-pantothenate 
Pyr1do:x1ne 
Riboflavin 
Adenine. quan1ne, Uracil 
Salt solution A 
Salt Solution B 

10 g. 
400 mg. 
200 mg. 
40 g. 
40 g. 
0.4 mcg. 

200 mcg. 
200 mcg. 
200 mcg. 
200 mcg. 
400 mcg. 

20 mg. 
10 ml. 
10 ml. 
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Experiment II was carried out 1n a similar manner with two 

modifications. First. the rats 1n the control and experimental 

groups were "pa.ired" with respect to sex and body weight and each 

rat of a pair ,fed an equivalent amount of the basal and hyper­

thyroid-inducing ration instead of having the food supplied~ 

l1b1tum. Second. 1n addition to riboflavin and n1cot1n1c a.cid 

determinations, the tissue samples were also analyzed for their 

pantothenic acid content. 

The 30 male and female rats weighing approximately 200 grams 

used in this experiment were placed on the basal ration (Table I) 

for a 14-d&y equ111brum period and then paired according to . sex 

and weight. The pairs were separated into control and experimental 

groups. The same rat:'-ons were used es ln experiment I. Water 

was supplied ad libitum. Each rat of a pair consumed the aBme 

amount of rnt1on so as to keep the vitamin intake constant. 'l'hla 

was carried out by weighing equal portlons · or basal and experiment 

ration for the control and experimental rat respectively, the 

amount determined by the food intake of the animal consuming the 

lesser. The rats were kept in individual cages and supplied 



with water·~ l1b1tum. ifhe average dally food consumption of 

the respective pairs is shown in Table II. 
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As in E:x p0 riment I, the experimental rats had lost approx­

imately 12 per cent of their body .weight 10 days ertar they had 

been put on the e:,,·perim.ental ration, · while the control rats had 

gained somewhat (it1!gure 2). All tlle rats were sacrificed. The 

liver, kjdneys, heart, brain and a section comprised chiefly of 

the gastrocnemius muscle were removed .from each rat. 'Ihe samples 
0 

were frozen and stored at -14 C until analyzed. 

Tissue ~nalysls for riboflavin and n1cot1n1c acid was carried 

out as described for Experiment I. The pantothenic acid enalya1e 

was done upon an enzymatically hydroyzed extract as recommended 

by Busk.irl< ( 3). fhe rollow1ng procedure was employed: A homo­

genous snmple of tissue weighing a.pprox1mately 1 to 2 grams was 

blended with 25 ml. water 1n a Waring Blender end washed into a 

100 ml volumeterlc flask. A 20 mi' aliquot was treated with 0.4 ml 

of g lacial ncetic acid, 2 ml of 1 N NaOH and 0.4 grams of M.yalaae P 

( \i!iallersteln LaborRtorles. New York , n. Y •. ) and incubated for 2t, 

hours at so0 c. 'fhe extract was trans.ferred to a 100 ml volumeter1c 

flask and mnde to volume. filtered into a 125 ml Erle,;uneyer .flask, 

.plugged with cotton ond autoclaved. l'h1s extract was neutralized 

before analysis. The m1croblolog1cal assay procedure described by 

Penning ton and Snell (16) wi th a modlf1cat1on of the basal media 

was followed l'or the pantothenlc acid determina t ions. The basal 

media used conta ined per liter: 

Sodium hydroxide-treated peptane 
1-cystlne 

10 g. 
200 mg. 



Glucose 
Sodium acetate 
Acid hydrolyzed casein 
Adenine, quan1ne, uracil 
N1cot1n1c Acid 
Biotin 
Ribo.flav1n 
Pyr1dox1ne 
p-amlnobenzolc acid 
Salt solution A 
Salt solution 13 

40 g. 
28 g. 

4 g. 
20 mg. 

400 mcg. 
o.a mcg. 

400 mcg. 
200 mcg. 
200 mcg. 

10 ml. 
10 ml. 

9 
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RESULTS AND DISC USS ION 

The results of the riboflavin determinations of the normal 

and hyperthyroid rat tissues from Experiment I are presented 1n 

Table III. The average vitamin content is compared with the values 

reported by Mitchell and Isbell and the deviation of the vitamin 

content of the experimental from the control is also shown. The 

riboflavin, nicotinic acid and pmntothenie acid content of tissues 

from animals 1n Experiment II are presented in Tables IV, V, and 

VI respectively. 

Examination of the data on the riboflavin content of tissues 

from the anitLa la of Exper1reent I shows that the rats receiving the 

thyroid-active material had a slightly lower content of riboflavin 

in the liver; all other tissues showed a slight increase. This 

general increase in riboflavin content of tissues during thyro­

to:x1cos1s ls not consistent w 1th the findings of Sure and F'ord ( 19) 

who administered the hormone by injection. It will be noted from 

the weight cbnnges (Figure 1) that all animals in the thyroid-fed 

group lost weight while the control anima ls gained slightly. ·rhus. 

although the controls ate somewhat more food than the experimental 

anlmols the intake of r1bofla.v1n per unit of body weight was 

great er 1n the exp erimental than in the control group. Further. 

as will be discussed ln greater detail later. the increased meta­

bolic rate occasioned by the addition of thryoxlne-act1ve moterlala 

would seem to demand a higher level of the various co-enzymes 

which are involved in the oxidation of foodstuffs. This might 
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conceivably produce a mobilization of the vitamin reserves from 

the liver and cause a concommitant decrease in that organ with 

a gain 1n the extra-hepatic tissues. 

Due to procedural dlfflculties, only a limited number of the 

samples were analyzed for n1cot1n1c acid. The average values for 

those which were examined, however, are presented. The results 

were as follows: liver, control 182 and experimental 210 micro­

grams of n1cot1n1c acid per gram of fresh tissue; .kidney, 150, 211; 

heart, 116, 143; brain, 65,89; muscle, 91,98. It will be seen 

that in every tissue, including liver, the experimental snimla 

had a higher n1cot1n1c acid content than the controls. This la 

consistent wlth the findings concerning the riboflavin content 

of' most of these tissues. ~amination of the literature has not 

revealed any previous reports of a comparison of the nlcotlnlc 

acid content of normal and hyperthyroid rats or other aniw2ls. 

It was obvious from the results of the first experiment, 

that one of the complicating factors was the differential food 

consumption, and hence vitamin consumption, of the normal snd 

thyroid-fed animals. A controlled-feeding experiment was therefore, 

employed to decrease the effect of variation in food consumption. 

ThAt this goal was achieved 1s shown by the figure in Table II; 

only minor variation in average food consumption during the ten 

day period was permitted between control and thyroid-fed animals. 

Again, it was observed tbf.lt the experimental group was the one 

which would have consumed the least food on an !_2 llbitum basis. 

Examination of the data in Table IV shows that 1n this con­

trolled-feeding-t1pe study, ·the same elevation in riboflavin 
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content of the hyperthyroid animals was found. Th1s was true 

even in the case of liver, which increased from an average of 

16.7 m\cro~rams of riboflavin per gram in the control to 20.8 

in the livers of the experimental group. In comparing the data 

on riboflflvln from Bxperiments I and II, it will be seen that 

the liver and kldney levels in the first experiment were less 

than in the second; this applied to both experlrrientnl and control 

animals. No obvious explanation for th1e deviation can be advanced, 

since the animals in both experiments were of the same source and 

were handled in an ldentieal manner except of the control of food 

intake 1n Experiment II. It does not seem likely that the re-

duced food intake would cause an increase in the vitamin content; 

1n view of the fact that the values obtained 1n the second ex­

periment represent a larger number of animals, these are considered 

to be the more reliable. Whether the controlled intake of food 

1s likewise responsible for the differences observed 1n the ~es­

ponse of the liver to thyroid adm1n1strat1on ls 11kew1se not 

known. 

More extensive n1cot1n1c acid analyses were performed on the 

tissues from the animals in Experiment II and they followed the 

same pattern as did the limited observations in Experiment I. 

Variatlons from one experiment to the other in vitamin content 

in a single tissue were noted but 1n general even the specific 

values agreed fairly well--this latter in contrast to the .findings 

on the riboflavin content of liver and kidney in the two experi~ 

ments. 



13 

Pantothen1c acid was determined only on the tissues of the 

last experiment. Again. the addition of hormone produced a con­

sistent elevation 1n concentrntlon of this vitamin ln the various 

tissues examined. In no instance did a pair fall to reveal this 

change in every tissue, although, as might be expected in the 

case of changes of relatively small magnitude, there was an 

occasional instance or "overlapping." The values for the content 

of pantothenic acid agreed fairly well with those reported 1n the 

literature (15) except in the case of liver. In view of the 

storage function of this organ. and the fact that vitamins were 

supplled at levels or' one half optimal, such a decline might well 

have been expected. 

The increased vitamin content of the rat tissues in experi­

mental hyperthyroidism, as demonstrated by the results of Experi­

ments I and II, are not incons1stant with the findings summarized 

in the Introduction indicating that an enhanced requirement for 

several members of the B-complex exists during the hyperthyroid 

state. Presumably, much of this ls due to increased metabolic 

rate with more rapid ox1d8 tion of carbohydrate ar,id fat and ca ta­

bolism of body pro_tein. T'be requirement .for the various co­

enzymes functional 1n carbohydrate and protein metabolism would be 

greater and the concentrct 1on in the tis.sues might be increased 

1.f' adequate supplies of the specific vi tnmln was available. It.' 

this were the case, it would explain the increased tissue content 

of riboflavin (component of the flnvin-adenine dlnucleotide) and 

nicotlnic acid (di- and triphosphopyrldlne nucleotide) observed 
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in these st udies. Altho tl .f,,h the enzyma t.ic fu! ct ion of pantothenic 

acid ls less well understood, it appears that derivatives of this 

vitamin may be involved 1n both t'etty acid end amino acid break­

down. 

This observation of nn enhanced v1tam1n level of the tissues 

dur1ne; thyroto.xico.s:ts ls not conslstant with the reported obser­

vetions of Sur~ and Ford (19). In their ex;eriment the anl sn ls 

were rendered hyperthyroid by injection of 0.59 mg of synthetic 

thyroxine pAr day. 'They report0d thRt these hyperthyroid anirr1als 

consumed rr:orA food than tht1ir corres r:; ondlng controls. Analyses 

of liver, 1ddney, hria rt, brain, and muscle showed a consistant 

decline in the ~1boflav1n content. ~hen similar amount of thyro­

xine was edmln1sterad orslly, however, they did not find any 

appreciable change in the tissue concentration of either thlamin 

or riboflavin. they do not give any reason for this anomalous 

observation, since the animals showed other symptoms of thyroid 

toxic! ty. 

'The fact thnt we have made similar observations with respect 

to two other vitamin studies suggests to us that under the par­

tlcular conditions employed in this experl i,ent an increase rnther 

thHn o ~ecrease ls secured upon the feeding of Protamone. Jure and 

F'ord (19) presented date bearing only on the effect of inJected 

thyro~ine. No specific data concerning the number of animals 

or tissue l~vels found ls contalned in that portion of their 

comrr:un1cBt1on describing the results following oral adminlstrvt.ton. 

30th tbeir statament and our findings, however, suggested that 



difference 1n method o f adrn1n1stratlon may be responsible for 

the differences 1n results obtai ned in t he two laborv tories. 
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In both experiments the rots exhibited a decreasing food 

1nteke as t hey became more hyperthyrogenic. 'l'hls was in a gree­

ment with the results obtalned by Drill a nd Shaf.fer (7) who 

found thP t the caloric 1ntr1 ke of hyperthyroid ani1~als dropped 

below normal. It dooa not, however, agree with the sti=it ernent 

of Sura and I<~ord ( 19) that the hyperthyroid animals consumed 

more food than the corresponding control animals. 

'l'he rnale rets were found to have a slightly hi gher food 

1 ntake than the fem.a le rs ts. The ma. le r~ ts of the cont r~l group 

gained sli ghtly more weight than the females. The male rots of 

the thyroid-fed group lost slightly more weight than the feme les. 

Drill (6) demonstrated a greater resiste.nce toward tho thyroid­

contD1n1ng diet by female rats judeed by the loss of weight. Our 

observs t!ons corroborate these results with respect to sex dif­

ferences. Drl 11 ( 8) noted that 500 mg of thlarnln would counteract 

the loss in weight in f emale rats induced by as much as 100 mg 

per day of orally edm1nlstered desa1ccated thyroid gland. In 

male rBte, however, only 50 mg per day of thyroid gland was the 

maximum level that could be ao counteracted. 

Despite differences in food intake and rate of weight chenge, 

no apparent sex dlfforences in vltam1n content of tissues was 

f'ound. It may be th::it if the expe rimental period he.d extended 

over a longer period the greeter reaist rmce thst female animals 

apparently have toward toxic levels of thyroid-ag ents would hr1ve 
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manifested 1 tself ln differences 1n the tlssue concentri~tions 

of riboflavin, n1cot.in1c acid, and pantohen1c acid. On the other 

hand, :t t may be tho t the endocrine re lati onah1ps which perm! t 

grea ter tolerance by the female are unrelated to the atate of 

nutrition ~1th respect to the B-complex. 



TABLE I 

COMPOSITION OF RATIONS 

Ingredient* Basal Experimental 

Casein, vitamin 22% 22% 

Surcrose 6Cflt 6Cflt 

Corn oil 5% 5% 

Mineral Mix (10) 4'I, 4'I, 

Protomone 2.5 g/Kg 

~ch kilogram. ot ration was supplemented with the following 

vita.mines thiamin, 2 :mg; riboflavin, J mg; pyridorlne, 1.5 mg; 

calcium. pantothenate, 10 mg; nicotinic acid, 10 :mg; pteroylglutandc 

acid, 0.5 mg; inositol, 10 mgJ para-aminobenzoic acid, 10 mg; 

choline, 0.5 gm. In addition vitamins A and D and alpha tocopherol 

were administered by dropper twice a week. 

17 
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TABLE II 

AVERAGE DAILY FOOD CONSUMPTION 01 RATS 

EXPERIMEIT II 

Day of 
Experiment Food Consumed, Grams 

Male Female 

Control Experimental Control Experiaental 

1 15.0 15.0 15.0 15.0 

2 16.0 16.0 15.0 14.6 

3 17.0 17.0 14.6 14.4 

4 18.0 17.8 14.4 lJ.2 

5 17.8 17.5 lJ.2 1.3.2 

6 17.5 17.5 13.2 12.8 

7 17.5 17.2 12.8 12.4 

8 17.2 17.0 12.4 12.4 

9 17.0 16.8 12.4 12.0 

10 16.8 16.5 12.0 ll.7 

Average 17.0 16.8 13.5 13.2 



Rat Liyar 
•umber C I! 

1 Dead 10.6 
2 11.J 9.17 
3 ll.2 6.72 
4 11.1 6.66 
5 14.6 10.0 
6 12.1 7.3 
7 ll.6 10.1 
8 12.2 6.77 

Average 12.0 8.42 

Deviation,% -JO.O 

Literature 30 

TABLE III 

RIBOVLAVIN CONTENT OF RAT TISSUES 

EXPERIMENT I 

Values in mcg per gru moist tiBBue 

lldneY , Heart 
C E C E 

Dead 9.14 Dead 21.2 
6.93 8.62 15.7 17.5 
6.46 8.JO 12.8 21.2 
5.30 15.0 11.9 21.2 
6.51 9.38 lJ.l 18.1 
6.10 13.5 ' 15.2 25.0 

10.2 16.8 18.2 
7.9 16.4 17.1 

6.5.3 10.6 14.6 20.0 

+62.8 +37.0 

29 ,.1 

14 
- · - ~ 

Brain 
C E 

Dead 4.44 
4.r:n 4.42 
J.68 J.82 
J.75 5.17 
.3.40 5.35 
J.64 4.72 
.3.54 4.03 
4 • .32 3.40 

J.77 4.42 

+17.2 

2.9 

Muaole 
C E 

Dead 2.98 
1.61 J.22 

J.J6 
. J • .37 3.51 

2.93 J.50 
J.16 J.03 
3.03 J.68 
J.50 J.72 

2.9.3 J • .38 

+15.4 

1.7 

.... 
co 



Pair Sex Liver 
Number C E 

1 Male 1.3.5 21.6 
2 Male 17.8 19.7 
.3 Male 16.l 18.6 
4 Male 15.9 18.7 
5 Male 16.8 2.3.7 
6 Male 19.4 25.l 
7 Male 15.5 26.7 
8 Female 12.l 19.9 
9 remale 17.0 20.2 

10 Female 16.4 20.4 
ll Female 16.9 19.0 
12 Female 17.4 16.9 
13 female 19.4 22.2 
14 Female 17.9 19.l 
15 rell&le 18.6 19.9 

Average, Total 16.7 20.8 
Male 16.4 22.0 

Female 17.0 19.7 

Deviation, Total% +24.6 
Male, % +.34.1 

Female,% +15.9 

Literature 
Male .30 

Pema.le 25 

TABLE IV 

RIBOFLAVIN CONTENT OF RAT TISSUES 

EXPERIMENT II 

Values in mcg per gram moist tissue 

lidney Heart 
C E C E 

22.0 2.3.4 1.3.7 15.6 
19.6 24.2 14.2 15 • .3 
21.8 24,9 1.3.6 14.9 
20.2 24.0 12.6 14.2 
21.2 27.4 14.4 15.2 
20 • .3 22.8 1.3.6 14.8 
20.0 23.l 14.0 16.0 
21.6 22.8 12.l 14.0 
19.9 22.4 12.9 14.1 
20., 22.l 1.3.1 14.2 
20.5 22.4 12 • .3 15.6 
20.1 21.4 1.3 • .3 16.0 
19.7 22.2 1.3.1 15.8 
21.8 24.s 12.6 14.0 
21.5 22.6 11.0 13.9 

20.7 23 • .3 13.l 14.9 
20.7 24.2 1).7 15.l 
20.7 22.6 12.6 14.7 

+12.6 +1.3.7 
+16.9 +10.2 
+ 9.2 +16.7 

29 14 
26 12 

Br d.n Muacle 
C E C E 

1.89 2.34 1.8.3 2.56 
1.88 2 • .39 2.ll 2.42 
1.97 2.29 2.24 .3.09 
1.90 2.48 2 • .36 ).07 
1.86 2.53 2.27 2.92 
1.86 2.6.3 2.34 2.9.3 
1.9.3 2.44 2.19 2.8.3 
2.12 2.69 2.19 3.04 
2.CX2 2.81 2.29 2.9.3 
2.04 2.81 2 • .31 2.71 
2.CX2 2 • .39 2.56 2.80 
1.92 2.31 2.50 2.96 
2.01 2.65 2.42 2.55 
1.85 2.49 2.64 2.91 
2.00 2.61 2.43 2.96 

1.95 2.52 2 • .31 2.85 
1.90 2.44 2.19 2.8.3 
1.99 2.59 2.42 2.86 

+29.2 +2.3.4 
+28.4 +29.2 
+.30.2 +18.2 

2.9 1.7 
3.2 LQ ~ 



. Pair Sex u .. , .... - . C E .n~~-

1 Mal• 191 210 
2 Male 187 221 
3 Mal• 175 2)6 
4 Male 160 218 
5 Male 172 199 
6 Male 1S7 198 
7 Male 19) 206 
8 ,...i. 184 205 
9 Female 1?9 2)6 

10 r..ie 168 231 
11 ,...i. 172 201 
12 Pellllle lSO 195 
13 ,.ma1. 186 211 
l4 ,.ma1e 190 214 
15 Female 174 213 

·.;' 

AYerage, Total 180 21.) 
Male 181 212 

Foal• 179 21) 

Denation, Total j +18.) 
Male, J +17.1 ,.aa1., • +19.0 

Literature 
Male 190 

l'emal• 170 

TABLE V 

NICOTINIC ACID CONTENT OF RAT TISSUF..S 

EXPERIMENT II 

Values in mcg per gram moist tissue 

11 lrun, H ...... .. 
c E C E 

90.) 120 90.3 101 
94,6 115 85.6 103 
95.0 94.2 112 
84.5 8?.6 114 
99.7 82.7 106 

123 95.0 10'7 
132 96.6 100 
140 97.l 119 

122 130 86.0 112 
143 87.2 108 

145 154 91.0 109 
124 145 98.9 120 

w. 99.5 125 
135 97.0 120 
136 95.l 117 

10'7 1)5 92.3 112 
92.8 125 90.) 106 

130 141 93.9 116 

+26.1 +21.7 
+34.4 +17.7 
+ s., +23.4 

110 120 
120 1"~0 

lho, '"" lln, >"Ila 

c :I C K 

45.5 49.7 64.2 8J.O 
45.8 51.5 59.2 70.l 
46.) 47.l 70.1 7).J 
42.9 48.2 62.0 68.0 
43.a 47.7 6).5 70.6 
4S.6 46.6 · 56.8 71.9 
46.J 47.6 66.2 76.3 
45.3 50.4 86.7 99.2 
47.2 ,0.3 67.1 78.3 
45.7 51.6 72.J 89.9 
48.6 ,1.0 86.4 88.J 
49.6 '2.5 88.0 89.) 
45.3 50.4 89.) 92.0 
47.5 5).1 90,1 94.3 
47.9 50.4 92,3 92.) 

46.2 49.9 74.3 82.S 
45.2 48.) 63.l 7).) 
47.2 51.2 84.0 90.5 

+8.0 +11.0 
+6.9 +16.2 
+8.5 +7.7 

~ 64 
Q'I ~ 



Pair Liver 
Number C E 

l Male 32 • .3 40.7 
2 Male .31.2 44.1 
J Male 37.1 44.1 
4 Male 29.9 40.7 
5 Male 30.1 54.3 
6 Male 30.9 54.4 
7 Male 27.3 54,7 
8 Fnale 26.0 38.6 
9 lemal.e J0.8 59.3 

10 lemal.e 35.2 38.2 
11 Female 26.9 45.8 
12 Foal• 29.3 43.9 
1.3 Pua.le Jl.7 4).7 
14 Female Jl.8 47.9 
15 Female .32.5 55.8 

Average, Total J0.8 47.1 
Male Jl.3 47.7 

Female 30.s 46.7 

DeTiation, Total j +52.9 
Male, J +52.4 

1emale, % +53.1 

Literature 
Male 150 

Female '71 

TABLE VI 

PANTOTHENIC ACID CONTENT OF RAT TISSUES 

EXPERIMENT II 

Values in mcg per gram moist tissue 

Kidney Heart Bri,in 
C E c E C I: 

.31.0 36.4 25.2 J0.6 8.02 12.5 
25.2 35.9 19.0 29.0 10.7 15.2 
27.5 .36 • .3 22.0 27.0 9.01 17.1 
.32.2 )6.7 2.).0 30.6 9.50 13.0 
28.5 35.3 25.7 J2.7 8.78 17.2 
33. 8 .37.1 28.0 35.0 10.0 17.5 
J2.2 37.7 17.0 29.0 6.50 13.5 
JO.O 34.1 19.6 29.5 9.75 13.7 
29.l 33.3 19.9 33.0 8.50 14.4 
.34.6 .36.8 20.6 36.0 7.50 13.2 
36.4 39.2 27.0 38.0 10.5 14.6 
36.7 38.l 29.0 40.0 10.6 15.4 
.32.4 32.6 26.8 Jl.O u.o 15.2 
29.0 33.3 21.0 29.7 10.1 1).8 
JJ.7 42.0 22.0 34.4 10.9 17.7 

Jl.5 )6.3 23.1 32.4 9.42 14.9 
30.1 J6.5 22.9 30.6 8.93 15.1 
J2.7 36.2 2).2 33.9 9.86 14.5 

+15.2 +40.2 +58.4 
+21..3 +33.6 +69.4 
+10.7 +46.1 +47.0 

32 JO 12 
;.l.. .l..O 12 

Muscle 
C E 

5.46 5.55 
4.28 4.so 
4.39 4.72 
3.90 J.92 
5.20 6.00 
5.5.3 5.70 
4.90 4.87 
J.80 4.00 
3.99 4.10 
4.90 4.98 
J.27 4.50 
J.17 4.73 
3.71 4.06 
3.46 4.01 
3.14 3.75 

4.22 4.65 
4.81 5.08 
J.62 4.27 

+10.2 
+ 5.6 
+18.0 

5.5 
J... 'i ro 

ro 
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SUMN[ARY 

The effect of experimentally induced hyperthyroidism in r a ts 

upon the ribofl avin n1cotinlc acid and pantothen1c acid content 

of various tissues has been studied. Animals were brought into 

a sts te of thyroid toxicity by the oral adm1n1stre tlon of 1odi­

na ted c11se1n for a period of t '.:m days, at which ti:i1e the symptoma 

of toxicity were apparent. Equal intake ·of food and vitamins was 

assured by pair.;.feedlng selected pairs of animals to the s·ame 

level of c oosumr·t1on. The vitamin intake ctur lng a previous ad just­

ment period end during the actual experimental period was one half 

the usually accepted optimal level. 

In a.11 tissues examined, the administration of the thyroid­

active material resulted in an increase, usually 1n the range of 

from 10 to 50 per cent 1n the vitamin content of the tissue. 

Pantothenic acid was increased most and n1cotin1c acid least. 

Results obta ined 1n liver, kidney, heart; brain and muscle were 

all consistent when a controlled-feeding technique was employed. 

In a preliminary !2 11b1tum feeding experiment, similar thour,h 

not identical results were obtained. 
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