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Storage, Retention and Distribution of Folic Acid in the Chick." 

Y. R. MOORE, A. LEPP, T. D. LC'CKEY, C. -4. ELVEHJEM, AND E. B. HART. 
Prom the Departmeibt of Riociicnristry, Collcge of rlgriczcltztre, Uiiiversity of Wisconsin, Madison. 

The water-soluble vitamins are generally 
stored and retained by animal tissues to a 
much smaller extent than the fat-soluble 
vitamins. High oral intakes of vitamin -4 
are k n o w  to produce high concentrations of 
this vitamin in the livers of rats and once 
established these stores are available to the 
animal for long periods of time following 
the exclusion of vitamin A from the diet.' 
Data on the storage and retention of the B 
vitamins are limited. Schultz ct al.2 were 
unable to find a further increase in the body 
concentration of thiamine after a dietary level 
of 65 7 of thiamine per rat per day was 
reached. Pearson c't d.:: found that an in- 
creased dietary level of pantothenic acid had 
no significant effect on the level of this vita- 
min in the livers of chicks but did prtduce 
increases in the leg and breast muscle. 

In the course of our studies on folic acid 
in chick nutrition we were interested in the 
storage, retention, and distribution of this 
vitamin in the chick. Results of these in- 
vestigations are reported here. 

Experimental. Day-old White Leghorn 
cockerels obtained from a commercial hatch- 
ery were maintained in electrically-heated 
cages with raised screen bottoms. All chicks 
were fed our folic acid-deficient basal ration 
494-K which consists of dextrin 61 g, alcohol- 
extracted casein 18 g, gelatin 10 g, soybean 
oil 5 g, salts V 6 g, cystine 0.3 g. thiamine 
0.3 mg, riboflavin 0.6 mg, nicotinic acid 
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5.0 mg, pyridoxine hydrochloride 0.4 mg, cal- 
cium pantothenate 2.0 mg, inmito1 100 mg, 
choline chloride 150 mg, biotin 0.02 mg, 
2-methyI-l,4-napthoquinone 0.05 mg, and 
?-tocopherol 0.3 mg. Each chick received 
in addition one drop per week of fortified 
haliver oil containing 120 A.O.A.C. units of 
vitamin D:{ and 1200 U.S.P. units of vita- 
min A per drop. Synthetic folic acid 
(pteroyl glutamic acid) was used in all ex- 
periments. Food and water were given ad 
l ibi tum The chicks were maintained on the 
above ration for 3 to 4 days, weighed, and 
chicks within a 10 g weight range were dis- 
tributed uniformly into the experimental 
groups. 

In the first series groups of 8 chicks each 
were placed on folic acid levels of 0, 25, 100, 
and 1000 y per 100 g of ration. The number 
of chicks per group was reduced to 6 after 
the first week by discarding the heaviest 
and lightest animal from each group. The 
animals were sacrificed when 4 weeks old 
and representative samples of liver and mus- 
cle tissue were taken from 4 chicks in each 
group for folic acid analyses. Average 
weights of the animals a t  4 weeks, number 
of survivors, and folic acid values for the 
liver and muscle tissues are summarized in 
Table I. 

In a second series, 4 groups of 16 chicks 
each were placed on the following diets: un- 
supplemented basal, basal plus 200 y of folic 
acid per 100 g of ration, basal plus 1000 y of 
folic acid per chick per day for 5 days (total 
of 5 mg per chick) by intraperitoneal injec- 
tion, and basal plus 1000 y of folic acid 
per chick per day for 5 days orally. Four 
chicks from each group were taken for folic 
acid analysis of the liver and muscle tissues 
a t  the end of 1, 3,  and 5 weeks from the time 
the supplements were started. In addition, 
folic acid analyses were made on representa- 
tive tissues from 3 series of 4- to 5-week-old 
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Fdic Acid Storage in Chick Liver and Muscle with Incrcosing Uitltary Intakes of Folic Acid. 

y of fo lk  acid per g of 
Supplemiit added per Av-g \vt \ 

Group No. 100 g ration 494-I( at 4 wk: g Liver Muscle 

1 0 130 ( G ) *  1.07 .05 
(.79-1.5-2) t (.043-.069) 

(1.46-3.08) (.04-.07) 

(1.97-4.51) (.05-.08) 

(11.9-16.4) (.03-.05) 

2 25 y folic acid 175 ( 5 )  2.3a .OG 

3 100 y ) )  ) )  190 (6) 3.52 .06 

4 1000 y j 7  ) )  175 (6) 14.7 .04 

.: Numbers in pwntliescs refer to number of chicks surviving at 4 wceks. 
t Numbcrs in parentheses give thc range of values found. 

chicks receiving 200  y of folic acid per 100 g 
of our basal ration. The results of these se- 
ries are summarized in Tables I1 and 111. 

Samples taken for analysis were minced in 
a Yotter-Elvehjem homogenizer4 or a Waring 
Blendor. Liver and muscle samples from 
chicks in series I and I1 were digested with 
taka-diastase in pH 4.5 acetate buffer for 24 
hours at  37°C since this procedure has been 
found satisfactory for liberating bound folic 
acid in these The other body tis- 
sues were likewise treated with taka-diastase 
and in addition duplicate series were treated 
in pH 4.5 acetate buffer ~ t h  a kidney 
conjugase preparation prepared according to 
the procedure of Bird et aL7 No significant 
differences in liberation of folic acid from 
the various tissues was noted with either pro- 
cedure and the values given (Table 111) rep- 
resent an average of values from tissues re- 
ceiving the 2 liberation procedures. Folic 
acid was determined with Streptococcus 
faecalis using the medium of Luckey et aZ.* 
modified by the addition of 1.0 cc of Speak- 
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man’s9 salts B per 100 cc of medium. 
Results and Discussion. The results of the 

first series demonstrate that increasing the 
dietary level of folic acid has little effect on 
the content of this vitamin in chick muscle 
tissue since muscle folic acid values remained 
relatively constant regardless of dietary in- 
take. The folic acid content of the liver, 
however, increased directly with increased 
dietary intakes of the vitamin. Liver values 
were 1.07, 2.35, 3.52 and 14.7 y of folic acid 
per g of fresh liver for the 0, 2 5 ?  100 and 
1000 y dietary level groups respectively. The 
values presented here are not intended to 
represent absolute amounts of folic acid that 
will be found in chick liver and muscle tis- 
sue on similar folic acid intakes on different 
diets; but they merely represent the relative 
efficiency of storage of folic acid under the 
particular standardized conditions used in 
this series (Series I ) .  The observed increase 
of folic acid in chick liver as compared to 
the constancy of chick muscle tissue follows 
the expected storage of a B vitamin and is 
in contrast to the increased storage of 
pantothenic acid in muscle tissue reported by 
Pearson et aL3 

Results from the second series indicate 
that high initial dosages of the vitamin are 
stored inefficiently in the liver since only 
3.6 y of folic acid per g of liver were present 
in chicks from Groups 3 and 4 (Table 11) 
2 days after administration of the final mg 
of folic acid. Muscle folic acid values re- 
mained fairly constant in Groups 1? 2 and 4 
but a temporary increase occurred in the in- 
jected group. The control group of chicks 
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3.05 (1.8-4.9 ) t 
1.6 (1 .0-22)  
.!G ( .4-1..?) 

21 (.19-.23) 

. (i 
.58 (.19-.27 1 

.19 (.17-.2 ) 

.17 (.10-24! 

.08 (.04-.12') 

.05 (.05-.06) 

.'. Kiic.11 value represents the awrage of 6 sanlples, 
t0:it.h of wliic*h consisted of the pooled tissue of 2 
c.liic.ks (tot:tl of 12 chicks). 

t Suiiilwi.s i i i  parentheses refer to range of 
Tolic acid vnlucs encountered. 

which received the 200 y level of folk acid 
had liver and muscle folic acid values in 
fair agreement with those obtained in the 
first series. The failure of the chicks on 
the 2 0 0  y dietary level of folk acid (Table 
11) to show the expected increases in liver 
folic acid values over the groups receiving 
the 100 y dietary level (Table I) suggests 
more efficient storage of folk acid at an 
early age in the slower growing animals of 
the first series. No significant decreases in 
liver folic acid occurred in the basal group 
and the 0.6 and .36 y / g  drop from the 3rd 
to the 5th week in Groups 3 and 4 respective- 
ly is small compared to the 2.4 and 2.9 -//g 
drop that occurred from the 1st to the 3rd 
week. Further, the increased growth from 
the 3rd to the 5th week as compared to the 
1st to the 3rd week would act to distribute 
the vitamin over a larger weight of tissue 
and the decreases in the total amount of liver 
folic acid would actually be smaller than is 
indicated by the values given. The folk 
acid in the basal ration (3 to 4 y per 100 g )  
plus that produced from a limited amount of 
intestinal synthesis would aid slightly in inain- 
taining liver stores. Nevertheless, the abili- 
ty of the injected and orally administered 
groups to continue growing in spite of the 
fact that their liver and muscle tissues were 
as low in folic acid as the corresponding 
tissues of the basal group is interesting. Ex- 
planations for this discrepancy are lacking, 
but one possibility is that the initial high 
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dosages oi folic acid were used in the synthesis 
of a biologically active but microbiologically 
inactive compound. This view has been taken 
previously by Wright et oZ.l0 who observed 
a decrease of folic acid (as measured micro- 
biologically) in incubated rat liver tissue. In  
any event, low tissue levels of folic acid are 
utilized efficiently on low folic acid diets. 
The possibility of storage in some other tis- 
sue of the animal seems improbable since 
analysis of the various body tissues of chicks 
receiving 200 'J of folic acid per 100 g of 
diet showed the liver to be the main site of 
storage. 

Results from the second series also dem- 
onstrate that high initial doses of orally ad- 
ministered folic acid are used as efficiently 
as equivalent doses of injected folic acid. 
Group 4, which received the folic acid sup- 
plement by the oral route, gave a growth 
response at  3 weeks equivalent to that of the 
injected group (Group 3 ) ;  and at  5 weeks 
the growth of the 2 groups plateaued at the 
same weight (difference of 10 g is not con- 
sidered significant). These results do not 
substantiate the findings of Frost and Dannll 
who found differences in favor of the injected 
folic acid but a direct comparison of the data 

10 Wright, L. D., Skcggs, H. R., and Welch, 

11 Frost, D. V., and Ihnn,  3'. P., Science, 1946, 
A. I)., .-lwh. Riocliem., 1945, 6, 15. 

104. 192. 

is impossible since different technics and ani- 
mals were involved. 

Liver, kidney, and pancreas were found, to 
have the highest and skin and muscle the 
lowest content of folic acid; testes, spleen, 
heart, brain, and lung had intermediate val- 
ues. The relative content of folic acid in 
chick liver, heart, and brain agree with the 
values found by Williams et aZ.12 

Summury. High oral intakes of folic acid 
are stored inefficiently in chick livers and 
have little if any effect on t,he content of this 
vitamin in chick muscle tissue. Chicks given 
large oral doses of folic acid and then placed 
on a folic acid-deficient diet grew as well as 
chicks receiving an equivalent amount of folic 
acid by injection. The distribution of folic 
acid in some representative chick tissues has 
been studied. 

We are indebted to Merck and Company, Rah- 
\wy, S. .J . ,  for (*rystaIline vitamins; t o  Dr. 13. 11. 
Hutchings of Ledcrle Laboratories, Inc., Pearl 
Hirer, S .Y . ,  for c.ryst:tllinc? folic acid; to Abbott 
IAaboratoricu, North Chicago, Ill., for hnliver oil ; 
to Wilson and (hrnlxiny, Inc., Chicago, Ill., for 
gelatin; to Allied Nills, Inc., Peoria, Ill., for 
soybean oil; and to E. I. du Pont de Ncmours and 
Company, rile., S e w  Rrunswick, N.J .; for crystal- 
line vitamin D3. 
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Intrasplenic Transplantation of Testes in Castrated Mice* 
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Granulosa-cell tumors and luteomas have 
arisen in intrasplenic transplants of ovaries 
in castrated male and female mice.lt2 The 
pathogenetic factors responsible for these 
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ovarian tumors have been assumed to be 
(1) the capability of the liver to inactivate 
ovarian hormones: and ( 2 )  the increase in 
the amount of gonadotrophic hormones that 

1Li, M. H., and Gardner, W. U., Science, 1947, 

2 Li, M. H., and Gardncr, W. U., Cancer Research, 
105, 13. 

in press. 


