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Nelson et aZ.( 1) have shown that a transi- 
tory period of pteroylglutamic acid (PGA) 
deficiency of only 48 or 72 hours during the 
second week of pregnancy markedly affected 
fetal development in the rat and invariably 
resulted in a high incidence of abnormal 
young or fetal death. The earlier phases of 
embryonic development were more severely 
affected than the later phases by either period 
of deficiency. In contrast, a 24-hour period 
of the PGA-deficient diet during the same 
week of pregnancy had little or no effect. In 
order to determine more accurately the length 
of time required for the PGA-deficient diet to 
affect fetal development and also to find the 
period of greatest sensitivity, the effects of a 
36-hour period of deficiency have been 
studied. 

Methods. The experimental procedures 
and diets were the same as those used previ- 
ously to study the effects of transitory PGA- 
deficiency ( 1 ) . Stock female rats of the Long- 
Evans strain were bred with normal males 
and given the PGA-deficient diett for 36 
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Service A-841 and the College of .%griculture of the 
University of California. We are indebted to Dr. 
T. H. Jukes, Lederle Laboratories, Pearl River, S. Y., 
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acid (PGA) and of the antimetabolite, x-methyl- 
PGA; to Dr. Richard H. Barnes, Sharp and Dohme, 
Inc., Glenolden, Pa. for succinylsulfathiazole ; to Dr. 
E. L. Severinghaus, Hoffmann-LaRoche, Inc., Nutley, 
N. J., for crystalline d-biotin, d-calcium pantothenate, 
and dl-alpha-tocopherol; and to Dr. Randolph Ma- 
jor, Merck and Co., Inc., Rahway, S. J., for crystal- 
line B vitamins and 2-methyl-1 ,4-naphthoquinone. 

t The PGA-deficient diet containing 1% succinyl- 
sulfathiazole and 0.5% x-methyl-PGA was the same 
as that used previously (Xelson et al. 1955). The 
PGA-supplemented diet contained the identical con- 
stituents, including the x-methyl-PGA for more than 
half the animals, but in addition, 50.5 mg synthetic 
PGA per kilo of diet. Lot N-125 of x-methyl-PGA 
was used throughout this study. 

hours, beginning with the 7th, Bth, 9th, and 
10th days olf pregnancy. Following the pe- 
riod of transitory deficiency, the animals were 
given ithe PGA-supplemented diett for the 
remainder of the gestation period. Twenty to 
25 rats were used for each experimental group. 
Additional groups of animals were subjected 
to 24- and 48-hour periods of deficiency in- 
stituted on the same days in order to confirm 
the results previously obtained with smaller 
groups for sane of these periods.: All young 
were removed by cesarian section on the 21st 
day of gestation and examined macroscopic- 
ally for abnormalities; the uterus was checked 
for the presence of resorbing sites. 

Results. Table I summarizes the effects of 
24, 36, and 48-hour periods of PGA-defi- 
ciency. A 48-hour period of deficiency started 
on either the 7th or 8th days olf pregnancy 
was equally deleterious to fetal development 
as 97 to 100% oE the embryos resorbed in 
both groups. When the same per id  04 de- 
ficiency was started on the 9th or 10th days 
fewer embryos resorbed, 61% and 19%, re- 
spectively, Abnormal young and even a few 
normal young were found, showing that fetaI 
sensitivity to PGA-deficiency decreased with 
increasing fetal age and differentiation. A 
24-hour period of deficiency during the same 
days of pregnancy was, however, virtually in- 
effective. Only 10 to 11% of the embryos 
were affected, the percentage of fetal death 
being slightly higher than that observed in 
more than 40 control litters. Half of the con- 
trol pregnancies had received the PGA-sup- 
plemented diet and the remainder a stock 
diet of natural foodstuffs. X o  abnormal 
young were present in (the control litters 
whereas a few congenital anomalies were ob- 

$ S o  additional animals were subjected to the 48- 
hour deficiency period from days 9 to 11 or days 
10 to 12. The data for these periods in Table I are 
taken from Nelson et aZ.(l). 
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TABLE I. Effect of Transitory PGA Deficiency on Fetal Development in the Rat (24, 36, and 
48 Hr Periods). 

PGA- deficien t Wt change r Embryos-, Total 

Hr Days bred tation,g TotalNo. yo % % % 
diet No. rats during ges- Normal, Abnormal, Resorbed, affected, 

48 7- 9 
8-10 
9-11 

10-12 
36 7- 8% 

8- 9% 
9 - 1 0 s  

l O - l l %  
24 7- 8 

8- 9 
9-10 

10-11 
None 

22 
23 
34 
21 
22 
26 
24 
24 
23 
23 
21 
23 
42 

+ 58 + 56 + 77 + 90 
+ 92 + 79 + 78 
+lo1 
+lo9 
$115 
+lo2  + 108 
+ 114 

197 
237 
328 
197 
206 
256 
232 
240 
217 
239 
202 
235 
410 

1 
0 
0 
19 
67 
20 
69 
92 
90 
89 
90 
90 

0 

2 
0 

39 
62 

6 
15 
10 
0 
0 
5 
3 
0 
0 

97 99 
100 100 
61 100 
19 81 
27 33 
65 80 
21 31 
8 8 

10 10 
6 11 
7 10 

10 10 
5 5 

served in two groups subjected to 24-hour 
periods cuf ddcienty. In contrast to the 24- 
hour periods of deficiency, ithe 36-hour perids 
markedly affected fetal develupment when in- 
stituted on the 7th, 8th, or 9th days. The 
absence sf effects when the deficiency was 
startled on the 10th day again d m m s t r a t d  
the rapidly decreasing sensitivity to this vita- 
min deficiency with increasing fetal age. The 
effects of the 36-hour period were greatest 
when 'the PGA-deficient diet was started on 
the 8th day, 80% of the mbryos being af- 
fected. Approximately 30% of the embryos 
were (dead or abnormal when the deficient diet 
was started une day earlier or later. 

The types of abnormalities Orbmved in the 
young resulting from 36-hour periods of de- 
ficiency instituted on the 7th or 9th days 
were similar to those previously observed for 
the corneslponding 48-hour perids of defi- 
ciency( 1 ) . Cerebral and eye defects, cardioe 
vascular mornalies, and gastroschcisis were ab- 
served in the young from the day 7 to 8% 
group ; whereas cleft palate, harelip, s-yndac- 
tylism, clubfoot, ca~diovwular and eye de- 
fects were observed in the young from the 
day 9 to 10% group. In the abnormal young 
from the day 8 to 9% group cardiovascular 
defects predominated ; hydrocephalus, dia- 
phragmatic defects, and gastroschisis were 
also found. 

Discussion. The data presented demon- 
strate that fetal development in the rat ca.n 

be severely injured by as brief a per id  as 36 
hours of the PGA-deficient diet. me propor- 
tion of embryos affected varied with the time 
of instituting the deficient diet and was high- 
est when the diet was started on the 8th day. 
The deleterious effects of the PGA-deficient 
diet given from days 8 to 9% were presum- 
ably exerted during the 9th day (inasmuch 
as the first 24 hours were ineffective and we 
must assume I h t  a few hours would be re- 
quired for vitamin supplementation to coun- 
teract the antimetabolite, x-methyl PGA) . 
Similarly, the PGA-deficient diet given from 
days 7 to 8% presumably exerted its effects 
during the 8th day. Thus, the 8-day rat em- 
bryo appeared to be less sensitive to this vita- 
min deficiency than the 9day rat embryo. 

A similar difference in apparent sensitivity 
of the rat embryo to law doses of irradiation 
has been reported by Wilson(2) and by 
Hficks(3). It has been suggested by Russell 
and Russell(4) that the cells of the 8-day rat 
embryo may be just as sensitive to irradiation 
but have a greater regulatory power. The 
same explanation! may be valid for sensitivity 
to PGA-deficiency. It is dm pssible that 
the cellls of the earlier embryo may have fewer 
bimhemicaI reactions for which the vitamin 
is necessary than cells of the 3 germ layers in 
the 9-day rat embryo. Bieber et aZ.( 5) found 
a similar ineffectiveness of PGA antimetabo- 
Eites during the early stages of development in 
Rana pipiens. Hitchings( 6) has hypothe- 
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sized that early embryogenesis in Rana pi- 
piens might occur at  the expense of preformed 
purine-con taining nucleic acid fragments 
stored in the ovum and that nucleic acid syn- 
thesis from smaller molecules involving PGA 
might bepin only at  neurulation, the earliest 
stage that YG.4 antimetabolites affect develop- 
ment in this species. 

Fetal development in the rat 
was severely affected by a 36-hour period of 
pteroylglutamic acid deficiency when insti- 
tuted early in the second week of pregnancy. 
The incidence of fetal death or abnormality 
was higher when the vitamin-deficient diet 
was started on the 8th day of pregnancy than 

Szrn~nzaqr .  

on the 7th day but decreased rapidly there- 
after with increasing fetal age. 
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IVhile studying the effect of vit. E de- 
ficiency on the incorporation of fonnate-Cl4 
and g1ycine-l-Cl4 into the nucleic acids of 
various rabbit tissues. it was found that the 
deficiency also altered the level of isotope in- 
corporation into the proteins of those tissues. 
The tissue protein exhibiting the greatest dif- 
ference was that of skeletal muscle( 1).  This 
paDer reparts the results of the isolation of 
glycine. serine. and methionine from skeletal 
muscle of normal and vit. E-deficient rabbits 
following injections of either sodium formate- 
C14 or glycine- 1 -P. 

Methods. New Zealand rabbits of both 
sexes were placed on a purified diet deficient 
in vit. E(2).  Controls were given 4 mg of 
&ocopherol acetate per kilo of body weight 
twice weekly. When symptoms appeared in 
3-4 weeks, one deficient and one control rab- 
bit were injected with either sodium formate- 
CI4 (specific activity, 2 3 5  pc,,'mMole) or gly- 

* This work was supported by research grant S o .  
-4-721 from the National Institutes of Health, Public 
Health Service. 

t Medical Student Research Fellow, National 
Foundation for Infantile Paralvsis. 

cine-l-CI-' (specific activity, 0.58 pc ImMole) 
a t  a level of 10 pc per 100 g of body we>ight. 
After 4 hours the animals were killed and the 
skeletal muscles of the hind legs were re- 
moved. 

This tissue was homogenized in an equal 
volume of water and extracted with cold 10% 
trichloroacetic acid, alcohol, alcohol-ether, 
and hot 10% sodium chloride. The protein 
residue was then dried. The specific activi- 
ties of these pratein samples were determined 
by counting small aliquots in an end-window 
Geiger-Mullm ItuIbe with window thickness of 
2 mg per sq. cm. All values were corrected to 
infinite thinness. Approximately 10 g of the 
protein was hydrolyzed according to the 
method of Stein and Mwre(3).  The m i n o  
acids were separated with an ion exchange 
column, using Dowex 50-X4, using the 
method of Moore and Stein(4) with moulifica- 
tions. The hydrolysate was placed on the 
column in a citrate buffer at pH 3.1. The ef- 
fluent was collected in 4 ml fractions at a rate 
of 50 ml per hour at 32°C. Each f$raction was 
assayed for C14 content by counting an ali- 

4 ~~ 
quot which had been evaporated to dryness. 


