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The effects of folic acid supplementation during pregnancy 
in the rat 
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I .  Twenty-four Sprague-Dawley female rats were randomly assigned to three groups (groups A, B, C). 
Group A was given a folic acid-free diet and groups B and C received 0.0018 g folic acid/kg diet. Rats in 
g-oup C were also given a supplement of I mg folic acid/d by intraperitoneal injection. 

2 .  After 14 d of feeding the rats were mated. The diets were continued throughout gestation. On day 21,  
of gestation the dams were killed and their livers and products of conception assayed for RNA, DNA, 
protein and tetrahydrofolate dehydrogenase (5,6,7,8-tetrahydrofolate dehydrogenase; EC I .5. I .3)  activity. 

3.  The foetuses, placentas and livers from supplemented rats (group C) were significantly larger than those 
from groups A and B and had a higher content of RNA, DNA and protein. Those tissues from group A 
dams were smaller than those from the other groups and had a correspondingly reduced nucleic acid and 
protein content. 

4. The activity of tetrahydrofolate dehydrogenase, the first and ratelimiting enzyme in the metabolism of 
folate, was increased in the folate supplemented rats (group C) and reduced in the rats given a folic acid-free 
diet (group A). These changes in enzyme activity could explain the differences in nucleic acid biosynthesis 
and growth shown by the different groups. 

There is much evidence to support the view that maternal diet during pregnancy influences 
the birth weight and composition of the offspring (Nelson & Evans, 1953; Winick, 1968; 
Zeman & Stanbrough, 1969; Naismith & Morgan, 1976; Morgan & Naismith, 1977). 
Foetal stores of folic acid in infants born to  mothers with inadequate folic acid intakes are 
low (Iyengar & Apte, 1972). Furthermore, the administration of folk acid supplements to 
pregnant women in certain low socio-economic groups during the last trimester of preg- 
nancy may improve the birth weights of the resulting offspring (Iyengar & Rajalakshmi, 
1975). These authors suggest that this effect is mediated by an increase in placental size and 
function. However, there could be an alternative explanation. 

A deficiency of folic acid may lead to  a deficiency of all or just one of the coenzymic 
forms of the vitamin that are involved as cofactors in the biosynthetic pathway of purines 
and pyrimidines. Therefore, this could lead to a direct impairment to growth of both the 
foetus and the placenta. In order to examine the effects of maternal folic acid intake during 
pregnancy on foetal growth and explore the underlying mechanisms, the effects of maternal 
supplementation df folic acid on the composition of the products of conception as well as 
on the activity of tetrahydrofolate dehydrogenase (5,6,7,8-tetrahydrofolate dehydrogenase ; 
EC I . 5 .  I .  3) in these tissues was measured. This enzyme is the first and rate-limiting enzyme 
in the metabolism of folate, reducing the latter to tetrahydrofolate, which can then accept 
C ,  moieties from various sources to  produce metabolically-active forms of the vitamin. 

E X P E R I M E N T A L  METHODS 

Twenty-four rats of the Sprague-Dawley strain weighing approximately 250 g were selected 
as triplets of littermates on the basis of similarity in body-weights. The members of each 
triplet were randomly assigned to three groups and housed individually in cages with wire 
grids as bases. Groups B and C were fed on a complete diet containing 200 g casein and 
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Table I .  Composition (glkg)  of experimental diets for groups B und C 
Constituent 
Casein (vitamin free) 
Corn starch 
Peanut oil 
DL-Methionine 
Salt mix* 
Vitamin mix? 

200.0 
587.5 
150.0 

2.5 
40.0 
20.0 

* Salt mix formulated after Bernhart & Tomarelli (1966). 
t Composition of vitamin mix/kg diet: retinol (4.0 mg), cholecalciferol (3.0 pg), phylloquinone 

(1.0 mg), tocopheryl acetate ( I  I 1.75 mg), thiamin hydrochloride (10.0 mg), nicotinic acid (40.0 mg), ribo- 
flavin (10.0 mg), calcium pantothenate (40.0 mg), folic acid (1.8 mg), biotin (1.0 mg), pyridoxine hydro- 
chloride (10.0 mg), vitamin BIB (5.0 mg), choline (1.0 mg), ascorbic acid (75'0 mg) and cellulose carrier 
(17623.2 mg). 

0.0018 g folic acid/kg (Table I). Group A was fed on a diet identical in composition to that 
for groups B and C except that folic acid was omitted. All members of the same litter-mate 
triplet were given the same amount of food during the course of pregnancy (i.e. 370 g) 
adjusted according to the appetite of the rat which ate the least. The test diets were mixed 
to a thin paste with water and given twice daily, at I 1.00 and 18.00 hours. 

After 14 d on their respective diets the rats were mated, pregnancy being dated from the 
appearance of a mating plug. The dams were pair fed on the same diets as before throughout 
pregnancy. Groups A and B received in addition a daily intraperitoneal injection of I ml 
saline (9 g sodium chloride/l) throughout pregnancy. Group C was given an injection of 
I ml saline containing I mg folic acid daily throughout gestation. 

The animals were killed on the morning of the zIst day of gestation. Livers, placentas 
and foetuses were dissected out and analysed for protein, RNA and DNA. The livers and 
foetuses were also assayed for tetrahydrofolate dehydrogenase activity. 

Protein was estimated by the procedure of Lowry, Rosebrough, Farr & Randall (1951). 
RNA was extracted as recommended by Munro & Fleck (1966) and quantitatively deter- 
mined from the extinction at 260 nm. DNA was extracted by the method of Klemperer 
(1963) and estimated by the diphenylamine reaction of Burton (I 956). Tetrahydrofolate 
dehydrogenase activity was determined using the method of Perkins, Hillcoat & Bertinol 
(1967). The results were statistically analysed using Student's t test (Bruning & Kintz, 
1968). 

Table 2 shows the composition of the foetuses and placentas from rats given diets without 
folic acid (group A) or with folic acid (o.0018 g/kg, group B ;  0.0018 g/kg+ I mg/rat per d, 
group C )  during pregnancy. Groups B and C had significantly heavier foetuses than group 
A by 12 and 32% respectively. There were also significant increases in DNA, RNA and 
protein content associated with the feeding of dietary folate. In every parameter measured 
the values for the supplemented group (group C) were also significantly greater than those 
for group B. 

Similar differences were found for the placentas. Again those of groups B and C were 
heavier than those of Group A, and contained correspondingly more RNA, DNA and 
protein. Furthermore, the values attained for group C were higher than those for group B. 

With regard to the results for foetal tetrahydrofolate dehydrogenase activity, expressed/ 
mg protein, values for groups B and C were 25 and 72 yo greater respectively than those for 
group A. Expressed on a whole foetus basis these differences become even greater, namely 
37% for group B and 178% for group C. 

RESULTS 
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Table 3.  Analysis of maternal livers at 21 d of gestation in rats given diets with (0.0018 g /kg ,  
group B; o.oor8 k/kg+ I mglrat per day, group C )  or without (group A )  folic acid during 
pregnancy 

(Mean values with their standard errors for 12 rats/group) 

Group .. . 

Wt (8) 
Protein (g) 

Tetrahydrofolate 
dehydrogenase (EC I .  5 .  I .3) 
activity (units1 mg protein) 
* Values were statistically significantly greater than those for group A (P < 0.01). 
t Values were statistically significantly greater than those for groups A and B (P i 0.01). 
2 Activity was measured in units equivalent to the amount reducing I pmol dihydrofolate/h under 

conditions of assay (pH 7.5, 37') using a molar extinction coefficient of 12000 at 340 nm. 

Table 3 shows the results of analyses carried out on the maternal livers at  21 days of 
gestation. The livers of pregnant rats in both groups B and C show significant increases 
over values for group A in all parameters measured. Once more the extent of the increase 
was determined by the amount of folic acid the rats were receiving with rats in group C 
showing higher values than either of the other two groups. 

The hepatic tetrahydrofolate dehydrogenase results are similar to those for the foetuses 
already discussed. In the table the activities per gram are 22 and 70% greater in groups B 
and C respectively than in group A but calculated per whole liver these differences rise to 
70 yo for group B and I 64 yo for group C .  

DISCUSSION 

Due to the synthesis of folic acid by its intestinal flora, a rat has no dietary requirement for 
folic acid under conventional conditions. However, as the rats were housed on grids their 
opportunities for coprophagy were limited. Thus, the folic acid intake of group A was 
minimal. The level of folic acid in the diet of the other two groups (1-8 mg/kg) is of the 
Same order as believed by the American institute of Nutrition (1977) to be several times the 
rat's requirement. This means that group B was getting more than its requirement and 
group c many times that figure. 

As all rats in the study received the same amounts of energy, protein, and all other 
nutrients except folk acid, the results clearly show that there was a relationship between the 
amount of folate in the diet and the growth of the products of conception. When the dietary 
folate was raised from zero to 1.8 mg/kg we observed a marked increase in growth of 
foetuses, placentas and livers, which was more than doubled when an additional I mg folic 
acid/rat per d was given parenterally. 

In addition to any direct effects that folate may have had, the increased growth, and 
consequent expanded surface area exhibited by the placentas from the folate-supplemented 
rats could have contributed to  the higher foetal weight by facilitating nutrient transfer. 

Several workers have shown that livers of pregnant rats show a progressive increase in 
weight, RNA, DNA and protein during gestation (Morgan & Winick, 1977; Campbell, 
Fell & Mackie, 1974; Naismith, 1966). However, the present study has demonstrated that 
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the feeding of excess folate to  rats during pregnancy is associated with an additional incre- 
ment in hepatic growth. The increased cellularity brought about by pregnancy may have 
evolved to make provision for a larger functional liver able to cope with the tremendous 
metabolic load imposed on small animals at  this time. If the additional hepatic tissue 
produced by folate supplementation were metabolically active it would make a further 
important contribution to the metabolic adaptations to pregnancy in the rat. In larger 
animals, by comparison, pregnancy is not instrumental in effecting histological changes in 
the liver and imposes a relatively small metabolic load (Blaxter, 1964). 

The results presented here indicated that tetrahydrofolate dehydrogenase levels were very 
sensitive to the level of folate intake in that they were depressed when it was low and 
enhanced greatly when it was high. This increased activity could account for the increment 
in the rate of DNA and RNA synthesis characteristic of the tissues from the supplemented 
rats, by promoting purine and pyrimidine biosynthesis. Thus, Brade, Jarck & Velter (1972) 
found that a single injection of 1.13 mwfolic acid/kg body-weight caused an increased 
RNA production and an increase in the protein content of rat kidney. Although part of the 
increased activity of tetrahydrofolate dehydrogenase shown here is probably enzyme 
induction by excess folate acting to facilitate its own degradation much of it is possibly due 
to the folate indirectly promoting new enzyme protein synthesis by its general facilitation of 
synthesis of DNA, RNA and protein. 

The importance of folic acid in reproductive performance is controversial but it does 
seem likely that beneficial effects on foetal growth from folate supplements will be seen in any 
population where marginal dietary folate intakes prevail. A study conducted by Baumslag, 
Edelstein & Metz (1970) on an African population deficient in folk acid supports this 
idea. They were able to show that folate supplements given to women during pregnancy had 
a beneficial effect on birth-weights. The present results demonstrated that such supplemen- 
tation will have a similar effect in the rat. Moreover, they also demonstrate that maternal 
liver growth and the activity of tetrahydrofolate dehydrogenase in both the maternal liver 
and foetal tissue is increased with folate supplementation during pregnancy, which could 
provide the underlying mechanism for the enhanced growth. 
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