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Fetal growth retardation and death in 
pantothenic acid-deficient rats is due 
to impaired placental function 
Mei-Chuan Chen, Yosook Song* and Won 0. Song 

Department of Food Science and Human Nutrition, Michigan State University, East Lansing, MI 
USA: *Chonju- Woosuk University, Chonbuk, Korea 

Maternal pantothenic acid (PA) deficiency in rats leads to retarded fetal growth, congenital malformation, and 
fetal death. The teratogenic efSect was reported in mild maternal PA deficiency. We investigated if the adverse 
outcome of pregnancy in PA deficiency was caused by impaired placental development of functions. Sprague- 

Dawley pregnant rats (200 to 240 g) were pair-fed AIN- purified diets with (controls) or without PA for 3 

weeks. We determined the body and organ weights, and PA status of pups and dams; resorption rate, weight and 
DNA content of placenta: and maternal plasma concentration of progesterone, and placental acetylcholine 
concentration relative to the placental function. The dams in the PA-de$cient group had body and organ weights 
comparable to the control, produced pups with lower body and organ weights, and had higher resorption rates 
(57% versus 15%) than the control. The pups were more seriously affected by PA deficiency than the dams, with 
significantly lower PA and CoA concentration in organs compared with the control pups. Compared with the 
control, PA-deficient dams had on day 5 of pregnancy, a lower plasma progesterone concentration (x * SEM: 
89.3 * 8.3 versus 118.3 rt 10.5 nmoUL, P < 0.05), and elevated plasma cholesterol (2.57 f  0.21 versus 1.61 + 
0.1 I mmoUL, P < 0.05) and on day 15 of pregnancy, elevated placental cholesterol concentration (4.03 2 0.08 
versus 3.54 + 0.05 pmoUg wet, P < 0.05) a lower placental acetylcholine concentration (1.32 + 0.07 versus 1.54 
f  0.03 nmoUg wet P < 0.05). and lower placental PA (free and total) and CoASH concentration. Placental weight 
and DNA content did not differ significantly between the groups. We conclude that the combination of impaired 
placental endocrine functions and an inadequate supply of PA for fetal growth explain the retarded fetal growth 
and death, and more adverse effect to pups than to dams. (J. Nutr. Biochem. 71451456, 1996.) 
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Introduction The requirement of PA as part of CoA, and acyl carrier 

Maternal pantothenic acid (PA) deficiency during embryo- 
genesis in rat has been reported to produce congenital mal- 
formation, retarded fetal growth, or fetal death with resorp- 
tion. lil The teratogenic effect was seen even in mild ma- 
temal PA deficiency in which PA concentration in dam’s 
liver decreased only 16% from the level of the control.4 This 
suggests that early embryonic development is very sensitive 
to a relatively mild deficiency of PA. 
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protein of fatty acid synthase in many metabolic pathways is 
well understood. However, specific biochemical mecha- 
nisms that may link the adverse outcome of pregnancy to 
PA deficiency are not known. We do not know at present if 
it is caused by insufficient supply of the vitamin from dam 
to embryo due to a decreased pool of maternal stores, by 
impaired placental transport of the vitamin to embryo for its 
high requirement for fast growth and development, or by 
impaired placental growth or function either due to altered 
metabolism or due to high requirement of PA bv nlacenta. 
Development and endocrine -functions of placenta have 
never been investigated in PA deficiency. 

In the present study, placental functions are hypothesized 
to be modified in PA deficiency based on the following 
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biochemical evidences: a) Progesterone is synthesized in the 
placenta during pregnancy from cholesterol, which is orig- 
inated solely from maternal blood via passive diffusion. 
Lower serum cholesterol concentration has been reported in 
PA deficiency;‘** b) Acetylcholine in placenta is known to 
regulate transport of amino acids’ as well as release of 
placental hormones to circulation.” The synthesis of ace- 
tylcholine in placenta and brain is regulated by choline ace- 
tyltransferase (EC 2.3.1.6.), which is controlled by the flux 
of acetyl CoA.“,” Choline acetyltransferase has Km’s for 
acetyl CoA and CoASH (65 kmol/L and 20 pmol/L, respec- 
tively),‘” which are higher than the physiological concen- 
trations of acetyl CoA in brain (2 to 20 kmol/L). Although 
CoASH level in placenta has never been reported, the con- 
centration and flux of CoASH in placenta are not likely to 
differ from those in brain; c) Transport of PA in placenta is 
accomplished by a Na-dependent mechanism.5 In humans, 
the Km (9 kmol/L) for the active transport5 is higher than 
the physiological blood concentration (0.5 to 1 pmol/L).6 
Transport of PA by rat placenta has never been studied. 

The present study was carried out to identify the possible 
mechanism of the impaired growth and fetal death caused 
by maternal PA deficiency. Specifically, we determined the 
body and organ weights and PA status of dams and pups; 
resorption rate; weight and DNA content of placenta; and 
progesterone, cholesterol, and acetylcholine concentration 
relative to the placental function. 

Methods and materials 

Chemicals 

D-pantothenic acid, rabbit serum albumin, CoASH, ATP, Triton 
X-100 bovine serum albumin, bovine gamma globulin, alkaline 
phosphatase (EC 3.1.3. I), acyl-CoA synthetase (EC 6.2.1.3) 
Hoechst 33258, hemoglobin kit, and total cholesterol kit were 
purchased from Sigma Chemical Company (St. Louis, MO USA). 
D-[1-“Cl-pantothenic acid (1.48-2.22 GBq/mmol), [l-‘“C]- 
palmitate (1.48 to 2.22 GBq/mmol), [ 1,2-“HI-progesterone (185- 
740 MBq/mmol), and [ l-‘4C]-pyruvate (5-20 mCi/mmol) were 
from New England Nuclear (Boston, MA USA). Dithiothreitol 
(DTT) was from Boehringer Mannheim Biochemicals (Indianapo- 
lis, IN USA). Soluene was from Packard Instruments Company 
(Donwer’s Grove, IL USA). Safety Solve was from Research 
Products International (Indianapolis, IN USA), and the progester- 
one antibody was from Endocrine Sciences (Calabasas Hills, CA 
USA). Pantetheinase (EC 3.5.1.-) was provided by Dr. Wittwer at 
the University of Utah, Salt Lake City, UT. 

Animals and diet 

About 50 female Sprague-Dawley rats (200 to 240 g) were bred 
with healthy males (280 to 350 g). Each female rat was examined 
for vaginal smears early each morning by the presence of vaginal 
plugs, erythrocytes and sperms. The day of positive detection was 
considered as the first day of gestation. The pregnant rats were 
then assigned to two to three groups (n = 6 to g/group) and fed for 
3 weeks of pregnancy either an AIN- semipurified diet-deficient 
in PA (co.8 mg/kg diet), or the same diet supplemented with an 
adequate amount of PA (12 mg/kg; control diet). 

The pregnant rats were housed individually in stainless steel 
hanging cages until the 20th day of pregnancy and then transferred 
to plastic-bottom cages. Individual food intake and weights were 
measured every other day. The room was maintained on a 12-hr 

light/dark cycle with lights on at 7:00 a.m. Temperature (20 to 
22°C) and humidity (68 to 70%) were controlled. The protocol was 
reviewed and approved by the Michigan State University All- 
University Committee on Animal Use and Care. 

In the first experiment, the pregnant rats were divided into three 
groups and given: a PA-deficient diet, ad libitum (Group 1); a 
PA-supplemented control diet, pair-fed with Group 1 (Group 2); a 
PA-supplemented control diet, ad libitum (Group 3). The second 
experiment included only groups 1 and 2. 

Sample collection 

In experiment 1, within 24 hr after pups were born, dams were 
killed by cardiac puncture (after anesthesia with metophane), and 
pups by decapitation. Blood was collected into vacutainer tubes 
containing sodium heparin. Liver and brain were removed from 
dams and pups, rinsed in ice-cold phosphate buffered saline (pH 
7.4), weighed, frozen in dry ice, and stored at -20°C. The blood 
was measured for hemoglobin and total PA (sum of free PA and all 
PA derivatives including CoA and its acyl forms). The total PA, 
free CoA (CoASH), and acetylcholine were measured in liver and 
brain tissues of both dams and pups. 

In Experiment 2, blood sample (1 to 1.2 ml/rat) was collected 
from the tail artery into syringes rinsed with sodium heparin on 
day 5 (first trimester; critical stage for embryo to implant), day 10 
(critical stage for fetal development), and day 15 (earliest stage to 
detect placenta). On days 15 and 20 of gestation when placenta 
could be identified, four to seven rats from each group were killed. 
Blood, liver, brain, and placenta of dams and fetus were collected 
as in Experiment 1. 

The whole blood was centrifuged at 2,000 x g for 15 min for 
separation of plasma after hemoglobin was measured. Hemoglobin 
was determined to monitor the effect of hemodilution for the ana- 
lytes measured. 

Analytical methods 

Free PA in plasma (100 uL), and free and total PA in liver (0.2 g 
wet) and placenta (0.2 g wet) were determined by RIA following 
the method of Wyse et all4 and modified by Song et a16.18 
Briefly, the tissue samples were homogenized in distilled water 
and incubated with (for total PA) or without (for free PA) an 
enzyme mixture containing 10 units alkaline phosphatase (EC 
3.1.3.1.) and 20 units pantetheinase (EC 3.5.1.-) in 0.1 mol/L tris 
buffer at 37°C for 12 to 15 hr. The mixture was then deproteinized 
by equimolar concentration of saturated Ba(OH), and 10% ZnSO,, 
followed by centrifugation at 5,000 x g for 10 min. The resulting 
supematant was used for the analysis for PA by RIA. CoASH was 
quantitated in tissues by modified procedures of Hansford,” 
Allred and Guy,” and Knights and Drew.” 

Progesterone in plasma was determined by RIA described by 
Endocrine Science Corp. (Calabasas Hills, CA USA). Acetylcho- 
line in brain and placenta was measured by the modified radio- 
chemical assay described by Rivera-Calimlim et al.19 and Fon- 
num.20 Total cholesterol in plasma, liver and placenta was deter- 
mined by a modified method described by Folch et al.” DNA in 
placenta was determined by a modified procedure of Labarca and 
Paigen” based on the enhanced fluorescence when bisbenzimid- 
azole (Hoechst 33258) binds to DNA. 

Statistical analyses 

The statistical analyses were performed by the Minitab statistical 
program. ANOVA, multiple mean comparison tests, and Student’s 
t-tests were used to compare all measurements among groups. 
Correlation was determined to assess the relationship between the 
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Table 2 Total PA, CoASH, and Ach concentration in blood, liver, 
and brain of dams and pups’ 

data of dams, pups, or placenta with the significance level of P < 
0.05. 

Results 

Experiment 1 

Weight gain, body and organ weights, and food intake of 
dams and pups. Dams (228 f 30 g, initial weight) fed the 
PA-deficient diet, ad libitum (Group 1) consumed during 
3-week gestation as much food as those fed a control diet, 
ad libitum (Group 3) (18 + 2, 18 + 1 g/day, respectively). 
Because food intake did not differ between Groups 1 and 3, 
we combined the data of two control groups (Groups 2 and 
3). The weight gain, organ weights (liver, brain, kidney, and 
heart) and litter sizes (12.2 versus 12.3) of dams in Group 1 
did not differ statistically from those of the control group 
(Table 1). 

The birth weight and organ (brain and liver) weights of 
pups in Group 1 were, however, significantly lower than 
those of the control group (P < 0.05). The birth weight of 
pups was significantly correlated with their liver weight (Y 
= 0.79, P < 0.01) and brain weight (Y = 0.58, P < O.Ol), 
but not with the weight gain of dams. The data suggest a 
clear partition between maternal and fetal metabolism in 
favor of maternal well-being. 

PA status and brain acetylcholine. In dams of both 
groups, the blood total PA concentration at the beginning of 
gestation decreased significantly after delivery (Table 2). 
The decrease in Group 1 (2.52 * 0.38 to 0.77 + 0.10 FmolL) 
was, however, significantly more than that in the control 
group (2.58 f 0.18 to 1.45 & 0.19 kmol/L) with no differ- 
ences in hemoglobin content. Dams in Group 1 after deliv- 
ery had significantly lower liver total PA and CoASH con- 
centrations, than the control group (P < 0.05). Brain of dams 
in Group 1 had lower total PA and CoASH concentrations 

Table 1 Weight gain, and body and organ weights of dams 
and pups’ 

Pantothenic acid status 

Deficient Adequate’ 

Weight gain (g/d) 
Liver (g wet) 
Brain (g wet) 
Kidney (g wet) 
Heart (g wet) 

6.78 + 0.39” 
10.27 + 0 52” 

i 58 i 0.02a 
1 .a3 + 0.03” 
0.98 + 0 04a 

Dams 
7.59 + 0.20a 

10.63 i 0.32= 
1.58 + 0.02a 
i .a2 + 0.04a 
0.95 + 0.02a 

Birth wt (g) 
Liver (g wet) 
Brain (g wet) 

5.75 + 0.24a 
0.23 k O.OO= 
0.21 + 0 00” 

Pups 
6.41 zt 0.14b 
0.26 e 0.01’ 
0.22 f O.OOb 

‘Values are means * SEM for deficient group (n = 5) and control 
group (n = 13). Values in the same row with different superscripts 
are significantly different (P < 0.05). 
‘The data represent a pool of pair-fed and ad libitum controls be- 
cause food intake did not differ between the two control groups. 

Pantothenic acid status 

Deficient Adequate3 

At the beginning of gestation 

Blood PA’ (total, pmol/L) 
Hb (n/L) 
After-d&livery 

Blood PA2 (total. umol/L) 
Liver PA (t&al, nmol/g wet) 
CoASH (nmol/g wet) 
Brain PA (total, nmol/g wet) 
CoASH (nmol/g wet) 
Brain Ach (nmol/g wet) 

Hb (g/L) 

Blood PA2 (total, pmol/L) 
Liver PA (total, nmol/g wet) 
CoASH (nmol/g wet) 
Brain PA (total, nmol/g wet) 
CoASH (nmol/g wet) 
Brain Ach (nmol/g wet) 

Hb (g/L) 

Dams 

2.52 i 0.38” 2.58 + o.laa 
150.7 + 7.0a 154.4 + 3.1a 

0.77 + O.loa 1.45 i O.lgb 
430.68 + 12.60a 521.62 * 35.04” 
121.73 + 11.77= 168.09 * 10.lgb 

57.00 * 3.4ga 72.60 * 6.82b 
30.60 i 2.69’= 51.42 i 4.32b 

0.41 * 0.04a 0.49 * 0.03a 
141.2 zt 8.0a 144.6 i 5.6= 

Pups 
1.75 *0.14a 3.90 * 0.21 b 

187.20 i 10.28” 326.86 + 17.57b 
71 .a0 i 6.08” 113.28 * 6.30b 
16.12 i 2.46” 48.65 f 5.03b 
i i .a6 + o.a5a 11.37 f 0.70a 

0.22 + 0.02a 0.27 * 0.01 b 
128.2 + 4.7a 122.0 + 3.2a 

‘Values are means f SEM for deficient group (n = 5) and control 
group (n = 13). Values in the same row with different superscript 
letter are significantly different (P < 0.05). 
‘Blood does not contain CoA. 
3The data are a pool of pair-fed and ad libitum controls because 
food intake did not differ between the two groups. 

than those of the control group (P < 0.05) with no difference 
in acetylcholine content. 

Compared with dams, pups in both groups had two to 
three times higher blood total PA concentrations, and 40 to 
60% lower total PA and CoASH contents in liver and brain. 
Compared with pups in the control group, pups in the de- 
ficient group had significantly lower concentration of total 
PA and CoASH in blood and liver (P < 0.05). The high 
gradient in blood total PA concentration between pups to 
dams indicates indirectly that the active transport of PA by 
placenta is intact, but cannot make up for the low blood 
concentrations in PA-deficient dams. Although the brain of 
PA-deficient pups had significantly lower total PA and ace- 
tylcholine concentration, CoASH concentration did not dif- 
fer between the two groups. 

Experiment 2 

Resorption rate, placenta weight, and DNA content. 
Dams in PA-deficient group (Group 1) and the control 
group (Group 2) had resorption rates of 57% and 15%, 
respectively with mean litter sizes of 7 and 11, respectively. 
The average placental (&EM) weight of Group 1 and the 
control group did not differ on day 15 (0.22 f 0.05 g versus 
0.24 f 0.04 g, respectively), nor on day 20 (0.46 f 0.00 g 
versus 0.46 + 0.04 g, respectively) of gestation. DNA con- 
tent per placenta did not significantly differ between PA- 
deficient and control groups on day 15 (0.51 + 0.15, 0.59 k 
0.07 mg, respectively) and on day 20 (0.77 + 0.11, 0.61 + 
0.06 mg, respectively). 
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Progesterone and cholesterol in plasma and tissues of 
dams. On day 5 of gestation (the critical stage for embryo 
to implant in uterus), dams in the deficient group had a 
significantly lower plasma progesterone concentration (P < 
0.05) compared with the control group (Table 3). Although 
the PA-deficient dams had a lower mean plasma progester- 
one concentration than the control throughout the preg- 
nancy, statistically significant difference (P < 0.05) was 
seen only at the early stage of pregnancy (day 5). In con- 
trast, the deficient group had a significantly higher plasma 
(days 5 and 15) and placental cholesterol concentration did 
not, however, differ between the two groups. The correla- 
tion between plasma cholesterol and placental cholesterol 
concentrations was positive (r = 0.73, P < 0.05). 

Placental acetylcholine, total PA and CoASH. Acetylcho- 
line concentration in placenta was more than 3 times higher 
than that in brain of dams. On day 15 of gestation, placental 
acetylcholine concentration of PA-deficient group was sig- 
nificantly lower than that of the control group (P < 0.05) 
(Table 4). Towards the delivery (day 20), the difference 
between the two groups became insignificant. 

The differences in total PA and CoASH concentration in 
placenta between the two groups were significant on both 
days 15 and 20 (P < 0.05). Compared with brain, placenta 
contained lower concentration of total PA and CoASH, 
while higher (four to seven times) concentration of acetyl- 
choline. Correlation between total PA concentration in pla- 
centa and free PA in plasma was positive (r = 0.87, P < 
0.05). 

Discussion 

Hypophagia and declined feed efficiency are one of the 
prominent early signs of PA deficiency. The signs have 

Table 3 Progesterone and total cholesterol concentration in 
plasma, placenta and liver of dams’ 

Length of 
gestation (days) 

Pantothenic acid status 

Deficient Adequate 

5 
10 
15 
20 

Plasma progesterone (nmol/L) 
89.3 + 8.3” 118.3 ? 10.5b 

129.2” 147.2’ 
147.6 * 25.4” 58.9 + 5.3a 

161 .02 182.0 + 20.0 

5 
IO 
15 
20 

Plasma cholesterol (mmol/L) 
2.57 + 0.21a 1.61 + O.llb 
2.04 + 0.09 2.07’ 
2.18 + O.lga 1.17 f O.lOb 
2.28 + 0.16” 2.05 + 0.13a 

15 
20 

Placental cholesterol (umol/g wet) 
4.03 f 0.08” 3.54 i 0.05b 
4.60 + 0.9@ 5.09 + 0.08” 

15 
20 

Liver cholesterol (umol/g wet) 
4.19 *0.13a 3.98 k 0.26” 
4.11 + 0.23a 3.78 + 0.16a 

‘Means + SEM, n = 3 to 8 for each group. Different superscripts in 
;y=s;me row denote significant difference (P < 0.05). 

Table 4 Placental acetylcholine, pantothenic acid, and 
CoA concentration’ 

Length of 
gestation (days) 

Pantothenic acid status 

Deficient Adequate 

15 
20 

Acetylcholine (nmol/g wet) 
1.32 f 0.07a 1.54 + 0.03b 
1.57 + O.loa 1.30 k 0.08a 

15 

20 

Placenta pantothenic acid (nmolig wet) 
Free 2.50 + 0.40a 13.36 + 1 .34b 
Total 7.42 + 0.25= 19.24 + 1 .85b 
Free 2.25 + 0.33a 8.01 f 0.93b 
Total 6.72 f 0.21a 8.19 + 0.53b 

15 
20 

Placenta CoASH (nmol/g wet) 
4.92 *0.12a 5.88 5 0.92b 
4.47 + O.Oga 6.06 k 0.27b 

‘Values are means + SEM, R = 3 to 8 for each group. Different 
superscripts in the same row denote significant differences *P < 
0.05). 

consistently been observed in most animals within 2 to 3 
weeks after being fed a PA-deficient diet.‘,‘,23 The signs 
usually accompany reduced organ weight with or without 
reduced CoA concentrations.24,25 In contrast, the pregnant 
rats in the present study that were fed a PA-deficient diet for 
3 weeks had as much food intake, weight gain, and organ 
weights as the dams fed the control diet. This new obser- 
vation was confirmed through the repeated experiments. 
The findings suggest that metabolic and endocrine changes 
occurring during pregnancy prevent the early sign of PA 
deficiency in rats. 

Pups produced by these PA-deficient dams had, how- 
ever, significantly lower body and organ weights, and re- 
sorption rate than those of the control group. The common 
notion that normal fetal growth and development are pro- 
tected at the cost of maternal tissue store could not be sup- 
ported in PA deficiency. Pups were more susceptible than 
dams to PA deficiency. The lower body and organ weights 
of pups and high incidences of resorption in PA-deficient 
group compared with the control group have previously 
been reported. ‘~4 Giroud4 reported that the PA-deficient 
pregnant rats whose liver PA concentration was 40% of the 
normal value resulted in fetal deaths. We observed that 
pup’s birth weight was significantly (P < 0.01) correlated 
with its organ weights (Y = 0.79 for liver; r = 0.58 for 
brain), but not with weight gain of the dams. This means 
that the birth outcome cannot be predicted by weight gain 
nor by the biochemical parameter of dams in the case of PA 
deficiency. These observations also indicate that maternal 
PA deficiency is likely to affect metabolism of placenta 
and/or fetus directly. 

Progesterone is important to maintain early stage of em- 
bryogenesis. Plasma concentration of the hormone was sig- 
nificantly lower in PA-deficient dams than in the control 
dams on day 5 of gestation (P < 0.05), whereas weight and 
DNA content of the placenta did not differ significantly 
between the two groups. This indicates that dietary PA de- 
ficiency during 3-week pregnancy did not impair growth of 
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placenta nor other maternal organs, but its endocrine func- 
tion was modified. 

It is known that most of the cholesterol for the steroido- 
genesis b 
blood.26-2 sy 

the placenta is derived from the maternal 
Our data rule out the possibility that the blood 

level of cholesterol, the precursor for progesterone, is the 
cause of the low steroidogenesis in placenta of PA-deficient 
dams, because these rats had an elevated cholesterol con- 
centration in plasma and placenta at day 5 of pregnancy. A 
positive correlation between plasma and placental choles- 
terol concentrations (r = 0.73, P < 0.05) also indirectly 
suggest a normally functioning placental uptake of choles- 
terol. This observation with pregnant rats is in contrast to 
our revious observations with non-pregnant rats29 and oth- 
ersJ3.36.37 which showed reduced levels of blood and liver 
total cholesterol when deficient in PA. The data further 
suggest that hormonal and metabolic changes accompany- 
ing pregnancy inhibit the decrease in serum cholesterol seen 
in PA-deficient non-pregnant rats. 

Placenta synthesizes, stores, and releases acetylcholine 
into maternal and fetal circulation.3e32 We observed, inter- 
estingly, that placental acetylcholine concentration was 
more than three times higher than that in brain of rats. 
Placental acetylcholine in the PA-deficient dams was lower 
than that in the controls on day 15 of gestation (P < 0.05), 
during the critical period of fetal development. Acetylcho- 
line concentration in rat placenta has never been quantitated 
or reported in relation to PA nutriture. CoASH concentra- 
tion in the placenta of dams in PA-deficient and control 
groups (4.92 and 5.88 nmoYg wet, respectively) was, as 
suspected, much lower than the reported Km of choline 
acetyltransferase (EC 2.3.1.6.) for CoA (20 t.Lmol/L).13 
Brain acetylcholine concentrations were about 20% lower in 
PA-deficient dams and pups compared with those in the 
control group. The differences in brain acetylcholine con- 
tent of newborn pups between the two groups was statisti- 
cally significant (P < 0.05), whereas the differences in dams 
were not, due to a large variation. Although no similar stud- 
ies have been reported, others33 have linked a decreased 
brain acetylcholine concentration to PA deficiency in young 
and old rats. Because rat brain grows fastest at approxi- 
mately the eighth day after birth34 and because it has an 
increased ability to synthesize and store acetylcholine after 
birth,35 the significant difference in acetylcholine content of 
the brain observed at birth might not persist during later 
stages of development. 

Our data suggest that the fetal growth retardation and 
death observed in PA-deficient rats were caused by a com- 
bination of inadequate placental endocrine function as dem- 
onstrated by low level of plasma progesterone at the critical 
stage for embryogenesis, and decreased synthesis of placen- 
tal acetylcholine during the important stage for fetal devel- 
opment, plus the inadequate placental transfer of PA to 
fetus. 
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