
VITAMIN A IN PREGNANCY 605 

pithecus monkeys which had been held in cap- 
tivity. In contrast, no definitely positive reac- 
tions were obtained in similar tests of 45 M .  
rhesus sera obtained at  time of capture. That 
the rhesus monkey is susceptible to infection 
with this group of viruses is evident from the 
several reports describing typical inclusions 
in both salivary glands and kidney, and the 
susceptibility of rhesus testis cultures to the 
Cercopi thecus isolates. 

Since Cercopithecus kidney cultures are ex- 
tensively used in some parts of the world for 
poliomyelitis vaccine production, and are be- 
ing used increasingly for experimental work, 
description of indigenous agents in these cul- 
tures is of importance. The cytomegalovi- 
ruses described here may be of particular per- 
tinence because of their ability to infect hu- 
man cells, and the relative difficulty of their 
detection. The Cercopithecus cytomegalo- 
viruses did not resemble the agents previously 
described in AGMK by Malherbe and Har- 
win( 16). 

Two similar strains of virus 
were recovered from Cercopithecus monkey 
salivary gland tissue and kidney tissue cul- 
ture. The agents possessed the biological 
characteristics of cytomegaloviruses, and 
shared CF antigens with a human cytomegal- 
ovirus. They are unique among cytomegalo- 
viruses in their ability to grow in heterolo- 
gous (human) tissue cultures. Antibodies 
were common in Cercopithecus held in captiv- 

Summary. 

ity but were not found in freshly captured 
rhesus monkeys. 
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The plasma level of Vit. A in humans( 1) 
and rats (2 )  during pregnancy is less than that 
found in non-pregnant and puerperal animals. 
In addition, the concentration of Vit. A in 
the liver of pregnant animals is reported to be 
lower than non-pregnant values (2,3,4). Glover 
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et al. ( 5 )  showed a proportional relationship 
between the Vit. A alcohol of liver and that 
found in plasma, but subsequent investigators 
(6,7,8) were unable to confirm this observa- 
tion. Thus the present study was undertaken 
to determine if any relationship exists be- 
tween the alcohol and esterified forms of Vit. 
A in liver and plasma Vit. A during preg- 
nancy. 
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TABLE I. Means and Standard Deviations of Vit. A Expressed as ,ug per Gram of Liver, pg per Total 
Liver, and pg per 100 ml Plasma for Non-Pregnant, Pregnant, and Puerperal Rats. 

Vitamin A 7- \ 

pg/lOO ml pg/g liver pg/total liver No.of  Body Liver 
Group rats wt (g) wt (g) Total Ester Alcohol Total Ester Alcohol plasma 

Non-pregnant 11 160 6.1 80 & 9“ 62 2 10 1 8 + 6  488 378 110 41-+ 8 
Pregnant 12 248 8.7 110 2 26 86 24 25 2 7 957 748 148 2 6 +  9 
Postpartum 5 213 9.2 111 & 16 93 & 19 18 2 7 1021 856 166 38 +12 

* Standard deviation. 

Materials and methods. Pregnant albino 
rats of the Sprague-Dawley strain were ob- 
tained from the Holtzman Co., Madison, Wis. 
2 days after being sperm positive. Non-preg- 
nant control and sperm positive rats were 
shipped at  the same time so both groups 
would be subjected to the same conditions 
during transportation. When the animals 
were received, they were randomized, placed 
in cages, and subjected to a 15 hour day and 
9 hour night period by the use of artificial 
lighting in order to reduce the differences in 
the amount of food consumed. Rats were fed 
and watered ad libitum. The ration used was 
a rat diet manufactured by Dietrich and 
Gambrill Inc., Frederick, Md. 

Fasted non-pregnant and pregnant ( 17 th 
gestation day) rats were selected at  random 
and sacrificed on the same day, while puer- 
peral rats were sacrificed on the second post- 
partum day. The animals were anesthetized 
by an intraperitoneal injection of sodium pen- 
tobarbital and bled from the aorta into hepar- 
inized tubes according to the procedure of 
Lushbough and Moline( 9).  After collection 
of the blood, the liver was removed, blotted 
between filter paper, weighed, wrapped in 
parafilm and immediately placed in a freezer 
at -20°C until analyses could be made.. After 
extracting either 2 ml plasma(l0) or a 400- 
600 mg portion of the left lower lobe of the 
liver ( 1 1 ) , the extract was assayed for total 
Vit. A according to Kimble( 10) using stand- 
ards as previously described ( 1 ). 

Vit. A alcohol and ester were separated on 
an alumina column employing a modification 
of the procedure described by Eden ( 1 2 ) .  Ad- 
sorption alumina (Fisher Scientific Co. 80- 
200 mesh) was prepared(l3) and 0.7 g 
placed in a column 150 mm long with an I.D. 
of 8 mm. The alumina was washed with 

petroleum ether (30-60°C) and stirred with 
a glass rod to remove air pockets. Two mil- 
liliters of the Vit. A extract was taken to dry- 
ness( l l ) ,  dissolved in 2 ml of petroleum 
ether, and 1 ml placed on the column. Vit. 
A ester was eluted with 10 ml of 4% acetone, 
Vit. A alcohol with 10 ml of 50% acetone in 
petroleum ether, the eluates collected and 
evaporated in Evelyn tubes under reduced 
pressure ( 1 1 ) , and assayed as described for 
total Vit. A. Recoveries of Vit. A solutions 
of known concentrations from the alumina 
were found to be 98% for Vit. A palmitate 
and 96% for Vit. A alcohol. Although the 
recovery of the alcohol was considered satis- 
factory, values were determined by difference 
( 5 ) .  Results are reported as micrograms of 
total Vit. A per 100 ml plasma and as micro- 
grams of Vit. A ester and alcohol per gram 
and per total liver. Significant differences be- 
tween means were determined by the Fisher 
“t” test, and means were considered signifi- 
cantly different if P< .05 ( 14). 

Results. Levels for Vit. A in plasma and 
liver with their standard deviations are shown 
for the 3 groups studied in Table I. The data 
show that the mean plasma level for Vit. A 
during pregnancy was lower than that found 
in either the non-pregnant (P< .OOl)  or puer- 
peral (P< .OS) animals, and that puerperal 
plasma Vit. A levels were not significantly 
different from non-pregnant values. 

When total and esterified Vit. A per gram 
of liver in non-pregnant rats is compared to 
those values in the pregnant and puerperal 
groups, it was found that the mean differ- 
ences were higher for the latter 2 groups and 
significant a t  the 1% and 0.1% levels, re- 
spectively. However, no statistical differences 
in these liver components were observed be- 
tween pregnant and postpartum animals. 
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Vit. A alcohol per gram of liver in the preg- 
nant rats was significantly higher than those 
values in the non-pregnant (P<.Ol) and 
puerperal rats (P<.O5) and as in plasma, no 
differences were found between non-pregnant 
and puerperal animals. 

Absolute amounts of Vit. A were deter- 
mined on a total liver basis and it is seen 
(Table I) that all fractions increased with an 
increase in the liver weight. Of interest were 
results obtained from an additional group con- 
sisting of 4 non-pregnant rats having an av- 
erage body weight ( 2 2 2  g )  similar to those 
of the pregnant and postpartum groups in 
Table I. In these animals, the average liver 
weight was 6.1 g, which was the same as ob- 
served in non-pregnant rats weighing less. 
Analyses of these livers showed averages of 
189 pg, 168 pg, and 20 pg,  of total, ester, and 
alcohol Vit. A per gram of liver, respectively. 
Finally, Vit. A alcohol in liver was plotted 
against its corresponding value in plasma for 
each rat in the groups studied and no linear 
relationship was apparent. 

Discussion. Though plasma Vit. A in fasted 
rats has been reported to be predominantly in 
the alcohol form( 5 )  , depletion studies (8,15) 
indicate that the ester is present in consider- 
able amounts. Consequently, plasma Vit. A 
levels cannot be accurately expressed as the 
alcohol and are reported as total plasma Vit. 
A. The changes in plasma Vit. A occurring 
in pregnancy as shown in Table I agree with 
the report of Henry et al. (2) in that values 
are decreased in pregnancy and return to pre- 
pregnant values by the second postpartum 
day. This observation has also been made in 
humans ( 1 ) . 

Though the evidence is not unequivocal, 
the data indicate an inverse relationship be- 
tween Vit. A alcohol in the liver and plasma 
Vit. A during pregnancy. This relationship 
is not a proportional one as reported by Glo- 
ver et al. (5)  and McGillivray( 15), nor is it 
linear. However, the data are consistent with 
the close relationship between Vit. A alcohol 
in the liver and plasma Vit. A and show that 
changes in plasma levels during pregnancy are 
associated with changes in the alcohol form 
in the liver that differ significantly from non- 
pregnant values. The decrease in liver Vit. A 

alcohol to prepregnant levels following par- 
turition parallels the increase observed in 
plasma and offers further evidence of this re- 
lationship. 

Liver Vit. A calculated on a gram basis, 
appears to be a function of the body weight 
(16,17) and not the physiological condition 
(4) of the animal. This increase with body 
weight is associated with the storage or ester 
form of Vit. A(16,17) and a comparison of 
these values found in the livers of the non- 
pregnant, pregnant, and puerperal rats in 
Table I shows such an increase. The disparity 
of this observation between the higher ester 
values found in the additional group of non- 
pregnant rats weighing 220 g and the preg- 
nant and puerperal rats having similar body 
weights (Table I) is apparent, but may b’e 
explained by the fact that the weight increase 
associated with pregnancy is temporary and 
probably does not reflect comparable changes 
in Vit. A ester. It then appears that total 
liver Vit. A levels in pregnancy are influenced 
by prepregnant body weights as well as in- 
creased weight of the hypertrophied liver, and 
due to these variables, changes based on to- 
tal liver would be difficult to detect. On a 
unit basis, however, changes in liver Vit. A 
alcohol and plasma Vit. A during pregnancy 
appear to be independent of these variables 
and must be a function of something besides 
body weight and Vit. A ester levels. 

High and Wilson(8) suggested that plasma 
Vit. A is controlled by a mechanism apart 
from the concentrations of Vit. A ester and 
alcohol in the liver. However, this appears 
to be only partially correct in pregnancy as 
the data presented indicate that plasma Vit. 
A is not independent of liver Vit. A alcohol. 
I t  is likely that the observations reported by 
Glover et a l . (5)  and McGillivray(l5) and 
those presented here have the same basic 
mechanism, the difference being related to 
physiological effects resulting from pregnancy. 
Thus a direct relationship between the propor- 
tion of Vit. A alcohol of liver and plasma Vit. 
A is observed with partial hepatectomy, Vit. 
A supplement or hormone administration (5, 
1 5 )  , while an indirect relationship prevails 
during pregnancy. 

It was previously suggested that a close as- 
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sociation existed between Vit. A and non- 
esterified fatty acid (FFA) levels ( 1). such 
an association is not without basis as FFA 
(18) and Vit. A(19) are reported to be 
bound to P-lipoprotein during transport, and 
it is this lipoproten which has been reported 
to increase during pregnancy (20). In view 
of the report of Goodman and Shafrir(l8) 
that the binding sites on @lipoprotein showed 
affinities for FFA as great as that of albumin, 
it is possible that the increased plasma lipids 
found during pregnancy( 2 1) occupy sites nor- 
mally occupied by Vit. A. Though it is only 
speculative, it appears that the low levels of 
plasma Vit. A in pregnancy may be related 
to that of transport and are secondary to the 
hyperlipidemia of pregnancy in that available 
binding sites for Vit. A alcohol are occupied 
by FFA resulting in accumulation of Vit. A 
alcohol in the liver and a decrease in plasma 
Vit. A. Such physiological changes in Vit. A 
taking place in pregnant animals do not rep- 
resent a deficiency of the vitamin as evidenced 
by the high levels found in the liver. How- 
ever, if based on plasma levels, an incipient 
deficiency might be suspected. 

Suntmary. During pregnancy plasma Vit. 
A decreased and liver Vit. A alcohol increased 
but both returned to prepregnant values by 
the second postpartum day. The data indi- 
cate that an inverse relationship exists in 
pregnancy between plasma Vit. A and liver 
Vit. A alcohol that is unrelated to esterified 
Vit. A, body weight, and liver hypertrophy. 
I t  was suggested that changes in plasma Vit. 
A levels were related to transport and sec- 
ondary to the hyperlipidemia of pregnancy. 
A possible mechanism involved is discussed. 
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