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The effect of pregnancy upon metabolism is re-
flected in various ways, notably in the changes in
concentration of many blood components (1, 2, 3).
The manner in which pregnancy affects the blood
levels of the vitamins has been studied in detail
only in the case of vitamin C (4, 5). In view
of several recent studies on the regulation of the
plasma level of vitamin A (6 to 9), it was con-
sidered of value to investigate systematically the
concentration of this vitamin during the course of
pregnancy.

EXPERIMENTAL

Plasma vitamin A and carotene determinations
were carried out in 120 women at various stages
of pregnancy. In 12 of these, the blood plasma
was analyzed at some time during the first 2 tri-
mesters and again in the ninth month. The sub-
jects were advised to eat their usual diets and a
record of their dietary intake, especially with re-
gard to vitamin A-containing foods, was kept.
No carotene or vitamin A concentrates were added
to the diet.

The method employed for the determination of carotene
and vitamin A was that of Kimble (10), with slight
modifications. About 3 to 5 cc. of blood plasma were
measured exactly and pipetted into a 25 cc. glass-stoppered
centrifuge tube. An equal volume of 95 per cent ethyl
alcohol and 8 cc. of a low-boiling purified petroleum ether
were added. The resultant mixture was shaken for 10
minutes and then centrifuged. Six cc. of the supernatant
petroleum ether extract were pipetted into the standard
test tube of the Evelyn photoelectric colorimeter and the
transmission at 440 ml& read. From the observed reading,
the carotene content was determined by comparison with
a calibration curve prepared from the readings of known
amounts of pure carotene in petroleum ether solution.
The carotene was obtained from the General Biochemi-
cals Company, Cleveland.
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The petroleum ether was evaporated in a water bath
at a temperature not higher than 700 C., a stream of
nitrogen being passed over the liquid during evaporation.
The oily residue was dissolved in 0.6 cc. of chloroform
and 5.4 cc. of a 25 per cent solution of antimony chloride
in chloroform were added. The maximum intensity of
the resulting blue solution was measured at 620 m,u in
the Evelyn photoelectric colorimeter. The reading was
translated into biologic (International or U. S. P.) units,
by referring to a calibration curve obtained with a sample
of halibut liver oil of known biologic potency. Since
carotene also gives a blue reaction with antimony chloride,
the vitamin A content of the plasma was calculated after
subtracting the blue value for carotene.

RESULTS

The averages of the concentrations of plasma
carotene and vitamin A at monthly intervals dur-
ing pregnancy are shown in Table I. The average

TABLE I

Concentration of plasma carotene and plasma vitamin A
during pregnancy

Plasma concentration Plasma concentrationDuration Numbr of carotene of vitamin A

preg- determi-
nancy nations Average Range Average Range
months gamma per 100 cc. I. U. per 100 cc.

1 9 121 85to173 111 65to164
2 15 97 51 to 180 99 67 to 133
3 11 123 62 to 247 110 87 to 134
4 11 128 58 to 162 106 58 to 141
5 12 111 53 to 198 108 80 to 138
6 12 136 93 to 350 109 72 to 171
7 8 152 75 to 350 106 75 to 144
8 12 178 93 to 400 101 72 to 131
9 42 119 13 to 350 85 44 to 156

concentration of vitamin A per 100 cc. plasma was
111 I. U. during the first month of pregnancy, 99
I. U. during the second, 110 I. U. during the third,
and 106, 108, and 109 I. U. during the fourth,
fifth, and sixth months, respectively. The mean
value of the plasma vitamin A concentrations, in
70 cases which were 6 months pregnant or less,
was 105.4 I. U. per 100 cc. (standard deviation,
23.2). The averages of the plasma vitamin A
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determinations in the seventh, eighth, and ninth
months were 106, 101, and 85 I. U., respectively.
The mean value of the determinations for the 62
cases in this trimester was 91.1 I. U. (standard
deviation, 26.2). The difference between the
mean value for the first 2 trimesters, 105.4 I. U.,
and that for the third trimester, 91.1 I. U., was
14.3 I. U., which is more than 3 times the stand-
ard error of the difference between the two means
and hence is statistically significant.
That the level of vitamin A in the plasma de-

creases during pregnancy is also evident from a
study of individual subjects. The plasma con-
centration of vitamin A was determined at some
time during the first 6 months of pregnancy in
each of 12 subjects. Another vitamin A deter-
mihation was carried out in the ninth month of
pregnancy. As may be seen in Table II, only 3

TABLE II

Changes in plasma vitamin A and carotene levels
during pregnancy

Plasma vitamin A Plasma carotene
concentration concentration

Sub- __
ject At early At late At early At late

stage stage stage stage
(first 6 (ninth Change (first 6 (ninth Change
months) month) months) month)

l. U. per 100 cc. gamma per 100 cc.
Wi 124 133 9 141 240 99
Ch 125 131 6 102 128 26
Si 118 118 0 108 93 -15
Kr 80 72 - 8 99 108 9
Po 123 102 -21 156 205 49
Ku 93 70 -23 51 50 -1
Mi 97 72 -25 148 101 -47
Na 129 100 -29 77 74 - 3
Sc 91 55 -36 133 91 -42
Tu 132 82 -50 91 120 29
Al 138 83 -55 131 170 39
De 118 30* -88 113 70* -43

* These values were obtained after Tables I and III had
been completed and are not included in the results based
on those tables.

subjects failed to show decreases in vitamin A; in
these 3 instances, there was either no change (sub-
ject Si) or only slight increases (Ch: 6 I. U., Wi:
9 I. U.). Nine of the 12 subjects exhibited a
drop in the plasma vitamin A concentration during
pregnancy. These decreases ranged from 8 I. U.
to 88 I. U., and averaged 37 I. U.

In Table III is shown the frequency with which
the various plasma concentrations of vitamin A
occurred at the different stages of pregnancy. It
may be seen that the lower concentrations pre-

TABLE III

Distribution of pWasma vitamin A concentrations at various
stages of pregnancy

Plasma Total Duration of pregnancy in months
vitamin A number

cioneta determi-tn5 nations 1 2 3 4 5 6 7 8 9

1. U. per
100 cc.

44to 70 18 1 1 0 2 0 0 0 0 14
71to 90 33 0 3 2 1 2 4 3 4 14
91 to 110 38 3 7 4 2 4 4 2 4 8
llltol30 27 4 2 4 4 5 2 1 3 2
131 to 150 13 0 2 1 2 1 1 2 1 3
151tol90 3 1 0 0 0 0 1 0 0 1

9 15 11 11 12 12 8 12 42

ponderate during the last trimester, and particu-
larly during the ninth month. Thus, of 43 values
above 111 units per 100 cc., 13, or 30 per cent,
occurred during the last trimester; of 38 values
between 91 and 110 units, 14, or 39 per cent, were
found in the last trimester. In contrast, 64 per
cent of the 33 values ranging from 71 to 90 units,
and 78 per cent of the 18 values below 70 units
occurred during the last trimester.

Figure 1 further illustrates the distribution of
the various plasma concentrations of vitamin A
during the 3 trimesters. As may be seen, there is
a distinct shift towards the lower vitamin A val-
ues in the third trimester. Thus, of 35 plasma
vitamin A values determined in the first trimester,
and of the same number determined in the second,
20 and 26 per cent, respectively, were below 90
I. U. per 100 cc. In contrast, of 62 determina-
tions carried out in the third trimester, 56 per cent
were below this level.
From Table I it is also apparent that the plasma

carotene level increases during the latter part of
pregnancy. This level did not change significantly
during the first 5 months of pregnancy; the mean
value during this period was 111.9 gamma per 100
cc., with a standard deviation of 37 gamma. How-
ever, the average values rose during the sixth,
seventh, and eighth months to 136 gamma, 152
gamma, and 178 gamma, respectively. The mean
value for this period taken as a whole was 145.9
gamma (standard deviation of 45 gamma). This
value was significantly higher than the mean value,
111.9 gamma, for the first 5 months. During the
ninth month, the plasma carotene level dropped,
reaching an average value of 119 gamma per 100
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cc., essentially the same level as that present dur-
ing the first 5.months of pregnancy. The return
of the plasma carotene to normal levels in the
ninth month is also reflected in the study of in-
dividual subjects (Table II). Of 12 subjects, 6
showed a decrease from the levels obtained during
the first 6 months, the remainder, an increase.
The average change amounted to an increase of
8 gamma per 100 cc.

It was of interest to determine whether there
was any relationship between the occurrence of
decreases in the concentration of plasma vitamin
A during the third trimester and the level of vita-
min A intake during pregnancy. The patients
had been questioned with respect to the intake of
the following foods: number of glasses of milk
drunk daily, number of eggs consumed per week,
amount of vegetables, butter, cream, and cheese
eaten daily. The estimates of the intakes of these
foods were obviously approximate and yielded
only 4 clear records of high vitamin A intake, and
3 clear records of low vitamin A intake, in sub-
jects tested during the last trimester of pregnancy.

These were too few in number to attempt any

correlation between the level of vitamin A intake
and the plasma vitamin A concentration.

DISCUSSION

Other investigators have reported that the level
of blood vitamin A decreases in pregnancy. Hirst
and Shoemaker (11) determined the concentration
of serum vitamin A in a series of 35 pregnancies
and found that 40 per cent of the values were

below normal range. Abt, Arons, and their col-
laborators (12) found that the average plasma
vitamin A concentration in a series of pregnant
women was 20 per cent less than the average in a

comparable series of normal women. Neither
Hirst and Shoemaker nor Abt, Arons, and their
collaborators studied the relation between the
plasma vitamin A level and the duration of preg-

nancy so that they were not able to state when the
blood levels dropped. Our results show a sig-
nificant difference between the mean values of the
first 6 months and the last 3 months of pregnancy.

The mean value of the last trimester was 14 per

cent lower than the mean value for the first 2
trimesters.

It is of interest to consider the significance of
our results in conjunction with recent investiga-

tions on the regulation of the plasma level of
vitamin A. Various estimates (13, 14) of the
total vitamin A content of the normal adult liver,
the chief store of vitamin A in the body, range
from about 500,000 to 1,000,000 I. U. The fetal
organism may make two kinds of demand upon
this depot: storage of vitamin A in the fetal liver
and utilization of vitamin A by the actively grow-
ing fetal tissues.
We have previously shown that the fetal liver

during the third trimester contains considerable
amounts of vitamin A and we have reported an
average value of about 12,000 I. U. for the total
store of vitamin A in the liver of the newborn
infant (6). The deposition of 12,000 units of
vitamin A in the fetal liver may entail the release
of several-fold that amount from the maternal
liver. Though the fate of blood vitamin A, arising
either from ingestion or from liver release, is not
known precisely, there is evidence indicating that
vitamin A is not always used up economically.
For example, when large amounts are ingested,
only a small fraction can be accounted for by
fecal excretion, storage in the liver, and daily re-
quirement (15, 16). Again, data which we have
previously obtained (17), as well as those of
Brenner, Brookes, and Roberts (18), indicate that,
during depletion, vitamin A is released from the
liver of the rat in amounts much greater than that
required by the animal.
The actively growing tissues of the fetus may

also utilize considerable amounts of vitamin A.
The basal metabolism rate increases during the
latter half of pregnancy and there is general agree-
ment that most of this increase is due to the
growth of the fetus, although it may also be in
part accounted for by a possible activation of the
maternal endocrine glands (19). There are sev-
eral indications that the utilization of vitamins is
probably increased at higher metabolic levels (20,
21).

In recent studies on gastro-intestinal cancer,
Abels, Rhoads, and their collaborators (7, 8, 14)
have investigated the mechanisms controlling the
concentration of vitamin A in the blood plasma.
These studies indicate that decreased absorption of
the vitamin from the gastro-intestinal tract or im-
paired hepatic function and decreased mobilization
of the vitamin from the liver may result in low
plasma vitamin A levels. There is no evidence
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indicating that gastro-intestinal absorption is in-
terfered with during pregnancy, whereas the liver
appears to be more susceptible to derangement at
this period. Indeed, by means of various liver
function tests, departures from normal hepatic
function have been demonstrated (22). It is pos-

sible, therefore, that late in pregnancy, as in
gastro-intestinal cancer, there occurs an interfer-
ence with the release of vitamin A from the liver.
The present work also indicates that the level

of plasma carotene increases significantly in the
sixth, seventh, and eighth months, but drops to a

normal level in the ninth. At the present time, we
have no explanation for the increase in the caro-

tene content of the blood. Studies are in progress

to define in greater detail the mechanisms under-
lying the decrease of plasma vitamin A in the
third trimester and to determine whether the ad-
ministration of vitamin A concentrates can prevent
the decrease.

SUMMARY

1. The mean value of the plasma vitamin A
concentration in 70 women, 6 months pregnant or

0
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FIG. 1. DISTRIBUTION OF PLASMA VITAMIN A CONCEN-
TRATIONS DURING THE 3 TRIMESTERS OF PREGNANCY

less, was 105.4 I. U. per 100 cc. (standard devia-
tion of 23.2 units). The mean value in 62 cases

in the third trimester of pregnancy was 91.1 units
per 100 cc. (standard deviation of 26.2 units) and
hence significantly lower than the mean value of
the first 2 trimesters.

2. The mean value of the plasma carotene dur-
ing the sixth, seventh, and eighth months (145.9
gamma per 100 cc.) was significantly higher than
that for the first 5 months (111.9 gamma per

100 cc.).
3. The decrease in the plasma vitamin A con-

centration in the third trimester is probably due
to storage in the fetal liver and utilization by the
fetal tissues. Other possible mechanisms are

discussed.
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