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The interaction of vitamin K and sex hor-
mones in regulating the concentrations of
clotting proteins is of interest because of the
insight it may give into the mechanism of
action of the vitamin and because of the pos-
sible connection with thromboembolic dis-
ease—particularly in pregnant women and
those taking oral contraceptives. It has been
observed that in humans, pregnancy (1, 2)
and oral contraception (3-6) cause elevation
of the vitamin K dependent clotting proteins
in plasma. The rat appears to be a useful
animal to study interactions between sex hor-
mones, vitamin K and clotting proteins be-
cause the prothrombin levels and suscepti-
bility to vitamin K deficiency are clearly in-
fluenced in these animals (7-10). Estradiol
protects against hypoprothrombinemia while
testosterone enhances the lowering of plasma
prothrombin in rats fed vitamin K-deficient
diets (8, 9).

As part of our continued interest in vita-
min K and its effects in animal systems, we
have undertaken a study of the effect of sex
and sex hormones on the synthesis of clot-
ting proteins. The first results of the study
are presented in this report.

Materials and Methods. Sprague-Dawley
rats were obtained from Charles River and
Carworth Laboratories. Prothrombin was as-
sayed according to Hjort, Rapaport and Ow-
ren (11, 12). Control plasma was pooled from
10-11-wk-old male rats. Vitamin K deficien-
cy was induced in rats as described by Mat-
chiner and Taggart (13). The synthetic vita-
min K-deficient diet was prepared by Gen-
eral Biochemicals.

1Supported in part by NIH grants AM 14937
and HL 14847 and contract NIH-NICHD-72-2787.

Solutions of vitamin K; and estradiol for
injection were prepared by dissolving the lip-
ids in Tween 80 and diluting the solution
with 0.9% NaCl to make a solution con-
taining 5-10% Tween.

Results. Plasma prothrombin in the rat.
Circulating plasma prothrombin in the rat
has been reported to differ with the sex of
the animal. Plasma prothrombin was mea-
sured in male and female rats to investigate
the sex difference and to determine if there
was an increase in prothrombin in females
around puberty when estrogen would be
secreted. Prothrombin concentration in both
sexes increased with age but the level was
higher in females up to 19 wk. The greatest
increase in plasma prothrombin in female rats
occurred between 4.5 and 6.5 wk of age which
may coincide with puberty and the release of
estrogen but the greatest increase in pro-
thrombin in males also occurred during this
time (Fig. 1).

To ascertain if the low level of prothrom-
bin found in young rats was due to vitamin
K deficiency, 4-wk-old male rats fed Purina
Chow were injected with 1 mg of vitamin K,
intramuscularly. There was no significant in-
crease in plasma prothrombin at 24 hr after
injection of the vitamin.

Plasma prothrombin in pregnant rats. Since
the levels of the prothrombin complex
clotting factors are elevated during preg-
nancy in humans (1, 2), we determined pro-
thrombin concentration during pregnancy in
rats (Table I). Prothrombin increased
steadily throughout pregnancy to a maxi-
mum 140% of control at 3 days before de-
livery. The prothrombin level was decreased
2 days postpartum approximately to the level

316



SEX HORMONES AND VITAMIN K DEFICIENCY

317

1209
=z
@
x
o
3
4
-
g 1004 female
s
[
=
=
=) male
7
= 809

60

3 5 7 9

11 13 15 7 19

WEEKS OF AGE
Fic. 1. Plasma prothrombin in rats. Male (®) and female (O) rats were fed Purina Labora-
tory Chow. Blood samples were taken at the ages shown. Each point is the average of 5-15 rats

with the standard error of the mean.

found in rats of the same age (13 wk) which
are nonpregnant (Fig. 1).

Turnover of prothrombin in pregnant rats.
To determine if the elevated prothrombin
levels in pregnant rats were due to a de-
creased rate of turnover of plasma prothrom-
bin, the half-life of the clotting protein was
measured after blocking further prothrombin
synthesis with warfarin (Fig. 2). Prothrom-
bin in pregnant rats decreased logarithmical-
ly with a half-life of 7-8 hr which is not sig-
nificantly different than the half-life of plas-
ma prothrombin in male rats [Fig. 2 and
Ref. (14)].

Induction of vitamin K deficiency in male

TABLE I. Prothrombin in Pregnant Rats.®

Prothrombin®

Days after conception (% of control)

0 109 + 4

4 112 + 2

9 127 =3

14 136 = 4

18 140 + 8
Postpartum (2 days) 120 + 6

¢ Timed pregnant Sprague-Dawley rats which
were 10 wk old at eonception were fed Purina Rat
Chow.

® Each value is the average of 7 rats =+ the

standard error of the mean. The control plasma
was from 10-11 wk old male rats.

and female rats. To confirm previous reports
of sex differences in the development of vita-
min K deficiency (7-10), male and female
rats were fed a synthetic deficient diet (Table
II). Prothrombin levels in males decreased
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Fic. 2. Half-life of prothrombin in pregnant rats.
Two rats on Day 19 of pregnancy were injected
intraperitoneally with warfarin (1 mg/100 g body
wt). Initial prothrombin concentrations were 152
(A) and 120 (@) % of control. For comparison
3 male rats with initial prothrombin concentration
100% of control (O) were injected with the same
dose of warfarin. The half-lives of prothrombin in
the pregnant rats estimated from these data were
6.9 and 7.5 hr compared with 7.6 hr in the males,
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TABLE II. Induction of Vitamin K Deficiency in
Male and Female Rats.®

Protbrombin conen® (% of control)

11 days 28 days 35 days
Male 18 + 2 (10)
Female 111+7(9) 514 (12) 53 8 (10)

2 Male and female rats (10-11 wk old) were fed
a vitamin K-deficient diet for the indicated length
of time.

b Prothrombin concentration =+ standard error.
In parentheses is the number of rats in each group.

rapidly while the deficiency remained mod-
erate in females even after 5 wk of feeding
the deficient diet.

Influence of estrogen on vitamin K-defi-
cient male rats. To test whether the sex dif-
ference was due to stimulation of prothrom-
bin synthesis by estrogen, vitamin K-deficient
male rats were treated with estradiol or
Premarin (Ayerst Laboratories), a mixture
of conjugated estrogens. No response was ob-
served for up to 24 hr in either adult or im-
mature males (Table IIT). Since it had been
reported that as little as 20 pg of estradiol
would restore normal prothrombin levels in
deficient rats within 6 hr (15) we adminis-
tered estradiol using a number of different
solvents and injection routes but no response
was observed during a period of 24 hr fol-
lowing injection of the estrogen. These re-
sults indicate that the influence of estrogen
on vitamin K-deficient male rats occurs more
slowly than previously recognized. This is
supported by the results in Fig. 3 which show
a gradual rise in plasma prothrombin in de-
ficient adult male rats over several days fol-
lowing the injection of estradiol.

Discussion. There appear to be two dis-
tinct effects of sex on the level of vitamin K
dependent clotting proteins in the rat: (a)
the concentration of these proteins is higher
in females and, (b) the dietary requirement
for vitamin K to maintain normal concentra-
tions of clotting proteins in females is lower.
In both rats and man, pregnancy appears to
release an upper control mechanism result-
ing in levels of clotting protein higher than
observed in normal females [Table I and
Refs. (1, 2, 6)]. In rats, females have higher
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prothrombin levels than males (Fig. 1) but
more limited studies suggest that this is not
the case in humans.

Elevation of the concentration of a pro-
tein may result from an increase in the rate
of synthesis or a decrease in the rate of turn-
over or both. The half-life of prothrombin in
pregnant rats was not significantly different
from that found in male rats indicating that
elevated prothrombin levels in pregnancy are
due to an increased rate of appearance of the
clotting factor in plasma, Thus the first ef-
fect of sex, elevation of clotting protein, ap-
pears to be due to an increase in the rate of

TABLE III. Plasma Prothrombin in Vitamin K-
Deficient Male Rats Treated with Estrogen or
Vitamin K.

Prothrombin conen®

P

Mode of (% of control)
adminis-
Treatment® tration® 0 2hr 8hr 24hr
Mature rats

0.1 mg estradiol ie 24 13
in 50% ethanol l."!f”}g“l”‘f!" B

0.1 mg estradiol ic 24 23
in Tween emulsion

0.5 mg estradiol se 31 21
in sesame oil

1 mg estradiol im 13 9
in Tween emulsion

1 mg of Premarin ip 21 15 14
in 0.9% NaCl

0.2 mg vitamin K; ic 25 55 85 100
in Tween emulsion
Immature rats

0.1 mg estradiol ic 23 16
in Tween emulsion

0.5 mg estradiol im 19 22 26
in Tween emulsion

0.5 mg vitamin X, im 21 69 102

in Tween emulsion

¢ Mature (10-15 wk) and immature (30 days)
male rats were fed vitamin K deficient diet for
10-14 days prior to the treatment.

?ie, intracardial; se, subeutaneously; im, intra-
muscularly; ip, intraperitoneally.

¢ Prothrombin concentration is shown for vary-
ing times up to 24 hr following administration of
estrogen or vitamin K,. Each value is the average
for 3 or more rats.
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Fic. 3. Influence of estradiol on prothrombin in
vitamin K-deficient male rats. Ten 19-wk-old male
rats were fed vitamin K-deficient diet throughout
the experiment. The arrows indicate the injection of
1 mg of estradiol valerate subcutaneously.

formation of the protein. Whether the sec-
ond effect, the decrease in vitamin K require-
ment, is related to the first cannot be deter-
mined with present evidence.

The data in Table III appear to rule out
the possibility that estradiol has the activity
of vitamin K or otherwise directly stimu-
lates the synthesis of prothrombin. The con-
centration of plasma prothrombin increased
rapidly in deficient male rats following the
injection of vitamin K; but in similar ex-
periments no increase in prothrombin was ob-
served for 24 hr following the administration
of estrogen. The time required for the effect
of estrogen on vitamin K deficiency may be
estimated from the data in Fig. 3 which show
a slow rise in prothrombin in deficient male
rats over 5 days following an initial subcu-
taneous injection of estradiol valerate. Ex-
planations for the effect of administered es-
trogen in longer-term experiments are: (a)
that the absorption of vitamin K in the gut
is made more efficient, (b) that the turn-
over of vitamin K in liver is decreased, and
(c) that liver, in the formation of prothrom-
bin, becomes more responsive to lower con-
centrations of vitamin K. It should be ap-
parent that the decreased requirement for
vitamin K and the increased circulating levels
of prothrombin in female or estrogen-treated
rats may be due to separate effects of the
hormone. Thus more than one of the above
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possibilities may be operative.

The results reported here indicate that
the concentration of plasma prothrombin in
the rat increases gradually in both sexes with
age and that the sharpest increase occurs
during puberty. Except for the oldest ani-
mals studied, the concentration of plasma
prothrombin was consistently higher in the
female than in the male. A brief report of a
similar study by Mellette (9) indicated a
gradual decline in prothrombin concentration
in male rats with age, but the diet used in
these studies may have been deficient in
vitamin K. The results of the present study
indicate that sexual maturity in both sexes
is required for maximum synthesis of pro-
thrombin, and that the rate of formation of
prothrombin is highest in the female.

Summary. In rats as in man, pregnancy
results in levels of prothrombin higher than
observed in normal females. In the rat, pro-
thrombin levels are higher in the female than
in the male and the dietary requirement for
vitamin K in the female is less. Higher levels
of plasma prothrombin in the female are not
due to decreased turnover of the protein. Es-
tradiol does not have the activity of vitamin
K or otherwise directly stimulate the for-
mation of prothrombin. The effect of estradiol
on vitamin K deficiency in male rats occurs
slowly over a period of several days. The de-
creased requirement for vitamin K and the
increased circulating levels of prothrombin
in female or estrogen-treated rats may be
due to separate effects of the hormone,

We are indebted to medical students, Ralph
Principe and Lynn Hill for their contribution to
this report.
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