LH(?) Activity IN PREGNANT RaBBIT

mice used in this study(7) show no increase
in mortality in irradiated line mice between
live birth and weaning. It would appear from
the results of this and other studies reported
here that, although the theory of reduced
viability (life span shortening) as a measure
of increased mutation rate is a logical one,
factual statements to this effect may be pre-
mature. Studies continue, however, and off-
spring and grandoffspring from 25, 30, and
35 generations of paternal X-ray exposures
are now being studied.

Summary. Life span studies on first gener-
ation male and female breeders and on sec-
ond generation virgin females from 20 gen-
erations of X-irradiated sires were done. The
results of this and other studies strongly sug-
gest that factual statements crediting reduc-
tion of life span as being a measure of a ra-
diation-induced genetic decrement in viabil-
ity are premature and inconsistent with ex-
perimental evidence at this date,
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Recent interest in the action of pituitary
luteinizing hormone (LH) in enhancing the
in vitro synthesis of progesterone in slices of
luteal tissue(l) and its possible luteolytic
role under certain conditions(2) make a sys-
tematic study of plasma LH levels in preg-
nant animals especially timely. The rabbit,
in which ovulation is not spontaneous but in-
duced(3) and in which luteal function is es-
sential at all stages of pregnancy(4), pre-
sents particularly favorable conditions for
such a study. It is well known that ovulation
in the rabbit occurs about 10 hours after the
coital stimulus and that the changes leading
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up to ovulation are probably dependent on
the release of LH into the circulation, though
it is not known to what extent other gonado-
trophic hormones are involved. Hypophysec-
tomy later than 60 minutes(5) after coitus
will not prevent ovulation, indicating that
enough gonadotrophic hormone is released
from the pituitary gland within a short pe-
riod to ensure ovulation. There is a coinci-
dent depletion of anterior pituitary gonado-
trophic material(6) and a rise in plasma
gonadotrophic activity(7). Other experiments
have indicated that about twice the necessary
amount of ovulating hormone is present
within the first hour after coitus(8). There
is a degranulation of pituitary basophiles and
the appearance within a few hours of charac-
teristic modified acidophile or carminophile
cells of pregnancy, tentatively identified as
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sites of luteotrophic hormone synthesis(9).
The pituitary gland, however, is essential at
all stages of pregnancy in the rabbit(10).

Plasma gonadotrophins have not been dem-
onstrable in the estrous or pregnant rabbit
unless very large amounts of blood are in-
jected(11) in which case ovulation and for-
mation of corpora lutea occur. The hyper-
trophy of the interstitial cells of the ovary
in the pregnant rabbit(12) also suggests the
continued action of a luteinizing or intersti-
tial cell-stimulating hormone. Luteinizing
hormone activity may now be measured
in blood by the Parlow method (ovarian
ascorbic acid depletion in pseudo-pregnant
rats) (13). The method has satisfied strin-
gent demands of sensitivity and precision
(14). The only material so far identi-
fied which may introduce possible errors is
vasopressin though the endogenous quantities
of these compounds do not seem to be a sig-
nificant problem in the assay(15).

Ovarian ascorbic acid depleting activity
(OAADA) has been measured in the blood
of estrous and in pregnant rabbit in the im-
mediate postcoital period and on every day
of pregnancy. The results are discussed.

Materials and methods. New Zealand

White rabbits at all stages of pregnancy were.

used. Blood was obtained either by heart
puncture under light sodium nembutal anes-
thesia or in the conscious animal through an
indwelling polyethylene catheter in the com-
mon carotid artery. The catheter was brought
out through the back of the animal’s neck.
Following each withdrawal of blood the tube
was flushed with heparinized saline and
sealed with heat. We are indebted to Dr. V.
Popovic of Emory University for this meth-
od. About 10 ml of blood was removed for
each assay. Heparin or EDTA (ethylenedia-
minetetraacetic acid, disodium salt) was used
as an anticoagulant. Laparotomy was per-
formed on all rabbits to identify ovulation
sites in the early stages of pregnancy and to
investigate the condition of the fetuses and
placentas in the later stages.

The plasma from the rabbits was assayed
in Holtzman rats received on the 25th day
after birth. The rats were immediately di-
vided into groups of 12 and injected subcu-
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taneously with 75 International Units of
pregnant mare’s serum gonadotrophin (Progy-
non, Upjohn). Four days later they received
a subcutaneous injection of 50 International
Units of human chorionic gonadotrophin
(Antuitrin S, Parke Davis). The rats were
used on the 4th or 5th day after the last in-
jection. It was essential that a full 4 days
elapse from the last injection; otherwise the
ovaries were very insensitive to depletion of
ascorbic acid by the rabbit plasma. Ovaries
weighing less than 70 mg were discarded.

The assays were carried out as follows:
All injections were made slowly through a
27-gauge needle into the saphenous vein ex-
posed under light ether anesthesia. Toxic re-
actions were encountered in some instances,
especially after the injection of plasma from
postcoital rabbits, but these were controlled
by slow injection and by artificial respiration
when needed. The following groups of ani-
mals were used in each assay:

1. A control group of 3 rats which received
no injection; 2. a group of 3 rats which re-
ceived 0.4 pg of luteinizing hormone (NIH -
LH-S4) dissolved in 1 ml of saline; 3. a
group of 3 rats which received 1.6 pg of LH
in 1 ml of saline; 4. an experimental group
of 3 rats which received 1 ml of rabbit
plasma.

Two or three samples of rabbit plasma
could be run simultaneously with the above
controls. Plasma could be stored overnight
in the deep-freeze; however, storage for a
longer period resulted in loss of activity.

Both ovaries from each animal were then
removed under ether anesthesia at the end
of 1 or 4 hours after injection. The choice
between these 2 times after injection was
found by repeated experiment to be of no
significance (see later), and the 4-hour pe-
riod was finally adopted as a matter of con-
venience. In the first few assays performed
a supply of LH was not available. In all
later assays LHY was used at the above 2

 Luteinizing hormone (ovine; NIH ¢ LH ¢ S4) was
made available to us by the Endocrinology Study
Section, Nat. Inst. Health, to which grateful acknowl-
edgment is made. The lyophilized material was diluted
with lactose and stored at 4°C with no apparent
loss of activity over a 2-year period.
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dose levels. A line drawn through these 2
points showed a high degree of reproducibil-
ity with respect to degree of response and
slope when tested repeatedly over a long pe-
riod. The results reported here represent the
ascorbic acid depleting activity of rabbit
plasma at only one dose level (1 ml). Vari-
ation of individual readings for the 6 ovaries

in each group rarely exceeded 5% above or

below the mean. Results obtained without
standards in the earlier assays were reexam-
ined and coincided with those of later assays
at all stages of pregnancy.

Both ovaries of control and experimental
rats were removed under anesthesia, trimmed
of fat and weighed on a torsion balance.
They were then homogenized in fresh cold
2.5% metaphosphoric acid and filtered
through Whatman #3 paper. The filtrates
were usually stored overnight at 4°C with no
apparent loss of activity. Ascorbic acid was
measured by the method of Mindlin and
Butler(16) using a Coleman Junior spectro-
photometer.

Results were expressed as the percentage
depletion of ascorbic acid in ovaries of rats
injected with LH or rabbit plasma compared
with the ascorbic acid content of the ovaries
of control rats considered as 100%.

Eight estrous and 58 pregnant rabbits were
used. Of the latter 27 were used for with-
drawal of blood on one day in pregnancy, 2
were used on 2 separate days, 7 on 3 sepa-
rate days, and 12 on 4 or more separate days.
When multiple withdrawals were made on a
single animal, the results were included only
if the fetuses were shown at laparotomy to
be in good condition following the last with-
drawal of blood. In most cases, however, the
rabbits delivered their young at term. Blood
was withdrawn in almost all cases between 8
am. and 9 a.m.

Results of experiments to show the influ-
ence of the elapsed time following intrave-
nous injection of LH on the percentage de-
pletion of ascorbic acid are shown in Table
I. No significant difference was observed.

Plasma levels of ovarian ascorbic acid de-
pleting activity (OAADA) in estrous and
pregnant animals (Fig. 1). The 8 estrous
rabbits showed no significant OAADA in 1
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TABLE I. Depletion of Ovarian Ascorbic Acid at
1 and 4 Hours After Injection of LH.

Depletion of ascorbic acid

ug LH injected + 1hr + 4 hr
in 1 ml saline (Y0) (%)
4 15 12
.8 27 28
1.6 40 41
2.0 44 40

ml of plasma. Plasma levels of OAADA were
variably elevated throughout pregnancy. A
study of the whole curve of plasma OAADA,
for purposes of statistical analysis, suggested
the division of pregnancy into 6 periods, as
follows:

(1) Period 1 (0-3 days). During this pe-
riod, which includes the postcoital phase,
plasma levels of OAADA were elevated
(range, 15 to 30% depletion). The rise in
OAADA began within 15 minutes following
coitus.

(2) Period 2 (4-5 days). During this pe-
riod plasma levels of OAADA were lower
than in the first period (range, —5 to +12%
depletion) being in 7 cases as low as in the
estrous animals.

(3) Period 3 (6-17 days). This period cor-
responded with the last 24 of the period of
pseudopregnancy in rabbits. It was marked
by elevated plasma levels of OAADA (range,
+10 to 35% depletion).

(4) Period 4 (18-23 days). Plasma levels
of OAADA remained elevated above estrous
levels during this period (range, 48 to
+30% depletion).

(5) Period 5 (24-30 days). Plasma levels
of OAADA declined in this period (range,
—5 to +18% depletion), many of the ani-
mals showing levels similar to those of es-
trous rabbits. The end of this period corre-
sponded approximately with the end of preg-
nancy (about 30 days).

(6) Period 6 (31-33 days). This period co-
incided with the end of pregnancy (about 30
days) and included the immediate post-par-
turitional period. Elevated levels of plasma
OAADA in these animals which had delivered
their young (indicated by half-moons in Fig.
1) suggest that there was a rise in plasma
OAADA before, coincident with, or immedi-
ately following parturition.
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TABLE II. Mean Percentage Depletions of Ovar-

ian Ascorbic Acid in Rats Injected with 1 ml of

Plasma from Estrous Rabbits and Pregnant Rab-

bits at 5 Selected Periods of Pregnancy (See
Fig. 1).

Period
Estrous 1 2 3 4 5

r——Days of gestation————

1-3 45 6-17 18-23 24-30
N 7 11 10 37 20 23
X 2.57 2436 4.10 23.19 21.50 7.83
s 1.99 4.78 5.02 7.77 577 5.27

N = No. of estimations (not animals).
X = mean percentage depletion.
s — standard deviation.

One animal (indicated in Fig. 1 by a dot
of greater size) was followed sequentially
on the 6th, 8th, 20th, 29th, 31st and 32nd
days after coitus. This animal delivered on
the 33rd day. The levels of plasma OAADA
in this animal throughout pregnancy were
elevated in periods 3 and 4, fell in period 35
and rose in the 2 days preceding delivery
(33 days).

A statistical analysis of the results in the
first 5 of the 6 selected periods of pregnancy
is presented in Table II.

The mean percentage depletions, numbers
of animals and variation within each period
are shown. To compare reliably the means in
each group, the variances (s?) were tested
for homogeneity by Bartlett’s X2 test. When
the estrous group was included, X2 with 5 de-
grees of freedom was 15.61 with p<0.01 in-
dicating heterogeneity. However, when the
estrous period, in which the mean and the
standard deviation were smaller than in any
group was omitted, X2, for the other periods
was 7.62 with 4 degrees of freedom and with
p>0.10 indicating homogeneity. Therefore,
the means of the 5 groups during pregnancy
were compared by the analysis of variance
which showed highly significant differences
among the means (p<{0.001). Comparison
within all pairs of means were then made by
Duncan’s Multiple Range Test(17). These
results are summarized below:

Period 1 Period 3 Period 4 Period 5
24.36 23.19 21.50 7.83

Period 2

4.10

Any 2 means underlined by the same line
do not differ significantly from each other
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and any 2 means not underlined by the same
line do differ significantly from each other at
p = 0.01.

Discussion. The ovarian ascorbic acid de-
pletion assay of Parlow is now generally
established as a valid and sensitive test for
luteinizing hormonal activity. It is also effec-
tive for the measurement of gonadotrophic
substances of placental origin such as human
chorionic and pregnant mare’s serum go-
nadotrophin which have some luteinizing ac-
tivity. The application of the method to
blood is not entirely satisfactory, however,
and has so far limited the use of the assay
as a clinical procedure(18). The ovarian as-
corbic acid depleting activity (OAADA) de-
scribed here in the plasma of pregnant rab-
bits may represent endogenous pituitary LH
or LH-like material of placental origin, espe-
cially in the later stages of pregnancy. Fluc-
tuations in the level of OAADA observed
are: (1) an immediate postcoital rise lasting
about 3 days, (2) a fall to zero or near-
estrous levels on days 4 to 5, (3) a prolonged
elevation from day 6 to about day 23, ie.,
throughout the major period of pregnancy,
(4) a second fall to near-estrous levels from
day 24 to day 30, and (5) a suggestive rise
before parturition.

The postcoital rise in plasma QAADA cor-
relates well with the expected release of pi-
tuitary LH into the blood, generally supposed
to be a prerequisite for ovulation in the rab-
bit. However, actual measurements of plasma
LH have not been made hitherto in this pe-
riod, and the evidence for the postcoital re-
lease of LH is indirect and circumstantial.

The elevated plasma levels of OAADA
throughout pregnancy, which will be as-
sumed in the rest of the discussion to repre-
sent the activity of LH or LH-like material,
must be considered in relation to the luteal
and enhanced interstitial cell function char-
acteristic of pregnancy in the rabbit. The
observations of Marsh and Savard(1l) that
pituitary LH increases the iz vitro produc-
tion of progesterone by slices of human and
bovine corpora lutea suggest that LH may
be a physiological regulator of luteal func-
tion. Luteotrophic activity by ovine LH has
recently been observed in the rabbit(19).
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However, in the rat, LH has been considered
to have a luteolytic role by which the life
span of the corpus luteum is limited(2). It
is certain that species differences are here of
great importance, as in the case of prolactin
which is said to be luteotrophic in the rat
(20) and mouse(21) but which is neither
luteotrophic nor luteolytic in the rabbit(19,
22). An elevated level of LH in the blood of
rabbits during pregnancy is certainly incon-
sistent with a luteolytic role of LH in this
animal. It is also noteworthy that the peak
in the level of progesterone in the ovarian
venous blood of rabbits occurs at the middle
of pregnancy(23), thus coinciding with the
highest levels of LH in the plasma as re-
corded here. Declining levels of plasma LH
in the later stages of pregnancy coincide
with a period of waning luteal activity(24).
The suggestive rise in plasma LH activity
just before parturition, clearly shown in one
animal followed sequentially throughout
pregnancy, may be correlated with the in-
creasing dominance of estrogen over pro-
gesterone(25), with the onset of labor and
with the characteristic postpartum estrous
behavior of the rabbit.

Of particular interest is the apparent fall
in the plasma OAADA on the 3rd and 4th
days after coitus (pertod 2, Fig. 1). A pos-
sible explanation may be that this fall coin-
cides with the depletion of pituitary stores of
LH in which case the production and subse-
quent release of additional pituitary LH may
not begin until the 5th day. It is significant
that the first 2-4 days of pregnancy in the
rabbit are associated with the structural or-
ganization and development of the corpora
lutea. Though the corpora lutea develop nor-
mally for the first 36 hours after hypophysec-
tomy, with some retardation of growth(S,
26) their functional maturation probably re-
quires the continued action of LH. The role
of LH in activation of progestin production
by the ovarian interstitial cells before the
onset of luteal function is of great potential
importance and requires further investiga-
tion.
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