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ABSTRACT

The effect of neutralizing FSH or LH on ovarian lipids in the cycling hamster was studied. In
the normal cycling hamster on the day of proestrus, histochemical examination revealed the pres-
ence of sudanophilic lipids in the granulosa cells of the follicles and in the interstitium. A clear
reduction in the intensity of lipid staining was observed on proestrus in the ovary of hamsters
treated with FSH antiserum on the previous proestrus. Similar treatment with antiserum to LH, on
the other hand, caused an accumulation of lipids in these structures.

Estimation of the free and esterified fractions of cholesterol and triglycerides in the nonluteal
tissue of the ovary of hamsters on proestrus following treatment with FSH antiserum on the previ-
ous proestrus revealed a significant reduction in all 3 lipid components. Even a short term depriva-
ton of FSH caused a similar reduction in these lipids in the ovary. In contrast, treatment with LH
antiserum either on the previous proestrus or on the previous day (diestrus-2) resulted in an en-
hancement in esterified cholesterol and triglycerides, while it caused 2 reduction in the free choles-
terol fraction of the ovary on proestrus.

It is suggested that though treatment with antisera to either FSH or LH causes a disruption in
follicular maturation, their effect on lipid metabolism is different. A positive role for FSH and LH
in maintaining normal sterol and triglyceride levels in the nonluteal ovarian tissue of cycling

hamster is indicated.

INTRODUCTION

Earlier studies from our laboratory have
shown that neutralization of endogenous
luteinizing hormone (LH) with LH antserum
affects not only steroid biosynthesis, but also
sterol metabolism and biosynthesis in the luteal
tissue of pregnant and pseudopregnant rats and
hamsters (Moudgal et al., 1972; Behrman et al.,
1972; Mukku and Moudgal, 1975, 1976).
However, virtually nothing is known regarding
the involvement of LH and follicle stimulating
hormone (FSH) in sterol metabolism in non-
luteal ovarian tissue. Hence, it was of consider-'
able interest to examine in the present study
the effect of neutralizing endogenous LH or
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FSH for short or long periods on sterol and
triglyceride levels in the nonluteal tissue of the
ovary of the cycling hamster.

A preliminary histochemical study was
undertaken to examine if sudanophilic lipids in
specific compartments of the ovary are influ-
enced by the lack of endogenous FSH or LH.
This was later followed by biochemical esti-
mations of ovarian cholesterol (free and esteri-
fied) and triglycerides.

MATERIALS AND METHODS
Histochemical Methods

Regularly cycling female hamsters (Mesocricetus
auratus), maintained under a lighting schedule of
14L:10D (lights on at 0600 h) in a well ventilated
room, were cither untreated or were given an intra-
cardiac injection of 0.1 ml FSH antiserum or 0.2
ml LH antiserum (Sheela Rani and Moudgal, 1977a)
at 1300 h on the day of proestrus. On the next proes-
trus (4 days later), they were killed by decapitation at
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1000 h and 1 ovary from each animal (n = 3/group)
was immediately frozen in isopentane at -70°C.
Frozen sections were cut in a cryostat (Ames Labtech)
at 14 um and mounted on clean glass slides. After
slight air drying, they were fixed for 24 h in Baker’s
calcium formal (40% formalin:10% CaCl, :water
[1:1:8] and a piece of chalk for neutralization). The
sections were then washed with several changes of
distilled water over a period of 24 h and were then
stained for lipids with Sudan Black B for 15 min
(Baker, 1946). The stained sections were then differ-
entiated in 50% alcohol, washed in water and mounted
in glycerine jelly (7.5% gelatin in 50% glycerol). The
sections were examined under a microscope.

Biochemical Estimations

Groups of regularly cycling female hamsters were
given by intracardiac route 50 ul FSH antiserum or 0.2
ml LH antiserum at 1300 h of proestrus or 0900
h of diestrus-2. The animals treated with antisera on 1
proestrus were killed 4 days later on the next proes-
trus and those given antisera on diestrus-2 were killed
on the next day (proestrus) at 1700 h. A control
group of hamsters was untreated and killed at 1700 h
of proestrus. The ovaries were removed and carefully
cleaned of the surrounding fat and other extraneous
tissue and weighed to the nearest 0.1 mg. It should be
mentioned here that in the cycling hamster by the
evening of proestrus the luteal tissue is almost com-
pletely regressed and is not discernible even structur-
ally (Lukaszewska and Greenwald, 1970).

The method used for the extraction of lipids with
chloroform:methanol (1:2) and separation by TLC on
silica gel plates with the use of 2 solvent systems
(hexane:ether:acetic acid, 75:25:2 and 90:10:1,
respectively, in the same direction) was essentially
based on that described by Major et al. (1967) and
Pokel et al. (1972). The extent of recovery of sterols
was traced using ['*C]-labeled cholesterol oleate
added during extraction and appropriate corrections
were made.

Both free and esterified cholesterol were estimated
by the method of Glick et al. (1964). By this method,
cholesteryl ester was estimated directly without
saponification and hence the values are reported as
cholesterol equivalents (Mukku and Moudgal, 1975).
For the quantitation of triglycerides, glyceride glyc-
erol was estimated after saponifying the samples with
2% alcoholic KOH at 60—70°C for 30 min. The
liberated glycerol was estimated by the method of
Jover (1963). The results are expressed as ug glycerol
equivalents/mg tissue.

The significance of differences between the means
of control and experimental groups was determined
using Student’s t test.

RANI ET AL.

RESULTS
Histochemical Observations

The sections of the ovary of hamster on
proestrus stained with Sudan Black B showed a
higher concentration of lipids in the interstitial
cells than in the granulosa cells. The lipid
content in the thecal cells was negligible (Fig.
1). In the ovary of hamsters treated with FSH
antiserum, the lipid content of the granulosa
cells as well as the interstitial cells was con-
siderably reduced as compared to the normal
proestrous ovaries (Fig. 2). In contrast, in the
ovary of hamsters treated with LH antiserum,
the sudanophilic material in the interstitial and
the granulosa cells was markedly enhanced (Fig.
3).

Effect of Antisera to FSH or LH
on Free and Esterified Cholesterol
and Triglycerides in the Ovaries
of Hamster on Proestrus

Administration of FSH antiserum either on
proestrus (long term lack of FSH) or on dies-
trus-2 (acute lack of FSH) resulted in a signif-
icant reduction in both free and esterified
cholesterol as well as in triglycerides in the
ovary on proestrus (Table 1; Fig. 4). The
reduction was marked in the free cholesterol
fraction, whereas esterified cholesterol showed
a marginal, though significant decrease. Inter-
estingly, the extent of reduction in these lipids
was more or less similar in the ovaries of
animals treated with FSH antiserum either 4
days earlier, on the previous proestrus or on the
previous day. The ovarian triglycerides on the
other hand showed a greater reduction in the
animals treated with FSH antiserum on the
previous proestrus than those treated on the
day prior to killing.

The effect of LH antiserum on these 3
fractions of lipids was different. While LH
antiserum caused a significant decrease in the
free cholesterol fraction, there was a tremen-
dous accumulation of esterified cholesterol in

FIG. 1. Ovary of untreated hamster on proestrus revealing the pattern of lipid localization. Note the dense
staining in the interstitial cells (arrow). The theca (T) has very little sudanophilic material. The granulosa cells
have a fair amount of lipid. Sudan Black B staining. X 1500.

FIG. 2. Pattern of lipid localization in the ovary of hamster treated with FSH antiserum on the previous
proestrus. The sudanophilic material is seen in the interstitium as well as in the granulosa cells. However, the
intensity of staining of lipids is considerably reduced. Sudan Black B staining. X 925.

FIG. 3. Pattern of lipid localization in the ovary of hamster treated with LH antiserum on the previous
proestrus. Note the presence of large droplets of sudanophilic material in the interstitial cells (arrow). The
granulosa cells also show a much higher intensity of staining of the lipid contents. Sudan Black B staining. X 925.
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TABLE 1. Effect of treatment with antisera to FSH or LH at proestrus or diestrus-2 on ovarian cholesterol and
triglyceride concentration at 1700 h of proestrus. (Mean + SEM; numbers in parentheses = N/group.)2

Cholesterol (ug/mg tissue)

Triglycerides
(ug glycerol/

Treatment Free

Esterified mg tissue)

Untreated control
FSH antiserum
on proestrusb
on diestrus®
LH antiserum
on proestrus
on diestrus®

8.37 £ 1.70 (5)

3.85+0.56(8)*
4.22+0.32(7)*

4.71 £ 0.56 (7)*
3.83 £ 0.47 (3)*

17.34 £+ 1.04 (11) 1.38+0.12(11)

14.30 £ 0.32 (8)*
15.68 £ 1.19 (7)***

0.68 £ 0.02 (7)**
1.16 £ 0.01 (7)

26.14 £ 4.29 (8)°*
20.14 £ 0.79 (3)*

1.8210.17(7)*
1.45 £ 0.08 (3)***

4The values are significantly different from those of corresponding controls at *P<0.01, **P<0.001, ***not

significant.
b.

The animals were given antisera at 1300 h of proestrus and killed at 1700 h of next proestrus, 4 days later.

“The animals were given antisera at 0900 h of diestrus-2 and killed on the next day (proestrus) at 1700 h.

these ovaries. Esterified cholesterol was more
marked in the group exposed to LH antiserum
on the previous proestrus than in the group
treated with LH antiserum on the previous day
(diestrus-2). Also in the former group there was
a significant increase in ovarian triglycerides,
while this component was found to be un-
changed in the latter group (Table 1; Fig. 4).

P Free cholestercl
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FIG. 4. Effect of antiserum (a/s) to FSH or LH on
ovarian lipid constituents on proestrus. Treatment was
given either at 1300 h of proestrus or at 0900 h of
diestrus-2 and the animals were killed after 4 daysor 1
day, respectively, at 1700 h of proestrus. Redrawn
from mean values of free and esterified cholesterol and
triglycerides in the ovaries (Table 1) as % of control,
considering the values from untreated hamsters as
100%.

DISCUSSION

The present study, using both histochemical
and biochemical methods, has demonstrated
that deprivation of FSH or LH either for
short or long duration produces specific effects
on lipid metabolism in the ovary of the cycling
hamster.

In studies involving the use of antisera to
delineate the role of gonadotropins in physi-
ological processes, it is essential to determine
the specificity, cross reactivity and the neutral-
izing efficacy of the antisera used. In the
present study, the above crieteria were estab-
lished for both antisera used. Thus, it was
found that following administration of the
minimal effective dose (50 ul) of FSH ant-
serum on the afternoon of proestrus, the
presence of FSH antibody could be detected in
the serum of the hamsters for the next 4 days
of the cycle; however, since just the presence of
antibody itself does not necessarily mean that
the hormone is neutralized, an attempt was
made to measure free FSH in the sera of
animals injected with FSH antiserum (Sheecla
Rani, 1977). This was possible only after
removal of the interfering excess FSH antibody
and/or the antigen-antibody complex by
treatment of these sera with a polymer of the
second antibody, goat antiserum to monkey
gamma globulin (Sheela Rani and Moudgal,
1977b). It was found that in animals given 50
pl FSH antiserum at 1400 h of proestrus, no
free FSH could be detected in the serum at
other periods of the same day as well as on the
next day, showing the neutralizing efficacy of
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the antiserum. On the next 2 days of diestrus,
some amount of FSH lower than in the controls
(controls, 242.5 £ 32.5 ng/ml vs antiserum
treated, 41.6 * 13.1 ng/ml; mean + SD) could
be measured, indicating only a partial neutral-
ization of FSH at these periods (Sheela Rani,
1977). To determine the specificity of the
antiserum effect in the sera of animals treated
with FSH antiserum LH was measured by
radioimmunoassay. It was found that admin-
istration of FSH antserum at 1400 h of proes-
trus had no effect on the occurrence of the LH
surge on that day, since peak serum levels were
seen at 1700 h as in control hamsters (Sheela
Rani, 1977). Serum LH levels on subsequent
days of the cycle also were found to be normal
in these hamsters treated with FSH antserum,
thereby showing the specificity of antiserum
effect. Similarly for LH antiserum, the criteria
of specificity and efficacy were established
as described above (Sheela Rani, 1977).

Our earlier studies had shown that treatment
with minimal effective doses of antiserum to
either FSH or LH on proestrus caused a block-
ade of follicular maturation, as indicated by the
inability of these animals to ovulate at next
estrus even in response to an exogenous dose of
LH (Sheela Rani and Moudgal, 1977a). How-
ever, the effect of injecting the minimal effec-
tive doses of antisera was found to be confined
to only 1 cycle, since these animals were found
to ovulate normally at the third estrus (Sheela
Rani, 1977). Additional evidence for an inter-
ference with follicular growth in these animals
treated with FSH or LH antiserum was ob-
tained by histological examination of the
ovaries on the next proestrus. The characteristic
feature of the ovary of a normal hamster on
the evening of proestrus is the presence of
at least 4—5 large preovulatory antral follicles.
Such antral follicles were predominantly
absent from the ovaries of animals treated
with either FSH or LH antiserum on the
previous proestrus (Sheela Rani, 1977). No
follicles having more than 7—8 layers of gran-
ulosa cells were present in the ovaries of these
hamsters on the next proestrus. The significant
difference between the effect of treatment
with FSH and LH antiserum was that while
the former treatment did not result in any
reduction in the size of the ovary, LH anti-
serum administration caused a reduction in
the size of the ovaries by the next proestrus;
further, these ovaries showed more extensive
follicular atresia (Sheela Rani, 1977).
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The present histochemical studies showed
that the sudanophilic lipids in the follicles of
the ovary were present exclusively in the
granulosa and were absent from the theca
interna cells. The interstitium, however, was the
most densely stained portion of the ovary.
These lipid droplets found in the hamster ovary
have been reported to consist of triglycerides,
cholesterol and/or its esters and little or no
phospholipids (Guraya and Greenwald, 1965;
Guraya, 1972). The significant observation in
the histochemical study was FSH anstierum
given on proestrus caused a decrease in the
intensity of lipid staining with Sudan Black B at
the next proestrus, particularly in the granulosa
cells of the follicle. To get a quantitative
picture of the changes in lipid constituents,
biochemical estimations were carried out. The
latter studies confirmed that the neutralization
of FSH starting on proestrus had caused a
drastic reduction in all 3 lipid components
when examined on the next proestrus. Since it
was known from our earlier studies that such a
treatment also causes a blockade of follicular
maturation (Sheela Rani and Moudgal, 1977b),
it was not clear whether the reduction in levels
of ovarian lipids is due to a general cessation
of follicular growth or whether the lack of FSH
specifically brings about such a decrease. To
clarify this point, when the acute effect of
withdrawal of FSH on this parameter was
tested, it was found to cause a drastic reduction
in unesterified cholesterol and triglycerides.
These studies suggested that the lack of FSH
even for short periods affected the ovarian
cholesterol and triglyceride lipids add that these
effects were accentuated by the long term
withdrawal of FSH. The specificity of the
effect of lack of FSH was further exemplified
when the effect of LH antiserum treatment on
these parameters was examined. The latter
treatment brought about a reduction in free
cholesterol, but produced an opposite effect on
esterified cholesterol and triglycerides. A
similar effect was seen even on a short term
deprivation of LH.

It appears from these results that although
both FSH and LH antisera bring about a
cessation of follicular growth (Sheela Rani and
Moudgal, 1977b), they could be operating by
different mechanisms in affecting the lipid
metabolism of the ovary.

In a steroid secreting tissue, cholesterol
serves as a precursor for steroidogenesis and its
availability appears to govern the rate of ste-
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roidogenesis. Gonadotropin, particularly LH, is
known to stimulate the esterase activity as well
as to inhibit the activity of ester synthetase in
luteal tissue (Armstrong, 1968; Behrman and
Armstrong, 1969; Behrman et al,, 1972). A
converse situation, in which there is an accumu-
lation of lipid droplets indicating a failure to
utilize cholesterol, has been found to occur
during luteolysis (Guraya and Greenwald, 1965;
Guraya, 1973; Deane et al., 1966; Hoffman and
Fajer, 1973) and this has also been found to be
associated with reduced steroidogenesis. In fact,
in studies on luteolysis induced by LH and-
serum in the pregnant rat (Moudgal et al.,
1972) and hamster (Mukku and Moudgal,
1975), it was clearly demonstrated that there
was an accumulation of ovarian or luteal
cholesterol esters, the free cholesterol remain-
ing unchanged. All these studies clearly demon-
strate that LH specifically influences choles-
terol turnover at many points and brings
about an overall regulation of steroidogenesis in
the luteal tissue.

In the present study, however, LH antiserum
has been shown to cause a decrease in free
cholesterol and an accumulation of esterified
cholesterol. The question of luteolysis does not
arise in the present case, because in these
animals the LH antiserum treatment given on
proestrus not only blocked ovulation and hence
luteal formation but also blocked follicular
development during the cycle. This treatment
was also found to result in reduced steroido-
genesis (Sheela Rani and Moudgal, 1978). It is
then possible that in the hamster ovary, a long
term deprivation of LH totally arrests steroido-
genesis by intefering with cholesterol turnover.
It is also interesting that in the nonluteal
tissue of the ovary of the cycling animal, similar
results were also obtained by a short term
deprivation of LH, as in the case of luteal
tissue in the pregnant rat and hamster.

In a study by Armstrong (1968), it was
found that LH not onl; inhibited esterification
of free fatty acids (["H]-palmitic acid) with
cholesterol, but also inhibited the incorporation
into triglycerides. In conformity with this, our
present results show that lack of LH caused
not only an accumulation of cholesterol esters,
but also of triglycerides.

Untl recently, there was a lack of clear
understanding regarding the role of FSH in
steroidogenesis. Only of late, several studies
have established a specific role for FSH in the
aromatization step of estrogen biosynthesis and
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more recently FSH has been shown to stimulate
progesterone synthesis in combination with
androgen (Moon et al.,, 1975; Armstrong and
Papkoff, 1976; Dorrington et al., 1975; Sheela
Rani and Moudgal, 1978; Nimrod and Lindner,
1976; Armstrong and Dorrington, 1976;
Schomberg et al., 1976). Our results with FSH
antiserum, however, have indicated that neu-
tralization of endogenous FSH either in the
cycling or pregnant hamster had no effect
on progesterone levels (Sheela Rani and Moud-
gal, 1977a) or on ovarian androgen levels, the
effect of FSH antiserum being specific to
estrogen biosynthesis (Sheela Rani and Moud-
gal, 1978). As already mentioned, virtually
nothing is known about the involvement of
FSH, if any, in sterol metabolism and mainte-
nance of steroid precursor pools. The present
study is perhaps the first report on the influ-
ence of FSH on cholesterol and triglycerides in
the ovary. In view of the fact that FSH does
not influence steroidogenesis in terms of
progesterone and androgen synthesis, its effect
on sterol and triglycerides is enigmatic. Whether
this effect of FSH antiserum is a consequence
of a general disruption in cellular metabolism
due to the lack of trophic hormonal support for
follicles is open to question. A detailed exami-
nation of other metabolic parameters may shed
light on this issue.
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