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Ovarian follicular fluid peptide (OFFP) purified from sheep ovaries has been earlier shown to induce
degeneration of ovarian follicles in mice. In the present study, whether the effect of OFFP on granulosa
cells was similar to apoptosis was studied using three parameters.Immature mice injected with pregnant
mare serum gonadotropin on day 0 were administered with 10 or 20 J.lgof OFFP on day 1 and autopsied
on day 2. The granulosa cells were collected from the ovarian follicles. The presence of apoptotic bodies
were observed by staining the cells with acridine orange. DNA profiles of DAPI-stained cells analysed by
flow cytometry also revealed apoptotic responseto OFFP. Furthermore,agarose gel electrophoresisof low
molecular weight DNA fraction extracted from the cells of OFFP-treatedanimals confirmed ladder formation
and induction of apoptosis and not necrosis in granulosa cells. In conclusion, all the three parameters
indicated apoptotic changes in granulosa cells of ovarian follicles in .mice treated with OFFP. The effect of
OFFP seems to be exerted directly on the granulosa cells showing its autocrine role in the process of
follicular atresia. This is discussed in the light of other intra/extra ovarian factors.

1. Introduction

preovulatory follicles are formed by 48 h after the
injection. Injection of human chorionic gonadotropin
At birth two million follicles are seen in the human (hCG) at this time is known to induce rupture of follicles
ovary. However, during the reproductive life span of causing ovulation. However, if hCG is not administered
about 40 years, only 400-500 follicles ovulate, while the the follicles fail to ovulate and degenerate by 72 and
rest of the follicles undergo atresia. It has beensuggested 96 h (Nandedkar and Balchandran 1982). Hence, this
that cell death mediated by apoptosis may be the model of PMSG treated mice was used to observe if
underlying mechanism of follicular atresia (Billig et at OFFP hastens degenerationof granulosa cells. Further,
1994). Intrafollicular nonsteroidal factors may play an
it was of interest to find out whether these degenerative
important role in follicular maturationand atresia (Nand- changes in granulosa cells were similar to those of
edkar and Raghavan1989). Earlier studies by Nandedkar apoptosis.
et at (1988) have also shown that a peptide purified
Apoptotic changesin granulosacells have beenmonifrom sheep ovarian follicular fluid (OFFP) when injected tored using various techniques such as flow cytometry
into cycling mice induced atresia of large follicles.
(Guthrie et al 1994), in situ hybridization (Billig et al
In the immature mice, pregnant mare serum gonado- 1994)or agarosegel electrophoresis(Hughesand Gorospe
tropin (PMSG) enhances development of follicles and 1991). In the presentstudy we have used following three
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parameters: (i) morphological alterations in the nuclear
chromatin observed by staining with acridine orange dye,
(ii) DNA profiles studied by flow cytometry of cells
stained by 4,6 diamidino-2-phenlindole (DAPI) and (iii)
DNA fragmentation in the cells evaluated by agarose
gel electrophoresis.The results from thesestudiesindicate
that the peptide from the sheep ovarian follicular fluid
advances apoptotic changes in granulosa cells.

Materials and Methods
Purification

of active fraction

of OFFP

Follicular fluid was aspirated from sheep ovaries obtained
from the local abattoir. Pooled follicular fluid was centrifuged at 90 g for 15 min to remove granulosa cells which
were used for radioreceptor assay. The supernatant, about
150 ml, was purified by ultra filtration using PM 10
amicon filters (cut off> 10,000 Da). The filtrate but not
the retentate showed follicle stimulating hormone (FSH)

binding inhibitory activity in radioreceptorassay(RRA).
The filtrate was further purified on Sephadex G 25
column. The active fraction was employed in the present

study. The radioreceptor assay to determine biological

(Thornthwaite et at 1980), (iii) staining with fluorescein
diacetate (FDA) followed by flow cytometery (Baisch
1978) or (iv) lysed to extract DNA (Bissonnette et at
1992). Adult mousethymocytes(106cells/ml) were treated
with 10-5M dexamethasonefor 0, 2 or 4 h at 37°C and
lysed to extract DNA (Gavrieli et at 1992).
2.4 Staining with acridine orange and fluorescence
microscopy
To 20 ~l of 106 granulosa cells in the medium, 20 ~l
of I mg/ml acridine orange (Sigma) was added on a
glass slide. After mixing thoroughly, a coverslip was
placed on the mixture. The cells were observed under
the Leitz green fluorescence microscope using 500525 nm filters. Normal cells were identified by their
intact cell membrane, and round nucleus with scanty
chromatin. Evans et al (1993) have reported morphological changesduring apoptosis.Cells with bright green
condensednuclei (intact or fragmented)were interpreted
as apoptotic.Apoptotic cells were countedand represented
as per cent of the total cells scanned.
2.5 Flow cytometry of granulosa cells

activity of the fraction was reported earlier (Shahid et
at 1991). In brief, specific binding was determined by
incubating fractions with granulosa cells in the presence
of radiolabelled human FSH. A fraction showing inhibition of FSH binding in a dose dependent manner was
designated as the active fraction in RRA.

The granulosa cells (5 x 106/ml) were fixed in 70%
ethanol for at least 24 h at 4°C. The cells were pelleted
and resuspendedin 1 ml of 2% citric acid containing
0.5 g of Tween 20 and incubated for 10 min at ambient
temperature. The cells were stained with DAPI
(1.75 t.tg/ml) as reported earlier by Thornthwaite et al
1980).
2.2 Treatment of animals
Viable granulosa cells (106cells/ml) were gently centrifuged and resuspendedin PBS. Twelve ml fluorescein
Immature, 21-23 day old female Swiss mice bred in diacetate (FDA, Boehringer, Mannheim) in acetone
our animal colony were used in the study. Twenty five
(10 mg/rnl) is added. FDA was rapidly transported into
animals (5 per group) were injected with 20 IU of PMSG the cell and convertedto fluorescein a highly fluorescent
on day O. Three groups with PMSG treatment alone compound. The maximum fluorescence accumulation
were autopsied on day 2 (48 h), day 3 (72 h) and day (FDA flurochromasia) occurred after 20 min incubation
4 (96 h). Animals of two more groups were injected at 37°C. Flow cytometric profiles were obtained using
with 10 and 20 ~g of OFFP on day 1 and autopsied on excitation filter (KP 500 and TK 500) and emission
day 2. In addition to this, another group of animals filters (TK 560 and EM 520) on flow cytometer (Partec,
were
with 20 ~g
of OFFP/day
GmbH).
2 andinjected
were autopsied
on day
3 (72 h). on days 1 and
.

2.

2.3 Cell preparations

2.6 Extraction of low molecular weight DNA and
electrophoresis

The ovaries of the animals were dissected, follicles were
crushed mechanically and the cells were suspended in
I ml of medium] 99. After centrifugation at 760 g for
5 min, the pellet was washed and the cells were resuspended in ] m! of the medium. The cell count was taken
on a haemocytometer and, used either for (i) staining
with acridine orange (Evans et at ]993), (ii) fixation
with 70% ethanol followed by staining with DAPI

Low molecular weight DNA was extracted from cells
by the method of Bissonnette et at (1992). Briefly, the
pellet of 1 x 107 cells was lysed in 1 ml of lysis buffer
(5 mM Tris, 20 mM EDT A, 0.5% Triton-X 100, pH 8)
and the lysate was centrifuged at 9000 g for 20 min at
4°C to separate low molecular weight fragments of DNA
(supernatant) from the intact DNA pellet. The supernatant
was incubated with 10 Ilg/10 III of RNAse for 1 h at
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37°C followed by 20 ~g/20 ~l proteinase K for 2 h at
55°C. It was then extracted with phenol: chloroform: isoamyl alcohol (25: 24: 1) and the DNA was
precipitated from the aqueousphaseby adding (I : 2.5 v/v)
chilled ethanol. All DNA samples were resuspendedin
10 ~I of distilled water and 2 ~l of 6X loading dye (50%

Similarly a dose of 10 Ilg of OFFP also induced degenerative changesin granulosa cells (figure lc). A dose of
20 Ilg of OFFP increased severity of apoptotic changes
in granulosa cells showing fragmentation and exclusion
of apoptotic bodies (figure Id). Quantification of normal
and apoptotic cells revealed an increase in per cent
glycerol, 1% xylene cyanol) and loaded on 1% agarose apoptotic cells from 9.1 to 62.2 in group treated with
gel in TAE buffer (40 mM Tris, 20 mM sodium acetate, PMSG alone. Further a dose related increase in apoptotic
1 mM EDTA, pH 7.2) containing ethidium bromide cells was observed by OFFP treatment (table 1).
(0.5 ~g/ml). Electrophoresis was carried out at 80 V for
3 h and the gels were visualized under the UV trans3.2 Flow cytometric analysis of granulosa cells
illuminator and photographed.

Figure 2 depicts DNA profiles of granulosacells stained
with DAPI. The profiles are characterized by a major
peakof cells in the GO/G1 phase,and at higher intensities
3.1 Analysis of morphology by fluorescence
smaller peaks of cel1s in S" as wel1 as cel1s in G2/GM
phasesof the cell cycle. A fraction of cells, characterized
microscopy
by mean fluorescence intensity lower than that of the
Most of the granulosa cells were normal in appearance cells in Gl phase was also observed and designatedas
from animals autopsied on day 2 after PMSG injection low fluorescenceintensity cel1s(LFIC). At 48 h following
(figure la). However, a majority of cells were apoptotic PMSG treatment (figure 2a) LAC account for about
in animals autopsied on day 3 after PMSG (figure Ib).
13% of the population. Percentagepost-LFIC in animals

3. Results

Figure 1. Microphotographs (dark field, x 400), green fluorescence of granulosa cells stained with acridine orange. Animals
were injected with PMSG on day 0, OFFP on day I, autopsied48 or 72 h after PMSG injection. (a) PMSG alone (48 h) cells
with normal intact nuclei. (b) PMSG alone (72 h) diffused fluorescenceand presenceof apoptotic bodies indicated by arrowheads.
(c) OFFP (10 ~g, 48 h). Both normal and apoptotic cells. (d) OFFP (20~g, 48 h). Apoptotic cells.
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72 h after PMSG was increased about 25% (figure 2b).
With OFFP treatment this proportion was also found to
be 20-26% (figure 2c,d)
Figure 3 depicts the FDA fluorochromasia profiles of
granulosa cells. The profile~ of normal granulosa cells
were bimodal, with a major peak at modal channel 100
(figure 3a). A significant (P < 0.01) decreasein the modal
channelof flurochromasia was observed in the cells from
PMSG 72 h (channel No 75; figure 3b) animals. Similar
decreasein the modal channel was observed in case of
cells from animals injected with OFFP (channel No. 75;
figure 3c and channel No. 54; figure 3d). Such decrease
indicated changes in the membrane permeability
(Darzynkiewicz 1994).

3.3 Analysis of DNA fragmentation by gel
electrophoresis
Electrophoretic patterns of low molecular weight DNA
from granulosa cell lysates (treated with PMSG or
PMSG + OFFP) are shown in figure 4. Cells from PMSG
treated animals lack indication of low molecular weight
DNA on day 2 and 3 (figure 4, lane 4) whereas on day
4 (96 h) a distinct pattern of fragmented DNA is evident
(figure 4, lane 6). Cells from PMSG + OFFP injected
animals autopsied on day 3 (72 h) also showed ladder
formation (figure 4, lane 5). Fragmented DNA of single
or multiple nucleosomal length indicated DNA ladder
characteristic of apoptosis. DNA electrophoretic profile

Table1. Percentageof apoptotic granulosa cells from mice injected with PMSG
(day 2) or PMSG (day 3) or PMSG and OFFP.

Group
2
3

4

Treatment
PMSG on day 0
OFFP on day I

Autopsy days
Days (h)
after PMSG

PMSG
PMSG

Day
Day
Day
Day

PMSG + 10~g OFFP
PMSG + 20 ~g OFFP

2
3
2
2

(48 h)
(72 h)
(48 h)
(48 h)

Apoptotic cells
(%)

9.)"+ ).2
62.2"+4.5
45.8"+ 3.8
82.6"+ 5.2

a P<O.OOI

Figure 2. DNA histograms of granulosa cells stained with
DAPI. Animals were injected with PMSG on day 0, OFFP on
day I, autopsied within 48 or 72 h after PMSG injection. (a)
PMSG alone: 48 h low fluorescence intensity cells (LFIC):
shown by arrow 13%. (b) PMSG alone 72 h-LFIC 25%. (c)
OFFP (10 ~g 48 h LFIC-26%). (d) OFFP (20 ~g) (48 h) 26%.

Figure 3. FDA fluorochromasia profiles of granulosa cells.
Animals were injected with PMSG on day 0, OFFP on day
1, autopsied either 48 or 72 h after PMSG. (a) PMSG
alone: 48 h (modal channel: 100). (b) PMSG alone (72 h) MC:
69. (c) OFFP 10 ~g (48 h) MC: 75. (d) OFFP 20 ~g (48 h)

MC: 56.
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Gorospe (1991). Our studies substantiate that PMSG
alone induced apoptosis after 72 h in granulosa cells and
further indicate that OFFP advanced the apoptotic change

by 24h.
In the present study degenerative changes in granulosa
cells induced by OFFP were monitored by fluorescent
microscopy, DNA flow cytometry and DNA fragmentation
analysis. All the parameters indicated that the changes
in granulosa cells were similar to those that characterize
apoptosis. Further, atretic changes induced in granulosa
cells by PMSG alone have features that characterize

apoptosis.These changeshave been reported by Hughes
and Gorospe (1991). OFFP presumeably advances the

1
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Figure 4. Agarose gel electrophoretic patterns of low mol.
wt. DNA: Granulosa cells: Animals were injected with PMSG
on day 0, OFFP (20 J.lg) on day I as 2. (i) PMSG alone (72 h),
lane 4; (ii) OFFP (72 h), lane 5; (iii) PMSG alone (96 h),
lane 6; (iv) Thymocytes as controls: Thymocytes were exposed
to M Dexamethasone, in vitro for 2 h (lane 1) and 4 h (lane
2); (v) Mol. wt. marker IfJx 174 DNA HaellI digest (lanes 3
and 7).

of Iysates of thymocytes treated with dexamethasone
were used as positive controls and are depicted in figure
4 (lanes 1 and 2). Low molecular weight DNA fragments
were detected as early as 2 h post dexamethasone treatment in these cells (figure 4, lane 1). DNA mol. wt.
marker, [rjJx 174 HaeIII digest (figure 4, lanes 3 and
7)] wefe used as standards for comparing the fragmentation patterns.

apoptotic changes.
Morphological changes,~ut:u1g apoptosis have been
reported in thymocytes (Gavrieli et al 1992) and
haematopoetic cells (Evans et al 1993). However, to our
knowledge, this is the first report where apoptotic changes
in granulosa cells have been shown using acridine orange
staining. The presence of apoptotic bodies in granulosa
cells by OFFP treatment clearly indicated apoptotic
changes in degenerating granulosa cells. Recently, Catchpoole and Stewart (1995) have reported that formation
of apoptotic bodies was associated with DNA fragmentation during apoptosis. Our results also showed the
presence of apoptotic bodies and DNA fragmentation, a
hallmark for apoptosis in granulosa cells indicating that
the cells follow the path of apoptosis and not that of
necrosIs.
It is known that initiation of apoptosis is associated
with activation of endonuclease that cleaves genomic
DNA into oligonucleosomal fragments leading to subsequent cell death. Visualization of such oligonucleosomal
fragment length of DNA in agarose gel electrophoresis
demonstrated apoptosis in granulosa cells on day 4 (96 h)
but not day 3 (72 h) in PMSG alone injected group.
Our studies are in agreement with Hughes and Gorospe
(199 I) who also reported that DNA fragmentation in

.

granulosacells could be noted on day 4 but not day 3

4.

Discussion

OFFP was found to induce degeneration of large ovarian
follicles (Nandedkar et at 1988). It was therefore, of
interest, to investigate the mechanism through which
OFFP exerted its action. Such understanding was essential
in view of its possible application as an antifertility
agent (Nandedkar et at 1989). In the present study
degenerative changes in granulosa cells induced by OFFP
were monitored by flourescent microscopy, DNA flow
cytometry and DNA fragmentation analysis. All these
parameters indicated that the changes in granulosa cells
were similar to those that characterize apoptosis. Atretic
changes induced in granulosa cells 96 h after PMSG
alone were apoptotic has been reported by Hughes and

in PMSG injected animals. Interestingly, granulosa cells
from mice injected with PMSG (day 0) + OFFP (day 1)
failed to show DNA fragmentation on day 2 (48 h after
PMSG). However, injection of 20 Jlg of OFFP on days
I and 2 and autopsy on day 3 (72 h after PMSG) induced
apoptotic changes in granulosa cells as revealed by DNA
fragmentation in agarose gel electrophoresis. It is interesting to note that acridine orange staining showed
apoptotic changes earlier (PMSG alone 72 hand
PMSG + OFFP 48 h groups) compared to that by agarose
gel electrophoresis. This possibly is due to the different
principles of the two techniques; in one viable cells are
stained while in the other DNA is extracted from the
cells. However, both the techniques demonstrated apoptosis in granulosa cells and preponement by OFFP. The
availability of the detection of DNA fragmentation by
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a radioactive technique (Hseuh et at 1994) may enable
the monitoring of the process of apoptosis in granulosa
cells much earlier than that by agarose gel electrophoresis.
The nuclear stain DAPI and PI have been used earlier
to characterize apoptosis in thymocytes (Gong et at
1994) and granulosa cells (Guthrie et at 1994). In the
present study DAPI stained DNA profiles of granulosa
cells obtained from OFFP treated mice showed degenerative changes which are similar indicating apoptosis.
Of particular interest are the FDA-fIuorochromasia
profiles of granulosa cells. The decrease in the FDAfIuorochromasia as seen from the decrease in model
channel number seems to characterize apoptosis in this
cell population. This reflects changes in the membrane
permeability of the cells. These degenerating cells however failed to show any change in the viability (trypan
blue exclusion, data not shown). Darzynkewicz et at
(199]) have shown that FDA fIuorochromasia in apoptotic
thymic cells excluded PI but the integrity of their membranes is preserved. Our studies with granulosa cells
also suggested that although the membrane permeability
was affected, the integrity was maintained as the viability
was not altered. The monitoring of FDA fIuorochromasia
by flow cytometry appears to be useful to characterize
apoptosis.
PMSG stimulates follicular growth. By 24 h medium
sized follicles are expected to be present in the ovary.
Injection of OFFP at this time does not allow further
progress in follicular maturation and induces atresia. This
action of OFFP is possibJ.y directly on the granulosa
cells as our earlier studit;s. have revealed inhibition of
FSH binding to granulosa cells in vitro by OFFP (Shahid
et at 1991; Nandedkar el a.l 1994). The present study
indicates that granulosa cells adopt the programme of
cell death when exposed to OFFP due to hormonal
modulation. Recently GnRH, a hypothalamus hormone
has also been shown to directly induce apoptosis in
granulosa cells (Billig et at 1994).
OFFP is purified from sheep granulosa cells. Immunohistochemically it has been localized in granulosa. cells
of sheep ovarian follicles (Nandedkar et at 1994). The
peptide inhibits binding of FSH to granulosa cells and
also progesterone secretion from these cells in ""y.itro.
Thus, it is an autocrine regulator. inducing apoptosis.
On the other hand, gonadotropins and IGF-l have been
reported to suppress apoptosis in preovulatory follicles
(Chun et at ]994). Thus, a balance seems to be essential
for the growth of the fonicles while the disturbance of
this balance is a key to.. decide the fate of the follicle.
Our studies for the first time reveal that OFFP plays
an important role in initiating apoptotic changes in
granulosa cells of ovarian follicles. The point to be noted
here is that OFFP appears to prepone apoptosis which
otherwise would have set.in after 72 h following PMSG
treatment. This model thus could be very useful to

elucidate the mechanism of hormonal modulation
apoptosis in this endocrine tissue/cell system.

of

Acknowledgements
The authors are thankful to the technical assistance of
Mr S T Ghanekar, Mr S M Rewdekar and Mr A H
Halaki. Supply of PMSG from the hormone bank of
IRR is gratefully acknowledged.

References
Baisch H 1978 Etfects of X-rays on cell membranes II Changes
in permeability measured by fluorescein efflux; Radiat. Environ.
Bioplzys. 15 225-228
Billig H, Furuto J and Hsueh A J W 1994 Gonadotropin-releasing
hormone directly induces apoptotic cell death in the rat ovary:
Biochemical and in situ detection of deoxyribonucleic acid
fragmentation in granulosa cells; Endocrinology 134 245-252
Bissonnctte R P, Echeverri F, Mahboubi A and Green D R
1992 Apoptotic cell death induced by c-myc is inhibited by
bcl-2; Nature (London) 359 552-554
Catchpoole D R and Stewart B W 1995 Formation of Apoptotic
bodies is associated with internucleosomal DNA fragmentation
during drug induced apoptosis; Exp. Cell. Res. 216 169-177
Chun S Y, Billig H, Tilly J L, Furuta I, Tsafriri A and Hsuch
A J W 1994 Gonadotropin suppression of apoptosis in cultured
preovulatory follicles: Mediatory role of endogenous insulin-like
growth factor I; Endocrinology 135 1845-1853
Darzynkiewicz Z, Bruno S, Delbino G D, Gorezyca W, Hotz
M A, Lassota P and Traganos F 1992 Features of apoptotic
cells measured by flow cytometry; Cytometry 13 795-808
Evans C A, Owen-Lynch P J, Whetton A D and Dive A C
1993 Activation of the Abelson Tyrosine Kinase activity is
associated with suppression of apoptosis in hemopoietic cells;
Cancer Res. 53 1735-1738
Gavrieli Y, Sherman Y and Ben-Sasson S A 1992 Identification
of programmed cell death in situ via specific labeling of
nuclear DNA fragmentation; J Cell Bioi. 119 493-501
Gong J, Traganos F and Darzynkiewiez Z 1994 A selective
procedure for DNA extraction from apoptotic cells applicable
tor gel electrophoresis and flow cytomctry; Anal. Bioclzem.
218 314-319
Guthrie H D, Welch G R, Cooper B S, Zakaria A D and
Johnson L A 1994 Flow cytometric determination of degraded
deoxyribonucleic acid in granulosa cells to identify atretic
follicles during pre-ovulatory maturation in pigs; Biol. Reprod.
50 1303-1311
Hsueh A J W, Billig H and Tsal'riri A 1994 Ovarian follicular
atresia: A hormonally controlled apoptotic process; Efldocrine
Rev. 15 707-724
Hughes F C and Gorospe W C 1991 Biochemical identification
of apoptosis (programmed cell death) in granulosa cells:
Evidence for a potential mechanism underlying follicular atresia;
Efldocrinology 129 2415-2422
Nandedkar T D and Balchandran P K 1982 PMSG-induced
follicular atresia in prepubertal mice; Indian J. Exp. Biol. 20
353-354
Nandedkar T D, Kadam A Land Moodbidri S B 1988 Control
of follicular maturation in the mouse by a nonsteroidal regulator
from sheep follicular fluid; Int. J. Fertil. 33 52-59
Nandedkar T D, Kholkute S D, Kadam A L, Moodbidri S B
and Raghavan V P 1989 Shortening of luteal phase in common

Apoptosis in granulosa cells induced by a peptide

277

by sheep ovarian tollicular fluid peptide; Contra91-100
D and Raghavan V P 1989 Control of ovarian
maturation by nonsteroidal parameters: New
in female contraception; Adv. Cont. Del. Sys. 5

reproduction (eds) C P Puri and P F A Van Look (Delhi:
Wiley Eastern)pp 429-444
Shahid J K, NandedkarT D, Iyer K S Nand Mahale S D
1991 Effect of ovarian follicular fluid peptide (OFFP)on FSH
and EGF binding to granulosacells; Horm. Metab. Res. 23

Nandedkar T D, Shahid J K, Kholkute S D and Mahale S D
1994 Effects of ovarian follicular fluid protein on follicular
maturation; in Current concepts in fertility regulation and

Thornthwaite J T, Sugarbaker K V and Temple W J 1980
Preparation of tissues for DNA flow cytometric analysis;
Cytometry1 229-237.

marmosets
ception 40
Nandedkar T
follicular
approaches

456-458

117-133

MS received 15 July 1996; accepted 19 June 1998
ColTesponding

editor:

SAMIR BHATT ACHARY A

