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Curcumin is a polyphenolic substance produced from
the rhizome of the herb Curcuma longa (Mishra and Mishra
2018). Curcumin’s antioxidant (Jakubczyk et al. 2020), anti-
inflammatory (Ueki et al. 2013), anti-apoptotic (Geng et
al. 2017), and antibacterial (Mun et al. 2013) properties
have also garnered considerable attention. Curcumin has
also been shown to stimulate ovarian function by increasing
folliculogenesis and decreasing apoptosis in murine ovarian
cells (Aktas et al. 2012). Similarly, other significant
compound that have a substantial influence on female
reproductive functions is carbazole (an alkaloid present in
leaves of Murraya koengii, roots of Glycomis pentaphylla,
and Clausena heptaphylla; Shanthini et al. 2020). The aim
of this study was to determine the effect of curcumin and
carbazole at various doses on the activities of the ovine
preantral follicle and granulosa cell.

Sheep ovaries were collected from the civil slaughter
house, Bengaluru. The ovaries were collected and
transported in 0.9% warm (37°C) normal saline
supplemented with gentamicin (50 pg/ml). Follicular fluid
was aspirated from the surface follicles of the ovary and
suspended in the medium (TCM-199 + 0.3% BSA)
according the methodology described by Nandi ez al. (2017,
2018). Granulosa cells [(0.8—1)x10%/well] were cultured
for 2 days with a standard culture medium containing TCM-
199 + HEPES (20 mM) + L-glutamine (3 mM) + bovine
serum albumin (1%) + insulin-transferrin-selenium (1%) +
gentamicin (50 mg/ml) in a CO, incubator (38.5°C with
5% CO, in air + 90-95% relative humidity). Total 6 groups
+ control [Control, T1 (1 uM), T2 (5 uM), T3 (10 uM), T4
(25 uM), TS (50 uM), T6 (100 uM)] were maintained each
with 6 replicates of bioactive compounds. Curcumin and
carbazole treatment groups were treated separately in
separate trials for GC culture. Cultured GC’s were then
harvested (after 2 days) and viability of the cells were
determined by trypan blue exclusion test (Nandi ez al. 2018).
Viable granulosa cells were counted further by using
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haemocytometer and cell number increment (103) was
determined for each bioactive compound separately.
Similarly, preantral follicles (PF) with definite follicular
outline and visible oocyte were isolated from the above
collected ovaries as per the method described by Nandi et
al. 2017. PF specifically measuring 250 to 450 pm and
having more than 4 layers of granulosa cells (Large PF)
were isolated and viability was checked with 0.04% trypan
blue staining technique (Nandi et al. 2017). Viable PF were
cultured as per the procedure described by Nandi et al.
(2017) in the standard PF culture media containing MEM
supplemented with BSA (0.3%), glutamine (2 mM), sodium
pyruvate (0.23 mM), hypoxanthine (2 mM), insulin—
selenium—transferin (1%), gentamicin (50 pg/ml) and FSH-
P (7 pg/ml; biological potency = 7 IU/mg; F2293; LH
24<1%).Total 6 groups+control [Control, T1 (1uM), T2 (5
uM), T3 (10 uM), T4 (25 uM), T5 (50 uM), T6 (100 puM)]
were maintained each with 6 replicates of bioactive
compounds. Large PF were cultured for 7 days and the
media was changed every alternate day (day 1, 3, 5). The
preantral follicles’ growth rate, viability rate, and survival
rates were calculated as described by Nandi et al. (2017).

Growth rate of follicle (um/day) = (Final diameter (um)
of follicle as observed on day 7 — Initial diameter (um) of
follicle) / Days of culture

Viability rate (%) = (Number of follicles that were not
stained (viable) / Follicle cultured) x 100

Survival rate (%) = (No. of viable follicles at the end of
culture / no of viable follicles put into culture) x100.

Furthermore, the release of estradiol (pg/ml) in granulosa
cell culture medium on day 5 was examined using enzyme-
linked immunosorbent assay kits (Diagnostics Biochemicals
Pvt. Inc., Ontario, Canada). The data were statistically
analyzed using a one-way ANOVA followed by the Tukey’s
test. At the 5% level of significance (P 0.05), the significance
or non-significant of differences between mean values was
determined.

The survival rate of the PF cultured in the media
containing 10 uM (74.3+1.5%) and 25 pM (76.3+1.4%)
curcumin was significantly higher than those obtained in
lower doses. Besides that, further increment of the levels
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of curcumin did not improve the survival rate. Moreover,
the survival rate was decreased at the highest level, i.e.
100 uM dose of curcumin (64.7+2.1%) which was similar
to those obtained in control (62.6x1.3%) and lower doses
of curcumin. Similarly, the 25 uM dosage (16.1+0.9 um/
day) of curcumin significantly increased the growth rate of
cultured PF compared to control (7.6+0.6 um/day) and
lower doses. Further increments in curcumin doses, on the
other hand, greatly reduced the PF’s growth rate.The reason
attributed for the PF growth and survival rate by addition
of curcumin at specific dose to the culture media might be
due to upregulation of the expression of genes and/or
pathways involving folliculogenesis (Hendarto and Widjiati
2018, Yan et al. 2018). The obtained results are in
accordance with the Hendarto and Widjiati (2018) where
the addition of curcumin @ 20 uM to the bovine COCs
culture has improved the expression levels of GDF-9 and
KitL genes which subsequently improved the
folliculogenesis. Compared to the control and lower doses
of curcumin, the granulosa cell number and estradiol
production were significantly higher @ 50 uM dose of
curcumin. Moreover, increasing the curcumin dose did not
result in a significant improvement in the number of
granulosa cells. The increment in granulosa cell number
caused by the addition of curcumin at a specific dose could
be due to curcumin’s positive effect on proliferation and
steroidogenesis in the granulosa cells of the ovaries, as
evidenced by Kadasi et al. (2017) who found that adding
curcumin @10 pM stimulated progesterone and
testosterone levels in the granulosa cells of the ovaries.
Vashist et al. (2018), on the other hand, found that adding
50 uM curcumin to buffalo granulosa cells reduced cell
viability. Curcumin @50 pM dosages (24 h and 48 h) and
10 uM doses (72 h) were found to be cytotoxic in the human
granulosa cells by Moreira-Pinto et al. (2019). Shi et al.
(2006), on the other hand, found that this action was
beneficial in human ovarian cancer cells, as curcumin in
the regular diet reduced the proliferation of human ovarian
cancer cells. Increasing curcumin levels, viz. 100 uM
significantly reduced estradiol synthesis. Curcumin’s
phytoestrogenic effect, where it can exert its effects on the
hypothalamo-hypophysial-ovarian axis via interacting with
the endocrine system, could be the basis for estradiol
stimulation (Bachmeier et al. 2010).

The survival rate of the PF cultured in 25 pM
(74.3+1.3%) carbazole added media was significantly
higher than that of the PF cultured in lower doses
(62.2+1.7%). Aside from the preceding, increasing
carbazole levels resulted in a decrease in the PF survival
rate. The reduction was most apparent at higher carbazole
dose, viz. 100 uM level (44.6+1.4%). Compared to the
control and lower doses, the granulosa cell number
increment was significantly higher @50 uM carbazole
levels. The number of granulosa cells did not increase as
the carbazole levels were increased further. Furthermore,
at higher carbazole dose a significant reduction in granulosa
cell number was observed. There is no significance between
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the groups with regards to the estradiol production. There
is a scarcity of literature on the culture of preantral follicles
and granulosa cells in relation to carbazole alkaloids. The
majority of research on the effects of plant-derived alkaloids
has focused on apoptosis in cancer cells.

In conclusions, curcumin was found to be effective for
PF survival and growth rate at 10 and 25 pM concentrations,
respectively. Curcumin was also successful in increasing
granulosa cell number and estradiol production at 50 M
doses. Carbazole was shown to be effective at 25 uM doses
for improving PF survival, growth, and granulosa cell
number increment. The different carbazole doses, on the
other hand, have no effect on estradiol production.
Curcumin and carbazole had a hormetic effect on the sheep
ovarian preantral follicle, granulosa cells, and estradiol
production (Martel et al. 2019).

SUMMARY

The present study was undertaken to study the effect of
plant bioactive compounds curcumin and carbazole on
sheep ovarian functions. In the present study, both the
bioactive compounds were tested at different levels
(Control, T1-1 uM, T2-5 uM, T3-10 uM, T4- 25 pM, T5-
50 uM, T6-100 uM) on preantral follicle (PF) growth rate,
survival rate (6 days culture), granulosa cell (GC) number
increment (2 days culture) and estradiol production (5 days
GC culture spent media). Curcumin had shown a
significantly higher PF survival rate (%), i.e. 74.3%1.5,
76.3+1.4 at 10 and 25 uM levels respectively. Similarly,
higher PF growth rates (um per day), i.e. 16.1+0.9 was
observed at 50 uM levels. Similarly, curcumin was effective
@ 50 uM level to increase the granulosa cell number as
well as estradiol production with a mean granulosa cell
number (x10°) and estradiol production (pg) values of
1.55+0.04 and 85.3+3.3 respectively. Likewise, carbazole
was effective at the level of 25 uM to increase the PF growth
rate (um per day), survival rate (%)with mean values of
74.3+1.3, 12.1+0.9. Similarly, carbazole was effective at
50 uM dose levels in the granulosa cell number increment
(x10°) with a mean value of 1.57+0.02. No significant
change in estradiol production was observed in carbazole
treated group.
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