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Fluoride is an essential trace element for humans and animals. Here, we explored the effects of sodium fluoride (NaF)
on morphological, hormonal and histological changes in ovary of Asian stinging catfish Heteropneustes fossilis (Bloch) after
exposure to 1/10™ mg and 1/5™ mg F/L of LCs, of fluoride in water for 45 and 90 days. Activities of follicle stimulating
hormone (FSH), luteinizing hormone (LH), testosterone (T) and estradiol (E) were measured using an enzyme-linked
immunosorbent assay. Histological evaluation of the ovaries was conducted after staining with haematoxylin-eosin (HE).
Reproductive hormones were significantly decreased after NaF-treated groups. Ovary was found to be adversely effected by
exposure to NaF. Maturation of follicles was inhibited by exposure after observation of GSI and histology in ovary. These
results suggest that female reproductive system is adversely affected by NaF. NaF may thus significantly reduce the fertility
of female fish. This study encompasses alteration in hormonal assay to evaluate the role of vitamins C in the recovery of
fluoride toxicity in fish. Vitamin C is a water-soluble ROS scavenger with high potency.
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Environmental pollution due to fluoride compounds is
currently one of the most important problems due to
its hazardous effect on ecosystems®®. Fluoride has
been included as toxicant in the list of UNEP*. It is an
electronegative element very reactive; belonging to
halide group which is the 13" most abundant element
of the earth’s crust®. It enters the atmosphere mainly
from anthropogenic sources i.e. manmade sources
which include industrial discharges from the
industries like fertilizers industries, paint industry,
steel processing industry, glass, brick, ceramic
industries etc. Natural sources like volcanic eruptions,
rock dust or the marine environment make only a
small contribution to fluoride contamination.

In higher concentration, fluoride can interfere
with  Glycogen, lipids, protein, enzymes and
mineral metabolism®’. Reproduction is susceptible to
disruption by fluoride that is sufficient to produce
other manifestations of toxicity®. A number of animal
studies indicate that adverse reproductive and
developmental outcomes occur in individuals exposed
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to relatively high concentration of fluoride®. The
effect of fluoride on fertility has become an area of
growing concern. Various studies show that fluoride
causes adverse changes on both male and female
fertility. Outcome of fluoride on reproductive status in
relation to adverse effects and their amelioration are
limited. It is also reported that in the epididymal
secretory epithelium, impaired its metabolic and
functional position, inhibited sperm maturation,
motility and reduced fertility of sodium fluoride-
treated animals (rats, mice, rabbits and guinea pigs)'®™.
At the gonadal stage, steroid hormones are important
and play essential roles in maintaining reproductive
functions'**®.

A number of antioxidants exist to balance the
cellular production of ROS, maintaining the
intracellular redox balance by preventing the cellular
damage caused by ROS. Vitamin C is one of the most
natural antioxidants in living system. It acts by
inactivating damaged free radicals produced through
normal cellular activity and diverse stressors, thus
protects cell membranes and others intracellular
component sensitive to oxidation'®"’. In this study, we
have investigated the effects of sodium fluoride (NaF)
exposure on  morphological, hormonal and
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histological changes in ovary in the Asian stinging
catfish Heteropneustes fossilis (Bloch).

Materials and Methods

Experimental animals and chemicals

The fresh water cat fish H. fossilis (Mean weight
25.64 + 0.16 g and length 16.89 + 0.17 cm) were
purchased from the local market in Lucknow and used
for the chronic toxicity. They were acclimated to
laboratory conditions for 25 days prior to the
experiments. The specimens were given prophylactic
treatment by bathing them twice in 0.05% KMnOQO,
solution for 2 min to avoid any dermal infections.
The NaF (AR grade) obtained from Qualigens Fine
Chemicals Limited, Mumbai, India. Vitamin C was
purchased from HiMedia.

Fishes were divided into five groups with 12 fish in
each group. Control (without F added to the water)
and Exposure (Low & High dose) was exposed to a
concentration of fluoride 35 & 70 mg F ion/L (one-
tenth & one-fifth of 96-h LCsy value). Pre-treatment
(100 mg/L Vitamin C + low and high dose fluoride)
and Post-treatment (low and high dose fluoride +
100 mg/L Vitamin C). At the end of the experiment,
the fish were sacrificed. The ovary of both control and
treated fish were dissected. The organs were washed
in ice-cold physiological saline solution and stored
at —80°C until analysis.

Biochemical estimation by serum

At the end of the each experimental duration, six
fish were removed from the aquaria and used as
replicates. Blood samples were taken from the caudal
vein of each fish as described earlier'®. This blood
was collected in anticoagulant free centrifuge tubes.
Serum was obtained by centrifugation of blood at
3500 rpm for 10 min. at 4°C. Serum samples were
then stored at —80°C until analysis.

Hormonal Assay

FSH and LH activity was estimated by Marshal
using Eliscan ELISA kit. Testosterone activity
was estimated by using Labor Diagnostika Nord
Gmbh ELISA kit.Estrogen activity was estimated by
Grant & Beastall®® using ENZO Bio Life Sciences
ELISA Kit.

Histopathological examination of tissues

Samples of ovary washed with 0.9% saline,
were taken for histopathological examinations.
Samples were immediately fixed in 10% formalin,
drained and embedded in paraffin. Sections was
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made of the paraffin blocks and stained with
haematoxylin-eosin (HE).

Statistical analysis

Results were expressed as mean and standard error
(Mean £ SE). Data was subjected to one way analysis
of variance (ANOVA).The treatment groups were
compared with a control group using Dunnett’s test.
All the statistics were carried out in Graph Pad In Stat
Software Inc., v. 3.06, San Diageo, USA.

Results
Gonado somatic index (GSI)

After 45& 90 days of fluoride exposure the GSI
level was decreased significantly (P <0.001, 27.99%
and 39.80%) and (P <0.001, 35.72% and 57.43%) in
low dose as well as in high dose, respectively as
compared with control.

The GSI level were increased significantly
(P <0.01, 35.03 and 50.21%) of low and high
concentration of pre-treatment group, respectively. In
post treatment group, it was increased significantly
(P <0.01, 35.98% and 37.57%) in both concentration
group as compared with control (Fig. 1A).

Follicle stimulating hormone (FSH)

After 45 & 90 days fluoride exposure FSH
activity was decreased significantly (P <0.01, 22.01%
and 38.61%) and (P <0.01, 27% and 46.37%)
in low and high dose group, respectively as compared
with control.

In pre-treatment group of low and high
concentration, FSH activity was increased
significantly (P <0.01, 23.69% and 7.06%),

respectively. In post treatment group it was also
increased significantly in low and high concentration
(P <0.01, 8.44% and 8.10%), respectively as
compared with control (Fig. 1B).

Luteinizing hormone (LH)

After 45 & 90 days fluoride exposure the LH
activity was decreased significantly (P <0.01, 33.92%
and 40.36%) and (P <0.01, 61.78% and 50.64%) in
low dose as well as in high dose, respectively as
compared with control.

In pre-treatment group of low concentration the LH
activity was increased significantly (P <0.01, 15.04%)
and at high concentration increased insignificantly
(P >0.05, 4.58%). In post treatment group it was
increased significantly (P <0.01, 22.75%) in low dose
and at high dose (P <0.05, 6.97%) as compared with
control (Fig. 1C).
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Fig. 1 — Effect of fluoride and vitamin C on (A) GSI level; (B) FSH activity; (C) LH activity; (D) Testosterone activity; and (E)
Estrogen activity in H. fossilis. [Each bar expressed as mean + SE for (n=6) in each group. P<0.01**, P>0. 05 ns, P<0.05 * as compared
with Control. N, Nucleus; MO, Mature oocyte; AF, Atretic follicle; V, Vacolisation; ROF, Rupture ovarian follicle; CMO, Crack of
mature oocyte; NC, Necrosis; CYG, Clumping of yolk granules; AT, Atresia; DCA, Disrupted cortical alveolar stage; DO, Disrupted

oocytes; and PS, Perinuclear stage].

Testosterone

After 45 & 90 days fluoride exposure, testosterone
activity was decreased significantly (P <0.001,
11.22%, and 37.03%) and (P <0.01, 22.83% and
48.12%). in low and high concentration, respectively
as compared with control.

In pre-treatment group of low and high
concentration, it was increased significantly (P <0.05,
10.12% and 18.17%), respectively. In post treatment
group it was also increased significantly (P <0.01,
8.15%) in low concentration and at high concentration
(P <0.01, 12.56%) as compared with control
(Fig. 1D).

Estrogen

After 45 days fluoride exposure estrogens activity
was decreased significantly (P <0.01, 33.29% and
42.28%) in low and high concentration group
respectively. At 90 days fluoride exposure it was also
decrease significantly (P <0.05, 35.55%) in low dose
and at high dose (P <0.01, 40.88%), respectively as
compared with control.

In pre-treatment group of low and high
concentration, estrogens activity was increased
significantly (P <0.01, 27.70% and 28.65%),
respectively. In post treatment group it was also
increased significantly (P <0.01, 22.71% and 26.00%)
in low and high dose respectively as compared with
control (Fig. 1E).

Ovary

Histology of normal ovary reveals an outer layer
thin peritoneum, a thick vascularised connective
tissue and the close germinal epithelial layer

projecting into the part showed many oocytes in
different stages of developmental with matured ova at
some place.

Control group

After 45 and 90 days of experimentation, matured
ova showed well formed rounded nuclei and the
cytoplasm was full of yolk vesicles. All the oocytes
and ova become visible well formed and in excellent
condition. In the mature ova outer boundaries showed
well formed outer most theca followed by zona
granulosa and innermost zona radiata layer with
deeply stained nuclei. The nucleus of mature ovum is
large and rounded [Figs 2A(i) & B(ii)].

Experimental group

The ovary of H. fossilis exposed to different
concentration of fluoride for 45 and 90 days showed
several histological changes were observed. The sever
changes were observed with increasing concentration
of fluoride and duration of exposure.

Low concentration

After 45 & 90 days exposure, the ovary of lower
concentration fluoride exposed group, it showed
degenerative changes in the cytoplasm and nuclei of
the ova in various stages of development. The
degenerative changes appear to proceeds atressia of
the ova. The production and growth of oocytes are
retarded and the number of atretic follicles was
enhanced. Ovarian follicle was found ruptured and
vacuolization was seen in cytoplasm due to their
liquification the cracks were also seen in mature
oocytes. Degenerative changes in yolk nucleus were
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more prominent. Cytoplasm and nucleus showed high
affinity with stains. Heavy degenerative changes were
observed in mature oocytes [Fig. 2A(ii) & B(ii)].

High concentration

After 45 & 90 days fluoride exposure, the nucleus
showed pyknosis and karyolysis in different stages of
oocytes in ovarian follicle. Various degenerative
changes were seen in oocytes. Rupture of outer layer
of ovarian follicles was observed. The ovarian wall
becomes very thick. Production and growth of
oocytes was retarded and the number of atretic follicle
was increased. Vacuolization and degenerative

Fig. 2 — Photomicrograph of ovary of H. fossilis after 45 and
90 days exposure of fluoride. Fig. A(i) & B(i); control group
showing normal structure of developing and mature oocytes with
distinct nuclei. Fig. A(ii), B(ii) & C(i), C(ii); Low & high
concentration exposed group showing marked cytoplasmic
fragmentation, vacuolization and increase in atretic follicles,
karyolysis and cracks in mature oocytes, degenerative changes in

cytoplasm ruptured ovarian follicles, yolk liquefaction,
vacuolization and nuclear degeneration respectively (arrow).

oti A ':‘_/“/];. (‘ ‘y( " vj ) | !-

changes also appeared in nuclei and nucleolus. The
theca and granulosa showed degenerative changes
[Fig. 2A(iii) & B(iii)].
Pre- & Post treatment group

Pre-treatment of vitamin C showed restoration of
histological changes in ovary after 90 days exposure
with normalised degenerative changes were observed
in mature oocytes. Theca and granulosa showed also
normalise with degenerative changes (Fig. 3A & B).

After 90 days exposure post-treatment of vitamin C
showed restoration of histological changes with
proliferation and growth of oocytes was expanded
and the number of atretic follicle was increased.
Vacuolization and degenerative changes was
normalised and also appeared in nuclei and nucleolus
showed pyknosis (Fig. 3C & D).

Discussion

The gonado somatic index (GSI) is a good
indicator of reproductive activity and is being used to
determine the ovarian growth, stages of gonadal
maturation and reproductive status®. In the present
study decreased GSI have been observed after
exposure to fluoride. Decreased GSI is known to
indicate adverse effect on reproduction in animals®. It
may be due to inhibited synthesis of various
reproductive enzyme and hormones which are
responsible for maturation and development of
reproductive organs®?. Similar results have been
reported in both C. batrachus and H.fossilis male and
female GSI was found to be decreased in all groups
maintained in different concentrations of sodium

fluoride as compared to control group®. Present study
the role of vitamin C in pre and post treatment group
GSI level was increased as compared to control.
Similar result showed that after treatment of vitamin
C improved the GSI*®.

Fig. 3 — Pre-treatment and Post-treatment. Photomicrograph of ovary of H. fossilis was treated with vitamin C (100 mg/L) and exposed
to low & high concentration (35 & 70 mg/L) of fluoride showing recovery of necrosis, vacuolization, gain of oocytes. Normalized
vacuolation, karyolysis and loss of disorganization was observed after 90 days of exposure. (Arrow) (Fig. A, B). Photomicrograph of
ovary of H. fossilis exposed to low and high concentration (35 &70 mg/L) of fluoride and treated with vitamin C (100 mg/L) showing
normalized atretic follicles, maturation of oocytes was normal vacuolization and degeneration of nuclear was normalized after 90 days of
exposure. (Arrow) (Fig. C, D)
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Hormones play an important role in physiological
activities of animals. In females ovary is the target for
FSH. Each month FSH initiates the development of
several ovarian follicles, secretary cells that surround
a developing oocyte. FSH also stimulate follicle cell
to secrete estrogens. Gonadotropin releasing hormone
(GnRH) from the hypothalamus stimulates FSH
release. In females LH triggers ovulation the release
of secondary oocyte (ovum) from ovary. LH
stimulates formation of the corpus luteum in the ovary
and the secretion of progesterone by the corpus
luteum. Together FSH and LH also stimulate
secretion of estrogens by ovarian cells. Secretion of
LH like that of FSH is controlled by GnRH. Pituitary
gonadotropins, FSH and LH play central roles in
regulating gametogenesis and the production of
gonadal hormones required for the development of
sexual behaviour and secondary sex characters in all
vertebrates. In present study the activity of FSH and
LH hormone decreased significantly after exposure to
different concentration of fluoride. It may be due to
decrease in the biosynthesis. Similar observation have
reported reduced fertility in the next generation and
different doses of lead showed a dose-dependent
decrease in testosterone and LH secretion as well as
suppressed plasma estrogen activity during maturation
in female’s rat””?®. Trojnar et al.® also reported
decrease in testosterone and LH as well as estradiol
activity in female Prussian carp after treatment of
lead exposure. Alexandra et al.*® have reported that
Aluminium can inhibit synthesis of FSH and LH.
Meiyan Li et al.** also reported decreased activity of
FSH and LH hormones after exposure to fluoride.
Declined LH may reduce ovulation and lower FSH,
resulting in abnormal development of ovarian
follicles, such as follicular atresia, degeneration and
bubble-shaped cavity. The decreased FSH and LH
may decrease synthesis of aromatizing enzyme®” and
inhibit reproductive function through disturbing the
synthesis of oestrogen and progesterone®,

Testosterone is a steroid hormone, responsible for
the growth and development of male secondary sex
organs and secondary characters. It stimulates
spermatogenesis. In our study, there was a significant
decrease in the activity of testosterone after fluoride
exposure. It may be due to diminished responsiveness
of leydig cells to LH and direct inhibition of
testosterone synthesis in H. fossilis after fluoride
exposure. Similarly Zhou et al.** reported that the
activity of FSH, LH, testosterone and estrogen were

decreased after treatment with sodium fluoride in
female rats. The adverse effect of fluoride on
spermatogenesis may be because fluoride reduces the
testosterone activity. In present study, it was found
gonadal secretion of estrogens and testosterone was
decreases in the sodium fluoride-treated groups.
Previous study has confirmed that steroid hormones,
such as estrogen and testosterone, play an important
role in the growth and differentiation of reproductive
organs and in the maintenance of reproductive
functions®. Estrogen can enhance the sensitivity of
granulosa cells to FSH and LH, thereby increasing the
biosynthesis of progesterone by granulosa cells®.
Estrogen modulates  steroidogenesis, promotes
granulosa cell proliferation and maintains follicular
development®* Similarly, Reddy et al.*®* who have
reported that the decrease in circulatory testosterone
levels could be due to diminished responsiveness of
leydig cells to LH and direct inhibition of testosterone
synthesis in rats exposed to fluoride during embryonic
development and suckling periods. Earlier studies also
show that exposure to fluoride induces adverse
changes on both male and female reproduction.
Decreased testosterone concentrations have been
reported in skeletal fluorosis patients and in men
drinking the water as the patients™.

Estrogen is a group of steroid hormone. It is mainly
secreted by follicular epithelial cells of membrena
granulosa of graffian follicles. Secretion of estrogen is
stimulated by LH from anterior lobe of pituitary
gland. It includes estrodiol, estriol and estrone.
Estrodiol is principle estrogens. It regulates the
female reproductive cycle, oogenesis and stimulates
growth and development of female secondary sex
organs and secondary sexual characteristics.
Hormones play central roles in the regulation of
uterine environment. The principal hormones that
specify uterine receptivity are ovarian steroids
estrogen and progesterone®. The present study
indicates that the activity of serum estradiol declined
in sodium fluoride treated groups. It may be due to
sodium fluoride treatment inhibited estradiol synthesis
and release. Similar results have also reported that
sodium fluoride cause to damage reproductive
function in female rats®*. Similarly, many workers
have reported that cadmium and aluminium also exert
toxic effects on ovarian steroids estrogen and
progesterone synthesis and release in rats*. Mishra &
Mohanty*?, reported disruption of pituitary ovarian
axis on the basis of immune characteristics of
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pituitary gonadotrophs as well as alterations in serum
level of 17p-estradiol. In addition, atrophy of the
gonadotrophs and their less immunoreactivity
indicating disruptions at pituitary which might further
affect ovarian steroidogenesis as production of
estradiol in teleosts is dependent on pituitary
gonadotropins FSH**,

In our study pre and post treatment group of
fluoride exposure the level of FSH, LH, testosterone
and estrogen increased as compared to control. It may
be due to vitamin C scavenges of free radical and
ROS. Similar observations have reported vitamin C
and vitamin E treatment on lead intoxicated animals
significant increase in reproductive hormones®.
Vitamin C treatment showed a higher ameliorative
effect on testosterone, FSH levels and sperm motility
and morphology as compared to vitamin E treatment.

Present study indicates that sodium fluoride
inhibits the secretion of FSH and LH from the
pituitary gland, thus weakening the promotional
activity of FSH and LH on ovarian granular cells.
Decrease of testosterone and estrogens secretion is
consistent with weakened FSH and LH promotional
activity. In our study, after fluoride exposure ovary
showed several degenerative changes including
hyperplasia of germinal epithelium reduction in the
ovarian weight, retarded growth of the pre-
vitellogenic oocytes, and rupture of follicular
epithelium, cytoplasmic clumping fragmentation
and karyolysis of ova. These findings suggest that
the cellular changes in the ovary might be a reflection
of the disturbance in the hormonal imbalance.
Similar observations have been reported by several
workers*®*’. Similar results have been reported by
Hitesh®® who found changes in gonadal tissue of
Poecilia reticulata after chronic exposure to fluoride.
Sodium fluoride treated ovary of fish showed
significant increase in atretia, increase frequency of
premature oocyte, an increase the interfollicular
spaces. Interfollicular tissue was degenerated and
vacuolization was observed within follicle. The
epithelium of ovum was ruptured and there was
increase folding of epithelium. Fragmentation and
karyolysis was seen with decreased ovarian activity.
Similarly, Sharma et al.* reported that long term
exposure of cadmium chloride in H. fossilis resulted
in marked degenerative changes in the ovary.
These changes included prominent interfollicular
spaces, appearance of atretic follicles, degenerative
change in nucleus and ovarian follicles. Similar

results reported that the changes in gonads are mostly
duration and dose dependent. It was observed that
fluoride treatment cause vacuolization of oocyte,
inhibition of yolk synthesis, emptying of follicle and
damaged oocyte. Vitamin C increase reproduction
performances such as ovarian growth in common
carp. In fishes it has been establishments that
vitamin C is an important role in reproduction®®°",

Conclusion

In present study concluded that after exposure of
H. fossilis with different doses of fluoride. GSI were
found to be decreased significantly where as it was
increased insignificantly after treatment of vitamin C
as compared with control. Vitamin C significantly
increased the GSI value. FSH, LH, testosterone
and estrogen level were found to be decreased
significantly after different concentration of fluoride.
In this regard, the observation of inhibitory action of
fluoride on these hormones suppressing gonadal
development of fish has significance. In pre- and post-
treatment of vitamin C, it was increased significantly.
Histological alterations were found in the ovary after
fluoride exposure, which were corrected to some
extent by the treatment with vitamin C.
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