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ABSTRACT

Objective: This study reports protective effect of Abelmoschus moschatus seed extract against sodium fluoride-induced neurodegeneration through
oxidative stress, neurohistological, and behavioral observations in Wistar rats.

Methods: A total of 20 Wistar rats (around 250 g) were randomly classified into four groups, namely, control, fluoride (NaF), fluoride + A. moschatus
seed aqueous extract (AMAE), and fluoride + A. moschatus seed ethanol extract (AMEE). The control group animals received normal tap water, fluoride
group received fluoridated water at the rate of 40 mg/kg b. wt., 3" group rats treated with fluoride (40 mg/kgb. wt.) + AMAE (300 mg/kg b. wt.), and
4% group rats treated with fluoride (40 mg/kg b. wt.) + AMEE (300 mg/kg b. wt.). Neurobehavioral responses of rotarod, hot plate, and maze learning
tests and oxidantive stress markers including lipid peroxidation (LPO), GSH levels, superoxide dismutase, CAT, and GSH peroxidase (GPx) activities,
and also histology with H and E as well as congo red staining were studied in control, fluoride, and A. moschatus seed extract treated against fluoride
groups.

Results: Decreased neurobehavioral responses with rotarod, hot plate, and maze and enhanced LPO (p<0.05) levels were found in fluoride received
animals. Whereas, the superoxide dismutase (SOD), CAT, GSH, and GPx were decreased (p<0.05) in NaF treatment. The rats received seed extract along
with NaF showed significant reversal of behavioral and oxidative stress markers and the effect of ethanol extract was more pronounced than aqueous
extract. The fluoride-treated group showed disturbed cell structure and reduced number of cells in H and E as well as congo red staining which was
reversed in cell morphology and restored cell number in seed extract against NaF-treated group. As a result of increased LPO, decreased antioxidant
system, and decreased number of cells, neurodegeneration was observed resulting in the disturbance in functions associated with reported behavior.

Conclusion: Okra with high antioxidants activity, seed extract showed reversal of LPO levels and antioxidant status in the brain tissue. And also plant
extract administered rats displayed normal cell structure and number of cells than only fluoride received group. Therefore, the aqueous and ethanolic
extract of A. moschatus plant seeds has neuroprotective effects against fluoride-induced motor, nociceptive, learning behavior, and on histological
structure of brain through antioxidant mechanism. The ethanol extract has shown more efficacy than aqueous extract.
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INTRODUCTION defenses cause oxidative stress which leads to oxidative damage [7].
The free radical production is one of the most important mechanisms

High levels (3-11 ppm) of fluoride in drinking water, diet, environment, of fluoride-induced neurodegeneration [8].

etc, results in neuronal disorders as manifested in diminished
functions of neural activity including learning and memory process,
and neurological complications such as paralysis of limbs, vertigo,
and spasticity in extremities [1], before causing much on the physical
deformities of skeletal fluorosis [2]. The fluoride intoxicated animals
also fail to cope up motor coordination, thermo and mechanical pain, and
navigation [3] skills. The neurodegenerative diseases are characterized
by higherlevels of oxidative stress biomarkersin the brainand peripheral
tissues [4]. Neurodegeneration is the main cause in many neurological
disorders such as Alzheimer’s disease and Parkinson’s disease. Rats
exposed to fluoride showed a number of histological changes in

The neuroprotective effects of antioxidant agents against fluoride-
induced toxicity in neural systems were observed. A wide range of
plants produces secondary metabolites, namely, phenolic compounds
(phenolic acids, flavonoids, quinines, and coumarins), nitrogen
compounds (alkaloids and amines), vitamins, terpenoids, and
other secondary metabolites that have been proved for antioxidant
activities [9]. In the earlier studies, the natural compounds used to treat
againstF toxicity are; tamarind fruit pulp [10,11];amla [12]; black tea [5];
curcumin [13]; quercetin [14]; vitamin E [15]; and resveratrol [16,17].
These natural products use a common mechanism to reduce F toxicity

the brain, including demyelinization, a decrease in the number of
Purkinje cells, thickening and disappearance of dendrites, swelling of
mitochondria, and dilation of endoplasmic reticulum in neurons [5].
Due to oxidative damage, cellular components such as tissue proteins,
nucleic acids, membrane lipids, and DNA of mitochondria degrade in the
brain tissue, supposedly involved in cognitive impairments. Fluoride in
the form of F-increases the generation of free radicals. Free radicals
play a vital role in the induction of oxidative stress (of neural cells)
and thereby initiating neurodegeneration mechanism [6]. Imbalance
between production of reactive oxygen species (ROS) and antioxidant

by means of reduction of free radical generation (antioxidant property)
and decreased lipid peroxidation (LPO). The present study aimed to
find antioxidant properties and neuroprotective effects of Abelmoschus
moschatus seed extract against F-induced neurodegeneration. A.
moschatus (L) Medik, family Malvaceae, is an aromatic and medicinal
plant popularly known as mushkdana or kasturi bhendi or ornamental
okra. It is a prostate herb widely cultivated for its seeds and essential
oil along the tropical regions of Asia, Africa, and South America [18].
Phytochemical studies of the seed extract showed the presence of
flavonoids, phenols, saponins, carbohydrates, terpenoids, myricetin,



Sudhakar et al.

alkaloids, and steroids [19]. Okra pods are rich in phenolic compounds
mainly composed by oligomeric catechins and flavonol derivatives,
whereas the polyphenolic profile of the epidermis is composed
principally by hydroxycinnamic and quercetin derivatives [20]. Okra
flour has been found to possess antioxidant properties [21].

The seeds are used to diagnose excessive thirst, cure for stomatitis,
dyspepsia, urinary discharge, gonorrhea, leukoderma and itchiness,
and neurodegenerative diseases [22]. A. moschatus is also applied
externally to treat cramp, poor circulation, and aching joints [23].
Furthermore, the seeds also showed antiplasmodic and aphrodisiac
properties [9]. A. moschatus Medik appears to be a promising one
for improving memory, anticholinesterase activity, and antioxidant
property, and it would be worthwhile to explore the potential of this
plant in the management of dementia and Alzheimer’s disease [24].
Total flavonol of Abelmoschus has neuroprotective effect against cerebral
ischemia-injured rats through inhibition of LPO and stimulation of NO
release [25]. A. esculentus extract is used to protect neuronal functions
and to restore learning and memory deficits in mice which were
administered with dexamethasone [26]. Hence, this study reports the
protective ability with aqueous and ethanolic extract of A. moschatus
against fluoride-induced behavior and neurodegeneration changes
through oxidative stress mechanism.

METHODS

Adult male Wistar rats were used. The animals were kept in standard
laboratory conditions with 12 hrs light/dark period at a temperature of
22+2°C as per the guidelines given by the Committee for the Purpose
of Control and Supervision on Experimental Animals at the Department
of Zoology, Osmania University, Hyderabad, India. Moreover, animals
were supplied with dry rat food and drinking water ad libitum.

Plant extract

A. moschatus seeds were collected from fields of Nalgonda district,
Telangana, India, identified and authenticated (No. 282) in the
Department of Botany, Osmania University, Hyderabad, India. The seeds
were washed with double distilled water, shade-dried and powered.

Ethanolic extract

About 500 g of the powered seeds were extracted with 80% ethanol
for 72 hrs through cold percolation method. Then, the solvent was
evaporated with the rotary evaporator. Further, moisture was allowed
to dry under shade until the gray color powder was obtained.

Aqueous extract

About 500 g of the powdered seeds were extracted with distilled water
for 72 hrs at room temperature. To prevent microbial contamination,
chloroform (5 ml for 1 1) was added. The solvent was removed by
evaporation in a rotary evaporator.

Experimental design

A total of 20 adult male Wistar rats (250 g body weight) were randomly

divided into 4 groups, comprising 5 rats in each group. These animals

were maintained at standard laboratory conditions and given doses for

30 days as follows:

1. Group I: Control - received normal water.

2. Group II: Fluoride - received 40 mg/kg b. wt. NaF (through drinking
water).

3. Group III: Fluoride (40 mg/kgb. wt.) + A. moschatus aqueous extract
(AMAE) (300 mg/kg bw; dissolved in 1 ml of water); fed orally with
gavage.

4. Group IV: Fluoride (40 mg/kgb. wt.) + A. moschatus ethanolic extract
(AMEE) (300 mg/kgb. wt.; dissolved in 1ml of water); fed orally with
gavage.

Chemicals
Citric acid (TCA), sodium phosphate, thiobarbituric acid (TBA),
diethylenetriaminepentaacetic acid, ethylenediaminetetraacetic acid
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(EDTA), 5-5’-dithiobis [2-nitrobenzoic acid] (DTNB), sodium azide,
reduced glutathione (GSH), and others were purchased from local
chemical suppliers.

Behavioral tests
Rotarod

The rotarod test is widely used to measure the fore and hind limb
coordination, motor skills, and continues to be a primary assay for the
study of motor learning. The instrument (Dolphin™ instruments) has a
rotating rod at the rate of 30 rpm (constant mode). Before experimental
testing, rats were trained to run on the rotating rod in 3 training trials
per day for three consecutive days with a constant speed of 30 rpm.
For this purpose, animals were kept on the rotating rod for 2 minutes,
and time of their first falling off and the frequency of falling off the
rod are recorded for each rat. After the training period, on the day of
testing, the performance of the rats was measured as maximal time
spent on the rod at 30 rpm before falling off and endurance time noted
in min [27].

Hot plate test

The hot plate test is used for evaluating thermal pain sensitivity. The
hot plate test evaluates thermal pain reflexes due to footpad contact
with a heated surface. During the experiment, the rat was introduced
to an open-ended space with a floor comprising a Remi hotplate. The
plate heated to a constant temperature at 52.0+0.5°C. Male rats were
employed, and one hot plate test was carried out for each rat. When
rat has sensed the sensation of heat pain it showed various behavioral
responses such as rearing, forepaw licking, hind paw licking, face
washing, body cleaning, hind leg withdrawal, and jumping off. The time
of exhibiting these responses was noted as response time and recorded
in seconds [28].

Randall-Selitto test

The nociceptive withdrawal threshold was assessed using the
Randall-Selitto electronic algesimeter. This test was based on
determination of the animal threshold response to mechanical stimuli
induced pain in the paw. The maximum force applied was limited to
250 g (calibrated force) to avoid skin damage. The Randall-Selitto
test was performed once on each individual and, after an entire
round on all individuals, it was repeated again on the same day for
up to 5 times. The withdrawal of paw was noted as response and
expressed in pounds [29].

Maze test

This test is used to assess spatial learning, in which rats explore novel
situations and make decisions based on reward (food) that produce
desired outcome. The apparatus is a wooden platform with transparent
plastic side borders and multiple compartments. The apparatus has a
start point and in the middle of platform there is an end point. During
the training period, all rats were put under starvation for 8-12 hrs.
Rats were placed at start point of apparatus and allowed to explore the
maze. Food is made available at the end point of the maze as a reward.
Training continued for 3 days. On each trial, rats were placed at the start
pointand allowed to traverse the maze and consume a single food pellet
located in the food cup at the end of the goal. This is repeated for 3 days
for all individuals twice in a day. On the 4™ day, readings were noted
down for each individual [30].

Oxidative system
The levels of LPO, SOD, CAT, GSH, and GSH peroxidase (GPx) were
estimated in the brain of rats with standard methods.

SOD

SOD activity in the brain tissue was measured by the method of
Murkland and Murkland [31]. The autoxidation of pyrogallol was
recorded in the presence of EDTA. Absorbance was measured at 420 nm
using a spectrophotometer. The enzyme activity was expressed as
Units/mg protein.
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LPO

LPO was estimated by the method of Bhuyan et al. [32]. The absorbance
of the pink-colored trimethine condensation product was measured at
533 nm on spectrophotometer. The results were expressed in nanomole
of TBARS/g tissue (TBARS - TBA-reactive substances).

Catalase (CAT)

Catalase activity of the brain tissue was estimated by the method of
Brannan et al. [33]. The assay is based on the disappearance of H,0, in
the presence of the enzyme source at 26°C. Peroxidase reduced the H,0,
to give a red-colored compound and absorbance measured at 505 nm.

GSH

Reduced GSH content in the brain tissue was assessed by the method of
Ellman [34]. The general thiol reagent, DTNB (DTNB, Ellman’s Reagent)
reacts with GSH to form the 412 nm chromophore, TNB, and GS-TNB
which was measured at 412 nm and results were expressed as pg/mg
protein.

GPX

GPx activity was assessed by the method of Rotruck et al. [35]. At the
end of reaction, 1 ml of DTNB reagent (0.04% DTNB in 1% sodium
citrate) was added to 3 ml of supernatant and the color developed
was measured at 412 nm. The activity was expressed as p mol of GSH
consumed/min/mg protein.

Histology
Hematoxylin and Eosin (H and E) staining

H and E stain is used for the evaluation of cell morphology. Brain
tissue stored in 10% formalin, was dehydrated through a graded
ethanol series. Paraffin-embedded tissue blocks were made and about
5 p sections were made on rotary microtome (rotary microtome,
model No.: 45). The brain sections were hydrated by passing through
decreasing concentration of alcohol baths and water (100%, 90%, 80%,
and 70%). The brain sections were stained with hematoxylin and eosin
stain and examined under light microscope with 10x [36].

Congo red

Congo red stain is used for the detection of amyloid in neurons. The
tissue sections of 5 p and stained with Congo red and counterstained
with Gill'’s hematoxylin [37].

Statistical analysis

Data are subjected to one-way analysis of variance (one-way ANOVA)
to compares the means between the groups. The t-test was used to
determine the statistical differences between groups. Results were
represented as mean * SEM. Significance of the data is p<0.05.

RESULTS

Behavioral observations

Effect on motor coordination

The fluoride-treated rats showed decrease (p<0.05) (17.06%) in
endurance time on rotarod as compared with control. The simultaneous
treatment with AMAE and AMEE along with fluoride treated rats
showed reversal (0.68% and 5.46%, respectively) in rotarod test
compared to F treated group of animals (Fig. 1).

Effect on mechanical and hot plate stimulated sensation

The fluoride treatment results in the significant decrease (-12.12%) in
paw withdrawal threshold response compared to control group rats.
Treatment with AMAE and AMEE caused significant reversal (-5.05%
and -8.58%, respectively) in the pain threshold values compared to
F administered rats. Fluoride-treated rats also showed (-19.07%)
significantly reduced heat sensitivity on hot plate as compared to control
group and AMAE and AMEE administered rats showed reversal (-8.62%
and 10.14%) heat sensitivity compared with F intoxicated animals. In

Asian ] Pharm Clin Res, Vol 10, Issue 10, 2017, 165-171

Rota rod
4 -
3.5 #
’E 3 - B Control
‘€ 25 ,
~ AFluoride
o 2
E1s BF+AMAE
= 2
1 %21  BF+AMEE
0.5
0 1
Treated Group

Fig. 1: Effect of extract of Abelmoschus moschatus on motor
coordination of rat exposed to NaF. Results were represented
as mean = SEM, n=5 animals. ANOVA used for data analysis;
t-test was used to determine the statistical differences between
groups. Superscript symbols * and # indicate significant
differences observed from either control group or fluoride group.
*Significantly decrease from control and # significantly increased
from fluoride group p<0.05

both cases of pain (Randall-Selitto and hot plate) tests, AMAE treatment
showed the better improvement than AMEE treatment (Fig. 2a and b).

Effect on spatial learning

The goal completion time of fluoride administered rats was increased
(-39.40%) when compared to control. The AMAE and AMEE received
rats task completion time reversal was noticed as compared to fluoride-
treated rats (-11.21% and -7.00%). The AMAE-treated rats showed
better efficacy than the AMEE-treated rats (Fig. 3).

Effect on oxidative system in brain

LPO in brain of the fluoride-treated rats was significantly (-25.49%)
increased than control, which was reversed (at the rate of -11.76% and
-7.84% AMAE and AMEE, respectively) with treatments of AMAE and
AMEE along with fluoride. Fluoride administered rats displayed the
decrease (16.66%) in their brain SOD activity compared with control
rats. AMAE and AMEE received rats showed significant (8.33% and
8.33%) restoration. Reduced GSH levels also decreased in F-treated
rat (17.74%) and their levels were significantly restored (5.64% and
6.45%) in AMAE and AMEE administered rats. Catalase (CAT) and
GSH peroxidase (GPx) levels were decreased (29.2% and 23.72% CAT
and GPx, respectively) in fluoride-administered rats and their levels
increased (17.69% and 13.55% and 21.23% and 13.55%) in AMAE- and
AMEE-treated animals (Table 1).

Histological changes in brain

H and E stain

In control rats, the normal structure of brain cells with round shape
was observed as shown in Fig. 4. In the present investigation, there was
a remarkable change in the brain of the rats exposed to NaF. In these
rats, the cells become irregular in shape with darkly stained cytoplasm
and nucleus. Examination of H and E stained sections of F+AMAE- and
F+AMEE-treated group showed apparent normal appearance of brain
cells as similar to control group.

Congo Red stain

Histological examination of Congo red stained sections in control
rat brain revealed normal cells without any protein aggregations.
Examination of NaF-treated rats showed aggregations which may be
amyloid proteins or lead to the development of plaques. Such kind
of aggregations were found to be very less in number in AMAE- and
AMEE-treated groups compared to F-treated individuals (Fig. 5).
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Table 1: Effect of extract of Abelmoschus moschatus of AMAE and AMEE on oxidative stress markers of rat (brain tissue) exposed to NaF

Antioxidant marker Groups

Control Fluoride % of change F+AMAE % of change  F+AMEE % of change

from control from control from control
LPO (n mol of TBARS/g tissue) 0.30+0.005 0.38+0.005 +25.49 0.34+0.016 +11.76 0.33+0.007 +7.84
SOD (units/mg protein) 0.36+0.05 0.30+0.04 -16.66 0.33+0.05 -8.33 0.33+0.05 -8.33
CAT (1 mol/minute/mg tissue) 0.22+0.005 0.16+£0.007 -29.20 0.18+0.005 -17.69 0.17£0.008 -21.23
GSH (pg/mg protein) 0.12+0.02 0.10+0.01 -17.74 0.11+0.013 -5.64 0.11+£0.021 -6.45
GPx (1 mol of GSH consumed/min/mg  0.11+0.008 0.09+0.01 -23.72 0.10+0.008 -13.55 0.10+0.008 -13.55

protein

ANOVA used for data analysis, t-test was used to determine the statistical differences between groups. Results were represented as mean+SEM, n=5 animals.

Significance is p<0.05. % of change, “-” indicate the % of decrease and “+” indicate the % increase from the control. LPO: Lipid peroxidation, SOD: Superoxide dismutase,
CAT: Catalase, GSH: Reduced glutathione, GPx: Glutathione peroxidase
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Fig. 3: Effect of extract of Abelmoschus moschatus on spatial
Randall-Selitto test learning ability of rat on maze test exposed to NaF. ANOVA used
for data analysis; t-test was used to determine the statistical
differences between groups. Results were represented as mean
+ SEM, n=5 animals. Superscript symbols * and # indicated
significant differences observed from either control group
or fluoride group. *Significantly decrease from control and
@AFluoride # significantly increased from fluoride group p<0.05
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Fig. 2: (a) Effect of extract of Abelmoschus moschatus on thermal
sensitivity response on hot plate of rat exposed to NaF. ANOVA
used for data analysis; t-test was used to determine the statistical
differences between groups. Results were represented as mean
+ SEM, n=>5 animals. Superscript symbols * and # indicated
significant differences observed from either control group

or fluoride group. *Significantly decrease from control and Fluoride (40mgkg b, w 3 - Fluoride (40higkg b. we) PAMEE (300mgkg | b. wt)
# significantly increased from fluoride group p<0.05, (b) Effect
of extract of Abelmoschus moschatus on pain (mechanical)
response on Randall-Selitto apparatus of rat exposed to NaF.
ANOVA used for data analysis; t-test was used to determine the
statistical differences between groups. Results were represented
as mean = SEM, n=>5 animals. Superscript symbols * and #
indicated significant differences observed from either control
group or fluoride group. *Significantly decrease from control and
# significantly increased from fluoride group p<0.05

Fig. 4: H and E stained sections of rat brain (cortex region). Effect
of Abelmoschus moschatus seed extract on brain cell morphology
of rats exposed to NaF. Brain section of control rat showing normal
cells with round shape (represented by blue color arrow mark).
NaF-treated rat brain section showing cells with irregular shape
(represented by red color arrow mark). F+AMAE- and F+AMEE-
treated rats showing cells with regain their original appearance,
that is, they are in round shape (10x, Olympus microscope)

plaque formation, and oxidative stress in brain of rat. Behavioral studies

DISCUSSION I .

conducted after treatment showed significant changes in motor control,
This study demonstrates the neuroprotective effect of A. moschatus seed thermal and mechanical pain, and learning abilities in fluoride treated
extract against fluoride-induced behavioral alterations, neural damage, when compared to the control rats. The administration of fluoride
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Control Fluoride (40mgkg ! b. wt.)
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X i
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Fig. 5: Congo red stained sections of rat brain (cortex region). Effect
of Abelmoschus moschatus seed extract on brain of rats exposed to
NaF. Brain section of control rat showing normal cells without any
aggregations of amyloid (represented by blue color arrow mark).

NaF-treated rat brain section showing cells with aggregations
which may amyloid structures or induce to form amyloid protein
(represented by red color arrow mark). F+AMAE- and F+AMEE-
treated rats showing cells with normal morphology that means
found no aggregations (10x, Olympus microscope)

for 30 days on rotarod exhibited diminished motor coordination and
increased threshold for mechanical pain and thermal sensitivity and
prolonged latency with maze completion task. Rats, which treated with
AMAE and AMEE along with NaF showed reversal of all behavioral
responses, that is, increased in latency time to fall of rotarod, required
reduced strength of stimulus to respond on Randall and Selitto
analgesiometer as well as on Remi hotplate and also displayed better
task performance in the maze. It is evident that the chronic exposure
of fluoride in rats would cause loss of motor control and cognition as a
result of oxidative stress-induced neurodegeneration [38]. Prolonged
ingestion of drinking water containing high levels of fluoride (>4 ppm)
decrease the locomotor activity [39]. Tsunoda [40] reported that the
individuals exposed to fluoride through drinking water considerably
altered the behavior of rats. The behavior of rat with “chaotic defensive
movements” such as sniffing, licking its fore and hind paws, straightens
up, stamps in feet, starts and stops laundry itself, as alternative
behaviors were observed on hot plate [41]. Fluoride-treated rats
showed the hyperbolic latencies on hot plate, which were reversed
with plant extract treatment. Sodium fluoride treatment suppressed
spontaneous motor activity. Decreased locomotor performance due
to altered central cholinergic mechanisms was observed [42]. Earlier
reports on natural products which aid in protection against NaF-
induced behavioral alterations are: Curcumin - improve thermal (on hot
plate test) and mechanical (on Randall and Selitto) pain response [43],
Quercetin - helps in better learning abilities and memory (with maze
task) [3], Rutin (extracted compound of okra) - helps in enhanced motor
coordination (Rotarod treadmill test) [44], vitamin A - better rotarod
performance and learning abilities [7], and Spirulina platensis - aid in
motor coordination and better performance with maze task [45]. These
natural products reverse behavioral alterations which are induced on
NaF exposure. The present findings, in support with earlier reports,
increase in sensitive threshold (reduced threshold to withdraw paw
on Randall-Selitto), and reduced time to respond thermal pain in plant
extract treated rats than the fluoride intoxicated rats and also found
better motor coordination and learning abilities on treatment with okra
plant extract against NaF than the NaF alone treated rats. This indicates
that the exposure of sodium fluoride damage nociceptors on the dorsal
(in mechanical pain test) and ventral (in thermal pain test) surface
of the hind and forepaw thus decreased pain sensation. The present
results were in agreement with recent findings, learning and memory
activity impairment in rats receiving fluoride, which were reversed on
treatment with okra seed.

The fluoride increase free radical production, which mediate
its noxious effects on soft tissues [46]. Oxidative stress may be a key
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feature in neurodegenerative diseases [47]. Excitotoxicity and oxidative
stress will combine together to create a feed-forward cycle within
which glutamate stimulates multiplied inflow of calcium into the
motor neuron. Ca* taken by mitochondria that successively leads to
increasing the ROS generation. Fluoride has additionally been shown
marked increased in MDA that indicates lipid peroxidation caused by
multiplied free radicals [48]. NaF-treated rats also showed decreased
SOD, CAT and GPx activity, and GSH levels in their brain tissues. The
LPO, in their levels in brain tissues of AMAE and AMEE administered
rats showed the marked reversal. It is also noticed that the reversal
of SOD, CAT, and GPx activity and the levels of reduced GSH in rats
which fed AMAE and AMEE against NaF. Fluoride is known to inhibit
the activity of antioxidant system enzymes, namely, SOD, GPx, and CAT.
Moreover, fluoride could reduce the GSH content [49], often resulting
in the overproduction of ROS, leading to cellular damage [50] thus
leading to neurodegeneration. Fluoride administration in mice caused
neurodegenerative alterations within the cerebral cortex, cerebellum,
and neural structure, also as chromatolysis, pycnosis of nuclei, fatty
infiltration, and vacuolization [51]. The neurodegenerative changes
determined within the fluoride cluster instructed that fluoride crossed
the blood-brain barrier and damage neurons through aerobic changes.
Earlier studies on A. esculentus (okra) showed it is high antioxidants
activity with different parts of the plant. In recent reports, some
quercetin derivatives, well-known antioxidants, were identified
and isolated from ladies finger (okra) [52]. Atawodi et al. [53] have
reported in vitro antioxidant assay of methanol extract of okra fruits.
Ansari et al. [54] reported okra extract as in vitro non-enzymatic
inhibitor of lipid peroxidation in liposomes. A. esculentus peel and
seed powder contains significant in vivo antioxidant property and
promising chemopreventive agent in streptozotocin-induced diabetic
rats. Okra is abundant with several vitamins, minerals, and nutrients
that handle the health advantages the plant offers [55]. Quercetin, rutin,
catechin, epicatechin, and procyanidin are extracted from okra, which
have good antioxidant properties. Clinically, procyanidin oligomers
were reported to possess greater antioxidant property than vitamins
C and E. Shui and Peng [52] have reported that quercetin derivatives
and (-)-epigallocatechin as major the antioxidant compounds in okra.
Around 70% of the total antioxidant activity comes due to the quercetin
derivatives (quercetin 3-O-xylosyl (1”—2") glucoside, quercetin
3-0-glucosyl (1”"—6") glucoside, quercetin 3-0-glucoside, and quercetin
3-0- (6”-0-malonyl)-glucoside). Therefore, the above phytoconstituents
might be responsible for the in vivo antioxidant property of A. esculentus
seed. Due to the presence of these chemicals, AMAE- and AMEE-treated
rats against NaF showed the reversal of antioxidant status, thus prevent
neurodegeneration.

Histopathological evidence in this study clearly showed the occurrence
of neuron degenerative changes. In the H and E stain of NaF rats, cells
were found with disturbed morphology, that is, cells with irregularity
in the shape and deeply stained nucleus. The density of the cells also
decreased in such rats. Administration of AMAE and AMEE to the
rats showing improved cytoarchitecture of the cells with normal
round appearance as found in control. Histopathological studies
clearly showed the occurrence of neuron degenerative changes,
chromotolysis, pycnosis of nuclei, and vacuolization in cerebral
cortex and hippocampal region. It is similar to the earlier reports on
sodium fluoride intoxication [51]. Zhavoronkov [56] has also reported
demyelination in the cortex and subcortical areas, a decrease in the
number of Purkinje cells in the cerebrum, swelling and irregular
staining of the Nissl substance, and pycnosis of neurons in experimental
animals subjected to fluoride intoxication. Fluoride can cause adverse
effects on the brain cell architecture, metabolism, enzymes, and
antioxidant status and overall adverse effects on the neural functions
[57]. The hippocampus showed the most pronounced changes among
other brain regions. Hippocampal neurons were shrunken and darkly
stained with a small nucleus, and there was a decrease in the cell
number [58]. CA3 region of hippocampus mediates spatial memory and
its damage results in decrease in spatial learning and memory [26]. Rats
with chronic fluoride exposure showed a number of histopathological
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changes in the brain including demyelination, a decrease in the number
of Purkinje cells, thickening and disappearance of dendrites, swelling of
mitochondria, and dilation of endoplasmic reticulum in neurons [59].
Histological studies indicate myelin destruction which is correlated with
changes in myelin basic protein secondary to membrane damage and
axonal degeneration on exposure of fluoride [60]. Fluoride intoxication
critically damages pyramidal cells in the all regions of hippocampus
(CA1 to CA4) and granule cells in dentate gyrus [61]. Quercetin has
showed neuroprotection against sodium fluoride neurotoxicity [3].
Treatment with quercetin and rutin (extracted from okra seed) increase
memory by restoring hippocampal cell proliferation [22]. Thus, the
extract of okra seed showed potential to reverse the neurobehavioral
damage induced with NaF exposure.

By restoring the neurobehavioral alterations (rotarod, hot plate,
Randall-Selitto, and spatial mapping and memory), oxidative system
including LPO, CAT, SOD, GSH, and GPx and cell morphological
alterations, the extract of plant had neuroprotective properties
against fluoride-induced neurodegeneration. Administration of A.
moschatus seed extract to the rats reversed the pain response, rotarod
performance, learning behavior, neurochemical, and histopathological
parameters in sodium fluoride-induced neurotoxicity. Hydroxycinnamic
acid derivatives, hyperoside, isoquercetin, myricetin, hibifolin,
gossypectin, quercetin, etc., are major chemical constituents of seed
extract. Quercetin, rutin, catechin, epicatechin, and procyanidin possess
ROS inhibitor properties. Hence, they might play an important role in
preventing the production of ROS and maintaining normal antioxidant
status of brain tissue. Hibifolin, a flavonol organic compound (in
okra) that forestalls beta-amyloid-induced neurotoxicity [62]. These
chemical derivatives may also prevent the production of ROS along
with modulating the excitotoxicity mechanism and apoptotic pathways.
Thus, the seed extract through afore mentioned mechanism mediates
the protective effect against fluoride-induced neurobehavioral
alterations, stabilizes antioxidant status, and maintains normal cell
structure and number of cells.

CONCLUSION

The fluoride produces excess free radicals, leading to oxidative stress,
which results in neurodegeneration and underlying alterations in
behavioral changes. Treatment with AMAE and AMEE reduce the
oxidative stress, neurodegeneration, and behavior associated with
higher centers of brain exhibiting profound neurodegenerative
properties. The ethanol extract has shown better efficacy than
aqueous extract. The observed effect may be because of the presence
of quercetin, rutin, catechin, epicatechin, and procyanidin, etc, in
the extract of A. moschatus. However, further studies are required to
know the exact mechanism of components neuroprotective effects of
A. moschatus seed extracts.
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