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Age-related Cognitive impairment is a common issue that is frequently brought on by
oxidative stress and neurodegeneration in the brain. Material & methods: Benincasa
hispida, commonly known as wax gourd, is widely used as a vegetable with various
medicinal properties. it belongs to the family of Cucurbitaceae. The study evaluates the
cognitive role of a hydro-ethanolic seed extract of Benincasa hispida (BH) against D-
gal-induced in aged rats. Old male rats were divided into six groups: The control group
received normal saline, donepezil (2 mg/kg b.w.t., i.p.); D-gal (300 mg/kg b.w.t., i.p.);
D-gal +BH (150 mg/kg b.w.t., 0.p.); D-gal BH (250 mg/kg b.w.t., 0.p.); and D-gal BH
(300 mg/kg b.wt. Results and Discussion: The behavioral study depicted that D-gal
significantly alters locomotor activity. Biochemical studies showed that D-gal
significantly increases oxidative stress in rat brains. Histopathological study showed that
D-gal disturbs the normal architecture of hippocampal and cortical cells, indicating
degeneration in these brain areas. D-gal and BH co-treatment for 42 days attenuated the
behavioural, biochemical, and neuroanatomic damages caused by D-gal; it markedly
suppressed the D-gal-induced oxidative stress. Conclusion: Thus, this study shows that
BH can protect the brain from the adverse effects of D-gal (e.g., memory loss and
cognitive impairment) by modulating oxidative stress.

INTRODUCTION

Oxidative stress and neuroinflammation have been

Aging process and neurodegenerative glitches are  linked to different neurodegenerative illnesses [2].
both thought to be knowingly mediated by The number of older people aged 60 or over will
Cognitive impairment, and oxidative stress [1].  grow from 962 million to nearly 2.1 billion by
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2050 [3]. D-galactose
normally converted into glucose by galactose-1-
phosphate uridylyl transferase and galactokinase
[4]. Long-term d-gal treatment can result in an
enzymatic excess. Also, in high concentrations,

1S a monosaccharide

scientists believe that d-gal may react with long-
lived proteins to create amino-fructose at an early
stage, resulting in irreversible protein cross-
linking to advanced glycation end products
(AGEs) [5-6]. The underlying mechanisms of
apoptosis control, it is essential to understand the
complicated interactions between the Bax and Bcl-
2 proteins. Understanding the signaling pathways
that activate and interact with these proteins may
be helpful in developing specific drugs that might
encourage apoptosis in increase cell survival in
neurological diseases [7]. Donepezil is a reactive
metabolite that is metabolized by the CYP 450
isoenzymes 2D6 and 3A4 and undergoes
glucuronidation with a well-known mechanism
[8]. In recent years, natural compounds with
potential aging/cognitive properties have gained
attention in the scientific community BH,
commonly known as wax gourd is a widely
consumed vegetable with various medicinal
properties. It belongs to the Cucurbitaceae family.
Various wax gourd parts such as seed peel, core,
and pulp show different levels of antioxidation
capacity, and fresh seeds appeared to have the
highest antioxidant activity. According to the
Sanskrit texts, it is useful in insanity, epilepsy,
nervous diseases, dyspepsia, etc. Some scientific
studies have been carried out to reveal anti-
inflammatory, antioxidant, and anti-convulsant.
The major constituents of these seeds are
triterpenoids, flavonoids, glycosides, saccharides,
proteins, carotenes, minerals, B-
sitosterol, and uronic acid [9]. This study was

vitamins,

aimed at investigating the hydro-ethanolic seed
extract that is readily from fresh fruit seeds and
performed antioxidant activities and western-
blotting assay with apoptosis markers, which have
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a main role in aging. The latter effect is the first
such study on the fruit seed. The study conclusions
will contribute to the expanding figure of
knowledge on natural compounds as therapeutic
interventions for age-related cognitive decline.

2. MATERIAL AND METHODS

2.1 MATERIAL

2.2 Chemical and reagents

D-galactose, Sodium dodecyl sulfate, Sodium
dodecyl sulfate-polyacrylamide gel
electrophoresis. Nitric oxide, Hydrogen peroxide,
Acetylcholinesterase, Glutathione, ~Advanced
oxidation protein products, Malondialdehyde, and
Glutathione S-Transferase enzyme all chemicals
are purchased from Sigma-A/drich.

2.3 Collection of plant specimen

Benincasa hispida fruit was collected in an area of
the Nelamangala market in the month of May. The
specimen authenticated by a
Pharmacognosiste professor Dr. Nandeesh, Sree
Siddaganga College of Pharmacy, B.H. Road,
Tumkur. specimen number SSCP/No/15/22.

3. Preparation of plant specimen

The fresh 200g seed of Benincasa hispida was
ground using a mixer. The collected homogenate
paste was mixed with (70:20 v/v) Hydroethanolic
solvent for 72 hours by cold maceration process.
The homogenate was filtered via muslin cloth
followed by Whatman No. 1 filter paper and
lyophilized to obtain a dry powder of seed extract.

was

The lyophilized powder extract will be stored in
air-tight amber-color bottles, The Yield percentage
(w/w) from the dried extracts was calculated [10].
4. METHODS

4.1 Animal housing

Thirty-six-week-old Wistar male rats 180- 200 g
were used. Animals were maintained under
standard laboratory conditions temperature of
25+2°C, relative humidity of 55+5%, and a 12
h/12 h light/dark cycle. Standard vivarium
conditions with free access to food and water ad
libitum all the procedures are done according to
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OECD 423 guidelines [11]. Provided proper care
and handling according to the institutional animal
ethics committee of the National Research Centre
SACCP-TAEC/2022-02/69. This experiment was
performed in Sri Adichunchanagiri College of
Pharmacy, BG. Nagar-571448, Karnataka, India.
4.2 Dose

The dose range was selected from previous acute-
chronic toxicity studies [12].

5 EXPERIMENT

Thirty six animals were divided into six groups,
10-12 weeks Male Wistar rats weighing 230-260 g
Group 1 — a control group (n=6);

Group 2 — a group with Donepezil 2 mg/kg-b.wt.
(n=6);

Group 3 — a group with D-galactose 300
mg/kg-b.wt. (n=6);

Group 4 — a group with BH 150 mg/kg-b.wt. + D-
galactose 300 mg/kg-b.wt. (n=6);

Group 5 — a group with BH 250 mg/kg-b.wt. + D-
galactose 300 mg/kg-b.wt. (n=6);

Group 6 — a group with BH 500 mg/kg-b.wt. + D-
galactose 300 mg/kg-b.wt. (n=6); After one week
of acclimatization, the rats were randomly divided
into six groups (n = 6) and administered with
various doses for 42 days. Behavior was assessed
and at the end of the experimentation rat brains
were removed, rinsed in with ice-cold saline then
isolated and brains were fixed in 10% formalin for
H & E staining. Collected brains were kept at —80
°C for Bio-molecular studies. [13].

6 IN-VIVO BEHAVIOUR PARAMETER

6.1 Actophotometer (ATPM)

ATPM test, the Locomotion Behavior of rats was
observed in a brightly illuminated square-shaped
arena. The animal was placed in the center and
allowed to explore the open field for 5 min. [14].
6.2 Rotar-rod (RR)

In RR test animals were evaluated for grip strength
and balance. Each animal was placed on the
rotating rod at a speed of 25 rpm. Three separate
Trials were performed for each rat at 5-minute
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intervals and a cutoff time of 180 seconds. The
average results were recorded as a fall in time [15].
6.3 Hanging wire (HW)
The HW test was used to measure the gripping and
forelimb strength of rats. The length of time the
rats were able to hold the wire was recorded. The
cut-off time was taken as 90 s [16].
6.4 Novel object recognition (NOR)
The NOR test was carried out for cognition
deficits. The time taken by the rats to explore the
two objects during the acquisition and retention
phases of the test was recorded manually and
separately with two stopwatches (by a trained
observer). Its Discrimination Index (DI) was then
calculated [17].
6.5 Forced swim (FS)
The FS test is a common test to assess depressive-
like Behavior. The test consists of a training and a
test session on several consecutive days. The rats
were placed in the cylinder for 10 min during the
training and 5 min during the test session.
Movements in the cylinder were recorded. The
time (s) the animals spent immobile during
training and during a test were used for the analysis
[18].
7 ANTIOXIDANT STUDIES
7.1 Acetylcholinesterase (AchE) content
Briefly, 0.1 ml of 0.01M DTNB was added to 2.6
ml of 0.1M phosphate buffer (pH 8.0). 0.04ml of
brain tissue supernatant was added to the above
mixture followed by incubation for 5min. Then
0.04ml of substrate (0.075Macetylthiocholine
iodide) was added to the reaction mixture. The OD
was read at continuously for 5min at 1min
intervals [19].
7.2.Catalyse (CAT)
Briefly, 0.95 ml of 10 mM H202 60 mM
phosphate buffer (pH=7.0), 50 ul of the brain
tissue supernatant were added, and The OD was
read at 240 nm per min [20].
CAT (in units) = Absorbance (A-B) x 50

Absorbance (A)
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7.3.Glutathione (GSH)
Briefly, 0.5 ml of the brain homogenate tissue, and
2 ml of DTNB were added and the volume was
made up to 3 ml with phosphate buffer. DTNB was
reduced by the sulfhydryl compounds to form a
yellow-colored complex which was measured
using a UV-spectrophotometer at 412 nm [21].
GSH (in units) = Absorbance (A-B) x 50
Absorbance (A)
7.4.Superoxide dismutase (SOD)
Briefly,100 pl of brain tissue supernatant add 0.8
ml of carbonate buffer (pH 10.2), incubate the
above solution for 15 min initiate by adding 100 pl

of adrenaline solution (1 mM). Record the change
in absorbance at 295 nm UV-spectrophotometer

[22].

SOD (in units) = Absorbance (A-B) x 50
Absorbance (A)

7.5.Advanced oxidation protein products

(AOPP)

Briefly, 200ml was diluted with phosphate-
buffered saline in a ratio of 1:3, and 100 ml of 1.15
M potassium iodide was added and incubated for
2 min followed by the addition of 200 ml of acetic
acid. The OD was read at a 340 nm UV-
spectrophotometer [23].
AOPP (in units) = Absorbance (A-B) x 50
Absorbance (A)
7.6.Malondialdehyde (MDA)
Briefly, 1ml of the above brain tissue supernatant
with 2ml of TCATBA-HCL was mixed thoroughly
and heated for about 30min in a boiling water bath
then cooled in an ice bath for 10min followed by
centrifugation at 6000rpm for 10min. The OD was
read at a 532nm UV-spectrophotometer [24].
MDA (in units) = Absorbance at 532 nm %105

1.56
7.7.Glutathione S-Transferase (GST)
Briefly, the brain tissue supernatant was

precipitated with 4% sulfosalicylic acid in a ratio
of 1:1. The samples were kept at 4°C for 1 h and
then subjected to centrifugation at 5000 rpm for 10

min at 4 C. The assay mixture consisted of 550 ml

of 0.1 M phosphate buffer, 100 ml of supernatant

and 100 ml of DTNB. The OD was read at 412 nm

[24]

GST (in units) = Absorbance (A-B) x 50
Absorbance (A)

7.8.Estimation of Total thiol (TT)

Briefly, 0.2 ml of the tissue sample, 1.5 ml of

sodium phosphate buffer (0.08 M; pH 8), 0.5 mg/

ml of EDTA, and 2% sodium dodecyl sulfate were

added. After vertexing, 0.1 ml of 0.01% DTNB in

sodium phosphate buffer (0.1 M; pH 8) was added

and mixed. This incubated at room

was
temperature for 15 min and The OD was read at
680nm on a UV-spectrophotometer [24].
TT (in units) = Absorbance (A-B) x 50
Absorbance (A)
7.9.Estimation of Nitric oxide (NO)
Briefly, 0.5 ml of each brain tissue supernatant was
taken for the test.0.5 ml of the Sulphanilamide
Solution was dispensed into the respective test
tubes containing all the brain tissue supernatant
and varied concentrations of Nitrite Standard
solutions (100, 50, 25, 12.5, 6.25, 3.13, and 1.56
pm). Incubated for 5-10 min at room temperature
and protected from light. Using a pipette, 0.5 ml of
the NED Solution was dispensed to all test tubes.
A purple/magenta color will begin to form
immediately. The OD was read at 535 nm using
UV-spectroscopy. [24].
NO (in units) = Absorbance (A-B) x 50
Absorbance (A)
7.10.Estimation of Glutathione Peroxidases
(GPx)
Glutathione Peroxidases were based on the
measures of the enzymatic reduction of H>O> by
GPx through consumption of reduced glutathione
(GSH) that is restored from oxidized glutathione

GSSG in a coupled enzymatic reaction by GR. GR
reduces GSSG to GSH using NADPH as a
reducing agent. The decrease in OD was read at
was measured in a UV-spectrophotometer [24].
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GPx (in units) = Absorbance (A-B) x 50
Absorbance (A)
7.11.Hippocampus preparations
The hippocampus of each rat was dissolved in ice
and immersed in ice-cold physiological saline. The
brain tissue supernatant was collected after
centrifugation at 3500 rpm for 10 min at 4°C for
various biochemical assays [25].
7.12.Western-blotting
The 100-200 mg tissue harvested for the assay,
was washed tissue thoroughly in cold PBS and
resuspended tissue in 300 pl of ice-cold RIPA
buffer. Homogenized tissue with a homogenizer

until a sample is fully homogenized and is
completely smooth. The samples were incubated
for 30 mins by gentle mixing every 5 mins at 4°C.
Centrifuged the sample at 10,000 x g for 15
minutes at 4°C in a cold centrifuge and supernatant
was collected and transferred to a clean tube on
ice. Determined the sample protein concentration
by extracting a portion of the sample.
7.13..SDS-PAGE

The 50-ug protein sample from each cell lysate
was mixed with 5X loading dye and heated for 2
mins at 95°C. Protein samples were loaded and
separated on 12 % and 15% SDS-PAGE gel using
Mini protean Tetra cell (Bio-Rad). Nitrocellulose

membrane (0.2 uM) was equilibrated in transfer
buffer for 10 mins at RT. Protein transfer was done
for 15 mins in Turbo Transblot (Bio-Rad)
apparatus at 2.5 A and 25 V. Blot was blocked in
3% BSA in TBST for lhr at RT followed by
incubation with respective 1~ Ab at appropriate
dilutions overnight at 4°C. The blot was washed
thrice with TBST for 5 mins at RT. The blot was
incubated with 2° Ab (anti-Rabbit or anti-Mouse
IgG- HRP) at dilution 1:10000 for 1 hr. at RT.
Washed 3 times with TBST for 5 mins at RT. The
blot was rinsed with ECL reagent (two-component
system) for 1 min in the dark and the image was
captured between 0.5 sec to 15 secs exposure in
Chemidoc XRS+ imaging system (Bio-Rad).

8. Results and Discussion

8.1. In-vivo studies

8.2.Actophotometer

In p-gal alone treated rats showed a significant
(**p<0.001) decrease in locomotor activity when
compared to the normal control group. when
treated with BH treatments show (**p<0.01,
*#%p<0.001) when compared with the normal
group, and Donepezil significantly shows
(""p<0.001) preserved locomotor activity score.
Results are summarized in Table 1.

Groups 1% consecutive week 3" consecutive week | 5™ consecutive week
Control 138.63 +£0.77 135.5040.61 141.334£0.92
Donepezil 2mg/kg 192.93 £3.35%%* 184.57+£2.69%** 185.90+1.71%%*
(Standard)

p-gal 300mg/kg 89.97+1.21%# 76.3040.72%## 67.13+0.50%#
(Inducer)

BH 150mg/kg 178.53+0.56** 188.83+0.50%** 136.50+3.85%*

BH 250mg/kg 181.20£1.20%** 192.30+0.74** 197.00+ 0.81***

BH 500mg/kg 187.53+0.58%** 195.50+0.76** 192.77+£0.56**

Table 1. Statistical analysis data are expressed by one-way ANOVA followed by Tukey’s test. p<0.05,
#p<0.01, #*p<0.001 compared to the normal control group and *p<0.05, **p<0.01, ***p<0.001 compared
to the p-gal model group.

8.3.Rotar Rod

]In p-gal alone treated rats showed a significant
(**p<0.001) drop in motor coordination when
compared to the normal control group. when
treated with BH treatments shows restored motor

INTERNATIONAL JOURNAL IN PHARMACEUTICAL SCIENCES

coordination (**p<0.01, ***p<0.001) when
compared with the normal group and Donepezil
significantly shows (*"p<0.001) conserved motor
coordination. Results are summarized in Table 2.
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Groups 1% consecutive week | 3" consecutive week | 5™ consecutive week
Control 91.6+0.70 94.93+0.42 94.90+0.38
Donepezil 2mg/kg | 90.1£0.67%** 94.93+0.59%%** 96.63+0.37%**
(Standard)

p-gal 300mg/kg 86.1+0.96%# 72.80+0.4%# 64.20+ 0.54%##
(Inducer)

BH 150mg/kg 82.9+1.11** 87.57+0.57** 91.73+0.43%**

BH 250mg/kg 81.5+0.43%** 84.60+0.38*** 85.47+0.25%*

BH 500mg/kg 84.0+0.75%** 85.83+0.42%* 87.50+0.41**

Table 2. Statistical analysis data are expressed by one-way ANOVA followed by Tukey’s test. *p<0.05,
#p<0.01, *p<0.001 compared to the normal control group and *p<0.05, **p<0.01, ***p<0.001 compared
to the p-gal model group.

8.4.Grip Strength

In p-gal alone treated rats showed a significant
(*p<0.001) decrease in muscle strength and
motor coordination when compared to the normal
control group. when treated with BH treatments
shows brought back muscle strength and motor

coordination (**p<0.01, ***p<0.001) when
compared with the normal group, and Donepezil
significantly shows (7 p<0.001) well-maintained
muscle strength and motor coordination. Results

are summarized in Table 3

Groups 1% consecutive | 3" consecutive | 5™ consecutive
week week week
Control 140.83+0.57 132.17+0.52 134.03+0.39
Donepezil 128.50+0.53%** | 130.60+0.41*** | 131.90+£0.34%**
2mg/kg
(Standard)
p-gal 121.47+0.39%# 90.93+0.59%# 73.80+0.41%#
300mg/kg
(Inducer)
BH 150mg/kg | 115.3740.70%** | 119.5740.35%%* | 121.534£0.37*%*
BH 250mg/kg | 114.77+0.40** 117.80+0.63** 120.93+0.57%*
BH 500mg/kg | 116.13£0.29** 118.47+0.45%* 120.47+0.39%*

Table 3. Statistical analysis data are expressed by one-way ANOVA followed by Tukey’s test. “p<0.05,

#p<0.01, *p<0.001 compared to the normal control group and *p<0.05, **p<0.01, ***p<0.001 compared
to the p-gal model group.

8.5.Time Spent Near Novel Object

The p-gal group showed a significant (**p<0.001)
deficit in object recognition learning compared
with the control group. In contrast, the rats with
BH extract showed a significant (*p<0.05,
*p<0.01, ***p<0.001) improvement in learning

and memory in the object-placed recognition task.
these results suggest that BH administration can
significantly ameliorate the memory ability of p-
gal induced aged rats for time spent near novel
objects and discrimination index. Results are
summarized in Tables 4 & 5.

Groups 1%t consecutive | 2"! consecutive | 3" consecutive | 4™ consecutive | 5™ consecutive
week week week week week

Control 195.07+£0.98 184.60+0.86 181.30£1.27 185.53+0.92 193.13+1.20

Donepezil 177.83£0.93*** | 168.23+0.83*** | 157.00+£0.56*** | 163.83+0.67*** | 188.90+£0.76%**

2mg/kg

(Standard)

p-gal 180.20+0.8%# 164.20+£0.67%# 142.43+0.66%# 135.27+0.78%## 126.07+1.15%#

300mg/kg
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(Inducer)

BH
150mg/kg

178.97+£2.23%%*

165.43+1.25%%*

171.23+£0.50**

165.33+£0.99**

170.43+1.34*

BH
250mg/kg

170.07+1.44**

174.20+1.12%*

178.10+£0.83**

184.57+0.82%*

188.47+1.13%*

BH
500mg/kg

185.37+1.06**

180.50+1.38**

189.70+0.4%*

191.63+0.60**

195.70+£0.92%**

Table 4. Statistical analysis data are expressed by one-way ANOVA followed by Tukey’s test. p<0.05,
#p<0.01, #p<0.001 compared to the normal control group and *p<0.05, **p<0.01, ***p<0.001 compared
to the p-gal model group.

8.6.Discrimination index

Groups 1%t consecutive | 2" consecutive | 3" consecutive | 4"consecutive | 5™ consecutive
week week week week week

Control 0.69+0.13 0.68+0.09 0.69+0.10 0.63+0.12 0.59+0.09

Donepezil 0.58+0.12%** 0.67+0.04*** 0.5540.08*** 0.60+0.09*** 0.61£0.07***

2mg/kg

(Standard)

p-gal 0.55+0.05%# 0.43+0.06"# 0.50+0.13%# 0.37+0.05%# 0.26+0.05%#

300mg/kg

(Inducer)

BH 0.47£0.05%** 0.53£0.05%** 0.61£0.13*** 0.54+0.07** 0.45+0.06*

150mg/kg

BH 0.63+£0.06*** 0.61+£0.08** 0.63+0.12%%** 0.63+£0.06** 0.64+0.09**

250mg/kg

BH 0.7240.0%** 0.72+0.04** 0.74+0.0%* 0.69+0.06** 0.75£0.06***

500mg/kg

Table 5. Statistical analysis data are expressed by one-way ANOVA followed by Tukey’s test. *p<0.05,
#p<0.01, *p<0.001 compared to the normal control group and *p<0.05, **p<0.01, ***p<0.001 compared
to the p-gal model group.

9.1.Force swim

9.1.1.Escape Time Latency (ETL)

The p-gal treated rats had impaired cognition and
memory as indicated by the ETL across the
successive days (“¥p<0.001) compared with a
control group and spent a significantly decreased
time in the goal area (**p<0.05) compared with
those of the control group during the test hidden

increases in the time spent in the goal area
(""p<0.001), and reduced escape latencies in the
probe test (**p< 0.05) compared to those of the
model group. These results indicate that the p-gal
treated rats had impaired spatial learning and
memory, while the administrated extracts could
recover the aged-related cognitive impairment
caused by p-gal. Results are summarized in Tables

sessions. The p-gal treatment plus BH 6&7.
administration group displayed remarkable
Groups 1% consecutive | 2™ consecutive | 3" consecutive | 4™ consecutive | 5™ consecutive
week week week week week
Control 88.17+0.50 77.80+0.38 68.47+1.24 62.17+1.42 62.17+1.42
Donepezil 70.74+0.57%** | 67.40£0.72*** | 60.80£0.38%** | 52.93+0.60%** | 44, 13+0.58%*%*
2mg/kg
(Standard)
p-gal 86.33+0.45# 64.47+0.64%# 51.80+0.63%# 42.53+0.44%## 64.47+0.59%#
300mg/kg
(Inducer)
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BH 78.30+0.23%** | 75.50+1.25%* 46.93+0.42%* 30.10+0.74%* 26.63+0.83%*
150mg/kg

BH 71.23£0.55%** | 67.87+0.81%** 37.43+1.32% 42.20+0.56* 28.50+0.91%*
250mg/kg

BH 60.83+0.57%** | 53.00+0.51%* 27.53+0.63** 22.53+0.70* 19.87+0.47*
500mg/kg

Table 6. Statistical analysis data are expressed by one-way ANOVA followed by Tukey’s test. *p<0.05,
#p<0.01, *p<0.001 compared to the normal control group and *p<0.05, **p<0.01, ***p<0.001 compared
to the p-gal model group.

9.1.2.Time Spent in Target Quadrant

5™ consecutive

Groups 1% consecutive | 2" consecutive | 3rd consecutive | 4™ consecutive
week week week week week
Control 79.10+£0.52 74.43+1.26 76.77£1.04 80.80+1.26 81.77£1.22
Donepezil 69.67+0.80%** | 60.17£0.72%*** | 72.204£0.59*** | 85.83+0.94*** | 92 17+0.74%**
2mg/kg
(Standard)
p-gal 75.5341.02%# 64.20+0.85% 58.00+1.50% 46.97+1.11%# 20.60+0.68"#
300mg/kg
(Inducer)
BH 86.30+0.48*** 70.80+0.55%* 75.63£0.70%** 49.37+0.84** 56.90+0.78**
150mg/kg
BH 76.63+0.82%** 59.77+1.02%* 63.83+£0.95%* 32.93£].17** 46.97+1.11*
250mg/kg
BH 75.1740.98*** 54.53+1.23%* 41.5340.71** 29.73+0.94%* 27.03+0.68**
500mg/kg

Table 7. Statistical analysis data are expressed by one-way ANOVA followed by Tukey’s test. “p<0.05,
#p<0.01, *p<0.001 compared to the normal control group and *p<0.05, **p<0.01, ***p<0.001 compared
to the p-gal model group.

abnormalities in AchE activities compared with

those of the control group (Fig. 2). This result
indicated that BH extract might ameliorate
dysfunction of the cholinergic system.

9.2.In-vitro AchE content

The p-gal group showed a significant (***p<0.001)
increase in AchE level in hippocampus tissues
compared with the control group. BH extract

administration showed significantly reversed
80 =
60
= m Control
%___'é = Standard
g% 540_ = Inducer
E"‘—E m BH 150mgikg
= BH 250mgikg
20+ == BH 500mgikg

& & &

Table 2. Statistical analysis data are expressed by one-way ANOVA followed by Tukey’s test. p<0.05,
#p<0.01, *p<0.001 compared to the normal control group and *p<0.05, **p<0.01, ***p<0.001 compared
to the p-gal model group. Note: C) Control group; STD) donepezil 2mg/kg; I) p-gal 300mg/kg; BH) Low-
dose of BH 150mg/kg; BH) Middle-dose of BH 250mg/kg; BH) High-dose of BH S00mg/kg extract group.
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9.2.1.Antioxidant studies

p-gal treatment caused notable oxidative damage,
including a decrease in CAT, GSH-Px, SOD, Total
thiol, GPx, and AOPP, as well as an increase in
AchE, MDA, GST, and NO levels in the
hippocampus of rats, which was similar to the
previous report [33]. BH treated with extracts
significantly reserved the changes in CAT, GSH-
Px, SOD, Total thiol, GPx, AOPP, and MDA
levels, suggesting that the cognitive effect of BH
scavenged ROS mainly by enhancing antioxidant
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activity and consequently decreasing lipid
peroxidative damage. Moreover, we observed that
accompanied by the increase of CAT, GSH-Px,
SOD, Total thiol, GPx, and AOPP levels in the
rat's hippocampal region. NO was significantly
decreased by BH treatment. This finding indicated
that BH mobilized its protective mechanism to
inhibit the overproduction of NO in the rat’s
hippocampus region. graphical representation of

results is represented in the figure. 3.

S00
(Ui proteln

GST
(nmolimin/mg protein)

Control
Standard

Inducer
BH 150mg/kg
BH 250mg/kg

Ue@’e d,s"f fé\f‘&fﬁ»f mm BH 500mglkg
Lo &

Fig 3. Statistical analysis data are expressed by one-way ANOVA followed by Tukey’s test. *p<0.05,
#p<0.01, *p<0.001 compared to the normal control group and *p<0.05, **p<0.01, ***p<0.001 compared
to the p-gal model group. Note: C) Control group; STD) donepezil 2mg/kg; I) p-gal 300mg/kg; BH) Low-
dose of BH 150mg/kg; BH) Middle-dose of BH 250mg/kg; BH) High-dose of BH S00mg/kg extract group.
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9.2.2.H & E staining

In Fig. 4. Pyramidal neuron shrinkage and
chromatin condensation of nuclei
observed in p-gal group. Treatment with BH
results in an improvement in the structure of these
neurons. Rats in the control group had full
hippocampal neurons, which were arranged tightly
and were morphologically intact. The pyramidal
cells neurons presented round and large nuclei and
clean nucleoli (Fig. 4.C & 4.STD). Widespread
damage was visible in the hippocampi of the p-gal

were also

increased in size, and the cells were loosely
arranged. The pyramidal neurons either presented
a densely stained shrunken appearance with
minimal cytoplasm or disappeared. However, the
Administration of BH extract was after the p-gal
injected, the neuronal cells in the
hippocampus rescued (Fig. 4Lb-hb)
compared with those of the p-gal. the neurons in
the hippocampi of the rats treated with BH at the
dose of 500mg/kg of appeared almost normal (Fig.
hb).

was
WEre

treated group (Fig. 4I). The intercellular space

e ¥k

L@ | Pt 00 I i
Fig 4. The protective effect of BH on the cell loss in the hippocampi of p-gal treated rats was revealed by
H&E staining (x200). Note: C) Control group; STD) donepezil 2mg/kg; I) p-gal 300mg/kg; Lb) Low-dose
of BH 150mg/kg; mb) Middle-dose of BH 250mg/kg; hb) High-dose of BH 500mg/kg extract group.

9.2.3.H & E staining of Organ

The tissues of the kidney, liver, spleen, and heart
were observed in Fig. 5. These tissues in the
control group showed cardiac muscle fiber cell
bodies extending to a shuttle shape, a trend of
parallel assembling into a beam, structure
integrated, intercellular boundaries clear, packing
closely, graduation distinct, clearly visible band,
and intercalated disc. However, these tissues in the
aging model group showed cardiac muscle fiber
plumping, structure fuzzy and twisted shortening,

INTERNATIONAL JOURNAL IN PHARMACEUTICAL SCIENCES

b

significantly widened interval, and obvious
capillary vessels of myocardial interstitial
congestion.  After BH  treatment, the
microstructures of the rat’s viscera were obviously
improved, which was similar to those of the Vc
group. These results indicated that p-gal induced
changes in the morphology, number of
hepatocytes, and neurons. Meanwhile, the BH
extracts have protective effects on the

microstructure of rat viscera.
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SPLEEN

G1 G2 - e3

G4 T es T

Fig 5. The Organs tissues stained with H & E obtained from D-galactose-induced in rats: G1- Control
group, G2- Donepezil 2mg/kg; G3 .p-gal 300mg/kg; G4- Low-dose of BH 150mg/kg; G5- Middle-dose of
BH 250mg/kg; G6- BH 500mg/kg extract group.

9.2.4.Crystel Violet

As shown in Fig.6, the observation of the control
group showed cells with well-defined nuclear
membranes, clearly visible nucleolus, and fewer
abnormalities. Noticeable changes were observed
in the p-gal, which included cells with indistinct
nuclear membrane as well as no prominent
nucleolus, besides being darkly stained. Further,

the number of normal cells was also reduced in the
hippocampus region in the p-gal group.

Interestingly, these pathological changes observed
in the hippocampus of a p-gal group rats were
altered in groups where Donepezil 2mg/kg-b.wt.
or BH at doses of 150, 250, and 500 mg/kg-b.wt.
the results indicated that BH showed a protective
effect.

Lb

Fig 6. The protective effect of BH on cell loss in the hippocampi of p-gal treated rats was revealed by
Crystel violet staining (x200). Note: C) Control group; STD) donepezil 2mg/kg; I) p-gal 300mg/kg; Lb)
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Low-dose of BH 150mg/kg; mb) Middle-dose of BH 250mg/kg; hb) High-dose of BH 500mg/kg extract
group.

9.2.5.Western blotting

Bcl-2 is an anti-apoptotic protein, and Bax pro-
apoptotic  proteins and  Glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) is one of the
most commonly used housekeeping genes used in
comparisons of gene expression data [26-27]. To
further explore the cognitive mechanism of BH in
p-gal treated rats, a western blot was used to detect
the protein levels of Bax, Bcl-2 in the
hippocampus. The western blot analysis revealed
that p-gal led to a significant increase in the

A

GAPDH ".‘ - e
- AEEEES -

GAPDH * e wpew  J5KD
-

Bax/Bcl-2ratio (Fig. 7A and B), levels in the
model group compared with those of the control
group. BH extract administration remarkably
reduced the Bax/Bcl-2 ratio, and the levels
compared with those of the p-gal treated rats.
These results indicate that BH extract has the
effects of anti-apoptosis and neuroprotection
through regulating the expression of apoptosis-
related proteins. The western blot analysis also
showed that BH extracts have a neuroprotective
effect on the rat aging model induced by p-gal.

BCL-2 Fold Expression
10.00
800
6.00

4.00

Fold Expression

2.00

0.00
Inhibitor  control  standard HB MB LB

Treatment

BAX Fold Expression

16.00
14.00
12.00
10.00
8.00
6.00
400
2.00
0.00

Fold Expression

Inhibitor ~ control  standard HB MB LB
Treatment

Fig 7.A: The band are from a representative blot. Loading details: Lane 1: Inhibitor (p-gal 300mg/kg);
Lane 2: Control group; Lane 3: Standard (Donepezil 2mg/kg); Lane 4: HB 500mg/kg; Lane 5: MB
(Middle-dose of BH 250mg/kg); Lane 6: LB (Low-dose of BH 150mg/kg).

CONCLUSION

The findings of this study suggest that BH seed
extract possesses potential aging properties against
cognitive impairment in aged rats. This effect may
be attributed to its ability to alleviate oxidative
stress and neurodegeneration. Further research
addressing the underlying mechanisms and
clinical trials are warranted to validate the efficacy
of BH as a therapeutic option for age-related
cognitive impairment.
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