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ABSTRACT

Background: Diabetic cognitive impairment is a metabolic neurodegenerative disorder associated with central nervous
system. Unfortunately, there is no effective means by which to delay the cognitive symptoms of DM. Considering these
limitations, there has been growing interest in investigating herbal alternatives for managing diabetes associated with
cognitive deficit.

Objective: To investigate the neuroprotective role of methanolic leave extract of Allium stracheyi (MLEAS) Baker in
diabetic rats.

Materials and Methods: Diabetes in rats were induced by 10% fructose solution for 14 days and single administration
of streptozotocin (40mg/kg) in G2-G6 followed by 28 days treatment with glibenclamide (10mg/kg) and MLEAS at dose
100, 200 and 400mg/kg respectively. Vehicle control G1, received no treatment. Body weight, serum glycemic index,
insulin marker, lipid indices, oxidative stress were evaluated using standard procedure. Neurobehavioural responses were
measured using Elevated-Plus (EP) and Morris-Water (MW) Maze followed by estimation of acetylcholinesterase level.
Pancreatic and brain tissue were retrieved for histopathological study.

Results: MLEAS significantly reinstated the body weight, fasting blood sugar, insulin resistance, lipid indices in diabetic
rats. MLEAS, increased the glutathione (GSH) and superoxide dismutase (SOD) whereas decreases malondialdehyde
(MDA) and nitric oxide (NO) levels. Furthermore, the AchE level was also resorted suggesting attenuation of cognitive
impairment.

Conclusion: Overall findings showed that MLEAS exhibit neuroprotective effect against diabetes associated cognitive
deficit. Thereby, opening new avenues for future research, which aim in developing potential compounds for effective
disease management. Therefore, the plant emerges as a promising candidate that warrants further investigation to
improve overall quality of life.
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INTRODUCTION

Diabetes mellitus (DM) is a chronic and complex
metabolic disorder characterized by impaired metabolism
of carbohydrates, lipids, and proteins, resulting in
persistent hyperglycaemia. This condition arises primarily
due to insufficient insulin secretion and insulin resistance
in peripheral tissues such as skeletal muscles, adipose
tissue, and the liver. Among the different forms of
diabetes, type 2 diabetes mellitus (T2DM) is the most
prevalent and is characterized by hyperglycaemia,

impaired insulin secretion, and reduced insulin sensitivity.
According to the International Diabetes Federation, more
than 400 million people worldwide are currently affected
by diabetes, and this number is expected to reach
approximately 640 million by 2040. The progression of
diabetes is often associated with several complications,
including hypertension, hyperlipidaemia, renal
dysfunction, vascular disorders, and neurological
complications!?,
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Cognitive function refers to the mental processes involved
in learning, memory, reasoning, attention, and information
processing. Maintenance of cognitive function is essential
for independent living and decision-making in adults.
However, cognitive decline, which often begins in early
adulthood and accelerates with ageing, can ultimately lead
to dementia. Increasing evidence suggests that T2DM
significantly affects brain function and is associated with a
higher risk of cognitive impairment and dementia.
Individuals with T2DM have nearly a twofold higher risk
of developing dementia compared to non-diabetic
individuals. The association between diabetes and
cognitive decline is complex and involves several
underlying mechanisms, including oxidative stress,
chronic inflammation, impaired insulin signalling,
vascular damage, amyloid-B accumulation, and tau
hyperphosphorylation in the brain®.

Insulin plays a crucial role not only in glucose metabolism
but also in several neurological processes such as synaptic
plasticity, memory formation, and cognitive function.
Impaired insulin signalling in diabetic conditions can
disrupt neuronal metabolism, increase oxidative stress, and
contribute to neurodegenerative changes. Experimental
studies have shown that induction of diabetes using
Streptozotocin in laboratory animals produces oxidative
stress, inflammation, and neuronal damage, which
resemble pathological features observed in
neurodegenerative disorders such as Alzheimer’s disease.
Consequently, diabetic animal models are widely used to
investigate mechanisms of diabetes-associated cognitive
impairment.”!°

Although several pharmacological agents are currently
available for the management of diabetes, including oral
hypoglycaemic drugs and insulin therapy, these treatments
are often associated with adverse effects such as
hypoglycaemia, gastrointestinal disturbances, weight gain,
and hepatic complications'!"!3. Therefore, there is growing
interest in exploring natural products and medicinal plants
as alternative therapeutic options due to their safety,
accessibility, and diverse bioactive constituents.

Allium stracheyi Baker, a Himalayan medicinal herb
belonging to the family Alliaceae, is traditionally used as a

spice and folk remedy for various ailments. The plant is
known to contain several bioactive phytochemicals,

including  organosulfur  compounds, polyphenols,
alkaloids, terpenoids, tannins, and saponins, which
contribute to its antioxidant, anti-inflammatory,

antimicrobial, and antidiabetic properties'*. Previous
studies have also indicated the potential of Allium species
in protecting against metabolic and neurodegenerative
disorders'®. However, the role of Allium stracheyi Baker in
diabetes-induced cognitive impairment has not been
extensively investigated. Therefore, the present study was
designed to evaluate the effects of methanolic extract of
Allium stracheyi Baker on blood glucose levels, lipid
profile, and learning and memory functions in fructose-
streptozotocin-induced diabetic rats.

MATERIALS AND METHODS

Chemicals and Reagents

All the chemicals and reagents used in the research work
were of analytical grade and purchased from authorised
company.

Plant Material

The leaf of A. stracheyi Baker were collected from the
Mana village, Joshimath, district Chamoli, Uttarakhand
(UK) in 30 August; 2022 and was identified by the
Botanical Survey of India (BSI), Kaulagarh road,
Dehradun (UK). The plant sample was later placed in
Herbanium unit with Accession no.: 1161.

Preparation Extract

The fresh leaves of Allium straychei Baker were dried in
shed at room temperature for one week and pulverized into
a required coarse powder form by mechanical grinder. The
coarse powder weighing 250g were subjected for deffating
using 1000ml of petroleum ether and extracted with
methanol of analytical grade at temperature 40-60°C for
48hours in soxhlet apparatus. The extract of leaves was
filtered and further evaporated to remove solvent till
dryness at 60°C in rotary evaporator under reduced
pressure. The percentage (%) yield of dark green-brown
extract was calculated by formula mentioned by
Harborne;1976 and further modified by Truong et al. The
extract was then stored for further uses in desiccator.!

weight of extract

Percentage (%)yield =

w

Phytochemical Screening of Extract

The phytochemical screening of methanolic extract of
Allium stracheyi Baker was carried out using standard
qualitative screening methods. Polyphenols, flavonoids,
tannins, alkaloids, saponin and glycoside were screened.'®

Ethical Consideration

The experimental protocol was approved by the Institution
Animal Ethical Committee (IAEC) of Shri Guru Ram Rai
University, Dehradun with ethical number
264/CPCSEA/IAEC/2022/12. The whole experiment was
carried out according to the internationally accepted

100

eight of leaves used

protocols provided by the Committee for Control and

Supervision of Experiments on Animals (CCSEA).

Selection of Animals and Housing Condition

In the present study, healthy wistar albino rats (male)
weighing between 200-250 gm were used and housed in a
group of six animals per cage. The animals were
maintained under standard conditions with temperature
(18-29°¢), relative humidity (30-70% RH), a photoperiod
of 12-12 hour dark and light cycle and at an environment
away from noise. Before initiation of experiment all the
animals were acclimatize for a period of one week. During
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acclimatization animals were provided with normal pallet
diet and water ad libitum. The solid-bottomed cages with
soft husk bedding were used to avoid discomfort to
animals. Cage cleaning and bedding changing were done
frequently to maintain sanitary conditions.!’

Determination of LDso Value (Acute oral toxicity study)
The acute oral toxicity of methanolic leaf extract of A.
stracheyi Baker (MLEAS) was carried out in wistar albino
rats as per the protocol given by OECD-Test guidelines-
420. The animals were fasted overnight and the weight of
each animal was recorded prior to the experiment. The
different doses of MLEAS (5, 50, 300,1000 and
2000mg/kg BW p.o) were administered to the group of
three animals. The animals were closely monitored and
observed for a period of 30 minutes after administration of
extract, periodically for next 24 hours for mortality and
thereafter daily for a period of 14 days for the sign of
abnormal behaviour, general toxic signs. Body weight of
individual animal was recorded on weekly interval. LDso
was determined and 1/10th of LDso was taken as
therapeutic dose for the activity. '8

Standard Drug Preparation

Glibenclamide 10mg/kg suspended in distilled water using
1% carboxy methyl cellulose (CMC) was used in the study
as a standard treatment drug for evaluating hypoglycaemic
activity.”

Induction of Diabetes and Selection of Diabetic
Animals

Before induction rats were acclimatized for a period of
seven days. On seventh day rats were randomly divided
into vehicle control group (n=6) and diabetic control group
(n=30). Vehicle control group (Gl) received normal
drinking water. Conversely, diabetic control groups (G2-
G6), initially received 10 % w/v fructose supplied in the
drinking water for a period of 2 weeks for initial induction
of diabetes followed by administration of single dose of
STZ (40 mg/kg i.p,) prepared in citrate buffer (pH 4.5) for
induction of type 2 daibetes. STZ was dissolved in
distilled water immediately before use. During the first
24hours after STZ injection, the experimental animals
were supplied with 10% w/v of glucose solution to prevent
acute hypoglycaemic state whereas the vehicle control
group animals received distilled water (1ml/ 100gm). After
72 hours of STZ injection, blood sample of each animal

were collected and the fasting blood glucose level was
measured by GOD-POD method with the help of Erba
enzymatic kit. Animals with blood glucose level 200-
250mg/dl were considered as diabetic rat and selected for
the study of antidiabetic and cognition enhancing activity
of plant extract.?

Animals grouping

According to fasting blood sugar level, 30 diabetic rats
were randomly divided into 5 groups (n=6/group)
excluding vehicle control group. Diabetic rats in group
G3-G6 were treated with glibenclamide (10mg/kg B.W)
and MLEAS (100 mg/kg, 200 mg/kg and 400 mg/kg B.W
respectively) once a day by oral intubation (p.o) between
10:00 am-11:00 am for 28 days. Overall, the animal
groups were assigned as:

G1 (Vehicle control): Normal rats fed with standard pellet
diet and distilled water.

G2 (Toxicant): Diabetic control rats

G3 (Standard): Diabetic rats treated with standard drug
glibenclamide (10mg/kg OF BW; p.o)

G4 (Test): Diabetic rats treated with MLEAS (100 mg/kg
of BW; p.o)

G5 (Test): Diabetic rats treated with MLEAS (200 mg/kg
of BW; p.o)

G6 (Test): Diabetic rats treated with MLEAS (400 mg/kg
of BW; p.o)

The fresh solution of standard drug and methanolic extract
were administered everyday orally for a period of 28 days.
After 28 days of respective treatments, the animals were
subjected for evaluation of physical, biochemical and
behavioural parameters for determining the effect of
different doses of treatment on cognitive impairment in
diabetic animals.

ESTIMATION OF PHYSICAL PARAMETER

Monitoring of body weight
The body weight (B.W) of experimental animals was
measured on day 0, 7", 14" 21% and 28" using an
adjusted electronic weighing balance and percentage
change in weight were calculated for each group of
animals by using formula®':

B. W (g) on 28th day — B. W (g)on Oth day

X100

Percentage (weight Change) =

Collection of blood sample and serum separation

At the end of respective treatment, the animals were fasted
overnight and approximate 1.5-2ml of blood sample was
collected from each rat through retro-orbital technique
under mild diethyl ether anaesthesia followed by
collection of plasma after centrifugation for 10 min at
20,000 RPM using cold centrifugation machine (Model:
Remi Centrifuge CE-412 LAG) for biochemical analysis
using different diagnostic kit in semiautomated
Autoanalyzer (Model: Erba Mannheim Chem 5X).2!

B.W (g) on Oth day
ESTIMATION OF BIOCHEMICAL INDICES

Estimation of glycemic profile

The serum fasting blood glucose was measured
periodically after overnight fasting by GOD-POD
colorimetric method using erba diagnostic kit.??

Estimation of Insulin level

The serum insulin level of animals was measured by
insulin ELISA diagnostic kit. Serum insulin level was
quantified by procedure provided in kit by the
manufacturer. It is based on the direct sandwich technique
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in which two monoclonal antibodies are directed against
separate antigenic determinants on the insulin molecule.
During incubation insulin in the sample reacts with anti-
insulin antibodies bound to the microtitration well and
with peroxidase-conjugated anti-insulin antibodies. A
washing step removes unbound enzyme labelled antibody.
The bound conjugate is detected by reaction with
3,3’,5,5 -tetramethylbenzidine (TMB, a frequently used
chromogenic in ELISAs). The reaction is stopped by

adding acid to give a colorimetric endpoint that is read
spectrophotometrically at a wavelength of 450 nm using a
microplate reader.?

Insulin Resistance Assessment

Insulin resistance and beta-cell functioning of diabetic and
treated animals were assessed by Homeostasis model
assessment index (HOMA-IR and HOMA-B) by using

formula given by formula:?*%

Fasting Serum Glucose (mmol/I) X Fasting Serum Insulin (IU)

HOMA — IR =

HOMA — B =

(ZOX Fasting insulin (u%))

22.5

—-3.5

Conversion factor: Serum glucose (1mg/dl= 1/18 mmol/l)

Lipid profile Assesment

Total  cholesterol,  triglycerides and  high-density
lipoprotein (HDL) levels by using biochemical diagnostic
kits on 28™ day.”’

The levels of serum very low-density lipoprotein (VLDL)
and low-density lipoprotein (LDL) were calculated by
using Friedewald s equation.?8?

Very low-density lipoprotein:
5

VLDL = TG (mg/dl)/

Low-density lipoprotein: LDL= CH -

(HDL+VLDL)

Atherogenic index (AI) and Coronary artery risk (CR)
index was also calculated to estimate the risk of
atherosclerosis and cardiovascular disorders by using the
formula:*

Atherogenic index (Al) =log [ TG/HDL]

Coronary artery risk index (CARI): TC (mg/dl)/ HDL-
cholesterol (mg/dl)

The effect of treatment on brain biomarkers

Behavioural models for analysis of memory and
cognitive impairment in diabetic rats

Elevated plus-maze model (EPM)

IR

Moriss water Maze

Moriss water Maze

Morris water maze test was employed to assess learning
and memory of the animal. Morris water maze is a
swimming based model where the animal learns to escape
on to a hidden platform. It consists of small circular pool
of 150 cm in diameter, 45cm. in height, filled to depth of
30 cm with water maintain at 25+1°C. The tank was
divided into four equal quadrants. To help the

(Fasting glucose (mTOl))

The assessment of memory acquisition and retention was
carried out using the elevated plus maze task, which tests
spatial long-term memory. The key measure, transfer
latency (TL), refers to the duration the animal takes to
transition from an open arm to an enclosed arm, serving as
a marker for evaluating learning and memory abilities. The
EPM consisted of four arms, forming plus shape. All the
arm are attached by a central field (10cm), in which two
opposing arm were open (50x10cm) arms, having a 0.5cm
wall to reduce the falling number and the other two closed
(50x10x40cm) arm, closed by black wall that had a height
of 40cm. the EPM was placed at height of 50cm from the
floor. The learning memory of animals from each group
was evaluated in two sessions by EPM. During trial
session, animals were kept at distal end of open arm,
facing away from central field and the TLo was recorded.
Animals if failed to enter into enclosed arms within 90
secs, were pushed gently towards the any enclosed arms.
The animals were permitted to explore the plus maze for
another, 10 secs and then returned back to their respective
cages. To analyse cognition, memory retention test session
was performed after 24hr of trial session. On the first day
(during trial session), the measured transfer latency of
plus-maze served as an index of learning and acquisition,
whereas reduction in time latency (TL1), on 2™ day served
as an index of retrieval and memory improvement. [41-
43]. The TL was represented as the inflexion ratio (IR),
calculated using the following formula: 3!

_ TL1-TLO
T TLO

experimental animals with their spatial orientation, visual
cues in the shape of red and blue tapes were positioned
around the water tank; the cues locations remained
constant during the experiment. During the acquisition
phase, the submerged platform with 10 X 10 cm was
maintained 1 cm above the water's surface. During
acquisition, animals from each group were placed in tank
separately with their back to the wall of tank and allowed
to locate their platform within 120 sec. If rats failed to find
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the platform within 120 seconds, they were guided gently
onto platform and allowed to remaining there for 20
seconds. Each animal was subjected for four trials every
day for four days with a 10-minute interval between trials.
During each trail phase, the animal was carefully moved
into each of the swimming tank's quadrants. During the
retention phase, the water surface was kept 1 cm below the
tank's water level and rendered opaque with milk powder
to conceal the platform. On days 28, the animal's memory
retention was assessed after they were placed in the
quadrant facing towards the tanks wall. By timing how
long it took the animal to find the secret platform in the
water maze, escape latency was determined. Escape
latency (EL) was measured by observing the time taken to
relocate the water maze hidden platform 3233

Collection of brain and pancreatic tissue

After completion of experiment and biochemical
parameters on blood sample, animals from each group
were euthanized by cervical dislocation. The pancreas and
brain of animals were isolated and washed carefully with
saline solution. The retrieved samples of organ were
splitted symmetrically into two halves and one section was
kept in 10% w/v saline for biochemical estimation.
Whereas another section of tissue was stored separately in
4% w/v formaldehyde solution for histopathological
evaluation.®!

Preparation of homogenate

For biochemical estimation pancreatic and brain tissue
sections were cut down into small pieces and further
homogenized using tissue homogenizer in 0.1 M
phosphate buffer solution, maintained at pH 7. The
homogenates were subjected for centrifugation at 4000-
5000rpm for 20 min at 4 C using cooling centrifuge
(Remi). The supernatant was collected and stored for
measuring oxidative stress level 313

Ocxidative stress Indices
Antioxidant biomarkers were estimated in brain and
pancreatic tissue homogenates. Reduced glutathione

(GSH) levels were determined using Ellman’s method by
measuring absorbance at 412 nm*. Superoxide dismutase
(SOD) activity was assessed according to the Kakkar
method*® based on inhibition of nitroblue tetrazolium
reduction and measured at 560 nm. Lipid peroxidation was
evaluated by estimating malondialdehyde (MDA) using
the thiobarbituric acid reactive substances (TBARS)
method at 532 nm.’73® Nitric oxide (NO) levels were
determined using the Griess reagent colorimetric assay at
540 nm*°. Acetylcholinesterase (AchE) activity in brain
tissue was measured using Ellman’s colorimetric method
and expressed as pmol/min/mg protein. 4°

Histopathology

Pancreas and brain of vehicle, control and treated animals
were isolated and fixed 4% w/v formaldehyde solution for
histopathological analysis. Organ tissue were dehydrated,
cleaned and embedded in paraffin. Organs were dissected
into thin sections of 3-4 and stained using haematoxylin

and eosin dye for histopathological evaluation.*?,*!

Statistical Analysis

Evaluation of all the parameters were conducted in
triplicate (n=3). Values of results were shown in Mean +
SEM. Analysis of biochemical and behavioural parameters
were done by one-way analysis of variance (ANOVA)
followed by Tukey’s test for multiple comparisons. Body
weight and fasting blood glucose level were analysed by
two-way ANOVA by using GraphPad Prism version. A
value of p < 0.05 was considered statistically significant.

RESULTS

Percentage (%) yield and Phytochemical Screening

The percentage (%) yield of methanolic leaf extract was
found to be 12.90% and the results of qualitative
phytochemical screening shows presence of tannins,
alkaloids, phenols, flavonoids, steroids and saponin (Table
1).

Table 1: Percentage (%) yield and phytochemical constituents of methanolic leaf extract of 4. stracheyi Baker

Plant Part and Extract Percentage (%) Yield
Methanolic Leaf Extract (MeOH) Colour Consistency % (w/w) Yield
Dark Green Semi-solid 12.60%
Phytochemical test
Tests Tannins Alkaloids Phenols Flavonoids Steroids Saponins
Inference ++ + +++ +++ ++ ++

Notation: ‘+++’: Highly present, ‘++’: Moderately present and ‘+’: Mild present

Acute toxicity study

The LDso of MLEAS was evaluated by OECD guideline
420. Table 2 illustrate that, no death of animals was
observed at the highest dose 2000mg/kg B.W.
Additionally, no or minimal adverse manifestations or

behavioural deviations were observed, suggesting that the
LDso of MLEAS is greater than 2000mg/kg B.W. The
1/20™ 1/10% and 1/5" of 2000mg/kg B.W of MLEAS was
used in the study as low, intermediate and highest dose i.e.
100, 200 and 400 mg/kg B.W.

IJIDDT, Volume 16 Issue 5, 2026

Page: 65



Amelioration of Diabetes-Induced Cognitive Dysfunction by Allium stracheyi in Rats

Table 2: LD50 determination of MLEAS

Parameters No. of animals treated Doses of MLEAS (mg/kg B.W; P.O) Control
5 50 300 | 500 | 1000 2000

Food Consumption N N N N N N N
Water consumption N N N N N N N
Body weight N N N N N N N
Eye Colour 3 N N N N N N N
Skin/Pelage condition N N N N N N N
Locomotion N N N N N N N
Tremor/Convulsion N N N N N N N
Sedation N N N N N AB (Mild) N
Diarrhoea N N N N N AB (Mild) N
Death 0/3 | 0/3 0/3 0/3 0/3 0/3 0/3

Key: ‘N’: Normal; ‘AB’: Adverse Behaviour

Effect of MLEAS on fasting blood sugar level

Fasting blood glucose (FBG) levels were measured on
days 0, 7, 14, 21, and 28 in all groups. Following diabetes
induction, groups G2-G6 showed a significant increase in
FBG on day 0 compared with the vehicle control (G1) (p <
0.001). Treatment with glibenclamide (10 mg/kg) and
methanolic leaf extract of Allium stracheyi (MLEAS; 100,
200, and 400 mg/kg) for 28 days significantly reduced
elevated glucose levels in a dose-dependent manner. The

highest dose of MLEAS (400 mg/kg) produced the most
pronounced reduction in FBG (p < 0.001), followed by
200 mg/kg and 100 mg/kg (p < 0.01) on day 28 compared
with day 0 (Figure 1). Although all treated groups showed
significant improvement compared with the diabetic
control (G2), FBG levels did not fully return to vehicle
control values, indicating partial but therapeutically
meaningful glycemic control.

300
/l***
= .
= 200 b
E
)
>
= a
% 1004 a
= . - . $a
0 T T T T T
0 7 14 21 28
—— Gl ==— G2 —— G3 — (4 G5 - Go6

Treatment Days

Figure 1: Effect of MLEAS on Serum Fasting Blood Sugar Level
P values: **P<0.001 vs NC. P values: "P<0.01 and *P<0.001 when results of 28" day are compared with day 0.

Effect of MLEAS on body weight

The effect of treatment with different doses on body
weight and percentage change in body weight are shown
in Figure 2(a) and (b). on 0" day (fructose 10%+STZ)
before initiation of treatment the body weight of diabetic
animals (G2-G6) was significantly decrease due to STZ
induced impaired glucose utilization against vehicle
control group. After four weeks (28 days) of treatment,
diabetic animals (G3-G6) treated with glibenclamide and

MLEAS (100, 200 and 400mg/kg) showed significant
(p<0.001) increase in body weight by 9.23%, 10.24%,
12.44% and 16.94% respectively when compared with G2
i.e.-14.04%. Furthermore, there was a significant weight
loss in G2 animals compared to Gl group animals
(i.e.1.55%) reflecting reduced glucose utilization and
metabolism due to insulin resistance. More interestingly,
MLEAS at 400mg/kg increases the body weight more
profoundly (16.94%)).
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Figure 2: (a) Effect of MLEAS on Body Weight
*P<0.001 vs NC. P values: °P<0.05,°P<0.01 and *P<0.001 when results of 28" day are compared with day 0.

20— = .

% Change BW

G2 G3 G4 G5 Gé6

Treatment (28" day)
Figure 2: (b) Percentage (%) Change in Body Weight
*P<0.001 vs NC. P values: °P<0.05,°P<0.01 and *P<0.001 when results of 28" day are compared with day 0.
glibenclamide (10mg/kg) and MLEAS (100, and

Effect of MLEAS on insulin and insulin sensitivity

As illustrated in Figure 3, the insulin level of diabetic
animals (G2-G6) was significantly (*p<0.001) reduced on
day O after administration of FrSTZ when compared to
treatment

vehicle control GI1 group. After with

25=

20=

15+

Insulin (nIU/ml)

G1 G2 G3
= (Oth Day

400mg/kg) for 28 days, the level of serum insulin was
improved significantly on comparison with the G2, while
the MLEAS 100 showed slight improvement in G4
animals but the effect was not statistically significantly.

G4 G5 G6
====  28th Day
Treatment Days

Figure 3. Effect of MLEAS on insulin (pIU/ml)
*P<0.001 vs NC. P values: °P<0.05,°P<0.01 and *P<0.001 when results of 28" day are compared with day 0. ns: non-

significant.

Effect of MLEA on HOMA-IR and beta-cell function
(HOMA- B)

HOMA-IR and HOMA-B was calculated to measure the
effect of MLEAS on insulin resistance and beta-cell

function using fasting insulin (uIU/ml) and glucose
(mg/dl) level. According to data illustrated in Figure 4
and 5, insulin resistance (HOMA-IR) was significantly
(p<0.01) increased whereas HOMA-f was decreased in
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all the diabetic animals on day 0 when compared with G1.
Treatment of diabetic animals (G3,G5 and G6) with
glibenclamide (10mg/kg) and MLEAS (100,200 and

HOMA-IR

G1 G2

=== Oth Day

G3

400mg/kg) for 28 days, significantly reduces insulin
resistance and increases HOMA-B level when compared
with day 0.

G4 G5 G6

===s 28th Day

Treatment Days

Figure 4. Effect of MLEAS on HOMA-IR
*P<0.001 vs NC. P values: °P<0.05,°P<0.01 and *P<0.001 when results of 28" day are compared with day 0. ns: non-

significant

150 -

HOMA-f (%)

G2 G3
=== (Oth Day

G1

b

1

G6
=== 28th Day

G4 GS

Treatment Days
Figure 5: Effect of MLEAS on HOMA-B
"P<0.001 vs NC. P values: °P<0.05,°P<0.01 and *P<0.001 when results of 28" day are compared with day 0.ns: non-

significant
Effect of MLEAS on lipid profile

Table 3 illustrate the serum lipid profile of experimental
animals. The serum CH, TG, LDL and VLDL level of
diabetic animals (G2-G6) after FrSTZ administration was
significantly (p<0.001) increased whereas the serum HDL
was significantly (p<0.001) reduced on day 0 when
compared to the G1. Furthermore, treatment of diabetic
animals with impaired lipid profile for 28" days with

glibenclamide (10mg/kg) and MLEAS (200 and 400mg/kg
respectively) significantly (p<0.05,p<0.01 and p<0.001)
reduces the increased CH, TG, LDL whereas increases
HDL level compared to day 0. Moreover, MLEAS 100 and
200mg/kg showed no significant difference in serum
VLDL on day 28% relative to day 0O whereas
glibenclamideand MLEAS 400mg/kg caused significant
(p<0.01) improvement in serum VLDL.
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Table 3: Effect of Treatment of Serum Lipid Indices

Parameters Days Gl G2 G3 G4 G5 G6
CH (mg/dl) Oth 85.63£2.83 137.56=3.263 135.62+1.927 129.89=2.582 124782924 131.832.615
(Baseline)
28th 8451=2346 13937=2.021°7 | 96.86=2.167¢ | 120.59=2.167° | 112.11=2.304° 80.67+2.7323
(after
treatment)
TG (mg/dl) Oth 69.88=x2.054 103.74=2.179 109.89=3.069 | 113.74=3.602 101.78=1.502 111.15=2.845
(Baseline)
28th (after 65.16=2.996 | 108.97=4.020°"" | 72.67=2.808% 100.8=2.409¢ 01.63=2.628° 85.26=3.120%
treatment)
LDL Oth 29.834=1.20 93.86=0.458 85.31=0.369 77.75=0.33 85.77x0.91 89.75x0.03
(mg/dl) (Baseline)
28th (after 13.03=0.593 21742080477 18.32=0.525% | 20.16=0.481% 17.05=0.6242 15.33=0.561*
treatment)
HDL Oth 42.82=1.589 2295237 20.18=1.683 19.39+2.192 18.75=1.714 19.85£2.016
(mg/dl) (Baseline)
28th (after 39.72=1.262 19.66=0.866 """ 36.32=1.083% | 24.03=0.848° 27.88=0.683% 32.485=1.082
treatment)
VLDL Oth 13.96=0.041 20.749=0.435 21980613 22.750.720 20.26=0.300 222320569
(mg/dl) (Baseline)
28th (after 13.03=0.599 21.79=0.8042 1453=0561° | 20.16=0.481% | 1833=0.525% 17.052+0.624°
treatment)

"P<0.001 vs NC. P values: °P<0.05,°P<0.01 and *P<0.001 when results of 28" day are compared with day 0.ns: non-

significant

Estimation of MLEAS on Al and CAR-I

Table 4 shows results of Al and CAR-I, which are strong
and reliable markers of atherosclerosis and coronary heart
disease risk were calculated from TG/HDL and CH/HDL
ratio respectively for all the groups. )n day 0 the TG/HDL
ratio and CAR-I of diabetic animals (G2-G6) was
significantly (p<0.001) increasedwhen compared with G1
animals. Glibenclamide (G3) on 28" day decreases Al and
CAR-I in contrast to day 0, showing 55.78% and 61.30%
improvement after treatment. Similarly, on 28" day G6

animals with MLEAS (400mg/kg) the Al and CAR-I were
decreases significantly (p<0.01) when compared to day 0,
indicating 43.98 and 58.43% improvement. Furthermore,
dose 200mg/kg (G5) caused significant (p<0.05) decrease
in TG/HDL and CH/HDL ratio, showing 29.65% and
39.54 % improvement whereas MLEAS100mg/kg (G3)
caused slight reduction (i.e. 18.88 and 18.77%
respectively) but the changes were not significantly
statistically (p>0.05).

Table 4: Effect of Treatment of Atherogenic Indices and Ratio:

Parameter Al CAR-1
—
Groups/ Oth Day 21st Day % Oth Day 21st Day %
Days (Baseline) (after treatment) | Protection (Baseline) (after treatment) | Protection

Gl 0.2134+0.111 0.215+0.375 - 1.99+1.780 2.13+1.242 -

G2 0.655+0.283 0.74440.667"" -13.58 5.99+1.376 7.0894+2.33"" -18.34
G3 0.735+0.261 0.325+0.414° 55.78 6.72+1.170 2.6£2.0° 61.30
G4 0.768+0.215 0.623+£0.453" 18.88 6.18+1.179 5.02+£2.556™ 18.77
G5 0.735+0.273 0.517+0.585° 29.65 6.65+1.705 4.0243.373¢ 39.54
G6 0.748+0.149 0.419+0.4618° 43.98 6.64+1.297 2.760+2.529° 58.43

"P<0.001 vs NC. P values: °P<0.05,°P<0.01 and *P<0.001when results of 28" day are compared with day 0.ns: non-

significant

Effect of MLEAS on escape latency and transfer
latency

Tabel 5 illustrate the effect of MLEAS on escape latency
(EL) on 0 and 28" day. On day 0O after 14 days of
induction with FrSTZ, diabetic animals (G2-G6), showed

significant increase in EL and TL relative to G1 animals.
On 28" day, the EL, TL, and IR time was significantly
decreases in diabetic animals treated with glibenclamide
(10mg/kg) and MLEAS in dose dependent manner
respectively. Suggesting its potential role in memory
consolidation.

Tabel S: Effect of MLEAS on escape and transfer latency

Groups/Days Escape Latency (Sec.) Transfer Latency (sec.)
Oth Day 21 Day Oth Day 21th Day Inflexion Ratio (IR)
Gl 19.201+0.5163 | 23.123+2.221 19.66+1.452 20.33+1.909 0.034+0.314
G2 70.34+1.843 | 67.08+1.751 " | 56.16+1.137 66.5£1.875""" 0.18440.649""
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G3 61.66+0.343 29.66+1.887° 58.33+2.185 31.16+2.358° 0.466+0.079°
G4 63.34+1.087 57.09+1.358°¢ 56.01£1.693 49.83+1.301° 0.110+0.231°¢
G5 65.83+2.548 46.16642.427° | 58.3342.498 | 44.166+2.358" 0.248+0.056°
G6 59.166+1.514 34.05+0.683* 60.66+2.275 42.3342.244° 0.302+0.013°

"P<0.001 vs NC. P values: °P<0.05,°P<0.01 and *P<0.001 when results of 28" day are compared with day 0.ns: non-

significant

Effect of MLEAS on oxidative stress and antioxidants
indices

The effect of MLEAS (100,200 and 400mg/kg) on
oxidative stress and antioxidants was determined by
evaluating lipid peroxidation (MDA) product, superoxide
dismutase (SOD) and glutathione (GSH) level in the
homogenate of brain and pancreatic tissue of animals. As
illustrated in figure 8, animals in vehicle control group
showed baseline MDA, SOD and GSH level, indicating
normal LPO and antioxidants status. Moreover, the FrSTZ
provoked diabetic demented animals (G2-G6) showed
severe enhancement of MDA level and reduced SOD and
GSH level on day 0, relative to vehicle control animals,

40+

W

=3
1
*
x
X

LPO (nmol/g of tissue)
— 3
=) =)
1 1

Gl G2 G3 G4 G5

@ Pancreatic Tissue

G6

reflecting enhanced oxidative stress in brain as well in
pancreatic tissue. Conversely, administration of MLEAS
for 28 days at different dose level to the diabetic demented
rats caused appreciable significant (p<0.001) reduction in
MDA level and improved the antioxidants levels in the
tissue of rats when compared with diabetic control rats
(G2), Glibenclamide at 10mg/kg (G3), also supressed the
level of MDA and restored the antioxidants (SOD and
GSH) levels (Figure 6 (a, b and c)). Among all the doses
of MLEAS, the highest dose, 400mg/kg demonstrated the
most potential role in restoring the MDA, SOD and GSH
level, suggesting strengthened antioxidant defence
mechanism.

Gl G2 G3 G4 G5

=== Brain Tissue

G6

Treatment groups

Figure 6a: Effect of MLEAS on Lipid Peroxidation
P values: ““P<0.001 vs NC. P values: °P<0.05,°P<0.01 and *P<0.001 when results of 28" day are compared DC.

150=

SOD (U/mg protein)

G1 G2 G3 G4 G5 G6

=== Pancreatic tissue

G1 G2 G3 G4 G5 G6

&==N Brain tissue

Treatment groups

Figure 6b: Effect of MLEAS on Superoxide Dismutase
P values: ““P<0.001 vs NC. P values: °P<0.05,°P<0.01 and *P<0.001 when results of 28" day are compared DC.
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GSH (nmol/mg tissue)

Gl G2 G3 G4 G5 G6

mmm=m  Pancreatic Tissue
Treatment groups

Figure 6c¢: Effect of MLEAS on Reduced Glutathione
P values: ““P<0.001 vs NC. P values: °P<0.05,°P<0.01 and *P<0.001 when results of 28" day are compared DC.

Effect of MLEAS on nitrosative stress

The scavenging potential of MLEAS on nitrite production
in pancreatic and brain tissue homogenate is illustrated in
figure 7. The result showed that level of nitric oxide (NO)
in the pancreas and brain of diabetic control animals (G2)
were significantly (p<0.001) greater when compared with
animals of Gl animals, indicating increased nitrosative
stress level and neuronal injury in diabetic animals.
Furthermore, administration of MLEAS for 28 days,

150=

NO (pmol/g tissue)

G1 G2 G3 G4 G5 G6
m==n Pancreatic Tissue
Treatment groups

Gl G2 G3 G4 G5 G6

=== Brain Tissue

decreased the NO level significantly (p<0.01 and p<0.001)
in G4-G6 when compared with G2 animals. Findings of
data suggested that, MLEAS at dose 200 and 400mg/kg
caused most significant (P<0.001) decrease in NO level
followed by MLEAS 100mg/kg (p<0.01). Simultaneously,
glibenclamide at 10mg/kg, also reduces the nitrosative
stress (NO) significantly. The result suggested that
MLEAS and the standard Glibenclamide  had
remarkable protective effect against oxidant.

G1 G2 G3 G4 G5 G6

==== Brain Tissue

Figure 7: Effect of MLEAS on Nitric Oxide
P values: ““P<0.001 vs NC. P values: °P<0.05,°P<0.01 and *P<0.001 when results of 28" day are compared DC.

Effect of MLEAS on AchE

Figure 8 illustrate the effect of MLEAS on AchE level on
brain homogenate, determined by Ellman method. The
brain of diabetic control animals showed significant
(p<0.001) increase in the AchE level, relative to Gl

animals. A significant dose-dependent reduction in the
level of brain AchE was observed after treatment with
MLEAS for 28 days, suggesting MLEAS have effective
role in restoring cognitive function.
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AchE (nmol/mg of tissue)

Gl G2
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Treatment groups

Figure 8: Effect of MLEAS on Enzyme Acetylcholinestrase
P values: “"P<0.001 vs NC. P values: °P<0.05,’P<0.01 and *P<0.001 when results of 28" day are compared DC.

Effect of MLEAS on histopathological changes

Figure9a shows histopathology of pancreatic cell:
Pancreatic section of G1 (vehicle control) showed normal
histology of the pancreatic cells with no morphological
changes in acinar cell and interlobular duct. G2 (Diabetic
control) animals showed severe inflammation and
damaged acinar cells with altered morphology of
pancreatic langerhans and irregular arrangement of
interlobular duct. G3 (Glibenclamide) animals: the islets
of langerhans and acinar cells display normal
histoarchitecture without any identifiable pathological
changes, suggesting glibenclamidesignificantly restored

normal number of cells as well as size of pancreatic cell.
Additionally, the morphology of acinar cells exhibits no
detectable changes. Pancreatic section of G4 (MLEAS
100) animals showed minimal restoration of pancreatic
cell and morphological architecture. Interlobular duct
showing restored organization. Histopathology of G5
(MLEAS 200) animals showed increased mass and
number of pancreatic cells, relative to diabetic control
animals. G6 (MLEAS 400) animals histopathology shows
improvement in the pancreatic cells with normal
histoarchitecture  of acinar cells, suggesting its
ameliorative effect.

(D). Fr+STZ + MLEAS 100

(E). Fr+STZ + MLEAS 200

(F). Fr+STZ+ MLEAS 400

Figure 9a: Effect of MLEAS on histopathology of Pancreatic tissue
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Figure 9b demonstrate the effect of MLEASon
histopathological changes on diabetic rat brain tissue in
the control and treatment group. G1 (vehicle control) rat:
showed normal microarchitecture of neuronal tissue. In G2
(diabetic control), the pyramidal cells shrunken. The
dilated congested blood vessels showed degeneration and
pyknosis in neurons with focal amorphous eosinophilic
materials in the cerebral cortex. Brain section shows
necrosis of the neuron and formation of focal areas of
malacia at the cerebral cortex, neuritic plaque and
neurofibrillary tangles in different area of the brain with
fibrotic changes and occasional eosinophilic amyloid
plaques. Severe formation of neurofibrillary tangles was
also observed in hippocampus together with haemorrhages
and gliosis in brain, suggesting excessive neuronal loss
and scarring of brain tissue. G3 (Glibenclamide) animals,
showed normal pyramidal cells, granular cells with
rounded open face nuclei and pink stained nucleus. The

number and size of amyloid plaques was reduced with
focal gliosis. No atypia or malignant component noted,
suggesting mild degenerative changes. G4 (MLEAS 100)
animals, showed moderate degeneration and necrosis of
neurons. Fibrotic changes with presence of neuritic
plaques and neurofibiliary tangles in few areas of brain.
No atypia or malignant component noted. G5 (MLEAS
200) animals showed mild to moderate degeneration of
neurons. Minimal perivascular inflammatory cell
infiltration and few neurofibrillary tangles were observed
than group IV. G6 (MLEAS 400): normal cell architecture
with normal appearing ganglion and neuronal cells with
occasional areas showing a very few neurofibrillary
tangles, suggesting very mild degenerative changes.
Histopathological findings suggested dissipation of
neuronal cell damage by MLEAS treatment in fructose
and STZ induced diabetic rats.

(D). Fr+STZ + MLEAS 100

(E). Fr+STZ + MLEAS 200

(F). Fr+STZ+ MLEAS 400

Figure 9b: Effect of MLEAS on histopathology of brain tissue

DISCUSSION
Diabetic  cognitive impairment is a metabolic
neurodegenerative  disorder associated with central

nervous system. Currently, no conventional drug is
available that can effectively treat or prevent the
manifestation of diabetic cognitive impairment. Moreover,
development of novel drugs requires a long developmental
process along with a huge economic investment.
Therefore, understanding the mechanism of current
treatment and their specific targets could be a successful
strategy for treating diabetic cognitive impairment. Our
study was undertaken to demonstrate the effect of
methanolic extract of Allium stracheyi Baker (MLEAS) on
diabetes and associated complications using fructose-STZ
induced diabetic model.

Streptozotocin (STZ), a diabetogenic antibiotic, is widely
used to induce experimental diabetes by damaging
pancreatic B-cells through the GLUT2 transporter, leading
to DNA damage and insulin-secreting cell necrosis®*. In
this study, type 2 diabetes was induced using low-dose
STZ combined with 10% fructose. Epidemiological
evidence suggests that STZ can also contribute to
cognitive impairment by disrupting insulin receptor
signalling in the brain®’. Diabetes and dementia share
common features such as impaired glucose metabolism,
reduced insulin sensitivity, and increased oxidative
stress*-¢, Consistently, diabetic rats in this study showed
significant deficits in learning and memory in behavioural
assessments.
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Fructose—streptozotocin (FrSTZ) administration
significantly increased blood glucose levels and reduced
serum insulin compared with the control group,
confirming induction of diabetes. Treatment with
glibenclamide and MLEAS for 28 days significantly
lowered blood glucose levels, indicating antidiabetic
potential. Diabetic rats also showed marked body weight
loss due to metabolic disturbances, including enhanced
proteolysis and reduced protein synthesis caused by
insulin deficiency. MLEAS treatment significantly
improved body weight, possibly by restoring normal
metabolic pathways such as gluconeogenesis and
glycogenolysis.*’

Furthermore, diabetic animals exhibited decreased serum
insulin levels, reflecting impaired pancreatic [-cell
function. Evaluation using HOMA-IR and HOMA-f
indices indicated increased insulin resistance and reduced
B-cell activity in diabetic rats compared to vehicle
control.*® However, treatment with MLEAS improved
insulin sensitivity and B-cell function. These findings
suggest that hyperglycemia in diabetic rats is associated
with glucose intolerance and peripheral insulin resistance,
which were effectively ameliorated by MLEAS treatment.

Insulin resistance is strongly associated with metabolic
syndrome, including cardiovascular disease, obesity, and
hyperlipidaemia. Dyslipidaemia plays an important role in
the development of diabetic microvascular and
cardiovascular complications. Under normal conditions,
insulin promotes triglyceride breakdown by stimulating
lipoprotein lipase activity. In diabetes, insulin deficiency
reduces lipid clearance, leading to accumulation of
triglycerides and chylomicrons in the blood. It also
increases mobilization of free fatty acids from adipose
tissue due to enhanced hormone-sensitive lipase activity.
These fatty acids are converted in the liver into
cholesterol, phospholipids, and lipoproteins. *3! In this
study, diabetic rats showed elevated levels of CH, TG,
LDL, and VLDL along with reduced HDL levels. These
changes indicate metabolic imbalance and reduced insulin
sensitivity. However, treatment with MLEAS significantly
decreased elevated lipid levels. Additionally, MLEAS
increased HDL levels, suggesting improvement in lipid
metabolism in diabetic rats. Atherogenic index (AI) of
plasma and coronary artery risk indices (Castelli’s risk
indices) were calculated to assess cardiovascular disease
(CVD) risk.’? Diabetic animals showed significantly
higher Al and CARI values compared with control
animals, indicating increased risk of cardiovascular
complications. However, treatment with MLEAS
significantly reduced these indices in diabetic rats. This
protective effect may be attributed to improved lipid
metabolism and modulation of metabolic pathways by
phytochemicals present in MLEAS.

Insulin, once considered mainly a peripheral hormone,
also plays a crucial role in brain function. It crosses the
blood-brain barrier and acts on insulin receptors present in
regions such as the hippocampus, cortex, and
hypothalamus. Neurons contain high densities of these

receptors, particularly at post-synaptic sites. Brain insulin
signalling regulates body weight, learning, memory, and
food intake. Disruption of this signalling contributes to
neuronal dysfunction and is associated with cognitive
decline and neurodegenerative disorders like Alzheimer’s
disease including abnormal tau phosphorylation, APP
processing, excessive deposition of neurotoxic insoluble
AB. 5354 Elevated Plus Maze and Morris Water Maze are
reliable models for assessing cognitive impairment in rats
as demonstrated by improvement in motor activity. In this
study, MLEAS treatment significantly reduced transfer
latency and escape latency in diabetic animals, indicating
improvement in learning and spatial memory. MLEAS
also decreased elevated acetylcholinesterase activity
observed in diabetic rats, suggesting enhanced cholinergic
function. These findings indicate the nootropic potential of
MLEAS against diabetes-induced cognitive deficits.

Diabetes-associated  insulin  deficiency leads to
mitochondrial damage and increased oxidative stress,
resulting in lipid peroxidation and reduced antioxidant
levels, which contribute to neuronal dysfunction and
memory impairment. >>57 MLEAS treatment significantly
restored antioxidant levels (GSH) and reduced oxidative
stress markers such as MDA and nitric oxide.
Furthermore, histopathological analysis of pancreatic and
brain tissues supported the biochemical and behavioural
findings. Overall, these results confirm the therapeutic and
neuroprotective potential of MLEAS in diabetes-induced
cognitive impairment. Therefore, it can be interpreted that
chronic administration of MLEAS could mitigate
cognitive decline, suggesting its protective role on
neurobehavioral deficits as well as on brain tissue damage
caused by fructose and STZ induced diabetes.

Overall, administering MLEAS effectively improved
hyperglycaemia, limited weight loss, and exhibited notable
hypolipidemic effects in T2DM rats. The observed
decrease in oxidative stress, indicated by elevated SOD
and GSH activities, may stem from the enhanced
glycaemic control provided by the extract. Additionally,
restoration of biochemical and behavioural parameters
observed in diabetic demented rats were further supported
by histopathological study of pancreatic and brain tissue.
Consequently, MLEAS appears to restore the antioxidant
enzyme activity, leading to an enhancement in cognition,
learning, and memory in diabetic rats. MLEAS contain
numerous bioactive phytocompounds with broad spectrum
traditional and pharmacological action including
polyphenols, flavonoids, alkaloids, tannin, glycoside,
phytosterol. Additionally, initial quantitative analysis of
the methanolic extract of A. stracheyi revealed that it
contains notably high levels of phenolic compounds and
flavonoids.?! Interestingly, flavonoids, and polyphenols
exert both antidiabetic and cognitive-enhancing effects®®,
and our findings are consistent with these observations.

CONCLUSION

Diabetes is increasingly recognized as a major contributor
to cognitive dysfunction, increasing the risk of mild
cognitive impairment and accelerating progression to
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dementia. Cognitive decline is therefore considered a
significant long-term complication of diabetes. Multiple
factors such as hyperglycemia, insulin deficiency, insulin
resistance, dyslipidemia, and oxidative stress collectively
contribute to neuronal damage and cognitive deterioration.
The present study evaluated the therapeutic potential of
MLEAS against diabetes-induced cognitive impairment
associated with chronic hyperglycemia and altered insulin
signalling.

Our findings demonstrated that MLEAS improved insulin
resistance, possibly through regeneration of pancreatic f3-
cells and enhanced insulin expression. Additionally,
MLEAS strengthened antioxidant defenses, reduced free
radical generation, and protected learning and memory in
fructose-STZ induced diabetic rats. These beneficial
effects may be attributed to the high phenolic and
flavonoid content of the extract. Histopathological analysis
further supported these results by showing reduced
pancreatic and neuronal damage. Overall, plant-based
therapies like MLEAS may provide a cost-effective
strategy for managing diabetes-associated cognitive
complications, although further studies are required to
identify the active phytochemicals responsible for these
effects.
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