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ABSTRACT

Cognitive decline is one of the serious complications associated with diabetes mellitus (T2DM) of type-2.
In this reported work, the effect of aqueous sukkari dates seed extract (ASSE) was evaluated in T2DM-
induced rats. T2DM was induced using intraperitoneal injection of nicotinamide and streptozocin (STZ)
administration. The diabetic rats were then treated orally with 200 mg/kg and 400 mg/kg of dates seed
extract for 30 days and results were compared with metformin-treated groups. The memory functions
were assessed using three maze models. Glucose and insulin levels in the blood and acetylcholine, acetyl-
cholinesterase brain homogenates were estimated. The results showed a significant reduction in transfer
latency (TL) (p < 0.001) during the elevated plus maze (EPM) test. The novel object recognition (NOR) test
revealed a longer exploration time (p > 0.05) with novel objects and a higher discrimination index
(p > 0.05). The Y-maze test also showed a significant increase in the number of entries to the novel
arm (p > 0.05) and the total number of entries in the trial (p > 0.01) as well as in test (p > 0.05) sessions.
Reduction in blood glucose (p > 0.05) and improvement in blood insulin (p > 0.05) levels were also noted.
Improvement in ACh levels (p > 0.001) with 400 mg/kg of ASSE and reduction in AChE (p > 0.001) with
both doses of ASSE were also observed in the brain homogenates. The results of ASSE were found com-
parable with the metformin-treated rats. The estimation of phytochemical constituents displayed a sig-
nificant presence of phenolic content. Further, molecular modeling studies showed ellagic acid, catechin,
and epicatechin as the potential molecule interacting with GSK-3B, a-amylase, and AChE and may be
responsible for observed bioactivity. In conclusion, ASSE has the ability to alleviate T2DM-related cogni-
tive impairments.
© 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Diabetes Mellitus (DM) is a global pandemic and is character-
ized by hyperglycemia among the people suffering from it. The
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prevalence of DM is on the rise across the globe. In the year
2013, nearly 382 million people were affected and the number is
anticipated to increase up to 592 million by the year 2035
(International Diabetes Federation, 2017). Particularly, type Il DM
(T2DM) is characterized by resistance of insulin receptors to the
insulin molecule. As per the report of the international diabetes
federation revealed in the year 2015, approximately 415 million
adults were affected and the number is expected to rise by 640
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million in 2040 (Ogurtsova et al., 2017). DM is associated but is not
limited to complications with cardiovascular systems, retinopathy,
nephropathy, foot damage, skin conditions, hearing impairment,
and neuropathy. DM is also documented as a risk factor for mem-
ory impairment (Gold et al., 2007; Takeda et al., 2010; De Felice
and Ferreira, 2014). The effect of long-term T2DM condition on
cognitive decline was demonstrated in animal models as well as
on humans and is ready to impact the available health resources.
It is also documented that the T2DM condition results in a 50%
increased risk of cognitive decline (Zilliox et al., 2016).

Of all the cases of dementia, Alzheimer’s disease (AD) accounts
for 60% of them. Vascular dementia is the second most frequent
cause of cognitive impairment, accounting for 20% of all cases.
(Rizzi et al., 2014). DM has constituted 19% of the cases in the last
20 years when compared to the cases not associated with DM
(Rawlings et al., 2014). DM is an important risk factor linked to vas-
cular dementia and AD. The memory impairment under persistent
DM conditions results from the changes in the CNS (Takeda et al.,
2010). The etiology of DM-dependent cognitive decline is associ-
ated with brain insulin resistance, cerebral microvascular damage,
and neuroinflammation (Baglietto-Vargas et al., 2016). There are
pieces of evidence suggesting a strong relationship between DM
and brain dysfunction. Kodl and Seaquist suggested memory
impairment under T2DM conditions depends on the factors like
age, comorbidity, the effectiveness of the therapy being utilized,
and type of diabetes (Kodl and Seaquist, 2008). Studies have
demonstrated the effect of DM on dopaminergic, glutamatergic,
purinergic, and cholinergic neurotransmission systems (Ezzeldin
et al., 2014; Pérez-Taboada et al., 2020). The cholinergic system
plays a vital role in (i) the functions of the CNS, (ii) sleep control,
and (iii) learning and memory (Haam and Yakel, 2017). A previous
report showed increased acetylcholinesterase (AChE) mRNA and
reduced cholinergic M1 and M3 receptors levels among diabetic
rats. Besides the increase in AChE activity has also been demon-
strated in diabetic rats (Antony et al., 2010). Recent reports have
suggested, “type 3 diabetes mellitus” refers to AD resulting from
insulin resistance (Mittal and Katare, 2016). The hyperglycemic
condition causes worsening of brain cells and their functions, caus-
ing mild memory dysfunction and thus an early stage of AD.
Hyperglycemic condition besides increasing production of
amyloid-beta also increases tau phosphorylation and later two
parameters are the hallmark for the characterization of AD (de la
Monte and Wands, 2008).

Date palm (Phoenix dactylifera L.) is a fruit crop that consists of
good nutritional value with a wide range of potential health bene-
fits and also it is considered a staple food in the Arab Gulf regions
(Ali et al., 2018; Tang et al., 2013). Various parts of the date palm
which include leaves, fruits, pollen, trunk, and seeds are the source
of cure to many ailments for human beings. Because of its high
nutritional value and being a source of many remedies date palm
has earned high recognition among the plant kingdom (Tang
et al., 2013). In terms of nutritional value, date palms carry a very
little amount of fat and cholesterol (Al-Abdoulhadi et al., 2011).
Date palm is known to be a rich source of dietary fibers and is con-
sidered to be good for patients with digestive problems and heart
conditions. As reported, seeds are the major waste product of the
data industry and have the potential to offer a solution for develop-
ing agents for medicinal value. Besides being a rich source of min-
erals like sodium, potassium, and calcium, the seeds of the date
palm are also rich in secondary metabolites like polyphenols, flavo-
noids, carotenoids, antioxidants, and phenolic acids (Zihad et al.,
2021). The date palm also has many medicinal uses including the
treatment of colds, fever, cystitis, edema, sore throat, bronchial
catarrh, liver cancer, low sperm count, etc (Ali et al., 2018). The
hepatoprotective, nephroprotective, hypolipidemic, and gastropro-
tective effect of date palm seeds extract has been documented
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(Baliga et al., 2011; Khalid et al., 2017). Aqueous extract of the date
palm is reported to regulate glucose, insulin, and glycosylated
hemoglobin levels in the blood of diabetic rats. It was also reported
to restore liver and kidney functions in addition to relieving oxida-
tive stress with an aqueous extract (Hasan and Mohieldein, 2016).
Kalantaripour et al. reported the protection of cortical neurons due
to the antioxidant properties of dates seed extract (Kalantaripour
et al., 2012). Subash et al. reported reversal in the memory deficit,
anxiety-related behavior, and motor coordination in a transgenic
mouse model for AD supplemented with food of dietary fibers from
dates fruits (Subash et al., 2015). Besides treatment also resulted in
the lowering of AB protein deposition. Sukkari is one of the pre-
mium and famous varieties among the dates known to Arabs. It
is mainly known for its good monetary returns to the consumers
and farmers and It is mainly grown in the regions of Iraq and cen-
tral regions of the Kingdom of Saudi Arabia (Siddeeg et al., 2019).
Because there is a lack of research report for the effect of Sukkari
dates seeds on CNS, we have demonstrated the effects of aqueous
Sukkari seed extract (ASSE) on the reversal of the cognitive decline
in the T2DM rat model. The effect of ASSE on cognitive deficits was
demonstrated using maze models such as EPM, Y-maze, NOR. The
level of acetylcholine and acetylcholinesterase was also estimated
from the brain sample in order to demonstrate the effect of ASSE
on the cholinergic system of diabetic rats. The study also demon-
strated the outcome of ASSE on blood glucose and plasma insulin
levels.

2. Material and methods
2.1. Plant material and extraction

The dates were acquired from farms in the Saudi Arabian pro-
vince of Al-Qassim. The authenticity of Sukkari dates was con-
firmed with Professor Mohammed Motawei, Professor in
Genetics Molecular from College of Agriculture and Veterinary,
Qassim University. The seeds were collected from the pulp, washed
in water, dried under shade at room temperature for two to three
days. The coarse powder of seeds was prepared with the help of a
grinder and soaked into the water as per the measurement of
1 1/100 g and kept for three days. The aqueous sukkari dates seed
extract (ASSE) was then filtered and dried under vacuum using a
rotary evaporator (BUCHI UK Ltd, Newmarket Suffolk, UK) for fur-
ther use (Hasan and Mohieldein, 2016).

2.2. Quantitative estimation of the total polyphenolics, total
flavonoids, and total tannins

The total polyphenols, total flavonoids, and total tannins con-
tents of the ASSE were quantitatively measured as equivalents to
gallic acid (GAE), quercetin (QE), and catechin (CE), respectively.
For the polyphenolics quantification, 0.2 ml of the Folin-Ciocalteu
reagent (diluted 1:5 in distilled water) was added to 0.2 ml sodium
carbonate (10% w/v) and 1.6 ml of the ASSE (0.1 mg/ml). The
mixture was thoroughly mixed, incubated for 30 min at room tem-
perature, and spectrophotometrically measured at 760 nm. The
method was conducted in triplicates, and total polyphenolic con-
tents were expressed as gallic acid equivalent (GAE) per gram of
the dried ASSE using the slope equation of the gallic acid calibra-
tion curve (Mohammed et al., 2021).

The contents of total flavonoids were measured according to the
method of Do et al, (2014) as follows: exactly, 0.1 ml of the potas-
sium acetate (0.1 mM) and 0.1 ml of the aluminum chloride (10 %
in distilled water) were thoroughly mixed with 2 ml of the ASSE
(0.1 mg/ml) in test tubes. The mixtures were incubated for
30 min at room temperature before measuring the absorbance of
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resulted color at 415 nm. The total flavonoids contents were calcu-
lated from three independent measurements and expressed as
quercetin equivalent per gram of the dried ASSE.

The tannins contents in the ASSE were measured by the method
described in the literature (Priyanthi et al., 2021). Briefly, 1.5 ml of
the vanillin solution (4 % in methanol) and 750 pL of the
hydrochloric acid (HCI) were thoroughly mixed with the ASSE
(200 pL of the 0.1 mg/mL solution of ASSE). The mixtures were
incubated at room temperature for 15 min and the absorbance
was measured at 500 nm. The total tannins contents were calcu-
lated from three independent measurements and expressed as
catechin equivalent per gram of the dried ASSE.

2.3. Drugs and chemicals

Streptozocin (STZ), nicotinamide, and metformin hydrochloride
were purchased from Cayman Chemical, Ann Arbor, Michigan, USA.
The enzyme-linked immunosorbent assay (ELISA) kits to evaluate
the levels of insulin, acetylcholine (ACh), and acetylcholinesterase
(AChE) were purchased from Cloud-Clone Corp., Katy, Texas, USA.
Solvents and other chemicals were used according to analytical
grades.

2.4. Vehicle

ASSE as well as metformin hydrochloride were dissolved in nor-
mal saline (NS, 0.9% w/v) and gavaged orally to targeted groups.
The 0.1 M, cold citrate buffer (pH = 4.5) was freshly prepared
and used to dissolve STZ. Nicotinamide was prepared as a solution
with NS (0.9% w/v). The STZ and nicotinamide solutions were
administered intraperitoneally (i.p.).

2.5. Experimental animals

Thirty Sprague Dawley (SD) adult male rats with the age of
three months (body weight, 200-250 g) were used. The animals
were used obtained from the College of Pharmacy’s animal house
Qassim University. The experimental design was permitted by
the animal ethical committee of the College of Pharmacy (Approval
ID 2020-CP-5) and the Deanship of Scientific Research of Qassim
University referred the grant number Pharmacy-2019-2-2-1-5643.
The rats were separated into five groups (n = 6) and the first group
was labeled as control, normal animals. The second group was
labeled as a negative control or diabetic-induced group. The third
group of diabetic rats was treated with standard drug metformin,
and the fourth, as well as fifth groups of diabetic rats, were treated
with 200 mg/kg and 400 mg/kg of ASSE, respectively. The animals
were kept under standard laboratory conditions for seven days
before starting of experiments. Three animals per propylene case
were housed and allowed food (rodent pellet food from First
Milling Company, Saudi Arabia) and water as ad libitum. After the
induction of T2DM, the treatment with metformin and above men-
tion doses of ASSE was continued for thirty days. After thirty days
of treatment, the animals were sacrificed and samples were col-
lected for ELISA analysis.

2.6. Acute toxicity study

The acute toxicities were carried out following the Organization
for Economic Cooperation and Development’s recommendations
(OECD 423) (Mani et al., 2021). Three female rats of similar weight
and age were allocated for each step. Generally, female rats have
been observed slightly more sensitive in conventional LD50 studies
as compared to the male gender (Lipnick et al., 1995). Primarily,
the rats were treated with the dose of 5 mg/kg p.o. and were mon-
itored for toxicity signs for the first four hours. For any mortality,
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the rats were observed next three days. As per the guidelines, if
two of the three animals are dead, the dose is considered toxic. If
one of the three animals is dead, the dose is repeated to confirm
the toxic effects and if none of the animals is dead the toxicity
experiments are repeated at the higher doses. For ASSE., the toxic-
ity experiments were performed at the dose level of 50, 300, and
2000 mg/kg.

2.7. Induction of diabetes

Except for control animals, other groups were induced diabetes.
The animals were kept on overnight fasting before the induction of
diabetes. T2DM was induced by i.p. injections of nicotinamide
120 mg/kg followed by STZ 60 mg/kg within 15 min time intervals.
Blood glucose levels were measured after 72 h and on day 7 to con-
firm the diabetes state (Fig. 1). Diabetic rats were designated for
further studies if their fasting blood sugar levels were higher than
126 mg/dl. (Aboonabi et al., 2014). Glucose levels were determined
using an Accu-Chek glucometer (Roche, Mannheim, Germany).

2.8. Experimental design and drug treatments

The total number of 30 rats was divided into five groups (n = 6)
for treatment, behavioral assessments, and biochemical estima-
tions. The control and diabetic-induced groups were provided with
normal saline for 30 days. The group of animals was devoid of any
treatment. The standard group of animals was orally treated with
metformin (200 mg/kg). The fourth and fifth groups of animals
were treated with 200 and 400 mg/kg of ASSE (ASSE 200 and ASSE
400). At the end of 30 days of treatments, blood and brain tissues
were preserved for biochemical assays. During the treatment, the
tests for spatial memory assessments were conducted. The ele-
vated plus maze (EPM) was conducted on the 26th and 27th days
while the novel object recognition (NOR) test was conducted on
the 28th and 29th days, and the Y-maze test was conducted on
the 30th day. During the treatment, the animals’ body weight
and any mortality were measured every fifth day and the blood
glucose level was measured on the 1st, 15th' and 30th days using
a glucometer, as mentioned early (Fig. 1).

2.9. Elevated plus maze (EPM) test

The EPM was a wooden structure that stood 50 cm off the
ground. It is made up of four equal-sized arms, each measuring
50 cm and 10 cm in length and width, respectively. Two of the
arms were surrounded by walls of 40 cm in height and were ninety
degrees to the two open arms in the opposite direction (Ahmad
et al,, 2014; Mani, 2021). On day 26, a test session was conducted
by placing them one of the ends of the open arm and away from
the intersection of the four arms. The animal is expected to move
to the closed arm within 90 s and in the case, the animal is not
moving on itself, a gentle push towards the closed arm was given.
The animal was given a time of two minutes to explore the closed
arm of the maze. On day 27, the transfer latency (TL) was used to
assess the retention of learned task memory (Mani, 2021).

2.10. Novel object recognition (NOR) test

A box made up of wood with the dimension of 80 X 60 X 40 was
used. The experiment was conducted in three sessions i.e. habitu-
ation on the 28th day, and training as well as a test on the 29th day
of treatment (Malik et al., 2013; Mani, 2021). Each of the animals
was permitted to explore in the empty box (without any object)
for five minutes during habituation. The training session was per-
formed after 24 h. In this session, the animals were allowed to
explore with two familiar objects (FO1 and FO2) placed in the
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Elevated Plus Y-Maze test
Maze ]
26 2 28 29 30

Induction of
Diabetic

Drug Treatment
ASSE or Metformin or Vehicle

Novel Object
Recognition

Sacrifice and
Biological
Samples
Collection

Fig. 1. Timeline of diabetic induction, administration of drugs (ASSE or Metformin or Vehicle), behavioral assessments, and isolation of brain samples. Except for control rats,
other groups were induced diabetic with STZ and nicotinamide on day —7. From day 0 to day 30 were considered treatment days, groups of rats were administrated with
vehicle or metformin or ASSE. Regarding memory assessments, the EPM (days 26-27), NOR (days 28-29), and Y-maze (day 30) tests were conducted on respective days of the
treatment schedule. At the end of the Y-maze test (day 30), all the rats were sacrificed and biological samples were collected for further ELISA assays.

wooden box for five minutes. The exploration time by the animals
for FO1 and FO2 was recorded (Mani, 2021). The test session was
conducted after a gap of four hours concerning the training ses-
sions. One of the FO was substituted by a novel object (NO) in
the test session. Each rat was given another five minutes to inves-
tigate the two objects, NO and FO1. The exploration time during
the test session was also recorded. The FO1 and FO2 were rectan-
gular while NO was cylindrical. The objects used in the NOR test
were tall and firm, difficult to be displaced by the animals. The dis-
crimination index of both objects in the test session was also cal-
culated (Mani, 2021).

2.11. Y-Maze test

The Y-maze has three arms at an angle of 120°, with the dimen-
sions of 50 X 10 X 18 cm. The apparatus was placed on the floor
and at the end of each arm, a picture was pasted. The pictures in
each arm contained different patterns. Y-maze has also been con-
ducted in two sessions i.e. trial session and test session (day 30).
During the trial session, one of the three arms was closed and
the remaining two arms were allowed to be explored by the ani-
mals for five minutes. The test session was conducted after four
hours of the training session. The rats were allowed five minutes
to investigate all three arms during this session. During the trial
and test sessions, the number of entries was recorded, as well as
the length of time spent in each arm during the test session was
also noted (Tripathi et al., 2017, Mani, 2021).

2.12. Blood and brain sample collection

After the completion of scheduled treatment days, all of the ani-
mals were sacrificed using the cervical decapitation procedure
under light ether anesthesia. The blood and brain tissues were
collected from each animal. The blood was collected in the
heparin-coated tube by retro-orbital puncture and the plasma
was separated from blood tissues by centrifuging at 4000 rpm for
10 min. The collected brain samples were homogenized in phos-
phate buffer (pH 7.6) followed by centrifugation at 4000 rpm for
ten minutes. Biuret colorimetry was used to determine the total
protein content of the homogenates (Crescent Diagnostics, Saudi
Arabia). The plasma sample was used for measuring the insulin
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levels and brain samples were used for the estimation of ACh
and AChE levels.

2.13. Estimation of plasma insulin level

ELISA kit was procured for the estimation of plasma insulin
levels. The method was followed from the manufacturer’s manual
without any modifications (Cloud-Clone Corp., Katy, Texas, USA).
The assays were performed in duplicate and absorbance data were
collected at 450 nm using ELx800 Absorbance Microplate Reader
(BioTek Instruments, Santa Clara, California, USA).

2.14. Determination of brain acetylcholine (ACh) and
acetylcholinesterase (AChE) levels

The ACh and AChE levels were estimated using ELISA kits based
on sandwich enzyme immunoassay. The assays were performed in
duplicate and the procedure was followed as per the manufac-
turer’s protocol (Cloud-Clone Corp., Katy, Texas, USA). Finally, the
absorbance was documented at 450 nm using ELx800 Absorbance
Microplate Reader (BioTek Instruments, Santa Clara, California,
USA).

2.15. Statistical analysis

The standard error of the mean (SEM) is used to express the
results of in vivo experiments and ELISA assays. One-way ANOVA
was used to examine the data, and the Tukey-Kramer post hoc test
was performed to establish the significant levels (Graph Pad ver-
sion 9, USA). In the NOR test, the student’s unpaired 't’-test was
employed to relate matching each group of exploration times. Sta-
tistical significance was defined as a p-value of <0.05.

2.16. Molecular docking

Molecular docking was performed using AutoDock vina inte-
grated with PyRx (Trott and Olson, 2010). The crystallized proteins
with PDB code 20QV, 1Q41, 3BAJ, 1DX6, and 60D6 were down-
loaded from the protein data bank. Protein preparation was
performed by removing crystalized water, removing hetero
atoms, adding polar hydrogen, adding Kollman charges. The
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three-dimensional structures of ligands were downloaded from the
PubChem database in the SDF format. Ligands preparation was per-
formed by minimizing them using a universal force field, adding
gasteiger charges and polar hydrogens, defining trosions. The grids
were defined by keeping the co-crystalized ligand in the center
with 25 Angstrom distance in X, Y, and Z directions. Protein and
ligand preparation was performed using AutoDock Tool (ADT),
bundled with the MGLTools package (version 1.5.6) (Morris et al.,
2009). The docking methodology was validated by reproducing
the binding mode of cocrystallized ligands. Potential binding affin-
ity is defined as kcal/mol. Protein-ligand interactions were ana-
lyzed using pymol.

3. Results
3.1. Total polyphenolics, flavonoids, and tannins contents in the ASSE

The quantitative measurements of the total phenolic contents,
i.e., polyphenols, flavonoids, and tannins in the ASSE revealed the
presence of a considerable amount of the polyphenols which were
been measured at 38.38 + 0.86 mg GAE/gm of the plant extract. The
total flavonoids and tannins were measured as 4.12 = 0.01 mg QE
and 8.12 + 0.51 mg CE per gm of the dried plant extract (Table 1).

3.2. Acute toxicity study

Following OECD 423 guidelines, no indication of toxicity or ani-
mal death was observed until 2000 mg/kg of ASSE. For subsequent
studies, 200 and 400 mg/kg were chosen for oral administration.

3.3. Administration of ASSE did not alter the bodyweight of diabetic-
induced rats

The body weights of the animals were taken every fifth day i.e.
5th, 10th, 15th, 20th, 25th 30th days as referred to in Fig. 2. As a
parallel to the control group, the other treated groups did not alter
the animals’ bodyweight during the entire experiment. Addition-
ally, Fig. 3 shows that there was no mortality of rats during diabetic
induction and continuous treatment with metformin or ASSE (200
or 400 mg/kg).

3.4. Administration of ASSE reduced blood glucose levels in diabetic-
induced rats

The data collected for glucose levels on the 1st day, 15th day,
and 30th day are represented in Fig. 4. One way ANOVA analysis
of glucose level showed significant difference among the groups
on day 1 (F(4,25) = 37.20, p < 0.001, 15th day (F(4,25) = 24.05,
p < 0. 0.001) and on 30th day (F(4,25) = 25.04, p < 0.001). The
diabetic-induced group exhibited a major difference (p < O.
0.001) in the glucose levels on days 1, 15, and 30, confirming the
appropriate induction of DM condition. The ASSE (200 mg/kg, p.
0.) treatment group displayed a considerable reduction in the

Table 1
Quantitative measurements of the total polyphenols, total flavonoids, and total
tannins contents in the ASSE.

TPC TFC TTC
mg/gm of the dried plant extract
38.38 £ 0.86 412 +0.01 8.12 £ 0.51

All the measurements were conducted in triplicate; the mean + standard deviations
were calculated. TPC, total phenolic contents calculated in mg/g gallic acid equiv-
alent; TFC, total flavonoid contents calculated in mg/g quercetin equivalent; TTC,
total tannins contents calculated in mg/gm catechin equivalent.
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glucose levels of blood on day 15 (p < 0.01) and day 30
(p < 0.001) when associated with the diabetic rats. Also, the other
dose of ASSE (400 mg/kg, p.o.) suggestively reduced the blood glu-
cose levels on day 15 (p < 0.05) and day 30 (p < 0.001) as paralleled
to the diabetic rats. As expected, the administration of metformin
controlled the glucose levels (p < 0.001) on day 15 and day 30 in
diabetic-induced rats. Unfortunately, no one group was not revised
the blood glucose level as equivalent to control on day 15 as well as
day 30.

3.5. Administration of ASSE reduces the TL of diabetic-induced rats in
the EPM test

The data collected for TL using the EPM test is shown in Fig. 5.
The analysis among the group shows significant differences [F
(4,25) = 27.02, p < 0.001]. When allied with the control group,
the diabetes group had significantly longer TL values ((p < 0.001).
These longer values of TL confirmed the cognitive deficit among
the animals in the diabetic group. The treatment of animals with
two doses of ASSE resulted in a significant (p < 0.001) reduction
of TL values thus indicating the reversal of cognitive deficit in dia-
betic animals. The group of diabetic rats treated with metformin
showed a similar reduction (p < 0.001) in TL value as compared
to the diabetic group. There were no significant differences in TL
values as compared between control, metformin, and both dose
of ASSE. It highlighted the efficacious reversal of diabetic-induced
memory impairment by treatment of ASSE.

3.6. Administration of ASSE enhanced cognitive functions of diabetic-
induced rats in NOR test

The effect of ASSE or metformin on various cognitive behaviors
of diabetic rats during the NOR test is represented in Fig. 6. The
mean exploration time for the familiar objects showed a significant
difference (F(4,25) = 9.621, p < 0.001 for FO1 and F(4,25) = 7.932,
p < 0.001 for FO2) among the groups during the training session
(Fig. 6A). Further post-hoc analysis showed a remarkable reduction
(p <0.001) in exploration time for the FO1 and FO2 among the ani-
mals of the diabetic group as associated with the control rats. The
exploration time for the ASSE treated groups were also exhibited
substantial variances (p < 0.05) as related to the control group.
As linked to the diabetic rats, only the higher dose of ASSE
(400 mg/kg, p.o.) showed a considerable variation (p < 0.05) with
exploration time of FO1. Besides, a comparison of exploration for
the FO1 and FO2 showed similarities. Furthermore, treatment of
metformin has resulted in the improvement of exploration time
(p <0.001 for FO1; p < 0.01 for FQ2) in diabetic-induced rats. There
were no remarkable variations between the two doses of ASSE
treatments in the exploration time of objects FO1 and FO2.

In the test session, excluding the diabetic-induced group, other
groups such as control (p < 0.001), metformin (p < 0.001), and ASSE
(p < 0.05 for 200 mg/kg; p < 0.001 for 400 mg/kg) treatment
resulted in significant improvement of exploration time for NO
as parallel to corresponding groups of FO1, using student’s
unpaired ‘t’-test (Fig. 6B). These results explain the improvement
in the exploration behavior of rats to a novel object. The significant
differences among the group for exploration time of NO (F
(4,25)=17.76, p < 0.001) were noted. However, similar differences
were not observed for FO1 (F(4,25) = 2.378, p > 0.05). The compar-
ison for the exploration time of NO was found to be a considerable
reduction (p < 0.001) with the diabetic group and low dose of ASSE
(200 mg/kg) when compared to the control group. For ASSE treated
groups observed with dose-dependent significant (p < 0.05 and
p < 0.001 for 200 and 400 mg/kg, respectively) improvement in
the exploration time for NO as related to the diabetic rats. How-
ever, there were no significant changes occurred as compared
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Fig. 2. Effect of ASSE and metformin on body weight of STZ-nicotinamide-induced diabetic rats. The values are mean + SEM (n = 6). One-way ANOVA [F(4,25) = 0.8272,
p > 0.05 for day 1; F(4,25) = 0.2001, p > 0.05 for day 5; F(4,25) = 0.7042, p > 0.05 for day 10; F(4,25) = 1.507, p > 0.05 for day 15; F(4,25) = 2.268, p > 0.05 for day 20; F
(4,25)=1.876, p > 0.05 for day 25; F(4,25) = 2.257, p > 0.05 for day 30] followed by Tukey-Kramer multiple comparisons test. There were no statistically significant differences
found between the groups in body weight.
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Fig. 3. Effect of metformin or ASSE on STZ-nicotinamide-induced diabetic rats during the 30 days of the study. There was no mortality recorded during 30 days of observation.

Control
ke E& Diabetic
4001 - B3 Diabetic + Metformin
3 E3 Diabetic + ASSE (200 mg)
2 [0 Diabetic + ASSE (400 mg)
@ 300
(72
o
Q
=]
© 200
©
o
gs)
o
1004
15 30
Days

Fig. 4. Effect of ASSE and metformin on blood glucose levels of STZ-nicotinamide-induced diabetic rats. The values are mean + SEM (n = 6). Administration of metformin and
ASSE significantly reduced the blood glucose levels on day 15 and day 30 assessment. One-way ANOVA [F(4,25) = 37.20, p < 0.001 for day 1; F(4,25) = 24.05, p < 0.001 for day
15; F(4,25) = 25.04, p < 0.001 for day 30] followed by Tukey-Kramer multiple comparisons test. *p < 0.05, **p < 0.01, and ***p < 0.001 as compared to the control group;
#p < 0.05, **p < 0.01, and ***p < 0.001 as compared to the diabetic-induced group.
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Fig. 5. Effect of ASSE and metformin on transfer latency of STZ-nicotinamide-induced diabetic rats using elevated plus-maze. Administration of ASSE and metformin shorten
the TL in diabetic rats. The results are expressed by mean + SEM (n = 6). One-way ANOVA [F(4,25) = 27.02, p < 0.001] followed by Tukey-Kramer multiple comparisons test.

Fkx
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Fig. 6. Effect of ASSE and metformin on (A) exploration time of two familiar objects (FO1 and FO2) during the training session, (B) exploration time of familiar (FO1) and novel
(NO) objects during the test session, (C) discrimination index of STZ-nicotinamide-induced diabetic rats model using novel object recognition test. Treatment of metformin
and ASSE significantly increased the exploration time of NO and DI performance of diabetic rats in the test session. The results are expressed by mean + SEM (n = 6). One-way
ANOVA [F(4,25) = 9.621, p < 0.001 for FO1 and F(4,25) = 7.932, p < 0.001 for FO2 during training session; F(4,25) = 2.378, p > 0.05 for FO1 and F(4,25) = 17.76, p < 0.001 for NO
during test session; F(4,25) = 17.89, p < 0.001 for DI] followed by Tukey-Kramer multiple comparisons test for comparisons of within the groups. The student’s unpaired ‘t’ test
was used to compare of correspond to each group of exploration time. p < 0.05 and *%*p < 0.001 as compared to the corresponding group; *p < 0.05, and ***p < 0.001 as
compared to the control group; *p < 0.05, **p < 0.01 and #***p < 0.001 as compared to diabetic -induced group.

between the two doses. Metformin treatment also resulted in sig-
nificant improvement in exploration time for NO (p < 0.001) as par-
allel to diabetic-induced animals.

Fig. 6C depicts the data collected for DI between familiar and
novel objects. Significant [F(4,25) = 17.89, p < 0.001] differences
for DI among the groups resulted. A considerable (p < 0.001) reduc-
tion in the DI was noted for the diabetic-induced group and ASSE
(200 mg/kg) treated group as related to the control group. Treat-
ment with 400 mg/kg of ASSE resulted in the improvement of DI
values. The group of animals treated with 400 mg/kg of ASSE
showed reduction (p < 0.001) in DI values when matched to the
diabetic-induced group. Additionally, a considerable reduction in
DI values (p < 0.05) with 200 mg/kg of ASSE was recorded. Still,
the DI values of both doses were comparable and there were no
significant changes between them. The treatment of metformin
also displayed the reversal of DI (p < 0.001) values in diabetic-
induced rats.
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3.7. Administration of ASSE enhanced cognitive functions of diabetic-
induce rats in Y-maze test

Fig. 7 shows the results of behavioral assessment studies using
Y-maze. Among, Fig. 7A and 7B show the number of entries made
by the animal into the known and novel arm respectively during
the test session. One-way ANOVA showed notable [F
(4,25) = 2.998, p < 0.05] variations in the number of entries for
known arms among the groups. Similarly significant [F
(4,25) = 11.76, p < 0.001] differences were observed for the novel
arm entries among the group. In association with the control group
of rats, the diabetic-induced group demonstrated a decrease in the
number of entries for both known (p < 0.05) and novel (p < 0.01) Y-
maze arms. The treatment with two doses of ASSE and metformin
substantial improvement only in the number of entries to novel
arm concerning with diabetic-induced group of animals. With met-
formin treatment, the significance level was found to be p < 0.001.
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Fig. 7. Effect of ASSE and metformin on (A) number of entries in known arms in test, (B) number of entries in novel arm in test, (C) percentage of time spent in the novel arm
in test, (D) the total number of entries in the trial, and (E) the total number of entries in STZ-nicotinamide-induced diabetic rats model using Y-maze test. Treatment of
metformin and ASSE increased the number of entries in the novel arm and the total number of entries in both sessions. The results are expressed by mean + SEM (n = 6). One-
way ANOVA [F(4,25) = 2.998, p < 0.05 for the number of entries in known arm; F(4,25) = 11.76, p < 0.001 for the number of entries in novel arms; F(4,25) = 7.217, p < 0.001 for
the percentage of time spend in novel arm; F(4,25) = 13.18, p < 0.001 for the total number of entries in the trial; F(4,25) = 6.531, p < 0.001 for the total number of entries in
test] followed by Tukey-Kramer multiple comparisons test. *p < 0.05 and ***p < 0.001 as compared to the control group; *p < 0.05, **p < 0.01 and **#p < 0.001 as compared to
the diabetic-induced group; ®p < 0.05 as compared to the Diabetic + ASSE (400 mg).

Also, for two dosages of ASSE the significance values were found to
be p < 0.05 and p < 0.001, respectively. Considering the number of
novel arm entries, there was a significant difference (p < 0.05)
between the effects of two doses of ASSE.

Fig. 7C shows the ratio of time spent by the rats in the novel
arm. There were notable changes [F(4,25) = 13.18, p < 0.001]
among the treatment groups in time spent in the novel arm. As
expected, the diabetic-induced animals that spent lesser time
(p < 0.05) in the novel arm as associated with the control
group of animals. The group treated with ASSE 200 mg/kg and
400 mg/kg of ASSE did not show any improvement in the time
present in the novel arm.

Fig. 7D and 7E show the overall entries into the arms during the
trial and test periods using the Y-maze. The significance levels for
the trial and test sessions were found to be F(4,25) = 13.18,
p < 0.001, and F(4,25) = 6.531, p < 0.001; respectively, when
matched among the groups. The diabetic rats exhibited a decrease
in the total number of entries associated with the respective con-
trol groups during the trial (p < 0.001) and test (p < 0.05) sessions.
Two doses of ASSE and metformin showed substantial improve-
ments as related to the diabetic group for the total entries during
both trial and test sessions. For metformin, the deviations were
p <0.001 and p < 0.05 for trial and test sessions. Both doses of ASSE
resulted in an improvement (p < 0.01) in the total entries of dia-
betic rats in the trial session. Similarly, in the test session, both
doses (p < 0.05 for 200 mg/kg and p < 0.001 for 400 mg/kg)
improves the entries in the diabetic group as related to the
diabetic-induced group. There were no significant differences
observed in the total number of entries in both trial and test when
compared between both doses of ASSE.

3.8. Administration of ASSE increased plasma insulin levels in diabetic-
induced rats

Fig. 8 shows the data collected for the plasma insulin levels
for the animals under study. There were significant differences
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in the plasma insulin levels among the group (F(4,25) = 13.19,
p < 0.001). The diabetic group showed a major decrement
(p < 0.001) in the plasma insulin levels as associated with the
control group. The treatment of animals with 200 and 400 mg/
kg of ASSE was reported in the development of plasma insulin
levels. The significance levels concerning the diabetic-induced
group were found to be p < 0.05, and p < 0.01, respectively.
Remarkably, the effects of both doses were comparable, signifi-
cantly there was no difference between the treated groups. Addi-
tionally, the elevation in the plasma insulin levels was found to
be comparable with the group of animals treated with standard
drug metformin. The significance level for the metformin-
treated group was found to be p < 0.001 as associated with the
diabetic group of animals.

3.9. Administration of ASSE elevated ACh and reduced AChE activities
in diabetic-induced rats brains

Fig. 9A and 9B represent the results of the level of ACh and AChE
respectively in brain homogenate of animals after 30 days of treat-
ments. The analysis of the comparison between all the groups
revealed significant differences in ACh and AChE levels among
the groups, as F(4,25) = 15.17, p < 0.001, and F(4,25) = 10.50,
p < 0.001, respectively. The diabetic group of animals reveal signif-
icantly lower levels of ACh (p < 0.001) and higher levels of AChE
(p < 0.001) as associated with the control. The metformin
(p <0.05) and a higher dose of ASSE (p < 0.001 for 400 mg/kg) trea-
ted groups revealed significant restoration of ACh in the brain. The
group of rats treated with a lower dose of ASSE (200 mg/kg, p.o.)
did not show any significant changes in ACh levels in brain homo-
genate as allied with the diabetic group. On the other hand, there
were significant reductions in AChE levels with metformin
(p < 0.05), and both doses of ASSE (p < 0.001) as related to the dia-
betic rats. In the reduction of AChE levels, both doses of ASSE
resulted in comparable effects.
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Fig. 8. Effect of ASSE and metformin on plasma insulin levels of STZ-nicotinamide-induced diabetic rats. The plasma insulin levels were improved in both metformin and
ASSE treatment. The results are expressed by mean + SEM (n = 6). One-way ANOVA [F(4,25) = 13.19, p < 0.001] followed by Tukey-Kramer multiple comparisons test. *p < 0.05
and ***p < 0.001 as compared to the control group; *p < 0.05, **p < 0.01, and **#*p < 0.001 as compared to the diabetic-induced group.
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Fig. 9. Effect of ASSE and metformin on (A) acetylcholine (ACh) and (B) acetylcholinesterase (AChE) levels of STZ-nicotinamide-induced diabetic rats. Treatment of ASSE
improved the cholinergic transmission in diabetic-induced mouse brain. The results are expressed by mean + SEM (n = 6). One-way ANOVA [F(4,25) = 15.17, p < 0.001 for ACh;
F(4,25)=10.50, p < 0.001 for AChE] followed by Tukey-Kramer multiple comparisons test. ***p < 0.001 as compared to the control group; #p < 0.05, #*#p < 0.01, and *#*p < 0.001
as compared to the diabetic-induced group; ®p < 0.05 as compared to the Diabetic + ASSE (400 mg).

3.10. Molecular modeling studies

As mentioned above dates seeds are rich in polyphenols, flavo-
noids, fatty acids, amino acids etc. The estimation of phytochemical
constituents displayed a significant amount of phenolic content
whereas tannin content and flavonoid content were significantly
less. Therefore, molecular modeling studies were conducted on
the reported phenolic contents. The reported phenolic compounds
are pyrogallol, cinnamic acid, benzoic acid, ellagic acid, catechol,
gallic acid, protocatechuic acid, syringic acid, vanillic acid, epicate-
chin, and catechin (Mohammadi et al., 2018). Therefore, explo-
ration of the mechanism started with the inverse docking/target
fishing using pharmMapper (Wang et al., 2017). The pharmMapper
is a web-based server that explores plausible targets for the partic-
ular molecule. The exploration of the above-mentioned molecules
indicated dipeptidyl peptidase 4 (DPP-4), glycogen synthase kinase
3 (GSK-3) a-amylase as antidiabetic targets, whereas acetyl-
cholinesterase (AChE) and beta-secretase 1 (BACE 1) was identified
as target implicated in the cholinergic transmission for most of the
molecule. Therefore the molecular docking studies were performed
for the above-mentioned enzymes. The crystal structures utilized
for DPP-4, GSK-3, a-amylase, AChE, and BACE 1 are 20QV, 1Q41,
3BAJ, 1DX6, and 60D6 respectively. The docking scores of the phe-
nolics are listed in Table 2 and were compared with the co-
crystallized ligand. The docking scores for the co-crystallized
ligands were found to be —10.1, —10.2, —9.1, —10.5, and —9.3 kcal/-
mol for DPP-4, GSK-3, a-amylase, AChE, and BACE 1 respectively.
The docking score for the phytochemical constituents varied
from ~ 4 to ~ 11 kcal mol and hence, the ~ -8 kcal/mol and above
were considered for the binding mode analysis. In this reference
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ellagic acid, epicatechin, and catechin showed significant binding
potential for GSK-3, a-amylase, and AChE. The binding score of
ellagic acid for GSK-3, a-amylase, and AChE was noted to be
—-9.8, —8.6, and —10.2 kcal/mol respectively. Similarly, the binding
score for epicatechin was noted to be —8.8, —8.6, and —9.7 kcal/mol
respectively. The catechin showed the binding score of —8.6, —8.7,
and —9.8 kcal/mol respectively. The binding mode analysis of
docked ligands with GSK-3 showed hydrogen bond interaction
with Asp 133, Val 135, and Arg141. The hydrophobic interactions
were observed with the residues Ile62, Val70, Ala83, Lys85,
Val110, Leu 132, Tyr134, Leu154 (Arfeen et al., 2015, 2016). The
Binding mode analysis of docked ligand with a-amylase showed
hydrogen bond interaction with Tyr62 and Gln 63, His305. The
hydrophobic interaction was observed with residues Trp59,
Thr163, Gly164. Trp59 was noted to be involved in m-
minteraction (Yousuf et al., 2020). Similarly, the binding mode
analysis of docked ligand with AChE displayed the hydrogen bond
interaction with Tyr70, Trp84, Asp 85, Tyr130, Ser122, His 440. The
hydrophobic interactions displayed are Gly117, Gly118, and Trp84.
The indole ring of tryptophan is also involved in m-7 interaction
with docked ligand (Tallini et al., 2018). Fig. 10 shows the binding
mode of ellagic acid in the active site of GSK-3p, a-amylase and
AChE.

4. Discussion
Cognitive impairment is one of the complications of DM. In the

present work, we have demonstrated, (i) effects of ASSE on blood
glucose levels, plasma insulin levels improvement in cognition
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Table 2

Docking score of reported phenolic compounds for the five potential targets.
Sr. No. Ligands 20QV 1Q41 3BAJ 1DX6 60D6
1 Co-crystallized ligand -10.1 -10.2 -9.1 -10.5 -9.3
2 Ellagic acid -7.3 -9.8 -8.6 -10.2 -7.2
3 Epicatechin -7.7 -8.8 -8.6 -9.7 —-6.9
4 Catechin -7.5 -8.6 -8.7 -9.8 -7.1
5 Pyrogallol -5.7 -49 -5.3 —-54 —4.4
6 Syringic acid -5.5 -5.8 -5.5 —6.3 -5
7 Vanillic acid -5.9 -5.8 -5.7 -6.3 -5.2
8 Benzoic acid -6 -5.4 -53 —6.4 -5
9 Catechol -5.1 -4.7 -5.1 -54 -43
10 Cinnamic acid -5.9 -6.3 -6.1 -7.2 -54
11 Gallic acid -6.3 -5.7 —6.1 -6.3 -5.2

A B

Fig. 10. Predicted binding mode of Ellagic acid in the active site of (A) GSK-3 (PDB code 1Q41), (B) a-amylase (PDB code 3BA]J), and (C) AChE (PDB code 1DX6). The yellow

color dashed line represents hydrogen bond interaction.

resulting from T2DM (ii) effect on cholinergic transmission, and
(iii) total phenolic contents, flavonoid contents, and total tannin
contents. In this study, T2DM was induced by administering nicoti-
namide followed by STZ. The toxin STZ results in pancreatic p-cells
destruction. STZ is entered preferentially to B-cells via the glucose
transporter GLUT2 receptor, causing DNA damage. The DNA dam-
age further results in the enhancing activity of poly(ADP-ribose)
polymerase (PARP-1) enzyme for its repair and thus induces deple-
tion of ATP and NAD" present intracellularly resulting in the necro-
sis of insulin-secreting cells (Szkudelski, 2012). Prior
administration of nicotinamide provides partial protection to the
B-cells of the pancreas through inhibition of PARP-1 enzyme thus
maintaining the required concentration of intracellular ATP and
NAD" (Aboonabi et al., 2014). Besides nicotinamide also serves as
the precursor of NAD" thus aiding the increased levels of intracel-
lular NAD". Because of the above-mentioned mechanism, the blood
glucose levels in the STZ induced diabetic animals can be con-
trolled from mild hyperglycemic condition to severely hyper-
glycemic condition depending upon the dose of STZ and time of
examination after the injection of nicotinamide and STZ. Similarly,
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the level of insulin in the blood can also be controlled (Szkudelski,
2012). In this report single i.p. injection of 120 mg/kg of nicoti-
namide followed by 60 mg/kg of STZ injection resulted in a suc-
cessful T2DM condition. Blood glucose levels were measured on
the 1st, 15th, and 30th days of the experiment to validate the ani-
mals’ hyperglycemic status. Besides, insulin levels were measured
using ELISA, which further confirmed the diabetic condition. The
oral treatment of animals with 200 and 400 mg/kg of ASSE for
30 days resulted in the improvement of T2DM condition by restor-
ing the hyperglycemic condition and hypoinsulism.

Insulin and its receptors (IRs) present in the brain are associated
with extensive biological activities including energy hemostasis by
controlling metabolism in several organs. Besides, defective insulin
signaling is linked with neuronal survival, cognitive impairment,
and AD. Furthermore, IRs are expressed in neurons, and in the
brain, it is particularly expressed in the hippocampus. Zhao et. al
reported improvement of memory functions in diabetic animal
models upon administration of peripheral insulin (Zhao et al,
2004). The report further emphasized the significance of IRs found
in areas of the brain like the cortex and hippocampus, which are
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maintaining learning and memory functions. Our results showed
significantly reduced levels of insulin in the diabetic group. How-
ever, treatment of diabetic animals with 200 and 400 mg/kg of
ASSE resulted in a notable improvement in the plasma insulin
levels. It is pertinent to mention that the results of animals treated
with 400 mg/kg of ASSE are comparable to the metformin-treated
groups. This effect can be correlated with the ASSE protective effect
on pancreatic B-cells against the lethal effect of STZ. Besides, the
protective effect of dates seed extract on liver cells against the
cytotoxic effect of DM condition can also be held responsible. It
is stated that the protective effect of dates seed extract on liver
cells may result in resolving the metabolism of glucose and insulin
and thus restoring their levels. The results further establish the
ASSE extract has the potential to improve T2DM conditions.

In the present study, nicotinamide and STZ induced hyper-
glycemic condition is linked to cognitive impairment has been
demonstrated through different behavioral tests like EPM, NOR,
and Y-maze tests. Our results from these tests have also shown
impairment of normal cognitive functions among the diabetic
group of animals and are in line with some of the previous studies
(Wang et al., 2019; Semuyaba et al., 2017). In this work, we have
treated two doses such as 200 and 400 mg/kg of ASSE on
diabetic-induced rats, respectively for the cognitive deficit. Our
results showed reversal of memory impairment at both dose levels.
EPM was used as one of the tools to evaluate the behavior and cog-
nitive functions of animals. The results from the EPM tests were
indicated in terms of transfer latency (TL) time. Our results showed
longer TL time for diabetic animals in contrast to the control group
of animals. However, the TL time was found to be reduced for the
animals treated with two doses of ASSE and metformin. The
improvement in TL time was found to be significant at both the
dose level of ASSE thus indicating the protective effect of extracts
on hippocampus neurons. The treated group may have increased
availability of acetylcholine and insulin, which improved the cog-
nitive performance among the animals during the behavioral tasks
as evident from current results and are parallel with the previous
reports (Subash et al., 2015).

NOR test has been used to differentiate a novel object (NO) from
a familiar object (FO). The animals were allowed to explore two
identical items (FO1 and FO2) during the training session to help
them remember familiar things as their working memory (Silvers
et al., 2007). The results of the training session (using FO1 and
FO2) showed a considerable reduction in the exploration time for
the diabetic group of animals when referred to the control group.
The animals treated with ASSE showed some improvement in
exploration time in the training session but were not comparable
with the control group. From the above-mentioned statements, it
is evident that the T2DM condition affects the capacity of retaining
the previously exposed task in working memory. However, there
were no changes in exploration time for FO1 and FO2 among all
the groups indicated neither diabetic condition nor treatment of
diabetic animals with ASSE alters the capacity to remember the
similarity of objects. In the test session, used FO1 and NO to eval-
uate the discrimination ability of the animals. Our results showed a
considerable increment in the exploration time for the NO when
compared to the corresponding group concerning the exploration
time of the FO. The results showed animals’ preference to spend
a long time exploring the NO than the FO suggesting the capacity
to retain and discriminate the objects. As expected the diabetic
group of animals showed lower exploration times with the NO
confirming the lower retention and discriminating ability of ani-
mals under T2DM conditions. The metformin and ASSE treated
groups of animals showed improved exploration time for the NO
as related to the diabetic group of animals indicating the reversal
of cognitive deficit among the T2DM animals. As per Silvers et.
al., superior cognitive skills are a prerequisite to distinguish novel
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objects from familiar objects or to execute a task in a different
environment (Silvers et al., 2007). Our results are in line with the
published reports (Seibenhener and Wooten, 2015; Ennaceur,
2010). Our results of DI provided additional proof for the discrim-
inating capability of animals during the test session. Groups trea-
ted with two doses of ASSE and metformin showed better DI
values than the diabetic group. The values for DI were found to
be comparable with the control group of animals.

The animals’ spatial working memory was assessed using the Y-
maze test. During the Y-maze test, the animal uses most of its brain
areas, which include the basal forebrain, hippocampus, and pre-
frontal cortex (Liet et al., 2015). The Y-maze test is also conducted
in two phases which are the trial and test phases. During the trial
phase, one arm of the Y-maze was closed and the rat was free to
explore the remaining two arms, while in the test phase rats were
permitted to freely explore all three arms of the Y-maze. In princi-
ple, the tendency of animals to enter into the third (previously
blocked), also called a novel arm frequently in comparison to the
arms visited during the training session highlights the prefrontal
cortical functions. Our results T2DM condition in animals causes
the reduced entries to both known as well as novel arms indicating
the deficits in spatial memory (Tripathi et al., 2017). The treatment
with two doses of ASSE and metformin showed improved the novel
arm entries as referred to the diabetic group confirming the
improvement in impaired spatial memory induced by the diabetic.
Consider the test session proportion of the time present in the
novel arm to the entire time was also calculated to identify the
coping behavior of animals in different environments (Poimenova
et al., 2010). Besides, a rise in anxiety behavior is also inversely
related to this coping behavior. The diabetic group of animals dis-
played lower coping behavior as related to the control which indi-
cates the anxiety behavior of the diabetic animals in the new
environment. Unfortunately, the oral treatment of two doses of
ASSE failed to increase the ratio of time present in the novel arm
in diabetic-induced rats. The comparison of the total entries during
the trial and test sessions shows curiosity behavior (Kraeuter and
Guest, 2019). The treatment group of animals showed improved
curiosity behavior in comparison to the diabetic animals which
further indicates improvement in the memory functions because
of the ASSE.

At present, there is a very inadequate quantity of reports for the
effect of dates on memory impairment. Subhash et al. in the year
2015 suggested that the dietary supplement of dates fruit can
cause a reversal of memory impairment, improvement in
anxiety-related behavior, and better motor coordination in the
transgenic mouse model for AD (Subash et al., 2015). The other
report suggested that a renewal of learning and memory impair-
ment were among the rats treated with dates extract (Bamy Moza-
faty rutab) for twelve days. In this report, the Alzheimer
experiment model was induced in rats by a single ICV injection
of AB,s.35 and the memory assessment was done using Morris
water maze (Dehghanian et al., 2017). Our results are in conjuga-
tion with these cited reports.

ACh is an important neurotransmitter for activating the nico-
tinic receptors in the hippocampus. It is also known for memory
formation and preserving memory for the long term (Yakel,
2012). Levels of ACh in the hippocampus are also connected with
various memory functions. It is very well stated in the literature
that a decrease in hippocampus ACh levels is responsible for the
decline of age-related cognitive functions. It is also stated that
ACh levels in the hippocampus increase during the tasks related
to spatial memory (Stancampiano et al., 1999), and damage to
the medial septum results in the decline of ACh levels in the hip-
pocampus thus impairing the spatial memory (Herzog et al,
2000). The enzyme AChE present in the synaptic cleft is very well
known for degrading the ACh to choline and acetate and thus inhi-
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bits cholinergic transmission (Ahmad et al., 2014). Earlier studies
have reported elevated levels of AChE in the critical areas of the
brain, which includes the hippocampus, cortex, and striatum
(Mushtaq et al., 2014). Our results showed decreased ACh and ele-
vated AChE activities in the brain homogenate of diabetic animals.
However, the group of animals treated with metformin and ASSE
showed improved levels of ACh and restored the level of AChE
enzyme. Our results are in agreement with the previously pub-
lished studies (Herzog et al., 2000; Ahmad et al., 2014; Mushtaq
et al.,, 2014).

The concentration of neurotransmitter in different brain regions
are altered because of the T2DM condition and these alterations
can lead to various diseases of CNS. In terms of the relationship
between insulin level and ACh level, it can be safely stated that
they are directly related i.e. lower levels of insulin result in lower
levels of ACh in the brain. The low levels of ACh in the brain
because of low levels of insulin are because of lower supplies of
choline and acetyl-Co-A which increase insulin stimulation
(Rivera et al., 2005). The earlier studies have also demonstrated a
direct relationship between insulin stimulation on ACh levels in
AD. Thus alteration in insulin signaling results causes cognitive
dysfunction further leading to AD. A study reported by Dubey
et al. demonstrated that an increase in glucose uptake and insulin
signaling along with the use of ACh agonist increase the level of
ACh in the brain thus further supporting the relationship of insulin
and ACh levels (Dubey et al., 2020). Our results also demonstrated
significantly improved levels of insulin and ACh in plasma and
brain respectively thus further confirming the direct relationship
between insulin and ACh.

The measurement of phytochemical constituents showed the
presence of a considerable amount of the polyphenols (38.38 + 0.
86 mg GAE), which were nearly similar to the reported polyphe-
nols in the Sukkari dates (Zihad et al., 2021). However, the flavo-
noid contents and tannin content was found to be at a lower
level (4.12 + 0.01 mg QE) and (8.12 £ 0.51 mg CE) as compared
to the previous reports which can be attributed to the nature of
the extract. The inverse docking of the reported phenolic content
revealed DPP4, GSK-3B, and a-amylase as the potential antidiabetic
targets, whereas AChE was BACE-1 was revealed as the target
which could lead to the improvement of cholinergic transmission.
Further molecular docking clarified ellagic acid, epicatechin, and
catechin as the potential phytochemical constituents responsible
for the anti-diabetic and improved cholinergic activity. The molec-
ular docking also elucidated that the ellagic acid, Epicatechin, and
catechin have the significant binding potential for GSK-3B, o-
amylase, and AChE but not for DPP-4 and BACE-1. It is pertinent
to mention that GSK-3p is a well-established target for drug dis-
covery against diabetes as well as Alzheimer’s (Arfeen and
Bharatam, 2013). Therefore it can be envisaged that the observed
antidiabetic effect and improvement in the cognitive impairment
could be because of the action of ellagic acid, epicatechin, and cat-
echin on the GSK-3B, a-amylase, and AChE.

5. Conclusions

Our results demonstrate, the promising effect of ASSE on cogni-
tive impairment induced due to the T2DM in addition to the
restoration of the hyperglycemic condition among a rat model.
The cognitive deficit was assessed using different maze models.
EPM demonstrated shorter TL time, NOR showed improved explo-
ration time and DI for a novel object. Y-maze displayed reversal in
the number of entries for the novel arm, improved couping, and
curiosity behavior for the animals. Besides lower blood glucose
and elevated plasma insulin levels were observed. Improved levels
of ACh and reduced levels of AChE were also detected in the brain
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homogenates. Estimation of phytochemical constituents showed
the presence of phenolic content in a significant amount. Inverse
docking and molecular docking analysis revealed Ellagic acid, epi-
catechin and catechin have the potential to bind with GSK-38, a-
amylase, and AChE and thus may be responsible for observed
antidiabetic effect and improvement in cognitive impairment. In
conclusion, ASSE has the potential to treat T2DM dependent cogni-
tive impairment. However, further illustrative mechanistic investi-
gation is required to validate the primary finding.
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