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Abstract

Background and Objective: Diabetes mellitus is considered a highly prevalent metabolic disorder that causes brain dysfunction,
especially memory and cognitive decline. The present study aims to investigate the effects of Aqueous Ajwa date Seeds Extract (AASE)
on type 2 diabetes mellitus-induced neuroinflammation in a rat model. Materials and Methods: A total of 30 male Sprague Dawley rats
with body weight in the range of 200-250 g and age of 3 months were randomly allocated/divided into 5 groups (n = 6). Type 2 diabetes
was induced among 4 groups using nicotinamide (120 mg kg=', i.p.) followed by streptozotocin (60 mg kg, i.p.), while one group was
considered as non-diabetic group control. About 200 and 400 mg kg~" of AASE were orally administrated for 30 days after diabetes
induction. At the end of the treatment, the brain was isolated and evaluated for neuroinflammatory parameters [cyclooxygenase
2 (COX-2), Tumour Necrosis Factor-alpha (TNF-a), Interleukin IL-6 and IL-10 and Transforming Growth Factor-beta 1(TGF-B1)].
Results: Administration of AASE significantly decreased COX-2 and proinflammatory cytokines (TNF-a and IL-6) levels and increased
(p<0.05) anti-inflammatory cytokines (IL-10 and TGF-B1) at the above-mentioned doses. Conclusion: The overall results supported that
the neuroprotective effects of AASE by inhibiting the neuronal inflammation in type 2 diabetes by altering both proinflammatory and
anti-inflammatory cytokines levels. It is concluded that the extract of AASE has the potential to improve the cognitive deficit in type 2
diabetic patients.
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INTRODUCTION

Diabetes Mellitus (DM) is a combination of metabolic
disorders and alifelong (chronic) disease marked by increased
blood sugar levels (hyperglycemia) that has long influenced
the global population. Usually, diabetes results either from
impaired insulin secretion or from defective insulin secretion
causing the effects or both'. The health risk of diabetes has
been gradually rising worldwide. Crucial factors contributing
to global increases in diabetic prevalence are included an
increasein population,ageing, diet, urbanization and reduced
physical activity2. In 2019, the International Diabetes
Federation (IDF) estimated that 463 million individuals were
living with diabetes at age between 20-79 years. These
numbers are projected to rise by 578 million in 2030 and
700 million in the year 20453,

There are several complications caused by long-term
elevation of blood glucose in diabetes mellitus, such as
metabolic disturbances, enhanced oxidative stress and
inflammatory process and also these complications lead to
disorders in various physiological systems including
cardiovascular, nervous and renal.In general, hyperglycemia's
harmful effects are usually categorized into macrovascular
and microvascular complications. The macrovascular
complications are stroke, peripheral artery diseases and
coronary artery diseases. The microvascular complications
include retinopathy, neuropathy and diabetic neuropathy*.
The effect of diabetes on the brain is also evident. Recent
studies have suggested the term “type 3 diabetes mellitus” for
AD resulting from insulin resistance and thus confirming the
involvement of diabetes in various brain-related issues.

Inflammation is an immune reaction to many causes,
including infection and disorders. Acute inflammatory
reactions are effectively resolved and under physiological
settings, inflammation levels recover to baseline. However,
owing to unnecessary pro-inflammatory signalling, the
resolution process is not reached under the situation of
chronic inflammation and may cause adverse outcomes®.
Literature review of recent publications emphasized that DM
is correlated with the immune system's activation and
inflammation in various pathogenesis events under both
T1DM and T2DM. Moreover, microglia have a prominent role
in the occurrence of neurodegenerative diseases and
appears to have an active role in metabolic diseases
including DM’. Continuous, activation of microglia may
release pro-inflammatory cytokines like IL1B, IL-6 and Tumour
Necrosis Factor-alpha (TNF alpha) and lead to potential cellular
damage®. Additionally, cognitive dysfunction is commonly
associated with national inflammation as well®.
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The date palm (Phoenix dactylifera L.) is found in the
Middle East, North Africa and throughout the globe for
thousands of years. It is widely spread around the Arab World
andis known forits nutritional and medicinal benefits. Among
verities of dates known to the Arab world, Ajwa dates are
cultivated in the western Saudi Arabian district of Al Madinah
and is considered unique because of their richness of dietary
fibre, essential minerals, fats, proteins and vitamin contents.
Phytochemical studies demonstrate that Ajwa dates have
excellent quantities of flavonoid and phenolic constituents
and are the mainingredients for theirantioxidant properties'”.
Ajwa dates are reported to demonstrate various
pharmacological properties, like antioxidant, anti-microbial,
anti-inflammatory, anti-mutagenic and anti-tumour activities.
Additionally, its  extracts display hepatoprotective,
nephroprotective, hypolipidemic and gastroprotective
beneficent effects’. In STZ-diabetic model rats, Ajwa dates
seeds extracts showed antidiabetic effects with the restoration
of liver and kidney functions and antioxidant activity,
especially with prolonged treatment'. Similarly, Ajwa seed
extract exhibited the ability to normalize glucose and liver
enzyme levels in alloxan-induced diabetic rats to a certain
extent™,

Due to the lack of significant research evidence about the
effects of Ajwa date seeds on the CNS, especially in
neuroprotection, the current work aims to explore the effects
of aqueous extract of Ajwa dates seeds on type 2 diabetes-
induced neuroinflammation in rat models.

MATERIAL AND METHODS

Study area: The study was carried out at Pharmaceutical
Chemistry Lab, Department of Medicinal Chemistry and
Pharmacology Research Laboratory, Department of
Pharmacology and Toxicology, College of Pharmacy, Qassim
University, Saudi Arabia from October, 2020-February, 2021.

Drugs and chemicals: The fine chemicals Streptozotocin (STZ),
metformin hydrochloride and nicotinamide were purchased
from Cayman Chemicals, USA. ELISA kits for TNF-q, IL-6, IL-10,
TGFB1and COX-2 was obtained from Cloud-Clone Corp., USA.
All other chemicals and solvents were procured from local
suppliers and were used of analytical grade.

Plant material and extraction: Ajwa dates (Phoenix
dactylifera L., Arecaceae) were purchased from the date farm
of Al-Madinah. The dates were identified by Prof. Mohamed
Motawei, Professor in Genetic Molecular, Department of Plant
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Production and Protection in College of Agriculture and
Veterinary, Qassim University, Saudi Arabia. The seeds were
separated from the fruit pulp and were washed with an
adequate amount of water. After drying at room temperature
for 2-3 days, the seeds were crushed into small pieces and
coarse powder was obtained by grinding with a coffee
grinder. Each 100 g of the collected seed powder was
soaked into 1 L of distilled water for 3 days at room
temperature. The mixture was concentrated under a vacuum.
The collected extract was freeze-dried and stored for further
studies'.

Animals: In this experiment, a total number of 30 adult male
Sprague Dawley rats (3 months old, 200-250 g body weight)
were collected from the animal facility of the Department
of Pharmacology and Toxicology, College of Pharmacy,
Qassim University, Kingdom Saudi Arabia. Female Sprague
Dawley (SD) rats of similar age were used for acute toxicity
studies. Rats were acclimatized for one week in standard
laboratory conditions at 25%1°C and relative humidity
(60%£5%) with 12 hrslightand dark cycle. Rats were randomly
divided into 5 groups with every group consisting of six
animals each. Three rats/propylene cages were housed and
were permitted free access to food and water during the
experiment. The experimental procedures for the present
study were approved by the Animal Ethical Committee,
College of Pharmacy, Qassim University, Kingdom of Saudi
Arabia (Approval ID 2020-CP-5).

Vehicle: AASE and metformin hydrochloride were solubilized
in 0.9% (w/v) normal saline and was used for the treatment
through oral route 0.1 M cold citrate buffer with pH 4.5 was
used to prepare STZ solution. While nicotinamide was
solubilized in 0.9% (w/v) normal saline. The solutions were
injected intraperitoneally (i.p.) for inducing type 2 diabetes.

Acute toxicity study: Acute toxicity experiments were
performed in compliance with the guidelines of the
Organization for Economic Co-operation and Development
(OECD 423)". In this experiment, for each step, three female
rats were allocated using a random sampling technique.
Animals were subjected to overnight fasting and only kept
on water. Initially, AASE was administered orally at 5 mg kg™
and closely observed for toxic symptoms for the first 4 hrs
and mortality for another 3 days. When two of the three
animals died, the dose given was considered toxic.
Whereas if only one of the three animals died, the dosage was
re-evaluated to confirm toxic effects. If none of the animals
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died atan above lower dose, further higher doses of AASE (50,
300 and 2000 mg kg™") were employed to confirm the
toxicity'.

Experimental design and drug treatments: A total number
of 30 rats were divided into six groups (n = 6) and assigned to
the following groups: Control group was administered with
vehicle (0.5% w/v CMC, p.o.) only, Diabetic-induced group was
injected 120 mg kg™ of nicotinamide followed by 60 mg kg™
of STZ after 15 min by intraperitoneal route, Standard group
was treated with metformin (200 mg kg~', p.o.), Extract
treatment groups were subjected to  AASE with the dose of
200 or 400 mg kg™ through the oral route. The treatment
with metformin and AASE was continued for 30 days diabetes
induction.

Induction of diabetes: The rats fasted overnight before
injection. Diabetes was induced by a single intraperitoneal
injection (i.p.) of streptozotocin (60 mg kg~"). Nicotinamide
(120 mg kg™, i.p.) was injected 15 min before STZ to develop
type 2 diabetes. The development of hyperglycemia was
confirmed by measuring the blood glucose level after 72 hrs
and then on day 7th after the induction. The rats with a
fasting blood glucose level higher than 126 mg dL=! were
considered diabetic and were used for further studies?.

Enzyme-linked immunosorbent assay (ELISA): At the end of
treatment, all the animals were sacrificed and the whole
brain was isolated for ELISA analysis. The fresh brain was
homogenized in ice-cold phosphate buffer (4°C, pH 7.6),
followed by centrifugation for 10 min at 4000 rpm. The cloudy
supernatant homogenate aliquot was separated into 4 mL
vials and stored at -80°C which were later used to determine
the neuroinflammation parameters. The total protein content
of samples was quantified using the Biuret colorimetric
method (Crescent Diagnostics, Saudi Arabia). The samples
were tested using ELISA kits for TNF-a, IL-6, IL-10, TGFB1 and
COX-2 antibodies as described in the manufacturer’s (Cloud-
Clone Corp., USA) protocol. Measurements were performed at
450 nm by using an ELx800 Absorbance Microplate Reader
(BioTek Instruments, Inc.).

Statistical analysis: Results were indicated as
Mean=®Standard Error (SEM). The recorded data were
analyzed using the one-way ANOVA followed by Tukey-
Kramer post hoc test to calculate the significance level. Graph
Pad version 9 (GraphPad Software Inc., United States) was
employed for statistical analysis. The p<0.05 was considered
statistically significant.



Int J. Pharmacol, 18 (2): 299-306, 2022

RESULTS

Acute toxicity study: The results from acute toxicity OECD
423 guidelines revealed that there was no record of any
toxicity symptoms and mortality of animals from each
dose of the extract via oral treatment until the higher dose of
2000 mg kg~'. So, two lower doses (200 and 400 mg kg~', p.o.)
were selected for further memory assessment and
biochemical studies.

Treatment of AASE reduced pro-inflammatory cytokine
markersinbrainhomogenates of diabetic-inducedrats: The
data in Fig. 1 and 2 illustrate the effects of AASE on two
selective pro-inflammatory cytokine markers such as TNF-a
and IL-6. The results from TNF-a, the diabetic-induced group
was found with significant (p<0.05) higher levels of TNF-a in
their brain homogenate as compared with the control group
(Fig. 1). These elevations of TNF-a levels indicates the sign of
neuroinflammation in the diabetic-induced rat's brain. Thirty
days’ treatment of AASE orally at 200 and 400 mg kg™
significantly reduced (p<0.05 and p<0.01, respectively) TNF-a
productions in the brain as compared to the diabetic-induced
group. Furthermore, the standard drug metformin also
significantly (p<0.05) reduced the TNF-a levels in the brain.
Additionally, there is no significant difference between
extract-treated groups and metformin.

The production of cytokine IL-6 was noted to be
significantly (p<0.001) higher in the diabetic-induced group
as compared to the control group (Fig. 2). The oral treatment
of AASE at selected doses (200 and 400 mg kg~', p.o.) and
metformin significantly (p<0.001) attenuated the increased
IL-6 levels in the rat’s brain as compared to the diabetic-
induced group. Besides, there were no significant differences
between AASE and metformin administrated groups.

Treatment of AASE selectively elevated anti-inflammatory
cytokine markersin brainhomogenates of diabetic-induced
rats: The data in Fig. 3 and 4 show the effects of AASE on
anti-inflammatory cytokine markers such as IL-10 and TGF-B1
in brain homogenates of type 2 diabetic-induced rats. The
levels of cytokine IL-10 in diabetic-induced rats were reported
significantly (p<0.01) lower as compared to the control rats
(Fig. 3). This indicates lower anti-inflammatory activity in
diabetic-induced rats’ brains. However, the administration of
ahigherdose (400 mg kg, p.o.) of AASE significantly (p<0.05)
increased IL-10levelsin the brain as compared to the diabetic-
induced group. As expected, metformin also significantly
(p<0.01) elevated IL-10 activity in the brain. The other low
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Values are Mean®SEM (n = 6). One-way ANOVA [F (4.25) = 4.757,
p<0.01] followed by Tukey-Kramer multiple comparisons test. *p<0.05
as compared to the control group, #p<0.05 and #p<0.01 as compared
to the diabetic-induced group
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Fig. 2: Effect of Aqueous Ajwa Seeds Extracts (AASE) on a
pro-inflammatory cytokine IL-6 in brain homogenates

of type 2 diabetic-induced rats

One-way ANOVA [F (4.25) = 15.28, p<0.001] followed by Tukey-Kramer
multiple comparisons test. ***p<0.001 as compared to the control
group, #p<0.001 as compared to the diabetic-induced group

dose (200 mg kg, p.o.) did not show any significant changes
in brain IL-10 levels as compared to the diabetic-induced
group.

Furthermore, there was a significant (p<0.001) reduction
in cytokine TGF-B1 levelsin the diabetic-induced group, when
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Fig. 3: Effect of Aqueous Ajwa Seeds Extracts (AASE) on an
anti-inflammatory cytokine IL-10in brain homogenates

of type 2 diabetic-induced rats

Values are Mean+SEM (n = 6). One-way ANOVA [F (4.25) = 5.521,
p<0.01] followed by Tukey-Kramer multiple comparisons test. **p<0.01
as compared to the control group, #p<0.05 and #p<0.01 as compared
to the diabetic-induced group

800 q
— T i
‘g 600 4 T
2
g 400 A T —T
& Kkk
o>
G
et 200 1
O T T T T 1
\ & &
& & & Q‘@ Q‘@
& ® & G ©
K\ Q &

& od &

5§ s s

$ s s

& & &
Q g Y
N N
S S

Fig. 4: Effect of Aqueous Ajwa Seeds Extracts (AASE) on
an anti-infammatory cytokine TGF-B1 in brain

homogenates of type 2 diabetic-induced rats

One-way ANOVA [F (4.25) = 15.92, p<0.01] followed by Tukey-Kramer
multiple comparisons test. The values are Mean*SEM (n = 6).
***p<0.001 as compared to the control group, ##p<0.001 as compared
to the diabetic-induced group

compared to control groups (Fig. 4). Administration of AASE
at both the dose levels (200 and 400 mg kg~', p.o.) did not
change the neuronal TGF-B1 levels as compared to diabetic-
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Fig. 5: Effect of Aqueous Ajwa Seeds Extracts (AASE)on
cyclooxygenase-2  (COX-2) activities in  brain

homogenates of type 2 diabetic-induced rats

One-way ANOVA [F(4.25) = 6.542, p<0.001] followed by Tukey-Kramer
multiple comparisons test. The values are Mean®SEM (n = 6).
**p<0.001 as compared to the control group, #p<0.001 as compared to
the diabetic-induced group

induced rats. Treatment of metformin showed significant
(p<0.001) improvement in the brain TGF-B1 levels as referred
to the diabetic-induced group.

Treatment of AASE reduced cyclooxygenase 2 (COX-2)
activities in brain homogenates of type 2 diabetic-induced
rats: The data in Fig. 5 highlights the effects of AASE on brain
cyclooxygenase 2 (COX-2) levels of type 2 diabetic-induced
rats. As compared to the control group, the diabetic-induced
animals showed significant (p<0.01) elevation of COX-2
enzyme levels in the brain. However, the treatment of the
extract (400 mg kg™, p.o.) significantly (p<0.01) lowered
COX-2activities on diabetic-induced rat's brain but there were
no significant changes with low dose (200 mg kg~', p.o.)
treatment.

DISCUSSION

The current study results emphasized the potential of
Aqueous Ajwa Seeds Extract (AASE) treatment on selected
neuroinflammatory mediators such as proinflammatory
cytokines, anti-inflammatory cytokines and cyclooxygenase-2
in type 2 diabetic induced rats. It is very well established
that diabetes is the world's fastest-growing disorder and is
accompanied by a high number of morbidity and mortality'.
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Furthermore, cognitive functional defects, including
challenges in memory functioning are commonly associated
with diabetes patients. Until now, the underlying mechanisms
of diabetes-associated impairment in cognitive functions
have remained unknown. It was observed that there is a
significant rise in the number of inflammatory markers
associated with type 2 diabetes. People with metabolic
syndrome, linked with elevated rates of neuroinflammation
have suffered significant cognitive failure®. Scientific
reports are also highlighting the crucial role of prolonged
abnormalities in blood glucose levels, lack of insulin activities,
a deficit of cholinergic neuronal functions and inflammatory
neuronal damages in diabetes-related cognitive and memory
dysfunction?'.

The presence of neuroinflammation characterizes
dementia and the development of neuroinflammation can
play a vital role in the progression of Alzheimer's Disease
(AD)2. Also, diabetes mellitus is known to develop memory
complications via its brain's neuroinflammatory detrimental
effects?. In a previous study, diabetes has been shown to
cause an AP aggregation and increase in pro-inflammatory
molecules such as TNF-a, IL-1B and COX-2 in rats' brains,
followed by cognitive loss. As a result, under chronic diabetic
conditions, AB deposition and inflammatory processes
accompany and interact with the brain?%. In the present study,
the effect of AASE on type 2 diabetes mellitus induced
memory deficits in rats were determined by inhibiting the
neuroinflammation, cytokine levels and COX-2 activities.

The COX, also known as prostaglandin H synthase, is an
enzyme that transforms arachidonic acid into bioactive
prostanoids, which play a vital role in the inflammatory
pathway. It comes in two isoforms: COX-1 and COX-2. COX-1
is distributed abundantly in most tissues and is expressed
mainly by microglia in rodents and human brains. It has been
implicated in neuroinflammatory disorders. On the other
hand, COX-2 causes inflammatory stimuli through the release
of cytokines, indicating that selective inhibition of COX-2 may
minimize inflammation and be a possible anti-inflammatory
target®. Inthe diabetic rat, a previous study exhibited that the
COX-2 expression in the hippocampus was significantly
up-regulated®. In line with these results, diabetic rats that
were given chronic ibuprofen (NSAIDs) found their learning
and memory abilities significantly improved. Also, ibuprofen
therapy decreased COX-2 activity and expression in the
brain significantly?®. In the previous investigation, using
Nonsteroidal Anti-inflammatory Drugs (NSAIDs), particularly
COX-2inhibitors, has protected memory and limited memory
deficits risk?. In the present study, our data showed that there
was a significantincrease in COX-2 levels in the diabetic group
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as compared to the control group. In addition, there was a
significant reduction in COX-2 levels at 400 mg kg™ when
compared to the diabetic-induced group.

To further confirmation, groups of cytokines ELISA assays
were performed to support Ajwa seeds extract's an anti-
inflammatory role in reducing the inflammatory response.
Accordingly, TNF-ac and IL-6 are proinflammatory cytokines
that are well known to cause inflammatory responses and
their levels in the human and rodent brain have been
documented to be elevated concerning AD, in contrast,
TGF-1B and IL-10 are the anti-inflammatory cytokines that
reduce the cellularimmune response which provides further
anti-inflammatory impacts?”, In the same context, circulating
neuro-inflammatory markers such as TNF-a and IL-6 were
shown to be elevated in DM patients®. Similarly, in another
study, anti-inflammatory factors IL-10 and TGF-1B were
significantly reduced in a T2DM mouse model. These findings
suggested that neuroinflammation is one of the contributing
factors in cognitive impairment in diabetic models®. In the
current study, the anti-inflammatory activity of Ajwa seeds
extracts was demonstrated by lowering the levels of pro-
inflammatory cytokines TNF-a and IL-6 levels in rat brain
homogenate in the type 2 diabetic model. Additionally, the
present investigations showed that the treatment with AASE
illustrated the anti-inflammatory effects by increasing an anti-
inflammatory cytokine IL-10 levels in the rat's brain.

CONCLUSION

Our results indicate that AASE has inhibitory effects on
COX-2 activity. It was also concluded that the AASE reduces
the development of pro-inflammatory cytokines such as
TNF-o and IL-6. Besides, it was noted to increase the
production of an anti-inflammatory cytokine such as IL-10. All
the above-mentioned observations suggest that AASE extract
have anti-inflammatory features that could help to alleviate
the inflammatory response associated with diabetic-induced
neuronal deficits.

SIGNIFICANCE STATEMENT

Current studies revealed that type 2 diabetes induces
neuroinflammationinratmodels. Our results revealed that the
treatment of diabetic-induced rats with AASE has the potential
to revert neuroinflammation by inhibiting COX-2 activity and
reducing pro-inflammatory cytokines such as TNF-o and IL-6.
Our results also suggest that AASE elevates the production of
anti-inflammatory cytokine IL-10. Overall, the AASE have an
anti-inflammatory response to diabetes-associated neuronal
deficiency.
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