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Diabetes mellitus is a lifelong metabolic condition resulting from chronic hyperglycemia. Non-alcoholic fatty liver and
cirrhosis are among the most important complications of diabetes, which are associated with increased mortality.This
study aimed to re-emphasize the protective effects of Ajwa seeds (Phoenix dactylifera seeds) against hepatic damage
caused by diabetes, and to investigate the mechanisms underlying it, specifically the antioxidant, anti-inflammatory, and
anti-apoptotic ones. Five groups (n = 5) of adults male Wistar rats were created. Group 1 was the control, group 2 was
the control treated with Ajwa seeds (1g/kg), group 3 was the diabetes (STZ, 35 mg/kg), group 4 was the diabetes treated
with Metformin (150 mg/kg), and group 5 was the diabetes treated with Ajwa seeds (1 g/kg). Metformin and Ajwa seeds
suspension were administered orally using oral gavage six days a week, for four weeks. Ajwa seeds suspension significantly
lowered STZ-induced hyperglycemia and increasing insulin secretion. It reduced the elevated liver enzymes (ALT, AST,
ALP, and LDH), and improved liver tissue pathological features.Ajwa seeds increasedliver concentrations of enzymatic
(SOD and CAT) and non-enzymatic (GSH) antioxidants and reduced levels of oxidative stress products (MDA and AGE).
Ajwa seeds lowered the levels of inflammatory mediators (TNF-o. and NF-xB) and NF-kBprotein expression. Moreover
Ajwa seeds lowered the hepatic protein expression of pro-apoptotic marker, caspase 3. The antioxidant, anti-inflammatory,
and antiapoptotic properties of Ajwa seeds can explain their hepatoprotective effects in this diabetes model.
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Diabetes mellitus is a lifelong metabolic condition
resulting from chronic hyperglycemia (Heindel et al.,
2017). Diabetes mellitus affects roughly 425 million
individuals globally, and it is expected to affect
approximately 642 million people worldwide by 2040,
(Meo et al., 2017, 2019). Many liver disorders, including
non-alcoholic fatty liver and hepatobiliary ailments,
are related to diabetes(Afrin et al., 2015). Similarly,
unregulated glycogen accumulation in the liver can
exacerbate insulin resistance, which, when combined with
hyperglycemia, can damage the liver and contribute to
higher morbidity and mortality among diabetes patients.
Diabetes mellitus is most often linked with non-alcoholic
steatohepatitis, alcoholic cirrhosis, chronic hepatitis C,
and hemochromatosis (Dewidar et al., 2020; Garcia-
Compean et al., 2009). The mortality rate from diabetes-
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induced cirrhosis is significantly higher than that of
cardiovascular diseases (Harrison, 2006, Mohamed et al.,
2016; Thobaiti and Abu Zeid, 2019 Naseri et al., 2020).

The common anti-diabetic medications are ineffective
in preventing the progression of liver-related illness.
Consequently, there is a real need for complementary
and adjunctive medications to manage diabetes mellitus-
related severe complications (Chaudhury et al., 2017, Al-
Thobaiti and Abu Zeid, 2019) Herbal remedies and natural
treatments are safer, more effective, more affordable, and
less expensive alternatives to oral diabetes medications
(Kooti et al., 2016 Al-Attar and Alsalmi, 2019). The date
is one of many traditional supplements that is utilized
in several developing nations’ healthcare systems. Folk
medicine providers widely use dates in country areas of
many countries. The date palm tree is a member of the
Arecaceae family (Angiosperms, monocotyledon), which
includes over 2,500 species and 200 genera. Phoenix,
which includes Phoenix dactylifera L., is one of the genera
with nearly 14 species (Eoin, 2016).



Phoenix dactylifera L. (var. Ajwa) is one of Southwest
Asia’s and North Africa’s oldest and most important
staple and historic plants (Al-Harrasi et al., 2014). Ajwa
date is one of the most famous date varieties which
recognized by Muslim communities for its therapeutic
and religious importance (Nematallah et al., 2018).
Ajwa fruits are rich in antioxidants, antibacterial,
antifungal, and anti-proliferative effects, and have a
greater nutritional and medicinal importance (Al-Alawi
et al., 2017; Temitope Idowu et al., 2020). Ajwaseeds are
traditionally dumped products of date fruit. It accounts
for about 10% of the fruit’s total weight. Dietary fiber,
protein, carbohydrates, phenols, and minerals make up
the bulk of the date seeds. Antioxidant and antimicrobial
actions are parts of the numerous biological effects of
these compounds (Mrabet et al., 2020).

A previous study has documented the antidiabetic
potential of Ajwa date seeds extract in STZ-induced
hyperglycemic model in rats; besides, it normalized the
elevated liver transaminases in diabetic rats (Hasan and
Mohieldein, 2016).Date seeds in an aqueous suspension
may help to mitigate the early complications of diabetes,
especially hepatic and renal problems (Abdelaziz et al.,
2015). The aim of this study was to re-emphasize the
protective properties of Ajwa seeds (Phoenix dactylifera
seeds) against hepatic damage caused by diabetes, and
to investigate the mechanisms underlying it, specifically
the antioxidant, anti-inflammatory, and anti-apoptotic
mechanism.

Chemicals: Streptozotocin (STZ) S0130-1G was purchased
from Sigma- Aldrich, (St. Louis, MO, USA); Metformin
(Glucophage, 500 mg tablet, Merck Santé, France) was
obtained from Alnahdi pharmacy, Jeddah, Saudi Arabia.
Ajwa seeds used in this study were collected from Ajwa
dates purchased from the Oasis Lina, Al-Madinah Al-
Munawara, Saudi Arabia.

Preparation of Ajwa seeds suspension: The seeds were
removed from the fruits, then washed to remove residues.
Seeds were dried for 2-3 weeks at room temperature
in a well-ventilated room. The dried Ajwa seeds were
hammer-milled into a fine powder. A fresh aqueous
suspension of Ajwa seeds was made by mixing 1 gram
of powdered seeds with 10 mL of Tween-80 vehicle.

Animals: This study utilized 25adults male Wistar rats,
their mean body weight ranged from150 + 250 g. Rats
were bought from King Fahad Research Centre, King
Abdulaziz University, Jeddah, Saudi Arabia. After
the one-week adaptation period, the experiment was
performed under the standard laboratory conditions of
temperature, moisture, and 12:12 h light/dark period.
No limitations were applied to the rats on water and
food. The Biomedical Ethics Research Council, Faculty
of Medicine, King Abdulaziz University, Jeddah, Saudi
Arabia, approved the study’s procedure (346-19).

Induction of diabetes: The rats were injected once with
intraperitoneal dose of STZ (35 mg/kg)(Meng et al.,
2017). After 7 days fasting blood sugar concentrations
were determined using ACCU-CHEK. Diabetic model rats
were described as those with blood glucose levels greater
than 200 mg/dL (Zhang et al., 2008).

Study Design: Rats were equally classifiedin5 groups
(n = 5). The 1st group was the control group, the 2™ group
was the control group treated with Ajwa seeds (1g/kg)
(Khan et al., 2017), the 3™ group was the diabetes
group, the 4th group was the diabetes group treated
with Metformin (150 mg/kg) (El-Sayed et al., 2020),
and the 5th group was the diabetes group treated with
Ajwa seeds (1 g/kg). Metformin and Ajwa seeds were
administered orally using oral gavage six days a week,
for four weeks.

Sample collection: At the end of the experiment, rats
were fasted before blood collection and dissection. All
animals were euthanized using diethyl ether, then blood
was collected from theorbital plexus sinus. The blood was
centrifuged for 15min at 3500 rpm at -4°C to separate
the serum which was kept in the freezer at -80°C. Using
rodent guillotine rats ware decapitated and dissected.
Liver’s ware taken out and washed with normal saline
then cut. For each organ, someof pieces were preserved
in 10% formalin and some kept frozen at -80°C.

Measurement of serum indicators of hyperglycemia:
Fasting serum glucose was measured by using the
colorimetric kit of Reactivos GPL, Barcelona, Spain.
Fasting serum glucose was measured by using the rat
ELISA assay kit, Immunospec, CA.

Measurement of serum indicators of liver dysfunction:
Serum levels of alanine aminotransferase (ALT), aspartate
aminotransferase (AST), Alkaline phosphatase (ALP),
lactate dehydrogenase (LDH), and total protein (TP) were
measured using the kits of Human, Germany for all the
enzymes and Crescent Diagnostics kit, Saudi Arabia for
the TP.

Measurement of serum indicators of liver oxidative
stress: Hepatic concentration of reduced glutathione
(GSH), superoxide dismutase (SOD), catalase (CAT), and
malondialdehyde (MDA), were measured using the kits
of Biodiagnostic, Egypt. and advanced glycation product
(AGE)were measured using the kits of My BioSource,
USA.

Measurement of serum indicators of liver inflammation:
Hepatic concentration of tumor necrosis factor alpha
(TNF-a) and nuclear factor kappa beta (NF-kB) were
measured using the rat ELIZA kits of Abcam, USA.

Histopathological investigation of the liver tissue
(hematoxylin and eosin (H & E) staining): Formalin-fixed
liver specimens were packed with paraffin and cut into 4
pm segments. The segments were dyed with H & E and
analyzed and photted utilizing light microscopy.
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Immunohistochemistry investigation of apoptotic
and inflammatory markers: An immunoperoxidase
(peroxidase/antiperoxidase, PAP) protocol was utilized to
stain theliversegments for NF-xB and caspase-3proteins.
The antibodies (bought from LabVision, Fremont, CA)
were diluted in 1:200 dilution. The segments were
analyzed and photted, utilizing light microscopy.

Table 1. Impact of Ajwa seeds on serum indicators of
hyperglycemia

Test Rats Glucose Insulin
(mg/dL) (nTU/mL)
Control 134 + 10 24 + 0.36
Ajwaseeds 130 + 5.0 19+ 1.4
Diabetes 328 + 1.0 @ 11 + 0.26
Diabetes + Metformin | 203 + 21 "*** 22 +0.87 "
Diabetes + Ajwaseeds | 164 + 29 "** | 31 4+ 2.40 "™ <™

Findings were described as mean + SE (n = 5). *Significant
contrasted to the control rats. "Significant contrasted to
the diabetes rats. Significant contrasted to the Metformin
rats.*** p<0.001.

Statistical analysis: The mean and SE were used to
express the data. The data were analyzed statistically
using ANOVA and Tukey’s post-hoc test. A p 0.05 was
chosen as the significant level. SPSS for Windows,
version 22, Armonk, NY, was used to conduct the
statistical analysis.

Impact of Ajwa seeds on serum indicators of
hyperglycemia: There was no significant difference in
glucose levels between the Ajwa seeds rats and the
control rats.The diabetes rats showed a significantly
increased serum glucose contrasted to the control rats.
In comparison to the diabetes rats, the diabetic rats who
were given Metformin and Ajwa seeds had significantly
lower serum glucose levels (Table 1). The insulin level
between Ajwa seeds rats and the control rats showed
no significant difference. The diabetes rats showed a
significantly decreased serum insulin contrasted to the
control rats. In comparison to the diabetes rats, treatment
with Metformin and Ajwa seeds substantially increased
serum insulin levels; however, Ajwa seeds was found to
significantly increased serum insulin contrasted to the
Metforminrats (Table 1).

Table 2. Impact of Ajwa seeds on liver tissueindicators of liver injury

Test Rats ALT (U/L) AST (U/L) ALP (U/L) LDH (U/L) TP (g/dL)
Control 18.9 + 2.8 19.6 + 1.5 520 + 30 250 + 20 5.2 + 0.04
Ajwaseeds 123 + 19 133 +24 346+ 19 249 + 29 5.6 + 0.12
Diabetes 81.4 + 13.2¢%% 122.3 £ 2.1%% 1169 + 108**** | 1496 + 71*** 5.4 + 0.49
Diabetes + Metformin 67.1 + 6.2 29.8 + 1.5"** 463 + 39" 209 + 15 5.2 + 0.06
Diabetes + Ajwaseeds 20.1 + 1.1b*** ** | 449 4 1.7b**, ** | 495 4 95b*** 119 + 9>*** 4.99 + 0.31

Findings are described as mean + SE (n = 5). *Significant contrasted to the control rats. "Significant contrasted to the
diabetes rats. ‘Significant contrasted to the Metformin rats.***p<0.001.

Impact of Ajwa seeds on serum indicators of liver injury:
There was no significant difference in ALT, AST, ALP, and
LDH levels between the Ajwa seeds rats and the control
rats. The diabetes rats showed a significantly increased
serum ALT, AST, ALP, and LDH contrasted to the control
rats. Treatment of diabetes rats with Metformin and
Ajwa seeds significantly decreased serum AST, ALP,
and LDH contrasted to the diabetes rats. In comparison
to the diabetes rats, Ajwa seed treatment substantially
reduced serum ALT levels; however, Metformin therapy
had no effect on serum ALT levels in diabetic rats.
Ajwa seeds was found to significantly decreased serum
insulin contrasted to the Metformin rats. There was no
significant difference between serum TP in all the test
rats (Table 2).

Impact of Ajwa seeds on liver tissue histopathology
(H & E): The control and Ajwa seeds liver sections showed
normal central vein (CV) and normal hepatocytes with

rounded, active, and centrally located nuclei. The diabetes
liver section showed numerous histological changes
mainly in CV regions mainly dilated CV, hepatocytes
necrosis, and degenerated nuclei. The liver sections of
rats treated with Metformin and Ajwa seeds showed
apparent preservation of the hepatocyte’s morphology;
besides, the CV was intact normal. More evident
preservation was observed in the CV and hepatocytes
of the Ajwa seeds ratscontrasted to the diabetes and
Metformin rats (Figure 1).

Impact of Ajwa seeds on liver tissue indicators of
oxidative stress: There was no significant difference
in SOD, CAT, MDA, and AGE levels between the Ajwa
seeds rats and the control rats. Ajwa seeds significantly
increased liver GSH content contrasted to the control rats.
The diabetes ratshad a significantly higherliver contents
ofMDA and AGEand significantly lower liver contents
of GSH, SOD, and CAT contrasted to the control rats. In
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comparison to the diabetes rats, Metformin treatment
significantly reduced MDA and AGE levels in the liver
while significantly increasing SOD and CAT levels.
In comparison to diabetes rats, Ajwa seeds treatment
significantly lowered the liver content of MDA and
AGE, whereas the liver content of SOD and CAT was

Figure 1: Impact of Ajwa seeds on liver tissue histopathology

A: Control; B: Ajwa seeds; C: Diabetes; D: Diabetes
+ Metformin; E: Diabetes + Ajwa seeds

significantly higher. Treatment of diabetes rats with
Ajwa seeds significantly decreased liver content of AGE
and significantly increased liver GSH, SOD, and CAT
contrasted to the Metformin rats (Table 3).

Impact of Ajwa seeds on liver tissue indicators of
inflammation: There was no significant difference
in TNF-o. and NF-kB levels between the Ajwa seeds
rats and the control rats. The diabetes rats showed
significantly increased liver contents of TNF-o. and NF-
kB contrasted to the control rats. In comparison to the
diabetes rats, treatment with Metformin and Ajwa seeds
substantially reduced the liver content of TNF- and NF-B.
In comparison to Metformin rats, diabetes rats treated
with Ajwa seeds had significantly lower TNF- levels in
their livers (Table 4).

Impact of Ajwa seeds on liver tissue immune expression
of NF-xB protein: The control and Ajwa seeds liver
sections showed slight NF-xB protein expression. The
diabetes liver section showed marked positive NF-xB
immuno-stained cells contrasted to the control section.
The liver sections of rats treated with Metformin and
Ajwa seeds showed apparent decrease in the expression
of NF-xB protein contrasted to the diabetes rats
(Figure 2).

Table 3. Impact of Ajwa seeds on liver tissue indicators of oxidative stress

Test Rats GSH (mg/g) SOD (U/g) CAT (U/g) MDA (nmol/g) |  AGE (ng/g)
Control 8.7 + 0.05 1261 + 58 7.7 + 0.44 29+ 1.9 73.9 + 5.1
Ajwaseeds 10.1 + 0.49* 1268 + 43 7.0+ 0.67 29 + 1.4 78.6+ 8.6
Diabetes 6.4 + 0.20%** 714 + 8.0%** 0.93 + 0.168** 47.9 + 1.2 172 + 8.2%%*
Diabetes + Metformin 7.22 + 0.27 883 + 24 9.7 + 0.29"*** 33.1 + 1.6%** 140.8 + 7.8"*
Diabetes + Ajwaseeds | 10.83 + 0.28Y*** <*** 11077 + 50"*** < | 7.4 + 0.46"***, ** 27.1 + 0.91** | 86,1 + 4.30%** o

Findings are described as mean + SE (n = 5).aSignificant contrasted to the control rats. "Significant contrasted to the

diabetes rats.cSignificant contrasted to the Metformin rats.*p <0.05, **p <0.01, **p<0.001.

Table 4. Effect of Ajwa seeds on liver tissueindicators of

Figure 2. Impact of Ajwa seeds on liver tissue immuno
expression of NF-xB protein

inflammation

Test Rats TNF-o NF-xB
(ng/g) (ng/e)

Control 61 +7.2 1411 + 109

Ajwaseeds 60 + 2.1 1415 + 53

Diabetes 152 4 7.2%%%* 6730 + 72

Diabetes + Metformin 125 + 6.7 1643 + 90>***

Diabetes + Ajwaseeds |77 + 4.8Y*** **| 1488 + 1920***

Findings were described as mean + SE (n = 5). #Significant
contrasted to the control rats. "Significant contrasted to
the diabetes rats. Significant contrasted to the Metformin

rats.*** p<0.001.

g
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A: Control; B: Ajwa seeds; C: Diabetes; D: Diabetes
+ Metformin; E: Diabetes + Ajwa seeds
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Impact of Ajwa seeds on liver tissue immune expression
of caspase-3 protein: The control and Ajwa seeds liver
sections showed slight caspase-3 protein expression. The
diabetes liver section showed marked positive caspase-3
immuno-stained cells contrasted to the control section.
The liver sections of rats treated with Metformin and
Ajwa seeds showed apparent decrease in the expression
of caspase-3protein contrasted to the diabetes rats. Ajwa
seeds showed superior antiapoptotic effect contrasted to
Metformin as shown in Figure 3.

Figure 3: Impact of Ajwa seeds on liver tissue immuno
expression of caspase-3 protein
fe \..; - \‘.\4

e W

o m

A: Control; B: Ajwa seeds; C: Diabetes; D: Diabetes
+ Metformin; E: Diabetes + Ajwa seeds

Diabetes is related to a number of liver disorders,
including non-alcoholic fatty liver, acute liver failure,
and elevated liver enzymes. Similarly, unregulated
glycogen accumulation in the liver can exacerbate insulin
resistance, which, when combined with hyperglycemia,
can damage the liver and contribute to higher morbidity
and mortality among diabetes patients (Mohamed et
al., 2016). The results of the current study showed that
consuming the Ajwa seed suspension protects rat’s
liver from diabetes-induced damage. The findings of
this study bolstered the potential of Ajwa seeds to
reduce the elevated levels of liver enzymes associated
with diabetes, and to improve liver tissue pathological
features. Similar results previously demonstrated that
date seeds suspension improved liver enzymes (ALT
and AST) and liver histopathology (H & E) in diabetic
rats (Abdelaziz et al., 2015).Furthermore, in rats with
alloxan-induced diabetes, Ajwa seed aqueous extract
was found to normalize liver enzymes (ALT, AST, and
ALP) (Sarfraz et al., 2017).

Hyperglycemia cause oxidative stress, which causes
liver damage and metabolic changes (increased
gluconeogenesis and ketogenesis) that provoke more
oxidative stress and inflammation leading to a rise in
serum liver enzymes (Mohamed et al., 2016; Sarfraz
et al., 2017).The ability of Ajwa seeds to reverse the
raised in the serum liver enzymes and to retain the
histopathological features of the liver may be attributed
to its ability to lower the elevated serum glucose level
which in turn reverse the oxidative stress state and

prevent the hyperglycemia linked metabolic changes,
(Sarfraz et al., 2017). Numerous mechanisms are involved
in hyperglycemia-induced tissue injuries including
increased glucose flux through the polyol pathway,
overproduction of intracellular AGE, increased AGE
receptor expression, activation of protein kinase C
isoforms, and induction of the hexosamine pathway.
Several evidence suggest that all of these mechanisms
are activated by a specific upstream incident, excess
mitochondrial reactive oxygen species (ROS) formation
(Brownlee, 2005; Giacco and Brownlee, 2010).

This study demonstrated the ability of Ajwa seeds to
increase the concentrations of enzymatic (SOD and
CAT) and non-enzymatic (GSH) antioxidants in the
liver tissue of diabetic rats and their ability to reduce
levels of oxidative stress products (MDA and AGE); these
confirm their hepatoprotective action against the risk of
destructive oxidative stress. By virtue of their antioxidant
constituents, Ajwa seeds may be able to scavenge ROS
and thus avoid diabetes-related hepatic oxidative stress,
and liver damage (Habib et al., 2014; Habib and Ibrahim,
2011; Sarfraz et al., 2017). Several studies have shown
that intracellular glucose overload reduces antioxidant
enzyme activity (SOD and CAT) and increases lipid
peroxidation (MDA) (Manna et al., 2010; Nain et al.,
2012). The glycation of antioxidant enzymes may be
the cause of this behavior (Yan and Harding, 1997).
The current experiment showed that Ajwa seed-treated
diabetic rats have a substantial increase in liver SOD
and CAT levels. These results may be attributed to Ajwa
seeds’ ability to inhibit the glycation of the antioxidant
enzymes and scavenge the ROS due to the plenty of
powerful antioxidants, including flavonoids and phenolic
active components (Habib et al., 2014).

According to many studies, Ajwa seeds contain many
antioxidants as they constitute a wealthy source of total
polyphenols (Al-Farsi et al., 2007; Habib et al., 2014).
Ajwa seeds have a significant polyphenol content,
equivalent to 51 g/kg, higher than in the fruit. Besides
that, catechins and flavanones, among the polyphenolic
phytochemicals present in Ajwa seeds, possess a good
absorption. This confirms a perfect bioavailability of Ajwa
seeds’ polyphenols (Habib et al., 2014). TNF-o. and other
inflammatory cytokines are essential in the advancement
of diabetes-induced liver inflammation(Chen et al., 2020;
Soufl et al., 2012). Oxidative stress has also been shown
to encourage the expression of NF-kB, which increases
the production of pro inflammatory cytokines, including
TNF-a (Arican et al., 2005; Chen et al., 2020).

Based on this evidence, targeted therapies that can tightly
regulate blood glucose, minimize oxidative stress and
inhibit pro-inflammatory cytokines are supposed to be
effective in preventing diabetic complications (Chen et
al., 2020).The present study findings demonstrated the
ability of Ajwa seeds to decrease the concentrations of
inflammatory mediators (TNF-o. and NF-kB) and their
ability to reduce the expression of NF-kBprotein in the
hepatic tissue of hyperglycemic rats; these confirm their
hepatoprotective action via inhibition of inflammation.
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A recently published study suggested that Ajwa seeds’
active constituents may prevent various inflammatory
mediators (Bouhlali et al., 2020). Studies have suggested
that Ajwa seeds’ active constituents may prevent various
inflammatory mediators. According to their research,
rutin, quercetin, p-coumaric, and caffeic acids were
the main polyphenols among the analyzed phenolic
compounds abundant in Ajwa seeds. They found a
significant correlation between the anti-inflammatory
effect of Ajwa seeds and most of the fore mentioned
polyphenols (Bouhlali et al., 2020). Ajwa seed extract
was found to significantly lower the levels of many pro
inflammatory cytokines, including TNF-o. (Al-Rasheed
et al., 2015; Saryono et al., 2019). Ajwa seeds can also
suppress the pro inflammatory mediator (TNF-o) and
inhibit NF-kB translocation (Saryono et al., 2019).

STZ-induced liver injury in diabetic animals has
accompanied increased hepatocyte apoptosis, which is
proven by enhanced biochemical factors implicated in
both the extrinsic and intrinsic mechanisms of apoptosis,
as shown by the up regulation of Fas/FasL/caspase-3 and
Bax/Bcl2 proteins expression (Rodriguez et al., 2018).
In STZ-nicotinamide induced hyperglycemic rats, the
hepatic expression levels of anti-apoptotic markers,
p-PI3K and Bcl-2 were down-regulated, while that of pro-
apoptotic markers, cytochrome c, and cleaved caspase-3
were upregulated (Asokan et al., 2019).The present study
results showed that Ajwa seeds can lowered the hepatic
protein expression of pro-apoptotic marker, caspase 3,
which might be another hepatoprotective mechanism of
Ajwa seeds. The inhibitory effect of Ajwafruit extract
on the hepatic apoptotic cell death may be related to
their antioxidant activity and down-regulating the pro-
apoptotic factor caspase-3 (Elsadek et al., 2017).

Ajwa seeds suspension significantly lowered STZ-induced
hyperglycemia by increasing insulin secretion. Ajwa
seeds suspension dramatically protects the liver against
STZ-induced damage in diabetic rats and significantly
increased antioxidants factors in the liver. Moreover,
Ajwa seeds suspension successfully ameliorated STZ-
induced liver damage by suppressing liver inflammation,
as indicated by the decreased TNF and NFKB levels. It
also lowered the expression of NFKB as well as the pro
apoptotic marker, caspase-3 proteins.
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