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ABSTRACT

This research aim was to assess the impact of the seed extracts of the date cultivars (Qatara, Barhi, and
Ruthana) on rat’s liver steatosis, oxidative stress, and inflammation triggered by feeding a high-fat diet
(HFD). The experimental design was based on random partitioning into two groups; one that received
the standard diet and another that received the HFD diet. The HFD rats were orally administered
Lipitor or date seed extracts at 300 or 600 mg/kg/day for 4 weeks. Accordingly, feeding rats HFD signif-
icantly increased body and liver weights, hepatic and serum lipid levels, glucose, insulin, HOMA-IR, liver
function enzymes, and inflammation markers, and decreased oxidative stress enzymes. Oral administra-
tion of Barhi and Ruthana date seed extracts significantly decreased body and liver weights. Serum and
liver total cholesterol TC, Triglycerides TGs, and free fatty acids FFAs were also decreased as were AST,
ALT, MAD, leptin, and CRP, with a concomitant increase in SOD, GSH, and CAT. Furthermore, similar to
Lipitor, oral administration of the extracts reduced inflammation markers such as TNF-a, serum CRP,
IL-6, IL-1B, and leptin while increasing IL-10 and adiponectin levels. Histological observation revealed
that extract administration improved hepatocyte and parenchymal structures and decreased lipid depo-
sition. In conclusion, both Barhi and Ruthana seed extracts showed strong hepatoprotective, anti-
inflammatory, and antioxidant effects against HFD-induced liver steatosis. And date seeds have other
beneficial potential for prevention and treatment of various diseases, which can be studied in the future.
© 2023 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

hyperlipidemia in Middle Eastern and African countries was found
to reach 70% (Raal et al., 2018), and in Saudi Arabia, it varies from

The most common form of dyslipidemia, or hyperlipidemia, is
characterized by an altered circulatory lipid profile levels (Hill &
Bordoni, 2021). It is a significant risk cause for cardiovascular
disease (CVD) and is accountable for approximately 30% of all
coronary heart diseases and 50% of cerebrovascular diseases
worldwide, resulting in nearly 2.6 million deaths each year
(World Health Organization WHO, 2021). The prevalence of
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8.5 to 54.9%, based on location (Medani et al., 2018). High-fat diet
(HFD) and obesity are major causes of hyperlipidemia, which neg-
atively alter lipoprotein metabolism (Misar, 2020). It causes liver
disorders by promoting Reactive oxygen species (ROS) production
and oxidative stress increasing (Saryono et al., 2017). The increase
in free radical activity is known to cause lipid peroxidation of cel-
lular structures, resulting in serious molecular damage such as
DNA breakdown, protein damage, and lipid peroxidation and trig-
gering chronic inflammation, which has been linked to the initia-
tion and/or the aggravation of many diseases (Al-Otaibi et al.,
2020; Loépez-Contreras et al., 2020), such as liver disorders.
Oxidized LDL-C was also found to contribute to inflammatory pro-
cesses in hepatocytes by increasing ROS synthesis, activating
macrophages and endothelial cells, increasing apoptosis, and caus-
ing hepatic injury. It is well-recognized that the liver is involved in
metabolism, detoxification, storage, and immunity. The liver is
particularly susceptible to damage by HFD and hyperlipidemia,
which disrupt liver functions by changing lipid and lipoprotein
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metabolism and causing fatty liver disease (Malhotra et al., 2020;
Friedman et al., 2018). Hyperlipidemia and insulin resistance also
contribute to the buildup of cholesterol, TGs, and free fatty acids
(FFAs) in hepatocytes, leading to hepatic inflammation and fatty
liver diseases (Malhotra et al., 2020).

The date palm (Phoenix dactylifera Linn), primarily farmed in
the Middle East and North Africa regions since ancient times, is
one of the major fruit trees worldwide (Al-Alawi et al., 2017). Saudi
Arabia is currently one of the top world’s producers and exporters
of date fruit. There are around 400 date varieties grown in Saudi
Arabia (Abdul-Hamid et al.,, 2020). Date fruits have health-
promoting effects due to their higher biologically active compound
content (Algarni et al., 2019; Khan et al., 2017). Depending on qual-
ity and variety, the seed constitutes 10-15% of the ripe date fruit
weight (Ghnimi and Almansoori, 2015). It primarily comprises
dietary fiber, protein, fat, carbohydrates, phenols, and minerals.
The chemical makeup of date seeds varies with the cultivar, har-
vest period, post-harvest processes, and fertilizers employed. Date
seeds have high levels of bioactive substances like phytosterols,
phenolic acids, flavonoids, carotenoids, and tocopherols
(Magsood et al., 2020). Numerous research has demonstrated the
antioxidant, hypolipidemic, anti-inflammatory, and antidiabetic
properties of the bioactive compounds (Ayatollahi et al., 2020;
Melek et al., 2019; Saryono et al., 2020). In the assessment of their
hypolipidemic and antidiabetic impacts, Marghoob & Abdelmarouf
(2016) discovered that Ajwa and Sukkari date seed extracts signif-
icantly enhanced lipid profiles and reduced oxidative indices while
lowering glucose levels. Similar results were obtained by Saryono
et al. (2017) in hypercholesterolemic rats following 21 days of
administering date seed methanol extracts at various concentra-
tions (0.25, 0.5, and 1.0 g/kg/day). Furthermore, Abiola et al.
(2018) revealed that giving diabetic-induced rats 400 mg/kg of
ethanolic date seed extract orally for 14 days reduced their TC,
LDL-C, and TG levels. Data on the hepatoprotective effect of the
Saudi date seeds are scarce and need extensive investigation.
Accordingly, this research aimed to monitor the therapeutic influ-
ences of phenolic extracts from various date seed cultivars, primar-
ily Qatath, Barhi, and Ruthana, on liver function as well as
biomarkers of inflammation and oxidative stress in rats fed high-
fat diets.

2. Materials and methods
2.1. The extraction process

The date palm cultivar fruits, Qatarah (QT), Barhi (BR), and
Ruthana (RT) were purchased from the local markets from a certi-
fied supplier during the Rutab stage. The seeds were separated
from the flesh manually. The seeds were cleaned in water to
remove leftover flesh, dried in the sun, and then ground into pow-
der. The bioactive compounds were extracted from the seed pow-
der using a mixture of methanol:ethanol:water (40:40:20) with a
1:5 ratio of powder: solvent, following the method reported previ-
ously (Takaeidi et al., 2014). The extracts were concentrated in a
rotatory evaporator and then lyophilized. The lyophilized samples
were reconstituted in normal saline to the desired concentrations
for use in animal experiments.

The standard hypolipidemic drug, Lipitor (Atorvastatin), was
purchased from local markets and diluted to the required concen-
tration in normal saline.

2.2. Animals

For this experiment, 72 healthy, adult male Wistar albino rats
(weighing 150 + 20 g) were obtained from the Experimental
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Animal Care Center at King Saud University, Riyadh, Saudi Arabia.
Housing temperatures and relative humidity were respectively
fixed at 22 = 2 °C and 55 + 5% relative humidity, with a light and
dark duration, each 12 h long. The animals’ control or HFD diets
were accessible to rats freely during the whole experimental per-
iod. The Research Ethics Committee at King Saud University autho-
rized the protocols employed in animal trials (Ethics Reference No:
KSU-SE-22-07).

2.3. Diets

The diet standard and high-fat diets were prepared according to
(AIN)-93 M method of the American Institute for Nutrition, as
shown in Table 1 (Reeves, 1997, Woods et al., 2003).

2.4. Experimental design

After a one-week adaptation period on the control standard diet
STD, rats were randomly allocated and then treated either with the
control or HFD (8 rats for each), and the HFD included further
treatments. The STD group received normal saline and the HFD
groups were sorted into an additional 8 groups: a control HFD-
fed group received normal saline; a second HFD-fed group received
a safe dose of Lipitor (10 mg/kg) (Dhingra et al., 2014); and the
remaining 6 HFD groups administrated QT, BR, or RT extracts orally
in two doses of 300 mg or 600 mg/kg. The determined extract
doses were drawn from previous reports (Chis et al., 2009; Adigun
et al,, 2016; Ahmed et al.,, 2016; Abiola et al., 2018). The treatment
was conducted for 8 weeks, daily food consumption was moni-
tored, and weekly final body weight was taken.

2.5. Blood and tissue collection

After 8 weeks, a mixture of xylazine hydrochloride (10 mg/kg)
and ketamine hydrochloride (100 mg/kg) was used to anes-
thetize all trial rats. To gather serum and plasma, blood samples
were taken directly by puncturing the heart and placed into tubes
without and with EDTA, respectively, before being centrifuged
(1200 xg) for 10 min. For biochemical tests, all serum and plasma
samples were kept at —80 °C and used afterward. The livers were
then removed from each rat’s abdomen, placed on ice, and sliced
into small pieces before being cleaned in an ice-cold phosphate-
buffered saline (PBS) solution (pH = 7.4). A liver portion was con-
served in 10% buffered formalin before being sent to the pathology
laboratory for analysis. Every remaining liver portion was sub-
jected to swift freezing in liquid nitrogen and kept at —80 °C for
future usage.

Table 1

Formulation of the control diet and high-fat diet (HFD) of rats.
Ingredients Standard diet High-fat diet

(g/kg of diet) (g/kg of diet)

Casein 140.00 174.00
L-Cystine 1.8 1.8
Corn Starch 465.7 303.1
Dextrinized corn starch 155.00 115
Sucrose 100 89.9
Fiber 50.00 50.00
Soybean Oil 40.00 25.00
Fat (Butter oil) 20.00 216
Mineral mix (AIN93-G) 35.00 50.00
Vitamin mix (AIN93-G) 10 10
Choline Bitartrate 2.5 2.5
Tert-butylhydroquinone 0.01 0.01
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2.6. The extraction process of liver lipids

Lipids from frozen livers were extracted following the metha-
nol/chloroform protocol established earlier (Folch et al.,, 1957).
For the assay, 20 ml of a solvent mixture (methanol: chloroform;
1:2 v/v) was used to homogenize 0.5 g of each frozen liver part
for 4-5 h in a tube. After adding 4 ml of normal saline and vortex-
ing (2500 xg; 15 min), two phases appeared in the tube. The upper
phase was separated from the bottom phase containing lipids,
which was then dried and redissolved in 1 ml of isopropanol for
further analysis.

2.7. Hepatic and serum lipid analyses

An assay kit (Cat. No. 10009582; Cayman Chemical, MI, USA)
was employed to examine plasma glucose levels. Rat’s ELISA kit
(Cat. No. 589501, Ann Arbor, MI, USA) was utilized to estimate
plasma insulin levels. The following equation (Furukawa et al.,
2019) was adopted to serve as the basis for calculating the
HOMA-IR index: “HOMA-IR= (fasting plasma insulin levels (ng/
ml) X fasting plasma glucose (mg/dl))/405”. A spectrophotometric
assay kit (Cat. No. 10010303, Cayman Chemical, MI, USA, and
ECCH-100, BioAssay Systems, CA, USA, respectively) was used to
monitor TGs and CHOL levels in serum and liver, while assay kits
(Cat. No. K4436, BioVision, CA, and Cat. No. USA79960, Crystal
Chemicals, USA) were used to measure HDL-c and LDL-c levels.
ELISA-specific kits were used to assess the serum concentrations
of adiponectin, CRP, leptin, ALT, and AST (Cat. No. MBS068220;
Cat No. MBS453159; Cat. No. MBS012834; Cat. No. MBS269614,
and MBS264975; MyBiousorce, CA, USA). All measurements were
carried out following the instructions provided by the kit manufac-
turers, for a total of 8 samples per group.

2.8. Preparation of liver tissue homogenates

To prepare a homogenate, 0.5 ml of ice-cold PBS (pH = 7.4) was
added to a frozen liver sample (100 mg), homogenized, and then
centrifuged (12,000 x g; 15 min; 4 °C). The obtained supernatant
was stored at —20 °C until used for biochemical tests.

2.9. Biochemical measurements in the liver homogenates

The malondialdehyde (MDA) concentration in the liver homo-
genate was assessed using the assay kit with the Cat. No.
10,009,055 (Cayman, MI, USA). Total glutathione (GSH), superoxide
dismutase (SOD), catalase (CAT), tumor necrosis factor-alpha (TNF-
o), and interleukin-10 and 6 (IL-6) levels in liver homogenate were
determined using rats’ specific ELISA kits (Cat. NO. MBS265966;
Cat. No. MBS036924, Cat. No MBS726781; Cat. No. BMS2507393,
Cat. Mo. MBS034393; and Cat. No. MBS269892), which were pro-
cured from MyBioSource, CA, USA. All experiments were imple-
mented following the manufacturer’s guidance provided with
each kit.

2.10. Histological analysis

Liver segments were kept safe for 24 h in a 10% buffered forma-
lin solution. Following xylene deparaffinization, the liver tissue
was rehydrated in ethanol solutions of varied percentages (100%,
95%, and 70%) sequentially. The segments were covered with paraf-
fin wax and then split into slices (3-5 uM thickness) using a micro-
tome. Hematoxylin and eosin staining was performed after
mounting the slices on glass slides. Cover clips were used to secure
the slides, which were then allowed 24 h to dry. A blind pathologist
then photographed each image using a light microscope.
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2.11. Statistical analysis

The data were shown as mean * SD (standard deviation). The
statistical software application GraphPad Prism was used to ana-
lyze the data (version 8, Australia). The variation between rat
groups was analyzed by one-way ANOVA. Tukey’s test was used
as the post hoc test to determine differences between means at
the significance level of P < 0.05.

3. Results
3.1. Food intake, body weight, fasting glucose, and insulin levels

Rats that received HFD revealed significantly higher food intake
than rats that received the STD diet. Except for those given 300 mg
and 600 mg/kg of RT extract, there was no significant difference
among HFD samples. Similarly, HFD rats consumed higher
amounts of food than STD rats. Feeding rats HFD increased liver
weight compared to rats fed STD, except for rats administered Lip-
itor, which showed a significant reduction in their liver weights at
p < 0.05 (Table 2). Rats fed HFD gained higher body and liver
weights,as well as, elevated levels of fasting glucose, insulin, and
HOMA-IR than control rats fed the STD (Table 2). There was no sig-
nificant change in the levels of all these parameters between rats
fed HFD and administered the Qatarah seed extracts (QT) (300 or
600 mg/kg dose) at p < 0.05. In contrast, HFD + Lipitor,
HFD + Barhi (BR) (300 and 600 mg/kg), and HFD + Ruthana (RT)
(300 mg/kg) seed extract-treated rats displayed lower body and
liver weight gain, fasting glucose, insulin, and HOMA-IR as com-
pared with HFD-fed rats (Table 2). In comparison to HFD + BR
(300 or 600 mg/kg) and HFD + RT (300 mg/kg), HFD + Lipitor-trea
ted rats showed significantly lower parameters at p < 0.05. More-
over, the results of the body and liver weights, fasting glucose,
insulin, and HOMA-IR were not varied in rats treated with STD,
HFD + Lipitor, and HFD + RT (600 mg/kg) (Table 2).

3.2. Changes in serum and liver lipids

Table 3 shows the results of the contents of CHO, TGs, and FFAs
in lipids obtained from rat serum and liver. In comparison to rats
fed the STD, the blood serum and liver lipids of rats fed the HFD
revealed significantly greater content of CHOL, TG, and FFA, but
their HDL-c content was lower at p < 0.05. All hepatic and serum
lipid parameters were significantly non-different at p < 0.05
between rats fed HFD and rats fed HFD + QT seed extracts (300
and 600 mg/kg). In comparison to control rats, HFD + Lipitor and
HFD + RT (600 mg/kg)-treated rats had significantly greater TGs,
CHOL, and FFA levels in the serum, together with greater amounts
of serum LDL-c and hepatic TGs, CHOL, and FFAs. Moreover, the
STD, HFD + Lipitor, and HFD + RT (600 mg/kg)-treated rats revealed
non-significant variations concerning all these studied lipid
parameters at p < 0.05. When compared with control, HFD + Lipitor,
and HFD + RT (600 mg/kg)-treated rats, the HFD + BR (300 and
600 mg/kg) and HFD + RT (300 mg/kg)-treated rats contained sig-
nificantly higher quantities of serum and liver TGs, CHOL, and FFAs,
but they contained lower quantities of the serum HDL-c at p < 0.05.

3.3. Liver functions

Fig. 1A and B depicts the results of the liver function indicators.
Rats fed the HFD had significantly greater concentrations of serum
ALT and AST than rats fed the STD. The ALT and STD levels were not
significantly different (at p < 0.05) in rats given HFD or HFD + QT
seed extract (300 or 600 mg/kg). Compared to the model HFD-
fed rats, all other treated HFD rats had significantly lower serum
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Table 2
Changes in food intake, body weights, and fasting glucose and insulin in all groups of rats.
STD HFD HFD + Lipitor HFD + QT HFD + QT HFD + BR + HFD + BR HFD + RT HFD + RT
(300 mg/kg) (600 mg/kg) (300 mg/kg) (600 mg/kg) (300 mg/kg) (600 mg/kg)
Final body weight (g) 324+18 457 +28° 358 +25% 433 £27% 463 £33% 398 £22%cde  3G7 4 1gbdel 364 4 ppabdel 364 4 ppbdefeh
Food intake (g/rat/4wk) 219+16 322 +28'  335%22% 334 + 312 319 + 247 344 + 36° 338 +32° 327 + 36° 321 +31°
Liver weight (g) 13.7+11 195+1.6% 142+14° 20.1 £2.1% 196 + 1.3%¢  17.5+ 1.4%0d¢ 156 + 1.23Pcdel 15 4 1 qabedel 13 4 7 pbdefeh
Glucose (mg/dl) 97 £11.1 207 +17° 110+13° 213 £ 7°%¢ 210 + 15°¢ 192 + 8¢ 141 £ 123bcdel 143 1 13bcdel 103 £ gbdefeh
Insulin (pIU/ml) 46+08 73+13" 41+11° 7.5+ 1.1%¢ 7.1 £1.7%¢ 7.2 +1.5% 5.9 + 0.9%0cdel 55 4 73bcdel 4 4 4 gPdefeh
HOMA-IR 11+02 37+05 12+02° 3.8 £0.4% 3.7 £0.2%¢ 3.4 £0.7 2.2 £0.33bcdel 1,94 23bcdel 174 (bdefeh

Data were analysed by one-way ANOVA followed by tukeys’ test. All values were presented as mean + SD (n = 8 rats/group) and were considered significantly different at
p<0.05.2: vs. STD, ®: vs. HFD, <: vs. HFD + Lipitor, 9: vs. HFD + Qatarah (QT) seed extract (300 mg/kg), : vs. HFD + Qatarah (QT) seed extract (600 mg/kg), f: vs. HFD + Barhi (BR)
seed extract (300 mg/kg), &: vs. HFD + Barhi (BR) seed extract (300 mg/kg). ®: vs. HFD + Ruthana (RT) seed extract (300 mg/kg).

Table 3
Changes in serum and hepatic lipids in all groups of rats.
STD HFD HFD + Lipitor ~ HFD + QT HFD + QT HFD + BR + HFD + BR HFD + RT HFD + RT
(300 mg/kg) (600 mg/kg) (300 mg/kg) (600 mg/kg) (300 mg/kg) (600 mg/kg)
Serum
TGs (mg/dl) 47 +5.1 145 £ 142 53 +7.4° 153 £13.1% 149 £ 15.6%° 121 + 11.23de 971 # g gbcdel 96 + 7.83bedef 51 + 6.1Pdefeh
CHOL (mg/dl) 72 +6.4 188 £13.1° 75+6.7° 174 £14.3%° 193 £13.57 121 £ 9.23bcde 98 + 6.5 3bcdel 101 £ 17 Abedel  §7 4 5 4bdefeh
LDL-c (mg/dl) 374+42 952+75 399+51° 101 + 9.4 972+ 6.8  81.2+74%de  g571 +5g8cdel 79 4 7 3abedef 35.6 + 4.4Pdefeh
HDL-c (mg/kg) 235+33 114+21* 265+4.1° 132 £3.7° 11.8+24% 156+ 1.3 187 +3.13bdel 16,8 + 2.82Pcde 243 4 3 bdefeh
FFAs (umol/l) 345 £ 31 783 + 49? 382 + 39° 798 + 593¢ 804 + 73%¢ 615 + 433bcde 493 + 35bcdel  57) 4 53abedel 357 4 Hgbdefeh
Liver
TGs (mg/g) 32+04 7.7 +1.3° 2.9 +0.5° 8.1+1.1%¢ 7.8 +1.6% 6.1 + 1.3 abede 5.1 £ 0.8%Pdel 4.9 4 73bcdel 37 4 g 4bdefeh
CHOL (mg/g) 0.5+0.07 22204 0.6 +0.1° 2.4 £0.5% 2.1 +£04% 1.6 £ 0.4 abede 1.1 £0.23cdef 0,93 + 0,230l (6 + 0,20defeh
FFAs (umol/g) 38 4.1 103 +9.1*° 41 +64° 95 + 8.3 99 + 6.3 84 + 6,73bcde 60 + 6.13bcdef 56 + 5.93bcdef 44 + 5 gbdefeh

Data were analysed by one-way ANOVA followed by tukeys’ test. All values were presented as mean + SD (n = 8 rats/group) and were considered significantly different at
p<0.05.2: vs. STD, ®: vs. HFD, <: vs. HFD + Lipitor, ¢: vs. HFD + Qatarah (QT) seed extract (600 mg/kg), : vs. HFD + Qatarah (QT) seed extract (300 mg/kg), f: vs. HFD + Barhi (BR)

seed extract (600 mg/kg), 8: vs. HFD + Barhi (BR) seed extract (300 mg/kg). ': vs. HFD + Ruthana (RT) seed extract (600 mg/kg).

levels of ALT and AST. However, they nevertheless remained
noticeably higher than those explored in the rats that intake STD.
As compared to rats treated with HFD + Lipitor, HFD + BR (300
and 600 mg/kg), and HF + RT (300 mg/kg), the treatment of rats
with HFD + RT (600 mg/kg) led to the greatest, most significant
decline in the contents of serum ALT and AST at p < 0.05.

3.4. Hepatic markers of oxidative stress

The liver MDA content was greatly higher in rats fed the HFD
than in STD, while GSH, SOD, and CAT levels were lower
(p < 0.05). In the HFD rat group and the HFD + QT (300 mg/kg)
and HFD + QT (600 mg/kg)-treated groups, similar non-
significant hepatic levels of all these biochemical parameters were
found (Fig. 2A-D). When HFD-fed rats were compared with
HFD + QT (300 mg/kg) and HFD + QT (600 mg/kg)-treated rats, sim-
ilar non-significant hepatic levels of all these biochemical parame-
ters were found (Fig. 2A-D). In HFD + Lipitor, HFD + BR (300 and
600 mg/kg), and HFD + RT (300 and 600 mg/kg)-treated rats, a sig-
nificant decrease in the MDA content with a simultaneous increase
in the hepatic contents of SOD, GSH, and CAT was discovered, con-
sidering HFD-fed rats serving as the reference group. Compared
with the other groups, the livers of HFD + RT (600 mg/kg) were
found to have lower MDA levels versus higher simultaneous levels
of SOD, GSH, and CAT, with the most noticeable improvements yet
to be witnessed (Fig. 2A-D).

3.5. Leptin, adiponectin, and C-reactive protein (CRP)

The analysis of blood serum from HFD-fed rats illustrated a sig-
nificant decrease in adiponectin and an increase in CRP and leptin

contents when compared to STD-fed rats, which were statistically
similar when compared to rats received HFD + QT (300 and
600 mg/kg). As compared to the HFD group, the blood of rats trea-
ted with HFD + Lipitor, HFD + BR (300 and 600 mg/kg), and
HFD + RT (300 mg/kg) contained decreased CRP and leptin
amounts and increased adiponectin amounts (p < 0.05). HFD + RT
(600 mg/Kg) treatment increased blood serum levels of adiponec-
tin while decreasing levels of CRP and leptin, which was signifi-
cantly different from the other treated groups (Fig. 4A-C).

3.6. Hepatic markers of inflammation

The contents of the hepatic markers, TNF-a, IL-6, and IL-1B,
increased significantly in HFD rats compared to STD rats, while
IL-10 levels decreased, as shown in Fig. 3A-D. These values were
the same as those in HFD + QT (300 and 600 mg/kg). The contents
of all of these parameters varied significantly from those evaluated
in the STD-fed rats and were significantly higher in the other trea-
ted rat groups than in the HFD-fed rat group. Yet when compared
to rats treated with HFD + Lipitor, HFD + BR (300 and 600 mg/kg),
and HFD + RT (300 mg/kg), rats administered HFD + RT (600 mg/kg)
showed the greatest significant reductions in the levels of all these
inflammatory markers (Fig. 3A-D).

3.7. Histological findings

Fig. 5A-E displays the microscopic images of the control and
treated rat Livers. The control and Lipitor-treated rat livers dis-
played typical histological traits with sound central vein hepato-
cytes and sinusoids. The livers of HFD, HFD, and HFD + Qatarah
(QT) (300 or 600 mg/kg)-treated rats showed similar morphologi-
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Fig. 1. Levels of alanine aminotransferase and aspartate aminotransferase in serum of untreated and treated rats. One-way ANOVA and Tukey's test were employed to
statistically analyze the results. All values were presented as mean + SD (n = 8 rats/group) and were considered significantly different at p < 0.05. : vs. STD, ®: vs. HFD, <: vs.
HFD + Lipitor, 9: vs. HFD + Qatarah (QT) seed extract (600 mg/kg), : vs. HFD + Qatarah (QT) seed extract (300 mg/kg), f: vs. HFD + Barhi (BR) seed extract (600 mg/kg), &: vs.
HFD + Barhi (BR) seed extract (300 mg/kg). ™: vs. HFD + Ruthana (RT) seed extract (600 mg/kg).
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Fig. 2. Levels of hepatic oxidative stress markers in all groups of rats. One-way ANOVA and Tukey’s test were employed to statistically analyze the results. All values were
presented as mean # SD (n = 8 rats/group) and were considered significantly different at p < 0.05. 2: vs. STD, ®: vs. HFD, €: vs. HFD + Lipitor, ¢: vs. HFD + Qatarah (QT) seed
extract (600 mg/kg), &: vs. HFD + Qatarah (QT) seed extract (300 mg/kg), f: vs. HFD + Barhi (BR) seed extract (600 mg/kg), : vs. HFD + Barhi (BR) seed extract (300 mg/kg). ™: vs.
HFD + Ruthana (RT) seed extract (600 mg/kg).

cal changes, including loss of the parenchyma, increased fat gran- increased immune infiltrate (arrowhead). The structure of the hep-
ules filling the majority of the hepatocyte cytoplasm (large vac- atocytes and parenchyma in the livers of all other treated groups
uoles) (long black arrow) with pyknotic nuclei (short arrow), and significantly improved, with a decrease in fat accumulation in
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Fig. 3. Levels of hepatic markers of inflammation in all groups of rats. One-way ANOVA and Tukey’s test were employed to statistically analyze the results. All values were
presented as mean + SD (n = 8 rats/group) and were considered significantly different at p < 0.05. ;: vs. STD, ®: vs. HFD, €: vs. HFD + Lipitor, ¢: vs. HFD + Qatarah (QT) seed
extract (600 mg/kg), ¢: vs. HFD + Qatarah (QT) seed extract (300 mg/kg), f: vs. HFD + Barhi (BR) seed extract (600 mg/kg), &: vs. HFD + Barhi (BR) seed extract (300 mg/kg). ™: vs.

HFD + Ruthana (RT) seed extract (600 mg/kg).

immune cell infiltrates. The HFD-fed rats that received Ruthana
seed extract showed the greatest improvement (see Figs. 5 and 6).

4. Discussion

HFD is a major cause of obesity and nonalcoholic steatohepatitis
(NASH), among other disorders (He et al., 2020). The most frequent
reason for liver cirrhosis is NASH. Serval studies have demon-
strated the effectiveness and safety of different plants in prevent-
ing and treating diseases. This research looked into the potential
impact of date seed extracts on liver function, inflammation, and
oxidative stress in HFD-fed rats. Typically, HFD is often linked to
higher rates of obesity, hyperlipidemia, insulin resistance, alter-
ations in liver functions, steatosis, and fibrosis, which all lead to
NASH (He et al., 2020). Our investigation findings, which are com-
parable to similar earlier findings (Antunes et al., 2016; Zabielski
et al., 2018), demonstrate that rats given the HFD had significantly
higher levels of blood and liver lipids, fasting glucose, and insulin,
HOMA-IR, and body and liver weights. The weights of the rats’ bod-
ies and livers were reduced by Barhi and Ruthana seed extracts, as
were their contents of fasting blood glucose, insulin, and HOMA-IR.
They also led to a significant reduction in TC, TG, LDL-C, and VLDL-
C levels and a significant rise in HDL-C levels. A 3-hydroxy-3-
methylglutaryl coenzyme A (HMG CoA) reductase inhibitor, which
is termed Lipitor, contributes to lowering lipid contents in both

people and animals (Sehra et al., 2017). Furthermore, Ruthana seed
extracts at a higher dose (600 mg/kg) significantly reduced the
lipid profile markers to the normal range, which is comparable to
the Lipitor drug. The current findings agree with previous studies,
which revealed that the extract from date seed prevented obesity,
lowered blood glucose and insulin levels, protected against insulin
resistance, eased the hyperlipidemia associated with HFD in exper-
imental animals, and had a comparable effect to statins in improv-
ing lipid profiles (Alahmadi and Banayah, 2021; Ayatollahi et al.,
2020; Abiola et al., 2018).

Similarly, Jubayer et al. (2020) reported improvement in the
lipid profile of hypercholesterolemic humans after the consump-
tion of 200 mg of milled date seed for 90 days and accordingly
advised using it as a supplement for managing hypercholes-
terolemia. The liver can essentially regulate glucose and lipid
metabolism. HFD and long-term hyperlipidemia alter lipid meta-
bolism in hepatocytes by elevating the expression and activity of
transcription factors like SREBP-1c that regulate lipid biosynthesis,
thereby affecting the synthesis of liver lipids and lipoproteins and
causing hepatocellular injury and inflammation. So it suggested
that the hypoglycemic and hypolipidemic effects of dates can be
explained by decreasing the expression and activity of transcrip-
tion factors like SREBP-1c.

Phytochemicals are secondary plant metabolites with bioactiv-
ities that are produced during plant growth. Some of them, like
phenolics, phytosterols, and amino acids, play important roles in
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Fig. 4. Levels of leptin, adiponectin, and C-reactive protein (CRP) in the serum of all groups of rats. One-way ANOVA and Tukey’s test were employed to statistically
analyze the results. All values were presented as mean + SD (n = 8 rats/group) and were considered significantly different at p < 0.05. 2: vs. STD, b: vs. HFD, €: vs. HFD + Lipitor,
d: vs. HFD + Qatarah (QT) seed extract (300 mg/kg), €: vs. HFD + Qatarah (QT) seed extract (600 mg/kg), f: vs. HFD + Barhi (BR) seed extract (300 mg/kg), &: vs. HFD + Barhi (BR)

seed extract (300 mg/kg). ": vs. HFD + Ruthana (RT) seed extract (300 mg/kg).

protecting cells from damage and modulating the genetic path-
ways (Bachar et al., 2021; Martinez et al., 2017). It has been noted
that the date seed contains different bioactive compounds with
therapeutic effects, such as phenolic acid, flavonoids, carotenoids,
tocopherols, and carotenoids (Sultan, 2019). The efficiency of these
components is demonstrated by their antioxidant, anti-
hyperglycemic, anti-inflammatory, and anti-hyperlipidemic activi-
ties. They were reported to improve lipid profiles, stimulate insulin
secretion, inhibit enzymes such as glucosidase, amylase, and pan-
creatic lipase, and enhance the overexpression of genes involved
in lipid metabolism (Barquero et al., 2020; Trautwein and McKay,
2020; Sekhon-Loodu and Rupasinghe, 2019). HFD is associated
with fat deposition in hepatocytes, elevated fatty acid oxidation
in liver lipids, and mitochondrial overburden, resulting in the pro-
duction of large amounts of ROS (He et al., 2020). Prolonged accu-
mulation of these endogenous ROS in the liver can cause chronic
oxidative stress (OS), which in turn promotes NASH. This condition
is made worse by the production of more lipid peroxides in cells,
the depletion of domestic antioxidants, and the dysfunction of
antioxidant enzymes (Bikri et al., 2021; Lépez-Contreras et al.,
2020). Therefore, stopping the chain oxidation reaction that leads
to liver damage is critical. In our research, liver enzymes, MDA,
and free radical amounts were significantly elevated in rats after
feeding HFD, corresponding with lower lipid peroxidation and
reduced tissue damage biomarker levels like GSH, SOD, and CAT.
In contrast, animals treated with Barhi and Ruthana seed
extracts revealed significantly lower liver enzyme and lipid perox-

idation levels, which corresponded with enhanced hepatic antiox-
idant potential. These results agreed with previous research
findings reporting that animals treated with date seed extract
can restore the function of the liver by lowering oxidative damage
and improving antioxidant enzymes without causing toxicity even
after large doses of date seed extract (Bikri et al., 2021; Bouhlali
et al., 2021; Saryono and Proverawati, 2019). Natural antioxidants
from dietary sources are key determinants in the defense against
0OS. HFD was reported to negatively impact antioxidant enzyme
contents and activities (Rivera-Mancia et al., 2018). Furthermore,
in NASH, oxidized LDL-C induces acute inflammation and severe
hepatic injury that leads to hepatic steatosis and fibrosis
(Takahashi and Fukusato, 2017). Different varieties of date seeds
showed higher antioxidant activity than date flesh and other fruits
(Djaoudene et al., 2019). Polyphenols in seed extract have shown
their ability to prevent lipid oxidation and endothelial dysfunction,
boost antioxidant capacity, and regulate genes involved in lipoge-
nesis and lipid oxidation through antioxidant activity by enhancing
the activity of arylesterase and paraoxonase, which protect against
lipid oxidation and preserve the HDL-C function (Bijami et al.,
2020; Sultan, 2019). The occurrence of polyphenols and oleic acid,
which repair and shield hepatocytes from ROS by acting as hydro-
gen donors, free radical scavengers, or reducing agents, is solely
accountable for the seed extract’s antioxidative potential (Eze
et al.,, 2019; Metoui et al., 2019; Bouhlali et al., 2020). The effects
of date seed extracts are associated with their chemical and phyto-
chemical composition.
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Fig. 5. Histological features taken from some groups of rats: A and B: were taken from control (STD) and Lipitor-treated rats showing normally sized central vein
surrounded by normal hepatocytes (long black arrow) and sinusoids (short black arrow). C, D and E: were taken from HFD-fed, HFD + Qatarah (QT) (600 mg/kg), and
HFD + Qatarah (QT) (300 mg/kg)-treated rats, respectively and showing almost similar morphological changes including loss of the parenchyma, increased fat granules filling

the majority of the hepatocyte cytoplasm (large vacuoles) (long black arrow) with pyknotic nuclei (short arrow) and increased immune infiltrate (arrowhead).

Adiponectin and leptin are adipokines essential for body weight
regulation. They serve as NASH diagnostic biomarkers. Elevating
leptin with decreased adiponectin levels due to obesity leads to
increased liver lipid storage, which boosts liver steatosis
(Marques et al., 2021). In NASH, leptin was found to increase hep-
atic ROS generation and production of the pro-inflammatory cyto-
kine that enhances liver cirrhosis (Polyzos et al, 2016). In
contrast, adiponectin promotes FA oxidation in the liver and down-
regulates pro-inflammatory cytokines, thus preventing liver dam-
age (Adolph et al., 2017). An elevation in inflammatory markers
inhibits the production of adiponectin while increasing leptin
levels; this is consistent with the current study’s findings, which
showed arise in leptin levels and a drop in adiponectin levels in rats

fed HFD induced by administrating Barhi and Ruthana seed
extracts. Inflammation contributes to the development of NASH,
and pro-inflammatory cytokines develop complications like fibrosis
and cirrhosis (Mastroianni et al., 2014). An imbalance between
inflammatory and anti-inflammatory cytokines is observed to be
associated with HFD and obesity, leading to a state of chronic
inflammation (Kondo et al., 2018). TNF-a, IL-6, IL-1B, and CRP levels
were found to be elevated in the livers of rats fed HFD, in contrast to
IL-10; however, administration of Barhi and Ruthana seed extracts
reversed the effect of HFD markers. According to several studies,
date seeds may have anti-inflammatory properties in both people
and animals (Barakat et al., 2020; Maqgsood et al., 2020; Saryono
et al., 2020). This effect is the consequence of the phenolic com-
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Fig. 6. Histological features are taken from some groups of rats: FandG: were taken from HFD + Barhi (BR) (300 mg and 600 mg/kg), respectively, and show a significant
improvement in the structure of the livers. In both sections, there was a significant increase in the number of normal hepatocytes (long black arrow) and a decrease in the
number of fat-vocalized cells. In HFD + Barhi (600 mg/kg)-treated rats, the number of cells with full-fat accumulation in the cytoplasm (arrowhead) and neutrophils infiltrate
(red arrow) was significantly higher than those observed in HFD + Barhi (300/mg/kg)-treated rats (arrowhead). On the contrary, the number of hepatocytes with partial fat
accumulation (short black arrow), as well as the number of infiltrating neutrophils (red arrow), were significantly higher in HFD + Barhi (300 mg/kg). H: was taken from
HFD + Ruthana (RT) seed extract (600 mg/kg) and exhibited pathological findings that were nearly identical to those seen in HFD + Barhi (300 mg/kg). I: were taken from
HFD + Ruthana seed extract (300 mg/kg) and demonstrated the greatest improvement in hepatocyte structure. The majority of the hepatocytes appeared normal (long black
arrow) with the presence of some hepatocytes with partial fat accumulates (short black arrow). However, some inflammatory cells were seen around the central vein (red

arrow).

pounds in seed extract, as they can stabilize lysosomal membranes,
boost nitric oxide production, reduce the synthesis of CRP and fib-
rinogen, and inhibit the oxidative stress-related processes of free
radicals and protein denaturation (Bouhlali et al., 2020).
Histopathological examinations highlighted the harmful effects
of hyperlipidemia on the liver. The HFD-treated rats showed dis-
turbances in normal liver architecture, including injured hepato-
cytes and macro-vesicular steatosis, while the administration of
Barhi and Ruthana date seed was found to improve hepatic lobules
and nearly restore the liver with the normal architecture of hepa-
tocytes. In contrast, Qatara seed extract showed no significant
effect in all markers or liver tissues, probably due to its low phyto-
chemical content. Many factors influence the phytochemical com-
position of date seeds, including genetic diversity, ripening stage,
geographic origin, fertilizers, soil type, water availability, harvest-
ing timings, diseases, and storage conditions (Bouhlali et al., 2018).

5. Conclusions

The findings of this research verified the hepatoprotective
impacts of date seed extracts, primarily through their antioxidant
potential, which inhibits the hepatic OS and enhances the endoge-
nous antioxidant system. Hyperlipidemia, inflammation, and OS
are known to play key roles in NASH. Therefore, it is reasonable

to conclude that date seed extracts may help to prevent this dis-
ease through their hypolipidemic, anti-inflammatory, and antioxi-
dant effects. Lesser-known date seed varieties of Saudi dates need
to be screened and evaluated for their potential health-promoting
phytochemicals that can be utilized in treating and preventing the
disease.
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