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Abstract: Hepatocellular carcinoma (HCC) is the third most common cause of cancer-related death
worldwide. Viral infection (particularly hepatitis C and B viruses) and alcohol are the main risk factors
for HCC. In recent years, herbal medicine-based therapy has become an effective therapeutic option for
treating many diseases, such as liver cancer. Our research intended to investigate the efficacy of palm
date fruit extract in HCC male rats and assess its biological function as an anti-cancer agent. The anti-
cancer potential of palm date fruit extract was also examined through biochemical studies of liver
function tests, histopathological examination, and immunohistochemistry of a-SMA, CD34, and AFP
of all groups. The CCl, treatment Group showed histological characteristics of HCC, while rats treated
with palm date fruit extract and cisplatin were partially nearly to normal liver architecture.
Overexpression of liver enzymes was observed in HCC cells compared to treated groups. These findings
suggested that palm date fruit can be used as an anti-tumor therapeutic for HCC.
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1. Introduction

Egypt is the third most populated country in Africa and the fourth most common
country worldwide for hepatocellular carcinoma (HCC) [1]. HCC is considered the most
challenging health condition in Egypt by health officials. Over ten years, the number of HCC
patients increased from place to place [2]. Cirrhosis of the liver is a long-term condition in
which normal liver tissue is replaced by fibrous tissue, resulting in liver dysfunction. Cirrhosis
can be caused by a variety of reasons, including alcohol misuse, hepatitis (types B and C), fatty
liver, medications, toxins, congenital disorders (fibrocystic liver disease, genetic
malformations, and hemochromatosis), long-term bile duct obstruction for whatever reason,
and more [3]. Early detection of HCC is crucial for lowering high HCC death rates, as early-
stage HCC can be treated with potentially curative therapeutic approaches [4].

After detecting of dangerous effects of chemotherapy, radiation, and surgery, scientists
focus on therapeutic natural products. Many natural products, such as fruits, ensure healthy,
effective, and economic cancer prevention and treatment options [5]. The date palm tree is an
essential plant in many countries. Dietary fibers, carbohydrates, proteins, vitamins, minerals,
and phenolic are abundant in the palm date extract, so it has Potential anti-cancer agents [6].
As palm date is available and has a reasonable price in Egypt, research and treatment tend to
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have reasonable costs with no side effects than the high cost of chemotherapeutic therapy. Palm
dates contain vital anti-cancer components, which may be useful in the struggle against liver
cancer.

According to a study on palm date extract, dates are high in amino acids such as
glutathione, aspartic acid, proline, glycine, and lysine, which are not generated by the human
body. Furthermore, dietary fiber, lipids, polyphenols, and flavonoids included in palm dates
can significantly decrease cell proliferation by inducing apoptosis [7]. In a rat model, palm date
extract showed strong protective benefits against HCC induced by CCls. This may also play a
role in activating a liver function test. The result of the histological study would indicate that
normal hepatocytes in the palm date and cisplatin-treated groups resemble to control group,
other than HCC. In addition to the assay, the protein expression of cluster of differentiation 34
(CD34), Smooth Muscle Actin (SMA), and Alpha-fetoprotein (AFP) were detected by
immunohistochemistry. The current study examined the anti-cancer effect of ethanolic palm
date extract on cancer cells by assessing cell viability and proliferation, DNA damage, and
changes in the treated cells' morphology compared to HCC cells. As a result, the current
research findings significantly impact cancer therapies based on natural ingredients.

2. Materials and Methods

2.1. Palm date extract preparation.

Fresh palm dates were procured at a local market in the Egyptian city of Zagazig. The
dates were washed twice with double distilled water before being used. The pulp was then oven
dried, crushed, and extracted with ethanol at a 1:3 (w/v) ratio at 24 °C for 48 hours. Following
that, the extract was run through the Whatman and Millipore filters. Finally, to make a viscous
syrup, the resulting extract was condensed and stored at -80 °C [8].

2.2. Reagents and chemicals.

Cisplatin was purchased from (Sigma Aldrich), carbon tetrachloride (CCls) was
purchased from Sigma Chemical Co. (St. Louis, MO, USA), and all of the Absolute ethanol
above 99% and Sodium chloride from (Alamia, Egypt).

2.3 Phytonutrient analysis.

Basic phytonutrient screening techniques for palm date extract were used [9].

2.4. Experimental design.

Before starting the experiments, Wistar male rats (n = 32) were acclimatized for one
week. The rats were divided into four experimental groups at random. (n = 8). Animals were
grouped as follows:

Group I: eight rats served as a control group: normal rats, kept for three months without
any treatment, received a normal chow diet and distilled water.

Twenty-four rats were injected intraperitoneally with CCls (1 CCl4:1 olive oil)1ml/kg
b.wt was administered IP twice a week for three months to develop HCC and after two months
of injection, were divided into three groups: (cisplatin group, Palm date group and positive
control group).
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Group II: The (HCC) positive control group did not receive treatment for another
month. Group Ill: Palm date group: rats treated with date extract (400 mg/kg b.wt/day) was
administered by oral gavage for another month after induction of HCC.

Group IV: cisplatin group: rats treated with cisplatin (1.5 mg/kg b.wt/i.p).was
administered as a single dose per week for another month; once treatment was completed, the
animals were sacrificed with an injection of urethane (1g/kg body weight) [10]. All the animals
in the various experimental groups received their blood and liver tissues. The serum was
separated by centrifugation (at 2500 rpm for 10 minutes) and kept at 80 °C until further
analysis. For histological and biochemical investigation, a sample of the liver tissue was
preserved for 24 hours in 10% neutral buffered formalin.

2.5. Measurement of serum biochemical parameters.

ELISA (Sigma kit) was used to measure liver function assays (alanine aminotransferase
(ALT), aspartate aminotransferase (AST), and alkaline phosphatase (ALP).

2.6. Histology.

The liver tissues were formalin-fixed and dehydrated using an ethanol gradient, then
washed in xylene and embedded in paraffin wax. Tissue blocks were sectioned at a thickness
of 5-6 micrometers, deparaffinized, and stained with hematoxylin and eosin before being
examined under a microscope [11].

2.7. Immunohistochemical assay.

On sequential segments of paraffin blocks cut at a 4-m thickness, the
immunohistochemical examination of alpha-smooth muscle actin (a-SMA), cluster of
differentiation 34 (CD34), and Alpha-fetoprotein (AFP) immunostaining were performed. The
tissue segments were deparaffinized in xylene and rehydrated in evaluated ethanol. The
deparaffinized tissue areas were treated with H20. for about 11min to hinder vague peroxidase
response. The microwave antigen recovery was performed for 20 min in citrate buffer 0.01M.
Following a wash with phosphate buffer saline (PBS), slides were brooded for 60 min at
optimal room temperature with bunny monoclonal; Alpha-Smooth Muscle Actin Monoclonal
Antibody (M0851, Dako, USA), Anti-CD34 immune response [QBEND-10] (ab8536) Abcam,
and Anti-alpha 1 Fetoprotein immunizer [AFP-01] (ab3980) Abcam. The coupling site of
essential antibodies was visualized utilizing the Dako EnVision ™ unit (Dako, Copenhagen,
Denmark). The peroxidase response was envisioned by brooding the sections with
diaminobenzidine (DAB) for 12 min. The segments were counterstained with Mayer's
hematoxylin [12].

2.8. Statistical analysis.

All results were done using Statistical Package for the Social Sciences (SPSS, version
23). Quantitative data were expressed as mean + standard deviation (SD). The comparison was
made using the one-way ANOVA test to calculate statistics between different groups and the
Correlation coefficient test to determine whether a linear correlation was positive or negative
by ranking different variables against each other. The level of significance was set at a P-value
of <0.05 [13].
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3. Results

3.1. The phytonutrient analysis.

Palm date extract revealed the presence of sterols, phenolic, and flavonoids and the
absence of tannins and Alkaloids [14].

3.2. The effects of liver enzymes and biochemical markers on serum levels.

The data obtained demonstrated that the positive control group had significantly higher
liver enzymes (AST, ALT, and ALP) than the negative control group. The administration of
date extract and cisplatin to rats with HCC resulted in lower levels of liver enzymes when
compared to the positive control group, as shown in Table 1.

Table 1. Measurement of serum biochemical parameters.

Parameters ALT (U/L) AST (U/L) ALP (U/L)
Groups
Control 50.79+4.38" 66.68+9.82" 99+2.8™2
Positive group 24476 £14.57 269.78+ 13.60 318.2+31.9
Palm date group 96.76+4.95™" 155.25+14.18™ 197.2420.3 7
Cisplatin group 94.6+10.8™P 99.5+12.77P 147.2+15.4™

Analysis of serum samples of rats treated with palm date extract and cisplatin following CCls-induced HCC.
Biomarker enzymes, namely, alanine aminotransferase (ALT), aspartate aminotransferase (AST), and (alkaline
phosphatase (ALP) Values, were expressed as mean+SD. Comparisons between the four groups represented
statistical significance with a P-value of <0.05, indicating a significant difference, and a P-value of <0.001,
indicating a highly significant difference. ( **a) indicate a highly significant difference between the negative
group and the positive group. (**b) indicate a highly significant difference between the treatment groups and the
positive group.
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Figure 1. Haematoxylin and eosin (H&E) staining: Representative images of the liver sections (A, B, C, D)

from rats treated with alcoholic date extract-induced HCC is shown above. (A) Control (Group A) section of
normal rat liver showed normal hepatocytes, intact cell membrane, and central vein and hepatic cords formed
from single cords separated by hepatic sinusoids (H&E x400); (B) Positive group (Group B) section of liver rat
showed bridging bands of fibrosis lymphocytes. Thickened and large trabec >3cells immerging (Hcc) and
hepatic sinusoids (H&E x100); (C) Date treated group (Group c) section of the liver of date extract showed
hydropic and vascular degenerated of hepatocytes with normal liver pattern (H&E x400); (D) Cisplatin group
(group D) section of rat liver showed hepatic congestion (congested central vein) marked hydropic degeneration
and dilated sinusoids (H&E x400).
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3.3. The effect on histology analysis.

Control group liver sections had a normal lobular pattern, central vein, and periphery
portal veins. In contrast, animals treated with CCls showed evidence of inflammatory cell
infiltration. Hepatocytes with an increased nuclear-to-cytoplasmic ratio and dense connective
tissue replaced the normal lobular pattern in the tissue. However, the administration of cisplatin
and palm date extract promoted a partial to complete reversal of liver architecture. The
histological changes in the ethanolic extract are shown in (Figure 1 and Figure 2).

'YX L

A C D
Figure 2. Photographs showing the macroscoplc appearances of livers from different groups, (A) Control rats;
Gross morphology of the healthy liver of the rat with a normal reddish-brown color. (B) Positive group, the
structure of hepatic tissue disappeared, showing brown nuclear expression (red arrows) and cytoplasmic
expression (black arrows). (C) Date group; (D) Cisplatin- showing date and cisplatin groups were similar to the
normal group.

3.4. The effect on immunohistochemistry analysis.

Immunohistochemical analysis revealed a normal sinusoidal of a-SMA and a positive
expression of CD34. In contrast, the negative expression of AFP in the control group, the HCC
group (the positive control group), is a strong expression of a-SMA, CD34, and AFP, whereas
the mild expression of a-SMA, CD34, and AFP in the date group, and a moderate expression
of a-SMA, CD34, and AFP in the cisplatin as shown in Figure 3.

4. Discussion

Cancer is a complicated disease that affects worldwide health and has a significant
economic impact. Although cancer treatment may include chemotherapy, radiation, and
surgery, patients still suffer various side effects; even if the treatment is the same, side effects
differ from person to person [5]. HCC is the world's fourth biggest cause of cancer death. It is
the second-leading cause of cancer-related years lost globally, highlighting the significant
disease burden of liver cancer [15], which accounts for 70-85 percent of all liver malignancies.
It is the most common histological type of primary liver cancer [16]. As a result, the challenges
and future research directions will be discussed, including natural product-relevant biomarkers
for early detection, treatment stratification, and monitoring, as well as therapeutic approaches
for prevention and treatment or reducing the risk of HCC with severe side effects.

Natural products have been used in traditional treatments and herbal therapies for a long
time. They have a wide range of bioactivities components [17]. Compared to the costs of
experimental approaches, chemotherapy by natural product gives effective results without side
effects. In our work, we elevated the anti-cancer effect of palm date extract against HCC
induced by CCl4 in a rat model. Carbon tetrachloride causes hepatotoxicity through metabolic
activation. It is regulated in the cytochrome P-450 located in the endoplasmic reticulum to
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create CClz (trichloromethyl free radicals), which reacts with the oxygen molecule quickly and
forms a compound called (peroxy trichloromethyl free radicals) CCIsO2. Consequently, this
induces oxidative stress causing liver damage by forming chain reactions called "propagation
of lipid peroxidation.”.

SMA Cd34

Control group: Section of rat liver showed normal sinusoidal of a-SMA (IHCx400), the section of rat liver
showed positive expression of CD34 in normal liver sinusoids (IHCx400), the section of rat liver showed
negative expression of AFP (IHCx400); (B) Positive group: a section of rat liver showed strong expression of a
a-SMA (IHCx400), section of rat liver showed strong expression of CD34 in fibrous bands (IHCx400), the
section of rat liver showed strong expression of AFP (IHCx400); (C) Date group: sections of rat liver showed
mild expression of a-SMA (IHCx400), the section of rat liver showed mildly increased expression of CD34
(IHCx400), the section of rat liver showed mild expression of AFP (IHCx400); (D) Cisplatin group: section
showed moderate expression of a-SMA(IHCx400), section showed moderate expression of CD34 (IHCx400),
section showed moderate expression of AFP (IHCx400).

Hepatocytes are attacked by free radicals, which activate kupffer cells, generating
plentiful cytokines that activate inflammatory cells and cause inflammation [18]. The date palm
is one of the most important plants cultivated in the Middle East. There are several date palm
varieties, some of which produce soft fruits, like the palm date, which was recently introduced
to Egypt and is now widely distributed throughout the country [19]. With a total production of
nearly 1.6 million tonnes in 2019, Egypt is the top date fruit-producing country [20]. To prove
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our hypothesis, we compare the component of palm date extract and cisplatin, palm dates that
were high in energy and nutrition (reducing sugar and high in dietary fiber, vitamins, and
minerals). According to a previous study, the glucose to fructose ratio in date palm fruit during
the Khalal stage in the palm cultivar was roughly 1:1. phenolic, flavonoid, and carotenoid
compounds were identified in date palm fruits at the Khalal stage of palm cultivars, according
to our phytonutrient analysis results [21].

Cisplatin is a well-known chemotherapeutic drug that inhibits the proliferation of
cancer cells through a specific mechanism and has remarkable clinical results [22]. Once inside
the cell, it causes programmed cell death by binding to DNA, forming intra-strand DNA
adducts, and blocking DNA synthesis and cell development. Despite the fact that treatment has
been proven to be successful, chemotherapy has failed to eradicate cancer cells due to cancer
cells' susceptibility, and individuals with cancer have died as a result [23].

Although cisplatin opened a new phase in cancer treatment, it had a double-edged
sword. Furthermore, Nephrotoxicity and hepatomegaly seem to be major side effects of
cisplatin. As a result, scientists have sought to develop new methods for substituting
chemotherapy with natural compounds with strong anti-tumor effects. Palm date is a flavonoid
with potent anti-tumor action against various malignancies and can be used instead of cisplatin
to improve and help accelerate cancer therapy. Furthermore, using palm date to reduce the
negative effects of cisplatin is beneficial. In this paper, we investigate the role of palm date in
enhancing cisplatin's anti-tumor activity as a pharmacological property [24]. Because of its
anti-cancer potential through inducing apoptosis, the safety of palm date has been confirmed
in animal models, and it is documented to be nontoxic even at large dosages. The systematic
use of natural compounds produced from plants in cancer therapy has resulted in low toxicity
and effective therapeutic results. According to a previous study, the alcoholic extract of palm
dates can suppress the development of human cancer cells [25].

Our study demonstrated that in our research, an ethanolic extract of palm date fruit
improved the reversal of (CCL4) (1ml/kg b.wt) damaged liver approaching normal. Through
the restoration of liver enzymes, palm date fruit extract has been demonstrated to enhance liver
function and suppress HCC. According to a study, the administration of palm date 400 mg/kg
b.wt/day intraperitoneally) in albino rats decreased the liver enzyme level. It is essential to
evaluate the activity of the liver enzymes alanine aminotransferase (ALT), aspartate
aminotransferase (AST), and alkaline phosphatase (ALP), which was significantly reduced
after receiving palm date therapy. As a result, it can be utilized as traditional therapy for the
treatment of HCC, which can, therefore, be used as conventional therapeutics for the treatment
of HCC.

Following the administration of cisplatin (1.5 mg/kg b.wt/i.p). ALT and AST levels are
supposed to be decreased compared to CCL4 and the control group [26]. A previous study
indicated that a lower dose of date ethanolic extracts resulted in early apoptotic cells, whereas
a higher dose resulted in late apoptotic stages [8]. Furthermore, a date alcoholic extract
promoted apoptosis in cancer cells [27,28], which were raised following DENA delivery,
indicating oxidative tissue-damaging effects, similarly found improvement of serum cytokines
to approximately normal levels after treatment with date fruit. DENA-induced inflammatory
cytokine changes correlated to DENA-induced hepatocarcinogenesis. Our result elevated liver
enzyme levels in CCls-induced HCC compared to the normal values of the control group. A
similar study was conducted to investigate the neuroprotective effect of aqueous P. dactylifera
fruit [29]. As a result, date fruit contains many bioactive compounds with promising cancer-
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fighting potential [30]. A substantial increase in the size of the liver and the activity of serum
liver enzymes, which is high in liver cirrhosis, increased significantly. The level of liver
enzymes was also significantly reduced in the palm date extract and cisplatin groups compared
to the control group. As specimens stained with H&E showed severe lobular inflammatory cell
infiltrations, portal bridging of fibroblasts with pseudolobulation, and many hepatocytes
showed vacuolar degeneration and necrobiotic alterations. Histopathological studies confirmed
liver damage. Black arrowheads show the nuclei in the CCL4 group (exhibiting abnormal
morphology). The hepatoprotective efficacy of the polyphenols in palm date fruit extract
against liver damage caused by CCL4 was evaluated following the administration of palm date
fruit extract and cisplatin.

The results demonstrate a normal or near-normal hepatocyte architecture with regularly
orientated hepatocytes close to the control. Normal histology and biochemistry are maintained
after dosing extract. Our study's immunohistochemical results showed that the
immunohistochemical tumor markers (a-SMA, CD34, and AFP ) were strongly expressed with
the hepatic disorder [31,32]. In tumor cell proliferation and migration, a-SMA expression is
up-regulated. It is evident that a-SMA activated hepatic stellate cells (HSCs) can be activated
or transdifferentiated into a myofibroblast-like cell in liver tumors by intercellular
communication between HSCs and damaged hepatocytes. Also, its effect on hepatic immunity
as a potent suppressor by affecting T-cell responses and, thus, leading cause in the progression
of HCC. As over expressions of a-SMA indicate the tumor cell, normal hepatic tissues revealed
normal expression of a-SMA.

In contrast, in the HCC group, treatment with palm date fruit and cisplatin produced a
similar insignificant effect to the control group. However, treatment with palm date and
cisplatin significantly decreased a-SMA expression. Still, the palm-treated group showed mild
expression close to the control group compared to the cisplatin group, which showed moderate
expression of a-SMA. The current data support the relevance of a-SMA expressing activated
HSCs in carcinogenesis, which is believed to be a future target for anti-cancer therapy in HCC.
CD34 is a glycosylated transmembrane protein found in hematopoietic progenitor cells and
endothelial cells and plays a significant role in adhesion molecules.

CD34 is expressed by capillaries sinusoids in chronic liver disorders and malignant
vascular tumors of the liver. Our findings agree with [33,34], who found overexpression of
endothelial cell marker CD34 with gradual progression in the normal liver, which showed
weakly expressed cirrhosis to HCC. Interpreting this result might contribute to designing
efficient and safe anti-angiogenic therapy for liver disorders. Previous studies have verified
that AFP regulates the growth of both normal and cancerous cells. However, increased
expression suggests that AFP inhibits tumor cell development. So AFP is considered a hallmark
and monitor of abnormal conditions, including (HCC) [35]. Based on previous results, we
conclude that a-SMA, CD34, and AFP are highly effective biomarkers for HCC.

Finally, this study investigated the therapeutic ingredients of the palm date fruit extract
in HCC progression. This study provides facts on the phytonutrient composition of date fruits
and seeds and highlights palm date as a natural medicinal agent for various chronic diseases.
Due to this essential fruit's functional food and nutritional features, the study also emphasizes
the necessity of consuming dates as a wonderful combination for leading a healthy lifestyle.
As aresult, our findings may support industry and researchers in further exploring the potential
date fruit for future medical and nutraceutical uses in cancer therapy [36]. The presented study
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has shown that date fruit extract had a protective effect against CCL4-induced changes in the
liver.

5. Conclusions

The major objective of the study is to provide an overview of the value of palm date
fruit extract's putative anti-cancer actions, which are rich in minerals, vitamins, and phenolic
diseases and might function as an anti-cancer agent against Hepatocellular carcinoma. The key
apoptotic processes in HCC cells treated with palm date fruit extract were explored further in
this work.

Funding

The current study received no specific grant from the public, commercial, or not-for-profit
funding agencies.

Acknowledgments

Declared none.

Conflict of Interest

The authors declare no conflict of interest.

References

1. Sweed, D.; Sweed, E.; Moaz, |.; Mosbeh, A.; Fayed, Y.; Elhamed, S.M.A.; Sweed, E.; Macshut, M.;
Abdelsattar, S.; Kilany, S.; et al. The Clinicopathological and Prognostic Factors of Hepatocellular
Carcinoma: A 10-Year Tertiary Center Experience in Egypt. World J. Surg. Oncol. 2022, 20, 1-19,
doi:10.1186/s12957-022-02764-2.

2. Biermann, F.; Helfrich, E.J.N. Hidden Treasures: Microbial Natural Product Biosynthesis off the Beaten Path.
mSystems 2021, 6, doi:10.1128/msystems.00846-21.

3. Nazhvani, F.D.; Haghani, I.; Nazhvani, S.D.; Namazi, F.; Ghaderi, A. Regenerative Effect of Mesenteric Fat
Stem Cells on Ccl4-Induced Liver Cirrhosis, an Experimental Study. Ann. Med. Surg. 2020, 60, 135-139,
https://doi.org/10.1016/j.amsu.2020.10.045.

4. Sun, N.; Lee, Y. Te; Zhang, R.Y.; Kao, R.; Teng, P.C.; Yang, Y.; Yang, P.; Wang, J.J.; Smalley, M.; Chen,
P.J.; et al. Purification of HCC-Specific Extracellular Vesicles on Nanosubstrates for Early HCC Detection
by Digital Scoring. Nat. Commun. 2020, 11, 1-12, https://doi.org/10.1038/s41467-020-18311-0.

5. Lamia, F.S.; Mukti, R.F. Bangladeshi Wild Date Palm Fruits (Phoenix Sylvestris): Promising Source of Anti-
Cancer Agents for Hepatocellular Carcinoma Treatment. Int. J. Appl. Sci. Biotechnol. 2021, 9, 32-37,
https://doi.org/10.3126/ijasbt.v9i1.36110.

6. Ahmed, Z.F.R.; Al Shaibani, F.Y.Y.; Kaur, N.; Magsood, S.; Schmeda-Hirschmann, G. Improving Fruit
Quality, Bioactive Compounds, and Storage Life of Date Palm Using Natural Elicitors. Horticulturae 2021,
7, 293, https://doi.org/10.3390/horticulturae7090293.

7. Prasetyaningrum, P.W.; Santoso, A.; Septisetyani, E.P. Effect of Aqueous Extract of Ajwa Dates on C2C12
Myoblast Cell Proliferation, Migration and Differentiation. IOP Conf. Ser. Earth Environ. Sci. 2020, 439,
012063, https://doi.org/10.1088/1755-1315/439/1/012063.

8. Siddiqui, S.; Ahmad, R.; Khan, M.A.; Upadhyay, S.; Husain, |.; Srivastava, A.N. Cytostatic and Anti-Tumor
Potential of Ajwa Date Pulp against Human Hepatocellular Carcinoma HepG2 Cells. Sci. Rep. 2019, 9, 1-
12, https://doi.org/10.1038/s41598-018-36475-0.

9. Gull, N.; Arshad, F.; Naikoo, G.A.; Hassan, 1.U.; Pedram, M.Z.; Ahmad, A.; Aljabali, A.A.A.; Mishra, V.;
Satija, S.; Charbe, N.; et al. Recent Advances in Anticancer Activity of Novel Plant Extracts and Compounds
from Curcuma Longa in Hepatocellular Carcinoma. J. Gastrointest. Cancer 2022, 1, 1-23,
https://doi.org/10.1007/s12029-022-00809-z.

10. Watanabe, N.; limura, K.; Hotta, H. Influence of Intragastric Administration of Traditional Japanese
Medicine, Ninjin’Yoeito, on Cerebral Blood Flow via Muscarinic Acetylcholine Receptors. Evidence-based
Complement. Altern. Med. 2021, https://doi.org/10.1155/2021/9930023.

11. Aljuhani, N.; Elkablawy, M.A.; Elbadawy, H.M.; Alahmadi, A.M.; Aloufi, A.M.; Farsi, S.H.; Alhubayshi,

https://biointerfaceresearch.com/ 9of 11


https://doi.org/10.33263/BRIAC135.409
https://doi.org/10.1016/j.amsu.2020.10.045
https://doi.org/10.1038/s41467-020-18311-0
https://doi.org/10.3126/ijasbt.v9i1.36110
https://doi.org/10.3390/horticulturae7090293
https://doi.org/10.1088/1755-1315/439/1/012063
https://doi.org/10.1038/s41598-018-36475-0
https://doi.org/10.1007/s12029-022-00809-z
https://doi.org/10.1155/2021/9930023

https://doi.org/10.33263/BRIAC135.409

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

B.S.; Alhejaili, S.S.; Alhejaili, J.M.; Abdel-Halim, O.B. Protective Effects of Ajwa Date Extract against
Tissue Damage Induced by Acute Diclofenac Toxicity. J. Taibah Univ. Med. Sci. 2019, 14, 553-559,
https://doi.org/10.1016/j.jtumed.2019.10.002.

Wu, Y.; Li, Z; Xiu, AY.; Meng, D.X.; Wang, S.N.; Zhang, C.Q. Carvedilol Attenuates Carbon
Tetrachloride-Induced Liver Fibrosis and Hepatic Sinusoidal Capillarization in Mice. Drug Des. Devel. Ther.
2019, 13, 2667-2676, https://doi.org/10.2147/DDDT.S210797.

Abu-Bader, S.H. Using Statistical Methods in Social Science Research; 3rd ed.; Oxford University Press:
Oxford, United Kingdom, 2021; ISBN 9780197522431.

Nor, M.N.M.; Rahim, N.S.; Mohamad, S.; Hashim, S.N.; Razali, Z.; Muhammad, N.A. Phytochemical
Screening, Antioxidant and Enzyme Inhibition Activity of Phoenix Dactylifera Ajwa Cultivar. In
Proceedings of the Second International Conference on the Future of ASEAN (ICoFA) 2017; Saian, R.,
Abbas, M., Eds.; Springer, Singapore, 2018; Vol. 2, pp. 561-569, https://doi.org/10.1007/978-981-10-8471-
3 56.

Huang, D.Q.; El-Serag, H.B.; Loomba, R. Global Epidemiology of NAFLD-Related HCC: Trends,
Predictions, Risk Factors and Prevention. Nat. Rev. Gastroenterol. Hepatol. 2021, 18, 223-238,
https://doi.org/10.1038/s41575-020-00381-6.

Anstee, Q.M.; Reeves, H.L.; Kotsiliti, E.; Govaere, O.; Heikenwalder, M. From NASH to HCC: Current
Concepts and Future Challenges. Nat. Rev. Gastroenterol. Hepatol. 2019, 16, 411-428,
https://doi.org/10.1038/s41575-019-0145-7.

Ma, K.; Martin, B.S.; Yin, X.; Dai, M. Natural Product Syntheses: Via Carbonylative Cyclizations. Nat. Prod.
Rep. 2019, 36, 174-219, https://doi.org/10.1039/c8np00033f.

Vahidi-Eyrisofla, N.; Hojati, V.; Yazdian, M.-R.; Zendehdel, M.; Shajiee, H. Effects of Olive Leaf Extract
on Prevention of Molecular, Histopathological, and Enzymatic Changes in Chicken Carbon Tetrachloride-
Induced Liver Damage. Galen Med. J. 2019, 8, 1204, https://doi.org/10.31661/gmj.v8i0.1204.

Hasaballah, E.A.; Hagagy, N.A.A.; Bedeer, D.A. Biological Nutrition of Tissue Cultured Barhi Date Palm
off Shoots in Comparison with Chemical Nutrition. Ann. Agric. Sci. Moshtohor 2020, 58, 305-314,
https://doi.org/10.21608/assjm.2020.114887.

Fekry, W.M.E.; Rashad, Y.M.; Alaraidh, I.A.; Mehany, T. Exogenous Application of Melatonin and Methyl
Jasmonate as a Pre-Harvest Treatment Enhances Growth of Barhi Date Palm Trees, Prolongs Storability, and
Maintains Quality of Their Fruits under Storage Conditions. Plants 2022, 11, 96,
https://doi.org/10.3390/plants11010096.

Hinkaew, J.; Aursalung, A.; Sahasakul, Y.; Tangsuphoom, N.; Suttisansanee, U. A Comparison of the
Nutritional and Biochemical Quality of Date Palm Fruits Obtained Using Different Planting Techniques.
Molecules 2021, 26, 2245, https://doi.org/10.3390/molecules26082245.

Chang, P. ying; Tsai, F. jen; Bau, D. tian; Hsu, Y. man; Yang, J. sing; Tu, M. gene; Chiang, S. lun Potential
Effects of Allyl Isothiocyanate on Inhibiting Cellular Proliferation and Inducing Apoptotic Pathway in
Human Cisplatin-Resistant Oral Cancer Cells. J. Formos. Med. Assoc. 2021, 120, 515-523,
https://doi.org/10.1016/j.jfma.2020.06.025.

Ashrafizadeh, M.; Zarrabi, A.; Hushmandi, K.; Hashemi, F.; Moghadam, E.R.; Owrang, M.; Hashemi, F.;
Makvandi, P.; Goharrizi, M.A.S.B.; Najafi, M.; et al. Lung Cancer Cells and Their Sensitivity/Resistance to
Cisplatin Chemotherapy: Role of MicroRNAs and Upstream Mediators. Cell. Signal. 2021, 78, 109871,
https://doi.org/10.1016/j.cellsig.2020.109871.

Najafi, M.; Tavakol, S.; Zarrabi, A.; Ashrafizadeh, M. Dual Role of Quercetin in Enhancing the Efficacy of
Cisplatin in Chemotherapy and Protection against Its Side Effects: A Review. Arch. Physiol. Biochem. 2020,
16, 741-752, https://doi.org/10.1080/13813455.2020.1773864.

Kim, S.; Lee, M.; Song, Y.; Lee, S.Y.; Choi, I.; Park, I.S.; Kim, J.; Kim, J. sun; Kim, K. mo; Seo, H.R.
Argininosuccinate  Synthase 1  Suppresses ~ Tumor  Progression  through  Activation  of
PERK/EIF2a/ATF4/CHOP Axis in Hepatocellular Carcinoma. J. Exp. Clin. Cancer Res. 2021, 40, 1-18,
https://doi.org/10.1186/s13046-021-01912-y.

Khan, F.; Khan, T.J.; Kalamegam, G.; Pushparaj, P.N.; Chaudhary, A.; Abuzenadah, A.; Kumosani, T.;
Barbour, E.; Al-Qahtani, M. Anti-Cancer Effects of Ajwa Dates (Phoenix Dactylifera L.) in
Diethylnitrosamine Induced Hepatocellular Carcinoma in Wistar Rats. BMC Complement. Altern. Med. 2017,
17, 1-10, https://doi.org/10.1186/512906-017-1926-6.

Huwait, E.; Awaji, S.M.; Kumosani, T.A.; Barbour, E.K.; Abulnaja, K.O.; Moselhy, S.S. Ruthana Date
Extract Inhibited Proliferation of Human Hepatocellular Carcinoma (HepG2) Cells by Modulation of BAX
Gene. Environ. Sci. Pollut. Res. 2022, 1, 1-10, https://doi.org/10.1007/s11356-022-20240-y.

El Sayed, S.M. Oxidative Stress in Hepatocarcinogenesis and Role of Antioxidant Therapy. Handb. Oxidative
Stress Cancer Mech. Asp. 2022, 821-838, https://doi.org/10.1007/978-981-15-9411-3 187.

Shahbaz, K.; Asif, J.A.; Liszen, T.; Nurul, A.A.; Alam, M.K. Cytotoxic and Antioxidant Effects of Phoenix
Dactylifera L. (Ajwa Date Extract) on Oral Squamous Cell Carcinoma Cell Line. Biomed Res. Int. 2022,
2022, https://doi.org/10.1155/2022/5792830.

Younas, A.; Nagvi, S.A.; Khan, M.R.; Shabbir, M.A.; Jatoi, M.A.; Anwar, F.; Inam-Ur-Raheem, M.; Saari,
N.; Aadil, R.M. Functional Food and Nutra-Pharmaceutical Perspectives of Date (Phoenix Dactylifera L.)

https://biointerfaceresearch.com/ 10 of 11


https://doi.org/10.33263/BRIAC135.409
https://doi.org/10.1016/j.jtumed.2019.10.002
https://doi.org/10.2147/DDDT.S210797
https://doi.org/10.1038/s41575-020-00381-6
https://doi.org/10.1038/s41575-019-0145-7
https://doi.org/10.1039/c8np00033f
https://doi.org/10.31661/gmj.v8i0.1204
https://doi.org/10.21608/assjm.2020.114887
https://doi.org/10.3390/plants11010096
https://doi.org/10.3390/molecules26082245
https://doi.org/10.1016/j.jfma.2020.06.025
https://doi.org/10.1016/j.cellsig.2020.109871
https://doi.org/10.1080/13813455.2020.1773864
https://doi.org/10.1186/s13046-021-01912-y
https://doi.org/10.1186/s12906-017-1926-6
https://doi.org/10.1007/s11356-022-20240-y
https://doi.org/10.1007/978-981-15-9411-3_187
https://doi.org/10.1155/2022/5792830

https://doi.org/10.33263/BRIAC135.409

3L

32.

33.

34.

35.

36.

Fruit. J. Food Biochem. 2020, 44, e13332, https://doi.org/10.1111/jfbc.13332.

Sun, H.; Kim, E.; Ryu, J.; Lee, H.; Shin, E.A.; Lee, M.; Lee, H.; Lee, J.H.; Yoon, J.H.; Song, D.G.; et al.
TMA4SF5-Mediated Liver Malignancy Involves NK Cell Exhaustion-like Phenotypes. Cell. Mol. Life Sci.
2022, 79, 1-20, https://doi.org/10.1007/s00018-021-04051-x.

Udomsinprasert, W.; Angkathunyakul, N.; Klaikeaw, N.; Vejchapipat, P.; Poovorawan, Y.; Honsawek, S.
Hepatic Glypican-3 and Alpha-Smooth Muscle Actin Overexpressions Reflect Severity of Liver Fibrosis and
Predict Outcome after Successful Portoenterostomy in Biliary Atresia. Surg. (United States) 2020, 167, 560—
568, https://doi.org/10.1016/j.surg.2019.10.013.

Ridder, D.A.; Weinmann, A.; Schindeldecker, M.; Urbansky, L.L.; Berndt, K.; Gerber, T.S.; Lang, H.; Lotz,
J.; Lackner, K.J.; Roth, W.; et al. Comprehensive Clinicopathologic Study of Alpha Fetoprotein-Expression
in a Large Cohort of Patients with Hepatocellular Carcinoma. Int. J. Cancer 2022, 150, 1053-1066,
https://doi.org/10.1002/ijc.33898.

Liu, Z.; Chen, M.; Zhao, R.; Huang, Y.; Liu, F.; Li, B.; Qin, Y. CAF-Induced Placental Growth Factor
Facilitates Neoangiogenesis in Hepatocellular Carcinoma. Acta Biochim. Biophys. Sin. (Shanghai). 2020, 52,
18-25, https://doi.org/10.1093/abbs/gmz134.

Qin, Y.; Wu, K.; Zhang, Z.; Pan, R.; Lin, Z.; Zhang, W.; Huang, S.; Dai, J.; Huang, R.; Gong, S.; et al.
NLRC3 Deficiency Promotes Cutaneous Wound Healing Due to the Inhibition of P53 Signaling. Biochim.
Biophys. Acta - Mol. Basis Dis. 2022, 1868, 166518, doi:10.1016/j.bbadis.2022.166518..

Abdelghffar, E.A.; Obaid, W.A.; Mohammed Saleh, Z.M.; Ouchari, W.; Eldahshan, O.A.; Sobeh, M. Ajwa
Dates (Phoenix Dactylifera L.) Attenuate Cisplatin-Induced Nephrotoxicity in Rats via Augmenting Nrf2,
Modulating NADPH Oxidase-4 and Mitigating Inflammatory/Apoptotic Mediators. Biomed. Pharmacother.
2022, 156, 113836, doi:10.1016/j.biopha.2022.113836.

https://biointerfaceresearch.com/ 11 of 11


https://doi.org/10.33263/BRIAC135.409
https://doi.org/10.1111/jfbc.13332
https://doi.org/10.1007/s00018-021-04051-x
https://doi.org/10.1016/j.surg.2019.10.013
https://doi.org/10.1002/ijc.33898
https://doi.org/10.1093/abbs/gmz134

