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Objective: Global production of date fruit, Phoenix dactylifera, has exceeded 8 million tons, with thou-
sands of tons of seeds ending up as waste. Here, a detailed functional study is presented on the biological
activities of the date palm seed powder using chemical analysis carried out via in vitro and in vivo
approaches to assess its medical application.
Material and method: Powdered fresh dates kernel from Al-Baha city, Saudi Arabia were used to treat rats,
HepG2, and HCT-116 cell lines. Toxicity and biochemical analyses were carried out on the cells.
Result: Antibacterial tests on Al-Baha date palm kernel (AB-DPK) powder indicated no antibacterial activ-
ity on Staphylococcus aureus, Bacillus subtilis, Protius mirabilis and Escherichia coli. Cytotoxicity tests of can-
cer cells revealed a dose-dependent decrease in cell viability in both HCT-116 and HepG2 cell lines after
24 h with IC50 of 43.2 ± 4.9 lg/ml and 63.7 ± 5.4 lg/ml respectively. Rats that were treated with AB-DPK
for 48 h also showed no difference in hepatic and renal functions. However, oxidative stress assessment
in both the liver and kidneys showed improvement in antioxidant levels by stimulating the production of
CAT, GPx, SOD and GSH. In addition, the peroxidation parameter was also reduced in both the liver and
kidney assays.
Conclusion: The date seeds powder improved antioxidant activities in liver and kidney fractions of trea-
ted rats. Coupled with the possible anticancer effect on the colorectal and hepatocellular carcinoma cell
lines, AB-DPK may prove a useful therapy for the treatment of some cancers, but this requires further
investigation.
� 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Date palm kernel seed is borne by the date palm tree (Phoenix
dactylifera), which is mainly grown in semi-arid and arid regions
of Africa and the Arabian Peninsula. Indeed, the proceeds from
the cultivation of date palm constitute the majority of income for
those living in the Sahara (Mirghani, 2012). Date palm is also cul-
tivated in some parts of Southern Europe, and South and Central
America (Qadir et al., 2018). There are different varieties of the
date fruit, such as the Deglet Noor and Medjool, which are popu-
larly cultivated in the United States and some parts of Africa such
as Morocco, Algeria, and the Middle East; and Ajwa date fruit,
which is cultivated mainly in Al-Madinah (Zhang et al., 2013).
Dates are widely consumed among the Arab population due to tra-
ditional and religious importance. For example, Ajwa dates are
consumed due to their reference in the Koran, in which they are
referred to as cures for many ailments. It is for this single reason
that this variety is at least three times more expensive than any
other variety.

Date fruits have fleshy pericarp of high nutritional value, con-
taining a high level of fiber, vitamins, and minerals (such as mag-
nesium, calcium, iron, zinc, iodine and potassium), fructose and
glucose. They contain very little fat (0.5%) and protein (3%), with
carbohydrates comprising about 80% of the total nutrients
(Rambabu et al., 2020). There are numerous studies on the func-
tional quality of date fruits in the literature. For instance, aqueous
extract from date fruit has been reported to have anti-mutagenic
and antioxidant properties due to free radical scavenging antioxi-
dants such as anthocyanins, polyphenols, carotenoids, and tannins
(Hussain et al., 2020).

Global production of date fruit was estimated to be around 8.5
million tons in 2016 (Altaheri et al., 2019). Considering that date

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jksus.2022.102211&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.jksus.2022.102211
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:halothaid@bu.edu.sa
mailto:h.alothaid@yahoo.co.uk
https://doi.org/10.1016/j.jksus.2022.102211
http://www.sciencedirect.com/science/journal/10183647
http://www.sciencedirect.com


H. Alothaid Journal of King Saud University – Science 34 (2022) 102211
seed accounts for 10% of the date fruit mass, this amounts to 850
thousand tons of date seed produced in 2016, most of which ended
up as waste. If properly channeled, this cheap agricultural produce
can be of immense economic use. A good example is the processing
of date seed for its fiber content to be utilized in fiber-based foods.
Asides from this, date seed has been employed as a low-cost solu-
tion for the removal of boron in seawater; achieving 47% decon-
tamination efficiency (Al. Haddabi et al., 2016).

Al-Baha region of Saudi Arabia plays a prominent role in agri-
culture and other farming activities in the Kingdom and one of
the crops widely grown in the area is the date palm fruit (Al-
Zahrani et al., 2021). While many studies have investigated the
biological functions of date fruit, studies on the biological proper-
ties of date seeds specifically are only just beginning to gain trac-
tion. Many of these studies have been focused on analyzing the
seeds for bioactive compounds such as phenols, minerals and fatty
acids (Habib et al., 2014; Golshan Tafti et al., 2017; Nadeem et al.,
2019; Babiker et al., 2020). There are few studies, however, that
have demonstrated the biological functions of the contents of date
seeds. In those that do exist, extracts from date seeds have been
shown to have anti-diabetic properties in streptozotocin- and
alloxan-induced diabetic rats (Hasan and Mohieldein, 2016;
Ayatollahi et al., 2019). The rats showed improved tolerance to glu-
cose with reduced serum creatinine and urea levels and a better
lipid profile. In another study, Ajwa date seeds were found to
improve the lipid profile of hyperlipidemic rabbits (Mushtaq
et al., 2017). Due to the relatively few studies on date seed, this
study aims to carry out a detailed functional study on the biologi-
cal activities of Al-Baha date palm kernel (AB-DPK) using chemical
analysis through in vitro and in vivo approaches.
2. Materials and methods

2.1. Al-Baha date palm kernel (AB-DPK) collection

Fresh dates were purchased from a local market in Al-Baha city,
Saudi Arabia and the seeds were extracted, washed several times
with clean water, and air-dried at room temperature for 7 days.
This was followed by oven-drying for 2 h at 370 K to ensure that
the kernels dried completely. Next, the oven-dried AB-DPK were
crushed to form a powder and used as described below.

2.2. Cell lines and culture medium

Human colorectal cancer cell line (HCT-116) and liver cancer
cell line (HepG2) used in this study was obtained from Dr. Nea-
matallah’s lab, Faculty of Pharmacy, KAU. HCT-116 and HepG2 can-
cer cells were used in this study to evaluate the anticancer
properties of AB-DPK. The cells were cultured in Dulbecco’s Modi-
fied Eagles Medium (DMEM) supplemented with 10% (v/v) fetal
bovine serum (FBS), 100 units/ml penicillin/streptomycin and 1%
(v/v) L-glutamine at 37 �C in a humidified 5% CO2 incubator.

2.3. MTT assay

To evaluate the cytotoxic effect of AB-DPK extract compound on
HCT-116 cell line, an MTT cell viability assay was carried out by
culturing the cells in a 96-well plate at a density of (1 � 105 -
cells/well). After 24 h of incubation, the cells were then treated
in triplicates with the compounds at 6 serial dilutions (250–3.9 l
g/ml) for 72 h. Appropriate control wells containing unexposed
cells were also incorporated. The medium was then removed and
replaced with MTT solution (2 mg/ml). The plates were covered
with aluminum foil and incubated at 37 �C for 4 h. The DPK powder
was dissolved by adding 200 lL of 100% DMSO (not exceeding 0.5%
2

of the total concentration). The plates were then incubated for 5
mins at 37 �C in a 5% CO2 incubator, and the colorimetric signals
were measured at 570 nm with a SpectraMax M3 plate reader.

2.4. Gas chromatography-mass spectrophotometry (GC–MS) analysis

The extracts of AB-DPK were analyzed using GC–MS in an Agi-
lent 6890–5973 N USA gas chromatograph (GC) equipped with an
HP1 TG-5MS polydimethylsiloxane capillary column
(30 m � 250 lm � 0.25 lm) and interfaced with a Hewlett Packard
5973 mass selective detector. The gas chromatographic parameters
employed were 110 �C fixed temperature for 2 min initially, which
was increased to 200 �C and then 280 �C at the rate of 10 �C min�1

and 5 �C min�1 respectively. The inlet temperature was set at
250 �C and a 10:1 split ratio was used; MS quadrupole temperature
was 150 �C; thermal aux temperature was set at 285 �C; MS tem-
perature was 230 �C; MS scan range was m/z 40–450; ionization
current was 60lA; ionization energy was set at 70 eV; the carrier
gas was helium with a flow rate of 1.0 mL min�1. Compounds iden-
tified in the GC–MS mass spectra were compared with Wiley 275.L
and Wiley/n.L library data of the GC/MS system and literature data
(Jennings and Shibamoto, 1980; Adams, 2007). The relative abun-
dance of each compound was evaluated using the raw data peak
areas in the spectra with no response factor correction from the
FID.

2.5. Antimicrobial susceptibility testing

The antimicrobial activity of AB-DPK extract (100 lg) was
assessed against Gram-positive (Staphylococcus aureus and Bacillus
subtilis) and Gram-negative (Protius mirabilis and Escherichia coli)
pathogenic bacteria. Overnight cultures were incubated for 24 h
at 36 �C ± 1 �C and bacterial suspension or inoculum was diluted
with sterile saline solution to make 108 CFU/ml (McFarland stan-
dard: OD = 0.5 at 600 nm). To evaluate the antimicrobial activity
of the extracts, the agar well diffusion method was adopted
according to Kilany (2017) using Muller Hinton agar media. The
experiment was conducted in triplicate.

2.6. In vivo studies

To test acute cytotoxicity, oxidant/antioxidant and carcinogenic
effects in the AB-DPK powder, 5 healthy, adult Sprague Dawley rats
(200–250 g) were injected with a single dose regimen of 500 lg (in
200 lL) (Ghramh et al., 2020). Unexposed (N = 5) and acetone trea-
ted (200 lL, N = 5) rats were used as controls. The rats were left for
48 h and then euthanized, with the sera, livers, and kidneys (after
perfusion with phosphate-buffered saline to get rid of red cells)
were collected. The rats were kindly supplied by the Animal House
Foundation at King Khalid University in the southern region of
Saudi Arabia and treated following guidelines set by the Research
Ethics Committee at King Khalid University. Each liver and kidney
was homogenized (10% w/v) in ice-cold 0.1 M Tris-HCl buffer (pH
7.4) using an electrical homogenizer. The homogenate was cen-
trifuged at 22,000g at 4 �C for 15 min (Ogunlana et al., 2018),
and then the supernatant was collected and used for all subsequent
parameters measurement. All data are expressed as per gram tis-
sue unless otherwise indicated.

Liver function was tested by assaying the level of serum aspar-
tate aminotransferase (AST), alanine aminotransferase (ALT), total
protein, and total bilirubin, while kidney function was tested by
measuring serum creatinine and urea, and evaluated using the
methods described by Ibrahim et al. (Ibrahim et al., 2021). To eval-
uate the oxidative stress, lipid peroxidation capacity was measured
by quantifying thiobarbituric acid reactive substance (TBARS),
while total antioxidant capacity (TAC), superoxide dismutase
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(SOD), catalase (CAT), glutathione peroxidase (GPx), hydrogen per-
oxide (H2O2) and reduced glutathione (GSH) in liver and kidney
homogenate supernatants were estimated utilizing the same
methods and chemicals described by Ibrahim et al. (Ibrahim
et al., 2021). Arginase activity in serumwas also estimated utilizing
the methods and chemicals described by Ibrahim et al. (Ibrahim
et al., 2021). Sera were filtered through a 10 KdDa cutoff filter
(Amicon� Ultra-4) to remove urea found in the serum. a-L-
Fucosidase activity in serum was estimated using a colorimetric
assay kit (IAZYME) according to the supplied instructions.

2.7. Human and animal rights

No humans were used in this study. All rats used in this study
were euthanized and killed under general anesthesia. All proce-
dures involving animals’ research were carried out following the
published standards in the 8th Edition of the Guide for the Care
and Use of Laboratory Animals (https://grants.nih.gov/grants/
olaw/Guide-for-the-care-and-use-of-laboratory-animals.pdf).

2.8. Statistical analysis

Results were expressed as means ± SD of the number of exper-
iments. A student’s unpaired t-test (GraphPad Prism-Version 7.0
for windows) was performed and a p-value � 0.05 was considered
statistically significant.
3. Results

3.1. GC/MS analysis of AB-DPK

To determine the biochemical content of AB-DPK, GC/MS was
employed and the chromatogram is shown in Fig. 1.
Fig. 1. Chromatogram presenting resu

Fig. 2. Antimicrobial activity of AB-DPK against Staphylococcus aureus (A), Bacillus s
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The major constituents identified in the extract of AB-DPK were
1-Trilinolein, (Z,Z) 3Dioctadecenoyl Glycerol, Palmitic acid, N-car
bonbenzyloxy-1-lyrosyl-1-valine, L-Arganile, 3,5-Heptadienol-
2ethyllidene-6-methyl, 1,2-Benzediol, 1-Dodecanamin N,N-
Dimethyl, Benzene, 1,1-(3-(3-cyclopentylpropyl)-1,5 pentaedyl)
pentane, Oleic acid, Cis – Vaccenic acid, Cholan-24-Oic-acid.3.7.1
2-trihydroxy-,(3a,5a,12a, Octadecanoic acid, 1H-purine-2-,6-
dione,3,7- dihyro-1,3,7-trimethyl, Docosanoic acid,1,2,3-
propanetriyl ester, Α-Sitasterol, 3-Acetoxy-12-Ursanol, Betulin,
Α-Amyrin, Lupeol, Betuinaldehyde, Stigmasterol, LUP-20(29)-EN-
3-YL acetate, Ursolic aldehyde and Ethyl isoallocholate.
3.2. Antimicrobial potential

To test the antimicrobial activities of AB-DPK, different bacteria
(as shown in Fig. 2) were exposed to AB-DPK powder, with 30 lg of
neomycin as control, for 24 h. As shown, none of the bacteria evi-
denced sensitivity to AB-DPK.
4. Toxicity

4.1. Cytotoxicity and IC50

To assess the anticancer potential of AB-DPK, colon cancer cell
line (HCT-116) and liver cancer cell line (HepG2) were exposed
to different concentrations of the AB-DPK extract for 24 h. MTT
assay was then used to assess the cell viability post-exposure. A
dose-dependent decrease in cell viability was observed in both
HCT-116 and HepG2 cell lines after 24 h exposure (Fig. 3). The esti-
mated IC50 was found to be 43.2 ± 4.9 lg/ml and 63.7 ± 5.4 lg/ml
for HCT-116 and HepG2 cell lines respectively. This indicates that
the HCT-116 cell lines were more sensitive to the AB-DPK extract
for the exposure period observed here.
lts of GC/MS-analysis of AB-DPK.

ubtilis (B), Protius mirabilis (C) and Escherichia coli (D). N = 30 lg of neomycin.
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Fig. 3. The effects of AB-DPK compound on the viability of HCT-116 and HepG2 cell
lines.

Fig. 4. Liver function assessment after exposure to extract of AB-DPK. Levels of (A)
ALT, (B) AST and (C) total bilirubin in control unexposed and AB-DPK exposed rats
(n = 10) after 48 h exposure. Data is presented as mean ± SD.

Fig. 5. Kidney function assessment after exposure to extract of AB-DPK: Levels of
(A) urea, (B) creatinine and (C) serum protein in control unexposed and AB-DPK
exposed rats (n = 10) after 48 h exposure. Data is presented as mean ± SD.
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4.2. Effect of AB-DPK on liver and kidney functions

Rat exposure to AB-DPK extract was found to be safe, without
impairment to both the liver and kidney functions. Assessment of
liver function parameters, such as ALT, AST and total bilirubin, as
shown in Fig. 4, highlighted that AB-DPK extract did not influence
the level of these liver function parameters in comparison to the
control unexposed groups. Similarly, kidney function parameters,
urea, creatinine and serum total proteins levels were also not
affected due to the exposure of the rats to AB-DPK extract. This also
indicates that the extract did not cause impairment of kidney func-
tion (Fig. 5).

4.3. Oxidant/antioxidant activity

The results from assessment of oxidative stress in the liver and
kidney of rats exposed to the extract of AB-DPK are shown in Figs. 6
and 7. Seven oxidative stress markers (TBAC, CAT, GPx, GSH, H2O2,
SOD, and TAC) were quantified in the livers and the kidneys of con-
trol unexposed and exposed rats. Findings showed significantly
lower levels of TBARS in both the livers and kidneys of the exposed
rats (p � 0.05) when compared with the control unexposed rats.
Similarly, GPx and GSH levels in the livers (p � 0.0001 and
p � 0.01 respectively) and kidneys (p � 0.0001) of rats exposed
to AB-DPK extract were significantly higher than the levels in the
control unexposed group. The CAT and TAC levels in the livers of
rats exposed to the extract were significantly lower than those in
4

the control unexposed rats (p � 0.01 and p � 0.001 respectively).
Conversely, the CAT and TAC levels in the kidneys of rats exposed
to the extract were significantly higher than those in the control
unexposed rats (p � 0.0001 and p � 0.001 respectively). While
H2O2 levels in the kidneys were significantly higher in the exposed
rats when compared to the control unexposed rats (p � 0.01), the
SOD levels were similar across the two groups. On the contrary, the
SOD levels in the livers of the extract exposed rats were signifi-
cantly lower when compared with the unexposed control rats.
Finally, the H2O2 levels were similar across the two groups.

4.4. Serum tumor markers

Anti-tumor activities of the extract of AB-DPK were evaluated
by quantifying Arginase and a-L-Fucosidase levels, which are
widely assayed tumor markers. Data here showed that AB-DPK
extract does not affect the serum level of arginase. However, a sig-
nificantly higher level of a-L-Fucosidase was observed in the treat-
ment of healthy rats with AB-DPK extract, which showed no
induction of any tumor formation, as indicated by normal levels
of the tumor markers arginase and a-L-fucosidase in the AB-DPK
treated rats (Fig. 8).

5. Discussion

There are reports in the literature on the anti-inflammatory and
antioxidant effects of date palm seeds. In this study, a detailed
functional study of date palm seed (AB-DPK) on liver and kidney
functions was carried out. First, the extract of AB-DPK was ana-
lyzed with GC/MS. Compounds found in the analysis included
antioxidants, such as 1-Trilinolein and (Z,Z) 3Dioctadecenoyl Glyc-
erol, and anti-tumor, anti-inflammatory and antiviral agents such
as betulin (Zhang et al., 2015; Pang et al., 2018). We also found
ursolic aldehyde, which is readily oxidized to ursolic acid and mod-
ulates different targets of apoptosis, inflammation and angiogene-
sis to prevent chronic diseases, such as cancer, even before disease
development (Kashyap et al., 2016).

Anti-bacterial activity assessment of the AB-DPKwas carried out
ondifferent bacteria strains including Staphylococcus aureus, Bacillus
subtilis, Protius mirabilis and Escherichia coli. Findings showed no
antibacterial activities of AB-DPK on these bacteria. This is in con-



Fig. 6. Oxidative stress assessment in RAT liver post-exposure to extract of AB-DPK. Levels of (A) TBARS, (B) CAT, (C) GPx, (D) GSH, (E) H2O2, (F) SOD and (G) TAC were
quantified in homogenized livers of exposed and control rats (n = 10). Data is presented as mean ± SD, *p � 0.05, **p � 0.01, ***p � 0.001, ****p � 0.0001.

Fig. 7. Oxidative stress assessment in RAT kidney post-exposure to extract of AB-DPK. Levels of (A) TBARS, (B) CAT, (C) GPx, (D) GSH, (E) H2O2, (F) SOD and (G) TAC were
quantified in homogenized livers of exposed and control rats (n = 10). Data is presented as mean ± SD, *p � 0.05, **p � 0.01, ***p � 0.001, ****p � 0.0001.

Fig. 8. Anti-tumor effect of AB-DPK extracts. Levels of serum (A) Arginase and (B) a-
L-Fucosidase in the control unexposed and AB-DPK extract exposed groups (n = 10)
are shown here. Data is presented as mean ± SD, **p � 0.01.
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trast with other studies that have shown extract from date seeds
possesses antibacterial properties. ALrajhi et al. (2019) demon-
strated more potent antibacterial activity of ethyl acetate extract
of date palm seed on P. aeruginosa, E. coli, and P. mirabilis in compar-
5

ison to gentamycin. Metoui et al. (2019) also showed the extract of
date palm seed to have antibacterial activities against bacteria
strains like E. coli, S. aureus, S. epidermis, and S. Typhinurium.
Although both ethyl acetate and methanolic extract, according to
these studies, were active on E. coli, the contradiction to this finding
in our study may still be explained by the fact that our extract may
not containmore potent antibacterial effects as those of these stud-
ies. Although AB-DPK does not show antibacterial activities here,
exposure to HCT-116 and HepG2 cancer cells revealed dose-
dependent cytotoxicity on these cells. This anticancer activity is in
agreementwith a study by Khattak et al. (2020), where they showed
a dose-dependent cytotoxic effect of different date fruit extract on
breast cancer cell line, MDA-MB 231. In addition, in vivo work has
demonstrated that aqueous extract of Ajwa date fruits reverses the
development of liver cancer in rats inducedwith hepatocellular car-
cinoma (Khan et al., 2017).

One of the criteria for acceptance of pharmacoactive drugs onto
the market for use is safety. Biochemical parameters that are
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widely used to assess safety are liver and kidney function tests,
mainly due to the function of both organs in metabolism and
excretion of drugs respectively (Newsome et al., 2018). Intracellu-
lar enzymes, such as the AST and ALT, as well as total bilirubin
levels, are sensitive and significant indicators of hepatic injury.
Increased activities of AST and ALT indicate leakage of the cell
membrane and thus loss of the membrane integrity, while high
levels of bilirubin are an indication of hepatic damage or liver
injury due to impaired biliary function of the liver (Boone et al.,
2005). Serum AST, ALT and total bilirubin levels in rats exposed
to AB-DPK were unaffected in this study, which indicates that
AB-DPK extract did not induce a toxic or detrimental effect on liver
function. Not only is Phoenix dactylifera seed extract AB-DPK, as
found here, not toxic to liver function, a previous study has also
demonstrated that both methanolic and aqueous extracts for Phoe-
nix dactylifera confer protective effects on oxidative and hepatic
injury induced by paracetamol. This is due to the blocking of
paracetamol-induced oxidative stress, causing hepatocellular
injury and elevated serum ALT and AST (Salem et al., 2018). In con-
trast to this finding, another study has shown that aqueous extract
of Ajwa date fruit reduces serum ALT and AST (Khan et al., 2017).
However, this was in rats that were induced with hepatocellular
carcinoma with diethylnitrosamine, which may be an attempt of
the extract to skew biochemical parameters that help with tumori-
genic effects.

Induced oxidative stress in the liver and the kidney is often as a
result of increased oxidants such as peroxides and superoxides
with reduced expression of antioxidants such as SOD, GPx and
CAT, which scavenges of metabolizes the oxidative agents
(Mates, 2000). As such, the assessment of intracellular antioxidant
activities is not an isolated event but is a holistic assessment of
intracellular antioxidants and oxidants ratios. In this study, the
levels of these hepatic antioxidants were also assayed. While the
levels of hepatic SOD and CAT were significantly reduced
(p < 0.01) by AB-DPK treatment, GPx and GSH levels were signifi-
cantly increased (p < 0.0001). In addition, the levels of oxidant
H2O2 in the AB-DPK-treated rats were unaffected. GPx is a peroxi-
dase that detoxifies the cells by regulating lipid peroxidation by
free radicals, such as those generated by the decomposition of
H2O2 (Mates, 2000). GSH on the other hand serves to assist both
SOD, which deactivates superoxide radials and GPx to convert
H2O2 to water (Zhan et al., 2004). Taken together, this evidence
suggests that there is redox balance in the rat liver due to the
antioxidant (SOD, CAT, GPx) to oxidant (H2O2) levels observed,
which was maintained, as in the control.

Similar to that observed for the liver function, increased levels
of serum creatinine, urea and total protein are also indicators of
compromised renal function. Results from this study showed that
AB-DPK extract did not influence the levels of these biochemical
parameters in exposed rats; thus, not compromising renal func-
tion. Assessment of possible renal oxidative stress parameters in
AB-DPK-treated cells showed significantly increased levels of
H2O2, which may indicate oxidative stress at first glance. However
from our study, examining the significantly increased levels of GPx,
CAT, and GSH, coupled with normal levels of SOD, indicates a redox
balance in the rats treated with AB-DPK (Gurudath et al., 2012;
Puertas et al., 2012). Usually, a lower level of SOD, CAT, GSH and
GPx, and an abnormally high level of H2O2 signal oxidative stress
that will result in tissue damage, as observed in conditions such
as cancer or neurodegenerative diseases (Gurudath et al., 2012;
Puertas et al., 2012). This is because the antioxidant enzymes
and molecules are unable to cope with the rising level of oxidants
(e.g. peroxides and superoxides), resulting in tissue damage.

TBARS is used as a measure of lipid peroxidation, and increases
in TBARS levels have been reported in neurodegenerative diseases
and cancer with high active oxidant activities (Kolanjiappan et al.,
6

2002; Puertas et al., 2012; Jablonska et al., 2015). In diseased con-
ditions, high TBARS levels of this nature are accompanied by low
GPx levels, similar to the pattern of SOD and CAT production con-
cerning their substrate, H2O2, under the same health conditions.
From this information, it is possible to suggest that AB-DPK seems
also to have a protective antioxidant role by maintaining lower
levels of TBARS than in untreated rats. However, further investiga-
tion is needed to prove this, even though this suggestion is sup-
ported by the findings of Salem et al. (2018). L-arginase and a-
fucosidase are routinely used as tumor markers of hepatocellular
and colorectal carcinoma based on the significantly higher levels
of these enzymes in cancer patients compared with healthy
matched individuals (Leu and Wang, 1992; Ayude et al., 2000;
Kolanjiappan et al., 2002). Assessment of serum L-arginase and
a-fucosidase upon AB-DPK extract exposure showed that the
extract did not influence the levels of these enzymes in the rat
serum, suggesting no tumorigenic tendencies of the extract.
Although extensive studies on possible tumor-inducing effects
beyond the assessment of serum L-arginase and a-fucosidase will
need to be carried out, this finding is a first step in testing the
safety of the extract concerning cancer development.

6. Conclusion

It has been shown here that while AB-DPK has no negative
effect on the hepatic and renal functions, the extract seems to
enhance both hepatic and renal redox balance by stimulating the
production of CAT, GPx, SOD, and GSH that can handle any
increases in peroxide or superoxide levels. In addition, AB-DPK
may also confer protective effects on induced oxidative stress. Cou-
pled with the possible anticancer effects on the colorectal and hep-
atocellular carcinoma cell lines, AB-DPK may prove as a useful
therapeutic for the treatment of some cancers, although this
requires further investigation intensively.
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