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Cancer is one of the leading health problems worldwide with hepatic cancer being one of the most com-
mon cancers. To date, a number of anti-cancer agents have been employed for chemotherapeutic pur-
poses one of which includes cyclophosphamide (CP). Because of the serious side effect of CP, this
study aims to investigate the potential protective effect of coenzyme-10 (CoQ10) and piperine (PIP)
against cytotoxicity induced by CP in HuH-7 cell line. Based on IC50, 10, 12, 10, and 12 lg/ml of CP,
PIP, CoQ10, PIP + CoQ10 were selected for further investigations. MTT and NRU assays results showed
the combinations of CP + PIP, CP + CoQ10, CP + PIP + CoQ10 demonstrated a potential cytotoxic effect
on HuH-7 cells. Also, these drug combinations induced apoptosis and relative migration rate compared
with CP as evaluated by TUNEL and wound healing assays respectively. Furthermore, mitochondrial
membrane potential (MMP) indicated the three drug combinations improved the mitochondrial mem-
brane permeability in HuH-7 cells. Finally, upregulation of bcl-2, caspase-3 caspase-8, caspase-9 and p53
genes in HuH-7 cells were observed in the drug combination treatments compared to CP alone, confirm-
ing the positive effect of PIP and CoQ10 when combined with CP. In conclusion, current results showed
that PIP and CoQ10 have anti-cancerous properties and may be a useful resource for effective remedies in
the treatment of liver cancer.
� 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 license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Cancer is one of the leading health problems worldwide and it is
one of the major global causes of death (Sung et al., 2021). It begins
with abnormal regulation of specific gene expression that is usu-
ally triggered by genetic alterations (Kooti et al., 2017). One of
the major hallmarks of cancer cells is their ability to uncontrollably
divide (Parkin et al., 2005). Current biological paradigms suggested
for cancer is that all cancers are develop from multiple external
factors combined with genetic changes (Sonnenschein and Soto,
2008). Saudi Cancer Registry (SCR) offers information on reliable
population-based cancer incidence data and the prevalence of can-
cer in Saudi Arabia varies from one region to another (Mosli et al.,
2015; Alsanea et al., 2015; Althubiti and Nour Eldein, 2018).
According to World Health Organization (WHO), cancer was
responsible for 9.6 million deaths worldwide in 2018, and was
roughly the cause 0.16% of deaths in Saudi Arabia (Glorieux and
Calderon, 2018). Hepatic cancer has risen nearly 3-fold in cases
in Saudi Arabia between 1990 and 2016 (Althubiti & Nour Eldein,
2018). Chronic liver disease, with its complications such as; liver
cirrhosis and liver cancer, has been the world’s leading cause of
death and morbidity due to late diagnosis and weak medical
results (Bommer & Vine, 2014). Investigation of the progression
of pathways leading to liver cancer is also essential for deep under-
standing of the disease and for the most effective therapy (Safety,
2002). CP is an alkylating agent that has been used for treating dif-
ferent types of cancers in both humans and animals (Voelcker,
2020b). In addition to the anti-mitotic and anti-replicative effects
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of this agent, it has immunosuppressive and immunomodulatory
properties (Ahlmann & Hempel, 2016). It is considered a prodrug
that is metabolized within target cells and causes hemorrhage,
necrosis, and fibrosis of the urinary bladder (Stanton and
Legendre, 1986). Recently, studies have been invested into investi-
gating if natural compounds can ameliorate the effects of various
mutagens and carcinogens (Lee et al., 2020). Among these natural
compounds being considered are flavonoids and alkaloids such as
black pepper (Piper nigrum) and long pepper (Piper longum), which
are used worldwide in various traditional remedies systems
(Selvendiran et al., 2005). Along with the application of PIP as a
food preservative, it is used in traditional medicine because of its
bioactive effects such as; antioxidant, antimetastatic, antitumor
(Zorica et al., 2019). Another study reported that PIP would be used
as adjunctive therapy in order to enhance the bioavailability of var-
ious chemotherapeutic drugs (Anshuly et al., 2020). CoQ10 is an
essential enzymatic cofactor, plays an important role in cellular
bioenergetics and the synthesis of mitochondrial adenosine
triphosphate (ATP) (Saini, 2011). It has shown beneficial effects
on the inflammatory mechanism of multiple human diseases
(Zhai et al., 2017) and pro-inflammatory cytokines (Farsi et al.,
2019). Preclinical and clinical studies have shown that induced car-
diotoxicity by anthracycline drugs such as doxorubicin and
daunorubicin - can be prevented by the use of CoQ10 during cancer
chemotherapy. Conklin, (2005) suggested that CoQ10 does not
interfere with the antineoplastic action of anthracyclines and
might even improve their anticancer effects. Apoptosis is a closely
regulated multi-step pathway that is necessary for the removal of
infected, damaged or defective cells. Disturbance in pathways that
control apoptosis can result in cancer, autoimmune, and degener-
ative disorders (Wimalasena et al., 2015; Pfeffer and Singh,
2018). Taken together, this study undertaken to investigated the
potential chemo-protective role of CoQ10 and PIP alone or in com-
bination against CP-induced cytotoxicity in the human liver cancer
cell line (HuH-7), focusing on apoptotic cellular events.
2. Materials and methods

2.1. MTT assay

HuH-7 cells were cultivated in DMEM, Sigma (St Louis, MO,
USA) supplemented with 10% FBS, and 1% penicillin–streptomy
cin. MTT assay was performed as described by (Mosmann,
1983). In brief, cells were seeded in 96 wells plate (5 � 104).
Cells were exposed to different concentrations (2, 10, 15, 20,
and 25 lg/ml) of CP, PIP, CoQ10, and combination of
PIP + CoQ10. Treated cells were incubated at 37�C for 48 hr.
10 ll of MTT solution was added to each well and then incu-
bated for 3–4 hr at 37C�. After incubation, the culture medium
was removed and formed formazan crystals were dissolved in
isopropanol. The absorbance was measured at 540 nm using a
multi-mode Microplate Reader-Gen5TM, BioTek Cytation 5TM, USA
(Mohammed et al., 2021).

2.2. Neutral red uptake (NRU) assay

The NRU assay was done according to the method described by
Ali et al., (2011) to confirm the effect of tested compounds. In brief,
cells (5 � 104 cells/well) were seeded in 96-well plates and kept in
the 5% CO2 incubator for 48 hr at 37 �C. At confluency of 80–85%,
cells were exposed to 10 lg/ml of CP, 12 lg/ml PIP, 10 lg/ml
CoQ10, 12 lg/ml of PIP + CoQ10, combination of CP + PIP,
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CP + CoQ10, and CP + PIP + CoQ10 for 48 hr. NRU dye was added
(100 ll with DMEM for 3 hr), and after incubation, the cells were
washed with fixative and simultaneously dye extractor solution.
The OD was taken at 540 nm using a spectrophotometer (Khur-
sheed et al., 2020).
2.3. Wound–healing assay

To further assess the effects of chemical compounds on HuH-7
cells migration, a wound-healing assay was used as previously
described by Al-Zharani et al. (2019). Briefly, cells were seeded in
12 wells plate at density of 105 cells/well and allowed to grow until
reaching confluent monolayer at for 24hr at 37� C. After incubation
media was discarded and a straight scratch was made using a ster-
ile 10-ll pipette tip on the cell’s monolayer. Cells were washed
with PBS to remove the floating cells and then fresh media was
added. Cells were treated with selected concentrations of 10 lg/
ml of CP, 12 lg/ml PIP, 10 lg/ml CoQ10, 12 lg/ml of
PIP + CoQ10, combination of CP + PIP, CP + CoQ10, and CP + PIP +
CoQ10 for 48 hr. Images were captured at 0, 12, 24 and 36 h using
an inverted microscope equipped with a digital MC-170 HD cam-
era (Leica, Germany). ImageJ WH_NJ macro software (NIH, USA)
was used for image analysis (Luanpitpong et al., 2010).
2.4. Mitochondrial membrane potential (MMP)

The fluorescence dye JC– was used to evaluate the effect of
tested compounds on the potential permeabilzation of mitochon-
drial membrane in HuH-7 cells. Cells were grown on cover slips
in 6 well plate and in 96 wells black bottom plate at density
5 � 105 in cultured 10 % medium then incubated in 5% CO2 for
24 h at 37 �C. After incubation, cells were exposed to 10 lg/ml of
CP, 12 lg/ml PIP, 10 lg/ml CoQ10, 12 lg/ml of PIP + CoQ10, com-
bination of CP + PIP, CP + CoQ10, and CP + PIP + CoQ10 for 48 hr.
Medium was removed, then cells washed with 1X dilution buffer,
then stained and incubated with JC-1 dye for 20 min 5% CO2 at
37 �C. For microplate, the monomer JC-1 dye was read at excita-
tion: 475 nm, emission: 530 nm whereas aggregate JC-1 dye exci-
tation: 535 nm, emission: 590 nm. For images, the JC-1 was
disposed and cells were washed several times with PBS, cover slips
were transferred into microscopic slides and fluorescent images
were taken by CRCL, s LSM780 NLO confocal microscope
(Maqsood et al., 2020).
2.5. TUNEL assay

TUNEL assay kit-FITC was used to detect the DNA damage. The
HuH-7 cells were seeded in 6 wells plate on the center of the cover
slip at density of 2� 104 cells/well for 24 h at 37C�. Cells were trea-
ted with the following doses; 10 lg/ml of CP, 12 lg/ml PIP, 10 lg/
ml CoQ10, 12 lg/ml of PIP + CoQ10, combination of CP + PIP,
CP + CoQ10, and CP + PIP + CoQ10 for 48 hr. Cells were washed
with PBS and fixed with 4% paraforomaldehyde for 15 min at
37 �C. The fixative was discarded and cells were washed with
PBS once followed by adding 1 ml of 70% alcohol to each well
and then incubation for 10 min in the dark. Staining solution
(51 ll) was added followed by 60 min incubation at 37 �C. Cells
were treated with 10 ll of propidium Iodide/RNase A solution
and incubated for 30 min at 37 �C. Cells were re-suspend with
1 ml of wash buffer followed by washing with PBS. Cover slips
were shifted to microscopic slides and cells images were captured



Fig. 1A. IC50 detection of investigated compounds. HuH-7 cells treated with (5, 10,
15, 20, and 25 lg/ml) of each compound (CP, PIP, CoQ-10, and PIP + CoQ-10)
respectively for 48hr as evaluated by MTT assay.

Fig. 1B. Cell viability of HuH-7 cells after treatment with (5, 10, 15, 20, and 25 lg/
ml) of CP, PIP, CoQ-10, and PIP + CoQ-10 respectively for 48hr as evaluated by MTT
assay. Each value represents the percentage of cells viability.

Fig. 2. Cytotoxic effect of tested compounds on HUH-7 cells after 48 hr as evaluated
by NRU assay. Each value represents the mean SE ± (n = 3), (*p < 0.05, **p < 0.01)
compared with control.
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by a confocal microscope (CRCL’s LSM 780 NLO confocal micro-
scope) (Mohamed et al., 2020, Mohammed et al., 2020).

2.6. Flow cytometry

Cells were seeded in 6 well plate at density of 4 � 105 cells/well
in 2 ml media for 24hr at 37C�. Treated cells with each chemical
compound alone or in combination were incubated for 48 h. After
incubation cells were washed 3 times with PBS and trypsinized
with (0.25% trypsin). Cell suspension was collected and added to
the media in the centrifuge tubes. Tubes were centrifuged at
1600 rcf for 5 mins. Cells were re-suspended in 500 ll of 1X Bind-
ing Buffer. 5 ll of Annexin V-FITC and 5 ll of propidium iodide (PI)
were mixed to cells suspensions and incubated for 20 mins in the
dark at room temperature. The cells were analysed by Flow Cytom-
etry (Becton-Dickinson Immuno cytometry Systems, Sunnyvale,
CA, USA) using FACS Diva 6.1.2 software (Abdullah et al., 2019).

2.7. Gene expression

RNA from treated cells was isolated using RNeasy Mini Kit (Cat
No. /ID: 74104), and converted to cDNA using cDNA reverse tran-
scription kit (Revert Aid First Strand cDNA Synthesis Kit; Thermo
Fisher Scientific). The concentration and purity of RNA were deter-
mined with a Nanodrop 8000 spectrophotometer (Thermo Scien-
tific, USA). To perform RT-PCR, SYBR Green master mix was
prepared and 7,500 Fast RT-PCR System (Applied Biosynthesis,
Carlsbad, CA) with gene-specific primers was used. The expression
level of pro– and anti–apoptotic marker genes were quantified.
qPCR was performed in triplicate. All data are expressed as the
mean of three independent experiments, calculated by the 2-DDCT

method (Saquib et al., 2013).

2.8. Statistical analysis

The present data were analyzed by one-way analysis of variance
(ANOVA), and T-test. p Values < 0.05 were considered significant.

3. Results

3.1. MTT assay

MTT assay was conducted to detect the inhibitory effects of
each chemical compounds on HuH-7 cells growth. The HuH-7 cells
were treated with different concentrations (10, 15, 20, and 25 lg/
ml) of CP, PIP, CoQ10, and combination of PIP + CoQ10 for 48 hr.
Result showed the (IC50) value of CP, PIP, CoQ10, and combination
of PIP + CoQ10 to be 10, 16, 15, and 18 lg/ml respectively (Fig. 1A).
Based on these IC50 values, 10 lg/ml of CP, 12 lg/ml PIP, 10 lg/ml
CoQ10, 12 lg/ml of PIP + CoQ10 were selected for further investi-
gations. Also, current result showed that the cell viability was sig-
nificantly decreased in a dose dependent manner (Fig. 1B).

3.2. NRU assay

Cytotoxicity of the investigated compounds on the HuH-7 cells
was further assessed using NRU test. Present data showed there is
significantly higher cytotoxicity in cells treated with; PIP, CP + PIP,
CP + CoQ10, and CP + PIP + CoQ10 after 48 hr when compared with
control, whereas cytotoxic effect was significantly decreased in
cells treated with CoQ10 and PIP + CoQ10 respectively (Fig. 2).
3



Fig. 3A. Shows HuH-7 cells migration in wound-healing assays. cells were treated with CP, PIP, CoQ-10, PIP + CoQ-10 for 48 hr and images were captured at 0 and 12, 24, and
36 hr.

Fig. 3B. Shows HuH-7 cells migration in wound-healing assays. cells were treated with CP + PIP, CP + CoQ-10, CP + PIP + CoQ-10 for 48 hr and images were captured at 0 and
12, 24, and 36 hr.
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Fig. 3C. Shows HuH-7 relative migration rate in wound-healing assays. cells were
treated with CP, PIP, CoQ-10, PIP + CoQ-10, CP + PIP, CP + CoQ-10, CP + PIP + CoQ-10
for 48 hr and images were captured at 0 and 12, 24, and 36 hr. *p < 0.05, ** p < 0.01,
*** p < 0.001. vs control.
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3.3. Wound–healing assay

Cell migration was examined by wound healing assay to evalu-
ate the effect of investigated compound on the HuH-7 cells. Find-
ings showed that at 36 h, the untreated HuH-7 cells had
migrated into the scratched area, whereas the migration capability
of all treated cell groups were significantly inhibited. The closure
rate of created wound of HuH-7 treated cells was 0.657% with
PIP + CoQ10 at 36 hr among all treatments, followed by the same
treatment at 24 hr. In contrast, the widest gap was 0.016% in cells
treated with CP + PIP + CoQ10 at 12 hr among all treatments
(Fig. 3A, Fig. 3B, Fig. 3C).

3.4. Determination of MMP

The effect of chemical compounds exposure on MMP was eval-
uated in HuH-7 cells by JC-1 staining method as shown in (Fig. 4A,
Fig. 4B and Fig. 4C). First, the potential of MMP was measured
according to the ratio aggregate (red)/monomer (green) fluores-
cence intensity. As shown in the result, there was significant loss
of MMP in HuH-7 cells treated with PIP, PIP + CoQ10, CP + PIP,
CP + CoQ10, and CP + PIP + CoQ10 compared to untreated cells.
To confirm this result, the MMP was also evaluated using fluores-
cence microscope. The strong MMP was found in control cells and
cells treated with CoQ10 as JC-1 dye staining was strongly
observed in form of its metabolite J-aggregates, a deep red
fluorescence.

3.5. TUNEL assay

DNA damage was evaluated after each treatment to illustrate
the effect of tested compounds on the apoptotic events in HuH-7
treated cells. The TUNEL assay was conducted to detect apoptotic
cells by dUTP labelling of DNA breaks. As shown in (Fig. 5A) the
percentage of apoptotic labelled HuH-7 cells with CP, PIP,
PIP + CoQ10, and CP + CoQ10 were significantly higher compared
5

with control. Furthermore, apoptosis assessed using fluorescence
microscopy revealed that HuH-7 cells treated with CP, PIP, and
CoQ10 underwent apoptosis based on the high intensity of green
fluorescence corresponding to FITC-dUTP stain which (Fig. 5B and
Fig. 5C). Moreover, rate of apoptosis increased after treatment with
combination of CoQ10 compared to control.

3.6. Flow cytometry

After treatments of the cells with all drug combinations,
Annexin V-FITC/PI staining was used to assess apoptosis and
necrosis by means of flow cytometry technique. Findings showed
that all tested compounds induced elevated rate of apoptosis com-
pared to control (Fig. 6A and Fig. 6B). On the other hand, treatment
with CP, PIP, CoQ10, and combination of PIP + CoQ10 demonstrated
reduction in necrotic cells compared to control. HuH-7 cells treated
with CP + PIP, CP + CoQ10, and CP + PIP + CoQ10 were found to
undergo necrosis. However, no significant differences were found
in the induction of apoptosis for any of the treatments except with
CoQ10. Based on the flow cytometry analysis, more than 97% of
HuH-7 control cells were found alive with 1%, 0.2% and 1.8% of cells
classified as being in the early, late and necrotic stages
respectively.

3.7. Gene expression

After exposure, HuH-7 cells to the tested compounds for 48 hr
by quantitative real-time PCR to detect the effect of each com-
pound on the level of apoptosis-related genes (caspase, 3, 8, 9,
Bax, Bcl-2, and p53). Table 1 shows the specific sequences of used
primers. The expression of bcl-2, an anti-apoptotic gene was sig-
nificantly upregulated in cells treated with each compound
(Fig. 7A). In contrast, mRNA expression for Bax as a pro-
apoptotic gene was down-regulated after 48 hr (Fig. 7B). Also,
treated HuH-7 cells showed significant upregulation in the level
of cas-3,8, and 9 with most of tested compounds compared with
untreated cells (Fig. 7C, D, and E). Also, the level of p53 was mea-
sured and was significantly upregulated with CP only and with
combination of each compound (Fig. 7F). Bcl-2 gene exhibited
maximal upregulation of 3.65 folds of the control, whereas bax
gene exhibited and minimal down-regulation of 0.45 folds. Cells
treated with combination of CP and PIP or CoQ10 or both showed
clear reduction in the level of bcl-2, cas-3 compared to CP alone
(Fig. 7A and C).
4. Discussion

Currently, CP uses for treating different types of cancers in both
humans and animals (Voelcker, 2020a). It has anti-mitotic, anti-
proliferation, immunosuppressive and other side effects
(Ahlmann and Hempel, 2016). Lee and others have investigated
whether natural compounds can mitigate the toxic effects of
mutagens and they found that flavonoids and alkaloids compounds
have antioxidant capacity and other positive effects (Lee et al.,
2020). In order to ameliorate the side effects of CP, this study
investigated two kinds of natural products; piperine and CoQ10



Fig. 4A. Shows MMP of HuH-7 as evaluated by JC-1. Cells were treated with CP, PIP, CoQ-10 for 48 hr.
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alone and in combination as potential cancer therapy enhancers in
Human HuH-7 cancer cells. Our findings showed that the cell sur-
vival was significantly decreased in a dose dependent manner as
evaluated by MMT assay. This result was confirmed by NRU test.
Dietary constituents used as chemoprotective strategy for control
genetic diseases (Selvendiran et al., 2005). PIP is a rich source of
many active constituents and other volatile compounds. It has lots
of therapeutic uses on human and animal such as; hepatoprotec-
tive, anti-inflammatory, anti-oxidant, and anti-carcinogenic
(Meghwal and Goswami, 2013; Farsi et al., 2019). Another study,
assessed the role of CoQ10, this study illustrated that CoQ10 sup-
6

plementation significantly promoted the antioxidant capacity to
reduce oxidative stress in hepatocellular carcinoma patients (Y.
kang Liu et al., 2016). TUNEL assay result showed increased DNA
damage after each treatment. We found a significantly higher rate
of apoptosis in HuH-7 cells treated with CP, PIP, PIP + CoQ10, and
CP + CoQ10 were compared with control. Analysis of apoptotic
genes also confirmed this finding as upregulation of the gene
expression of caspases; 3, 8, and 9 was observed in these cell
groups. On the contrary, bcl-2 gene expression was significantly
decreased after all treatments. Activities of caspases and bcl-2
are dissimilar, however, some studies reported that bcl-2 family



Fig. 4B. Shows MMP of HuH-7 as evaluated by JC-1. Cells were treated with CP + CoQ-10, CP + PIP, CP + PIP + CoQ-10 for 48 hr.

Fig. 4C. Shows MMP test of HuH-7 cells treated with each compound for 48 hr as
evaluated by JC-1. The ratio of aggregate / monomer fluorescence intensity was
measured. Data are presented as the mean ± SD of three different experiments.
*p < 0.05, ** p < 0.01, *** p < 0.001. vs control.

Fig. 5A. TUNEL assay results showed the percentage of apoptotic HUH-7 cells after
treatment with different compounds for 48 hr. Each value represents the mean SE ±
(n = 3), (*p < 0.05, **p < 0.01).
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Fig. 5B. Fluorescence microphotograph of HUH-7 cells showed effect of treatments with CP, PIP and CoQ10 on the apoptotic rate compared to the control.
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interacting with other partners to either inhibit or induce cell
death and this simultaneous action may explain the high expres-
sion of both tested caspases and bcl-2 (Marie and Soane, 2013).
Loss function of MMP has been considered as the main factor for
the intrinsic pathway in apoptosis involving the release of cyto-
chrome c from the mitochondria, triggering caspase-9 activation
8

and subsequently caspase-3 (Mohamed et al., 2020, Mohammed
et al., 2020). Our result showed bax gene expression was down-
regulated in the cells treated with all tested compounds. The acti-
vation of caspases and expression bcl–2 induces apoptosis via the
mitochondrial pathway (Aboul-Soud et al., 2020; Fatima et al.,
2021). However, the mitochondrial pathway might not play any



Fig. 5C. Fluorescence microphotograph of HUH-7 cells showed effect of treatments with combination of PIP + CoQ10 and combination of CP with PIP, CoQ10, and both
PIP + CoQ10 on the apoptotic rate compared to the control.
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role through bax and bcl-2 gene expression in apoptosis. It was
reported that no correlation between the role of bax and bcl-2
genes in lymphocytes of patients suffering from depression
(Hammad et al., 2019). Furthermore, our finding detected signifi-
cant upregulation of p53 gene after treatment with CP. In contrast,
treatment with CP + PIP, CP + CoQ10, and CP with both PIP + CoQ10
result in reduction of p53 level compared to CP alone. In agreement
with our findings, published data reported that p53-indepenedent
apoptosis regulate the cell cycle checkpoints and other related reg-
9

ulators that enhance activation of caspase-3 (Liu et al., 2017). As
shown in MMT and NRU results, cell proliferation was affected
when exposure to CP. This finding was in line with wound healing
assay result. HuH-7 cells migration was significantly inhibited after
treatment with CP. CP + PIP, and CoQ10 at 24 and 36 hr. In addition,
the cell migration was reduced inhibited after treatment with
CP + CoQ10 at 12 and 36 hr and with CP + PIP + CoQ10 at 12, 24,
and 36 hr. Cancer cell migration is one of the major hallmarks of
cancer responsible for metastasis (J. Liu et al., 2017). Thus, present



Fig. 6A. Shows flow cytometric analysis of HuH-7 cells treated with each compound for 48 hr. Combination of CP + PIP, CP + CoQ-10, and CP + PIP + CoQ-10 induced apoptosis.
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Table 1
Sequences of primers used in RT-PCR.

Primers F

b-actin 5’ TCACCCACACTGTGCCCATCTACGA 3’
BCL2 5’ AGGAAGTGAACATTTCGGTGAC 3’
BAX 5’ TGCTTCAGGGTTTCATCCAG 3’
Caspase 3 5’ ACATGGCGTGTCATAAAATACC 3’
Caspase 8 5’ CTGGTCTGAAGGCTGGTTGT 3’
Caspase 9 5’ CCAGAGATTCGCAAACCAGAGG 3’
P53 5’ CCCAGCCAAAGAAGAAACCA 3’

Fig. 6B. Shows flow cytometric analysis of HuH-7 cells treated with each
compound for 48 hr. Combination of CP + PIP, CP + CoQ-10, and CP + PIP + CoQ-
10 induced apoptosis. Data are presented as the mean ± SD of three different
experiments. *p < 0.05 vs control.

Fig. 7. Shows fold change in the expression of apoptosis-related genes in treated HuH
compounds for 48 hr. the assessed genes were; bcl-2, bax, cas-3, cas-8, cas-9, and p53 res
Data represents the mean ± SE. n = 3, (*p < 0.05, **p < 0.01, and ***p < 0.001) compared
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data suggest that taking a combination of PIP and CoQ10 as a food
supplement might be useful compounds for targeting cancer cell
and reduce the side effect of CP in cancerous patients who are
using CP as chemotherapy. However, both compounds triggered
apoptosis in HuH-7 cells treated with CP + PIP + CoQ10 as deter-
mined by flow cytometric analysis. In last decades, human beings
have taken advantage of natural products as an anti-cancer thera-
peutics. Chemopreventive effect of a combined stigmasterol and
palmatine was investigated and it was found that this combined
decreased the number of tumors and their size. Moreover, this
combined was significantly reduced the serum level of liver
enzymes and enhanced the level of oxidative enzymes (Nada
et al., 2021). In addyion, Griñan-Lison and other, (2021), investi-
gated the role of antioxidants against breast cancer, with attention
to clinical trials, and found that using antioxidants in combination
therapy ameliorate the side effects of chemotherapeutic agents
(Griñan-Lison et al., 2021).
R Tm (�C)

5’ AGCGGAACCGCTCATTGCCAATGG 3’ 69.1
5’ GCTCAGTTCCAGGACCAGGC 3’ 62.4
5’ GGCGGCAATCATCCTCTG 3’ 58.4
5’ CACAAAGCGACTGGATGAAC 3’ 58.4
5’ CAGGCTCAGGAACTTGAGGG 3’ 60
5’ GAGCACCGACATCACCAAATCC3’ 64
5’ TTCCAAGGCCTCATTCAGCT 3’ 58.4

-7 cells analyzed by real-time PCR (qPCR). HuH-7 cells were exposed to different
pectively. The results are presented as the mean ± SD of three different experiments.
with control.
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5. Conclusion

Cells treated with combination of CP + PIP and CP + CoQ10 or
both PIP + CoQ10 have demonstrated potential hepatotoxic effects
against HuH-7 cells. In addition, three combinations elevated the
percentage of apoptotic cells and relative migration rate compared
with CP alone. Furthermore, MMP indicated three combinations
improved the mitochondrial membrane permeability and exerts
apoptosis in HuH-7 cells. Taken together, this study uncovered
the anti-cancerous properties of PIP and CoQ10. Thus, we highly
recommended taking PIP and CoQ10 as a potential therapeutic
supplement along with chemotherapeutic agents for liver cancer
and other types of cancer.
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