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Abstract

Background: Various plant products have been shown to limit proliferation in cancer cell lines
by inducing apoptosis and cell cycle arrest.

Objective: The study aimed to assess the growth inhibitory synergistic and solitary effects of
black cumin and garlic on Hepatoma cell lines (Huh-7).

Methods: Huh-7 hepatoma cells were treated with 10 g of ground black cumin, 10 g of ground
garlic, individually, or in combination, and compared to water (control). After 32 hours, cell
death was assessed using acridine orange staining under a fluorescent microscope. Cell necrosis
was quantified by examining multiple high-intensity fields per slide.

Results: Black cumin, garlic induced cell death in Huh-7. To determine alive/dead cell density,
high intensity fields per slide, randomly selected after 32 hours of incubation. At magnification
of 20x, the controls show 96.2% alive cells compared to 20.0% in garlic, 55.0% in black cumin
and 50% in their mixture. However, at 40x magnification, 95.2% alive cells were seen in controls
compared to only 20.0% in garlic, 18.0% in black cumin and 23.8% in their mixture.
Conclusion: It is concluded that black cumin, garlic, and its mixture exhibit promising
anticancer properties against hepatoma cells. In cases of individual cell death or death in limited
number of cells, the apoptotic pathway may be involved. However, in cases where cell death was
observed in group of cells as well as confluent areas containing dead cells, it is the process of
necrosis that may be the mechanism behind the observed effects.
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1. INTRODUCTION

Hepatocellular carcinoma (HCC) stands as a formidable
global health challenge, marked by its high incidence rates
and alarming mortality rates, especially in advanced stages
[1]. Despite advancements in conventional treatments, the
search for novel therapeutic approaches continues, driven by
the need for more effective and less toxic alternatives [2]. In
recent years, natural compounds have garnered considerable
attention for their potential anticancer properties, with black
cumin (Nigella sativa) and garlic (Allium sativum) emerging
as noteworthy candidates due to their rich phytochemical
composition and reported health benefits [3].

Among these, black cumin, and garlic have individually
demonstrated cytotoxic effects against various cancer cell
lines, including hepatoma cancer cells such as Huh-7.
However, studies exploring the synergistic or additive
effects of these natural substances on hepatoma cell viability
remain limited.
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Understanding the mechanisms by which black cumin, and
garlic induce cell death in Huh-7 hepatoma cancer cells
holds significant promise for the development of
complementary or alternative therapeutic strategies against
HCC.

Since, the natural products, through their synergistic and
isolated effects, have been seen in combating cancer cells
proliferation, therefore, this study was aimed to assess the
cancer growth inhibition through synergistic and isolated
inhibitory effects of black cumin, garlic and on Huh-7 via
cell death induction.

2. METHODOLOGY

To study Individual and combined effect of certain herbal
condiments with human hepatoma cell lines (Huh-7), two
different herb/spices, black cumin and garlic used as normal
food additives were checked for their cell death potential by
comparing with the controls. Hepatoma cell lines (Huh-7)
were kindly provided by the Aga Khan University (AKU).
The cell lines were maintained in the cell culture laboratory
of the AKU, Molecular Biology Laboratory. It was a
descriptive, comparative, controlled in-vitro study. The
black cumin and garlic were obtained from local market.
Garlic was ground and dried at 37°C. Black cumin and garlic
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were ground and made into powder. Mixture of all these
ingredients was prepared by mixing 10 mg garlic and 5 mg
of black cumin. A 24 well plate was used for growth of Huh-
7. The growth of hepatoma cell lines (Huh-7) was checked
by adding the additives, the cells were cultured according to
given protocol [4]. These additives, individually and as
mixture were added to these wells. To the controls water was
added instead of spice. The cells were cultured according to
the given protocol [5].

The flasks containing actively proliferating cells, which
were at a confluence level of 80 to 90%, were chosen for the
experiment. The cell culture medium included all necessary
supplements for the specific cell line. Calcium- and
Magnesium-Free Phosphate-Buffered Saline CMF-PBS (10
mL) and a trypsin solution of 0.1% were utilized. The
experiment was conducted within a Laminar flow hood.
Prior to subculturing, the cell cultures were inspected using
an inverted phase contrast microscope (100 to 200x) to
detect any signs of microbial contamination.

Following the standard cell harvesting procedure, cell
culturing was performed with the necessary additives. The
24-well plate, employed for the cell culturing process was
labeled accordingly before seeding. Slide covers were placed
in all wells to serve as a foundation for cell growth.
Hepatoma cells were seeded in the presence of minimum
essential medium at a density of 0.05 x 106 cells per well of
the 24-well cell culture plates (Invitrogen, Carlsbad, CA)
along with 10pl of the prepared sample containing black
cumin and garlic.

After 32 hours, the cells were examined using acridine
orange dye under an immuno-florescent microscope
(inverted phase contrast microscope) and multiple fields
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were documented. Two to four fields of higher intensity
were randomly chosen per slide to determine the density of
dead cells, and this process was repeated at least 10 times.

3. RESULTS

This study presented the comparative analysis of cell death
potential of various treatments, including control, black
cumin (BC), garlic, and a combination of black cumin and
garlic (BC+garlic), on hepatoma cells at different
magnifications (20x and 40x). The data includes the number
of total cells counted, as well as the proportion of cells
classified as alive or dead, along with corresponding p-
values for statistical significance.

At both 20x and 40x magnifications, the control group
exhibited a significantly higher percentage of alive cells
(96% and 95%, respectively) compared to dead cells. Black
Cumin (BC) treatment results indicated a marked decrease
in cell viability following treatment with black cumin. At
20x magnification, the proportion of alive cells dropped to
55%, while at 40x magnification, it decreased to 18% (Fig.
1). Conversely, there was a substantial increase in the
percentage of dead cells, reaching 81.2% at 40x
magnification. On the other hand, garlic treatment also
resulted in a notable decrease in cell viability, with only 20%
of cells remaining alive at 20x magnification and at 40x
magnification as well. Conversely, the majority of cells (77-
80%) were classified as dead, indicating a potent cytotoxic
effect of garlic on hepatoma cells. Additionally, the
combination treatment (BC+garlic) resulted in an
intermediate effect (24% at 40x-50% at 20x) on cell viability
compared to individual treatments. The percentage of alive
cells was 49% at 20x and 76.2% at 40x (Table 1).

Table 1: Black Cumin and Garlic effects observed on hepatoma cells at 20x and 40x magnification.

Selected Hepatoma Cells at 20x p- value Hepatoma Cells at 40x p- value
Field
Total Alive Dead Cells Alive Dead
Cells n (%) n (%) n (%) n (%)
Controls 10 405 390(96.2) 15(3.8) <0.001 207 197(95.2) 10(4.8) <0.001
Black 9 881 486(55) 401(49) 154 29(18.8) 125(81.2)
Cumin
(BC)
Garlic 6 495 100(20.2) 385(77.8) 126 30(23.8) 96(76.2)
BC+Garli 10 272 137(50.8) 135(49.2) 100 20(20) 80(80)
c
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Figure 1: Pattern of cell-death induced by black cumin,
garlic and mixture of both compared to controls at 20x
magnification. (A): Control (B): Garlic (C): Black Cumin
(D): Mixture.

3. DISCUSSION

This recently research has focused on plants' ability to
induce cell death in cancer cells to inhibit their proliferation
and immortal cell lines have been crucial in studying this
phenomenon. Tumor cells often evade apoptosis, enabling
unrestricted growth. Alterations in the Hedgehog (Hh)
pathway genes, implicated in embryonic development, have
been associated with hepatocellular cancer (HCC). The loss
of HHIP expression may contribute to HCC progression [5,
6]. The plant extracts exhibit the ability to induce cell death
in malignant cells, suggesting modulation of gene
expression or activation of cell death programs [7].

The current results demonstrate the potent cytotoxic effects
of black cumin and garlic on hepatoma cells, leading to a
significant decrease in cell viability and increased cell death.
Additionally, the combination of black cumin and garlic
showed promising results, indicating potential synergistic
interactions in inducing cell death.

The observed cell death pattern in our research involved the
presence of large groups of confluent cells with detachment.
This indicates impact of these substances caused harm to the
structural elements and denaturation of enzymes, linking this
occurrence to the cell death pattern seen in necrosis.
Additionally, we also noted cell death in individual cells and
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clusters of cells. Therefore, the pattern observed is individual
cell death within groups of cells, characteristic of apoptosis,
while necrosis represents the gross and histological
manifestation of cell death resulting from irreversible
external damage. Necrotic cells lack membrane integrity,
leading to the leakage of their contents. The morphological
features of necrosis stem from protein denaturation and
enzymatic breakdown within the cell [8]. It is widely
recognized that apoptosis and necrosis can coexist, sharing
common features and mechanisms, indicating the
involvement of both processes of cell demise - necrosis and
apoptosis [9].

Black cumin, also known as black seed or Nigella sativa, has
a rich history in traditional medicine, attributed to its diverse
health benefits. Its active constituent, thymoquinone, has
gained attention for its potential anticancer effects. Various
studies have highlighted the cytotoxic impact of
thymoquinone on different cancer cell lines, including
hepatoma cells, breast cancer, lung, ovary and colonic
cancer [10]. Thymoquinone's (TQ) ability to induce
apoptosis, inhibit cell proliferation, and disrupt cancer-
related cellular signaling pathways has been noted [11]. One
of the studies reported the increased expression of
microRNA-16 and microRNA-375 in HepG2 and Huh7 cells
after treating with doxorubicin and TQ, this led to activated
caspases, low anti-apoptotic proteins, and increased pro-
apoptotic proteins. Moreover, TQ anti-inflammatory,
antiangiogenic and antioxidant properties may contribute to
its anticancer effects by modulating the tumor
microenvironment and mitigating oxidative stress-induced
damage [12, 13].

Garlic is a commonly used culinary herb with many
recognized health benefits. It contains compounds like
allicin, diallyl sulfide, and diallyl disulfide, which are
reported to have anticancer effects. It has been observed that
compounds found in garlic can alter the progression of the
cell cycle, hinder metastatic potential, and enhance the
effectiveness of standard chemotherapy medications.
Moreover, allicin has shown inhibitory growth effect
inhibited on human mammary, endometrial, and colon
cancer cells in vitro models [14, 15]. The apoptotic pathways
are instigated by allicin via activating caspases, enhancing
mitochondrial membrane permeability, and generating
reactive oxygen species (ROS), suggesting their potential as
adjunctive therapies for HCC [16].

The synergistic interactions between black cumin and garlic
in inducing cell death in cancer cells have also been
explored. Preclinical studies have demonstrated heightened
cytotoxicity and apoptosis when combining black cumin and
garlic extracts, compared to individual treatments. These
synergistic effects may be attributed to complementary
mechanisms of action, including the simultaneous activation
of multiple apoptotic pathways, inhibition of pro-survival
signaling pathways, and augmentation of oxidative stress-
induced cell damage. Furthermore, the combination of black
cumin and garlic extracts has been observed to mitigate drug
resistance mechanisms and enhance the effects of
conventional chemotherapy drugs in cancer cells, suggesting
their potential as complementary therapies for HCC [17].
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One of the major limitations of this study was lack of
evaluation of apoptotic markers like Bcl-2, Bad, Bax due to
limited resources.

Despite promising preclinical evidence, several challenges
remain in translating the anticancer effects of black cumin
and garlic into clinical practice. Variability in the
composition and bioavailability of active compounds in
black cumin and garlic extracts poses a significant challenge,
impacting their efficacy and safety profiles. Standardization
of extraction methods and quality control measures are
crucial to ensure consistent and reproducible outcomes
across  studies.  Additionally,  further  preclinical
investigations are warranted to determine the optimal
dosage, treatment duration, and potential side effects of
black cumin and garlic extracts in HCC models before
progressing to clinical trials.

4. CONCLUSION

Black cumin, garlic and its mixture exhibit promising
anticancer properties against hepatoma cells, including Huh-
7 cells through diverse mechanisms inducing cell death.

Based on our observations during current study, we have
evidence to conclude that in cases of individual cell death or
death in limited number of cells, this apoptotic pathway must
have been involved. However, in cases where we have
demonstrated cell death in group of cells as well as confluent
areas containing dead cells, it is the process of necrosis that
may be the mechanism behind the observed effects.
Although further investigation is warranted to elucidate the
underlying mechanisms.

CONFLICT OF INTEREST

The authors declared no conflict of interest.
FUNDING

The study received no financial support.
ACKNOWLEDGEMENTS

The authors would like to acknowledge the Department of
Biochemistry staff for their support in the data collection.

AUTHOR’S CONTRIBUTION

AS: Proposed the research question and wrote the
manuscript.
FA: Performed the data entry and analyzed the results.

REFERENCES

[1] YangJD, Hainaut P, Gores GJ, Amadou A, Plymoth A,
Roberts LR. A global view of hepatocellular
carcinoma: trends, risk, prevention and management.
Nat Rev Gastroenterol Hepatol. 2019; 16(10): 589-604.
https://doi.org/10.1038/s41575-019-0186-y

[2] Thatte U, Bagadey S, Dahanukar S. Modulation of
programmed cell death by medicinal plants. Cell Mol

Academic Researcher Vol. 1, No. 1, 2024

Biol (Noisy-le-grand). 2000; 46(1): 199-214.

[3] Talib WH, Daoud S, Mahmod Al, Hamed RA, Awajan
D, Abuarab SF, et al. Plants as a Source of Anticancer
Agents: From Bench to Bedside. Molecules. 2022;
27(15): 4818. https://doi.org/10.3390/molecules27154
818

[4] Ryan J. Understanding and managing cell culture
contamination. Technical Bulletin. Available from:
https://safety.fsu.edu/safety_manual/supporting_docs/
Understanding%20and%20Managing%20Cell%20Cul
ture%20Contamination.pdf

[5] Kausar H, Gull S, ljaz B, Ahmad W, Sarwar MT, Igbal
Z, Nawaz Z, et al. Huh-7 cell line as an alternative
cultural model for the production of human like
erythropoietin (EPO). J Transl Med. 2011; 9: 186.
https://doi.org/10.1186/1479-5876-9-186

[6] Lu X, Lee M, Tran T, Block T. High level expression
of apoptosis inhibitor in hepatoma cell line expressing
Hepatitis B virus. Int J Med Sci. 2005; 2(1): 30-35.
https://doi.org/10.7150/ijms.2.30

[7] BoC,Li X, HelL, Zhang S, Li N, An Y. A novel long
noncoding RNA HHIP-AS1 suppresses hepatocellular
carcinoma progression through stabilizing HHIP
mRNA. Biochem Biophys Res Commun. 2019; 520(2):
333-40. https://doi.org/10.1016/j.bbrc.2019.09.137

[8] Miller MA, Zachary JF. Mechanisms and morphology
of cellular injury, adaptation, and death. In: Zachary JF,
Ed. Pathologic basis of veterinary disease. 6" ed.
Elsevier Inc.; 2019, pp. 2-43.e19. https://doi.org/
10.1016/b978-0-323-35775-3.00001-1

[9] Escobar MA, Echeverria OM, Vazquez-Nin GH.
Necrosis as programmed cell death. In: Ntuli TM, Ed.
Cell death - autophagy, apoptosis and necrosis. InTech;
2015. http://dx.doi.org/10.5772/61483

[10] Alhazmi MI, Hasan TN, Shafi G, Al-Assaf AH,
Alfawaz MA, Alshatwi AA. Roles of p53 and caspases
in induction of apoptosis in MCF-7 breast cancer cells
treated with a methanolic extract of Nigella sativa
seeds. Asian Pac J Cancer Prev. 2014; 15(22): 9655-60.
https://doi.org/10.7314/apjcp.2014.15.22.9655

[11] Farkhondeh T, Samarghandian S, Hozeifi S, Azimi-
Nezhad M. Therapeutic effects of thymoquinone for the
treatment of central nervous system tumors: A review.
Biomed  Pharmacother.  2017; 96:  1440-4.
https://doi.org/10.1016/j.biopha.2017.12.013

[12] Fathy M, Nikaido T. In vivo attenuation of
angiogenesis in hepatocellular carcinoma by Nigella
sativa. Turk J Med Sci. 2018; 48: 178-86.
https://doi.org/10.3906/sag-1701-86

[13] Bashir AO, El-Mesery ME, Anwer R, Eissa LA.
Thymoquinone potentiates miR-16 and miR-375
expressions in hepatocellular carcinoma. Life Sci.
2020; 254: 117794. https://doi.org/10.1016/j.1fs.2020.
117794

[14] Roy N, Davis S, Narayanankutty A, Nazeem P, Babu
T, Abida P, et al. Garlic phytocompounds possess
anticancer activity by specifically targeting breast
cancer biomarkers - an in silico study. Asian Pac J
Cancer Prev. 2016; 17(6): 2883-8.

[15] Sarvizadeh M, Hasanpour O, Naderi Ghale-Noie Z,
Mollazadeh S, Rezaei M, Pourghadamyari H, et al.
Allicin and digestive system cancers: from chemical

19


https://doi.org/

Academic Researcher Vol. 1, No. 1, 2024

Sani et al.
structure to its therapeutic opportunities. Front Oncol. [17] Xiao J, Xing F, Liu Y, LvY, Wang X, Ling M-T, et al.
2021; 11: Article 650256. https://doi.org/10.3389/fonc. Garlic-derived compound  S-allylmercaptocysteine
2021.650256 inhibits  hepatocarcinogenesis  through targeting

[16] Pandey P, Khan F, Alshammari N, Saeed A, Aqil F, LRP6/Wnt pathway. Acta Pharmaceutica Sinica B.
Saeed M. Updates on the anticancer potential of garlic 2018; 8(4): 575-86. https://doi.org/10.1016/j.apsh.
organosulfur compounds and their nanoformulations: 2017.10.003

Plant therapeutics in cancer management. Front
Pharmacol. 2023; 14: 1154034. https://doi.org/10.33
89/fphar.2023.1154034

© 2024 Sani, et al.

This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License which

permits unrestricted, non-commercial use, distribution and reproduction in any medium, provided the work is properly cited.
(http://creativecommons.org/licenses/by-nc/4.0/)


https://doi.org/10.33%2089/fphar.2023.1154034
https://doi.org/10.33%2089/fphar.2023.1154034
http://creativecommons.org/licenses/by-nc/4.0/

