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Objective: Hepatocellular carcinoma is the most frequently 

diagnosed primary liver malignancy. Despite advances in 

treatment, challenges such as drug resistance limit the 

effectiveness of chemotherapy, including doxorubicin. Studies 

have shown that reserpine, a naturally occurring indole alkaloid, 

has anticancer properties in various malignancies. The aim of 

this study was to investigate whether reserpine increases the 

effectiveness of doxorubicin in hepatocellular carcinoma cells 

under in vitro conditions. 

Material and Methods: Human hepatocellular carcinoma 

(HepG2) cells were cultured. The IC50 value of reserpine was 

determined by the MTT method. Doxorubicin and reserpine 

were applied to HepG2 cells, both separately and in 

combination. DNA damage was evaluated by the alkaline comet 

assay. 

Results: Doxorubicin and reserpine significantly increased 

DNA damage in HepG2 cells when applied alone (p<0.05). 

When administered together with doxorubicin, reserpine 

significantly increased the genotoxic effect of doxorubicin on 

HepG2 cells (p<0.05). 

Conclusion: Reserpine increased the genotoxic effects of 

doxorubicin on HepG2 cells in vitro. This suggests that 

reserpine can be used as an adjuvant therapy to increase the 

therapeutic efficacy of doxorubicin in the treatment of 

hepatocellular carcinoma. Further studies are needed to better 

understand the basic mechanisms and possible clinical benefits 

of this combination. 

Amaç: Primer karaciğer maligniteleri arasında en sık tanı 

konulanı hepatosellüler karsinomdur. Tedavideki ilerlemelere 

rağmen, ilaç direnci gibi zorluklar doksorubisin dahil olmak 

üzere kemoterapilerin etkinliğini sınırlandırmaktadır. Yapılan 

çalışmalarda doğal olarak oluşan bir indol alkaloidi olan 

reserpinin çeşitli malignitelerde antikanser özellikler 

göstermiştir. Bu çalışmada amacımız, in vitro koşullarda 

reserpinin hepatosellüler karsinom hücrelerinde doksorubisinin 

etkinliğini artırıp artırmadığı araştırılmasıdır. 

Gereç ve Yöntemler: İnsan hepatosellüler kanser hücreleri 

(HepG2) kültüre edildi. Rezerpinin IC50 değeri MTT testi ile 

belirlendi. Doksorubisin ve reserpin HepG2 hücrelerine hem 

ayrı ayrı hem de birlikte uygulandı. DNA hasarı ise alkali comet 

testi ile değerlendirildi. 

Bulgular: Doksorubisin ve rezerpin tek başına uygulandığında 

HepG2 hücrelerinde DNA hasarını anlamlı düzeyde artırdı 

(p<0,05). Doksorubisin ile birlikte uygulandığında, rezerpin 

doksorubisinin HepG2 hücreleri üzerindeki genotoksik etkisini 

anlamlı şekilde artırdı (p<0,05). 

Sonuç: Reserpin, in vitro ortamda HepG2 hücrelerinde 

doksorubisinin genotoksik etkilerini artırmıştır. Bu durum, 

hepatosellüler karsinoma tedavisinde doksorubisinin terapötik 

etkinliğini artırmak amacıyla reserpinin adjuvan bir tedavi 

olarak kullanılabileceğini düşündürmektedir. Bu 

kombinasyonun temel mekanizmalarının ve olası klinik 

faydalarının daha iyi anlaşılabilmesi için ileri araştırmalara 

ihtiyaç vardır. 
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INTRODUCTION 

Reserpine, a naturally occurring compound extracted 

from Rauwolfia serpentina or Rauwolfia vomitoria, 

species endemic to the Indian subcontinent and East 

Asia, is a dopamine depletor known to inhibit several 

neurotransmitters.1 As an indole alkaloid, reserpine 

functions not only as a drug efflux pump inhibitor but 

also exhibits potent antioxidant and antiangiogenic 

properties.2 Clinically, reserpine has been used to 

manage hypertension, schizophrenia, insomnia, and 

other psychiatric conditions.1 When administered 

alongside diuretics, it effectively reduces arterial 

pressure and significantly decreases hypertension- 

related morbidity and mortality.3 Initial studies 

beginning in the mid-1950s reported that reserpine may 

have in vivo anticancer effects independent of its 

cardiovascular effects. Experimental studies on mice 

with advanced leukemia demonstrated that reserpine 

significantly extended survival. Other studies also 

reported in vivo anticancer activity of reserpine in 

various murine sarcomas.3 

Among primary malignant liver tumors, hepatocellular 

carcinoma (HCC) is the most frequently diagnosed 

tumor.4 It is the sixth most diagnosed cancer worldwide 

and ranks third in cancer-related mortality. In 2022, 

approximately 750,000 individuals died due to liver 

cancer.5 The stepwise progression of HCC involves 

chronic liver damage, inflammation, hepatocellular 

degeneration, necrosis, and dysplasia. Eventually, HCC 

develops from low- and high-grade dysplastic 

nodules.6,7 Molecular profiling analyses have defined 

two main subtypes of HCC. One is the proliferation 

class, associated with poor outcomes, genomic 

instability, and HBV infection, while the other is the 

non-proliferation class, associated with better outcomes 

and characterized by alcohol or HCV etiology.8,9 

Despite advancements in understanding the molecular 

basis of HCC, many mutations occur in pathways that 

cannot be targeted with drugs, complicating targeted 

therapy efforts.10,11 

HCC may be treated with localised therapies if 

identified promptly. Nevertheless, HCC is frequently 

identified at advanced stages when the tumor is 

unresectable, rendering these treatments ineffective.12 A 

variety of therapeutic strategies are available for 

hepatocellular carcinoma, ranging from liver 

transplantation and surgical resection to percutaneous 

ablation, radiotherapy, and systemic or trans-arterial 

therapies.13 

Doxorubicin, a chemotherapeutic agent used in trans- 

arterial therapy for HCC, is an anthracycline antibiotic 

widely employed as an antitumor therapeutic agent and 

can induce immunogenic cell death.14 Upon entering the 

cell, doxorubicin penetrates the nucleus and interacts 

with DNA, triggering a cascade of signaling pathways 

that result in programmed responses culminating in 

apoptosis. Doxorubicin exerts multiple antitumor effects 

and is a strong inhibitor of topoisomerase IIα (TOP2A), 

causing double-strand breaks in DNA.15 These breaks 

activate key regulators such as p53 and FOXO3 and alter 

the balance of Bcl-2 family proteins, thereby initiating 

caspase-dependent apoptosis.16 Although this DNA 

damage response is central to its anticancer effect, it also 

underlies doxorubicin’s toxicity.17 Additional pathways 

involved in doxorubicin-induced cytotoxicity comprise 

DNA adduct generation, disruption of DNA and RNA 

synthesis, and mitochondrial reactive oxygen species 

(ROS) formation.18,19 Multiple mechanisms are 

responsible for doxorubicin resistance, including the 

activation of drug efflux transporters, alterations in its 

ability to induce DNA double-strand breaks, and 

changes in apoptosis signaling. Resistance to 

doxorubicin in tumor cells is one of the main reasons for 

clinical treatment failure and cancer relapse.20 While 

combinations of doxorubicin with other agents may 

enhance its efficacy, they may also reduce its 

cytotoxicity. 

Due to the limitations of surgical approaches in all 

patients and the development of drug resistance in 

systemic chemotherapy, novel approaches are being 

explored for HCC treatment. Therefore, we aimed to 

investigate whether reserpine, previously shown to have 

anticancer activity in various cancers, enhances the 

efficacy of doxorubicin in HCC cells under in vitro 

conditions. 

 

MATERIALS AND METHODS 

Cell Culture 

For this study, HepG2 human HCC cells (ATCC, USA), 

which can metabolize a variety of nutrients, metabolites, 

and xenobiotics, were employed. These cells were 

grown in Dulbecco’s Modified Eagle Medium, 

supplemented with 10% (v/v) heat-inactivated fetal 

bovine serum, L-glutamine, and antibiotic mix (all cell 

culture chemicals purchased from Biochrom AG, 

Germany), and maintained at 37°C in a 5% CO₂ 

humidified environment (Heraeus, Hanau, Germany). 

Untreated cells served as the control group. All 

experiments were carried out in triplicate.22 

Determination of Cytotoxic Drug Doses (IC50) 

To determine the cytotoxic effects of reserpine, the MTT 

[3-(4.5-dimethyl-2-thiazol-2-yl)-2.5-diphenyl-2H- 

tetrazolium bromide] assay, a quantitative colorimetric 

method, was used. Following IC50 determination, cells 

were treated with reserpine alone and in combination 

with doxorubicin for 48 hours. The IC50 concentration of 

doxorubicin in HepG2 cells had previously been 

reported to be 2 µM.22 

Assessment of Genotoxic Damage Using the Comet 

Assay (Single Cell Gel Electrophoresis; SCGE) 
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To evaluate the genotoxic effects of chemical 

treatments, the alkaline single-cell gel electrophoresis 

method was employed. Briefly, trypsinized cells were 

suspended in phosphate-buffered saline, and 5 µL of the 

cell suspension was combined with 35 µL of low 

melting point agarose [(1% (w/v)] (LMPA; Sigma- 

Aldrich), which was then layered onto slides previously 

coated with 0.5% (w/v) normal melting point agarose 

(NMPA; Sigma-Aldrich). The slides were placed on ice 

packs until the agarose solidified. Once the slides were 

covered with 40 µL of LMPA, they were incubated for 

2 hours in a lysis solution (2.5 M NaCl, 100 mM 

disodium EDTA, 10 mM Tris; pH 10) at +4 0C. 

Following this, the slides were incubated in the dark for 

20 minutes, in electrophoresis buffer (300 mM NaOH, 1 

mM disodium EDTA; pH>13), followed by 

electrophoresis at 24 V (300 mA) for 30 minutes. After 

neutralization with 0.4 M Tris (pH 7.5), the slides were 

stained with EtBr (2µg/mL) and visualized under a 

fluorescence microscope (Nikon Eclipse 600, Japan). At 

least two SCGE slides per sample were prepared, and 

300 nuclei were scored visually. The nuclei were scored 

as 0, 1+, 2+, 3+, and 4+ based on the DNA content in 

the tail and head, as shown in Figure 1. The comet scores 

were expressed in arbitrary units (AU), calculated as the 

sum of multiplied scores.23 

 

 

Figure 1: Representative comet images of cells. 
 

Statistical analysis 

All statistical analysis was performed using SPSS 11.5 

Software (SPSS Inc., USA). The normality of the data 

was checked using the Shapiro-Wilk test, while 

Levene's test was used to assess the homogeneity of 

variances. When data followed a normal distribution and 

variances were homogeneous, one-way ANOVA was 

used at a significance level of 0.05, and post hoc Tukey 

tests were conducted to identify groups with significant 

mean differences. If the data did not meet the 

assumptions of normality or homogeneity of variance, 

Mann-Whitney U or Kruskal-Wallis tests, followed by 

post hoc Dunn’s test, were applied at the 0.05 level to 

compare incubation periods and treatments. 

 

RESULTS 

Cytotoxicity Analysis (IC50 Values) 

According to the MTT analysis, the IC50 concentration 

of reserpine in HepG2 cells was determined to be 167.13 

µM. 

Genotoxicity Analysis (Comet Assay) 

The comet scores resulting from the treatments of 

reserpine and doxorubicin in HCC cells are shown in 

Table 1. Both reserpine and doxorubicin, when applied 

alone, significantly induced genotoxic damage 

compared to the control group (p<0.05). Doxorubicin 

alone caused significantly more genotoxic damage than 

reserpine alone (p<0.05). The combined treatment of 

doxorubicin and reserpine resulted in significantly 

higher genotoxic damage than either drug alone 

(p<0.05). 

 

Table 1: Comet assay scores for each treatment group 

Group Comet Score (AU) 

Control  18ᵃᵇ 
 

Doxorubicin 185ᵃᵇ 
 

 

Reserpine 55ᵇᶜ 
 

Doxorubicin + Reserpine 215ᵃᶜ 

Statistically significant differences between groups (p<0.05) 

are denoted by superscript letters. 

 

DISCUSSION 

Treatment options for patients diagnosed with 

hepatocellular carcinoma include systemic therapies 

(e.g., radiotherapy and chemotherapy) and organ 

transplantation. However, resistance to systemic 

chemotherapeutic agents, the limited applicability of 

these treatments to all patients, and complications 

associated with liver transplantation make HCC 

treatment challenging. Consequently, new therapeutic 

approaches for HCC are being actively investigated.13 

One promising approach in HCC treatment is the 

targeted delivery of cytotoxic chemotherapeutic agents 

directly to the tumor. Doxorubicin, used in transarterial 

chemoembolization (TACE), is frequently employed 

for patients with intermediate-stage HCC and offers a 

survival benefit. However, numerous factors limit 

doxorubicin’s therapeutic efficacy.20 To enhance 
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its effectiveness, doxorubicin has been combined with 

various drugs and phytochemicals. Among these, 

studies involving metformin,24 curcumin,25 and 

quercetin26 are particularly noteworthy. 

In our study, we evaluated the effects of reserpine- 

previously shown to have anticancer activity in various 

cancers-used alone and in combination with 

doxorubicin, a chemotherapeutic agent used in HCC 

treatment. According to our results, reserpine alone 

induced a low but statistically significant level of 

genotoxicity; however, in combination with 

doxorubicin, it increased the genotoxic effects of the 

drug. 

Several mechanisms may contribute to reserpine’s 

augmentation of anticancer medication effectiveness. 

The initial aspect pertains to the cellular uptake of drugs. 

Previous studies have shown that in various cancer cells, 

reserpine potentiates the intracellular accumulation of 

different anticancer agents, including doxorubicin.27-29 

Secondly, reserpine induces apoptosis in cancer cells by 

disrupting the cell cycle, inhibiting DNA synthesis, 

impairing mitochondrial membrane potential, and 

increasing ROS production.30,31 A third mechanism 

involves the modulation of cell signaling pathways. 

Abnormalities in the β-catenin signaling pathway play a 

critical role in cancer development. Reserpine and its 

derivatives suppress β-catenin signaling in various 

cancer cells, thereby reducing cell proliferation.32 

Another important pathway in cancer development is the 

TGF-β signaling pathway. Defects in Smad signaling 

can lead to TGF-β resistance, contributing to 

uncontrolled cell growth.33 One study showed that 

reserpine inhibits TGF–β–dependent phosphorylation of 

Smad2/3/4, blocks Smad3/Snail activation, and prevents 

the nuclear translocation of Smad2/4. This leads to the 

inhibition of DNA repair genes and promotes 

apoptosis.2 

We believe that the data obtained in this preliminary 

study will guide future research and support further 

investigation into the use of reserpine, currently not 

actively used in HCC treatment, as an adjuvant agent to 

enhance the genotoxicity of established anticancer 

drugs. 

This preliminary study demonstrates that reserpine, a 

naturally occurring alkaloid with known 

pharmacological effects, enhances the genotoxic 

potential of doxorubicin in HepG2 hepatocellular 

carcinoma cells. While reserpine alone exerted a modest 

genotoxic effect, its co-administration with doxorubicin 

significantly increased DNA damage, suggesting a 

synergistic interaction. These findings indicate that 

reserpine may serve as a potential adjuvant agent to 

improve the efficacy of conventional chemotherapy in 

HCC treatment. Further in-depth studies, including 

mechanistic investigations and in vivo evaluations, are 

warranted to fully understand the therapeutic potential 

and clinical applicability of this combination strategy. 
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