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Abstract

Natural polyphenolic compounds have demonstrated anticancer potential through their ability to
modulate key molecular pathways. This research explores the cytotoxic and pro-apoptotic effects of
rambutan peel polyphenolic extract (RPPE) on human cervical cancer cells (HeLa) and normal human
dermal fibroblasts cells (HDF). HeLa and HDF cells were treated with increasing concentrations of
RPPE (50-200 pg/mL) for 24, 48, and 72 hours. Cell viability was assessed using the MTT assay.
Morphological changes were examined via light microscopy. Expression levels of genes related to
apoptosis (p53, bax), survival (akt, bcl2), and cell cycle regulation (p21) were analyzed by RT-qPCR.
RPPE significantly reduces HeLa cell viability in a dose- and time-dependent manner, while
exhibiting minimal cytotoxicity effects on HDF cells. Morphological evaluation of HeLa cells revealed
apoptosis features, including cell shrinkage and detachment. Gene expression analysis showed
upregulation of p53, bax, and p21, and alongside downregulation of bcl2 and akt in HeLa cells. These
findings suggest that RPPE induces apoptosis and cell cycle arrest in HeLa cells with negligible
transcriptional impact on HDF cells. In conclusion, RPPE exhibits selective cytotoxic and pro-
apoptotic effects against HeLa cells. These results highlight RPPE has potential as a natural source of
anticancer agent.

Keywords: rambutan extract; polyphenol natural extract; natural anticancer agent; cervical cancer
cell

1. Introduction

Cervical cancer (CC) is characterized by abnormal cell proliferation resulting from disruptions
in apoptosis and senescence mechanisms [6,19,23,27]. CC pathogenesis is influenced by viral
infections, immune and hormonal imbalances, which collectively contribute to the deregulation of
genetic and epigenetic process [4-6]. Specifically, persistent infection with high-risk human
papillomavirus (HPV) types 16 and 18 along with the overexpression of the viral oncoproteins E6
and E7 are recognized as key drivers of malignant transformation [2-5,19,20,23]. CC
disproportionately affects young women and remains one of the leading causes of cancer-related
mortality in low- and middle- income countries [2,4-6,14,19]. HPV vaccination programs are
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preventive and do not eliminate the virus once infection has occurred. Initial management of CC
typically involves hysterectomy and lymph node dissection, often combined with radiation therapy,
with or without adjunctive chemotherapy [19,23,24]. In advanced stages, treatment generally
includes external beam radiotherapy, cisplatin-based chemotherapy, and brachytherapy [19,23,27].
Despite their widespread use, these conventional therapies present several limitations, including: (a)
adverse effects such as drug resistance and gastrointestinal, neurological, or cardiac toxicity; (b)
limited efficacy of anticancer agents; (c) poor tumor specificity; (d) high treatment costs; (e) risk of
disease recurrence; and (f) reduced patient quality of life [3,23,24]. Given these limitations, natural
compounds are increasingly being explored as adjuvant therapies in the treatment of CC
[7,18,21,25,26].

Early investigations have indicated that natural adjuvants may include secondary metabolites
or bioactive compounds with antiproliferative, antitumor, and anticancer properties, while exhibiting
minimal cytotoxicity toward non-cancerous cells [27]. These compounds can induce apoptosis and
suppress key processes involved in cancer progression, such as invasion, metastasis, and
angiogenesis in CC cells [4]. Rambutan (Nephelium lappaceum L.) a tropical fruit from the Sapindaceae
family, is notable for its high concentration of secondary metabolites, particularly polyphenols.
Several studies have highlighted its anticancer potential [17]. For example, in human osteosarcoma
cells, rambutan extract induced apoptosis, caused G2/M phase cell cycle arrest, upregulated caspase-
3 and -9, and downregulated Bcl-2 and Erk1/2 expression [17]. Recent evidence has shown that a
methanolic extract from the fruit’s endocarp enhanced apoptosis in human hepatocellular carcinoma
(HepG2) cells [15]. Moreover, rambutan peel extract reduced the cell viability in various cell lines,
including non-cancerous (L929, Vero) and cancer cell lines (MCF-7) as showed by their LCso values
[12]. Despite these promising findings, limited research has explored the effects of rambutan on HeLa
cell line.

This study aimed to evaluate the cytotoxic and molecular effects of Rambutan peel polyphenolic
extract (RPPE) on HeLa cervical cancer cells and normal human dermal fibroblasts HDFa. Results
revealed that rambutan exerted a concentration-dependent cytotoxic effect on HeLa cells, with the
highest activity observed at 175 ug/mL. At this concentration, rambutan upregulated the expression
of pro-apoptotic markers Bax and p53, while downregulating the anti-apoptotic Bcl-2 gene. These
findings suggest that rambutan peel extracts may exert selective cytotoxic effects in cervical cancer
cells, potentially through the modulation of apoptotic pathways. However, further molecular
characterization is required to validate its therapeutic relevance in CC.

2. Materials and Methods

Ethics Statement

The study was approved by the Committee on Education, Research, Training and Ethics of the
General Hospital Saltillo.

Hybrid Rambutan Peels Polyphenolic Extraction

RPPE from Nephelium lappaceum L. was extracted previously and provided [10]. The extraction
of polyphenolic content was carried out using a hybridization of ultrasound/microwave extraction.
Water was used as a solvent using a 1:16 m/v ratio (62.5 g of rambutan peel in 1 L of water). For the
ultrasound extraction, the equipment was operated at a frequency of 25 kHz for 20 min. For
microwave extraction, the machine was set to 2450 MHz with a 5 min extraction time until it reached
a target temperature of 70 °C. This short exposure to high temperature ensured that the polyphenolic
compounds remained intact. The resulting extracts were filtered in a dark room to protect the
phenolic compounds from external environmental factors and remove any remains of rambutan peel
which could alter the results. Once they were filtered, the extracts were placed in a glass bottle
covered with aluminum foil for further protection from light and then were stored at —18 °C. The
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1:16-0 extract was selected for further analysis due to its high polyphenol content (307.57 + 20.27 mg/g
dry matter) and the use of water as a safe, non-toxic, and environmentally friendly solvent [9,10] .

Cell Culture

HeLa cervical cancer cells were cultured in Dulbecco’s Modified Eagle’s Medium (DMEM)
supplemented with 10% fetal bovine serum (FBS) and 1% penicillin/streptomycin/amphotericin B (all
Invitrogen, Carlsbad, CA, USA). Adult human primary dermal fibroblasts (HDFa) cell line was
resuspended in Fibroblast Basal Medium (ATCC, Manassas, VA, USA) containing Fibroblast Growth
Kit-Serum-Free and 1% penicillin/streptomycin/amphotericin B (all ATCC, Manassas, VA, USA).
Both cell lines were incubated at 37°C in a humidified atmosphere with 5% CO:2 using Forma Direct
Heat CO:2 Incubator (Thermo Fisher Scientific, Waltham, MA, USA).

Cell Viability Assay

HeLa and HDFa were seeded in 96-well plates at a density of 15x10° cells per well and cultured
for 24 h. RPPE extract was dissolved in sterile medium by sonication for 15 min. The cells medium
was treated with this RPPE solution at concentrations of 50, 100, 150, and 200 pg/mL and incubated
at 37°C and 5% CO:x for 24, 48, and 72 h. RPPE-treated wells were compared against control blank
wells where no RPPE extract were added. After incubation, cell viability was assessed using the
methyl thiazolyl tetrazolium (MTT) assay. 10 pL of MTT reagent (Sigma-Aldrich, St. Louis, MO, USA)
were added to each well including controls (final concentration 0.5 mg/mL), followed by incubation
at 37°C for 4 h. Subsequently, 50 pL of absolute DMSO were added to solubilize the formazan crystals,
and plates were incubated for an additional 10 min at 37°C. Optical density (OD) was measured value
at 570 nm using a Smart Reader 96 microplate absorbance reader (Accuris Instruments, Edison, NJ,
USA). Following a randomized experimental design, all experiments were performed in triplicate
[17].

RNA Isolation and cDNA Synthesis

HeLa and HDFa cells (15x104 cells per well) were seeded in 24-well plates and cultured for 24 h
in a humidified atmosphere with 5% CO: at 37°C. Cells were then treated with 200 pg/mL of RPPE
for an additional 24 h. Untreated cells served as controls. After incubation, total RNA was extracted
using Trizol reagent (Invitrogen, Carlsbad, CA, USA), following the manufacturer’s instructions.
RNA integrity was verified by 1% agarose gel electrophoresis. RNA concentration and purity were
determined by measuring absorbance at 260 nm and calculating the 260/280 ratio, using a NanoDrop
Spectrophotometer (NanoDrop Technologies, Wilmington, DE, USA). Samples with a 260/280 ratio
greater than 1.60 were used for subsequent analysis. RNA was stored at —=80°C until use.

Complementary DNA (cDNA) was synthesized from total RNA using the High-Capacity cDNA
Reverse Transcription kit (Applied Biosystem, Foster City, CA, USA) according to the manufacturer’s
protocol. Briefly, the reaction mixture contained 2 uL of 10X RT Buffer, 0.8 uL of dNTPs Mix (100
mM), 2 pL of 10X random primers, 1 pL multiScribe™ reverse transcriptase, 1 pg of RNA, and
nuclease-free water to a final volume of 20 uL. The thermal cycling conditions were as follows: 25°C
for 10 min, 37°C for 120 min, 85°C for 5 min, followed by a final hold at 4°C. Synthesized cDNA was
stored at —20°C until further use.

Quantitative Real-Time PCR (qRT-PCR)

The gRT-PCR was performed using a StepOnePlus™ Real-Time PCR System (Applied
Biosystem, Foster City, CA, USA) in 96-well PCR plates. Synthesized cDNA (20 ng per reaction) was
used as template in a final volume of 20 yL, containing 1X SYBR Green PCR Master Mix (Applied
Biosystem, Foster City, CA, USA), and 500 nM gene-specific primers. The thermal cycling conditions
were as follows: initial denaturation at 95 °C for 10 min, followed by 40 cycles of denaturation at 95
°C for 15 s and annealing at 60 °C for 1 min. A melt-curve analysis was performed at the end of each
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run to verify amplification specificity. All samples were analyzed in duplicate, and each experiment
included two no-template controls to detect any template contamination. Relative mRNA expression
levels of BCL2, P53, AKT, BAX, P21, and GAPDH were calculated using the 2-AACt method. The
primer sequences are shown in Supplementary Table S1.

Statistical Analysis

All variables were tested in triplicate following a randomized experimental design. Data are
presented as the mean * standard deviation (SD). Statistical differences between control and treated
groups were assessed using Student’s T-test. Differences were statistically significant for values of
P<0.05.

3. Results

RPPE Reduces Viability in HeLa But Not in Normal Fibroblasts

An initial assessment was conducted to evaluate the cytotoxic effects of RPPE on HeLa cancer
cells and to determine its selectivity relative to normal human dermal fibroblasts (HDFa). Both cell
lines were treated with increasing concentrations of RPPE (50, 100, 150, and 200 pg/mL) and
incubated for 24, 48, and 72 h. Figure 1A shows that cell viability at zero remains close to 100% across
all concentrations in HeLa and HDFa cell types, indicating that RPPE does not exert immediate
viability effects prior to incubation. In HeLa cells, treatment with lower concentrations (50 and 100
pg/mL) for 24 h resulted in minimal viability reduction. However, significant viability reductions
were observed at higher concentrations (150 and 200 pg/mL), decreasing to approximately 60% and
40%, respectively. These effects became more pronounced over time, with HeLa cell viability
decreasing to approximately 30% and 20% at higher RPPE concentrations after 48 h, respectively. At
72 h, viability further declined to below 20% for both concentrations, confirming a sustained and
concentration-dependent cytotoxic response. In contrast, HDFa cells exhibited markedly greater
resistance to RPPE. As shown in Figure 1B, HDFa viability remained near 100% at all concentrations
after 24 h. Treatment with 150 pg/mL resulted in a modest reduction (~80%). After 48 h, cell viability
decreased to approximately 65% and 55% at higher concentrations 150 and 200 ug/mL, respectively.
By 72 h, significant HDFa cytotoxicity was observed only at 200 ug/mL, while viability remained high
(~85-90%) at lower concentrations. Collectively, these findings demonstrate that RPPE selectively
induces cytotoxicity in HeLa cells in a time- and dose-dependent manner, while largely sparing
normal fibroblasts.
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Figure 1. Effect of rambutan peel extract on HeLa cell viability as a function of time and concentration. A —HeLa;
B - HDFa cells. The graphs show cell viability (%) at 0, 24, 48, and 72 hours after exposure to different
concentrations of the extract (0, 50, 100, 150, and 200 pg/mL). A progressive decrease in cell viability is observed

with increasing extract concentration and exposure time, suggesting a dose- and time-dependent cytotoxic effect.

Morphological Changes

HeLa cancer cells treated with different concentrations of RPPE for 24h exhibited distinct
morphological alterations, including reduced cell volume and changes in cellular architecture (Figure
2). In the control group (Figure 3A), untreated HeLa cells displayed a typical epithelial-like
morphology, characterized by elongated, spindle-shaped cells and forming well-adhered
monolayers. Cell membranes appeared intact, with minimal cellular debris, indicating a healthy and
proliferative state. Following treatment with low to moderate concentrations of RPPE (100 and 150
pg/mL in Figure 3B and 3C, respectively), notable morphological changes became evident. Treated
cells progressively lost adherence, adopted a rounded morphology, and displayed signs of
cytoplasmic condensation. Membrane blebbing and the presence of cellular debris were also
observed, consistent with early apoptosis events. At higher RPPE concentrations (200 pg/mL, Figure
3D), most cells appeared rounded, detached, and suspended, with pronounced membrane damage
and extensive fragmentation. The widespread loss of adherence and cellular integrity strongly
suggests progression to late-stage apoptosis or necrosis. Overall, these morphological observations
align with the cytotoxic effects quantified in the viability assays and support the conclusion that RPPE
induces dose-dependent apoptotic cell death in HeLa cancer cells (Figure 3A-D).
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Figure 2. Selective cytotoxic effect of RPPE on HeLa and HDF cell lines. Cell viability of normal human dermal
fibroblasts (HDF) and HeLa cervical cancer cells following 24 h of treatment with increasing concentrations of
Rambutan Peel Polyphenolic Extract (RPPE; 0, 50, 100, 150, and 200 pg/mL). Viability was assessed using an
MTT assay. HeLa cells exhibited a clear dose-dependent decrease in viability, with significant cytotoxicity effects
observed at higher concentrations. In contrast, HDF cells maintained relatively high viability, even at 150 and
200 pg/mL, indicating the selective toxicity of RPPE toward cancer cells. Data are presented as mean + SD from
three independent experiments.

Figure 3. Morphological changes in HeLa cells following RPPE treatment. Phase-contrast microscopy images of HeLa
cells after 24 hours of treatment with increasing concentrations of RPPE. A — Untreated control cells exhibit
normal epithelial morphology with elongated, adherent cells and intact membranes. With increasing RPPE
concentrations cells progressively lose adherence, become rounded, and show signs of cytoplasmic shrinkage,
membrane blebbing, and cellular fragmentation, indicative of apoptotic and necrotic processes. B — RPPE 100
pg/mL; C — RPPE 150 ug/mL; D — RPPE 200 pg/mL.

Gene Expression

The half-maximal inhibitory concentration (ICso) for HeLa cells was determined to be 175 pg/mL.
Figure 4 illustrates the relative mRNA expression levels of genes associated with cell survival (AKT,
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BCL2), apoptosis (P53, BAX), and cell cycle arrest (P21) in HeLa cells treated with RPPE, compared
to RPPE-treated HDF cells (Figure 4A-C). All expression levels were normalized to GAPDH.

In HeLa cells, RPPE treatment induced a clear pro-apoptotic shift in gene expression. P53
expression increased significantly, with a fold change greater than 1.2, suggesting activation of tumor
suppressor pathways. BAX, a downstream effector of p53 and a key pro-apoptotic gene, showed the
highest upregulation, approaching a 1.6-fold increase, indicating a strong induction of mitochondrial
apoptosis.

Conversely, BCL2 expression was markedly downregulated, consistent with elevated BAX levels
and disruption of the BCL2/BAX ratio, which favors apoptotic signaling. AKT, a central regulator of
cell proliferation and survival, was also suppressed, further contributing to the inhibition of survival
pathways. Additionally, P21, a cyclin-dependent kinase inhibitor involved in cell cycle arrest, was
modestly upregulated, although to a lesser extent than the apoptotic markers. These findings suggest
that while RPPE may induce some degree of cell cycle arrest, its predominant effect on HeLa cells is
the activation of apoptotic pathways.
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Figure 4. Relative gene expression analysis in RPPE-treated HeLa and HDF cells. HeLa and HDF cells were treated
with 175 pg/mL of RPPE for 24 h, and the mRNA expression levels of key regulatory akt, bcl2, p53, bax, and p21
genes, were quantified by RT-qPCR. Expression levels were normalized to GAPDH and are presented as a
relative fold change compared to untreated controls. A — HeLa cells; B — HDF cells; C — Comparative HeLa and

HDEF cells. Data are presented as mean + SD of three independent experiments.

4. Discussion

The present study evaluated the cytotoxic and molecular effects of RPPE on HeLa cancer cells
and HDEF. Our findings showed that RPPE exhibits a selective cytotoxic cell viability effect against
HeLa cells, while maintaining a relatively low impact on normal HDF cells. Cell viability assays
revealed a dose- and time-dependent reduction in HeLa cell viability following RPPE treatment.
Significant cytotoxicity was observed at concentrations >150 pg/mL, with viability dropping below
20% at 72 h. In contrast, HDF cells exhibited moderate sensitivity only at the highest concentration
and longest exposure, suggesting a selective antitumor potential of RPPE. Several plant-derived
compounds have previously documented cytotoxic effects against HeLa cells, including curcumin,
quercetin, gallic acid, methyl gallate and triptolide [1,8,16]. Gallic acid and methyl gallate induced
inhibitory effects on HeLa cell proliferation, exhibiting ICso values of 10.00 + 0.67 ug/mL and 11.00
0.58 pg/mL, respectively[1]. Recent studies have shown that curcumin inhibited the proliferation of
HeLa cells when administered at a concentration of 100 pig/mL for 24 h [16]. A quercetin concentration
of 96.24 uM at 24 h and 25.5 uM at 48 h was required to achieve 50% inhibition of cell viability in
HeLa cells [8]. Previous studies have revealed that rambutan peel (RP) extracts exerted marked
antiproliferative effects on MDA-MB-231 and MG-63 cell lines; but no significant response was
observed in HeLa cells when treated with yellow and red RP extracts at concentrations of 5-15 mg/mL
for 72 hours [13]. Furthermore, human oral carcinoma cells (CLS-354) treated with 292 mg/mL of RP
extract exhibited minimal cytotoxicity, suggesting a limited anticancer potential of RP polyphenols
in this cell line [11]. In contrast, the present study demonstrates a measurable cytotoxic and pro-
apoptotic effect of RPPE in HeLa cells. This discrepancy may be attributed to differences in extract
composition, purification methods, or treatment protocols. Notably, the aqueous extract of rambutan
peel (fraction 1:16-0) [9], rich in soluble polyphenols (307.57 mg/g + 20.27 mg/g), exerts a dose- and
time-dependent cytotoxic effect on HeLa cells, which may enhance their bioactivity and cellular
uptake. This enhanced cytotoxic response could be due to the presence of potent bioactive
constituents such as Corilagin, Geraniin, Punigluconin, Ellagic acid pentoside, Ellagic acid,
Tetragalloyl glucose, and Pedunculagin, known to modulate apoptotic pathways in various cancer
models. This profile confirms the presence of key bioactive polyphenols in the 1:16-0 aqueous extract,
which was selected for its high content of soluble polyphenols and used in subsequent biological
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assays. Additionally, variations in extraction solvents, treatment duration, and cell line
responsiveness may further explain the observed differences. These findings suggest that rambutan
peel extracts may exert selective cytotoxic cell viability effects in cervical cancer cells, potentially
through the modulation of apoptotic pathways. However, further molecular characterization is
required to validate its therapeutic relevance in CC.

Previously, we described the cytotoxic cell viability effects of RPPE on HeLa cervical cancer cells.
This selective response was further supported by morphological observations, where HeLa cells
exhibited hallmark features of apoptosis, including cell shrinkage, membrane blebbing, and
detachment, following RPPE treatment, while HDF cells retained their typical fibroblastic
morphology at comparable concentrations. These observations are consistent with our viability
assays and support the antitumor potential of RPPE. Similar apoptotic changes have been reported
in other cancer models exposed to natural compounds. Studies have observed early morphological
alterations in HOS cells treated with rambutan extract, including loss of spindle shape and
detachment, followed by shrinkage and apoptotic body formation at 72 h [11]. Additionally, it has
been documented both structural and biochemical signs of apoptosis in HeLa cells treated with
Sargassum polycystum extracts [14]. It has also been documented DNA fragmentation, chromatin
condensation, and membrane blebbing in HeLa cells exposed to GA and MG [1]. Recent evidence has
shown that curcumin not only induced apoptosis but also caused cell cycle arrest in HeLa cells [8,16].
Collectively, these findings highlight the relevance of apoptosis signaling pathways in mediating the
cytotoxic effects of natural compounds, including RPPE, and underscore their potential in cervical
cancer therapy.

At the molecular level, RPPE treatment induced significant changes in gene expression profiles
in HeLa cells. Notably, pro-apoptotic genes such as p53 and bax were strongly up-regulated, while
anti-apoptotic and survival-related genes, including bcl-2 and akt were markedly downregulated. The
upregulation of p21 suggests a concurrent activation of cell cycle arrest mechanisms, likely
contributing to the inhibition of cell proliferation. Natural anticancer agents, such as rambutan extract,
have previously been shown to induce apoptotic pathways in prostate cancer cells [22].
Downregulation of bcl-2 and upregulation of caspase-3 and caspase-9 in HOS cells treated with
rambutan extract has been reported [22]. Similarly, quercetin has been shown to promote apoptosis
in HeLa cells through the overexpression of caspase-3 [8]. Additionally, recent evidence revealed that
curcumin activated apoptotic signaling via upregulation of p53 and caspase-3 in HeLa cervical cancer
cells [16]. Gallic acid (GA) and methyl gallate (MG) have also been shown to induce apoptosis in
HeLa cells by modulating key apoptotic regulators [1]. However, the understanding of how
polyphenols induce apoptosis in cancer cell lines remains limited. Taken together, these findings
support the notion that RPPE exerts its anticancer effects through modulation of key apoptotic and
cell cycle regulatory genes in HeLa cells. While various polyphenolic compounds have indicated
similar pro-apoptotic activity, the molecular mechanisms underlying their effects remain
incompletely understood. Therefore, the present study provides valuable insight into the gene-level
responses elicited by RPPE and underscores its potential as a promising natural agent for cervical
cancer therapy.

5. Conclusions

This study demonstrates that rambutan peel polyphenolic extract (RPPE) exerts selective
cytotoxic cell viability effects on Hela cervical cancer cells while sparing normal human dermal
fibroblasts. RPPE treatment induced hallmark morphological features of apoptosis and significantly
altered the expression of key genes involved in cell survival, apoptosis, and cell cycle regulation. The
upregulation of p53, bax, and p21, alongside the downregulation of bcl-2 and akt, suggests activation
of intrinsic apoptotic pathways and cell cycle arrest. These findings highlight RPPE’s potential as a
natural therapeutic agent for cervical cancer and challenge previous assumptions regarding the
limited efficacy of rambutan-derived compounds in this model. Further studies are warranted to
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isolate and characterize the active constituents of RPPE, evaluate its in vivo efficacy, and explore its
potential integration into adjuvant cancer therapies.
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