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Abstract

Cervical cancer is a significant global health challenge and necessitates the search for innovative and patient-friendly therapies 
due to the limitations and challenges posed by conventional treatments. This study explored the largely overlooked potential 
of Camellia sinensis processing wastes as a natural source for developing effective and safe anticancer compounds. Tea waste 
samples from Kenyan processing facilities demonstrated concentration-dependent cytotoxic effects on normal epithelial cells 
(Vero), with the fluff sample from Chelal displaying superior efficacy. Median inhibitory concentration (IC50) values highlighted 
the potency of the samples, especially the fluff sample from Chelal (IC50: 483.99µg/ml). 
Selectivity indices revealed favorable safety profiles, indicating selective potential anticancer effects against cervical cancer 
cells. This study contributes substantively to understanding tea waste’s anticancer potential, providing valuable insights 
for drug development. The study offers a foundation for continued research into sustainable and impactful anticancer drug 
discovery, emphasizing specific results that pinpoint promising tea waste samples and their potential applications in cervical 
cancer therapy and anticancer drug development

Keywords: MTT assay; Tea fluff; Cyclone fluff; HeLa cell line; Vero Cell line; IC50

Abbreviations: SI: Selectivity Index; EMEM: Eagle’s 
Minimum Essential Medium; PBS: phosphate-buffered 
saline; ANOVA: One-Way Analysis of Variance; EGCG: 
Epigallocatechin gallate.

Introduction 

Recent statistics reveal that there were approximately 
19.3million new cases of cancer and an astonishing 10 
million deaths attributed to cancer globally in 2020 alone 

[1]. Amongst this overwhelming burden, cervical cancer 
stands out as one of its principal contributors, warranting not 
only attention but also innovative approaches for effective 
management [2,3]. In 2020 alone, there were 604,127 
reported cases of cervical cancer, with an associated death 
toll reaching 341,831 [4]. The multifaceted challenges of 
cervical cancer span various aspects, from delayed diagnoses, 
especially in resource-limited settings, to its often aggressive 
nature, which poses substantial obstacles within healthcare 
systems worldwide, with even more tremendous toll on the 
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less-developed countries of sub-Saharan Africa [5]. 

Moreover, conventional treatment modalities such as 
surgery, radiation, and chemotherapy may impose physical 
and emotional strain on patients [6,7]. These treatments 
also demonstrate limitations in terms of efficacy, especially 
in advanced disease stages [6].

Furthermore, the challenges of managing and treating 
cervical cancer intensify due to its high incidence rates in 
low- to middle-income countries where access to healthcare 
resources is limited [4,8-10]. Given these complexities and 
recognizing a need for more patient-friendly yet effective 
therapeutic approaches, we must explore alternative 
therapies. Camellia sinensis processing waste, often 
disregarded, presents a glimmering hope to diversify our 
therapeutic arsenal against cervical cancer. This quest 
not only presents opportunities for superior results but 
also promises diminished side effects and heightened 
accessibility, especially in areas grappling with healthcare 
disparities [10-12].

Natural compounds exhibiting potential anticancer 
properties are garnering prominence [13-16]. Camellia 
sinensis, commonly identified as tea, has attracted immense 
research attention, transcending its conventional role as a 
beverage due to its rich polyphenols, catechins, flavonoids, 
and other bioactive elements [17-19]. Various health 
benefits, such as antioxidant effects, anti-inflammatory 
actions, and even the potential for cancer prevention or 
suppression, have been associated with tea consumption 
[18,20]. Epigallocatechin gallate (EGCG), a polyphenol found 
in tea, has captured particular interest for its demonstrated 
potential in suppressing the proliferation of cancer cells by 
inducing apoptosis and inhibiting angiogenesis [18,20,21]. 

Tea dust stems and twigs, among other tea wastes, 
harbour a notable density of bioactive compounds [22]. 
The investigation into potential tea waste adheres to 
sustainability principles and reveals an overlooked resource 
for novel pharmaceutical compounds to combat cervical 
cancer. Previous reports indicate green tea extracts possess 
cytotoxic effects on various cancer cell lines [18,19]. 
Research shows that EGCG has the potential to inhibit HeLa 
cell growth; however, there is a dearth of empirical data to 
appraise the anti-cervical cancer efficacy of Camellia sinensis 
byproducts. Moreover, focusing on isolated compounds 
or specific types of tea creates the existing research gaps, 
neglecting the broader spectrum of bioactive molecules 
found in byproducts.

The present study aimed to bridge the existing gaps in 
the literature, offering a comprehensive understanding of tea 
byproducts’ potential therapeutic applications for cervical 

cancer. The range of bioactive compounds in Camellia sinensis 
presents a versatile strategy against tumorigenesis by 
targeting multiple pathways involved in cancer development. 
We can potentially develop potent anticancer therapies 
with precise targets by comprehending the molecular 
mechanisms and pinpointing specific bioactive compounds 
that induce cytotoxic effects on HeLa cells. Delving deeper 
into these natural compounds’ complex biochemistry may 
uncover novel cancer prevention and treatment strategies. 

Materials and Methods

Test Samples and their Preparation

The tea waste samples, which included fluffs, cyclones, 
cyclone fluffs, dry-offs, and fluff-dry mouths, were 
systematically obtained from various tea processing facilities 
in tea-growing regions of Kenya. They were placed in clean, 
brown-hued glass bottles and taken to the Kenya Medical 
Research Institute (KEMRI), Nairobi, where they were oven-
dried (103°C) until attaining a consistent weight. After 
that, an electric blending device (Moulinex AR 1043, China) 
was employed to mill the dried samples finely. The stock 
concentrations of the powdered samples were prepared 
in dimethyl sulphoxide and diluted two-fold to achieve the 
working concentrations, which ranged from 7.81 to 1000 μg/
ml.

Cell Culture and Cytotoxicity Assay

The previously described cell viability assay method 
was adopted in this study [23]. Briefly, Cervical cancer 
(HeLa) and normal mammalian epithelial (Vero CCL-81) cell 
lines were cultured in Eagle’s Minimum Essential Medium 
(EMEM) supplemented with Earle’s saline, an antibiotic-
antimycotic mixture (penicillin 100 U/mL, streptomycin 100 
mg/mL, amphotericin B 0.25mg/ml) and 10% fetal bovine 
serum (Sigma, USA) [24]. In a cell culture incubator, the cell 
cultures were inoculated in 96-well plates and maintained 
in a humidified atmosphere saturated with 5% CO2 at 37°C. 

The cells were washed with phosphate-buffered saline 
(PBS) washing and then exposed to a culture medium with 
the test samples at various working concentrations (7.81 to 
1000μg/ml) or without. After a 72-hour incubation period, 
the culture medium was aspirated, and 150ml of a 5μg/ml 
MTT solution in PBS (pH 7.2) was added to each well, followed 
by incubation for 4 hours at 37°C in a humidified atmosphere 
saturated with 5% CO2. Post-incubation, 750ml of dimethyl 
sulfoxide was added to each well, and the plates were shaken 
gently for 15 minutes to solubilize the formazan dye. After 
that, the absorbance values of each well were obtained 
spectro photometrically at 570nm using a Quant Universal 
Microplate Spectrophotometer (Bio-Tek Instruments Inc, 
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USA). The percentage of cytotoxicity was calculated using the 
following formula (Eq. 1) [25].

    % 1 100
    

The absorbance of treated cellsCytotoxicity
The absorbance of control cells
 

= − × 
 

 

(Eq.1)

Selectivity Index

The degree of selectivity for the compounds was gauged 
by their Selectivity Index (SI) [24]. A high SI value (>2) 
signifies selective toxicity against cancer cells, while an SI 
value <2 indicates general toxicity with potential cytotoxicity 
in normal cells. Each SI value was determined using the 
formula presented in Equation 2:

50

50

    81 
    

CC value for Vero CCL cellsSI
IC value for cancer cells

 −
=  
 

  (Eq.2)

Data Analysis

This study gathered quantitative data, tabulated it, and 
organized it in an Excel spreadsheet (Microsoft 365). The 
organized dataset was exported to Minitab version 21.4 for 
rigorous analysis. Descriptive statistics were performed, and 
the results were presented as mean± standard deviation 
(SD) from triplicate experiments. Subsequently, inferential 
statistical techniques were executed using One-Way Analysis 
of Variance (ANOVA) followed by Tukey’s post hoc analysis 
to assess the statistical significance of variations among 
means and pairwise comparisons and segregation of means. 
Statistical significance was established at a threshold of 
P<0.05.

Ethical Approval

This study received ethical approval from the Ethical 
Review Committee of Jomo Kenyatta University of Agriculture 
and Technology (JKUAT-ERC) under the reference number 
BPS/HSB/411-1433/2020 before its commencement.

Results

Cytotoxic Effects of The Selected Tea Waste 
Samples

The cytotoxic effects of the selected tea waste samples 
were investigated in normal mammalian epithelial cells 
derived from the green monkey kidney (Vero cell line). 
The results showed significant concentration-dependent 
increases in cytotoxicity among Vero cells treated with 
the studied tea waste samples (P<0.05). It was further 

observed that the fluff sample from the Chelal factory 
caused significantly higher percentage cytotoxicity at 
concentrations of 7.81µg/ml, 15.63µg/ml, 500µg/ml and 
1000 µg/ml, respectively P<0.05 (Figure 1). Likewise, 
the percentage cytotoxicity caused by the cyclone sample 
from the Mudete factory at 125µg/ml and 250µg/ml were 
significantly higher than those of all the other samples 
P<0.05; (Figure 1). The results further showed that the 
median cytotoxic concentration (CC50) of the fluff sample 
from Chelal (586.13µg/ml) was lower than those of all the 
other samples (Figure 1). Conversely, the CC50 of the cyclone 
sample from the Gitambo factory (901.80µg/ml) was higher 
than those of all the other samples (Figure 1).
 

Figure 1: Cytotoxic effects of the selected tea waste 
samples from various factories.
Values are presented as X SD± ; Bars with dissimilar 
upper-case alphabets across concentrations and lower-case 
alphabets within the same concentration are significantly 
different (P<0.05; One-Way ANOVA with Tukey’s post hoc). 
CF: Chelal fluff; GC: Gitambo Cyclone; GF: Gitambo Fluff; 
IC: Itumbe Cyclone; KP: Kaptumo Fluff; KPCF: Kaptumo 
cyclone fluff. CC50: Median Cytotoxic concentration.

Antiproliferative Effects of The Selected Tea 
Waste Samples from Various Factories

Inhibition of Cervical Cancer Cell Growth: The results 
revealed a positive significant dose-dependent increase in 
percentage inhibition of cervical cancer cell growth P<0.05; 
(Figure 2). Notably, the percentage inhibitions recorded by the 
fluff sample from the Chelal factory were significantly higher 
than those of all the other samples at all concentrations, 
except at concentrations of 62.5µg/ml, 125µg/ml and 250µg/
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ml (P<0.05). It was observed that at these concentrations 
(62.5µg/ml, 125µg/ml, and 250µg/ml), the cyclone from 
the Mudete factory caused significantly higher inhibitions of 
cervical cancer cell growth than all the other tested samples 
(P<0.05; Figure 2). However, no significant differences among 
the percentage inhibitions of cervical cell growth were 
observed among the fluff samples collected from the Kaptumo 
and Momul factories, cyclone samples from the Mudete and 
Gitambo factories, and cyclone fluff from the Kaptumo factory 
P>0.05 (Figure 2). Furthermore, each sample’s median 
inhibitory concentration (IC50) was determined to appraise 
its anticancer capacity. The results showed that the fluff 
sample from Chelal had lower IC50 (483.99µg/ml) than all the 
examined samples (Figure 2). It was observed that the IC50 
values of all the other samples were more than 500µg/ml, 
with the cyclone sample from Gitambo recording the highest 
(836.55µg/ml) (Figure 2).
 

Figure 2: Antiproliferative effects of the selected tea waste 
samples from various factories against cervical cancer 
cells (HeLa).
Values are presented as X + ; Bars with dissimilar upper-
case alphabets across concentrations and lower-case 
alphabets within the same concentration are significantly 
different (P<0.05; One-Way ANOVA with Tukey’s post hoc). 
CF: Chelal fluff; GC: Gitambo Cyclone; GF: Gitambo Fluff; 
IC: Itumbe Cyclone; KP: Kaptumo Fluff; KPCF: Kaptumo 
cyclone fluff. IC50: Median inhibition concentration.

Selectivity Indices: As the results in Table 1 show, the 
selectivity indices of the fluff samples from Kaptumo and 
Chelal factories were higher than those obtained from other 
factories. Notably, the selectivity of doxorubicin was higher 
than that of all the tea waste samples in this study (Table 1).

Sample Selectivity Index
CF 1.21
KP 1.29

MTC 1.09
GC 1.05
MF 1.06

KPCF 1.04
Doxorubicin 2.62

Table 1: Selectivity Indices of the selected tea waste samples 
against cervical cancer cells (HeLa).
CF: Chelal fluff; GC: Gitambo Cyclone; GF: Gitambo Fluff; IC: 
Itumbe Cyclone; KP: Kaptumo Fluff; KPCF: Kaptumo cyclone 
fluff

Discussion

The need for potent and safe anticancer agents is 
imperative, considering the challenges experienced by 
the conventionally used chemotherapeutic agents [6,26]. 
Therefore, analysing plant-derived materials, such as C. 
sinensis processing byproducts, may help identify active 
compounds suitable as lead substances for semi-synthetic 
drug development and direct pharmaceutical application 
[27,28]. Numerous novel anticancer drugs have originated 
from natural products, with ongoing research leading to 
the continual discovery of new compounds [14,29]. These 
cytotoxic natural products have the potential to complement 
conventional chemotherapeutic drugs, enhancing efficacy or 
reducing toxicity, thereby offering significant promise in the 
treatment of cancers [16].

The investigation into the cytotoxic and anti-cervical 
cancer effects of C. sinensis processing effluents presents 
compelling insights that hold significance for environmental 
waste management and the potential development of 
anticancer drugs. This study revealed concentration-
dependent responses to various tea waste samples, revealing 
distinctive patterns in cytotoxicity and anti-cervical cancer 
effects. The higher cytotoxicity induced by the Chelal factory 
fluff sample and the Mudete factory cyclone sample provides 
concrete evidence of bioactive phytochemicals with diverse 
biological activities in tea waste [27,30]. This suggests that 
these wastes probably contain cytotoxic alkaloids, terpenoids, 
anthraquinones, and others, which can induce cell death 
[31,32]. Determining median cytotoxic concentration (CC50) 
values further refines this understanding, indicating the 
concentrations at which the toxicity becomes prominent. 
The lower CC50 of the fluff sample from Chelal implies a 
higher toxicity level than other samples, in line with previous 
research [33-35], warranting attention to its potential 
environmental and health implications. Moreover, research 
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has shown that test samples with lower CC50 values may 
possess anticancer activity [36,37].

The study unraveled a positive dose-dependent increase 
in the Inhibition of cervical cancer cell growth across all 
samples. The superior inhibitory effects of the fluff sample 
from the Chelal factory, as evidenced by higher percentage 
inhibitions, and the intriguing potency of the cyclone sample 
from the Mudete factory at specific concentrations signify 
the potential of these tea waste components in hindering 
cancer cell proliferation. Determining median inhibitory 
concentration (IC50) values refines this insight, with the 
lower IC50 of the fluff sample from Chelal indicating its 
considerable potency in inhibiting cervical cancer cell 
growth. Previous research shows that C. sinensis contains 
antioxidant polyphenols, such as catechins and gallic acid, 
with anticancer efficacy [27,30]. Therefore, it is suggestive 
that upon processing, these phytochemicals accompany the 
tea wastes, ultimately contributing to the observed effects. 
Besides, the variations in cytotoxicity towards normal and 
cancer cells are attributed to the differential concentrations 
of the associated phytochemicals in the various studied 
samples.

The computation of Selectivity Indices is crucial as it 
offers insights into the safety profiles of the samples on 
normal versus cancer cells [38]. Research shows that SI 
values 1≥ denote selective toxicity towards cancer cells 
while sparing normal cells, indicating anticancer potential 
[39]. Thus, the recorded SI of the fluff samples from the 
Chelal, Gitambo, and Kaptumo factories, cyclone samples 
from the Gitambo and Itumbe factories, and cyclone fluff from 
the Kaptumo factory indicate a favorable safety profile. This 
implies that these waste components may contain specific 
anticancer-associated phytochemicals [13,40], which exhibit 
a selective effect, individually or synergistically, on cancer 
cells compared to normal cells. This selective cytotoxicity is 
a crucial aspect in anticancer drug research, as it suggests a 
potential avenue for developing drugs that target cancer cells 
while sparing normal cells [38,39]. While limited studies 
directly address tea wastes cytotoxic and anti-cervical cancer 
effects, the present findings contribute substantively to the 
current body of knowledge. The concentration-dependent 
responses and nuanced anti-cervical cancer effects observed 
in some tea waste samples provide valuable data for 
anticancer drug research.

Identifying tea waste components with cytotoxic and 
anti-cervical cancer effects directs attention to potential 
candidates for drug development, considering the observed 
potential of this often neglected resource. The distinct 
patterns observed in some tea waste samples offer a 
roadmap for researchers to explore and isolate bioactive 
compounds with anticancer properties [28,41]. These 

compounds could be the foundation for developing targeted 
and efficacious anticancer drugs [42,43]. Employing proper 
tea waste management procedures, including proper storage, 
may prevent leakage, loss, or degradation of the bioactive 
phytochemicals, thereby increasing their potency and safety 
[44-46]. 

Moreover, the nuanced understanding of concentration-
dependent responses and the safety profiles of tea waste 
components are critical considerations in drug development. 
The lower CC50 and IC50 values, coupled with higher 
Selectivity Indices, suggest that these components can 
integrated into drug formulations with improved efficacy 
and safety profiles [22,44,45,47]. The observed variations 
among tea waste samples underscore the importance of 
targeted investigations, allowing researchers to identify and 
harness the unique properties of specific waste streams for 
drug development.

This initial study advances our understanding of the 
cytotoxic and anti-cervical cancer effects of tea waste 
and offers valuable insights for anticancer drug research. 
Additionally, the findings of this study pave the way for 
continued interdisciplinary research, bridging environmental 
science and medicinal chemistry for sustainable and 
impactful anticancer drug development.

Conclusions and Recommendations

This study underscores the potential of tea-processing 
effluents to serve as natural sources of cytotoxic and anti-
cervical cancer lead molecules for future anticancer drug 
development. The concentration-dependent responses, 
safety profiles indicated by Selectivity Indices and nuanced 
variations among waste samples contribute valuable insights, 
emphasizing the importance of targeted investigations for 
identifying bioactive compounds. The findings also highlight 
the significance of proper waste management to maintain the 
potency and safety of these compounds. Moreover, this study 
bridges environmental science and medicinal chemistry, 
advancing our understanding of tea waste’s potential as 
a resource for sustainable and impactful anticancer drug 
discovery.

Going forward, conducting in-depth analyses of 
specific bioactive compounds of tea waste samples to 
understand their mechanism of action and potential 
synergies is crucial. Additionally, exploring optimal 
extraction methods to maximize the yield and stability 
of these compounds is imperative for drug development. 
Further investigations should focus on the feasibility of 
incorporating tea waste-derived bioactive compounds 
into drug formulations, considering potential synergistic 
effects with existing anticancer drugs. Long-term studies 
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assessing the environmental impact of tea waste and 
its sustainable utilization in drug development are 
also warranted. Collaboration between environmental 
scientists and pharmaceutical researchers is encouraged 
to foster interdisciplinary approaches for comprehensive 
understanding and utilization of tea waste in anticancer drug 
development.
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