


   OPEN ACCESS Journal of Biological Sciences

ISSN 1727-3048
DOI: 10.3923/jbs.2019.137.142

Research Article
Cytotoxic Activity of Roselle (Hibiscus sabdariffa L.) Calyx Extracts
against Jurkat T-Lymphoblastic Leukaemia Cells
1Normah   Awang,   1Nurul   Amalina   Abd   Aziz,   1Chan   Kok   Meng,  1Nurul  Farahana  Kamaludin, 
2Rapidah  Mohamad  and  3Nor  Syaidatul  Akmal  Mohd  Yousof

1Programme of Environmental Health and Industrial Safety, Faculty of Health Sciences, Universiti Kebangsaan Malaysia, 
Jalan Raja Muda Abdul Aziz, 50300 Kuala Lumpur, Malaysia
2Programme of Biomedical Science, Faculty of Health Sciences, Universiti Kebangsaan Malaysia, Jalan Raja Muda Abdul Aziz, 50300, 
Kuala Lumpur, Malaysia
3Institute for Medical Research, Jalan Pahang, 50588 Kuala Lumpur, Wilayah Persekutuan, Kuala Lumpur, Malaysia

Abstract
Background and Objective: Plant derivative compounds have been widely used in in vivo and in vitro studies as potential anticancer
agents. Several studies demonstrated that Roselle (Hibiscus sabdariffa L.) possessed an anticancer effect against few cancer cell lines.
However, study on their cytotoxicity against lymphoblastic leukaemia cell lines still remains unclear. Therefore, this study was conducted
to assess the cytotoxic effect of Hibiscus sabdariffa L. (Roselle) calyx water and ethanol extracts against Jurkat T-lymphoblastic leukaemia
cell lines. Materials and Methods: A powder of Roselle calyx was extracted using different types of solvent via ultra-sonication extraction
method. The extracts obtained were then assessed for their cytotoxicity against Jurkat cells using (3-[4, 5-dimethylthiazol-2-yl]-2, 5-
diphenyl tetrazolium bromide) (MTT) assay upon 24, 48 and 72 h treatment. Results: Water solvent gave the highest percentage of yield
followed by ethanol solvent, with the least extract came from hexane solvent. The water and ethanol extracts of Roselle calyx gave no
IC50 values in MTT assay yet demonstrated a decrease in cell viability of Jurkat  cells  in  dose and  time-dependant  manner.  The  viability 
of  treated  cells  at  concentrations  of  1.0,  0.5,  0.25 and 0.125 mg mLG1 of water extract gave a statistical difference (p<0.05) compared
to untreated cells. Meanwhile, no statistical differences (p = 0.610) between cell treated with Roselle ethanol extract at any concentrations
with negative control. Conclusion: This study indicated that water and ethanol extracts of Roselle calyx were not-toxic towards Jurkat
cells. This could be due to the selectivity of phytochemical in which their cytotoxic effect depends on human cancer types. However, those
extracts can be further studied for their other potential such as chemo-preventive agent towards Jurkat cell line.
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INTRODUCTION

Childhood acute lymphoblastic leukaemia (ALL) is a type
of blood cancer in which bone marrow produces too much
immature lymphocytes1 and  usually  occurred  among
children  aged  from  2  to 5 years2. Studies found that
treatment of ALL could impose side effects on acute
lymphoblastic leukaemia patients3. Anthracycline used in the
treatment of ALL could produce oxygen-free radicals that
degraded the  cardiac  myocytes4.  Children recovering from
ALL were at risk to heart failure, heart attack, cardiac
abnormalities  and  inflammation  of  the heart epithelium
after they received modern chemotherapy treatment5.
Therefore,  various  therapeutic  treatments  which using
plants  products  were introduced in cancer treatment
because they were  natural,  affordable and most of them were
non-toxic6.

Roselle (Hibiscus sabdariffa L), a member of Malvaceae
family is known as potent antioxidant due to the presence of
multiple types of antioxidant and rich with polyphenolic acids,
flavonoids and anthocyanins7 and also one of the potential
anticancer agent8. The highly valuable part of the plant was
their calyxes9. Study by Chang et al.10 and Hou et al.11 showed
that anthocyanins extracted from the Roselle petals can
prevent cell proliferation and caused apoptosis in human HL-
60 promyelocytic leukaemia cells10,11. The extract also
demonstrated anticancer effects in human stomach
adenocarcinoma and inhibited cell growth of MCF-7 breast
cancer cells10,12.

Other than cancer treatments, Roselle has also been
studied for their protective potential in treating diabetes
mellitus (DM). Recent studies were conducted, to evaluate the
protective potential of Roselle on the liver and red blood cells
(RBC) oxidative stress of streptozotocin-induced diabetic
rats13,14. Ramalingam et al.15 also reported on the potential of
Roselle extract to prevent nicotine-induced cardiac injury and
to improve cardiac dysfunction and vasodilation, possibly via
modulation of intracellular calcium entry, release and reuptake
in the heart16.

Most of the observed pharmacological effects of Roselle
are believed to be mediated through its antioxidant
properties17. While many studies reported possible beneficial
activities of Roselle, little is known about its effects on blood
cancer lineage. Hence, this study was conducted to extract
Roselle calyx using different type of solvents and investigate
their cytotoxic activities against leukaemia cancer cells, Jurkat
T-lymphoblastic cell line.

MATERIALS AND METHODS

Plant sample: Roselle (Hibiscus sabdariffa L.) calyx powder
were purchased from Herbagus Trading Company, Pulau
Penang, Malaysia.

Chemicals: Roswell Park Memorial Institute (RPMI) 1640
medium (RPMI) (Sigma-Aldrich, USA), fetal bovine Serum (FBS)
(Tico Europe, Netherlands), hydrochloric acid (HCl), sodium
chloride (NaCl), sodium bicarbonate (NaHCO3), potassium
hydrogen phosphate (KH2PO4), potassium chloride (KCl),
sodium hydroxide (NaOH) (British Drug House Limited,
England), sodium hydrogen phosphate (Na2HPO4), sodium
bicarbonate (NaHCO3), hexane solvent, dichloromethane
solvent, ethanol solvent, antibiotics of penicillin and
streptomycin (PAA laboratories GmbH, Austria), dimethyl
sulfoxide solution (DMSO) (Merck, Germany), 3-(4.5-
dimethylthiazol-2-yl)) -2.5-diphenyltetrazolium bromide (MTT)
and 0.4% trypan blue solution (Sigma- Aldrich).

Cell line: Jurkat T-lymphoblastic leukaemia cell lines (Jurkat,
Clone E6-1) used in this study was purchased from American
Type Culture Collection (ATCC). Dimethyl sulfoxide (DMSO)
was used for diluting the roselle extract.

Method: The extraction processed was carried out at the
Institute of Medical Research, Kuala Lumpur while the
toxicology experiments were done in Bioserasi Laboratory,
Universiti Kebangsaan Malaysia, Kuala Lumpur, Malaysia from
September, 2016 till May, 2017.

Preparation of Hibiscus sabdariffa L. calyx extracts: The
procedure used was a slightly modified version of the method
described previously18. Roselle calyx (Hibiscus sabdariffa L.)
powders were extracted by using different type of solvents
such as water (H2O), ethanol (EtOH), hexane (Hex) and
dichloromethane (DCM) by ultrasonic extraction. The extracts
were filtered using Whatman filter paper and then dried using
a rotary evaporator (40EC). For water extract, it was dried using
freeze  drying  method.  After  that,  the extracts were kept at
-4EC till used. The percentage of yield for each extract was
determined based on the formula below:

Final yield obtained (g)Yield (%) = 100
Initial sample weight (g)


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Assessment of cytotoxic activity against Jurkat cells: The
cytotoxic effect of Roselle (Hibiscus sabdariffa L.) water and
ethanol calyx extracts against Jurkat  T-lymphoblastic
leukaemia cell line was determined using (3-(4,5-
dimethylthiazol-2-yl)-2-5 diphenyltetrazolium bromide) (MTT)
assay. The procedure used in this study was a modified version
of method described by Khaghani et al.19. Cell viability was
measured based on the reduction of tetrazolium salt to the
purple formazan by the mitochondrial succinate
dehydrogenase enzyme in living cells.

Cell culture: Jurkat T-lymphoblastic leukaemia cell lines were
cultured in T-75 culture flask containing RPMI-1640 media
supplemented with 10% fetus bovine serum (FBS) and 1%
streptomycin. The cells were allowed to grow in an incubator
at temperature of 37oC and 5% CO2.

Preparation of treatment concentration: The water extract
was prepared by dissolving it in 1 mL of sterile PBS. For
ethanol extract, it was prepared by dissolving 1 g of extract
into 1 mL of DMSO. Further serial dilution was conducted to
obtain final concentration of 0.1% DMSO. Various
concentrations ranging from 0-1 mg mLG1 were used to test
the cytotoxic effect of Roselle (Hibiscus sabdariffa L.) calyx
water and ethanol extracts on Jurkat T-lymphoblastic cell lines.

MTT assay: Cells were seeded in a sterile 96-well plate at a
density of 1×106 cells mLG1. The extracts with various
concentrations ranging  from  0-1 mg mLG1 were added to
each well, accordingly and incubated at 37EC in 5% CO2 for 24,
48 and 72 h. After treatment, 20 µL of MTT salt was added to
each well and  further  incubated  for  next  4  h. Approximate
180  µL  media in each well was removed and replaced with
180 µL of DMSO to dissolve the crystal formazan. After 15 min
of incubation, the plate was agitated using orbital shaker for
5 min to ensure the crystal formazan was completely
dissolved. The Optical Density (OD) of each well was measured
at 570 nm wave length using iMark Microplate Reader (BioRad,
USA). The inhibitory concentration that  induce cytotoxicity in
50% of cell population (IC50) was calculated and used as a
parameter to compare the relative cytotoxicity of each extract.
Menadione (MD) was used as a positive control and untreated
cells as a negative control.

Statistical analysis: Statistical comparisons were made using
one way analysis of variance (ANOVA) to compare the
extraction yields of each solvent. One-way ANOVA (post hoc-
dunnett) test was carried out to determine the cytotoxic effect

of Roselle (Hibiscus Sabdariffa L.) calyx water and ethanol
extracts on Jurkat-T-lymphoblastic leukaemia cell lines by
comparing IC50 values between treated cells with untreated
cells (control). There was significance difference when the
value of p<0.05.

RESULTS

Extraction of roselle calyx: Figure 1 showed the comparison
of extraction yield of Roselle calyx for 4 types of solvents.
Water solvent gave the highest percentage of yield compared
to other solvents. The order of increasing yield in different
solvent extraction system was (Hex and DCM) <EtOH<H2O.
From the ANOVA analysis, the extraction yield of H2O was
significant (p<0.05) compared to the others.

Cytotoxic effect of roselle water and ethanol calyx extract
against Jurkat cell line: The Table 1 showed the percentage
of viability for Jurkat cells, respectively treated with Roselle
calyx water and ethanol extracts at different concentration for
24, 48 and 72 h. The percentage of cell viability at 1.0 mg mLG1

concentration for  the  24,  48  and  72  h  treatment  period
was  81.8±2.4,  89.5±1.9  and   83.5±2.1%,  respectively.
There was a significant reduction in cell viability of treated
cells at concentration of 1.0, 0.5, 0.25 and 0.125 mg mLG1

(p<0.05) when compared to the untreated cells as negative
control.   Mean   while,   the    percentage  of  cell  viability  at
1.0 mg mLG1 of ethanol extract was 79.2±5.9, 89.6±4.8 and
116.8±6.3% for 24, 48 and 72 h treatment period respectively.
There was no significant decrease in cell viability of treated
cells compared to untreated cells at any concentrations of
extract  with  p>0.05.  Figure   2   showed   a   viable  cells
versus   concentration    for   MD   against   Jurkat   cells  and
IC50  value  was  obtained  at  10.1 :M. There was a significant 

Fig. 1: Yield (%) of roselle (Hibiscus sabdariffa L.) calyx extracts
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Table 1: Cell viability (%) treated with Roselle calyx water and ethanol extract for 24, 48 and 72 h
Viability (%)
----------------------------------------------------------------------------------------------------------------------------------------------------------------
Water extract Ethanol extract
------------------------------------------------------------------------ --------------------------------------------------------------------------

Concentration (mg mLG1) 24 h 48 h 72 h 24 h 48 h 72 h
1.0 81.8±2.4* 89.5±1.9* 83.5±2.1* 79.2±5.9 89.6±4.8 116.8±6.3
0.5 82.1±2.3* 89.8±3.3* 89.1±4.1* 80.5±6.6 91.2±6.3 108.5±4.8
0.25 90.7±5.2* 93.4±4.9* 86.0±2.7* 83.4±6.3 91.0±1.6 99.8±6.5
0.125 83.1±8.0* 91.6±0.8* 87.8±2.3* 83.3±3.6 94.2±3.1 95.6±3.0
0.0625 97.5±2.7 94.7±6.2 87.8±4 86.5±4.5 92.6±1.1 98.1±3.3
0 100 100 100 100 100 100
Data represent mean value of three replicates±SEM, Positive control: Menadione, negative control: Untreated cells, *The significant difference (p<0.05) compared
to the negative control

Fig. 2: Cytotoxic effect on Jurkat cells treated with menadione
for 24 h
Data represent Mean±SEM of three replicates. *Significant difference
(p<0.05) compared to untreated cells

difference (p<0.05) in percentage of viable cells when
compared to untreated cells for all concentrations of MD.
Based on the viability of cells, when treated with Roselle calyx
extracts and MD, it showed that Roselle calyx extracts were
not-toxic towards Jurkat cells compared to MD.

DISCUSSION

In the present research calyx extract of Roselle (Hybiscus
sabdariffa L.) was successively extracted using ultra-sonication
method with different type of solvents such as water, ethanol,
hexane and dichloromethane.

The order of increasing yield in different solvent
extraction system was (DCM and Hex) <EtOH<H2O. Each of
solvents gave different yield (%) due to their different polarity
index whereas water has the highest polarity index which was
9.0 followed by ethanol (5.2), dichloromethane (3.7) and
hexane (0)20.

The results suggested that the major phytochemicals in
Roselle calyx were mostly high in polarity and soluble in water.
It was supported by the previous study that Roselle calyx was

found to contain high anthocyanin, the largest water soluble
pigments in plant21. This observation indicated that polar
compounds were easier to be extracted compared to non-
polar compounds. Although both water and ethanol contain
hydroxyl group that can form hydrogen bonding with the
solute, water is more effective in extracting the solute because
it has higher polarity and shorter chain22. These characteristics
of water improved its capability to extract the polar
compounds. Thus, it explained the significant observed
between water and ethanol. The difference in yields for other
solvents may be due to other factors including
phytochemicals in plants, extraction temperature, extraction
time and solvent to solid ratio23.

The cytotoxicity test in measuring the cell growth or cell
death has been widely used to identify potential anticancer
agents24. In this study, water and ethanol extract of Roselle
calyx  were  tested for their cytotoxicity against Jurkat cells, a
T-lymphoblastic leukaemia cells. Upon 24 h treatment, both
extracts showed no cytotoxic effects on Jurkat cells as no IC50

was obtained. Thus, we increased the treatment  time  up  to
72 h for both extracts. In case of Roselle calyx water extract, at
highest concentration of 1 mg mLG1, the cell viability increased
from 24-48 h, then decreased from 48-72 h treatment.
Meanwhile, when treated with ethanol extract, the viability of
Jurkat cells at concentration of 1 mg mLG1 increased in time-
dependant manner. The scenario could be related to the
adaptive response of the cells towards the duration of
treatment25. In this study, menadione which was used as a
positive control was also able to produce cytotoxic effect
against Jurkat cells and gave IC50 at 10.1 :M and the data was
in good agreement with the previous report26.

Anthocyanins and polyphenols like protocatechuic acid
and quercetin are amongst the most important
phytochemicals that described the physiological activity in
Hibiscus sabdariffa L. However, anticancer activity of
polyphenols towards blood cancer cells depends on the origin
of the cells either myeloid, lymphoid or erythroid27. Quercetin
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which is normally available in the Roselle calyx has shown
higher cytotoxic activity against myeloid cancer cells
compared to lymphocytic cancer cells27. Thus, it could explain
the disparate findings obtained in current study as Roselle
calyx showed no cytotoxicity towards Jurkat T-lymphoblastic
leukaemia cells.

Besides, Roselle calyx is rich in antioxidant called
flavonoid. This antioxidant protected the cells by scavenging
the reactive oxygen species28.Pervious study also found that
Roselle treatment at concentration of 50 and 100 :g mLG1

showed a protective effect on LPS-induced microglial C8-B4
cells29. In cancer treatment, some chemotherapeutic agents
generated free radicals in order to induce cellular damage and
necrosis of malignant cells. However, this antioxidant was
found to protect not only the healthy cells but also tumor cells
from oxidative damage  caused  by  the  chemotherapeutic
agents30-32. These findings indicated that Roselle calyx extract
could also protected the Jurkat T-lymphoblastic leukaemia
cells from cell death.

This study implied the cytotoxicity knowledge of Roselle
calyx extract towards acute lymphocytic leukaemia. Even
though the extracts have not shown any cytotoxic activity
against Jurkat T-lymphoblastic cell lines, it was expected to
show some other potential activity such as therapeutic agent.
Thus, further study should be conducted to explore in depth
about the other potential of extract of Roselle calyx.

CONCLUSION

Water gave the highest extraction yield, indicated that
phytochemical found in the Roselle calyx were mostly polar
compounds. MTT assay results showed that Roselle calyx
extracts exerted no cytotoxicity towards Jurkat leukaemia
cells. However, this study provided only basic data, further
studies are necessary for isolation and identification of
biologically active substances from these extracts which might
be responsible for other therapeutic activity.

SIGNIFICANCE STATEMENT

This study discovered that Roselle calyx contained mostly
polar phytochemical compounds in which the information
was important to describe the potential of this extract in other
biological activities. The cytotoxicity screening found that this
extract showed no toxicity towards acute lymphocytic
leukaemia, Jurkat cell line. However, this finding was
significant as a fundamental study to assess the potential of
Roselle calyx extract in acute lymphoblastic leukaemia. This
study will facilitate the future researches to disclose the

cytotoxic activity of Roselle calyx extract in different blood
lineage and also discover other potential of this extract as
therapeutic agent.
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