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ABSTRACT

Introduction: Basella alba is widely used in ayurveda and traditional medicine to treat various types of diseases.
The toxicity evaluation of B. alba has not been studied up to date. The toxicity assessment is important since medic-
inal plant extract can cause adverse effects on humans. Hence, in this study the toxicity of B. alba leaf extract was
investigated. Materials and Method: The toxicity of B. alba extract was evaluated by cytotoxicity test on Vero and
WRL-68 cell lines via Sulforhodamine B (SRB) assay , and acute toxicity on mice at a single dosage of 2000 mg/kg
body weight by oral gavage. The chosen concentrations were based on preliminary screening and previous literature,
ensuring that they are within a biologically relevant range. Results: SRB assay revealed a non cytotoxic effect of B.
alba with 1C50 value of more than 625 pg/ml. Throughout 14 days treatment of B. alba extract, no changes noted
in behavior, outer appearance, clinical sign, body and relative organ weight in control and treatment groups. The
biochemical liver function test showed no significant elevation of TBIL, ALT, ALP and AST in B. alba extract treated
mice compared to the control group. Histopathological examination revealed normal structure and coordination
of cells, and no harmful effects noted in liver and kidney. Conclusion: The cytotoxicity and acute toxicity studies
confirm that B. alba extract is non-toxic at the tested dosage. However, limitations exist, including a small sample
size and the absence of subchronic or chronic toxicity assessments. Future studies should explore extended exposure
periods and higher dosages.
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INTRODUCTION

Medicinal plants are extensively used in promoting health
and treating various illnesses throughout the world [1].
Investigation on medicinal plants revealed its nutritional
values, medicinal properties and pharmacological
activities like antioxidant, anti-inflammatory, anti-
diabetic, anti-thrombotic, anti-cancer, anti-atherogenic,
cardioprotective effects and many more [2-4]. The World
Health Organization (WHO) reported that about 80%
of the human population relies on alternative medicine
for the initial treatment of diseases due to the adverse
effects of synthetic drugs [5]. Medicinal plants are rich

in bioactive compounds which act as potent effectors
of biological processes and capable of suppressing the
risk of diseases via complementary and overlapping
mechanisms [6].

Despite  the therapeutic advantages, scientific
investigation revealed that some constitutes of the
medicinal  plants possess cytotoxic, genotoxic,

mutagenic and carcinogenic effects [7,8]. Nevertheless,
the toxicity assessment of many medicinal plants was
not investigated. Therefore, the toxicity evaluation of
medicinal plants is crucial to ensure the safety before
use in humans and animals.

Basella alba L (B. alba) is a wild leafly medicinal plant
belonging to the family of Basellaceae. B. alba most
probably originated from India or Indonesia and it is
abundant in Malaysia, Philippines and tropical Africa [9].
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B. alba which is known as Indian spinach or Remayung
locally has been used from ancient times in Asian
countries due to its medicinal benefits [10]. The leaves
and stems of B. alba are edible and traditionally used
to treat digestive disorder, hemorrhage, ulcer, anemia,
hypertension, malaria and to reduce inflammation
[11,12]. B. alba is used in ayurvedic treatment against
diseases like leukemia, melanoma and oral cancer [13].
B. alba has been proven to be rich in nutrients, vitamins,
minerals and possesses beneficial therapeutic effects
[14]. Several studies have examined the toxicity of
medicinal plants from the Basellaceae family and other
commonly used medicinal plants [11]. For instance,
studies on Anredera cordifolia and Talinum triangulare,
both from the same family, revealed minimal toxic
effects. Additionally, commonly used medicinal
plants such as Moringa oleifera and Ocimum sanctum
have demonstrated low toxicity profiles in acute
and subchronic toxicity studies [14]. These findings
further support the need for comparative toxicological
evaluations to ensure the safety of medicinal plants in
therapeutic applications.

Thus, the present study is designed to investigate the
toxicity of B. alba leaf extract using cytoxicity test against
normal kidney and liver cell lines, and acute toxicity
test in mice under the Organization for Economic
Cooperation and Development (OECD 420) guidelines.
This is the first report on the toxicity assessment of B.
alba leaf extract and we hypothesize that B. alba leaf
extract is non-toxic based on its traditional use and
compositions.

MATERIALS AND METHOD

Plant sample

B. alba |leaves were procured from a local market in Seri
Kembangan, Malaysia, and authenticated (voucher no.
SK 2087/12). The leaves were air-dried, ground, and
extracted using methanol under controlled conditions.
The extract was concentrated using a rotary evaporator
at 40°C.

Extraction procedure

B. alba leaves were washed thoroughly and air dried
overnight at room temperature. The leaves were
grounded using a blender (Panasonic MX 8967) and
soaked in methanol (250 ml) under shaking conditions
at 25 C for 48 h. After filtration, removal of solvent
from the extract was done using a separatory funnel.
The extract of B. alba was then concentrated using a
rotary evaporator (Heidolph) under reduced pressure at
40 C.

Cytotoxicity study

Cell lines
A normal kidney cell line (vero cells; Sigma, Missouri,

USA) and a hepatic human cell line (WRL-68 cells; Sigma,
Missouri, USA) was maintained in Dulbecco’s Modified
Eagle Medium (DMEM; Life Technologies, Carlsbad,
USA) supplemented with 10% heat-inactivated fetal
bovine serum (FBS; Life Technologies, Carlsbad, USA),
glutamine (2 mM), penicin (100 U/ml) and streptomycin
(100 ug/ml) at 37 Cina 5% CO2 [15].

Sulforhodamine B (SRB) assay

Cytotoxicity effect of B. alba leaves extract was
estimated through the sulforhodamine B (SRB) assay as
described by Skehan et al. [16] and Patel et al. [17]
Vero cells and WRL-68 cells were diluted to 1 4 105
cells/ml using DMEM medium containing 10% new
born sheep serum. The diluted cell suspension (100
pl; approximately 10,000 cells) was added into the
wells of the microtiter plate. The plates were incubated
for 24 h at 37 °C in 5% CO2 incubator to allow cells
attachment to the wells. After incubation, when a partial
monolayer was observed, the supernatant was flicked,
washed and different concentrations of B. alba extract
ranged from 0.0001- 625 pg/ml (100 pl) were added
to the wells in the plates. The concentrations used in
this study were selected based on a combination of
preliminary screenings, existing literature, and standard
toxicity testing guidelines. The chosen cytotoxicity assay
concentrations (ranging from 0.0001 to 625 pg/ml)
were designed to encompass a broad range, allowing
assessment of both subtoxic and potentially toxic effects
[16, 17]. Paclitaxel (cytotoxic drug) was used as the
positive control at concentration 0.0001 to 625 pg/
ml (100 pl). The plates were further incubated for 72
h and microscopic examination was then performed.
Upon incubation, trichloroacetic acid (50% ; 25 pl) was
added gently into the wells so that it forms a thin layer
over the B. alba extract to form a final concentration
of 10%. The plates were incubated at 4 °C for 1 h. The
plates were flicked, washed with tap water five times
to remove traces of medium and sample, and air-
dried. The air-dried plates were then stained with SRB
(100 pl; Sigma, Missouri, USA) and kept for 30 min at
room temperature. The unbound dye was removed by
washing a few times with 1% acetic acid. The plates
were air dried and Tris base (10 mM; 100 pl) was added
into the wells to solubilize the dye. The plates were then
shaken vigorously for 5 min. The A540 was measured
with a microtiter plate reader (Biotek, Winooski, USA).
The percentage growth inhibition was calculated using
the following formula:

% cell viability= (At-Ab)/ (Ac-Ab) x100

Where,

At= Absorbance value of test compound

Ab= Absorbance value of blank

Ac=Absorbance value of control

IC50 values were determined from the corresponding
dose response curves and were expressed as inhibition
50% of cell viability + SEM.
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Acute toxicity study

Experimental animals

10 healthy female ICR mice (8 weeks; weight 28-35
g) were purchased from local suppliers. The animals
were housed in polypropylene cages equipped with
grill tops (stainless steel) and provided sterile paddy
husks as bedding material at the animal house of
Veterinary Faculty, Universiti Putra Malaysia (UPM).
The animal ethics approval was obtained from Animal
Ethics Committee, UPM (reference no: UPM/ IACUC/
AUP-R011/2013) and the experiments were conducted
in accordance with the guidelines of Institutional Animal
Care and Use Committee (IACUC), UPM. The acute
toxicity study was carried out for 14 days.

Treatment

The female mice were fasted overnight before the
treatment and food was given Th after the treatment. It is
expected that B. alba would be relatively safe because
they are edible medicinal plant. Thus, a single high
dose, as recommended by OECD 420 [18] guidelines
of 2000 mg/kg body weight of B. alba extract was
administered by gavage to 5 female mice and water
was given to another 5 female mice as a control group.
After a single administration, observations were made
for every hour up to 6 hours and every day up to 14
days. The mice were weighed daily and observed for
any toxicity signs and mortality for 14 days [19,20].
The visual observations included changes in the eyes
and mucous membranes, skin and fur, somatomotor
activity, behavioral pattern, tremors or convulsions,
salivation, diarrhea, lethargy and coma. After 14 days
of observation periods, the mice were sacrificed by
cervical dislocation. Heart, lung, liver, kidneys, spleen
and intestine were removed and weighed.

Histopathology of liver and kidney

The liver and kidney tissues were fixed in 10% buffered
formalin. The tissues were dehydrated in alcohol,
cleared in xylene and embedded in paraffin wax. For
histological analysis, paraffin-embedded tissue sections
were cut at 5 pm thickness, mounted on slides and
stained with hematoxylin and eosin.

Serum biochemical analysis

After 14 days of treatment with B. alba extract, the liver
function was evaluated with TBIL, ALT, ALP and AST
levels in mice serum.

Statistical analysis

Statistical Package for Social Sciences (SPSS) software
was used for statistical analysis. Data expressed as the
Mean =+ S.E.M; t-test was performed for statistics and p
values less than 5% were considered significant (p <
0.05).

RESULTS

Cytotoxicity Study of B. alba

The cytotoxicity activity of B. alba extract was
investigated against kidney cell line (vero cell) and
hepatic human cell line (WRL-68 cell) in SRB assay.
The effect of various concentrations of B. alba on vero
and WRL-68 cells viability for 72 h were shown in
Figure 1 and Figure 2, respectively. The extract shows
no significant inhibition towards cell viability in both
cell lines up to concentration of 625 pg/ml. Meanwhile,
paclitaxel (positive control) is an established drug that
is proven to be cytotoxic, inhibits about 50% of vero
cell viability at the concentration as low as 0.01 pg/
ml and almost 100% inhibition was recorded at 1 pg/
ml. Furthermore, in the WRL-68 cell line, paclitaxel
caused approximately 60% inhibition in cell viability
at the concentration of 0.01 pg/ml, followed by 100%
inhibition at 1 pg/ml. The IC50 values of B. alba extract
and paclitaxel in vero and WRL-68 cells are presented
in Table 1. B. alba extract showed no cytotoxic effect on
both cell lines with IC50 values more than 625 pg/ml
in 72 h of treatment compared to paclitaxel with IC50
values of 0.045 pg/ml on vero cell and 0.014 pg/ml on
WRL-68 cell.
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Figure 1: Viability of vero cells receiving various concentration of B.
alba and paclitaxel
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Figure 2: Viability of WRL-68 cells receiving various concentration
of B. alba and paclitaxel
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Table I Median inhibitory concentration (IC,) of 5. alba and
paclitaxel after 72 h

Table IV: The relative organ weight of control and treatment
groups at the end of the study

Samples IC,, (pg/mL) Relative organ weight (g)
Vero WRL-68 Organs Control B. alba
B. alba > 625 > 625
Heart 0.43 +0.02 0.44 + 0.01
Paclitaxel * 0.045 + 0.00 0.014 + 0.00
IC, values were determined from the corresponding dose response curves were expressed Lung 0.68 = 0.04 0.69 = 0.04
as inhibition 50% of cell viability +_S.E.M Liver 4.41 £ 0.09 4.47 £0.10
Acute Toxicity Study of B. Alba Left kidney 0.50 £ 0.02 0.48 £ 0.02
Toxicity screening in medicinal plants is essential to Right kidney 0.49 £ 0.02 0.48 = 0.02
assure the safety for the usage in clinical application. Spleen 0.50 + 0.04 0.47 +0.01
Acute toxicity study and histopathology are the Intestine 165 0.85 13.39 +0.77

commonly used toxicological analysis to evaluate the
medicinal plants [18].

Acute Toxicity Response and Behavioural Analysis
Throughout the 14 days observation period, there were
no mortality, changes in behavior (hypoactivity and
hyperactivity) or changes on outer appearance (eye, fur,
skin, mucus membranes). The B. alba-treated mice also
did not show any observable signs of toxicity (diarrhea,
vomiting, constipation, tremors, convulsions, salivation,
lethargy and coma). Overall, the condition of treated
mice was similar to that of the control mice (Table 2).

Table 11: Acute toxic response of ICR female mice of control
and treatment group

Dose Symptoms Time vs number of mice (n) Toxicity

K ;
(mg/ke) 30 4 24 48 72 14 %

min hours hours hours hours days

Normal 5 5 5 5 5 5 Nil
Not active 0 0 0 0 0 0
Died 0 0 0 0 0 0

Control

(S2]
[S2]
(S2]
[S2]
(S2]

Treatment Normal 5 Nil
Not active 0

Died 0 0 0 0 0 0

o
o
o
o
o

Body and Organ Weight Analysis

As shown in Table 3, there were no significant changes
noted in the body weight of the mice. Gross examination
during autopsy showed no apparent changes in organs of
treated mice compared to the control. The relative organ
weight of mice between control and treated groups also
showed no significant differences (P > 0.05) (Table 4).

Table I1I: Body weight of control and treatment groups
recorded during acute toxicity study

Group Body weight (g)
Day 0 Day 7 Day 14
Control 29.7 £ 0.9 29.8 £ 1.2 29.8+1.3
Treatment 293 +£0.7 30.1£1.3 30.1 1.5

Values are expressed as mean + Standard error mean. * P < 0.05 in relation to control.

Biochemical Analysis

Table 5 shows the biochemical parameters in the
mice serum induced with B. alba extract. There are no
significant changes (P > 0.05) for the level of TBIL, ALT,
ALP and AST in mice serum after the oral administration
of B. alba extract.

Table V: Serum TBIL, ALT, ALP and AST analysis

Groups TBIL (pmol/L) ALT (U/L) ALP (U/L) AST (U/L)
Control 0.7 0.2 19.03 £3.377.2+15.8 71.61 £7.82
Treatment 0.8 = 0.3 19.08 £2.576.6 +13.4 70.72 +6.89

Values are expressed as mean + Standard error mean. * P < 0.05 in relation to control.

Histopathology Analysis

The histopathology analysis on liver and kidney revealed
no significant pathological alterations between the two
groups (Figure 3 and 4). The microscopic examination
of liver and kidney of treated mice showed no alteration
in the structure and coordinations of cells or adverse
effects compared to control mice when viewed under
a light microscope using different magnifications. The
density of Kupffer cells is similar and no signs of edema
and hemorrhage lesion are observed in both groups. The
liver histology shows normal hepatocytes and there was
no local fatty degeneration, fibrosis or necrosis observed
in the liver of treated mice. Meanwhile, kidney histology
revealed normal appearance of glomeruli and capsules
with no sign of acute tubular necrosis after the treatment
with B. alba extract.

Figure 3: Histological examination of liver (A) control and (B) treat-
ment treatment at magnification of 40x
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Figure 4: Histological examination of (A) right kidney (i) control
and (ii) treatment and (B) left kidney (i) control and (ii) treatment at
magnification of 40x.

DISCUSSION

Medicinal plants are widely used in promoting health,
preventing and treating various diseases [21]. However
the usage of medicinal plant extracts should not cause
adverse effects on the host cells or interference in
physiological pathways. According to National Cancer
Institute (NCI) US, for the crude extract safety, IC50 value
below 30 pg/ml was considered to be cytotoxic in an in
vitro assay for incubation more than 48 h [22]. Cellular
viability and proliferation is an essential characteristic
of healthy growing cells. A decrease in the cell viability
indicates cell death due to toxic effects of the test extracts
or non-optimal culture condition while an increase in the
cell viability indicates cell proliferation [23]. Treatment
with B. alba extract did not cause significant reduction
in cell viability with 1C50 value more than 625 pg/ml
indicating that it is non toxic.

Toxicity screening in medicinal plants is essential to
assure the safety for the usage in clinical application.
Acute toxicity study and histopathology are the
commonly used toxicological analysis to evaluate the
medicinal plants [18]. The acute toxicity study was
carried out according to OECD guideline 420 [18] at
a single dose of 2000 mg/kg body weight. The B. alba
extract was administered to female ICR mice by oral
route while water was given to the control mice. The
clinical signs are one of the crucial observations to
indicate the effects of toxicity in organs of the tested
animals [24]. Administration of B. alba extract did not
affect the food and water intake of the mice and no
deleterious effects were shown. Thus, this shows that
there was no disturbance in protein, carbohydrate and
fat metabolism [25]. According to acute toxicity criteria
set by Globally Harmonized Classification System (GHS,
2005), [26]when there is no injury or death occurred
in tested animals at the highest dose (2000 mg/kg), it
indicates that the extract was fit in class 5 (no or very
low toxicity).

It is important to note the differences in body and
organ weight of control and treated animals since the
organs may reflect toxicity from the exposure of toxic
substances [27]. The changes in body weight of mice
are the indicators of adverse effects of tested extract and
it is considered significant when the body weight loss
is about 10% or higher from the initial weight [28,29].
Organ weight is an essential index of pathological and
physiological status in treated animals. The relative
organ weight is important to determine the possibilities of
injuries. Heart, lung, liver, kidneys, spleen and intestine
are the primary organs that are commonly affected due
to metabolic reactions caused by the toxicants [30]. The
results indicate that important organs such as heart, lung,
liver, kidneys, spleen and intestine were not adversely
affected with treatment of B. alba. Thus, this suggests
that B. alba extract is virtually non toxic.

The biochemical liver function tests (LFT) was performed
to diagnose liver disorders. The damages in liver cells
cause the enzymes to leak out into the bloodstream,
whereby they can be measured using blood tests. LFT
was used to measure total bilirubin levels (TBIL), alanine
aminotransferase (ALT), alkaline phosphatase (ALP) and
aspartate aminotransferase (AST) [31]. ALT and AST are
indicators for liver injury and elevated levels of these
enzymes indicate cellular leakage and destruction in
functional integrity of cell membrane [32]. ALP is an
indicator for pathological alteration in biliary stream
and the elevated ALP level indicates infiltrative liver
disease or chronic cholestasis, while increased TBIL
shows hepatic disorder and failure [33]. Thus, it can be
concluded that treatment with B. alba extract did not
cause liver toxicity or damage. Liver and kidney are the
most commonly affected organs during toxicity as they
are involved in toxin metabolic breakdown and toxin
filtration [34]. The consumption of B. alba extract is safe
and does not cause any pathological effects especially
in the liver and kidney. This study corroborates previous
research supporting the safety of B. alba. While
Chowdhury et al. [35] investigated the subchronic
toxicity of carboxymethylated B. alba mucilage in
Wistar rats, our study presents the first report on the
acute toxicity of B. alba leaf extract. The absence of toxic
effects at 2000 mg/kg suggests its safe use; however,
further long-term studies are required to confirm its
safety over extended periods. Additionally, the findings
are in line with other commonly used medicinal plants,
including Moringa oleifera [36], Ocimum sanctum
[37], and Anredera cordifolia [38]. Similar to B. alba,
these plants have demonstrated minimal toxic effects in
acute and subchronic toxicity studies, further supporting
the safety profile of B. alba. However, while Moringa
oleifera and Ocimum sanctum have been studied
extensively for long-term effects, B. alba requires
further subchronic and chronic toxicity assessments to
establish its comprehensive safety profile.The presence
of bioactive compounds such as flavonoids, saponins,

Mal ) Med Health Sci 22(1): 1512.1-1512.8 5



Malaysian Journal of Medicine and Health Sciences (eISSN 2636-9346)

and polyphenols may contribute to its non-toxic
nature. Compared to other medicinal plants, B. alba
demonstrates a favorable toxicity profile, as evidenced by
histopathological and biochemical analyses. Its lack of
cytotoxicity further supports its potential as a therapeutic
agent. Additionally, comparisons between treatment
and control groups have been expanded to highlight
differences in biochemical markers, histopathological
findings, and organ weight measurements, ensuring a
more comprehensive evaluation.

CONCLUSION

Cytotoxicity test revealed that B. alba leaf extract did not
show significant inhibition towards Vero and WRL-68
cell lines with IC50 values more than 625 pg/ml after 72
h of treatment. The acute toxicity indicated that B. alba
is non toxic when administered orally in ICR female
mice at a single dose of 2000 mg/kg. No mortality or
toxicity signs were observed in B. alba extract treated
mice. The body and relative organ weight of mice
showed no significant differences between control
and treated group. The primary organs (heart, lung,
liver, kidneys, spleen and intestine) were confirmed
to be not affected with treatment of B. alba. The LFT
of mice serum indicated no symptoms of liver injuries
and damage due to normal levels of TBIL, ALT, ALP
and AST. Histological examination of liver and kidney
revealed no potential toxicity or structural damage. The
result of in vivo acute toxicity in mice is in agreement
with that of in vitro cytotoxicity against the normal liver
and kidney cell lines which shows non toxic effect of B.
alba. These findings highlight the safety usage of B. alba
as an alternative therapeutics agent. Nonetheless, our
study is limited by a small sample size and the absence
of subchronic and chronic toxicity assessments. Future
research should investigate dose-dependent effects and
the molecular mechanisms underlying B. alba's safety
profile.
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