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A B S T R A C T

Tuberculosis, caused by Mycobacterium tuberculosis, is a worldwide disease affecting millions of people. The
rise of resistant strains, coupled with toxicity of current chemotherapy, requires effective alternatives against
mycobacterial infections. Some plants from the Menispermaceae family have been used to treat tuberculosis
and cough related symptoms. In this study, acetone, methanol:water (4:1), dichloromethane:methanol (1:1)
and hot water extracts of different plant parts of Cissampelos owariensis, Cissampelos mucronata and Tinospora
fragosa were tested against M. aurum, M. bovis, M. fortuitum, M. smegmatis and M. tuberculosis using a two-
fold serial microdilution assay. Cytotoxicity of the active extracts was determined against Vero and HepG2
cells. The hepatoprotective effect of the active extracts was evaluated using rifampicin and acetaminophen
as toxic drugs against HepG2 cells. The hot water leaf extracts were most active with promising minimum
inhibitory concentration (MIC) values of 20 and 40 mg/mL against M. smegmatis and M. fortuitum respec-
tively. The acetone extracts of C. owariensis, C. mucronata and T. fragosa had the lowest MIC values (0.03 �
1.67 mg/mL). The root extract of C. owariensis was not toxic to Vero cells while the leaf extract was more
toxic. The acetone extract of C. mucronata leaves was toxic to Vero cells but the other extracts had low toxic-
ity. The active leaf and root extracts had protective effects on rifampicin-induced toxicity on HepG2 cells.
The root extract also had a protective effect on acetaminophen-induced toxicity on HepG2 cells but the leaf
extract had no protective effect. The hot water extracts of C. owariensis, C. mucronata and T. fragosa had a
more protective effect on the toxin-induced cells than the acetone extracts. These results support further
investigation on the bioactive compounds in these plant extracts.
© 2023 The Authors. Published by Elsevier B.V. on behalf of SAAB. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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1. Introduction

Tuberculosis (TB) is the most common cause of morbidity and
mortality, especially when co-infection with other disease conditions
occurs (Gandhi et al., 2006). The disease is one of the top ten causes
of death globally from a single infectious agent (WHO, 2019). Tuber-
culosis remains a serious health concern despite the available therapy
i.e., directly observed treatment short course (DOTS) therapy and
availability of dedicated care centres since the 1950s (Madikizela et
al., 2013; Priyadarshini and Veeramani, 2020). The statistics of TB
incidence and mortality rates increased recently during the Covid-19
pandemic, with close to 10.6 million active cases, and 1.4 million and
187 000 deaths among HIV (human immune deficiency virus) nega-
tive and positive people respectively (WHO, 2022). Although there is
a certain level of improvement in TB/HIV co-infection, mortality
among TB/HIV patients is attributed to factors such as extra-pulmo-
nary TB and pulmonary TB co-infection, and baseline cluster of differ-
entiation for T-lymphocyte counts <200 cells/mL at the time of HIV
diagnosis (Yang et al., 2023). A quarter of the world’s population
could be latently infected with Mycobacterium tuberculosis, which is
reactivated in immune suppressed conditions (WHO, 2019; Priyadar-
shini and Veeramani, 2020). Non-compliance of patients to the strin-
gent and lengthy tuberculosis chemotherapy, coupled with toxicity
concerns and co-infection with other diseases such as HIV and diabe-
tes mellitus, results in genetic mutations of M. tuberculosis. These
genetic mutations give rise to resistant strains of Mycobacterium spe-
cies (Kahaliw et al., 2017). Drug toxicity and the persistent nature of
Mycobacterium species have led to the need to explore and develop
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new drugs effective against mycobacteria causing pathogenesis in
humans, with a shorter treatment regimen (Mariita et al., 2010). Sci-
entific interest in natural products such as medicinal plants has risen
over the years because natural products possess morphological fea-
tures similar to drug-like molecules. Nature’s biosynthetic pathway
creates several metabolites with various biological properties which
make them inhibitors or promoters of biological action (Kahaliw et
al., 2017). Promising antimycobacterial activity has been reported in
extracts of many higher plants such as Euclea natalensis, Gentianopsis
paludosa and Thymus vulgaris (Arya, 2011; McGaw et al., 2008).

The Menispermaceae family consists of flowering plants occurring
in many parts of the world. It is a medium sized family of 70 genera
with 520 extant species, comprising climbing or self-supporting
plants, mostly stem twiners (Wefferling et al., 2013). Most of the gen-
era are tropical, but a few, including Menispermum and Cocculus, are
found in the temperate climates in eastern North America and east-
ern Asia (De Wet et al., 2004). Menispermaceae species are rich in
alkaloids, such as benzyl tetrahydroisoquinoline and aporphine
derivatives, which are popular globally for their medicinal uses (De
Wet and Van Wyk, 2008; Barbosa-Filho et al., 2000; De Wet, 2005).
Various parts of the plants are widely used in African traditional med-
icine (Bouquet and Debray, 1974; Watt and Breyer-Brandwijk, 1962;
Oliver-Bever, 1986). Some South African Menispermaceae species are
currently used in traditional medicine to treat cough, tuberculosis
and related symptoms (Koenen, 1996; Van Wyk and Gericke, 2000).
Preliminary investigation of some species of this family revealed
good antimycobacterial activity against some Mycobacterium strains
(Akande et al., 2013; Njeru et al., 2015; Gupta et al., 2018).

Cissampelos mucronata A.Rich. is a shrub-like climber widely dis-
tributed in tropical Africa from Senegal east to Ethiopia and southern
Africa. The species grows in deciduous bushland, coastal woodlands,
and cultivated land (De Wet, 2005). The roots and leaves are used to
treat coughs (Van Wyk and Gericke, 2000; De Wet and Van Wyk,
2008), tuberculosis and other respiratory diseases (Aska and Kubmar-
awa, 2016). The leaves are used to treat scrofula associated with M.
tuberculosis infection of the lymph nodes (Watt and Breyer-Brand-
wijk, 1962). The antimycobacterial effect of C. mucronata extracts and
isolates was previously reported (M. tuberculosis BCG strain: 5 mg/
mL; M. smegmatis, M. fortuitum, M. aurum, M. bovis, M. tuberculosis:
0.02 - 2.5 mg/mL; M. smegmatis, M. bovis BCG: 3.13 � 6.25 mg/mL)
(Aska et al., 2019; Akande et al., 2022).

Cissampelos owariensis P.Beauv. ex DC. is widespread throughout
tropical Africa from East Africa to West and some southern African
countries. This species is a liana and grows primarily in seasonally
dry tropical land or forest regions (POWO, 2023). C. owariensis is used
locally to treat cough (Oliver-Bever, 1986). Previous reports revealed
the plant had promising antimycobacterial effect (M. tuberculosis iso-
lates: MIC = 3 mg/mL; M. smegmatis, M. bovis BCG: 0.39 - 3.13 mg/
mL) (Akande et al., 2013; Ibekwe et al., 2022).

Tinospora fragosa (I.Verd.) I.Verd. & Troupin is found in West and
southern Africa. Its spread in South Africa is constrained to dry sub-
tropical regions of Northern Mpumalanga and Limpopo province. It
grows in hot, dry places especially on rocky sites and near dry river-
beds. It is a twiner that grows 10 m or higher. This species can rees-
tablish itself when its growth is interrupted by forming an aerial root
10 m or higher above the ground and re-rooting itself (Alicia and Gil-
lian, 2017; De Wet et al., 2016). T. fragosa is used to prevent cough
and anthrax in ethnomedicine (De Wet and Van Wyk, 2008; Shai et
al., 2010). Previous reports revealed cytotoxic and antidiabetic effects
(De Wet et al., 2009; Shai et al., 2011). In this study, the preliminary
evaluation of the antimycobacterial, cytotoxic and hepatoprotective
effects of Cissampelos owariensis extracts led to a more detailed inves-
tigation of the extracts of C. owariensis plant and aerial parts of C.
mucronata and T. fragosa. This study hereby reports the antimycobac-
terial, cytotoxic and hepatoprotective effects of Cissampelos owarien-
sis, C. mucronata and Tinospora fragosa of the Menispermaceae family
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in view of the ethnomedicinal use of species of this family for cough
and tuberculosis infection.

2. Materials and methods

2.1. Plant collection and authentication

Cissampelos owariensis plant material was collected from Dama-
turu, Yobe state and C. mucronata from Idu, Abuja, Nigeria. Both spe-
cies were collected in March 2019. Cissampelos owariensis was
authenticated and the voucher specimen (NIPRD/H/6569) was depos-
ited at the National Institute of Pharmaceutical Research and Devel-
opment Herbarium Unit, Abuja, Nigeria. Tinospora fragosa was
collected at the Hatfield campus of the University of Pretoria, South
Africa. Cissampelos mucronata and Tinospora fragosa were identified
and authenticated at the H.G.W.J. Schweickerdt Herbarium, Univer-
sity of Pretoria, South Africa. The voucher specimen numbers were
PRU 0,125,290 and PRU 125,489 respectively.

2.2. Extraction of plant material

Cissampelos owariensis (leaves and roots) were air dried and
ground into powder. The powdered materials were separately
extracted with acetone (100 %), methanol:water (4:1) and hot water
(1:10 W/V) (Lall et al., 2016). In a second extraction procedure, the
whole plant of Cissampelos owariensis, as well as the aerial parts of
Tinospora fragosa, leaves and stem of Cissampelos mucronata were
also air dried and ground into powder. These ground plant materials
were separately extracted with the above-mentioned solvents and
also dichloromethane:methanol (1:1) (1:10 W/V) (Lall et al., 2016).
The extracts were filtered through Whatman No.1 filter paper and
concentrated under a stream of cold air. The water extracts were
freeze dried. The extracts were weighed and stored at 2 � 8 °C until
use.

2.3. Preparation of extracts

Acetone, sterile water and 10 % dimethylsulfoxide (DMSO) were
used to dissolve extracts where appropriate. A stock solution of
10 mg/mL for each extract was prepared for antimycobacterial
assays. The extracts were streaked on Mueller Hinton agar and incu-
bated at 37 °C for 18 - 24 h to check for contamination before use.

2.4. Minimum inhibitory concentration of C. owariensis, C. mucronata
and T. fragosa extracts

The minimum inhibitory concentration (MIC) of the extracts was
determined against fast growing strains according to the method of
Tran et al. (2017) with slight modifications. The test inoculum (M.
smegmatis, M. fortuitum, M. aurum) was grown in Middlebrook 7H9
broth supplemented with Tween 80 and 10 % OADC supplement
(Sigma Aldrich, Johannesburg, South Africa). The cultures were grown
at 37 °C for 24 h (M. smegmatis), 48 h (M. fortuitum) and 5 days (M.
aurum). Single colony suspensions of the cultures were prepared. The
cultures were diluted to OD600 = 0.004 (1.12£106) in 7H9 medium. A
two-fold serial dilution was performed using equal volumes (100 mL)
of extracts and 7H9 medium. Streptomycin and rifampicin were used
as positive controls at a concentration range of 25 � 0.20 mg/mL.
DMSO (10 %), bacterial culture and OADC supplemented medium
served as negative controls (other solvents used for extracts prepara-
tion were included as a negative control in the applicable plate). One
hundred mL of the mycobacterial culture were added to all the wells.
The plates were sealed in a plastic bag and incubated under the same
conditions as stated above for each strain.

Mycobacterium tuberculosis (TB 899A) and M. bovis (TB 9350C)
field strains (obtained from ARC��OVR Tuberculosis Laboratory,
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Pretoria, South Africa) and reference M. tuberculosis (ATCC 25,177)
were grown on Lowenstein-Jensen (LJ) slants supplemented with
glycerol (M. tuberculosis growth supplement), or pyruvate in the case
ofM. bovis, for 3 - 4 weeks. The colonies were sub-cultured in Middle-
brook 7H9 medium for 14 - 15 days. The test inoculum was prepared
in sterile water and adjusted to McFarland No. 1 standard solution
(3 £ 108 CFU/mL). The cultures were diluted to a final density of
5 £ 105 CFU/mL with freshly prepared supplemented Middlebrook
7H9 medium. Sterile distilled water (200 mL) was added to the outer
wells to reduce evaporation. Two-fold serial dilutions were per-
formed using 100 mL of extracts and 100 mL 7H9 medium. The posi-
tive and negative controls (as stated above) were included. One
hundred mL of the mycobacterial culture were added to all the wells.
The plates were sealed in a plastic bag and incubated for 7 days (M.
bovis, M. tuberculosis strains) at 37 °C. MIC values were determined
by adding 40 mL of 0.2 mg/mL of freshly prepared thiazolyl blue tet-
razolium bromide (MTT, Inqaba Biotec, South Africa) as growth indi-
cator (McGaw et al., 2008; Bhunu et al., 2017). The colour reaction
occurred after incubation within 60�90 min for fast growing myco-
bacteria and within 6 h for pathogenic strains. The results were read
as soon as a purple color became visible in the untreated control
wells. MIC values were recorded as the concentrations with a
decrease in colour formation corresponding to inhibition of mycobac-
terial growth. The assays were run in triplicate and the experiments
were repeated twice.

2.5. Thin layer chromatography analysis and bioautography of extracts

Thin layer chromatography and bioautography of the extracts
with antimycobacterial activity in the MIC assay was carried out
according to the method of Begue and Kline (1972). The extracts
included the acetone extracts of Cissampelos mucronata, C. owariensis
and Tinospora fragosa. Hexane:acetone (7:3) and toluene:ethyl ace-
tate:acetic acid (7:2:1) were used as the mobile phases according to
the method of Gunasekaran et al. (2016) with modified ratios. The
presence of different phytochemicals in the extracts was highlighted
by spraying eluted TLC plates with vanillin-sulphuric acid spray
reagent and heating the plates at 110 °C for optimal colour develop-
ment. Dragendorff spray reagent was used to detect alkaloids in the
extracts. Bioautography using M. smegmatis was performed to deter-
mine the active compounds in the extracts by preparing duplicate
chromatograms as described in the above-mentioned assay. The
duplicate plate was left in the dark and uncovered under a stream of
cold air for 24 h to evaporate the solvent on the plate before being
sprayed with actively growing suspension of M. smegmatis (cultured
for 18 � 24 h at 37 °C). The moist plates were incubated at 37 °C in a
closed sterile plastic container for 24 h to aid bacterial growth on the
plates. The plates were then sprayed with 2 mg/mL of p-iodonitrote-
trazolium violet (INT) (Sigma, Johannesburg, South Africa) and incu-
bated for 1 h. Clear zones against the purple-red background were
indicative of the active compounds inhibiting the bacterial growth.

2.6. Cytotoxicity assay and selectivity index

The cytotoxicity of the crude plant extracts was determined
against Vero African green monkey kidney cells (ATCC CCL-81) using
the MTT assay (Mosmann, 1983) with slight modifications (McGaw
et al., 2007). The cytotoxic effects of the active extracts were also
determined against HepG2 liver cells (ATCC HB-8065). Cytotoxic
effect of the active extracts on the HepG2 cells was carried out to
determine the safe concentration for hepatoprotective effects of the
extracts. The Vero cells were maintained in minimal essential
medium (MEM, PAN Biotech, Biocom Africa, South Africa) supple-
mented with 5 % foetal bovine serum (Biocom Africa) and 0.1 % genta-
micin (Virbac) while HepG2 cells were maintained in Dulbecco’s
Modified Eagle media (DMEM, Pan Biotech, Separation Scientific,
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South Africa) supplemented with 10 % foetal bovine serum and 1 % of
100 IU/mL penicillin and 100 mg/L streptomycin (Pan Biotech, Celtic
Diagnostics, South Africa). The cell suspensions were prepared from
confluent monolayer cultures and plated at a density of 1 £ 104 for
the Vero cells and 2 £ 104 for the HepG2 cells in 96-well microtitre
plates. The plates were incubated for 24 h at 37 °C in a 5 % CO2 incu-
bator prior to exposure. The crude plant extracts were prepared in
acetone (for the acetone extracts), sterile water (hot water extracts)
and 50 % DMSO (methanol:water and dichloromethane:methanol
extracts) at 100 mg/mL and appropriate dilutions were prepared
with MEM and DMEM for Vero and HepG-2 cells respectively and
added to the cells. The cells were exposed to various concentrations
(0.0075 � 1 mg/mL) of plant extract for 48 h. Doxorubicin (Pfizer Lab-
oratories, South Africa) was used as a positive control. After 48 h
incubation, the wells were rinsed with 200 mL of phosphate buffered
saline (PBS, Sigma) and 100 mL of fresh medium was dispensed into
the wells. Thirty microliters of 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT, 5 mg/mL, Inqaba Biotec, South
Africa) dissolved in PBS was added to each well and incubated for 4 h
at 37 °C. The medium was removed and MTT formazan crystals were
dissolved with 50 mL DMSO. Absorbance was measured using a
microplate reader (BioTek Synergy) at a wavelength of 570 nm. Each
concentration was tested in triplicate and the assay was repeated
three times. The half-maximal lethal concentration (LC50) of the
extracts was calculated. The selectivity index (SI) was determined by
dividing cytotoxicity (LC50) by the MIC values (LC50/MIC).

2.7. Hepatoprotective assay

The hepatoprotective effect of the active extracts was determined
using HepG2 liver cells treated with rifampicin and acetaminophen
separately as toxic drugs according to Gonz�alez et al. (2017). The liver
cells (HepG2) (2 £ 104) were seeded in 100 mL media (DMEM) in a
96-well plate and incubated for 24 h at 37 °C and 5 % CO2 environ-
ment. The toxicants (acetaminophen 40 mM; rifampicin 1 mg/mL),
different concentrations of the extracts and positive control (sily-
marin; 0.0075 mg/mL) were prepared and added to the cells. The
control cells were treated with the toxicants alone. The plates were
incubated for 24 h at 37 °C and 5 % CO2. The medium was removed
after incubation and the cells were washed with PBS (200 mL). Then
100 mL of media was added and MTT (5 mg/mL in PBS; 30 mL) was
also added to the cells and incubated for 2 h at 37 °C and 5 % CO2

incubator. The medium was removed, 50mL DMSO was added to dis-
solve the MTT formazan crystals and the absorbance read at 570 nm.
Percentage cell viability was calculated as follows:

Average of absorbance of treated cells=

average of absorbance of control cells� 100

2.8. Statistical analysis

Data was presented as mean § standard deviation (MIC and cyto-
toxicity assay). Hepatoprotective assay results were expressed as
mean § standard deviations and statistically significant values were
compared using one way ANOVA analysis of variance with an interac-
tive statistical program (Sigmastat, SPSS version 26, USA). Standard
error of mean was used to calculate the error bars.

3. Results

3.1. Antimycobacterial effect of extracts

Cissampelos owariensis leaf extract had significant activity com-
pared to the root extract (Table 1). The hot water leaf extract had
minimum inhibitory concentration (MIC) values of 0.04, 0.02 and



Table 1
Minimum inhibitory concentration of extracts against fast growing and pathogenic Mycobacterium strains (mg/mL).

Plant part Solvent M. smegmatis
(ATCC 1441)

M. fortuitum
(ATCC 6841)

M. aurum
(NCTC 10,437)

M. bovis
(TB 9350C)

M. tuberculosis
(TB8993A)

M. tuberculosis
(ATCC 25,177)

Cissampelos mucronata (leaves) Acetone 0.03§0.01 0.06§0.03 0.06§0.03 0.16§0 0.13§0.05 0.13§0.05
Methanol:water (4:1) 0.31§0 0.63§0 0.04§0 0.31§0 1.88§0.88 0.63§0
Hot water 0.63§0 0.63§0 0.015§0.007 0.04§0 0.015§0.007 0.01§0
Dichloromethane:methanol (1:1) 0.63§0 0.63§0 0.04§0 0.16§0 0.63§0 0.26§0.09

Cissampelos mucronata (stem) Acetone 0.16§0 0.06§0.03 0.08§0 0.31§0 0.16§0 0.13§0.05
Methanol:water (4:1) 0.63§0 2.5 § 0 0.63§0 1.04§0.36 2.5 § 0 0.42§0.19
Hot water 0.31§0 0.47§0.19 0.47§0.23 0.94§0.44 2.5 § 0 2.5 § 0
Dichloromethane:methanol (1:1) 0.63§0 2.5 § 0 0.06§0.03 2.5 § 0 0.94§0.44 2.5 § 0

Cissampelos owariensis (whole
plant)

Cissampelos owariensis (leaves)
Cissampelos owariensis (roots)

Acetone 0.16§0 0.24§0.09 0.03§0.01 0.94§0.44 0.13§0.05 0.31§0
Methanol:water (4:1) 0.63§0 1.88§0.88 0.31§0 0.31§0 1.25§0 0.94§0.44
Hot water 0.63§0 0.47§0.23 0.31§0 0.94§0.44 0.47§0.23 0.52§0.19
Dichloromethane:methanol (1:1)
Acetone
Methanol:water (4:1)
Hot water
Acetone
Methanol:water (4:1)
Hot water

0.31§0
>2.5
1.25
0.02
2.5
2.5
>2.5

0.63§0
>2.5
0.16
0.04
1.25
1.25
2.5

0.31§0
2.5
1.25
0.625
1.25
0.625
2.5

1.88§0.88
-
-
-
-
-
-

0.94§0.44
-
-
-
-
-
-

1.88§0.88
-
-
-
-
-
-

Tinospora fragosa
(aerial parts)

Acetone 0.12§0.05 0.08§0 0.16§0 0.63§0 0.84§0.36 1.67§0.72
Methanol:water (4:1) 1.25§0 0.79§0.31 0.31§0 1.88§0.88 0.31§0 2.08§0.72
Hot water 0.31§0 0.31§0 0.16§0 0.63§0 0.63§0 1.25§0
Dichloromethane:methanol (1:1) 0.63§0 0.31§0 0.08§0 1.88§0.88 1.88§0.88 0.63§0

Standards Rifampicin 0.0047§0.23 0.0006§0.03 0.0004§0 0.0002§0 0.0063§0 0.0003§0.01
Streptomycin 0.0002§0 0.0047§0.23 0.0002§0 0.0003§0.01 0.0002§0 0.0003§0.01
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0.625 mg/mL against M. fortuitum, M. smegmatis and M. aurum
respectively. Extracts with MIC less than 0.1 mg/mL are considered
significantly active, MIC >0.1 to 0.625 mg/mL, is moderately active,
and weakly active if MIC>0.625 mg/mL (Kuete, 2010). The aqueous
methanol leaf extract had MIC of 0.16 mg/mL against M. fortuitum
and the root extract had a moderate activity of 0.625 mg/mL against
M. aurum. The MIC results of C. mucronata, C. owariensis and T. fragosa
extracts are presented in Table 1. The hot water and acetone extracts
of C. mucronata had the best activity against the strains (Table 1). Cis-
sampelos mucronata leaf extract was more active than the stem
extract. The acetone leaf extract of C. mucronata was more active
(MIC = 0.03�0.16 mg/mL) than the hot water extract
(MIC = 0.01�0.630 mg/mL). The same pattern was observed with the
stem extracts (MIC: acetone; 0.06�0.31 mg/mL; hot water;
0.31�2.5 mg/mL). Promisingly, the lowest MIC values of the hot
water extracts were close to the MIC values of the positive controls
(rifampicin and streptomycin; 0.2�6.3mg/mL).
3.2. Thin layer chromatography and bioautography

The spray reagents revealed compounds of different polarities
on the TLC plates. More than 10 compounds were separated on
the plates with the solvent systems [hexane:acetone (7:3) and tol-
uene:ethyl acetate:acetic acid (7:2:1)]. Both solvent systems gave
good separation. Some compounds in the extracts had common or
close retention factors [Rf; 0.55 (hexane:acetone 7:3); 0.56 (tolu-
ene:ethyl acetate:acetic acid 7:2:1)]. The bioautography of the
plate eluted with toluene:ethyl acetate:acetic acid (7:2:1) showed
active bands in extracts of C. mucronata leaves and stem and C.
owariensis whole plant. Hexane:acetone (7:3) showed active bands
with C. mucronata leaves and stem (Figures S1 and S2; supplemen-
tary data). Some compounds were visible as orange bands with
Dragendorff reagent (Kokotkiewicz et al., 2017) (Figures S1 and
S2; supplementary data). The Rf of one of the antibacterially active
bands (0.71: C. owariensis, toluene:ethyl acetate:acetic acid
(7:2:1)) corresponded to the Rf (0.75) of a band on the TLC plate
sprayed with Dragendorff reagent.
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3.3. Cytotoxicity of extracts and selectivity index

Cissampelos owariensis hot water leaf extract was toxic to Vero
cells with an LC50 of 0.01 mg/mL comparable to that of doxorubicin,
the positive control (LC50 = 0.01 mg/mL) (Table 2). A plant extract is
thought to be cytotoxic when the LC50 is 0.020 mg/mL and below
(Kuete et al., 2011). The same extract was relatively less toxic to the
liver cells while the root extract was less toxic to the liver and Vero
cell lines. The cytotoxic effect of the extracts with HepG2 cells was
conducted to determine the optimal concentration for the hepatopro-
tective effect of the extracts. The cytotoxicity of C. owariensis, T. fra-
gosa and C. mucronata extracts is presented in Table 2. The acetone
extract of C. mucronata leaves was relatively toxic (LC50 = 0.02 mg/
mL) to Vero cells. The acetone extracts of C. mucronata stem, C. owar-
iensis and T. fragosa had low toxicity to Vero cells (LC50 = 0.03, 0.06,
0.04 mg/mL respectively). Hot water, methanol:water and dichloro-
methane:methanol extracts also exhibited low toxicity to the cells
(LC50 = 0.05 � 1 mg/mL). Cissampelos mucronata leaf extract (hot
water extract) had the best selectivity index (SI = 30) with regards to
the Mycobacterium strains. The SI value is a reflection of the selective
toxicity of the extract to the bacteria, compared to toxicity to normal
mammalian cells. This means that the higher the SI, the more anti-
bacterial the extract, in the absence of general toxicity to mammalian
cells. The methanol:water and dichloromethane:methanol extracts
had SI values of 6.5 and 2.5 respectively withM. aurum. Tinospora fra-
gosa also had a high SI followed by C. owariensis.

3.4. Hepatoprotective effect of the extracts

Cissampelos owariensis root and leaf extracts had protective effects
to the liver cells (HepG2) after exposure to the two toxicants when
compared to silymarin (positive control) and the control cells (Figs. 1
and 2). There was a significant reduction in cell viability with both
toxins when compared to the normal non-stimulated cells (RIF:
p < 0.001; ACET: p = 0.003; Sigmastat, SPSS version 26, USA). Sily-
marin significantly increased the viability of the toxin-induced cells
in comparison to the control cells with p<0.001. The root and leaf
extracts increased the viability of RIF-induced cells significantly at



Table 2
Cytotoxicity and selectivity index values of extracts.

Plant Solvent/Extract LC50

(mg/mL)
Selectivity index (Vero cells)

Ms Mf Ma Mb (TB9650C) Mtb (TB8993A) Mtb (ATCC25177)

C. mucronata (leaves)
C. mucronata (stem)
C. owariensis (plant)
T. fragosa (aerial part)

Acetone 0.02§ 0.01 0.67 0.33 0.33 0.125 0.15 0.15
0.03§0 0.19 0.5 0.38 0.1 0.19 0.23
0.06§0.02 0.38 0.25 2 0.06 0.46 0.19
0.04§0.01 0.33 0.5 0.25 0.06 0.05 0.02

C. mucronata (leaves)
C. mucronata (stem)
C. owariensis (plant)
T. fragosa (aerial part)
C. owariensis (leaves)

Hot water 0.30§0.13 0.48 0.48 20 7.5 20 30
0.12§0.006 0.39 0.26 0.26 0.13 0.05 0.05
0.72§0.09 1.14 1.53 3.23 2.32 1.53 1.39
>1000
0.01§0.01

3.23
0.72

3.23
0.36

6.25
0.02

1.59
-

1.59
-

0.8
-

C. mucronata (leaves)
C. mucronata (stem)
C. owariensis (plant)
T. fragosa (aerial part)
C. owariensis (roots)

Methanol:water (4:1) 0.26§0.11 0.84 0.41 6.5 0.84 0.14 0.41
0.34§0.05 0.54 0.14 0.54 0.33 0.14 0.81
0.16§0.03 0.25 0.09 0.52 0.52 0.13 0.17
0.19§0.04
0.16§0.05

0.15
0.06

0.24
0.13

0.61
0.25

0.1
-

0.61
-

0.09
-

C. mucronata (leaves)
C. mucronata (stem)
C. owariensis (plant)
T. fragosa (aerial part)

Dichloromethane:
methanol (1:1)

0.1 § 0.03 0.05§0.01
0.05§0.02
0.49§0.19

Doxorubicin Standard 0.0102§0.0025
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0.01, 0.05 and 0.075 mg/mL (root: p < 0.001; leaves: p < 0.001,
p = 0.008 and p < 0.001 respectively). The root extract increased the
viability of ACET-induced cells at all concentrations tested (0.01, 0.05
and 0.075 mg/mL; p<0.001, p = 0.001 and p = 0.006 respectively).
However, treatment with the leaf extract resulted in no statistical sig-
nificance, i.e., treatment with the leaf extract did not attenuate the
ACET induced toxicity in the study (Table 3). The active extracts (ace-
tone and hot water extracts of the Menispermaceae species from the
antimycobacterial assay) had hepatoprotective effects on HepG2 cells
compared to the positive control (silymarin), control cells and the
normal cells (p < 0.05; a p-value of �0.05 was considered statistically
significant) (Figs. 3 and 4, Table 4). There was a reduction in cell via-
bility observed with the control cells, and treatment with the extracts
led to an increase in cell viability (Table 4). There was a significant
increase in cell viability at the lowest concentration (0.025 mg/mL)
(p < 0.05, for extracts treated with toxin-induced cells; Sigmastat,
SPSS version 26, USA). The hepatoprotective effect was concentra-
tion-dependent with most of the extracts (Table 4). A drastic reduc-
tion in cell viability was observed at the highest concentration
(0.1 mg/mL) with the acetone extracts (p < 0.05) (Table 4). The hot
water extract displayed a more protective effect than the acetone
extract (Figs. 3 and 4; Table 4).
Fig. 1. Hepatoprotective effect of C. owariensis extrac
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A(CM, CML, CMS, COW, TFA) � Acetone extracts (C. mucronata
aerial part, Cissampelos mucronata leaves, Cissampelos mucronata
stem, Cissampelos owariensis plant, Tinospora fragosa aerial part); H
(CMS, COW, CML, TFA) � Hot water extracts (Cissampelos mucronata
stem, Cissampelos owariensis plant, Cissampelos mucronata leaves,
Tinospora fragosa aerial parts)

4. Discussion

The antimycobacterial assay revealed similar patterns of activity
for C. owariensis leaf and root extracts as well as for the aerial parts of
C. mucronata, attributed to the presence of similar phytochemicals in
the plant extracts (Ndukwe et al., 2007). A similar pattern of activity
was also observed for C. mucronata leaf and stem extracts. Acetone
extracts a wide range of polar and non-polar compounds from plants,
while water extracts are comprised of largely polar compounds
(Borges et al., 2020). The bioautography assay in this study revealed
non-polar active zones, implying that the bioactive compounds are
mainly relatively non-polar.

Cissampelos mucronata had a wide range of activity with MIC val-
ues ranging from 0.01 to 1.88 mg/mL for the leaves and 0.06 �
2.5 mg/mL for stem extracts against Mycobacterium spp. A study of
ts using HepG2 cells with rifampicin as the toxin.



Fig. 2. Hepatoprotective effect of C. owariensis extracts using HepG2 cells with acetaminophen as the toxin.
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the ethanolic and dichloromethane extracts of the aerial part and
root of this plant by Nondo et al. (2011) revealed moderate antibacte-
rial activity (MIC: 0.391 - 12.5 mg/mL; 0.195 - 25 mg/mL respectively)
against Staphylococcus aureus, Escherichia coli, Pseudomonas aerugi-
nosa, Salmonella typhi, Vibrio cholera, Bacillus anthracis and Strepto-
coccus faecalis. This indicates that C. mucronata has broad spectrum
antibacterial activity against Gram-positive and Gram-negative bac-
teria. Aska et al. (2019) reported that the aqueous methanol root
extract of C. mucronata had poor activity against M. tuberculosis BCG
(MIC = 5 mg/mL). Apart from potential variabilities in bioactive phy-
tochemicals in the plant parts observed in similar studies above, dif-
ferences in the geographical area or seasonal changes might also be
responsible for the differences in the biological activity observed in
these studies (Oosthuizen et al., 2019). C. mucronata is used in ethno-
medicine for the treatment of tuberculosis, cough and fever (Van
Wyk and Gericke, 2000; De Wet and Van Wyk, 2008; Aska and Kub-
marawa, 2016). The findings of this study support the ethnomedici-
nal use of the plant for tuberculosis related symptoms.

Cissampelos owariensis generally exhibited moderate activity
(MIC = 0.02 � 1.88 mg/mL). A preliminary study conducted by
Akande et al. (2013) revealed that the methanolic root extract of Cis-
sampelos owariensiswas active at 3 mg/mL against someM. tuberculo-
sis isolates evaluated by drug susceptibility test using an indirect
Table 3
Hepatoprotective and cytotoxic effects of Cissampelos owariensis root and leaf extracts with

% cell viability of

Conc. (mg/mL) Roots Leaves

0.0075 - -
0.01 112.85 95.18
0.025 98.315 77.82
0.075 107.335 84.805

% cell viability of

Conc. (mg/mL) Roots Leaves

0.0075 - -
0.01 113.455 59.325
0.025 122.73 59.875
0.075 96.185 52.795

Cytotoxi

LC50 (mg/mL) 0.19§0.05 0.13§0.05
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proportion method. Akande et al. (2013) also reported moderate to
poor antimicrobial activity against Staphylococcus aureus, S. typhi,
E. coli, Pseudomonas aeruginosa (MIC = 0.125 - 0.250 mg/mL; 12.5 mg/
mL) with the compounds and methanolic root extract respectively.
The previous study on C. owariensis corroborates the antibacterial
effect observed in this study. In addition to its diverse use in tradi-
tional medicine (Earnest et al., 2015), C. owariensis is also used for
tuberculosis-related symptoms i.e., persistent cough and fever
(Oliver-Bever, 1986). C. mucronata, C. owariensis and C. pareira have
often been confused as they have similar uses, and it is often difficult
to differentiate these species on the basis of their ethnomedicinal
uses (Muzila et al., n.d.). Similar phytochemical constituents in the
related species could contribute to the similarity in their ethnomedi-
cinal use and the antimycobacterial effect observed in this study.

Tinospora fragosa had moderate activity (MIC = 0.08 � 2.08 mg/
mL). T. fragosa is used traditionally to treat cough and anthrax sores,
and is given to cattle as fodder to prevent anthrax (De Wet and Van
Wyk, 2008). Biological activity reported for T. fragosa includes alpha-
glucosidase inhibition and cytotoxic effects, but there has been no
report of its antimicrobial effect (De Wet et al., 2009; Shai et al.,
2010). The ethnomedicinal use of the plant for bacterial infection
such as anthrax is an indication that T. fragosa might have possible
antimicrobial effects, which is supported by the antimycobacterial
HepG2 cells.

HepG2 cells

Silymarin Rifampicin Normal cells

96.965 56.95202 100
- - -
- - -
- - -

HepG2 cells

Silymarin Acetaminophen Normal cells

122.105 58.98313 100
- - -
- - -
- - -

city

0.0020§0.0011
(Doxorubicin)



Fig. 3. Hepatoprotective effect of active extracts with HepG2 cells using rifampicin as the toxin.

Fig. 4. Hepatoprotective effects of active extracts with HepG2 cells using acetaminophen as the toxin.
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activity observed in this study. B. anthracis, the causative agent of
anthrax, is susceptible to some tuberculosis drugs (Bryskier, 2002). B.
anthracis (Beesley et al., 2010) andM. tuberculosis are both Gram-pos-
itive bacteria, although M. tuberculosis has a more complex cell wall
(Kalscheuer et al., 2019). This is another link between the ethnomedi-
cinal use and antimycobacterial effect observed in this study. To the
best of our knowledge, this appears to be the first study on the anti-
mycobacterial effect of Tinospora fragosa.

Based on the MIC results and the work of Rahman et al. (2014) and
Brown-Elliott and Philley (2017) on the classification of Mycobacte-
rium strains, C. mucronata could be useful for tuberculosis chemo-
therapy while C. owariensis and T. fragosa might be more effective
against opportunistic infections. These findings reveal a correlation
between the ethnomedicinal use and scientific evaluation of Cissam-
pelos species and support the ethnomedicinal use of C. mucronata
and C. owariensis for cough and tuberculosis related symptoms.

The TLC and bioautographic assay reveal similar bioactive com-
pounds between the Cissampelos extracts. This implies some com-
pounds are common to the extracts and indicates their
chemotaxonomic relationship. Some compounds visible with Dra-
gendorff reagent had similar Rf values to some of the active bands.
This might be indicative of alkaloids and supports the hypothesis that
the presence of alkaloids in the extracts could be responsible for the
antimycobacterial activity.

Selectivity index is the ratio of cytotoxicity (LC50) to activity (MIC).
Selectivity index indicates the relative safety of the extract, and the
higher SI index, the safer the extract (Bagla et al., 2014, Oosthuizen et
294
al., 2019). The SI of the leaf and root extracts of C. owariensis is less
than 1 (Table 2). Plant extracts with SI less than 1 imply the extracts
are more toxic to the mammalian cells than the pathogens. This
implies the extracts might exhibit general toxicity to normal cells.
The extracts or plant can be considered for use in synergy with the
current antituberculosis drugs which could reduce their cytotoxic
effects, or potentially as a source of bioactive molecules. Menisper-
maceae species are rich in alkaloids (particularly bisbenzylisoquino-
line alkaloids). Bisbenzylisoquinoline alkaloids are known for their
numerous biological activities including anticancer, antifungal and
antibacterial, anti-plasmodial, antiparasitic, cytotoxic, acetylcholines-
terase inhibition, antiplatelet aggregation, vasodilator effects and his-
tamine release inhibition (Sureram et al., 2012, Weber and Opatz,
2019). These alkaloids might be responsible for the antimycobacterial
effect and cellular toxicity observed in this study (Cavalcanti da Silva
et al., 2012, Weber and Opatz, 2019, Bhagya et al., 2019, Rukachaisiri-
kul et al., 2021). However, cellular toxicity is not a true measure of
the toxicity of the extracts, and in vivo animal toxicity studies are still
needed (Famuyide et al., 2019). As stated above, high SI implies the
extract is safe in vitro and has the potential to be developed into a
safe herbal product (Famuyide et al., 2019). Therefore, crude extracts
with higher SI values might be safer in vivo because the extract is
more toxic to the pathogens than the mammalian cells (Aro et al.,
2015). The high SI observed with Cissampelos mucronata extracts
(Table 2) against most of the strains implies the plant is far more
effective against the mycobacterial species than the mammalian cells
and it is a good candidate for further studies. Based on this study, T.



Table 4
Hepatoprotective and cytotoxic effect of active extracts using HepG2 cellsA(CM, CML, CMS, COW, TFA) � Acetone extracts (Cissampelos mucronata aerial part, Cissampelos mucronata
leaves, Cissampelos mucronata stem, Cissampelos owariensis plant, Tinospora fragosa aerial part); H(CMS, COW, CML, TFA) � Hot water extracts (Cissampelos mucronata stem, Cissam-
pelos owariensis plant, Cissampelos mucronata leaves, Tinospora fragosa aerial part).

% cell viability of HepG2 cells

Conc. (mg/mL) ACM A(CML) A(CMS) A(COW) A(TFA) H(CMS) H(COW) H(CML) H(TFA) Silymarin Acetaminophen Normal cells

0.025 116.1332 94.2970 103.3472 101.0755 135.1700 120.1113 137.3965 125.1942 114.5344 77.4160 65.9449 100
0.05 80.0700 78.2702 87.7228 66.7597 109.7393 94.1129 131.6277 109.7141 109.0867 85.1449
0.075 84.0625 78.1929 83.0591 67.9082 104.5694 86.6780 117.6379 106.4189 103.019 86.8241
0.1 81.0582 70.6988 81.5970 44.9080 57.0660 88.1855 89.2417 86.6260 98.5614 112.7943

% cell viability of HepG2 cells Rifampicin Normal cells

0.025 101.6665 92.2409 100.2865 101.0365 108.4508 119.0732 104.3106 109.9305 111.3357 81.8631 63.9046 100
0.05 92.4761 87.0918 90.1530 90.8579 89.0092 106.9577 86.9138 88.4512 104.9629 80.7522
0.075 90.2476 79.3945 82.3716 91.4105 88.5370 110.5218 85.9503 89.5444 113.7126 84.7423
0.1 52.8967 55.7089 49.0152 61.5465 81.2436 90.9723 80.2983 91.9416 104.9153 99.0027

Cytotoxicity Doxorubicin

LC50 (mg/mL) - 0.48§0.13 0.53§0.04 0.88§0.25 0.63§0.05 >1 >1 >1 >1 0.0020§
0.0011

- -
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fragosa and C. owariensis can also be considered for continued investi-
gation. To the best of our knowledge, this is the first study on the in
vitro cytotoxic effect of C. owariensis.

Some studies reveal that hepatotoxic effects of the first line tubercu-
losis chemotherapy may lead to inconsistency in chemotherapy and
resistant strains among other effects in aged patients, extrapulmonary
TB and TB/HIV co-infected persons (Molla et al., 2021; Okaiyeto et al.,
2018). Medicinal plants that are active against mycobacterial strains
would have enhanced benefit if they had hepatoprotective effects, as
many current anti-tuberculosis drugs have liver-damaging properties.
Human hepatoma cells are used as models for human hepatocytes for
in vitro hepatoprotective studies (Gonz�alez et al., 2017). The HepG2
hepatoma cell line is widely used in liver function, metabolism and
drug toxicity studies. The cells possess many biochemical and morpho-
logical features of normal liver cells, hence the need to use them for
investigation of the hepatoprotective effects of medicinal plants
(Gonz�alez et al., 2017). The extracts displayed a general protective effect
on the toxin-induced cells (Table 3 and 4). The phytochemical constitu-
ents present in the leaves and acetone extract treated cells (Tables 3
and 4) could be responsible for the decrease in cellular viability. In the
study by Darvin et al. (2018) using liver cells and MTT assay, tiliamo-
sine, a bisbenzylisoquinoline alkaloid isolated from Tiliacora racemosa
was not cytotoxic up to 100 mM, and it had GI25 (25 % growth inhibi-
tion) value of 264.28 mM. The ability of bisbenzylisoquinoline alkaloids
in Menispermaceae species to trigger different biological activities could
be responsible for the hepatoprotective effect observed in this study
(Darvin et al., 2018; Weber and Opatz, 2019). This is the first record of
the in vitro hepatoprotective effect of Cissampelos mucronata, Tinospora
fragosa and C. owariensis extracts. The extracts were not cytotoxic to
the liver cells (Tables 3 and 4).

5. Conclusion

The antimycobacterial effect of species of the Menispermaceae
family has not been studied extensively despite the local use of many
species from the family to treat cough and other symptoms of tuber-
culosis. C. owariensis and C. mucronata aerial parts showed significant
antimycobacterial effect against selected mycobacterial strains. The
extracts of three plant species were generally not cytotoxic, except
for the acetone extract of C. mucronata and aqueous extracts of C.
owariensis. When investigating selective activity, it was apparent that
the antimycobacterial effect observed with C. mucronata, C. owarien-
sis and T. fragosa (hot water extracts; Table 2) was not due to general
toxicity. The extracts of the three plants displayed good hepatopro-
tective effects to liver cells in this study. This is commendable
295
because current tuberculosis chemotherapy has toxicity concerns. An
efficacious herbal drug with good safety profile and hepatoprotective
effect is significant in tuberculosis chemotherapy. In particular, the
potent antimycobacterial activity of the Cissampelos mucronata leaf
extract, the safety profile of the aqueous and other extracts, hepato-
protective effect and high selectivity index suggest that the plant
could be a potential source of antimycobacterial agents or treatment
adjuvants. Synergistic investigation of the leaf extracts of C. owarien-
sis is recommended with the current first line antituberculosis drugs
to reduce their toxic effects. The Cissampelos species (C. mucronata
and C. owariensis) currently used in ethnomedicine for cough and
tuberculosis related symptoms might be relatively safe for such use
(as decoctions or infusions) following further studies. T. fragosa also
displayed a moderate antimycobacterial effect and was not cytotoxic,
showing protective effects to liver cells with a high selectivity index
against some strains. These preliminary results provide rationale for
further studies of these Menispermaceae species.
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