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Abstract: Cyphostemma adenocaule (Vitaceae) is used by traditional health practitioners in northeastern 

Tanzania, for treatment of cancer but there is no information available regarding its safety and efficacy. 

This study was conducted to determine the activity of the root extracts against brine shrimps, antioxidant and 

cytotoxicity against HeLa  cancer cells.  

A (1:1) dichloromethane/ methanol extract of powdered roots was fractionated by vacuum liquid 

chromatography   to obtain petroleum ether, dichloromethane and ethyl acetate  fractions, which were tested 

for toxicity against Artemia salina larvae  and antioxidant activity using the DPPH and FRAP assays.  

The ethyl acetate fraction exhibited the highest toxicity on brine shrimps (LC50 = 3.9 µg/ml), and antioxidant 

activity with EC50 = 162.88 µg/ml and 100.04 Fe2+μM ECGC equivalent/g dry weight, for DPPH & FRAP 

assay respectively.  

Further tests of fraction to the HeLa cervical cancer cells, demonstrated apoptotic cell death with the (IC50 

3.4 ± 0.3µg/ml), that was characterized by cell cycle arrest at the M phase, phosphatidylserine  

externalization, Caspase 3 and 8 activation and time-dependent reduction in mitochondrial membrane 

potential down to zero after 48 h. 

 The results support claims by THPs, however, more studies using different cancer cell lines, are needed to 

determine clinical application of the results. 

Keywords: Antioxidant, Antiproliferative, Brine shrimp toxicity, Cyphostemma adenocaule, Hela cervical 

cancer cells 
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EGCG Epigallocatechin gallate 

IC Inhibitory Concentration 

PS Phosphatidyl serine 

THPs Traditional Health Practitioners 

WHO World Health Organization 

DMSO Dimethyl Sulphoxide 

FBS Foetal Bovine serum 

EDTA Ethyldiamine tetra acetic acicd 

DPBS Dulbecco’s Phosphate Bufferred saline 

TMRI Tetra methylRhodamineEthyl Ester 

ITM Instutute of Traditional Medine 

TPTZ Tripyridyl-s- triazine 

PI  Propidium Iodide 

BSA Bovine Serum Albumin 

GCLA Government Chemist Laboratory Authority 

ALC African Laser Centre 

NIMR National Institute for Medical Research 

MUHAS Muhimbili University of Health and Allied Sciences 

SD Standard Deviation 

1. INTRODUCTION 

According to the World Cancer Report of WHO (2020) there were an estimated 18.1 million new 

cases and 9.6 million deaths from cancer in 2018 and prevalence is estimated to increase to 29.4 

million by the year 2040 [1]. Most cancers show no symptoms until the disease is diagnosed, often 

when it has already reached progressive stages [2]. Late diagnosis of cancer is a common 

phenomenon in developing countries, largely because in most of these countries there are, either none 

or few, specialized cancer treatment facilities. Until recently, Tanzania had only the Ocean Road 

Cancer Institute, situated in Dar es Salaam. Therefore, most cancer patients depend on Traditional 

Health Practitioners (THPs) as their first point of care, where some are claimed to be cured by the 

traditional medicines, while others are not and end up getting specialized care when it is already too 

late.  Cyphostemma adenocaule is one of plants that is claimed by traditional health practitioners in 

Kilimanjaro region to cure some cancers. 

Cyphostemma adenocaule (Steud. ex A. Rich.) Desc.ex Wild. & R.B. Drumm is a shrub-like climber 

belonging to the family Vitaceae. It is distributed in East and  Central parts of the African continent, 

south of Sahara desert [3]. The plant is traditionally used for medicinal purposes in different parts of 

Africa. In Ethiopia the root powder is used for treatment of skull wounds and snake bites [4]. It is 

used for various illnesses including malaria, helminthic infection, cancer, tumours, snake bite, rabies, 

and anthrax [5]. In  West Africa leaves are used  as wild vegetable [3], while in Samburu-Kenya and 

parts of Ethiopia, the plant is used for treatment of cancer[6,7]. An infusion of fresh leaves is used as 

a purgative and is also reported to have anti-inflammatory activity [8]. It is also used to treat swollen 

abdomen and pneumonia, while the dried entire plant is used for wound healing [8]. 

The aim of this study was to evaluate extracts of Cyphostemma adenocaule for antiproliferative, 

antioxidant and brine shrimp toxicity, as part of initial evaluation of the plant for efficacy. 

2. MATERIALS AND METHODS 

2.1. Materials  

Sea salt was prepared from water collected from the Indian Ocean along the coast of Dar es Salaam, 

Tanzania, and dried by boiling to obtain sea salt. Brine shrimp eggs were obtained from Aquaculture 

Innovations (Grahamstown, South Africa). Dimethyl sulphoxide (DMSO) was purchased from Sigma 

(Poole, Dorset, UK). Ethanol, dichloromethane, petroleum ether and ethyl acetate were purchased 

from CARLO ERBA (Van de Reut, France). HeLa cervical cancer cells were purchased from 

Cellonex (South Africa). RPMI 1640 cell culture medium and foetal bovine serum (FBS) were 



Evaluation of Root Extract of Cyphostemma Adenocaule (Vitaceae) for Antioxidant Activity, Brine 

Shrimp Toxicity, and Antiproliferative Activity against Hela Cervical Cancer Cells   

 

International Journal of Medicinal Plants and Natural Products (IJMPNP)                                     Page | 21 

purchased from GE Healthcare Life Sciences (Logan, UT, USA). Trypsin-EDTA, Dulbecco’s 

phosphate buffered saline (DPBS) with and without Ca2+ and Mg2+were purchased from Lonza 

(Wakersville, MA, USA). Trypan blue, bis benzamide H 33342 (Hoechst 33342), melphalan, 

penicillin/streptomycin and bovine serum albumin fraction V were purchased from Sigma-Aldrich 

(St. Louis, MI, USA). Tetramethyl rhodamine ethyl ester (TMRE) was purchased from Molecular 

Probes – Life Technologies – Thermo Fisher Scientific (Logan, UT, USA). Annexin V-FITC/PI kit 

was purchased from MACS Miltenyi Biotec (Cologne, Germany). Cleaved caspase 3 (Asp175), rabbit 

mAb, cleaved caspase 8 (Asp 391), and Anti-rabbit IgG (H+L), F(ab’)2 fragment (Alexa fluor® 647 

conjugate was purchased from Cell Signaling Technology (Danvers, MA, USA). 

2.2. Methods 

2.2.1. Collection and extraction of plant material  

Cyphostemma adenocaule roots were collected in Same District, Kilimanjaro region, in August 2015. 

Identification and collection of plant material  was done by Mr Selemani Omari Haji, a Botanist at the 

Department of Botany, University of Dar es Salaam, and a voucher specimen (voucher specimen No. 

DZM 33) is deposited in the Herbarium of the Institute of Traditional Medicine (ITM), Muhimbili 

University of Health and Allied Sciences and duplicates are deposited in the Herbarium of the 

Department of Botany, University of Dar es Salaam. On arrival at the ITM, the roots were cleaned, 

dried and then ground by means of a milling machine. The powder (500 g) was macerated with 

methanol: dichloromethane (1:1) mixture for 24 h. The resulting extract was decanted, followed by 

filtration and the solvent removed using a rotary evaporator (Heidolph Instruments GmbH, 

Walpersdorfer - Germany) at 40oC, under reduced pressure. Extracts were freeze-dried (Edwards, 

BOC Ltd. Crawley Sussex- England) to remove any traces of water. Dried extracts were stored in 

vials, in a freezer at -20°C, until when needed for experiments. 

2.2.2. Vacuum liquid chromatography 

Crude extracts were homogenised in a (1:1) ratio with silica gel (60 - 120 mesh) and then fractionated 

using solvents of varying polarities, starting with petroleum ether, followed by ethyl acetate and 

methanol. Solvents were removed from the collected extract fractions by a rotary evaporator, and 

remaining traces of water were removed by freeze drying. The recoveries from each solvent were; 

1.47 g (petroleum ether), 33.02 g (ethyl acetate) and 7.65 g (methanol). Recovered fraction residues, 

after freeze drying, were kept in a freezer, at -20oC, until they were needed for experiments. 

2.2.3. Brine shrimp lethality test (BST) 

The brine shrimp lethality experiments were conducted as described by Meyer et al., 1982 [9], with  

modifications [10]. Ten Artemia salina larvae were incubated in duplicate vials of extracts, while 

control larvae were incubated in a pair of vials which contained 0.6% DMSO in seawater only. After 

24h the percentage of dead nauplii was determined and the Fig P computer program (Biosoft Inc., 

USA) was used to plot the graph of logarithm of concentrations against the mean percentage 

mortality. Regression equations were used to compute concentrations that killed 50% of the larvae 

and their 95% confidence intervals [11] 

2.2.4. Testing for antioxidant activity  

2.1.4.1. Ferric reducing antioxidant potential (FRAP) assay 

A modified version of the Benzie and Strain (1996) assay for the determination of the ferric reducing 

antioxidant potential of C. adenocaule extracts was used(12). Briefly, 50 µl of extract at 

concentrations of 25, 50, 100 and 200 µg/ml were added to the wells of a 96-well microtiter plate, 

followed by addition of 200 µl of FRAP reagent (10:1:1 v/v/v of 300 mM acetate buffer at pH 3.6, 10 

mM tripyridyl-s-triazine (TPTZ) in 40 mM HCl and 20 mM FeCl3). The reagents were incubated for 

30 min, at room temperature, after which absorbances were measured at 593 nm using a Biotek® 

Power Wave XS microtiter plate reader (Winooski, VT, USA). Epigallocatechin gallate (EGCG), 10 

mM, was used as the positive control for the assay. Analyses were performed in four replicates for 

each concentration and results are presented as the mean of four observations with standard deviations 

and expressed as μmol (ferrous sulphate) EGCG equivalent/g dry weight. 

2.1.4.2.  DPPH radical scavenging assay 

DPPH radical scavenging activity of C. adenocaule extracts was determined using a  method 

described by Sandya Kumar et al., 2012 for measurement of scavenging capacity of antioxidants with 
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modification [13].  C. adenocaule fractions (5µl) at concentrations 25, 50, 100 and 200 µg/ml were 

added to 96-well microtitre plates followed by 120 µl of Tris-HCl buffer (50 mM, pH 7.4) and 120 µl 

of DPPH (0.1 mM); 10 mM epigallocatechin gallate (EGCG) served as the positive control. The 

plates were incubated for 20 min at room temperature and absorbance measured at 513 nm using a 

Biotek® Power Wave XS microtiter plate reader (Winooski, VT, USA). Antioxidant activity was 

calculated as % DPPH radical scavenging activity, by substituting the absorbance values into the 

following equation: 

  

The results are reported as percentage of DPPH scavenged relative to the control. 

2.1.5. Antiproliferative activity 

The extract fractions were tested for antiproliferative activity against HeLa cervical cancer cells as 

described in our previous publication [14], using cells which were routinely maintained in antibiotic 

free RPMI 1640 culture medium supplemented with 10% fetal bovine serum (FBS) at 37°C with 5% 

CO2. Melphalan (10 µM) served as the positive control for all subsequent experiments. Incubation 

with the extracts was done as described in our earlier publication [14].  

2.1.5.1.  Cytotoxicity 

HeLa cervical cancer cells were placed into a 96-well plate at 4000 cells per well and left overnight to 

attach. Cells were treated with the ethyl acetate extract at concentrations ranging from 0.1 – 200 

µg/ml for 48 h at 37°C with 5% CO2. Treatment medium was removed and replaced with a 5 µg/ml 

solution of Hoechst 33342 in Dulbecco's phosphate-buffered saline (DPBS) with Ca2+ and Mg2+ and 

incubated for 20 min at 37°C. Prior to image acquisition, 10 µg/ml of propidium iodide (PI) was 

added. Images were acquired using the DAPI and Texas Red filter sets for Hoechst 33342 and PI, 

respectively. 

2.1.5.2. Cell cycle analysis 

Cells were seeded as for cytotoxicity determination, then incubated with test sample at its IC50 for 24 

and 48 h at 37°C. The medium was removed prior to the addition of 50 µl aliquots of a mixture of 

Annexin V-FITC (20 µl of manufacturers stock) and Hoechst 33342 (5 µg/ml) in 2ml Dulbelcco’s 

Phosphate Buffered Saline (DPBS) with Ca2+ and Mg2+. The cells were incubated at 25oC – 30oC for 

15 min after which they were imaged using the DAPI and FITC filter sets for the Hoechst 33342 and 

Annexin V-FITC, respectively. 

2.1.5.3. Image acquisition and analysis 

The Image Xpress Micro XLS Wide field High-Content Analysis System (Molecular Devices°, San 

Jose, CA, USA) together with the Meta Xpress° High-Content Image Acquisition and Analysis 

Software were used to acquire and analyse all images, for antiproliferative related experiments. Image 

acquisition of 9 sites per well, of a 96-well plate, was done using a 10x Plan Fluor objective 

2.1.5.4. Phosphatidylserine translocation 

Cells were seeded, treated and stained as for cell cycle analysis [14] with the exception that PI (10 

µg/ml) was also added prior to image acquisition. The DAPI, FITC and Texas Red filter sets were 

used for the Hoechst 33342, Annexin V-FITC and PI, respectively. 

2.1.5.5. Mitochondrial membrane potential  

Seeded cells were  treated as for cell cycle analysis [14]. The treatment medium was replaced with 

100 µl aliquots of a mixture of 0.05 mM Tetramethyl rhodamine, ethyl ester (TMRE) and 5 µg/ml 

Hoechst 33342 in DPBS with Ca2+ and Mg2+. Cells were incubated for 30 min at 37°C prior to image 

acquisition. The DAPI and TRITC filter sets were applied for the Hoechst 33342 and TMRE, 

respectively. 

2.1.5.6. Caspase 3 and 8 activation 

Cells were prepared as for cell cycle analysis and aspirated for antibody staining. Washing was done 

using DPBS containing Ca2+and Mg2+ and fixed by 4% paraformaldehyde followed by incubation at 

room temperature for 15 min.  Excess paraformaldehyde was removed through washing with DPBS 

prior to permeabilization with 80% ice cold methanol for 10 min at - 20°C. Cells were again washed 

with DPBS and then blocked for 30 min at room temperature using 0.5% bovine serum albumin 
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(BSA) in DPBS. Rabbit anti-caspase 3 or 8 monoclonal antibody was added to the cells at the ratio of 

(1:50) and incubated for 1 h at 37°C. Cells were washed with DPBS to remove excess antibody prior 

to the addition of the Alexa 647-conjugated goat anti-rabbit secondary antibody. After incubation at 

37°C for 30-min the cells were washed and 100 µl of Hoechst 33342 (5 µg/ml) in DPBS added as a 

counterstain. The DAPI and Cy5 filter sets were used for the Hoechst 33342 and Alexa 647-

conjugated goat anti-rabbit secondary antibody, respectively.  

2.1.6. Statistical analysis 

All experiments were conducted at least three times with three different transfer numbers.  The data 

were analysed using the Graph Pad Prism software version 5.01, which plots percentage cell death 

against logarithm of concentrations. Statistical analysis was performed by means of the student t-test 

for two samples assuming equal variance. Error bars represent the standard deviation of the mean 

(SD, n=3). 

3. RESULTS 

3.1. Brine Shrimp Assay 

Toxicity of petroleum ether, ethyl acetate and methanol fractions to brine shrimps, following an 

exposure of 24h are presented in Table1 with the respective 95% confidence intervals. The ethyl 

acetate fraction exhibited high brine shrimp toxicity with mean LC50 = 3.9 µg/ml; 95% CI (2.3 – 6.7). 

This fraction exhibited higher toxicity than the positive control, cyclophosphamide (LC50 = 16.1 

μg/mL) which is a known anticancer drug. The methanol fraction also exhibited toxicity with LC50 = 

22.1 µg/ml, while for petroleum ether fraction the recovered amount was too small for the test. 

 

3.2. Antioxidant Activity 

The C. adenocaule root ethyl acetate fraction exhibited dose-dependent antioxidant activity in both 

the FRAP and DPPH assays at concentrations of 25 - 200µg/ml (Figure 1). The EC50    values 

computed from the regression lines were 100.04 Fe2+/g DW for FRAP and 162.88 µg/ml for DPPH. 

Both methods indicated moderate antioxidant capacity. 
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3.3.  Cytotoxicity To Hela Cancer Cells 

Cyphostemma adenocaule ethyl acetate fraction, at 24h, exhibited high toxicity against the Hela 

cervical cancer cells with an IC50 = 3.4 ± 0.3 µg/ml (Figure 2)  

 

3.4. Effect on Hela Cervical Cancer Cells 

Figure 3A shows that the ethyl acetate fraction of C. adenocaule caused apoptosis of the HeLa 

cervical cancer cells, characterized by reduced number of cells re-entering the cell cycle at the Go/G1 

phase, suppressed G2 and S phase and accumulation of cells at the early M phase.  Consequently, 

there were also reduced number of cells entering the late mitosis phase. 

Exposure of cells to the ethyl acetate fraction for 48h, caused a 3.3-fold rise in percentage apoptotic 

cells (staining positive with Annexin V-FITC) and arrest at early M-phase when compared to negative 

control. The percentage cells in early M-phase increased from 19.6 ± 1.4% in the control to 72.8 ± 

10.9 % in the sample, representing a 3.7-fold increase (Figure 3A). 
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3.5. Phosphatidylserine (PS) Translocation 

Figure 3B shows increased number of cells showing externalization of phosphatidylserine; there was 

nearly 90% increase in the number showing externalization of cell membrane phosphatidylserine. 

Annexin V binds with high specificity to (PS) and, therefore, it is used to detect apoptotic cells after 

translocation of PS to the outer leaflet of the plasma membrane. Propidium iodide (PI) is used in 

conjunction with Annexin V because it enters necrotic cells through their compromised membranes 

and enables the differentiation of apoptotic and necrotic cells.  

3.6. Mitochondrial Membrane Potential 

The trimethyl rhodamine ethyl ester (TMRE) was applied to detect changes in membrane potential. 

Exposure of HeLa cervical cancer cells to C. adenocaule root ethyl acetate fraction caused a 

significant time-dependent reduction in membrane potential after 24 and 48h exposure with almost no 

detectable accumulation of TMRE at 48h (Figure 3C). 

3.7. Caspase Activation 

There was no change in levels of activated caspase 3 and 8 after 24h exposure of Hela cervical cancer 

cells to ethyl acetate fraction when compared to untreated controls. However, after 48h significant 

activation of both caspase 3 and 8 was observed (Figure 4). Caspase 3 increased by 13.3% and 

caspase 8 by 25.5% relative to untreated control. 

 

4. DISCUSSION 

In this study it has been demonstrated that Cyphostemma adenocaule root extract has cytotoxic 

activity against the HeLa cervical cancer cells. Although the results are still very preliminary, it seems 

the highest activity resides in the intermediately polar, ethyl acetate fraction, followed by the 

methanol fraction.  Evidence for the occurrence of apoptosis is corroborated by the externalization of 

membrane phosphatidylserine, which was almost 90% after incubation of the cells with the ethyl 

acetate fraction for 48 h. Similarly, the ethyl acetate and methanol fractions exhibited high and 

moderate toxicity, respectively, against Artemia salina nauplii, with toxicity higher than that of the 

standard drug cyclophosphamide, and going by similar previous observations [11], these results 

support the likelihood of presence of cytotoxic activity against cancer cell lines. There is high 

similarity between the cytotoxicity on HeLa cells results and brine shrimp lethality test results, 

whereby the IC50 for HeLa cells was 3.4 µg/ml and for brine shrimp test the LC50 was 3.9 µg/ml. The 

ethyl acetate fraction also exhibited significant antioxidant activity. Some studies have reported that 

plant extracts with antioxidant activity exhibit antiproliferative activity on some cancer cell lines, 

including the A549 human lung adenoma and MCF-7 human breast cancer cells [15], Caco-2 cells 

(16) and the Human HeLa cervical cancer cells [15]. 

This is the first report showing that Cyphostemma adenocaule root extract has cytotoxic activity  

against a cancer cell line, but other species of Cyphostemma are reported in the literature to have 

cytotoxic activity against cancer cell lines [17-20]. The essential oil of Cyphostemma juttae was 
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reported to exhibit cytotoxic activity against triple negative breast cancer cells and induced apoptosis 

against acute myeloid leukemia cells [17]. On the other hand, C. serpens, is used alone or in 

combination with other plants, in traditional medicine for the management of breast cancer [18]. Root 

extracts of C. vogelii  are reported to have anti-inflammatory effect on sore throat, cough and 

pneumonia in mice [17], which effect may be additive to the cytotoxic activity of its extracts. 

Four Cyphostemma species; C. flaviflorums, C. lanigerum, C. natalitium, and one unidentified 

species, are reported to have cytotoxic activity against the HepG2 cell line [19], but there were no 

isolated chemical compounds. In another study C. greveana exhibited antiproliferative activity against 

the A2780 ovarian cancer cell line and one macrolide, lasiodiplodin, three sesquiterpenoids, and a 

new diterpenoid  were isolated [20]  

Evaluation of the overall scenario of the results suggests that extracts of C. adenocaule and, indeed, 

other plants of the genus Cyphostemma have potential to yield useful anticancer compounds and 

therefore more studies following bioassay-guided isolation to identify active anticancer compounds. 

5. CONCLUSION 

The ethyl acetate extracts of Cyphostemma adenocaule exhibited cytotoxic activity against the HeLa 

cervical cancer cells in support of claims by traditional health practitioners that the plant may have 

potential to yield active anticancer compounds.  The claims are further supported by the brine shrimp 

lethality and antioxidant activity results, thus indicating the need for further studies to isolate active 

compounds. 
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