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Abstract 
 
 
Globally, approximately 13% of all deaths annually are attributed to cancer. Surgery, radiation 

and chemotherapy are the current treatment techniques for cancer; however, these methods are 

expensive, have high failure rates and have been associated with detrimental side effects. Plant 

derived products could be good candidates in alleviating challenges being experienced with these 

current methods. This study aimed at evaluating the phytochemistry, antiproliferation potential, 

and probable mechanism of action of Albizia gummifera, Rhamnus staddo and Senna 

didymobotrya plant extracts. The 3– (4, 5-dimethylthiazol-2-yl) -2, 5-diphenyltetrazolium (MTT) 

assay dye was used in the determination of the antiproliferative activity of the extracts. Extracts 

induction potential of p53 (apoptosis) and VEGF (angiogenesis) genes’ expression was evaluated 

using Real Time PCR. Phytochemical screening was done as per standard procedures. Several 

plant extracts exhibited antiproliferative activity against the cancerous cell lines tested showing 

selective toxicity to cancer cells while sparing the normal cells (SI  ≥  3).  An upregulation 

of p53 and down-regulation VEGF genes was observed. Phytochemical screening revealed 

presence of pharmacologically important phytochemicals in the plant’s extracts. The 

study findings suggest exploitation of these plant extracts as potential candidates for development 

of drugs for the management of breast and prostate cancer. 
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1.  INTRODUCTION 
 
Cancer is  among  the  leading  causes  of  morbidity  and  mortality  worldwide.  There  were  

an estimated 19.3 million new cases of cancer and nearly 10 million deaths from cancer 

worldwide in 2020 [1].  The factors that have been associated with high cancer risk include high 

body mass index, low fruit and vegetable intake, lack of physical activities, environmental 

pollution, tobacco use and alcohol [2]. Chemotherapy, radiation, surgery and hormonal   and 

targeted therapy are the main strategies employed in the management of cancer. Despite their 

effectiveness, they lack specificity and have various side effects such as hair loss, peripheral 

neuropathy and cardiac damage among others [3]. Due to these challenges, people have turned 

to the use of medicinal plants as alternative therapies because they are thought to be cheap, 

effective, safe and easily accessible. It has been estimated that over 30% of the plant’s species 

contain secondary metabolites which are useful in treatment of various diseases such as cancer 

[4]. The use of naturally derived products from medicinal plants that selectively induce apoptosis 

and reduce angiogenesis could serve as an alternative to the current cancer treatment regimens 

[3]. 

Several important bioactive compounds that produce desirable physiological activities have been 

derived from plants. These compounds could serve as new leads and clues for modern drug 

design [5]. These important bioactive constituents of plants include but are not limited to 

alkaloids, tannins, flavonoids, terpenoids and phenolic compounds [6]. During the synthesis of 

compounds with specific activities to treat various diseases such as cancer, it is important to 

know the correlation between the phytoconstituents and the bioactivity of plants [7]. 

The determination of the molecular mechanisms underlying neoplastic transformation and 

progression have resulted in the understanding of cancer as a genetic disease, which evolves 

from the accumulation of a series of acquired genetic lesions [8]. Protein 53 (p53) is a tumor 

suppressor  that eliminates and inhibits multiplication of abnormal cells through induction of 

apoptosis [9]. It is one of the key orchestrators of cell signaling pathways related to apoptosis 

and cell cycle, which have an essential role in the development and progression of complex 

diseases such as cancer. Studies have shown that medicinal plants can activate apoptotic genes 

[10]. 

Angiogenesis is a key process in cancer promotion. It is an important pathological event 

associated with tumor growth and metastasis. Vascular Endothelial Growth Factor (VEGF) plays 

an important role in this event [11]. It is a physiological process of formation of new blood 



 

vessels on already existing ones. The newly formed blood vessels facilitate the metastatic 

dissemination of cancer cells. In most cancers, angiogenesis correlates with disease stage and 

metastasis [12]. Various reports have shown that plant extracts and plant derived compounds 

have the potential to down regulate VEGF [13]. This study therefore aims at evaluating the 

antiproliferative activity of S. didymobotrya, A. gummifera and R. staddo MeOH: DCM and 

aqueous plant extracts and their probable mechanism of action in cancer growth inhibition.  

 
 
 
 

2.  MATERIALS AND METHODS 
2.1. Plant materials used 

 
The plant parts of A. gummifera, R. staddo and S. didymobotrya were used in this study. A. 

gummifera (JF Gmel.) C.A. Sm. belongs to the family Mimosoideae. The plant is known by 

different names in Swahili such as Mshai, Mkenge and Mchai mbao, and peacock flower in 

English. R. staddo A. Rich. belongs to family Rhamnaceae. It is commonly known as staddo or 

buckthorn  and  commonly  referred  by  the  Tugen community  in  Baringo  County,  Kenya  as 

Ng’oliny. S. didymobotrya (Fresen.) Irwin & Barnebey belongs to the family Caesalpinaceae. It 

is a 30-90 cm tall small tree or a several stemmed shrub. It is locally known as Mwinu in the 

Kikuyu, Meru and Embu community and Muumai in Kamba community. 

The leaf, stem bark and root bark of S. didymobotrya and R. staddo were collected from Laikipia 

County; 0.0196463N(Latitude), 37.0837843E(Longitude). A. gummifera plant parts were 

collected from Ngong Forest, Kajiado County; 1.355676N(Latitude), 36.664274E(Longitude). 

Harvesting was done sustainably. Identification of the botanical samples was conducted by a 

qualified  botanist  and  voucher  specimens  (RAM  2017/01,  RAM 2017/03 and RAM 2017/2 

respectively) stored at the University of Nairobi Herbarium. 

The plant samples collected were dried at room temperature and then ground into fine powder 

using Gibbons electric mill (Wood Rolfe Road Tolles Bury Essex, UK). The ground samples 

were then stored in air tight bags at room temperature until use. 
 
 
 
 
 
 
 
 



 

2.2. Extraction 
2.2.1.   Aqueous Extraction 

 
About 200g of each sample was weighed and submerged in 1litre of double distilled water. 

Extraction was done in an aqueous bath at 600C for 2hrs. After cooling, the extract was decanted 

in a clean 1000ml conical flask and filtered using a Whatman No. 1 filter paper. The filtrate was



 

then  freeze  dried  using  a  freeze  dryer  (Modulyo  Edwards  high  vacuum,  Crawey  England, 

Britain, Serial No. 2261). The extract was weighed and stored at 4°C in air tight vials until use. 

2.2.2.   Organic Extraction 
 
Briefly, 200g of each sample was weighed, put in a flat-bottomed conical flask and solvent added 

to cover the sample completely and left to stand for 24hrs. A Whatman No. 1 filter paper was 

used to filter and the sample re-soaked again for 24hrs. Extraction was done using methanol: 

dichloromethane   (1:1).   The   solvents   were   removed   using   a   rotary   evaporator   (Büchi, 

Switzerland) and the concentrated extracts packed in air tight vials and stored at 4°C until use. 
 
 

2.3. Cell culturing 
 

DU 145 (prostate cancer), HCC 1395 (breast cancer) and Vero E6 (normal) cells obtained from 

ATCC  (Manassas,  VA,  USA)  were  used.  The  cells  initially  stored  in  liquid  nitrogen  were 

removed from the tank and quickly thawed in a water bath at 37˚C. The vial contents were 

centrifuged, supernatant removed and the cells transferred into growth MEM medium 

supplemented with 10% Fetal Bovine Serum (FBS), 1% L-Glutamine and 1% antibiotic 

(Penicillin/Streptomycin) in a T75 culture flask and incubated at 37˚C and 5% CO2 to attain 

confluence. 

2.4. Antiproliferative assay 
 
Upon attainment of confluence, cells were washed with saline phosphate buffer and harvested by 

trypsinization. The number of viable cells was determined using Trypan blue exclusion method 

(cell density counting) using a hemocytometer. An aliquot of 100µl containing 2.0 ×104 cells/ml 

suspension was seeded in to a 96-well plate and incubated at 37oC for 24hrs at 5% CO2 for 24hrs. 

After 24hrs, 15µl of sample extracts at seven different concentrations each serially diluted were 

added on Row H-B. Row A, containing media and cells alone served as the negative control. The 

standard drug Doxorubicin was used as the positive control. The experiment was done in 

triplicate. The cells were incubated for 48hrs, then 10 µl of MTT dye (5mg/ml) was added and 

the plates incubated for 2hrs at 37˚C and 5% CO2. Formazan formation was confirmed using 

inverted light microscope and then solubilized with 50µl of 100% DMSO and optical density 

(OD) read using a calorimetric reader at 540nm and a reference wavelength of 720nm. The effect 

of the test samples on the cancer and normal cells was expressed as IC50  values (the extracts 

concentration which kills 50% of the cancer cells) and CC50 values (concentration of extracts that 



 

exerted cytotoxic effects to 50% of the normal cells) respectively [14]. Selectivity index (SI) 

which indicates the ability of the extracts to exert selective toxicity to cancer cells while sparing 

the normal ones was also calculated using:  

 

Where;  

CC50 – Concentration of extract that exerted cytotoxic effect to 50% of the normal cells 

IC50– Concentration of extract that inhibited the growth of cancer cells by 50% 

The data obtained was analysed using linear regression model to get IC50 of each drug. The IC50 

values of the extracts were compared using Minitab Version 18 to obtain the Mean±SEM. 

 
 
 

2.5. Gene Expression Assay 
 
80% confluent (prostate) DU145 and (breast) HCC 1395 cancer cells, in T75 flasks, were treated 

with crude extracts of A. gummifera, R. staddo and S. didymobotrya extracts at concentrations 

equivalent to the calculated IC50   values. Negative control cells were exposed to fresh growth 

media. After 48hrs, the media was decanted and cells washed in PBS to remove any debris. 

Trypsinization  of  the  cells  was  done.  RNA  extraction  was  carried  out  using  the procedure 

described  by  Pure  Link  RNA  mini  kit  (Thermo  Scientific,  USA).  The  extracted RNA was 

quantified and its concentration and purity examined using a Nanodrop ND-2000 

spectrophotometer (Nanodrop Technologies, Inc., Wilmington, DE, USA). 

Reverse  transcription  and  cDNA  amplification  were  done  in  single  step  reaction  using 

SuperScript IV Reverse Transcriptase and Thermo scientific Real time SYBR green Kits 

according to the manufacturer’s instructions. A single narrow peak from each PCR product was 

obtained by melting curve analysis at specific temperatures. The quantitative RT-PCR data was 

analyzed by a comparative threshold (Ct) method, and the fold inductions of the samples 

compared with the untreated samples. Glyceraldehyde 3-phosphate dehydrogenase was used as 

an endogenous control gene to normalize the expression of the target genes. The Ct cycle was 

used to determine the expression level in cells treated with different extracts after 48hours. Each 

sample was run in triplicate and the relative p53 and VEGF mRNA expression calculated by 

2-ΔΔCt 

 
 



 

2.6. Qualitative Phytochemical Screening 
 
Qualitative phytochemical screening of S. didymobotrya, A. gummifera and R. staddo was done 

using standard procedures as described by [15,16]. Secondary metabolites tested included 

alkaloids, saponins, phenols, flavonoids, glycosides, terpenoids and tannins 

2.6.1. Alkaloids 

Three drops of Mayer’s reagent were added to 2 ml of the extract. Formation of a yellow colored 

precipitate indicates the presence of alkaloids 

2.6.2. Saponins 

Five milliliters of the extract were diluted with distilled water to 10 ml in a graduated cylinder and 

shaken for 10 minutes. Formation of a persistent layer of foam indicates the presence of saponins. 

 

2.6.3. Phenols 

Three to four drops of ferric chloride solution were added to the extract. Formation of a blue-black 

color indicates the presence of phenols. 

 

2.6.4. Flavonoids 

Two milliliters of dilute ammonia and 2 ml of concentrated sulphuric acid was added to the extract. 

Formation of intense yellow color indicates the presence of flavonoids. 

 

2.6.5. Glycosides 

 One milliliter glacial acetic acid was added to the 0.5 ml of the extract. One drop of iron chloride 

was added and the mixture shaken. 1 ml of concentrated sulphuric acid was then added to the 

mixture. Formation of a brown ring indicates the presence of glycosides 

 

2.6.6. Terpenoids 



 

Two milliliters of chloroform were added to 1 ml of the plant extract and shaken vigorously. 2 ml 

of concentrated sulphuric acid was then added and heated for 2minutes. Formation of grey color 

indicates the presence of terpenoids. 

 

2.6.7. Tannins 

Five milliliters of distilled aqueous was added to 2 ml of the plant extract and heated to boil. 2 % 

of iron chloride was then added. A blue-black color formation indicates the presence of tannins. 



 

3.0. RESULTS 
 

3.1. Antiproliferative assay 
 

 
Table 1: IC50 values of the plant extracts on the prostate and breast cancer cell lines 

 
 

Key: MeOH: DCM- methanol: dichloromethane 
 

Plant Sample Part Used Solvent DU145 
IC50 (µg/ml) 

HCC 1395 
IC50 (µg/ml) 

A. gummifera Stem bark Aqueous 18.29±0.02f 21.38±0.03f 
 Leaves Aqueous 66.26±0.04b >100 
 Root bark Aqueous 25.29±0.09e 35.58±0.25d 
 Stem bark MeOH: DCM 3.34±0.05h 6.07±0.04h 
 Leaves MeOH: DCM 64.48±0.24d 53.77±0.06c 
 Root bark MeOH: DCM 79.71±0.10a 2.38±0.019i 
R. staddo Root bark MeOH: DCM 9.36±0.10g 15.71±0.04g 
S. didymobotrya Stem bark Aqueous >100 >100 

 Leaves Aqueous >100 >100 
 Root bark Aqueous >100 >100 
 Stem bark MeOH: DCM >100 58.67±0.02b 
 Leaves MeOH: DCM 65.72±0.01c 32.32± 0.03e 
 Root bark MeOH: DCM >100 65.06±0.07a 
Doxorubicin   0.24±0.03i 0.54±0.30j 
Values are expressed as Mean±SEM. Values that do not share a letter are significantly different 

 

(P≤0.05). 
 
 
 

On the prostate cancer cell line (DU 145), the stem bark extract of A. gummifera MeOH: DCM 

exhibited the highest cell inhibition with an IC50  value of 3.34±0.05µg/ml followed by R. staddo 

root  bark  MeOH:  DCM  and  A.  gummifera  aqueous  stem  bark  extracts  at  IC50   values  of 

9.36±0.10µg/ml and 18.29±0.02µg/ml, respectively (Table 1). Amongst all the S. didymobotrya 
 

extracts tested on the prostate cancer cell line, only the leaf MeOH: DCM extract portrayed 

activity with an IC50 value of 65.72±0.01µg/ml (Table 1). 

On the breast cancer cell line (HCC 1396), A. gummifera root bark MeOH: DCM extract had the 
 

highest cell inhibition with an IC50  value of 2.38±0 .01µg/ml. A. gummifera stem bark MeOH: 

DCM and R. staddo root bark MeOH: DCM extracts exhibited IC50  values of 6.07±0.04µg/ml 



 

and 15.71±0.04µg/ml respectively. A. gummifera stem bark and root bark aqueous extracts 

exhibited  cell  growth  inhibition  with  IC50   values of 21.38±0.03µg/ml and 35.58±0.25µg/ml, 

respectively. 
 
 
 
 
3.2. Cytotoxicity assay 

 
Figure 1: Percentage cell growth inhibition of the various plant extracts on normal VeroE6 
cells. 
Key; AGSMeOH:DCM- A. gummifera stem methanol: dichloromethane extract, AGRAq- 
A. gummifera root aqueous extract, AGSAq- A. gummifera stem aqueous extract, 
AGRMeOH:DCM- A. gummifera root methanol: dichloromethane extract, 
AGLMeOH:DCM- A. gummifera leaf methanol: dichloromethane extract 
RSRMeOH:DCM- R. staddo root methanol: dichloromethane extract, 

 

 
Doxorubicin was used as standard anticancer drug. Data is presented as Mean ± SEM. 
Treatment   of   VeroE6  cells  with  the  standard  drug  doxorubicin  (positive  control)  at  a 

concentration of 100 µg/ml, resulted in inhibition of cell growth by 98.76% (CC50 = 0.98 ± 0.01 

µg/ ml). The stem bark MeOH: DCM extract of A. gummifera was the most cytotoxic among the 
 

plant extracts with a CC50  value of 15.68±0.08µg/ml, resulting in the inhibition of Vero cells by 
 

75.05%. Treatment of Vero E6 cells with the aqueous and MeOH: DCM root, stem and leaf 



 

extracts of A. gummifera, and the R. staddo root bark MeOH: DCM extract led to the inhibition 

of cell survival by 40.23%, 18.5%, 20.55%, 30.98%, and 25.65% respectively (Figure 1) 
 
 

3.3. Selectivity index (SI) of, A. gummifera, R. staddo and S. didymobotrya 
 

Table 2: Selectivity index of, A. gummifera, R. staddo and S. didymobotrya extracts 
 

Plant Sample Part Used Solvent DU 145 HCC 1395 
A. gummifera Leaf Aqueous 1.51 N/A 

Stem bark Aqueous 3.44 3.94 
Root bark Aqueous 3.28 3.33 

Leaf MeOH: DCM 1.32 1.59 
Stem bark MeOH: DCM 4.79 3.60 
Root bark MeOH: DCM 0.65 21.68 

R. staddo Root bark MeOH: DCM 5.15 3.03 
S. didymobotrya Leaf MeOH: DCM 1.52 3.09 

 Stem bark MeOH: DCM N/A 1.70 
 Root bark MeOH: DCM N/A 1.53 

 
Key: MeOH: DCM- Methanol: Dichloromethane; N/A-Not Applicable 

 

The greatest SI was observed on the root bark MeOH: DCM extract of A. gummifera on the 

breast cancer cell line (SI = 21.68). The aqueous stem bark and root bark; and stem bark MeOH: 

DCM extracts also showed a SI ≥ 3 in both prostate and breast cancer cells. A high selectivity 

(SI ≥ 3) was also observed on R. staddo root bark MeOH: DCM extract on the prostate and 

breast cancer cell lines tested (Table 2) 



 

 
 
3.4. Assessment of expression of apoptotic (p53) and angiogenic (VEGF) genes 

 
Figure 2: Fold change in expression levels of p53 gene on prostate and breast cancer cells 
by real time PCR 

 
Key; AGSMeOH:DCM- A. gummifera stem methanol: dichloromethane extract, 
RSRMeOH:DCM- R. staddo root methanol: dichloromethane extract, SDLMeOH:DCM-S. 
didymobotrya leaf methanol: dichloromethane extract 

 
 

 



 

Figure 3: Fold change in expression levels of VEGF gene on prostate and breast cancer cells 
by real time PCR. 

 

 
 
This study investigated the changes in p53 and VEGF gene expressions in DU145 and HCC 

 

1395 cancer cells. The relative mRNA expression levels of the genes were determined using real 

time PCR. The fold increase or decrease in the expression of the genes was evaluated, relative to 

the calibrator (Relative Quantification=1). It was observed that all the extracts showed a 

significant fold increase in the p53 expression compared to the control (Figure 2). The MeOH: 

DCM extracts of A. gummifera, R. staddo and S. didymobotrya increased p53 expression in 

DU145 by a fold change of 16.066, 15.985 and 14.99 and in HCC1396 by 11.99, 13.07 and 

10.99 respectively. 
 

A downregulation of the VEGF gene was however noted on the cancer cells treated with A. 

gummifera, R. staddo and S. didymobotrya MeOH: DCM extracts with a fold change of 0.023, 

0.042 and 0.035 in DU145 and by 0.031, 0.026 and 0.039 in HCC1396 respectively. (Figure 3). 

These extracts were selected due to the fact that they exhibited the most inhibition on the growth 

of the breast and prostate cancer cell lines. 



 

3.5. Qualitative Phytochemical Screening 
 

Table 3: Phytochemical constituents of aqueous and methanol dichloromethane extracts of 
 

S. didymobotrya, A. gummifera and R. staddo 
 

Plant   Classes of Phytochemicals 
Part Type of 

extract 
Alkalo 
ids 

Sapon 
ins 

Phen 
ols 

Flavon 
oids 

Glycosi 
des 

Terpen 
oids 

Tanni 
ns 

S. 
didymobotr 
ya 

Leaf Aqueous - + + + + + + 

 Stem 
Bark 

Aqueous - + + + + + + 

Root 
Bark 

Aqueous - + + + + + + 

Leaf MeOH: 
DCM 

- + + + + + + 

Stem 
Bark 

MeOH: 
DCM 

- + + + + + + 

Root 
Bark 

MeOH: 
DCM 

+ + + + + + + 

A. 
gummifera 

Leaf Aqueous - + + + + + + 

 Stem 
Bark 

Aqueous + + - + + + + 



 

 

 Root 
Bark 

Aqueous + + - + + + + 

Leaf MeOH: 
DCM 

+ + + + + + + 

Stem 
Bark 

MeOH: 
DCM 

+ + + + + + + 

Root 
Bark 

MeOH: 
DCM 

+ + + + + + + 

R. staddo Root 
Bark 

MeOH: 
DCM 

+ + + + + + + 

(+) = Presence, (-) = Absence, MeOH: DCM- Methanol: Dichloromethane 
 

Phytochemical screening demonstrated the presence of different types of phytocompounds 

including  alkaloids,  saponins,  flavonoids,  phenols,  glycosides,  tannins and terpenoids which 

could   be   responsible   for   the   various   pharmacological   properties.  Saponins,  flavonoids, 

glycosides, terpenoids and tannins were found across all the plant extracts. Phenols were also 

found present in all extracts apart from the root and stem aqueous extracts of A. gummifera. 

Alkaloids were present in A. gummifera extracts except in the leaf aqueous extract. Alkaloids 

were also exhibited in R. staddo and S. didymobotrya roots methanol dichloromethane extracts 

(Table 3). 
 
 

4.0. DISCUSSION 
 

Generally, the plant extracts inhibited the proliferation of the cancer cells. The antiproliferative 

activities of the extracts were categorized based on median inhibitory concentration (IC50). The 

selective inhibitory activity of the extracts was determined and expressed as selectivity index 

(SI).  The  SI values  demonstrates  the  differential  in  activity of the extracts on normal cells 

compared to cancerous cells.  A high SI value depicts high selectivity. Medicinal plants with SI 

values of 2 or greater than 2 are considered to be highly selective. Selectivity index of less than 2 

indicates less selectivity [17]. Both the aqueous and MeOH: DCM extracts of A. gummifera stem 

bark exhibited high growth inhibition on prostrate and breast cancer cells. They also expressed a 

selectivity  index  greater  than  3  indicating  their  selective  toxicity  to  cancer cell lines while 

sparing the normal cells. R. staddo root back MeOH: DCM extracts also showed antiproliferative 

effects on both the prostrate and breast cancer cell lines with a selectivity index greater than 3. 

This demonstrates their potential as anticancer drugs. 

Protein53 apoptotic gene controls various genetic expressions and plays an important role in cell 

proliferation and modulation of signal transduction pathways. In most cancer cases, the p53 gene 



 

is mutated, while in other cases it often possesses dysregulation of its upstream signaling 

pathways [18]. Evasion of apoptosis is considered to be one of the hallmarks of human cancers. 

Angiogenesis, on the other hand, is a physiological process of formation of new blood vessels on 

already existing ones. It has a vital role in supplying nutrients and oxygen and excretion of 

metabolic  waste.  The  newly  formed  blood  vessels  facilitate  the metastatic dissemination of 

cancer cells. The lack of independent blood supply forces tumors to survive on the benefit of 

diffusion  process  which  enable  them to obtain oxygen and other nutrients from blood [19]. 

However, in the diffusion process tumors cannot grow beyond 2mm3. Progressively, absence of 

enough vasculature makes tumors to become hypoxic an event followed by Vascular Endothelial 

Growth Factor (VEGF) secretion which promotes neo angiogenesis towards the tumor and 

ultimately getting adequate blood supply to the cancer cells. In response to VEGF, blood 

vasculature starts growing towards tumor and provides nutrients to tumor [20]. In this study, the 

significant upregulation and downregulation of the P53 and VEGF genes respectively by the 

MeOH: DCM extracts of A. gummifera, R. staddo and S. didymobotrya is an indication that they 

inhibited the proliferation of prostate (DU145) and breast (HCC 1395) cancer cells via induction 

of apoptosis and by exhibiting anti-angiogenic effects. This study also investigated the 

pharmacologically important phytochemicals present in the plant extracts. Saponins, flavonoids, 

glycosides, terpenoids and tannins were found across all the plant extracts. A number of studies 

have been conducted to prove the protective effect of these phytochemicals against cancer [21]. 

A correlation has been observed between the phytochemicals and the plants antiproliferative 

activities against cancer cells [22].  These phytochemicals have been shown to possess antitumor 

properties [23]. They have also been shown to act as apoptotic and anti-angiogenic compounds 

[24]. The antiproliferative activities of these plants could be attributed to the phytochemicals 

present.  

 

 

 

 

 

 

 

 

 



 

 

5.0. CONCLUSION 
 

The plant extracts from A. gummifera, R. staddo and S. didymobotrya have been   demonstrated 

to possess antiproliferative activity.  However, both the aqueous and MeOH: DCM extracts of A. 

gummifera stem bark and the root bark MeOH: DCM extract of R. staddo exhibited the most 

promising and most selective cytotoxic activity. The mechanism of action of these 

antiproliferative activities can be linked to their upregulation of the p53 apoptotic gene and the 

downregulation  of  the  angiogenic  VEGF  gene.  The growth inhibitory potential of the plant 

extracts on the cancer cells and the probable mechanism of action could be attributed to the 

presence of pharmacologically important phytochemicals. This study confirms that amidst the 

many traditional and pharmacological uses of these plants, they could also be used in the fight 

against cancer menace. 
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