
Introduction

Natural products have been used to treat cancer for over half 
a century and are still an essential source of novel anti-cancer 
drug discovery.1 Despite drawbacks and challenges, drugs of 
plant origin, such as vinca alkaloids, epipodophyllotoxins, 
taxanes, and camptothecin derivatives, are essential to clini-
cal cancer chemotherapy.2 Furthermore, thiol-containing 
maytansinoids, used in anti-body-drug conjugates, are 
derived from the Ethiopian medicinal plant Maytenus ser-
rata, formerly known as Maytenus ovatus.3–5

DNA Damage Underlies the Cytotoxic and  
Apoptotic Effects of Selected Ethiopian  
Medicinal Plants against Cancer Cell Lines

Adamu T. Bekele1 , Sheila Almaraz Postigo2, Kaleab Asres3, Ephrem Engidawork1  
and Atanasio Pandiella2

Abstract

Background: Plants are attractive sources of anti-cancer agents. However, there is limited data about the anti-cancer 
potential of Ethiopian medicinal plants traditionally used for the treatment of cancer.
Purpose: To screen the cytotoxicity of 26 Ethiopian medicinal plants against breast cancer cells (MCF-7) and to demon-
strate the potential consistent cytotoxicity of the six most active extracts against prostate cancer cell line (PC-3) and neuro-
blastoma (SH-SY5Y). Furthermore, the mode of action of the most active extracts should be investigated.
Methods: Twenty-six Ethiopian medicinal plants were collected from 12 sites and extracted using 80% methanol through 
maceration. 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay was used to test their cytotoxicity. 
Annexin V/propidium iodide (PI) assay was used to segregate the type of death induced by the extracts. The Western Blot 
was used to analyze deoxyribonucleic acid (DNA) damaging properties of active extracts, while chromatographic techniques 
[thin-layer chromatography (TLC) and high-performance liquid chromatography (HPLC)] were employed to provide a fin-
gerprint of the most active extract.
Results: Dovyalis abyssinica (A. Rich.) Warb. extract displayed the most potent cytotoxic activity against MCF-7 and SH-SY5Y 
cells with the half-maximal inhibitory concentration (IC50) values of 28.28 ± 3.56 and 5.5 ± 3.9 µg/mL, respectively. It also 
increased apoptotic cell populations from 0.05% to 12.4%, 0.9% to 14.4%, and 1.8% to 64.5% (p < 0.0001 in all cases) in MCF-
7, SH-SY5Y, and PC-3 cells. Acokanthera schimperi Benth. & Hook.f., D. abyssinica, Erythrina brucei Schweinf., Pittosporum abys-
sinicum Delile, Rubia cordifolia L., and Stephania abyssinica var. tomentella Oliv. significantly (p < 0.0001) elevated the expression 
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The currently available cancer chemotherapeutic agents 
often cause side effects like alopecia, nausea, vomiting, ane-
mia, and immunosuppression, as they primarily affect rapidly 
proliferating body cells.6 In addition, resistance has already 
developed to both free-drug chemotherapeutic agents7 and 
anti-body drug conjugates (ADCs)8 to different degrees. 
Reports also show that up to 90% of cancer treatment failure 
is associated with resistance to chemotherapeutic agents.9

Previous reports indicated that about 80% of Ethiopians 
depend on traditional medicine, which primarily involves 
medicinal plants.10 To increase the effectiveness of their con-
ventional medication, the majority of Ethiopian cancer 
patients combine herbal remedies with their medications. For 
example, the fruit, bark, and whole plant of Dovyalis abyssi-
nica (A. Rich.) Warb. (Flacourtiaceae) are used for the treat-
ment of cancer in some districts in Ethiopia. 11 The root of 
Stephania abyssinica Oliv. (Menispermaceae) and in some 
cases, the whole part of the plant is also used for the treatment 
of cancer.12 The plant names have been checked with “World 
Flora Online” (www.worldfloraonline.org) (Accessed on 18 
May 2023). Although numerous ethnobotanical evidence 
indicates the use of several Ethiopian medicinal plants for 
treatment of cancer, there are little or no studies carried out to 
validate their anti-cancer activity.

The present study was designed to determine whether 
common plants used in Ethiopian traditional medicine for the 
treatment of cancer or cancer-like diseases are endowed with 
cytotoxic activity against cancer cell lines. Thus, the lead 
compound/s from the cytotoxic extracts can be investigated 
and used to develop novel anti-cancer chemotherapeutic 
agents.

Materials and Methods

Plant Collection

The plants were collected from 12 different localities, namely, 
Addis Ababa, Sebeta, Holeta, Dukem, Bishoftu, Burayu, 
Sululta, Goba, Ginnir, Gindeberet, Wondogenet, and 
Welenchiti. The plant collection sites are indicated in Figure 1, 
while the specific geolocation of the plant collection sites is 
summarized in Supplementary 1. The collected plant parts 
were temporarily stored in a fiber bag and transported to the 
lab. A botanist, Mr. Melaku Wondafrash, identified the plants, 
and a specimen of each plant was deposited at the National 
Herbarium, College of Natural and Computational Sciences, 
Addis Ababa University. The collected plant materials were 
washed with distilled water and air-dried at room temperature.

Figure 1. Map Showing Study Areas: Study Areas not Shown in the Map like Sebeta, Holeta, Burayu, Sululta, Dukem, and Bishoftu are 
Found within a Maximum Distance of 50 km from Addis Ababa, the Capital of Ethiopia.

www.worldfloraonline.org
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Plant Extraction

The dried samples were ground into a coarse powder using a 
Micro-Mill Grinder (Thomas Scientific). Three hundred 
grams of each powdered plant parts were mixed with 750 mL 
of 80% methanol and placed on an orbital shaker at 130 rpm 
for 72 h at room temperature. The extracts were then filtered 
using Whatman No. 1 filter paper (150 mm diameter) and 
concentrated at 37°C in a rotary evaporator (Buchi, 
Switzerland) at a temperature not exceeding 40°C. The con-
centrates were kept in a dry oven at 37°C for 3–5 days to 
obtain the dry powder of the extracts. The yields of the 
extracts were calculated and depicted in Supplementary 1. 
The powder of the plant extracts was dissolved in dimethyl 
sulfoxide (DMSO) (Sigma–Aldrich) to obtain the final stock 
concentration of 2 mg/mL.13,14

Dilution of the Stock Solution

The stock solution was diluted in Dulbecco’s Modified Eagle 
Medium (DMEM) (Thermo Fisher Scientific). The final con-
centration of DMSO was adjusted not to exceed 0.01% for all 
working crude extract solutions. All media used had 10% 
fetal bovine serum (FBS), 1% l-glutamine (2 mM), 1% 
sodium pyruvate (1 mM), and anti-biotics [penicillin (100 U/
mL and streptomycin 100 µg/mL) (Gibco, Invitrogen, CA, 
USA)] as supplements. Serial dilutions of the stock solution 
between 6.25 and 200 µg/mL were used to determine the 
crude extract’s cytotoxicity. The concentration of the crude 
extracts that reduce the cell population by half [the half-max-
imal inhibitory concentration (IC50) value] was calculated.

Cell Culture

Human breast cancer cell line (MCF-7) (HTB-22), human 
prostate cancer cell line (PC-3) (CVCL-0035), and human 
neuroblastoma cell line (SH-SY5Y) (CRL-2266) cell lines 
were bought from the American Type Culture Collection 
(ATCC) and cultured in a water bath warmed with DMEM 
containing 10% FBS (Sigma–Aldrich), 1% l-glutamine 
(Sigma–Aldrich), and 1% penicillin-streptomycin (Gibco, 
Invitrogen, CA, USA). The cells were maintained at 37°C in 
a 5% CO2 humidified atmosphere.

3-(4,5-Dimethylthiazol-2-yl)-2,5-
Diphenyltetrazolium Bromide (MTT) Assay

The MTT assay utilizes the ability of alive cells to convert 
MTT to purple-colored formazan dye metabolically.15 The 
intensity of the purple color can indirectly be used to estimate 
the number of viable cells in the media.16,17 The cells were 
seeded in 24-well plates, at a density of 6 × 104 cells per well, 
in 500 µL DMEM and incubated overnight before treatment. 
The cells were then treated with 6.25, 12.5, 25, 50, 100, and 

200 µg/mL final concentrations of the crude extracts for 48 h. 
Following incubation, a mixture of 50 μL MTT solution and 
500 μL DMEM without phenol red was added to all the wells, 
and the plates were then maintained at 37°C for 1 h. The 
media was aspirated from all wells; 500 µL of DMSO was 
added to each well, and the plates were shaken gently for 10 
min. The absorbance was recorded using a Tecan Ultra 
Evolution plate reader (Männedorf, Switzerland) at 570 nm. 
All experiments were performed in triplicates, and the aver-
age values were recorded. Cell viabilities were estimated as 
viable cell percentages compared to controls. Doxorubicin 
was used as positive control, and IC50 values of the plant 
extracts in the respective cancer cell lines were calculated 
using GraphPad Prism 9 software.

Annexin V/Propidium Iodide (PI) Binding Assay

The cells were seeded onto plates, treated with plant extracts 
at IC50 concentrations, incubated for 24 h, collected, and 
diluted with phosphate buffered saline (PBS) containing 1% 
FBS and incubated with Annexin V and PI reagents for 15 
min at room temperature in the dark. Live, dead, early, and 
late apoptotic cell populations were finally analyzed using 
BD Accuri® C6 flow cytometer (New Jersey, USA). In each 
assay, at least 40,000 cellular events were recorded.

Western Blot

The cells were plated in 25 cm2 plates, incubated overnight, 
treated with active extracts, washed, and lysed using lysis 
buffer [containing 140 mM NaCl, 50 mM ethylenediamine-
tetraacetic acid (EDTA), 10% glycerol, 1% Nonidet P-40, 20 
mM Tris, potential of hydrogen (pH) 7.0; 25 mM β-glycerol 
phosphate (Sigma), 50 mM sodium fluoride (Sigma), 1 mM 
sodium orthovanadate (Sigma), 1 µg/mL aprotinin (Sigma), 1 
µM pepstatin (Sigma), 1 µg/mL leupeptin (Sigma), and 1 mM 
phenylmethylsulphonyl fluoride (PMSF) (Sigma)]. Cell lysis 
was achieved within 10 min of centrifugation at 10,000 rpm 
at 4℃. The cell lysates were then centrifuged, and the super-
natants were collected. The protein amount was measured 
using a bicinchoninic acid assay (BCA kit, Thermo Fisher). 
Equal protein amounts were analyzed by sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and 
transferred to Immobilone®-P polyvinylidene fluoride 
(PVDF) transfer membranes (Millipore, Germany) using a 
semi-dry transfer method. The membranes were probed with 
primary anti-bodies against phosphohistone H2AX (γH2AX0) 
(sc-517336) and poly-ADP-ribose polymerase-1 (PARP-1) 
(sc-8007), (Santa Cruz Biotechnology, Inc., Dallas, TX, 
USA). The membranes were blocked in Tris-Buffered Saline 
with Tween 20 (TBST) (Tris, pH 7.5, 100 mM; NaCl, 150 
mM; Tween 20, 0.05%) containing 1% bovine serum albumin 
(BSA) or 5% skimmed milk for 2 h and then incubated with 
the corresponding anti-body overnight. After washing three 



4	 Journal of Pharmacology and Pharmacotherapeutics

times with TBST for 10 min, membranes were incubated with 
anti-mouse (GE HealthCare Technologies Inc.) or anti-rabbit 
(Bio-Rad laboratories) secondary anti-bodies for 30 min. 
After incubation with the secondary anti-body, the mem-
branes were washed three times with TBST, and the bands 
were visualized using enhanced chemiluminescence.18

Thin-layer Chromatography (TLC)

TLC analysis was performed for the most active extract, D. 
abyssinica extract (DAE). DAE (10 mg/mL) was dissolved in 
methanol, and 15 μL of the sample was applied to analytical 
POLYGRAM® SILG/UV254 TLC plates (Macherey-Nagel, 
20 × 5 cm plates). The solvent system was chloroform: 
MeOH: ammonia (60:40:5 v/v) and was allowed to migrate 
18 cm from the starting line. The TLC plate was sprayed 
using vanillin-H2SO4 and then heated at 110℃ for 5 min. 
Another plate was sprayed with Dragendorff’s reagent to ana-
lyze the presence of alkaloids. The bands were observed 
under short-wave and long-wave ultraviolet (UV) light. 
Moreover, pictures of the sprayed TLC plates were taken 
under visible light.

Ultra-High-pressure Chromatography-PDA 
(UHPLC-PDA)

The UHPLC fingerprint for DAE was performed using the 
Waters® e2695 family of Separations Module (Waters 
Corporation, Massachusetts, USA). Column: Agilent ZOBRAX 
Eclipse C18, 4.6 × 150 mm, 3.5 m. Mobile phase: solvent (A): 
methanol; Solvent (B): aqueous solution of ammonium citrate 
(10 mM) adjusted to pH = 4 with acetic acid. The gradient was: 
0–20 min solvent A (10%); 40 min solvent A (20%); 50 min 
solvent A (30%); and 60 min solvent A (10%). The flow rate 
was 0.65 mL/min; the column temperature was 25°C; the sys-
tem pressure was 1,300 psi. The concentration of the crude 
extract was 0.5 mg/mL, and the injection volume was 20 µL.

Statistics

Data are expressed as mean ± standard deviation. All experi-
ments were performed in triplicates, and the average values 
were recorded. Analysis was performed using one-way analy-
sis of variance (ANOVA) followed by a post hoc Tukey’s test. 
A p value less than 0.05 was considered for statistical 
significance.

Results

A total of 26 plant parts were collected from 12 different 
study sites. The collected plant parts include leaves, roots, 
stembark, areal part, whole-plant, gum, and rhizome. Names 
of the plants, family, vernacular names, places of collection, 

specific geolocations, and percent yield after macerations 
were summarized in Supplementary 1.

Cell Viability

The plant extracts displayed different degrees of cytotoxic 
activity, with six of them exhibiting cytotoxicity with an IC50 of 
<80 µg/mL against MCF-7 cells. These were A. schimperi 
extract (ASE), DAE, E. brucei extract (EBE), P. abyssinicum 
extract (PAE), R. cordifolia extract (RCE), and S. abyssinica 
var. tomentella Oliv extract (SAE). Among these extracts, 
DAE (28.28 ± 3.56 µg/mL) was the only extract having an IC50 
of <30 µg/mL. Thus, these six extracts were further screened 
against the two other cell lines (PC-3 and SH-SY5Y). 
Accordingly, while DAE exhibited a better activity against 
both PC-3 (14.8 ± 4.01 µg/mL) and SH-SY5Y (5.5 ± 3.9 µg/
mL) than MCF-7 cells, the rest of the extracts had a variable 
activity with ASE (14.42 ± 5.14 µg/mL) and PAE (32.8 ± 2 µg/
mL) showing the most notable activity against PC-3 cell line. 
The cytotoxicity profile expressed with IC50 values of all 
screened extracts in the MCF-7 cell line is presented in Table 1.

All the six most active extracts that displayed cytotoxicity 
with IC50 ≤ 80 µg/mL were tested against PC-3 prostate can-
cer and SH-SY5Y neuroblastoma cell lines. All except RCE 
and SAE displayed consistently marked cytotoxicity against 
all the tested cell lines. The extracts that showed consistently 
increased cytotoxic activity against PC-3 and SH-SY5Y cells 
exhibited marked cytotoxicity compared to MCF-7 cells 
(Table 2). DAE displayed the most cytotoxic activity against 
SH-SY5Y cells with an IC50 value of 5.5 ± 3.9 µg/mL.

Cell Death Mechanisms

The potential apoptotic effect of the hydroalcoholic extract of 
the six plants was explored by double staining with Annexin 
V/PI (Figures 2 and 3). The results suggested that the observed 
cytotoxicity could be linked with apoptosis-associated mech-
anisms. Indeed, the Annexin V/PI binding assay results 
showed that all crude extracts significantly increased the 
early and late apoptosis cell populations compared to the con-
trols. Accordingly, ASE increased the early apoptosis in 
MCF-7 cells from 0.0% to 48.7% (p < 0.0001). ASE also 
increased the late apoptotic MCF-7 cell population from 
0.0% to 20% (p < 0.0001) after 24 h of treatment. On the 
other hand, MCF-7 cells treated with IC50 concentrations of 
PAE, DAE, SAE, and EBE significantly increased (p < 
0.0001) the early apoptotic cell population from 0.0% to 
34.7%, 5.4%, 40.3%, 38.3%, respectively. Additionally, in 
MCF-7 cells treated with IC50 concentrations of PAE, DAE, 
SEA, and EBE, the late apoptotic cell populations were sig-
nificantly increased (p < 0.001) from 0.0% to 5.3%, 7.0%, 
38.5%, and 26.1%, respectively.

PAE increased the early apoptotic cell population from 
0.7% to 82.0% (p < 0.0001) in SHSY-5Y cells. Additionally, 
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PAE increased the late apoptotic cell population from 0.2% to 
6.8% (p < 0.0001) 24 h following treatment. Furthermore, 
DAE, ASE, and EBE increased the early apoptotic cell popu-
lation from 0.7% to 12.3%, 19.0%, and 39.6% (p < 0.0001), 
respectively. On the other hand, SH-SY5Y cells treated with 

SAE were observed to undergo a significant increase in 
necrotic cells from 0.8% to 66.4% (p < 0.0001).

EBE showed the highest rate of increase in early apoptotic 
cell population in PC-3 cells treated with the extract’s IC50 
concentration. Accordingly, EBE increased the early 

Table 1. Cytotoxic Activity Screening Results of Selected Ethiopian Plant Extracts against MCF-7.

No. Treatment Type IC50 (MCF-7) (µg/mL)

1 Acokanthera schimperi Benth. & Hook.f.* 49.9 ± 6.24

2 Achyranthes aspera L. 192 ± 5.23

3 Afrocarpus falcatus (Thunb.) C.N.Page >200

4 Aloe trichosantha A. Berger 186.7 ± 3.8

5 Artemisia abyssinica Schultz Bip. >200

6 Capparis fascicularis DC. >200

7 Carissa spinarum L. 179.6 ± 8.56

8 Clematis hirsuta Perr. & Guill. >200

9 Commiphora abyssinica (Berg) Engl. 93.99 ± 7.06

10 Cordia africana Lam. >200

11 Croton macrostachyus Hochst. ex Delile 99.36 ± 5.45

12 Discopodium penninervium var. magnifolium Chiov. 81.05 ± 8.54

13 Dovyalis abyssinica (A. Rich.) Warb.* 28.28 ± 3.56

14 Echinops kebericho Mesfin + 92.3 ± 6.56

15 Ehretia cymosa Thonn. >200

16 Erythrina brucei Schweinf.*+ 80 ± 4.05

17 Grewia ferruginea Hochst. ex A. Rich. >200

18 Justicia schimperiana T. Anderson 186.3 ± 9.4

19 Leonotis ocymifolia var. raineriana (Vis.) Iwarsson 86.2 ± 6.3

20 Mimusops kummel Bruce ex A.DC. >200

21 Pittosporum abyssinicum Delile* 80 ± 1.96

22 Phytolacca dodecandra L’Hér. >200

23 Rubia cordifolia L.* 44.8 ± 2.47

24 Schefflera abyssinica (Hochst. ex A. Rich.) >200

25 Stephania abyssinica var. tomentella Oliv.* 50.7 ± 5.37

26 Zehneria scabra (L.f.) Sond. >200

27 Doxorubicin 0.78 ± 0.12

Note: IC50, the half-maximal inhibitory concentration; MCF-7, human breast cancer cell line. *Most cytotoxic extracts; +Plants endemic to Ethiopia.

Table 2. Cytotoxic Activity of the Most Active Extracts against PC-3 and SH-SY5Y Cells.

No. Most Active Plant Extracts IC50 (PC-3) (µg/mL) IC50 (SH-SY5Y) (µg/mL)

1 Acokanthera schimperi Benth. & Hook.f 14.42 ± 5.14 48.9 ± 4.41

2 Dovyalis abyssinica (A. Rich.) Warb 14.8 ± 4.01 5.5 ± 3.9

3 Erythrina brucei Schweinf 67.9 ± 5.1 79.9 ± 4.9

4 Pittosporum abyssinicum Delile 32.8 ± 2.4 61.8 ± 2.33

5 Rubia cordifolia L. 110.2 ± 3.72 117 ± 3.02

6 Stephania abyssinica var. tomentella Oliv. 91.21 ± 3.26 106.21 ± 5.7

7 Doxorubicin 2.4 ± 0.31 0.84 ± 0.23

Note: IC50, the half-maximal inhibitory concentration; PC-3, human prostate cancer cell line; SH-SY5Y, human neuroblastoma cell line.
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Figure 2. Representative Flow Cytometry Scattergram for Dovyalis abyssinica Extract (DAE) against Human Breast Cancer Cell Line 
(MCF-7), Human Neuroblastoma Cell Line (SH-SY5Y), and Human Prostate Cancer Cell Line (PC-3) Cells: Cells were Treated with the 
Respective the Half-Maximal Inhibitory Concentration (IC50) of DAE and Incubated for 24 h, and the Cell Death Profile was Evaluated 
using the BD Accuri C6 Flow Cytometry. DAE, Dovyalis abyssinica extract.

Figure 3. The Effect of Exposing Human Breast Cancer Cell Line (MCF-7), Human Neuroblastoma Cell Line (SH-SY5Y), and Human 
Prostate Cancer Cell Line (PC-3) Cell Lines to Plant Extracts for 24 h: Cells were Treated with the Half-Maximal Inhibitory Concentration 
(IC50) of the Extracts and Incubated for 24 h, and the Cell Death Profiles were Evaluated using the BD Accuri C6 Flow Cytometry. All 
Extracts Significantly Increased (p < 0.0001) the Percentage of Early and Late Apoptotic Cells in MCF-7 Cells. In PC-3 and SH-SY5Y Cells, 
However, All but Stephania abyssinica Extract (SAE) Significantly Increased Early and Late Apoptotic Cells (p < 0.0001).

Note: ASE, Acokanthera schimperi extract; DAE, Dovyalis abyssinica extract; EBE, Erythrina brucei extract; PAE, Pittosporum abyssinicum extract; RAE, Rubia 
cordifolia extract; and SAE, Stephania abyssinica extract. All experiments were carried out in triplicate and analyzed using analysis of variance (ANOVA) 
with post hoc Dunnett’s test.
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apoptotic cell population from 1.1% to 76.5% (p < 0.0001). 
EBE also increased the late apoptotic cell population from 
0.7% to 6.6% (p < 0.0001). PAE, ASE, and DAE also 
increased the early apoptotic cell population from 1.1% to 
67.3%, 45.8%, and 46.9% (p < 0.0001), respectively.

Deoxyribonucleic Acid (DNA) Damage Assay
The Western blot data showed that cells treated with IC50 con-
centrations of DAE, SAE, and EBE had a significantly 
increased (p < 0.0001) expression of γH2AX than the con-
trols in MCF-7 cells (Figure 4A and B). The rank order of 
effectiveness is DAE>>SAE>>EBE. These findings indicate 
that EBE, DAE, and SAE exert cell death activity through 
double-strand DNA damage in MCF-7 cells. Furthermore, 
DAE and RCE significantly (p < 0.0001) increased the 

expression of PARP-1 protein in MCF-7 cells by 53.8% and 
41.6%, respectively, compared to the controls. PARP-1 
expression was assessed in SH-SY5Y and PC-3 cells as well. 
However, no reportable data were obtained. In SH-SY5Y 
cells, ASE, DAE, and SAE significantly (p < 0.0001) 
increased the expression of γH2AX by 59.9%, 23.4%, and 7 
folds, respectively, compared to the controls. ASE (21-fold) 
and SAE (7-fold) demonstrated a marked (p < 0.0001) 
increase in the expression of γH2AX in PC-3 cells.

In addition to significant variation from the control, a sub-
stantial difference in the expression of γH2AX was observed 
among the treated groups. Accordingly, DAE and SAE-
treated MCF-7 cells exhibited an increased expression of 
γH2AX, approximately by 2 folds (p < 0.0001) compared to 
EBE and RCE-treated cells. Likewise, ASE-treated cells 
increased the expression of γH2AX significantly (p < 0.0001) 

Figure 4. Effect of Different Plant Extracts on Protein Expression of Phosphohistone H2AX (γH2AX) and Poly-ADP-ribose 
polymerase-1 (PARP-1) after 24 h Treatment: γH2AX and PARP-1 Expression in Human Breast Cancer Cell Line (MCF-7) cells (A) 
Treated with Vehicle ( L1), EBE (L2), DAE (L3), RCE (L4) and SAE (L5); γH2AX Expression (B) in Human Prostate Cancer Cell Line 
(PC-3) (L1-4), MCF-7 (L5-L7), and Human Neuroblastoma Cell Line (SH-SY5Y) (L8, L9) Cell Lines; L1, L5, and L8 were Treated with a 
Vehicle, L2 with DAE, L3 with ASE, L4 with SAE, L6 with PAE, L7 with ASE, and L9 with SAE; Protein Expression was Quantified using 
the Image Software and Normalized with β-actin.

Notes: ASE, Acokanthera schimperi extract; DAE, Dovyalis abyssinica extract; EBE, Erythrina brucei extract; PAE, Pittosporum abyssinicum extract; RCE, Rubia 
cordifolia extract; and SAE, Stephania abyssinica extract. The mean band intensities between the control and treatments were compared using analysis 
of variance (ANOVA) with the post hoc Tukey’s test. Ns, not significant; *p < 0.05; **p < 0,001; ***p < 0.0001; +, PAE treated MCF-7 cells displayed 
significant increase in γH2AX but the corresponding β-actin band was very weak.
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by about 30 folds compared to DAE-treated PC-3 cells. SAE-
treated PC-3 cells also expressed γH2AX 20 times (p < 0.0001) 
greater compared to DAE-treated ones.

Microscopy

Microscopic images of the cancer cells treated with the most 
active extracts go in line with the MTT assay and mode of 
action study results. The images showed depleted, morpho-
logically disfigured, and in some cases floating cellular debris 
(Figure 5). The decrease in viable cells and changes in cell 
size and shape are an indicator of cytotoxicity.

TLC

TLC was performed for the most active extract DAE, and the 
result showed that DAE has at least 10 different compounds 
(Figure 6). Moreover, the TLC plate sprayed with 
Dragendorff’s reagent indicated that at least five of these 
compounds are alkaloids.

UHPLC-PDA Results

The HPLC analysis showed that DAE has one dominant com-
pound eluted at 20 min (Figure 7). There were also many 
notable peaks justifying the presence of many compounds in 

Figure 5. Microscopy of Human Breast Cancer Cell Line (MCF-7), Human Neuroblastoma Cell Line (SH-SY5Y), and Human Prostate 
Cancer Cell Line (PC-3) cells after (24 h) Treatment with Respective the Half-Maximal Inhibitory Concentrations (IC50) of the Three 
Most Active Crude Extracts Compared to (–) Control.
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Figure 6. Thin-layer Chromatography (TLC) Fingerprint of Crude 80% Methanol Bark Extract of Dovyalis abyssinica: using Shortwave 
Ultraviolet (UV) (A), Longwave UV (B), after Spraying with Dragendorff’s Reagent (C), and Spraying with Vanillin- H2SO4 (D).

Figure 7. Ultra-high-pressure Chromatography (UHPLC) Fingerprint of Dovyalis abyssinica Extract (DAE) at 254 nm (a); 300 nm (b); 400 
nm (c); 798 nm (d).
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the extract. The dominant compound appeared visible at all 
observed wavelengths (254, 300, 400, 500, 600, and 798 nm).

Discussion

The present study screened the cytotoxic activity of 26 
Ethiopian medicinal plant extracts against the MCF-7 breast 
cancer cell line. Furthermore, we studied the consistency of 
cytotoxicity of the six most active extracts against PC-3 pros-
tate cancer and SH-SY5Y neuroblastoma cells. Additionally, 
the mode(s) of action of cytotoxicity of the six most active 
extracts were investigated. The initial screening with MCF-7 
cells revealed that DAE was the only extract with an IC50 of 
<30 µg/mL. Subsequent screening with PC-3 and SH-SY-5Y 
added ASE and PAE to the list, with EBE, RCE, and SAE 
exhibiting a noteworthy activity. Interestingly, DAE had an 
IC50 of <30 µg/mL against all the cell lines used in the present 
study, suggesting the extract is endowed with notable anti-
cancer activity. Indeed, the leaf extract of D. abyssinica was 
reported to be cytotoxic to PC-3 cells with an IC50 of 68.40 
µg/mL.19 The higher IC50 value of the leaf extract compared 
to the bark extract reported in this study (14.8 ± 4.01) may 
suggest that the cytotoxic principles are more concentrated in 
the bark than in the leaf. ASE has also been shown to have an 
IC50 ranging from 7.1 to 10.31 µg/mL, which is lower than 
the one we reported in this study (14.42–49.9 µg/mL).20,21 
Although the difference among the findings may be attributed 
to various factors, the findings collectively indicate that ASE 
is another important cytotoxic extract.

To the best of our knowledge, there is no previous report 
of cytotoxicity for EBE. However, compounds isolated from 
the genus Erythrina, including Erythrina senegalensis22 and 
Erythrina abyssinica23 were reported to possess cytotoxic 
activity against different cell lines. Moreover, some evidence 
indicated that the extract of E. abyssinica has anti-micro-
bial,24 anti-viral,25 and radical scavenging activity.26 These 
findings, coupled with ours, strongly suggest that plants 
belonging to the genus Erythrina could be associated with 
potential anti-cancer activity.

There is no previous cytotoxicity report for PAE. 
Nevertheless, there are reports of cytotoxicity, anti-oxidant, 
and anti-inflammatory activities for other Pittosporum spe-
cies.27–31 Madikizela et al. reported that the acetone extract of 
Pittosporum viridiflorum induced significant cytotoxicity 
with IC50 ranging from 3.16 to 26.87 μg/mL against MCF-7, 
Caco-2, A549, and Hela cells.29 Noble cytotoxic triterpene 
glycosides with IC50 values within a range of 1.74–34.1 µM 
were also isolated from the seed extract of P. angustifolium.27 
These results align with our findings and indicate that the 
genus Pittosporaceae is a potential source of noble cytotoxic 
phytochemicals.

There is evidence for the cytotoxicity of RCE. A bicyclic 
hexapeptide with cytotoxic characteristics was elucidated 
from the root of this plant, with an IC50 of 0.012 μg/mL 

against P-388 leukemia cells.32 Moreover, 11 cytotoxic 
anthraquinones and naphthohydroquinones were isolated 
from the root extract of the plant, and IC50 values of the most 
active compounds ranged from 0.12 to 9.7 μg/mL against 
V-79, P388, and KB cells.33 Our findings lend further evi-
dence for the broad-spectrum cytotoxic activity of RCE. 
Several studies have demonstrated the cytotoxic activities of 
plants of the genus Stephania against cancer cells34–37 and 
pathogens.38–40 Despite a thorough literature search, we could 
not find evidence for the cytotoxic activity of SAE against 
cancer cell lines. The isolation of cytotoxic bis-benzyliso-
quinoline alkaloids from other related plant species,35,37 how-
ever, suggests that SAE could have a cytotoxic activity as 
reported in the present study.

The data regarding the apoptosis-inducing capacity of the 
crude plant extracts are scarce, and some findings align with 
the current study. A report indicates that crebanine, a com-
pound isolated from Stephania venosa, induces apoptosis by 
increasing the cleavage of PARP in HL-60 and U937 cells.41 
Additionally, tetrandrine, an alkaloid isolated from the root of 
Stephania tetrandra was reported to have an apoptotic effect 
on human hepatoma cell lines.42 These results are supportive 
of our findings, as SAE was observed to induce apoptosis as 
well as increase the expression of PARP-1. Furthermore, 
some lines of evidence support an apoptosis-inducing poten-
tial of chemicals isolated from the genus Erythrina. 
Flavonoids, flavanones, and isoflavones, which were isolated 
from different species of the genus were reported to induce 
apoptosis in human leukemia HL-60,43–45 and breast cancer 
MDA-MB231 cells.46 To the best of our knowledge, this work 
is the first to report the induction of apoptosis by extracts 
from plants belonging to the genera Pittosporum, Acokanthera, 
Dovyalis, or Rubia.

As DNA damage is the main driving factor for cells to 
commit suicide,47 we focused on determining proteins 
involved in DNA repair mechanisms, including γH2AX and 
PARP. Phosphorylation of H2AX is one of the most immedi-
ate cellular responses to double-strand DNA break (DSB) and 
is required to assemble DNA repair proteins at the damage 
site.48 Thus, γH2AX is thought to be the most sensitive marker 
that may be used to analyze the DNA damage caused by vari-
ous physical and chemical agents since it correlates well with 
DSB.49 On the other hand, PARP1 is widely recognized for 
being activated upon binding to DNA single-strand and 
DSB.50

Treatment of the cell lines with the extracts resulted in an 
enhanced expression of these DNA repair proteins. The extracts 
appear to produce this effect in a protein- as well as cell-line-
dependent manner. In MCF-7 cells, DAE and SAE induced 
γH2AX, but PARP was induced by DAE and RCE. γH2AX 
expression was preferentially increased by ASE and SAE in 
PC-3 cells but not by ASE and DAE in SH-SY-5Y cells. The 
reason why an extract prefers a given cell line is a subject of 
interest for future research. However, the findings indicate that 
the extracts induce apoptosis by DSB of DNA. Indeed, there 
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are reports of DNA damage for components of ASE,51,52 the 
genus Erythrina,53 and the genus Rubia.33,54–56 This report is 
the first to demonstrate the DNA-damaging activity of SAE 
and DAE, calling for further work on this topic.

Conclusion

The study revealed that six extracts showed significant cyto-
toxicity in cell lines, with DAE having the most consistent 
activity. The mode of action studies suggested that the cyto-
toxicity induced was due to DNA double-strand breaks lead-
ing to apoptosis. The TLC analysis elicited that alkaloids may 
be potential candidates. These findings are crucial for devel-
oping countries like Ethiopia, where cancer is becoming a 
major health issue. Bioassay-guided phytochemical investi-
gations and mechanistic characterizations are recommended 
to explore potential cancer chemotherapeutic agents from the 
most active plant extracts.
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