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ABSTRACT
Background: Khat (Catha edulis) is a controversial plant having a euphoretic 
effect, at the same time part of culture in many countries such as Africa and 
Arabian Peninsula. The presence of amphetamine-like substance, cathinone 
and cathine make this plant banned in many countries. Many neurological 
and other system related studies have been carried out in this plant, but 
the lack of toxicity studies are there especially the mechanism. Objective: 
In this study, Madin-Darby Bovine Kidney cell line was used as an in vitro 
model to study the cell death mechanism. Crude extract of fresh Khat plant 
leaves were prepared and exposed to cells. Materials and Methods: Trypan 
blue assay, phase-contrast microscopy, fluorescent microscopy, clonogenic 
assay, annexin-V assay, and hematoxylin and eosin (H and E) staining were 
employed to check the objectives. Results: Reductions in cellular viability 
were observed at concentrations above 1.25 mg/ml while using Trypan blue 
assay. The results of the clonogenic assay had shown that the untreated 
control with the highest number of colonies (100% survival) and the 0.1562 
concentration could not prevent the colony formation significantly. The high 
concentrations reduced the colony formation at concentration dependent 
manner 27.4% and 24.9%, for 0.625 mg/ml and 1.25 mg/ml concentrations, 
respectively. The acridine orange/ethidium bromide experiment had 
observed the cells were intact with round nucleus while the apoptosis 
features such as blebbing and nuclear chromatin condensation were clearly 
observed in treatment. The shrinkage of cells was clearly observed in H 
and E staining. Conclusion: In addition, annexin-V binding confirmed the 
presence of apoptosis significantly on Khat treatment.
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SUMMARY
• Khat (Catha edulis) is a controversial plant having euphoretic effect
• Reductions in cellular viability were observed at concentrations above

1.25 mg/ml while using Trypan blue assay
• The high concentrations of khat extract had reduced the colony formation at

concentration dependent manner
• The acridine orange/ethidium bromide experiment had observed the

apoptosis features such as blebbing and nuclear chromatin in treatment

• Annexin-V binding confirmed the presence of apoptosis significantly on Khat
treatment.

Abbreviation used: PS: Phosphatidylserine (PS); MDBK: Madin-Darby 
Bovine Kidney; DMEM: Dulbecco’s modified Eagle’s medium; PI: propidium 
iodide; EB: ethidium bromide; PBS: Phosphate Buffer saline; FITC: 
fluorescein isothiocyante; TUNEL: Terminal deoxynucleotidyl transferase 
dUTP nick end labeling.
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INTRODUCTION
The most widespread recreational habits in Eastern Africa and the 
Arabian Peninsula are chewing of Khat leaves  (Catha edulis). The 
plant has alkaloids mainly, cathinone, cathine, and others that have 
amphetamine similar action and give a diversity of pleasurable effects. 
A  considerable figure of people chews khat leaves to practice the 
euphoric and stimulating effects.[1] In addition to its neurological effects, 
khat can also act systemically and has been linked with tachycardia, 
gastrointestinal disturbances, hypertension,[2] formation of micronuclei 
in human buccal and bladder mucosa,[3] and development of cancer 
as well as, the development of oral keratotic white lesions and signs of 
cytotoxic effects at the site of chewing.[4,5] In animals, there is rising proof 
signifying that khat is associated with cytotoxicity effect in lymphoid 
tissue, liver and kidney after per oral administration to white rabbits.[6] 
Histological examination of rat liver cells showed signs of apoptosis and 
fatty degeneration.[7]

Many plant derivative components cause apoptosis in mammalian 
cells.[8,9] Apoptosis is a programmed form of cell death that can be 
recognized from necrosis by its distinct morphological properties that 
comprise nuclear chromatin condensation, cytoplasmic shrinkage and 
plasma membrane blebbing,[10] and some biochemical changes including 
the external exposure of phosphatidylserine (PS) on the cell membrane, 
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DNA fragmentation.[11,12] Khat has been proven to induce apoptotic 
cell death in various leukemic cells,[13] as well as in normal human oral 
keratinocytes and fibroblasts.[14] In Jazan area, which shares a border with 
the Yemen, Khat has been cultivated for centuries and a considerable 
number of all sections of the community chewing khat is still common 
among inhabitants in this region.[15] With the rising facts of the damaging 
consequence of khat on the common health and the socioeconomic harms 
linked with its use, therefore, one of the significant priorities of the region 
and the country is to control and prevent the khat abuse. Due to deficient 
research work in our region about the effect of khat plant on oral tissues, 
Madin‑Darby Bovine Kidney (MDBK) cell line was used as an in vitro 
model in this study to investigate the effect of different concentrations of 
khat extract on living cells. The crude extract of khat was used as a whole 
extract to mimic that occurs in chewing khat practice. The expected 
results can enhance existing public health programs for khat control by 
increasing public awareness with the adverse effects of khat.

MATERIALS AND METHODS
Materials
Dulbecco’s modified Eagle’s medium  (DMEM) was obtained from 
HyClone Laboratories  (Logan, UT, USA). Fetal bovine serum was 
provided by Santa Cruz Biotechnology, Inc.,  (Santa Cruz, CA, USA). 
Phosphate buffered saline  (PBS), Trypan blue dye, streptomycin, 
penicillin, amphotericin B, propidium iodide  (PI), ethidium bromide 
(EB), hematoxylin and eosin (H and E) staining solutions, crystal violet, 
methanol, and glacial acetic acid were obtained from Sigma‑Aldrich 
(St. Louis, MO, USA), trypsin/ethylenediaminetetraacetic acid from 
Life Technologies, Invitrogen™. The tissue culture plastic plates were 
obtained from Becton Dickinson. Acridine orange  (AO) was obtained 
from DIFCO (West Molesey, Surrey, UK).

Khat extraction
Fresh khat sprout with soft stems, reserved wet and transferred at room 
temperature, were rinsed 3  times with distilled water, blotted efficiently 
with Whatmann paper. Then, the extraction was carried out using 
methanol technique because, in methanolic extraction, cathinone and the 
other alkaloids within the khat extract were preserved. The extraction was 
done as described by Lee[13,16,17] excluding alkaloid purification, to minimize 
acid or basic residues in the extract. Briefly, the khat shoots were quickly 
minced into small parts and put in an adequate quantity of methanol in a 
flask containing magnetic rod (Sigma‑Aldrich). The combination, covered 
with aluminum foil to protect from light, was kept overnight at magnetic 
stirrer and filtered throughout an 11  mm filter  (Grade  1, Whatman, 
Kent, UK). The coarse parts were re‑extracted in new methanol. The 
mixture was filtered and mixed with the first one. The obtained liquid was 
then got rid from methanol entirely by evaporating at 60°C heat stirrer 
dried in preweighed conical flasks, giving a semi‑solid substance that 
was dehydrated, collected as a powder and kept in the fridge. The khat 
solution used in the study was prepared by weighing appropriate amount, 
dissolving in double distilled water and sterilizing by filtration through 
0.22 μm Millex® syringe filter units (Sigma‑Aldrich, St. Louis, MO, USA).

Cell culture
Continuous cell line of MDBK cells were kindly gifted to the project 
by Veterinary Serum and Vaccine Research Institute, Egypt, which was 
originally purchased from American Type  Culture Collection. Cells 
were seeded at concentration of 1 × 106 cells/ml, grown in monolayer 
culture with DMEM supplemented with 10% fetal calf serum, 100 IU/ml 
penicillin, 100 μg/ml streptomycin and amphotericin B  (0.025 μg/ml) 
incubated at 37°C in 5% of CO2 for 24 h for confluence.

Morphological assessment of khat extraction on 
Madin‑Darby Bovine Kidney cells by phase‑contrast 
inverted microscope
MDBK cells were seeded at concentration of 1  ×  106  cells/ml onto 
96 well‑plates and incubated for 16–18 h at 37°C in a 5% CO2 humidified 
incubator. The medium was removed and fresh DMEM medium 
containing 10, 5, 2.5, 1.25, 0.62, 0.31, and 0.15 mg/ml concentrations of 
khat extraction were added onto subconfluent cells in three replicates for 
each concentration of khat extract. Wells containing medium without 
khat extraction were also included as controls. The cell destruction and 
morphological changes that deviated from normal cells were evaluated 
under a Leica DMI 3000B phase‑contrast inverted microscope at × 200 
magnifications and photographed after 24, 48 and 72  h consecutively. 
Cytotoxicity was expressed as 50% cytotoxic concentration, that is, the 
concentration of khat extract required to produce cytopathogenicity for 
50% of the examined cells.

Cell viability test
Trypan blue exclusion assay was conducted for determination of the 
number of viable cells  (VI) using a method that formerly described 
by Ahmed et  al.[18] In brief, the cells were grown at concentration of 
1 × 106 cells/ml in 6 well‑plates to 60–70% confluence by incubation for 
16–18 h, and then inoculated by removal of the media and substituting it 
with media containing 2.5, 1.25, 0.62, 0.31, and 0 mg/ml of khat extract, 
and incubated for 16  h. Floating and adhering cells were collected, 
washed once with a (PBS, pH 7.4), centrifuged, suspended in a suitable 
amount of PBS and stained with 0.2% trypan blue for 5  min at room 
temperature. About 10 μl of the sample was loaded on hemocytometer 
chamber and numbers of viable and non‑VI were counted under a light 
microscope  (Olympus, Tokyo, Japan). The results were expressed as a 
percentage of the control.

Morphological assessment of khat extract on 
Madin‑Darby Bovine Kidney by acridine orange 
ethidium bromide double staining
Khat‑induced cell death in MDBK cells was quantified using AO and 
EB double‑staining according to standard procedures and examined 
under a fluorescence microscope. Briefly, treatment was carried out in 
6‑well plates. Cells were plated at a concentration of 1 × 106 cells/ml for 
3 h, the media was substituted with new media containing 5, 2.5, 1.25 
and 0 mg/ml khat extract. The cells were incubated for 16 h. Floating 
and adhering cells were collected, centrifuged at 300  ×  g for 10  min, 
washed twice with PBS to remove the remaining media. Supernatant was 
discarded and the cells were stained with fluorescent dyes containing 
AO (10  mg/ml) and EB  (10  mg/ml). Freshly stained cell suspension 
was dropped onto a glass slide and covered with a coverslip. Slides were 
observed under the ultraviolet‑fluorescence microscope within 30 min 
before the fluorescent color starts to fade. The viable, early‑dependent 
phospholipid‑binding protein, detects the plasma membrane alterations, 
apoptotic, and late apoptotic cells were observed.

Annexin‑V/propidium iodide staining assay
The effect of khat extract on the induction of early and late apoptosis (LA) 
was investigated in MDBK cells using the annexin‑V conjugated 
with fluorescein isothiocyante  (FITC) and PI staining assay. The cells 
(1 × 106 cells/ml) at the exponential phase of growth were seeded into a 
6‑well plate then incubated for 3 h at 37°C in presence of 5% of CO2, the 
media was substituted with another new media containing 5, 2.5, 1.25 and 
0 mg/ml khat extract. The cells were harvested after 4 and 8 h by removing 
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the supernatant and detached cells to separate tubes, then trypsinization 
of adherent cells, collecting them in tubes and stopping the trypsin with 
neutralizing solution and adding them to the previous corresponding 
tubes of detached cells. The tubes were centrifuged at 500 × g for 5 min, 
the supernatant was aspirated and discarded. The pellets were washed 
by gentle resuspension in cold PBS and centrifuged at 500 × g for 5 min 

followed by aspirating and discarding of the supernatant. The cells were 
resuspended at 1  ×  106 cells/ml in annexin staining buffer gently and 
stained according to the manufacturer’s protocol, shortly, an appropriate 
amount of fluorescently conjugated annexin‑V stain was added and left 
for 15–20 min on ice in the dark at room temperature. Cells were washed 
twice with annexin staining buffer and then, PI (5 μg/ml) was added to 
the cells immediately before observation under fluorescent microscopy. 
The percentage of cells undergoing apoptosis was determined. The 
experiment was carried out in triplicates.

Clonogenic survival assay
This assay was used to measure the ability of MDBK single cells to 
retain their reproductive capability to survive cytotoxic effects of khat 
and grow to form clones or colonies. The assay was done according to 
Munshi et al.[19] Briefly, in 25 ml tissue culture flasks cells were plated at 
concentration of 1 × 106 cells/ml for 3 h, the media were substituted with 
new media containing 2.5, 1.25, 0.625, 0.3125, 0.15625, and 0 mg/ml of 
khat extract and left for 2–3 h. Then, the cells from each concentration 
were washed with PBS preheated to 37°C, trypsinized, counted and plated 
in 6 well‑plates; at counts of 100 VI/well from 0 mg/ml of khat extract 
and suitable increasing amount of VI/well from each corresponding 
concentration, so, each single cell divides and forms a colony that could 
be easily counted after incubation. The test was performed in triplicates 
for each concentration, then, incubated at 37°C in 5% of CO2 in complete 
culture medium until the formation of new cell colonies consisting of at 
least four to six cells in cell control set (48 h). The colonies were fixed 
with 30% formalin in PBS and stained with 0.05% crystal violet, and the 
numbers of colonies were counted manually using inverted microscope 
using  ×5 lens  (Nikon, Japan). The results were expressed as survival 
curve between the different concentrations of khat extract and the cells 
retained their reproductive ability.

Hematoxylin and eosin staining
MDBK cells were seeded  (106  cells/ml) onto glass coverslips in sterile 
screw caped 15 ml test tubes and incubated for 3 h at 37°C in 5% CO2, 
then the DMEM was replaced with DMEM containing 5, 2.5, 1.25, 
and 0  mg/ml khat extract, as triplicates. Negative controls were tubes 
containing DMEM with no additions. All tubes were incubated for 8 h 

Figure  2: Representative colonies of Madin‑Darby Bovine Kidney cells 
that survived exposure to different concentrations of khat extract; 
0  mg/ml (untreated controls)  (a), 0.1562  mg/ml  (b), 0.3125  mg/ml 
(c), 0.625 mg/ml (d), 1.25 mg/ml (e) and 2.5 mg/ml (f ) after 48 h in 6 well‑plates 
that were inoculated with suitable viable cell counts in triplicates, fixed in 
10% formaldehyde and counted at by inverted microscope (×5)
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Figure 1: Trypan blue staining in Madin‑Darby Bovine Kidney cells after exposure to khat extract for 16 h examined by inverted microscope; 0 mg/ml are 
viable (negative for trypan blue) (a), 0.6 mg/ml has nonsignificant very few dead cells (take trypan blue) (b), 1.25 mg/ml has significant dead cells (take trypan 
blue) (c), the number of dead cells are very marked in concentrations: 1.25 mg/ml (d) and 2. 5 mg/ml (e) (×200). The khat‑treated group was compared to the 
control group (f ) (*P < 0.05, **P < 0.01; n = 3)
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at 37°C in 5% CO2. Then the media were discarded, cells were washed 
3 times using PBS, fixed with 10% neutral formalin in PBS and processed 
for staining with hematoxylin and eosin. Photographs were captured by 
an Olympus DP25 camera of 10 evenly spaced fields per coverslip using 
a Zeiss Axioskop light microscope at ×20 magnifications.

Statistical analysis
All data were means  ±  standard deviation from three independent 
experiments in triplicate. Results were analyzed using Student’s t‑test. 
The values of P < 0.05 were considered to be statistically significant.

RESULTS AND DISCUSSION
Khat is an integral component of the socioeconomic traditions of few 
countries such as Yemen and some African regions.[20] Even though 
chewing the khat is the most common method of administration, 
sometimes it can be smoked for its euphoretic effect.[21] In both methods, 
the khat must be used as fresh as possible to keep the presence of the 
cathinone, the important phytochemical present in it.[22] Since the 
important factor associated with khat usage is an addiction, many 
researches focused in determining the underlying mechanisms of 
addiction and central nervous system effects.[23,24] However, risks of its 
toxicological effects on other various organs have been less reported.
Since the C. edulis is a known cytotoxic agent,[25] in this study, we 
investigated the cytotoxic effect of khat on MDBK cells in  vitro. Our 
results provide the first evidence for cytotoxicity of khat on MDBK cells. 
The study employed various morphological techniques to reveal the mode 
of cell death. Treatment with khat alter the cellular viability of MDBK cell 
lines, which was measured using trypan blue method at concentrations of 
10, 5, 2.5, 1.25, 0.62, 0.31, and 0.15 mg/ml. Reductions in cellular viability 
were observed at concentrations above 1.25 mg/ml [Figure 1].
The clonogenic assay is the method of choice to determine cell 
reproductive death after treatment with cytotoxic agents.[26] Because 

this assay has the potential to determine every cell in the population 
for its ability to undergo “unlimited” division, it has been carried out 
to check the ability of khat extract to inhibit the growth of MDBK cells, 
we have treated the cells with increasing concentrations and the colony 
formation was observed after 40 h [Figure 2]. The results showed that 
the untreated control showed the highest number of colonies (100% 
survival) and the 0.1562 concentration could not prevent the colony 
formation significantly. The high concentrations reduced the colony 
formation at concentration dependent manner 27.4% and 24.9%, 
for 0.625 mg/ml and 1.25 mg/ml concentrations, respectively. Only 
15.9% cells were survived at 2.5  mg/ml concentration  [Table  1]. 
This obviously indicates that khat actively inhibits the proliferation 
of MDBK cells. The inhibition of proliferation observed here is in 
concordance with what was detected to take place in animal and plant 
cells studies next inoculation to khat‑specific alkaloids[27] or khat 
extract.[28,29]

Among the various modes of cell death, apoptosis is the important one. 
It is generally characterized by distinct morphological characteristics 
and energy‑dependent biochemical mechanisms.[30] Even though the 

Table  1: Survival percentage plotted using numbers derived from 
dilution sheet. Madin‑Darby Bovine Kidney cells were exposed to different 
concentrations of khat extract in 25 ml flasks for 3 h, trypsinized, counted, 
then, reseeded for clonogenic assay in 6 well‑plates by suitable viable cell 
counts and incubated. Colonies formed in untreated cultures (48 h)

Percentage 
survival

Percentage 
PE

Mean±SD Colony counts 
in three 

different fields

Count 
of cells 
plated

Khat 
mg/ml

100 80.3 80.3±3.5 848,077 100 0
82.6 66.3 66.3±3.1 706,564 100 0.1562
51.1 41 82±3.6 858,378 200 0.3125
37.4 30 90±4.6 958,986 300 0.625
24.9 20 80±5.3 867,876 400 1.25
15.9 12.8 64±4.6 696,360 500 2.5

SD: Standard deviation; PE: Plating efficiency

Figure 4: Fluorescent micrographs of acridine orange/ethidium bromide 
double stained Madin‑Darby Bovine Kidney cells treated with khat extract 
for 24  h. Untreated cells shows normal structure without prominent 
apoptosis and necrosis  (bright green)  (a). Early apoptosis features seen 
after 1.5  mg treatment  (bright green)  (b) and blebbing  (bright green) 
were noticed in 2.5 mg treatment (orange color) (c and d). VI:  Viable cells; 
BL: Blebbing of the cell membrane; CC: Chromatin condensation; LA: Late 
apoptosis (×400). Each experiment was performed in triplicate
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Figure  3: Inverted microscope micrographs of Madin‑Darby Bovine 
Kidney treated with khat extract in a concentration‑dependent manner 
in Dulbecco’s modified Eagle’s medium for 48  h; normal Madin‑Darby 
Bovine Kidney cell cultures showing a confluent monolayer sheet of 
cells (a), Madin‑Darby Bovine Kidney cells treated with 1.25 mg khat extract 
showing slight rounded cells  (b), cells inoculated 5  mg/ml developed 
many rounding and gaps as a result of detaching (c) and in concentration 
of 10  mg/ml more many rounding, more gaps and clumping were 
observed that were considered as cytopathic effect (d) (×200)
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detection of apoptosis shall employ various methods, morphological 
detection holds the gold standard.[31] It starts from phase contrast 
microscopy, till microscopy assisted with fluorescent images. Hence, first 
we used phase contrast microscopy to see the changes in the structure of 
MDBK cells with khat treatment. Cells were treated with khat extract at 
different concentrations; 1.25  mg/ml treatment showed a reduction of 
cells and the next concentrations 5 mg/ml and 10 mg/ml clearly showed 
the rounding up of cells significantly [Figure 3].

The confirmation phase contrast can be done using various intercalating 
dyes to differentiate various stages of apoptosis. One of these kinds is 
AO/EB assay. In this assay, the morphological changes happen during 
the cell death were initially assessed using phase‑contrast microscopy 
and further, confirmed by fluorescent microscopy analysis. AO and EB 
double stain were used to see the different parameters of early and LA 
including death cells.[32] Under this experiment, we have observed that 
the control cells were intact with round nucleus while the apoptosis 
features such as blebbing and nuclear chromatin condensation was 
clearly observed later with higher concentrations. Moreover, the presence 
of reddish‑orange color due to the binding of AO to denatured DNA was 
observed for late apoptotic cells [Figure 4]. H and E stain was employed 
for further confirming the apoptosis. In Figure 5, it was observed that cell 
shrinkage is prominent compared to control cells. Moreover, condensed 
chromatin [Figure 5c, darker than other cells] and fragmented nucleus 
were observed. In untreated control, numerous mitotic cells are clearly 
visible. Previously Dimba et al. had observed similar kind of observations 
using Hoechst 33,342 dyes.[33]

Annexin‑V is a methodology which detects apoptosis by targeting for 
the loss of phospholipid asymmetry of the plasma membrane.[34] It 
detects apoptosis earlier in the process than DNA‑based assays such 
as TUNEL, PI secondary dye is included to differentiate apoptotic cells 
from viable and necrotic cells. It is more sensitive and authorizes the 
earlier results we obtained. The morphological examination result of 
annexin‑V FITC staining assay attained from microscope images is 
shown in Figure  6. The MDBK cells PS externalization occurred with 
khat treatment was clearly detected and captured. As shown in figure, 
the control cells have not shown any significant annexin‑V binding, but 
with khat treatment, significant increase in the number of annexin‑V 
positive cells was observed. Further study will be intended to investigate 
the mode of apoptosis that has been occurred in our MDBK cell model.

CONCLUSION
This study clearly showed that the C. edulis extract has the potential of 
exerting cytopathogencity in MDBK. In addition, the study also proves 

Figure 6: H and E stain of Madin‑Darby Bovine Kidney cells incubated for 8 h 
with khat extract; 0.0 mg/ml, Madin‑Darby Bovine Kidney cells show complete 
confluent healthy monolayer cells (a), 1.5 mg/ml, very few cells show small, 
hyperchromic fragmented nuclei (curved arrow) and very few gaps (straight 
arrow) between cells (b), 2.5 mg/ml, many cells show small, hyperchromic, 
fragmented nuclei, many gaps between cells and cytoplasmic and nuclear 
dust were found (c) and in 5 mg all fields lack cells, with hyperchromic naked 
nuclei, cytoplasmic and nuclear stages of destruction, with detachment of 
most of the cells from adherent surface (d) (×100)
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Figure 5: Annexin‑V/propidium iodide assay. In control cells propidium iodide cannot go into the cell resulting in negative staining for both dyes; (0 mg/ml 
after 4 and 8 h) (a, b, h and i, respectively), annexin‑V stain externalized phosphatidylserine on the cell surface (green) next the beginning of apoptosis (1.25 
mg/ml after 8 h) (j and k), through the latter stages of apoptosis phosphatidylserine is exposed (green) and propidium iodide can enter the cell (red) due to 
the loss of membrane integrity of late apoptotic cell (2.5 mg/ml (c) and 5 mg/ml (d‑f ) after 4 h, 2.5 mg/ml (l and m) after 8 and dead cell (5 mg/ml after 8 h) (g)
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that the mode of cell death is via programmed cell death. Further studies 
are in progress to explain the effect of khat in vivo.
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