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ABSTRACT

Aim: This study evaluated the effect of ethanol leaf extract of Catha edulis on the prefrontal cortex
oxidative markers and hematological profile of Wistar rats.
Study Design: The study design was experimental.

*Corresponding author: E-mail: mbina.solomon@kiu.ac.ug;
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Place and Duration of Study: Department of Biochemistry, Kampala International University,
Uganda and Faculty of Medicine, Department of Pharmacy, Mbarara University of Science and
Technology, Mbarara, Uganda. Between January and May, 2021.

Methodology: Fresh C. edulis leaves were collected after on-spot identification, and authenticated
before being chopped into small pieces and pulverized mechanically. The powdered material was
extracted through cold maceration using 70% ethanol for 72 h. The extract was concentrated in
vacuo to dryness at 40°C using rotary evaporator. The lethal dose (LDs) of the crude extract was
determined using acute toxicity test. The sub-acute toxicity of the crude extract was evaluated by
orally administering daily doses of 250, 500, and 1000 mg/kg to the male Wistar rats for 28 days.
The animals were monitored for mortality, behavioral and physiological signs of toxicity. Superoxide
dismutase (SOD), Catalase (CAT) activities and Malondialdehyde (MDA) levels were estimated
using standard methods. The blood samples were analyzed using the automated hematology
analyzer: Mindray BC-6000. Shenzhen, China.

Results: The median lethal dose (LDsp) of the C. edulis leaf extract was greater than 5000mg/kg b
w. The SOD and CAT activities of C. edulis treated groups compared to the control group were
significantly (p < 0.05) reduced, the malondialdehyde (MDA) levels were increased in C. edulis
treated groups compared to the control group. There was no significant change in the
hematological parameters, however, there were slight variations in the WBC and RBC counts in
some C. edulis treated groups.

Conclusion: Long term chewing of C. edulis could result in oxidative stress. It is therefore

important for chronic C. edulis leaf chewers to take caution.

Keywords: Catalase; khat; lipid peroxidation; malondialdehyde; superoxide dismutase.

1. INTRODUCTION

Catha edulis Forsk commonly known as khat is a
widely cultivated and consumed psychoactive
herb in East Africa and the Arabian Peninsula
[1,2,]. The chewing of young C. edulis leaves has
become a common practice among predominant
cultivators mainly due to the stimulating and
psychoactive effects they derive from them [1,3].
C. edulis has gradually become the socio-cultural
norm among the populations of some Africa and
Asia countries as users continuously engage in
chewing sessions even during ceremonies [1].
Currently, C. edulis is regarded as the most
widely grown, traded and abused illegal drug in
the world [4] and about 147 million people now
consume it annually worldwide. In Africa, over 34
million people now use C. edulis as the main
narcotic drug [5]. Cathinone, the potent
psychostimulant alkaloid which is reported to
have amphetamine-like properties and
contributes to the pharmacological effect of C.
edulis is usually released 15-45 minutes during
chewing [6]. On drying or exposure to air,
cathinone is hydrolyzed to (+) nor
pseudoephedrine (cathine) and (-)-norephedrine
which are more stable and less potent
molecules. C. edulis users therefore obtain and
immediately chew the freshly harvested leaves in
order to derive adequate psychoactive effects
[7,8]. The stimulating effects of C. edulis has
continue to induce repeated chewing among the

users which could lead to tolerance and
subsequent development of psychic or
behavioural disorders or both on the users

[9].

Evidence from previous studies using in vitro and
in vivo models [10,11] have linked prolong
consumption of C. edulis to many adverse health
effects including acute myocardial infarction,
ischemia and heart failure in the cardiovascular
system [1], euphoria, mild excitement, anorexia,
insomnia, and anxiety in the CNS [12], stomatitis,
esophagitis, and gastritis in the GIT [13]. Besides
the adverse health effects of prolong use, C.
edulis have also been reported to generate free
radicals [14,15]. Free radicals (FR) are part of
normal physiological processes, their abnormal
levels can result in the damage of cellular
macromolecules notably, proteins, lipids, nucleic
acids and carbohydrates through protein
peroxidation, lipid peroxidation, DNA or RNA
oxidation and  glycosylation  respectively
[16,17,18,19,20,21]. The maintenance of cellular
homeostasis to prevent the adverse effects of
reactive oxygen species (ROS) is therefore an
essential process in all aerobic organisms and
this is achieved through the body’s endogenous
antioxidants defense systems which comprise of
three main types of antioxidant enzymes namely,
superoxide dismutases (SOD), catalases (CAT)
and glutathione peroxidases (GPX) [11,22,23,
24,25,26].
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The brain is one of the most targeted organs by
the constituents of stimulant drugs or herbs.
Unlike other tissues, the brain has weak
endogenous antioxidant defense system which
makes it vulnerable to imbalance in redox
homeostasis [27]. Metabolism in the brain
generates high amounts of H,O, whereas, low
catalase levels in most regions of the brain have
been reported [28,27]. Hematological parameters
especially red blood cells (RBCs) are also
susceptible to oxidative insults due to the high
cell amount of oxygen and hemoglobin they
contain.  Under compromised  conditions
therefore, the RBCs are the first target cells [12].
The response of the body to stress, puncture,
injury and imbalance is therefore usually obtain
through the blood profile [29]. Hence, to
ascertain the effect of substances and plant
extract like C. edulis, the evaluation of
hematological profile is important [30].

Oxidative stress (OS) which results from the
physiological imbalance between the levels of
oxidants and antioxidants in the cells [31] has
continued to attract investigation by researchers
particularly on the possible causes. Interestingly,
most studies have investigated the effect of C.
edulis on oxidative markers in a bit to understand
the causes of OS in in serum [14,15,32], liver
and kidney tissues [33] and the brain [34], but
investigations into the effect chronic C. edulis
use on prefrontal cortex oxidative markers and
hematological profile is still missing. This present
study therefore evaluated the effect of ethanol
leaf extract of C. edulis on the prefrontal cortex
oxidative markers and hematological profile in
Wistar rats.

2. MATERIALS AND METHODS
2.1 Chemicals, Reagents and Instruments

The chemicals and reagents used in the current
study were obtained from Griffchem fine, and
LOBA chemicals, India. RADWAG Wagi
(MYA.21.4Y.P) weighing balance was used for
weighing reagents and Jenway® UV-visible
(Model: 6715) spectrophotometer was used for
all the spectrophotometric measurements.

2.1.1 Experimental design

Fresh leaves of C. edulis were collected
identified and authenticated by a taxonomist. The
experimental animals were obtained from the
Animal unit of Kampala International University,
Western campus, Ishaka Uganda. The animals
were allowed to acclimatize for two (2) weeks

before the start of the study. The Fresh leaves of
Khat were extracted using 70% (v/v) ethanol.
Part of the extract was used for phytochemical
screening, acute toxicity study and sub-acute
study. The results of the LDsq of the ethanol plant
extract informed the dose selection for sub-acute
oral animal administration for twenty-eight (28)
days. After 28 days, the animals were
anaesthetized, sacrificed and blood samples and
the brain was carefully removed to analyze the
effect of C. edulis extract on hematological
parameters and oxidative markers activities
respectively (Fig. 1).

2.1.2 Plant collection and identification

Young fresh leaves of C. edulis were collected
after on-spot identification, and authenticated by
Olivia Wanyana (taxonomist) before its voucher
specimen was deposited at the Makerere
University Herbarium, Kampala, Uganda, and
was given a voucher number: SA001.

2.1.3 Experimental animals and care

Twenty-eight (28) adult male Wistar rats of 8 to
10 weeks, weighing between 140 — 160 g were
used for this study. The rats were obtained from
the Animal House Unit of Kampala International
University (KIU), Western Campus, Uganda. The
rats were acclimatized for 2 weeks before the
start of the study and they were separately caged
under standard conditions of 12 hours light/dark,
temperature; 25+2°C, relative humidity of 60%z
10%, and were fed on a standard rodent diet
purchased from NOVITA, Uganda, and water ad
libitum.

2.2 Preparation of Ethanol Leaf Extract
of C. edulis

Five kilograms (5kg) of the fresh C. edulis leaf
samples were washed properly under running
water to remove dirt and other particles. The
leaves were chopped on glass plates and
pulverized mechanically. The ground leaves were
extracted using modified methods of [35,19]. In
the maceration method of extraction, the plant
material was immersed in conical flask
containing 70% ethanol in ratio 1:10 and agitated
on a shaker for 6 hours and allowed to stand for
another 66 hours with frequent agitation. The
extract was then filtered using gauze roll to
separate the larger particles and thereafter using
Whatman No.1 filter paper. The filtered extract
was later concentrated in vacuo at 40°C to
remove the ethanol.
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Effect of Catha edulis on oxidative markers and Hematological Profile
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Fig. 1. Schematic outline of the experimental design and procedures

2.2.1 Determination of lethal dose

The acute toxicity study of the C. edulis leaf
extract was determined using the biphasic
method described by Lorke [36]. Twelve male
Wistar rats were used for this study, nine were
used in the first phase and three in the second
phase. All the rats in each phase were fasted for
12 hours before administration of the C. edulis
leaf extract and allowed unrestricted access to
standard feed and water ad libitum 4h post-
administration. Observation for toxic signs was
made after 1, 2 and 4 hr intervals after treatment,
then 24 hr period. All animals in both phases
were observed for signs of toxicity daily for 14
days after treatment including mortality, cognitive,
behavioural symptoms and body weight changes
during this period [37]. From the study, the

median lethal dose (LDsg) of C. edulis was >
5000mg/kg.

2.2.2 Sub-acute toxicity study of ethanol leaf
extract of C. edulis

Sixteen male Wistar rats were placed randomly
into four groups of four rats each. Considering
the potential cumulative effects that may result
from repeated administration of the C. edulis leaf
extract, the doses administered to the animals
during the sub-acute toxicity study were adapted
from Organization for Economic Co-operation
and Development (OECD) [37,38] and the Hodge
and Sterner toxicity scale [39]. The groups
labeled low dose (LD), medium dose (MD) and
high dose (HD) were administered the 250, 500
and 1000 mg/kg body weight doses of the C.
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edulis leaf extract which represent a two to four
fold intervals of the LDs, of 5000 mg/kg [37] while
the control(C) group was given 10 mL idays and
rats were uniquely marked on the tail for proper
identification during treatment and measurement
of physical and clinical parameters. The animals
were weighed before treatment commenced,
then, once every week throughout the duration of
treatment. At the end of day 28, all rats were
sacrificed 24 hours after the last treatment. The
rats were anaesthetized using halo ethane while
blood samples were obtained by cardiac
puncture and the brain was carefully harvested
for oxidative markers assay.

2.2.3 Evaluation of body and relative organ
weights

The body weights (in grams) of the rats were
taken on the first day before treatment, then once
weekly throughout the experimental period. After
28 days of treatment, the rats were sacrificed
and the individual rat brain was carefully
removed and weighed. The change in body
weight and relative organ (brain) weight were
expressed as a percentage ratio as described by
Echoru et al. [40] and Stanley et al. [41]
respectively.

% change in weight = (Difference between
interval body weight and initial body weight /
Initial weight) x 100

The relative organ (brain) weight (ROW) =
(Organ weight / Total body weight ) x 100

2.3 Preparation of Tissue Homogenates
for Oxidative Markers Assay

The prefrontal cortex was carefully selected from
the rat brain and placed into ice cold beaker. The
selected prefrontal cortex (1g) was homogenized
in 10 ml homogenization buffer (1 mL 0.05 M
phosphate buffer) at pH 7.4. The tissue was
chopped into small pieces using scissors and
poured into a 15 mL homogenizing tube and
homogenized. The mixture was centrifuged at
3000rpm for 10 min at 4°C to remove the
unbroken cells and cell debris. The supernatant
obtained was placed in refrigerator at -20°C till it
was used for estimation of oxidative marker
activities.

2.3.1 Determination of SOD Activity

The SOD activity was estimated using the
method described by Misra and Fridovich [34].
The supernatant (0.10 ml) was added to 2.5 ml
0.05 M carbonate buffer (pH 10.2) then, 0.3 mL

of freshly prepared 0.003M adrenaline was
added to the mixture and mixed thoroughly. The
absorbance was read at 480 nm and monitored
for 30 sec. then 150 sec.

One (1) unit of SOD activity was determined as
the quantity of SOD required to cause 50%
inhibition of adrenaline oxidation to
adrenochrome during 1 min.

2.3.2 Determination of CAT Activity

The CAT activity was determined using the
method described by Cohen et al. [42]. The
supernatant (500ul) was added to 5 ml of 0.03M
H,0O, and mixed by inversion for 3 minutes. After
3 min, 1 mL of 6M sulphuric acid was added to
stop the reaction and 7 mL of 0.01 M potassium
permanganate was immediately added and
absorbance read at 480 nm within 30-60
seconds.

2.3.3 Determination of
(MDA)

malondialdehyde

Lipid peroxidation was determined using the
method described by Yagi [43] by estimating the
concentration of MDA which reacts with
thiobarbituric acid reactive substances (TBARS)
to form coloured compound whose absorbance
was measured at 532nm.

2.3.4 Analysis of hematological profile

The blood samples were obtained by cardiac
puncture and carefully transferred into EDTA-
containing tubes. The hematological parameters
analyzed from the blood samples were white
blood cell (WBC) counts, red blood cell (RBC)
counts, platelet (PLT) counts, hemoglobin (Hb)
counts, hematocrit (HCT), mean corpuscular
volume (MCV), mean corpuscular hemoglobin
(MCH) and mean corpuscular hemoglobin
concentration (MCHC).The blood samples were
analyzed using the automated hematology
analyzer: Mindray BC-6000 (Bio-Medical
Electronics Co., Ltd, Shenzhen, China).

2.4 Statistical Analysis

The quantitative data were analyzed using
Microsoft Excel 2016. Data was presented as
mean + standard error of mean (SEM). The
variation in a set of data was analyzed through
the one-way analysis of variance (ANOVA). The
difference among the means was considered at
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P < 0.05 using post-hoc method of Students-
Newman Keuls through GraphPad Prism8.0.1.

3. RESULTS
3.1 Determination of Lethal Dose

There was no toxic signs of lethality or mortality
up to 5,000 mg/kg dose of C. edulis extract.
Corner sitting, diarrhea and restlessness were
the early behavioural patterns observed among
the treated groups. Therefore, the lethal dose
(LDsp) of C. edulis was greater than 5000 mg/kg.

3.1.1 Sub-acute toxicity study of ethanol leaf
extract of C. edulis

The daily administration of the C. edulis extract
for 28 days did not cause any physical or marked
behavioural changes in the treated groups
compared to the control group. No death was
recorded among the groups throughout the study
period.

3.1.2 Body and relative organ weights

The body weight of the C. edulis treated groups
compared to the control group did not result in
significant difference. However, rats dosed 1000
mg/kg of the extract showed a reduction in
weight at week 3 of the treatment with a sharp
increase at week 4 (Fig. 2).

The relative brain to body weight of the C. edulis
treated groups compared to the control group

showed no significant difference. A slight
35
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increase in brain weight was however recorded
in the group dosed at 500 mg/kg (Fig. 3).

3.2 Effect of Ethanol Leaf Extract of C.
edulis on Oxidative Markers

3.2.1 SOD activity

The average values of SOD activity of C. edulis
treated group dosed 250, 500, 1000 mg/kg
(respectively 63.90 + 1.19, 63.07 + 1.99 and
54.47 + 1.47) were reduced when compared to
the control group (71.10 + 2.75). The SOD
activity of C. edulis treated group dosed 500 and
1000 mg/kg were statistically significant (p = 0.04
and p = 0.00 respectively) when compared to the
control group. The comparison of the SOD
activity among the C. edulis treated groups
showed statistical significant difference (p = 0.01
and p = 0.02 respectively) between groups
dosed 250 and 1000 mg/kg and groups dosed
500 and 1000 mg/kg (Fig. 4).

3.2.2 CAT activity

The average values of CAT activity of C. edulis
treated group dosed 250, 500, 1000 mg/kg
(respectively 467.1 + 29.03, 439.7+ 34.99 and
421.2 + 50.39) reduced when compared to the
control group (489.4 + 26.16). There was no
significant difference (p >0.05) in the CAT activity
of C. edulis treated group when compared with
the control group (Fig. 5).

T
1
T T
J— 1 Control
; T 250mg/kg
7 | 500mg/kg
J_ l 1000mg/kg
Day 21 Day 28

Fig. 2. Weekly percentage weight changes of control and C. edulis treated Wistar rat
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Fig. 4. Effect of C. edulis extract on SOD activity in the prefrontal cortex. Data are presented as
Mean +SEM, Mean values with different letters represent statistical significant differences (p <
0.05), * represent statistical difference compared to the control

3.2.3 MDA levels

The mean values of the MDA levels of the C.
edulis treated group dosed 250, 500, 1000 mg/kg
(respectively 3.19+ 0.38, 4.92 + 0.42 and 5.22+
0.75) were increased when compared with the
control group (3.05+ 0.24). The MDA levels of
the C. edulis treated group dosed 1000 mg/kg
showed a statically significant difference (p =
0.03) when compared with the control group (Fig.
6).

3.3 Effect of Ethanol Leaf Extract of C.
edulis on Hematological Profile

The sub-acute administration of ethanol leaf
extract of C. edulis did not cause any significant

difference (p>0.05) in the hematological
parameters of the treated groups when
compared to the control group. However, slight
alterations in some hematological parameters of
the C. edulis treated groups compared to the
control group were observed. The WBC of group
dosed at 1000 mg/kg of the extract was slightly
increased (6.70 + 2.35) when compared with the
control group (5.35 + 2.00), the MCV of groups
dosed 500 and 1000 mg/kg (51.70 + 1.12 and
53.78 + 1.84 respectively) were reduced when
compared with the control (65.45 + 0.87) and the
MCHC of the C. edulis groups dosed 500 and
1000mg/kg (29.20 + 0.34 and 29.50 + 0.60
respectively) showed a slight increase when
compared with the control group (28.60 + 0.47)
as shown in Table 1.
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Table 1. Hematological profile of control and C. edulis treated Wistar rats

Parameters Control (10MI) LD (250mg/kg) MD (500mg/kQg) HD (1000mg/kg)

WBC (x10°L) 5.35+2.00 5.43 + 0.37 (p = 0.99) 5.18 + 1.75(p = 0.99) 6.70 + 2.35(p = 0.90)
Platelet (x 10°L) 732.30 +72.38 741.80 + 20.50(p = 0.99) 771.00 + 62.53(p = 0.95) 734.50 + 82.48(p = 0.99)
RBC (x 10*L) 8.10+ 0.21 7.99 + 0.19(p = 0.99) 7.93 + 0.46(p = 0.96) 8.25 + 0.41(p = 0.97)

Hb (g/DI) 15.15+0.36 15.00 + 0.27(p = 0.99) 15.10 + 0.70(p = 0.99) 15.53 + 0.53(p = 0.90)
HCT (%) 52.98 +1.85 52.65 + 0.82(p = 0.99) 51.70 + 2.34(p = 0.92) 53.78 + 1.84(p = 0.98)
MCV (fl) 65.45 + 0.87 65.93 + 0.62(p = 0.99) 51.70 + 1.12(p = 0.99) 53.78 + 8.89(p = 0.65)
MCH (pg) 18.68 + 0.37 18.75 + 0.19(p = 0.99) 19.05+ 0.33(p =0.72) 18.88 + 0.30(p = 0.93)
MCHC (g/dL) 28.60 + 0.47 28.45 + 0.19(p = 0.98) 29.20 + 0.34(p = 0.64) 29.50 + 0.60(p = 0.35)

The values are presented as Mean +SEM; n=4, WBC: White Blood Cells, RBC: Red Blood Cells, Hb: Hemoglobin, HCT: Hematocrit, MCV: Mean Corpuscular Volume, MCH:
Mean Corpuscular Hemoglobin, MCHC: Mean Corpuscular Hemoglobin Concentration.

600

500 T 4 b =
400
300
200
100

Control 250mg/kg S00mg/kg 1000mg/kg
Control and C. edulis treated group

CAT Activity (umol/min)

Fig. 5. Effect of C. edulis extract on CAT activity in the prefrontal cortex. Data are presented as Mean +SEM

156



Mbina et al.; JSRR, 27(11): 149-162, 2021, Article no.JSRR.78171

MDA Levels (nmol/ml)

[

a
| I
o I

Control

250mg/kg

C*
' I

S00mg/kg 1000mg/kg

Control and C. edulis treated group

Fig. 6. Effect of C. edulis extract on MDA levels in the prefrontal cortex. Data are presented as
Mean +SEM, Mean values with different letters and asterisks (*) represent statistical significant
differences (p <0.05)

4. DISCUSSION
4.1 Lethal Dose Determination

Acute toxicity study is an initial procedure for
screening of substances, phytochemical,
synthetic chemical and pharmacological agents
for toxicity [44]. Acute toxicity mainly gives an
idea of the median lethal dose (LDsg). In this
study, the median lethal dose (LDsg) of the C.
edulis leaf extract was greater than 5000 mg/kg.
The only remarkable behavioral signs or pattern
observed with the treatment groups was corner
sitting, restlessness and diarrhea (occurring in
the early days of administration). This present
study agrees with the study by Ketema et al. [45]
who did not record any mortality in an acute
toxicity study of C. edulis extract on mice. The
finding of this study also confirms the behavioural
patterns or symptoms reported in previous
studies which suggest that prolong effects of C.
edulis among users include insomnia, anxiety,
and irritability [46,47,3], increased locomotor
activity [48]. Similarly, the present study aligns
with previous human studies which reported no
death related to C. edulis use [9,49]. The finding
of the present study therefore suggest that the
oral consumption of C. edulis leaves at dose less
than or equal to 5000 mg/kg b.w. may be acutely
safe, however, the sub-acute (repeated
administration) test of the plant has shown
deleterious effects on the brain cell, neurons,
hepatocytes, heart and lungs [33]. Increase risk
for psychosis [47,50], increase in blood pressure

and heart rate [51] as such prolong consumption
of C. edulis could cause adverse effects.

4.2 Body and Relative Organ Weights of
Study Rats

In this study, the body weight of the treated rats
compared to the control group increased
gradually with rats in 1000mg/kg group showing
a decline in weight at week 3 and a sharp
increase at week 4. This study finding correlated
with previous study by Echoru et al. [40] who
reported general body weight increase of khat-
treated rats in the first 3 weeks followed by
gradual decline in the body weight from week 4
to 6. This present study result also agrees with
the study conducted by Alele and Rujumba [52].
which reported no weight loss in male rats after
administration of khat. In the present study, the
relative brain to body weight of the khat-treated
animals compared to the control was consistent.
This study suggests that oral treatment of C.
edulis extract does not lead to observable
negative effects on the body weights and brain of
khat treated animals.

4.2.1 Effect of ethanol leaf extract of C.
Edulis on the prefrontal cortex oxidative
biomarker activities

The brain is one of the most targeted organs by
the constituents of stimulant drugs or herbs.
Unlike other tissues, the brain has weak
endogenous antioxidant defense system which
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makes it vulnerable to imbalance in redox
homeostasis [27]. Metabolism in the brain
generates high amounts of H,O, hence, requiring
unimpaired antioxidant defense enzymes
(importantly SOD, CAT and GPXx) to keep these
ROS within the required physiological levels.
SOD is a very powerful endogenous first line
detoxification antioxidant found in cells. SOD
initiates the detoxification process in the cells
through dismutation of superoxide radicals (*O,)
or singlet oxygen '0,- generated in tissues via
cellular metabolism to hydrogen peroxide (H,0,).
CAT completes the detoxification process
initiated by the SOD by catalyzing the breakdown
of hydrogen peroxide (H,O,) to molecular oxygen
and water [31]. In the current study, activities of
SOD and CAT of C. edulis treated groups
compared with the control group were
significantly (p < 0.05) reduced. This study
finding agreed with previous study by Fahaid et
al. [33] which reported reduced SOD and CAT
activities in khat treated rats. The present finding
further correlated with previous reports that
stimulants and most used herbs like C. edulis
have amphetamine-like properties which induces
oxidative instability [22,6,53]. The study therefore
suggests that with reported evidence of weak
endogenous antioxidant system in the brain, with
particular evidences of low catalase levels in
most regions of the brain [28,27] the PFC of the
brain is therefore prone to accumulation of H,O,
given the reduction in CAT activities induced by
the C. edulis extract. Lipid peroxidation on the
other hand indicates cellular membrane damage
due to oxidative stress. MDA which constitute
one of the byproducts of lipid peroxidation is
mostly used to estimate oxidative stress
conditions [54]. In this study, the MDA levels
increased among the 500-1000 mg/kg b. w. C.
edulis treated groups and the rat group dosed
1000 mg/kg b. w. was significantly (p < 0.05)
increased when compared to the control group.
The current study agreed with previous studies
which reported increased levels of MDA caused
by Khat use [14,15,32]. The finding of this
present study showed that the elevated MDA
levels due to lipid peroxidation in the PFC could
be attributed to the high concentration of
polyunsaturated fatty acids present in membrane
lipids of the brain [23].

4.2.2 Effect of ethanol leaf extract of C.
Edulis on hematological parameters

Evaluation of hematological parameters helps to
reveal the abnormalities in the body physiologic
or metabolic processes and further gives an

insight into toxicity related information which may
have slipped from detection during physical
assessment of tissues and body weight. The
response of the body to stress, puncture, injury
and imbalance is therefore usually obtained
through the blood profile [29]. Hence, to
ascertain the effect of substances and plant
extract like C. edulis, the evaluation of
hematological profile is important [30]. In this
study, the complete blood counts (CBC) in C.
edulis treated groups showed no significant
differences (p>0.05) compared with the control.
However, the red blood indices mainly, the mean
corpuscular hemoglobin (MCH), mean
corpuscular hemoglobin concentration (MCHC)
and mean corpuscular volume (MCV) which
constitute the vital indicators for diagnosing
anemia [55] showed slight difference when
compared to the control group (Table 1). This
study finding agreed with previous study which
reported no significant differences in the blood
counts among khat treated male rats [56]. This
study finding indicated that despite the
statistically insignificant differences, the slight
variations in the MCH, MCV and MCHC of khat
treated groups compared to control group
showed that the ethanol C. edulis extract has
capacity to induce toxicity on the RBC counts
when administered orally for a long time. The
white blood cell (WBC) count is another
important hematological parameter whose
increase may indicate the effect of a given
substance or plant extracts in triggering response
from the immune system of the administered
animals [57]. Gross reduction of the WBC on the
other hand signals a decrease in leukocytes
(mainly leukopenia) production which will
suggest inability of the body to fight invading
pathogens or infections. In this study, the total
WBC count after 28 day sub-acute administration
of C. edulis extract indicated that there was no
significant difference (p>0.05) in the treated
groups compared to the control group. However,
the WBC counts slightly increased in 1000 mg/kg
khat treated group when compared with the
control group. This present study agrees with the
finding of Alele et al. [56] who reported that there
was no statistical difference in WBC counts
between the khat treated groups. The current
study result therefore suggest that the ethanol
leaf extract of C. edulis does not contain
phytochemicals or if present were not sufficient
to induce leukocytosis which is characterized by
an abnormally increased WBC circulating in the
blood or in suppression of normal production of
WBC [56]. Also the duration of administration (28
days) in this study may not be too sufficient to
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see the chronic effects of the C. edulis extract on
the WBC counts of the administered rats.

5. CONCLUSION

C. edulis extract contains phytochemical
constituents which are responsible for its
pharmacological properties. The median lethal
dose (LDsp) of the C. edulis leaf extract is greater
than 5000 mg/kg, hence, it may be considered
acutely safe. However, the adverse health
effects, behavioral signs, effects on oxidative
markers and alterations in some hematological
indices indicates the potential toxic effect of khat
extract. Long term chewing therefore can lead to
oxidative stress and some pathologies. Chronic
khat chewers are advice to take caution.
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