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Objectives: To investigate the blood glucose lowering
effect of khat (Catha edulis) extract in normal, glucose-
loaded, and alloxan diabetic rats.

Methods: Three experimental protocols were used in this
study. In each of the first 2 protocols, 3 groups of rats (6
rats per group) were used as control group (NS), Catha
edulis (CE) treated, and glibenclamide treated groups.
This study was carried out at the Physiological Laboratory
of the Medical School of King Khalid University, Abha,
Saudi Arabia between October and November, 2009.
Normal rats were used in the first protocol while alloxan
diabetic rats were used in the second protocol. Blood
glucose levels were measured in all 3 groups after single
dose injections of saline, CE or glibenclamide. In the
third protocol, another 6 groups of rats (6 rats per group)
were prepared as in the first 2 protocols and oral glucose
tolerance test (OGTT) was performed on each rat after
oral administration of glucose (1.5g/kg).

Results: Oral administration of a hydro-ethanol extract
of CE caused no statistically significant change in blood
glucose levels in normal rats with or without glucose
loading. There were slight, non significant increases
in blood glucose levels of extract-treated diabetic rats,
with and without glucose loading, as compared to the
corresponding untreated rats.

Conclusion: Oral administration of CE extract does not
exert a hypoglycemic effect in normal, glucose-loaded,
and diabetic rats.
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Diabetes mellitus is an endocrine disorder
characterized by hyperglycemia, which affects
many people, worldwide. It is projected that a total of
approximately 239 million people worldwide, will be
affected by the disorder by the year 2010." At the present
time, there are no adequately effective cure for diabetes
mellitus.> Currently available therapeutic options,
including dietary modification, oral hypoglycemics and
insulin, have their limitations.>* Therefore, the search
for more efficacious and safer hypoglycemic agents has
continued to be an area of active research. One area of
great interest lies in safe, natural antidiabetic agents to
replace synthetic drugs in diabetes management. The
plant kingdom offers a promising field in which to look
for natural oral hypoglycemics. More than 400 species
have been reported to display hypoglycemic effects, but
very few of them have been investigated for their safe
use.” Some plant products are consumed by the general
population for their socializing benefits and by patients
for their alleged therapeutic effects, but in many cases
no scientific proof exists in support of its therapeutic
efficacy; indeed some of these products may have
harmful effects on body function. There is, therefore,
a need to investigate these plant products to establish
their true effects.’ Khat is one of those plants widely
used throughout the world, especially in the Arab
world.® In 1975, it was estimated that between 5 and 10
million people worldwide used khat (Catha edulis) daily
and since then the number is likely to have increased.®
The leaves of khat (Catha edulis) are chewed for their
stimulating and sympathomimetic effects. Khat juice
is swallowed to induce a stimulatory and euphorogenic
effect in the user. The most important active ingredient
of khat is cathinone, which is reported to produce the
major clinical effects of khat.” These include anorexia,
anxiety, irritability, insomnia, hallucinations and panic
attacks. Chronic abusers are at risk of developing
personality disorders as well as myocardial infarction.®
The market value of khat leaves correlates with their
cathinone content.” Other constituent of khat leaves
include tannins, amino acids and a significant amount
of ascorbic acid, magnesium, and beta-carotene.”’
Many people chew khat leaves simply for its pleasurable
and stimulating effects. However, anecdotal evidence
also points to a widely-held belief among khat chewers
in the Arab region that khat juice helps to lower their
blood glucose and maintain it within normal levels.'*!
This study was carried out to investigate this claim. A
search of the local literature turned up only a few articles
on the effect of khat on blood glucose, and the reported
results were controversial.'®'> Therefore, we considered it
important to revisit earlier claims and establish whether
there is indeed any scientific basis for the widespread
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use of this plant in Arabian countries as a hypoglycemic
agent to treat diabetes mellitus.

Methods.  Preparation of Catha edulis shrub
extracts and dose selection. This study was carried out
at the Physiological Laboratory of the Medical School
of King Khalid University, Abha, Saudi Arabia between
October and November, 2009. Fresh shrubs of Catha
edulis (stem tips and leaves) were obtained from the
Drug Enforcement Administration (DEA) of Aseer
Region of southwestern Saudi Arabia. The Saudi DEA
is the only legitimate source of khat in Saudi Arabia,
as both the peddling and consumption of khat are
prohibited in the country. The plant material was
washed, dried, and extracted with 500 ml of water/
ethanol mixture (70/30%, v/v) at room temperature
overnight, and subsequently filtered. The filtrate was
evaporated in a vacuum at 40°C to remove all traces of
ethanol. The hydro-ethanol extract obtained (20 gram),
constituted 10.7% of the original dry material. It was
then dissolved in freshly prepared normal saline to a
final concentration of 200 mg/ml and 0.5 ml of this
was administered orally to the animal. The dose of the
extract used was 100 mg/rat (equivalent to 500 mg/kg as
dry plant). This dose selection was based on the average
amount of khat leaves estimated to be chewed daily by
khat chewers.”!¢

Experimental animals. Seventy-two white albino rats
aged between 14 and 16 weeks were used in this study.
Each rat weighing approximately 200 g, was obtained
from the Animal House of College of Medicine, King
Khalid University, Saudi Arabia. The rats were divided
into 12 groups and housed in 12 plastic cages (6 rats
per cage) in a climatically controlled room temperature
(22°C) and humidity, 55% with 12 hour light/12 hour
dark cycles. Water and standard pellet diet were available
ad libitum throughout the experimental period. The rats
were acclimatized for 10 days prior to the experiment.
All studies were conducted in accordance with the
National Institute of Health’s Guide for the Care and Use
of Laboratory Animals."” The design of the experiments
was approved by the Physiology Department Research
Committee of King Khalid University.

Preparation of normal and diabetic rats. In order
to achieve steady state levels of serum glucose, normal
rats were fasted for 18 hours, and diabetic rats for 6
hours prior to the administration of the extract. Alloxan
monohydrate (Sigma chemical Co., Louis, MO, USA)
dissolved in distilled water (pH <6.0) was administered
intraperitoneal to 18 hour-fasted rats at a dose of 150
mg/kg. The alloxan protocol was executed 48 hours
before the onset of the experimental procedure and was
followed by the measurement of serum glucose levels.
Diabetic rats were defined as rats having a serum glucose

of 213.9 mmol/L (=250 mg/dL), while normal, non-
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diabetic rats were defined as those having serum glucose
in the range of 6.0-7.6 mmol/L (108-137 mg/dL)."

Experimental procedure. In all experimental
procedures, all treatments were given single oral
doses using special stainless-steel cavage needles.
Hypoglycemic effect of Catha edulis extract on normal
fasted rats (Figure 1a): Eighteen fasted normal rats were
selected at random and divided into 3 groups of 6 rats
each (n=6). Group 1, normal rats, received vehicle
(normal saline) and served as normal controls. Group 2
was given 0.5 ml Catha edulis hydro-ethanol extract at a
final concentration of 0.5 mg/kg and served as extract-
treated normal rats. Group 3 received glibenclamide
(600 mg/kg/day) and served as glibenclamide-treated
normal rats.

Antihyperglycemic effect of Catha edulis extract on
diabetic fasted rats (Figure 1b): Eighteen fasted diabetic
rats were selected at random and divided into 3 groups
of 6 rats each (n=6). Group 1, diabetic rats, was given a
vehicle and served as diabetic control. Group 2, diabetic
rats, received 0.5 ml Catha edulis hydro-ethanol extract
at a final concentration of 0.5 mg/kg and served as
extract-treated diabetic rats. Group 3, diabetic rats, was
given glibenclamide (600 mg/kg/day) and served as
glibenclamide-treated diabetic rats.

Rats in the experimental groups were identified with
color coded tail marks and put into different sections of
the cage, according to their group. The time point at
which the extract was given was defined as 0.0 minute
(min). Blood samples were collected from the tail vein
of each rat for the measurement of blood glucose at 0,
30, 60, 90, 120, 180 min intervals in normal rats and
at 0, 1, 2, 3, 4 hours in diabetic rats.

Oral glucose tolerance tests (Figure 1c). To study
the effect of Catha edulis hydro-ethanol extract on
oral glucose tolerance test (OGTT) in normal rats and
diabetic rats, the animals were divided into 6 groups
each of 6 rats (n=6). Group 1, normal rats, was given
vehicle (normal saline) and served as normal controls.
Groups 2, normal rats, were given 0.5 ml Catha edulis
hydro-ethanol extract at a final concentration of
0.5 mg/kg and served as normal extract-treated rats.
Group 3, normal rats received glibenclamide (600 mg/
kg/day). Group 4, diabetic rats, were given a vehicle
and served as diabetic controls. Group 5, diabetic rats,
received 0.5 ml Catha edulis hydro-ethanol extract at a
final concentration of 0.5 mg/kg and served as diabetic
extract-treated rats. Groups 6, diabetic rats, were given
glibenclamide (600 mg/kg/day). A single oral dose of
glucose (1.5 g/kg) was given to each animal 10 min after
extract dosing in extract-treated groups. Blood was
collected from tail veins for glucose estimation before
administration of the extract (0 min) and at 30, 60, 90,
and 120 min after glucose loading.

Biochemical assays. Blood glucose was estimated
using a commercial diagnostic kit (Sigma chemical Co.,
Louis, MO, USA).

Results were expressed as mean values + SEM.
Statistical differences between groups were assessed by
Student’s t test. P<0.05 were considered significantly

different (95% Confidence interval).

Results. Hypoglycemic effect of Catha edulis extract
on normal fasted rats. Fasting blood glucose levels of
normal fasted rats are shown in Table 1. There was no
significant difference in fasting blood glucose levels
between Catha edulis extract-treated rats and control
rats. Compared to control rats, rats given glibenclamide
showed a reduction of blood glucose level (p<0.001)
of 21.6% at 30 min, 31.6% at 60 min , 40.8% at
90 min, 23.2% at 120 min, and 25.8% at 180 min
with a maximum reduction observed at 90 min after
glibenclamide treatment.

Antihyperglycemic effect of Catha edulis extract on
diabetic fasted rats. Table 2 shows the fasting blood
glucose levels of hyperglycemic alloxan-induced
diabetic rats. In comparison to diabetic control rats
administered the vehicle only, oral administration of the
hydro-ethanol extract to diabetic rats resulted in a slight
(statistically non significant) increase in blood glucose
levels during the first 4 hours after treatment. Diabetic
rats administered glibenclamide showed decreased blood
glucose levels (p<0.001) of 18% at one hour, 35% at 2
hours, 37.1% at 3 hours, and 40% at 4 hours following
the treatment. So, the maximum reduction in blood
glucose levels in glibenclamide treated diabetic fasted
rats was observed at 4 hours after treatment.

Oral glucose tolerance tests. Table 3 shows the effect
of orally administered hydro-ethanol extract of Catha
edulis on glucose tolerance test in normal and diabetic
rats. The experimental induction of hyperglycemia
by intragastric ingestion of glucose resulted in a peak
increase in serum glucose levels of 30% and 46.2% in
normal and diabetic rats. This maximum increase in
blood glucose level in both groups was reached at 60
min after glucose loading. Blood glucose levels of normal
rats loaded with glucose progressively decreased until
the end of the experimental period. The blood glucose
level of the diabetic rat group receiving glibenclamide
and loaded with glucose increased up to a maximum of
23.2% at the 60 min and progressively decreased until
the end of the experimental period. In OGTT, oral
administration of Catha edulis hydro-ethanol extract
caused a non-significant decrease in blood glucose
levels in glucose loaded normal rats at 60, 90 and 120
min when compared to the corresponding control rats.
Compared to diabetic control rats, oral administration
of the extract in glucose loaded diabetic rats, resulted in
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Figure 1 - Experimental protocols of the study. a) Experimental procedure in normal non diabetic rats. b) Experimental
procedure in alloxan induced diabetic rats. ¢) Oral glucose tolerance test experimental procedure in normal and
diabetic rats. E - extract, G - glibenclamide, V - vehicle, S - sample, A - alloxan, F - fasting, Glu - glucose

Table 1 - Effect of Khat (Catha edulis) hydro-ethanol extract on blood glucose levels in normal fasted rats.

Group 0.0 minute 30 minutes 60 minutes 90 minutes 120 minutes 180 minutes
Normal control 96.00 +3.38  95.20 £ 5.02 96.80 + 1.64 97.80 + 1.48 98.00 + 0.71 98.40 + 1.67
Normal + CE extract (500 mg/kg) 97.80 +2.39  96.00 + 2.50 96.40 + 2.07 97.00 + 2.45 98.00 + 1.58 98.00 + 0.70
Normal + Glibenclamide 99.40 £3.65  74.60 + 3.6* 66.20 + 2.05* 57.80 + 4.32* 75.20 + 3.35* 73.00 + 3.24*

Values are given as mean + SEM for groups of 6 rats each. Values are statistically significant at *p<0.05. Normal rats given the extract (Catha edulis)
or glibenclamide were compared to normal rats received the vehicle. CE - Catha edulis.

Table 2 - Effect of Khat (Catha edulis) hydro-ethanol extract on blood glucose levels in Alloxan induced diabetic rats.

Group 0.0 hour One hour 2 hours 3 hours 4 hours
Diabetic control 264.40 + 6.31 262.60 £ 5.68 258.60 £ 6.19 259.00 + 3.39 257.60 £5.13
Diabetic + CE (500 mg/kg) 267.40 + 5.41 265.20 + 3.63 259.80 + 2.78 260.20 + 3.42 260.40 + 3.91
Diabetic + glibenclamide 262.20 + 8.26* 215.60 + 5.32* 168.00 + 4.12* 163.00 + 5.79* 155.00 + 14.61*

Values are given as mean + SEM for groups of six rats each. Values are statistically significant at *p<0.05. Diabetic rats given the extract (Catha edulis)
or glibenclamide were compared to diabetic rats which received only vehicle. CE - Catha edulis.

Table 3 - Oral glucose tolerance test (OGTT) in normal and alloxan induced diabetic rats.

Group 0.0 minute 30 minutes 60 minutes 90 minutes 120 minutes
Normal control (vehicle) 94.00+3.80 125+3.87 134.8+3.83 125.6+1.81 110.6x2.70

Normal + CE extract (500mg/kg) 97.4£3.05 128+2.55 130.6£1.52 122.442.60 106.8+1.72

Normal+ Glibenclamide 94.00+3.00 87.40+6.35* 96.60+7.43* 96.00+4.00* 102.80+5.07*
Diabetic control 265.80+8.67 429.40+6.88 493.40+4.16 436.00+4.85 430.00+1.05
Diabetic + CE extract (500 mg/kg) 269.80+3.63 428.60+2.88 486.20+4.97 438.60+2.30 434.80+2.68
Diabetic + Glibenclamide 264.00+£15.89* 420.20+14.13* 344.20+9.65* 280.00+£10.36* 274.4026.1*

Values are given as mean + SEM for groti{ps of 6 rats each. Values are statistically significant at *p<0.05. All groups were loaded with 1.5 g/kg glucose orally.
Normal rats given the extract (Catha edulis [CE]) or glibenclamide were compared to normal rats received the vehicle, Diabetic rats given the extract or
glibenclamide were compared to diabetic rats received the.
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decreased glucose level at 60 min followed by increased
levels at 90 and 120 min. These changes were not
statistically significant.

Discussion. The health implications of the social
habit of khat chewing, prevalent especially among
Arabs and East Africans, are not fully known. Even
less is known about claims by many diabetic khat
devotees that khat exerts hypoglycemic effects which
help to lower their blood sugar and maintain it within
the normal range. The present study attempted to
demonstrate any such effects of khat in normoglycemic,
glucose loaded and alloxan-induced hyperglycemic
rats. The study also compared any possible antidiabetic
effects of khat to those of the well known antidiabetic
agent, glibenclamide.

Animal models of diabetes mellitus differ
significantly from one another and none reproduces
faithfully the essentials of human diabetes mellitus.'**
Nevertheless, they have proved increasingly useful for
pathophysiologic and pharmacologic studies of the
disease because they allow investigations of tightly
defined experimental conditions as well as more
detailed studies of the biologic effects of the agent
under investigation.”! Alloxan-induced hyperglycemia
in rodents is considered a good experimental model
since it is less toxic than other chemical diabetes-
inducing agents. Oral glucose tolerance test (OGTT)
measures the body’s ability to use glucose as its main
source of energy. Assuming that the plant extract under
investigation has some hypoglycemic effects in normal
and/or diabetic rats, this effect may be masked because
it is well known that a serum glucose level of <60 mg/dL
induces physiological responses including the release of
cortisol, epinephrine, growth hormone and/or glucagons
which collectively cooperate to correct serum glucose
levels by stimulating glycogenolysis, gluconeogenesis,
lypolysis and protein breakdown. To circumvent this
interference, we decided to assess the effect of the
extract following the administration of glucose loads in
both normal and diabetic rats. In this study, the possible
antidiabetic effects of Catha edulis were compared to
those of glibenclamide. The main mechanism of action
of glibenclamide is the stimulation of insulin release." It
is well known that oral administration of hypoglycemic
agents produces hypoglycemia in both normal and
alloxan-induced diabetic rats.* It has also been reported
that glibenclamide is effective in the moderate diabetic
state but ineffective in severe diabetic animals where
pancreatic 3-cells are almost completely destroyed.'”*
Previous studies have suggested that certain plant
extracts cause antihyperglycemic effects by promoting
regeneration of P-cells, by protecting pancreatic cell

destruction, by restricting glucose load or by promoting
unrestricted endogenous insulin action. They may also
prompt f-cells to release insulin or activate insulin
receptors. Some plants are reported to exhibit properties
similar to the well known sulfonylurea drug, gliclazide
to reduce blood glucose in normoglycemic animals.?*
Others exert antihyperglycemic effects like biguanides
(metformin) but have no effect on blood glucose level
in the normal state.*

In this study, acute administration of a hydro-
ethanol extract of Catha edulis to normal rats had no
effect on blood glucose levels in three hours following
administration, but caused a non significant decrease in
blood glucose levels in glucose loaded hyperglycemic
rats at 90 and 120 min after glucose loading. Although
animal and human studies are not strictly comparable,
our results are in agreement with those of Saif et al,'
showing that blood glucose levels of healthy khat chewers
were not affected during khat sessions. They suggested
that this was due to the effect of a sympathetically
mediated, khat-induced release of insulin on the rising
blood glucose. Indeed similar results have previously
been reproted by other workers in both animal'' and
human'? studies. However, our data differ from those
reported by Ahmed' and Ramadan et al.’* who found
statistically significant decreases in serum glucose of
khat chewers, and from that of Karunanayake et al®
who reported that khat exerts a hypoglycemic effect,
either by enhancing peripheral glucose uptake or by
interacting directly with {$-cells of the pancreas.

The absence of any marked hypoglycemic effect
in the current study cannot be attributed to our
experimental animal model since a clear antidiabetic
effect was routinely obtained in our laboratory on the
same animal model with conventional doses of a classical
hypoglycemic drug, glibenclamide.”?* Rather, the
difference between our results and those of some other
studies'™"” showing antidiabetic properties of Catha
edulis could be attributed to the fact that these other
investigators studied glucose levels in humans after khat
session, not in diabetic animal models, or to differences
in methods of preparation and extraction of khat.?>*¢ The
slight, non significant increase in blood glucose levels of
normal rats in our study could be attributed to the fact
that khat might increase norepinephrine release which
has only about one tenth of the potency of epinephrine
on blood glucose level in normal individuals.”*® The
resulting slight increase in blood glucose would be
opposed by enhanced responsiveness of pancreatic
B-cells which secrete more insulin to rapidly correct
serum glucose by a fall in hepatic glucose output with
no stimulation of peripheral glucose utilization.'” Our
results for normal rats (with or without glucose loading)
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treated with Catha edulis hydro-ethanol extract,
followed the same trend as above. In glucose loaded
diabetic rats, the oral administration of the extract
resulted in a non significant increase in glucose levels at
60 min followed by a non significant decrease at 90 and
120 min after glucose loading. In diabetic rats without
glucose loading, the administration of the hydro-ethanol
extract resulted in a non significant increase in blood
glucose levels throughout the 4 hour treatment period.
It could be suggested that diabetic rats exhibit increased
glycemic responsiveness to catecholamines due to
their decreased ability to secrete insulin as the serum
glucose concentration rises.'” So, the sympathomimetic
action of khat may increase glucose production by
activating glycogenolysis especially in muscles. This
would increase blood glucose by an indirect mechanism
through increased glycolysis, and subsequent release of
lactate. Also, it has been reported that an increase of
peripheral norepinephrine stimulates hormone sensitive
lipases which hydrolyze tissue triacylglycerol into free
fatty acids and glycerol which are released into the
circulation.” These fatty acids are then transported to
the liver where glycerol acts as a gluconeogenic substrate
and fatty acids as energy sources for glucose synthesis by
the liver. Cathinone, a major active constituent of khat
alkaloids, has been shown to significantly increase free
fatty acid levels in rats”” and rabbits."

It is unlikely that destruction of the active
hypoglycemic constituents of khat during extraction
could account for the absence of khat induced
hypoglycemia in our study. In our study, the plant
material was extracted routinely with a water/ethanol
mixture (70/30 %, v/v) at room temperature over night,
so our extraction procedure is unlikely to have caused
damage to the active ingredients. It is also unlikely that
the concentration of extract used in this study was sub-
therapeutic. Several previous studies used similar® or
even lower doses® of khat extract.

In conclusion, in our study, oral administration
of a hydro-ethanol extract of khat (Catha edulis) did
not exert a hypoglycemic activity on both normal
and alloxan-induced diabetic rats. Further studies
aimed at determining the effects of khat extract on
insulin secretion, glucose transport systems, and on
gluconeogenetic and glycolytic enzymes may throw
more light on whether khat extract influences blood
glucose one way or another.

Acknowledgment. The authors are deeply grateful to the Drug
Enforcement Administration (DEA) of Aseer Region, southwestern
Saudi Arabia for the supply of kbat used in this study and ro Proféssor
Haidarah of the Department of Physiology, Medical School, King Khalid
University, Abha, Kingdom of Saudi Arabia for valuable comments and
suggestions.

632 Saudi Med ] 2010; Vol. 31 (6)

WWW.Smj.org.sa

References

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

. Zimmet P, Alberti KG, Shaw J. Global and societal implications

of the diabetes epidemic. Nazure 2001; 414: 782-787.

. Sumana G, Suryawashi SA. Effect of Vinca rosea extracts in

treatments of alloxan diabetes in male albino rats. Ind J Expt

Biol 2001; 39: 748-758.

. Turner RC, Cull CA, Frighi V, Holman RR. Glycemic control

with diet, sulfonylurea, metformin, or insulin in patients with
type 2 diabetes mellitus: progressive requirement for multiple
therapies. JAMA 2000; 281: 2005-2012.

. Vuksan V, Sievenpiper JL, Xu Z, Wong EYY, Jenkins AL,

Beljan-Zdravkovic Uet al. Konjac-Mannan and  American
Ginseng: Emerging Alternative Therapies for Type 2 Diabetes
Mellitus. Am J Clin Nutr 2001; 20: 370S-380S.

. Miura T, Kubo M, Itoh Y, Iwamoto N, Kato M, Park RSet al.

Antidiabetic Activity of Lyophyllum decastes in Genetically
Type 2 Diabetic Mice. Biol Pharm Bull 2002; 25: 1234-1237.

. Belewe M, Kassaye M, Enqoselassie F. The magnitude of khat use

and its association with health, nutrition and social-economic
status. Ethiop Med J2000; 38: 11.

. Al-Motarreb A., Baker K, Broadley KJ. Khat: Pharmacological

and medical aspects and its social use in Yemen. Phytother Res

2002; 16: 403-413.

. Baselt R. Disposition of Toxic Drugs and Chemicals in Man.

Foster City (CA): Biomedical Publications; 2008. p. 250-252.

. Al-Zubairi A, Al-Habori M, Al-Geiry A. Effect of Catha edulis

(khat) chewing on plasma lipid peroxdation. J Ethnopharmacol
2003; 87: 3-9.

Saif-Ali R, Al-Qirbi A, Al-Geiry A, AL-Habori M. Effect of
Catha edulis on plasma glucose and C-peptide in both type 2
diabetics and non-diabetics. J Ethnopharmacol 2003; 86: 45-
49.

Bajubair MA. Effect of khat on the functions of the liver, the
kidneys and on the blood glucose level. [Thesis]. Sudan: Faculty
of Pharmacy, University of Khartoum; 1997.

Al-Qubaty AR. Effect of khat ingestion on some glucogenic
hormones and related biochemical activities in diabetic Yemeni
patients. [Thesis]. Yemen: Faculty of Medical Science, University
of Science and Technology; 1998.

Ahmed MB, Al-Qirbi AB. Biochemical effects of Catha
edulis, cathine and Cathinone on adrenocortical functions. J
Ethnopharmacol 1993; 39: 213-216.

Ramadan MA, Tash FM, Fahmi M, Abul-kheir FA. Metabolic
changes caused by khat consumption in Yemen. The Yemen
Center for Studies and Research 1979; 3: 35-44.

Karunanayake EH, Welihinda J, Sirirnanne SR, Sinnadorai
G. Oral hypoglycemic activity of some medicinal plats of Sri
Lanka. J Ethnopharmacol 1984; 11: 223-231.

Hassan NA, Gunaid AA, El-Khally FM, Al-Noami MY,
Murray-Lyon IM.. Khat chewing and arterial blood pressure.
A randomized controlled clinical trail of alpha-1 and selective
beta-1 adrenoceptor blockade. Saudi Med J 2005; 26: 537-
541.

National Institute of Health. Guide for the care and use of
laboratory animals. Reports, DRR/NIH. Bethesda (MD):
DHEW Publication (NIH), Office of Science and Health;
1996.

Lo HC, Tu ST, Lin KC, Lin SC. The anti-hyperglycemic activity
of the fruiting body of Cordyceps in diabetic rats induced by
nicotinamide and streptozotocin. Life Sci 2004; 74: 2897-
2908.

Ananthi ], Prakasam A, Pugalendi KV. . Antihyperglycemic
activity of eclipta alba leaf on alloxan-induced diabetic rats. Yale

J Biol Med 2003; 76: 97-102.



20.

21.

22.

23.

24.

25.

Khat and glucose level in normal and diabetic rats ... Dallak et al

Batey RG, Salmond SJ, Bensoussan A. Complementary and
alternative medicine in the treatment of chronic liver disease.
Curr Gastroenterol Rep 2005; 7: 63-70.

Silva FRMB, Szpoganicz B, Pizzolati MG. Willrich MAV, Souza
E.. Acute effect of Bauhinia forficata on serum glucose levels in
normal and alloxan-induced diabetic rats. J Ethnopharmacol
2002; 83: 33-37.

Ghosh S, Suryawanshi SA. Effect of Vinca rosea extracts in
treatment of alloxan diabetes in male albino rats. Ind J Expt
Biol 2001; 8: 748-759.

Suba V, Murugesan T, Bhaskara Rao R, Ghosh L, Pal M,
Subhash C, Mandal SC et al. Antidiabetic potential of Barleria
lupulina extract in rats. Fititerapia 2004; 7: 1-4

Davis SN. Insulin, oral hypoglycemic agent and the
pharmacology of endocrine pancreas. In: Goodman & Gilman’s
‘The Pharmacological Basis of Therapeutics. Brunton LL, Lazo
JS, Parker KL (eds). 11th ed. New York, McMillan, 2006.
Dallak M, Al-Khateeb M, Abbas M, Elessa R, Al-Hashem
E Bashir N, et al. In vivo, Acute, Normo-hypoglycemic,
Antihyperglycemic, Insulinotropic ~ Actions of  Orally
Administered Ethanol Extract of Citrullus colocynthis (L.)
Schrab. Am J Biochem and Biotechnol 2009; 5: 119-126.

26.

27.

28.

29.

30.

Dallak M, Bashir N, Abbas M, Elessa R, Haidara M, Khalil M
et al. Concomitant Down Regulation of Glycolytic Enzymes,
Upregulation of Gluconeogenic Enzymes and Potential
Hepato-Nephro-Protective Effects Following the Chronic
Administration of Citrullus colocynthis Pulp Extract. Am J
Biochem and Biotechnol 2009; 5: 153-161.

Al-Mamary M, Al-Habori M, Al-Aghbari AM, Baker M.,.
Investigation into the toxicological effects of Catha edulis
leaves: a short term study in animals. Phytother Research 2002;
16: 127-132.

Nencini P. Cathinone, active principle of the khat leaf: its effects
on in vivo and in vitro lipolysis. Pharmacol of Res and Commun
1980; 12: 855-861.

Toennes SW, Harder S, Schramm M, Niess C, Kauert GE
Pharmacokinetics of cathinone, cathine and norephedrine after
the chewing of khat leaves. Br J Clin Pharmacol2003; 56: 125-
130.

Salim M. Abderrahman, Nabeel Modallal. Genotoxic Effects
of Catha edulis (Khat) Extract on Mice Bone Marrow Cells.
Jordan Journal of Biological Sciences 2008; 4: 165-172.

Ethical Consent

animals was followed.

All manuscripts reporting the results of experimental investigations involving
human subjects should include a statement confirming that informed consent
was obtained from each subject or subject’s guardian, after receiving approval of
the experimental protocol by a local human ethics committee, or institutional
review board. When reporting experiments on animals, authors should indicate
whether the institutional and national guide for the care and use of laboratory

Saudi Med J 2010; Vol. 31 (6) 633

WWW.Sm].0rg.sa



