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Abstract

Catha edulis, commonly known as “Khat,” is a large shrub that is native to the Arabian Peninsula (particularly Yemen) and some
Aftican countties, including Ethiopia, Kenya, and Somalia, and the plant is used traditionally for its psychostimulant, euphoric,
and analgesic properties. C. edulis contains several pharmacologically active compounds, but cathinone is responsible for the vast
majority of its pharmacological properties. Traditionally, Khat is known for the treatment of type 2 diabetes in Africa, particularly
in Uganda. Numerous studies that explored this area yielded inconclusive findings. Some studies showed that chewing Khat lowers
blood glucose levels (BGL) in non-diabetic patients, while others showed that ingesting Khat delays gastric emptying time, and this
supported and explained the eatlier claim of its benefit in Type 2 diabetes mellitus (DM). However, a recent meta-analysis gave a
contradictory submission that Khat is associated with an insignificant reduction in BGLs in non-diabetic humans and animals
with a significant increase in BGLs in patients with diabetes. Most importantly, reports suggested that Khat exacerbates common
complications of diabetes, such as depression, sexual dysfunction, dyslipidemia, proteinuria, and hypertension. The current findings
concluded that Khat does not have a beneficial effect on Type 2 DM. Chewing Khat is believed to be a risk factor for Type 2 DM for
raising glucose levels and a possible determinant of its poor outcomes and prognosis.
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thereafter. This compound is bio-available in plasma for up
to 24 h of Khat consumption and produces euphoric, psychos-

Introduction

Catha edulis (Vahl) Endl., colloquially referred to as “Khat,” is a
large shrub (Figure 1) native to the Arabian Peninsula (particu-
larly Yemen) as well as some African countries, including
Ethiopia, Kenya, and Somalia. People have traditionally used
Khat for its psychostimulant, euphoric, and analgesic proper-

timulant, and analgesic effects.’

Several studies across the globe have reported that
Khat-chewing is detrimental to health. The main adverse
effects of Khat include those on the gastrointestinal system

o i and central nervous system, but it also affects the cardiovascular,
ties. " Its young buds and tender leaves are chewed to attain

a state of euphoria and stimulation.” Chewing sessions can

last between three and seven hours, and approximately ten
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million people worldwide chew Khat leaves daily.

Khat comptises several pharmacologically active compounds
such as phenylalkylamines, cathedulines, and alpha-aminopropio-
phenones which when chewed are released into the body together
with other active components.' Despite the presence of several
active compounds in Khat, cathinone (Figure 2a) is primarily
responsible for its pharmacological properties. Cathinone is a rel-
atively unstable alkaloid that is rapidly metabolized in the body
into norpseudoephedrine (cathine [Figure 2b]), conferring on it
an amphetamine-like effect.*

Cathinone is released within 15-45 min of chewing Khat,
and the plasma peak level of cathinone is reached 1.5-3.5h

Mbarara, Uganda

*Pharm-Biotechnology and Traditional Medicine Centre, Mbarara University of
Science and Technology, Mbarara, Uganda

Department of Pharmacology, Faculty of Health Science, Soroti University,
Soroti, Uganda

4Department of Clinical Pharmacy and Pharmacy Practice, School of Pharmacy,
Kampala International University, Ishaka, Uganda

Cortesponding Author:

Casim Umba Tolo, Department of Biology, Mbarara University of Science and
Technology, PO Box 1410, Mbarara, Uganda; Pharm-Biotechnology and
Traditional Medicine Centre, Mbarara University of Science and Technology,
P.O Box 1410, Mbarara, Uganda.

Email: tolocas@must.ac.ug

® @ Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 License
@ (https:// creativecommons.org/licenses /by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without further permission

BY NC

provided the original work is attributed as specified on the SAGE and Open Access page (https: // us.sagepul)com/ en-us/nam/. open-access-at-sage).


https://orcid.org/0000-0003-1807-3438
mailto:tolocas@must.ac.ug
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://us.sagepub.com/en-us/nam/open-access-at-sage
https://us.sagepub.com/en-us/nam/open-access-at-sage
https://us.sagepub.com/en-us/journals-permissions
https://journals.sagepub.com/home/npx

Natural Product Communications

Figure 1. Catha edulis (Vahl) Endl. plant (https://powo.science.keworg/ taxon/urn:lsid:ipni.org:names:941530-1).
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Figure 2. Chemical structure of cathinone (a) and its derivative
cathine (b) found in C. edulis (Vahl) Endl.

respiratory, endoctine, and genito-urinary systems. The effects on
the central nervous system resemble those of amphetamine, but
the differences are quantitative. The main toxic effects include
increased blood pressure, tachycardia, insomnia, anorexia, consti-
pation, general malaise, irtitability, migraines, and impaired sexual
potency in men.>”" The withdrawal effects are mild and include
depression, anxiety, and nightmares.”

In this narrative review, any study published in English language
that presented any data related to Khat, C. edulis, or any known
components of C. edulis concerning its effect on blood glucose
ot DM was included. Also included was any study of the
adverse effects of Khat on humans. All types of articles, including
experimental studies, clinical trials, observational studies, and
reviews were also included while studies with grossly flawed
methods, or unsupported conclusions were excluded.

Type 2 Diabetes Mellitus (Type 2 DM)

Diabetes mellitus (DM) is a collective term for a group of
chronic metabolic disorders characterized by hyperglycemia.
Type 1 and Type 2 DM are the two most common types.
Type 1 DM is characterized by a complete lack of insulin as a
result of autoimmune cell destruction. It is most frequently
diagnosed before the age of 30, but it can occur at any age.
Type 2 DM, on the other hand, is a slow and progressive
disease that is caused by a combination of insulin deficiency,
insulin resistance, and other hormonal abnormalities, most
notably those involving glucagon. Hyperglycemia can result in
long-term microvascular and neuropathic complications.®

Around 422 million people worldwide have been diagnosed
with DM, with the majority living in low and middle-income coun-
tries. Type 2 DM accounts for approximately 90% to 95% of all
diagnosed cases of diabetes. Yearly, it is estimated that approxi-
mately 1.6 million mortalities are directly attributed to DM.”

The risk factors of type 2 DM are presented in Table 1
belows;

The diagnosis of diabetes mellitus is based on glycemic out-
comes exceeding threshold values with one of three testing
options (Table 2). A subsequent day must be used to confirm
abnormal values unless unequivocal symptoms of hyperglyce-
mia, such as polydipsia, polyuria, or polyphagia, exist. Hb
Alg, fasting plasma glucose (FPG), and oral glucose tolerance
tests are all acceptable methods for detecting DM.'"

Type 2 DM is managed both non-pharmacologically
(without antidiabetic drugs) and pharmacologically (with antidi-
abetic drugs). Nonpharmacological management entails adher-
ing to appropriate medical nutrition therapy, controlling weight,
engaging in regular physical activity, receiving psychological
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Table 1. Risk Factors of Type 2 Diabetes Mellitus.
Modifiable risk factors

Non-modifiable risk factors

e Obesity or overweight o First-degtee family history of
e Chronic physical inactivity diabetes (ie, parents or
e A low HDL cholesterol level of siblings)
less than 35 mg/dL (0.91 e Race or ethnic origin*
mmol/L) and/or a triglycetide ~ ® Previously diagnosed impaired
level greater than 250 mg/dL fasting glucose (IFG),
(2.83 mmol/L) impaired glucose tolerance
e Other conditions associated (IGT), or Hb Alc between 5.7
with insulin resistance (eg, and 6.4%
acanthosis nigricans) e A family history of gestational
e Hypertension (blood pressure diabetes or the delivery of a
greater than or equal to 140/90 baby weighing more than 4
mm Hg or on hypertension kilograms (9 Ib.)
medication) e A family history of
cardiovascular disease
e A family history of polycystic
ovarian syndrome

HDL.: High-Density Lipoprotein *American Indians, Latinos, Asians, and African

Americans

Table 2. American Diabetes Association (ADA) Criteria for
Diagnosis of DM.""

SNo ADA Ciriteria for Diagnosis of Diabetes Mellitus

1 Symptoms of DM plus a casual plasma glucose concentration
>200 mg/dL (11.1 mmol/L). Casual is defined as any time
of day without regard to time since the last meal. The classic
symptoms of diabetes include polyuria, polydipsia, and
unexplained weight loss OR

2 FPG > 126 mg/dL (7.0 mmol/L). Fasting is defined as no
caloric intake for at least 8 h OR

3 ‘Two-hour postprandial glucose > 200 mg/dL (11.1 mmol/L)
during an oral glucose tolerance test (OGTT). The test
should be performed as described by the WHO using a
glucose load containing the equivalent of 75 g of anhydrous
glucose dissolved in water OR

4 Alc>6.5% (0.065; 48 mmol/mol Hgb). The test should be
petformed in a laboratory using a method that is
NGSP-certified to the DCCT assay.

Hg Ate, hemoglobin Ale; DCCT, Diabetes Control and Complications Trial; FPG,
Jasting  plasma  glwcose;  Hgb,  hemoglobin;  NGSP,  National ~ Glycobenoglobin
Standardization Program

assessment and care, and receiving influenza and pneumonia vac-
cinations on time. Pharmacological agents used in the treatment
of Type 2 DM include biguanides (metformin), sulfonylureas,
non-sulfonylurea secretagogues (glinides), thiazolidinediones,
alpha-glucosidase inhibitors, dipeptidyl peptidase-4 inhibitors
(eliptins), selective sodium-dependent glucose cotransporter-2
(SGLT-2) inhibitors central-acting dopamine agonists, bile acid
sequestrants, and insulin.®

Proposed Mechanism of Action of Catha edulis (1Vahl) End/

Figure 3 below presents the mechanisms of action of C. edulis.
Cathinone, the primary active ingredient in Khat, is structurally

similar to nor-ephedrine and acts similarly to amphetamine;
thus, it stimulates catecholamine release from presynaptic
nerve terminals. Catecholamines activate B-adrenergic recep-
tors, increasing adrenocorticotropic hormone and serum corti-
sol levels while inhibiting insulin release via pancreatic alpha—2—
adrenoceptor activation.’

When cortisol levels rise, insulin secretion drops and insulin
resistance develops. This happens because the resistin gene
expression goes up, which causes serum resistin levels to rise.
Resistin is involved in the development of insulin resistance in
the liver and skeletal muscle, impaiting insulin signaling and/
or glucose metabolism.” Cathinone-induced catecholamine
secretion also results in an increase in BGL through the activa-
tion of glycogenolysis in skeletal muscles and the liver via the
B,-adrenoceptor-mediated response.''

Serum zinc levels reduces when C. edulis is chewed and this
can have several effects on diabetes since zinc helps to make
insulin hexamers and protects the sulfhydryl groups on proteins
and enzymes. Fibers, tannins, and calcium in Khat inhibit intes-
tinal zinc absorption while increasing intestinal zinc excretion.
Zinc deficiency may result in insulin resistance, as the
hexamer conformation of insulin is unable to form, resulting
in immatute and/or inactive insulin. Hypetglycemia and Khat
chewing both increase the level of oxidative free radicals and
reduce the effectiveness of antioxidant defense systems, includ-
ing zinc, implying that Khat chewing contributes to zinc
consumption.”

Among healthy and diabetic chewers, Khat chewing has
resulted to a significant increase in serum calcium levels leading
to an increase in cytosolic calcium levels that reduces cellular
insulin sensitivity and may contribute to the pathogenesis of
Type 2 DM insulin resistance.” The resistin levels significantly cor-
relate with calcium levels, and an increase in resistin levels raises
cytosolic calcium levels in hepatic stellate cells.'” Additionally,
independent of parathyroid hormone, another study reported a
positive correlation between serum calcium and FPG and
insulin resistance in male patients with type 2 DM."”

Chewing Khat leaves also elevates the serum copper level
and copper acts as a pro-oxidant that may contribute to the for-
mation of free radicals via metal catalysis. Copper and zinc are
critical components of the oxidant/antioxidant mechanism; an
imbalance results in increased susceptibility to oxidative tissue
damage, which ultimately leads to the development of diabetes
mellitus or diabetic complications. Additionally, researchers
hypothesized that glycated proteins bind transition metals like
copper and iron, significantly contributing to the etiology of
peripheral vascular dysfunction and peripheral neuropathies in
type 2 diabetes.”

Wabe,” reported adverse effects of Khat in human cardio-
vascular, gastro-intestinal, respiratory and other systems and
listed tachycardia, palpitations, hypertension, arrhythmias,
tachycardia, palpitations, hypertension, arrhythmias, vasocon-
striction, myocardial infarction, cerebral hemorrhage, pulmo-
nary edema vasoconstriction, myocardial infarction, cerebral
hemorrhage, dry mouth, polydipsia, dental caties, periodontal
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Acronyms:
BGL: Blood glucose levels; ACTH: Adrenocorticotropic hormone;
AGE: Advanced Glycation End Products; ROS: reactive oxygen species;
TG: triglycerides; HR: heart rate; PVR: peripheral vascular resistance;
MiI: myocardial infarction
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Figure 3. Catha edulis (Vahl) Endl. Mechanisms of Action. ACTH, adrenocorticotropic hormone; AGE, advanced glycation end products; BGL,
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disease, chronic gastritis, constipation, hemorrhoids, paralytic
ileus, weight loss, duodenal ulcer, hyperthermia, perspiration,
hyperglycemia, upper gastro-intestinal malignancy pulmonary
edema as major problems encountered in the intake of Khat.

Association Between C. edulis (Vahl) Endl. Use
and Type 2 DM

Perceived Role of C. edulis (1abhl) Endl. in Treatment of
Type 2 DM

Many compounds have been reported in Khat, including alka-
loids, terpenoids, flavonoids, sterols, glycosides, tannins, amino
acids, vitamins, and minerals. The major pharmacologic and
toxic effects come from the phenylalkylamines and the cathedu-
lins.? Traditionally, it was believed that Khat had a beneficial
effect on type 2 diabetes and decreased BGLs."* Numerous
studies have been conducted on the aforementioned subject,
with inconsistent results.' A study showed a significant reduc-
tion in glucose and triglycerides concentration within six
months in animals,15 likewise, Taleb and Bechync16 demon-
strated that chewing Khat leaves significantly lowers BGLs in
healthy non-diabetic patients: 61.22% decrease in BGLs
within four hours of Khat consumption.l(’ Heymann et al' in
his study reported that chewing Khat leaves for two hours sig-
nificantly prolonged the gastric emptying time of a semi-solid
meal (half times ranging from 37 to 293 min), and this study
supported the eatlier finding that Khat is beneficial for type 2
diabetes. However, this study did not directly investigate
Khat’s hypoglycemic effect. 7

Catha edulis (Vabhl) Endl. and Risk of Type 2 DM

Saif-Ali et al'® demonstrated that chronic Khat chewing has no
effect on serum glucose and C-peptide levels in healthy non-
diabetic individuals, but increases both serum glucose and
C-peptide levels in Type 2 DM patients, particularly in those
with serum glucose between 200 and 450 mg/dl at 2 h post-
meal."® Mohammed and Hatem reported that chewing Khat
leaves increases resistin, cortisol, fasting blood glucose, plasma
blood  glucose, Model
Resistance (HOMA-IR), calcium, and copper serum levels in dia-

Homeostatic Assessment-Insulin
betics and non-diabetic Khat chewers. However, these metabolic
effects were greater in diabetics than in non-diabetic Khat
chewers. On the other hand, diabetic Khat chewers had signifi-
cantly lower serum zinc and insulin levels than diabetic
non-Khat chewers. Thus, this study established a strong correla-
tion between chronic Khat use and worsening in type 2 diabetes,
owing to increased insulin resistance caused by elevated resistin
levels and cathinone-induced catecholamine secretion, resulting
in increased blood glucose, HOMA-IR, cortisol, copper, and
calcium levels, and decreased zinc and insulin levels.”

According to a study conducted by Al-Sharafi and Gunaid"*
among Type 2 DM patients attending an endocrinology clinic in
Sana’a, Yemen, they reported that patients who chewed Khat
had a mean HbAlc of 9.8% (95% confidence interval [CI]
9.6-10), compared to those who did not chew Khat, who had
a mean HbAlc of 9.1% (95% CI 8.9-9.4). Additionally, the
study discovered that Khat chewers were younger at the time
of type 2 diabetes diagnosis, with a mean age of 43.3 years, com-
pared to non-Khat chewers, who had a mean age of 45.9 years
at the time of DM diagnosis."*
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A recent meta-analysis of scientific studies on the glycemic
effect of Catha edulis (Vahl) Endl. showed that the majority of
studies indicated that C. edulis has a mild hypoglycemic effect.
However, the reduction in blood glucose was not statistically
significant (Mean Difference (MD)=-9.70, 95% CI: —22.17
to 2.76, P value=0.13), and high heterogeneity between sub-
groups (I°=88.2%, P value <0.0001). The pooled MD in
BGLs between non-diabetic animals, diabetic animals, and non-
diabetic humans revealed a non-significant decrease in BGLs
MD =-18.55, 95% CI: —39.55 to 2.50, P<0.08, MD =
—52.13%, 95% CL: —108.24 to 3.99, P=0.07 and MD =
—2.71%, 95% CI: =19.19 to —13.77, P =0.75) respectively. In
diabetic humans, however, a significant increase in the pooled
mean difference of blood glucose was observed (MD =67.18,
95% CI: 36.93-—=97.43, P<0.0001)."” Therefore, the meta-
analysis indicated a non-significant reduction in BGLs among
non-diabetic and diabetic animals as well as in non-diabetic
humans. However, a significant increase in BGLs was observed
in diabetic humans. Additionally, demographic and epidemio-
logical reports suggested that chewing C. edulis could be a risk
factor for developing type 2 DM."

Badedi et al” established an association between Khat
chewing and the development of Type 2 DM in a cross-
sectional analytical study involving randomly selected partici-
pants from primary healthcate centers in Jazan and concluded
that Khat users had a more than threefold increased risk of
developing Type 2 DM compared to non-users. However, no
correlation was found between Khat chewing and glycemic
control in type 2 DM*

Moreover, another study conducted in Yemen showed that
Khat chewing by type-2 DM patients significantly increases pro-
teinuria and hastens the progression of renal nephropathy.’
Additionally, Khat chewing is associated with a transient
increase in systolic and diastolic blood pressure, a transient
increase in heart rate,”* and dys]jpidemia.23 A recent study in
Somaliland showed the association of Khat chewing with
mental disorders>* which is an important issue since depression
is one of the common complications in type-2 DM patients. In
one study, 42.9% of type-2 DM patients tested positive for one
or more mental disorders, and 25.6% had depression.”
Comparably, in Ethiopia, hypertensive patients who chewed
Khat had significantly lower self-care practices than those
who did not chew Khat*® This negative effect of Khat
chewing on self-care practice might worsen glycemic control
in type 2 DM patients and contribute to diabetes-related
complications.

Erectile dysfunction (ED) has a prevalence of 52.5% in dia-
betic male patients, as described in a meta-analysis of 145
studies that included 88,577 men with type 1 and type 2 diabe-
tes.”” In human studies, chronic users of Khat had dramatically
lower semen volume, sperm motility, and count, as well as
reduced libido or erectile dysfunction (ED) and this suggested
that Khat can have serious implications for male fertility and
sexual health.®* Given sexual dysfunction being one of the
most common complications of diabetes, the sexual adverse

effects of C. edulis may be devastating, hence, Khat chewing
should be avoided by all diabetic patients, particulatly, those
with impotency or suspected infertility.

A more recent review also concluded that after Khat con-
sumption, in addition to its direct appetite suppressant effects,
cathinone acts centrally on the hypothalamus, causing delays
in gastric emptying. The review also showed that long-term
users of Khat usually develop complications, such as acute
and chronic liver disease, fibrosis, and cirrhosis.”

Lastly, the 7z vitro report suggested that C edulis extract has
the potential to affect CYP3A4 activity at high doses. The com-
bination treatment showed a significant increase in metformin’s
blood sugar-lowering effects, potentially resulting in hypoglyce-
mia.” In summary, Khat chewing has been conclusively shown
to increase the risk of getting type 2 DM at a younger age, signifi-
cantly increase BGLs in type 2 DM patients, and has been shown
to contribute to the occutrence otr/and wotsening of numetrous
adverse effects that are particularly common in type 2 DM
patients: increased blood pressure, dyslipidaemia, erectile dys-
function, mental illness, and gastrointestinal disorders.

Catha edulis (1abl) Endl. in Diabetic Wound Healing

On the other hand, a recent preclinical study suggested that
Catha edulis extract-loaded scaffolds were nanofibrous, antioxi-
dative, and non-toxic to skin cells. An 7 vivo study demonstrated
that the stem cell and C. edulis extract-loaded scaffolds had the
highest rate of wound closure and histomorphometric parame-
ters compared to other treatment groups. Moreover, gene
expression studies showed that the developed wound dressings
increased the expression of the vascular endothelial growth
factor (VEGF) gene and reduced the expression of the glutathi-
one peroxidase gene.”' Moreover, several in vitro studies of C.
ednlis extracts have shown significant antibacterial activities in
some species; and this may contribute to its wound healing
effects.”> The use of C. edulis extract-loaded scaffolds is
thought to be minimally absorbed into the systemic circulation
and cause little adverse effects in type 2 DM patients. However,
the human 7z vive studies on this has to be considered in the
future.

Limitations

Being a narrative review, this article presented what is consid-
ered relevant for the topic and the aim of the review, but
without a specified methodological plan for a systematic
review. One potential bias in this review was the use of the find-
ings reported by the majority of the studies to reach conclusions
whereas the minority of studies with different findings were pre-
sented but not considered while concluding. The other bias
noted was that the positive effects of Khat chewing impacting
or affecting BGLs in non-diabetic patients and animals were
not considered because the primary objective of the current
review was to address the effects of Khat chewing in patients
with type 2 DM. Accordingly, the authors reached conclusions
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by focusing solely on the findings of studies that reported the
effect of Khat chewing in patients with type 2 DM. On the
other hand, the contradictory effects of Khat chewing in
animals and non-diabetic individuals should be studied by rigor-
ous systematic reviews and meta-analyses.

Conclusion

The effect of Khat on BGLs in non-diabetic persons and
animals is largely inconclusive. On the other hand, multiple
studies conclusively and independently showed that Khat
chewing significantly increased BGLs, and this scenario can
worsen glycemic control in patients with type 2 DM. Similarly,
the studies conclusively showed chewing Khat induces or dete-
riorates many complications that are known to be common
among patients with type 2 DM. Lastly, no beneficial effects
of Khat chewing were reported by clinical studies involving
type 2 DM patients and this could be associated with the
increase in BGL that could trigger the type 2 DM.

Therefore, patients with type 2 DM and individuals at a
high risk of having type 2 DM should be counseled to
avoid chewing C. edulis. This intervention should be inte-
grated with the comprehensive care of patients with type 2
DM, particularly in areas with a high prevalence of C. edulis
use. Moreover, to reach conclusions on the effect of Khat
chewing in non-diabetic patients, randomized controlled
trials, rigorous systematic reviews, and meta-analyses of
the previous studies are recommended to be conducted in
future studies.

Abbreviations:

ACTH Adrenocorticotropic hormone

AGE Advanced glycation end products

ADA American Diabetes Association

BGL Blood glucose levels

DCCT Diabetes Control and Complications Ttrial

DM Diabetes mellitus

FPG Fasting plasma glucose

Hb Alc Hemoglobin A1C

HDL High -Density Lipoprotein

Hgb Hemoglobin

HOMA-IR Homeostatic Model Assessment-Insulin
Resistance

HR Heart rate

IFG Impaired fasting glucose

IGT Impaired glucose tolerance

MI Myocardial infarction

NGSP National Glycohemoglobin Standardization
Program

OGTT Oral glucose tolerance test

PVR Peripheral vascular resistance

ROS Reactive oxygen species

SGLT-2 Sodium-dependent glucose cotransporter-2

TG Triglyceride

Acknowledgments

The authors would like to thank Mbarara University of Science and
Technology for facilitating access to the digital library while compiling

this review.

Declaration of Conflicting Interests

The authors declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The authors received no financial support for the research, authorship,
and/or publication of this article.

Ethical Approval
Not applicable.

ORCID iD

Casim Umba Tolo https:// otcid.org/0000-0003-1807-3438

References

1. Amin AR, Kassab RB, Abdel Moneim AE, Amin HK.
Comparison among gatlic, berberine, resveratrol, Hibiscus sabdar-
iffa, genus zizyphus, hesperidin, red beetroot, Catha edulis,
Portulaca oleracea, and mulberry leaves in the treatment of hyper-
tension and type 2 DM: a comprehensive review. Naz Prod
Commun. 2020;15(4):1-24.

2. Wabe NT. Chemistry, pharmacology, and toxicology of Khat
(catha edulis forsk): a review. Addict Health. 2011;3(3-4):137-149.

3. Ageely HM. Prevalence of Khat chewing in college and secondary
(high) school students of Jazan region, Saudi Arabia. Harm Reduct .
2009;6(1):11.

4. Al-Motarreb A, Baker K, Broadley KJ. Khat: pharmacological and
medical aspects and its social use in Yemen. Phytother Res.
2002;16(5):403-413.

5. El-Sayed MIK, Amin HA-K. Effect of Catha edulis on insulin,
resistin and cortisol levels in type-2 diabetics and non-diabetics.
Am | Biiochem Biotechnol. 2012;8(3):157-163.

6. Patel NB. Khat (Catha edulis Forsk)—and now there are three.
Brain Res Bull. 2019;145:92-96.

7. Silva B, Soares ], Rocha-Pereira C, Mladénka P, Remiio F,
Researchers O. Khat, a cultural chewing drug: a toxicokinetic
and toxicodynamic summary. Toxins (Basel). 2022;14(2):71.

8. Julie S, Kayce S. Diabetes mellitus. In: Marie AC-B, Terry LS,
Barbara GW, Patrick MM, Jill MK, Joseph TD, eds.
Pharmacotherapy ~ Principles & Practice. 4th ed. McGraw-Hill
Education; 2016:651-678.

9. WHO. Diabetes. World Health Organization, 2021. Accessed April
13, 2021. https://www.who.int/news-room/fact-sheets/detail/
diabetes.

10. American Diabetes Association. Standards of Medical Care in
Diabetes—2015: Summary of Revisions. 2015;38(Supplement 1):
S4-S4.


https://orcid.org/0000-0003-1807-3438
https://orcid.org/0000-0003-1807-3438
https://www.who.int/news-room/fact-sheets/detail/diabetes
https://www.who.int/news-room/fact-sheets/detail/diabetes
https://www.who.int/news-room/fact-sheets/detail/diabetes

Tolo et al.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Al-Motarreb A, Al-Habori M, Broadley KJ. Khat chewing, cardio-
vascular diseases and other internal medical problems: the current
situation and directions for future research. | Ethnopharmacol.
2010;132(3):540-548.

Bertolani C, Sancho-Bru P, Failli P, et al. Resistin as an intrahepatic
cytokine: overexpression during chronic injury and induction of
proinflammatory actions in hepatic stellate cells. Am | Pathol.
2006;169(6):2042-2053.

Yamaguchi T, Kanazawa I, Takaoka S, Sugimoto T. Serum
calcium is positively correlated with fasting plasma glucose and
insulin resistance, independent of parathyroid hormone, in male
patients with type 2 diabetes mellitus. Metabol Clin Exp. 2011;
60(9):1334-1339.

Al-Sharafi BA, Gunaid AA. Effect of habitual Khat chewing on
glycemic control, body mass Index, and age at diagnosis of diabe-
tes in patients with type 2 diabetes mellitus in Yemen. Clin Med
Insights Endocrinol Diabetes. 2015;8:47-53.

Al-Hebshi N, Skaug N. Khat (Catha edulis)—an updated review.
Addict Biol. 2005;10(4):299-307.

Taleb M, Bechyn M. Effect of Catha edulis leaves on plasma
glucose. Agricultura Tropica et Subtropica. 2009;42(1):46-48.
Heymann TD, Bhupulan A, Zureikat NE, et al. Khat chewing
delays gastric emptying of a semi-solid meal. Aliment Pharmacol
Ther. 1995;9(1):81-83.

Saif-Ali R, Al-Qirbi A, Al-Geiry AM, Al-Habor M. Effect of Catha
edulis on plasma glucose and C-peptide in both type 2 diabetics
and non-diabetics. | Etbnopharmacol. 2003;86(1):45-49.

Alsalahi A, Alshawsh MA, Mohamed R, et al. Conflicting reports
on the role of the glycemic effect of Catha edulis (Khat): a system-
atic review and meta-analysis. | Ethnopharmacol. 2016;186:30-43.
Badedi M, Darraj H, Hummadi A, et al. Khat chewing and type 2
diabetes mellitus. Diabetes Metab Syndr Obes Targets Ther. 2020,
13:307-312.

Sa’ad A, Obaidi AA, AL-Eryani E, et al. Impact of Khat chewing
on serum uric acid and albuminuria levels in Yemeni type II diabe-
tes mellitus patients. Iz | Biochemr Res Ren. 2024;33(1):55-63.
Jayed D, Al-Huthi MA, Al-Zandani A, Al-Shuki S, Al-Dholae M,
Salah MK. Khat chewing induce transient elevation of blood

23.

24.

25.

26.

27.

28.

29.

30.

31

pressure: by using 24-hour ambulatory blood pressure monitoring,
in Yemen republic. Open Access Library ]. 2023;10(6):1-12.

Blgeth AMAS, Assakaf GMS. Association between chronic khat
(catha edulis) chewing and plasma lipid profile among adult
males from al shuaib district dhala governurate. Yemen. Electron
J Univ Aden Basic Appl Sci. 2023;4(1):84-89.

Sulub A, Gebremariam TT. Khat chewing predisposed to
common mental disorders, while physical activity was protective:
a binary logistic regression analysis, Somaliland, 2023. 2024.
Claro AE, Palanza C, Mazza M, et al. Evaluation of the prevalence
of the most common psychiatric disorders in patients with type 2
diabetes mellitus using the patient health questionnaire: results of
the cross-sectional “DIA2PSI” study. Acta Diabetol. 2023;60(2):
247-255.

Asefa A, Dukamo N, Misganaw S, Legese D, Jikamo B. Self-care
practices and associated factors among hypertensive patients
attending at public hospital in Hawassa city, Sidama region,
Ethiopia, 2023: Facility-based cross-sectional study. 2024.
Cayetano-Alcaraz AA, Tharakan T, Chen R, Sofikitis N, Minhas S.
The management of erectile dysfunction in men with diabetes
mellitus unresponsive to phosphodiesterase type 5 inhibitors.
Abndrology. 2023;11(2):257-269.

Alzahrani MA, Alsahli MA, Alarifi FF, et al. A narrative review of
the toxic effects on male reproductive and sexual health of
chewing the psychostimulant, Catha edulis (IKhat). Med Sei Monit:
Int Med | Exp Clin Res. 2023;29:€939455-¢939451.

Asfaw LS. Adverse effects of chewing Khat (Catha edulis): a
community-based study in Ethiopia. Oman Med ]. 2023;38(1):e461.
Alqahtani AS, Parvez MK, Alqahtani AM, et al. Effects of Catha
edulis (Khat) on the pharmacokinetics of metformin in diabetic
rats using UPLC/MS/MS analysis and its impact on hepatic
CYP450 enzymes. Separations. 2023;10(8):442.

Song Y, Zhang S, Fan T, et al. Exploring the efficacy of catha
edulis extract-loaded nanofibrous scaffolds seeded with bone
marrow-derived stem cells for diabetic wound healing: a preclinical
investigation. | Bioact Compat Polym. 2024;39(4):264-278.



	 Introduction
	 Type 2 Diabetes Mellitus (Type 2 DM)
	 Proposed Mechanism of Action of Catha edulis (Vahl) Endl

	 Association Between C. edulis (Vahl) Endl. Use and Type 2 DM
	 Perceived Role of C. edulis (Vahl) Endl. in Treatment of Type 2 DM
	 Catha edulis (Vahl) Endl. and Risk of Type 2 DM
	 Catha edulis (Vahl) Endl. in Diabetic Wound Healing

	 Limitations
	 Conclusion
	 Acknowledgments
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


