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Abstract

Khat is an ancient class C drug substance that is usually consumed for its
stimulating effects induced by the intake of psychoactive alkaloids—cathinone
and cathine which have been identified as precursors for oral cancer and im-
potence in men in addition to other health complications. Although khat is
legal in Kenya, some countries have outlawed the cultivation, sale and posses-
sion of khat as a countermeasure against narcotic and psychotropic substances.
The increasing trends in the use of khat among the youth and adults of all
races in the world, regardless of its associated dangers, are worrying. This
paper seeks to explore the emerging trends on the use of khat and the chemi-
cal compounds generated responsible for psychoactive behaviour. Nonethe-
less, the health implications of repeated khat use and the challenges it poses in
the management of the Coronavirus disease-2019 (Covid-19) have been re-
viewed and reported in this work. Possible toxicological consequences are
discussed in detail. A literature search was done by targeting articles pub-
lished within the period of 2012-2020 in PubMed, Crossref, Google Scholar
and Web of Science. The articles were picked if they contained information
on khat use, trends in khat use, health effects and Covid-19 management us-
ing khat. Various techniques by which khat is consumed including oral
chewing, smoking, and sprinkling, bombing and keying were identified and
discussed in this work. A range of chemical compounds present in khat and
their associated toxicological health impacts linked to khat consumption have
been presented from the literature surveyed. Nonetheless, the medicinal as-
pects of khat use with recommendations from a medical perspective are also
discussed. Molecular modelling of selected psychoactive compounds gener-
ated from khat smoking is also presented in this study. Results showed that
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cathinone breaks down to yield benzenyl and 3-aminobuytanyl-2-one radicals
that react with hydride and metals to yield carcinogenic benzene molecule
and C-centered environmentally persistence free radicals, respectively. Fur-
thermore, the HOMO an LUMO structures for these organic molecules illu-
strates that they act as nucleophiles that can react with electrophilic unsatu-
rated human bio-molecules such as amino acids and lipids to initiate shifts in
pi-electrons and dienophile electrons resulting in gene alterations and muta-
tion. Accordingly, khat chewing can be regarded as a possibly serious practice
that may aid in the present spread of SARS-Cov-2-virus and manifestation of
other health concerns such as cancer. This study identifies campaigns against
khat chewing, cessation and abstinence as strategies against the associated
negative health impacts of khat. These findings are important in facilitating
policy makers to make informed decisions for control and consummation of
khat as a possible narcotic substance.

Subject Areas

Environmental Chemistry

Keywords

Cathinone, Toxicity, Carcinogenicity, Khat Smoking

1. Introduction

Khat comprises of leave shoots and is cultivated and chewed by millions of East
Africans and Arabs in Arabian Peninsula for its stimulating effects induced by
amphetamines—cathinone and cathine indicated in Figure 1(a) and Figure
1(b), respectively. Once the drugs gain entry into the human brain they initiate
pleasurable effects and machismo tendencies [1]. This plant substance is known
by other names such as qat, chat, qaadka, mairungu, muhulo, hagigat miraa, ki-
jiti, gomba, veve, African salad, Abyssinian tea and tschat; all depending on the
country of origin [2] [3]. Even though khat is classified as a class C drug by the
world health organization (WHO), khat cultivation, use and possession are lega-
lized in Kenya and most East African countries but some nations such as South
Africa, Bangladesh, Canada, the state of California and some other states in the
United States of America (USA), have criminalized its use and possession [4] [5]
[6]. Consequently, khat and its chemical compounds cathinone and cathine,
have been marked as restricted materials by the Controlled Substances Act
(CSA) and the Drug Enforcement Administration (DEA) in schedule I and IV,
respectively [7].

Khat chewing is a well-known cultural tradition and a recreational activity
that is practiced in a range of social amenities by both young and old [3]. Indi-
viduals get motivated and addicted to chewing khat due to its high psychoactive

ingredients; cathinone and cathine which act symphathomimetically on the cen-
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tral nervous system (CNS) and directly influences both the central dopaminergic
and peripheral noradrenergic presynaptic sites to produce mild euphoric ex-
citement, manic behaviors, hyperactivity, hallucinations, and a calming effect
within a period of 30 minutes from the time of consumption [3] [8]. Although
cathine also contributes to the CNS stimulation characteristics, it has been re-
ported to be less potent in fresh khat leaves by previous studies than cathinone
[9]. Figure 2 gives a summary of khat plantation through harvesting, packaging,
marketing and consumption. Khat harvesting involves the plucking of the buds,
tender twigs and leaves by individuals, using their naked hands to groups of
people packaging khat in bundles using banana leaves as shown in Figure 2(b)

and Figure 2(c), depending on the quantity desired by the intended market.

O
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Figure 1. Khat alkaloids (a) cathinone (b) cathine.

(0) (d)

Figure 2. (a) Khat plantation; (b) fresh khat bundles; (c) khat packaging; (d) men and women chewing khat—photos adopted
from [10] [11] [12] [13].
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Even though various scientific studies have explored and characterized the
chemical composition of khat, there is still minimal documentation in literature
that extensively reports on khat epidemiological data [14]. Notably, in the con-
temporary society, there are reports on increased khat transit and exportation
destined to the USA and the United Kingdom (UK) where the herb is considered
illegal [15]. These trends are worrying especially with regard to the associated
health effects arising from prolonged use of khat. Accordingly, deleterious ef-
fects and health complications such as oral cancer, gastric and oesophageal car-
cinoma, and oral mucosa genetic damage have been noted among habitual khat
chewers [16]. These health issues constitute khat toxicity outcomes whose eluci-
dation remains a subject of interest given that there is lack of comprehensive
scientific studies that have explored its harm. Thus khat is a public health con-
cern [17]. For these reasons therefore, this study aims at identifying documented
and emerging trends in the use of khat, health challenges and complications that
arise from its repeated use, as a subject of grave public health across the world.
Traditionally, khat chewing is performed among groups of people as a recrea-
tional activity by most communities in Eastern Africa and the Arabian Peninsu-
la, although individuals can chew khat privately at their own convenience. This
work will also briefly explore the challenges posed by khat consumption in the

management of Covid-19 pandemic.

2. Methodology

In order to obtain relevant information for this study, keywords such as khat
(qat, chat, qaadka, mairungu, muhulo, hagigat miraa, kijiti, gomba, and veve)
abuse, addiction, khat toxicology, khat and SARS-Cov-2, pharmacology and car-
cinogenicity were used and comprehensively searched for in the literature pub-
lished between January 2012 and October 2020 on PubMed, Google scholar,
Web of Science, Cochrane and online scientific electronic library websites from
May 2020 to September 2020. Cathine and cathinone were explored by their
chemistry, effects and toxicology in order to pool relevant literature. The search
outputs were saved in databases and authors notified on searches that met the

search criteria whenever there was need.

3. Results and Discussions

3.1. Emerging Trends in Techniques Used for the Consumption of
Khat

The method by which khat is consumed greatly determines the stimulating and
psycho-effects induced on the user due to variations in the concentration levels
of the major alkaloids of khat that depend on the freshness of the leaves and
twigs. For instance, cathinone and cathine are found in higher concentrations in
fresh leaves compared to dry leaves which are considered less potent and less
addictive [10] [18]. There are various oral methods by which this drug substance

can be ingested. The traditional method involves chewing fresh leaves, twigs,
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and shoots, which are reserved in the cheek and further masticated intermit-
tently and spasmodically in order to discharge the active drug ingredients in
form of “juice” which are extracted by enzyme action and consequently dis-
solved in saliva, swallowed and absorbed through the buccal mucosa and ga-
stro-intestinal tract [17] [19] [20]. During khat chewing, individuals sometimes
take a sip of water to prevent mouth dryness, or a sip of soda or a pinch of sugar
to mitigate its bitter taste [13] [21]. In some cases, the khat dried material is
made into tea or a chewable paste [22]. Nonetheless, khat leaves can be smoked
by crushing dried leaves which are then rolled into cigars or ground into powder
and sprinkled on food [3] [10] [22] [23]. The method used for khat consumption
depends on the cultural practice of the community, social status, and economy,
political and spiritual lives [21]. Capsules and tablets that are designed with syn-
thetic cathinones in white and brown amorphous and crystalline powders contain
other compounds such as mephedrone, methylone, naphyrone, butylone, meth-
cathinone, pyrovalerone, 4-fluoromethcathinone, 3,4-methylenedioxypyrovalerone,
and methedrone ingredients, often used in illicit markets—although they are less
common [24] [25].

The sole reason for khat use is stimulating effects contributed largely by ca-
thinone and cathine ingredients, although unstable cathinone decomposes into
cathine once the fresh khat leaves get exposed to oxygen after harvesting, during
withering or when dry and therefore, khat leaves are commonly chewed when
fresh in order to offer maximum psychotropic effects [26]. Remarkably, the oth-
er methods listed in Table 1 have minimal but increased popularity in their use,

given that the stimulating effects require more amounts of the drug to be ingested

Table 1. The popularity of khat consumption techniques and procedures.

Method of Popularity  Trend in th
codo Designed technique optiarlty rendin te

Reference
intake percentage last 1 decade

Fresh twigs and leaves chewed for

chewing 80% increasing [13] [17]

mucosal absorption

. Dried khat leaves rolled into . .
smoking i 30% increasing [3] [10]
smoked cigars
Dried and grinded khat leaves packaged
khat tea into sachets that are added into hot 27% increasing [3]
water for drinking.
Dried khat leaves made into

khat t 31% i i 3
at paste chewable paste o increasing [3]

Dried khat leaves are finely

khat food
attoo grinded into powder sprinkled 23% increasing [10]
powder . .
onto food during eating
Bombing: cathinone derivative powder
rolled into cigar paper and swallowed. [24] [25]
Capsules/tablets Keying: insufflation of 8 keys per gram  unknown increasing [27] [28]
of cathinone derivative by key dipping [29]

into powder.
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or longer time periods to be manifested in the user due to lowered levels of ca-
thinone—the chief khat stimulant that usually induces its psycho-stimulating ac-
tivity in 1 to 3 hours after the chewing onset. Regardless of these assumptions,
capsules and tablets which encompass synthetic cathinones have gained increas-
ing popularity, widespread availability and are sold as “bath salts” or “plant
food” commonly over internet website markets and drug suppliers and con-
sumed by ingestion or nasal insufflation [27]. Bombing and keying form the ba-
sic techniques by which synthetic cathinones are consumed—bombing tech-
nique involves wrapping a fine cathinone derivative powder, usually comprising
of mephedrone, in a cigarette paper and is then swallowed, while keying en-
compasses the act of dipping a key into finely ground khat powder followed by
insufflation [27] [28].

3.2. Emerging Chemical Compounds from Khat and Their
Carcinogenicity
Khat phytochemicals include tannins, flavonoids, sterols, glycosides, terpenoids,
vitamins C, carbohydrates, amino acids, thiamin, niacin, riboflavin, noncyclic
nitrogen containing compounds, and about 62 alkaloids [13] [30] [31]. The sti-
mulating activity of khat is mainly contributed by alkaloids; phenylalkylamines,
which constitute cathinone [S-(-)-cathinone], and two cathine diasteriomers [1S,
2S-(+)-norpseudoephedrine] and norephedrine, [1R, 2S-(-)-norephedrine as in-
dicated in Figure 3(a), Figure 3(b) and Figure 3(c), respectively. The S-(-)- ca-
thinone enantiomer is the only one that has been reported to be present in khat
and has a structural stereochemistry resembling that of S-(+)-amphetamine
(Figure 3(d)) but differ in their pharmacological action [32]. The instability of
cathinone causes its decomposition leading to the formation of the “dimer”
(3,6-dimethyl-2,5-diphenylpyrazine) during withering and drying processes of
khat [29]. In addition, 62 cathedulins which are basically enonyminol polyesters
(Figure 4(d)), resulting from poly hydroxylation of sesquiterpenes have been
reported to be present in khat leaves [33]. Many other phenylalkylamine alkaloids
such as merucathinone, merucathine and pseudomerucathine (Figures 4(a)-(c),
respectively) with less stimulating effects have been reported in khat leaves [31].
Even though the mutagenic and carcinogenic potential of phenylalkylamines
and alkaloids of khat are poorly examined, a handful of experimental and epi-
demiological surveys have confirmed it to exhibit teratogenic, mutagenic, and
clastogenic activities of cathinone in human cells [34]. Hassan et al [35] has
demonstrated that chronic khat chewing promotes carcinogenic processes in
humans by initiating endogenous oxidative damage in the DNA cells, and ex-
pression of oesophageal and fore stomach carcinomas in khat chewers which
have been attributed to khat leaves’ ability to undergo nitrolisation in the gut to
produce nitrosamines [36]. In addition, khat contains a high concentrated of
tannins that have been highly linked to oesophageal cell carcinoma and oral ma-

lignancy [34].
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()

Figure 3. (a) S-(-)-cathinone; (b) 1S, 2S-(+)-norpseudoephedrine; (c) 1R, 2S-(-)-nore- phe-
drine; (d) (+)-S-amphetamine; (e) R-(-)-noradrenaline.

O

(a) (b)

(©) (d)

Figure 4. (a) (+)-S-merucathinone; (b) (-)-3S, 4S-pseudomerucathine; (c) (+)-3R, 4S-
merucathine; (d) euonyminol; (e) catheduline.

DOI: 10.4236/0alib.1106985

7 Open Access Library Journal


https://doi.org/10.4236/oalib.1106985

M. O. Omare et al.

3.3. Harm and Health Impacts Arising from Consumption of
Khat

Chronic khat chewing has been linked to a number of health complications and
effects on human biological systems such as the respiratory, cardiovascular, he-
patobiliary, genitourinary, endocrine and digestive systems by various scientific
and epidemiological surveys [19] [37]. These systems are characterized by khat
effects that include metabolic and weight related complications, cancers of the
aero digestive system including oral cancer, ischemic heart disease, neuropsy-
chological disease, liver complications, endocrine disruption, sexual disorder
and hypertension [19] [35] [38]. For instance, grave effects such as tachycardia,
palpitations, hypertension, arrhythmias, vasoconstriction, myocardial infection,
cerebral hemorrhage, and pulmonary edema are manifested in the cardiovascu-
lar system, tachypnea and bronchitis in the respiratory system, dry mouth, poly-
dipsia, dental caries and periodontal disease, chronic gastritis, hemorrhoids, du-
odenal ulcers and upper gastro-intestinal malignancy in the gastro intestinal
system, fibrosis and cirrhosis in the hepatobiliary system in addition to urinary
retention, spermatorrhea, spermatozoa malfunctions, impotence and libido
change which affect the genitourinary system [34] [36] [39]. Moreover, salivary
gland infection, plasma cell gingivitis, teeth attrition and discoloration, tempo-
romandibular joint disorder, and keratotic white lesions including mucosal le-
sions are other health issues that have reportedly been induced by chronic khat
chewing [13]. Figure 5 gives a summary of the biological health effects of khat

use.

endocrine

genitourinary

()

(b)

Figure 5. (a) Biological systems affected by khat chewing; (b) health effects associated with khat chewing [35] [37] [38] [40] [41].
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Regardless of the possible toxicological impacts of khat, a number of studies
have reported medicinal application of khat for the management of diabetes,
muscle strength, depression, obesity, male infertility and cancer. Interestingly, a
study conducted by Lu ef al (2017) demonstrated the cytotoxic effects of khat
extracts on breast cancer and came up with findings showing that khat sup-

presses breast cancer by inducing apoptosis of the breast cancer cells [37].

3.4. Challenges Posed by Khat in the Management of the Covid-19

Coronavirus disease 2019 (Covid 19) is a global pandemic which is caused by the
severe acute respiratory syndrome Coronavirus 2 (SARS Cov-2), a zoonotic virus
ecologically believed to originate from wild animals such as bats [42] [43]. The
medical fraternity across the world has experienced an agonizing task in the
management of Covid-19 because of the lack of effective medication and specific
antiviral therapy recommended for its management and treatment. Currently,
there are a set behavioral standards as a strategy to containing the spread of the
disease in humans which include individuals observing social distancing, wear-
ing of face masks, restrictions on social gatherings, minimizing contact on public
areas, hand sanitizing and washing among the few safety measures that can re-
duce contact and minimize exposure and spread of the virus [44] [45]. The prac-
tice of khat chewing has posed immense challenges with regard to the manage-
ment of covid-19 and aided its rapid spread from the point of harvest consum-
mation, and marketing. Khat harvesting is an activity that occurs throughout the
year in order to maintain market demands for continuous supply [46]. The khat
harvesting and packaging processes evokes a lot of concerns in regard to con-
trolling the spread of coronavirus if the prevention and safety measures may be
ignored by any infected individual. For instance, proper hand washing and sani-
tization before and during harvesting and packaging processes may not be ob-
served and this may be a precursor for transmission of the virus onto the
plucked twigs and leaves (environmental shedding) and the materials used for
packaging (banana leaves), or if the person is infected by the SARS-Cov-2
sneezes or coughs. Such an action will transmit viral droplets which may settle
on the surfaces of the khat leaves and consequently the virus gets transferred to
the hands, and ultimately initiating self-inoculation [47]. Coronavirus is known
to live on surfaces for long hours with the survival period depending on the na-
ture of the material with which the surface is made of [48]. Because harvested
khat is required to be transported immediately to destined markets and chewed
when still fresh for maximum pleasurable effect, usually within 2 to 48 hours; it
can be predicted that there are high chances of the SARS-Cov-2 surviving on
packaged khat. Therefore, the virus finds entry into the users’ biosystem through
the mouth during khat chewing effectively promoting viral spread and transmis-
sion. Furthermore, khat chewing is usually done by both men and women seated
together in groups during a range of social amenities without necessarily ob-

serving some stipulated health regulations such as keeping social distancing and
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wearing of face masks. In some instances, there is occasional sharing of soft
drinks in a common glass and periodical spitting of saliva—acts which are likely
to enhance inter-person viral transmission therefore, precipitating a challenge in

the fight against Covid-19 pandemic.

3.5. Computational Modeling Profiles for Selected Molecular
Compounds in Khat

In order to gain a thorough understanding on the structural relationship and
properties of chemical compounds that define atomic combinations and mole-
cule stoichiometry, applications of designed computational codes that simulate
physical experiments play a major role because they predict physical and chemi-
cal changes taking place inside real systems in reactions occurring at varying
conditions [49] [50]. Computational codes are structured with variables that are
representative of systems under investigation and which can be adjusted either
singly or in combinations and observations in correspondence to the actuated
alterations are made on outcomes during simulations that aid researchers in
giving relevant conclusions [50]. These developed computer programs have been
proven to enhance and expedited scientific research and offer real time accuracy
in results compared to experimental data [51] [52]. Accordingly, selected molecu-
lar compounds from khat; cathinone (S-(-)-cathinone), two cathine diasteriomers
(1S, 2S-(+)-norpseudoephedrine) and norephedrine (1R, 2S-(-)-norephedrine)
considered the main addictive khat alkaloids have been modeled using Gaussian
‘09 computational code at the density functional theory (DFT) quantum level
coupled with B3LYP functional and 6 - 31 ++ diffuse basis set. Notably, in the
array of methods by which khat is consumed, smoking khat is gaining popularity
across the world regardless of the possible toxic effluents released during smok-
ing [3] [10]. All calculations and geometry optimization are conducted at 298.15
K at 1 atmosphere pressure. This is in line with the fact that there is an increas-
ing gain of interest in health and environmental concerns on the toxicity of mo-
lecular compounds and the intermediary radicals generated from the unregu-
lated temperatures during smoking [53]. The thermal degradation of khat just
like any other biomass material generates innumerable pollutants that can po-
tentially cause irreparable damage to human cells and sometimes reactive species
which are well known precursors for oxidative stress, respiratory, pulmonary
and bronchial complications in addition to cancer among other health issues as

listed in Figure 5(b), vide supra [54].

3.5.1. The Thermal Degradation of Selected Khat Alkaloids and
Mechanistic Pathways

During khat smoking, the smoker puffs the cigar under a set of uncontrolled
temperatures which breaking down the components of the cigarette into a series
of other chemical compounds and radicals that are potentially toxic. This work
has proposed a mechanistic pathway by which selected khat alkaloids thermally
degrade to yield a set of radicals and eventually convert them to other toxic
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chemical compounds. Furthermore, the associated energy changes for the for-
mation of free radicals and chemical compounds from these alkaloids have been

computed using the formula illustrated in Equation (1) [55].
Af H = Z(go - HCO" )products - 2(80 - HCO" )Reactants (1)

where, A H° is change in enthalpy of the reaction, H_,, is correction to the
thermal enthalpy and ¢, is the sum of electronic and thermal enthalpies.
Accordingly, this work has demonstrated that cathinone breaks down to yield
benzenyl and 3-aminobuytanyl-2-one radicals that subsequently react with hy-
dride to yield benzene and 3-aminobutan-2-one molecules, respectively as illu-
strated in Scheme 1. Benzene molecule has been reported by various scientific
studies as a high risk factor for exposure to human health and an identified in-
itiator for human cell carcinogenesis [56]. Long term exposure to benzene causes
deleterious effects on human bone marrow and decreased red blood cells and
consequently anemia in addition to damaging human immune systems by in-
itiating blood antibody variation [57]. Benzene molecule reacts with environ-
mental trace metals such as copper leading to the formation of C-centered envi-
ronmentally persistent free radicals as illustrated in Scheme 1. Nonetheless, the
resultant 3-aminobutan-2-one molecule undergoes further thermal degradation
to produce environmentally persistent free radicals with adverse health effects

particularly when heated at temperatures of about 453 to 513 K [58]. Clearly,

HO OH

6

6 5
1 \ .
547 G- OH
| —
1
2 4 HO @! o 2 /4

3

3 C-centered EPFR

Scheme 1. Proposed mechanistic pathway for the formation of C-centered EPFR from
cathinone.
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environmentally persistent free radicals that originate from human undertakings
such as smoking or due to the failure of the biological activity of the catalase en-
zyme that initiates bio-elimination of excess free radicals from the human body
systems leads to oxidative stress which has been linked to respiratory and cardi-
ovascular diseases, and sometimes intercellular damage [59] [60].

Even though some of the formed minute molecular free radicals have been
reported to environmentally exist for shorter lifetimes (—10° s for OH'radical),
it is important to note that these substances get directly trapped into the smok-
er’s body system via the pulmonary track during smoking as a result of incom-
plete combustion, and due to their highly reactive nature, consequential oxida-
tion reactions and pulmonary dysfunction occurs [60]. Accordingly, Zhu et al
[61] have reported the half-life of oxygen centered and carbon centered envi-
ronmentally persistent free radicals to be 160.45 and 401.10 days respectively,
and thus the formed carbon centered environmentally persistent free radicals
(EFRs) from the smoked khat alkaloids. Once these radicals gain entry into the
smoker’s biosystems, they are likely to stay in biological systems for periods long
enough to ignite biological processes that lead to devastating bio-conditions
such as cardiac arrest and oxidative stress. Similarly, the aromatism exhibited by
the alkaloids of khat most probably leads to the formation of benzene molecules
whose reaction mechanism during thermal degradation results to the production
of environmentally persistent free radicals thus increasing their concentration in
the smoked effluent.

3.5.2. Molecular Geometries of Cathinone and Major Molecular
Emissions and Their Potential Energy Surfaces

The molecular structure of any given molecule is well defined by geometric pa-
rameters including bond angles and bond lengths that significantly determine its
bond strength. The molecular structure of cathinone and its corresponding mo-
lecular compounds arising from its thermal degradation are presented in scheme
1. Figures 6-9 illustrate steps undertaken towards achieving structural optimiza-
tion for cathinone and its corresponding radicals. It is worth noting that cathi-
none gets optimized after 64 successful optimization steps at a total energy of
—479.4467 Hartrees/particle. On the other hand, cathine took 22 optimization
step number with a total energy of —480.6537 Hartrees/particle. Benzenyl and
3-aminobuytanyl-2-one free radicals resulting from the thermolytic degradation
of cathinone had their total energy minimization estimated at —231.5201 and
—247.7814 Hartrees/particle, respectively. Remarkably, optimization steps reveal
more information regarding molecule stability and the time period a molecule is
likely to take in attaining its most stable geometry configuration thus enabling
one to estimate the characteristic behavior of the molecule inside the biotic sys-
tems [62]. It is important to note that the longer it takes for a molecule to be op-
timized; the more likely it is that the molecular structure of the compound under
investigation is unstable and hence considered to be more reactive in biological

environments. Accordingly, the resulting radical, 3-aminobuytanyl-2-one with
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Figure 6. Cathinone optimized structure and a plot showing its optimization steps (the red circle indicates optimization level).
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Figure 7. Cathine optimized structure and a plot showing its optimization steps.
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Figure 9. 3-aminobuytanyl-2-one radical optimized structure and a plot showing its optimization steps.
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28 optimization step numbers can be considered to be more toxic compared to
benzenyl radical whose stability can be associated with its ability to exhibit
structural resonance. In reference to these results therefore, it can be deduced
that cathine with 22 optimization steps is more stable than cathinone with 64
optimization steps and therefore cathinone can be regarded as more toxic
compared to cathine. Moreover, the resultant free radicals, benzenyl and 3-
aminobuytanyl-2-one, had 8 and 28 optimization steps, respectively. In addi-
tion, the number of optimization steps, Ze. the minimization of energy of a
molecule, conceals the net inter-atomic forces acting on each atom of a given
molecule which is acceptably close to zero. The energy of these systems can be
described in a potential energy surface (PES) which indicates the position of

the atoms.

3.5.3. Molecular Orbitals and Electronic Properties

Kibet et al. [63], contends that the identification of orbital structures for a mo-
lecule is required in determining the reactivity of a molecule. Consequently, the
highest occupied molecuaar orbital (HOMO) and lowest occupied molecualr or-
bital (LUMO) energy profiles for cathinone and cathine molecules together with
benzenyl radical and 3-aminobuytanyl-2-one radical obtained from their opti-
mized geometry diagrams relating to their ionization potentials and electron af-
finities are presented in Figure 10 and Figure 11, respectively. The results indi-
cate that cathinone had orbital 40 as the HOMO and orbital 41 as the LUMO at
energies —0.24019 eV and -0.07361 eV, correspondingly with a band gap enery
diference of 0.16658 eV. Similarly, cathine exhibits orbital 37 as the highest oc-
cupied and orbital 38 as the lowest unoccupied at energies —0.24126 eV and
—0.0219 eV with a band gap energy difference of 0.22017 eV both at singlet spin,
0 charge, isovalue 0.02 and alpha occupancy.

On the other hand, the resulting radicals exhibited alpha and beta molecular
orbital occupancies with duplet spins at 0 charges at an isovalue of 0.02 as illu-
strated in Figure 11. For instance, benzenyl radical has orbital 21 as the highest
occupied alpha MO and orbital 22 as tthe lowest unoccupied at energies
—0.24985 eV and —0.02265 eV, respectively with a band gap energy difference of
0.2272 eV. Similarly, 3-aminobuytanyl-2-one displays orbital 20 as the highest
occupied at an energy level of —0.24196 eV and orbital 21 as the lowest unoccu-
pied at energy level —0.0224 eV thus giving rise to a band gap energy difference
of 0.21956 eV. In comparing the band gap energies of the momlecules and their
corresponding radical band gap energies, it is evident that cathinone had the
smallest energy band gap, inferring that electrons get excited more readily in a
cathinone molecule and readily absorb less energy for the elctrons to jump from
HOMO to the LUMO compared to cathine. Because of the small energy required
to cause electron excitement, the molecule becomes more reactive and hence we
can deduce that cathinone can readily react with biological systems and poten-
tially causing more fatal reactions that may lead to gene alteratons and ultimate-

ly induced carcinogenesis.
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Figure 10. HOMO cathinone and cathine (a) and (c) respectively, LUMO cathinone and cathine (b) and (d) respectively
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Figure 11. HOMO benzenyl and 3-aminobuytanyl-2-one (a) and (c) respectively LUMO
benzenyl and 3-aminobuytanyl-2-one radicals (c) and (d) respectively.
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Once these unsaturated organic compounds gain entry into the human
bio-structures they undergo reactions that involve cyclic transition states at the
double bond sites “diene” that constitute two conjugated double pi-bonds and
the single bond site “dienophile’, comprising of a single pi-bond due to the
presence of two conjugated m-electrons systems with unsaturated molecules such
as fats and lipids [64]. In the course of these reactions, these organic substances
generated from the thermolytic conversions of khat act as nucleophiles (elec-
tron-rich-species) while the unsaturated bio-structure molecules act as electro-
philes (electron-poor-species) occasioning possible shift of four diene n-electrons
and two dienophile electrons and a corresponding conversion of 2 n-bonds to 2
new durable o-bonds in the newly formed products which may result in adverse
health effects [65].

3.5.4. Electron Density and Contour Maps

Electron density maps for these molecules and radicals can be used to highlight
the active sites for electron interactions and charge distribution for the opti-
mized structures, and consequently an understanding of the molecule reactivity.
Electron density maps indicate the high affinity interaction sites that precipitate
the hydrogen bonds [66].

The values of the electrostatic potentials for any given molecule is indicated
using the color codes and densities for the surfaces at the first excited state and the
ground states by developing density contour maps as illustrated in Figure 12.
Green regions are representative of sites with positive values with a large excited
state compared to the ground state while the red site is a representation of points
of high electrophilic attack. Accordingly, for cathinone, it is clear that the electron
density is much concentrated around the oxygen atom and moves outwards to
the benzene ring side. Similarly, there are more electrons centered on the oxygen

atom and moves sideways for cathine and 3-aminobuytanyl-2-one radicals.

Figure 12. Electrostatic contour maps for HOMO cathinone and cathine (a) and (b), re-
spectively and LUMO (c) and (d) for cathinone and cathine, respectively.
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4. Conclusion

This review has explored a number of published articles addressing khat con-
sumption and the contemporary techniques that have been employed for its use
and found out designs such as chewing, smoking, sprinkling, bombing and key-
ing to be the common methods in use. During khat ingestion, a range of chemi-
cal compounds with a potential to affect human biological systems is generated.
In this regard, khat chewing has been identified to be a toxic and carcinogenic
practice even though there is a limited scientific research that has been con-
ducted to expressively link a specific khat compound to carcinogenicity, and
therefore further research is necessary to explore the carcinogenicity of khat
compounds. Even though no known research has reported khat as a medicinal
herb for the management of SARS-Cov-2 virus, it can be concluded that the
transportation of khat to both local and international markets coupled with risky
consumption habits and practices across the world may contribute to the trans-
mission and spread of the SARS-Cov-2. Selected molecular khat compounds
have been computationally modeled and the electronic properties are discussed
in detail. Computational studies have demonstrated cathinone to be more reac-
tive and potentially more toxic compared to cathine. The findings from this sur-
vey may help policy makers to formulate informative decisions on the control

and use of khat as a possible narcotic substance.
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