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Cathinone, the main bioactive alkaloid of Catha edulis (khat), slightly increased the blood sugar levels of
healthy animals, while its effect on blood sugar levels of diabetic animals has not yet been reported. This
study investigated the in vitro inhibition of cathinone on a-amylase and a-glucosidase as well as its
in vivo glycemic effects in diabetes-induced rats. Rats were fed on a high fat diet for five weeks, which
then intraperitoneally injected with streptozotocin (30 mg/kg). Diabetic rats were distributed randomly
into diabetic control (DC, n = 5), 10 mg/kg glibenclamide-treated group (DG, n = 5), and 1.6 mg/kg
cathinone-treated group (CAD, n = 5). Additional healthy untreated rats (n = 5) served as a nondiabetic
negative control group. Throughout the experiment, fasting blood sugar (FBS), caloric intake and body
weight were recorded weekly. By the 28th day of treatment, rats were euthanized to obtain blood sam-
ples and pancreases. The results demonstrated that cathinone exerted a significantly less potent in vitro
inhibition than a-acarbose against a-amylase and a-glucosidase. As compared to diabetic control group,
cathinone significantly increased FBS of diabetic rats, while insulin levels of diabetic rats significantly
decreased. In conclusion, cathinone was unable to induce a substantial in vitro inhibition on a-amylase
and a-glucosidase, while it exacerbated the hyperglycemia of diabetes-induced rats.
� 2021 Published by Elsevier B.V. on behalf of King Saud University. This is anopenaccess article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Cathinone is the main active alkaloid that is responsible for the
psychostimulant effect of khat (Catha edulis) (Jenčič et al., 2017).
Additionally, cathinone is a natural alkaloid belongs to the pheny-
lalkylamine alkaloids (Majchrzak et al., 2018) constituting 70% of
the total content of phenylalkylamines in fresh leaves of khat
(Crombie et al., 1990). Khat consumers believe that khat has the
ability to reduce elevated blood sugar (Nwoye et al., 2010), which
attracts more consumers, particularly diabetics.
Several studies investigated the glycemic activity of khat, how-
ever; the findings are still conflicting (Alsalahi et al., 2016), which
could be due to the fact that khat contains several alkaloids (cathi-
none, cathine, norephedrine, merucathinone, merucathine and 62
cathedulins) (Crombie et al., 1990) and flavonoids (myricetin,
quercetin and kaempferol) (Alsalahi et al., 2016). Cathinone in khat
leaves is unstable alkaloid decomposes within 2–3 days after har-
vesting (Ben-Shabat et al., 2014), hence it is irrational to interpret
the biological activities of khat extracts in terms of its cathinone
content. Additionally, the processes of dryness, extraction and stor-
age of the fresh leaves of khat are not cathinone-conservative (Al-
Obaid et al., 1998). Consequently, investigation of the biological
activities of cathinone should be investigated using pure cathinone
to obtain relevant findings to that of fresh khat leaves.

The sympathomimetic activity of khat in terms of cathinone has
been suggested to increase the blood sugar levels of nondiabetic
animals, antagonize insulin action in type 2 diabetic consumers
and delay the intestinal absorption of glucose in healthy con-
sumers (Alsalahi et al., 2016). However, all the former explanations
have been still suggestions, which lack an evidence-based support.
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Interestingly, the sympathomimetic activity of cathinone leads to a
delay in the intestinal absorption of glucose drew the attention to
investigate the ex-pancreatic inhibitory effect of cathinone against
intestinal a-amylase and a-glucosidase enzymes that catalyze the
hydrolysis of intestinal carbohydrates to glucose (Chiasson et al.,
1996), an aspect which has not yet been investigated.

Based on the literature, two studies have been investigated the
glycemic activity of the crude fractions of khat alkaloids and flavo-
noids in diabetic (Betrie and Engidawork, 2016) and nondiabetic
animal models (Al-Qirim et al., 2002). However, there is only one
study that evaluated the effects of pure cathinone on plasma amino
acids and blood sugar levels in healthy rats, and the findings indi-
cated that cathinone slightly increased blood sugar in rats (Al-
Meshal, 1988). Nonetheless, there are no other studies on the gly-
cemic activity of cathinone in Type 2 diabetes-induced animals. To
the best of our knowledge, this is the first preclinical animal based-
study that was conducted to evaluate the in vitro inhibitory activity
of cathinone against a-amylase and a-glucosidase enzymes and to
further confirm the in vivo glycemic effects of cathinone in Type 2
diabetes-induced male Sprague-Dawley rats through measuring the
blood metabolic parameters and morphophysiological changes in
the pancreatic sections.
2. Materials and methods

2.1. Chemicals and reagents

a-Acarbose (Acros organic, USA), porcine pancreatic a-amylase,
potato starch solution, a-glucosidase, 4-Nitrophenyl 3-D-
glucopyranoside (PNPG), D-glucose, glibenclamide, formalin, Har-
ris’ hematoxylin working solution and eosin working solution were
purchased from Sigma-Aldrich, St. Louis, MO, USA. Streptozotocin,
DPPIV inhibitor and MILLIPLEX MAP Rat Metabolic Hormone Mag-
netic Bead Panel (Metabolism Multiplex Assay, CAT# RMHMAG-
84K) were purchased from EMD Millipore Corporation, USA. The
one-touch Accu-Check� Performa glucometer was purchased from
Roche Diagnostics GmbH, Mannheim, Germany. The 60% high-fat
diet (TD.06414) was obtained from Harlen, USA, while the normal
rodent diet (Altromin 1324) was purchased from Altromin, Lage,
Germany. S (-)-Cathinone HCl was obtained from Lipomed, USA
under license of the Ministry of Health, Malaysia (KKM-55/
BPF/213/005/12 Jid. 3 (38)) on 6 November 2015.

2.2. Animals

Totally, 20 healthy male Sprague-Dawley rats (7–8 weeks, 180–
200 g) were purchased from the AEU (Animal Experiment Unit),
Faculty of Medicine, University of Malaya. The animals were kept
in the AAALAC-accredited animal facility for one week to adapt
housing conditions of a temperature of 20 ± 4 �C, relative humidity
(30 – 70%), light cycle (12 h light and 12 h dark) with free access to
normal rodent diet and tap water ad libitum.

2.3. In vitro inhibitory effects of cathinone against a-amylase and a-
glucosidase

According to Qasem et al. (2018), 20 ml of 250, 125, 62.5, 31.25
or 15.625 mg/ml of cathinone and a-acarbose were pipetted sepa-
rately in triplicates into their specified wells of 96-wells plate,
which was followed by pipetting 50 ml of the porcine pancreatic
a-amylase into each well. After that, the plate was incubated at
28 �C for 10 min. Then 100 ml of potato starch solution was pipetted
into each well of the plate and re-incubated at 28 �C for 10 min.
Finally, 100 ml of DNSA (3,5-dinitrosalicylic acid) were added to
each well to stop the reaction and the plate was incubated in a
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water bath at 88 �C for 15 min. The absorption was measured spec-
trophotometry at 540 nm.

The cathinone inhibitory effect against a-glucosidase was per-
formed by pipetting 100 ml of a-glucosidase enzyme and 50 ml of
each serial dilution (250, 125, 62.5, 31.25 and 15.625 mg/ml) of
cathinone or a-acarbose standard into a 96-wells plate in tripli-
cates and incubated at 25 �C for 10 min. Then, 50 ml of P-nitrophe
nyl-alpha-D-glucopyranoside (PNPG) was transferred to the react-
ing mixture and re-incubated at 25 �C for five minutes. After that,
the catalytic reaction was stopped by adding 80 ml of 0.1 M sodium
carbonate reagent. Finally, the 96-well plate was measured spec-
trophotometry at 405 nm.

Each assay was repeated three times to estimate the IC50, while
the inhibitory effects of cathinone or a-acarbose against a-amylase
and a-glucosidase enzymes were expressed as the percentage of
inhibition according to the following equation:

Percentage of inhibition ¼ Ac � ðAs� AbÞ
Ac

� �
� 100

where Ac, Ab and As indicate the absorbance of negative control,
absorbance of blank and absorbance of cathinone, respectively.

2.4. In vivo glycemic activity of cathinone in animal model

2.4.1. Ethics and grouping of animals
This animal based-study was approved by FOM IACUC (Faculty

of Medicine Institutional Animal Care and Use Committee), Univer-
sity of Malay (Ethic ID.: 2015–180505/PHAR/R/ASAM). This study
maintained the animals according to the guidelines of Care and
Use of Laboratory Animals (Care and Animals, 1986), and the inter-
nationally guidelines of EEC directive of 1986; 86/609/EEC
(Directive, 1986). The rats were distributed randomly into four
groups (n = 5 /group); namely, negative nondiabetic control (NC),
negative diabetic control (DC), glibenclamide-treated positive dia-
betic control (GD), and cathinone-treated diabetic group (CAD).

2.4.2. Induction of Type 2 diabetes mellitus to rats
Out of the 20 healthy rats, 15 rats were selected randomly and

fed on 60% high-fat diet (HFD) and tap water ad libitum for five
weeks. Simultaneously, another five rats were fed on normal
rodent diet and tap water ad libitum for five weeks. By the end of
the 5th week of diet induction, all rats were deprived of their spec-
ified diet overnight. Then, the 15 rats that fed on HFD were injected
intraperitoneally (IP) with a single dose of 30 mg/kg of streptozo-
tocin (STZ), which was freshly prepared in 2 ml/kg of 0.1 mM
citrate buffer (pH = 4.5). Simultaneously, the 5 rats that fed on nor-
mal rodent diet, were IP-injected with 2 ml/kg of freshly prepared
0.1 mM citrate buffer (pH = 4.5). After one week of the chemical
induction, STZ-injected rats that developed fasting blood sugar
levels between 7.8 and 15.6 mmol/L and postprandial blood sugar
levels � 11.1 mmol/L were considered Type 2 diabetes and then
distributed randomly into three groups; namely, DC, GD and CAD
(n = 5), while other five rats were allocated simultaneously in the
NC group, and the treatment was started immediately (Barrière
et al., 2018; Wang et al., 2011; Zhang et al., 2008). During the treat-
ment period, all rats in the DC, GD, CAD and NC were reallocated on
a daily calculated normal rodent diet with free access to tap water
ad libitum.

2.4.3. Dose selection of cathinone
In this study, we used pure cathinone, while the dose of cathi-

none was selected based on the stimulatory effect of fresh leaves
of khat that was equivalent to 0.5 mg/kg cathinone (Patel, 2000).
The corresponding dose of cathinone for rats was calculated using
the equation by Shin et al. (2010): Animal equivalent dose (mg/kg)
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is equal to the human dose (mg/kg) multiplied by the conversion
factor, where the conversion factor of the equivalent dose of rats
is 6.17. Accordingly, the calculated dose of cathinone to be given
to rats is 3.1 mg/kg, however, the dose of cathinone in this study
was selected to be half (1.6 mg/kg) of the dose given to monkeys
(Nyongesa et al., 2014).

2.4.4. Treatment of rats
Over four weeks, rats in the DC, GD, CAD and NC groups

received a single oral daily dose of 5 ml/kg deionized water,
10 mg/kg glibenclamide (Pandit et al., 2010), 1.6 mg/kg cathinone
(Nyongesa et al., 2014) and 5 ml/kg deionized water, respectively.
By the end of treatment, all rats were diet-deprived overnight and
anesthetized with ketamine/xylazine (60:7.5 mg/kg, I.P.) to with-
draw blood samples via cardiac puncture. Finally, rats were given
an overdose of ketamine/xylazine to be dissected for harvesting
pancreas tissues, which were kept in 10% buffered formalin.

2.4.5. Metabolic measurements
2.4.5.1. Blood sugar levels. Rats were diet-deprived overnight but
allowed free access to tap water to measure FBS before and after
HFD induction, baseline FBS at the first day of treatment and
weekly throughout the treatment period using a one-touch
glucometer.

After induction of diabetes and on the day of starting the treat-
ment, post-prandial blood sugar (two hours after food) was mea-
sured from the tip of the tail to provide extra criteria for
identifying the induction of T2DM (Zhang et al., 2008).

2.4.5.2. Oral glucose tolerance test (OGTT). In the fourth week of
treatment, rats were diet-deprived overnight but allowed free
access to tap water and exposed to 2 g/kg of an oral glucose. The
blood glucose level was measured from the tip of the tails by using
a one-touch glucometer at 0 time and then at every 30 min up to
two hours (0, 30, 60, 90 and 120 min) after glucose administration
(Pandit et al., 2010).

2.4.5.3. Body weights and caloric intake. Body weights (g) were
recorded at the day of starting and ending of 60% HFD feeding.
After STZ-induction, body weights were also weekly recorded
starting from the first day of treatment (baseline body weight)
and then weekly during the treatment period (at the end of the
first, second, third and fourth weeks).

During the treatment period, a specified fixed quantity of nor-
mal rodent diet was offered to rats (F1), and the remaining quan-
tity of diet was weighed (F2) to calculate the consumed quantity
F= (F1-F2) (Aziz et al., 2011) at the end of first, second, third and
fourth weeks. Then caloric intake was calculated by multiplying F
(g) by 3279 kcal/kg (the metabolic energy of normal rodent diet
(Altromin 1324) and divided by 1000 (Kcal/g/day) (Nirwane and
Majumdar, 2016).

2.4.5.4. Biochemical markers. Blood samples were collected via car-
diac puncture into the free EDTA-containing tubes for quantifica-
tion of serum amylase, lipase, total protein, triglycerides, total
cholesterol, low-density lipoprotein and high-density lipoprotein.
After labeling samples with random codes, the samples were ana-
lyzed blindly by another assessor in the Biochemistry Laboratory,
Faculty of Veterinary, Universiti Putra Malaysia.

2.4.5.5. Metabolic endocrine hormones. Extra blood samples were
withdrawn into EDTA-containing tubes that contain 10 ml of dipep-
tidyl peptidase 4 inhibitor (DPP IV) for quantification of plasma C-
peptide 2, insulin, leptin, and total glucose-dependent insulinotro-
pic polypeptide (GIP) using a Multiplex kit. After labeling samples
with random codes, the assay was performed blindly by another
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assessor in the Medical Molecular Biology Institute, Universiti
Kebangsaan Malaysia.

2.4.5.6. Homeostatic model assessment (HOMA 2 model). The index
of HOMA was applied for estimating pancreatic b-cells function
(HOMA-B), insulin resistance (HOMA-IR) and insulin sensitivity
(HOMA-S) (Antunes et al., 2016). Fasting insulin (mU/ml) and FBS
(mmol/L) were used to calculate HOMA utilizing HOMA 2 calcula-
tor software (Unit, 2020).

2.4.6. Morphohistological measurements
2.4.6.1. Qualitative evaluation of pancreatic sections. The processed
pancreas tissues were embedded in paraffin wax, and 5 mm sec-
tions were stained with hematoxylin and eosin for a microscopical
histology examination (100�magnification) and quantitative mor-
phometric evaluation.

2.4.6.2. Quantitative evaluation of pancreatic sections.
2.4.6.2.1. Morphometric evaluation. From four animals (n = 4) per
group, the randomly selected stained pancreas sections were eval-
uated blindly under Leica microscope for the volume density of
islets expressed as a percentage of islets per 50 microscopic fields,
the number of islets of Langerhans per 50 microscopic fields at 40�
magnification, the number of b- and a-cells per 10 islets at 100�
magnification, the volume density of b-cells expressed as a per-
centage of b-cells to the total number of a- and b-cells per 10 islets
and the size distribution of 10 islets expressed as the area (mm2)
and was assessed by measuring major axis and minor axis coordi-
nates of each islet (Jelodar et al., 2007).

Area of islets ¼ major axis�minor axis� 1000000
4� linear magnification

where the linear magnification is equal to the eyepiece magnifica-
tion (100�) multiplied by the used magnification power (40�)
(Findlay and Thomas, 1980).

2.4.6.2.2. Double immunofluorescence staining of pancreatic b- and
a-cells. Pancreatic b-cell mass, a-cell mass and b-/a-cells ratio
were investigated using insulin and glucagon immunofluorescence
assay. Blocks of pancreatic tissues from each group was selected
randomly and examined blindly. The pancreatic tissues were sec-
tioned into 5 mm, then placed on poly-L-lysine-coated glass slides
and then incubated at 37 �C for 48 hr in an incubator. The slides
were deparaffinized with three changes of xylene, 5 min each
and two changes of 100% ethanol for 5 min each, 95% and 80% etha-
nol for 5 min each. After rinsing with distilled water, the sections
were subjected to antigen unmasking with a fresh citrate buffer
(10 mmol/l sodium citrate containing 0.05% Tween 20, pH 6).
Slides were immersed and incubated for 40 min in pressure cooker.
After cooling, the slides were rinsed with distilled water for 5 min
each. Then the sections were incubated with 2.5% normal horse
serum for 1 h to suppress the non-specific binding of IgG. After that
slides were incubated with mouse monoclonal [K79bB10] to gluca-
gon (ab10988, Abcam, Cambridge, UK, diluted 1:1,000) for over-
night at 4 �C. Then, the slides were rinsed with PBS for 3�, 5 min
and incubated with rabbit polyclonal antibody (H-86) to insulin
(sc-9168; Santa Cruz Biotechnology, CA, USA, diluted 1:1,00) for
2 h at 4 �C. The slides were washed for 3�, 5 min with PBS. Then
the slides were incubated for 30 min with VectaFluor Duet Reagent
(VecaFluorTM Duet Double Labeling Kit; DyLight� 594 anti-Rabbit
IgG, DyLight� 488 Anti-Mouse IgG kit; DK-8828; 30 Ingold Road,
Burlingame, CA 94010, USA). After that, the slides were rinsed for
3�with PBS, 5 min each. Finally, the slides were mounted in Ultra-
Cruz mounting medium (Santa Cruz Biotechnology, CA, USA) and
gently covered with the coverslip. Immunofluorescence images
examination were carried out using a Fluorescence microscope
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attached with camera (Nikon H600L, Tokyo, Japan). Quantification
of the percentage positive for insulin and glucagon cells was pre-
formed using ImageJ software (NIH, Bethesda, MD, USA). Insulin
and glucagon-positive cell mass was determined using the
formula:

Insulin cell mass mgð Þ ¼ Insulin positive area
total tissue area

� total pancreatic weight ðmgÞ

Glucagon cell mass mgð Þ ¼ Glucagon positive area
total tissue area

� total pancreatic weightðmgÞ
2.5. Statistical analysis

The statistical analysis of data was performed using IBM SPSS
software package (version 20). One-way ANOVA was used for the
normally distributed data, followed by a post hoc Tukey test, while
the Games-Howell post hoc test was applied if homogeneity was
not assumed. To compare means difference of pairs of variables,
independent samples t-test was applied (Freudenberg et al.,
2016). P � 0.05, P � 0.01 and P � 0.001 indicated a significant dif-
ference, a highly significant difference, and a very highly significant
difference, respectively. Means differences were expressed as the
mean ± standard deviation or mean ± standard error.

3. Results

3.1. In vitro inhbitoin of cathinone on a-amyalse and a-glucosidase

Cathinone exhibited a descending inhibition effects on a-
amylase so that the higher the concentration of cathinone, the
lower the inhibition on a-amylase, while a-acarbose exhibited
ascending inhibition effects on a-amylase so that the higher the
concentration of a-acarbose, the higher the inhibition on a-
amylase. The cathinone IC50 (92.60 ± 3.29 mg/ml) against a-
amylase was significantly (P � 0.001) four times higher than that
of a-acarbose (21.58 ± 0.82 mg/ml). Both cathinone and a-
acarbose exhibited an ascending inhibition on a-glucosidase, how-
ever, the IC50 of cathinone (194.21 ± 0.89 mg/ml) on a-glucosidase
was significantly (P � 0.001) four times higher than that of a-
acarbose (51.59 ± 0.98 mg/ml).

3.2. In vivo glycemic activity of cathinone in the diabetic-induced
animal model

3.2.1. Blood sugar levels
The mean initial levels of FBS of rats at baseline was not signif-

icantly different among groups. After five weeks of feeding on allo-
cated diets, the level of FBS of rats fed on high fat diet (6.05 ± 0.
35 mmol/L) was significantly (P � 0.001) higher than rats fed on
normal rodent diet (4.88 ± 0.38 mmol/L).

By the end of diet allocation, after injecting rats with streptozo-
tocin (STZ), the levels of FBS of the STZ-injected rats (9.05 ± 0.95
mmol/L) was significantly (P � 0.001) higher than rats in the NC
group (4.62 ± 0.22 mmol/L). Similarly, the levels of postprandial
blood sugar of the STZ-injected rats (16.73 ± 2.10 mmol/L) was sig-
nificantly (P � 0.001) higher than the NC group (6.42 ± 0.40 mmol/
L).

By the end of the first, second, third and fourth weeks of treat-
ment, Table 1 shows that the levels of FBS of the DC group were not
significantly different from those of the CAD group. Upon compar-
ing the weekly changes in the levels of FBS of the different groups
against their baseline (W0), the levels of FBS of the NC group
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remained unchanged, while those of the GD group significantly
(P � 0.01) decreased from week to another. Conversely, the levels
of FBS of the DC group continued to increase from one week to
another and were significantly increased at the end of the second
(P � 0.01), third (P � 0.001) and fourth (P � 0.001) weeks. Simi-
larly, the levels of FBS of the CAD group continued to increase
weekly, however, reached a significant (P � 0.001) level at the
end of the fourth week.

3.2.2. Oral glucose tolerance test
Table 2 shows that the levels of blood glucose of the CAD group

were not significantly different from those of the DC group at 0, 30,
60, 90 and 120 min of exposure to oral glucose.

Upon comparing the changes in the levels of blood sugar of the
different groups against baseline (0 min), the level of the blood
sugar of the NC group peaked significantly (P � 0.01) at 30 min
and declined gradually to be around the baseline level, while the
level of the blood sugar of the GD group significantly (P � 0.001)
peaked at 60 min and declined gradually to be around the baseline
level. However, the levels of the blood sugar of the CAD and DC
groups continued to increase significantly and reached a maximum
significant (P � 0.001) peak at 120 min.

3.2.3. Body weight changes
The mean initial body weight of rats at baseline was not signif-

icantly different among groups. After five weeks of feeding on allo-
cated diet, body weights of rats fed on the high-fat diet (486.
67 ± 29.13 g) was significantly (P � 0.001) higher than rats fed
on normal rodent diet (399.00 ± 34.35 g).

By the end of the first, second, third and fourth weeks of treat-
ment, Table 3 shows that the body weights of the CAD group did
not altered significantly as compared to DC group.

Upon comparing the weekly changes in body weights of differ-
ent groups against baseline (W0), Table 3 shows that NC group sig-
nificantly gained weight at the end of the third and fourth weeks
(P � 0.05 and P � 0.01, respectively), while GD group showed sig-
nificant changes, whereas both DC and CAD groups continued to
lose weight, and significantly (P � 0.05) showed less weight at
the end of the fourth week as compared to baseline.

3.2.4. Caloric intake changes
By the end of first, second, third and fourth weeks of treatment,

Table 4 shows that the CAD group significantly (P � 0.001) con-
sumed lower calories than those of the DC group. Upon comparing
the weekly changes in caloric intake of the different groups against
baseline (W1), Table 4 shows that the caloric intake of the CAD
group declined markedly from one week to another and reached
significant (P � 0.01 and P � 0.001, respectively) decreases at the
end of the 3rd and 4th weeks.

3.2.5. Biochemical markers
Serum levels of total protein of the NC (82.60 ± 6.14 g/L), DC (84.

72 ± 4.04 g/L), GD (87.56 ± 2.94 g/L) and CAD (72.60 ± 13.96 g/L)
groups were not significantly different. On the other hand, the
serum levels of amylase of the NC (2461.20 ± 163.79 U/L), DC
(2294.40 ± 278.00 U/L), GD (2982.40 ± 208.05 U/L) and CAD
(1956.00 ± 417.15 U/L) groups demonstrated that the serum level
of amylase of GD group was significantly higher than those of the
DC and CAD groups (P � 0.01 and P � 0.001, respectively). Con-
versely, the serum levels of lipase of the NC (10.28 ± 1.33 U/L),
DC (11.12 ± 3.61 U/L), GD (12.12 ± 1.93 U/L) and CAD (11.56 ± 1.
77 U/L) were not significantly different.

The serum levels of triglycerides of NC (1.30 ± 0.45 mmol/L), DC
(0.89 ± 0.29 mmol/L), GD (2.07 ± 0.88 mmol/L) and CAD (0.94 ± 0.
17 mmol/L) group were not significantly different, while compar-
ing the serum levels of total cholesterol of the NC (2.26 ± 0.42 m



Table 1
Weekly fasting blood sugar levels.

Week NC DC GD CAD

W0 4.62 ± 0.22 8.88 ± 0.45 8.76 ± 0.81 9.52 ± 1.38
W1 4.54 ± 0.29 10.54 ± 0.81 8.03 ± 1.10 9.96 ± 1.47
W2 4.50 ± 0.34 12.82 ± 1.61## 7.84 ± 0.78** 10.00 ± 1.95
W3 4.54 ± 0.21 13.78 ± 1.52### 7.46 ± 0.90** 11.72 ± 1.90
W4 4.16 ± 0.21 15.58 ± 1.43### 7.40 ± 1.21*** 17.66 ± 1.65###

Data are presented as the mean ± standard deviation (n = 5). ##P � 0.01 and ###P � 0.001 indicate significant differences in fasting blood sugar levels of groups against the
fasting blood sugar at baseline (W0). **P � 0.01 and ***P � 0.001 indicate significant differences in the fasting blood sugar levels of GD and CAD groups against that of DC
group. W0, week 0 (Baseline at the first day of starting treatment); W1, 2, 3 and 4, the time at the end of the 1st, 2nd, 3rd and 4th weeks of treatment, respectively. NC,
nondiabetic control group; DC, diabetic control group; GD, glibenclamide-treated diabetic group; CAD, cathinone-treated diabetic group.

Table 2
Glucose levels of oral glucose tolerance test.

Time (min) NC DC GD CAD

0 4.54 ± 0.21 13.78 ± 1.52 7.46 ± 0.90** 11.72 ± 1.90
30 7.70 ± 1.01## 17.36 ± 1.36 10.30 ± 1.70*** 15.30 ± 1.44#

60 7.48 ± 1.50 19.24 ± 2.63## 14.42 ± 2.51*, ### 17.36 ± 1.61##

90 6.20 ± 1.08 20.62 ± 2.19### 11.66 ± 2.63***, # 19.22 ± 1.24###

120 5.44 ± 0.34# 22.20 ± 1.42### 9.44 ± 2.19*** 23.58 ± 2.50###

Data are presented as the mean ± standard deviation (n = 5). #P � 0.05, ##P � 0.01 and ###P � 0.001 indicate significant differences in blood sugar of different groups against
the blood sugar levels at baseline (0 min). **P� 0.01 and ***P� 0.001 indicate significant differences in the levels of the blood sugar of the GD and CAD groups compared to DC
group; 0, time at 0 min; 30, 60, 90 and 120 min, the times in minutes at which the levels of the blood sugar were measured. NC, nondiabetic control group; DC, diabetic
control group; GD, glibenclamide-treated diabetic group; CAD, cathinone-treated diabetic group.

Table 3
Weekly body weight changes.

Week NC DC GD CAD

W0 418.00 ± 20.80 466.00 ± 21.04 474.00 ± 29.66 466.00 ± 37.98
W1 445.00 ± 18.37 453.00 ± 24.90 463.00 ± 31.54 447.00 ± 40.25
W2 453.00 ± 17.54 442.00 ± 20.80 453.00 ± 28.64 429.00 ± 36.47
W3 463.00 ± 18.91# 420.00 ± 27.39 434.00 ± 21.62 407.00 ± 43.82
W4 481.00 ± 22.47## 409.00 ± 29.03# 435.00 ± 26.93 377.00 ± 39.62#

Data are presented as the mean ± standard deviation (n = 5). #P � 0.05 and ##P� 0.01, indicate a significant difference in the body weights of different groups against the body
weights at baseline (W0). W0, week 0 (Baseline at the first day of starting treatment); W1, 2, 3 and 4, the time at the end of the 1st, 2nd, 3rd and 4th weeks of treatment,
respectively. NC, nondiabetic control group; DC, diabetic control group; GD, glibenclamide-treated diabetic group; CAD, cathinone-treated diabetic group.

Table 4
Weekly caloric intake.

Week NC DC GD CAD

W1 272.40 ± 33.97 373.80 ± 31.43 400.00 ± 54.89 282.00 ± 31.58**

W2 308.40 ± 39.31 380.40 ± 42.46 373.60 ± 39.02 229.40 ± 41.87***

W3 360.60 ± 25.77## 393.40 ± 25.77 341.00 ± 42.21 199.80 ± 31.87***,##

W4 380.40 ± 39.02## 426.20 ± 26.09 318.40 ± 29.75***,# 164.00 ± 25.93***,###

Data are presented as the mean ± standard deviation (n = 5). #P � 0.05, ##P � 0.01and ###P � 0.001, indicate significant differences in the caloric intake of different groups
against the caloric intake at baseline (W1). **P � 0.01and ***P � 0.001, indicate significant differences in caloric intake of GD and CAD groups against that of DC group. W1,
week 1 (Baseline at the end of the first week of starting treatment); W 2, 3 and 4, the time at the end of 2nd, 3rd and 4th weeks of treatment, respectively. NC, nondiabetic
control group; DC, diabetic control group; GD, glibenclamide-treated diabetic group; CAD, cathinone-treated diabetic group.
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mol/L), DC (2.14 ± 0.42 mmol/L), GD (3.66 ± 0.78 mmol/L) and CAD
(2.24 ± 0.38 mmol/L) groups demonstrated that only the serum
level of total cholesterol of GD group was significantly (P � 0.01)
higher than that of DC group. The serum levels of low-density
lipoprotein of the NC (0.40 ± 0.06 mmol/L), DC (0.42 ± 0.07 mmo
l/L), GD (0.64 ± 0.11 mmol/L) and CAD (0.35 ± 0.07 mmol/L) groups
demonstrated that the serum level of the low-density lipoprotein
of the GD group was significantly (P � 0.01) higher than that of
the DC group. Similarly, comparing the serum level of high-
density lipoprotein of the NC (1.56 ± 0.36 mmol/L), DC (1.43 ± 0.
20 mmol/L), GD (2.52 ± 0.52 mmol/L) and CAD (1.70 ± 0.29 mmo
l/L) groups demonstrated that the serum level of the high-
density lipoprotein of the GD group was significantly (P � 0.01)
higher than that of DC group.
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3.2.6. Metabolic endocrine hormones
The levels of GIP of NC (6.76 ± 1.55 pg/ml), DC (44.85 ± 24.19

pg/ml), GD (22.55 ± 4.41 pg/ml) and CAD (15.88 ± 7.37 pg/ml)
groups were not significantly different. Similarly, the leptin levels
of the NC (781.74 ± 358.72 pg/ml), DC (1278.20 ± 497.37 pg/ml),
GD (1159.50 ± 606.04 pg/ml) and CAD (743.31 ± 398.72 pg/ml)
groups were not significantly different, however; the leptin levels
of CAD group was markedly lower than that of DC by 2 times. Like-
wise, the levels of C-peptide 2 of the NC (630.77 ± 175.45 pg/ml),
DC (800.19 ± 109.85 pg/ml), GD (760.95 ± 203.66 pg/ml) and
CAD (588.07 ± 68.83 pg/ml) were not significantly different.
Nonetheless, comparing the insulin levels of the NC (7.35 ± 4.92
mU/ml), DC (11.60 ± 7.05 mU/ml), GD (14.52 ± 5.33 mU/ml) and
CAD (5.57 ± 2.07 mU/ml) groups indicated that the insulin level



A. Alsalahi, Z. Chik, Z. Mohamed et al. Saudi Journal of Biological Sciences 28 (2021) 4633–4643
of the CAD group was significantly (P � 0.05) lower than that of the
DC group by 2 times.

3.2.7. Homeostatic model assessment (HOMA 2 model)
The values of HOMA-B of the NC (119.66 ± 77.63), DC (18.44 ± 1.

61), GD (68.98 ± 7.86) and CAD (7.28 ± 3.27) groups demonstrated
that the value of HOMA-B of the DC group was markedly lower
than that of NC group by 6.5 times. In addition, the value of
HOMA-B of CAD group was significantly (P � 0.01) lower than that
of DC group by 2.5 times, while the value of HOMA-B of GD group
was significantly (P � 0.001) higher than that of DC group by 4
times. Likewise, the values of HOMA-S of the NC (94.12 ± 25.69),
DC (40.06 ± 11.90), GD (53.82 ± 16.45) and CAD (81.94 ± 17.82)
groups demonstrated that the value of HOMA-S of the DC group
was significantly lower than those of the NC and CAD groups
(P � 0.01 and P � 0.05, respectively) by 2 times . However, the val-
ues of HOMA-IR of the NC (1.04 ± 0.85), DC (1.92 ± 1.21), GD (1.7
7 ± 1.22) and CAD (1.27 ± 0.26) groups were not significantly
different.

3.2.8. Qualitative histological evaluation
For all the histological sections, islets of Langerhans were scat-

tered throughout the acinar exocrine pool. The acinar cells and
islets of Langerhans of the NC group were compact in shape with
well-demarcated outlines. The islets of Langerhans of the DC, GD,
and CAD groups were vacuolated and somewhat demarcated in
outlines. It appeared that pancreatic sections of the DC, and CAD
groups showed a damage to the architecture of islets of Langerhans
which became disorganized and more vacuolated with a lower
density of b-cells than those of the nondiabetic NC group (Fig. 1).

3.2.9. Quantitative morphometric histological evaluation
Fig. 2a shows that the area of islets of Langerhans of the DC

group was significantly (P � 0.01) smaller than that of the NC
group. Conversely, the area of the GD group was significantly
Fig. 1. Histopathological changes in pancreatic sections. Black arrows point to vacuolate
nondiabetic control group; DC, diabetic control group; DG, glibenclamide-treated diabet
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(P � 0.05) larger than that of the DC group, while that of the
CAD group was significantly (P � 0.05) smaller than that of DC
group. Fig. 2b shows that the number and the density volume of
islets of Langerhans of the DC group were significantly
(P � 0.001) smaller than that of NC group. Fig. 3c shows that the
number of b-cells, the number of a-cells and the density volume
of b-cells of the DC group were significantly (P � 0.001) lower than
those of the NC group, while the number of a-cells of the GD and
CAD groups were significantly (P � 0.05) greater that of the DC
group.

3.2.10. Double immunofluorescence staining of pancreatic b- and a-
cells

Fig. 3B shows that the percentage of positive insulin cells (b-
cells) of DC group was significantly (P � 0.001) lower than that
of NC group. The percentages of positive insulin cells (b-cells) of
GD group was significantly (P � 0.001) higher than that of DC
group, while that of CAD group was significantly (P � 0.05) lower
than DC group.

Fig. 3C shows that the positive glucagon cells (a-cells) of the CAD
group was significantly (P � 0.05) higher than that of DC group.

Fig. 3D showed that the percentage of the positive insulin cells
to glucagon cells of DC group was significantly (P � 0.001) lower
than that of NC group. On the other hand, the percentages of the
positive insulin cells to glucagon cells of GD group was signifi-
cantly (P � 0.001) higher than those of DC group, while the per-
centages of the positive insulin cells to glucagon cells of the CAD
group was significantly (P � 0.001) lower than that of DC group.

4. Discussion

The in vitro inhibitory effects of cathinone against the catalytic
activities of both pancreatic a-amylase and intestinal a-
glucosidase enzymes were investigated since they are key diges-
tive enzymes in the conversion of intestinal carbohydrates into
d areas. Red arrows point to b-cells, AC, Acinar cells; IL, the islet of Langerhans; NC,
ic group; CAD, cathinone-treated diabetic group. H&E stain; 100�.



Fig. 2. Morphometric evaluation of the pancreatic sections, (a) The size distribution of islets of Langerhans per 50 microscopic field was expressed as area in mm2. ##P � 0.01,
area of islets of the DC group was significantly smaller than that of NC group. *P � 0.05, the area of the GD group was significantly larger than that of DC group, while that of
CAD group was smaller than DC group; (b) Number of islets of Langerhans per 50 microscopic fields was counted using 40� magnification. The density volume of islets of
Langerhans was expressed as a percentage of islets per 50 microscopic fields. ###P � 0.001, the number and density volume of islets of Langerhans of the DC group were
significantly smaller than that of NC group; (c) Number of b- and a-cells per 10 islets was counted using 100� magnification. The density volume of b-cells per 10 islets of
Langerhans was expressed as a percentage of b-cells to the total number of a- and b-cells. ###P� 0.001, the number of b-cells, the number of a-cells and the density volume of
b-cells of the DC group was significantly greater than that of NC group; * P � 0.05, the number of a-cells of GD and CAD groups were significantly greater than that of DC
group. Data are graphically presented as the mean ± SE. NC, nondiabetic control group; DC, diabetic control group; DG, glibenclamide-treated diabetic group; CAD, cathinone-
treated diabetic group.
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glucose (Chiasson et al., 1996). In addition, a-acarbose was used as
a standard reference since its efficacy in inhibiting the catalytic
activities of pancreatic a-amylase and a-glucosidase enzymes
has been established (Chiasson et al., 1996). Unlike a-acarbose,
our in vitro findings indicated that cathinone exhibited a descend-
ing inhibition effects against a-amylase, which was opposite to the
ascending inhibitory effect of a-acarbose, while the inhibitory
effect of cathinone against a-glucosidase enzymes behaved simi-
larly to a-acarbose, which could be due to the nature of the binding
of cathinone to the molecule of a-amylase and a-glucosidase (Qian
et al., 1995). However, the 4-times higher values of IC50 of cathi-
none against a-glucosidase enzyme than a-acarbose indicating
that the inhibitory effects of cathinone would be not so effective
as a-acarbose in controlling postprandial hyperglycemia of T2DM
(Chiasson et al., 1996).

Investigating the in vivo glycemic activity of cathinone in T2DM
suggested the recruitment of diabetes-induced animal model to
avoid the possible hazards arising during evaluating therapeutic
agents in humans (Ganeshpurkar and Saluja, 2017). Although the
extrapolation of the findings from the animal model to human
has been still a disputable issue, a high fat diet- STZ T2DM-
induced animal model was reported to hold two important traits
of human T2DM, namely; insulin deficiency and insulin resistance
(Furman, 2015; Zhang et al., 2008). Rats were selected because
they are more sensitive to a lower dose of STZ than mice (Sakata
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et al., 2012), particularly male rats (Furman, 2015). In addition;
rats are preferred rather than mice in case of diabetes-STZ induced
rodents’ model because the dose of STZ in mice has a narrow safety
margin (Acharjee et al., 2013). Accordingly, our study recruited
male Sprague-Dawley rats, which are widely used to investigate
the glycemic effect of medicinal plants (Furman, 2015), and such
strain is more susceptible to develop diabetes mellitus with small
doses of STZ (Wang-Fischer and Garyantes, 2018). In our study, the
rats fed on 60% HFD ad libitum for five weeks (Zhang et al., 2008)
gained higher body weights (2 times) and developed higher levels
of FBS (FBS was more than 5.6 mmol/L) than rats fed on normal
rodent diet ad libitum. The former findings indicated that HFD-
fed rats became pre-diabetic according to Rydén et al. (2007),
which might be due to the accumulation of fats (Srinivasan et al.,
2005). In addition, the subsequent injection of HFD-fed rats with
an intraperitoneal single dose of STZ (30 mg/kg) drove the rats to
develop FBS in a range between 7.8 and 15.6 mmol/L and postpran-
dial blood sugar levels more than 11.1 mmol/L, which might be due
to that STZ mediated b-cells destruction making those rats insulin
deficient (Furman, 2015; Zhang et al., 2008), which was also evi-
dent by the findings of their pancreatic histological sections.

STZ was selected to induce a diabetic metabolic state rather
than alloxan, which induced diabetes for studying ROS-mediated
b-cell death (Radenković et al., 2016). In addition, STZ as a diabeto-
genic agent provides more advantages over alloxan, such as the



Fig. 3. Immunofluorescence of insulin, glucagon and insulin to glucagon ratio, (A): Double immunofluorescence labeling using glucagon (green) and insulin (red) in
pancreatic sections (scale bar = 100 mm), (B): Percentage of insulin positive cells, (C): Percentage of glucagon positive cells, (D): Insulin to glucagon ratio. ###P � 0.001 vs. NC
group, while *P � 0.001 and ***P � 0.05 vs. DC group. NC: nondiabetic control, GD: glibenclamide-treated diabetic group, CAD: cathinone-treated diabetic rats.
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lower incidence of diabetic ketosis (Srinivasan et al., 2005) and the
wide range of doses (King and Bowe, 2016). Even though both
agents can be used to induce short duration diabetes, STZ remains
the inducer of choice for the longer study of diabetes (4 weeks and
more) (Radenković et al., 2016). In general, STZ could induce differ-
ent degrees of hyperglycemia (mild to severe) according to the
injected dose, route of injection, the species of experimental ani-
mals or even the strain within the same species (Qinna and
Badwan, 2015). On the other hand, STZ was intraperitoneally
injected because intraperitoneal injection is more convenient to
rodents than intravenous, it is easy applicable (Sakata et al.,
2012) and it does not need anesthesia during injection (Sakata
et al., 2012).

The stability of the T2DM-induced animal model during the
treatment period was assessed as some T2DM-induced animal
models may be sometimes reversible owing to the spontaneous
regeneration ability of pancreatic b-cells of rodents (Srinivasan
et al., 2005), which could be interpreted wrongly as evidence of a
possible hypoglycemic activity of the therapeutic agent. For such
reason, T2DM-induced rats underwent oral glucose challenge three
weeks after starting the treatment in addition to the weekly mon-
itoring of FBS (King, 2012). Interestingly, our findings of OGTT and
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weekly FBS of T2DM-induced rats indicated an equivalent gradual
increase in blood glucose across the timeline, which means that the
T2DM-induced model was stable during the period of treatment.

In the diabetic control rats, the loss in body weights progressed
from one week to another, which was due to the sustained uncon-
trolled hyperglycemia and their levels of FBS continued to increase
progressively. In addition, the levels of blood sugar of the diabetic
control rats after oral glucose challenge continued to increase until
reaching a maximum peak at 120 min indicating a decline in the
functions of pancreatic b-cells (King, 2012), particularly that the
value of HOMA-B of the diabetic control rats [as a surrogate of the
pancreatic b-cell activity (Wallace et al., 2004)] was 6.5 and 4 times
lower than those of the nondiabetic control and glibenclamide-
treated diabetic rats, respectively. The former findings could be
resulted from the destructive effect of STZ on pancreatic b-cells
(Furman, 2015; Zhang et al., 2008), particularly that the number,
density volumeandareaof islets of Langerhansaswell as thenumber
ofa- andb-cells and thedensityvolumeofb-cells of thediabetic con-
trol rats were lower than those of the nondiabetic control rats. The
latter finding was also consistent with findings of the double
immunofluorescence of pancreatic b-cells, where the percentage of
b-cells were less than those of the nondiabetic control.
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Our findings indicated that the glibenclamide-treated diabetic
rats conserved their body weight from a week to another which
could be due to that glibenclamide is associated with an increase
in body weights of T2DM patients (Rains et al., 1988) because of
the hypoglycemic effect of glibenclamide (Rambiritch et al.,
2014) that stopped the diabetes-induced muscles wasting (Rains
et al., 1988). On the other hand, the serum level of amylase of
the glibenclamide-treated diabetic rats was significantly higher
than that of the diabetic control and cathinone-treated diabetic
rats due to that glibenclamide acts through releasing insulin
(Rambiritch et al., 2014) of which secretion is interrelated to the
secretion of amylase (Patel et al., 2006). The pancreatic b-cells of
the glibenclamide-treated diabetic rats were active in secreting
insulin since the value of HOMA-B of these rats, as a surrogate of
the pancreatic b-cell activity (Wallace et al., 2004) was higher than
that of the diabetic control rats. The later finding was also consis-
tent with the findings of the double immunofluorescence of pan-
creatic b-cells, where the percentage of B-cells of the
glibenclamide-treated diabetic rats were higher than that of the
diabetic control rats. Regarding the lipid profile of the
glibenclamide-treated diabetic rats, our findings indicated that
the serum levels of total cholesterol, low-density lipoprotein and
high density lipoprotein were higher than those of the diabetic
control rats, which could be due to that glibenclamide changed
the metabolism of lipoproteins (Mughal et al., 1999).

The cathinone-treated diabetic rats continued to lose body
weights from one week to another, which could be a misleading
sign of an effective hypoglycemia of cathinone (King, 2012). Since
measuring blood sugar levels is an endpoint for testing
therapeutic-induced hypoglycemia in the diabetes-induced animal
models (King, 2012), our findings indicated that levels of FBS of the
cathinone-treated diabetic rats continued to increase from one
week to another, which could explain that the continued loss in
body weight of rats was due to the catabolic effect of the uncon-
trolled hyperglycemia. In addition, cathinone-treated diabetic rats
consumed lower calories than the diabetic control rats indicating
the progressive loss in the body weight and the decline in caloric
intake of those rats were due to a synergistic effect of the uncon-
trolled hyperglycemia and the potent anorectic effect of cathinone,
respectively (Zelger and Carlini, 1980). The latter anorectic effect of
cathinone could be independent of leptin regulation because the
cathinone-treated diabetic rats had a two times decrease in leptin
level than the diabetic control, which could be an attempt to
enhance the appetite of those rats to compensate the resulted loss
in their body weight and the decline in their caloric intake (Klok
et al., 2007). The former findings could be emphasized by the find-
ings of the reduction in the insulin level of cathinone-treated dia-
betic rats as compared to diabetic control rats indicating that the
activity of pancreatic b-cells of those rats was not as active as those
of diabetic control rats (Wallace et al., 2004) since the value of
HOMA-B of the cathinone-treated diabetic rats was lower than that
of the diabetic control. The latter finding is also consistent with the
findings of the double immunofluorescence labelling of pancreatic
b-cells, where the percentage of b-cells of the cathinone-treated
diabetic rats were lower than that of diabetic control. In addition,
the value of HOMA-S of the cathinone treated rats was higher than
that of diabetic control indicating the need of rats for insulin to
normalize the sustained hyperglycemia (Wallace et al., 2004).
Accordingly, the former findings could indicate that the peripheral
sympathomimetic activity of cathinone (Patel, 2000) blocked the
release of insulin by inhibiting the a-adrenoreceptors on the pan-
creatic b-cells (Fyles et al., 1986), particularly that a2-adrenergic
receptors are linked to T2DM (Prates et al., 2018). On the other
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hand, cathinone exacerbates the hyperglycemic situation of
T2DM-induced rats through its hepatic sympathomimetic-
glycogenolytic activity (Al-Habori and Al-Mamary, 2004), taking
into consideration that cathinone could increase slightly the FBS
of nondiabetic rats after acute exposure (Al Meshal, 1988), which
could have been more pronounced if the duration of exposure
had been prolonged. Regarding lipid profile, our findings indicated
that cathinone has no significant effect on serum levels of triglyc-
erides, total cholesterol, low density lipoprotein and high density
lipoprotein of T2DM-induced rats which were in line with those
findings in T2DM khat chewers (Atef et al., 2017).

Collectively, the lack of hypoglycemic activity of cathinone in
T2DM-induced rats and our earlier in vivo findings of glycemic
effects of khat (Alsalahi et al., 2016) could provide us with indictors
that chewing of fresh leaves of khat by type 2 diabetics in the claim
of its ability to reduce their elevated blood sugar should be
regarded as catastrophic because such claim would lead to poor
glycemic control due to the bad compliance to the prescribed
hypoglycemic agents or even interfering with the hypoglycemic
activity of such prescribed agents. Finally, extrapolation of our
findings of in vitro glycemic activity indicated that cathinone has
no hypoglycemic activity, while our findings of the in vivo glycemic
activity indicated that cathinone exacerbates the hyperglycemic
situation of the T2DM-induced rats. In fact, further in vivo investi-
gation in nondiabetic and diabetic rats for amylase and a-
glucosidase inhibitory assay should be elucidated to confirm the
mechanism of the glycemic effects of cathinone. In addition, fur-
ther studies should focus on the finding of the underlying mecha-
nisms of the hyperglycemic activity of cathinone.
5. Conclusions

Cathinone has no substantial in vitro inhibition effects against
both a-amylase and a-glucosidase enzymes, which indicates that
cathinone is not effective in controlling post prandial glucose
through blocking the intestinal conversion of carbohydrates into
glucose. Conversely, cathinone exacerbated the hyperglycemia of
T2DM-induced rats. Accordingly, such findings supported our ear-
lier suggestion of the association between chewing khat with the
progression and poor prognosis of T2DM, which has still needed
further clinical investigation in T2DM khat chewers.
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