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Abstract This study reports acute and sub-chronic effects of
cathinone on hormonal alterations in single-caged vervet
monkeys. Fourteen adult vervet monkeys were used, 12 of
which were treated and 2 controls. Pre-treatment phase of
1 month aimed at establishing baseline levels of hormones
while treatment phase of 4 months considered the dose- and
time-response effects of cathinone on serum cortisol and
prolactin levels. Test animals were allocated four groups of three
animals each and administered 0.8, 1.6, 3.2 and 6.4 mg/kg body
weight of cathinone orally while controls were administered
normal saline. Treatment was done at alternate days of each
week. Serum prolactin and cortisol immunoassays were done.
Hormonal data was analysed by repeated measures
ANCOVA. Results indicate a dose [F (4, 8)=218, P <
0.001] and time [F (18, 142)=21.7, P <0.001] dependent
effect of cathinone on cortisol levels with a significant dose
by week interaction [F (71, 142)=4.86, P <0.001]. Similarly,
there was a decrease in serum prolactin [F (4, 8)=267, P <
0.001] with escalating doses of cathinone with a significant
dose x week interaction [F (59, 118)=13.03, P <0.001]. The
findings demonstrate that at high doses and long-term

exposure, cathinone causes hormonal alterations probably
via changes in hypothalamo-hypophyseo-adrenocortical and
gonadal axes integrity.

Keywords Brain . Cathinone . Cortisol . Prolactin . Vervet
monkeys

Introduction

Khat has been used as a culturally sanctioned stimulant not
only to many countries of eastern Africa but also in theMiddle
East. Cathinone [S-(−)-alpha aminopropiophenone] is the pri-
mary psychoactive alkaloid of khat (Kalix 1984; Kalix and
Braenden 1985). The general semblance between biochemical
effects of cathinone and those of amphetamine as well as their
chemical structure points to the similarity in mechanism of
action of both substances (Cox and Rampes 2003; Houghton
2004; Graziani et al. 2008), with equal potential for abuse
(Kalix 1984). Acute and chronic exposure of khat and
cathinone in consumers have been shown to cause a wide
range of effects from mental, respiratory, digestive to repro-
ductive dysfunction. Research findings in humans and exper-
imental animals have reported changes in sleep patterns,
mood, attention, aggression, anxiety, locomotor activity, and
affiliative behaviours (Pantelis et al. 1989; Kalix 1994), learn-
ing and memory (Kimani and Nyongesa 2008) and sexual
behaviour (Tariq et al. 1990). There is growing evidence in
literature indicating that khat and cathinone induce
psychostimulation primarily via meso-striato-corticolimbic
dopaminergic pathway (Kalix 1990), although there may be
other systems involved. The addiction potential, analgesia and
anorexic effects of khat and cathinone are believed to be partly
mediated via this pathway (Gosnell et al. 1996). This is
consistent with studies demonstrating the involvement of
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hypothalamo-hypophyseo-adrenocort ical axis in
psychostimulation via dopaminergic transmission (Steckler
and Holsber 1999). However, numerous and conflicting find-
ings on the involvement of hypothalamo-hypophyseo-
adrenocortical system on psychostimulation have been report-
ed. Previous studies showed increased corticosterone levels
following use of psychostimulants (Mello and Mendelson
1997) and these high levels were shown to contribute to
substance abuse disorders (King et al. 2003). Studies on khat
showed increase in adrenocorticotrophic hormone in humans
(Nencini et al. 1984), consistent with cortisol measurement in
rabbits following khat extract exposure (Nyongesa et al. 2008)
but differed from findings in baboons where decreased plasma
cortisol was observed (Mwenda et al. 2006). These discrep-
ancies in findings especially with respect to cortisol may be
explained partly to the time of exposure to khat/cathinone and
possibly species difference, that is, physiological difference
between humans and baboons.

The current study had two purposes. Firstly, previous stud-
ies focused on acute effects of cathinone; however, no study
has systematically examined sub-chronic effects of cathinone
treatment. Secondly, while vervet monkeys are the most ap-
propriate animal models for testing neurophysiology due to
resemblance to human physiology in many ways (Raaum
et al. 2005) and a capacity for modelling many aspects of
normal and abnormal functions (Voytko 1998), no study has
used this animal model to test sub-chronic effects of
cathinone. We hypothesized that sub-chronic to chronic ad-
ministration of cathinone would alter neurobiological func-
tions in the hypothalamo-hypophyseo-adrenocortical system,
leading to changes in production of cortisol and prolactin
hormones.

Materials and methods

Animals and housing

Fourteen adult vervet monkeys captured in the wild were put
under quarantine at the Institute of Primate Research (IPR) for
3 months. The animals were housed in individual cages and
given daily supply of monkey chow, vegetables, fruits and
commercial multivitamins around 0900 h. Water was provid-
ed ad libitum. Lighting conditions with approximately 12 h:
12 h (light: dark cycle) and an average room temperature of 22
±2 °C with a relative humidity of approximately 60 % was
provided in the animal house. Cages and bedding were
cleaned regularly. Complete animal health care and supervi-
sion was provided to the animals throughout course of study
and only healthy animals were selected for investigation. All
study procedures followed accepted veterinary protocols for
analgesia and anaesthesia that were approved by the

Institutional Review Committee (IRC) at IPR and in accor-
dance with EU Directive 2010/63/EU for animal experiments.

Extraction of cathinone from khat

Fresh leaves and shoots of khat (ghiza variety) were weighed
(500 g) and crushed with mortar and pestle into very small
pieces (<5 mm) and dissolved in 250 ml methanol in a conical
flask for extraction. The extraction protocol followed that
previously described by Lee (1995). In brief, the mixture
was shielded from light by use of aluminium foil and sonicat-
ed at room temperature for 15 min with intermittent shaking
and stirring followed by filtration through cotton gauze and
then grade 1 Whatman filter paper to get rid of fine particles.
The non-filtered plant material was re-extracted in 250 ml
fresh methanol and sonicated for 24 h. The mixture was then
filtered and admixed with initial methanol-extracted khat ma-
terial and condensed to near dryness (<1 ml) using a stream of
air. A very dilute solution of sulphuric acid (approximately
0.02 N) was used to re-suspend and acidify the residue. This
was followed by chloroform extraction to remove neutral
organic compounds as well as the remaining plant solids. A
small amount of saturated sodium bicarbonate solution was
added to the aqueous solution to basify the extracts. Methy-
lene chloride was then used to extract cathinone and cathine.
A stream of air was used to reduce the extract to a minimal
amount. This was immediately followed by instrumental anal-
ysis and resultant solution vacuum-dried at 337 millibar in a
Rotar vump for 4 to 5 h into an oily paste. The dry weight of
the extracts was 300 g, and this was subjected to thin layer
chromatography used to confirm the presence of alkaloids.
The plant extracts were spotted directly onto a pre-coated 5 by
10 cm silica gel 60 plate. Cathinone and cathine were dis-
solved in methanol. The plate was then developed in ethyl
acetate: methanol: aqueous ammonia (85:10:5), and viewed
under an ultraviolet lamp. The spots were visualized using a
0.5 % ninhydrin solution, and the plate heated using a heat
gun. Colour development was used to localize the alkaloids
(purple for cathine and burnt orange for cathinone) among the
moving spots. The Rf values for cathinone and cathine were
also calculated. The vapour phase infrared spectra was obtain-
ed on a Hewlett-PackardModel 5890 Series II Gas Chromato-
graph, using a 12 m by 0.32 mm HP-5 (0.52 μm loading)
capillary column and a temperature program of 70 °C for
1 min, 15 °C/min to 270 °C, with a final temperature hold
for 5 min, equipped with a Hewlett-Packard Model 5965B
Infrared Detector.

Experimental design

A total of fourteen adult vervet monkeys weighing 4–6.5 kg
(nine males and five females) were randomly assigned to five
groups with two animals (one male and one female) serving as
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controls while the last four groups, comprising of three ani-
mals each as tests. The study was carried out in two phases:

Pre-treatment phase

This phase lasted 1 month. All animals were habituated to
handling for 4 weeks before experiments were commenced.
The femoral vein of each animal was cannulated using a 22 G
blood vessel cannula after shaving and swabbing the area with
70 % alcohol. Heparinised saline was introduced into the
cannula to prevent blood clotting inside the lumen and was
flushed out during each time of blood collection. The adhesive
tape was used to anchor the cannula in situ to prevent it from
dropping and blood collection done.

Treatment phase

Control animals were administered 10 ml normal saline
(0.9 % sodium chloride) via oral gavage three times a week
(Mondays, Wednesdays and Fridays) for 4 months. Test ani-
mals, grouped into four groups were treated with respective
doses (0.8, 1.6, 3.2 and 6.4 mg/kg body weight) of cathinone
via oral gavage three times a week for 4 months. The doses
were chosen based on previous studies in humans (Kalix
1984) and rats (Pehek et al. 1990; Brenneisen et al. 1990;
Mohammed and Engidawork 2011) which indicated optimum
effect of cathinone on various body parameters to be within
this dose range.

Blood sampling

Food was restricted prior to use of anaesthetics. Blood sam-
ples were collected from the femoral vein following anaesthe-
sia with ketamine hydrochloride at 10 mg/kg body weight
intramuscular. The femoral vein of each animal was cannu-
lated as indicated under pre-treatment phase above and, there-
after, 1.5 ml blood samples were collected every 20 min for
2.5 h, 10 min following cathinone administration. The blood
samples were allowed to clot, centrifuged and serum stored at
-20 °C until assayed for cortisol and prolactin. Sampling was
done at 1,000 h on Mondays and Wednesdays of every week.

Hormonal analysis

Hormonal assays for serum cortisol and prolactin were done
by use of enzyme immunoassay technique using the kits from
Nova Tec Immunodiagnostica GMBH, Germany. The tech-
nique uses the principle of competition of hormone in sample
with enzyme conjugated hormone for limited binding sites on
the specific antibody. Validation of the assay method for use in
the vervet monkey followed that of Eley et al. (1989). In both
hormone assay procedures, assays were done in triplicate. The
optical density of specimen was measured using HumaReader

HS (Gessellschaft für Biochem und Diagnostica, mbH,
Germany).

Cortisol enzyme immunoassay

Twenty microliters of standards and samples were dispensed
into their respective microtiter strip wells pre-coated with anti-
cortisol IgG and 200 μl cortisol—HPR conjugate containing
horse-radish peroxidise- labelled cortisol, added to each well
except for substrate blank. The plate was incubated for 1 h at
37 °C and, thereafter, the contents of each well aspirated
and washed twice with 300 μl distilled water. After wash-
ing, 100 μl of TMB substrate solution containing
tetramethylbenzidine/hydrogen peroxide system was added
and incubation done for exactly 15 min at 22 °C. The
reaction was stopped by addition of 100 μl of 0.15 M
sulphuric acid solution into all wells. The absorbance of
the specimen was measured at 450 nm within 30 min
after addition of stop solution.

Prolactin enzyme immunoassay

Fifty microlitres of standards and samples were dispensed into
respective microplate wells pre-coated with streptavidin and,
thereafter, 100 μl of conjugate containing polyclonal anti-
prolactin antibodies conjugated with horse radish peroxidise
and biotinylated monoclonal anti-prolactin antibodies added.
The plate was covered by foil and gently shaken to mix the
contents and incubated at 22 °C for 1 h. The content of the
wells were aspirated and each well washed three times with
300 μl diluted wash solution. Thereafter, 100 μl of TMB
substrate solution containing tetramethylbenzidine/hydrogen
peroxide system was added into all wells and the plate incu-
bated at 22 °C for exactly 15min in the dark. The reaction was
stopped by addition of 0.5 M sulphuric acid solution in the
same order and at the same rate as for the TBM substrate
solution and absorbance of specimen measured at 450 nm
within 30 min of addition of the stop solution.

Statistics

Hormonal data for pre-treatment and treatment phases were
analysed jointly. For each hormonal measure, a 5 group (con-
trol, 0.8, 1.6, 3.2 and 6.4 mg/kg body weight)×20 weeks
(4 weeks during pre-treatment phase and 16 weeks during
treatment phase) x 7 sampling times (at 20, 40, 60, 80, 100,
120 and 140 min period) repeated measures ANCOVA was
conducted, using group as a between-subject factor and week
and sampling time as within-subject factors, and sex as a
covariate. Huynh-Feldt correction was applied for the analysis
and Bonferroni adjustments were performed for post hoc
multiple comparison tests. Statistical significance was set at
5 % level.
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Results

The results show a significant group effect [F (4, 8)=218,
P <0.001] indicating dose-dependent decrease in cortisol
levels (Fig. 1). Cortisol also changed across the 20-week
period [F (18, 142)=21.7, P <0.001] with levels during the
treatment phase (week 5 and after) having been generally
lower than those during the 4 week pre-treatment phase. A
significant sampling time effect [F (6, 48)=7.98, P <0.001]
indicated that levels at the first sample was greater than
the last two samples (Ps<0.05) suggesting habituation.
These findings were further qualified by a significant
group x week interaction [F (71, 142)=4.86, P <0.001],
which indicated that reduction in cortisol levels over study
weeks was pronounced as cathinone dose increased
(Fig. 2). A significant group x time interaction [F (24,

48)=2.06, P <0.05] (Fig. 3) reflected a tendency of steeper
decline in cortisol levels across time in higher dose groups
(3.2 mg/kg and 6.4 mg/kg body weight) than in lower
dose group and controls.

Higher cathinone dose induced decrease in overall prolac-
tin concentrations as indicated by a significant group effect
[F (4, 8)=267, P <0.001] (Fig. 4). A significant week effect
[F (14, 118)=128, P <0.001] found lower levels in the treatment
phase as compared with those in the pre-treatment phase.
Also, a significant sampling time effect [F (6, 48)=19.5, P <
0.001] indicated that levels in the latter half (periods 4, 5, 6,
and 7) were lower than those in the first half (Ps<0.005).
There was a significant group x week interaction [F (59, 118)=
13.03, P <0.001] which indicated dose- and time-dependent
effects of cathinone on serum prolactin levels (Fig. 5). Decrease
in prolactin across sampling times tended to be pronounced in
high dose groups (3.2 mg/kg and 6.4 mg/kg body
weight) relative to other groups as indicated by a group x time
interaction [F (24, 48)=3.65, P <0.001] (Fig. 6). There was a
significant group x week interaction [F(59, 118) = 13.03,
P <0.001] indicating dose- and time-dependent effects of

cathinone on serum prolactin levels (Fig. 7). At dose 0.8 mg/
kg body weight of cathinone there was no significant effect
from controls on this measure.

Correlational analysis was conducted to examine asso-
ciations between cortisol and prolactin. There were no
correlation between the two hormones during the pre-
treatment phase except one inverse relationship (r =−0.57,
P <0.05) observed at 40 min of sampling period in the
third week. In contrast, there were many positive correla-
tions between the two hormones during the treatment
phase. For example, during the fifth week of treatment,
there were positive correlations at all sampling periods
(r2>0.53, P <0.05). Similar patterns of positive relation-
ships were found with week 6, 7 and 8. In the latter half
of the treatment phase (i.e., from the eleventh to twentieth
week), positive correlations of cortisol and prolactin were
found mostly from 100 min, 120 min and 140 min of
sampling period (P <0.05) (Figs. 8).
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Fig. 1 Changes in cortisol levels across groups. Entries show mean and
standard error of the mean. There was a significant dose-dependent
decrease in serum cortisol in treatment groups compared to controls.
*P<0.05, **P <0.01, ***P <0.001. * means statistically significant
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Fig. 2 Changes in cortisol levels across study weeks. Entries show mean
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Discussion

The results of the present study showed that administration of
cathinone produced a dose- and time-dependent decrease in
serum cortisol and prolactin. The effects are suggestive of
pleasurable responses from reward centres in the brain that
necessitate psychic dependence on khat use (Halbach 1972).
Recent findings showed a decrease in serum cortisol levels in
Sprague Dawley rats treated with 5 mg/kg body weight of
cathinone (Mohammed and Engidawork 2011). These results
are consistent with those of other findings in baboons
(Mwenda et al. 2006) indicating that khat causes a decrease
in plasma cortisol and prolactin levels.

Although the present study indicated a decrease in serum
cortisol and prolactin, most previous studies concur with
findings on prolactin but not cortisol measurements. This is
supported by earlier reports implicating cathinone in inhibi-
tion of release of several anterior pituitary hormones (Wagner
et al. 1982). Previous studies have shown that cathinone
causes an increase in levels of extracellular dopamine but
decreases dihydroxyphenyl acetic acid (DOPAC) and
homovanillic acid (HVA) in vivo (Pehek et al. 1990). Findings

on earlier in vitro studies and of tissue content (reviewed in
Kalix and Braenden 1985) indicating that cathinone, like
amphetamine, causes release of dopamine and inhibits uptake
of dopamine in vivo points to a similar mechanism. It appears
that the dose-dependent inhibitory effect of cathinone on
prolactin in the present study shared a similar mechanism of
action.

Previous studies reported varying findings on use of
psychostimulants and their effects on the hypothalamo-
hypophyseo-adrenocortical system. For example, high levels
of glucocorticoids were shown to contribute to development,
maintenance and outcome of substance abuse disorders (King
et al. 2003). Other studies on khat have reported increase in
plasma cortisol in rabbits (Nyongesa et al. 2008) and adreno-
corticotrophic hormone in humans (Nencini et al. 1984).
These findings are at variance with those in baboons
(Mwenda et al. 2006), rats (Mohammed and Engidawork
2011) and those of the present study. Studies have shown that
stress stimulates adrenocorticotrophic hormone production
and subsequent adrenal steroid secretion (Czeisler et al.
1976), and this response in adrenal secretion correlates
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positively with the intensity of stressful stimuli (Murton et al.
1998). From the aforementioned, animal handling and manip-
ulations are likely to exaggerate cortisol measurements in
response to a given drug exposure. This has been explicitly
explained by Dettmer et al. (1996) in a study on behavioural
and cortisol responses to repeated capture and venipuncture in
Cebus apella . In this study, it was shown that animals that
were behaviourally habituated to handling and blood collec-
tion procedures had low cortisol levels compared to non-
habituated naive subjects. In our study, all animals were
habituated to handling for 4 weeks before experimentation
and during blood sampling both controls and test animals
were handled the same way. Furthermore, serial blood sam-
pling was done at constant time (1,000 h) of every sampling
day of the week to avoid influence of time of day on cortisol
levels as glucocorticoid hormone release is characterized by a
circadian cycle (Akana et al. 1996). The observed pattern of
cortisol hormone release in the present study is likely a func-
tion of cathinone treatment. Most of these studies did inter-
ventional studies with similar protocol as that employed in the
present study.

Our findings also show a strong positive correlation be-
tween cortisol and prolactin during treatment phase suggest-
ing that the mode of action of cathinone to the two systems
producing these hormones may be similar and appear to
influence each other. Studies have shown that activation of
the hypothalamo-hypophyseo-adrenocortical axis and ascend-
ing catecholaminergic neurons play an important role in met-
abolic and behavioural adaptation to stress (Ishikawa et al.
2007). Similarly, a precise overlap of processes containing
corticotrophin-releasing hormone (CRH) and serotonin in
the dorso-lateral sub-nucleus have been demonstrated
(Ruggiero et al. 1999). Since cortisol is synthesized in specific
cells of the adrenal glands, released in the peripheral blood
flow and its production controlled centrally by classical neg-
ative feedback system of the hypothalamo-hypophyseo-
adrenocortical axis (McEwen 2000; Sapolsky et al. 2000),
its low levels observed in the present study may partly be
explained by reduced synthesis of CRH and/or release at the

hypothalamus. It may also be due to reduced responsiveness
of its receptors at the pituitary and adrenal gland as a function
of cathinone exposure.

Another hypothesis that attempts to explain the observed
low serum cortisol levels in the present study is the possible
involvement of the extra-hypothalamic CRH systems that
have been implicated in behavioural arousal (Landgraf
2005) and depression (Mitchell 1998). Studies in humans
showed an association between CRH innervations and sero-
tonergic neurons in the midline raphe (Ruggiero et al. 1999),
consistent with the findings in rats that demonstrated locali-
zation of the CRH neuropeptide and its receptor binding sites
(De Souza 1995) as well as mRNA expression of subtype 2 to
the midline raphe (Chalmers et al. 1995). Serotonin-
containing bodies of the raphe nuclei project to dopaminergic
cells in the ventral tegmental area, substantia nigra, nucleus
accumbens, prefrontal cortex and striatum (van Bockstaele
et al. 1994; Moukhles et al. 1997). This association may
explain, in part, the behavioural output following a given
stimulus to the hypophyseo-adrenocortical axis. Studies in
the human, for example, showed that pregnant mothers un-
dergoing depression produced decreased salivary cortisol and
increased serotonin and dopamine (Field et al. 2005). This is
consistent with findings of a similar study on postpartum
depressive mothers that showed behavioural and stress hor-
mone changes including decrease in anxiety levels and sali-
vary cortisol following massage therapy (Field et al. 1996). It
appears that the rewarding system in the brain of humans
including non human primates consists of a network of con-
nections between serotonergic and dopaminergic projections
in the meso-corticolimbic system and hypothalamic CRH
projections, and that these interconnections may be unique
in these species different from other animals. The present
study did not consider investigation in this direction. Further
research may prove essential to the understanding of pharma-
cokinetics of psychostimulants to the reward centres of the
brain.

The similarity in results on hormonal profiles in non-human
primates as seen in the present study and that of Mwenda et al.
(2006) but different from humans (Nencini et al. 1984), raises
important unanswered questions: Is there a threshold of
cathinone exposure above which persistent hormonal changes
in hypophyseo-adrenocortical system are induced? What fac-
tors influence differences in vulnerability to persistent neuro-
endocrine changes following cathinone exposure? Does the
cumulative exposure as a result of daily khat use produce
persistent dopaminergic and hormonal changes associated with
behavioural manifestations observed in khat ‘addicts’? Is there
a species difference in the reward centres of the brain
connecting the hypothalamo-hypophyseo-adrenocortical axis?
Does the choice of dose of drug matter when dealing with
different species of animals under experimentation? These
questions underscore the need to determine which animal
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Fig. 8 Correlations between serum cortisol and prolactin during week 1
of treatment phase. Note a strong positive correlation r2=0.53 between
serum prolactin and cortisol
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species, dose range and/or experimental paradigms best simu-
late daily human khat consumption. The mechanisms underly-
ing changes in hypothalamo-hypophyseo-adrenocortical axis
and dopaminergic system following khat use remain specula-
tive. However, some evidence suggest marked species differ-
ences in vulnerability to simulate induced hormonal changes in
rabbits (Nyongesa et al. 2008), baboons (Mwenda et al. 2006)
and rats (Mohammed and Engidawork 2011). It is also possible
that after multiple repeated exposures to khat, tolerance de-
velops and this may be contributing to variability in effects.
Tolerance and cross-tolerance between cathinone and cathine
have been reported in animal studies (Foltin et al. 1983) and
these effects are probably mediated by pre-synaptic dopamine
release (Schechter 1990). Similar reports indicate that after
chronic exposure to amphetamines, animals exhibit either tol-
erance or sensitization during subsequent drug administration,
indicating adaptations in the neurobiological substrates of these
behaviours (Berman et al. 2009).

In the present study, we present a dose- and time-dependent
effect of cathinone on cortisol and prolactin hormonal profiles
in vervet monkeys. The pattern of dose and time as functions
of khat/cathinone stimulatory effects has been demonstrated in
several studies. Neuropharmacological evaluation of effects of
khat in rats showed that different concentrations caused
psycho-stimulation followed by depression, characterized by
a stimulatory electro-encephalogram (EEG) pattern with low-
er doses (50–100 mg/kg) while higher doses (400 mg/kg)
caused initial activation followed by EEG depression (Saleh
et al. 1988). These EEG patterns were observed to resemble
the progression of psychostimulation and excitation to that of
sedation, anxiety and depression with continued khat chewing
(Hassan et al. 2002), indicating a dose and time effect to
neurobiological manifestations in the khat chewer. Similarly,
acute and sub-chronic administration of Catha edulis leaves
or S (−)-cathinone showed increased locomotor activity in rats
(Banjaw et al. 2006). Similarities between cathinone and
amphetamine have also been demonstrated with regard to
induction of stereotyped behaviour in rats (Banjaw and
Schmidt 2005) andmice (Al-Meshal et al. 1991) at high doses.
Earlier reports showed that cathinone induces tremor at low
doses and seizure at high doses (Berardelli et al. 1980).
Previous studies showed a dose-and time-dependent effect
of khat extract on spatial learning and memory in mice
(Kimani and Nyongesa 2008). In this study it was observed
that low doses of khat extract had no significant effect on
learning but impaired memory while high doses impaired
learning but improved memory. These differences on neuro-
behavioural manifestations indicate the effect of dose of khat/
cathinone and duration of exposure on different neurobiolog-
ical systems of the brain.

The study encountered some limitations that may have
possibly influenced the results. It was not possible to obtain
serial blood collection intravenously from awake animals and

so animals were anaesthetized each time of cathinone admin-
istration and blood sampling. It was only possible to admin-
ister cathinone in a bolus form via oral gavage as opposed to
the conventional way of chewing as it is the case in khat
consumers. It is not certain whether ketamine influenced the
observed changes in hormonal profiles. However, control
animals were subjected to the same handling. The insignifi-
cant effect on hormone profiles over time and dose by time
interaction suggests that larger sample size is required when
considering studies in this direction. The small sample size per
group used in the present study did not allow us to follow up
statistically the dose by time interaction on hormone profiles.
Finally, the choice of cathinone doses was informed by what
has been used in humans. However, this did not consider the
metabolic rate of the vervet monkeys as a factor to the phar-
macokinetics of the drug in the body and this may have led to
the discrepancy in the results observed.

Conclusion

In conclusion, the findings of the present study have shown
that, cathinone exposure caused hormonal alterations in a
dose- and time- dependent manner. These results confirm
and extend previous findings, in demonstrating effects of
cathinone on hypothalamo-hypophyseo-adrenocortical axis
and meso-corticolimbic systems.
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