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ABSTRACT

Aims: Moringa oleifera Lam (Moringaceae) is commonly used as food plant, food supplement and
as medicine in most African countries. With increasing acceptance and use of M. oleifera as food
and medicine, the possibility of co-administration of MO with conventional drugs, especially
antimalarials, also increases. Hence, this study investigated the effects of M. oleifera leaves (MO)
on the pharmacokinetics of amodiaquine (AQ) in male albino Wistar rats.

Methods: 180 male Wistar Albino rats, weighing 180-220 g, randomly divided into 3 groups of 60
rats each (6 rats per each time point) were used for this study. In the control group (CT), a single
dose of amodiaquine (10 mg/kg) was administered orally to rats while in the co-administration group
(CA), the same dose of AQ was given concurrently with MO. In the third group, the pre-treatment
group (PT), each rat received MO for one week and on the 8" day received the MO dose along with
AQ (10 mg/kg). Blood samples were collected and the plasma concentrations of AQ and its
metabolite, desethylamodiaquine (DEAQ), were determined using a validated HPLC method.

*Corresponding author: E-mail: obolaji@oauife.edu.ng;
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Results: Compared to the CT group, the maximum plasma concentration (Cp,.x) of AQ in the CA
and PT groups decreased by 28% and 53.42% respectively while for DEAQ, a 59.2% reduction in
Ciax Was observed in CA but there was a 36.0% increase in the PT group. The plasma exposure
(AUCyta) of AQ significantly increased (P <0.001) by about 318.2% and 144.6% in CT and PT
respectively, while for DEAQ there was a 28.8% reduction in AUC,., in co-administration, but a
significant increase (P<0.001) of 242.4% was observed after pre-treatment.

Conclusion: The study established pharmacokinetic interaction between AQ and MO in rats with
the effects being more on the absorption of AQ during co-administration buton both absorption and

elimination of AQ after pre-treatment.

Keywords: Pharmacokinetics; Moringa oleifera; amodiaquine; desethylamodiaquine.

1. INTRODUCTION

Moringa oleifera Lam. is a fast growing plant that
is widely cultivated in tropical regions of the world
[1]. All parts of the plants have been identified to
have nutritional and medicinal values [2-4] and
the leaves have been characterized to contain a
desirable nutritional balance, containing vitamins,
minerals, amino acids, and fatty acids.
Additionally, the leaves are reported to contain
various types of antioxidant compounds such as
ascorbic acid, flavonoids, phenolics, and
carotenoids [4-6]. Studies on the traditional use
of M. oleifera have acknowledged the plant to
have several pharmacological properties such as
antidiabetic, anti-inflammatory, anti-hypertensive,
antimicrobial, antioxidant, and diuretic [6-13].
The use of M. oleifera in boosting the immune
system has also been reported to be prevalent
among HIV-positive patients in Zimbabwe. [14].
The plant is currently of commercial value in
several countries in Africa, South and Central
America and Asia [2] where various formulations
of the plants are available over the counter,
mainly as food supplements [6].

The plant is thought to have gained popularity in
poor countries of the world because of its
claimed nutritional and medicinal value which is
said to be unparalleled by other herbs. In the
midst of the uses of M. oleifera, either as food or
medicine, there is an increasing possibility that it
can be taken with drugs, thus exposing such
people to herb/drug interactions. In fact, in vitro
studies have shown that leaf extracts of M.
oleifera inhibited CYP3A4 enzymes which
metabolize a large proportion of drugs [10,15].
As earlier indicated, M. oleiferais widely used in
developing countries for a lot of indications and
also as food supplements thus suggesting the
possibility of its administration with conventional
drugs. Therefore, it is of great interest to evaluate
the interaction of M. Oleifera with conventional
drugs, especially antimalarials, since its use has
been widely accepted in most malaria endemic

regions. One of such antimalarial of interest is
amodiaquine (AQ), a first line drug in the WHO-
recommended Artemisinin-based Combination
Therapy(ACT) [16]. A recommended combination
of AQ with artesunate is very popular in most
developing countries, including Nigeria, possibly
due to its ready availability and lower cost
compared to other ACT drugs. This justifies the
choice of AQ in this study.

AQ is rapidly absorbed and extensively
metabolized mainly to desethylamodiaquine
(DEAQ) which has a long elimination half-life and
is probably responsible for the long antimalarial
action of AQ [17]. The metabolic pathway for the
conversion of AQ to DEAQ is via the cytochrome
P450 isoenzyme, CYP 2C8 [18]. Since this
isoenzyme metabolizes many clinically-used
drugs, a study of the interaction of AQ with drugs
or herbal preparations is very important.

Although there is evidence to support the health
benefits and nutritional values of Moringa, little is
known of its possible pharmacodynamic and
pharmacokinetic effects on drugs. Therefore, this
study investigated the effect of M. oleifera
powdered leaves  suspension on the
pharmacokinetics of AQ using rats as an animal
model as a prelude to the study in humans.

2. MATERIALS AND METHODS
2.1 Chemicals and Reagents

Amodiaquine hydrochloride dihydrate (Sigma,
USA); Desethylamodiagine (TLC Pharma,
Canada); Hydroxychloroquine sulphate (AK
Scientific Inc, USA); HPLC grade Methanol
(Scharlau, Spain); Analytical grade Diethyl ether
(Lobal Chemie, India); Triethylamine (Scharlau,
Spain); Orthophosphoric acid (Aldrich,
Germany). ASAQ™ Tablets (Sanofi-Aventis,
Morocco. BN: 3MA121; NAFDAC No: A4-3357
with MAS codes).
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2.2 Preparation of Suspension of
Powdered Leaves of Moringa oleifera

The leaves of Moringa oleifera L. (Moringaceae)
were collected from a cultivated garden and
authenticated at the Herbarium Unit of the
Department of Botany, Faculty of Science,
Obafemi Awolowo University, lle-Ife (voucher
identification number: IFE-17,420). The leaves
were air dried at room temperature and
thereafter, powdered and stored in a glass bottle
at room temperature until ready for use. Just
immediately before use, a 40 mg/mL suspension
of the powdered M. oleifera leaves (MO) was
prepared by mixing 20 mL potable water with 2 g
of powdered leaves and finally making up the
volume to 50 mL with more water.

2.3 Study Design

One hundred and eighty male Wistar Albino rats,
weighing 180-220 g, obtained from the animal
house of the Faculty of Health Sciences,
Obafemi Awolowo University, lle-Ife and fed on
standard pelleted diet were used for this study.
For the determination of the sample size
(http://www.biomath.info/power/ttest.html), an
assumption of a 1:1 ratio between each
treatment arm and the control group was used.
For each time point a minimum power of 80% to
detect changes in PK data was assumed with a
10% standard deviation and paired two-tailed t-
test with significance level of P <0.05. This gave
a minimum of 6 animals per time point and 60
rats each for each of the treatment arms, giving a
total of 180 rats. The rats were housed under a
12 h light/dark cycle while ensuring that they had
free access to food and potable water for at least
one week before use.

The rats were randomly divided into 3 groups of
60 rats each i.e. Control (CT), Co-administration
(CA) and Pre-treatment (PT) groups. Each group
was further subdivided into 10 subgroups such
that each sub-group represents a time point.
Each rat in the CT group after an overnight fast
received once daily dose of AQ solution at 10
mg/kg body weight (recommended daily
therapeutic dose) using a metal feeding cannula
while in the CA group, each rat received a
combined single oral dose of AQ (10 mg/kg/) and
MO suspension (200 mg/kg). Rats in the PT
group were pre-treated orally with 200 mg/kg MO
suspension once daily for 7 days and on the 8th
day, after an overnight fast, the 200 mg/kg dose
of MO suspension was mixed with 10 mg/kg of
AQ solution and administered to the rats.

Blood samples were collected by cardiac
puncture of anesthetized rats (diethyl ether) at 0,
0.25, 0.5, 1, 2, 4, 8, 12, 24, 48 h with disposable
hypodermic syringes, into heparinised tubes. An
average of 3-4 mL of blood was collected from
the heart, after opening the chest of the
anesthetized rats, and the animals were
humanely disposed of, thereafter. Plasma was
obtained by centrifugation at 3000 g for 10 min
and stored at -20°C until analysis.

2.4 HPLC Analysis

Plasma concentrations of AQ and
desethylamodiaquine DEAQ were
simultaneously determined using a slightly-
modified validated HPLC method [19]. For
sample preparation, 10 pl of a 1 ng/mL
hydroxychloroquine solution (internal standard)
was added to 500 ul of plasma in an extraction
tube and made up to 2 mL with distilled water
and vortex-mixed for 1 min. Thereafter, 2 mL of
diethyl ether was added to the mixture, vortexed
for 2 min, and then centrifuged at 3000 g for 10
min. The organic layer was transferred to a clean
tube and the extraction was repeated. The
combined organic phases were allowed to dry in
a fume cupboard and the residue was
reconstituted in 500 pl of the mobile phase
followed by vortex-mixing. A 20 pl aliquot of the
supernatant was subjected to HPLC analysis.
The average recovery for AQ and DEAQ were
58.32% and 42.72%, respectively, while the
lowest limit of quantitation (LLOQ) was 1 ng/mL
for both AQ and DEAQ. The accuracy, measured
at three concentration levels, ranged from 92.27
to 101.53% for AQ and from 95.9 to 97.85% for
DEAQ. Precision was likewise acceptable
(between 6.7% and 11.2% for AQ and between
6.8% and 12.2% for DEAQ). The assay was
sufficiently robust, there was no influence of
plasma matrix from different rats on the outcome
of the assay and stability of the samples under
the assay conditions was assured.

2.5 Pharmacokinetic Analysis

The data were analyzed based on a non-
compartmental pharmacokinetic model using
Kinetica™ Version 4.1, (Inna Phase Corporation,
Philadelphia, USA) pharmacokinetics fitting
software to calculate the model-independent
pharmacokinetic parameters. The parameters
determined were the area under the plasma
concentration—time curve (AUC), the clearance
(CL/F) the half-life (T'2), maximum plasma
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concentrations (Cmax) and time to achieve
maximum plasma concentration (Tay)-

2.6 Statistical Analysis

The pharmacokinetic parameters were compared
between the three groups using a paired two
samples t-test and a two-tailed significance level
of P <0.05 (GraphPad Prism 4.0 software; San
Diego, CA, USA).

3. RESULTS

The plasma concentration—time curves of AQ in
the CT, CA and PT groups are as shown in Fig.
1. AQ was rapidly absorbed in the rats with a
Tmax Of 0.5 h but there was an 8-fold increase in
Tmax in the CA and PT groups. The half-life (T'2)
of AQ also increased from 0.58 h to 1.82 h and
2.1 h in both CA and PT, respectively (Table 1).
However, there was a significant reduction in the
Cmax of AQ in both CA and PT when compared
with CT. In the CA group, the Cmax was reduced
by 29%, while in PT, it was reduced by 53% with
the reduction in both groups being significantly
different (P=0.001) (Table 1). Also, the AUCq, of
AQ increased significantly (P=0.001) by about
318.2% and 144.6% in both CA and PT,
respectively, while its clearance was reduced by
76.3% and 59.2% in CA and PT, respectively
(Table 1). The plasma concentration—time curves

of DEAQ after AQ administration in the three
groups are as shown in Fig. 2. Compared to CT,
the Cmax of DEAQ was significantly decreased
in CA by 59.2% whereas a significant increase of
36.0% was observed with PT (P<0.05). In the CA
group, there was a 28.8% reduction in the
AUC,s of DEAQ but, in the PT group, the
AUCy, increased significantly (P<0.05) by
242.4%. The clearance of DEAQ increased by
13.3% in CA but reduced significantly by 70.9%
in PT. Evaluation of the metabolic ratio (MR)
revealed a reduction in the CA group but showed
a 40% increase in the PT group, when compared
with that of the CT group (Table 1).

4. DISCUSSION

Drug-herb interactions resulting from the
concurrent use ofherbal drugs with prescription
and over-the-counter drugsmay cause adverse
reactions such as toxicity andtreatment
failure.Notable herb—drug interactions include
inhibition or induction of cytochrome P450 (CYP)
enzymes, uridine 5'-diphospho (UDP)-
glucuronosyltransferase enzymes, and drug
transporters [20]. Although, M.oleifera leaves
seems to be safe and well tolerated as detailed
in literature, there is the possibility that its
consumption with conventional prescription or
over the counter drugs may have significant
clinical effects.

Table 1. Pharmacokinetic parameters of AQ and DEAQ in rat after administration of a single
dose of AQ alone (CT) or co-administration (CA) and pre-treatment with MO (PT)

Parameter CT CA PT
AQ
Cmax (ng/mL) 7.32+0.16 5.20 + 0.06* 3.41 £ 0.05*
T max (h) 0.5 4* 4*
AUC (ng/mL*h) 8.47 £0.22 35.42 +0.24* 20.72 £ 0.48*
TV (h) 0.58 £0.03 1.82 + 0.05* 2.10 + 0.10*
CL/F (L/h) 238.83 £ 6.58 56.50 + 0.39* 97.46 + 2.44*
vd (L) 270.85 +6.07 308.72 + 2.04* 592.82 + 9.10*
DEAQ
Cmax(ng/mL) 9.71£0.52 4.83 +£0.08* 13.21 £ 0.15*
T max (h) 3.67+0.18 3.67+£0.18* 8 £ 0.00*
AUC (ng/mL*h) 59.59 + 1.58 42.41 £ 0.51* 204.04 + 4.82*
TV (h) 1.82 £0.08 3.77 £ 0.12* 8.07 £ 0.32*
CL/F (L/n) 33.99 £0.96 47.27 £ 0.57* 9.90 + 0.23*
vd (L) 169.27 + 6.36 349.31 + 4.26* 142.74 + 1.33*
Metabolic ratio 7.05+0.14 1.20 + 1.67 9.85+ 1.1

AUCpiag

AUCyy

* Each value represents the mean + SD of six rats.
* Significantly different with P < 0.05 versus AQ alone (control group).
AUC - area under time—concentration curve, Cmax- maximum concentration, Tpax - time to reach maximum
concentration, T elimination half-life, CL/F- clearance, Vd — Volume of distribution
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Fig. 1. Plasma concentration-time curve of amodiaquine (AQ) in rat after a single dose of AQ
alone (Group CT), co-administration (CA) with MO and pre-treatment (PT) with MO for seven
consecutive days (n = 6). Data are expressed as mean = S.D
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Fig. 2. Plasma concentration-time curve of desethylamodiaquine (DEAQ) in rat after a single
dose of AQ alone (Group CT), co-administration (CA) with MO and Pre-treatment (PT) with MO
for seven consecutive days (n = 6). Data are expressed as mean * S.D

In this study, we report for the first time, the
pharmacokinetics of AQ in rats and also the
effects of concurrent intake of M. oleifera leaves
powder suspension on its pharmacokinetics. AQ
was rapidly absorbed within 30 minutes and,
similar to reports in humans [21], it was also
rapidly cleared from the body as the drug was
not detectable in plasma 5 h after drug
administration.However, there was a significant
delay in its absorption following concurrent (CA)
and pre-treatment (PT) administration of MO.
Delay in drug absorption has generally been
attributed, in part, to delayed gastric emptying or
decreased intestinal motility resulting from the
presence of other substances, apart from the
drug, in the stomach. Such other substances
include food, other drugs or herbs [22]. The delay

in the rate of absorption of AQ, observed in the
present study, could probably be due to effect of
the high fiber content of the MO, which could
form complex with AQ, thereby reducing its
absorption. Moreover, antispasmodic activity of
4-[a-(L-rhamnosyloxy) benzyl]-o-methyl
thiocarbamate,a compound that has been
previously isolated fromM.oleifera has been
reported [22-24], therefore, there is a possibility
that this could causea delay in gastric emptying
resulting from reduced intestinal motility. The
delay in gastric emptying of a drug is known to
lead to prolonged release of low concentrations
of the drug into the small intestinewhich could
account for the observed decrease in the Cmax
of AQ following its co-administration with MO.
Other possible reasons that may account for the
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decrease in Cmax include formation of a
chemical complex which may make the drug
unavailable for absorption, an increase in the
concentration of ionized drug resulting from a
reduction of gastrointestinal pH, pre-systemic
metabolism, degradation of the drug in the
stomach with a subsequent reduction in the
amount of drug absorbed, increased viscosity in
the gastro-intestinal tract due to the high fibre
content of MO or induction of the intestinal efflux
transporter, P-glycoprotein (Pg-P).However, the
pH of the suspension of MO, as used in this
study, was not different from that of water hence
the possibility of a drastic change in the pH of the
gastrointestinal tract is remote. Also, AQ is not a
known substrate of Pg-P nor is its major
metabolising enzyme located in the
gastrointestinal tract. Moreover, it is unlikely that
any of these reasons would lead to an increase
in the extent of absorption (AUC) of AQ in both
the CA and PT groups, as observed in the study.

The systemic exposureof AQ increased
significantly by about four-foldin CA and by two
and a half-fold in the PT group. This is possibly
because the delayed absorption led to a
prolonged exposure of AQ to the absorptive
surface area of the gastrointestinal tract and a
resultant reduction in its systemic clearance, as
observed in both the CA and PT groups, which
eventually increased its systemic exposure.
However, the higher clearance and lower
bioavailability of AQ in PT than in CA is an
indication of a possible induction of metabolizing
enzymes as a result of prolonged use of MO
prior to administration of AQ.

The conversion of AQ to its active metabolite,
DEAQ, was significantly reduced in CA possibly
as a result of the decreased absorption of AQ
during this phase. However, significant increase
in the Cmax of DEAQ in the PT group suggests
an induction or increase in the levels of the
metabolising enzyme responsible for the
biotransformation of AQ to DEAQ.Although there
was an insignificant decrease in the AUCtotal of
DEAQ after co-administration (CA) the situation
following  pre-treatment with MO  was
different.The observation of a significant 242%
increase in the AUC supports the earlier
suggestion of an induction of the enzyme
responsible for the metabolism of AQ to produce
more of DEAQ.In humans, the metabolism of AQ
is mediated by CYP2C8 and although the
metabolism of AQ in rats has not been
investigatedit is known that rats also express
CYPs of the 2C family[25].

AQ and DEAQ are both potent antimalarials and
although AQ is threefold more potent than DEAQ
it is rapidly cleared from the systemic circulation.
This makes DEAQ stay longer in the circulation
and be responsible for the observed antimalarial
activity[17]. Therefore, concurrent administration
of MO with AQ, either concurrently or after pre-
treatment, will affect the antimalarial activity of
AQ.

The plasma half-life of AQ and DEAQ increased
significantly in both the CA and PT groups. Drugs
with elongated T2 are slowly eliminated from the
plasma either by biotransformation or excretion,
thus prolonging their therapeutic actions.
Concomitant administration of MO with AQ may,
therefore, lead to prolonged effects of AQ and
DEAQ.Increased systemic exposures of AQ
and/or DEAQ, as observed in the study, may
indicate increased antimalarial activity during
therapy with MO. Similar enhancement of
systemic exposure of drugs by a mixture of dried
fruits of pepper (Piper nigrium and Piper longum)
and their active ingredient, piperine, have been
reported [26-28]. However, increased exposure
to AQ and its metabolites may also lead to
toxicity. In humans, the clinical use of AQ has
been associated with organ damage, including
hepatotoxicity. This has been attributed to the
bioactivation of AQ to a chemically-reactive
haptenate protein called amodiaquine-
quinoneimine which reacts with cell components
or produce an antigen which invokes immune
response from the body [29-31]. Similarly, AQ-
induced hepatotoxicity and reproductive toxicity

have been reported in rats, often in a
concentration-dependent manner [32-34].
Therefore, continuous exposure, to this

compound, due to increased concentrations of
AQ and DEAQ, may lead to organ damage [35].

5. CONCLUSION

This study investigated, for the first time, the
effect of concurrent intake of MO on the
disposition of AQ in the rat. MO significantly
delayed the absorption of AQ and consequently
increased its exposure and that of its active
metabolite, DEAQ. This indicates the possibility
of an increase in the antimalarial activity of AQ in
the presence of MO during malaria therapy.
Similar studies in humans are required to assess
the clinical implications of this finding.
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