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Abstract

Development of resistance by malaria parasites to conventional antimalarial drugs has rejuvenated the exploration
of herbal medicine as alternatives. Also, the increasing rate of the use of herbal antimalarial remedies in
combination with conventional antimalarial drugs (both synthetic and semi-synthetic) has inspired researchers to
validate their herb-drug interaction effects. This review evaluated the interaction outcomes between herbal
antimalarial drugs in combination with conventional antimalarial drugs. With the aid of electronic databases,
Pubmed and Google scholar, articles related to this subject were sourced from English peer reviewed scientific
journals published from 2003 to 2020. Search terms used include “antimalarial-herbal drugs interaction”,
“antimalarial medicinal plant interactions with conventional antimalarial drugs”,
“antimalarial drugs and medicinal plants”. Synergistic, antagonistic and none effects were reported among 30
studies reviewed. Among 18 in vivo studies on P. berghei and P. yoelii nigerense infected mice model, 14 showed
synergism, 3 showed antagonism and 1 involving three plants showed both effects. Among 9 in-vivo studies
involving normal animal (non-infected), 2 showed antagonism, 2 showed synergism and 5 showed none-effects.
Two (2) studies on human volunteers and one (1) in vitro quantitative study showed that Garcinia kola reduced
plasma concentrations of quinine and halofantrine. Generally, majority of herbal antimalarial drugs showed
synergistic effects with CAMDs. Vernonia amygdalina was the most studied plant compared to others.
Consequently, herbal remedies that produced synergistic effects with conventional antimalarial drugs may be
prospects for standardization and development of antimalarial-medicinal plant combination therapy that could
curtail malaria resistance to conventional antimalarial therapies.
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Introduction

The malaria encumbrances

Malaria is a parasitic disease caused four major species of
Plasmodium including Plasmodium falciparum (P. falcip-
arum), Plasmodium vivax, Plasmodium wmalariae and
Plasmodium ovale. Among these species, P. falciparum
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still remains the most harmful [1]. In the sub-Saharan Af-
rica, Asia, and Latin America, malaria produces significant
levels of mortality and morbidity [2].

On a yearly basis an estimated proportion of 3 billion
persons are exposed to malaria, while about 1.2 billion
people are at high risk [3]. In tropical countries, malaria
remains the most prevalent disease presenting more
than 219 million symptomatic cases and 435,000 pro-
jected deaths, as revealed by recent statistics [3, 4]. The
African region has been known to have the highest cases
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as well as deaths, with pregnant women and children
under five years being the most vulnerable groups [5].

Following bites from female anopheles mosquitoes,
Plasmodium parasites journey through the bloodstream,
get matured and then reproduce in the liver, which
eventually manifest malaria typical symptoms such as
headache, fever, weakness, pain, nausea, abdominal dis-
tress, and excessive perspiration [2]. Prolonged and un-
treated cases of malaria could lead to complications
such as severe anemia, brain tissue damage, kidney fail-
ure, pulmonary edema and yellow discoloration of the
skin [6].

Although significant achievements have been made
contending malaria, it has become worrisome following
discovery of the resistance strains of P. falciparum
against artemisinin combination therapies (ACTs), the
prominent antimalarial agents [3].

Conventional antimalarial drugs and their limitations
Chemotherapy remains the primary therapeutic ap-
proach in the control of malaria [7], and antimalarial
agents exist as single or combination therapies. Those in
the single category and their respective classes in paren-
thesis include Quinine (Cinchona alkaloid), Amodia-
quine (AQ), Piperaquine and Chloroquine, (CQ) 4-
aminoquinolines), Primaquine (8-aminoquinolines), Pyri-
methamine (Diaminopyrimidines), Sulfadoxine (Sulfon-
amides), Artesunate (ART) and Artemeter
(Sesquiterpine lactones), Mefloquine (Quinoline-metha-
nol), Lumefantrine and Halofantrine (Amino alcohols),
Atorvaquone (Naphthoquinone) and Proguanil (Biqua-
nides). Combination therapies encompass non-
artemisinins such as Sulfadoxine + Pyrimethamine, Sul-
fadoxine + pyrimethamine + amodiaquine, among
others, and artemisinins which include ART + amodia-
quine, ART + meflquine, Artemether + lumefantrine,
ART + sulfadoxine/pyrimethamine, among others [6, 8].
Some limitations observed for non-artemisinin anti-
malarial drugs include compromise of efficacy [9], high
cost and their ability to cause toxicity leading to low pa-
tients’ compliance [10]. Nonetheless, the greatest chal-
lenge facing antimalarial drugs is the emergence of
resistance [11] which prevails because; several of these
antimalarial agents are chemically related. A case in
point is the cross resistance between 4-aminoquinolines,
CQ and AQ [12]. Prior to the emergence of resistance,
CQ was an efficient and affordable antimalarial drug of
choice [9, 13]. However, artemisinin and its semi-
synthetic derivatives produced better effectiveness than
quinine [14] and this led to the recommendation of arte-
misinin and its derivatives, artemisinin-based combin-
ation therapy (ACTs) as current first-line drugs against
malaria caused by P. falciparum infection [3, 10]. Not-
withstanding the recommendation of the ACTs as

Page 2 of 10

current antimalarial frontline therapy in most tropical
countries, artemisinin-resistant Plasmodium parasites
still prevail in some parts of the world [6, 13], and this
calls for more researches on more effective and safer
alternatives.

Medicinal plants as alternatives to conventional
antimalarial drugs
Medicinal plants have played significant roles in the
treatment of malaria and have been recommended in
curbing resistance posed by Plasmodium parasites to
conventional antimalarial drugs [15, 16]. Traditionally,
herbal medicine remains the backbone for the treatment
of malaria for over thousands of years. The first antimal-
arial drug (quinine) was isolated from the bark of the
Cinchona tree, in the family of Rubiaceae, an herbal
medicine. In the early 1632, an infusion of the Cinchona
bark was used for the treatment of human malaria [1].
Artemisia annua is another earliest millennial medicinal
plant that was rediscovered in China from which artemi-
sinin was isolated [1]. Potentials of herbal medicine have
stirred up scientific concerns in the investigation of
novel antimalarial drugs from natural products, which
remains an effective approach in malaria control [17].
Indeed, herbal medicine is gaining popularity in devel-
oped as well as developing countries due to their afford-
ability, accessibility, acceptability and availability [16].
Studies from 2001 to 2017 showed that about 2000
plant-derived compounds exhibited antimalarial activity
against P. falciparum [6].

Antimalarial drugs-antimalarial medicinal plant
combination therapy

There is a reliance on the practice of the concomitant use
of herbal antimalarial with conventional antimalarial
drugs, as a result of the occurrence of resistance as well as
high patronage and high confidence in the effectiveness of
herbal remedies [13, 17]. This approach is applied by some
patients as an avenue to increase efficacy, and also facili-
tate compliance [11]. Though this may be without re-
course to the possibility of antagonistic effect which may
result from such herb-drug interaction. Such combination
practice is very common in malarial endemic countries
(the tropical regions) where conventional antimalarial
drugs are expensive and cannot be afforded by some rural
dwellers [18, 19]. Combination therapy (CT) is even rec-
ommended to ensure enhanced efficacy and diminution of
resistance by parasitic strains [11].

Usually, there are instances of self-medication where
some patients receive herbal medicines, before proceed-
ing for conventional medicines, without revealing to
physicians that they have been on such herbal medicine,
thereby increasing the chances of herbal-drug inter-
action [13]. The use of herbal therapies before, during
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(concomitantly) and after conventional antimalarial
drugs is not left out of this practice.

The practice of concomitant application of conven-
tional antimalarial drugs and herbal antimalarial drugs is
not only limited to the poor and uneducated, but the
rich and the learned are also involved [20]. Indeed, these
practices have their therapeutic implications, as pharma-
cokinetics or pharmacodynamics interactions of such
drugs could be antagonistic, additive or synergistic [3].
However, the emerging clinical impact of Pharmacists
through the due Pharmaceutical care process recom-
mends hope with positive patients’ outcome [21].

Researchers, knowing the implications of herb-drug in-
teractions with respect to increasing rates of combin-
ation of herbal remedies with conventional antimalarial
drugs have taken responsibilities to unravel the possible
effects that could result from such interaction. It is also
obvious that the potential interaction of conventional
drugs with herbs is rarely given important attention by
most Physicians [3, 11, 13]. Some researchers have
reviewed interactions between herbs and conventional
drugs [22] but none have specifically looked into anti-
malarial herbal remedies and conventional antimalarial
drugs as is attempted in this review.

Method

Information that formed the content of this review was
gotten from peer-reviewed English articles published
from 2003 to 2020 in scientific journals with the help of
electronic databases, such as PubMed and Google
Scholar. Search terms used include “antimalarial-herbal
drugs interaction”, antimalarial medicinal plant interac-
tions with conventional drugs”, “drug-herbal interac-
tions, “antimalarial drugs and medicinal plants, and
herbal antimalarials and synthetic antimalarials”. Articles
that met the scope of the topic under consideration were
selected for the review. References of selected articles
were further checked for titles that match the study con-
text. Inclusion criteria include in-vivo studies involving
animal induced with malaria and treated with plant ex-
tracts alongside conventional antimalarial drugs, in-vivo
studies involving animal or human volunteers without
malaria but were administered plant extracts and con-
ventional antimalarial drugs, and in-vitro quantitative
studies on the concentration of conventional antimalar-
ial drugs following their combination with medicinal
antimalarial plants. Exclusion criteria involved non-
interaction studies, where plant extracts were not com-
bined with conventional antimalarial drugs.

Following the increasing rate of drug-herb interaction,
the outcome of this review would update researchers on
the effects of herbal antimalarial-conventional antimalar-
ial interaction and their clinical implications in malaria
therapy.
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Interaction studies on herbal-conventional antimalarial
drugs

The use of herbal medicines (HM) is on the rise among
the global population, and when in combination with
prescription or over-the-counter medications and certain
foods, could either increase or decrease the therapeutic
outcomes of the conventional drugs [23].

Medicinal plants, unlike conventional drugs are made
up of several chemical constituents. Additionally,
the chemical makeup of medicinal plants varies depend-
ing on the part of the plant used, climate, growing condi-
tions, harvesting, and storage conditions. Several studies
have shown that some medicinal plants could alter some
pharmacokinetic parameters of conventional antimalarial
drugs, consequently increasing or decreasing their effi-
cacy [24].

Results

Interaction between antimalarial herbal drugs (AHDs)
and complementary antimalarial drugs (CAMDs) re-
vealed 8 antagonism, 16 synergism, 5 non-effects and 1
of both effects, making up a total of 30 studies reviewed.
The three broad categories of such studies evaluated in-
clude interaction between AHDs and CAMDs using P.
berghei and P. yoelii nigerense model, interaction be-
tween AHDs and CAMDs in normal animals (mice, rats
and rabbits), and interaction between AHDs and
CAMD:s in human volunteers and in-vitro model. Verno-
nia amygdalina was the most studied herbal remedy
compared to others. Frequencies of CAMDs used in-
clude chloroquine (14, 48.28%), artesunate (9, 30.00%),
amodiaquine (4, 13.79%), quinine (2, 6.90%) and halofan-
trine (1, 3.45%).

Synopsis of studies on herbal-antimalarial drugs
interactions in P. berghei model

Studies in this category involved Plasmodium berghei (P.
berghei) infected mice model which is an acceptable and
a reproducible experimental model for screening poten-
tial antimalarial candidates. The outcomes of these stud-
ies are summarized in Tables 1 and 2.

Recently, Thekwereme et al [25] did a study on the
interaction between artemisinin combination-based ther-
apies; ART and Vernonia amygdalina (VA) methanol
leaf extract. The study revealed dose dependent antagon-
ism of ART on the antimalarial efficacy of VA (125 mg/
kg) using Rane’s curative test in P. berghei. Concomitant
administration of 125 mg/kg of VA and of 35.14 and
2.86 mg/kg of ART produced parasitemia clearance of
80.49% and 97.05% respectively. The authors postulated
that people should discourage the combination of the
higher dose of ART and VA, and also encouraged the
combination of low dose of ART (2.86 mg/kg) and 125
mg/kg of VA in malaria patients.
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Table 1 Summary of studies on herbal-antimalarial drugs interactions using P. berghei model
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S/ Medicinal plant Conventional Interaction effect Reference

no antimalarial drug

1 Methanol leaf extract of VA (125 mg/kg) ART (2.86 and 35.14 High dose of ART antagonized VA [25]

mg/kg

2 Gynostemma pentaphyllum and Moringa oleifera (500, 1000  ART (6 mg/kg) Greater antimalarial activity was recorded. [10]
and 2000 mg/kg)

3 Kaempferol (20 mg/kg) CQ (10 mg/kg) | in parasitemia [5]

4 Aqueous root extract of Cryptolepis sanguinolenta (36 mg/ ART (2.5 mg/kg) Extract |effectiveness of ART. [13]
kg)

5 Hydroalcoholic fruit extract of Balanites aegyptiaca and leaf CQ (12.5 mg/kg) 1 in parasitemia suppression ability of CQ [23]
latex of Aloe camperi

6 Aqueous fresh leaf extract of A. indica (100, 500, and 1000  ART (6, 15, and 20 A significant reduction in parasitemia [26]
ma/kg) mag/kg)

7 Methanol extracts of 15 Kenya medicinal plants, from 11 CQ (Dose not Improved suppressions of parasitemia [27]
families specified)

8  Hot water extract of 18 Kenya medicinal plants CQ (Dose not Improved suppressions of parasitemia [28]

specified)
9 Aqueous extracts of Morinda morindiodes (Mm) root, ART (10 mg/kg) Mm and Ml extract |effectiveness of ART, but  [29]

Morinda (M) lucida leaf and VA leaf ART teffectiveness of VA

10 216 extracts from 50 Western Ghats plants CQ (Dose not Moderate to high in vivo antimalarial activity — [30]

1

Carica papaya leaf (50 mg/kg)

specified)
ART (15 mg/kg)

Antagonism

Vernonia amygdalina (VA); Artesunate (ART); Plasmodium berghei (P.berghei); Chloroquine (CQ).| (Decreased activity), 1 (Increased activity)

In a separate study, the chemotherapeutic interaction be-
tween VA (100-500 mg/kg) and Amodiaquine, AQ (2-10
mg/kg) and ART (0.8—4 mg/kg) was investigated in P. ber-
ghei infected swiss albino mice. Sub-therapeutic doses of 100,
2 and 2.4 mg/kg were obtained for VA, AQ and AR respect-
ively. The study revealed a significant increase in the chemo-
suppressive effect of AQ and ART, as well as parasite
clearance when co-administered with VA extract. Also, the
mean survival period was higher in animals that received the
three combinations, VA, AQ, AR compared to placebo [3].

An investigation was carried out on the antimalarial
activity of kaempferol (20 mg/kg) when combined with
CQ (10 mg/kg). A reasonable antimalarial activity with
prolonged survival time of P. berghei strain infected mice
was recorded for Kaempferol alone and in combination
with CQ. Notably, the effect produced by kaempferol
was not significantly different from that of the CQ
treated group. Suppression at the combined doses (20
and 10 mg/kg) ranged from 70 to 95.98% in suppressive,
prophylactics and curative tests [5].

Table 2 Summary of studies on herbal-antimalarial drugs interactions using P. berghei and P. yoelii nigerense model

S/ Medicinal plant Conventional antimalarial Interaction effect Reference
no drug
12 Aqueous leaf extract of TO (200 mg/kg) ART (2 mg/kg) Synergistic effect [16]
13 VA (100-500 mg/kg) AQ (2-10 mg/kg) and ART Synergistic effect 3]
(0.8-4 mg/kg)
14 Aqueous leaf extract of Ageratum conyzoides CQ (5 mg/kg), ART Extract potentiated activities of CQ and ART [32]

(100 mg/kg)

15 MAMA herbal antimalarial decoction (120 mg/
kg)

16 Methanol leaf extract Uvaria chamae (100-400
mg/kg)

17 Aqueous leaf extract of VA (31.25, 62.5, 125 mg/
kg)

18  Ethanol stem bark extract of Khaya grandifolia
(50-400 mg/kg)

AQ (10 mg/kg)

AQ (10 mg/kg)

CQ (5 mg/kq)

CQ (2.5 mg/kg)

Halofantrine, 6.25 mg/kg)

Synergistic effect against CQ sensitive (except [33]

resistant)

Low dose of extract + AQ produced better [34]
antimalarial activity

Extract 1 antimalarial effects of CQ [15]
Enhanced antiplasmodial activity and mean [11]
survival time

Vernonia amygdalina (VA); Artesunate (ART); Plasmodium berghei (P. berghei); Chloroquine (CQ). Amodiaquine (AQ). 1 (Increased activity)
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In a 4-day suppressive test using P. berghei on the ex-
tract of Gynostemma pentaphyllum and Moringa oleifera
at 500, 1000 and 2000 mg/kg produced dose dependent
suppression of 45, 50, and 55% and 35, 40, and 50% re-
spectively. Greater antimalarial activities with suppres-
sion of 78, 91, and 96% for G. pentaphyllum leaf extract
and 73, 82, and 91% of Moringa oleifera leaf extract were
observed when they were combined with ART (6 mg/
kg). The authors recommended that their combination
with ART showed a strong prospect for development as
antimalarial combination therapy [10].

The outcome of co-administration of the hydroalco-
holic fruit extract of Balanites aegyptiaca and leaf latex
of Aloe camperi on the antimalarial effect of CQ was in-
vestigated by Sibhat and Hiben [23] using peters four
day suppressive method in P. berghie infected mice. The
study revealed that Balanites aegyptiaca and leaf latex of
Aloe camperi increased the parasitemia suppression abil-
ity of CQ.

Adepiti et al., [33] investigated the effect of concomi-
tant administration of AQ and MAMA herbal antimalar-
ial decoction, comprising leaves of Mangifera indica,
Alstonia boonei, Morinda lucida and Azadirachta indica
in CQ-sensitive P. berghei. There was a complete para-
site clearance in the therapeutic combination dose
(MAMA, 120mg/kg and Amodiaquine, 10 mg/kg)
against CQ -sensitive P. berghei. Conversely, remarkable
activity was not recorded at these doses against CQ-
resistant P. berghei.

Adepiti and Iwalewa [34] also investigated possible
herbal interaction of Uvaria chamae methanol leaf ex-
tract (100—400 mg/kg) with AQ (10 mg/kg) in mice in-
fected with CQ-sensitive P. berghei in in four -day,
curative and prophylactic antimalarial test models. CQ
-resistant P. berghei mice were also treated with extract
at 400 mg/kg and AQ in the four-day prophylactic and
curative test models. The interaction study revealed that
low-dose combination of the leaf extract and AQ pro-
duced a better antimalarial activity in the CQ-sensitive
murine malaria, but not in CQ-resistant murine malaria.

In other to evaluate the interaction effect between
ART and Cryptolepis sanguinolenta, Ocloo and co-
workers administered aqueous root extract of Cryptole-
pis sanguinolenta (36 mg/kg) and ART (2.5 mg/kg) in P.
berghei infected male Sprague-Dawley rats. The study re-
vealed that the extract reduced the effectiveness of ART
following concurrent administration. It was recom-
mended that this combination could lead to ART in-
activity against malaria. Thus, patients who practice the
use of the combination should take caution [13].

In vivo schizontocidal activity in swiss albino mice in-
fected with malaria parasite using the aqueous fresh leaf
extract of Azadirachta indica at 100, 500, and 1000 mg/
kg and 6, 15, and 20 mg/kg of artesunic acid alone and
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in combination were investigated. A significant reduc-
tion in parasitemia at 96.87% was recorded at 1000 mg/
kg of the extract combined with 15 mg/kg of artesunic
acid when compared to 68.14% reduction produced by
20 mg/kg of artesunic acid alone. The artesunic acid did
not produce a cure on day 30, except the combinations
of both the extract with artesunic acid [26].

Adegbolagun et al [16] investigated the effect of aque-
ous leaf extract of Telfaria occidentalis on the biological
activities of ART using a curative model in P. berghei in-
fected mice. The study revealed that the extract, ART
and the combination of both produced 72.17+4.07%,
7043+ 4.27% and 85.43+ 3.65% reduction in parasit-
aemia respectively, after 48 h of administration, demon-
strating a synergistic effect of the combination on
parasite clearance of P. berghei infection.

A total of 216 extracts from 50 Western Ghats trad-
itionally used to treat malaria were tested for in vivo
antiplasmodial activity alone as well as in combination
with CQ against CQ-tolerant P. berghei strain. The study
revealed that more than 70% of the plant extracts dis-
played moderate to high in- vivo antimalarial activity
when used separately as well as in combination with CQ
[30].

Antimalarial properties of fresh Carica papaya leaf
(50 mg/kg) alone and in combination with artesunic acid
(15 mg/kg) were determined by using the Peter’s 4-day
suppressive test in P. berghei -infected mice. From the
study, the combination of Carica papaya with artesunic
acid was antagonistic. The authors concluded that com-
binations of artemisinins and Carica papaya show little
promise for combination therapy development [31].

In four-day suppressive and curative tests, the effect of
aqueous leaf extract of Ageratum conyzoides in combin-
ation with CQ and ART was investigated using P. ber-
ghei infection in mice. There were greater suppressive
activities in both extract-drug combinations, with
extract-CQ (100 mg/kg: 5mg/kg) having the highest
suppressive effect (98%) than individual drugs. Absolute
survival was recorded in the two extract-drug combina-
tions than individual drugs. The authors concluded that
aqueous extract of Ageratum conyzoides potentiates the
antimalarial activity of CQ and ART [32].

Chemotherapeutic interaction between ethanol stem
bark extract of Khaya grandifolia (50—400 mg/kg) and
two antimalarial drugs (CQ, 2.5 mg/kg and halofantrine,
6.25 mg/kg) in mice infected with Plasmodium yoelii
nigerense was carried out. The study revealed enhanced
antiplasmodial activity and mean survival time when the
extract was combined with CQ or halofantrine com-
pared to individual drugs. The authors posited that re-
duced therapeutic doses of halofantrine may be needed
to enhance parasite clearance when used together with
Khaya grandifolia, thereby yielding a great advantage to
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halofantrine which produces cardiotoxicity at high doses
[11].

Aqueous leaf extract of VA was found to enhance the
antimalarial effects of CQ in CQ sensitive and resistant
P. berghe. CQ at 5mg/kg was administered in combin-
ation with 31.25, 62.5, 125 mg/kg of the extract. At 30
mg/kg of CQ for 3 days in combination with the extract,
there was a decrease in parasite clearance times from 4.8
to 2.6—4.4 days for CQ-VA 62.5/125 combination, pro-
longed recrudescent times (from 7.2 to 8.9-18.9) and
also improved cure rate (from 58.3% to 66.7—100%) in
the treated P. berghei - infected mice on day 14 com-
pared to CQ monotherapy [15].

Methanol extracts of 15 medicinal plants, from 11 fam-
ilies traditionally used for malaria treatment in Kenya were
screened for their in vivo antimalarial activity against a CQ
(CQ)-tolerant P. berghei. Following combination of the ex-
tract with CQ, Albizia gummifera, Ficus sur, Rhamnus pri-
noides and Rhamnus staddo, Caesalpinia volkensii,
Maytenus senegalensis, Withania somnifera, Ekebergia
capensis, Toddalia asiatica and Vernonia lasiopus pro-
duced statistically significant and improved suppressions of
parasitemia which ranged from 45.5 to 85.1% compared to
when they were used alone (31.7-59.3%). Remarkable para-
sitemia suppression by the extracts when used alongside
CQ produced longer mouse survival than the control [27].

As a follow up study, hot water extracts of 18 medi-
cinal plants representing five families of plants used in
Kenya for treatment of malaria were screened against
CQ resistant P. berghei either alone or in combination
with CQ. A similar result was recorded, as there was
outstanding parasitemia suppression by extracts when
administered in combination with CQ, which gave rise
to longer survival of mice relative to the controls [28].

In the year 2020, Idowu and co-workers evaluated the
interaction effects of Morindamorindiodes (Mm) root,
Morindalucida (ML) leaf and Vernonia amygdalina (VA)
leaf on the efficacy of artemisinin derivatives. From the
study, artesunate produced a total parasite clearance
(100.00%). Although the single administration of Mm and
ML extracts produced considerable antiplasmodial effects
(86.83 and 84.20%), their combination with artesunate (10
mg/kg) did not produce complete parasite clearance
(89.93 and 89.43%). VA in the presence of artesunate pro-
duced a better chemosupression (86.93%) than when it
was administered alone (48.10%). The authors emphasized
the need to educate the public on the likely limitations as-
sociated with concomitant use of antimalarial plants
alongside conventional antimalarial drugs [29].

Synopsis of studies on herbal-antimalarial drugs
interactions with normal animals

This section is made of pharmacokinetic studies that in-
volved normal animals that were not subjected to P.
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berghei or other forms of malaria infections. Concentra-
tions of standard antimalarial drugs were measured fol-
lowing their co-administration with herbal remedies.
The outcome of these studies is summarized in Table 3.

Adepiti and co-researchers explored the influence of
MAMA antimalarial decoction (125 mg/kg) on the
pharmacokinetics of AQ (10 mg/kg) in mice. Using a
validated high-performance liquid chromatography
(HPLC) approach, blood samples were collected between
0 and 96 h for quantification of AQ and its major metab-
olite (desethylamodiaquine). In the presence of the de-
coction, there was a 12% increase in the maximum
concentrations of AQ, while the 85% increase was re-
corded in mice pretreated for 3 days. An increase was
also recorded in the active metabolites. The authors con-
cluded that the decoction influenced the pharmacokinet-
ics of AQ and desethylamodiaquine [39].

Eseyin et al [25] evaluated the effect of Gnetum afri-
cana on the pharmacokinetic parameters of CQ phos-
phate in overnight fasted albino rats. The study revealed
a significant decrease in Cp, (9.17%), Ka (3.06%), Ke
(45.38%), Cl (48.46%) and AUC (0-8) (16.90%) of CQ
(15 mg/kg) by the extract (200 mg/kg). The t;,, (83.11%)
and t;,, (100.00%) of CQ phosphate was increased by
the extract. The authors remarked that since the phar-
macokinetic parameters of CQ were altered by the ex-
tract, malaria patients on CQ treatment should beware
of consuming Gnetum africana alongside CQ, as such,
could lead to a decreased therapeutic effect of the drug
thereby leading to resistance.

Eseyin et al [36] did another study on the effects of the
leaf extract of VA (250 and 500 mg/kg) on the pharma-
cokinetics of dihydroartemisinin (2 mg/kg) in rats. UV
spectrophotometer was used to measure the serum level
of dihydroartemisinin at 0, 0.25, 0.5, 0.75, 1.0, 2.0, and 5
h on the last day (day 7th) of concurrent dihydroartemi-
sinin and extract administration. There was a reduction
in bioavailability (F), absorption constant (Ka), peak con-
centration (C,,,) as well as elevation in the apparent
volume of distribution (V4). Administration of the ex-
tract at a single dose (250 and 500 mg/kg) caused a re-
duction in AUC, as well as an elevation in elimination
constant. The authors posited the need for patients re-
ceiving VA alongside dihydroartemisinin to exercise
caution.

The effect of the aqueous root extract of Cryptolepis
sanguinolenta on the pharmacokinetics of ART in male
Sprague-Dawley rats was investigated. A single oral dose
of ART (150 mg/kg) was administered after the exposure
of animals to 36 g/kg of the extract for two weeks. There
was an increase of 233 and 62.1% in the elimination rate
constant and clearance of dihydroartemisinin (the most
potent metabolite of ART) respectively, when ART was
concurrently administered with Cryptolepis
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Table 3 Summary of studies on herbal-antimalarial drug interactions in normal animals (mice, rats and rabbits)

S/ Medicinal plant Conventional Animal Interaction effect Reference

no antimalarial drug

1 Aqueous root extract of Cryptolepis ART (150 mg/kg) Rats Cryptolepis sanguinolenta decreases the [35]
sanguinolenta (36 g/kg) effectiveness of ART

2 VA (250 and 500 mg/kg) Dihydroartemisinin (2 mg/ Rats lin AUG; 1in Ka [36]

kg)

3 Leaf of Heinsia crinata (200 mg/kg) CQ (15 mg/kg) Rats Extract | bioavailability of CQ [37]

4 Aqueous leaf extract of Azadirachta indica CQ (Dose not specified)  Rabbit  Extract 1 & | in pharmacokinetic parameters  [38]

5 MAMA herbal antimalarial decoction (120 AQ (10 mg/kg) Mice Decoction 1 the activity of AQ and its [39]
mg/kg) metabolites

6 Ethanolic leaf extract of Lasianthera Africana  CQ (15 mg/kg) Rats. Extract T & | in pharmacokinetic parameters  [40]
(200 mg/kg)

7 Ethanolic leaf extract of Vernonia amygdalina  CQ (10 mg/kg) Rats Extract T & | in pharmacokinetic parameters  [41]

8 Grapefruit juice (4 mi/kg) CQ (100 mg/kg) Mice 1 plasma concentration of CQ [42]

9 Gnetum africana (200 mg/kg) CQ (15mg/kg) Rats 1 & | in some pharmacokinetic parameters [24]

Vernonia amygdalina (VA); Artesunate (ART); Plasmodium berghei (P. berghei); Chloroquine (CQ). Amodiaquine (AQ). | (Decreased activity), 1 (Increased activity)

sanguinolenta when compared with ART alone. A sig-
nificant reduction was recorded in bioavailability
(40.1%), volume of distribution (68.1%) and half-life
(52.1%) of dihydroartemesinin, indicating that Cryptole-
pis sanguinolenta could produce decrease in effective-
ness due to herb-drug interactions. They suggested the
need to inform patients on the serious implication of
using Cryptolepis sanguinolenta and ART concomitantly
[35].

Effect of ethanol leaf extract of Lasianthera africana
on the pharmacokinetic parameters of CQ was investi-
gated. The first group of rats received only CQ (15 mg/
kg), while the second group received the extract (200
mg/kg) and CQ (15 mg/kg) at the same time. Using UV-
Vis spectrophotometer, the serum was analyzed for CQ
and protein. The extract significantly altered the phar-
macokinetic parameters of CQ as follows; relative in-
crease in ty, (115%), tmax (100%), V4 (14%) and AUC (0-
) (59%) and reduction in K, (54%), Kq (53%), Cpax
(38%) and CL (47) [40].

In 2010, Eseyin and co-workers studied the effects of
the leaf of Heinsia crinata on the pharmacokinetics of
CQ in rats. CQ (15 mg/kg) was administered at the same
time with the extract (200 mg/kg) to group one, while
only CQ (15mg/kg) was administered to the second
group. Serum of blood collected via cardiac puncture
under chloroform anesthesia in 0.25, 0.50, 1.00, 2.00,
4.00 and 8.00 h was analyzed spectrophotometrically at
344 and 260/280 nm. The study revealed that concomi-
tant oral administration of CQ and Heinsia crinata ex-
tract produced significant (p< 0.05) reduction in most as
well as a significant increase in few pharmacokinetic pa-
rameters of CQ. As suggested by the authors, reduced
bioavailability of CQ produced by the vegetable extract
indicates that a higher dose of CQ may be required
whenever the vegetable meal is taken with CQ [37].

The pharmacokinetics interaction effect between etha-
nolic leaf extract of VA and CQ was studied in rats. The
extract was administered before and at the same time
with CQ. The study revealed AUC of 297.52 + 8.45 and
333.22 + 24.99, Cp. of 74.60 + 1.02 and 76.60 + 3.07
for test and control groups. Elimination rate (Ke) in the
test group (0.088 + 0.035) was higher than the control
group (0.027 + 0.017). The authors recommended the
avoidance of concomitant administration of VA and CQ
to avoid the development of resistance [41].

Ali et al [42] investigated the effect of grapefruit juice
(GFJ) on plasma CQ kinetics in mice. Grapefruit juice
(4 mL/kg) was orally administered to mice before oral
administration of CQ (100 mg/kg). Measurement of CQ
plasma concentration was done fluorometrically at 0,
0.5, 0.75, 1, 2, 3, 4, 6, 8, 12, 18 and 24 h subsequent to
its administration. Mean AUC, C,,.,, and T,,., for con-
trol (distilled water) and test (GFJ) were 5.34 + 0.38 and
7.01 + 0.66 mg-h/L; 763.4 + 39.1 and 859.2 + 45.2 mg/L
and 2.65 and 2.95 h respectively. The authors concluded
that concomitant administration of GFJ with CQ en-
hances the plasma concentration of CQ,

Synopsis of studies on herbal-antimalarial drugs
interactions in-vitro and in human volunteers

Studies involving in-vitro model as well as human volun-
teers made up this section and the outcome of these
studies are summarized in Table 4.

Igbinoba et al [19] evaluated the interaction between
quinine and Garcinia kola (G. kola) using an in vitro ad-
sorption method at 37 + 0.1 °C. HPLC was used to quan-
tify the amount of quinine adsorbed and desorbed. From
the study, Quinine was adsorbed on G. kola, suggesting
the need to circumvent the simultaneous administration
of quinine and G. kola. This would aid in preventing
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Table 4 Summary of studies on herbal-antimalarial drugs interactions in human volunteers and in-vitro studies

S/ Medicinal plant Conventional antimalarial Interaction effect Reference
no drug
1 Garcinia kola seed (12.5 Quinine sulphate (600 mg/kg) 1 in peak plasma concentration of quinine and its metabolites [43]
9)
2 Kola nut (12.59) Halofantrine (500 mg) | in plasma concentrations of halofantrine and its active [44]
metabolite
3 Garcinia kola seed Quinine: HPLC quantitative study Quinine was adsorbed on G. kola (indicating antagonism) 9]

Vernonia amygdalina (VA); Artesunate (ART); Plasmodium berghei (P. berghei); Chloroquine (CQ). Amodiaquine (AQ). | (Decrease activity)

potential drug interaction
bioavailability.

In a follow-up study, a randomized crossover study
was carried out in 24 healthy Nigerian volunteers to in-
vestigate the effect of concurrent ingestion of G. kola
seed on the pharmacokinetics of quinine. One group of
participants received 600 mg quinine sulphate per sub-
ject before and after the administration of G. kola (12.5
g) daily for seven days, while another group received
12.5 g twice daily for six days and once on day seventh.
There was a reduction in the peak plasma concentration
of quinine and its metabolites (3 hydroxyquinine) follow-
ing the Co-administration of oral quinine and G. kola
seeds. The authors posited the need for caution to be
exercised when oral quinine is given concurrently with
G. kola [43].

Kolade et al [44] investigated the effect of kola nut on
the pharmacokinetics of halofantrine using 15 healthy
male volunteers who received 12.5g of kola nut along-
side 500 mg of halofantrine. Collected blood samples
were analyzed by HPLC. The study revealed a significant
decrease in the plasma concentrations of halofantrine
and the active metabolite (desbutylhalofantrine). Authors
submitted that caution should be exerted whenever
halofantrine is taken together with caffeine-containing
nutrients.

An interaction study between CQ and aqueous leaf ex-
tract of Azadirachta indica was investigated in rabbits.
There was a significant decrease in serum concentration
of CQ following concurrent administration of both
drugs. There was a slower absorption and elimination as
well as longer half-life of CQ. Significant reduction in
the area under the curve (71.9%), maximum serum con-
centration (69.8%), absorption rate constant (37.3%),
elimination rate constant (53.9%), clearance rate (76.5%)
and volume of distribution (47.2%) as well as pro-
nounced elevation in the half-life of the drug (125.7%)
were observed [38].

and decreased drug

Postulated interaction mechanism(s) between medicinal
plants and conventional antimalarial drugs

A combination of two or more drugs would either pro-
duce a none effect, especially when both drugs do not
have interaction. Also, such combination could result to

a less effect (antagonism), usually when one of the drugs
decreases or abolishes the action of the other. In syner-
gism, the action of one drug is expedited or enhanced by
the other drug, resulting in an additive or potentiation
effect [45].

It is interesting to note that, the three interaction ef-
fects stated above were observed from the above
highlighted studies. But what mechanism(s) or process
could have underlain such interactions?

Medicinal plants contain various bioactive compounds
such as tannins, terpenoids, saponins, alkaloids, couma-
rins, kaempferol, quinines, flavonoids, chalcones, sesqui-
terpene lactones, quercetin, sesquiterpenes, polyphenols
[10] among others, which are responsible for their anti-
malarial activities as a well as interaction effects with
conventional antimalarial drugs. The presence of plant
secondary metabolites could pose significant alterations
in pharmacokinetics parameters of the combination [2].
Diminution in pharmacological activity could also result
when plant chemicals combine and interact with drug
transporters [46]. For instance, zinc can stimulate intes-
tinal proteins that bind drugs and hinder their absorp-
tion from the lumen of the intestine into the blood
circulation [24]. Also, the half-life of CQ was found pro-
longed following inhibition of Cytochrome P55, enzymes
by flavonoids [24]. Green leafy vegetables have been re-
ported to be among foods which alkalinize urine, which
in turn increases tubular reabsorption, leading to a re-
duction in Ke of CQ [24, 47]. Iwalokun [15] proposed
the synergistic action of VA on CQ to be due to the abil-
ity of VA to prolong the elimination half-life of CQ. In
the same vein, Sibhat and Hiben, [23], suggested that
some herbal products could alter some pharmacokinetic
parameters of CQ by blocking its absorption, distribu-
tion and elimination [23].

Igbinoba and co-researchers in their in vitro study sug-
gested that the interaction of quinine with G. kola could
have occurred due to capacity-limited adsorption of quin-
ine unto G. kola, which contains flavonoids that possesses
functional groups that promote formation of complexes
with other compounds. The presence of trace elements
(sodium, magnesium, calcium, copper, aluminum, potas-
sium and zinc) in G. kola was suggested to have the cap-
acity of producing drug interactions via chelation [19].
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Medicinal plants that are rich in fat and dietary fiber
have the capacity of delaying the entry of orally adminis-
tered drugs [24, 48]. Thus, concomitant administration
of plant based food with conventional antimalarial drugs
would go a long way increasing or decreasing their
therapeutic or adverse effects.

From the review, chloroquine (14, 48.28%) appeared to
have the highest frequency of combination with medi-
cinal plants, which substantiates its affordability and
preference of use with herbal medicines by the locals.

Pharmacokinetic parameters such as elimination rate
constant (Kel), absorption rate, peak serum concentra-
tion, elimination half-life (T,,;), area under the curve
(AUC), volume of distribution (Vd), absorption rate con-
stant (Ka), maximum whole blood concentration (C,,.y),
time for maximum concentration to be attained (T .y)
and clearance (Cl), of a drug can be affected by food and
phytoconstituents [13]. Case in point, the activity of
cytochrome P450;, isozyme was enhanced following
simultaneous administration of C. sanguinolenta and
ART, which resulted to decrease in bioavailability, half-
life, clearance, volume of distribution, increase elimin-
ation rate constant of dihyhroartemisinin, the active me-
tabolite of ART [13, 35].

Conclusion and suggestions for further studies
From the appraised studies, antimalarial efficacies of
some conventional antimalarial drugs decreased the ef-
fectiveness of some extracts, while some extracts also de-
creased the effectiveness of some conventional
antimalarial drugs.

Indeed, studies on extracts that produced additive ef-
fects with conventional antimalarial drugs, suggests
prospects for standardization and development of
such antimalarial-medicinal plant combination therapy
[10]. According to Ijarotimi et al., [11], 100% survival of
animals infected with Plasmodium yoelii nigerense dur-
ing an interaction study between Khaya grandifolia and
halofantrine accentuates the need for combination ther-
apy between conventional antimalarial drugs and medi-
cinal plants.

Although the development of effective and promising
combination therapies would go a long way, providing a
cost effective approach in the control of malaria resist-
ance, further studies using Plasmodium falciparum
strains as well as human volunteers would be required
to validate the outcome of animal studies presented in
this review. Further mechanism based studies behind
conventional antimalarial and antimalarial medicinal
plant interactions should be carried out.

Caution
Evidences presented in this review update are prelimin-
ary data and are not projected for self-medication, to
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supplement or substitute health care givers or clinicians’
guidelines. They are for education of the Pharmacists,
Physicians and researchers. Thus, adequate consultations
should be gotten from well-informed physicians and re-
searchers before their applications.
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