West African Journal of Pharmacy (2016) 27 (2) 65-77

Effects of the extracts and derived fractions of four medicinal plants on hepatic microsomal enzymes:
an in-vitro study

Abidemi J. Akindele’, Olufunmilayo O. Adeyemi' and Margaret O. James’
'Department of Pharmacology, Therapeutics & Toxicology (PTT), Faculty of Basic Medical Sciences, College of
Medicine, University of Lagos, Idi-Araba Campus, P. M. B. 12003, Lagos, Nigeria
’Department of Medicinal Chemistry, College of Pharmacy, University of Florida, Gainesville, FL 32610-0485, USA

Corresponding author: Abidemi J. Akindele
E-mail : jakindele@unilag.edu.ng Phone: +2348062359726

ABSTRACT

Background: The use of medicinal plants for treatment of diverse ailments has continued to increase worldwide,
especially in developing countries. The concurrent use of herbal medicines and conventional drugs is common.
Herb-drug interaction through the inhibition/induction of cytochrome (CYP) P450 metabolizing enzymes could
resultin pharmacotoxicity/therapeuticfailure.

Objective: This study investigated the extracts and fractions of four medicinal plants (Crinum glaucum, Baphia
nitida, Byrsocarpus coccineus, and Sanseviera liberica) for possible effects on hepatic microsomal enzymes in-
vitro.

Methods: The benzyloxy-4-[trifluoromethyl]-coumarin O-debenzyloxylase (BFCOD; CYP3A4) and
benzyloxyresorufin O-debenzylase (BROD; CYP2B1/2) assays were used.

Results: The ethyl acetate:methanol and ethanol:water extracts of the plants demonstrated significant (p <0.05)
inhibitory effect on CYP activity, pronouncedly at the highest concentration (1 mg/ml) in the BROD assay. The
aqueous extracts and fractions of all the plants did not significantly affect CYP activity in both assays. The same
trend of observation was recorded in the BFCOD assay except that the ethyl acetate:methanol extract of C.
glaucum did not significantly affect CYP activity. The ethyl acetate:methanol extract of B. nitida and B. coccineus
elicited significant stimulatory effect at 0.01 and 0.1 mg/ml in the BROD assay. The hexane and n-butanol
fractions of the extracts showed varying tendency to cause stimulation of CYP activity at lower doses and
inhibition at the highest dose.

Conclusion: Findings suggest that the aqueous extracts/fractions of the plants investigated have little or no
tendency to significantly affect CYP activity. Other organic solvent extracts/fractions possess the ability to inhibit
CYP activity, especially at high doses.

Keywords: Crinum glaucum, Baphia nitida, Byrsocarpus coccineus, Sanseviera liberica, Herb-drug interaction,
Cytochrome P450 enzymes
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RESUME

Contexte: L'utilisation de plantes médicinales pour le traitement de diverses affections est en pleine croissance
dans le monde entier, surtout dans les pays en développement. L'utilisation concomitante de médicaments a
base de plantes et de médicaments conventionnels est courante. L'interaction herbe-médicament par
I'inhibition/l'induction des enzymes métabolisant le cytochrome (CYP) P450 pourrait entrainer un échec
thérapeutique/pharmaco-toxicité.

Objectif: Cette étude a étudié les extraits et fractions de quatre plantes médicinales (Crinum glaucum, Baphia
nitida, Byrsocarpus coccineus et Sanseviera liberica) pour les effets possibles sur les enzymes microsomales
hépatiquesinvitro.

Méthodes: Les essais de benzyloxy-4- [trifluorométhyl] -coumarine O-débenzyloxylase (BFCOD, CYP3A4) et
benzyloxyresorufine O-débenzylase (BROD; CYP2B1 2) ont été utilisés.

Résultats: Les extraits d'acétate d'éthyle: méthanol et éthanol: eau des plantes ont montré un effet inhibiteur
significatif (p <0,05) sur I'activité du CYP, nettement a la concentration la plus élevée (1 mg/ml) dans I'essai
BROD. Les extraits aqueux et les fractions de toutes les plantes n'ont pas eu d'effet significatif sur I'activité du
CYP dans les deux dosages. La méme tendance d'observation a été enregistrée dans le test BFCOD, sauf que
I'extrait d'acétate d'éthyle et de méthanol de C. glaucum n'a pas eu d'effet significatif sur I'activité du CYP.
L'extrait d'acétate d'éthyle et de méthanol de B. nitida et de B. coccineus a entrainé un effet stimulant
significatifa 0,01 et 0,1 mg/ml dans|'essai BROD. Les fractions d'hexane et de n-butanol des extraits ont montré
une tendance variable a provoquer une stimulation de I'activité du CYP a des doses plus faibles et une inhibition
aladoselaplusélevée.

Conclusion: Les résultats suggerent que les extraits/fractions aqueuses des plantes étudiées ont peu ou pas de
tendance a affecter significativement I'activité du CYP. D'autres extraits/fractions de solvant organique
possedent la capacité d'inhiber I'activité du CYP, en particulier a des doses élevées.

Mots-clés: Crinum glaucum, Baphia nitida, Byrsocarpus coccineus, Sanseviera liberica, interaction herbe-
médicament, enzymes du cytochrome P450
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INTRODUCTION

The patronage of Traditional Medicine (TM) and
Complementary and Alternative Medicine (CAM) has
increased tremendously over the vyears. A strong
component of both TM and CAM is the use of medicinal
plants for the treatment of disease conditions.
According to Leonti and Casu’, herbal medicine and
phytotherapy are used as therapeutic alternatives to
biomedicine for the treatment of mild and chronic
health problems. It has been reported that patients
frequently combine conventional treatment and
alternative approaches rather than exclusive use of
either.” Duru et al.’ reported a high prevalence of
traditional medicine use and concurrent use of
orthodox medicine. The general expectation is that of
synergistic/summative effects. Examples of botanicals
gaining popularity even in conventional medicine
include Garlic (Allium sativum), Ginseng (Panax
ginseng), Ginger, Ginkgo, St. John's Wort, Saw palmetto
(Serenoa repens) etc.’

As is the case with drug-drug interaction, herb-drug
interaction has received considerable attention in
recent times. According to Fasinu et al.’, mechanisms of
pharmacokinetic herb-drug interaction include
alteration in gastrointestinal functions which impact on
drug absorption, induction/inhibition of metabolic
enzymes and transport proteins, and alteration of renal
excretion of drugs and their metabolites. Cho and Yoon®
based on their in-vitro and in-vivo investigation of ten
herbs and relevant phytochemicals reported that herbs
can interact with cytochrome P450 and P-glycoprotein
as inhibitors and/or inducers. It has been reported that
numerous known drug interactions with prescription
medications are mediated through CYP3A4’ and the
most common pharmacokinetic interactions usually
involve either the inhibition or induction of the
metabolism of drugs catalyzed by the important
enzymes, cytochrome P450 (CYP).?

Crinum glaucum A. Chev (Amaryllidaceae), Baphia
nitida Baill. (Papilionaceae), Byrsocarpus coccineus
Schum. and Thonn. (Connaraceae), and Sansevieria
liberica Gerome and Labroy (Agavaceae) are Nigerian
medicinal plants with preparations used to treat diverse
ailments and are likely to be used concurrently with
orthodox medicines. Crinum glaucum is a bulbous plant
widely used in Traditional African Medicine (TAM) for
the treatment of diverse ailments. The plant is
commonly called “Crinum lily” or “Spider lily” with the
local names in Nigeria being “Isu meri” (Yoruba, South-
west), “Ede chukwu” (lgbo, South-east) and
“Albasarkwa adi” (Hausa, North). Preparations of the

bulb and flower-stalks of the plant are used as
antimicrobial, purgative, rubefacient, anti-cough, anti-
allergic and female fertility enhancing remedies.” C.
glaucum has also been reported to be used as
antispasmodics and in the treatment of various
ailments such as cough, asthma, convulsion®, sores,
sexually transmitted diseases and backache.” Various
biological activities of C. glaucum extracts have been
investigated and reported. These include smooth
muscle relaxant”, analgesic and anti-inflammatory®,
antianaphylactic’®, memory enhancing'’, and
anticonvulsant” activities.

Baphia nitida is a shrub/tree commonly found in the
interior and coastal regions of tropical Africa.
Commonly called “Cam wood”, the plant is locally
known in Nigeria by various names, including “lrosun”
(Yoruba, South-west), “Majigi” (Hausa, North), “Ufie”
and “Aboshi” (Igbo, South-east). Preparations of the
leaves, bark, roots, and twigs are used in the treatment
of constipation, skin diseases, venereal diseases,
ringworm, flatulence, smallpox, as enema’, and as
stimulant.’”® The plant is also used as anti-inflammatory
agent against inflamed and infected umbilical cord”,
fungal infections of the skin®, and treatment of breast
cancer.” Extracts of the plant have been investigated
and reported to possess haemostatic”, negative
chronotropic and inotropic®, anti-inflammatory”,
anxiolytic/sedative, skeletal muscle relaxant®”,
antidiarrhoeal”, and airway relaxant™ activities.
Byrsocarpus coccineus, commonly called “Crimson
thyme” is a shrub with delicate pink-tinged foliage and
white, sweet-scented flowers widely spread across
tropical Africa.” Locally, it is known in Nigeria as
“Tsaamiyar-kasa” (Hausa, North), “Oke abolo” (lgbo,
South-east), and “Orikoteni” (Yoruba, South-west).
Uses of preparations of the leaves, roots and whole
plant in TAM include venereal disease, impotence,
tumour, ulcer, jaundice, inflammation, diarrhoea etc.””
In terms of pharmacological profiling, the plant has
been reported to possess molluscidal®, uterotonic”, in-
vitro antioxidant™, antimicrobial®*, hepatoprotective
and in-vivo antioxidant™, anxiolytic and sedative®,
antihypertensive® and anti-diabetic* activities.
Sansevieria libericais a perennial plant with thick woody
rhizomes, widely distributed in the tropical, subtropical
and temperate zones of the world. The plant is locally
known as “Mooda” (Hausa, North), “Ebube-agu” (Igbo,
South-east), and “Oja ikoko” (Yoruba, South-west), and
its common names include “Mother in-law tongue”,
“African bowstring” and “Leopard lily”. Preparations of
the leaves and rhizomes of the plant are used in the
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treatment of parasitic infections,” ear and eye
infections, pain, inflammation, fever, and diarrhoea.”
Various investigators have reported the CNS depressant
and anticonvulsant”, analgesic™, antidiarrhoeal™,
in-vitro antitrypanosomal, antileishmanial,
antiplasmodial®*, hepatoprotective®,
anti-inflammatory®, and in-vitro and in-vivo
anticancer® activities of extracts of the plant.

A number of studies have been conducted to
investigate the effects of herbal remedies and derived
constituents on hepatic microsomal enzymes activity
in-vitro. He et al.” reported that gypenosides exhibited
competitive inhibition of CYP2D6 and therefore cause
herb-drug interactions via inhibition of this CYP
isoform. Mekjarusku et al.” stated that Kaempferia
parviflora extract modulated several CYP450 enzyme
activities, hence its use with drugs or other herbs
should raise concern for potential drug-herb
interactions. It has also been reported that the
ethanolic extract of Hibiscus sabdariffa caused
inhibition of CYP isoforms in-vitro."

The aim of this study was to investigate extracts and
fractions derived from four Nigerian medicinal plants
(Crinum glaucum, CG; Baphia nitida, BN; Byrsocarpus
coccineus, BC; and Sanseviera liberica, SL) for possible
effects (inhibition/induction) on hepatic microsomal
enzymes in-vitro. The findings in this evaluation will
help determine the likely effect of these herbs on
prescription drugs based on the common practice of
concurrent use with herbal remedies.

METHODS

Plant materials

Fresh plant materials (C. glaucum- bulb; B. nitida and B.
coccineus — leaves; and S. liberica — rhizomes) were
obtained from domestic environments in Alimosho and
Ifako/ljaiye Local Government Areas (B. nitida and B.
coccineus) and a local herb market in Mushin Local
Government Area, all of Lagos State, Nigeria. The
botanical identification and authentication of the
different plant materials were done in the Department
of Botany and Microbiology, Faculty of Science,
University of Lagos, Lagos, Nigeria and the Forestry
Research Institute of Nigeria (FRIN), Ibadan, Nigeria.
The voucher specimen of the plant materials were
deposited at the herbarium of the Institutes with
assigned reference numbers (C. glaucum- LUH 5082; B.
nitida- FHI 106544; B. coccineus- FHI 106623; and S.
liberica- FHI 107621).

Extraction and fractionation

Leaf materials (BC and BN) were air-dried until a
constant weight was obtained and pulverized, while
bulbs (CG) and rhizomes (SL) were chopped into pieces.
The leaves, bulbs and rhizomes were washed with clean
water before processing. The respective plant materials
(200 g) were macerated with ethyl acetate (EtOAc) and
methanol (MeOH) (1:1) for 48 h with mechanical stirring
(Extract 1). The residue from this extraction was
macerated with ethanol (EtOH) and de-ionized water
(H,0) (1:1), also for 48 h with mechanical stirring
(Extract 2). Another portion of the dried material (200 g)
was macerated with H,0 for 48 h with mechanical
stirring (Extract 3). Extract 1 for the respective plants
were partitioned between hexane (Fraction 1X) and
80% MeOH. The 80% MeOH fractions were then
partitioned between n-butanol (BuOH) (Fraction 1Y)
and H,O (Fraction 1Z). Extract 2 of the different plants
were partitioned directly between BuOH (Fraction 2Y)
and water (Fraction 2Z). The extracts (1, 2 and 3) and
fractions derived from extracts 1 and 2 were used in the
cytochrome P450 activity assays.

Investigation of effect on cytochrome P450 enzyme
activity

Benzyloxyresorufin (BR) and benzyloxy-4-
trifluoromethylcoumarin (BFC) are fluorogenic
substrates selective for CYP2B1/2 and CYP3A4,
respectively.”*® Ketoconazole is a known inhibitor of
CYP3A4 as well as other P450s and was used as a
positive control.

Chemicals and reagents

All chemicals, solvents and reagents were obtained
from Sigma-Aldrich, St. Louis, MO, USA or Fisher
Scientific, Orlando, FL, USA. The following solutions
were used in assays: 5 mM 7-benzyloxy-4-
trifluoromethylcoumarin (BFC) in acetonitrile, 1 M
Hepes pH 7.6, bovine serum albumin (BSA, 10% in
water), nicotinamide adenine dinucleotide phosphate
(NADPH, 9 mg/ml freshly prepared), water, 0.5 M Tris
base, methanol (in dispenser), 0.5 mM and 0.05 mM 7-
hydroxy-4-trifluoromethylcoumarin (HFC) in
acetonitrile, 1 M Hepes-NaOH buffer pH 7.6 (13.32 g
Hepes + required amount of NaOH to give pH 7.6 per 50
ml final volume), TLC-pure benzyloxyresorufin (BR) in
methanol (2.089 x 10” M), and TLC-pure resorufin in
methanol (2x 10° M).

Washed human hepatic microsomes were prepared by
differential centrifugation as described by James et al.™
Aliquots were stored at - 80 °C until use in assays. The
human liver was a de-identified transplant-quality liver
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obtained from the Department of Surgery, University of
Florida, Gainesville, FL, US under a protocol approved
by the Institutional Review Board.

Benzyloxy-4-[trifluoromethyl]-coumarin O-
debenzyloxylase (BFCOD) assay

This assay is based on the monooxygenation of BFC to
HFC which was measured by a modification of
published methods.”* The water bath was set at 37 °C
and the number of tubes needed for duplicate
incubations was determined with a blank tube assigned
to each set. Tubes were numbered and BFC added (0.02
ml of 5 mM stock). The solvent was evaporated under
nitrogen and Hepes buffer (0.1 ml giving a final
concentration of 0.1 M) was added. Appropriate
volume of water was added to each tube to make a total
final volume of 1 ml and vortex mixing was carried out.
Microsomes were added (0.267 ml of 7.5 mg/ml stock
giving a final bath concentration of 2 mg/ml) and
sample tubes were placed in water bath for 1 min. Three
millilitre methanol was added to the blank tubes.
NADPH (0.1 ml of 9 mg/ml stock giving a final assay
concentration of 2 mM) was added to all sample tubes
at timed intervals (every 15 seconds). The sample tubes
were incubated in the shaking water bath for precisely
10 min. and the reaction was then stopped by adding 3
ml methanol and vortex-mixing. The tubes were
allowed to stand for 20 min. after which they were
centrifuged at 600 g for 15 min. Three millilitre of the
clear supernatant in each case was transferred to a
clean tube and 0.75 ml of 0.5 M Tris base was added.
Fluorescence was then read at excitation 410 nm and
emission 530 nm using a fluorimeter. The standard
curve was prepared with HFC (0, 250, 500, 1250, 2500
and 5000 pmol). The pmol HFC formed in sample tubes
was determined from the standard curve. The specific
activity was calculated as given below:

Specific activity = [pmol — blank] + [protein (mg) x
incubation time (min.)]

For the BFCOD assay, the amount of protein was 2 mg
and the incubation time was 10 min. Samples were run
in quadruplicate.

Benzyloxyresorufin O-debenzylase (BROD) assay

The basic principle of this assay is the conversion of BR
to resorufin.””* The water bath was turned on at 37 °C
and NADPH solution was prepared and placed on ice.
The sample and standard tubes were prepared with
buffer (0.1 ml), BSA solution (0.2 ml) and made up to 1
ml with water. BR (0.024 ml of 2.089 x 10” M giving a
final concentration of 5 uM) was added to the samples
and resorufin (0, 0.0025, 0.005, 0.01, 0.02, and 0.05 m|

corresponding to 0, 5, 10, 20, 40, and 100 pmol) to the
standard tubes. The sample tubes were then placed in
incubation bath. At appropriate time intervals (20
seconds), microsomes (0.0333 ml of 7.5 mg/ml stock or
0.0226 ml of 11.07 mg/ml stock giving 0.25 mg protein)
and NADPH were added to the sample tubes (0.1 ml of 9
mg/ml stock). The sample tubes were incubated for 5
min. and the reaction was thereafter stopped by adding
2.5 mlice-cold methanol and vortex-mixing thoroughly.
Methanol was added to blank tubes before NADPH
addition. The tubes were left standing for 20 min. to
flocculate protein after which they were centrifuged for
15 min. at full speed. To the standard tubes, 2.5 ml
methanol was added as for samples. The fluorescence
of the supernatant from standards and samples were
measured at excitation 550 nm and emission 585 nm.
The fluorescence reading was converted to pmol
resorufin from the standard curve.

Specific activity = [pmol — blank] + [protein (mg) x
incubation time (min.)]

For the BROD assay, the amount of protein was 0.25 mg
and the incubation time was 10 min. Samples were run
in quadruplicate.

Statistical analysis

Results (specific activity in pmol/min/mg of hepatic
microsomal enzymes) obtained were expressed as
mean + S.E.M. (n = 4). The data were analyzed using
one-way ANOVA followed by Dunnett's post-hoc test
(GraphPad Prism 5 Software; GraphPad Software, Inc.,
LaJolla, CA, USA). Results were considered significant at
p<0.05.

RESULTS

Effect of extracts on cytochrome P450 enzyme activity
In the BFCOD assay, the ethyl acetate:methanol extract
of B. nitida caused significant reduction in CYP activity,
compared to control, with peakinhibitory effect (92.1%;
p < 0.0001) produced at the highest concentration of 1
mg/ml. This effect was comparable to that elicited by
ketoconazole (65.75%). C. glaucum extract at the
different concentrations used did not significantly
change the metabolizing enzyme activity relative to
control. S. liberica significantly reduced (p < 0.001) CYP
activity only at the highest concentration of 1 mg/ml,
with effect (57.5%) being comparable to that of
ketoconazole. Significant inhibitory effect was elicited
by B. coccineus at concentrations of 0.1 (p < 0.01) and 1
mg/ml (p < 0.0001) with the later effect (96%) being
comparable to that of ketoconazole (Figure 1(A)). In
respect of the BROD assay, the ethyl acetate:methanol
extract of B. nitida (1 mg/ml; 48.7%; p < 0.05), C.
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glaucum (1 mg/ml; 51.5%; p<0.05), S. liberica (0.01,0.1
and 1 mg/ml; 45.1, 44.5 and 68.2% respectively; p <
0.05,0.001) and B. coccineus (1 mg/ml; 48.9%; p < 0.05)
significantly inhibited CYP activity with these effects
being comparable to that of ketoconazole (65.1%).
However, B. nitida (0.01 and 0.1 mg/ml; 50.4 and 47.7%
respectively; p < 0.05) and B. coccineus (0.01 mg/ml;
66.5%; p < 0.001) significantly increased the enzyme
activity compared to control and ketoconazole (p <
0.0001) (Figure 1(B)).

Considering the ethanol:water extracts in respect of the
BFCOD assay, B. nitida (0.1and 1 mg/ml; 48.9and 91.7%
respectively; p < 0.01, 0.0001), C. glaucum (1 mg/ml;
37.4%; p < 0.05), S. liberica (0.1 and 1 mg/ml; 35.4 and
73.0% respectively; p < 0.05, 0.0001), and B. coccineus
(0.1 and 1 mg/ml; 49.4 and 93.7% respectively; p <
0.001, 0.0001) significantly inhibited CYP activity, with
peak effects at the highest concentration used. These
effects were comparable to that elicited by
ketoconazole, 65.8% (Figure 2(A)). The same trend of
result was observed in the BROD assay in respect of B.
nitida (0.01-1 mg/ml; 51.8, 73.9 and 85.5%
respectively; p < 0.001, 0.0001), C. glaucum (1 mg/ml;
51.4%; p<0.001), S. liberica (0.1 and 1 mg/ml; 42.8 and
81.7% respectively; p < 0.01, 0.0001), and B. coccineus
(1 mg/ml; 71.5%; p < 0.0001) (Figure 2(B)). The water
extracts of all the plants investigated did not cause
significant change in CYP activity, in both the BFCOD
((Figure 3(A)) and BROD (Figure 3(B)) assays relative to
control.

Effect of fractions on cytochrome P450 enzyme
activity

In respect of the fractions generated from the ethyl
acetate: methanol and ethanol: water extracts, BN-1X
(1 mg/ml; 75.8%; p < 0.0001), BN-1Y (1 mg/ml; 70.6%; p
< 0.0001), BN-2Y (0.1 and 1 mg/ml; 39.3 and 82.7%
respectively; p < 0.05, 0.0001), and BN-2Z (1 mg/ml;
77.6%; p < 0.0001) significantly inhibited the
metabolizing enzyme activity relative to control with
effects being comparable to that of ketoconazole
(56.6%). The BN-1Z fraction (0.01-1 mg/ml) did not
significantly change CYP activity relative to control.
However, BN-1X, BN-1Y (0.01 mg/ml; 87.85 and 80.4%
respectively; p < 0.0001) and BN-2Y (0.01 mg/ml;
42.1%; p < 0.05) significantly increased CYP activity
compared to control and ketoconazole (Figure 4(A)). C.
glaucum fractions did not generally significantly change
the metabolizing enzyme activity compared to control
except in the case of CG-1X which significantly
increased (112.5%; p < 0.05) CYP activity relative to
control at the concentration of 0.1 mg/ml (Figure 4(B)).

In respect of S. liberica fractions, metabolizing enzyme
inhibitory effect was only observed with SL-1Y (1
mg/ml; 90.7%; p < 0.0001) compared to control. This
effect was comparable to that of ketoconazole (54.0%).
The SL-1Z and SL-2Z fractions (0.01-1 mg/ml) did not
significantly change CYP activity compared to control.
However, SL-1X, SL-1Y (0.01 and 0.1 mg/ml; 80.4, 125.3,
82.9 and 85.3% respectively; p < 0.0001), and SL-2Y
(0.01 and 0.1 mg/ml; 71.1 and 53.1% respectively; p <
0.001, 0.05) significantly increased CYP activity relative
to control and ketoconazole (p < 0.0001) (Figure 5(A)).
B. coccineus fractions (0.01-1 mg/ml) did not
significantly change CYP activity compared to control
(Figure 5(B)).
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Figure 1: Effect of ethyl acetate:methanol extracts in the BFCOD (A) and BROD (B) assays. Data are presented as

4).’p<0.05, p <0.01, p<0.001, p < 0.0001 vs. control; °p < 0.05, °p < 0.0001 vs. ketoconazole

(One way ANOVA followed by Dunnett's post-hoc test).

mean £S.E.M. (n

ol
o B

(A = —
O [T 1T ITTTTIITTITOTITT00]

OHEE

N —
SR
O

c 1
o ERTTITIITIIITI

Te) o n o n o
N N - -

INW Q"0 @]0ZeuU020}3)

Jw/Bw | 2-09g
Jw/Bw L0 2-09
Jw/Bw L0'0 2-09

Jw/Bw | 2-1S
Jw/Bw L0 2-1S
Jw/Bw 10’0 2-1S

jw/Bw | 2-99
Jw/Bw L0 2-99
Jw/Bw 100 2-99

Jw/Bw | Z-Ng
Jw/Bw L'0 Z-Ng
Jw/Bw 10’0 2-N9

|josjuo)d

Treatment

INW Q"0 @]0ZeU020}8)

Jw/Bw | Z-09
Jw/Bw L°0 2-09
Jw/Bw 100 2-09

Jw/Bw | 2-1S
Jw/Bw L0 2-1S
Jw/Bw L0'0 2-1S

Jw/Bw | 2-99
Jw/Bw L0 2-99
Jw/Bw 100 2-99

Jw/Bw | Z-Ng
jw/Bw L0 Z-N9
Jw/Bw 100 2-N9

|o43uo)

(Bwyuiwy/jowd) AyAnoe oyioadg

Treatment

Figure 2: Effect of ethanol:water extracts in the BFCOD (A) and BROD (B) assays. Data are presented as mean *
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ketoconazole (One way ANOVA followed by Dunnett's post-hoc test).
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Figure 4: Effect of BN (A) and CG (B) fractions in the BROD assay. Data are presented as mean £ S.E.M. (n
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Figure 5: Effect of SL (A) and BC (B) fractions in the BROD assay. Data are presented as mean £ S.E.M. (n=4).°p<
0.05, °p < 0.001, “p < 0.0001 vs. control; °p < 0.05, °p < 0.0001 vs. ketoconazole (One way ANOVA followed by

Dunnett's post-hoc test).

DISCUSSION

The induction and inhibition of drug-metabolizing
enzymes are the most common causes of altered drug
biotransformation during drug-drug and food-drug
interactions.*®* This study was conducted to investigate
the potential of extracts and fractions of 4 documented
Nigerian medicinal plants (Crinum glaucum, Baphia
nitida, Byrsocarpus coccineus and Sanseviera liberica)
to inhibit or induce hepatic microsomal enzymes using
the BROD and BFCOD assays. As mentioned earlier, BR
and BFC are fluorogenic substrates selective for
CYP2B1/2 and CYP3A4, respectively.

CYP2B1 and CYP2B2 are structurally related isoenzymes
with very similar substrate specificities and CYP2B
enzymes metabolize a diverse group of compounds,
including pesticides, chemotherapeutics such as
cyclophosphamide, tobacco-specific nitrosamines and
drugs of abuse such as cocaine, nicotine, and
antidepressants.” CYP3A (3A4, 3A5 and 3A7) is the
most abundant subfamily of cytochromes P450,
representing about 30% of the entire CYP450 enzymes
in human liver and being responsible for processing
more than 50% of therapeutic drugs.” It has been
reported that practically all the medicinal plants that

demonstrated activity in the Phase 1 metabolism are
substrates for the CYP3A family; macrolide antibiotics,
anti-arrythmics, benzodiazepines, immune
modulators, HIV antivirals, antihistamines, calcium
channel blockers and HMG CoA reductase inhibitors are
examples of classes of medications metabolized by the
CYP3A subfamily; and that the probability of herb-drug
interactions with this isoform is high.”"*

In this study, the ethyl acetate:methanol and
ethanol:water extracts of C. glaucum, B. coccineus, B.
nitida and S. liberica demonstrated significant
inhibitory effect on CYP activity, most especially at the
highest concentration used, in the BROD assay.
However, the aqueous extracts of all the plants did not
significantly affect the metabolizing enzyme activity.
The same trend of observation was recorded in the
BFCOD assay except that the ethyl acetate:methanol
extract of C. glaucum did not significantly affect CYP
activity. Animportant observationis the finding that the
aqueous extracts of all the plants investigated did not
significantly affect CYP activity in the BFCOD assay, as
also observed in the BROD assay. Also, the aqueous
fractions of all the plant extracts generally did not
significantly affect the metabolizing enzyme activity.
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Unlike in the BFCOD assay and other extracts, the ethyl
acetate: methanol extract of B. nitida and B. coccineus
elicited significant stimulatory effect at the lower
concentrations used in this study. The hexane and n-
butanol fractions of the extracts showed varying
tendencies to cause stimulation of CYP activity at lower
doses and inhibition at the highest dose. In previous in-
vitro studies, it was reported that gypenosides
exhibited competitive inhibition of CYP2D6";
Kaempferia parviflora extract modulated several
CYP450 enzyme activities **; and the ethanolic extract of
Hibiscus sabdariffa caused inhibition of CYP isoforms in-
vitro.” These are valid reasons to suspect potential for
herb-drug interaction on the basis of modulation of
CYP450enzymes.

The findings in this study suggest that the aqueous
extracts and fractions of all the plants investigated,
unlike those derived from other organic solvents, had
no significant effect on CYP (CYP2B1/2 and CYP3A4)
activity. This observation is significant in view of the fact
that water is almost universally the solvent used to
extract activity of medicinal plants and herbs.”
However, it has been reported that ethanol is the most
commonly used organic solvent by herbal medicine
manufacturers because the finished products can be
safely used internally by consumers of herbal
extracts.” In contrast to water extracts, the plant
extracts and fractions derived from other organic
solvents demonstrated a high propensity to inhibit CYP
activity, especially at the highest concentration, in this
study. This finding is significant based on the fact that
dosage appropriation is one of the major criticisms of
TM and use of medicinal plant remedies, and there is a
high tendency that herbal medicines are likely to be
taken in excess owing to the false belief of direct
proportionality between dose and efficacy.

According to Fasinu et al.’, the risk of pharmacokinetic
drug interaction may result in either pharmacotoxicity
or treatment failure. The CYP inhibitory effect of the
extracts investigated in this study suggest
predisposition to pharmacotoxicity of co-administered
drugs, and this may be very problematic in respect of
drugs with narrow therapeutic index e.g. warfarin
lithium, digoxin, phenytoin, gentamycin, amphotericin
B, 5-fluorouracil, zidovudine etc.).

CONCLUSION

The results obtained in this study suggest that the
aqueous extracts and fractions of the Nigerian
medicinal plants investigated (Crinum glaucum, Baphia
nitida, Byrsocarpus coccineus and Sanseviera liberica)
have little or no tendency to significantly affect CYP

(CYP2B1/2 and CYP3A4) metabolizing enzyme activity.
Other organic solvent extracts and fractions however,
possess the ability to considerably inhibit the activity of
the metabolizing enzymes especially at high doses,
hence caution should be exercised in the co-
administration of these herbal medicines with
prescribed orthodox medications, especially those with
narrow therapeutic window. This also calls for improved
education of physicians on natural product medicines
and herb-druginteraction, and the proper counseling of
patients on the possible effects and dangers of
concurrent intake of herbal medicines with
conventional drugs.

ACKNOWLEDGMENT

The authors are grateful for the support given to the first
author to conduct the research in the Department of
Medicinal Chemistry, College of Pharmacy, University of
Florida, Gainesville, FL 32610-0485, USA under the U.S.
Department of State's Fulbright Junior Staff
Development Award (JSD) program. No conflict of
interestis applicable to this study.

REFERENCES

1. Leonti M, Casu L (2013). Traditional medicines
and globalization: current and future
perspectives in ethnopharmacology. Frontiers in
Pharmacology 4:92.
doi:10.3389/fphar.2013.00092

2. The Lismore Clinic (2015). Integrated medicine.
Available at http://herbalmedicine.ie/integrated-
medicine. Accessed on 14th November, 2016.

3. Duru CB, Diwe KC, Uwakwe KA, Duru CA, Merenu
IA, Iwu AC, Oluoha UR, Ohanle 1(2016). Combined
orthodox and traditional medicine use among
households in Orlu, Imo State, Nigeria:
prevalence and determinants. World Journal of
Preventive Medicine 4(1):5-11.

4, Gilani AH, Rahman AU (2005). Trends in
ethnopharmacology. Journal of
Ethnopharmacology 100:43-49.

5. Fasinu PS, Bouic PJ, Rosenkranz B (2012). An
overview of the evidence and mechanisms of
herb-drug interactions. Frontiers in
Pharmacology 3:69. doi:
10.3389/fphar.2012.00069

6. Cho H-J, Yoon I|-S (2015). Pharmacokinetic
interactions of herbs with cytochrome P450 and
P-glycoprotein. Evidence-Based Complementary
and Alternative Medicine 2015:2015.
doi:10.1155/2015/736431

7. Busti AJ(2015). Herbal or Natural Supplements

74  West African Journal of Pharmacy (2016) 27 (2)



10.

11.

12.

13.

14.

15.

16.

17.

18.

Effects of extracts on hepatic microsomal enzymes

Known to Inhibit Cytochrome P450 (CYP) 3A4.
EBM Consult. Available at
http://www.ebmconsult.com/articles/herbal-
natural-medicines-inhibitors-cyp3a4-enzyme.
Accessed on 14th November, 2016.
Wanwimolruk S, Prachayasittikul V (2014).
Cytochrome P450 enzyme mediated herbal drug
interactions (Part 1). EXCLIJournal 13:347-391.
Nigerian Medicinal Plants Database (2013).
Available at
www.medicinalplantsinnigeria.com/Plantsdatab
ase.pdf. Accessed on 3rd January, 2013.
Houghton PJ, Agbedahunsi JM, Adegbulugbe A
(2004). Choline esterase inhibitory properties of
alkaloids from two Nigerian Crinum species.
Phytochemistry 65:2893-2896.

Duri ZJ, Scovill JP, Huggins JW (1994). Activity of a
methanolic extract of Zimbabwean Crinum
macowanii against exotic RNA viruses in vitro.
Phytotherapy Research 8:121-122.

Okpo SO, Adeyemi OO (1998). Effects of Crinum
glaucum aqueous extract on intestinal smooth
muscle activity. Phytotherapy Research 12:413-
416.

Okpo SO, Fatokun F, Adeyemi OO (2001).
Analgesic and anti-inflammatory activity of
Crinum glaucum aqueous extract. Journal of
Ethnopharmacology 78:207-211.

Okpo SO, Adeyemi OO (2002). The
antianaphylactic effects of Crinum glaucum
aqueous extract. Journal of Ethnopharmacology
81:187-190.

Ishola 10, Olayemi SO, Idowu AR (2013).
Anticonvulsant, anxiolytic and hypnotic effects of
aqueous bulb extract of Crinum glaucum A. Chev
(Amaryllidaceae): role of GABAergic and nitrergic
systems. Pakistan Journal of Biological Sciences
16:701-710.

Lawal U, Ibrahim H, Agunu A, Abdulahi Y (2010).
Anti-inflammatory and analgesic activity of water
extract from Ipomoea asarifolia Desr
(Convolvulaceae). African Journal of
Biotechnology 9:8877-8880.

Onwukaeme DN (1995). Anti-inflammatory
activities of flavonoids of Baphia nitida Lodd
(Leguminosae) on mice and rats. Journal of
Ethnopharmacology 462:121-124.

Okungbowa Fl, Okpako OE (2011). Plants used for
treating human fungal skin diseases in three
Urhobo rural communities in Delta State, Nigeria:
Implication for conservation. Plant Archives
11:1155-1158.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Roger KG, Christelle AN, Akhanovna MBJ, Yves-
Alain B (2011). CCM D'extraits selectifs de 10
plantes utilisees dans le traitement traditionnel
du cancer du sein en Coéte d'lvoire. European
Journal of Scientific Research 63:592-603.
Kone-Bamba D, Pelissier Y, Ozoukou ZF, Kouao D
(1987). Hemostatic activity of 216 plants used in
traditional medicine in the Ivory Coast. Plant
Medicines and Phytotherapy 21:122-130.
Adeyemi OO (1992). Effects of aqueous extract of
Baphia nitida on isolated cardiac tissues.
Phytotherapy Research 6:318-321.

Adeyemi OO, Yemitan OK, Taiwo AE (2006).
Neurosedative and muscle relaxant activities of
ethyl acetate extract of Baphia nitida AFZEL.
Journal of Ethnopharmacology 106:312-316.
Adeyemi OO, Akindele AJ (2008). Antidiarrhoeal
activity of the ethyl acetate extract of Baphia
nitida (Papilionaceae). Journal of
Ethnopharmacology 116:407-412.
Irié-N'guessan G, Champy P, Kouakou-Siransy G,
Koffi A, Kablan BJ, Leblais V (2011). Tracheal
relaxation of five Ivorian anti-asthmatic plants:
role of epithelium and K? channels in the effect of
the aqueous-alcoholic extract of Dichrostachys
cinerea root bark. Journal of Ethnopharmacology
138:432-438.

Burkill HM (1985). The Useful Plants of West
Tropical Africa, Vol. 1. Kew: Royal Botanic
Gardens.

Okunji CO, Iwu MM (1988). Control of
Schistosomiasis using Nigerian medicinal plants
as molluscicides. International Journal of Crude
Drug Research 26:246-252.

Amos S, Binda L, Kunle OF, Wambebe C, Gamaniel
K (2002). Uterotonic properties of the ethanolic
extract of Byrsocarpus coccineus. Pharmaceutical
Biology 40:33-38.

Oke JM, Hamburger MO (2002). Screening of
some Nigerian medicinal plants for antioxidant
activity using 2,2, diphenyl-picryl-hydrazyl
radical. African Journal of Biomedical Research
5:77-79.

Ahmadu AA, Akpulu IN, Hassan HS, Sule MlI, Pateh
UU (2006). Antibacterial and anti-inflammatory
activity of Byrsocarpus coccineus and its
constituents. Planta Medica 72:203.

Ahmadu AA, Akpulu IN, Hassan HS, Sule M, Pateh
UU (2006). Preliminary phytochemical and
antimicrobial screening of the leaves of
Byrsocarpus coccineus Schum. and Thonn.
(Connaraceae). Journal of Pharmacy &

75  West African Journal of Pharmacy (2016) 27 (2)



31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Akindele et al

Bioresources 3:107-110.

Akindele AJ, Ezenwanebe KO, Anunobi CC,
Adeyemi 00 (2010). Hepatoprotective and in vivo
antioxidant effects of Byrsocarpus coccineus
Schum. and Thonn. (Connaraceae). Journal of
Ethnopharmacology 129:46-52.

Akindele AJ, Adeyemi OO (2010). Anxiolytic and
sedative effects of Byrsocarpus coccineus Schum.
and Thonn. (Connaraceae) extract. International
Journal of Applied Research in Natural Products
3:28-36.

Akindele AJ, lyamu EA, Dutt P, Satti NK, Adeyemi
00 (2014). Ameliorative effect of hydroethanolic
leaf extract of Byrsocarpus coccineus in alcohol-
andsucrose-induced hypertensioninrats. Journal
of Traditional and Complementary Medicine
4:177-188.

Dada OK, Akindele AJ, Morakinyo OA, Sofidiya
MO, Ota D (2013). Hypoglycemic and antioxidant
activities of the hydroethanolic leaf extract of
Byrsocarpus coccineus Schum. and Thonn.
(Connaraceae). Chinese Journal of Natural
Medicines 11:0628-0637.

Bero J, Hannaert V, Chataigne G, Herent MF,
Quetin-Leclercq J (2011). In vitro
antitrypanosomal and antileishmanial activity of
plants used in Benin in traditional medicine and
bioguided fractionation of the most active
extract. Journal of Ethnopharmacology 137:998-
1002.

Watt JM, Breyer-Brandwiijk MJ (1962). Medicinal
and Poisonous Plants of South and Eastern Africa,
2nd edition. Churchill Livingstone.

Adeyemi OO, Yemitan OK, Adebiyi OO (2007).
Sedative and anticonvulsant activities of the
aqueous root extract of Sanseviera liberica
Gerome & Labroy (Agavaceae). Journal of
Ethnopharmacology 113:111-114.

Umukoro S, Ashorobi RB (2008). Effects of the
methanol leaf extract of Sansevieria liberica on
the central nervous system in mice. Journal of
Natural Remedies 8:242-246.

Adeyemi OO, Akindele AJ, Ogunleye EA (2009).
Evaluation of the antidiarrhoeal effect of
Sanseviera liberica Gerome & Labroy (Agavaceae)
root extract. Journal of Ethnopharmacology
123:459-463.

Bero J, Ganfon H, Jonville MC, Frédérich M,
Gbaguidi F, DeMol P, Moudachirou M, Quetin-
Leclercq J (2009). In vitro antiplasmodial activity
of plants used in Benin in traditional medicine to
treat malaria. Journal of Ethnopharmacology

41.

42.

43.

44,

45.

46.

47.

48.

49.

122:439-444.

Ikewuchi JC, Ikewuchi CC, Igboh NM, Mark-Balm T
(2011). Protective effect of aqueous extract of the
rhizomes of Sansevieria liberica Gerome and
Labroy on carbon tetrachloride induced
hepatotoxicityin rats. EXCLI Journal 10:312-321.
Chinasa EC, Ifeoma IA, Obodoike EC,
Chukwuemeka ES (2011). Evaluation of anti-
inflammatory property of the leaves of
Sansevieria liberica Ger. and Labr. (fam:
Dracaenaceae). Asian Pacific Journal of Tropical
Medicine 4:791-795.

Akindele AJ, Wani ZA, Sharma S, Mahajan G, Satti
NK, Adeyemi OO, Mondhe DM, Saxena AK (2015).
In-vitro and in-vivo anticancer activity of root
extracts of Sansevieria liberica Gerome and
Labroy (Agavaceae). Evidence-Based
Complementary and Alternative Medicine
2015:560404, 11 pages.
http://dx.doi.org/10.1155/2015/560404

He M, Jiang J, Qiu F, Liu S, Peng P, Gao C, Miao P
(2013). Inhibitory effects of gypenosides on seven
human cytochrome P450 enzymes in vitro. Food
and Chemical Toxicology 57:262-265.
Mekjaruskul C, Jay M, Sripanidkulchai B (2012).
Modulatory effects of Kaempferia parviflora
extract on mouse hepatic cytochrome P450
enzymes. Journal of Ethnopharmacology 141(3):
831-839.

Johnson SS, Oyelola FT, Ari T, Juho H (2013). In
vitro inhibitory activities of the extract of Hibiscus
sabdariffa L. (family Malvaceae) on selected
cytochrome P450 isoforms. African Journal of
Traditional, Complementary and Alternative
Medicines 10(3):533-540.

Pekthong D, Martin H, Abadie C, Bonet A, Heyd B,
Mantion G, Richert L (2008). Differential
inhibition of rat and human hepatic cytochrome
P450 by Andrographis paniculata extract and
andrographolide. Journal of Ethnopharmacology
115:432-440.

Huber WW, Rossmanith W, Grusch M, Haslinger E,
Prustomersky S, Peter-Vorosmarty B, Parzefall W,
Scharf G, Schulte-Hermann R (2008). Effects of
coffee and its chemopreventive components
kahweol and cafestol on cytochrome P450 and
sulfotransferase in rat liver. Food and Chemical
Toxicology 46:1230-1238.

Stresser DM, Blanchard AP, Turner SD, Erve JCL,
Dandeneau AA, Miller VP, Crespi CL (2000).
Substrate-dependent modulation of CYP3A4
catalytic activity: analysis of 27 test compounds

76 @ West African Journal of Pharmacy (2016) 27 (2)



50.

51.

52.

53.

54.

55.

Effects of extracts on hepatic microsomal enzymes

with four fluorometric substrates. Drug
Metabolism and Disposition 28:1440-1448.
Akindele AJ, Eksioglu EA, Kwan JC, Adeyemi OO,
Liu C, Luesch H, James MO (2011). Biological
effects of Byrsocarpus coccineus Schum. and
Thonn. (Connaraceae) in vitro. Pharmaceutical
Biology 49:152-160.
James MO, Altman AH, Morris K, Kleinow KM,
Tong Z (1997). Dietary modulation of phase 1 and
phase 2 activities with benzo(a)pyrene and
related compounds in the intestine but not the
liver of channel catfish, Ictalurus punctatus. Drug
Metabolism and Disposition 25:346-354.
Renwick AB, Surry D, Price RJ, Lake BG, Evans DC
(2000). Metabolism of 7-benzyloxy-4-
trifluoromethylcoumarin by human hepatic
cytochrome P450 isoforms. Xenobiotica 30:955-
969.
Prough RA, Burke MD, Mayer RT (1978). Direct
fluorometric methods for measuring mixed-
function oxidase activity. Methods in Enzymology
52:372-377.
Pohl RJ, Fouts JR (1980). A rapid method for
assaying the metabolism of 7-ethoxyresorufin by
microsomal subcellular fractions. Analytical
Biochemistry 107:150-155.
Girennavar B, Jayaprakasha GK, Patil BS (2007).

56.

57.

58.

59.

60.

61.

Potent inhibition of human cytochrome P450
3A4,2D6, and 2C9 isoenzymes by grapefruit juice
and its furocoumarins. Journal of Food Science
72:C417-421.

Pekthong D, Desbans C, Martin H, Richert L
(2012). Bupropion hydroxylation as a selective
marker of rat CYP2B1 catalytic activity. Drug
Metabolism and Disposition 40:32-38.

Mazzari AL, Prieto JM (2014). Herbal medicines in
Brazil: pharmacokinetic profile and potential
herb-drug interactions. Frontiers in
Pharmacology 5:162.
doi:10.3389/fphar.2014.00162

Zhou SF, Liu JP, Chowbay B (2009). Polymorphism
of human cytochrome P450 enzymes and its
clinical impact. Drug Metabolism Reviews 41:89-
295.

Cowan MM (1999). Plant products as
antimicrobial agents. Clinical Microbiology
Reviews 12:564-582.

Low Dog T (2009). Smart talk on supplements and
botanicals. Alternative and Complementary
Therapies 15:101-102.

Wendakoon C. Evaluation of selected medicinal
plants extracted in different ethanol
concentrations for antibacterial activity against
human pathogens. Journal of Medicinally Active
Plants2012;1:60-68.

77  West African Journal of Pharmacy (2016) 27 (2)



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13

