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ABSTRACT: The influence of active fraction isolated from pods of an indigenous plant, Moringa oleifera (MoAF) was studied on
the pharmacokinetic profile of the orally administered frontline anti-tuberculosis drug rifampicin (20 mg/kg b.w.) in Swiss
albino mice. The antibiotic rifampicin alone and in combination with MoAF (0.1 mg/kg b.w.) was administered orally and
heparanized blood samples were collected from the orbital plexus of mice for plasma separation at 0, 1, 2, 3, 4 and 5 h, post
treatment. Plasma rifampicin concentration, pharmacokinetic parameters and drug metabolizing enzyme (cytochrome P-450)
activity were determined. The pharmacokinetic data revealed that MoAF-treated animals had significantly increased rifampicin
plasma concentration, Cmax, Kel, t½(a), t½(el), Ka and AUC as well as inhibited rifampicin-induced cytochrome P-450 activity. In
conclusion, the result of this study suggested that the bioavailability-enhancing property of MoAF may help to lower the
dosage level and shorten the treatment course of rifampicin. Copyright © 2010 John Wiley & Sons, Ltd.
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Introduction
Bioenhancers are molecules, which do not possess drug activity
of their own but promote and augment the biological activity or
bioavailability or the uptake of drugs in combination therapy.
Isolated plant biomolecules or their semisynthetic derivatives
have provided useful clues in the production of medicines
(Khanuja et al., 2005). An interesting observation is that the com-
bination of piperine isolated from Piper nigrum with essential
drugs, such as antibiotics, antihypertensive and antiepileptics as
well as nutrient supplements, led to dose economy due to
enhanced uptake, higher blood concentration and the drug
being available for a longer duration in the body (Atal et al., 1985;
Hiwale et al., 2002; Khajuria et al., 1998; Lambert et al., 2004;
Singh et al., 2005).

Moringa oleifera exhibited the antispasmodic, anti inflamma-
tory, diuretic (Caceres et al., 1992), anti-obesity (Mehta et al., 2003;
Krishnaraju et al., 2010) and anti-inflammatory activity in
ovalbumin-induced airway inflammation in a guinea pig model of
asthma (Mahajan et al., 2009) and reduced the arsenic-induced
toxicity in rats (Gupta et al., 2005). Aqueous extracts of M. oleifera
seeds lowered plasma fluoride concentrations in rabbits receiving
fluorinated drinking water (Ranjan et al., 2009) and its flacculent
mechanism is due to its content of low-molecular-mass protein
(Kwaambwa et al., 2010). An in-vitro study of active fraction of M.
oleifera pods (MoAF) against Mycobacterium tuberculosis (H37Ra)
exhibited no anti-tuberculosis activity at the concentration at
which it enhanced the anti-tubercular activity of rifampicin (Arya,
2003). A methodology for estimating the nitrile glycoside in MoAF
has been reported by our group (Shanker et al., 2007).

Rifampicin acts by binding to, and inhibiting, DNA-dependent
RNA polymerase in prokaryotic but not eukaryotic cells. It is one
of the most active anti-tuberculosis agents; it enters the phago-
cytic cells and can kill intracellular microorganisms including the
tubercle bacillus. Resistance can develop rapidly in a one-step
process and is thought to be caused by chemical modification of
microbial DNA-dependent RNA polymerase, resulting from a
chromosomal mutation. Unwanted effects of rifampicin are rela-
tively infrequent, but the commonest of them are skin eruption,
fever and gastrointestinal disturbance. Liver damage with jaun-
dice has been reported and sometimes this may be fatal. Rifampi-
cin causes induction of hepatic metabolizing enzymes, resulting
in an increase in the degradation of warfarin and glucocorticoid
narcotic analgesics and failure of oral contraceptives (Rang et al.,
2003). Under such situations, bioenhancers can be employed to
reduce the drug-associated toxicity. The objective of the present
study was to test the bioavailability enhancement of rifampicin
when used in conjunction with MoAF as a bioenhancer as well as
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its effect on the rifampicin-induced drug-metabolizing enzyme
cytochrome P-450 in Swiss albino mice.

Materials and Methods

Isolation of Active Fraction from Pods of Moringa
oleifera (MoAF)

A 20 kg sample of the M. oleifera pods was collected and air-dried
at room temperature. The material was extracted with ethanol,
filtered and concentrated at 40°C under reduced pressure. Con-
centrated extract was then lyophilized, which resulted in 208 g of
crude extract. A 200 g sample of lyophilized extract was sus-
pended in 400 mL of distilled water and stirred at room tempera-
ture until the maximum level of dissolution and filtered. The
insoluble fraction was dissolved in methanol. The water-soluble
fraction was fractionated by liquid–liquid extraction using
various organic solvents such as hexane, chloroform, ethyl
acetate and n-butanol. Each fraction was dried by adding NaSO4

(anhydrous). The solvents were removed under reduced pressure
and tested for its bioenhancing activity. The results indicated that
the ethyl acetate fraction obtained from the crude pod extract
possessed the activity enhancement property. This fraction was
considered as the active fraction of Moringa oleifera pods (MoAF).
The process was repeated in replicate batches and the quality of
the MoAF was ensured by means of chemical fingerprinting.

MoAF dissolved in methanol (70 mg/mL) and 5 mL of test solution
were spotted onto silica gel 60F254 (Merck) with Linomat-IV. The
TLC was developed with MeOH–CHCl3 (1.8:8.2) and spots were
scanned with a CAMAG TLC Scanner-3, at 220 nm. The HPTLC
profile of standardized MoAF is depicted in Fig. 1.

Pharmacokinetic Study

Animals. The in-vivo pharmacokinetic study was carried out
using Swiss albino mice of both sexes (20–25 g), bred and main-
tained under standard conditions (temperature of 22 � 3°C with
50–70% relative humidity and 12:12 h of light and dark cycles) at
the animal house of the institute. The animals were fed with
pellet feed containing 22–24% protein, 4–5% fat, 4–5% crude
fiber, 45–55% nitrogen free extracts, 15% Bengal gram, 0.4–0.6%
phosphorus, 1–1.5% calcium and 8% insoluble ash) and acclima-
tized in the experimental animal room for one week prior to use
in experiments. Experiments were conducted as per the proto-
cols approved by the institutional animal ethics committee for
the purpose of control and supervision on experiments on
animals (CPCSEA), Government of India.

MoAF and rifampicin administration in Swiss albino mice.
Sixty Swiss albino mice were divided into two groups. These
groups were further divided into six sub-groups (0, 1, 2, 3, 4 and
5 h time interval) with five mice in each group. The mice in group

Figure 1. Chemical fingerprint of standardized active fraction of Moringa oleifera pods (MoAF).
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I were administered rifampicin (Sigma-Aldrich, USA) orally at
20 mg/kg.The mice in group II were co-administered rifampicin
along with the active fraction of M. oleifera (0.1 mg/kg b.w.) in a
single dose. Blood samples of mice from both the groups were
collected at time intervals of 0, 1, 2, 3, 4 and 5 h post rifampicin
administration. The blood samples from each animal were centri-
fuged at 2500 rpm for 10 min for the separation of plasma. To
200 ml samples of plasma solutions, we added 500 ml of dichlo-
romethane. The mixture was vigorously vortex-mixed for 5 min
and then the organic layer separated. The process was repeated
three times to ensure complete extraction. The organic layer
pooled and evaporated by flushing dry nitrogen gas gently and
the same was reconstituted with 100 mL methanol prior to HPLC
analysis.

High-performance Liquid Chromatography Analysis

The rifampicin concentration in plasma was estimated using
RP-HPLC. Rifampicin (Sigma-Aldrich, St Louis, MO, USA; 1 mg/mL)
was used as the standard solution. All solvents used for extraction
and analyses were of HPLC grade (Merck, India). The HPLC system
was composed of a 1525-binary solvent delivery pump, a 2996-
photo diode array (PDA) detector 2996 and a 717 plus autosam-
pler; data acquisition and processing were by Empower®
software and all components were from Waters (USA). The
column was a Symmetry C18 (250 ¥ 4.6 mm) from Waters (USA).
The isocratic mobile phase was a mixture of phosphate buffer
saline (Sigma) (0.01 M, pH 7.4) and acetonitrile (40:60, v/v). The
elution was held at a constant temperature of 30°C with an injec-
tion volume of 10 mL and a flow-rate of 1.0 mL/min. Data acqui-
sition was performed in the range of 200–400 nm; further
analysis and quantitation were executed at 220 nm. The repre-
sentative HPLC chromatograms of plasma samples obtained
from rifampicin-treated and untreated animals are depicted
in Fig. 2.

Estimation of Cytochrome P-450

Normal healthy mice (18–22 g) were used for experiment. Before
the start of the experiment the experimental animals were fasted
for 4 h with ad libitum water. Experimental animals were divided
into groups of vehicle control, rifampicin (20 mg/kg b.w.) and
rifampicin (20 mg/kg b.w.) plus active fraction of M. oleifera
(0.1 mg/kg b.w.). Animals were euthanised by cervical dislocation
after 2 h. Liver were collected immediately after euthanasia, and
microsomes were isolated by differential centrifugation. The total
cytochrome P-450 was estimated from microsomes and
expressed as nanomoles per milligram protein as per the pub-
lished method by Leblond et al. (2001).

Statistical Analysis

Results were expressed as means � SEM and statistical signifi-
cance was assessed using unpaired Student’s t-test using Graph
Pad Prism statistical software.

Results

Co-administration of MoAF and Rifampicin: Effect on
Bioavailability of Rifampicin

The comparison of the plasma concentration (mean � SEM) of
rifampicin alone and in combination with the active fraction of M.

oleifera is depicted in Fig. 3. The mean plasma concentrations of
rifampicin at 2, 3, 4 and 5 h were significantly higher in mice
treated with the active fraction of M. oleifera as compared with
those treated with rifampicin alone. Table 1 depicts the pharma-
cokinetic parameters (means � SEM) of the same experiment;
Cmax, Kel, t1/2(el), Ka, t1/2(a), AUC(0–5), AUC0–a and Cmax in the the active
fraction of M. oleifera plus rifampicin treated group were signifi-
cantly higher (p < 0.05), while other pharmacokinetic parameters
were unaltered.

Co-administration of MoAF and Rifampicin: Effect on
Rifampicin-induced Cytochrome P-450.

Table 2 compares the activity of the drug metabolizing enzyme
cytochrome P-450 in mice treated with vehicle, rifampicin and
MoAF in combination with rifampicin. Cytochrome P-450 activity
was significantly increased ((p < 0.05), in the group treated with
rifampicin when compared with the vehicle treated mice. Cyto-
chrome P-450 activity was significantly decreased (p < 0.05), in
the group administered the active fraction of M. oleifera pods in
combination with rifampicin, when compared with rifampicin
alone.

Discussion
Rifampicin is being used as an anti-tuberculosis drug in humans as
well as animals; absorption of rifampicin has been found to be
inadequate and irregular. It is an established fact that the concen-
tration of drug in blood and target organ directly affects the
efficacy of those particular drugs (Rang et al., 2003). Piperine, an
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Figure 2. Representative HPLC chromatogram of (a) plasma sample of
Rifampicin treated animal and (b) plasma sample of Rifampicin + MoAF
treated animal.
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amide alkaloid isolated from different Piper species, has been
reported to enhance the bioavailability of co-administered drugs
(Zutshi et al., 1985; Bano et al., 1987; Bano et al., 1991; Velpandian
et al., 2001) resulting in increased plasma concentration, due to
inhibition of the drug metabolizing enzymes and P-glycoprotein
(Bhardwaj et al., 2002; Bano et al., 1991). The present study was
undertaken to observe the effect of active fraction of M. oleifera
pods (MoAF) as a bioenhancer on the pharmacokinetic profile of
rifampicin. The finding of the present study revealed that the
mean plasma concentration of rifampicin was higher in MoAF-
treated mice. The increased plasma concentration of rifampicin
could be due to the inhibition of drug metabolizing enzyme cyto-
chrome P-450, which was observed in this experiment. Another

reason for the increased bioavailability could be the enhanced
blood supply in enteric vessels as a result of vasodilatation
induced by niazirine isolated from M. oleifera (Faizi et al., 1994).The
higher values of AUC, Cmax, and t1/2 in MoAF-treated mice were
indicative of enhanced systemic availability of rifampicin and sup-
pression of the drug metabolizing enzyme cytochrome P-450.

Conclusion
This study suggests that the bioavailability-enhancing property
of MoAF may help to lower the dosage level and shorten the
treatment course of rifampicin, which may help to reduce the
side effects of rifampicin as an anti-tuberculosis drug.
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Figure 3. Plasma concentration of Rifampicin alone and in combination with MoAF
treated swiss anbino mice.

Table 1. Comparative pharmacokinetics of mice treated Rifampicin alone and in combination with MoAF

Pharmacokinetic parameters Rifampicin Rifampicin + MoAF

Cmax (mg/mL) [observed] 12.19 � 0.28 17.43 � 0.25*
Tmax (h) [observed] 2.00 2.00
Kel (h-1) 0.14 � 0.17 0.03 � 0.02*
t1/2 (el) (h) 4.83 � 0.57 24.40 � 17.01*
Ka (h-1) 0.09 � 0.02 0.03 � 0.02*
t1/2(a) (h) 7.79 � 1.78 20.15 � 11.89*
AUC0–5 (mg/mL/h) 33.118 � 0.355 49.442 � 0.2738*
AUC0-a (mg/mL/h) 66.91 � 15.47 343.44 � 13.46*
Cmax (mg/mL) [calculated] 7.12 � 0.11 10.90 � 0.34*
Tmax (h) [calculated] 1.64 � 0.39 2.14 � 0.34*

* p < 0.05 (rifampicin vs Rifampicin plus MoAF), n = 6.
Cmax, maximum serum concentration; Tmax, time to reach maximal serum concentration; t1/2(a), absorption half-life, absorption con-
stant; t1/2(el), elimination constant, elimination half-life; AUC(0–5), area under the concentration–time curve.
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Table 2. Effect of active fraction of M. oleifera pods on
rifampicin-induced drug-metabolizing enzyme (cytochrome
P-450)

Treatment Cytochrome P-450
(nmol/mg protein)

Control 2.177 � 0.43
Rifampicin 5.34 � 0.35*
Rifampicin + MoAF 4.27 � 0.08a

*p < 0.05 (vehicle control vs rifampicin). ap < 0.05 (rifampicin vs
rifampicin plus the MoAF); n = 6.
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