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In vitro assays are economical and easy to perform but to establish relevance of their results to real clinical outcome in animals
or human, pharmacokinetics is prerequisite. Despite various in vitro pharmacological activities of extracts of Piper sarmentosum,
there is no report of pharmacokinetics. Therefore, the present study aimed to evaluate ethanol extract of fruit of the plant in dose of
500 mg kg−1 orally for pharmacokinetics. Sprague-Dawley rats were randomly divided into groups 1, 2, and 3 (each n = 6) to study
absorption, distribution and excretion, respectively. High performance liquid chromatography (HPLC) with ultraviolet detection
was applied to quantify pellitorine, sarmentine and sarmentosine in plasma, tissues, feces and urine to calculate pharmacokinetic
parameters. Pellitorine exhibited maximum plasma concentration (Cmax) 34.77 ng mL−1± 1.040, time to achieve Cmax (Tmax) 8 h,
mean resident time (MRT) 26.00 ± 0.149 h and half life (t1/2) 18.64 ± 1.65 h. Sarmentine showed Cmax 191.50 ± 12.69 ng mL−1,
Tmax 6 h, MRT 11.12 ± 0.44 h and t1/2 10.30 ± 1.98 h. Sarmentosine exhibited zero oral bioavailability because it was neither
detected in plasma nor in tissues, and in urine. Pellitorine was found to be distributed in intestinal wall, liver, lungs, kidney, and
heart, whereas sarmentine was found only in intestinal wall and heart. The cumulative excretion of pellitorine, sarmentine and
sarmentosine in feces in 72 h was 0.0773, 0.976, and 0.438 µg, respectively. This study shows that pellitorine and sarmentine have
good oral bioavailability while sarmentosine is not absorbed from the gastrointestinal tract.

1. Introduction

Pharmacokinetics, the action of body on the drug, includes
absorption, distribution, metabolism and excretion. Thera-
peutic outcome depends on the rate and extent at which drug
reaches at the site of action, bioavailability. Pharmacokinetic
parameters help to establish bioequivalence in-between
formulations and to understand toxicology, drug exposure.
Pharmacokinetic studies of herbs may also assist physicians
in prescribing drugs safely and effectively to those patients
who are consuming herbal products, because herbs may syn-
ergies or antagonise the drugs, herb-drug interactions [1, 2].

Since long, natural product scientists have been studying
pharmacodynamics, the action of herbs on the body but less
attention has been paid to study the effect of body on herbs.
This has been witnessed by a study indicating only few phar-
macokinetic reports on herbal preparations [3]. Unlike phar-
maceuticals, pharmacokinetics of herbal products, mixture
of known and unknown components, is always challenging

due to their complexity and unavailability or inadequacy of
standards and methods. Moreover, lack of pharmacokinetic
studies is a biggest hindrance in the modernization of
herbal products because there is no way to establish bioe-
quivalence between products prepared by modified method
and the original method [4]. Different types of marker
compounds, characteristics to a particular plant, can be used
to study the pharmacokinetics of these preparations. Using
marker compounds, few herbal products such as Ginkgo
biloba, Allium sativum, Ephedra sinica, Artemesia annua,
and so forth, have been investigated for pharmacokinetics
[5–8].

Pharmacokinetic studies are of prime importance prior
to clinical trials of herbal products to make these remedies
evidence-based drugs. The importance of pharmacokinetics
of herbal products has also been emphasized in the literature
[9]. Keeping this in view, a commercially important medici-
nal plant, Piper sarmentosum, has been selected in this study
to evaluate its extracts for pharmacokinetics.
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Piper sarmentosum is a tropical plant, used traditionally
in South-East Asian region to cure various ailments [10–13].
The plant has also been investigated extensively for a number
of pharmacological activities such as anti-amoebic [14],
antibacterial [15], anti-TB [16], anti-neoplastic [12], neu-
romuscular blocking [17], hypoglycemic [18], anti-malarial
[19], antioxidant [16, 20, 21] and antiangiogenic [22].
Based on these activities, from extracts of the plant various
products are being manufactured and are being sold as
nutraceuticals nowadays. Despite these developments, there
is no report about pharmacokinetic studies on these extracts.
These studies are prerequisite to understand whether the
extracts are absorbed from gastrointestinal tract or not.
The plant is reported to have a number of biologically
active amides [23–25] and amongst these, we have selected
pellitorine, sarmentine and sarmentosine to develop and
validate a high performance liquid chromatography (HPLC)
method for their simultaneous quantification, and to apply
the method to study pharmacokinetics of ethanol extracts of
fruit of the plant.

Two approaches, non-compartment and compartment
model, are commonly used to evaluate the pharmacokinetic
profile of a compound. Compartment models such as one
compartment model, two- and three-compartment model
are associated with more assumptions as compared with
non-compartment model. Therefore, we have used non-
compartment model in this study to evaluate pharmacoki-
netic profile of the markers in the extract using Trapezoidal
rule [26].

2. Methods

2.1. Animals and Grouping. Male Sprague-Dawley rats
weighing 313 ± 17 g, taken from the Animal House of
the Universiti Sains Malaysia, Pulau Penang, were housed
in standard cages in animal transit room of the School
of Pharmaceutical Sciences, for 7 days to acclimatise.
Standard pellet diet (Gold Coin, Penang, Malaysia) was
given and tap water was supplied ad libitum. Animals
were divided into three groups (n = 6). Group 1 was
used to study oral absorption while Group 2 was used to
evaluate tissue distribution. Group 3 was further divided
into two sub-groups (n = 3) namely subgroup E and
subgroup C. The animals of subgroup-E were used to
study excretion of markers in feces and urine while
subgroup C served as control. The study protocol was
approved by the Animal Ethical Committee of the Uni-
versiti Sains Malaysia; vide reference #USM/PPSF/50 (009)
Jld.

2.2. Preparation Extract and Dose. The fruit of the plant
collected from the Botanical Garden of the School of
Pharmaceutical Sciences, Universiti Sains Malaysia, was
authenticated by Prof. Dr Zhari Ismail, Herbal Secretariat,
School of Pharmaceutical Sciences, Universiti Sains Malaysia,
where a voucher specimen was deposited vide reference No.
0071/06. The fruit was cleaned, sliced into small pieces,
dried at 40◦C and pulverized. The pulverized fruit material
(50 g) was extracted twice with 300 mL ethanol by reflux

for 1 h. The extract was filtered and dried in vacuo at
40◦C. The markers were quantified in the extract by HPLC
before preparing the dose, which was prepared by suspending
the extract in a mixture of water and polyethylene glycol
(PEG) 400 in a ratio of 1 : 1 v/v to get final concentration
100 mg mL−1.

2.3. Collection of Blood Samples for Absorption Studies. A
dose of 500 mg kg−1 was administered orally to six overnight
fasting rats of Group 1. Blood samples (0.5 mL) were
collected from tail vein [27, 28] in EDTA coated tubes
(Becton Dickinson and Company) at 0 min (pre dose), 0.5,
1, 2, 4, 6, 8, 12, and 24 h. The tubes containing blood were
centrifuged at 2500 rpm at 10◦C for 10 min to get plasma,
which was then stored at −80◦C until analyzed.

2.4. Sampling for Tissue Distribution Studies. A dose of
the extract (500 mg kg−1) was administered orally to six
overnight fasting rats of group 2 and food was withheld for
further 1 h. Blood samples (0.5 mL) were collected from the
tail vein at 0 min (pre-dosing) and 6 h, then the animals were
sacrificed to get tissues such as intestine, liver, lungs, kidney
and heart. Blood samples were centrifuged at 2500 rpm at
10◦C for 10 min to get plasma samples, which were then
stored at −80◦C until analyzed. Frozen tissues were used
to prepare 5% homogenate in 0.15 M potassium chloride.
These homogenates were centrifuged at 2500 rpm at 10◦C
for 10 min and the supernatant was stored at −80◦C until
analyzed.

2.5. Collection of Urine and Excreta. A dose of the extract
(500 mg kg−1) was administered orally to overnight fasting
rats of subgroup-E and food was withheld for further 1 h.
The animals of subgroup-C received the equivalent amount
of vehicle which was used to prepare the dose, and served
as control. The animals were housed in metabolic cages to
collect urine and feces. The samples were collected at 0 min
(pre-dosing) and subsequently at 5, 10, 24, 48, and 72 h.
The samples were then extracted according to the protocol
mentioned below and the extracted samples were stored at
−80◦C until analyzed.

2.6. Extraction of the Markers from

Plasma, Tissues, Urine and Feces

2.6.1. Plasma. Rat plasma (500 µL) taken in centrifuge tube
was mixed with acetonitrile (100 µL) by vortex for 5 s. Then
1 mL ethyl acetate was added and mixed by vortex for 5 s,
afterwards the tube was centrifuged at 3000 rpm for 5 min at
10◦C. The supernatant was collected and dried with stream
of nitrogen, and the residue was reconstituted with 500 µL
mobile phase.

2.6.2. Urine. One-milliliter urine was taken in centrifuge
tube containing 1 mL ethyl acetate. The tube was vortex for
5 s, centrifuged at 3000 rpm at 10◦C for 5 min and the non-
aqueous layer was collected, dried with stream of nitrogen,
and the residue was reconstituted with 500 µL mobile
phase.
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2.6.3. Tissues. Three milliliter of 5% liver homogenate pre-
pared in 0.15 M potassium chloride was taken in a centrifuge
tube containing 200 µL acetonitrile. The tube was vortex for
5 s and after adding 2 mL ethyl acetate, tube was vortex again
for 5 s. Then the tube was centrifuged at 3000 rpm at 10◦C for
5 min, supernatant was collected and dried, and the residue
was reconstituted with 500 µL mobile phase.

2.7. Fecal Matter. Wet fecal matter (500 mg) was dissolved in
2 mL ethyl acetate, vortex for 5 s and centrifuged at 3000 rpm
for 5 min. The supernatant was collected and dried, and the
residue was reconstituted with 500 µL mobile phase.

All the samples were filtered through 0.45 µm polyte-
trafluoroethylene (PTFE) syringe filter (Whatman, Maid-
stone, England) and kept in HPLC vials.

2.8. Chromatography and Quantification of the Markers.
Standards (pellitorine, sarmentine and sarmentosine) pre-
viously isolated from fruit of P. sarmentosum were used to
prepare mix standard stock solution as: 300 µg pellitorine,
300 µg sarmentosine and 200 µg of sarmentine were dissolved
in 1 mL methanol. The stock solution was further diluted
with mobile phase to get a series of mix working standard
solutions containing pellitorine and sarmentosine 0.03–
3.00 µg mL−1 and sarmentine 0.02–2.00 µg mL−1.

All the samples were analyzed using HPLC system (1100
series, Agilent Technologies, Waldronn, Germany) equipped
with degasser (G1379 A), quaternary pump (G1311 A), auto
sampler (G1313 A), column oven (G1316 A) and ultraviolet
(UV) detector (G 1314 A).

The samples (15 µL) were eluted by an isocratic mobile
phase comprising of methanol : water : acetonitrile (80 : 15 : 5
v/v) at flow rate of 1 mL min−1 through column (Hiber
Rt 250-4, LiChrosorb RP 18, 10 µm, Agilent Technologies),
which was maintained at 25◦C. The elution time was 15 min
and the detection was carried out at 260 nm by operating the
detector in a sensitivity range of 0.005 AUFS with output of
15 mV. The data acquisition was performed by ChemStation
version A. 08.03 and the markers were quantified by external
standard method.

2.9. Determination of Pharmacokinetic Parameters. Analyti-
cal data of each rat was used to plot plasma concentration
versus time. Total area under the plasma concentration ver-
sus time curve (AUC0−∞) was calculated using Trapezoidal
rule [26] which is given as follows:

AUC0−∞ =
∑

(AUC0−1 + AUC1−last + AUClast−∞), (1)

where AUClast−∞ = Clast/Kel.
A plot of product of concentration and time (CT) versus

time was used to calculate area under first moment curve
(AUMC). Mean resident time (MRT) was determined by
dividing AUMC0−∞ with AUC0−∞ The maximum plasma
concentration Cmax (ng mL−1) and the time to achieve
Cmax, Tmax (h), were obtained directly from the data. The
elimination rate constant Kel (h−1) was calculated by linear

regression from the terminal phase of the plot of plasma
concentration versus time using following equation:

Kel = lnC1 − lnC2

T2 − T1
. (2)

The half-life t1/2 (h) was calculated by dividing 0.693 with
Kel. The clearance (Cl) and the volume of distribution (VD)
were calculated from the equations given as follows:

Cl = Actual dose administered
AUC0−∞

, (3)

VD = Clearence (Cl)
Elimination constant(Kel)

. (4)

2.10. Statistical Analysis. Each sample has been analyzed in
triplicate and the results are presented as mean ± standard
deviation (SD). The values of pharmacokinetic parameters
for absorption and distribution are the average of six rats ±
SD while the excretion values are the average of three rats ±
SD.

3. Results

3.1. Validation of HPLC Method of Analysis. The results
shown in (Table 1) indicate the calibration data, limit of
detection (LOD) and limit of quantification (LOQ) of pelli-
torine, sarmentine and sarmentosine. The method has been
found linear over the whole range of samples investigated
with correlation coefficients (R2) ranging from 0.9997 to
1.0000 with SD <5%. It is obvious in the table that LOD
values of pellitorine, sarmentine and sarmentosine are 3.00,
3.00, and 20.00 ng mL−1, respectively, while 10.00, 10.00 and
80.00 ng mL−1, respectively, have been taken as LOQ at signal
to noise ratio 10 : 1. Extraction recovery values of pellitorine,
sarmentine and sarmentosine are found to be 95.52–97.50,
96.23–98.43, and 96.47–100%, respectively, with relative SD
<5%. Intra- and inter-day analysis accuracy values of the
markers are 97.97–100.19% with relative SD <5%. These
results have indicated that the method is reliable, repeatable
and reproducible because the recovery of the markers is not
compromised in intra- and inter-day analysis.

3.2. Content of the Markers in the Extract, Plasma, Tissues,
Urine, and Feces. Before the preparation of dose, the content
of markers, pellitroine, sarmentine and sarmentosine, were
determined in the extract by HPLC and found to be
52.10, 13.10, and 0.21 mg g−1, respectively. This standardized
extract was administered orally in a dose of 500 mg kg−1

to rats and the samples obtained at specified intervals were
analyzed in triplicate by HPLC to quantify the markers in
plasma, tissues, urine, and feces. These values were then
used to calculate different pharmacokinetic parameters. The
chromatograms of mix standard solution, the extract, blank
plasma, markers in plasma and tissues, whereas pharmacoki-
netic data of pellitorine and sarmentine.

3.3. Pharmacokinetic Parameters of the Markers. The results
of pharmacokinetic parameters of pellitorine and sarmentine
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Table 1: Results of calibration, LOD, and LOQ of pellitorine, sarmentine and sarmentosine by HPLC with UV detection at 260 nm.

Standards Linear regression equation R2 Linear range (ng mL−1) LOD (ng mL−1) LOQ (ng mL−1)

Pellitorine Y = 0.2156X−0.0333 1.0000 10–500 3.00 10.00

Sarmentine Y = 0.0985X−1.2335 0.9979 10–1500 3.00 10.00

Sarmentosine Y = 0.0424X−1.4979 0.9999 80–12000 20.00 80.00

Table 2: Pharmacokinetic parameters of pellitorine in rats (n = 6) following an oral dose (500 mg kg−1) of ethanol extract of fruit of
P. sarmentosum.

Rat 1 2 3 4 5 6 Mean ± SD

AUC0−∞ (ng h mL−1) 1154.352 989.1177 1013.913 979.7302 978.4666 1107.007 1037.098± 75.10543

AUMC0−∞ 29 997.640 25 654.080 26 668.00 25 454.990 25 399.670 28 650.570 26 970.830 ± 1927.431

MRT (h) 25.987 25.937 26.302 25.982 25.959 25.881 26.008 ± 0.149

T1/2 (h) 21.397 17.617 17.290 19.045 17.087 19.436 18.645 ± 1.654

Cmax (ng mL−1) 33.880 33.420 36.310 34.710 34.870 35.460 34.775± 1.047

Tmax (h) 8.000 8.000 8.000 8.000 8.000 8.000 8.000 ± 0.000

Kel (h−1) 0.033 0.039 0.040 0.036 0.046 0.037 0.038 ± 0.005

Cl 0.065 0.085 0.0751 0.086 0.087 0.071 0.078 ± 0.008

VD 1.993 2.158 1.877 2.355 2.135 1.972 2.082 ± 0.156

are presented in Tables 2 and 3, respectively. These results
indicated that pellitorine exhibited Cmax 34.77 ± 1.04 ng
mL−1, Tmax 8 h, MRT 26.00 ± 0.149 h and t1/2 18.64 ± 1.65
h, whereas sarmentine showed Cmax 191.50± 12.69 ng mL−1,
Tmax 6 h, MRT 11.12 ± 0.44 h and t1/2 10.30 ± 1.98 h. The
plasma concentration versus time profiles of pellitorine and
sarmentine are presented in Figures 1 and 2, respectively. It is
evident from these results that sarmentine stays in the body
for lesser time as compared with pellitorine. Sarmentosine
exhibited zero oral bioavailability because it was neither
detected in plasma nor in tissues, feces and urine.

3.4. Tissue Distribution of the Marker Compounds. The tissue
distribution profiles of the markers in different tissues are
presented in Figure 3. These results showed that pellitorine
and sarmentine had different affinities toward different
tissues. Pellitorine was found in intestinal wall, liver, lungs,
kidney, and heart, whereas sarmentine was found in intesti-
nal wall and heart.

3.5. Excretion of the Markers in Urine and Feces. The
chromatograms of urine samples indicated that pellitorine
and sarmentine were not excreted in urine as unchanged.
It was expected that both the markers were metabolized
to polar compounds to be excreted in urine. The same
was noticed from chromatograms of urine samples, which
indicated the increase in polarity of the samples that were
collected after 5 h. Moreover, the polarity of urine samples
was observed to becoming normal after 72 h.

The effect of the extract on urine output in 24 h presented
in Table 4 indicated that there was not any significant
difference in urine volume in both experimental group and
control group (P < .05).
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Figure 1: Pharmacokinetic profile of pellitorine after administering
oral dose of 500 mg kg−1 of fruit ethanol extract of P. sarmentosum
(each point is mean of six rats ± SD).
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Figure 2: Pharmacokinetic profile of sarmentine after admin-
istering oral dose of 500 mg kg−1 of fruit ethanol extract of P.
sarmentosum (each point is mean of six rats ± SD).

The results of excretion of the markers in feces presented
in (Table 4) indicated that cumulative excretion of pellitorine
0.0773 µg in 0–72 h, which was 0.0007% of the oral dose.
The oral bioavailability of pellitorine is considered good
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Table 3: Pharmacokinetic parameter of sarmentine in rats following an oral dose (500 mg kg−1) of ethanol extract of fruit of P. sarmentosum.

Rat 1 2 3 4 5 6 Mean ± SD

AUC0−∞ (ng h mL−1) 5078.443 5304.598 4674.769 4684.233 4749.764 4900.847 4898.776± 251.1527

AUMC0−∞ 55 489.980 60 942.670 55 318.870 51 450.740 51 587.150 52 239.930 54 504.890 ± 3634.530

MRT (h) 10.927 11.489 11.834 10.984 10.861 10.659 11.126 ± 0.443

T1/2 (h) 10.380 11.873 13.183 7.668 9.714 9.023 10.307 ± 1.985

Cmax (ng mL−1) 196.547 194.318 166.476 194.929 194.54 202.669 191.580± 12.691

Tmax (h) 6.000 6.000 6.000 6.000 6.000 6.000 6.000 ± 0.000

Kel (h−1) 0.089 0.078 0.070 0.121 0.095 0.103 0.093 ± 0.018

Cl 0.004 0.004 0.004 0.005 0.005 0.004 0.004 ± 0.000

VD 0.042 0.052 0.059 0.038 0.048 0.039 0.047 ± 0.008

Table 4: Cumulative excretion of pellitorine, sarmentine and sarmentosine in feces after oral dose of 500 mg kg−1 of ethanol extract of fruit
of P. sarmentosum, and outcome of the extract on urine volume in experimental and control groups.

Excretion parameters Rat 1 Rat 2 Rat 3 Mean SD

Excretion of pellitorine

Cumulative amount in µg (0–72 h) 0.091 0.0564 0.0845 0.0773 0.0183

Percent of dose 0.001 0.001 0.001 0.001 0.000

Peak time (h) 48.000 48.000 48.000 48.000 0.000

Maximum excretion rate (µg h−1) 0.002 0.002 0.002 0.002 0.000

Excretion of sarmentine

Cumulative amount in µg (0–72 h) 1.2176 0.866 0.844 0.976 0.2093

Percent of dose 0.0041 0.0036 0.0035 0.0037 0.0003

Peak time (h) 24.000 24.000 24.000 24.000 0.000

Maximum excretion rate (µg h−1) 0.026 0.028 0.025 0.026 0.002

Excretion of sarmentosine

Cumulative amount in µg (0–72 h) 5.206 3.046 4.882 4.377 1.165

Percent of dose 1.117 0.653 1.047 0.939 0.249

Peak time (h) 24.000 24.000 24.000 24.000 0.000

Maximum excretion rate (µg h−1) 0.155 0.078 0.148 0.127 0.043

Urine volume in experimental group

Cumulative urinary volume in mL (0–24 h) 14.520 18.350 16.750 16.540 1.924

Maximum urine flow rate (mL h−1) 0.605 0.765 0.697 0.689 0.081

Control 1 Control 2 Control 3 Mean SD

Urine volume in control group

Cumulative urinary volume in mL (0–24 h) 15.670 17.340 14.430 15.813 1.461

Maximum urine flow rate (mL h−1) 0.653 0.723 0.602 0.659 0.061

Each value represents the mean of three rats ± SD.
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Figure 3: Concentration of pellitorine and sarmentine in different
tissues of the rats (n = 3) at 6 h after administering oral dose (500 mg
kg−1) of ethanol extract of fruit of P. sarmentosum.

because fewer amounts are excreted in feces. The cumulative
excretion of sarmentine was 0.976 µg in 0–72 h, which was
0.0037% of the oral dose. This marker also exhibited good
bioavailability but relatively lesser than pellitorine. The
cumulative excretion of sarmentosine was 0.4377 µg in 0–
72 h, which was 0.94% of the dose. This marker exhibited
zero oral bioavailability because it was excreted in feces as
unchanged. The comparison of cumulative excretion profile
of the markers in feces in 72 h is presented in Figure 4,
which indicated that maximum excretion occurred 48 h after
dosing.

4. Discussion

Keeping in view the versatile biological activities of extracts
of the plant, pharmacokinetic studies based on three
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Figure 4: Excretion profiles of pellitorine, sarmentine and sarmen-
tosine in feces after oral dose (500 mg kg−1) of ethanol extract of
fruit of P. sarmentosum in rats.

markers, pellitorine, sarmentine and sramentosine, were
carried out in rats to delineate their absorption, distribution,
metabolism and excretion after administering the extract
orally. The oral route has certain merits and demerits, and
oral drug absorption is affected by a number of factors; in
gastric lumen drug may be metabolized by enzymes and
microbial flora, inactivated by gastric contents and excreted
in feces. The fraction of the drug which is absorbed may
be metabolized in intestinal wall and in liver. Hence, the
amount of drug which reaches in systemic circulation is
lesser as compared with the administered dose. The action
of the drug depends on the rate and extent at which drug
reaches at the site(s) of action. Therefore, oral bioavailability
data of the extract may be beneficial for its safe and effective
use. Pharmacokinetic parameters help to understand the
action of the body on the drug, which have numerous useful
applications both in toxicology and biopharmaceutics. In
present study, we have selected the oral route because the
plant and its products are taken orally. The areas under
curves of plasma concentration of pellitorine and sarmentine
versus time have shown that drug exposure is long, which
signifies the need of both the control of dose quantity and
dosing interval.

On the basis of the results of this study, the proposed
model for the pharmacokinetics of pellitorine, sarmentine
and sarmentosine is given in (Figure 5). The drugs absorbed
from gastrointestinal tract lead to liver, where these are
biotransformed and delivered into blood stream to reach
other organs. The appearance of pellitorine and sarmentine
in various tissues indicates that these markers are either not
metabolized or less metabolized in the liver. The absorbed
drug is excreted through various routes but kidneys are the
major organs involved in the excretion of most of drugs. In
this study, pellitorine and sarmentine were not detected in
urine, which indicated that either the markers were below
the detection limit or in the form of metabolites. Based
on chromatographic profiles, it was observed that both the
markers were converted into polar metabolites to be excreted
via urine. The polarity of the urine was observed to be
increasing after 5 h of the dose administration. The polarity
was found to be normal in samples that were collected after
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Oral dose
1, 2, 3

Gastrointestinal tract
1, 2, 3

Faeces 1, 2, 3

Ke
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Bile

Blood
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Tissues
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Figure 5: Pharmacokinetic model of pellitorine, sarmentine and
sarmentosine after administering ethanol extract of fruit of P.
sarmentosum in rats, Ka (absorption rate constant); Ke (constant
elimination); VD (volume of distribution); 1 (pellitorine); 2
(sarmentine); 3 (sarmentosine).

72 h. It was found that these markers were excreted in urine
in the form of metabolites.

From the blood, drug distributes itself into various
tissues based on physicochemical properties of the drug itself,
effective tissue perfusion and behavior of cell membranes
of the tissues. Selective tissue distribution of a drug is of
a great value in targeting specific tissues and organs. The
two absorbed markers have shown different affinities toward
different tissues.

It is observed from the plasma concentration versus time
profiles of the absorbed markers that pellitorine declines
from 1 to 4 h followed by rise with maximum at 8 h while
sarmentine declines from 30 min to 1 h followed by rise
with maximum concentration at 6 h. The fluctuation in
the plasma level time curve may be ascribed to a couple
of pharmacokinetic phenomena such as hepatic-cycling,
absorption from multiple-window and tissue distribution.
The presence of outlier(s) may also be expected however, a
consistent profile in all six animals excludes the probability
of outlier(s) in the plasma level time curve for these markers.
The fluctuation in plasma concentration versus time profile
is found to be due to tissue distribution, which is apparent
from tissue distribution profiles.

Sarmentosine is neither detected in plasma nor in tissues
therefore, may it be assumed that either this marker is
destroyed in gastrointestinal tract or excreted in the feces. It
becomes evident from the analysis of feces that this marker is
excreted unchanged without any absorption, and if absorbs,
may be lesser in amount which is below the limit of detection
of this method. This study suggests that this marker should
be administered using other routes of administration or need
to be modified to enhance its oral absorption.

It is evident from the study that the two markers of
the extract, pellitorine and sarmentine, have good oral
bioavailability and different tissue affinities, and are excreted
in urine as metabolites. The other marker, sarmentosine, is
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excreted unchanged in feces and is not absorbed from the
intestine.

Acknowledgments

K. Hussain wishes to acknowledge with thanks the Govt of
Malaysia for providing scholarship under Commonwealth
Scholarship and Fellowship Plan and authorities of the
University of the Punjab, Lahore, Pakistan for granting study
leave. He is grateful to Dr Nizam Mordi, Mr Rahim and Mr
Khoo of Drugs Research Center, Universiti Sains Malaysia,
for helping to perform LC-MS and NMR, and Mr Nadeem
Irfan Bukhari, PhD scholar for assisting in pharmacokinetic
calculations.

References

[1] C. O. Esimone, S. V. Nwafor, C. O. Okoli et al., “In
vivo evaluation of interaction between aqueous seed extract
of Garcinia kola Heckel and ciprofloxacin hydrochloride,”
American Journal of Therapeutics, vol. 9, no. 4, pp. 275–280,
2002.

[2] S. S. Singh, “Preclinical pharmacokinetics: an approach
towards safer and efficacious drugs,” Current Drug
Metabolism, vol. 7, no. 2, pp. 165–182, 2006.

[3] P. A. De Smet and J. R. Brauwers, “Pharmacokinetic evaluation
of herbal remedies: basic introduction, applicability, current
status and regulatory needs,” Clinical Pharmacokinetics, vol.
32, pp. 427–436, 1997.

[4] S. S. Handa, “Medicinal plants-priorities in Indian medicines
diverse studies and implications,” in Supplement to Cultivation
and Utilization of Medicinal Plants, S. S. Handa and M.
K. Kakul, Eds., pp. 33–51, Regional Research Laboratories,
Jammu Tawi, India, 1996.

[5] B. J. Gurley, S. F. Gardner, L. M. White, and P.-L. Wang,
“Ephedrine pharmacokinetics after the ingestion of nutri-
tional supplements containing Ephedra sinica (ma huang),”
Therapeutic Drug Monitoring, vol. 20, no. 4, pp. 439–445, 1998.

[6] P. Muari, P. Simonetti, C. Gardana et al., “liquid chro-
matography/atmospheric pressure chemical ionization mass
spectrometry of terpene lactones in plasma of volunteers with
Ginkgo biloba L. extracts,” Rapid Communications in Mass
Spectrometry, vol. 15, pp. 929–934, 2001.

[7] Y. Kodera, A. Suzuki, O. Imada et al., “Physical, chemical, and
biological properties of S-allylcysteine, an amino acid derived
from garlic,” Journal of Agricultural and Food Chemistry, vol.
50, no. 3, pp. 622–632, 2002.

[8] K. Rath, K. Taxis, G. Walz, C. H. Gleiter, S. Li, and L.
Heide, “Pharmacokinetic study of artemisinin after oral intake
of a traditional preparation of Artemisia annua L. (annual
wormwood),” American Journal of Tropical Medicine and
Hygiene, vol. 70, pp. 128–132, 2004.

[9] S. Mills and K. Bone, Principles and Practice of Phytotherapy,
Churchill Livingstone, Edinburgh, UK, 2000.

[10] L. M. Perry, Medicinal Plants of East and Southeast Asia, MIT
Press, Cambridge, Mass, USA, 1981.

[11] J. A. Duke and E. S. Ayensu, Medicinal Plants of the World, No.
4, Reference Publications Inc., Algonac, Mich, USA, 1985.

[12] V. Y. Toong and B. L. Wong, Phytochemistry of Medicinal
Plants, Piper sarmentosum. Proceedings: Traditional Medicine,
Institute of Advance Studies, University of Malaya, Kuala
Lumpur, Malaysia, 1989.

[13] Y. C. Wee, A Guide to Medicinal Plants, Singapore Science
Centre, Singapore, 1992.

[14] N. Sawangjiaroen, K. Sawangjiaroen, and P. Poonpanang,
“Effects of Piper longum fruit, Piper sarmentosum root and
Quercus infectoria nut gall on caecal amoebiasis in mice,”
Journal of Ethnopharmacology, vol. 91, pp. 357–360, 2004.

[15] T. Masuda, A. Inazumi, Y. Yamada, W. G. Padolina, H.
Kikuzaki, and N. Nakatani, “Antimicrobial phenylpropanoids
from Piper sarmentosum,” Phytochemistry, vol. 30, no. 10, pp.
3227–3228, 1991.

[16] K. Hussain, Z. Ismail, A. Sadikun, and P. Ibrahim, “Anal-
ysis of proteins, polysaccharides, glycosaponins contents of
Piper sarmentosum Roxb. and anti-TB evaluation for bio-
enhancing/interaction effects of leaf extracts with Isoniazid
(INH),” Natural Product Radiance, vol. 7, no. 5, pp. 402–408,
2008.

[17] W. Ridititid, W. Rattanaprom, P. Thaina, S. Chittrakaran,
and M. Sunbhanich, “Neuromuscular blocking activity of
methanolic extract of Piper sarmentosum leaves in the rat
phrenic nerve hemi diaphragm preparation,” Journal of
Ethnopharmacology, vol. 61, pp. 135–142, 1998.

[18] P. Peungvicha, S. S. Thirawarapan, R. Temsiririrkkul, H.
Watanabe, J. K. Prasain, and S. Kadota, “Hypoglycemic effect
of the water extract of Piper sarmentosum in rats,” Journal of
Ethnopharmacology, vol. 60, no. 1, pp. 27–32, 1998.

[19] N. N. N. A. Rahman, T. Furuta, S. Kojima, K. Takane, and
M. Ali Mohd, “Antimalarial activity of extracts of Malaysian
medicinal plants,” Journal of Ethnopharmacology, vol. 64, no.
3, pp. 249–254, 1999.

[20] S. Vimala, I. A. Mohd, R. A. Abdul, and S. Rohana, “Natural
antioxidants: Piper sarmentosum (Kadok) and Morinda ellip-
tica (Mengkudu),” Malaysian Journal of Nutrition, vol. 9, pp.
41–51, 2003.

[21] N. T. Hutadilok, P. Chaiyamutti, K. Panthong, W.
Mahabusarakam, and V. Rukachaisirikul, “Antioxidant
and free radical scavenging activities of some plants used
in Thai folk medicine,” Pharmaceutical Biology, vol. 44, pp.
221–228, 2006.

[22] K. Hussain, Z. Ismail, A. Sadikun, P. Ibrahim, and A. Malik,
“In vitro antiangiogenesis activity of standardised extracts of
Piper sarmentosum Roxb,” Jurnal Riset Kimia, vol. 1, pp. 146–
150, 2008.

[23] V. S. Parmar, S. C. Jain, K. S. Bisht et al., “Phytochemistry of
the genus Piper,” Phytochemistry, vol. 46, no. 4, pp. 597–673,
1997.

[24] J. R. Stoehr, P. G. Xiao, and R. Bauer, “Isobutylamides and
a new methylbutyl amide from Piper sarmentosum,” Planta
Medica, vol. 65, pp. 175–177, 1999.

[25] P. Tuntiwachwuttikul, P. Phansa, Y. Pootaeng-On, and W.
C. Taylor, “Chemical constituents of the roots of Piper
sarmentosum,” Chemical and Pharmaceutical Bulletin, vol. 54,
no. 2, pp. 149–151, 2006.

[26] J. T. Dalton and M. C. Meyer, “Bioavailability of drugs and
bioequivalence,” in Encyclopedia of Pharmaceutical Technology,
J. Swarbrick and J. C. Boylon, Eds., vol. 1, pp. 124–135,
Informa Healthcare, New York, NY, USA, 2nd edition, 2002.

[27] IACUC, Guideline of Selected Techniques for Rat and Mouse
Blood Collection, Guideline 9, IACUC, Portland, Ore, USA,
1999.

[28] K. H. Diehl, R. Hull, D. Morton et al., “A good practice guide
to the administration of substances and removal of blood,
including routes and volumes,” Journal of Applied Toxicology,
vol. 21, no. 1, pp. 15–23, 2001.


	Introduction
	Methods
	Animals and Grouping
	Preparation Extract and Dose
	Collection of Blood Samples for Absorption Studies
	Sampling for Tissue Distribution Studies
	Collection of Urine and Excreta
	Extraction of the Markers from Plasma, Tissues, Urine and Feces
	Plasma
	Urine
	Tissues

	Fecal Matter
	Chromatography and Quantification of the Markers
	Determination of Pharmacokinetic Parameters
	Statistical Analysis

	Results
	Validation of HPLC Method of Analysis
	Content of the Markers in the Extract, Plasma, Tissues, Urine, and Feces
	Pharmacokinetic Parameters of the Markers
	Tissue Distribution of the Marker Compounds
	Excretion of the Markers in Urine and Feces

	Discussion
	Acknowledgments
	References

