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Abstract

Phyllanthus amarus Schum. & Thonn. has been used for the treatment of various diseases. Previous in vitro study
in human liver microsome demonstrated the inhibitory activity of P. amarus extract on CYP3A4, an enzyme responsible for
various drug metabolism. The objective of this study was to evaluate the effect of P. amarus ethanolic extract on the pharma-
cokinetics of midazolam, a CYP3A4 probe drug, in rabbits. Midazolam plasma concentration time-profiles (0-8 h) after a single
oral dose of 10 mg/kg midazolam were examined in rabbits receiving P. amarus extract compared to control. In treatment
group, P. amarus extract (500 mg/kg) was orally administered for 7 days and on the experiment day prior to midazolam
administration. The results showed that pretreatment with P. amarus significantly increased the mean maximum concentra-
tion (Cmax), time to reach maximum concentration (Tmax), area under curve (AUC0-8), and elimination half-life (T1/2) (2.9-,
1.6-, 2.8-, and 1.4-fold, respectively) compared with control group receiving a single oral dose of midazolam. The results
suggest that P. amarus extract inhibits midazolam metabolism in rabbits probably by inhibition of CYP3A which is the enzyme
responsible for midazolam metabolism. Therefore, coadministration of P. amarus and drugs which are CYP3A substrates may
increase plasma drug concentration leading to serious side effects. Thus, concern over the clinical relevance of herb-drug
interaction between P. amarus and CYP3A substrates should be warranted. However, further investigation is needed to be
performed in human to reveal the clinically significant potential of these herb-drug interactions.
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1. Introduction

Phyllanthus amarus Schum.&Thonn., belonging to
the family Euphorbiaceae, is a medicinal plant that has been
used  in  traditional  Thai  medicine  for  treatment  of  fever,
jaundice, ascites, hemorrhoid, and diabetes (Pongboonrod,
1976). Several pharmacological activities of P. amarus have

been  reported  including  antiamnesic,  antibacterial,  anti-
fungal, antiviral, anticancer, anti-diarrheal, gastroprotective,
antiulcer, analgesic, anti-inflammatory, antioxidant, diuretic,
antiplasmodial, aphrodisiac, contraceptive, antihypertensive,
hepatoprotective against ethanol-, paracetamol-, and carbon
tetrachloride-toxicity, hypoglycemic, hypocholesterolemic,
immunomodulatory, nephroprotective, radioprotective, and
spasmolytic activities (Patel et al., 2011, Pramyothin et al.,
2007, Wongnawa et al., 2006). The secondary metabolites
present in P. amarus are alkaloids (securinine, dihydro-
securinine,  etc.),  flavonoids  (quercetin,  astragalin,  rutin,
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kaempferol, etc.), ellagitannins (gallic acid, ellagic acid, etc.),
lignans  (phyllanthin,  hypophyllanthin,  niranthin,  etc.),
triterpines  (lupeol),  sterols,  and  volatile  oil  (Patel  et  al.,
2011). An alcoholic extract of P. amarus was found, in vivo
as well as in vitro, to inhibit some cytochrome P450 isozymes
(CYP 1A1, 1A2, 2B1/2, 2E1) which are responsible for
activation of various procarcinogens, suggesting its inhibi-
tory mechanism of action on carcinogenesis (Kumar and
Kuttan,  2006).  Moreover,  Taesotikul  et  al.  (2011)  have
reported the inhibitory potency of the ethanolic and aqueous
extract of P. amarus on CYP3A4 activity in vitro in human
liver microsome that was about 2-3 orders of magnitude
stronger than the known CYP3A4 inhibitors such as erythro-
mycin and clarithromycin suggesting its potential to cause
herb-drug interaction, since CYP 3A4 is an enzyme respon-
sible for metabolism of more than 50% of all drugs. Various
studies  have  demonstrated  that  inhibition  of  CYP3A4
increased plasma concentration of drugs which are CYP 3A4
substrate leading to serious side effects or toxicity (Norwack,
2008, Lilja et al., 2000, Westphal, 2000). Midazolam is a
sedative drug with a rapid onset and short duration of action.
After oral administration, maximum plasma levels are reached
within 30 min and the drug is rapidly eliminated from plasma
with the half-life of about 2 h. The oral bioavailability ranges
from 31-72%. It is rapidly and extensively metabolized by
CYP3A to 1-hydroxy and 4-hydroxy midazolam (Heizmann
et al., 1983, Patki et al., 2003, Reves et al., 1985). Therefore,
this study was aimed to investigate the effect of P. amarus
on the pharmacokinetics of midazolam, a CYP3A substrate,
in  rabbits  in  order  to  reveal  the  possibility  of  herb-drug
interaction between P. amarus and midazolam in vivo.

2. Materials and Methods

2.1 Chemicals and reagents

Midazolam tablets (Dormicum®, Hoffmann-La Roche
Ltd., Basel, Switzerland) were purchased from the Food and
Drug Administration, Ministry of Public Health, Bangkok,
Thailand.  Standard  midazolam  and  diazepam  were  kindly
provided by Dr Wirachai Samai, The Forensic Medicine and
Toxicology Unit, Department of Pathology, Faculty of Medi-
cine, Prince of Songkla University. Standard phyllanthin and
hypophyllanthin  were  kindly  provided  by  Dr  Wanida
Sukketsiri, Department of Pharmacology, Faculty of Science,
PSU. Methanol and acetonitrile (HPLC grade) were purchased
from J.T. Baker. USA. All other chemicals and solvents were
of analytical reagent grade. Water was purified by Milli Q
Water Purification System, Millipore, USA.

2.2 Preparation of P. amarus extract

P. amarus powder was purchased from Lampang Herb
Conservation, Lampang province, Thailand, and was identi-
fied by Assoc. Prof. Tanomjit Supavita, School of Pharmacy,
Walailak University, Nakhon Si Thammarat. The powder was

extracted twice in 70% ethanol (1:5) at room temperature
for  7  days.  The  filtrate  was  evaporated  at  60°C  and  then
lyophillized. The yield of the extract was about 13% w/w. The
extract was stored in a well-closed, light protected container
at  -20°C  until  used.  A  portion  of  the  extract  was  freshly
reconstituted in 10% of gum acacia at desired concentrations
prior to the experiment.

2.3 Animals

Nine male New Zealand White rabbits, obtained from
The National Laboratory Animal Center, Mahidol University,
Salaya, Nakornpathom, Thailand, weighing between 3.0 - 3.5
kg, were housed at The Southern Laboratory Animal Facility,
Prince  of  Songkla  University,  Thailand,  under  controlled
environment (temperature 25±2°C and relative humidity of
approximately 60% with 12 h light/dark cycle). They received
standard pellet diet and water ad libitum and were acclima-
tized for 7 days, then fasted for 12 h before the experiment.
The  experimental  procedures  were  approved  by  the
Committee on Animal Care (Ref. 03/54) and were in accord-
ance  with  the  Guiding  Principles  for  the  Care  and  Use  of
Research Animals promulgated by Prince of Songkla Univer-
sity.

2.4 Study design

In phase 1, the baseline pharmacokinetics of mida-
zolam were evaluated in the animals receiving a single oral
dose of 10 mg/kg midazolam with 10 mL of water. In phase 2,
after a 1-week washout period, the animals were orally admin-
istered with 500 mg/kg P. amarus extract once a day (o.d.) for
7 days and the last dose in the morning on day 8, one hour
before midazolam administration. Blood samples (2 mL) were
taken  from  marginal  ear  vein  through  a  venous  catheter
before administration of midazolam (T0) and at 0.25, 0.5, 0.75,
1, 2, 3, 4, 6 and 8 h post dose. The heparinized plasma was
collected and stored at -20°C until analysed within 1 month.

2.5 Midazolam analysis

Midazolam concentration in plasma was determined
by HPLC method modified from Lehmann and Boulieu (1995).
To the 250 L of plasma sample, 100 L of 0.1 N NaOH, 50 L
internal standard (diazepam in methanol, 3 g/mL) and 1 mL
of diethyl ether were added. The mixture was vortex-mixed
for 5 minutes and centrifuged at 1,000 g for 10 minutes. The
800 L of upper organic phase was separated and evaporated
at 35°C under air flow. The residue was reconstituted in 100
L of the mobile phase and 50 L was injected into the HPLC
system  (Agilent  Technologies)  using  C8  reversed-phase
column (Phenomenex Inc, USA). The mobile phase consisted
of 0.025 M KH2PO4 (pH 4.6):acetonitrile:methanol (35:30:35
v/v/v), at a flow rate of 1.2 mL/min. The peak was detected
using a UV detector set at 210 nm. The standard midazolam
and internal standard (diazepam) were eluted at 7 and 8 min,
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respectively.  The  assay  was  validated  according  to  the
guideline (US. FDA, 2001) with the lower limit of quantifica-
tion (LLOQ) of 50 ng/mL. The interday and intraday accura-
cies(104-110% and 95-100%, respectively), precision (% CV
less than 10) and mean recovery (86-99%) were within the
accepted ranges.

2.6 Phyllanthin and hypophyllanthin analysis

2.6.1  In P. amarus extract

The sample solution of P. amarus extract was prepared
by  accurately  weighing  1  g  dry  powder  extract  and  dis-
solving in 10 mL of methanol, then centrifuging at 1,300 g for
10 min. The supernatant was transferred into a microcentri-
fuge tube and diluted to 10 g/mL and 20 L was injected
into the HPLC system (Agilent Technologies) using C18
reversed-phase column (Symmetry®, Waters, USA). The
mobile phase consisted of acetonitrile:water (52:48 v/v), at
a flow rate of 1.0 mL/min. The peak was detected using a UV
detector set at 220 nm. The experiment was run in triplicate.
Standard calibration curves were constructed by the least-
square linear regression of phyllanthin and hypophyllanthin
concentration and their peak areas. The concentrations of
phyllanthin and hypophyllanthin in P. amarus extract were
calculated from the standard curve by reverse prediction.

2.6.2  In plasma

Phyllanthin  and  hypophyllanthin  concentration  in
plasma were determined by HPLC method modified from
Murugaiyah  and  Chan  (2007).  To  the  250 L  of  plasma
sample, 50 L of internal standard (diazepam in methanol,
3 g/mL) and 250 L of acetonitride were added then vortex-
mixed for 1 minute and centrifuged at 1,000 g for 10 minutes.
The supernatant (50 L) was injected into HPLC system
(Agilent Technologies) using C18 reversed-phase column
(Symmetry®, Waters, USA). The mobile phase consisted of
acetonitrile:water (52:48 v/v), at a flow rate of 1.0 mL/min. The
peak was detected using a UV detector set at 220 nm. The
internal standard (diazepam), standard phyllanthin and
hypophyllanthin were eluted at 5, 10.2 and 10.8 min, respec-
tively. The assay was validated according to the guideline
(US. FDA, 2001). The LLOQ were 211.18 ng/mL and 226.62
ng/mL for phyllanthin and hypophyllanthin, respectively.
The intraday accuracy (85-106%), interday accuracy (91-
108%), precision (% CV less than 10) and mean recovery (84 -
102%) were within the accepted ranges.

2.7 Pharmacokinetics and statistical analysis

Plasma concentrations of midazolam were plotted
against time after the drug administration. Pharmacokinetic
parameters of midazolam were determined by a noncompart-
ment  method  with  the  use  of  WinNonlin  Professional
Software Version 1.1 (Pharsight, Mountain View, CA). The

areas under the drug concentration-time (AUC) curves from
0 to 8 h (AUC0-8) were calculated using the linear trapezoidal
method from time 0 to 8 h after midazolam administration.
The areas under the drug concentration time curves from zero
to infinity 0(AUC )  were calculated by the sum of AUC0-8
and ratio of the concentration at 8 h to the elimination rate
constant (Ke). The maximum plasma concentrations (Cmax) and
the time to reach Cmax (Tmax) were obtained from the actual
data. Clearance (CL/F) was calculated as dose/ 0AUC . The
elimination rate constant was obtained from the slope of the
terminal log linear concentration-time value. Half life (T1/2),
the time for concentration to decrease by half, was calculated
by ratio of 0.693/Ke. All pharmacokinetic parameters were
expressed as the mean ± standard deviation (X±SD). Statisti-
cal  analysis  was  performed  using  Student’s  paired  t-test.
Differences were considered as statistically significant when
the p-value was less than 0.05. The software used was the
SPSS (Version 11.5, SPSS Inc, Chicago, IL, USA).

3. Results

The contents of phyllanthin and hypophyllanthin in
P. amarus extract were 296.69±8.04 mg/g and 96.56±4.36
mg/g, respectively. Mean plasma concentration time-profiles
of midazolam after a single oral dose of 10 mg/kg midazolam
(Phase 1) and after pretreatment with 500 mg/kg P. amarus
o.d. orally for 7 days and once before midazolam administra-
tion (Phase 2) are shown in Figure 1. The mean Cmax(164.87±
140.15 VS 474.15±322.46 ng.mL), Tmax(0.44±0.27 VS 0.72±0.29
h), AUC0-8(362.39±281.88 VS 1024.78±1094.74 ng.h/mL) and
T1/2(2.19±1.12 VS 3.18±1.49 h) of midazolam were significantly
increased after pretreatment with P. amarus, whereas the

0AUC (439.76±360.02 VS 1424.27±1749.62 ng.h/mL) was
non-significantly increased, Ke(0.39±0.19 VS 0.26±0.18 h-1)
and CL/F(0.08±0.10 VS 0.02±0.02 L/h/kg) were non-signifi-
cantly decreased (Table 1). Phyllanthin and hypophyllanthin

Figure 1. Mean plasma concentration-time profiles of midazolam
in  rabbit  (N=9)  after  a  single  oral  dose  of  10  mg/kg
midazolam (Phase 1) and after pretreatment with 500 mg/
kg  P. amarus  o.d.  orally  for  7  days  and  once  before
midazolam administration (Phase 2).
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were undetectable in all plasma samples at one hour after
oral administration of the last dose of P. amarus.

4. Discussion and Conclusions

Some phytochemicals contained in medicinal plants
are  biologically  active  and  capable  of  interacting  with
therapeutic drugs. Inhibition or induction of drug metaboliz-
ing enzymes, particularly CYPs that are the major enzymes
responsible for the metabolism of most therapeutic drugs, is
of major concern. The induction of CYP may decrease plasma
concentration of certain drugs, leading to reduced efficacy
of the drug or treatment failure. On the other hand, an inhibi-
tory effect of medicinal plants on CYP may cause increased
plasma concentrations of several drugs leading to increased
efficacy, side effect or toxicity of the drug (Elvin-Lewis, 2001).
Among these CYP enzymes, CYP3A4 is the most abundant in
human liver, as well as in intestine, and is involved in the
metabolism of more than 50% of all prescribed drugs (Zhou
et al., 2008). Induction or inhibition of CYP3A4 by various
herbs  has  been  reported  to  be  clinically  important.  For
example,  administration  of  St. John’s  Wort  (Hypericum
perforatum, a CYP 3A4 inducer) extract to patients receiving
tacrolimus, an immunosuppressive drug, markedly reduced
tacrolimus blood concentration with the risk of organ rejec-
tion (Mai et al., 2003) and coadministration of simvastatin
(a  lipid  lowering  drug)  with  grapefruit  juice  (a  CYP  3A4
inhibitor) increased the mean peak serum concentration of
simvastatin 12.0-fold with increase risk for myopathy (Lilja
et al., 2000). In the present study, the effect of P. amarus
ethanolic  extract  on  midazolam  pharmacokinetics  was
examined in rabbits in order to determine the inhibitory effect
of  P. amarus  on  CYP3A  in vivo  using  midazolam  as  a
substrate probe. Midazolam is a sedative drug with a rapid
onset and short duration of action (Reves et al.,1985). It is
rapidly and extensively metabolized by CYP3A to 1-hydroxy

and 4-hydroxy midazolam (Patki et al., 2003). Midazolam is
one of the best in vivo probe drugs for the study of CYP3A4
activity not only because it is a substrate of CYP 3A, but it is
unaffected by P-glycoprotein or other known transporters
and presents negligible adverse effects at the dose used for
probe studies (Bjornsson et al., 2003; Galetin et al., 2005;
Zhou  et  al.,  2008).  It  can  provide  a  measure  of  human
CYP3A4 and 3A5 activity related to both intestinal and
hepatic metabolism, respectively (Lin et al., 2002). Moreover,
midazolam hydroxylase activity could be determined in rabbit
as well as in human hepatic microsomes (Elbarbry et al.,
2009) suggesting that the data obtained by using rabbit as an
animal model can be applied to determine CYP3A activity in
human. Although the isoform found in rabbit is CYP3A6 while
those found in human are CYP3A4/3A5 (Daujat et al., 1991;
Patki et al., 2003), it has been demonstrated that CYP 3A6
is strongly similar to CYP3A4 both in intestine and liver
(McKinnon et al., 1993, Franklin, 1995).

It was found from this study that oral pretreatment of
P. amarus ethanolic extract (500 mg/kg, daily for 7 days and
once 1 h before midazolam) increased Cmax, AUC0-8 and T1/2
(2.9, 2.8 and 1.4-fold, respectively) of midazolam indicating
the inhibitory activity of P. amarus on CYP3A, the enzyme
responsible  for  midazolam  metabolism.  Although  a  large
variation was noticed, it is consistent with previous in vitro
and in vivo reports showing large interindividual variability
in genetic expression for CYP3A leading to variability (20-
60 fold) of oral bioavailability and metabolism of CYP3A
substrates  (Thummel  et  al.,  1994;  Thummel  et  al., 1996;
Wilkinson, 1996). According to the drug interaction guideline
(US FDA, 2006), P. amarus in this study was classified as a
moderate CYP 3A inhibitor because the increase in the area
under curve of oral midazolam was in the range of 2-5 fold.
This  inhibitory  effect  on  CYP3A  was  consistent  with
previous in vitro data showing that ethanolic extract of P.
amarus  and  its  major  lignans,  phyllanthin  and  hypo-

Table 1. Pharmacokinetic parameters (X ± SD) of midazolam in 9 rabbits
receiving a single oral dose of 10 mg/kg midazolam (Phase 1)
compared with after pretreatment with 500 mg/kg P. amarus o.d.
orally for 7 days and once before midazolam administration
(Phase 2).

Midazolam
  Parameters p-value

Phase 1 Phase 2

Tmax (h) 0.44±0.27 0.72±0.29* 0.030
Cmax (ng/L) 164.87±140.15 474.15±322.46* 0.004
AUC0-8 ( ng.h/L) 362.92±281.88 1024.78±1094.74* 0.048

0AUC  ( ng.h/L) 439.76±360.02 1424.27±1749.62 0.050
T1/2 (h) 2.19±1.12 3.18±1.49* 0.038
Ke (h-1) 0.39±0.19 0.26±0.18 0.141
CL/F (L/h/kg) 0.08±0.10 0.02±0.02 0.085

* significantly different compared with phase 1
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phyllanthin, were potent mechanism-based inhibitors of CYP
3A4 activity in human liver microsome (Taesotikul et al.,
2011).  In  the  present  study,  P. amarus  ethanolic  extract
containing phyllanthin and hypophyllanthin 297 mg/g and
96  mg/g,  respectively,  showed  the  inhibitory  activity  on
CYP3A although the plasma concentration of phyllanthin
and hypophyllanthin could not be detected at the LLOQ of
211.18 and 226.62 ng/mL, respectively, whereas the IC50 in
in vitro study was 800 ng/mL (Taesotikul et al., 2011), and
the clearance of midazolam was not significantly decreased
which suggested that the inhibitory effect might take place
mainly in the intestine rather than in the liver. Moreover,
in vivo study in rats also showed that single dose administra-
tion of P. amarus ethanolic extract (800 mg/kg/day) increased
oral bioavailability of midazolam through inhibition of intes-
tinal CYP 3A since it was affected by oral but not intravenous
administration  (Taesotikul  et  al.,  2012).  Concerning  the
mechanism  of  inhibition,  CYP  inhibitors  that  have  been
shown to be mechanism-based inactivators require catalytic
activation by the enzyme to transient intermediates that then
form quasi-irreversible complexes with the heme iron atom of
the enzyme leading to inhibition (Hollenberg, 2002). This
might be one of the possible mechanisms of P. amarus to
inhibit  CYP  activity  since  P. amarus  has  been  shown  to
possess  iron  chelating  activity  (Wongnawa  et  al.,  2006;
Kumaran and Karunakaran, 2007). Moreover, deferasirox, a
well known iron chelator, as well as some phytochemicals
with iron chelating activity such as curcumin, quercetin and
catechin, also inhibit CYP activity (Morel et al., 1993; Chow
et al., 2006; Jiao et al., 2006; Leopoldini et al., 2006; Hatcher
et al., 2008; Skerjanec et al., 2010; Choi et al., 2011; Cho
et al., 2012; Galanello et al., 2012). It is noted that Tmax was
increased  after  pretreatment  with  P. amarus,  which  is
inconsistant with the inhibitory effect on intestinal CYP3A.
This effect might result from the delayed gastric emptying
effect which is attributed by the stringent effect of tannin,
a major component in P. amarus (Chaudhari and Mengi,
2006; Umoh et al., 2013).

In conclusion, the present study has demonstrated
that pretreatment with P. amarus ethanolic extract (500 mg/
kg) for a short period (7 days) increased the plasma level of
midazolam probably by inhibition of CYP3A. Since CYP 3A
is an enzyme responsible for the metabolism of various drugs,
co-administration of P. amarus may increase plasma level of
these  drugs  leading  to  increased  efficacy  or  serious  side
effects. Thus, clinical investigation needs to be performed
to reveal the significant potential of these herb-drug inter-
actions in human.

Acknowledgements

This study was financially supported by the Faculty
of Science Research Fund (annual budget, 2011) and the
Graduate School Research Fund (annual budget, 2010), Prince
of Songkla University, Thailand. The authors would like to

thank the Forensic Medicine and Toxicology Unit, Depart-
ment of Pathology, Faculty of Medicine, PSU, for HPLC
equipments,  Assoc.  Prof.  Tanomjit  Supavita,  School  of
Pharmacy,  Walailak  University,  Nakhon  Si  Thammarat,  for
identification of P. amarus powder, Dr Wirachai Samai and
Dr Suwit Reungkittisakul, The Forensic Medicine and Toxi-
cology Unit, Department of Pathology, Faculty of Medicine,
and  Dr  Wanida  Sukketsiri,  Department  of  Pharmacology,
Faculty of Science, PSU., for providing the standard materials.

References

Bjornsson,T.D., Callaghan, J.T., Einolf. H.J., Fischer, V., Gan,
L., Grimm, S., Kao, J., King, S.P., Miwa, G., Ni, L., et al.
2003. The conduct of in vitro and in vivo drug-drug
interaction studies: a Pharmaceutical Research and
Manufacturers of America (PhRMA) Perspective. Drug
Metabolism and Disposition. 31, 815–832.

Chaudhari,  M.  and  Mengi,  S.  2006.  Evaluation  of  phyto-
constituents of Terminalia arjuna for wound healing
activity in rats. Phytotherapy Research. 20, 799-805.

Cho, Y.A., Lee, W. and Choi, J.S. 2012. Effects of curcumin
on the pharmacokinetics of tamoxifen and its active
metabolite,  4-hydroxytamoxifen,  in  rats:  possible
role  of  CYP3A4  and  P-glycoprotein  inhibition  by
curcumin. Die Pharmazie-An International Journal of
Pharmaceutical Sciences. 67(2), 124-130.

Choi, J.S., Piao, Y.J. And Kang, K.W. 2011. Effects of quercetin
on the bioavailability of doxorubicin in rats: role of
CYP3A4 and P-gp inhibition by quercetin. Archives
of Pharmacal Research. 34(4), 607-613.

Chow, H.S., Hakim, I.A., Vining, D.R., Crowell, J.A., Cordova,
C.A., Chew, W.M. and Alberts, D.S. 2006. Effects of
repeated green tea catechin administration on human
cytochrome  P450  activity.  Cancer  Epidemiology
Biomarkers and Prevention. 15(12), 2473-2476.

Daujat, M., Clair, P., Astier, C., Fabre, I., Pineau, T., Yerle, M.,
Gellin, J. and Maurel, P. 1991. Induction, regulation
and messenger half-life of cytochromes P450 IA1, IA2
and IIIA6 in primary cultures of rabbit hepatocytes.
European Journal of Biochemistry. 200, 501-510.

Elbarbry, F., Attia, A. and Shoker, A. 2009. Validation of a new
HPLC method for determination of midazolam and
its metabolites: Application to determine its pharmaco-
kinetics in human and measure hepatic CYP3A activity
in rabbits. Journal of Pharmaceutical and Biomedical
Analysis. 50, 987-993.

Elvin-Lewis, M. 2001. Should we be concerned about herbal
remedies. Journal of Ethnopharmacology. 75, 141-164.

Franklin, M.R. 1995. Enhanced rates of cytochrome P450
metabolic-intermediate complex formation from
nonmacrolide amines in rifampicin-treated rabbit liver
microsomes. Drug Metabolism and Disposition. 23,
1379 –1382.



M. Wongnawa et al. / Songklanakarin J. Sci. Technol. 36 (5), 547-553, 2014552

Galanello, R., Campus, S. and Origa, R. 2012. Deferasirox:
pharmacokinetics  and  clinical  experience.  Expert
Opinion on Drug Metabolism and Toxicology. 8(1),
123-134.

Galetin,  A.,  Ito,  K.,  Hallifax,  D.  and  Houston,  J.B.  2005.
CYP3A4 substrate selection and substitution in the
prediction of potential drug-drug interactions. Journal
of Pharmacology and Experimental Therapeutics. 314,
180 –190.

Hatcher, H., Planalp, R., Cho, J., Torti, F.M. and Torti, S.V.
2008. Curcumin: from ancient medicine to current
clinical trials. Cellular and Molecular Life Sciences.
65(11), 1631-1652.

Heizmann, P., Eckert, M. and Ziegler, W.H. 1983. Pharmaco-
kinetics  and  bioavailability  of  midazolam  inman.
British Journal of Clinical Pharmacokinetics. 16, 43S-
49S.

Hollenberg, P.F. 2002. Characteristics and common properties
of inhibitors, inducers, and activators of CYP enzymes.
Drug metabolism reviews. 34(1-2), 17-35.

Jiao, Y., Wilkinson IV, J., Christine Pietsch, E., Buss, J.L.,
Wang,  W.,  Planalp,  R.  and  Torti,  S.V.  2006.  Iron
chelation in the biological activity of curcumin. Free
Radical Biology and Medicine. 40(7), 1152-1160.

Kumar, K.B.H. and Kuttan, R. 2006. Inhibition of drug meta-
bolizing enzymes (cytochrome P450) in vitro as well as
in vivo by Phyllanthus amarus Schum & Thonn. Bio-
logical and Pharmaceutical Bulletin. 29(7), 1310-1313.

Kumaran, A. and Karunakaran, J.R. 2007. In vitro antioxidant
activities  of  methanol  extract  of  five  Phyllanthus
species from India. LWT-Food Science and Techno-
logy. 40(2), 344-352.

Lehmann, B. and Boulieu, R. 1995. Determination of midazo-
lam and its unconjugated 1-hydroxy metabolite in
human plasma by high-performance liquid chromato-
graphy. Journal of Chromatography. 674, 138-142.

Leopoldini, M., Russo, N., Chiodo, S. and Toscano, M. 2006.
Iron chelation by the powerful antioxidant flavonoid
quercetin. Journal of agricultural and food chemistry.
54(17), 6343-6351.

Lilja, J.J., Kivisto, K.T. and Neuvonen, P.J. 2000. Duration of
effect of grapefruit juice on the CYP3A4 substrate
simvastatin. Clinical Pharmacology and Therapeutics.
68, 384–90.

Lin, Y.S., Dowling, A.L., Quigley, S.D., Farin, F.M., Zhang, J.,
Lamba, J. and Thummel, K. E. 2002. Co-regulation of
CYP3A4 and CYP3A5 and contributionto hepatic and
intestinal midazolam metabolism. Molecular pharma-
cology. 62(1), 162-172.

Mai, I., Sto¨rmer, E., Bauer, S., Kru¨ger, H., Budde, K. and
Roots, I. 2003. Impact of St. John’s wort treatment on
the pharmacokinetics of tacrolimus and mycophenolic
acid in renal transplant patients. Nephrology Dialysis
Transplantation. 18, 819–822.

McKinnon,  R.A.,  Burgess,  W.M.,  Gonzalez,  F.J.  and
McManus, M.E. 1993. Metabolic differences in colon
mucosal cells. Mutation Research. 290, 27–33.

Morel, I., Lescoat, G., Cogrel, P., Sergent, O., Pasdeloup, N.,
Brissot,  P.  and  Cillard,  J.  1993.  Antioxidant  and
iron-chelating  activities  of  the  flavonoids  catechin,
quercetin and diosmetin on iron-loaded rat hepato-
cyte cultures. Biochemical Pharmacology. 45(1), 13-19.

Murugaiyah, V. and Chan, K.L. 2007. Determination of four
lignans  in  Phyllanthus  niruri  L.  by  a  simple  high-
performance  liquid  chromatography  method  with
fluorescence detection. Journal of Chromatography A.
1154(1), 198-204.

Nowack, R. 2008. Cytochrome P450 enzyme, and transport
protein  mediated  herb–drug  interactions  in  renal
transplant patients: Grapefruit juice, St. John’s Wort –
and beyond. Nephrology. 13, 337-347.

Patel, J.R., Tripathi, P., Sharma, V., Chauhan, N.S. and Dixit,
V.K. 2011. Phyllanthus amarus: ethnomedicinal uses,
phytochemistry and pharmacology: a review. Journal
of Ethnopharmacology. 138(2), 286-313.

Patki, K.I., Von Moltke, L.L. and Greenblatt, D.J. 2003. In vitro
metabolism of midazolam, triazolam, nifedipine, and
testosterone by human liver microsomes and recom-
binant  cytochromes  P450:  Role  of  CYP3A4  and
CYP3A5. Drug Metabolism and Disposition. 31, 938-
944.

Pongboonrod, S. 1976. The Medicinal Plants in Thailand.
Kasem Banakit Publishing, Bangkok, pp 205.

Pramyothin, P., Ngamtin, C., Poungshompoo, S. and Chai-
chantipyuth, C. 2007. Hepatoprotective activity of
Phyllanthus  amarus  Schum.  &  Thonn.  extract  in
ethanol  treated  rats:  In  vitro  and  in  vivo  studies.
Journal of Ethnopharmacology. 114, 169-173.

Reves, J.G., Fragen, R.J., Vinik, H.R. and Greenblatt, D.J. 1985.
Midazolam: pharmacology and uses. Anesthesiology.
62, 310-324.

Skerjanec,  A.,  Wang,  J.,  Maren,  K.  and  Rojkjaer,  L.  2010.
Investigation of the pharmacokinetic interactions of
deferasirox,  a  once  daily  oral  iron  chelator,  with
midazolam,  rifampin,  and  repaglinide  in  healthy
volunteers. The Journal of Clinical Pharmacology.
50(2), 205-213.

Taesotikul, T., Dumrongsakulchai, W., Wattanachai, N.,
Navinpipat, V., Somanabandhu, A., Tassaneeyakul, W.
and Tassaneeyakul W. 2011. Inhibitory effects of
Phyllanthus amarus and its major lignans on human
microsomal cytochrome P450 activities: evidence for
CYP3A4 mechanism-based inhibition. Drug Metabo-
lism and Pharmacokinetics. 26, 154-161.

Taesotikul, T., Nakajima, M., Tassaneeyakul, W. and Yokoi, T.
2012. Effects of Phyllanthus amarus on the pharmaco-
kinetics of midazolam and cytochrome P450 activities
in rats. Xenobiotica. 42(7), 641–648.



553M. Wongnawa et al. / Songklanakarin J. Sci. Technol. 36 (5), 547-553, 2014

Thummel, K.E., Shen, D.D., Podoll, T.D., Kunze, K.L., Trager,
W.F. and Bacchi, C.E., et al. 1994. Use of midazolam as
a human cytochromeP450 3A probe: II. Characteriza-
tion of inter-and intraindividual hepatic CYP3A vari-
ability after liver transplantation.Journal of Pharma-
cology and Experiment Therapeutics. 271, 557-566.

Thummel, K.E., O’Shea, D., Paine, M.F., Shen, D.D., Kunze,
K.L., Perkins, J.D. and Wilkinson, G.R. 1996. Oral
first-pass elimination of midazolam involves both
gastrointestinal and hepatic CYP3A-mediated metabo-
lism. Clinical Pharmacology and Therapeutics. 59, 491-
502.

Umoh, E.D., Akpabio, U.D. and Udo I.E. 2013. Phytochemical
screening  and  nutrient  analysis  of  Phyllanthus
amarus. Asian Journal of Plant Science and Research.
3(4),116-122.

US. Food and Drug Administration. 2001. Guidance for indus-
try-bioanalytical method validation.http://www.fda.
gov/CDER/GUIDANCE/index.htm. [December 10,
2013]

US.  Food  and  Drug  Administration.  2006.  Guidance  for
Industry: Drug Interaction Studies-Study Design, Data
Analysis, and Implications for Dosing and Labelling.
http://www.fda.gov/downloads/Drugs/Guidance
Compliance Regulatory Information/Guidances/ucm
072101. pdf. [December 10, 2013]

Westphal, J.F. 2000. Macrolide-induced clinically relevant
drug interactions with cytochrome P-450A (CYP) 3A4:
an update focused on clarithromycin, azithromycin
and dirithromycin. British Journal of Clinical Pharma-
cology. 50, 285-295.

Wilkinson, G.R., 1996. Cytochrome P4503A(CYP3A) metabo-
lism: prediction of in vitro activity in humans. Journal
of Pharmacokinetics and Biopharmaceutics. 24, 475-
490.

Wongnawa, M., Thaina, P., Bumrungwong, N., Rattanapirun,
P., Nitiruangjarat, A., Muso, A. and Prasartthong, V.
2006. The protective potential and possible mechanism
of  Phyllanthus  amarus  Schum.  &  Thonn.  aqueous
extract on paracetamol-induced hepatotoxicity in rats.
Songklanakarin Journal of Science and Technology.
28(3), 551-561.

Zhou, S.F. 2008. Drugs behave as substrates, inhibitors and
inducers  of  human  cytochrome  P450  3A4.  Current
Drug Metabolism. 9, 310-322.


