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Varghese, et al.: CYP1A Interaction of Terminalia Arjuna
Terminalia arjuna Wight and Arn. (Combretaceae) is a tree having an extensive medicinal potential in cardiovascular
disorders. Triterpenoids are mainly responsible for cardiovascular properties. Aqueous, hydroalcoholic and alcoholic
extract of T. arjuna, arjunic acid and arjungenin were examined for their potential to inhibit CYP1A enzyme in rat
and human liver microsomes. IC50 values of aqueous, hydroalcoholic and alcoholic extract of T. arjuna was found to
be 11.4, 28.9 and 44.6 µg/ml in rat liver microsomes while 30.0, 29.7 and 39.0 µg/ml in human liver microsomes,
respectively for CYP1A. However IC50 values of arjunic acid and arjungenin for both rat liver microsomes and human
liver microsomes were found to be >50 µM. Arjunic acid and arjungenin did not show inhibition of CYP1A enzyme
up to concentrations of 50 μM. These in vitro data indicate that Terminalia arjuna extracts contain constituents
that can potently inhibit the activity of CYP1A, which could in turn lead to undesirable pharmacokinetic drug–herb
interactions in vivo. Based on the in vitro data, interaction potential of the aqueous extract of Terminalia arjuna
orally in rats was investigated. A probe substrate, phenacetin, was used to index the activity of CYP1A. In vivo
pharmacokinetic study of coadministration of aqueous extract of Terminalia arjuna and phenacetin, revealed that the
aqueous extract did not lead to any significant change in the pharmacokinetic parameters of phenacetin as compared
with control group. Though there was no in vivo–in vitro correlation, drug interactions could arise with drugs having
a narrow therapeutic range and extensively cleared by CYP1A enzyme, which could lead to undesirable side effects.
Key words: Terminalia arjuna, CYP1A interaction, liver microsomes, drug–herb interaction

Terminalia arjuna Wight and Arn. (Combretaceae)
is a tree with a wide varied pharmacological
activity like hypercholesterolemic, hypolipidemic,
anticoagulant, antihypertensive, antithrombotic,
antiviral, antifungal and antibacterial agent [1,2] .
Terminalia’s active constituents include tannins,
cardenolide, triterpenoid saponins (arjunic acid (AA),
arjunolic acid, arjungenin (AG), arjun glycosides),
flavonoids (arjunone, arjunolone, luteolin), gallic
acid, ellagic acid, oligomeric proanthocyanidins,
phytosterols, calcium, magnesium, zinc and copper[3].
The most versatile enzyme system involved in
the metabolism of xenobiotics is cytochrome
P450 (CYP). Inhibition of these enzymes often
results in unexpected and sometimes severe adverse
drug interactions, as the metabolic clearance of
coadministered drugs can be altered dramatically [4].
Inhibition of CYP enzymes can also be affected by
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natural products. CYP family consists of a number
of isoforms, which includes 3A, 2C, 2D, 2E and
1A. Out of all, CYP1A2 constitutes 13% of the total
CYP content in the liver and plays an important
role in the metabolic clearance of approximately 5%
of currently marketed drugs. Human CYP1A2, a
member of the CYP mixed function oxidase system,
is one of the important enzymes involved in the
metabolism of xenobiotics in the body. The actions
of human CYP1A2 may partly account for the
carcinogenic effects of burned foods and cigarette
smoke. Burning these substances alters amino acids
and carbohydrates, producing heterocyclic amines.
Many studies have reported inhibition data on
CYP1A2 by many different herbs. For example, St
John’s wort, the components of Ginkgo biloba and
flavonoids extracted from plants could decrease the
activation of CYP1A2[5,6].
The objective of the present study was to evaluate the
CYP1A inhibition potential of aqueous, hydroalcoholic
and alcoholic extract of T. arjuna bark, AA and

Indian Journal of Pharmaceutical Sciences

March - April 2014

www.ijpsonline.com

AG (triterpenoids) in rat liver microsomes (RLM) and
human liver microsomes (HLM).

MATERIALS AND METHODS
All the solvents, chemicals and reagents used were
of analytical grade and purchased locally. Phenacetin,
paracetamol and diclofenac were purchased from
Sigma‑Aldrich Ltd. Nicotinamide adenine dinucleotide
phosphate reduced tetrasodium salt (NADPH) was
purchased from SRL Labs Pvt. Ltd. HPLC grade
acetonitrile was purchased from Thermo Fischer
Scientific India Pvt. Ltd. AA and AG were purchased
from Natural Remedies, Bangalore, India. HLM was
purchased from Invitrogen Services. HPLC system
consisted of a Shimadzu LC 2010, with an autosampler,
PDA detector using LC Solutions® software.
Preparation of solutions:
Fresh bark of T. arjuna was purchased from Zandu
Foundation, Gujarat, India. Roots were identified at
the Piramal Life Sciences Ltd. and authenticated at
the Agharkar Research Institute, Pune with a voucher
specimen (S/B 104) deposited for further reference.
Collected fresh bark was dried and powdered.
Aqueous, hydroalcoholic and alcoholic extracts
were prepared individually by cold maceration
techniques using water, water:alcohol (1:1) and
alcohol, respectively. The alcoholic and hydroalcoholic
extract was evaporated to dryness by rotary vacuum
evaporator, yielding a brown crystalline powder. The
aqueous extract was prepared by lyophilisation, which
yielded a whitish brown free‑flowing powder. The
extracts were stored in desiccators until use. Stock
solutions of alcoholic, hydroalcoholic and aqueous
extracts of T. arjuna were prepared in alcohol,
alcohol:water (1:1) and dimethyl sulfoxide (DMSO),
respectively, at a concentration of 20 mg/ml. Stock
solutions of AA and AG were also prepared in
methanol to yield a solution of concentration 10 mM.
Stock solutions of probe substrate, phenacetin was
prepared in methanol at concentration 12 and 30 mM,
alpha‑napthoflavone was used as positive control,
which was prepared in methanol at concentration of 6
mM. Phosphate buffer (100 mM) of pH 7.4 was used
to make NADPH solution (10 mM).
Estimation of content of arjunic acid and
arjungenin by RP-HPLC:
Aqueous, hydroalcoholic and alcoholic extracts of
T. arjuna were standardised using RP‑HPLC. AA
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and AG stock solutions of 1 mg/ml were prepared
individually in methanol. Stock solutions were
further diluted to concentrations in the range of
5‑100 µg/ml. Accurately, 10 mg of alcoholic extract
was sonicated in 1 ml methanol, hydroalcoholic
extract was sonicated in 1 ml water:methanol (1:1)
and 10 mg of aqueous extract was sonicated with
1 ml water for 10 min. The resulting solutions were
filtered through 0.45 µ syringe filter. The resulting
solutions were subjected to RP‑HPLC analysis. The
analysis was repeated two times (n=2) by comparing
and interpolating the extract peak area (response) with
that of the standard AA and AG from the calibration
curve. HPLC method used was a reported method
modified to suit our laboratory [7]. Samples were
run on a Kromasil C18 column 5 µ (4.6×150 mm)
and mobile phase used was (A) 0.01N potassium
phosphate buffer (pH adjusted with orthophosphoric
acid to 2.5) and (B) HPLC grade acetonitrile and
was pumped at a flow rate of 1 ml/min. The gradient
program used was time: %/B–0/30; 18/60; 20/85;
22/85; 25/30; 30/30. Detection of AA and AG was
accomplished by ultraviolet (UV) absorbance at a
wavelength of 205 nm.
CYP1A inhibition assay:
RLM were collected inhouse and protein
concentration was determined [8], while HLM was
purchased from the authentic vendor. RLM and HLM
were used for assessing the inhibition potential of
aqueous, alcoholic and hydroalcoholic extract of
T. arjuna (1‑100 μg/ml) and AA and AG (1‑50 μM)
by estimating phenacetin‑o‑deethylation activity
and the inhibition potential was compared with the
positive control α‑naphthoflavone (known CYP1A
inhibitor in rats and humans). α‑Naphthoflavone
was incubated at a concentration of 0.1 μM in HLM
and 30 μM in RLM, which inhibited phenacetin
metabolism by 50%. Briefly, a standard 100 μl
incubation mixture contained liver microsomes
(1 mg/ml protein concentration), phenacetin [Km
value: 60 μM in RLM and 150 μM in HLM]
[9]
in 0.1 M sodium phosphate buffer pH 7.4 at
37° was incubated for 1 h, in duplicate. The
reactions were initiated with NADPH (final
concentration 1 mM) and then terminated with
50 μl of internal standard diclofenac (50 μg/ml) in
methanol. The samples were centrifuged at 4000 rpm
for 10 min at 4° and the supernatant were subjected
to RP‑HPLC analysis. RP‑HPLC method was
slightly modified to suit our laboratory conditions[10].
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Samples were run on a C18 column and mobile phase
used was (A) water and (B) acetonitrile and was
pumped at a flow rate of 1 ml/min. The gradient
program used was time/%B–0/10; 5/80; 10/95;
12/10; 15/10. Detection of paracetamol, phenacetin
and diclofenac was accomplished by UV absorbance
at a wavelength of 240 nm. Modulatory effects of
aqueous, alcoholic and hydroalcoholic extract of
T. arjuna, AA and AG were evaluated by incubation
of RLM and HLM, phenacetin with or without herbal
compounds. Solutions of different concentration of
the aqueous, alcoholic and hydroalcoholic extract of
T. arjuna, AA and AG were prepared in methanol.
Negative control incubations with methanol and
positive control incubations with α‑naphthoflavone
were run simultaneously. In all the incubations,
organic content was not more than 1% v/v. The
formation of paracetamol was subsequently quantified
using RP‑HPLC. Retention times for paracetamol,
diclofenac and phenacetin were 5.7, 7.7 and 9.1 min,
respectively. Percent inhibition produced by aqueous,
alcoholic and hydroalcoholic extracts of T. arjuna,
AA and AG to inhibit deethylation of phenacetin
was calculated using the formula, % inhibition =(AR
control−AR sample)/AR control×100, where AR
control is the area ratio of paracetamol/diclofenac in
negative control (solvent), AR sample is the area ratio
of paracetamol/diclofenac in presence of aqueous,
methanol and hydromethanol extracts of T. arjuna/AA
and AG. IC50 values were calculated using GraphPad
Prism®.
In vivo pharmacokinetic study design:
Male Wistar rats were randomly divided into four
groups of n=6. The effect of T. arjuna extract on
pharmacokinetics (PKs) of phenacetin was evaluated
at two doses of phenacetin (100 and 200 mg/kg).
Group I: Animals were orally administered 0.5%
sodium carboxymethyl cellulose for 7 days;
Group II: Animals were orally administered
aqueous extract of T. arjuna for 7 days at a dose
of 250 mg/kg[11] (aqueous extract suspended in 0.5%
sodium carboxymethyl cellulose); Group III: Animals
were orally administered 0.5% sodium carboxymethyl
cellulose for 7 days; Group IV: Animals were orally
administered aqueous extract of T. arjuna for 7 days
at a dose of 250 mg/kg (aqueous extract suspended in
0.5% sodium carboxymethyl cellulose).
Twenty‑four hours after the last dose, animals of
Group I and II were administered with a single
140

oral dose of phenacetin (100 mg/kg suspended
in 0.5% sodium carboxymethyl cellulose), while
animals of Group III and IV were administered
with a single oral dose of phenacetin (200 mg/kg).
Groups I and III served as control groups for group II
and IV, respectively. Whole blood samples (500 μl)
were withdrawn from the retro orbital sinus at 0,
0.083, 0.25, 0.5, 1, 2, 4, 6 and 24 h after phenacetin
administration. Disodium ethylenediaminetetraacetic
acid (EDTA) was used as the anticoagulant. The
blood samples were centrifuged at 4000 rpm for
10 min at 4° and plasma was separated and stored
at −20° until RP‑HPLC analysis was carried out.
Plasma sample preparation and analysis:
A plasma sample (100 μl) was spiked with 10 μl
of diclofenac (internal standard). Samples were
then vortex‑mixed for 1‑2 min and extracted with
1 ml ethyl acetate after vortex‑mixing for 5 min.
Liquid–liquid extraction technique using ethyl acetate
for extraction was followed, since ethyl acetate
gave maximum percent recovery of phenacetin, as
compared with the other solvents tried. The recovery
efficiency of phenacetin from rat plasma samples
using ethyl acetate was found to be 87.5±11.2%.
After centrifugation at 4000 rpm at 4° for 10 min, the
upper organic layer was separated and evaporated to
dryness at 30° in a nitrogen evaporator under a gentle
stream of nitrogen. The residue was reconstituted with
100 μl mobile phase (water:acetonitrile in the ratio
1:1), centrifuged and the supernatant was subjected
to RP‑HPLC analysis with Injection volume of 50 μl.

RESULTS
Percent content of arjunic acid and arjungenin in
aqueous, alcoholic and hydroalcoholic extracts:
Linearity of the calibration curves of AA and AG
was tested by linear regression analysis and found
to be linear in the concentration range 5‑100 μg/
ml with good correlation between concentration
and peak area with a correlation coefficient (r2) of
more than 0.99. The peaks of AA and AG in the
extracts were identified by comparing retention times
of reference AA and AG. The amount of AA in
alcoholic, hydroalcoholic and aqueous extracts was
estimated to be about 0.4442±0.005, 0.2910±0.0063
and 0.0262±0.002% w/w, respectively. The amount
of AG in alcoholic, hydroalcoholic and aqueous
extracts was estimated to be about 0.4400±0.017,
0.2985±0.003 and 0.089±0.0005% w/w, respectively.
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Figs. 1 and 2 represent the HPLC chromatogram of
standard, AA and AG and overlay chromatogram
of standards present in aqueous, hydroalcoholic and
alcoholic extracts of T. arjuna. AA is freely soluble in
methanol and insoluble in water, whereas AG is freely
soluble in methanol and insoluble in hexane. AA
and AG are triterpenoid saponins, which make them
nonpolar in nature, thus explaining the difference in
its levels in alcoholic, hydroalcoholic and aqueous
extracts. Water being the most polar solvent, showed
least extraction of the nonpolar triterpenoid saponins.
In vitro CYP1A inhibition assay:
Aqueous, hydroalcoholic and alcoholic extracts of
Terminalia arjuna (1‑100 µg/ml) and AA and AG
(1‑50 µM) were evaluated for the CYP1A inhibitory
activity in both RLM and HLM (n=2). Figs. 3 and 4


show a representative chromatogram of paracetamol,
phenacetin and diclofenac (IS) standards and sample
spiked in microsomes, respectively. The IC50 values
of aqueous, hydroalcoholic and alcoholic extract of
T. arjuna, AA and AG individually, in RLM and
HLM are summarised in Tables 1 and 2, respectively.
The data is also graphically represented in (figs. 5
and 6). IC50 values of aqueous, hydroalcoholic and
TABLE 1: IC50 VALUES OF EXTRACTS OF T. ARJUNA
FOR CYP1A ENZYME IN RLM AND HLM
IC50 values (µg/ml)
Test sample
Aqueous extract
Hydroalcoholic extract
Alcoholic extract

RLM
11.4±7.43
28.9±5.98
44.6±9.9

HLM
30.0±0.05
29.7±1.48
39.0±2.10

IC50 stands for concentration of inhibitor, which leads to 50% inhibition of
enzyme activity. Concentrations are in µg/ml, RLM=Rat liver microsomes,
HLM=Human liver microsomes
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Fig. 1: Representative overlay HPLC chromatogram of arjunic acid and arjungenin standards.
Peak 1 (arjunic acid) with retention time 9.9 min and peak 2 (arjungenin) with retention time 16.4 min. Concentration of arjunic acid and
arjungenin were 100 µg/mL, respectively.
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Fig. 2: Overlay chromatogram of aqueous, hydroalcoholic and alcoholic extracts of T. arjuna.
Levels of peak 1 (arjunic acid) with retention time 9.9 min and peak 2 (arjungenin) with retention time 16.4 min seen in aqueous, hydroalcoholic
and alcoholic extracts of T. arjuna. Black chromatogram represents aqueous extract of T. arjuna; blue chromatogram represents hydroalcoholic
extract of T. arjuna; pink chromatogram represents alcoholic extract of T. arjuna.
March - April 2014
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Fig. 3: Representative HPLC chromatogram of standards.
Peak 1 (paracetamol) with retention time 5.84 min, peak 2 (phenacetin) with retention time 7.5 min and peak 3 (caffeine) with retention time
9.1 min. Paracetamol, phenacetin and caffeine were at 25 µg/ml concentrations each.
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Fig. 4: Representative chromatogram of phenacetin in RLM with and without α-naphthoflavone.
Peak 1 (paracetamol) with retention time 5.84 min, peak 2 (phenacetin) with retention time 7.5 min and peak 3 (caffeine) with retention time
9.1 min. Formation of paracetamol from phenacetin in rat liver microsomes (RLM). Pink chromatogram represents formation of paracetamol
in presence of α-naphthoflavone; black chromatogram represents formation of paracetamol in absence of α-naphthoflavone.

TABLE 2: IC50 VALUES OF ARJUNIC ACID AND
ARJUNGENIN FOR CYP1A ENZYME IN RLM AND HLM
IC50 values (µM)
Test sample
Arjunic acid
Arjungenin

RLM
>50
>50

HLM
>50
>50

RLM=Rat liver microsomes, HLM=Human liver microsomes

alcoholic extract of T. arjuna was found to be 11.4,
28.9 and 44.6 µg/ml in RLM while 30.0, 29.7
and 39.0 µg/ml in HLM, respectively for CYP1A.
Results indicate that with increasing concentrations
of extracts there was a significant inhibition of
phenacetin metabolism to paracetamol in both RLM
and HLM, indicating that the constituents in the
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extracts inhibit CYP1A enzyme in RLM and HLM
in a concentration‑dependent manner. Difference in
IC50 values is due the difference in phytoconstituents
and levels of the phytoconstituents in the herbal
extracts. However, IC 50 values of AA and AG for
both RLM and HLM were found to be >50 µM,
respectively. IC 50 values <100 µg/ml for herbal
extracts and <10 µM for active constituents are
considered to be potent inhibitors of CYP enzymes[9].
Results indicate that there is a significant inhibition
of CYP1A in RLM and HLM by all the three crude
extracts of Terminalia arjuna.
In vivo pharmacokinetic interaction study:
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Fig. 5: Percent activity remaining with respect to log concentration for the T. arjuna extracts in RLM and HLM.
(a) is activity in RLM and (b) is activity in HLM. Effect of arjuna extracts on metabolism of phenacetin to paracetamol in vitro. Represents
data for aqueous extract; represents data for hydroalcoholic extract and
represents data for alcoholic extract of T. arjuna. RLM is rat
liver microsomes and HLM is human liver microsomes.
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Fig. 6: Percent activity remaining with respect to log concentration for arjunic acid and arjungenin in (a) RLM and (b) HLM.
(a) is activity in RLM and (b) is activity in HLM. Effect of arjunic acid and arjungenin on metabolism of phenacetin to paracetamol in vitro.
Represents data for arjunic acid; represents data for arjungenin. RLM is rat liver microsomes and HLM is human liver microsomes.

Based on in vitro studies, in vivo study in rats
was performed to evaluate the interaction potential
of aqueous extract of T. arjuna on CYP1A in
rats. This was achieved by comparing the PK
parameters (area under curve (AUC), peak plasma
concentration (Cmax), apparent elimination half
life (tmax), apparent elimination rate constant (ke)
and half‑life (t1/2)] of CYP1A specific probe substrate,
phenacetin, at a dose of 100 and 200 mg/kg, p.o.[12]
when administered alone and after oral administration
of aqueous extract of T. arjuna at dose of 250 mg/kg,
p.o. for 7 days. PK parameters for each group were
calculated by Winnonlin software® are summarised in
Table 3. PK parameters of phenacetin in rats treated
and untreated with aqueous extract of T. arjuna
March - April 2014

TABLE 3: PHARMACOKINETIC PARAMETERS OF
PHENACETIN FOR EACH GROUP
Parameter

ke (h−1)
t1/2 (h)
Cmax
(µg/ml)
tmax (h)
AUC0‑24h
(µg/hml)

Phenacetin (100 mg/kg)
Vehicle
Aqueous
treated
extract
treated
0.33±0.05
0.27±0.07
2.07±0.34
2.56±0.85
31.23±3.9
37.94±10.1

Phenacetin (200 mg/kg)
Vehicle
Aqueous
treated
extract
treated
0.28±0.06
0.38±0.14
2.43±0.61
1.81±0.94
44.6±2.80
43.22±8.33

0.5±0.0
0.4±0.14
0.6±0.22
0.9±0.20
155.55±26.24 185.61±83.61 240.02±13.44 234.54±88.04

Phenacetin was administered orally at doses of 100 and 200 mg/kg to rats in
presence and absence of oral aqueous extract of T. arjuna (250 mg/kg). All
values are mean±standard deviation (SD), n=6, AUC=Area under curve

were not significantly different. Plasma concentration
time profile of phenacetin (100 and 200 mg/kg) in
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rats treated and untreated with aqueous extract of
T. arjuna is shown in (figs. 7 and 8). Hence the
in vivo PK study indicates no CYP1A interaction of
aqueous extract of T. arjuna in male Wistar rats.

DISCUSSION
Terminalia arjuna (ROXB.) (Wight and Arnot) is
an Indian medicinal plant belonging to the family
Combretaceae and is known to be useful in a
variety of diseases, including the clinical condition
matching congestive heart failure since 500 BC[13].
Many important biologically active chemical
compounds have been isolated from T. arjuna.
These include triterpenoids (arjunolic acid, AA,
AG, arjunoglucoside), tannins (ellagic acid, gallic
acid), flavonoids (leucocyanidin, luteolin) and
minerals (magnesium, calcium, zinc and copper)[14].

It has been extensively studied in animal models
to demonstrate cardioprotective properties, ranging
from positive inotropic, hypolipidemic, coronary
vasodilatory and antioxidant effects to induction of
stress protein in heart. A number of clinical studies
have also reported its beneficial effects in patients of
chronic stable angina, endothelial dysfunction, heart
failure and even ischemic mitral regurgitation [15].
Various extracts (water, hydroalcohol and alcohol)
of the stem bark of T. arjuna and active compounds
present in these extracts have been investigated in
many experimental studies and has been reported
to exhibit blood pressure (BP)‑lowering effects[16],
direct cardioprotective effects in terms of induction
of myocardial heat shock protein [17], antioxidant
activities[18], antiplatelet effects[19], hypolipidemic[20]
and antiatherogenic effects[21].
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Fig. 7: Plasma concentration time curve of phenacetin 100 mg/kg in rats after oral administration.
Phenacetin was administered to animals after oral treatment of aqueous extract of T. arjuna at a dose of 250 mg/kg and control group was
treated with vehicle for 7 days. Values for each time point expressed as Mean±SD (n=6).
Control,
Teminalia arjuna (250 mg/kg).
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Fig. 8: Plasma concentration time curve of phenacetin 200 mg/kg in rats after oral administration.
Phenacetin was administered to animals after oral treatment of aqueous extract of T. arjuna at a dose of 250 mg/kg and control group was
treated with vehicle for 7 days. Values for each time point expressed as Mean±SD (n=6).
Control,
Teminalia arjuna (250 mg/kg).
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The use of herbs as alternative and complementary
therapy has increased worldwide. Patients taking
herbs together with prescribed Western medication
are at a potential risk of herb–drug interactions.
Some patients self‑medicate with several different
herbs and herbal preparations without their doctor’s
recommendation [22]. However, until now there has
been no requirement to evaluate the potential for drug
interactions, adverse effects, toxicity or even death
from using dietary supplements by dietary supplement
manufacturers. Therefore, the risk of herb–drug
interactions is increasing[23]. CYP1 family members,
CYP1A1, CYP1A2 and CYP1B1, which are under
the transcriptional regulation of the AhR receptor,
are known for their induction by and catalysis of
the ubiquitous polyaromatic hydrocarbons present
in cigarette smoke, industrial dyes and agricultural
pesticides. Expressed in different amounts in the
liver (CYP1A2) and extrahepatic 11 organs (CYP1A1
and CYP1B1) these enzymes in particular CYP1A1
and CYP1B1 catalyse critical conversions to form the
ultimate carcinogen[24]. Phenacetin is a recommended
probe substrate for CYP1A for in vitro and in vivo
interaction studies. Phenacetin has been found to be
almost exclusively metabolised by CYP1A2 to its
metabolite paracetamol (fig. 9)[25]. An understanding
of CYP1A regulation is important for determining and
assessing chemical carcinogenesis.
Treatment of cardiovascular diseases requires more
than one drug and is usually life‑long. If T. arjuna
has to be established in the treatment of any of these
conditions, it has to be as an adjunct therapy. In
recent years, there have been many reports of many
herbs altering the PK and pharmacodynamic profiles

Fig. 9: Partial scheme of metabolism of phenacetin[25].
Partial scheme for the metabolism of phenacetin via oxidative
O-deethylation to acetaminophen, which is further oxidised to its
reactive toxic quinone imine metabolite.
March - April 2014

of coadministered drugs [26]. In this context, it is
important to understand what kind of interactions are
possible with T. arjuna with other most commonly
prescribed drugs for heart ailments. It will help in
mitigating negative interactions and may also help
enable synergistic interactions.
In our present study, we evaluated the inhibitory
effect of alcoholic, hydroalcoholic and aqueous
extracts of T. arjuna and triterpenoids, AA and AG,
on CYP1A activity in RLM and HLM. Rats are
widely used animal models in discovery for early
assessment of metabolism and PKs. Because of
the ease of handling, relatively low cost, smaller
amount of material required and a low interanimal
variability, investigation of drug interaction potential
of discovery compounds is commonly carried in
this animal model. The species‑specific isoforms
of CYP1A, −2C, −2D and −3A show appreciable
interspecies differences in terms of catalytic
activity[27,28]. To focus on species variation of CYP1A
activity of the extracts and triterpenoids, they were
evaluated in RLM and HLM.
Due to the extensive use of alcoholic, hydroalcoholic
and aqueous extracts of T. arjuna and the difference
in levels of triterpenoids, all the extracts were chosen
to evaluate its interaction potential with CYP1A
enzyme in RLM and HLM. AA and AG were chosen
as representative triterpenoids for evaluation with
CYP1A enzyme.
Our results suggested that alcoholic, hydroalcoholic
and aqueous extracts of T. arjuna showed
a potent inhibition of CYP1A enzyme in RLM
and HLM with IC 50 values less than 50 μg/ml.
There was a concentration‑dependent inhibition
of the metabolism of phenacetin to paracetamol
in presence of extracts of T. arjuna in both RLM
and HLM. However, AA and AG, did not show
any inhibition of CYP1A enzyme in RLM and
HLM up to concentrations of 50 μM. There was no
concentration‑dependent inhibition of the metabolism
of phenacetin to paracetamol in presence of AA
and AG in both RLM and HLM. There was no
significant difference in the effect of extracts and
triterpenoids on the CYP1A enzyme in RLM and
HLM, indicating no difference in activities in different
species. Differences in IC50 values indicate that
presence of certain phytoconstituents at particular
levels could be responsible for the difference in
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values. The triterpenoids saponins, AA and AG,
in the pure isolated form did not show any effect,
indicating they would also not be responsible for the
CYP1A inhibitory effect seen by the extracts. The
phytoconstituents responsible for the effects have
to be further studies. Also, mode of inhibition and
inhibition constant values of the extracts still needs
to be investigated.
To provide an in vitro–in vivo correlation and since
the aqueous extract showed more inhibition than
the other extracts and it is reported to be used
therapeutically, its in vivo interaction potential
with CYP1A enzyme in rats was investigated. PK
parameters of phenacetin in the group of animals
treated for a week with aqueous extract of T. arjuna
and vehicle treated group was not significantly
different. This indicates aqueous extract of
T. arjuna did not affect the clearance of phenacetin
significantly in rats. Our studies suggest that aqueous,
hydroalcoholic and alcoholic extracts showed potent
in vitro inhibition of CYP1A enzyme in RLM and
HLM. This indicates potential of the extracts to
lead to undesirable herb–drug interactions. The
in vivo PK study in rats using phenacetin as a probe
substrate, indicated no effect in vivo by the aqueous
extract of T. arjuna on the clearance of phenacetin.
However, this does not rule out the possibility of
undesirable herb–drug interactions and caution should
be exercised when drugs that are CYP1A substrates
with narrow therapeutic indices such as theophylline[5]
are co–administered with T. arjuna.
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