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a b s t r a c t

In this study, inhibition of Escherichia coli glucuronidase (GUS) by a plant extract of Pistacia terebinthus
was investigated. P. terebinthus (from Karaburun region in Turkey) leaf extract exhibits various bioac-
tivities, such as antioxidant, antimicrobial and cytotoxic property because of its flavonoid, phenolic and
alkaloid contents. HPLC analyses were performed to evaluate the composition of the extract and main
flavonoid compounds such as luteolin, luteolin-7-glucoside and apigenin-7-glucoside were detected in
extract. GUS activity and kinetic data of the GUS were obtained by measuring rate of production of
resulting fluorescent 4-methylumbelliferone (4-MU) and phenolphthalein fluorometrically and spec-
trophotometrically, respectively. Plant leaves showed higher antioxidant capacity as 85 TEAC (trolox
equivalent antioxidant capacity) value and higher antimicrobial activity towards Staphylococcus aureus.
92.4% GUS enzyme inhibition was achieved with 8.3 �g ml−1 crude extract concentration, where IC
50

value was found as 2.1 (±0.2) �g ml−1. Kinetic studies by nonlinear regression revealed that inhibition
type caused by plant extract was mixed type (noncompetitive and competitive together). Km and Vmax

values were 96.94 ± 9.68 nM and 7.81 ± 0.16 nmol min−1 mg−1, respectively. Inhibition constant (˛Ki) was
found as 7.00 ± 0.93 nM having ˛ value 2.17 ± 0.93. Our results may provide useful information regarding
the inhibition of microbial GUS activity, preventing deglucuronidation and reducing possible cancer risk

s crud
by bioactive P. terebinthu

. Introduction

Glucuronidation is the process of chemically binding a substance
o glucuronic acid via a glycosidic bond. By this process glucuronide
onjugates are formed and this process can be considered as a
etoxification mechanism. As a result of glucuronidation those con-

ugates are much more water soluble than the original substance.
lso because of the high molecular weight and polar nature, they
an be easily excreted via the bile into the small intestine.

Glucuronidation is used to excrete different xenobiotics such
s drugs or pollutants and also to excrete bilirubin, androgens,
strogens, mineralocorticoids, glucocorticoids, fatty acid deriva-
ives, retinoids and bile acids. Most of this process is done by liver.
hese exogenous compounds are poorly reabsorbed into the blood-

tream and are efficiently eliminated from the body unless they are
ydrolyzed [1]. �-Glucuronidase (GUS) enzyme is of interest that
ydrolyses those biliary glucuronides. It is found in some mam-
alian and plant tissues. In intestine, its activity is mostly bacterial
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origin and it has been detected among bacterial genera belonging
to the dominant human intestinal microbiota. Many bacteria, such
as Escherichia coli, Klebsiella sp., Clostridium sp., Bacteroides fragilis,
Streptococcus sp., Staphylococcus sp., Bacillus sp., Enterococcus sp.
and Corynebacterium sp. also were reported to possess GUS activ-
ity [2,3]. Some of the glucuronidase that are secreted through the
biliary route into the intestine may be hydrolyzed by the action of
those bacterial GUS present in the intestine [4] and their hydroly-
sis may liberate free toxins. This process is very important since
it increases endogenous exposure of colon to carcinogens. After
hydrolysis by bacterial GUS, glucuronidation process is reversed
and more toxic parent compound is not excreted but absorbed from
the intestine entering the enterohepatic circulation. If glucuronide
hydrolysis is a rate limiting step in this process, then the activity
of microbial �-glucuronidase in the colon may influence the risk
of colon carcinogenesis [5]. Rafter et al. [6] reported that the activ-
ity of �-glucuronidase in the colon can alter tumour induction in
animal models of colorectal cancer. The use of a �-glucuronidase
inhibitor with conjugate carcinogen azoxymethane significantly

reduced the number of tumours formed in the rat colon. This
result indicated important role of microbial �-glucuronidase in
tumour induction. Results of different studies suggest that GUS
activity can be considered as a cancer risk biomarker and its activ-
ity is related to cancer development and number of carcinogens

http://www.sciencedirect.com/science/journal/13811177
http://www.elsevier.com/locate/molcatb
mailto:evrenaltiok@iyte.edu.tr
dx.doi.org/10.1016/j.molcatb.2010.01.029
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eing produced by hydrolysis of glucuronides in the intestine
7].

Certain plants with their high antioxidant potential are widely
sed in phytopharmacy and take a role in reducing incidence of
ancer. Besides, recent studies showed that also some of them have
otential to alter the GUS activity. Experimental evidences suggest
hat compounds in some dietary spices [8], d-glucaro-1,4-lactone
n vegetables [9] had a decreasing role on the of �-glucuronidase
ctivity. Besides, it was reported that activity of GUS enzyme
xtracted from the plant tissues was also influenced by interfer-
ng secondary plant compounds. Those secondary compounds were
henolic compounds, endogenous flavonols and proanthocyani-
ins and were reported as likely the inhibitor groups [10]. Thus

t is possible that those plants may take a role in cancer prevention
y their antioxidant and GUS inhibition capacities.

Pistacia terebinthus (Anacardiaceae) is one of the 20 Pistacia
pecies widely distributed in the Mediterranean region and Asia.
his plant has different biological activities and is used in different
raditional cures such as treatment of burns, asthma and can be
sed as antiseptic for bronchitis in Turkey. Its fruit extracts were
ound to have flavonoids apigenin, luteolin, luteolin 7-O-glucoside,
uercetin and kaempferol. Due to rich secondary compounds its
ruits and resin were reported to have high antioxidant, antimi-
robial, anti-inflammatory and cytotoxic properties [11]. But there
asn’t any study indicating the capacity of GUS inhibition for any
art of P. terebinthus and antioxidant capacity of its leaves. The aim
f this study was to investigate inhibitory potential of P. terebinthus
from the Karaburun Region Turkey) leave extracts on E. coli glu-
uronidase and to investigate their bioactivities. Besides, bioactive
ompounds in leave extract were characterized by high perfor-
ance liquid chromatography (HPLC) which were responsible for
US inhibition.

. Experimental

.1. Materials

Fresh P. terebinthus leaves were collected in June from Karabu-
un region in Turkey. �-Glucuronidase (from E. coli), 4-methyl-
mbelliferone (4-MU; sodium salt), 4-methylumbelliferone-
-d-glucuronide (4-MUG), phenolphthalein glucuronide, 2,2′-
zinobis 3-ethylbenzothiazoline-6-sulfonic acid diammonium salt
ABTS), Nutrient broth were purchased from Sigma (Stein-
eim, Germany). Trolox (6-hydroxy-2,5,7,8,-tetramethylchroman-
-carboxylic acid), and potassium persulfate (K2O8H8) from Fluka
Steinheim, Germany). Dimethylsulphoxide (DMSO) was pur-
hased from Carlo Erba (Spain). Stock cultures of E. coli (ATTC 8739),
taphylococcus aureus ATCC 29213 (Agricultural Research Service
ulture Collection, IL, USA) were kindly provided by Ege Univer-
ity, Biology Department. All other reagents were of analytical and
PLC grade.

.2. Preparation of crude extracts from P. terebinthus leaves

Collected leaves were washed with deionized water and dried
t 37 ◦C for 3 days. Dried leaves were powdered and 5 g of it was
xtracted with 100 ml of 80% ethanol–water solution for 2 h at
7 ◦C. Then, ethanol was removed with rotary evaporator and final
ry extract was obtained after freeze drying of liquid extract.

.3. HPLC characterization of crude extract
In this study, HPLC analysis given in literature was used to
dentify flavonoids and other phenolic compounds [12]. For this
urpose, the crude extract was dissolved in DMSO with a concen-
ration of 5 g l−1 and was injected to the HPLC. The HPLC equipment
ysis B: Enzymatic 64 (2010) 167–171

used was a Hewlett–Packard series HP 1100 equipped with a diode
array detector. The stationary phase was a C18 LiChrospher 100
analytical column (250 mm × 4 mm i.d.) with a particle size of
5 mm thermostated at 30 ◦C. The flow rate was 1 ml min−1 and the
absorbance changes were monitored at 280 nm for the detection
of simple phenolic compounds and flavonoids, at 368 nm for the
detection of quercetin and kaempferol.

2.4. Determination of antioxidant activity

The trolox equivalent antioxidant capacity (TEAC) assessment
was performed in terms of radical scavenging ability according to
the ABTS/K2S8O2 method [13]. Serial dilutions of plant extract were
prepared and scavenging ability of samples for ABTS radical cation
compared with trolox standard absorbance curve. The antioxidant
activity results were reported as the trolox equivalent antioxidant
capacity. The values of TEAC were given as mmol trolox/g of P. there-
binthus leaf extract and comparison was made with other synthetic
antioxidants; Butylated hydroxyanisole (BHA), Butylated hydroxy-
toluene (BHT) and natural antioxidant; catechin and ascorbic acid.

2.5. Determination of the MIC Values by micro-dilution assay

In the present study, a serial 2-fold micro-broth dilution method
[14] was performed to determine the MIC of plant extract on two
GUS producing bacteria of E. coli; gram(−) and S. aureus; gram(+).
Firstly the crude extract of P. terebinthus was dissolved in DMSO
for a concentration of 100 mg ml−1 as stock solution. Two fold
serial dilutions were carried out using sterile deionized water. Then
100 �L of extracts at different concentrations and 95 �l nutrient
broth were added in each well of 96 well microplate. Each well was
inoculated with 5 �l of 6 h incubated bacterial suspensions after
being standardized by adjusting their optical densities at 420 nm
by UV spectrophotometer (PerkinElmer). Negative controls were
performed for each strain by serial dilutions of DMSO. The assay
plates were incubated at 37 ◦C for 24 h and the growth kinetic
assays for each strain were performed duplicate by growth curves
and observed as turbidity determined by a microplate reader (Var-
ioskan Flash, Thermo) at 620 nm. MIC results for extracts were
reported as mg ml−1.

2.6. Dose–response analysis

To assess the inhibitory effect of plant extract doses on glu-
curonidase activity and to find IC50 values, 1–5 �g extracts were
previously incubated with GUS at 37 ◦C for 30 min in 600 �l phos-
phate buffer at pH 6.8 in 24-well plate. Measurements of GUS
activity were performed using the substrate 4-methylumbelliferyl-
�-d-glucuronide (4-MUG) where final concentrations of extracts
in reaction mixture were in range of 1.67 and 8.33 �g ml−1. The
activity was measured as the rate of production of fluorescent
methylumbelliferone (4-MU), resulting from the hydrolysis of
the substrate 4-methyllumbellyferone glucuronide by microplate
reader (Varioskan Flash, Thermo) at excitation and emission
wavelengths of 360 and 450 nm, respectively [15]. Activity was
expressed as the production rate of 1 �M 4-methylumbelliferone
(4-MU) liberated per minute for mg enzyme and it was determined
by standard curve obtained by plotting 4-MU as standard. Assay
was performed in duplicate and dose response data was normalized
by percentage taking control as 100%.
2.7. Kinetic analysis

To determine kinetic parameters, activity measurements were
performed according to the given procedure by Fishman and Bern-
feld [16] with slight modifications. In the absence and presence of
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Fig. 1. HPLC chromatogram of P. terebinthus crude extract (a) at 280 nm—1: cat-
echin; 2: unknown; 3: luteolin-7-glycoside; 4: apigenin-7-glycoside; 5: luteolin.
(b) At 368 nm—6 and 7 show the retention times of the standards, quercetin and
kaempferol, respectively and there was not any peak obtained belonging to these
flavonoids.

Table 1
Comparison of P. terebinthus crude extract antioxidant activity with natural and
synthetic antioxidants.

Samples TEAC values
(mmol trolox/g antioxidant)

(+)-catechin 8.01
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In the present study, the extract prepared from P. terebinthus
leaves collected from Karaburun region was investigated for their
flavonoids and phenolic compounds. The flavonoid compounds,
luteolin, luteolin-7-glycoside and apigenin-7-glycoside and phe-
nolic compounds such as catechin were detected in P. terebinthus
BHA 6.66
BHT 0.59
Ascorbic acid 6.45
Crude extract of P. terebinthus leaf 85.06

lant extracts at concentrations of 1.39 and 2.08 �g ml−1, GUS was
ncubated with substrate phenolphthalein-�-d-glucuronide with
arying concentrations of 125–2000 nM for 30 min. After 30 min
eaction was terminated by the addition of glycine buffer (pH
0.4). Assay was performed in duplicate and the absorbance values
f phenolphthalein formed was measured spectrophotometrically
t 551 nm using Varioskan Flash (Thermo). Results were; V was
he rate of reaction, Vmax was the maximum velocity, Km is the

ichaelis constant, and [S] was the substrate concentration.

.8. Calculations
For the inhibition and kinetic data evaluation, GraphPad Prism
.0 software was used. The kinetic parameters (Km, Vmax and Ki)
ere calculated by nonlinear curve fitting in the activity versus

ubstrate concentration diagram, using the mixed type inhibition

ig. 2. Effects of varying concentrations of crude extract of P. terebinthus leaf on
ram positive bacteria: S. aureus. Dashed line indicates the control growth.
Fig. 3. Effects of varying concentrations of crude extract of P. terebinthus leaf on
gram positive bacteria: E. coli. Dashed line indicates the control growth.

model, which was derived the Michaelis–Menten approach. In this
model given below, alpha (˛) is one of the important parame-
ter affecting the mechanism. At very high ˛ values that is much
greater than 1, mechanism is explained by competitive inhibition
and very low ˛ values (˛ « 1) indicate uncompetitive inhibition. If
it is around 1 (˛ < 1 or ˛ > 1) at a certain value, mechanism can be
described as mixed type inhibition which explains the deviation
from noncompetitive and competitive nature [17]. If it is equal to
1, noncompetitive inhibition takes place.

v = Vmax[S]
Km(1 + [I]/Ki) + [S](1 + [I]/˛Ki)

(mixed type inhibition)

The IC50 values were calculated by fitting a sigmoidal
dose–response curve. The quantified results were given as
means ± S.D. (standard deviations) or ± S.E. (standard errors of
parameter estimates) and were compared using ANOVA with Dun-
nett’s multiple comparison test. Differences with p < 0.05 were
considered significant.

3. Results and discussion

3.1. HPLC characterization
Fig. 4. Dose response curves for GUS activity and varying concentrations of P.
terebinthus leaf crude extract: 0, 1.67, 2.78, 3.33, 4.17, 8.33 (�g ml−1 reaction mix-
ture). Activity values (�M 4-MU min−1 mg−1; data not shown) corresponding to each
concentration of extract were normalized according to control sample’s activity con-
sidering as 100%. IC50 value as 2.1 ± 0.2 �g ml−1 (log IC50: 0.3) were obtained by curve
fitting using GraphPad Prism 5.0.
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ig. 5. Kinetics and double reciprocal plot for the formation rate of phenolphthalein
r absence of inhibitor. Inhibitor concentrations were approximately 0, 1.39 and 2.0

rude leaf extract at 280 nm (Fig. 1a). On the other hand, the
avonoid compounds, quercetin and kaempferol were not detected

n crude leaf extract at 368 nm (Fig. 1b). Those secondary com-
ounds detected by HPLC may play an important role on enzyme
ctivities. Luteolin-7-glycoside and its aglycon, luteolin, were
otent inhibitors of DNA topoisomerase I by binding of them to the
nzyme [18,19]. The pharmacological inhibition of this enzyme was
mportant since topoisomerase inhibitors have emerged as anti-
ancer, anti-microbial and anti-parasitic agents. In another study,
adera et al. [20] investigated the inhibition effect of flavonoids
n �-glucosidase and they concluded that luteolin was potent
nhibitor of it because of its –OH group and the hydroxyl substi-
ution on the ring.

.2. Antioxidant capacity of crude extract of P. terebinthus leaf

The antioxidant activities of ascorbic acid, synthetic antioxi-
ants and crude extract of P. terebinthus leaf were given in Table 1.
he extract obtained from the P. terebinthus leaf has consider-
bly higher antioxidant activity when compared with the other
ynthetic and natural antioxidants; approximately 12-fold higher
ntioxidant capacity than those of BHA and ascorbic acid. This may
robably due to the high flavonoid and phenolic compounds con-
ent of crude extract since the extract also exhibits 10-fold higher
ntioxidant activity than (+)-catechin. These results indicated that
igh antioxidant activity of plant extract may take an effective role

n cancer prevention by protecting cells from the damage of free
adicals.

.3. Antimicrobial activity of crude extract of P. terebinthus leaf

P. terebinthus leaf extract showed antimicrobial activity
gainst S. aureus with a minimum inhibition concentration of
1.56 mg ml−1 (Fig. 2). On the other hand, there was no antimi-
robial effect of crude extract on E. coli (Fig. 3). Since E. coli is gram
egative bacteria and has a lipopolysaccharide outer membrane,
ransfer of molecules is achieved through the cell membrane with
orins. Antimicrobial resistance in gram (−) organism is frequently
ediated via alterations in an outer membrane porin, which signif-

cantly decreases the ability of antimicrobial to penetrate the outer
lasma membrane and reach its site of action [14]. Thus ability of
olecules to pass through these channels was influenced by their

ize and shape. Flavonoids found in leaf extract probably could not
ass through the cell membrane.

.4. Effect of crude extract concentration on GUS activity

The concentrations of extracts that inhibit the hydrolysis of

ubstrates by 50% (IC50 values) were determined fluorometrically
y increasing concentrations of test compounds on enzyme activ-

ty. Results showed that plant extracts provided high inhibition
apacity and under the present study conditions. At 8.3 �g ml−1

xtract concentration, enzyme was not completely inhibited but
l min−1 mg−1) from phenolphthalein glucuronide (nmol) substrate in the presence
ml−1. Each point represents average of duplicate incubations.

the highest inhibition was achieved where GUS enzyme was inhib-
ited approximately 92.4% (activity decreased from 556.7 ± 30.8 to
42.6 ± 7.4 �M 4-MUG min−1 mg−1, data was not shown). Accord-
ing to dose response curves (Fig. 4), IC50 value was calculated as
2.113 ± 0.2 �g ml−1 (log IC50: 0.325). Those high inhibition capaci-
ties of different doses extracts were possibly due to those secondary
compounds characterized by HPLC. Some compounds of plant ori-
gin were reported as the potent GUS inhibitor [9] and phenolic
compounds were reported as one likely inhibitor group [21,10]

3.5. Kinetic analysis

The results of the kinetic analysis of inhibition at varying
concentrations of P. terebinthus leave extract were analyzed by
nonlinear regression curve fitting for mixed type inhibition model
derived from Michaelis–Menten kinetics. Results of velocity ver-
sus substrate concentrations were given in Fig. 5 and each
point represented the average of duplicate incubations. Inhibitor
effects were compared to control and statistically considered
as significant (p < 0.05). Vmax and Km values were determined
as 7.81 ± 0.16 nmol min−1 mg−1 and 96.94 ± 9.68 nM. Inhibition
constant (˛Ki) for mixed type inhibitors was also found as
7.00 ± 0.93 nM having ˛ value 2.17 ± 0.93. Inhibition mechanism
was also supported by the Lineweaver–Burk linear transformations
and the resulting double reciprocal plot indicated that common
intersect point of straight lines was at the II quadrant (Fig. 5).

4. Conclusions

According to the results, it was found that P. terebinthus had
a high antioxidant capacity indicating a possible preventive role
in cancer risks by eliminating the free radicals attack. Two GUS
producing bacteria were used to determine the antimicrobial activ-
ity of P. terebinthus, and it was found that although plant extract
showed an antimicrobial effect on gram positive S. aureus, it was
ineffective on gram negative E. coli. Kinetic studies indicated an
effective inhibition of GUS enzyme. Thus, this effective inhibi-
tion might take a preventive role for deglucuronidation in human
intestine caused by microbial flora. When the crude extract of
P. terebinthus was characterized to have an idea about possible
inhibitor compounds exist in its nature, HPLC characterization of
the extract indicated that this plant was rich in secondary plant
compounds such as luteolin and luteolin-7-glucoside. It was found
that these secondary metabolites in crude extract exhibited high
antioxidant activity and in literature most of them were reported to
have anticarcinogenic property. This antioxidant property together
with the effective GUS inhibition makes crude extract an alter-
native for phytopharmacy. In conclusion, this study showed that

the use of P. terebinthus extract inhibited E. coli GUS activity effec-
tively and thus it might reduce potential cancer risks. Future
studies should be performed in order to investigate the inhibitory
effect of secondary compounds in P. terebinthus on GUS activity
separately.
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