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SUMMARY. Intestinal bacteria play a key role to change the properties of drugs or herbal components, in-
cluding therapeutic role, toxicity and pharmacokinetic behaviour. The present study aims to investigate
the role of intestinal bacteria in changing the inhibitory potential of herbal components towards drug-me-
tabolizing enzymes (DMEs) through comparing the inhibition of UDP-glucuronosyltransferase (UGT) 1A7
by glucoaurantio-obtusin and aurantio-obtusin. The results showed that the activity of UGT1A7-catalyzed
4-MU glucuronidation reaction was inhibited by 60.4% and 80.5% at 100 μM of glucoaurantio-obtusin
and aurantio-obtusin, indicating the importance of deglycosylation process for strengthening the inhibito-
ry effect of glucoaurantio-obtusin towards UGT1A7. Noncompetitive inhibition was demonstrated for the
inhibition of aurantio-obtusin towards UGT1A7, with the inhibition kinetic parameter (Ki) to be 23.8 μM.
Given that low activity of UGT1A7 was related with the occurrence of some diseases (e.g. cancer, etc.), the
inhibition of aurantio-obtusin towards UGT1A7 should be given much attention in clinical application of
glucoaurantio-obtusin and aurantio-obtusin. 

INTRODUCTION
Drug metabolism, also known as xenobiotic

metabolism, is defined as a biochemical modifi-
cation of pharmaceutical substances. Drug
metabolism can be divided into phase I and
phase II metabolism, converting lipophilic chem-
ical compounds into hydrophilic products 1. The
enzymes involved in the drug metabolism have
been called as drug-metabolizing enzymes, and
contained cytochrome P450 monooxygenase
system, flavin-containing monooxygenase sys-
tem, alcohol dehydrogenase, monoamine oxi-
dase, UDP-glucuronosyltransferases, glutathione
S-transferases, and methyltransferase, sulfotrans-
ferases 2. 

Patients often take several drugs to achieve
the therapeutic role. Additionally, patients might
be exposed to various food and herbal compo-
nents. Therefore, potential drug-drug interac-

tion, herb-drug interaction, and food-drug inter-
action might occur. The compounds orally ad-
ministered will undergo the structural modifica-
tion catalyzed by metabolism by intestinal bacte-
ria 3, which might influence the efficiency, toxic-
ity, and pharmacokinetic behaviour. Previous lit-
eratures have indicated that the deglycosylation
of liquiritin strongly enhanced the inhibitory po-
tential towards drug-metabolizing enzymes
UDP-glucuronosyltransferases (UGTs) 4. 

Glucoaurantio-Obtusin is an important ingre-
dient isolated from Cassiae Semen. Oral admin-
istration of glucoaurantion-obtusin can undergo
deglycosylation process to form aurantion-ob-
tusin 5. The present study aims to compare the
inhibition potential of glucoaurantio-obtusin and
aurantio-obtusin towards one of the most im-
portant UGT isoforms UGT1A7, indicating
whether the deglycosylation biotransformation
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of glucoaurantio-obtusin towards aurantio-ob-
tusin can affect the inhibition potential towards
UGT1A7.

MATERIALS AND METHODS  
Chemicals

Glucoaurantio-obtusin (purity ≥ 98%) and
aurantio-obtusin (purity ≥ 98%) were purchased
from Sichuan Weikeqi Biological Technology
Co., Ltd. 4-methylumbelliferone (4-MU), 4-
methylumbelliferone-β-D-glucuronide (4-MUG),
Tris-HCl, 7-hydroxycoumarin and uridine-5’-
diphosphoglucuronic acid (UDPGA, trisodium
salt) were purchased from Sigma-Aldrich (St
Louis, MO). Recombinant human UGT1A7 was
obtained from BD Gentest Corp. (Woburn, MA,
USA). Acetonitrile and methanol with HPLC
grade was purchased from Merck, and all aque-
ous solutions were prepared using ultrapure
Milli-Q water (> 18 MΩ). All other reagents
were of HPLC grade or of the highest grade
commercially available.

Evaluation of the inhibition of
glucoaurantio-obtusin and aurantio-
obtusin towards UGT1A7-catalyzed 4-MU
glucuronidation reaction

The typical incubation system to evaluate the
inhibition of UGT1A7 by glucoaurantio-obtusin
and aurantio-obtusin contains recombinant
UGT1A7 (0.05 mg/mL), 5 mM UDPGA, 5 mM
MgCl2, 50 mM Tris-HCl buffer (pH = 7.4), and
15 µM 4-MU. The co-factor UDPGA was added
after 5 min pre-incubation, and the incubation
time was 30 min. 100 µL acetonitrile (100 µM 7-
hydroxycoumarin as internal standard) was used
to terminate the incubation reaction. The sam-
ples were centrifuged at 20000 × g for 10 min,
and an aliquot (10 µL) was injected for HPLC
analysis as previously described 6. 

To determine the inhibition type and kinetic
parameters (Ki), the reaction velocity was deter-
mined at a variety of concentrations of 4-MU
and glucoaurantio-obtusin (or aurantio-obtusin),
and Dixon and Lineweaver-Burk plots were em-
ployed to determine the inhibition type. Nonlin-
ear regression was used to calcultae the inhibi-
tion kinetic parameters (Ki) according to the
equations for competitive inhibition and non-
competitive inhibition (Eqs. [1] and (Eq. [2]).

V = Vmax*[S]/(Km/(1+([I]/Ki ))+[S]) [1]

V = Vmax*[S]/(Km+[S])*(1+([I]/Ki ) [2]

where the items are defined as followed: V is

Figure 1. Comparison of inhibitory potential of glu-
coaurantio-obtusin and aurantio-obtusin towards
UGT1A7. The recombinant UGT1A7-catalyzed 4-MU
glucuronidation was used, and 100 µM of compounds
were used.

the reaction velocity, [S] and [I] are the concen-
trations of substrate and inhibitor, respectively,
Km value is the substrate concentration in
which the velocity reached to half of the maxi-
mum velocity (Vmax) of the reaction, and  Ki

value is the inhibition constant. 

RESULTS
As shown in Fig. 1, the activity of UGT1A7-

catalyzed 4-MU glucuronidation reaction was in-
hibited by 60.4 and 80.5% at 100 µM of glucoau-
rantio-obtusin and aurantio-obtusin, respective-
ly. Furthermore, multiple reaction velocity (v)
was determined at various concentrations of 4-
MU and aurantio-obtusin, and Dixon plot and
Lineweaver-Burk plot were employed to deter-
mine the inhibition type. As shown in Fig. 2, the
intersection point in Dixon plot (Fig. 2A) and
Lineweaver-Burk (Fig. 2B) was located in hori-
zontal axis, indicating the noncompetitive inhi-
bition of aurantio-obtusin towards UGT1A7. The
Ki value was calculated to be 23.8 µM through
nonlinear regression using noncompetitive inhi-
bition equation.

DISCUSSION
Herbs are taken to promote vitality, balance,

and longevity. The strength of botanicals lies in
their capacity to support and nurture the body’s
innate healing capacity 7. Herb-drug interaction
(HDI) is not avoidable because herbs are always
administered in combination with western thera-
peutic drugs 8. For example, Scutellaria baicalen-
sis Georgi (huangqin) ameliorated irinotecan-in-
duced gastrointestinal toxicity in cancer patients.
Piperine from black (Piper nigrum L.) and long
(P. longum L.) peppers induced the elevation of
the AUC of phenytoin, propranolol and theo-
phylline in healthy volunteers and plasma con-
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centrations of rifamipicin (rifampin) in patients
with pulmonary tuberculosis 8.

Human UGT1A7 belongs to a family of nine
proteins encoded at the human UGT1A gene lo-
cus on chromosome 2q37, which is highly con-
served in vertebrate organisms 9. UGT1A7 is not
expressed in hepatic tissues and has been
shown to be differentially regulated in gastroin-
testinal organs such as the oesophagus, stom-
ach, small intestine, and colon 10. The low activ-
ity of UGT1A7 has been strongly correlated with
the occurence of colorectal cancer (CRC) 11. 

In the present study, the influence of degly-
cosylation process towards strengthening the in-
hibitory activity towards drug-metabolizing en-
zymes (DMEs) was demonstrated through com-
parison of the inhibition potential of glucoau-
rantio-obtusin and aurantio-obtusin towards
UGT1A7, indicating the important role of intesti-
nal bacteria in changing the pharmacokinetic
factors of compounds. Additionally, the clinical
monitoring for the application of glucoaurantio-
obtusin and aurantio-obtusin should be per-
formed due to the strong inhibition of aurantio-
obtusin towards UGT1A7.

Figure 2. Determination of inhibition kinetic type of aurantio-obtusin towards UGT1A7-catalyzed 4-MU glu-
curonidation reaction using Dixon plot (A) and Lineweaver-Burk plot (B).

A B

REFERENCES

1. Guengerich, F.P. (1999) Annu. Rev. Pharma-
col. Toxicol. 39: 1-17.

2. Streetman, D.S., J.S. Bertino & A.N. Nafziger
(2000) Pharmacogenetics 10: 187-216. 

3. Kockx, M., W. Jessup & L. Kritharides (2013)
Curr. Opin. Lipidol. 24: 105-6.

4. Guo, B., X.R. Fan, Z.Z. Fang, Y.F. Cao, C.M.
Hu, J. Yang, et al. (2012) Phytother. Res. doi:
10.1002/ptr.4855.

5. Hur, J.M., S.H. Kwon, J.H. So, M. Jun, Y.H.
Kang, Y.M. Lee, et al. (2007) J. Microbiol.
Biotechnol. 17: 1894-7.

6. Gao, C., Y. Cao, X. Gao, Y.Q. Qu, H. Liu, H.
Liu, et al. (2012) Lat. Am. J. Pharm. 31: 1360-2. 

7. Gad, H.A., S.H. El-Ahmady, M.I. Abou-Shoer &
M.M. Al-Azizi (2013) Phytochem. Anal. 24: 1-
24.

8. Hu, Z., X. Yang, P.C. Ho, S.Y. Chan, P.W.
Heng, E. Chan, et al. (2005) Drugs 65: 1239-82. 

9. Tukey, R.H. & C.P. Strassburg (2000) Annu.
Rev. Pharmacol. Toxicol. 40: 581-616.

10. Strassburg, C.P., M.P. Manns & R.H. Tukey
(1997) Cancer Res. 57: 2979-85.

11. Strassburg, C.P., A. Vogel, S. Kneip, R.H.
Tukey & M.P. Manns (2002) Gut 50: 851-6. 


