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Abstract

To evaluate the effect of ground cherry extract on the activity of aniline hydroxylase, we gave ground cherry
extract in doses of 100, 200 or 400 mg/kg i.p to mice for 1, 2 or 4 days. The aniline hydroxylase activity in
the group treated with ground cherry extract increased in a dose dependant manner in all experimental groups
compared with the control group, and was significantly higher in the group treated with ground cherry extract
at a dose of 200 mg/kg, which also exhibited a time dependant increase over 4 days. Enzyzme kinetic analysis
was performed for hepatic aniline hydroxylase activity in the group treated with 200 mg/kg for 4 days. There
was no change of the Km values for aniline hydroxylase between the experimental group and the control group,
but the Vmax values for aniline hydroxylase was 21% lower in the experimental group compared with the control.
The experimental group also showed lower lipid peroxide and reduced glutathione content, and there were no
significant difference in serum alanine aminotransferase activity between the experimental group and the control.
Aniline was injected into both the experimental group mice treated with ground cherry extract at a dose of 200
mg/kg for 4 days and the control group, and then the level of blood aniline was assayed at 1hr. The level of
blood aniline was lower in the experimental than the control group. This study suggests that ground cherry extract
induces hepatic aniline hydroxylase activity and might accelerate the scavenging system of reactive oxygen species.
It is likely that ground chenry extract influences the metabolism of xenobiotics by activating AH activity substituted

for CYP2EL.
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INTRODUCTION

We are faced with a variety of processed foods and
a number of medications, which can cause health prob-
lems. Research has shown that various natural products
act as effective agents for enhancing the immune system,
reducing reactive oxygen species, accelerating alcohol
metabolism, and functioning as an alternative or func-
tional food (1-3).

Ground cherry, in the solanaceae family, is a widely
distributed small annual herb indigenous to Korea. It is
also known as Physalis Fructus or Physalis alkekengi
var franchetti (Masters) Hort in traditional oriental
medicine. Ground cherry had been utilized for alleviat-
ing fever, detoxication, and diuresis in ancient times,
and it is a major component of remedies for the suc-
cessful treatment for jaundice and eczema (4). Although
it is known that the same genus of ground cherry is an
anticancer agent (5,6), there has not been nearly enough
study on the pharmacological effect of ground cherry.
It has been well reported that there are two phases in
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the detoxification of xenobiotics. Phase I, which is crit-
ical in the oxidative metabolism of xenobiotics, is a mi-
crosomal P450 mixed function oxidase. Phase Il is in-
volved in scavenging and conjugation (7,8). CYP2EI,
one of the cytochrome P450 of Phase I enzymes, is
more abundant in the liver than other organs and is in-
volved in the physiological metabolism of xenobiotics
as well as generating reactive oxygen species (ROS)
during the metabolism of harmful substances (9). When
CYP2E1 metabolizes xenobiotics such as ethanol it also
causes liver damage due to toxic intermediates and ROS
(10-12), which is an unavoidable consequence of Phase
I oxidation of chemicals, detoxication of xenobiotics, or
bioactivation of prodrugs (13,14).

The objective of this study was to assess the effects
of ground cherry extract on the hepatic xenobiotic
metabolism. Experimental animals were administered
ground cherry extract i.p at doses of 100, 200 or 400
mg/kg for 1, 2 or 4 days. The CYP2E1-dependent aniline
hydroxylase activity (15-17), the contents of reduced
glutathione and lipid peroxide in liver, and serum alanine
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aminotransferase were determined.

MATERIALS AND METHODS

Extraction of ground cherry

Dry aerial parts of ground cherry were extracted with
70% methanol, and concentrated by a rotary evaporator.
The extract was dissolved with distilled water and sepa-
rated with ethylether to remove lipid soluble substance,
and then the water layer was separated with n-butanol
(18). The n-butanol fraction (ground cherry extract) was
concentrated by rotary evaporation.

Animals

Male ICR mice with a mean body weight of 25 g
were purchased from Oriental Co. Ltd. (Busan, Korea).
Mice were provided food (Purina Chow, Korea) and wa-
ter ad libitum. The experimental animals were adminis-
trated ground cherry extract, dissolved in physiological
saline, i.p at doses of 100, 200 or 400 mg/kg for 1, 2
or 4 days. A control group was administrated the same
volume of physiological saline i.p. Aniline was ad-
ministered (110 mg/kg in physiological saline) to mice
i.p 1 hr before euthanasia (19). The animals had fasted
for 24 hrs before being killed by drawing blood from
the inferior vena cava under ether anesthesia. The liver
was used for the experiments. Mice were individually
housed in stainless steel wire-bottom cages in a room
maintained at 20+2°C and 60+ 5% relative humidity.
The room was exposed to alternating 12-hour periods
of light and dark. The experimental protocols were con-
ducted in accordance with internationally accepted prin-
ciples for laboratory animal use and care as found in
the Korea Food and Drug Administration guidelines.

Preparations of sample

Livers were rinsed with cooled physiological saline
and homogenized with 0.25 M sucrose by using a bio-
homogenizer. The 20% homogenate was centrifuged at
600 x g for 10 min and the supernatant was recentrifuged
at 10,000 x g for 20 min and the supernatant was ultra-
centrifuged at 105,000 < g for 1 hr. The microsomal frac-
tions were used for aniline hydroxylase (AH) activity.

Biochemical assay

Aniline hydroxylase (AH) activity was estimated by
the method of Bidlack and Lowry (20) and expressed
as p-amniophenol nmole per hr per mg protein. Kinetic
parameters for the oxidation of aniline by rat liver aniline
hydroxylase were determined spectrophotometrically
from a Lineweaver-Burke double reciprocal plot. Lipid
peroxide (LPO) content was estimated by the method
of Ohkawa et al. (21) and reduced glutathione (GSH)

content was determined by the method of Ellman (22).
Serum alanine aminotransferase (ALT) activity was
measured using a commercial Laboratories kit (Ansan
Pharm. Co., Korea) and expressed as Karmen unit per
mL of serum. Levels of blood aniline were measured
by a modified method of Norwitz and Keliher (23) and
expressed as g aniline per mL of serum. Protein content
was determined by the method of Lowery et al. (24).

Statistical Analysis

The results were expressed as mean+SD values for
the six animals. Statistical comparison of differences be-
tween the different groups was carried out using one-way
analysis of variance test followed by Duncan’s multiple
range test (SPSS statistical software package, version
12.0, SPSS, Chicago, IL).

RESULTS

Effect of ground cherry extract on hepatic AH activity

Dose dependency of AH activities as microsomal
CYP2EI in the groups treated with ground cherry extract
is shown in Fig. 1; time dependence of AH activity at
the dose of 200 mg/kg is shown in Fig. 2. Hepatic AH
activities in all experimental groups compared with the
control group are increased in a dose dependent manner.
The most significant increase is in the group at a dose
of 200 mg/kg (Fig. 1). At a 200 mg/kg dose, hepatic
AH activity showed a time dependent in increase, and
was the significantly higher in the group treated with
ground cherry extract for 4 days (Fig. 2).

Effect of ground cherry extract on the kinetics of AH
The kinetics of hepatic AH, in the animals treated with
ground cherry extract at the dose of 200 mg/kg for 4
days, was calculated from a double reciprocal plot with
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Fig. 1. Dose dependency of changes in hepatic microsomal
AH activity in mice treated with ground cherry extract. Data
are mean+SD values of six rats. Different superscripts within
groups indicate a significant difference (p<0.05). “p-amino-
phenol formed nmole/hr/mg protein.



Effect of Ground Cherry on Aniline Hydroxylase 63

30 - ab ab

T =

20

15

AH activity*

10

0 1 1 1 1 J
0 1 2 4 (Days)

Fig. 2. Time dependency of changes in hepatic microsomal
AH activity in mice treated with ground cherry extract at the
dose of 200 mg/kg. Data are mean+ SD values of six rats.
Different superscripts within groups indicate a significant dif-
ference (p<0.05). “p-aminophenol formed nmole/hr/mg protein.

aniline (Fig. 3). Whereas there were no differences be-
tween the control (581.4 pM) and the experimental
group (549.5 uM) on the Km values, the Vmax values
were significantly increased by 42% in the experimental
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Fig. 3. Double reciprocal plots of microsomal AH in mice
treated with ground cherry extract for aniline. Open circle:
control, closed circle: group treated with ground cherry extract
at the dose of 200 mg/kg for 4 days.

group (14.3 nmoles/hr/mg protein) compared to the con-
trol (10.1 nmoles/hr/mg protein).

Hepatic contents of LPO and reduced GSH, and serum
ALT activity

The hepatic contents of LPO and GSH, and serum
ALT activity in the group treated with ground cherry
extract at a dose of 200 mg/kg for 4 days are shown
in Fig. 4. The hepatic LPO and GSH contents were sig-
nificantly lower in the experimental group compared
with the control group. There were no significant differ-
ences in the level of ALT between the experimental
group and the control group.

Effect of ground chernry extract on the level of blood
aniline

In the animals treated with aniline, the level of blood
aniline at 1 hr was determined and shown in Fig. 5.
Both the experimental and the control group were ad-
ministered with aniline after the experimental group was
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Fig. 5. Changes of blood aniline level in ground cherry extract
pretreated mice. Data are mean+SD values of six rats.
Different superscripts within groups (same color) indicate a
significant difference (p<0.05). “Level of blood aniline: ng/
mL of serum. The animals were sacrificed at 1 hr after admin-
istration of the aniline (110 mg/kg). C: control, GC: group
treated with ground cherry extract at the dose of 200 mg/kg
for 4 days.
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30 2 tivity in mice. Data are mean+SD values of six
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5 White column: LPO, black column: reduced GSH,
3 bold outline column: ALT activity. #LPO content:
10 nmole/g of tissue, reduced GSH content: pumole/g
of tissue. ##Serum ALT activity: Karmen unit/mL
0 of serum. C: control, GC: group treated with ground
cherry extract at the dose of 200 mg/kg for 4 days.
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treated with ground cherry at a dose of 200 mg/kg for
4 days. The level of blood aniline was approximately
40% lower in the experimental group (178.2 ug/mL of
serum) than in control (298.3 pg/mL of serum).

DISCUSSION

It is well documented that microsomal CYP2EI is re-
sponsible for Phase [ reactions in the physiological me-
tabolism of xenobiotics, such as acetaminophen and
ethanol, but also generates ROS during the xenobiotics
metabolism, and increased CYP2EI influences the effec-
tive hepatic detoxification (25-28). In this study, we
evaluated the effect of ground cherry extract on the hep-
atic drugs and xenobiotic metabolism in experimental
animals administered ground cherry extract i.p. at 100,
200 or 400 mg/kg, and for 1, 2 or 4 days.

The CYP2El-dependent aniline hydroxylase (15-17),
which is one of cytochrome P450 isozymes, was de-
termined in the group treated with ground cherry extract
at doses of 100, 200 or 400 mg/kg to evaluate the dose
dependency the effect of ground cherry extract. AH ac-
tivity tended to increase in the experimental group, and
increased in the group treated with ground cherry extract
over a dose of 200 mg/kg. When ground cherry extract
was given to mice at a dose of 200 mg/kg for 1, 2 or
4 days, AH activity increased in proportion to the in-
jection period and the most significant increase occurred
in the group treated for 4 days. Huh et al. (19) reported
that natural herbs such as Glycyrrhizae radix have effects
on the alleviation and the recovery of tissue damage and
induce CYP2E1 in the animal model of tissue injury or
aging. These results suggest that ground cherry extract
plays an important role in accelerating the detoxification
or the activation of xenobiotics through increased AH
activity. To confirm the relation of the mechanism of
changed AH activity to ground cherry extract, kinetic
analysis was used and found that ground cherry extract
at a dose of 200 mg/kg for 4 days which showed the
highest increase in AH activity. Although the Km values
were similar between the experimental group and con-
trol, the Vmax values were remarkably higher in the ex-
perimental group compared with the control group,
which indicated an increase in the amount of AH enzy-
matic protein via stimulation of AH protein synthesis
and/or inhibition of protein degradation. It is reported
that during xenobiotics metabolism the produced ROS
plays a role in the increased cell membrane damage lead-
ing to lipid peroxidation, and that the depletion of re-
duced GSH content is the direct parameter to protect
the tissue (29,30). In this study, the experimental group

compared to the control group exhibited significantly
less lipid peroxidation and lower GSH content, which
elicits the hepatic protection of ground cherry extract.
There was no hepatic damage in the group treated with
ground cherry extract compared with the control group
as shown in serum ALT activity, in liver weight per body
weight, hepatic protein content and the weights of other
organs which were not itemized in the results. The level
of blood aniline was significantly lower in the ex-
perimental group treated with ground cherry extract at
a dose of 200 mg/kg for 4 days compared with the con-
trol group. These results suggest that ground cherry ex-
tract influences the metabolism of xenobiotics by activat-
ing AH activity. In conclusion, the results suggest that
ground cherry extract affects the hepatic metabolism of
xenobiotics including various drugs and organic solvents
by activating CYP2E1. However, we could not confirm
the main constituent of ground cherry extract involved
with the hepatic microsomal CYP2E! activition from the
present results. Therefore, further study is needed to elu-
cidate the main constituent of ground cherry extract and
the mechanism of its effectiveness on AH activity via
molecular techniques such as mRNA analysis.

REFERENCES

1. Lau KM, He ZD, Dong H, Fung KP, But PP. 2002.
Anti-oxidative, anti-inflammatory and hepato-protective
effects of Ligustrum robustun. J Ethnopharmacol 83: 63-
71.

2. Lee OM, Ye CM, Choi BC, Lee JY, Kang HJ, Choi YK,
Kim CJ, Sim SS. 2005. Effect of feelch on blood alcohol
concentration in human and hepatic alcohol metabolizing
enzyme activity in alcohol-fed rats. Yakhak Hoeji 49:
340-346.

3. Lim SD, Seong KS, Kim KS, Han DU. 2007. Effect of
fermented milk with hot water extract from Acanthopanax
senticosus and Codonopsis lanceolata on immune status
of mouse. Korean J Food Sci Technol 39: 323-329.

4. Chang IM. 2003. Treatise on Asian Herbal Medicines.
Natural Product Research Institute (Seoul National
University), Daewon Publishing Co., Seoul. Vol 1. p 214.

5. Chiang HC, Jaw SM, Chen CF, Kan WS. 1992. Antitumor
agent, physalin F from Physalis angulata L. Anticancer
Res 12: 837-843.

6. Dornberger K. 1986. The potential antineoplastic acting
constituents of Physalis alkekengi L. var franchetti Mast.
Pharmazie 41: 265-268.

7. Habig WH, Pabist MJ, Jakoby WB. 1974. Glutathione
S-transferase: The first enzymatic step in mercapturic acid
formation. J Biol Chem 249: 7130-7139.

8. Jakoby WB. 1978. The glutathione S-transferase: A group
of multifunctional detoxication proteins. Adv Enzymol 46:
393-414.

9. Burczynski ME, Lin HK, Penning TM. 1999. Isoform-spe-
cific induction of a human aldo-keto reducatse by poly-
cyclic aromatic hydrocarbons (PAHSs), electrophiles, and



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Effect of Ground Cherry on Aniline Hydroxylase 65

oxidative stress: Implications for the alternative pathway
of PAH activation catalyzed by human dihydrodiol
dehydrogenase. Cancer Res 59: 607-614.

Hazai E, Vereczkey L, Monostory K. 2002. Reduction of
toxic metabolite formation of acetaminophen. Biochem
Biophys Res Commun 291: 1089-1094.

Lu Y, Cederbaum AI. 2008. CYP2EI and oxidative liver
injury by alcohol. Free Radic Biol Med 44: 723-738.
Wu D, Cederbaum AI. 2005. Oxidative stress mediated
toxicity exerted by ethanol inducible CYP2EI. Toxicol
Appl Pharmacol 207: 70-76.

Bruno RD, Njar VCO. 2007. Targeting cytochrome P450
enzymes: a new approach in anti-cancer drug development.
Bioorganic Med Chem 15: 5047-5060.

Purnapatre K, Khattar SK, Saini KS. 2008. Cytochrome
P450s in the development of target-based anticancer drug.
Cancer Lett 259: 1-15.

Mizuno D, Tanaka E, Tanno K, Misawa S. 2000.
Chlorzoxazone: a probe drug whose metabolism can be
used to monitor toluene exposure in rats. Arch Toxicol
74: 139-144.

Yue J, Peng RX, Yang J, Kong R, Liu J. 2004. CYP2El
mediated isonizide-induced heaptotoxicity in rats. Acta
Pharmacol Sin 25: 699-704.

Zanelli U, Longo V, Paolicchi A, Gervasi PG. 2000.
Stabilization of cytochrome P4502E1 protein by ethanol
in primary hamster hepatocyte cultures. Toxicol In Vitro
14: 69-77.

Shibata S, Ando T, Tanaka O. 1966. Chemical studies on
the oriental plant drugs. XVII. The prosapogenin of the
ginseng saponins (ginsenosides-Rbl, -Rb2, and -Rc).
Chem Pharm Bull 4: 1157-1161.

Huh K, Lee SI, Park JM, Chung JR. 1986. Effect of gly-
cyrrhetinic acid on pyridine toxicity in mouse. Korean J
Toxicol 2: 31-36.

Bidlack WR, Lowry LG. 1982. Multiple drug metabolism.
p-nitroanisole reversal of acetone enhanced aniline

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

hydroxylation. Biochem Pharmacol 31: 311-317.
Ohkawa H, Ohish N, Yaki K. 1979. Assay for lipid per-
oxide in animal tissues by thiobarbituric acid reaction.
Anal Biochem 95: 351-355.

Ellman GL. 1959. Tissue sulfhydryl group. Arch Biochem
Biophys 82: 70-77.

Norwitz G, Keliher PN. 1981. Spectrophotometric deter-
mination of aniline by the diazotization-coupling method
with N-(1-naphthyl)ethylenediamine as the coupling agent.
Anal Chem 53: 1238-1240.

Lowry OH, Rosebrough NJ, Farr AL, Randall RL. 1951.
Protein measurement with folin phenol reagent. J Biol
Chem 193: 265-275.

Kim SN, Seo JY, Jung DW, Lee MY, Jung YS, Kim YC.
2007. Induction of hepatic CYP2E1 by subtoxic dose of
acetaminophen in rats: increase in dichloromethane metab-
olism and carboxyhemoglobin elevation. Drug Metab
Dispos 35: 1754-1758.

Lieber CS. 1997. Cytochrome P-450 2El: its physiological
and pathological role. Physiol Rev 77: 517-544.

Mari M, Cederbaum Al. 2001. Induction of catalase, alpha
and microsomal glutathione S-transferase in CYP2EI
overexpressing HepG2 cells and protection against short-
term oxidative stress. Hepatology 33: 652-661.

Nieto N, Friedman SL, Cederbaum AI. 2002. Cytochrome
P450 2E1-derived reactive oxygen species mediate para-
crine stimulation of collagen I protein synthesis by hepatic
stellate cells. J Biol Chem 277: 9853-9863.

Jin M, Yaung J, Kannan R, He S, Ryan SJ, Hinton DR.
2005. Hepatocyte growth factor protects RPE cells from
apoptosis induced by glutathione depletion. Invest
Ophthalmol Vis Sci 46: 4311-4319.

Manikandan S, Srikumar R, Jeya Parthasarathy N, Sheela
Devi R. 2005. Protective effect of Acorus calamus LINN
on free radical scavengers and lipid peroxidation in dis-
crete regions of brain against noise stress exposed rat. Biol
Pharm Bull 28: 2327-2330.

(Received March 5, 2008; Accepted May 4, 2008)



