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Abstract: The aim of this study was to elucidate the effects of zedoary turmeric oil (ZTO) on P450 activities (CYP1A2,
CYP2C9, CYP2C19, CYP2B6, CYP2D6 and CYP3A4) in rats with liver cirrhosis induced by thioacetamide (TAA). For
the induction of liver cirrhosis, rats were given TAA in their drinking water at a concentration of 0.03% for consecu-
tive 5 weeks and then 0.04% for the next consecutive 5 weeks throughout the establishment of cirrhosis. Then
the cirrhotic rats were ip given saline, ZTO 100, 200 and 400 mg/kg, respectively, once daily for 2 weeks. When
cirrhosis model was established at week 10, all rats of five groups were administered intragastrically with 15 mg/
kg phenacetin, 0.6 mg/kg tolbutamide, 15 mg/kg omeprazole, 15 mg/kg bupropion, 15 mg/kg metoprolol, and 10
mg/kg midazolam. Blood samples were collected at a series of time-points and the concentrations of probe drugs
in plasma were determined by HPLC-MS/MS. The degree of liver cirrhosis was assessed by HE staining. The serum
levels of alanine aminotransferase (ALT) and aspartate aminotransferase (AST) from the model group increased by
approximately 4-fold, and a decreased level of albumin (Alb) was also observed, as compared to the control group
(P < 0.05). However, ZTO was found to reverse those changes of serum levels observed in the model group, and the
200 mg/kg ZTO treatment group showed the most obvious reverse tendency with significantly decreased ALT, AST
and increased Alb levels (P < 0.05). The results indicated that ZTO with the dose of 100 mg/kg could inhibit the
activities of CYP450 isoforms CYP2C9 and CYP2DG6 in vivo in cirrhotic rats induced by TAA, while ZTO with the dose
of 400 mg/kg could induce the activity of CYP2C19 in vivo in cirrhotic rats induced by TAA. However, ZTO showed no
influence on cirrhotic rat hepatic CYP1A2, CYP2B6 and CYP3A4 activity in vivo. This has certain guiding significance
to clinical treatment.
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Introduction influences the effect on cytochrome P450
(CYP450) activities in rats with liver cirrhosis
Zedoary turmeric oil (ZTO) is derived from rhi- induced by thioacetamide (TAA).
zomes of three species of Curcoma including

Curcuma phaeocaulis Valeton, Curcuma kw- The CYP450s mediate most of phase | drug

angsiensis S. G. Lee et C. F. Liang, and Curcuma
wenyujin Y. H. Chen et C. Ling, and has been lin-
ked to protection against liver injury, as well as
reported anti-tumor, anti-thrombotic, and anti-
viral activities [1-4]. As a promising anti-tumor,
anti-inflammatory or antivirus agent, ZTO might
be in combination with other anti-tumor, anti-
infammatory and antivirus drugs which often
have a narrow therapeutic index and a steep
dose-toxicity curve [5]. Moreover, ZTO has
potent protective effects on chronic liver dis-
eases caused by ongoing hepatic damage [6].
However, it remains uncertain yet whether ZTO

metabolism. Phase | metabolism can occur dur-
ing drug absorption, either in the gut wall or in
the liver. The presystemic (or first-pass metabo-
lism) clearance determines the fraction of the
oral dose that will reach the systemic circula-
tion [7]. When the drug reaches the systemic
circulation, it is redistributed to the liver and
metabolized by CYP450. Therefore, the presys-
temic and systemic clearance determines the
concentration of drug. The rate of clearance of
the drug depends on the activity of CYP450. It is
believed that more than 10 CYP450s in the
human liver are involved in drug metabolism.
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Among the various CYP450 isozymes, CYP1A2,
CYP2C9, CYP2C19, CYP2B6, CYP2D6 and
CYP3A4 are considered to be most important
[8, 9]. Each enzyme can metabolize a vast array
of xenobiotics. CYP3A4 acts on most lipophilic
substrates and is known to metabolize > 50%
of marketed drugs, while CYP2D6 exhibits a
preference for positively charged molecules,
usually with a basic nitrogen. CYP2C9 and
CYP2C19 metabolizes weakly anionic mole-
cules and CYP1A2 polyaromatic hydrocarbons
as well as carcinogen.

Probe drug is one kind of compound specially
catalyzed by CYP isoforms, and the activities of
CYP isoforms can be reflected by the metabolic
rate of probe drug. In this paper, the cocktail
probe drugs approach is used to evaluate the
induction or inhibition effects of ZTO on the
activities of rats CYP450 isoforms such as
CYP1A2, CYP2C9, CYP2C19, CYP2B6, CYP2D6
and CYP3A4 in cirrhosis rats, which are reflect-
ed by the changes of pharmacokinetic param-
eters of six specific probe drugs (phenacetin,
tolbutamide, omeprazole, bupropion, metropro-
lol and midazolam).

Materials and methods
Chemicals and reagents

Phenacetin, tolbutamide, omeprazole, bupropi-
on, metoprolol, midazolam (all > 98%) and the
internal standard carbamazepine (IS, > 98%)
were purchased from Sigma-Aldrich Corporation
(St. Louis, USA), thioacetamide (TAA) of 99%
purity was supplied by Sinopharm Chemical
Reagent Company (Shanghai, China), Zedoary
Turmeric oil of 98% purity was supplied by
Tianrui Pharmaceutical Company (Zhejiang,
China). HPLC grade acetonitrile and methanol
were from Merck Company (Darmstadt, Ger-
many). Ultra-pure water (resistance > 18.2 mQ)
prepared by a Millipore Milli-Q purification sys-
tem (Bedford, MA, USA). All other chemicals
were analytical grade and used without further
purification.

Apparatus and chromatographic conditions

All analysis was performed with a 1200 Series
liquid chromatograph (Agilent Technologies,
Waldbronn, Germany) equipped with a quater-
nary pump, a degasser, an autosampler, a ther-
mostatted column compartment, and a Bruker
Esquire HCT ion-trap mass spectrometer (Bru-
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ker Technologies, Bremen, Germany) equipped
with an electrospray ion source and controlled
by ChemStation software (Version B.01.03
[204], Agilent Technologies, Waldbronn, Ger-
many).

Chromatographic separation was achieved on
a 150 mmx2.1 mm, 3.5 ym particles, Agilent
Zorbax SB-C18 column at 30°C. A gradient elu-
tion programme was conducted for chromato-
graphic separation with mobile phase A (0.1%
formic acid in water) and mobile phase B (ace-
tonitrile) as follows: 0-1.0 min (10-90% B), 1.0-
7.0 min (90-90% B), 7.0-8.0 min (90-10% B),
8.0-11.0 min (10-10% B). The flow rate was 0.4
mL/min. A typical injection volume was 10 pL.

The quantification was performed by the peak-
area method. The determination of target ions
were performed in SIM mode (m/z 180 for
phenacetin, m/z 271 for tolbutamide, m/z 198
for omeprazole, m/z 240 for bupropion, m/z
268 for metoprolol, m/z 326 for midazolam
and m/z 237 for IS) and positive ion electro-
spray ionization interface. Drying gas flow was
set to 7 L/min and temperature to 350°C.
Nebuliser pressure and capillary voltage of the
system were adjusted to 25 psi and 3,500V,
respectively.

Animals

A total of 30 specific pathogen-free male Sp-
rague-Dawley (SD) rats weighing 200-220 g
were obtained from Wenzhou Medical University
Laboratory Animal Center (Wenzhou, China). All
rats were maintained in a light controlled room
(light: 07:00-19:00 h, dark: 19:00-07:00 h)
kept at a temperature of 22+2°C and a relative
humidity of 55£5% and were given free access
to diets and water ad libitum. All experimental
procedures were conducted according to the
Institutional Animal Care guidelines and ap-
proved ethically by the Administration Com-
mittee of Experimental Animals, Laboratory
Animal Center, Wenzhou Medical University.

Induction of liver cirrhosis induced by TAA

The rats were randomly divided into two initial
groups: the control (n = 6) and cirrhotic (n = 24)
rats. For the induction of liver cirrhosis, rats
were given TAA in their drinking water at a con-
centration of 0.03% for consecutive 5 weeks
and then 0.04% for the next consecutive 5
weeks throughout the establishment of cirrho-
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Figure 1. Effects of ZTO on changes in serum concentrations of ALT, AST
and Alb by TAA in rats. The activities of alanine aminotransferase (ALT) (A)
aspartate aminotransferase (AST) (B) and albumin (Alb) (C) were assayed
by using an automated blood chemistry analyzer. (*significant compared
to levels at O week, P < 0.05; #significant compared to levels at 10 week,

P <0.05).

sis. Control rats drinking natural water. Rats
were weighed weekly, and blood was collected
from the tail vein for biochemical tests of serum
alanine aminotransferase (ALT), aspartate ami-
notransferase (AST) and albumin (Alb). Serum
samples were analyzed to measure the serum
activities of ALT, AST and Alb, which was used
to evaluate the liver damage. Liver cirrhosis in
rats induced by TAA was diagnosed by histolo-
gy, which was described by Schuppan and
Afdhall as vascularized fibrotic septa that
linked portal tracts with each other and with
central veins, leading to hepatocyte islands
that were surrounded by fibrotic septa and were
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devoid of a central vein. At the end
of treatment, rats were weighed
and sacrificed. It was reported [10-
12] that TAA was used as a repro-
ducible animal model of liver cirr-
hosis.

Treatment experiment

Rats with liver cirrhosis induced by
TAA as above were randomly
assigned to 4 groups (each had 6
rats): Model group, ZTO 100 mg/
kg, 200 mg/kg, 400 mg/kg group.
Then the cirrhotic rats were ip
given saline, ZTO 100, 200 and
400 mg/kg, respectively, once
daily for 2 weeks. Also the control
rats were ip given saline.

Histological observation

The whole liver of each rat were
excised after euthanasia, rinsed
with 0.9% NaCl-injectable solution,
blotted dry with tissue paper, and
weighed. Two pieces of liver tis-
sues (0.5x0.5x0.5 cm for each)
were collected from both left half
and right half livers from each rat.
Liver tissues were fixed in 10%
neutral phosphate-buffered forma-
lin, embedded in paraffin, sec-
tioned at 4-um/slide, and then pro-
cessed for routine histological ex-
amination with hematoxylin-eosin
staining.

Sample preparation

Before analysis, the plasma sam-
ple was thawed to room tempera-

ture. In a 1.5 mL centrifuge tube, an aliquot of
10 pL of the IS working solution (2 yg/mL) was
added to 100 pL of collected plasma sample
followed by the addition of 200 pL acetonitrile-
methanol (90:10, v/v). The tubes were vortex
mixed for 1.0 min. After centrifugation at
16,000 g for 10 min, the supernatant (10 L)

was injected into the LC-MS system for
analysis.
Pharmacokinetic study

When cirrhosis model was established at week
10, all rats of five groups were administered
intragastrically with 15 mg/kg phenacetin, 0.6
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Figure 2. Histological assessment
of liver sections by H&E staining
(x100). A. Liver sections from the
control group; B. Liver sections from
the model group; C. Liver sections
from the 100 mg/kg ZTO group; D.
Liver sections from the 200 mg/kg
ZTO group; E. Liver sections from
the 400 mg/kg ZTO group.
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Table 1. Mean pharmacokinetic parameters of phenacetin in rat plasma (X+S, n = 6-8)

Parameter Control Model ZT0, 100 mg/kg ZTO, 200 mg/kg ZTO, 400 mg/kg
t,,,,(h) 5.96+1.76 2.72+1.41" 4.49+1.35 4.45+1.97 3.11+0.397

C,.. (Ng/ml) 493.31+155.85 284.68+153.95 389.47+177.38 277.99+185.88 400.30+190.36
AUC,_,, (ng/h/ml) 778.04+£190.10 335.16+122.28™ 449.58+188.13" 360.66+213.00° 503.61+222.22
V. /F (I/kg) 164.35+24.41  183.23+82.52 227.30+67.53  372.60+272.57 145.37+40.65

CL,/F (I/h/kg) 20.31+£5.70

49.07+16.16" 37.59+14.00

51.03+£24.66 33.25+11.79

ZTO: Zedoary turmeric oil; t, , : half life; C__: peak concentration; AUC __: area under concentration-time curve among O-infinity

1/22°

(0~o0)"

time; V/F: apparent volume of distribution; CL/F: clearance, “P < 0.05, **P < 0.01 vs. control group.

mg/kg tolbutamide, 15 mg/kg omeprazole, 15
mg/kg bupropion, 15 mg/kg metoprolol, and
10 mg/kg midazolam. Then, the blood samples
(0.3 mL) were collected from the tail vein into
heparinized 1.5 mL polythene tubes at O,
0.0833,0.25,0.5,1, 1.5,2,2.5, 3,4,6,8, 12,
and 24 h, then centrifuge and collect separated
plasma, stored at -80°C for used.

Statistical analysis

Plasma concentration versus time data for
each rat was analyzed by DAS software (Version
3.0, Drug Clinical Research Center of Shanghai
University of Traditional Chinese Medicine and
Shanghai BioGuider Medicinal Technology Co.,
Ltd., Shanghai, China). Pharmacokinetic param-
eters were expressed as means+SD and were
analyzed by ANOVA with a post hoc test (differ-
ences between groups) were used. Statistical
analyses were performed using SPSS statisti-
cal software, version 16.0. A value of P < 0.05
was considered to be statistically significant.
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Results

Effects of ZTO on serum concentrations of ALT,
AST and Alb in rats with liver cirrhosis

After 10-week administration of TAA, the serum
levels of ALT and AST from the model group
increased by approximately 4-fold, and a
decreased level of Alb was also observed, as
compared to the control group (P < 0.05). How-
ever, ZTO was found to reverse those changes
of serum levels observed in the model group,
and the 200 mg/kg ZTO treatment group
showed the most obvious reverse tendency
with significantly decreased ALT, AST and
increased Alb levels (P < 0.05) (shown in Figure
1).

Effect of ZTO on histopathologic characteris-
tics in liver cirrhosis

To show changes of tissue structure and colla-
gen, liver sections from each group were stai-

Int J Clin Exp Pathol 2014;7(11):7854-7862
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Table 2. Mean pharmacokinetic parameters of tolbutamide in rat plasma (XS, n = 6-8)

Parameter Control Model ZT0, 100 mg/kg  ZTO, 200 mg/kg  ZTO, 400 mg/kg

t,,,, (h) 3.27+0.58 3.68+2.13 3.45+0.36 2.73+0.57 12.57+14.54
C... (ng/m) 239.37+21.16 140.70+33.17" 224.77+87.85 80.55+52.02"°  89.11+8.47"
AUC,_, (ng/h/ml) 1453.20+415.03 630.45+287.46° 1388.32+626.24 484.29+221.19° 289.63+204.17"
V_/F (I/kg) 2.11+0.79  124.35+24.82""  2.62+1.44% 5.62+2.42"#  1432.02+1693.83
CL/F (I/h/kg) 0.45+0.17 27.95+13.10"  0.51+0.25% 1.49+0.83" 68.20+35.41

“P < 0.05, P < 0.01 vs. control group; #*P < 0.05, #P < 0.01 vs model group.

Table 3. Mean pharmacokinetic parameters of omeprazole in rat plasma (X+S, n = 6-8)

Parameter Control Model ZT0, 100 mg/kg  ZTO, 200 mg/kg  ZTO, 400 mg/kg
t,,,, (h) 4.57+2.83 4.68+2.56 6.4915.04 5.25+1.76 10.79+8.17
C, o (ng/ml) 348.14+87.57 140.31+78.93" 137.86+43.20" 87.9819.62" 82.54+33.38™
AUC,_, (ng/h/ml) 336.79+123.66 117.21+16.70  114.28+79.78 64.98+3.51* 67.09+10.21*

V,/F (I/kg) 324.60+202.89 827.96+386.15 1747.63+1805.51 1771.25+662.96" 3245.63+2354.78
CL/F (I/h/kg) 50.17423.05 129.89+20.16" 170.86+85.19 231.27+12.11"# 227.41+37.71""*

“P < 0.05, "P < 0.01 vs. control group; P < 0.05, #*P < 0.01 vs model group.

Table 4. Mean pharmacokinetic parameters of bupropion in rat plasma (X+S, n = 6-8)

Parameter Control Model ZT0, 100 mg/kg ZTO, 200 mg/kg ZTO, 400 mg/kg
t,,,, (N) 3.3611.24 3.34+£2.19 2.52+1.08 6.5015.29 4.97+3.94
C,. (ng/ml) 275.57+40.07 325.60+47.43 232.83+43.21* 365.52+176.83 378.56+71.38

AUC,_,, (ng/h/ml)  434.34157.83 528.15+159.15 358.47167.89 563.441193.38 447.891116.70
V. /F (I/kg) 163.77+49.95 163.721156.44 160.28+74.74 232.71+167.28 242.30+184.60
CL,/F (I/h/kg) 35.04+5.04 30.34+9.81 43.04+8.46 29.37+£12.10 35.14+9.61

#P < 0.05 vs model group.

ned with hematoxylin and eosin (HE) (shown in
Figure 2). Normal hepatic cells, central veins
and few collagen fibers were shown in the con-
trol group. Substantial pseudolobules and
necrosis, extensive liver bridging fibrosis and
collagen deposition were obviously seen in the
model group, but were alleviated in ZTO treat-
ment groups in varying degrees. Treatment
group with 200 mg/kg ZTO exhibited few pseu-
dolobules, less liver bridging fibrosis and colla-
gen deposition compared with 100 mg/kg ZTO
group and 400 mg/kg ZTO group, indicating
the best concentration of ZTO in alleviating liver
cirrhosis.

Pharmacokinetic study
The main pharmacokinetic parameters after
oral administration of phenacetin, tolbutamide,

omeprazole, bupropion, metroprolol and mid-
azolam from non-compartment model analysis
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are summarized in Tables 1-6. The representa-
tive phenacetin, tolbutamide, omeprazole,
bupropion, metroprolol and midazolam concen-
tration vs. time profiles of 30 rats are present-
ed in Figure 3.

Effect of ZTO on CYP1A2 in cirrhotic rats:
As could be seen from Table 1, the tl/2 and
AUC of phenacetin in model group we-

re gl)ec)reased significantly by 54.36% and
56.92% (P < 0.05 and P < 0.01) compared to
those of control group, CL of phenacetin in mod-
el group was increased significantly by 141.61%
(P < 0.05) compared to this of control group.
After treatment with ZTO, the t, ;and AUC_ of
phenacetin were increased compared to those
of model group, but there were no statistical sig-
nificance (P > 0.05), CL of phenacetin was com-
parable among model group and ZTO treated
groups. No apparent influences were observed
on other pharmacokinetic parameters in these

Int J Clin Exp Pathol 2014:7(11):7854-7862
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Table 5. Mean pharmacokinetic parameters of metoprolol in rat plasma (X+S, n = 6-8)

Parameter Control Model ZT0, 100 mg/kg  ZTO, 200 mg/kg  ZTO, 400 mg/kg
t,,,, (h) 2.51+1.40 4.29+2.24 3.19+0.89 5.05+1.53 3.91+2.49

C, .. (Ng/ml) 707.07+261.36  332.76+43.96" 709.32+279.85 413.85+175.72 469.80+283.06
AUC,_,, (ng/h/ml) 1520.40+455.79 546.13+132.69™ 1144.57+378.42% 661.47+185.32" 803.69+107.10"*
V /F (I/kg) 43.61+41.14 189.33+£127.82 64.72+25.17 164.48+4.07" 101.61+58.14
CL/F (I/h/kg) 10.67+3.69 28.78+7.23™ 14.15+4.28* 24.00+7.17" 18.87+2.35"

“P < 0.05, P < 0.01 vs. control group; *P < 0.05 vs model group.

Table 6. Mean pharmacokinetic parameters of midazolam in rat plasma (X+S, n = 6-8)

Parameter Control Model ZT0, 100 mg/kg ZTO, 200 mg/kg ZTO, 400 mg/kg
t,,, () 2.11+1.04 3.89+3.91 4.69+3.82 5.48+3.80 4.01+3.82

C, .. (ng/ml) 414.03+168.77 364.54+87.00 502.45+276.17 381.80+200.32 244.30+9.57
AUC, . (ng/h/ml)  458.70+126.48 414.45+57.03 688.32+314.92 359.58+145.42 323.02199.81
V. /F (I/kg) 104.32+47.81 189.04+172.48 113.61+80.28 202.57+113.19 228.00+274.74
CL/F (I/h/kg) 34.90+£10.78 36.67+5.19 17.21+7.88™* 32.01+15.79 33.16+£10.85

“P < 0.05 vs. control group; #P < 0.05 vs model group.

treatment groups. The results indicated that
metabolism of phenacetin in model group was
evidently speeded up, and ZTO showed no influ-
ence on cirrhotic rat hepatic CYP1A2 activity in
vivo.

Effect of ZTO on CYP2C9 in cirrhotic rats:
As could be seen from Table 2, the C__ and
AUC«M) of tolbutamide in model group were
decreased significantly by 41.22% and 56.62%
(P < 0.01 and P < 0.05) compared to those of
control group, V and CL of tolbutamide in mo-
del group were increased significantly by
5793.36% and 6111.11% (P < 0.01) compared
to those of control group. After treatment with
ZTO 100 mg/kg, V and CL of tolbutamide were
decreased significantly by 97.89% and 98.18%
(P < 0.01) compared to those of model group.
After treatment with ZTO 200 mg/kg, V and CL
of tolbutamide were decreased significantly by
95.48% and 94.67% (P < 0.01 and P < 0.05)
compared to those of model group. The phar-
macokinetic parameters of tolbutamide in rats
showed no significant difference between mod-
el group and ZTO group at a dose of 400 mg/keg.
The results indicated that metabolism of tolbu-
tamide in model group was evidently speeded
up, and ZTO with the dose of 100 mg/kg and
200 mg/kg had the potential to inhibit cirrhotic
rat hepatic CYP2C9 activity in vivo.

Effect of ZTO on CYP2C19 in cirrhotic rats:
As could be seen from Table 3, the Cmax of

omeprazole in model group was decreased
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significantly by 59.70% (P < 0.05) compared
to this of control group, and CL of omeprazole
in model group was increased significantly by
158.90% (P < 0.05) compared to this of con-
trol group. After treatment with ZTO 200 mg/
kg and 400 mg/kg, AUC(MO) of omeprazole were
decreased significantly by 44.56% and 42.76%
(P < 0.05) compared to those of model group,
and CL of omeprazole were increased signifi-
cantly by 78.05% and 75.08% (P < 0.01 and
P < 0.05). The pharmacokinetic parameters of
omeprazole in rats showed no significant differ-
ence between model group and ZTO group at a
dose of 100 mg/kg. The results indicated that
metabolism of omeprazole in model group was
evidently speeded up, and ZTO with the dose of
200 mg/kg and 400 mg/kg had the potential
to induce cirrhotic rat hepatic CYP2C19 activity
in vivo.

Effect of ZTO on CYP2B6 in cirrhotic rats: As
could be seen from Table 4, the C__ of bupro-
pion in ZTO group at a dose of 100 mg/kg was
decreased significantly by 28.49% (P < 0.05)
compared to this of model group. No apparent
influences were observed on other pharmaco-
Kinetic parameters in these treatment groups.
The results indicated that ZTO showed no influ-
ence on rat hepatic CYP2B6 activity in vivo.

Effect of ZTO on CYP2DG6 in cirrhotic rats: As
could be seen from Table 5, the Cmax and
AUC(OW) of metoprolol in model group were
decreased significantly by 52.94% and 64.08%

Int J Clin Exp Pathol 2014:7(11):7854-7862
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Figure 3. Mean concentration-time curves of six probe drugs in five groups. All rats of five groups were administered
intragastrically with 15 mg/kg phenacetin, 0.6 mg/kg tolbutamide, 15 mg/kg omeprazole, 15 mg/kg bupropion, 15
mg/kg metoprolol, and 10 mg/kg midazolam. Then the blood samples (0.3 ml) were collected from the tail veil into
heparinized 1.5 ml polythene tubes at 0.083, 0.25, 0.5, 1, 1.5, 2, 2.5, 3, 4, 6, 8, 12 and 24 h after administration.
A. Phenacetin; B. Tolbutamide; C. Omeprazole; D. Bupropion; E. Metroprolol; and F. Midazolam.

(P < 0.05 and P < 0.01) compared to those of
control group, and CL of metoprolol in model
group was increased significantly by 169.73%
(P < 0.01) compared to this of control group.
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After treatment with ZTO 100 mg/kg, AUC(Om)
of metoprolol was increased significantly by
109.58% (P < 0.05) compared to this of model

group, and CL of metoprolol was decreased sig-
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nificantly by 50.83% (P < 0.05) compared to
this of model group. After treatment with ZTO
400 mg/kg, AUC(O%) of metoprolol was in-
creased significantly by 47.16% (P < 0.05) com-
pared to this of model group. The pharmacoki-
netic parameters of metoprolol in rats showed
no significant difference between model group
and ZTO group at a dose of 200 mg/kg. The
results indicated that metabolism of metopro-
lol in model group was evidently speeded up,
and ZTO with the dose of 100 mg/kg and 400
mg/kg had the potential to inhibit cirrhotic rat
hepatic CYP2D6 activity in vivo.

Effect of ZTO on CYP3A4 in cirrhotic rats: As
could be seen from Table 6, the CL of midazolam
in ZTO group at a dose of 100 mg/kg were
decreased significantly by 50.69% and 53.07%
(P < 0.05) compared to those of control and
model group. No apparent influences were
observed on other pharmacokinetic parameters
inthese treatment groups. The results indicated
that ZTO showed no influence on rat hepatic
CYP3A4 activity in vivo.

Discussion

Modern research has shown that CYP enzymes
can be induced or inhibited by exogenous mate-
rials such as drugs. Changes in CYP levels or
activities can affect the concentration of drug
in the blood, the pharmacokinetic process and
biological medicinal properties [13]. Currently,
Europe and the United States require that drug
screens and metabolic research based on the
CYP system should be included in new drug
evaluations. This methodology is also required
by the Chinese SFDA for pharmacokinetic
research in new chemical drug development.

Curcuma wenyujin Y. H. Chen et C. Ling, which
is mainly produced in Wenzhou, Zhejiang
Province, is a Chinese herb traditionally used to
treat various external or internal inflammatory
conditions such as arthritis, colitis and hepati-
tis [14]. The essential oils are considered as the
active part of Curcuma wenyujin, and turmeric
is mainly known for its excellent ability to pre-
serve food, and is approved as food additive in
most Western countries. Now, ZTO injection is
among the most commonly used herbal drugs
by chronic disease patients in China. Herbal
medicines are often used concomitantly with
synthetic drugs in China; ZTO injection is of no
exception. It is increasingly important to eluci-
date/identify potential herb-drug interactions
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between ZTO and synthetic drugs so that ZTO
can be used safely and effectively. Hence, in
the present study, we investigated the effect of
ZTO on the activity of six major CYP isozymes
(CYP1A2, CYP2C9, CYP2C19, CYP2B6, CYP2D6
and CYP3A4) in rats with liver cirrhosis induced
by thioacetamide.

In this study, the changes in the enzyme activity
of CYP1A2, CYP2C9, CYP2C19 and CYP2D6
increased in cirrhotic rats induced by TAA, the
changes in the enzyme activity of CYP2B6 and
CYP3A4 seemed to be not considerable in rats
with liver cirrhosis induced by TAA. It suggested
that ZTO could not influence the activity of
CYP1A2 in vivo in cirrhotic rats induced by TAA.
In addition, the study also found that ZTO at low
dosage may induce the activity of CYP2B6 and
inhibit the activity of CYP3A4 in vivo in cirrhotic
rats induced by TAA. However it remains uncer-
tain yet whether ZTO at low dosage influences
the effect on CYP450 activities in rats with liver
cirrhosis induced by thioacetamide. Further
more studies are required to fully assess the
effects of ZTO at low dosage in terms of CYP.

According to our results, ZTO at low dosage
could inhibit the activities of CYP450 isoforms
CYP2C9 and CYP2D6 in vivo in cirrhotic rats
induced by TAA, while ZTO at high dosage could
induce the activity of CYP2C19 in vivo in cir-
rhotic rats induced by TAA. This has certain
guiding significance to clinical treatment. In the
case of about 16% of common drugs’ metabo-
lism through CYP2C9, when these drugs are
orally given to patients with cirrhosis, we must
pay close attention to dosage and appropriately
reduce the dose of the drug, otherwise, the
plasma drug concentration may be too high
and have a poisoning effect [15]. Furthermore,
in the case of about 50% of prescription drugs
metabolism through CYP2C9, when orally given
to patients with cirrhosis, the dose must be
increased, so as not to hinder the effect of the
drug. However, it is noted that the human case
differs from rat; therefore, the result is only pro-
vided for clinical reference.
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