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Abstract: Alangium chinense (Lour.) Harms (Alangiaceae) is a deciduous shrub common in China, and the roots, 
flowers, and leaves of this plant have historically been used in traditional Chinese medicine. In order to investigate 
the effects of Alangium chinense on the metabolic capacity of cytochrome P450 (CYP) enzymes, a cocktail method 
was employed to evaluate the activities of CYP2B1, CYP2D1, CYP1A2, CYP3A2, CYP2C11. The rats were randomly 
divided into Alangium chinense group (Low, High) and control group. The Alangium chinense group rats were given 
0.6, 1.2 g/kg (Low, High) Alangium chinense by continuous intragastric administration for 7 days. Five probe drugs 
bupropion, metroprolol, phenacetin, testosterone and tolbutamide were given to rats through intragastric adminis-
tration, and the plasma concentrations were determined by UPLC-MS/MS. Statistical pharmacokinetics difference 
for metroprolol and phenacetin in rats were observed by comparing Alangium chinense group with control group. 
Combined with PCR results, continuous 7 days-intragastric administration of Alangium chinense inhibits the ac-
tivities of CYP2D1 and CYP1A2 of rats. Enzyme inhibition by co-administered drugs and genetic variations of their 
expression can increase the risk of adverse reactions.
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Introduction

Plants of the genus Alangium are distributed in 
the tropics and subtropical area of the Eastern 
Hemisphere, nine species of which are known 
to occur in South China. Alangium chinense 
(Lour.) Harms (Alangiaceae) is a deciduous 
shrub common in China, and the roots, flowers, 
and leaves of this plant have historically been 
used in traditional Chinese medicine [1]. Pre- 
vious phytochemical investigations have dem-
onstrated that this plant contains alkaloids  
and phenolic glycosides [2, 3]. In Hunan herbal 
medicine it is used for snake bites, circulation, 
contraception, hemostasis, numbness, poison, 
rheumatism, and wounds.

Cytochrome P450 (CYP) enzymes are respon-
sible for most biotransformation steps of xeno-
biotics and endogenous molecules. Variations 
of their activity by inhibition or induction can 

influence the pharmacokinetics and thereby 
the effect of drugs (of abuse). Enzyme inhibition 
by co-administered drugs (of abuse) and/or 
genetic variations of their expression can in- 
crease the risk of adverse reactions [4] or 
reduce the desired effect [5]. Such drug-drug 
interactions were described as a major reason 
for hospitalization or even death [6].

So far, no study on the effects of Alangium chi-
nense on the metabolic capacity of CYP enzyme 
was reported. Therefore, in this study, five pro- 
be drugs were employed to evaluate effect of 
Alangium chinense on the metabolic capacity of 
CYP2B1, CYP2D1, CYP1A2, CYP3A2, CYP2C11. 
The effects of Alangium chinense on rat CYP 
enzyme activity will be evaluated according to 
the pharmacokinetic parameters changes of 
five specific probe drugs (bupropion, metropro-
lol, phenacetin, testosterone and tolbutamide).
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Material and methods

Chemicals

Bupropion, metroprolol, phenacetin, testoster-
one and tolbutamide (all >98%) and the inter-
nal standard diazepam (IS) were obtained from 
Sigma-Aldrich Company (St. Louis, USA). Ultra-
pure water was prepared by Millipore Milli-Q 
purification system (Bedford, USA). Methanol 
and acetonitrile (HPLC grade) were obtained 
from Merck Company (Darmstadt, Germany).

Animals

Sprague-Dawley rats (male, 220 ± 20 g) pur-
chased from Shanghai SLAC Laboratory Ani- 
mal Co., Ltd. Animals were housed under a nat-
ural light-dark cycle conditions with controlled 
temperature (22°C). All twenty-four rats were 
housed at Laboratory Animal Research Center 
of Wenzhou Medical University. All experimen-
tal procedures were approved ethically by the 
Wenzhou Medical University Administration 
Committee of Experimental Animals.

Alangium chinense decoction

These raw materials (Alangium chinense (Lour.) 
Harms (Alangiaceae) were obtained from the 
Second Affiliated Hospital & Yuying Children’s 
Hospital of Wenzhou Medical University, China, 
and stored in an environment of normal atmo-
spheric pressure and decoction at 100°C for 
30 minutes, and then the residues were dis-
carded, the final decoction concentration was 
fixed at 0.5 g/mL. The decoction was stored at 
4°C.

Pharmacokinetics

Twenty-four rats (220 ± 20 g) were randomly 
divided into four different dosages of Alangium 
chinense groups (Low-group, High-group and 

same administration method. At 8 days morn-
ing, five probe drugs bupropion, metroprolol, 
phenacetin, testosterone and tolbutamide 
were mixed in corn oil and given to the rats of 
three Alangium chinense groups and control 
group by intragastric administration at a single 
dosage 10 mg/kg for bupropion, metroprolol, 
phenacetin, testosterone, 0.1 mg/kg for tolbu- 
tamide.

Blood (0.3 mL) samples were collected into 
heparinized 1.5 mL polythene tubes from the 
tail vein at 0.0833, 0.5, 1, 2, 3, 4, 6, 8, 12, 24 
h after intragastric administration of five pro- 
be drugs. Plasma (100 μL) was obtained from 
blood sample after centrifugation at 4000 g  
for 10 min. In a 1.5 mL centrifuge tube, 200  
μL of acetonitrile (containing 50 ng/mL IS) was 
added into 100 μL of collected plasma sample. 
After vortex-mixing for 1.0 min, the sample was 
centrifuged at 13000 g for 15 min. Then super-
natant (2 µL) was injected into the UPLC-MS/
MS system for analysis.

Concentration of plasma probe drugs versus 
time was analyzed by Version 3.0 Data Analysis 
System (Wenzhou Medical University, China). 
The main pharmacokinetic parameters of the 
Alangium chinense group and control group 
were analyzed by SPSS l8.0 statistical soft-
ware; statistical significance was assessed by 
t-test (P<0.05 was considered as statistically 
significant).

UPLC-MS/MS determination of probe drugs

The concentration of bupropion, metroprolol, 
phenacetin, testosterone and tolbutamide in 
rat plasma were simultaneously determined by 
a sensitive and simple UPLC-MS/MS method 
[7]. The compounds were analyzed by a UPLC-
MS/MS with ACQUITY I-Class UPLC and a XEVO 
TQD triple quadrupole mass spectrometer that 

Table 1. The sequences of the primers used in polymerase chain reac-
tion
Isoen-
zymes Reverse Forward

CYP1A2 GTTGACAATCTTCTCAGG GTCACCTCAGGGAATGCTGTG
CYP2B1 CTCCCTCTGTCTTTCATTCTGT GACAGAAGGATGAGGGAGGAA
CYP2C11 GCATCTGGCTCCTGTCTTTC AAAAGCACAATCCGCAGTCT
CYP2D1 GAGGACCACACCTTGAGAGC TGAGATGTCGCTTTGGGGAC
CYP3A2 ATCAGGGTGAGTGGCCAGTTCATAC CTTCACAAACCGGAGGCCTTTTGGT

control group with 8 rats  
in each group). Three dif-
ferent Alangium chinense 
group (Low-group, High-
group) were respectively 
give Alangium chinense 
0.6, and 1.2 g/kg one 
time by intragastric admin-
istration at every morning, 
and last for 7 days. Control 
group were give saline by 
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equipped with an electrospray ionization (ESI) 
interface (Waters Corp., Milford, MA, USA). 
Data acquisition and instrument control were 
performed on the Masslynx 4.1 software 
(Waters Corp., Milford, MA, USA).

The LLOQ for each probe drug in plasma was  
2 ng/mL. The RSD of the five probe drugs  
were less than 15%. The calibration plot of the 
probe drugs is in the range of 2-2000 ng/mL 
(r>0.995). The intra-day and inter-day accuracy 
ranged from 85% to 115%. The matrix effects 
were more than 85% or less than 115%. The 
extraction recoveries were better than 80%.

Histopathology

After pharmacokinetic properties analysis, rats 
were deeply anesthetized with 10% chloral 
hydrate (i.p., 20 mg/kg). The some liver of con-
trol group and Alangium chinense treated 
groups were rapidly isolated and immersed in 
freshly prepared 4% w/v formaldehyde (0.1 M 
phosphate buffer, pH 7.2) for 48 h, and then 
embedded in paraffin. Then 5 µm-thick histo-
logic sections were prepared and stained with 
routine HE method (hematoxylin and eosin). 
The morphological changes of liver were obs- 
erved under light microscope. 

RT-PCR analysis

After pharmacokinetic properties analysis, rats 
were deeply anesthetized with 10% chloral 

hydrate (i.p., 20 mg/kg). The some liver of con-
trol group and Alangium chinense treated 
groups was removed, frozen and store at 80°C.

The livers were processed for isolation of total 
RNA by using TRIzol reagent (Invitrogen, Cals- 
bad, CA, USA) according to the instruction of 
the manufacturer. The RNA concentration was 
determined, and the quality of the isolated RNA 
was assessed using the 260/280 nm absor-
bance ratio (1.8-2.0 indicates a highly pure 
sample). RNA integrity was confirmed by run-
ning samples on 1% agarose gel. The RNA pel-
let was stored at -80°C until use [8, 9].

We have used 2 μL RNA in a 20 μL reaction 
mixture utilizing RevertAid™ M-MuLVRT (Fer- 
mentas, Hanover, MD, USA) according to the 
supplier’s instructions. Resulting reverse tran-
scription products were stored at -80°C until 
assay.

Reactions were performed in a final volume of 
20 μL that contained Platinum SYBR Green 
qPCR SuperMix-UDG 12 μL, 2 μL cDNA, 0.6 μL 
each of specific oligonucleotide primer (10 μM), 
and 4.8 μL DEPC-treated autoclaved distilled 
water.

PCR was carried out using initial denaturation 
at 95°C for 3 min, followed by 40 cycles of 
denaturation at 95°C for 30 s, annealing at 
58°C (CYP1A2), 55°C CYP2B1), 56°C (CYP2C- 
11), 63°C (CYP3A2) for 30 s, extension at 72°C 

Table 2. Pharmacokinetic parameters of probe drugs from control group and Alangium chinense 
group rats (mean ± SD, n=8)

Parameters
AUC(0-t) AUC(0-∞) t1/2z CLz/F Vz/F Cmax

ng/mL*h ng/mL*h h L/h/kg L/kg ng/mL
Bupropion (CYP2B1) Control 57.7 ± 35.5 65.2 ± 34.9 1.2 ± 0.7 203.6 ± 123.4 352.4 ± 230.8 42.7 ± 35.3

Low 58.5 ± 15.7 60.3 ± 15.2 0.8 ± 0.2 173.0 ± 34.3 205.8 ± 77.0 38.1 ± 15.9

High 79.6 ± 39.8 82.6 ± 39.4 0.8 ± 0.5 146.3 ± 67.8 196.6 ± 189.8 56.7 ± 24.6

Metroprolol (CYP2D1) Control 94.9 ± 42.2 132.4 ± 59.5 1.6 ± 0.7 99.8 ± 73.7 201.9 ± 104.2 41.9 ± 23.0

Low 188.0 ± 66.5** 240.7 ± 80.4** 1.8 ± 1.1 45.6 ± 14.5 113.0 ± 63.5 85.3 ± 42.2*

High 297.3 ± 151.8** 460.9 ± 262.4** 2.6 ± 1.0* 26.4 ± 10.9* 94.1 ± 36.6* 121.7 ± 53.8**

Phenacetin (CYP1A2) Control 1868.1 ± 1059.8 1871.1 ± 1059.0 0.4 ± 0.1 6.9 ± 3.4 4.4 ± 3.2 1885.5 ± 919.6

Low 3017.9 ± 1665.0 3019.6 ± 1664.7 0.3 ± 0.1 4.2 ± 2.1 2.3 ± 1.7 2547.0 ± 1214.7

High 4069.3 ± 1886.4* 4074.3 ± 1888.3* 0.4 ± 0.1 3.3 ± 2.3* 1.7 ± 1.2* 3666.0 ± 1491.8*

Testosterone (CYP3A2) Control 46.2 ± 15.9 50.0 ± 20.2 1.2 ± 0.7 223.9 ± 77.2 347.2 ± 184.4 54.9 ± 23.0

Low 47.4 ± 13.6 54.8 ± 18.7 1.4 ± 1.1 208.4 ± 95.5 366.2 ± 185.2 66.6 ± 35.5

High 67.1 ± 22.6 73.8 ± 29.1 1.0 ± 0.7 155.1 ± 59.8 197.9 ± 84.5 65.1 ± 13.9

Tolbutamidee (CYP2C11) Control 12965.6 ± 2407.9 13931.2 ± 2882.2 5.7 ± 1.0 0.007 ± 0.002 0.061 ± 0.012 1231.6 ± 261.2

Low 12694.0 ± 1723.4 13677.6 ± 2023.9 6.1 ± 1.0 0.008 ± 0.001 0.065 ± 0.010 1383.3 ± 231.6

High 13534.6 ± 2193.1 14347.9 ± 2578.6 5.4 ± 1.0 0.007 ± 0.001 0.055 ± 0.009 1516.9 ± 305.9
Alangium chinense group was compared with the control group, *P<0.05, **P<0.01.
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for 30 s and final extension at 72°C for 45 s. 
The sequences of the forward and reverse 
primers used in this experiment are summa-
rized in Table 1.

Results

Pharmacokinetics

The main pharmacokinetic parameters of bu- 
propion, metroprolol, phenacetin, testosterone 
and tolbutamide calculated from non-compart-

ment model analysis were summarized in Table 
2. The representative profiles of concentration 
of drugs (bupropion, metroprolol, phenacetin, 
testosterone and tolbutamide) vs. time were 
presented in Figure 1.

From the Table 2, no difference in pharmacoki-
netic behaviors can be observed between 
Alangium chinense group and control group  
for bupropion, testosterone and tolbutamide. 
While for metroprolol, compared with the con-
trol group, AUC(0-t) increased (low, P<0.01; high, 

Figure 1. The pharmacokinetic profiles of 
bupropion, metroprolol, phenacetin, tes-
tosterone, tolbutamide in control group and 
Alangium chinense group (low, high) rats 
(n=8).
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P<0.01), CL decreased (low, P>0.05; high, P< 
0.01), Cmax increased (low, P<0.05; high, P< 
0.01). While for phenacetin, compared with the 
control group, AUC(0-t) decreased (low, P>0.05; 
high, P<0.01), CL increased (low, P>0.05; high, 
P<0.01), Cmax decreased (low, P>0.05; high, P< 
0.05).

Morphological changes of liver

According to pathological examination of live, 
there was no significant morphologic difference 
between control group and two experiment 
groups, low dose group and high dose group. 
Under low magnification, the liver lobules were 

intact, liver cells attached to each other tightly 
and arranged radically along with central veins 
in experiment groups which were similar to  
control group. Under high magnification, the 
nucleuses of liver cells in low dose group and 
high dose group were all found to be round, 
clear and fine luster which were no different 
with control group. There were no swelling liver 
cells and infiltrating inflammatory cells were 
observed. The structures of liver sinusoid were 
recognized clearly in two experiment groups, 
hepatic cells were not found the fat vacuoles 
(Figure 1).

Effects of Alangium chinense on the mRNA 
expression of CYP450 in rat liver

After 7 days-intragastric administration of Alan- 
gium chinense (Figure 3), the levels of CYP1A2, 
CYP2B1 and CYP2D1 in the Alangium chinense 
group were decreased compared with the con-
trol group (P<0.05 or P<0.01), the mRNA exp- 
ression levels of CYP1A2, CYP2B1 and CYP2D1 
in the Alangium chinense groups were obvious-
ly lower. After 7 days-intragastric administra-
tion of Alangium chinense (Figure 3), the mRNA 
expression levels of CYP2C11 in the Alangium 
chinense group were increased compared with 
the control group (P<0.05); and the levels of 
CYP3A2 in the Alangium chinense group were 
not decreased or increased compared with the 
control group.

Figure 2. Morphological changes of liver in control-group (A) and low dosage group (B) and high dosage group (C) 
(hematoxylin-eosin, L×100, H×400).

Figure 3. Effect of Alangium chinense on mRNA ex-
pression of CYP1A2, CYP2B1, CYP2C11, CYP2D1 
and CYP3A2 in liver of rat (n=6), *P<0.05 vs. Control; 
**P<0.01 vs. Control group.
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Discussion

In pharmacokinetic interactions, approximately 
65% of drug-drug interactions occur in meta-
bolic sites, and drug metabolic enzymes are 
considered to be the most important interac-
tive sites. In general, changes in pharmacoki-
netics are thought to be caused by drug-drug or 
drug-food interactions [10-15]. A large number 
of drugs are metabolized by CYP enzymes in 
the liver, and more than 90% of drug-drug inter-
actions occur at the CYP-catalyzed step [16, 
17]. Similarly, supplement-drug interactions 
involving CYP activity are occasionally found to 
cause considerable adverse events. For these 
reasons, we evaluated the effects of acute 
Alangium chinense poisoning on the activity of 
CYP enzymes in vivo. We selected CYP isoforms 
CYP1A2, CYP2D1/CYP2D61, CYP3A2/CYP3A4, 
CYP2C11/CYP2C9 and CYP2B1/CYP2B6 be- 
cause more than 90% of drugs are known to  
be metabolized by these 6 CYP enzymes [18, 
19].

There no significant difference for AUC, CL and 
Cmax of bupropion, testosterone and tolbuta-
mide (P>0.05) between the Alangium chinense 
group (low, high) and control group was obs- 
erved. It suggested that the Alangium chinense 
was not able to induce or inhibit the activity of 
CYP2B1, CYP3A2 and CYP2C11 enzyme. The 
pharmacokinetic parameters of metroprolol 
experienced obvious change with increased 
AUC(0-t) (P<0.01), Cmax (P<0.05) and decreased 
CL (P<0.05) after the dosage increase. The 
mRNA expression levels of CYP2D1 in the 
Alangium chinense groups were obviously 
lower. This result indicates that the 7 days-
intragastric administration of Alangium chi-
nense could inhibit the metabolism of metro-
prolol (CYP2D1) in rat. The pharmacokinetic 
parameters of phenacetin experienced obvious 
change with the dosage increase, there no  
difference in pharmacokinetic behaviors can 
be observed between Alangium chinense (low) 
group and control group, while the high group 
compared to control group, AUC(0-t) (P<0.05) 
and Cmax (P<0.05) increased, and CL (high, 
P<0.05) decreased. The mRNA expression  
levels of CYP1A2 in the Alangium chinense 
groups were obviously lower. This result indi-
cates that the 7 days-intragastric administra-
tion of Alangium chinense could slightly inhibit 
the metabolism of phenacetin (CYP1A2) in rat.

As Alangium chinense is always administrated 
in combination with other drugs, interactions 
between Alangium chinense and other drugs 
would increase the risk of either diminished 
efficacy or adverse effects. In our study, we 
found that 7 days-intragastric administration  
of Alangium chinense inhibit the metabolism  
of metroprolol (CYP2D1) and phenacetin (CYP- 
1A2). Therefore, the metabolism and elimina-
tion of drugs would change if they are adminis-
trated in combination with Alangium chinense.

After the pharmacokinetic profiles evaluation 
by cocktail method, we also investigated the 
hepatotoxicity of Alangium chinense by observ-
ing the pathological changes of liver after 
Alangium chinense administration. The patho-
logical changes of liver were observed at three 
difference dosages with no changes in high 
dosage and change in low dosage, Figure 2. A 
more systematic and comprehensive study to 
investigate the hepatotoxicity of Alangium chi-
nense will be carried out.

Conclusion

The results observed in this study would pro-
vide us valuable information regarding the 
interactions of Alangium chinense with other 
drugs. Inhibit of drug metabolizing enzyme 
CYP2D1 and CYP1A2 by Alangium chinense 
would increase the plasm concentration of 
other drug. Enzyme inhibition by co-adminis-
tered drugs and genetic variations of their 
expression can increase the risk of adverse 
reactions.

Acknowledgements

This study was supported by grants from the 
incubator project of The First Affiliated Hospital 
of Wenzhou Medical University, FHY2014037; 
the Youth Talent Program Foundation of The 
First Affiliated Hospital of Wenzhou Medical 
University, No. qnyc043 and qnyc010.

Disclosure of conflict of interest

None.

Address correspondence to: Drs. Lufeng Hu and 
Guanyang Lin, The First Affiliated Hospital of Wen- 
zhou Medical University, Wenzhou 325000, Zhejang, 
China. Tel: (86) 57755579706; E-mail: hulufeng@ 
163.com (LFH); guanyanglinwzmc@gmail.com (GYL)

mailto:hulufeng@163.com
mailto:hulufeng@163.com
mailto:guanyanglinwzmc@gmail.com


Effect of Alangium chinense on CYP450 isoforms activity of rats

3103 Int J Clin Exp Med 2016;9(2):3097-3103

References

[1] Zhang Y, Liu YB, Li Y, Ma SG, Li L, Qu J, Zhang 
D, Chen XG, Jiang JD and Yu SS. Sesquiterpenes 
and alkaloids from the roots of Alangium chi-
nense. J Nat Prod 2013; 76: 1058-1063.

[2] Itoh A, Tanahashi T, Ikejima S, Inoue M, Naga- 
kura N, Inoue K, Kuwajima H and Wu HX. Five 
phenolic glycosides from Alangium chinense. J 
Nat Prod 2000; 63: 95-98.

[3] Itoh A, Tanahashi T, Nagakura N, Inoue K, 
Kuwajima H and Wu HX. Glycosides of benzyl 
and salicyl alcohols from Alangium chinense. 
Chem Pharm Bull (Tokyo) 2001; 49: 1343-
1345.

[4] Gasche Y, Daali Y, Fathi M, Chiappe A, Cottini 
S, Dayer P and Desmeules J. Codeine intoxica-
tion associated with ultrarapid CYP2D6 me-
tabolism. N Engl J Med 2004; 351: 2827-
2831.

[5] Stamer UM, Musshoff F, Kobilay M, Madea B, 
Hoeft A and Stuber F. Concentrations of trama-
dol and O-desmethyltramadol enantiomers in 
different CYP2D6 genotypes. Clin Pharmacol 
Ther 2007; 82: 41-47.

[6] Dinger J, Meyer MR and Maurer HH. Develop- 
ment of an in vitro cytochrome P450 cocktail 
inhibition assay for assessing the inhibition 
risk of drugs of abuse. Toxicol Lett 2014; 230: 
28-35.

[7] Ma J, Wang S, Zhang M, Zhang Q, Zhou Y, Lin C, 
Lin G and Wang X. Simultaneous determina-
tion of bupropion, metroprolol, midazolam, 
phenacetin, omeprazole and tolbutamide in 
rat plasma by UPLC-MS/MS and its application 
to cytochrome P450 activity study in rats. 
Biomed Chromatogr 2015; 29: 1203-1212.

[8] Huang Y, Zheng SL, Zhu HY, Xu ZS and Xu RA. 
Effects of aescin on cytochrome P450 en-
zymes in rats. J Ethnopharmacol 2014; 151: 
583-590.

[9] Su T, Mao C, Yin F, Yu Z, Lin Y, Song Y and Lu T. 
Effects of unprocessed versus vinegar-pro-
cessed Schisandra chinensis on the activity 
and mRNA expression of CYP1A2, CYP2E1 and 
CYP3A4 enzymes in rats. J Ethnopharmacol 
2013; 146: 734-743.

[10] Naramoto K, Kato M and Ichihara K. Effects of 
an Ethanol Extract of Brazilian Green Propolis 
on Human Cytochrome P450 Enzyme Activities 
in Vitro. J Agric Food Chem 2014; 62: 11296-
302.

[11] Wang X, Chen M, Chen X, Ma J, Wen C, Pan J, 
Hu L and Lin G. The effects of acute hydrogen 
sulfide poisoning on cytochrome P450 iso-
forms activity in rats. Biomed Res Int 2014; 
2014: 209393.

[12] Wang X, Chen X, Chen M, Hu G, Ma J, Pan J, Hu 
L and Lin G. Assessment of effects of chronic 
hydrogen sulfide poisoning on cytochrome 
P450 isoforms activity of rats by cocktail ap-
proach. Biol Pharm Bull 2013; 36: 1627-1633.

[13] Wang X, Han A, Wen C, Chen M, Chen X, Yang 
X, Ma J and Lin G. The effects of H2S on the 
activities of CYP2B6, CYP2D6, CYP3A4, CYP- 
2C19 and CYP2C9 in vivo in rat. Int J Mol Sci 
2013; 14: 24055-24063.

[14] Cai J, Zhang Q, Lin K, Hu L and Zheng Y. The 
Effect of MGCD0103 on CYP450 Isoforms 
Activity of Rats by Cocktail Method. Biomed 
Res Int 2015; 2015: 517295.

[15] Lin K, Zhang Q, Liu Z, Yang S, Lin Y, Wen C and 
Zheng Y. Effects of suberoylanilide hydroxamic 
acid on rat cytochrome P450 enzyme activi-
ties. Int J Clin Exp Pathol 2015; 8: 5584-5590.

[16] Lin GY, Ma JS, Xu RA, Hu LF, Wang Z and Wang 
XQ. Effects of Ougan juice on P450 activities 
using a cocktail method. Pharmazie 2012; 67: 
242-246.

[17] Qin CZ, Ren X, Tan ZR, Chen Y, Yin JY, Yu J, Qu 
J, Zhou HH and Liu ZQ. A high-throughput inhi-
bition screening of major human cytochrome 
P450 enzymes using an in vitro cocktail and 
liquid chromatography-tandem mass spec-
trometry. Biomed Chromatogr 2014; 28: 197-
203.

[18] Borkar RM, Bhandi MM, Dubey AP, Nandekar 
PP, Sangamwar AT, Banerjee SK and Srinivas 
R. Plasma protein binding, pharmacokinetics, 
tissue distribution and CYP450 biotransforma-
tion studies of fidarestat by ultra high perfor-
mance liquid chromatography-high resolution 
mass spectrometry. J Pharm Biomed Anal 
2014; 102: 386-399.

[19] Tan ML and Lim LE. The effects of Andrographis 
paniculata (Burm.f.) Nees extract and diterpe-
noids on the CYP450 isoforms’ activities, a re-
view of possible herb-drug interaction risks. 
Drug Chem Toxicol 2014; 1-13.


