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Abstract

Background: Cornin is a commonly used herb in cardiology for its cardioprotective effect. The effect of herbs on
the activity of cytochrome P450 enzymes (CYP450s) can induce adverse drug-drug interaction even treatment
failure. Therefore, it is necessary to investigate the effect of cornin on the activity of CYP450s, which can provide
more guidance for the clinical application of cornin.

Methods: Cornin (100 μM) was incubated with eight isoforms of CYP450s, including CYP1A2, 2A6, 3A4, 2C8, 2C9,
2C19, 2D6, and 2E1, in pooled human liver microsomes. The inhibition model and corresponding parameters were
also investigated.

Results: Cornin exerted significant inhibitory effect on the activity of CYP3A4, 2C9, and 2E1 in a dose-dependent
manner with the IC50 values of 9.20, 22.91, and 14.28 μM, respectively (p < 0.05). Cornin inhibited the activity of
CYP3A4 non-competitively with the Ki value of 4.69 μM, while the inhibition of CYP2C9 and 2E1 by cornin was
competitive with the Ki value of 11.31 and 6.54 μM, respectively. Additionally, the inhibition of CYP3A4 by cornin
was found to be time-dependent with the KI/Kinact value of 6.40/0.055 min− 1·μM− 1.

Conclusions: The inhibitory effect of cornin on the activity of CYP3A4, 2C9, and 2E1 indicated the potential drug-
drug interaction between cornin and drugs metabolized by these CYP450s, which needs further investigation and
validation.
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Background
With the popularization of Chinese traditional medicine
(CTM), CTM has begun to be used worldwide. In CTM,
prescriptions are mixtures that contain at least two types
of herbs. Herb-herb interactions or herb-drug interac-
tions are important factors that affect the pharmacokin-
etics and metabolism of drugs and even cause toxicity.
Cytochrome P450 enzymes (CYP450s) are a family of

heme-containing proteins that play important roles in
the phaseI metabolism of most clinical drugs in the liver
and intestine. The activities of CYP450s directly affect
the biotransformation and metabolism of various drugs.
For example, puerarin is widely used in the treatment of
cardiovascular diseases and diabetes, and it can inhibit
the activity of CYP3A4. Several previous studies demon-
strated that the inhibitory effect of puerarin on the activ-
ity of CYP3A4 resulted in adverse effects on the
pharmacokinetics of various drugs, such as triptolide,
edaravone, and astragaloside IV [1–3].
Cornin is a herb that is extracted from the fruit of Ver-

bena officinalis L. and is commonly used in cardiology,
which can exert cardioprotective effects [4]. Cornin was
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also reported to significantly decrease blood pressure, re-
verse cardiac hypertrophy, and improve heart function
[5, 6]. Cornin is always co-administrated with other
drugs to make the treatment more efficient. Previous
studies have mainly focused on the pharmacodynamic
effects of cornin, and whether cornin can affect the me-
tabolism of co-administered drugs by regulating meta-
bolic enzymes is still unknown. Therefore, it is urgent to
investigate the interaction between cornin and CYP450s
and determine the effect of cornin on the activities of
CYP450s, such studies could provide guidance for im-
proving clinical application of herbs.
CYP1A2, 2A6, 3A4, 2C8, 2C9, 2C19, 2D6, and 2E1 are

major CYP450 isoforms, that are responsible for the me-
tabolism of most clinical drugs. This study investigated
the effects of cornin on the activities of these CYP450
isoforms in pooled human liver microsomes (HLMs)
with the employment of the enzyme kinetic study that
included probe substrates and reactions.

Methods
Chemicals and reagents
Cornin (≥ 98%, Fig. 1) and testosterone (≥ 98%) were
purchased from the National Institute for the Control of
Pharmaceutical and Biological Products (Beijing, China).
D-glucose-6-phosphate, glucose-6-phosphate dehydro-
genase, 4′-hydroxydiclofenac (≥ 98%), 4-

hydroxymephenytoin (≥ 98%),NADP+, phenacetin (≥
98%), acetaminophen (≥ 98%), 6β-hydroxytestosterone (≥
98%), corticosterone (≥ 98%), 7-hydroxycoumarin (≥ 98%),
sulfaphenazole (≥ 98%), tranylcypromine (≥ 98%), chlor-
zoxazone (≥ 98%), quinidine (≥ 98%), 6-
hydroxychlorzoxazone (≥ 98%), paclitaxel (≥ 98%), clo-
methiazole (≥ 98%), and furafylline (≥ 98%) were obtained
from Sigma Chemical Co. Montelukast (≥ 98%) was ob-
tained from Beijing Aleznova Pharmaceutical (Beijing,
China). Coumarin (≥ 98%), dextromethorphan (≥ 98%),
diclofenac (≥ 98%), and ketoconazole (≥ 98%) were pur-
chased from ICN Biomedicals. Pooled HLMs were pur-
chased from BD Biosciences Discovery Labware. All other
reagents and solvents were of analytical reagent grade.

Assay with human liver microsomes
An incubation system constituted of 100mM potassium
phosphate buffer (pH 7.4), the appropriate concentration
of HLMs, a corresponding probe substrate and cornin (or
positive inhibitor for different probe reactions) and an
NADPH generating system, including 1mM NADP+, 10
mM glucose-6-phosphate, 1 U/mL of glucose-6-phosphate
dehydrogenase, and 4mM MgCl2 was performed with the
final volume of 200 μL. The final microsomal protein con-
centration, incubation time for specific probe reactions
and concentration of substrates are summarized in
Table 1, according to previous studies [7–9]: phenacetin
O-deethylation for CYP1A2, coumarin 7-hydroxylation
for CYP2A6, testosterone 6β-hydroxylation for CYP3A4,
paclitaxel 6α-hydroxylation for CYP2C8, diclofenac 4′-hy-
droxylation for CYP2C9, S-mephenytoin 4-hydroxylation
for CYP2C19, chlorzoxazone dextromethorphan O-
demethylation for CYP2D6, and 6-hydroxylation for
CYP2E1. All incubations were performed in triplicate, all
data were presented as mean value ± SD.
Except for dextromethorphan and quinidine dissolved

in water, the other probe substrates, positive inhibitors
and cornin were dissolved in 1% (v/v) methanol. The
concentration of cornin was 100 μM and the positive in-
hibitor concentrations were summarized in Table 1.
After a pre-incubation of 3 min at 37 °C, an NADPH-

generating system was added to initiate the reaction.
The reaction was terminated by the addition of 100 μL
acetonitrile (10% trichloroacetic acid for CYP2A6), and
the solution was placed on ice. After centrifuging at 12,
000 rpm for 10 min, the supernatant was analyzed by the
HPLC analysis with the employment of Agilent 1260
series instrument with DAD and FLD detector, and the
quantitative assay for the corresponding metabolites was
performed as previously reported [9, 10].

Enzyme inhibition and kinetic studies of cornin
An enzyme inhibition study was performed to investi-
gate the effect of cornin on the activity of eight CYP

Fig. 1 The chemical structure of cornin
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isoform. Then, CYPs of which the activity was affected
by cornin were chosen for the kinetic study with 0–
50 μM cornin and different concentration of probe sub-
strates (20–100 μM testosterone for CYP3A4, 2–20 μM
diclofenac for CYP2C9 and 25–250 μM chlorzoxazone
for CYP2E1) to obtain the corresponding parameters, in-
cluding concentration (IC50) and Ki values.

Time-dependent inhibition study of cornin
The HLMs (1 mg/mL) was pre-incubated with 20 μM
cornin with an NADPH-generating system for 30 min at
37 °C. After the pre-incubation, 20 μL aliquot was incu-
bated with an NADPH-generating system and probe
substrates with specific concentrations (approximate to
Km) in another incubation tube to evaluate the residual
activity. The corresponding metabolites were analyzed at
0, 5, 10, 15, and 30 min of the incubation by HPLC.
A high probe substrate concentration (approximately

4-fold Km values) and various concentrations of cornin
(0–50 μM) were used to obtain the values of the inacti-
vation constant (KI) and the rate of inactivation (Kinact)
after different preincubation times (0–30min), with a
two-step incubation scheme, as described above.

Statistical analysis
The least-squares linear regression of the inverse sub-
strate concentration versus the inverse velocity (Line-
weaver-Burk plots) was used to obtain the enzyme
kinetic parameters, and the mean values were used to
calculate Vmax and Km. Inhibition data from the experi-
ments that were conducted using multiple compound
concentrations were represented by Dixon plots, and

inhibition constant (Ki) values were calculated using
non-linear regression according to the following
equation:

v ¼ VmaxSð Þ= Km 1þ I=Kið Þ þ Sð Þ;

where I is the concentration of the compound, Ki is
the inhibition constant, S is the concentration of the
substrate, and Km is the substrate concentration at half
the maximum velocity (Vmax) of the reaction. The
mechanism of the inhibition was inspected using the
Lineweaver-Burk plots and the enzyme inhibition
models. The data comparison was performed using Stu-
dent’s t-test and performed using IBM SPSS statistics 20
(SPSS Inc.).

Results
Effects of cornin on the activities of CYP450s
As shown in Fig. 2a, the activities of CYP3A4, 2C9, and
2E1 were significantly inhibited by cornin compared
with the blank control (p < 0.05), while other CYP iso-
forms were not affected by cornin (p > 0.001). The re-
sidual activities of CYP3A4, 2C9, and 2E1 in pooled
HLMs were decreased to 13.35, 11.33, and 17.62% after
incubating with 100 μM cornin. The inhibitory effect of
cornin was lower than that of specific inhibitors and the
difference was not significant (p > 0.05).
Then, CYP3A4, 2C9, and 2E1 were incubated with

0–100 μM cornin, and the inhibition of these
CYP450s was found to occur in a dose-dependent
manner with IC50 values of 9.20, 22.91, and 14.28
μΜ, respectively (Fig. 2b).

Table 1 Isoforms tested, marker reactions, incubation conditions, and Km used in the inhibition study. The reaction conditions were
performed according to previous studies [7–10]

CYPs Marker reactions Substrate
concentration (μM)

Protein
concentration (mg/
mL)

Incubation
time (min)

Estimated
Km (μM)

Inhibitor
concentration
(μM)

Inhibitors

1A2 phenacetin O-
deethylation

40 0.2 30 48 10 furafylline

3A4 testosterone 6β-
hydroxylation

50 0.5 10 53 1 ketoconazole

2A6 coumarin 7-
hydroxylation

1.0 0.1 10 1.5 10 tranylcypromine

2E1 chlorzoxazone 6-
hydroxylation

120 0.4 30 126 50 clomethiazole

2D6 dextromethorphan O-
demethylation

25 0.25 20 4.8 10 quinidine

2C9 diclofenac 4′-
hydroxylation

10 0.3 10 13 10 sulphaphenazole

2C19 S-Mephenytoin 4-
hydroxylation

100 0.2 40 105 50 tranylcypromine

2C8 paclitaxel 6α-
hydroxylation

10 0.5 30 16 5 montelukast
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Model of CYP3A4, 2C9, and 2E1 inhibition by cornin
With the help of Lineweaver-Burk plots of inhibitory
kinetic data, the inhibition of CYP3A4 by cornin was
best fitted in a noncompetitive manner (Fig. 3a). More-
over, the Ki value was determined to be 4.69 μM accord-
ing to the secondary Lineweaver-Burk plot (Fig. 3b).
With the employment of the Lineweaver-Burk plots, the
inhibition of CYP2C9 was found to be competitive
(Fig. 4a), while further secondary fitting analysis ob-
tained Ki value of CYP2C9 as 11.31 μM (Fig. 4b).

Similarly, the Lineweaver-Burk results showed that cor-
nin inhibited CYP2E1 in a competitive manner (Fig. 5a),
and the Ki value was 6.54 μM (Fig. 5b).

Time-dependent inhibition of CYP3A4 by cornin
CYP3A4, 2C9, and 2E1 were incubated with 20 μM cor-
nin for 0–30min to investigate the effect of incubation
time on the inhibitory effect of cornin. The activity of
CYP3A4 was significantly decreased with incubation
time, but CYP2C9 and 2E1 were not affected (data not

Fig. 2 Effect of cornin on the activity of CYP450s. a Cornin significantly inhibited the activity of CYP3A4, 2C9, and 2E1. *p < 0.001 relative to
negative controls. b The dose-dependent experiments of CYP3A4, 2C9, and 2E1

Fig. 3 The inhibition of CYP3A4 by cornin. a Lineweaver-Burk plots of the inhibition of CYP3A4 by cornin in the presence of 20–100 μM
testosterone and 0–15 μM cornin. The inhibition of CYP3A4 by cornin was performed non-competitively. b The secondary plot for Ki of the
inhibition of cornin on CYP3A4
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shown). Then, CYP3A4 was incubated with 0–50 μM
cornin for 0–30 min to characterize the time-dependent
inhibition of CYP3A4 by cornin (Fig. 6a). With the help
of nonlinear regression analysis, the value of KI/Kinact

was calculated to be 6.40/0.055 min− 1 μM− 1, indicating
that 5.5% CYP3A4 was further inactivated every minute
in the presence of 6.4 μM cornin (Fig. 6b).

Discussion
Multiple-drug therapy could provide simultaneous treat-
ment for concurrent diseases and complex chronic dis-
orders, which leads to its wide application in the clinic
[11, 12]. The co-administration of various drugs leads to
adverse reactions, such as toxicity and treatment failure.
The inhibition or induction of CYP450 activity plays
vital roles in the metabolism and pharmacokinetics of
various drugs during drug-drug interactions [13]. For ex-
ample, the co-administration of nobiletin and glycyrrhi-
zin induced adverse interactions, which resulted in a
decrease of in the plasma concentration of nobiletin due

to the enhancement of CYP3A4 activity by glycyrrhizin
[14]. Cornin is one of the most widely used herbs in car-
diology and exerts the effects of decreasing blood pres-
sure, reversing cardiac hypertrophy, and improving heart
function [5, 6]. It is essential to investigate the effects of
cornin on the activities of CYP450s.
Here, cornin was incubated with eight major isoforms

of CYP450s in pooled HLMs to determine the effect of
cornin on these CYP450s. It was found that cornin sig-
nificantly inhibited the activities of CYP3A4, 2C9, and
2E1, which are responsible for the metabolism of the
vast majority of drugs [13]. CYP3A4 is one of the most
abundant CYP isoforms in the human liver and intestine
and are involved in the metabolism of a large number of
drugs [15, 16]. The vital functional role of CYP3A4 has
been widely shown, and various drug-drug interactions
mediated by CYP3A4 have also been reported. The in-
hibition of CYP3A4 by cornin implied a potential inter-
action between cornin and drugs metabolized by
CYP3A4. Additionally, the inhibition of CYP3A4 was

Fig. 4 The inhibition of CYP2C9 by cornin. a Lineweaver-Burk plots of the inhibition of CYP2C9 by cornin in the presence of 2–20 μM diclofenac
and 0–50 μM cornin. The inhibition of CYP2C9 by cornin was performed competitively. b The secondary plot for Ki of the inhibition of cornin
on CYP2C9

Fig. 5 The inhibition of CYP2E1 by cornin. a Lineweaver-Burk plots of the inhibition of CYP2E1 by cornin in the presence of 25–250 μM
chlorzoxazone and 0–30 μM cornin. The inhibition of CYP2E1 by cornin was performed competitively. b The secondary plot for Ki (B) of the
inhibition of cornin on CYP2E1
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achieved in a dose-dependent manner and time-
dependent manner. The IC50 value of CYP3A4 is a vital
factor for evaluating the toxicity and clinical risk associ-
ated with cornin and provides guidance for dose of cor-
nin used in the clinic. In the clinic, care is warranted in
the dosing of CYP3A4 substrates that are co-
administrated with cornin, and dose may be adjusted
with incubation time.
In addition, cornin was also found to competitively inhibit

the activities of CYP2C9 and 2E1, which may be a result of
the similar structures of cornin and CYP2C9 and 2E1 sub-
strates, such as hydroxyl and aromatic functional groups.
CYP2C9 and 2E1 are involved in the metabolism of a large
number of drugs, thuscontributing to the wide variability in
pharmacokinetics in the metabolism of drugs [17, 18]. For
example, the metabolism of warfarin was inhibited by canna-
bis due to the inhibition of CYP2C9 by cannabis [19].
Kaempferia parviflora extract accelerates the metabolism of
acetaminophen by inducing the activity of CYP2E1 [20].
Therefore, the obtained findings also suggested a potential
risk associated with the co-administration of cornin and
drugs metabolized by CYP2C9 and 2E1.
Currently, the application of in silico analysis for

mechanically assessing the interaction between different
drugs and CYP450s has drawn special attention, and this
approach provides future prospects for further studies
[21–24]. Furthermore, this in vitro study revealed the in-
hibitory effect of cornin on the activities of CYP3A4,
2C9, and 2E1. The lack of in vivo pharmacokinetic data
on cornin is another limitation of this study, and such
data could help assess the clinical significance of the ob-
tained IC50 values. The in vivo interaction and potential
drug-drug interaction need to be verified by additional
in vivo experiments.

Conclusion
In vitro findings in this study indicated an inhibitory ef-
fect of cornin on the activities of CYP3A4, 2C9, and

2E1. Cornin was identified as a noncompetitive inhibitor
of CYP3A4 and a competitive inhibitor of CYP2C9 and
2E1. These results suggested the potential drug-drug
interaction between cornin and CYP3A4, 2C9, and 2E1
substrates in the clinically co-administrated prescrip-
tions, and these results require further in vivo validation
in future investigations.

Abbreviations
CYP450s: Cytochrome P450 enzymes; CTM: Chinese traditional medicine;
HLMs: Human liver microsomes

Acknowledgements
Not applicable.

Authors’ contributions
Qun Zhang, Zengqiang Qu, Qiuping Xu and Xuedong Zhou contributed to
the study conception and design. Material preparation, data analysis and
interpretation were performed by Qun Zhang, Zengqiang Qu, Yanqing Zhou,
Jin Zhou, Junwei Yang, Shengjian Li, Qiuping Xu and Xuedong Zhou. The
first draft of the manuscript was written by Qun Zhang and Zengqiang Qu.
All authors commented on previous versions of the manuscript. All authors
read and approved the final manuscript.

Funding
Not applicable.

Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Shanghai Baoshan Aged-nursing hospital, Shanghai 201900, China.
2Department of Invasive Technology, Shanghai Eastern Hepatobiliary Surgery
Hospital, Shanghai 200438, China. 3Department of Pharmacy, Shanghai
Baoshan Luodian Hospital, No.121 Luoxi Road, Baoshan District, Shanghai

Fig. 6 Effect of incubation time on the inhibition of CYP3A4 by cornin and corresponding parameters. a The initial rate constant of inactivation
of CYP3A4 by each concentration (Kobs) was determined through linear regression analysis of the natural logarithm of the percentage of
remaining activity versus pre-incubation time. b The KI and Kinact values were determined through non-linear analysis of the Kobs versus the
cornin concentration

Zhang et al. BMC Complementary Medicine and Therapies          (2021) 21:138 Page 6 of 7



201908, China. 4Clinical research center, Shanghai Baoshan Luodian Hospital,
No.121 Luoxi Road, Baoshan District, Shanghai 201908, China.

Received: 12 January 2021 Accepted: 22 April 2021

References
1. Wang Q, Wu Y, Xiang F, Feng Y, Li Z, Ding Y. Effects of puerarin on the

pharmacokinetics of triptolide in rats. Pharm Biol. 2019;57(1):407–11. https://
doi.org/10.1080/13880209.2019.1626448.

2. Gao C, Li X, Li Y, Wang L, Xue M. Pharmacokinetic interaction between
puerarin and edaravone, and effect of borneol on the brain distribution
kinetics of puerarin in rats. J Pharm Pharmacol. 2010;62(3):360–7. https://doi.
org/10.1211/jpp.62.03.0011.

3. Zhang H, Song J, Dai H, Liu Y, Wang L. Effects of puerarin on the
pharmacokinetics of astragaloside IV in rats and its potential mechanism.
Pharm Biol. 2020;58(1):328–32. https://doi.org/10.1080/13880209.2020.17463
62.

4. Xu Y, Xu Y, Luan H, Jiang Y, Tian X, Zhang S. Cardioprotection against
experimental myocardial ischemic injury using cornin. Braz J Med Biol Res.
2016;49(2):e5039. https://doi.org/10.1590/1414-431X20155039.

5. Jiang WL, Zhang SM, Tang XX, Liu HZ. Protective roles of cornuside in acute
myocardial ischemia and reperfusion injury in rats. Phytomedicine. 2011;
18(4):266–71. https://doi.org/10.1016/j.phymed.2010.07.009.

6. Fang WJ, Feng JF, Lu XM, Lv MP, Cao SS, Li RF, et al. Effect of cornus
officinalis fruit core extract on the cardiac hypertrophy induced by two
kidney two clip. Zhong Yao Cai. 2012;35(12):1985–9.

7. Qi XY, Liang SC, Ge GB, Liu Y, Dong PP, Zhang JW, et al. Inhibitory effects of
sanguinarine on human liver cytochrome P450 enzymes. Food Chem
Toxicol. 2013;56:392–7. https://doi.org/10.1016/j.fct.2013.02.054.

8. Zhang JW, Liu Y, Cheng J, Li W, Ma H, Liu HT, et al. Inhibition of human
liver cytochrome P450 by star fruit juice. J Pharm Pharm Sci. 2007;10(4):496–
503. https://doi.org/10.18433/J30593.

9. Zhang H, Ya G, Rui H. Inhibitory effects of Triptolide on human liver
cytochrome P450 enzymes and P-glycoprotein. Eur J Drug Metab
Pharmacokinet. 2016;42(1):89–98.

10. Lang J, Li W, Zhao J, Wang K, Chen D. Inhibitory effects of curculigoside on
human liver cytochrome P450 enzymes. Xenobiotica. 2017;47(10): 849–55.

11. Phougat N, Khatri S, Singh A, Dangi M, Kumar M, Dabur R, et al.
Combination therapy: the propitious rationale for drug development. Comb
Chem High Throughput Screen. 2014;17(1):53–67. https://doi.org/10.2174/13
862073113166660065.

12. Hockenberry B. Multiple drug therapy in the treatment of essential
hypertension. Nurs Clin North Am. 1991;26(2):417–36.

13. Manikandan P, Nagini S. Cytochrome P450 structure, function and clinical
significance: a review. Curr Drug Targets. 2018;19(1):38–54. https://doi.org/1
0.2174/1389450118666170125144557.

14. Wang H, Dong L, Qu F, He H, Sun W, Man Y, et al. Effects of glycyrrhizin on
the pharmacokinetics of nobiletin in rats and its potential mechanism.
Pharm Biol. 2020;58(1):352–6. https://doi.org/10.1080/13880209.2020.1751
661.

15. Niazi M, Mehrabani M, Namazi MR, Salmanpour M, Heydari M, Karami MM,
et al. Efficacy of a topical formulation of henna (Lawsonia inermis L.) in
contact dermatitis in patients using prosthesis: a double-blind randomized
placebo-controlled clinical trial. Complement Ther Med. 2020;49:102316.

16. Klotz U. Pharmacokinetics and drug metabolism in the elderly. Drug Metab
Rev. 2009;41(2):67–76. https://doi.org/10.1080/03602530902722679.

17. Naik A, Belic A, Zanger UM, Rozman D. Molecular interactions between
NAFLD and xenobiotic metabolism. Front Genet. 2013;4:2.

18. Huo R, Tang K, Wei Z, Shen L, Xiong Y, Wu X, et al. Genetic polymorphisms
in CYP2E1: association with schizophrenia susceptibility and risperidone
response in the Chinese Han population. PLoS One. 2012;7(5):e34809.
https://doi.org/10.1371/journal.pone.0034809.

19. Damkier P, Lassen D, Christensen MMH, Madsen KG, Hellfritzsch M,
Pottegard A. Interaction between warfarin and cannabis. Basic Clin
Pharmacol Toxicol. 2019;124(1):28–31. https://doi.org/10.1111/bcpt.13152.

20. Mekjaruskul C, Sripanidkulchai B. In vivo effect of Kaempferia parviflora
extract on pharmacokinetics of acetaminophen. Drug Chem Toxicol. 2019;
43(6)602–8.

21. Salminen KA, Rahnasto-Rilla M, Väänänen R, Imming P, Meyer A, Horling A,
et al. Time-dependent inhibition of CYP2C19 by isoquinoline alkaloids:

in vitro and in silico analysis. Drug Metab Dispos. 2015;43(12):1891–904.
https://doi.org/10.1124/dmd.115.065755.

22. Vimercati S, Elli S, Jagannathan V, Pandey AV, Peduto N, Leeb T, et al. In
silico and in vitro analysis of genetic variants of the equine CYP3A94,
CYP3A95 and CYP3A97 isoenzymes. Toxicol In Vitro. 2019;60:116–24. https://
doi.org/10.1016/j.tiv.2019.05.011.

23. Matowane RG, Wieteska L, Bamal HD, Kgosiemang IKR, Van Wyk M,
Manume NA, et al. In silico analysis of cytochrome P450 monooxygenases in
chronic granulomatous infectious fungus Sporothrix schenckii: special focus
on CYP51. Biochim Biophys Acta Proteins Proteomics. 2018;1866(1):166–77.
https://doi.org/10.1016/j.bbapap.2017.10.003.

24. Firasat S, Kaul H, Ashfaq UA, Idrees S. In silico analysis of five missense
mutations in CYP1B1 gene in Pakistani families affected with primary
congenital glaucoma. Int Ophthalmol. 2018;38(2):807–14. https://doi.org/1
0.1007/s10792-017-0508-4.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Zhang et al. BMC Complementary Medicine and Therapies          (2021) 21:138 Page 7 of 7

https://doi.org/10.1080/13880209.2019.1626448
https://doi.org/10.1080/13880209.2019.1626448
https://doi.org/10.1211/jpp.62.03.0011
https://doi.org/10.1211/jpp.62.03.0011
https://doi.org/10.1080/13880209.2020.1746362
https://doi.org/10.1080/13880209.2020.1746362
https://doi.org/10.1590/1414-431X20155039
https://doi.org/10.1016/j.phymed.2010.07.009
https://doi.org/10.1016/j.fct.2013.02.054
https://doi.org/10.18433/J30593
https://doi.org/10.2174/13862073113166660065
https://doi.org/10.2174/13862073113166660065
https://doi.org/10.2174/1389450118666170125144557
https://doi.org/10.2174/1389450118666170125144557
https://doi.org/10.1080/13880209.2020.1751661
https://doi.org/10.1080/13880209.2020.1751661
https://doi.org/10.1080/03602530902722679
https://doi.org/10.1371/journal.pone.0034809
https://doi.org/10.1111/bcpt.13152
https://doi.org/10.1124/dmd.115.065755
https://doi.org/10.1016/j.tiv.2019.05.011
https://doi.org/10.1016/j.tiv.2019.05.011
https://doi.org/10.1016/j.bbapap.2017.10.003
https://doi.org/10.1007/s10792-017-0508-4
https://doi.org/10.1007/s10792-017-0508-4

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Chemicals and reagents
	Assay with human liver microsomes
	Enzyme inhibition and kinetic studies of cornin
	Time-dependent inhibition study of cornin
	Statistical analysis

	Results
	Effects of cornin on the activities of CYP450s
	Model of CYP3A4, 2C9, and 2E1 inhibition by cornin
	Time-dependent inhibition of CYP3A4 by cornin

	Discussion
	Conclusion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

