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体外代谢体系中中药及其成分对肝脏CYP450代谢酶

抑制作用的研究进展
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摘要: 细胞色素P450 (CYP450) 是肝微粒体中参与体内 I相代谢反应的酶, 临床上90%以上的药物都经CYP450

氧化代谢, 其被诱导或抑制是引起药物相互作用的主要机制。通过离体器官、细胞或酶系统进行的体外代谢研究以

其精准、简化等特点近年来发展迅速。中药的体外代谢研究可推断药物可能的代谢途径和参与代谢的CYP450酶,

研究药物的相互作用, 更好地解释中药及其成分的作用机制, 促进临床合理用药。本文就中药、中药成分、中药提取

物在不同种属肝微粒体中对CYP450代谢酶活性的抑制作用进行综述, 以期为中药-中药、中药-化学药物之间相互

作用研究提供借鉴与参考。
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Abstract: Cytochrome P450s (CYP450) is a superfamily of phase I metabolic enzymes, which participates in

more than 90% of drug oxidation. The induction or inhibition of CYP450s is the main mechanism of drug-drug

interaction. In recent years, in vitro metabolism studies conducted through isolated organs, cells, or enzyme

systems have developed rapidly, due to their precision and simplicity. Therefore, profiles of the in vitro metabolism

studies of traditional Chinese medicines can infer the possible metabolic pathways of drugs, predict the potential

drug interactions, and may enhance the rational use of drugs in clinic. This article reviews the in vitro inhibitory

effects of traditional Chinese medicine, ingredients, and extracts on the activities of CYP450 enzymes in the liver

microsomes, which can provide a reference for further researches on the interaction between Chinese medicine and

chemical medicine.

Key words: cytochrome P450; traditional Chinese medicine; in vitro metabolism; liver microsome; drug-drug
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细胞色素P450 (CYP450) 是指含血红素的蛋白质 在一氧化碳存在的还原性状态下 , 最大吸收波长在

450 nm 的一类能够催化大多数药物和其他亲脂性外

源性物质的主要代谢酶家族。CYP450代谢酶在体内

广泛分布, 以肝脏、小肠含量最高。人类CYP450代谢
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酶分为 18个家族和 44个亚家族, 其中 CYP1/2/3家族

中的代谢酶 (CYP1A2、CYP2C9、CYP2C19、CYP2D6、

CYP2E1和CYP3A4) 参与临床上 90%以上药物的 I相

代谢过程, 其他家族在代谢内源性物质方面发挥重要

的作用[1,2]。CYP450代谢酶的表达和活性受多种因素

影响, 如年龄、性别、遗传、环境及病理因素等, 其活性

被抑制可导致经其代谢的药物在体内代谢减慢, 暴露

量增加, 从而增大不良反应发生概率, 对于前药而言则

会导致药物疗效减弱。CYP450代谢酶具有泛底物性

和底物交叉性, 底物与活性中心非特异性结合会导致

药物的代谢动力学发生改变, 从而引起药物-药物之间

相互作用[3]。

随着中西医结合治疗的发展, 中药方剂及中成药

与化学药品联合使用不断增多, 中药-化学药物之间的

相互作用及不良反应数量也逐渐上涨。中药成分按照

其母核结构可分为生物碱类、黄酮类、萜类、苷类等。

目前中药对CYP450代谢酶影响的研究方法主要有探

针药物法、体外孵育法 (肝微粒体及重组 P450酶)、计

算机软件模拟筛选法[4,5]。探针药物法是指通过底物

的特定氧化代谢途径来确定体内外特异性代谢酶活性

的一种 CYP酶-底物配对的检测方法, 分为体内探针

药物法及体外探针药物法[6], 体内探针药物法是指给

予机体一定量的探针药物后以其代谢物和原形药物之

间的比例或速率来衡量代谢酶活性的变化, 在研究代

谢酶与疾病之间的关系及药物之间在机体内的相互作

用具有更高的价值。

由于体内研究影响因素颇多, 中药代谢及其机制

研究受限。体外模型, 尤其是以肝微粒体为核心的药

物代谢模型具有专属性强、灵敏度高等特点[7], 在提

高药物疗效、促进安全合理用药等方面具有重要意

义。本文就目前以肝微粒体为体外代谢模型, 开展中

药及其成分对主要 CYP450 代谢酶的抑制作用进行

综述。

1 CYP1A2

CYP1家族由CYP1A1、1A2、1B1组成,其中CYP1A2

约占总 P450 的 13%～15%[8], 参与代谢临床上大多数

药物如咖啡因、非那西丁、氯氮平、茶碱、普萘洛尔、

维拉帕米、哌唑嗪、杜洛西汀等[9]。其中非那西丁、咖

啡因和茶碱常作为模型底物评价 CYP1A2 代谢酶的

体内活性。在超过 45% 的新药体外研究中 , 非那西

丁-O-去甲基化反应作为检测 CYP1A2活性最常用的

探针反应[10]。部分中药及其成分对CYP1A2抑制作用

见表1[11-26]。

根据《FDA药物相互作用研究指南》体内相互作用

的可能性通过R = [I] / Ki ([I] 代表作用部位抑制剂的浓

度, Ki为抑制剂常数) 表示, R > 1表明很有可能发生药

物间的相互作用。当由体外数据定量预测体内相互作

用发生的可能性时, 可以通过Ki值进行初步筛选, 数值

越小, 外推至体内发生相互作用的可能性越大。测定半

数抑制浓度 (IC50) 值可快速初步了解药物对代谢酶是

否具有强抑制作用, IC50值越小说明抑制作用越强。若

IC50 < 1.00 μmol·L-1, 初步表明药物对该代谢酶的抑制能

力强; 若 IC50 > 50 μmol·L-1则表明药物对该代谢酶抑制

作用较弱, 外推至体内时由于药物抑制该代谢酶的活性

而引起的药物相互作用可能性较小[27]。在所列举的中药

及其成分中, 对CYP1A2代谢酶的活性抑制作用较强的

分别是丹红注射液 (IC50 = 0.036 μmol·L-1), 大叶茜草素

(IC50 = 1.03 μmol·L-1) 和甘草酚 (IC50 = 2.2 μmol·L-1)。

Table 1 Inhibition of traditional Chinese medicine and its components on CYP1A2. HLM: Human liver microsome; RLM: Rat liver

microsome; -: Not obtained

Category

Flavone

The other compound

Traditional Chinese

medicine extracts

Chinese patent medicine

Name

Kurarinone
Kaempferitrin
Diosmetin
Isofraxidin
Honokiol
Magnolol
Psoralidin
Glycyrol
Mollugin
Astragaloside IV
Corydalis saxicola Bunting

total alkaloids extract
Huanglian extract
Danshen ethanolic extract

Qingfei Paidu decoction
Huosu Yangwei oral liquid
Danhong injection

Source

Sophora flavescens
Vepris heterophylla
Teucrium
Umbelliferae
Magnolia officinalis
Magnolia officinalis
Psoraleacorylifolia
Glycyrrhiza uralensis
Rubia cordifolia
Radix Astragali
Corydalis saxicola Bunting

Coptis chinensis Franch
Salvia miltiorrhiza Bunge

-

-

Salvia miltiorrhiza Bunge

In vitro model

HLM
HLM
HLM
HLM
RLM
RLM
HLM
HLM
HLM
RLM
RLM

HLM
HLM
RLM
HLM
HLM
HLM

IC50/Ki

13.64 μmol·L-1

20.56 μmol·L-1

2.6 μmol·L-1

23.01 μmol·L-1

1.6 μmol·L-1 (Ki)
1.62 ± 0.423 μmol·L-1

1.818 ± 0.22 μmol·L-1

2.2 μmol·L-1

1.03 μmol·L-1

45 μmol·L-1

38.08 mg·mL-1

36.8 μg·mL-1

2.91 μg·mL-1

8.49 μg·mL-1

174.4 ± 7.7 μg·mL-1

0.314 8 mg·mL-1

0.793%

Inhibition type

Competitive
Competitive

-

Competitive
Mixed
Non-competitive
Non-competitive
Competitive
Competitive
Competitive
Non-competitive

-

Competitive
Competitive

-

-

-

Ref.

[11]
[12]
[13]
[14]
[15]
[16]
[17]
[18]
[19]
[20]
[21]

[22]
[23]

[24]
[25]
[26]
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2 CYP2C

CYP2C 家族占人类肝脏总 P450 的 30% 左右 , 主

要包括 CYP2C8、2C9、2C19, 能代谢 20% 以上的药物

和内源性化合物[28]。CYP2C8约占肝脏总 P450的 7%,

底物主要包括抗肿瘤药物 (紫杉醇)、降糖药物 (瑞格列

奈和吡格列酮)、降脂药物 (氟伐他汀)、抗疟药物 (阿莫

地喹) 等 60多种临床常用药物, 常用紫杉醇-6-羟基化

检测 CYP2C8 代谢酶的活性[29]。CYP2C9 占肝脏总

P450的 20%左右, 临床上 15%的药物经其代谢, 底物

主要有糖尿病治疗药物 (格列美脲)、降压药 (氯沙坦)、

抗癫痫药物、非甾类抗炎药物 (双氯芬酸)[30], 双氯芬酸-

4-羟基化用于检测CYP2C9活性[29]。虽然CYP2C19在

肝脏的表达仅占肝脏总 P450代谢酶的 1%, 但能参与

临床上10%左右的药物代谢。代谢底物主要包括质子

泵抑制剂 (奥美拉唑、泮托拉唑等)、抗抑郁药 (舍曲林、

氟西汀)、镇静催眠药 (地西泮、苯巴比妥)、抗血小板药

物 (氯吡格雷)[31], 美酚妥英-4-羟基化常作为探针反应

用于检测CYP2C19代谢酶活性。部分中药及其成分

对CYP2C抑制作用见表2[12,15,18,24,25,32-55]。

对 CYP2C9 抑制作用最强的中药成分是甘草酚

(IC50 = 0.13 μmol·L-1), 对CYP2C19抑制作用最强的中

药成分是黄酮类的二氢丹参酮 (IC50 = 0.1 μmol·L-1)。

二氢丹参酮是丹参中主要的醌类脂溶性化合物之一,

体外抗肿瘤活性明显, 可通过抑制细胞增殖、促进细胞

凋亡、诱导细胞分化等机制发挥抗肿瘤作用[56]。目前

二氢丹参酮尚未作为单一成分成药, 已经上市的中药

注射剂丹参注射液中二氢丹参酮含量较低, 故目前由

于二氢丹参酮抑制体内CYP2C19代谢酶活性而引起

的药物相互作用的可能性较小。随着二氢丹参酮在抗

肿瘤方面的研究不断进展, 其单独成药的可能性也不

Table 2 Inhibition of traditional Chinese medicine and its components on CYP2C. HRC: Human recombinant CYP

Alkaloid

Flavone

Terpenoid

The other compound

Traditional Chinese

medicine extract

Epiberberine

Phellodendrine

Sophocarpine

Kaempferitrin

Cynaroside

Pachymic acid

Alantolactone

Dihydrotanshinone

Miltirone

Celastrol

Osthole

Honokiol

Rosmarinic acid

Sauchinone

Shikonin

Bergenin

Glycyrol

Cajaninstilbene acid

Curculigoside

Catalpol

Tinospora cordifolia

extracts

Ethanol extract of

Descurainia sophia seeds

Danshen ethanolic extract

Marsdenia tenacissima

extract

Sophora flavescens

extract

Rhizoma Coptidis

Phellodendri

Sophora

Vepris heterophylla

Angelica keiskei

Poria

Helenium

Salvia miltiorrhiza

Salvia miltiorrhiza

Tripterygium

wilfordii

Angelica

Magnolia officinalis

Rosemary

Saururus chinensis

Boraginaceae

Bergenia

purpurascens

Glycyrrhiza uralensis

Pigeonpea

Curculigo

Rehmanniae Radix

-

Descurainia sophia

Salvia miltiorrhiza

Bunge

Marsdenia

tenacissima

Sophora favescens

CYP2C9

CYP2C9

CYP2C9

CYP2C9

CYP2C9

CYP2C9

CYP2C9

CYP2C19

CYP2C9

CYP2C11

CYP2C9

CYP2C11

CYP2C11

CYP2C9

CYP2C9

CYP2C19

CYP2C9

CYP2C11

CYP2C9

CYP2C9

CYP2C9

CYP2C8

CYP2C9

CYP2C9

CYP2C9

CYP2C19

CYP2C19

CYP2C9

CYP2C19

CYP2C8

CYP2C9

HLM

HLM

HLM

HLM

HLM

HLM

HLM

HLM

HLM

RLM

HLM

RLM

RLM

HRC

HLM

HLM

HLM

RLM

HLM

HLM

HLM

HLM

HLM

HLM

HLM

HLM

HLM

HLM

HLM

HLM

HLM

8.18 μmol·L-1

16.30 μmol·L-1

15.96 μmol·L-1

16.42 μmol·L-1

16.58 μmol·L-1

27.95 μmol·L-1

36.82 μmol·L-1

0.1 μmol·L-1

8.61 μmol·L-1

10.2 μmol·L-1

5.736 μg·mL-1

11.33 μg·mL-1

16.5 μmol·L-1

39.6 μmol·L-1

76.89 μmol·L-1

3.60 μmol·L-1

1.01 μmol·L-1

2.36 μmol·L-1

15.11 μmol·L-1

0.13 μmol·L-1

31.3 μmol·L-1

11.93 μmol·L-1

14.69 μmol·L-1

127.55 μg·mL-1

25.8 ± 1.9 μg·mL-1

38.7 ± 1.7 μg·mL-1

30.9 μg·mL-1

12.68 mg·mL-1

25.48 mg·mL-1

1.42 μg·mL-1

13.6 μg·mL-1

Anti-competitive

Competitive

Competitive

Competitive

Competitive

Competitive

-

Mixed

Competitive

Competitive

Competitive

Non-competitive

Mixed

Mixed

-

Non-competitive

Mixed

Mixed

Competitive

Competitive

Competitive

Competitive

Competitive

-

Mixed

Mixed

Competitive

-

-

-

Competitive

[32]

[33]

[34]

[12]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[15]

[42]

[43]

[44]

[45]

[46]

[18]

[47]

[48]

[49]

[50]

[51]

[38]

[52]

[53]

Category Name Source CYP2C In vitro model IC50 Inhibition type Ref.
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断增大, 对于其在体内对CYP2C19代谢酶活性的抑制

作用而引起的药物相互作用也不容忽视。

迷迭香酸在不同的体外模型中对CYP2C9抑制程度

也不同, 在人肝微粒体 (HLM) 中 IC50 = 76.89 μmol·L-1,

在基因重组酶系 (HRC) 中 IC50 = 39.6 μmol·L-1。基因

重组酶系与人体内相同酶的丰度差异较大, 只能用来

对药物代谢进行细节化的研究, 其实验得到的结果不

能外推到人体代谢。因此 , 在 HRC 中迷迭香酸对

CYP2C9抑制作用更明显, IC50值相比于HLM也更小,

显示出更强的抑制作用。

3 CYP2D6

CYP2D6 仅占肝脏总 P450 含量的 2%～4%, 但能

参与 25%左右的临床常用药物的代谢[57], 其代谢底物

主要包括抗抑郁药 (氟西汀、丙咪嗪、度洛西汀等)、抗

心律失常药物 (普罗帕酮、美西律、利多卡因等)、抗高

血压药物如 β受体阻断剂 (普萘洛尔)、抗组胺药物 (氯

雷他定、异丙嗪、特非那定)、抗病毒药物 (茚地那韦)[58],

常用右美沙芬-O-去甲基化作为检测 CYP2D6代谢酶

活性的探针反应[59]。部分中药及其成分对CYP2D6抑

制作用见表3[24,25,32,43,45,60-65]。

丹红注射液对CYP2D6代谢酶活性的抑制作用最

强 (IC50 = 0.144 μmol·L-1)。丹红注射液由丹参和红花

两味中药组成, 主要功效为活血化瘀、舒脉通络, 临床

广泛用于治疗冠心病、心绞痛、心肌梗死、脑血栓等心

脑血管疾病, 常与阿司匹林、氯吡格雷、阿托伐他汀钙

注射液等合用[66]。由于CYP2D6参与代谢的底物涉及

大多数心血管系统药物如β受体阻断剂等, 故在联合使

用丹红注射液治疗急性心肌梗死、冠心病、充血性心力

衰竭时应注意中药所引起的药物相互作用, 谨慎使用。

4 CYP2E1

CYP2E1 占肝脏中 CYP450 总量的 7%, 能代谢大

多数内源性小分子化合物和药物 , 代谢底物主要包

括对乙酰氨基酚、氯唑沙宗、苯、四氯化碳等[67]。常用

氯唑沙宗-6-羟基化作为检测CYP2E1代谢酶活性的探

针反应。部分中药及其成分对 CYP2E1 抑制作用

见表4[13,14,25,26,36,43,46,49,62,63,68-74]。

CYP2E1 可活化肝毒性物质及前致癌物质, 参与

多种疾病的发生。所列举的中药及其成分中金合欢

素 (IC50 = 12.36 μmol·L-1) 对CYP2E1代谢酶抑制作用

较强。金合欢素是一种天然黄酮类化合物, 具有抗炎、

抗氧化、抗肿瘤等广泛的药理活性[75]。研究表明, 金合

欢素可以有效地抑制CYP1B1代谢酶的活性, 阻止雌

Table 3 Inhibition of traditional Chinese medicine and its components on CYP2D6

Category
Alkaloid

Flavone
Terpenoid
The other compound

Traditional Chinese

medicine extract

Chinese patent medicine

Name
Peimine
Epiberberine
Lupanine
Dihydromyricetin
Ganoderic acid A
Anemarsaponin BII

Acetylshikonin
Lotus leaf alcoholic extract

Lotus leaf alcoholic extract -

alkaloid fraction
Lotus leaf alcoholic extract -

flavonoid fraction
Qingfei Paidu decoction
Huosu Yangwei oral liquid
Danhong injection

Source
Fritillaria ussuriensis
Rhizoma Coptidis
Blue cohosh
Ampelopsis grossedentata
Ganoderma lucidum
Anemarrhena asphodeloides

Bunge
Lithospermum erythorhizon
Nelumbo nucifera Gaertn

Nelumbo nucifera Gaertn

Nelumbo nucifera Gaertn

-

-

Salvia miltiorrhiza Bunge

In vitro model
HLM
HLM
HLM
HLM
HLM
HLM

HLM
HLM

HLM

HLM

HLM
HLM
HLM

IC50

22.46 μmol·L-1

11.86 μmol·L-1

10.00 μmol·L-1

22.69 μmol·L-1

21.83 μmol·L-1

16.26 μmol·L-1

2.6 μmol·L-1

12.05 μg·mL-1

0.96 μg·mL-1

139.40 μg·mL-1

125 3 ± 105.7 μg·mL-1

2.642 mg·mL-1

0.676%

Inhibition type
Competitive
Anti-competitive

-

Competitive
Competitive
Competitive

-

-

Competitive

Competitive

-

-

-

Ref.
[60]
[32]
[61]
[62]
[63]
[64]

[45]
[65]

[24]
[25]
[43]

Chinese patent medicine

Labisia pumila extracts

Qingfei Paidu decoction

Bovis Calculus Artifactus
Huosu Yangwei oral liquid

Labisa pumila

-

-

Bovis Calculus
-

-

-

CYP2C19
CYP2C8
CYP2C9
CYP2C19
CYP2C8
CYP2C9
CYP2C11
CYP2C8
CYP2C9
CYP2C19

HLM
HLM
HLM
HLM
HLM
HLM
RLM
HLM
HLM
HLM

19.1 μg·mL-1

2.39 μg·mL-1

0.56 μg·mL-1

4.1 μg·mL-1

337.7 ± 43.3 μg·mL-1

706.8 ± 71.1 μg·mL-1

3.71 μmol·L-1

1.191 mg·mL-1

1.815 mg·mL-1

1.272 mg·mL-1

-

Non-competitive
Competitive
Non-competitive

-

-

-

-

-

-

[54]

[24]

[55]
[25]

Continued
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激素致癌代谢产物的生成 , 从而预防肿瘤的发生[76]。

随着对金合欢素生物活性及作用机制的不断探索, 其

能否通过抑制 CYP2E1活性, 减少致癌代谢物质的生

成, 从而预防肿瘤的发生, 成为一种有效的抗肿瘤药

物, 还需要进一步的实验验证。

IC50值取决于代谢体系中底物浓度及酶浓度等因

素, 例如丹红注射液在所汇总的两篇文献中 IC50值分

别为 0.197%[26] (底物氯唑沙宗浓度为 40 μmol·L-1, 肝

微粒体浓度为 0.25 mg·mL-1) 和 1.10%[43] (氯唑沙宗浓

度为 50 μmol·L-1, 肝微粒体浓度为 0.3 mg·mL-1), 因此

在比较同一化合物对同一代谢酶在不同实验室的抑制

结果时应保持实验条件一致。

5 CYP3A

CYP3A 是广泛分布于机体各个组织 , 主要包括

CYP3A4、3A5、3A7、3A43四个亚家族, 是人类肝脏和

小肠中 CYP450 含量最多的一个家族 , 其中 CYP3A4

约占肝脏总 P450 含量的 50% 左右 , 小肠中大约含有

40% CYP3A4[77], 迄今为止, 已有超过 50%的治疗药物

被CYP3A4代谢, 如钙通道阻滞剂 (硝苯地平)、抗肿瘤

药物 (多烯紫杉醇、环磷酰胺、他莫昔芬) 等[78], 咪达唑

仑是一种短效苯二氮䓬类镇静催眠药物, 经CYP3A代

谢酶催化生成1-OH咪达唑仑, 是测定体内外CYP3A最

常用的探针底物之一[79]。部分中药及其成分对CYP3A

的抑制作用见表5[12,14,16,32-37,40,44,46-49,52,55,60,62-64,71,80-99]。

Table 4 Inhibition of traditional Chinese medicine and its components on CYP2E1

Category

Flavone

Terpenoid

Traditional Chinese

medicine extract

Chinese patent medicine

Name

Acacetin
Baicalin
Kaempferol
Dihydromyricetin
Diosmetin
Catalpol
Friedelin
Ganoderic acid A
Pachymic acid
Bergenin
Isofraxidin
Eleutheroside B
Eleutheroside E
Herbal extract of Jingyin

granules
Danshen water extract
Danhong injection
Danhong injection
Huosu Yangwei oral liquid

Source

Lygodium japonicum
Radix Scutellariae
Lysimachia clethroides Duby
Ampelopsis grossedentata
Teucrium
Rehmanniae Radix
Maytenus ilicifolia
Ganoderma lucidum
Poria
Bergenia purpurascens
Umbelliferae
Acanthopanax senticosus
Acanthopanax senticosus

-

Salvia miltiorrhiza Bunge
Salvia miltiorrhiza Bunge
Salvia miltiorrhiza Bunge

-

In vitro model

RLM
RLM
RLM
HLM
HLM
HLM
HLM
HLM
HLM
HLM
HLM
HLM
HLM
HLM

RLM
HLM
HLM
HLM

IC50

12.36 μmol·L-1

103.5 μmol·L-1

60.26 ± 2.54 μmol·L-1

25.74 μmol·L-1

20.5 μmol·L-1

22.4 μmol·L-1

22.54 μmol·L-1

28.35 μmol·L-1

24.22 μmol·L-1

22.83 μmol·L-1

15.98 μmol·L-1

193.20 μmol·L-1

188.36 μmol·L-1

810.0 ± 154.4 μg·mL-1

1.07 mg·mL-1

0.917%
1.10%

1.062 mg·mL-1

Inhibition type

Competitive
Competitive

-

Competitive
-

Competitive
Competitive
Competitive
Competitive
Competitive
Competitive
Mixed
Mixed

-

Mixed
-

-

-

Ref.

[68]
[69]
[70]
[62]
[13]
[49]
[71]
[63]
[36]
[46]
[14]
[72]

[73]

[74]
[26]
[43]
[25]

Table 5 Inhibition of traditional Chinese medicine and its components on CYP3A

Alkaloid

Flavone

Cornin
Epiberberine
Peimine
Phellodendrine
Sophocarpine
Brucine
Astilbin
lysionotin
Kaempferitrin
Cynaroside
Dihydromyricetin
Licochalcone A
Puerarin
Acacetin
Apigenin
Chrysin
Myricetin

Verbena officinalis
Rhizoma Coptidis
Fritillaria ussuriensis
Phellodendri chinensis cortex
Sophora
Strychnos nuxvomica L.
Smilacis glabrae Roxb
Lysionotus
Justicia spicigera
Angelica keiskei
Ampelopsis grossedentata
liquorice
Puerariae Radix
Lygodium japonicum
Lygodium root
Propolis
Myricaceae

CYP3A4
CYP3A4
CYP3A4
CYP3A4
CYP3A4
CYP3A4
CYP3A4
CYP3A4
CYP3A4
CYP3A4
CYP3A4
CYP3A4
CYP3A4
CYP3A1
CYP3A1
CYP3A4
CYP3A4
CYP3A2

HLM
HLM
HLM
HLM
HLM
HLM
HLM
HLM
HLM
HLM
HLM
HLM
HLM
RLM
RLM
HLM
HLM
RLM

9.20 μmol·L-1

81.5 μmol·L-1

13.43 μmol·L-1

14.98 μmol·L-1

12.22 μmol·L-1

0.77 μmol·L-1

2.63 μmol·L-1

13.85 μmol·L-1

13.87 μmol·L-1

15.88 μmol·L-1

14.75 μmol·L-1

2.77 μmol·L-1

15.5 ± 3.9 μmol·L-1

58.46 μmol·L-1

8.20 μmol·L-1

2.5 ± 0.6 μmol·L-1

20.29 μmol·L-1

27.14 μmol·L-1

Non-competitive
-

Non-competitive
Non-competitive
Non-competitive
Competitive
Non-competitive
Non-competitive
Non-competitive
Non-competitive
Non-competitive
Competitive

-

Mixed
-

-

Non-competitive
Mixed

[80]
[32]
[60]
[33]
[34]
[81]
[82]
[83]
[12]
[35]
[62]
[84]
[85]
[86]

[87]
[88]

Category Name Source CYP3A
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生物碱类中对CYP3A代谢酶活性抑制作用最强

的是马钱子碱 (IC50 = 0.77 μmol·L-1), 马钱子碱是传统

中药马钱子的主要有效成分, 其含量占马钱子总生物

碱的 30%～40%, 具有显著的镇痛、抗炎、抗肿瘤作

用[100]。目前国内外有关报道已经能从细胞水平、分子

水平等方面解释其作用机制, 有关马钱子碱的研究趋

势是如何将其开发成安全、有效的药用新剂型, 充分发

挥其药理作用。在将其开发成新剂型时的临床前药物

研究 , 应充分考虑其对 CYP3A4 代谢酶活性的抑制

作用。

木脂素类中五味子乙素和五味子丙素对CYP3A4

抑制作用最强 , IC50值分别为 0.76 μmol·L-1和 0.059 ±

0.03 μmol·L-1。五味子为木兰科植物五味子的干燥成

熟果实, 主要含有木脂素、挥发油类、黄酮类、萜类等活

性成分, 药理研究表明具有保护肝脏、镇静催眠、降血

糖、抗氧化及增强免疫力抗肿瘤等作用, 木脂素为五味

子中主要的特征性活性成分, 约占 8%[101]。研究表明,

五味子乙素连续 3 天灌胃给药后, 大鼠体内 CYP3A4

探针底物咪达唑仑药动学发生显著变化, 咪达唑仑的

血药浓度-时间曲线下面积 (AUC) 增大约 60%, 咪达

唑仑经 CYP3A4 代谢产物羟基咪达唑仑的 AUC 降

低[102]。目前有五味子胶囊、参芪五味子片等由五味子

做成的著名中成药, 有健脾安神、益气宁心等功效, 常

用于一些疾病的辅助治疗, 故在与经CYP3A4代谢的

药物合用时应注意由中药所引起的药物相互作用。

6 结语

近年来, 中西医联合治疗已经成为治疗疾病的常

用方法, 尤其对于一些慢性疾病如高血压、糖尿病等在

化学药物治疗的同时经常合用一些中成药。中药或其

成分对肝脏中CYP450代谢酶活性产生抑制作用会直

接影响该代谢酶底物的药动学过程, 从而对其药效产

生影响。由于体内实验受干扰因素较多, 无法完全阐

明由中药引起的不良反应机制及代谢机制, 限制了其

在探究中药及其成分与CYP450代谢酶之间相互作用

Terpenoid

Phenol
The other compound

Traditional Chinese

medicine extract

Chinese patent

medicine

Isobavachalcone
Methylophiop-ogonanone A
Ganoderic acid A
Catalpol
Friedelin
Glycyrrhetinic acid
Alantolactone
Celastro
Dihydrotanshinone
Curculigoside
Anemarsaponin BII
Pachymic acid
Isofraxidin
Sauchinone
Bergenin
Sodium tanshinone IIA

sulfonate
Cajaninstilbene acid
Gomisin B
Gomisin C
Magnolol
Huang-Lian-Jie-Du-

decoction-total flavonoids
Huang-Lian-Jie-Du-

decoction-total alkaloids
Marsdenia tenacissima

extract
Danshen extract

Bovis Calculus Artifactus

Dengzhan Shengmai

capsule
Salvianolate

Fructus Psoraleae
Ophiopogon japonicas
Ganoderma lucidum
Rehmanniae Radix
Maytenus ilicifolia
Licorice
Helenium
Trypterygium wilfordi Hook
Danshen
Curculigo orchioides
Anemarrhena asphodeloides
Poria
Umbelliferae
Saururaceae
Bergenia purpurascens
Danshen

Pigeonpea
Schisandra chinensis

Magnolia officinalis
-

-

Marsdenia tenacissima

Salvia miltiorrhiza Bunge

Bovis Calculus

-

-

CYP3A4
CYP3A
CYP3A4
CYP3A4
CYP3A4
CYP3A4
CYP3A4
CYP3A2
CYP3A2
CYP3A4
CYP3A4
CYP3A4
CYP3A4
CYP3A4
CYP3A4
CYP3A4

CYP3A4
CYP3A4
CYP3A4
CYP3A
CYP3A1

CYP3A1

CYP3A4

CYP3A4
CYP3A1
CYP3A1

CYP3A1

CYP3A4

HLM
HLM
HLM
HLM
HLM
HLM
HLM
RLM
RLM
HLM
HLM
HLM
HLM
HLM
HLM
HLM

HLM
HLM
HLM
RLM
RLM

RLM

HLM

HLM
RLM
RLM

RLM

HLM

35.20 μmol·L-1

2.75 μmol·L-1

15.05 μmol·L-1

14.27 μmol·L-1

10.79 μmol·L-1

1.53 μmol·L-1

3.599 μmol·L-1

23.2 μmol·L-1

56.1 μmol·L-1

9.47 μmol·L-1

13.67 μmol·L-1

15.04 μmol·L-1

15.49 μmol·L-1

0.207 μmol·L-1

14.39 μmol·L-1

6.4 μmol·L-1

28.3 μmol·L-1

0.76 μmol·L-1

0.059 ± 0.03 μmol·L-1

35.0μmol·L-1

4.24 μg·mL-1

2.61 μg·mL-1

11.25 mg·mL-1

136 μg·mL-1

748 μg·mL-1

0.17 μmol·L-1

0.02 mg·mL-1

1.438 mg·L-1

Competitive
-

Non-competitive
Non-competitive
Non-competitive

-

Non-competitive
Mixed

-

Competitive
Non-competitive
Non-competitive
Non-competitive
Non-competitive
Non-competitive
Competitive

-

-

-

Competitive
-

-

-

Competitive
Competitive

-

-

Non-competitive

[89]
[90]
[63]
[49]
[71]
[91]
[37]
[40]
[92]
[48]
[64]
[36]
[14]
[44]
[46]
[93]

[47]
[94]
[95]
[16]
[96]

[52]

[97]

[55]

[98]

[99]

Continued
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方面的应用。肝微粒体的体外代谢研究对于明确中药

及其成分的代谢途径、阐明中药配伍使用达到增效减

毒的代谢机制、探究中药或其成分对肝微粒体中相关

代谢酶的影响, 以阐明其不良反应的机制有着积极的

作用。

同时对于中药代谢探究仍有不足, 如未能从蛋白

结构与分子结构层面上解释其抑制原理等。因此, 还

需发展相应技术和研究方法, 结合体内实验深入探究

中药的物质组成和结果特征并在此基础上阐明其作用

机制, 减少由中药与 CYP450代谢酶相互作用引起的

药物不良反应, 从而促进中医药的现代化发展。

作者贡献: 张雯雯负责文献检索及论文撰写; 刘鑫负责

文献检索及修改文章; 温成铭负责修改文章; 蒋学华负责审

阅文章; 王凌负责文章选题、指导写作、修改及校对文章。

利益冲突: 本文无任何利益冲突问题。

References

[1] Zanger UM, Schwab M. Cytochrome P450 enzymes in drug

metabolism: regulation of gene expression, enzyme activities,

and impact of genetic variation [J]. Pharmacol Ther, 2013, 138:

103-141.

[2] Manikandan P, Nagini S. Cytochrome P450 structure, function

and clinical significance: a review [J]. Curr Drug Targets, 2018,

19: 38-54.

[3] Yadav J, Paragas E, Korzekwa K, et al. Time-dependent enzyme

inactivation: numerical analyses of in vitro data and prediction of

drug-drug interactions [J]. Pharmacol Ther, 2020, 206: 107449.

[4] Zhao YN, Chen YK, Chen X, et al. Discovery of cytochrome

P450 enzymes-inhibiting components in traditional Chinese medi-

cine [J]. China J Chin Mater Med (中国中药杂志), 2020, 45:

923-931.

[5] Chen X, Lu F, Jiang LD, et al. Screen potential CYP450 2E1

inhibitors from Chinese herbal medicine based on support vector

regression and molecular docking method [J]. China J Chin

Mater Med (中国中药杂志), 2016, 41: 2511-2516.

[6] Giri P, Patel H, Srinivas NR. Use of cocktail probe drugs for

indexing cytochrome P450 enzymes in clinical pharmacology

studies - review of case studies [J]. Drug Metab Lett, 2019, 13:

3-18.

[7] Wang S, Liu SQ, Ding PM, et al. Application of in vitro models

in metabolism of traditional Chinese medicines [J]. Prog Pharm

Sci (药学进展), 2020, 44: 119-132.

[8] Zhou SF, Wang B, Yang LP, et al. Structure, function, regulation

and polymorphism and the clinical significance of human cyto‐

chrome P450 1A2 [J]. Drug Metab Rev, 2010, 42: 268-354.

[9] Sridhar J, Goyal N, Liu JW, et al. Review of ligand specificity

factors for CYP1A subfamily enzymes from molecular modeling

studies reported to-date [J]. Molecules, 2017, 22: 1143.

[10] Zhou SF, Yang LP, Zhou ZW, et al. Insights into the substrate

specificity, inhibitors, regulation, and polymorphisms and the

clinical impact of human cytochrome P450 1A2 [J]. AAPS J,

2009, 11: 481-494.

[11] Qin YF, Zhu YK, Xue XY, et al. An in vitro study for evaluating

permeability and metabolism of kurarinone [J]. Evid Based

Complement Alternat Med, 2020, 2020: 5267684.

[12] Zhang N, Liu J, Chen ZX, et al. In vitro inhibitory effects of

kaempferitrin on human liver cytochrome P450 enzymes [J].

Pharm Biol, 2019, 57: 571-576.

[13] Chen JJ, Zhang JX, Zhang XQ, et al. Effects of diosmetin on

nine cytochrome P450 isoforms, UGTs and three drug transporters

in vitro [J]. Toxicol Appl Pharmacol, 2017, 334: 1-7.

[14] Song XL, Dong G, Zhou Y. In vitro inhibitory effects of isofraxi‐

din on human liver cytochrome P450 enzymes [J]. Pharmacology,

2019, 103: 120-127.

[15] Li J, Li MR, Sun B, et al. Inhibition of rat CYP1A2 and

CYP2C11 by honokiol, a component of traditional Chinese medi‐

cine [J]. Eur J Drug Metab Pharmacokinet, 2019, 44: 787-796.

[16] Kim SB, Kang HE, Cho HJ, et al. Metabolic interactions of mag‐

nolol with cytochrome P450 enzymes: uncompetitive inhibition

of CYP1A and competitive inhibition of CYP2C [J]. Drug Dev

Ind Pharm, 2016, 42: 263-269.

[17] Shi XB, Zhang G, Mackie B, et al. Comparison of the in vitro

metabolism of psoralidin among different species and characteri-

zation of its inhibitory effect against UDP-glucuronosyltransferase

(UGT) or cytochrome p450 (CYP450) enzymes [J]. J Chromatogr

B Analyt Technol Biomed Life Sci, 2016, 1029-1030: 145-156.

[18] Kim SJ, Kim SJ, Hong MR, et al. Investigation of selective

inhibitory effects of glycyrol on human CYP 1A1 and 2C9 [J].

Xenobiotica, 2016, 46: 857-861.

[19] Kim H, Choi HK, Jeong TC, et al. Selective inhibitory effects of

mollugin on CYP1A2 in human liver microsomes [J]. Food

Chem Toxicol, 2013, 51: 33-37.

[20] Zhang YH, Zhang YJ, Guo YL, et al. Astragaloside IV inhibited

the activity of CYP1A2 in liver microsomes and influenced the‐

ophylline pharmacokinetics in rats [J]. J Pharm Pharmacol,

2013, 65: 149-155.

[21] Yu JJ, Liu QY, Lu XY, et al. Inhibitory and inductive effects of

Corydalis saxicola Bunting total alkaloids (CSBTA) on cyto‐

chrome P450s in rats [J]. Phytother Res, 2018, 32: 1818-1827.

[22] Han YL, Yu HL, Li D, et al. In vitro inhibition of Huanglian

[Rhizoma coptidis (L.)] and its six active alkaloids on six

cytochrome P450 isoforms in human liver microsomes [J].

Phytother Res, 2011, 25: 1660-1665.

[23] Wang X, Yeung JH. Investigation of cytochrome P450 1A2 and

3A inhibitory properties of Danshen tincture [J]. Phytomedicine,

2012, 19: 348-354.

[24] Zhang F, Huang J, Liu W, et al. Inhibition of drug-metabolizing

·· 309



药学学报 Acta Pharmaceutica Sinica 2022, 57(2): 303 −312

enzymes by Qingfei Paidu decoction: implication of herb-drug

interactions in COVID-19 pharmacotherapy [J]. Food Chem

Toxicol, 2021, 149: 111998.

[25] Fang SQ, Huang J, Zhang F, et al. Pharmacokinetic interaction

between a Chinese herbal formula Huosu Yangwei oral liquid

and apatinib in vitro and in vivo [J]. J Pharm Pharmacol, 2020,

72: 979-989.

[26] Zhang JX, Qi MJ, Shi MZ, et al. Effects of Danhong injection, a

traditional Chinese medicine, on nine cytochrome P450 isoforms

in vitro [J]. Biomed Chromatogr, 2019, 33: e4454.

[27] Sun LN, Wu CY, Zhao SB, et al. Establishment of in vitro

methods for evaluation of induction and inhibition of human

CYP450 enzymes by drugs [J]. Acta Pharm Sin ( 药学学报),

2017, 52: 1924-1932.

[28] Holstein A, Beil W, Kovacs P. CYP2C metabolism of oral anti-

diabetic drugs--impact on pharmacokinetics, drug interactions

and pharmacogenetic aspects [J]. Expert Opin Drug Metab Toxi‐

col, 2012, 8: 1549-1563.

[29] Spaggiari D, Geiser L, Daali Y, et al. A cocktail approach for

assessing the in vitro activity of human cytochrome P450s: an

overview of current methodologies [J]. J Pharm Biomed Anal,

2014, 101: 221-237.

[30] Hiratsuka M. Genetic polymorphisms and in vitro functional

characterization of CYP2C8, CYP2C9, and CYP2C19 allelic

variants [J]. Biol Pharm Bull, 2016, 39: 1748-1759.

[31] Uppugunduri CR, Daali Y, Desmeules J, et al. Transcriptional

regulation of CYP2C19 and its role in altered enzyme activity

[J]. Curr Drug Metab, 2012, 13: 1196-1204.

[32] Chen N, Yang XY, Guo CE, et al. The oral bioavailability, excre‐

tion and cytochrome P450 inhibition properties of epiberberine:

an in vivo and in vitro evaluation [J]. Drug Des Devel Ther,

2018, 12: 57-65.

[33] Li JX, Wen HB, Gao ZQ. In vitro inhibitory effects of phelloden‐

drine on human liver cytochrome P450 enzymes [J]. Xenobiotica,

2020, 50: 231-236.

[34] Zhang JW, Li CS, Zhang JF, et al. In vitro inhibitory effects of

sophocarpine on human liver cytochrome P450 enzymes [J].

Xenobiotica, 2019, 49: 1127-1132.

[35] Wang L, Ma XJ, Wang J, et al. In vitro inhibitory effects of

cynaroside on human liver cytochrome P450 enzymes [J].

Pharmacology, 2019, 104: 296-302.

[36] Ding BD, Ji XF, Sun XM, et al. In vitro effect of pachymic acid

on the activity of cytochrome P450 enzymes [J]. Xenobiotica,

2020, 50: 913-918.

[37] Qin CZ, Lv QL, Wu NY, et al. Mechanism-based inhibition of

alantolactone on human cytochrome P450 3A4 in vitro and activity

of hepatic cytochrome P450 in mice [J]. J Ethnopharmacol,

2015, 168: 146-149.

[38] Hu T, Zhou XL, Wang L, et al. Effects of tanshinones from Salvia

miltiorrhiza on CYP2C19 activity in human liver microsomes:

enzyme kinetic and molecular docking studies [J]. Chem Biol

Interact, 2015, 230: 1-8.

[39] Zhou XL, Wang Y, Hu T, et al. Enzyme kinetic and molecular

docking studies for the inhibitions of miltirone on major human

cytochrome P450 isozymes [J]. Phytomedicine, 2013, 20: 367-374.

[40] Sun M, Tang Y, Ding TG, et al. Inhibitory effects of celastrol on

rat liver cytochrome P450 1A2, 2C11, 2D6, 2E1 and 3A2 activity

[J]. Fitoterapia, 2014, 92: 1-8.

[41] He H, Zhang YD, Zhao DZ, et al. Osthole inhibited the activity

of CYP2C9 in human liver microsomes and influenced indo‐

methacin pharmacokinetics in rats [J]. Xenobiotica, 2020, 50:

939-946.

[42] Kim SB, Kim KS, Kim DD, et al. Metabolic interactions of

rosmarinic acid with human cytochrome P450 monooxygenases

and uridine diphosphate glucuronosyltransferases [J]. Biomed

Pharmacother, 2019, 110: 111-117.

[43] Ye LH, Zhao XQ, Kong LT, et al. Inhibitory effects of Danhong

injection and its major constituents on human cytochrome P450

enzymes in vitro [J]. Biomed Chromatogr, 2018, 32: e4250.

[44] Gong EC, Chea S, Balupuri A, et al. Enzyme kinetics and mole-

cular docking studies on cytochrome 2B6, 2C19, 2E1, and 3A4

activities by sauchinone [J]. Molecules, 2018, 23: 555.

[45] Tang SW, Chen A, Zhou XJ, et al. Assessment of the inhibition

risk of shikonin on cytochrome P450 via cocktail inhibition

assay [J]. Toxicol Lett, 2017, 281: 74-83.

[46] Dong G, Zhou Y, Song XL. In vitro inhibitory effects of bergenin

on human liver cytochrome P450 enzymes [J]. Pharm Biol,

2018, 56: 620-625.

[47] Hua X, Peng X, Tan SN, et al. In vitro oxidative metabolism of

cajaninstilbene acid by human liver microsomes and hepato‐

cytes: involvement of cytochrome P450 reaction phenotyping,

inhibition, and induction studies [J]. J Agric Food Chem, 2014,

62: 10604-10614.

[48] Lang JX, Li W, Zhao JM, et al. Inhibitory effects of curculigo‐

side on human liver cytochrome P450 enzymes [J]. Xenobiotica,

2017, 47: 849-855.

[49] Liu L, Cao XG, Li TG, et al. Effects of catalpol on the activity of

human liver cytochrome P450 enzymes [J]. Xenobiotica, 2019,

49: 1289-1295.

[50] Bahadur S, Mukherjee PK, Milan Ahmmed SK, et al. Metabo‐

lism-mediated interaction potential of standardized extract of

Tinospora cordifolia through rat and human liver microsomes

[J]. Indian J Pharmacol, 2016, 48: 576-581.

[51] Yi JM, Kim YA, Lee YJ, et al. Effect of an ethanol extract of

Descurainia sophia seeds on phase I and II drug metabolizing

enzymes and P-glycoprotein activity in vitro [J]. BMC Comple‐

ment Altern Med, 2015, 15: 441.

[52] Han SY, Zhao HY, Zhou N, et al. Marsdenia tenacissima extract

inhibits gefitinib metabolism in vitro by interfering with human

hepatic CYP3A4 and CYP2D6 enzymes [J]. J Ethnopharmacol,

·· 310



张雯雯等: 体外代谢体系中中药及其成分对肝脏CYP450代谢酶抑制作用的研究进展

2014, 151: 210-217.

[53] Yim D, Kim MJ, Shin Y, et al. Inhibition of cytochrome P450

activities by Sophora flavescens extract and its prenylated flavo‐

noids in human liver microsomes [J]. Evid Based Complement

Alternat Med, 2019, 2019: 2673769.

[54] Pan Y, Tiong KH, Abd-Rashid BA, et al. Inhibitory effects of

cytochrome P450 enzymes CYP2C8, CYP2C9, CYP2C19 and

CYP3A4 by Labisia pumila extracts [J]. J Ethnopharmacol,

2012, 143: 586-591.

[55] Zhang YJ, Zhou WL, Yu F, et al. Evaluation of the effect of

Bovis Calculus Artifactus on eight rat liver cytochrome P450

isozymes using LC-MS/MS and cocktail approach [J].

Xenobiotica, 2021, 51: 1010-1018.

[56] Cheng RB, Lou ZH, Ge YQ, et al. Investigationon the effects

and mechanism of dihydrotanshinone on proliferation, migration

and cell apoptosis of gastric cancer MGC803 cells [J]. Chin J

Tradit Chin Med Pharm (中华中医药杂志), 2017, 32: 2936-2941.

[57] Taylor C, Crosby L, Yip V, et al. A review of the important role

of CYP2D6 in pharmacogenomics [J]. Genes (Basel), 2020, 11:

1295.

[58] Wang B, Yang LP, Zhang XZ, et al. New insights into the struc‐

tural characteristics and functional relevance of the human cyto‐

chrome P450 2D6 enzyme [J]. Drug Metab Rev, 2009, 41:

573-643.

[59] Frank D, Jaehde U, Fuhr U. Evaluation of probe drugs and phar‐

macokinetic metrics for CYP2D6 phenotyping [J]. Eur J Clin

Pharmacol, 2007, 63: 321-333.

[60] Li M, Liu X, Wang YZ, et al. In vitro effects of peimine on the

activity of cytochrome P450 enzymes [J]. Xenobiotica, 2020, 50:

1202-1207.

[61] Madgula VL, Ali Z, Smillie T, et al. Alkaloids and saponins as

cytochrome P450 inhibitors from blue cohosh (Caulophyllum

thalictroides) in an in vitro assay [J]. Planta Med, 2009, 75:

329-332.

[62] Liu L, Sun S, Rui HB, et al. In vitro inhibitory effects of dihydro‐

myricetin on human liver cytochrome P450 enzymes [J]. Pharm

Biol, 2017, 55: 1868-1874.

[63] Xu SC, Zhang FQ, Chen DL, et al. In vitro inhibitory effects of

ganoderic acid A on human liver cytochrome P450 enzymes [J].

Pharm Biol, 2020, 58: 308-313.

[64] Wang MW, Jiang W, Zhou J, et al. Anemarsaponin BII inhibits

the activity of CYP3A4, 2D6, and 2E1 with human liver micro‐

somes [J]. Pharm Biol, 2020, 58: 1064-1069.

[65] Ye LH, He XX, Kong LT, et al. Identification and characteriza‐

tion of potent CYP2D6 inhibitors in lotus leaves [J]. J Ethnophar‐

macol, 2014, 153: 190-196.

[66] Lin L, Li JP, Chen J, et al. Analysis of clinical use of Danhong

Injection in 5183 cases [J]. Her Med ( 医药导报), 2019, 38:

1641-1645.

[67] Gonzales FJ. Role of cytochromes P450 in chemical toxicity and

oxidative stress: studies with CYP2E1 [J]. Mutat Res, 2005, 569:

101-110.

[68] Zhou YF, Tu YY, Zhou Q, et al. Evaluation of acacetin inhibition

potential against cytochrome P450 in vitro and in vivo [J]. Chem

Biol Interact, 2020, 329: 109147.

[69] Gao N, Zou D, Qiao HL. Concentration-dependent inhibitory

effect of baicalin on the plasma protein binding and metabolism

of chlorzoxazone, a CYP2E1 probe substrate, in rats in vitro and

in vivo [J]. PLoS One, 2013, 8: e53038.

[70] Zhang ZJ, Xia ZY, Wang JM, et al. Effects of flavonoids in

Lysimachia clethroides Duby on the activities of cytochrome

P450 CYP2E1 and CYP3A4 in rat liver microsomes [J].

Molecules, 2016, 21: 738.

[71] Wei JL, Zhang HY, Zhao QL. In vitro inhibitory effects of Frie‐

delin on human liver cytochrome P450 enzymes [J]. Pharm Biol,

2018, 56: 363-367.

[72] Guo SX, Liu Y, Lin ZP, et al. Effects of eleutheroside B and eleu‐

theroside E on activity of cytochrome P450 in rat liver micro‐

somes [J]. BMC Complement Altern Med, 2014, 14: 1.

[73] Zhang F, Liu W, Huang J, et al. Inhibition of drug-metabolizing

enzymes by Jingyin granules: implications of herb-drug interac‐

tions in antiviral therapy [J]. Acta Pharmacol Sin, 2021. DOI:

10.1038/s41401-021-00697-2.

[74] Zhou XL, Cheung CM, Yang JM, et al. Danshen (Salvia miltior‐

rhiza) water extract inhibits paracetamol-induced toxicity in

primary rat hepatocytes via reducing CYP2E1 activity and oxida‐

tive stress [J]. J Pharm Pharmacol, 2015, 67: 980-989.

[75] Semal RB, Semwal DK, Combrinck S, et al. Acacetin—a simple

flavone exhibiting diverse pharmacological activities [J]. Phyto‐

chem Lett, 2019, 32: 56-65.

[76] Meng X, Xu SJ, Tian Y, et al. Inhibition effects of acacetin on

carcinogenic metabolites generated by estrogen [J]. China J Hosp

Pharm (中国医院药学杂志), 2017, 37: 952-954.

[77] Ince I, Knibbe CA, Danhof M, et al. Developmental changes in

the expression and function of cytochrome P450 3A isoforms:

evidence from in vitro and in vivo investigations [J]. Clin Phar‐

macokinet, 2013, 52: 333-345.

[78] Zhou SF. Drugs behave as substrates, inhibitors and inducers of

human cytochrome P450 3A4 [J]. Curr Drug Metab, 2008, 9:

310-322.

[79] Liu YT, Hao HP, Liu CX, et al. Drugs as CYP3A probes, inducers,

and inhibitors [J]. Drug Metab Rev, 2007, 39: 699-721.

[80] Zhang Q, Qu ZQ, Zhou YQ, et al. In vitro study on the effect of

cornin on the activity of cytochrome P450 enzymes [J]. BMC

Complement Med Ther, 2021, 21: 138.

[81] Li X, Wang K, Wei W, et al. In vitro metabolism of brucine by

human liver microsomes and its interactions with CYP substrates

[J]. Chem Biol Interact, 2013, 204: 140-143.

[82] Shi YR, Xie J, Chen RD, et al. Inhibitory effects of astilbin,

neoastilbin and isoastilbin on human cytochrome CYP3A4 and

·· 311



药学学报 Acta Pharmaceutica Sinica 2022, 57(2): 303 −312

2D6 activities [J]. Biomed Chromatogr, 2021, 35: e5039.

[83] Li Y, Qin J, Wu H, et al. In vitro inhibitory effect of lysionotin on

the activity of cytochrome P450 enzymes [J]. Pharm Biol, 2020,

58: 695-700.

[84] He W, Wu JJ, Ning J, et al. Inhibition of human cytochrome

P450 enzymes by licochalcone A, a naturally occurring constituent

of licorice [J]. Toxicol In Vitro, 2015, 29: 1569-1576.

[85] Kim SB, Yoon IS, Kim KS, et al. In vitro and in vivo evaluation

of the effect of puerarin on hepatic cytochrome P450-mediated

drug metabolism [J]. Planta Med, 2014, 80: 561-567.

[86] Zhou YF, Hua AL, Zhou Q, et al. Inhibitory effect of Lygodium

root on the cytochrome P450 3A enzyme in vitro and in vivo [J].

Drug Des Devel Ther, 2020, 14: 1909-1919.

[87] Kondza M, Bojic M, Tomic I, et al. Characterization of the

CYP3A4 enzyme inhibition potential of selected flavonoids [J].

Molecules, 2021, 26: 3018.

[88] Lou D, Bao SS, Li YH, et al. Inhibitory mechanisms of myricetin

on human and rat liver cytochrome P450 enzymes [J]. Eur J

Drug Metab Pharmacokinet, 2019, 44: 611-618.

[89] Shi MJ, Cui YP, Liu CY, et al. CYPs-mediated drug-drug interac‐

tions on psoralidin, isobavachalcone, neobavaisoflavone and

daidzein in rats liver microsomes [J]. Food Chem Toxicol, 2020,

136: 111027.

[90] Tu DZ, Mao X, Zhang F, et al. Reversible and irreversible inhibi‐

tion of cytochrome P450 enzymes by methylophiopogonanone A

[J]. Drug Metab Dispos, 2020, 49: 459-469.

[91] Li AF, Ma NN, Zhao ZJ, et al. Glycyrrhetinic acid might increase

the nephrotoxicity of bakuchiol by inhibiting cytochrome P450

isoenzymes [J]. PeerJ, 2016, 4: e2723.

[92] Wang X, Yeung JHK. Inhibitory effect of tanshinones on rat

CYP3A2 and CYP2C11 activity and its structure-activity rela‐

tionship [J]. Fitoterapia, 2011, 82: 539-545.

[93] Chen D, Lin XX, Huang WH, et al. Sodium tanshinone IIA sulfo‐

nate and its interactions with human CYP450s [J]. Xenobiotica,

2016, 46: 1085-1092.

[94] Zhai JX, Zhang F, Gao SH, et al. Time- and NADPH-dependent

inhibition on CYP3A by gomisin A and the pharmacokinetic

interactions between gomisin A and cyclophosphamide in rats

[J]. Molecules, 2017, 22: 1298.

[95] Zhao J, Sun T, Wu JJ, et al. Inhibition of human CYP3A4 and

CYP3A5 enzymes by gomisin C and gomisin G, two lignan

analogs derived from Schisandra chinensis [J]. Fitoterapia, 2017,

119: 26-31.

[96] Wang Y, Jiang YM, Wang YT, et al. Inhibiton of cytochrome

P450 isoenzymes and P-gp activity by multiple extracts of

Huang-Lian-Jie-Du decoction [J]. J Ethnopharmacol, 2014, 156:

175-181.

[97] Wang X, Yeung JHK. Effects of Salvia miltiorrhiza extract on

the liver CYP3A activity in humans and rats [J]. Phytother Res,

2011, 25: 1653-1659.

[98] Chen XM, Zhao ZX, Chen YB, et al. Mechanistic understanding

of the effect of Dengzhan Shengmai capsule on the pharmacoki‐

netics of clopidogrel in rats [J]. J Ethnopharmacol, 2016, 192:

362-369.

[99] Qin CZ, Ren X, Zhou HH, et al. Inhibitory effect of salvianolate

on human cytochrome P450 3A4 in vitro involving a noncompeti-

tive manner [J]. Int J Clin Exp Med, 2015, 8: 15549-15555.

[100] Xu JH, Chen J, Cai BC. Advances instudies on brucin [J]. Chin

New Drugs J (中国新药杂志), 2009, 18: 213-216, 221.

[101] Liu J, Xu J, Guo JT. Review of active constituents and pharmaco‐

logical activities of Schisandrae Chinensis Fructus [J]. Chin J

Exp Tradit Med Form (中国实验方剂学杂志), 2019, 25: 206-

215.

[102] Li WL, Xin HW, Yu AR, et al. In vivo effect of schisandrin B on

cytochrome P450 enzyme activity [J]. Phytomedicine, 2013, 20:

760-765.

·· 312


