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Abstract 

Abstract 

Danshen, the dried root and rhizome of Salvia miltiorrhiza of family Labiatae, is 

commonly used in traditional Chinese medicine (TCM) to promote blood circulation 

and has previously been shown to be involved in herb-drug interactions with 

warfarin, in which warfarin metabolism was reduced and the prothrombin time was 

prolonged in rats. Further studies revealed Danshen, and its tanshinones, inhibited rat 

and human cytochrome P450 (CYPs 1A2, 2C9 and 3A4) enzyme activities in vitro 

and in vivo in the rat. In this study, the effects of Danshen and its active 

components on the activities of CYP2E1 were investigated in vitro (in rat liver 

microsomes and pooled human liver microsomes), and in vivo in the rats by using a 

specific CYP2E1 model probe substrate. CYP2E1 is one of the members in 

cytochrome P450 superfamily, and along with other C Y P isoforms, are responsible 

for the metabolism via oxidation of endogenous and exogenous compounds 

including drugs, environmental pollutants, dietary chemicals and carcinogens. 

The effects of Danshen and its active components on the metabolism of a model 

CYP2E1 probe substrate chlorzoxazone (CZX) to its metabolite 

6-hydroxychlorzoxazone were investigated using freshly prepared rat liver 

microsomes and commercially available pooled human liver microsomes. The 

enzyme kinetics of the probe drug chlorzoxazone (CZX) and the metabolite 

6-hydroxychlorzoxazone (HCZX) were evaluated by high performance liquid 

chromatography (HPLC). The effects of whole Danshen extract, the ethanolic 

fraction and the aqueous fraction of Danshen, cryptotanshinone, dihydrotanshinone, 

tanshinone I and tanshinone IIA were studied. Sodium diethyldithiocarbamate, a 
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specific inhibitor of CYP2E1, was used as a positive control. Whole Danshen 

extract, the ethanolic fraction and the aqueous fraction of Danshen, cryptotanshinone, 

dihydrotanshinone and tanshinone I decreased 6-hydroxylation of C Z X and 

formation of H C Z X (p < 0.05). For rat microsomes, the K/ values of whole Danshen 

extract, the aqueous fraction of Danshen, cryptotanshinone and tanshinone I were 

1.46 mg/ml, 1.89 mg/ml, 87.86 |iM and 78.74 |iM, respectively. For human 

microsomes, the Ki values of whole Danshen extract, the aqueous fraction of 

Danshen, cryptotanshinone and tanshinone I were 0.03 mg/ml, 0.08 mg/ml, 10.87 

|LIM and 3.67 [iM, respectively. The Ki values of the ethanolic fraction of Danshen 

and dihydrotanshinone could not be determined as they had uncompetitive inhibitory 

modes. Whole Danshen extract and tanshinone I exerted non-competitive inhibition. 

The aqueous fraction of Danshen and cryptotanshinone exerted competitive 

inhibition. The inhibitory effect of Danshen on CYP2E1 enzyme activity was in a 

concentration-dependent manner except for tanshinone IIA, which did not inhibit 

CYP2E1 activity significantly. 

For in vivo experiments, acute, 3-day and 14-day treatments of various 

concentrations of whole Danshen extract were given to group of 6 - 8 rats in two 

routes (i.p. or p.o.) followed by chlorzoxazone administration (i.v.). Blood samples 

were collected after chlorzoxazone administration for determination of 

plasma-concentration-time profile and pharmacokinetic parameters. Cimetidine and 

phenobarbitone were used as controls for CYP2E1 inhibition and induction, 

respectively. Acute treatment of whole Danshen extract (p.o) inhibited the formation 

of H C Z X with altering Yd of chlorzoxazone, while 3-day treatments did not produce 

significant effect on formation of HCZX. There was inhibition on H C Z X formation 

after 14-day treatments. 
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Rat liver microsomes after 3-day and 14-day Danshen treatments were used to 

analyze CYP2E1 protein expression by Western Blotting. Acetone (5%) water was 

used as a positive control of enzyme up-regulation and dexamethasone was used as a 

negative control of enzyme down-regulation. There was no induction on CYP2E1 

expression but it was decreased after 3-day i.p. of 400 mg/kg/day Danshen, 14-day 

i.p. of 400 mg/kg/day Danshen and 14-day p.o. of 200 mg/kg/day Danshen. 

In conclusion, CYP2E1 activity was decreased by both the ethanolic fraction and the 

aqueous fraction of Danshen in rat and human in vitro. Dihydrotanshinone was the 

most potent inhibitor among the tanshinones and tanshinone IIA did not affect 

CYP2E1 activity. In rat in vivo, acute and 14-day treatments with high doses of 

Danshen reduced H C Z X formation which is indicative of reduction in chlorzoxazone 

metabolism. The results in in vivo were in agreement with that in in vitro. CYP2E1 

expression was reduced after high doses of 3-day and 14-day Danshen treatments 

and no induction was observed. However, the inhibitory effects of Danshen in vivo 

may not be caused by the reason of the in vitro inhibition and there was no enzyme 

induction after Danshen treatments. 
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論文摘要 

論文摘要 

丹參屬於唇形科鼠尾草屬植物Salvia miltiorrhizaBung^e的乾燥根，是一種用以 

促進血液循環的常用中藥。然而，在過往的硏究當中發現在丹參和西藥華法林 

(warfarin)共用時會發生相互作用，以致減低華法林的新陳代謝循環而導致凝血 

酶原時間被延長。進一步的硏究顯示丹參和其部份丹參酮抑制了大鼠和人類的 

細胞色素酶 P450 1A2, 2C9 和 3A4 (Cytochrome P450, CYPs 1A2, 2C9, 3A4)在 

體内和體外的活性。在這個研究當中，CYP2E1的探針藥物被用以研究丹參和 

其活性提取物在大鼠和人類體外(大鼠及人類肝微粒體）及大鼠體内的CYP2E1 

活性上的影響。CYP2E1屬於細胞色素酶總科之一成員，它和其他色素酶一起 

負責内外化合物，包括藥物、環境污染物、食物化學品和致癌物質等的氧化代 

謝循環。 

透過用前準備的大鼠肝微粒體和匯集的人類肝微粒體以硏究丹參提取物、丹參 

脂溶和水溶性部份、隱丹參酮、二氫丹參酮、丹參酮I及丹參酮IIA對CYP2E1 

探針藥物氯哗沙宗（chlorzoxazone)代謝循環的影響。高壓液相色譜儀（HPLC) 

在實驗中用以硏究氯哩沙宗的藥物動力學。二乙基二硫代氨基甲酸鈉（Sodium 

diethyldithiocarbamate)為CYP2E1的特定抑制劑並用以作陽性控制組。丹參提 

取物、丹參脂溶和水溶性部份、隱丹參酮、二氫丹參酮、丹參酮I降低氯哩沙 

宗代謝循環及其代謝物的形成(P < 0.05)。在大鼠肝微粒體實驗中，丹參提取物、 

丹參水溶性部份、隱丹參酮和丹參酮I的K/值分別為1.46 mg/ml、1.89 mg/ml、 

87.86 |IM和78.74 |liM °在人體肝微粒體實驗中，丹參提取物、丹參水溶性部份、 

隱丹參酮和丹參酮I的K/值分別為0.03 mg/ml、0.08 mg/ml、10.87 |iM和 

3.67 |IM。丹參脂溶性部份和二氫丹參酮的K/值由於其為反競爭型抑制劑，所 

以未能被測定。丹參提取物和丹參酮I的抑制型態為非競爭型，而水溶性部份 
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和隱丹參酮則為競爭型抑制劑。除了丹參酮IIA沒有顯著的抑制，丹參在 

CYP2E1酶的活性上的抑制都是濃度依賴性的。 

在大鼠體内的實驗裏，6-8隻大鼠為一組，在每組進行急性、三天及十四天的丹 

參腹腔注射和口服丹參處方後進行氯哩沙宗靜脈注射。所收集的血液樣本是用 

以分析血獎-濃度-時間剖面圖和藥物動力學參數的。甲氰咪胍（cimetidine)和苯 

巴比妥（phenobarbitone)分別為抑制控制組和誘導控制組。急性口服丹參處方 

抑制了氯哗沙宗代謝物的形成並改變了氯哩沙宗的分佈容積(Vd)。三天的丹參處 

方對氯哗沙宗代謝和動力學參數沒有顯著影響，而十四天的丹參處方則抑制了 

氯哗沙宗代謝物的形成。 

大鼠肝微粒體在經過以上三天和十四天的丹參處方後被用以以免疫印蹟技術作 

蛋白表達分析。丙酮水（5%)是作上調的陽性控制組而氟美松（dexamethasone) 

則是下調的陰性控制組。在三天和十四天的400 mg/kg/day丹參腹腔注射和十四 

天200 mg/kg/day •服丹參後，CYP2E1的蛋白表達被抑制了。 

總括而言’在大鼠和人體體外的CYP2E1的活性被丹參脂溶和水溶部份降低 

了。二氫丹參酮在丹參酮中是最有效的抑制劑，但丹參酮IIA則不影響CYP2E1 

的活性。在大鼠的體内實驗中，急性和十四天的高濃度丹參處方降低了氯哗沙 

宗代謝物的形成。大鼠的體内實驗結果和體外結果一致。而CYP2E1的蛋白表 

達在三天和十四天的丹參處方後降低了並沒有顯示任何誘導的程況。然而，丹 

參在大鼠體内的影響未必是由於體外實驗結果得出的結論所致。而丹參亦沒有 

對CYP2E1產生任何誘導作用。 
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Chapter 1 

Chapter 1 

General Introduction 

Traditional Chinese Medicine (TCM) has been gaining interest and acceptance in 

recent years worldwide as alternative treatment or adjunction treatment. About 1.5 

billion people in different countries have used or are using herbal medicines (Dobos 

et al.，2005). T C M has been developed for more than 2000 years in China, in which 

different combinations of herbs are used to treat diseases. With advances of 

analytical methods, current interest in identifying the active ingredients in herbal 

medicine has substantially increased. 

1.1 Danshen 

Danshen, the dried root and rhizome of Salvia miltiorrhiza of family Labiatae (Fig. 

1.1), is commonly used in traditional Chinese medicine (TCM) to promote blood 

circulation (Zhou et al, 2005). Danshen can improve the peripheral circulation by 

lowering the blood viscosity and accelerating red blood cells electrophoresis, hence it 

was used to treat cardiovascular diseases (Chen, 1981; Lam et al., 2006) such as 

coronary heart disease (Lei and Chiou, 1986), chronic renal failure (Lu and Foo, 

2002) and atherosclerosis (Wu et al., 1998). It has also been suggested that Danshen 

has beneficial effects in patients with liver fibrosis and cirrhosis (Nan et al, 2001). 
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Fig. 1.1 (a) Flower of Salvia miltiorrhiza. (b) Dried root of Salvia miltiorrhiza.{Zhou 

et al, 2005) 

The major bioactive constituents of Danshen can be classified into lipid-soluble 

compounds and water-soluble compounds, based on their partition when extracted in 

different solvents. There are more than 30 lipid-soluble compounds and more than 50 

water-soluble compounds isolated from Danshen (Zhou et al., 2005). 

1.1.1 Lipid-soluble compounds extracted from Danshen (Fig. 1.2) 

Tanshinones are the major lipid-soluble compounds extracted from Danshen. Most of 

the tanshinones are diterpenes because of their furano-ortho-naphthaquinone or 

furano-para-naphthaquinone skeleton in their structures (Yang et al., 2006). 

Tanshinone I，tanshinone IIA, cryptotanshinone and dihydrotanshinone are the four 

main tanshinones that have been investigated. 

.1. Tanshinone I 

Tanshinone I is one of the active components in Danshen. It was recently found to 

have anti-cancer effects on macrophage-conditioned medium-stimulated human lung 
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adenocarcinoma cell line CLl-5 in vitro by inhibiting the migration, invasion and 

gelatinase activity and reducing the tumorigenesis and metastasis in CLl-5-bearing 

severe combined immunodeficient mice (Lee et al., 2008). It was suggested to be a 

phospholipide A2 (PLA2) inhibitor that may have contribution to the in vivo 

anti-inflammatory activity of Danshen. Tanshinone I also exerts cytotoxic effects by 

modulating the mutagenesis activity and inhibiting aldose reductase (Kim et al., 

2002). 

1.1.1.2 Tanshinone IIA 

Tanshinone IIA is one of the most investigated constituents of Danshen. It is the 

most abundant constituents of the Danshen root that can be used in improving the 

angina pain and the feeling of chest-tightness (Cao et al., 1996; Yin et al, 2008). It 

was found that sodium tanshinone IIA sulfonate reduce myocardial infarct size 

significantly in vivo (Wu et al, 1993). Tanshinone IIA has been shown to scavenge 

free radicals including superoxide anions and hydroxyl radicals. It is also believed to 

have ability to clear lipid free radicals (Cao et al., 1996) and inhibit low density 

lipoprotein (LDL) oxidation (Niu et al., 2000) and angiotensin II activity leading to 

attenuation of cardiac cell hypertrophy (Takahashi et al., 2002). The anti-oxidative 

effect of tanshinone IIA is even similar to vitamin E and butylated hydroxyl-toluene 

(BHT) (Cao et al., 1996). 

1.1.1.3 Cryptotanshinone 

Cryptotanshinone is another most investigated components of Danshen. Its 

pharmacological activites include anti-inflammatory, anti-oxidative, anti-apoptosis 

and anti-platelet aggregation (Ng et al., 2000; Kim et al.，2002; Zhou et al., 2005; 

Park et al., 2007). Cryptotanshinone was reported to improve cognitive deficits in 
3 
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mice, stroke and ischaemic diseases by passing through blood-brain barrier with 

minimum side effects (Adams et al.，2006). In addition, it was suggested that 

cryptotanshinone could be used as lead compounds for the development of new 

Alzheimer's disease drugs even though the mechanisms of its effects on Alzheimer's 

disease is unknown (Yu et al., 2007; Mei et al” 2009). 

1.1.1.4 Dihydrotanshinone 

It has been reported that dihydrotanshinone has cytotoxicity function in vitro, 

inhibitory effects on mast cell degranulation, nitric oxide generation induced by 

lipopolysaccharide and osteoclast differentiation (Mosaddik, 2003; Choi et al., 2004; 

Choi and Kim, 2004; Lee et al., 2005). It was recently proved that dihydrotanshinone 

has relaxation effects on the 5-HT-precontracted coronary artery rings (Lam et al., 

2008). 

1.1.2 Water-soluble compounds extracted from Danshen (Fig. 1.3) 

Phenolic acids, including Danshensu, salvianolic acids and protocatechuic aldehyde 

are the main water-soluble compounds in Danshen (Zhou et al, 2005). There were 

over 25 phenolic acid compounds isolated and identified from Danshen (Jiang et al., 

2005). Danshensu and salvianolic acid B are the most abundant compounds (1% and 

3-5% of total dried weight respectively) with reported pharmacological actions and 

clinical indications (Hu et al, 2005). 

1.1.2.1 Danshensu 

Danshensu can dilate coronary artieries, inhibit platelet aggregation, improve 

microcirculation and protect myocardium from reperfusion injury of the ischemic 

heart. It was suggested that some of its mechanisms may be mediated by inhibiting 
4 
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Ca2+ aggregation in cardiac muscle cells which lead to overload of Ca^^. It was also 

found to inhibit myocardial cell apoptosis and protect endothelial cells from 

homocsteinemia (Zhou et al., 2005). 

1.1.2.2 Salvianolic acid B 

Salvianolic acid B (lithospermate acid B) (Zhao et al., 2008) has been assigned as 

marker species for Danshen in Chinese Pharmacopoeia in 2005 edition (Lam et al, 

2006). It possesses hepatoprotective and antifibrogenic effects which can inhibit 

platelet aggregation and improve cerebral blood flow (Tang et al., 2002; Lin et al., 

2006). This as a result promotes the angiogenic processes and protects the skin, heart 

and brain from ischaemia-reperfusion-caused injury (Lay et al., 2003) by decreasing 

lipid peroxides, scavenging free radicals and reforming energy metabolism (Lam et 

al., 2006). 

1.2 Drug-drug interactions 

1.2.1 Problems associated with herbal administration 

The use of complementary and alternative medicine has increased in last decade in 

United States. In 2004，there were about 30000 dietary supplements sold on the 

market. The U.S. Department of Health and Human Services revealed that about 

62% of adults used complementary and alternative medicine including mind-body 

therapies, alternative medicine such as acupuncture, and biologically based therapies 

such as herbs and dietary supplements (Chavez, 2005). Due to the trend of self 

medication with complementary and alternative medicine especially with dietary 

supplements containing herbs, herb-drug interactions appear more frequently as a 

consequence. 
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Dihydrotanshinone I 

Tanshinone I 

Me Me 

Tanshinone IIA 

Fig. 1.2 Chemical structures of some important lipid-soluble compounds found in 

Danshen. 
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Fig. 1.3 Chemical structures of some water-soluble compounds found in Danshen 
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Between 1997 and 2002，self prescription of herbal medicine has augmented by 10% 

(Tindle et al., 2005). It has been estimated that about 18% of patients on medications 

also took herbal products or high-dose multivitamins. An estimation of 15 million 

adults was made to be at risk for dietary supplement-drug interactions. The increase 

in reports of drug interactions are also due to the disclosure of complementary and 

alternative medicine usage to physicians (Eisenberg et al., 1998). Natural products 

usually consist of complex mixture of chemical constituents. The bioactive 

compounds inside the natural products are often unknown as variable chemicals are 

contained in different parts of the plant. The process in the manufacturing of the 

natural product can further its complexity. The manufacturers of dietary supplements 

are not required to follow good manufacturing practices (GMPs) for drugs and the 

herbal products and/or dietary supplements are not under the regulation of F D A that 

F D A only takes responsibility on proving the harmfulness of a supplement instead of 

its safety or effectiveness without standards for herbal products (Chavez, 2005). All 

these factors increase the difficulties in determining the possibility of herb-drug 

interactions. One of the causes of herb-drug interactions is misidentification of the 

herbs. An example showed that some European women developed severe 

nephrotoxicity after taking a Chinese weight-loss product mistakenly containing 

Aristolochia fangchi instead of Stephania tetranda. This was caused by the confusion 

with the Chinese names Guang fang ji and Han fang ji, respectively (Martinez et al., 

2002). 

1.2.2 Herb-drug interactions 

Adverse drug-drug interactions involving C Y P system are mainly caused by 

induction and inhibition, in which inhibition appears to be more vital due to 

toxicological and clinical problems (Tanaka et al., 2007). This concern leads to 
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investigations on drug-drug interactions in the past two decades, especially on the 

herb-drug interaction studies that involve CYP enzymes. People nowadays tend to 

take herbal medicine as health supplementary. If they take it at the same time with 

western drugs, the potential adverse herb-drug interactions can occur. These 

herb-drug interactions happen through either pharmacodynamic or pharmacokinetic 

mechanisms. Adverse herb-drug interaction can be seen when herbals possessing 

antiplatelet effect are taken together with anticoagulant drugs that risk for bleeding 

will be highly increased, such as St. John's wort and warfarin. Also, herbals with 

function of depressing central nervous system (CNS), such as kava, should not be 

taken with the CNS depressant drugs. Likewise, the hepatotoxic herbal comfrey 

should be avoided to be administered with large and prolonged doses of paracetamol 

that could cause serious liver damage (Chavez, 2005). Other examples of herb-drug 

interactions are listed in Table 1.1. 

1.2.2.1 St. John's Wort-drug interactions 

Drug interactions caused by St. John's Wort occur frequently, with 67 case reports of 

these drug interactions in 2004 alone (Mannel, 2004) as its metabolism involves 

main cytochrome P450 enzymes including CYP1A2 and CYP3A4. One of the 

examples of herb-drug interaction involving St. John's Wort is the concomitant of 

cyclosporine A, an immunosuppressive agent. It was reported that the concomitant of 

cyclosporine A and St. John's Wort would enhance the metabolism of cyclosporine A 

and a double dosage of cyclosporine A was required that might cause side effects 

(Karliova et al.，2000). Many drugs including, but not limiting to, warfarin, HIV 

protease inhibitor indinavir, midazolam, digoxin, simvastatin, theophylline and 

verapamil were also reported to have adverse drug interactions with St. John's Wort 

(Nebel et al, 1999; Markowitz et al., 2000; Piscitelli et al., 2000; Yue et al., 2000; 
8 
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Sugimoto et al.，2001; Mueller et aL, 2004; Tannergren et al.，2004). It was found 

that some constituents of St. John's Wort, such as hyperforin, were potent ligands for 

pregnane X receptor which regulates CYP3A (Watkins et al., 2003). Long term 

treatment of St. John's Wort could induce CYP3A4 and also CYP1A2 (Karyekar et 

al., 2002). As many drugs are metabolized by CYP1A2 and CYP3A4, caution should 

be carefully taken before taking St. John's Wort. 

1.2.2.2 Warfarin-herb interactions 

Warfarin is a common oral anticoagulant drug that prevents blood from clotting via a 

mechanism interfering with the conversion of vitamin K-dependent clotting factors II 

(prothrombin), VII, IX and X in liver. Warfarin also suppresses the activation of 

vitamin K-dependent regulatory proteins C and S (Rosado, 2003; Chavez et al, 

2006). It was found that metabolism of S-enantiomers of warfarin were more 

clinically essential than R-enantiomers due to the 5-time higher pharmacological 

activity of S-warfarin than R-warfarin (Hirsh et al., 1992; Greenblatt and von Moltke, 

2005). Greenblatt et al. (2005) also revealed that the main enzyme for S-warfarin 

metabolism was CYP2C9 that effects on CYP2C9 expression and activity could 

directly affect the anticoagulant response. CYP1A2 and CYP3A4 were also involved 

in warfarin metabolism. CYP1A2 was responsible for R-warfarin and CYP3A4 was 

a minor metabolic pathway of S-warfarin. Some research showed that it was unlikely 

to interfere the herb-warfarin interactions even CYP1A2 and CYP3A4 were inhibited 

(Wittkowsky, 2001). 

Warfarin had been reported to have drug interactions with Dong Quai {Angelica 

sinensis) that concomitant administration of Dong Quai with warfarin could lower 

prothrombin times (Lo et al., 1992). Also, it was reported that warfarin interacting 
9 
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with large amount of garlic would inhibit platelet aggregation caused by a constituent, 

ajoene, of garlic oil (Lawson et al.’ 1992). In addition, warfarin interacted with Asian 

ginseng (P. ginseng) and even green tea. Asian ginseng was reported to have 

inhibitory effects on platelet aggregation and the conversion of fibrin from fibrinogen 

(Park et al., 1996). The INR of a patient had decreased after consuming a large 

amount of green tea during warfarin therapy (Taylor and Wilt, 1999). A study 

revealed the potent inhibitory activity on thrombin stimulated platelet thromboxane 

formation of green tea that might increase the risk of bleeding if it was used at the 

same time with warfarin (Ali and Afzal, 1987). One —of the most important 

herb-warfarin interactions revealed in these two decades is Danshen-warfarin 

interactions. 

1.2.2.3 Danshen-warfarin interactions 

Danshen is a prevalent herb used in mainland China for treating 

atherosclerosis-related disorders. Intake of Danshen can affect hemostasis such as 

inhibition of platelet aggregation, interference with extrinsic blood coagulation, 

antithrombin Ill-like activity and also promotion of fibrinolytic activity (Chan, 2001). 

Clinical reports on over-anticoagulation caused by Danshen-warfarin interaction had 

also been recorded. A 66-year-old man was discovered to have bleeding from gastric 

carcinoma with an increase in INR from 2.0 to 5.5 during a warfarin treatment for 14 

months at 2-2.5 mg/day dosage. He admitted to Danshen consumption with 

medicated topical oil (methyl salicylate) for 3 to 5 days before admission (Tarn et al., 

1995; Yu et al., 1997). Another case showed that a 48-year-old woman had increased 

INR to 5.6 after taking Danshen and other herbs during a 4 mg/day warfarin 

treatment (Yu et al., 1997). Also, a 62-year-old man receiving chronic warfarin 

therapy at 5 mg/day dosage was reported to have decoction of Danshen daily for two 
10 
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weeks before admission which caused an increase in INR from stable 3.0 to more 

than 8.4 (Izzat et al., 1998). 

Our previous studies showed that if Danshen was administered with warfarin, the 

prothrombin time of warfarin would be prolonged. It has shown that 5 g/kg twice a 

day for 3 days of Danshen sole administration on rat did not affect prothrombin time. 

Therefore the interactions observed were suggested to be associated with altered 

warfarin metabolism by Danshen administration (Lo et al., 1992). The experiments 

being carried out in rats showed that the absorption rate constants, AUC, Cmax and 

eliminiation half-life were increased by Danshen treatment while clearance and 

volume of distribution of R- and S-warfarin involving CYP1A2, CYP2C9 and 

CYP3A4-mediated metabolism were decreased (Lo et al., 1992; Chan et al., 1995). 

1.2.2.4 Danshen-drug interactions 

As Danshen interaction with warfarin may have involved C Y P enzymes, the effects 

of Danshen on other drugs which are metabolized by C Y P were investigated. 

Warfarin is metabolized by various C Y P isoforms including CYP1A2, CYP2C9 and 

CYP3A4 and it is not certain if Danshen had affected the metabolic activity of one or 

more of these C Y P isoforms. Previous experiments of Danshen and its active 

components such as cryptotanshinone, dihydrotanshinone, tanshinone I and 

tanshinone IIA were investigated and it was found to have inhibitory effects on 

C Y P 1 A2-mediated phenacetin and caffeine metabolism, CYP2C9-mediated 

tolbutamide metabolism and CYP3A4-mediated testosterone metabolism in vitro and 

in vivo in rats, and also in vitro in human. Danshen and its active components 

inhibited the metabolisms with interfering the pharmacokinetic parameters, such as 

AUCs, volumes of distribution and half-lives of the probe substrates (Wang, 2007). 
11 
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1.3 Cytochrome P450 enzymes (CYP) 

Cytochrome P450 (CYP) contains a superfamily of hemethiolate isozymes which can 

be found on the membrane of endoplasmic reticulum (Zerilli et al.，1997). As these 

enzymes are bound to the membrane within a cell, a word "cyto" was put in the first 

part of the word; and, due to the heme pigment possessed by the enzymes with a 

wavelength of 450 nm when exposed to carbon monoxide, "chrome" and "P" were 

added into the word and "Cytochrome P450" was so named (Lynch and Price, 2007). 

They are important in the oxidation of endogenous and exogenous compounds 

including drugs, environmental pollutants, dietary chemicals and carcinogens. CYP 

isoenzymes (CYPs), also called as polysubstrate mono-oxygenases due to its ability 

to have multiple substrates by one isoenzyme, have mixed function oxidases and 

mono-oxygenases that a CYP uses one molecule of oxygen for forming an oxidized 

substrate and another molecule of oxygen is consumed to form water as a byproduct. 

CYPs are mostly found in liver but also appear in intestine, lungs, kidneys and brain. 

Drugs are transformed into ionic and more water-soluble compounds by CYPs in 

order to be excreted out of the body. However, this kind of biotransformation will 

decrease the bioavailability of the drugs (Zerilli et al., 1997; Kalra, 2007). 

A typical CYP reaction: 

N A D P H + H+ + O2 + R H + NADP+ + H2O + R-OH 

where R H is parent substrate and R-OH is the oxidized product (Coon, 2005). 

Up to 21 families, 20 subfamilies and 57 genes have been described in humans. CYP 

1，2 and 3 account for 70% of total hepatic CYPs content which are responsible for 

94% of drugs metabolism in liver (Chang and Kam, 1999; Kalra, 2007). All genes of 

families 1 - 3 CYP enzymes are polymorphic that account for development of certain 
12 
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adverse drug reactions (ADRs). Among the reported ADRs, about 56% of these 

drugs was predicted to be metabolized by polymorphic phase 1 enzymes that 86% 

was CYPs. It was found that CYP2C9, CYP2C19 and CYP2D6 were the dominant 

polymorphic forms responsible for about 40% of P450-mediated drug metabolism. 

Although CYP3A4 has high conservation among individuals, CYP3A activites vary 

over 10 fold inter-individually due to genetic origin (Ingelman-Sundberg, 2004). 

1.3.1 Cytochrome P4502E1 

CYP2E1 is one of the major cytochrome P450 enzymes that it is involved in a 

number of low molecular mass xenobiotics metabolism, including ethanol (Fig. 1.4 

and 1.5), long chain fatty acids, paracetamol, chlorzoxazone, and the volatile 

anaesthetics such as enflurane, sevoflurane, methoxyflurane and isoflurane 

metabolisms (Cox et al., 2003; Wang et al.，2003; Caro and Cederbaum, 2004; Lee et 

al.，2006; Wan et al., 2006). The hydrophobic active site of CYP2E1 has been 

observed as the smallest compared with other CYP enzymes to complement low 

molecular mass substrates as decribed (Porubsky et al., 2008). Rat hepatic CYP2E1 

is activated within a day after birth. The expression level of CYP2E1 remains 

relatively stable in the whole life but it can be induced by different substances easily 

(Lieber, 1999). CYP2E1 was found to comprise over 50% of total CYP m R N A in 

human adult liver (Bieche et al, 2007) and is responsible for 7% of hepatic 

metabolism (Kalra, 2007). Although m R N A amount of CYP2E1 is the highest in 

liver, it was shown to have no correlation between the amount of CYP2E1 m R N A 

transcription and CYP2E1 protein expression that is an opposite case to other CYP 

enzymes such as CYP3A4 (Sumida et al., 1999). Regulation of CYP2E1 expression 

was therefore thought to be related to pre-transcription, transcription, pre-translation, 

translation and post-translation (Sumida et al, 1999). 
13 
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CH3CH2OH 

ethanol 

CYP2E1 » 

NADPH + O , 

OH 
I 

CH3CH-OH + H2O 

gem-diol 

CH,CH = 0 + H , 0 

acetaldehyde 

Fig. 1.4 Ethanol is metabolized by CYP2E1. The unstable intermediate gem-diol 

produced will decompose to produce acetaldehyde and water (Koop, 2006). 

HiC-CH,-OH 

Fig. 1.5 Generation of reactive oxygen by cytochrome P450 2E1 (CYP2E1). The 

blue ovals with heme iron represents CYP2E1. Reactive oxygen species (ROS) is 

generated when CYP2E1 uses oxygen to metabolize alcohol. (1) Firstly, ethanol 

binds to the enzyme. (2) Then, the first electron is passed to the heme of CYP2E1 

and binds to oxygen. (3) Superoxide generated is bound to the heme of CYP2E1. (4) 

The superoxide will break down to release free superoxide and the starting enzyme is 

generated. (5) If second electron is added to the enzyme, a peroxide will be produced. 

(6) When this product breaks down, two hydrogen atoms will be picked up to 

generate hydrogen peroxide. (6) The process generates reduced oxygen species (ROS) 

which is referred to as an "uncoupled reaction" since oxygen does not end up in 

substrate. If ROS remains bound, an unstable intermediate gem-diol will decompose 

to form acetaldehyde (Koop, 2006). 

14 
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CYP2E1 is also found in other extraheptic tissues with lower expression that was 

thought to play role in main endogenous molecules metabolism (Bieche et al.’ 2007). 

CYP2E1*5B (Rsal) has been shown to be in association with alcoholic liver disease 

in Oriental population (Chinese and Japan) (Piao et al., 2003). It was reported that 

polymorphisms of minor allele of CYP2E1*5B happened much more frequently in 

Oriental population (20 - 30%) than in either Caucasians (1 — 4%) or Northern 

Indians (1%) (Khan et al., 2009). This polymorphism was suggested to have close 

relationship with the susceptibility of alcoholic liver cirrhosis occurred in an 

individual and the enzyme activity of CYP2E1 (Tsutsumi et al., 1994). Alcohols 

including ethanol, glycerol, phenol and p-nitrophenol are known to be substrates of 

CYP2E1 (Koop, 1986). Alcohol is converted into acetaldehye by CYP2E1 (Fig. 1.4) 

when the alcohol level is high enough to reach the saturation of alcohol 

dehydrogenase (ADH) (Lieber, 1999). The free radicals and peroxides produced in 

this step can cause oxidative stress that would damage the components of cells, such 

as protein, D N A and lipids (Conde de la Rosa et al., 2008) and this explains why 

chronic consumption of alcohol leads to liver damage. 

Although hepatic CYP2E1 is only involved in 7% metabolism, it is seen as an 

important inducible enzyme. Ethanol is one of the inducers of CYP2E1 enzymes in 

rat and human that chronic treatment with ethanol can increase CYP2E1 activities 

and expression (Howard et al, 2001; Oneta et al, 2002). Nicotine was also found to 

be involved in the induction of CYP2E1 activity in African green monkeys (Lee et al., 

2006). Other substrates such as paracetamol and isoniazid are among other CYP2E1 

substrates that inhibit toxicological and clinical significance. Chlorzoxazone (CZX), 

a muscle relaxant, is the most common CYP2E1 probe substrate used to investigate 

the CYP2E1 activity in vitro and in vivo rat and human studies. It was shown that the 
15 
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half-life of chlorzoxazone was about 1.0 - 1.2 hour with lower than 65% urinary 

recovery in human. The clearance of CZX was about 2 ml/min/kg (Kramer et al.， 

2003). Other substrates, inhibitors and inducers of CYP2E1 are listed in Table 1.2. 

Table 1.2 Main substrates, inhibitors and inducers of CYP2E1 enzyme (Mizuno et al. 

2000; Chavez, 2005; Kalra, 2007). 

Isoenzyme Substrates Inhibitors Inducers 

Paracetamol 

Chlorzoxazone 

Ethanol 

Halothane 

Isoflurane 

CYP2E1 
Dapsone Disulfiram Ethanol 

CYP2E1 
Dapsone 

CYP2E1 
Enflurane Diethyldithiocarbamate Isoniazid 

Halothane 

Isoniazid 

Sevoflurane 

Theophylline 

Venlafaxine 
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1.4 Aims of study 

As self prescription of herbal supplements is more common nowadays, herb-drug 

interactions appear more frequently. Our previous studies showed the concurrent use 

of Danshen with warfarin could induce over-anticoagulation and consequently a 

series of investigations on CYP-mediated warfarin metabolisms were carried out. It 

was found that the clearance and volume of distribution of S- and R-warfarin were 

decreased after Danshen treatment in rat in vivo (Lo et al., 1992; Chan et al., 1995). It 

was also found that Danshen could affect CYP1A2, CYP2C9 and CYP3A4-mediated 

metabolisms of the respective specific probe substrates (Wang, 2007). C Y P enzymes 

are important enzymes involved in most of the drug interactions. Exploring the 

herb-CYP interactions can improve the current understanding of potential herb-drug 

interactions involving the use of Danshen. 

This study is mainly focused on the effects of Danshen and the tanshinones on rat 

and human CYP2E1 activity in vitro and in vivo in the rat. The activities of main 

C Y P enzymes CYP1A2, CYP2C9 and CYP3A4 had been investigated with Danshen 

treatments, the study of CYP2E1, another crucial enzyme being responsible for 

ethanol metabolism, would be a logical continuation in an attempt to investigate the 

potential of Danshen to cause herb-drug interaction of the major C Y P isoforms. 

CYP1A2, CYP2C9, CYP2D6, CYP3A4 and CYP2E1 are important C Y P isoforms 

responsible for the metabolism of over 80% of drugs currently in clinical use. The 

protocols developed previously for CYPs 1A2, 2C9 and 3A4 and the current study of 

CYP2E1 can be useful as part of a screening tool to investigate the potential effects 

of other herbal medicines on causing herb-drug interactions. 
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Chapter 33 

Chapter 2 

Effects of Danshen and some of its active components on 

chlorzoxazone metabolism in rat and human liver 

microsomes in vitro 

2.1 Introduction 

Most pharmacokinetic herb-drug interactions were related to perturbation of 

cytochrome P450 enzyme activity. One of these interactions includes St John's wort 

and midazolam, which is metabolized by CYP3A4 (Wang et al.，2001). Previous 

studies also showed that Salvia miltiorrhiza (Danshen) enhanced the anticoagulant 

effect of warfarin by prolonging its prothrombin time. It was suggested that CYP2C9 

was involved in this metabolism and Danshen had inhibited CYP2C9 activities in 

vivo (Lo et al., 1992; Chan et al., 1995). Further interaction experiments between 

Danshen and other C Y P enzymes such as CYP1A2, CYP2C9 and CYP3A4 have 

been established. The results showed that Danshen and its active components had 

inhibitory effects on CYP1A2, CYP2C9 and CYP3A4-mediated metabolisms (Wang, 

2007; Wang et al, 2009). 

Apart from CYP1A2, CYP2C9 and CYP3A4, CYP2E1 is also an important C Y P 

isoform with its ethanol-inducible function (Zerilli et al., 1997). Although CYP2E1 

is only responsible for 7 % of total C Y P metabolism in liver, it plays important roles 

in xenobiotic with low molecular weight and carcinogenic metabolisms (Guengerich 

et al., 1991; Koop, 1992; Kalra, 2007) such as ethanol, paracetamol, chlorzoxazone 

and long chain fatty acids (Wan et al., 2006). Rat CYP2E1 is found to be about 80% 

identical to human CYP2E1 through immune-inhibition, immune-quantitation and 
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Structural studies (Wrighton et al, 1986; Wrighton and Stevens, 1992; Yue and Peng, 

2009). Therefore, the rat CYP2E1 experimental model may be useful to investigate 

potential effects of CYP2E1 inhibitors or substrates. 

Chlorzoxazone is probe substrate of CYP2E1 enzyme and is metabolized to 

6-hydroxychlorzoxazone. Chlorzoxazone is a musculoskeletal pain killer (Ernstgard 

et al” 2007) and has been widely used for CYP2E1 phenotyping as the ideal probe 

(Bachmann and Sarver, 1996). It had been suggested that other hepatic CYP 

enzymes, including CYPlAl, CYP1A2 and CYP3A4, may contribute to 

chlorzoxazone metabolism (Carriere et al., 1993; Ono et al., 1995; Gorski et al., 

1997)，but this contribution was shown to be negligible (Yamazaki et al., 1995). 

Moreover, the use of chlorzoxazone as a probe substrate of CYP2E1 is reliable, since 

the inter-individual variation in CYP2E1 activity is small with chlorzoxazone 

(Ernstgard et al., 2007). 

In this study, rat and human liver microsomes were used to investigate enzyme 

kinetics for Danshen-chlorzoxazone interaction. The effects of whole Danshen 

extract, the ethanolic fraction of Danshen, the aqueous fraction of Danshen and the 

tanshinones (cryptotanshinone, dihydrotanshinone, tanshinone I and tanshinone IIA) 

were studied. The effects on CYP2E1-mediated chlorzoxazone metabolism were 

compared between rat liver microsomes and human liver microsomes, and also 

compared to the results of previous studies on CYP1A2 and CYP3A4. Sodium 

diethyldithiocarbamate was chosen in the experiment as a specific inhibitor of 

CYP2E1 activity. 
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2.2 Materials and Methods 

2.2.1 Chemicals and reagents 

Chlorzoxazone, 6-hydroxychlorzoxazone, P-nicotinamide adenine dinucleotide 

phosphate in reduced form (P-NADPH), phenacetin, sodium diethyldithiocarbamate 

trihydrate (DTT), P-glucuronidase were from Sigma Chemical Co. (St Louis, M O , 

USA). Acetonitrile (HPLC Grade) and ethyl acetate (HPLC Grade) were from 

Labscan Analytical Sciences (Bangkok, Thailand). Ammoniumacetate and 

magnesiumchlorid-hexahydrat reinst were from Merck & Co., Inc. (US). Crude 

Danshen root was purchased from Eu Yan Sang (Hong Kong). Whole Danshen 

extract was kindly donated by Winsor Health Products Limited (Hong Kong). 

Cryptotanshinone, dihydrotanshinone, tanshinone I，tanshinone IIA, and danshensu 

were purchased from Chengdu Congon Bio-tech Co., Ltd. (China) and checked for 

purity by N M R and HPLC analysis methods. 

2.2.2 Preparation of aqueous fraction of Danshen (Wang, 2007) 

The crude Danshen root was cut into small pieces (200 g), boiled with 250 ml of 

water under reflux condition. The filtrate from filtered mixture was collect after 1 

hour. Water (250 ml) was added to the residue to boil for another hour. The filtrate 

was collected and combined with the previous one followed by cooling down at 

room temperature. After freeze-dry process, the aqueous fraction of Danshen (35 g) 

was obtained with a yield of 17.5% (Wang, 2007). The constituents of the aqueous 

fraction of Danshen has been shown in Table 2.1. 

2.2.3 Preparation of ethanolic fraction of Danshen (Wang, 2007) 

Crude Danshen root (200 g) was boiled with 250 ml of 95% ethanol twice under 
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reflux. The filtrate after filtration was collected and dried by a rotator evaporator 

below 50 A brown residue was obtained and re-dissolved in ethyl acetate. The 

solvent layer was collected and dried by rotary evaporator. A brown-red crystal (2 g) 

was obtained finally with a yield of 1% (Wang, 2007). The constituents of the 

ethanolic fraction of Danshen has been shown in Table 2.1. 

Table 2.1 HPLC analysis of whole Danshen extract and Danshen root 

Major constituents 
Whole Danshen 

extract 

Aqueous fraction 

of Danshen 

II 
Ethanolic fraction 

of Danshen 

Crytotanshinone 

( _ ) 
45.61 ±2.37 34.55 ±0.86 36820± 559 

Dihydrotanshinone 

(l̂ g/g) 
99.40 土 2.03 12.69 ±0.46 9287 ±123 

Tanshinone I (|ig/g) 26.55 ± 1.55 10.36 ±0.40 17930 ±317 

Tanshinone IIA 

( _ ) 
17.45 ± 1.15 22.56 ±0.51 118400 ±2900 

Danshensu (mg/g) 28.70 ±0.32 3.12 ±0.03 2.68 土 0.08 1 

Salvianolic acid B 

(mg/g) 
38.46 ±0.73 37.31 ±0.50 209.3 土 5.5 

Rosmarinic acid 

(mg/g) 
6.05 土 0.06 1.83 ±0.02 14.90 ±0.46 

Protocatechuic 

aldehyde (mg/g) 
2.75 土 0.05 0.16 ±0.001 0.64 士 0.02 

Caffeic acid (mg/g) Not determined Not determined 1.07 ±0.04 1 

2.2.4 Animals 

Sprague-Dawley rats (male, 260 - 280 g) were used for experiments under licence 

from the Government of the Hong Kong SAR and endorsed by the Animal 

Experimentation Ethics Committee of the Chinese University of Hong Kong. All the 

rats were supplied by the Laboratory Animal Services Centre of the Chinese 

University of Hong Kong. The rats were bred and kept in animal holding room under 
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Standard conditions with 12-h light-dark cycle. Food and water was provided to the 

rats ad libitum. 

2.2.5 Preparation of rat liver microsomes 

The rats were killed by cervical dislocation. The liver was excised and rinsed with 

ice-cold 0.9% NaCl (saline) solution. The liver was homogenized in 0.05 M Tris/KCl 

buffer at pH 7.4 with 0.25 M sucrose. The homogenate was centrifuged at 14,000 

r.p.m at 4°C for 30 minutes. The supernatant was then ultra-centrifuged at 44,000 

r.p.m at 4"C for one hour. Phosphate buffer (0.05 M，pH 7.4) was used to reconstitute 

the pellet which was then stored at -80°C. 

2.2.6 Pooled human liver microsomes 

Pooled human liver microsomes were purchased from B D Biosciences (USA) which 

contained liver portions of 24 donors. Protein concentration at 20 mg/ml was stored 

in 250 m M sucrose per 500 |il sample. Enzyme activity measured for CYP2E1 using 

chlorzoxazone metabolism was 2400 pmol/mg/min. 

2.2.7 Protein Assay 

B C A protein assay kit (Thermo. Co. Ltd.) was used to measure the protein 

concentration of the liver microsomes. Concentrations at 0, 25, 125, 250, 500, 750 

and 1000 |ig/ml of B S A were prepared with saline to plot the standard curve. The 

microsomes were diluted into 25 or 50 folds by 0.05 M Tris/KCl buffer. B C A 

Reagent A was mixed with B C A Reagent B (Pierce B C A Protein Assay Kit) at a ratio 

1:50. each standard or diluted sample (25 |il) was added into each well of 96-well 

plate. Reagent A and B mixture (200 |il) was added into each well. The plate was 

incubated for 30 minutes at 37 The absorbance was measured by Universal 
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Microplate Reader (Bio Tek Instrument ELx 800) at 560 nm. The protein 

concentration was obtained from the standard curve with absorbance against protein 

concentration. 

2.2.8 Microsomal Incubation 

2.2.8.1 Rat liver microsomes 

Rat liver microsome (1.2 mg) was incubated with incubation buffer (0.05 M 

phosphate buffer with 3.3 m M MgCh), 1 m M NADPH, and substrate (10，25, 50, 

100，200 |LIM CZX) in a total volume of 200 |il. The incubation mixture was 

pre-incubated for 5 minutes at 37 before adding N A D P H . One-hour incubation 

was initiated by N A D P H at 37 thermomixer, at 800 r.p.m. The reaction was 

terminated by adding 200 |il ice-cold acetonitrile. The mixture was centrifuged and 

the supernatant was extracted with 400 |il of ethyl acetate. The organic layer was 

dried under a gentle stream of nitrogen. The residue was reconstituted by 60 |al 

methanol and 50 |il was injected into HPLC for analysis. Phenacetin (10 |al, 50 |lg/ml) 

was used as internal standard. 

2.2.8.2 Human liver microsomes 

Human liver microsome (0.8 mg) was incubated with incubation buffer (0.05 M 

phosphate buffer with 3.3 m M MgCb), 1 m M N A D P H , and substrate (25, 50, 100, 

150, 200 |lIM CZX) in a total volume of 200 |il. The incubation mixture was 

pre-incubated for 5 minutes at 37 before adding N A D P H . One-hour incubation 

was initiated by N A D P H at 37^C thermomixer, at 800 r.p.m. The reaction was 

terminated by adding 200 |il ice-cold acetonitrile. The mixture was centrifuged and 

the supernatant was extracted with 400 |il of ethyl acetate. The organic layer was 

dried under a gentle stream of nitrogen. The residue was reconstituted by 60 [i\ 
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ACN/H3PO4 mixture (500 |il A C N with 1.2 ml H3PO4) and 50 [i\ was injected into 

HPLC for analysis. Phenacetin (10 |il of 50 |ig/ml) was used as internal standard. 

2.2.9 Inhibition kinetics studies 

2.2.9.1 Rat liver microsomes 

Whole Danshen extract (0.125 mg/ml - 2 mg/ml, dissolved in water), the ethanolic 

fraction of Danshen (5 |ig/ml 一 80 |ag/ml, dissolved in methanol), the aqueous 
» 

fraction of Danshen (0.25 mg/ml - 2 mg/ml, dissolved in water), cryptotanshinone 

(6.25 [iM - 100 |LIM, dissolved in DMSO), dihydrotanshinone (1.56 |iM - 50 |iM, 

dissolved in DMSO), tanshinone I (1.56 |iM - 25 jiM, dissolved in D M S O ) and 

tanshinone IIA (6.25 |iM - 100 |iM, dissolved in D M S O ) were used for the 

inhibition kinetics studies, with the substrate chlorzoxazone (10 |iM — 200 |iM, 

dissolved in 400 [i\ of 0.5 M NaOH with 100 |il of 1 M HCl, diluted by normal saline 

to reach 10 mg/ml). Sodium diethyldithiocarbamate (1.56 |iM - 100 |J.M, dissolved 

in water) was a selective inhibitor of CYP2E1 (Brady JF et aL, 1991; Newton DJ et 

al.’ 1994; Ohashi Y et aL, 2005) which was used as a positive control for CYP2E1 

inhibition. 

2.2.9.2 Human liver microsomes 

Whole Danshen extract (0.125 mg/ml - 1 mg/ml, dissolved in water), the ethanolic 

fraction of Danshen (2.5 |ig/ml - 20 |ig/ml, dissolved in DMSO), the aqueous 

fraction of Danshen (0.25 mg/ml - 2 mg/ml, dissolved in water), cryptotanshinone 

(6.25 [iM - 50 |iM, dissolved in DMSO), dihydrotanshinone (0.78 |iM - 6.25 |iM, 

dissolved in DMSO), tanshinone I (6.25 |iM - 50 |iM, dissolved in D M S O ) and 

tanshinone IIA (6.25 |iM - 50 |iM, dissolved in D M S O ) were used for the inhibition 

kinetics studies, with the substrate chlorzoxazone (50 |iM - 200 |iM, dissolved in 
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400 |Lil of 0.5 M NaOH with 100 |il of 1 M HCl, diluted by normal saline to reach 10 

mg/ml). Sodium diethyldithiocarbamate (25 |iM - 200 |iM, dissolved in water) was 

used as a positive control for CYP2E1 inhibition. 

2.2.10 High performance liquid chromatography (HPLC) analysis 

The HPLC system consisted of Aligent Technologies 1100 series pumping system. 

The eluate was analysed by passing through a column (Agilent Z O R B A X Eclipse 

XDB-C18, 4.6 X 150 mm, 5 |im). The mobile phase containing 0.15% ammonium 

acetate in water with IN HCl (pH 5.92) and 30% acetonitrile was eluated by isocratic 

mode at a flow rate of 0.5 ml/min and the u.v. absorbance was detected at 287 nm. A 

chromatogram was shown in Figure 2.1. Linear standard curves of chlorzoxazone 

and 6-hydroxychlorzoxazone lied between 0.1 and 10 \xg. Precision tests showed a 

good reproducibility that the differences were less than 10%. The accuracy of the 

standard curve was greater than 90%. 

2.2.11 Data analysis 

Enzyme kinetics data were analyzed by GraphPad Prism 5.0 (GraphPad Software, 

CA, USA) designed for one-way A N O V A . A Lineweaver-Burk plot is a double 

reciprocal plot with various substrate concentrations plotted against velocities to 

obtain Michaelis constant (K„i) and maximal velocity (V„iax) values. The inhibition 

constant (K/) was obtained by secondary plot of Lineweaver-Burk plot. Dixon plot is 

a plot with concentration of inhibitor against reciprocal of velocity that is also used 

to determine the K/ value. The Ki values shown in the results were obtained from 

secondary plot as the values were close to those obtained from Dixon plots. 

Michaelis-Menten equation: V = 乂丨職[S] / ([S] + K„i) 

Lineweaver-Burk plot: I/V = 界 瞧 + K„i/Vmax [S] 
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The significant difference between control and treated groups was determined by 

unpaired Student's t-test by GraphPad Prism 5.0. It was determined as statistically 

significant when p < 0.05. IC20 and IC50 were the required concentrations of 

inhibitors to produce 20% and 50% inhibition of the CYP enzyme activities, 

respectively. The estimated IC50 was obtained from the inhibition curve assuming the 

highest inhibitory effect of the inhibitor reached 100%. 
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12 14 

Fig. 2.1 Chromatogram of chlorzoxazone and 6-hydroxychlorzoxazone. 

A) 6-hydroxychlorzoxazone (5.6 min); B) Phenacetin (9.5 min); C) Chlorzoxazone 

(14.1 min). 
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2.3 Results 

2.3.1 Effect of Danshen and tanshinones on rat CYP2E1 activity in vitro 

Whole Danshen extract (0.125 mg/ml - 2 mg/ml, dissolved in water), the ethanolic 

fraction of Danshen (5 |lg/ml - 80 |ig/ml), the aqueous fraction of Danshen (0.25 

mg/ml - 2 mg/ml), cryptotanshinone (6.25 |iM — 100 |iM), dihydrotanshinone (1.56 

|LIM - 50 |IM) and tanshinone I (1.56 |LIM - 25 jiM) reduced the formation of 

6-hydroxychlorzoxazone and decreased the 6-hydroxychlorzoxazone/chlorzoxazone 

ratio in a concentration-dependent manner (Fig. 2.2, 2.5, 2.8, 2.11, 2.14，2.17). 

Tanshinone IIA (6.25 |iM - 100 |iM) did not decrease the formation of 

6-hydroxychlorzoxazone and had no effect on the 

6-hydroxychlorzoxazone/chlorzoxazone ratio (Fig. 2.20). The IC50 of whole 

Danshen extract, the ethanolic fraction of Danshen and the aqueous fraction of 

Danshen were 1.88 mg/ml, 18.25 jig/ml and 1.03 mg/ml, respectively (Fig. 2.3 a, 2.6 

а, 2.9 a). The IC50 of cryptotanshinone and dihydrotanshinone were 20.47 \xM and 

б.71 |iM (Fig. 2.12 a, 2.15 a), respectively while IC20 of tanshinone I was 8.22 |iM 

(Fig. 2.18 a). The K„i and Vmax values were shown in Tables 2.2 and 2.3. 

For whole Danshen extract and tanshinone I，Lineweaver-Burk Plots in Fig. 2.3 (b) 

and Fig. 2.18 (b) showed changes in slopes and y-intercept suggesting the inhibition 

mode was non-competitive. The respective K/ of whole Danshen extract and 

tanshinone I from the secondary plot were 1.46 mg/ml and 78.74 |iM (Fig. 2.4 a and 

Fig. 2.19 a). For the ethanolic fraction of Danshen and dihydrotanshinone, the slopes 

in Lineweaver-Burk Plot in Fig. 2.6 (b) and Fig. 2.15 (b) formed in parallel 

suggesting the inhibition mode was uncompetitive. The respective Ki from 

secondary plots could not be determined because no change in primary slopes of 
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Lineweaver-Burk Plot (Fig. 2.7 a and Fig. 2.16 a). For the aqueous fraction of 

Danshen and cryptotanshinone, the slopes in Lineweaver-Burk Plots in Fig. 2.9 (b) 

and Fig. 2.12 (b) converged at a point on y-axis suggesting the inhibition mode was 

competitive. The respective Ki of the aqueous fraction of Danshen and 

cryptotanshinone from secondary plots were 1.89 mg/ml and 87.86 |iM (Fig. 2.10 a 

and 2.13 a). Tanshinone IIA did not exert inhibitory effects on CYP2E1 activities in 

rat liver microsomes. 

Sodium diethyldithiocarbamate (1.56 |iM — 100 |iM) was used as a control for 

CYP2E1 inhibition. It reduced the formation of 6-hydroxychlorzoxazone 

significantly and decreased the 6-hydroxychlorzoxazone/chlorzoxazone ratio in 

concentration-dependent manner (Fig. 2.21). The IC50 was 13.21 jiM (Fig. 2.22 a). 

Lineweaver-Burk Plot in Fig. 2.22 (b) showed changes in slope and y-intercept 

that the inhibition mode of sodium diethyldithiocarbamate was proposed as 

non-competitive. The respective Ki from secondary plot was 289.30 [iM (Fig. 2.23 

a). 
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Table 2.2 Enzyme kinetic parameters of the effects of whole Danshen extract, the 

ethanolic fraction of Danshen and the aqueous fraction of Danshen on the formation 

of 6-hydroxychlorzoxazone. Values are mean 土 SE (n = 6). 

Whole Da inshen Extr act 

Enzyme Kinetic 

Parameters 
Control 

0.125 

mg/ml 
0.25 mg/ml 0.5 mg/ml 1 mg/ml 2 mg/ml 

Vmax (nmol/mg 

protein/min) 

15.83 

±6.43 

8.24 

±0.99 

6.40 

±0.73 

6.69 

土 1.50 

3.57 

±0.33 

2.51 

±0.85 

Km (mg/ml) 360.00 

土 206.70 

158.00 

土 34.02 

114.40 

土 26.06 

149.50 

±61.51 

88.88 

±18.19 

207.10 

±115.90 

Km/Vmax 22.74 19.17 17.88 22.35 24.90 82.50 

Th( J ethanolic ] fraction of 1 Oanshen 冊 
Enzyme Kinetic 

Parameters 
Control 5 îg/ml lÔ ig/ml 20 ng/ml 40 |ig/ml 80 ng/ml 

Vmax (nmol/mg 

protein/min) 

83.16 

土 170.30 

8.58 

土 1.76 

9.47 

土 1.53 

4.66 

±0.69 

2.05 

±0.19 

0.98 

± 0.070 

Km (^ig/ml) 3622.00 

± 7763.00 

308.30 

土 92.95 

377.90 

土 85.06 

213.40 

±51.40 

100.60 

土 19.49 

40.30 

土 8.32 

Km/Vmax 43.55 35.92 39.89 45.79 49.03 41.27 

Th le aqueous fraction of Danshen 

Enzyme Kinetic 

Parameters 
Control 0.25 mg/ml 0.5 mg/ml 1 mg/ml 2 mg/ml 

Vmax (nmol/mg 

protein/min) 

369.10 

土 1773.00 

12.74 

±2.59 

50.55 

士 38.09 

2.91e+14 

土 2.98e+27 

8.39 

土 10.04 

Km (mg/ml) 8362.00 

土 40990.00 

244.30 

±78.69 

1269.00 

士 1073.00 

1.28e+16 

± 1.31e+29 

696.90 

土 1028.00 

Km/Vmax 22.66 19.18 25.10 43.93 83.06 
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Table 2.3 Enzyme kinetic parameters of the effects of cryptotanshinone, 

dihydrotanshinone, tanshinone I and sodium diethyldithiocarbamate on the 

formation of 6-hydroxychlorzoxazone. Values are mean 士 SE (n = 6). 

Cryptotanshinone 

Enzyme Kinetic 

Parameters 
Control 6.25 |iM 12.5 nM 25 nM 50 ^M 100 îM 

Vmax (nmol/mg 

protein/mi n) 

118.00 

土 6 2 9 . 9 0 

35.96 

± 4 6 . 1 7 

24.41 

土 32.02 

3.78e+13 

土 9.30e+25 

3.57e+14 

土 9.04e+27 

21.61 

土 3 2 . 8 0 

Km (^iM) 5431.00 

±29913.00 

1 6 1 3 . 0 0 

± 2285.00 

1 3 3 0 . 0 0 

土 1962.00 

2.77e+15 

土 6.82e+27 

2.86e+16 

± 7.23e+29 

1936.00 

±3205.00 

Km/Vmax 46.03 44.86 54.49 73.33 80.02 89.59 

Dihydrotanshinone 

Enzyme Kinetic 

Parameters 
Control 1.56 ̂ iM 

3.125 

|lM 
6.25 |iM 12.5 nM 25 nM 50 ̂ iM 

Vmax (nmol/mg 

protein/mi n) 

7.11 

± 1.46 

9.35 

土 4.48 

11.46 

±7.92 

3.10 

±0.89 

1.08 

±0.16 

21.61 

士 0.05 

0.44 

±0.03 

Km (^iM) 250.40 

土 80.68 

523.70 

±327.10 

781.10 

± 657.90 

212.50 

土 101.30 

55.30 

± 22.93 

20.27 

土 4.87 

7.01 

±3.14 

Kiti/Vmax 35.24 56.02 68.16 68.61 51.30 28.78 16.06 

Tanshin( one I 

Enzyme Kinetic 

Parameters 
Control 1.56 \iM 3.125 \m 6.25 ̂ iM 12.5 nM 25 nM 

Vmax (nmol/mg 

protein/min) 

9.32 

土 1.73 

9.01 

土 1.27 

6.08 

土 1.38 

4.75 

土 1.29 

1.86 

±0.14 

2.89 

土 0.53 

Km (^iM) 269.80 

土 76.50 

349.10 

±71.31 

276.80 

土 96.30 

238.10 

土 103.20 

57.15 

土 10.37 

131.40 

±45.46 

Km/Vmax 28.94 38.76 45.53 50.12 30.73 45.45 

Sodii im Diethyldithiocarbamate 

Enzyme Kinetic 

Parameters 
Control 1.56 ̂ iM 6.25 ̂ iM 25 ̂ iM 50 mM 100 tiM 

Vmax (nmol/mg 

protein/min) 

14.89 

± 1.99 

17.23 

土 2.65 

18.96 

±431 

21.34 

±7.99 

31.94 

土 28.05 

18.33 

±7.46 

Km (nM) 238.70 

±50.18 

276.80 

土 62.74 

335.40 

土 107.40 

499.50 

土 245.60 

959.00 

土 987.70 

557.80 

土 292.40 

Km/Vmax 16.03 16.07 17.69 23.41 30.03 30.43 
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(b) 

Control 0.125 0.25 0.5 1 2 

Concentration of whole Dans hen extract (nig/ml) 

0.6. 

s 
s 0.4-

1 

I 0.2. 
0 

1 

I 
^ 0.0 

Control 0.125 0.25 0.5 1 2 

Concentration of whole Danshen extract (mg/ml) 

Fig. 2.2 Effects of whole Danshen extract (0.125 mg/ml - 2 mg/ml) on (a) formation 

of 6-hydroxychlorzoxazone and (b) ratio of 6-hydroxychlorzoxazone to 

chlorzoxazone in rat microsomes. Values are mean 土 S E M (n = 6). < 0.05, *氺p < 

0.01 and ***/) < 0.001 when compared with controls. 
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Control 

0.125 mg/ml 

0.25 mg/ml 

0.5 mg/ml 

1 mg/ml 

2 mg/ml 

0.20 

1/Chlorzoxazone Concentration (l/|iM) 

Fig. 2.3 (a) Inhibition curve showing effects of whole Danshen extract 

(0.125 mg/ml - 2 mg/ml) on formation of 6-hydroxychlorzoxazone in rat liver 

microsomes. Values are mean 土 S E M (n = 6). (b) Lineweaver-Burk Plot for the 

inhibition of CYP2E1-mediated chlorzoxazone hydroxylation by whole Danshen 

extract (0.125 mg/ml - 2 mg/ml). Values are mean of 6 determinations. 
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Fig. 2.4 (a) Secondary plot of Lineweaver-Burk Plot and (b) 

inhibitory effects of whole Danshen extract (0.125 mg/ml 

CYP2E1-mediated chlorzoxazone hydroxylation. Values a 
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Control 5 10 20 40 80 

Concentration of ethanolic fraction of Danshen ( ^g/ml) 
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Fig. 2.5 Effects of ethanolic fraction of Danshen (5 |ig/ml - 80 |ig/ml) on (a) 

formation of 6-hydroxychlorzoxazone and (b) ratio of 6-hydroxychlorzoxazone to 

chlorzoxazone in rat microsomes. Values are mean ± S E M (n = 6). **/) < 0.01 and 

***/)< 0.001 when compared with controls. 
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Log [Ethanolic fraction of Danshen] (p,g/ml) 

0.15 

Control 

5 |ig/ml 

10 |ig/ml 

20 |ig/ml 

40 |ig/ml 

80 |ig/ml 

0.20 

l/Chlorzoxazone Concentration (l/|iM) 

Fig. 2.6 (a) Inhibition curve showing effects of ethanolic fraction of Danshen 

(5 |ig/ml - 80 |ig/ml) on formation of 6-hydroxychlorzoxazone in rat liver 

microsomes. Values are mean 土 S E M (n = 6). (b) Lineweaver-Burk Plot for the 

inhibition of CYP2E1-mediated chlorzoxazone hydroxylation by ethanolic fraction 

of Danshen (5 )ig/ml - 80 |ig/ml). Values are mean of 6 determinations. 
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Fig. 2.7 (a) Secondary plot of Lineweaver-Burk Plot and (b) Dixon Plot show 

inhibitory effects of ethanolic fraction of Danshen (5 |ig/ml - 80 |ig/ml) on 

CYP2E1-mediated chlorzoxazone hydroxylation. Values are mean of 6 

determinations. 
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Fig. 2.8 Effects of aqueous fraction of Danshen (0.25 mg/ml - 2 mg/ml) on (a) 

formation of 6-hydroxychlorzoxazone and (b) ratio of 6-hydroxychlorzoxazone to 

chlorzoxazone in rat microsomes. Values are mean ± S E M (n = 6). < 0.01 and 

氺氺氺 p < 0.001 when compared with controls. 
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Fig. 2.9 (a) Inhibition curve showing effects of aqueous fraction of Danshen 

(0.25 mg/ml - 2 mg/ml) on formation of 6-hydroxychlorzoxazone in rat liver 

microsomes. Values are mean 土 S E M (n = 6). (b) Lineweaver-Burk Plot for the 

inhibition of CYP2E1-mediated chlorzoxazone hydroxylation by aqueous fraction of 

Danshen (0.25 mg/ml 一 2 mg/ml) in rat liver microsomes. Values are mean of 6 

determinations. 
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Fig. 2.10 (a) Secondary plot of Lineweaver-Burk Plot and (b) Dixon Plot show 

inhibitory effects of aqueous fraction of Danshen (0.25 mg/ml - 2 mg/ml) on 

CYP2E1-mediated chlorzoxazone hydroxylation in rat liver microsomes. Values are 

mean of 6 determinations. 
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Fig. 2.11 Effects of cryptotanshinone (6.25 - 100 |iM) on (a) formation of 

6-hydroxychlorzoxazone and (b) ratio of 6-hydroxychlorzoxazone to chlorzoxazone 

in rat microsomes. Values are mean 土 S E M (n = 6). < 0.05, **/) < 0.01 and ***/) 

< 0.001 when compared with controls. 
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Fig. 2.12 (a) Inhibition curve showing effects of cryptotanshinone (6.25 jiM - 100 

|LIM) on formation of 6-hydroxychlorzoxazone in rat liver microsomes. Values are 

mean 土 S E M (n = 6). (b) Lineweaver-Burk Plot for the inhibition of 

CYP2E1-mediated chlorzoxazone hydroxylation by cryptotanshinone (6.25 |iM -

100 jiM) in rat liver microsomes. Values are mean of 6 determinations. 
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Fig. 2.13 (a) Secondary plot of Lineweaver-Burk Plot and (b) Dixon Plot show 

inhibitory effects of cryptotanshinone (6.25 )iM - 100 |aM) on CYP2E1-mediated 

chlorzoxazone hydroxylation in rat liver microsomes. Values are mean of 6 

determinations. 
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* * * 

Control 1.56 3.125 6.25 12.5 50 

Concentration of Dihydrotanshinone ( 

Control 1.56 3.125 6.25 12.5 50 

Concentration of Dihydrotanshinone (uM) 

Fig. 2.14 Effects of dihydrotanshinone (1.56 jiM 一 50 |iM) on (a) formation of 

6-hydroxychlorzoxazone and (b) ratio of 6-hydroxychlorzoxazone to chlorzoxazone 

in rat microsomes. Values are mean 士 S E M (n = 6). < 0.05, **/) < 0.01 and 

< 0.001 when compared with controls. 
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Fig. 2.15 (a) Inhibition curve showing effects of dihydrotanshinone (1.56 jiM — 50 

|iM) on formation of 6-hydroxychlorzoxazone in rat liver microsomes. Values are 

mean 土 SE M (n = 6). (b) Lineweaver-Burk Plot for the inhibition of 

CYP2E1-mediated chlorzoxazone hydroxylation by dihydrotanshinone (1.56 \iM -
50 |iM) in rat liver microsomes. Values are mean of 6 determinations. 
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Fig. 2.16 (a) Secondary plot of Lineweaver-Burk Plot and (b) Dixon Plot show 

inhibitory effects of dihydrotanshinone (1.56 [iM - 50 )iM) on CYP2E1-mediated 

chlorzoxazone hydroxylation in rat liver microsomes. Values are mean of 6 

determinations. 
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Fig. 2.17 Effects of tanshinone I (1.56 |LIM - 25 |LIM) on (a) formation of 

6-hydroxychlorzoxazone and (b) ratio of 6-hydroxychlorzoxazone to chlorzoxazone 

in rat microsomes. Values are mean 土 S E M (n = 6). */) < 0.05 when compared with 

controls. 
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Fig. 2.18 (a) Inhibition curve showing effects of tanshinone I (1.56 |iM - 25 |iM) on 

formation of 6-hydroxychlorzoxazone in rat liver microsomes. Values are mean 土 

S E M (n = 6). (b) Lineweaver-Burk Plot for the inhibition of CYP2E1-mediated 

chlorzoxazone hydroxylation by tanshinone I (1.56 jiM - 25 |iM) in rat liver 

microsomes. Values are mean of 6 determinations. 
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Fig. 2.19 (a) Secondary plot of Lineweaver-Burk Plot and (b) Dixon Plot show 

inhibitory effects of tanshinone I (1.56 |iM 一 25 |iM) on CYP2E1-mediated 

chlorzoxazone hydroxylation in rat liver microsomes. Values are mean of 6 

determinations. 

52 

50-

40-

30-

Chapter 4 

10-

R2 = 0.4916 

y = 0.2933x +23.09 

K/ = 78.74 譯 

⑴
 【
(
u
i
s
/
U
J
a
J
O
J
d

 g
s
/
l
o
s
u
)
/
二

 
s
 

(a) 

I 1 

一
O
E
 X
J
e
u
^
J
d
 J
O

 a
d
o
l
s
 



Chapter 4 

Control 6.25 12.5 25 50 100 

Concen t r a t i o n o f Tansh inone I IA (| iM) 

—r-
25 Control 6.25 12.5 25 50 100 

Concen t r a t i o n o f Tansh inone I I A ( _ ) 

Fig. 2.20 Effects of tanshinone IIA (6.25 |IM - 100 |LIM) on (a) formation of 

6-hydroxychlorzoxazone and (b) ratio of 6-hydroxychlorzoxazone to chlorzoxazone 

in rat microsomes. Values are mean 士 S E M (n = 6). 
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Concentration of Sodium Di e thl ydi thi ocar bamate ( p,M) 
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Fig. 2.21 Effects of sodium diethyldithiocarbamate (1.56 |iM - 100 |iM) on (a) 

formation of 6-hydroxychlorzoxazone and (b) ratio of 6-hydroxychlorzoxazone to 

chlorzoxazone in rat microsomes. Values are mean 土 S E M (n = 6). < 0.05, **/) < 

0.01 and ***/)< 0.001 when compared with controls. 
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Fig. 2.22 (a) Inhibition curve showing effects of sodium diethyldithiocarbamate 

(1.56 |iM - 100 IlIM) on formation of 6-hydroxychlorzoxazone in rat liver 
microsomes. Values are mean 土 S E M (n = 6). (b) Lineweaver-Burk Plot for the 

inhibition of CYP2E1-mediated chlorzoxazone hydroxylation by sodium 

diethyldithiocarbamate (1.56 jiM - 100 |iM) in rat liver microsomes. Values are 

mean of 6 determinations. 
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Fig. 2.23 (a) Secondary plot of Lineweaver-Burk Plot and (b) Dixon Plot show 

inhibitory effects of sodium diethyldithiocarbamate (1.56 |iM - 100 |iM) on 

CYP2E1-mediated chlorzoxazone hydroxylation in rat liver microsomes. Values are 

mean of 6 determinations. 
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2.3.1.1 Summary 

Whole Danshen extract, the ethanolic fraction of Danshen and the aqueous fraction 

of Danshen exerted inhibitory effects on CYP2E1 activity, as indicated by a decrease 

in the 6-hydroxylation of the model CYP2E1 probe substrate, in rat liver 

microsomes with non-competitive, uncompetitive and competitive inhibitions, 

respectively. The ethanolic fraction of Danshen ( I C 5 0 at 18.25 jig/ml) was more 

effective in decreasing C Z X metabolism than the aqueous fraction of Danshen ( I C 5 0 

at 1.03 mg/ml). Dihydrotanshinone inhibited CYP2E1 activity most with I C 5 0 at 

6.71 |iM followed by tanshinone I and cryptotanshinone. Dihydrotanshinone showed 

uncompetitive inhibition and therefore K/ cannot be determined from Secondary 

Lineweaver-Burk plot and Dixon plot. Cryptotanshinone competitively inhibited the 

chlorzoxazone metabolism while tanshinone I inhibited 6-hydroxylation of 

chlorzoxazone non-competitively. However, both compounds showed stronger 

inhibitory effects than sodium diethyldithiocarbamate which inhibited CYP2E1 

non-competitively with a high Ki value. Tanshinone IIA did not inhibit CYP2E1 

activity in rat liver microsomes in vitro. 

Table 2.4 Inhibition of Danshen, its 

diethyldithiocarbamate on CYP2E1 activity in 

active components and sodium 

rat liver microsomes in vitro. 

IC50 Ki Inhibition Mode 

Whole Danshen Extract 1.88 mg/ml 1.46 mg/ml Non-competitive 

Ethanolic fraction of Danshen 18.25 |ag/ml Cannot be determined Uncompetitive 

Aqueous fraction of Danshen 1.03 mg/ml 1.89 mg/ml Competitive 

Cryptotanshinone 20.47 \iM 87.86 |iM Competitive 

Dihydrotanshinone 6.71 \iM Cannot be determined Uncompetitive 

Tanshinone I IC20： 8.22 _ 78.74 ^M Non-competitive 

Tanshinone IIA - - -

Sodium diethyldithiocarbamate 13.21 \iM 289.30 |iM Non-competitive 
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2.3.2 Effect of Danshen and tanshinones on human CYP2E1 activity in vitro 

Whole Danshen extract (0.125 mg/ml - 1 mg/ml), the ethanolic fraction of Danshen 

(2.5 |ig/ml - 20 |ig/ml), the aqueous fraction of Danshen (0.25 mg/ml - 2 mg/ml), 

cryptotanshinone (6.25 )IM - 50 |LIM), dihydrotanshinone (0.78 |IM - 6.25 |IM) and 

tanshinone I (6.25 |iM - 50 |JM) reduced the formation of 6-hydroxychlorzoxazone 

in a concentration-dependent manner (Fig. 2.24, 2.27, 2.30, 2.33, 2.36, 2.39). The 

IC50 of whole Danshen extract, the ethanolic fraction of Danshen and the aqueous 

fraction of Danshen were 0.15 mg/ml, 4.50 |ig/ml and 0.79 mg/ml, respectively (Fig. 

2.25 a, 2.28 a, 2.31 a). The IC50 of cryptotanshinone, and tanshinone I were 14.67 

|iM and 9.86 |iM (Fig. 2.34 a, 2.40 a), respectively. Dihydrotanshinone produced a 

strong inhibition at 0.78 |iM, with over 50% inhibition at the lowest concentration 

used. The IC50 of dihydrotanshione was thus estimated to be 0.72 |iM (Fig. 2.37 a). 

The K„i and Vmax values were shown in Tables 2.5 and 2.6. Tanshinone IIA did not 

affect CYP2E1-mediated 6-hydroxylation of chlorzoxazone in human liver 

microsomes. 

For experiments with whole Danshen extract and tanshinone I’ Lineweaver-Burk 

Plots in Fig. 2.25 (b) and Fig. 2.40 (b) showed changes in slopes and y-intercept 

suggesting the inhibition mode was non-competitive. The respective Ki from the 

secondary plots were 0.032 mg/ml and 3.67 |iM for whole Danshen extract and 

tanshinone I，respectively (Fig. 2.26 a, 2.41 a). For experiments with the ethanolic 

fraction of Danshen and dihydrotanshinone, the slopes of Lineweaver-Burk Plots in 

Fig. 2.28 (b) and Fig. 2.37 (b) formed in parallel suggesting the inhibition mode was 

uncompetitive. The respective Ki from the secondary plots could not be determined 

as the slopes of Lineweaver-Burk plot did not change (Fig. 2.29 a, 2.38 a). For 

experiments with the aqueous fraction of Danshen and cryptotanshinone, the slopes 
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of Lineweaver-Burk Plots in Fig. 2.31 (b) and Fig. 2.34 (b) had converged at y-axis 

suggesting the inhibition mode was competitive. The respective Ki from the 

secondary plots for the aqueous fraction of Danshen and tanshinone I were 0.08 

mg/ml and 10.87 |iM, respectively (Fig. 2.32 a, 2.35 a). 

Sodium diethyldithiocarbamate (25 |aM - 200 |iM) reduced the formation of 

6-hydroxychlorzoxazone and decreased the 6-hydroxychlorzoxazone/chlorzoxazone 

ratio in a concentration-dependent manner (Fig. 2.43). The IC50 was estimated at 

3.16 |iM (Fig. 2.44 a). The slopes of Lineweaver-Burk Plot in Fig. 2.44 (b) 

converged at x-axis that its inhibition mode was proposed to be non-competitive. 

The respective Ki from the secondary plot was 122.70 \iM (Fig. 2.45 a). 
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Table 2.5 Enzyme kinetic parameters of the effects of whole Danshen extract, the 

ethanolic fraction of Danshen and the aqueous fraction of Danshen on formation of 

6-hydroxychlorzoxazone in human liver microsomes. Values are mean 士 SE of 

triplicate determinations. 

Vhole Danshei nextract 

Enzyme Kinetic 

Parameters 
Control 0.125 mg/ml 0.25 mg/ml 0.5 mg/ml 1 mg/ml 

Vmax (nmol/mg 

protein/min) 

315.60 

土 64.63 

201.80 

土 56.59 

83.47 

土 15.51 

29.02 

±5.49 

7.00 

± 1.22 

Km (mg/ml) 340.20 

土 100.80 

257.90 

±113.90 

204.60 

土 64.88 

155.80 

±55.95 

116.90 

±43.60 

Km/Vmax 1.08 1.28 2.45 5.37 16.70 

The et hanolic fracti< )n of Danshe n 
1 

Enzyme Kinetic 

Parameters 
Control 0.25 ^ig/rnl 0.5 ̂ Lg/ml 1 ^Ig/inl 2M€/ml 

Vmax (nmol/mg 

protein/min) 

7.34e+15 

土 2.22e+29 

1.29e+16 

士 1.87e+30 

27.21 

± 10.51 

265.30 

± 1009.00 

10.35 

±231 II 

Km (ng/ml) 3.63e+16 

士 UOe+30 

8.18e+16 

土 l.l8e+31 

113.60 

士 96.62 

2498.00 

土 10135.00 

97.57 

土 50.83 1 

Km/Vmax 4.94 6.35 4.17 9.42 9.43 II 

The a queous fractic m of Danshe n 
1 

Enzyme Kinetic 

Parameters 
Control 0. 25 mg/ml 0.5 mg/ml 1 mg/ml 2 mg/ml 

Vmax (nmol/mg 

protein/min) 

315.60 

± 64.63 

603.60 

±525.70 

297.50 

±280.10 

167.30 

±210.60 

7.18e+9 

±8.79e+17 

Km (mg/ml) 340.20 

土 100.80 

672.20 

±723.50 

369.00 

±491.30 

495.20 

±810.20 

7.26e+10 

±8.88e+18 

Km/Vmax 1.08 i . l l 1.24 2.96 10.11 
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Table 2.6 Enzyme kinetic parameters of the effects of cryptotanshinone, 

dihydrotanshinone, tanshinone I and sodium diethyldithiocarbamate on the 

formation of 6-hydroxychlorzoxazone in human liver microsomes. Values are mean 

± SE of triplicate determinations. 

Cryptotanshinone 

Enzyme Kinetic 

Parameters 
Control 6.25 |iM 12.5 ^iM 25|iM 50 ^iM 

Vmax (nmol/mg 

protein/mi n) 

7.34e+15 

土 2.22e+29 

1.14e+16 

土 1.41e+30 

1.19e+15 

±4.ne+28 

3.15e+15 

± 5.76e+29 

3.13e+15 

土 5.57e+29 

Km (|iM) 3.63e+I6 

± l.lOe+30 

8.98e+16 

土 l.lle+:31 

1.36e+16 

土 4.68e+29 

5.01e+16 

±9.16e+30 

7.02e+16 

土 

Km/Vmax 4.94 7.89 11.38 15.92 22.41 

Dihydrotanst linone 

Enzyme Kinetic 

Parameters 
Control 0.78 _ 1.56 ^iM 3.125 [lM 6.25 ^iM 

Vmax (nmol/mg 

protein/min) 

7.34e+l5 

土 1Z2C+29 

68.48 

土 59.30 

6.73e+9 

± 1.55e+18 

6.25 

± 1.96 

1.53 

±0.32 

Km (^iM) 3.63e+16 

± l.lOe+SO 

709.70 

±757.10 

1.20e+ll 69.78 

土 60.48 

17.11 

±24.15 

Km/Vmax 4.94 10.36 17.86 11.16 11.16 II 

Tanshinoi l e l 

Enzyme Kinetic 

Parameters 
Control 6.25 ^iM 12.5 ^iM 25|iM 50 ^iM 

Vmax (nmol/mg 

protein/min) 

7.34e+15 

土 2.22e+29 

1.95e+15 

土 5.24e+28 

2.15e+15 

土 1.39e+29 

5.76e+14 

± 2.97e+28 

8.55e+15 

土 3.68e+30 

Km (^iM) 3.63e+16 

± 1.10e+30 

1.97e+16 

±5.29e+29 

3.27e+16 

±2.12e+30 

1.14e+16 

土 5.89e+29 

1.67=e+17 

±7.19e+31 

Km/Vmax 4.94 10.10 1 5 . 2 0 19.83 19.55 

Sodi ium Diethylditt liocarbamate 

Enzyme Kinetic 

Parameters 
Control 25|iM 50 ^iM 100 |iM 200 |iM 

Vmax (nmol/mg 

protein/min) 

3 1 5 . 6 0 

土 64.63 

77.55 

±28.18 

33.56 

±7.61 

103.90 

土 120.00 

1 9 . 7 8 

±4.93 

Km (|iM) 340.20 

± 100.80 

4 5 1 . 4 0 

土 220.40 

160.10 

±68.13 

1 1 6 9 . 0 0 

土 1 5 2 9 . 0 0 

1 7 6 . 1 0 1 

土 7 9 . 2 9 

Km/Vmax 1 1.08 5 . 8 2 4.77 11.25 8.90 
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Fig, 2.24 Effects of whole Danshen extract (0.125 mg/ml - 1 mg/ml) on (a) 

formation of 6-hydroxychlorzoxazone and (b) ratio of 6-hydroxychlorzoxazone to 

chlorzoxazone in human microsomes. Values are mean 土 S E M of triplicate 

determinations. **/) < 0.01 and ***/)< 0.001 when compared with controls. 
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•0.005 0.025 

Control 

0.125 mg/ml 

0.25 mg/ml 

0.5 mg/ml 

1 mg/ml 

l/Chlorzoxazone Concentration ( l /uM) 

Fig. 2.25 (a) Inhibition curve showing effects of whole Danshen extract (0.125 

mg/ml - 1 mg/ml) on formation of 6-hydroxychlorzoxazone in human liver 

microsomes. Values are mean 土 S E M of triplicate determinations, (b) 

Lineweaver-Burk Plot for the inhibition of CYP2E1-mediated chlorzoxazone 

hydroxylation by whole Danshen extract (0.125 mg/ml - 1 mg/ml) in human liver 

microsomes. Values are mean of triplicate determinations. 
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IC5o = 0.15 mg/ml 

(b) 

【
(
U
J
l
u
/
U
J
a
J
O
J
d
 S
S
/
1
0
S
U
)
/
I
】

 a
/
I
 

(a) 

0

0

0

0

0

0

0

0

0

0

0
 

0

9

8

7

6

5

4
 
3

 
2

1
 

1
 

p
a
m
j
o
j
 a
u
o
z
B
X
O
Z
J
O
S
〕
s
o
必
 J
o

 
%
 



1.25 

50 |iM Chlorzoxazone 

100 |iM Chlorzoxazone 

150 |lM Chlorzoxazone 

200 niM Chlorzoxazone 

•0.2-

Concentration of whole Danshen Extract (mg/ml) 

Fig. 2.26 (a) Secondary plot of Lineweaver-Burk Plot and (b) Dixon Plot show 

inhibitory effects of whole Danshen extract (0.125 mg/ml - 1 mg/ml) on 

CYP2E1-mediated chlorzoxazone hydroxylation in human liver microsomes. Values 

are mean of triplicate determinations. 
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(a) 

‘© S 
50-
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-fl 
U 
X 
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Control 2.5 5 10 20 

Concentration ofethanolic fraction of Danshen (^ig/ml) 
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Concentration of ethanolic fraction of Danshen (^ig/ml) 

Fig. 221 Effects of ethanolic fraction of Danshen (2.5 |j,g/ml - 20 jig/ml) on (a) 
formation of 6-hydroxychlorzoxazone and (b) ratio of 6-hydroxychlorzoxazone to 

chlorzoxazone in human microsomes. Values are mean ± S E M of triplicate 

determinations. < 0.01 and ***/? < 0.001 when compared with controls. 
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Control 
2.5 |ig/ml 
5 |ig/ml 
10|ig/ml 
20 |ig/ml 

0.0075 0.0150 0.0225 0.0300 

1/Chlorzoxazone Concentration (l/|iM) 

0.25 0.50 0.75 1.00 1.25 

Log [ethanolic fraction of Danshen] (|ig/ml) 

1.50 

Fig. 2.28 (a) Inhibition curve showing effects of ethanolic fraction of Danshen (2.5 

jig/ml - 20 |ig/ml) on formation of 6-hydroxychlorzoxazone in human liver 

microsomes. Values are mean 土 S E M of triplicate determinations, (b) 

Lineweaver-Burk Plot for the inhibition of CYP2E1-mediated chlorzoxazone 

hydroxylation by ethanolic fraction of Danshen (2.5 |ig/ml - 20 |ig/ml) in human 

liver microsomes. Values are mean of triplicate determinations. 
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Fig. 2.29 (a) Secondary plot ot Lmeweaver-Burk Plot and (b) Dixon Plot show 

inhibitory effects of ethanolic fraction of Danshen (2.5 |ig/ml - 20 |ig/ml) on 

CYP2E1 -mediated chlorzoxazone hydroxylation in human liver microsomes. Values 

are mean of triplicate determinations. 
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Fig. 2.30 Effects of aqueous fraction of Danshen (0.25 mg/ml - 2 mg/ml) on (a) 

formation of 6-hydroxychlorzoxazone and (b) ratio of 6-hydroxychlorzoxazone to 

chlorzoxazone in human microsomes. Values are mean 士 S E M of triplicate 

determinations. */) < 0.05 and ***/)< 0.001 when compared with controls. 
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0.025 

Control 

0.25 mg/ml 

0.5 mg/ml 

1 mg/ml 

2 mg/ml 

1/ChlorzDxazone Concentration (l/jiM) 

Fig. 2.31 (a) Inhibition curve showing effects of aqueous fraction of Danshen (0.25 

mg/ml - 2 mg/ml) on formation of 6-hydroxychlorzoxazone in human liver 

microsomes. Values are mean 土 S E M of triplicate determinations, (b) 

Lineweaver-Burk Plot for the inhibition of CYP2E1-mediated chlorzoxazone 

hydroxylation by aqueous fraction of Danshen (0.25 mg/ml - 2 mg/ml) in human 

liver microsomes. Values are mean of triplicate determinations. 
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Concentration of aqueous fraction of Danshen (mg/ml) 

50 liM Chlorzoxazone 

100 )iM Chlorzoxazone 
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Fig. 2.32 (a) Secondary plot of Lmeweaver-Burk Plot and (b) Dixon Plot show 

inhibitory effects of aqueous fraction of Danshen (0.25 mg/ml - 2 mg/ml) on 

CYP2E1-mediated chlorzoxazone hydroxylation in human liver microsomes. Values 

are mean of triplicate determinations. 
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Fig. 2.33 Effects of cryptotanshinone (6.25 |iM - 50 |iM) on (a) formation of 

6-hydroxychlorzoxazone and (b) ratio of 6-hydroxychlorzoxazone to chlorzoxazone 

in human microsomes. Values are mean 土 S E M of triplicate determinations. *p < 

0.05, < 0.01 and ***/)< 0.001 when compared with controls. 
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Fig. 2.34 (a) Inhibition curve showing effects of cryptotanshinone (6.25 |iM - 50 

|iM) on formation of 6-hydroxychlorzoxazone in human liver microsomes. Values 

are mean 土 S E M of triplicate determinations, (b) Lineweaver-Burk Plot for the 

inhibition of CYP2E1-mediated chlorzoxazone hydroxylation by cryptotanshinone 

(6.25 |LIM - 50 |LIM) in human liver microsomes. Values are mean of triplicate 

determinations. 
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R =0.9762 

y = 0.7081x +7.696 

Ki= 10.87 uM 

•10 
5 1 0 1 5 2 0 2 5 3 0 3 5 4 0 4 5 5 0 5 5 6 0 

Concentration of Cryptotanshinone (|xM) 

50 )iM Chlorzoxazone 

100 ̂ M Chlorzoxazone 

150 |iM Chlorzoxazone 

200 _ Chlorzoxazone 
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Concentration of Cryptotanshinone (iiM) 

Fig. 2.35 (a) Secondary plot of Lmeweaver-Burk Plot and (b) Dixon Plot show 

inhibitory effects of cryptotanshinone (6.25 jiM - 50 |iM) on CYP2E1-mediated 

chlorzoxazone hydroxylation in human liver microsomes. Values are mean of 

triplicate determinations. 
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Control 0.78 1.56 3.125 6.25 

Concentration of Dihydrotanshinone (|iM) 

£ 3 r ~ n 

Control 0.78 1.56 3.125 6.25 

Concentration of Di hydrotanshi none (p,M) 

Fig. 2.36 Effects of dihydrotanshinone (0.78 |iM - 6.25 |iM) on (a) formation of 

6-hydroxychlorzoxazone and (b) ratio of 6-hydroxychlorzoxazone to chlorzoxazone 

in human microsomes. Values are mean 土 S E M of triplicate determinations. 

0.001 when compared with controls. 
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Log [Dihydrotanshinone] (pM) 
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1/ChlorzDxazone Concentration (l/|xM) 

Fig. 2.37 (a) Inhibition curve showing effects of dihydrotanshinone (0.78 |iM - 6.25 

|iM) on formation of 6-hydroxychlorzoxazone in human liver microsomes. Values 

are mean 土 S E M of triplicate determinations, (b) Lineweaver-Burk Plot for the 

inhibition of CYP2E1-mediated chlorzoxazone hydroxylation by dihydrotanshinone 

(0.78 jiM - 6.25 )lM) in human liver microsomes. Values are mean of triplicate 

determinations. 
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50 ̂ M Chlorzoxazone 

100 |iM Chlorzoxazone 

150 |iM Chlorzoxazone 

200 |iM Chlorzoxazone 

Concentration of Dihydrotanshinone (pM) 

Fig. 2.38 (a) Secondary plot of Lineweaver-Burk Plot and (b) Dixon Plot show 

inhibitory effects of dihydrotanshinone (0.78 |iM — 6.25 |iM) on CYP2E1-mediated 

chlorzoxazone hydroxylation in human liver microsomes. Values are mean of 

triplicate determinations. 
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Fig. 2.39 Effects of tanshinone I (6.25 |LIM - 50 \iM) on (a) formation of 

6-hydroxychlorzoxazone and (b) ratio of 6-hydroxychlorzoxazone to chlorzoxazone 

in human microsomes. Values are mean 土 S E M of triplicate determinations. < 

0.05’ **/) < 0.0land ***/?< 0.001 when compared with controls. 
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Fig. 2.40 (a) Inhibition curve showing effects of tanshinone I (6.25 [iM — 50 |iM) on 

formation of 6-hydroxychlorzoxazone in human liver microsomes. Values are mean 

土 SE M of triplicate determinations, (b) Lineweaver-Burk Plot for the inhibition of 

CYP2E1-mediated chlorzoxazone hydroxylation by tanshinone I (6.25 |iM - 50 |iM) 

in human liver microsomes. Values are mean of triplicate determinations. 
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Fig. 2.41 (a) Secondary plot of Lineweaver-Burk Plot and (b) Dixon Plot show 

inhibitory effects of tanshinone I (6.25 \iM — 50 |iM) on CYP2E1-mediated 

chlorzoxazone hydroxylation in human liver microsomes. Values are mean of 

triplicate determinations. 
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6-hydroxychlorzoxazone and (b) ratio of 6-hydroxychlorzoxazone to chlorzoxazone 

in human microsomes. Values are mean 土 S E M of triplicate determinations. < 

0.05 when compared with controls. 
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Fig. 2.43 Effects of sodium diethyldithiocarbamate (25 [iM - 200 iiM) on (a) 

formation of 6-hydroxychlorzoxazone and (b) ratio of 6-hydroxychlorzoxazone to 

chlorzoxazone in human microsomes. Values are mean 士 S E M of triplicate 

determinations. < 0.001 when compared with controls. 
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Fig. 2.44 (a) Inhibition curve showing effects of sodium diethyldithiocarbamate (25 

|iM - 200 )iM) on formation of 6-hydroxychlorzoxazone in human liver microsomes. 

Values are mean ± S E M of triplicate determinations, (b) Lineweaver-Burk Plot for 

the inhibition of CYP2E1-mediated chlorzoxazone hydroxylation by sodium 

diethyldithiocarbamate (25 |lXM - 200 |aM) in human liver microsomes. Values are 

mean of triplicate determinations. 
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Fig. 2.45 (a) Secondary plot of Lineweaver-Burk Plot and (b) Dixon Plot show 

inhibitory effects of tanshinone I (6.25 jiM - 50 |iM) on CYP2E1-mediated 

chlorzoxazone hydroxylation in human liver microsomes. Values are mean of 

triplicate determinations. 
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2.3.2.1 Summary 

Whole Danshen extract, the ethanolic fraction of Danshen and the aqueous fraction 

of Danshen exerted inhibitory effects on CYP2E1 activity in human liver 

microsomes with non-competitive, uncompetitive and competitive inhibitions, 

respectively. The ethanolic fraction of Danshen (IC50 at 4.50 |ig/ml) was more 

effective in decreasing C Z X metabolism than the aqueous fraction of Danshen (IC50 

at 0.79 mg/ml). Dihydrotanshinone was the most effective in inhibiting CYP2E1 

activity (IC50 at 0.72 |LIM), followed by tanshinone I and cryptotanshinone. 

Dihydrotanshinone showed uncompetitive inhibition and therefore Ki cannot be 

determined from the Secondary Lineweaver-Burk plot and Dixon plot. 

Cryptotanshinone competitively inhibited 6-hydroxylation of chlorzoxazone and 

tanshinone I showed non-competitive inhibition. Tanshinone IIA did not inhibit 

CYP2E1 activity in human liver microsomes in vitro. 

Table 2.7 Inhibition of Danshen, its active components and sodium 

diethyldithiocarbamate on CYP2E1 activity in human liver microsomes in vitro. 

IC50 Ki Inhibition Mode 

Whole Danshen Extract 0.15 mg/ml 0.03 mg/ml Non-competitive 

Ethanolic fraction fo Danshen 4.50 [ig/m\ Cannot be determined Uncompetitive 

Aqueous fraction of Danshen 0.79 mg/ml 0.08 mg/ml Competitive 

Cryptotanshinone 14.67 ^M 10.87 |iM Competitive 

Dihydrotanshinone 0.716 _ Cannot be determined Uncompetitive 

Tanshinone I 9.86 _ 3.67 |iM Non-competitive 

Tanshinone IIA - - -

Sodium diethyldithiocarbamate 3.16 _ 122.70 _ Non-competitive 
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2.4 Discussion 

This study showed that whole Danshen extract inhibited the CYP2E1 activites with 

a non-competitive mode of inhibition. The whole Danshen extract contains both the 

ethanolic and aqueous fractions of Danshen. The ethanolic fraction exerted a more 

potent inhibition (IC50 at 18.25 |ig/ml) on CYP2E1 activites than the aqueous 

fraction (IC50 at 1.03 mg/ml). Tanshinones including cryptotanshinone, 

dihydrotanshinone and tanshinone I were found to have inhibitory effects on rat 

hepatic CYP2E1 activities while tanshinone IIA did not show any inhibitory effects. 

Dihydrotanshinone and cryptotanshinone were more potent than tanshinone I that 

the IC50 of dihydrotanshinone was only 6.71 |iM and cryptotanshinone was 20.47 

|iM. There are no previous study on the effects of Danshen on CYP2E1 enzymes, 

despite the effects of Danshen and its active components on several C Y P enzymes, 

such as CYP1A2 and 3A4, had been studied. Previous studies have shown that 

whole Danshen extract competitively inhibited C Y P 1 A2-mediated oxidation and the 

ethanolic components were more effective than the aqueous components. 

Dihydrotanshinone and cryptotanshinone were more potent to affect CYP1A2 

activity compared to tanshinone I and tanshinone IIA (Wang et aL, 2009). The 

aqueous fraction of Danshen did not produce inhibitory effects on rat hepatic 

CYP3A4 activities and only dihydrotanshinone exerted a potent inhibitory effects 

compared with the relatively weak inhibitions of cryptotanshinone, tanshinone I and 

tanshinone IIA (Wang, 2007). Taken together with previous studies, 

dihydrotanshinone plays an important role in inhibiting CYP-mediated 

hydroxylations involving CYP1A2, CYP2E1 and CYP3A4. 
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Table 2.8 IC50 and Ki values of cryptotanshinone, dihydrotanshinone, tanshinone 
and tanshinone IIA on rat CYP2E1 and human CYP2E1 activities. 

Tanshinones 
Rat CYP2E1 Human CYP2E1 

Tanshinones 
IC50 Ki IC50 Ki 

Cryptotanshinone 20.47 |iM 87.86 _ 14.67 |iM 10.87 |iM 

Dihydrotanshinone 6.71 |iM Cannot be 

determined 

0.716 laM Cannot be 

determined 

Tanshinone I IC20： 8.22 iiM 78.74 |iM 9.86 |iM 3.67 |iM 

Tanshinone IIA - - - -

In this experiment, pooled human liver microsomes have been used. From the data 

sheet of the supplier, most of the 24 donators of human liver microsomes had 

alcohol consumption habit for a long period of time. Therefore, hepatic CYP2E1 

concentration would be prominent in the pooled human liver microsomes due to 

induction effect of ethanol. The effects of Danshen and tanshinones in human liver 

microsomes were similar to rat hepatic microsomes. The ethanolic fraction of 

Danshen (IC50 at 4.50 jig/ml) was more effective in inhibiting CYP2E1 activities 

than the aqueous fraction of Danshen (IC50 at 0.79 mg/ml). Dihydrotanshinone was 

again the most potent on inhibiting CYP2E1-mediated hydroxylation and tanshinone 

IIA did not inhibit human CYP2E1 activities. Table 2.8 showed that the inhibitory 

effects of the tanshinones were more prominent on human CYP2E1 than rat 

CYP2E1. It showed 9-fold lower concentration of dihydrotanshinone to give 50% 

inhibition on CYP2E1 activity in human than in rat. Tanshinone I had a higher 

inhibitory effect on human CYP2E1 than in rat with 21-fold difference in the Ki 

value. Cryptotanshinone had a lower IC50 value on human CYP2E1 activity with 

8-fold difference Ki value. This may indicate that Danshen decreased human 

chlorzoxazone metabolism more potently than rat chlorzoxazone metabolism. 
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As shown in Table 2.1，whole Danshen extract was mainly composed of 

water-soluble compounds such as danshensu, salvianolic acid B, rosmarinic acid and 

protocatechuic aldehyde. The aqueous fraction of Danshen mostly consisted of 

danshensu (3 mg/g) and salvianolic acid B (37 mg/g) that the inhibitory effects of 

aqueous fraction were suggested to be from these two components. Further study on 

danshensu and salvianolic acid B should be carried out in order to study their 

respective effects on CYP2E1 activities. In both rat and human liver microsomes 

experiments, dihydrotanshinone exerted the highest inhibitory effects on CYP2E1 

activities uncompetitively that was the same inhibition mode as the ethanolic 

fraction of Danshen. However, the main compounds in the ethanolic fraction were 

tanshinone IIA (118 mg/g) and salvianolic acid B (209 mg/g) instead of 

dihydrotanshinone (9 mg/g) which had the lowest concentration compared with 

other three tanshinones. As tanshinone IIA did not exert inhibitory effects on 

CYP2E1 activity in the current study, cryptotanshinone, tanshinone I and 

dihydrotanshinone might have contributed to the inhibitory effects of the ethanolic 

fraction of Danshen on CYP2E1 activities. 

Inhibition of C Y P enzymes can be divided into reversible and irreversible 

inhibitions according to the enzymatic mechanism (McGinnity and Riley, 2001). 

Reversible inhibition is a common mechanism causing drug-drug interactions. It 

includes competitive inhibition, non-competitive inhibition and uncompetitive 

inhibition (Lin et al.，2000). The inhibition mode of the enzymatic metabolism can 

be predicted by Lineweaver-Burk plot, in which the axes are double-reciprocal that 

y-axis is 1/V and x-axis is 1/[S]. In competitive inhibition, the inhibitors bind at the 

active site of the enzyme to form E-I complex. In this case, K„i will increase with 

unchanged V„iax. Intersections of the lines on Lineweaver-Burk plot will form on 
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y-axis to have same y-intercept. For the non-competitive inhibition, the inhibitors 

bind at the allosteric site of the enzyme leaving the active site unblocked. Here, Km 

will increase with V„iax and the intersections of the lines will form after the y-axis 

and above or on the x-axis. Uncompetitive inhibition is a relatively rare case that the 

inhibitors bind to the E-S complex instead of the enzyme. In such situation, Km and 

Vmax will decrease at the same time. Therefore, the lines will all form in parallel on 

the Lineweaver-Burk Plot. The results shown in Tables 2.2, 2.3，2.5 and 2.6 revealed 

a large variation on K„i and Vmax values, especially for the control groups. This 

phenomenon was mainly caused by the experimental errors due to the small volume 

(200 |l11) used for the reaction. This may be solved by increasing the reaction volume 

in order to minimize the pipetting errors. In the current experiments, the inhibition 

modes of whole Danshen extract and its active components in human liver 

microsomes gave agreement to that in rat liver microsomes. The results showed that 

whole Danshen extract was indicated as non-competitive inhibitor on CYP2E1 

enzyme activities and the most potent inhibitor, dihydrotanshinone, caused 

uncompetitive inhibition to CYP2E1 while whole Danshen extract acted as 

competitive inhibitor on both CYP1A2 and CYP3A4 (Wang, 2007). 

Uncompetitive inhibitions are rare, an example of which was cotinine, a nicotine 

metabolite, which inhibited human CYP2E1-mediated p-nitrophenol metabolism by 

binding to CYP2E1 -p-nitrophenol (E-S) complex with an estimated Ki of 308 m M 

calculated by Hill model equation (Van Vleet et aL, 2001). 

Irreversible inhibitors bind to enzyme with covalent bonding or destroy a functional 

group of enzyme that is important in enzyme activity. Suicide inactivators, also 

named as mechanism-based inactivators, belong to a special class of irreversible 

inhibitors. Mechanism-based inactivators become a very reactive compound after 
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binding to the active site of an enzyme. This reactive compound will then combine 

with the enzyme irreversibly to inactivate the enzyme (Lehninger et al.’ 2005). The 

specific inhibitor of CYP2E1 used in this study was sodium diethyldithiocarbamate 

which was a metabolite of disulfiram and suggested as a mechanism-based 

inactivator (Brady et al., 1991; Guengerich et al., 1991; Ohashi et al, 2005). 

However, literatures on inhibitory mechanism of sodium diethyldithiocarbamate 

mostly depend on the research done by Guengerich (1991). Therefore, the mode of 

inhibition of sodium diethyldithiocarbamate on CYP2E1 still remains uncertain 

(Chang et al, 1994; Eagling et al., 1998). In this study, its inhibition mode was 

suggested to be non-competitive with Ki values of 289 |iM and 123 |iM on rat and 

human chlorzoxazone metabolism, respectively. 

Although Lineweaver-Burk Plot is a classical plot, it is prone to error due to the 

double reciprocal of the axes. Dixon plot can improve the problems faced in 

Lineweaver-Burk Plot as the concentration of inhibitors is directly plotted against 

1/V. The intersecting point of the lines formed on Dixon plot determines the Ki 

value of an inhibitor. However, the lines will form in parallel if the inhibition mode 

is uncompetitive and K/ cannot be determined directly from Dixon plot. Also, K„i, 

V„iax and K/' cannot be determined by Dixon plot. Besides Dixon plot, Ki values can 

be found by plotting Secondary plot of primary slopes of Lineweaver-Burk Plot. The 

x-intercept behind y-axis suggests the Ki values of the inhibitor. Similarly, 

Secondary plot cannot predict Ki values of uncompetitive inhibition because of the 

unchanged slope of Lineweaver-Burk Plot. Ki value implies the affinity of inhibitor 

to enzyme, the lower the Ki values the stronger the affinity. It also means the 

concentration needed for an inhibitor to decrease half of maximal rate of a reaction. 

K/’ value indicates the affinity of inhibitor to enzyme-substrate complex instead of 
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enzyme alone and it is used in uncompetitive inhibition (Lehninger et al., 2005). In 

this case, Cornish-Bowden plot could be used as it can determine both Ki and K/，in 

same graph. As Ki value was the x-intercept on secondary plot and it was an 

intersecting point of all the lines on Dixon plot, standard errors could not be 

determined. In the current experiment, Ki values obtained from secondary plot were 

used and Dixon plot was a reference to determine the accuracy of the Ki values. 

Table 2.9 Ki values of cryptotanshinone, dihydrotanshinone, tanshinone I and 
tanshinone IIA on rat and human CYP2E1, CYP1A2 and CYP3A4 activities. (The 

data of CYP1A2 and CYP3A4 were published by Wang, 2007). 

Ki values 
CYP2E1 CYP1A2 CYP3A4 

Ki values 
Rat Human Rat Human Rat Human 

Whole Danshen 1.46 0.03 0.07 0.05 0.07 mg/ml 0.08 mg/ml 

extract mg/ml mg/ml mg/ml mg/ml 

Cryptotanshinone 87.86 |iM 10.87 |iM 4.07 |iM 1.88 ^M 199.30 _ 120.40 |iM 

Dihydrotanshinone - 6.40 [iM 0.53 _ 127.20 _ 2.10 _ 

Tanshinone I 78.74 |iM 3.67 |iM 1 22.58 |iM 2.16 |iM 199.40 _ 86.90 |iM 

Tanshinone IIA - 1 23.81 \lM 1.45 _ 1 243.20 _ 218.70 _ 

The current results shown in Table 2.9, Ki values of whole Danshen extract on 

CYP2E1 in rat liver microsomes was 1.46 mg/ml and tanshinone I has a relatively 

stronger affinity to the enzyme than cryptotanshinone due to lower K/ value. The Ki 

values of tanshinone I and cryptotanshinone on human CYP2E1 were 8 to 21-fold 

less than on rat CYP2E1 metabolism. The Ki values of whole Danshen extract on rat 

CYP1A2 and CYP3A4 were close (Wang, 2007). It may suggest that the inhibitory 

effect of whole Danshen extract on CYP3A4 and CYP1A2 was much higher than on 

CYP2E1 in rat liver microsomes. For human liver microsomes, Ki value of whole 

Danshen extract on CYP2E1 was 0.03 mg/ml which was much lower than that in rat. 

To compare the Ki values of whole Danshen extract on CYP2E1 with CYP1A2 and 
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CYP3A4, whole Danshen extract had the highest inhibitory effect on CYP2E1 

followed by CYP1A2 and CYP3A4. Dihydrotanshinone had the strongest inhibitory 

effects on rat and human CYP1A2 and CYP3A4 with the lowest Ki values. 

Although Ki values of dihytrotanshinone on rat and human CYP2E1 could not be 

determined here, the low IC50 values also showed its strong inhibitory effects on rat 

and human CYP2E1 activities. Cryptotanshinone, followed by tanshinone I，had the 

highest inhibitory effect on rat and human CYP1A2 with lowest Ki values compared 

with that of CYP2E1 and CYP3A4. The range of Ki values for most of the drugs in 

use lies between 100 n M to 10 |iM. The Ki values of cryptotanshinone and 

tanshinone I on human CYP1A2 and CYP2E1, Ki values of dihydrotanshinone on 

human CYP1A2 and CYP3A4 are within the range and would be regarded as likely 

inhibitors of the CYP isoforms. 

In conclusion, whole Danshen extract had inhibitory effects on CYP2E1 enzyme 

activities in both rat and human liver microsomes. The ethanolic fraction of Danshen 

exerted a more prominent inhibition on CYP2E1 than the aqueous fraction. 

Dihydrotanshinone inhibited CYP2E1 activities by uncompetitive inhibition, 

possibly binding to the CYP enzyme-substrate complex instead of CYP enzyme 

alone, and Ki could not be obtained from both Secondary Lineweaver-Burk and 

Dixon plots. Cryptotanshinone and tanshinone I also inhibited CYP2E1 activities 

but not tanshinone IIA. Tanshinone IIA is commonly used for treating 

cardiovascular diseases. It was proved to have cardioprotective effects on 

myocardial ischemia rats by improving heart functions due to enhancement of 

hypoxia-inducible factor 1-a m R N A expression (Xu et al.’ 2009). It was even found 

to have anticancer effect on human breast cancer by inhibiting the cell proliferation 

and inducing apoptosis of ER-positive (MCF-7) and ER-negative breast cancer cell 
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in vitro (Zhang and Lu, 2009). The results in human liver microsomes agreed with 

that in rat liver microsomes. However, the in vitro experiments may not be able to 

predict effects of Danshen in in vivo. To further the investigation on effects of 

Danshen on CYP2E1 -mediated chlorzoxazone metabolism, in vivo study would be 

carried out in rats with acute, 3-day and 14-day Danshen pre-treatments at different 

dosages. 

92 



Chapter 2 

Chapter 3 

Effects of Danshen on cytochrome P450 protein expression 

and metabolism of model CYP2E1 probe substrate in the 

rat in vivo 

3.1 Introduction 

CYP1A2，CYP2C9, CYP2D6, CYP2E1 and CYP3A4 are important CYPs that are 

responsible for the metabolism of most of the drugs in clinical use. Previous studies 

in our laboratory have shown that Danshen and its active components had inhibited 

CYP1A2, CYP2C9 and CYP3A4 activities in vitro in rats and human microsomes 

and in vivo in rat (Wang, 2007). Therefore a similar approach was carried out in this 

study on CYP2E1. Paracetamol is one of the substrates of CYP2E1, investigations 

on drug interactions associating with CYP2E1 may have both pharmacological as 

well as toxicological significance. Paracetamol, also named as acetaminophen 

(APAP), is widely used as analygesic and antipyretic agent (Jemnitz et al., 2008). It 

reduces fever and mild-to-moderate pain effectively and safely. It has been reported 

that paracetamol overdose led to hepatotoxicity in both humans and experimental 

animals (Kaplowitz, 2005). About 40% of acute liver failure cases were due to 

paracetamol overdose (Lee, 2003). Paracetamol undergoes extrinsic phase II 

conjugation and CYP2E1 is considered as one of the main isozyme responsible for 

paracetamol metabolism. It was proposed that the hepatotoxicity was mainly caused 

by an increase in reactive intermediate metabolic A^-acetyl-p-benzoquinone-imine 

(NAPQI) with depletion of cellular glutathione (GSH) (Hinson et al., 2004). 

CYP2E1 was discovered to activate the formation of NAPQI which is unstable and 
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is measured as a GSH conjugate (Morgan et al.，1983; Raucy et al., 1989; Gonzalez, 

2007). 

Chlorzoxazone and p-nitrophenol are model probe susbtrates of CYP2E1 used 

widely in in vitro activities. Some work showed that CYP3A had a significant 

involvement in 2-hydroxylation of p-nitrophenol metabolism in vitro in rats and 

human (Zerilli et al., 1997; Kobayashi et al., 2002). Chlorzoxazone metabolism in 

human liver microsomes was suggested to involve by CYP1A2 and CYP3A4 (Ono 

et al., 1995; Gorski et al., 1997). However, Lucas et. al (1999) had shown that 

CYP1A2 did not play a prominent role in chlorzoxazone metabolism. 

Chlorzoxazone is used pharmaceutically in musculoskeletal pain relief (Ernstgard et 

al., 2007). In this part of study, chlorzoxazone was used as CYP2E1 probe substrate 

based on a study showing its selectivity to CYP2E1 isoform (Peter et al., 1990) and 

results from the in vitro study in Chapter 2. Ernstgard, et.al. (2007) reported that 

chlorzoxazone was the only in vivo CYP2E1 probe currently, used with its 

non-invasive and low toxicity (Lucas et al., 1999). 

In Chapter 2, Danshen and its components effects on rat and human hepatic 

CYP2E1 activities in vitro had been studied. It was found that the tanshinones 

including cryptotanshinone, dihydrotanshinone and tanshinone I inhibited 

CYP2E1 -mediated chlorzoxazone metabolism in rat and human liver microsomes. 

Further experiments in in vivo model would be necessary to substantiate the in vitro 

results. In this study, acute, 3-day and 14-day treatments were administered to the 

rats with whole Danshen extract. Single-dose treatment of Danshen was used for the 

study of pharmacokinetics of chlorzoxazone. Prolonged treatments (3-day and 

14-day) were established to examine whether there was alteration in overall 
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pharmacokinetics after multiple dosages of Danshen. Chlorzoxazone was 

metabolized into 6-hyclroxychlorzoxazone which is glucuronidated or sulphated 

before elimination (Lucas et al., 1999). The pharmacokinetic parameters for 

chlorzoxazone and area under curves of the metabolites were calculated and 

compared with the control to determine the effects of Danshen in vivo. 

CYP2E1 is important in its association with alcohol oxidizing function. It has been 

reported that continuous consumption on alcohol can increase CYP2E1 activities by 

up to 20 folds (Khan et al., 2009). Enzyme induction usually requires 4 to 14 days to 

the peak (Tanaka and Hisawa, 1999). It has been shown that induction of CYP 

enzymes is mainly caused by transcriptional activation involving several nuclear 

receptors, such as aryl hydrocarbon receptor (Ah), constitutevely active receptor 

(CAR), pregnane X receptor (PXR) and retinoid X receptor (RXR). When the 

inducer binds to one of the nuclear receptors, the transcription of CYP genes will be 

stimulated through interacting with the promoter region of the gene directly. The 

whole complex is then translocated to the nucleus and binds to other nuclear factors 

and promoter of the genes. The level of m R N A levels increase and the expression of 

the CYP is therefore increased (Whitlock, 1999; Ma, 2001; Yan and Caldwell, 2001; 

Gonzalez, 2007). However, induction of CYP2E1 does not involve nuclear receptors, 

but occurred at transcriptional, translational and post-translational levels with 

regulated CYP2E1 expression (Ronis and Ingelman-Sundberg, 1999; (Zhukov and 

Ingelman-Sundberg, 1999). CYP2E1 enzymes were suggested to be stabilized after 

inducers bound to the active site of enzyme that the protein was protected from 

proteolytic degradation, and therefore the protein expression level increases after 

induced by the inducers such as ethanol and acetone (Eliasson et al., 1992; McGehee 

et al., 1994). Since CYP2E1 is an inducible enzyme, its protein expression was 
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investigated by Western Blot in this study to examine the effect of Danshen on 

CYP2E1 expression. 
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3.2 Materials and Methods 

3.2.1 Chemicals and reagents 

Chlorzoxazone, 6-hydroxychlorzoxazone, cimetidine, heparin sodium salt, urethane, 

phenacetin, P-glucuronidase were from Sigma Chemical Co. (St Louis, M O , USA). 

Acetonitrile (HPLC Grade) and ethyl acetate (HPLC Grade) were from Labscan 

Analytical Sciences (Bangkok, Thailand). Phenobarbitone sodium was obtained 

from Universal Pharmaceutical Lab. (Hong Kong). Perchloric acid, 

ammoniumacetate and magnesiumchlorid-hexahydrat reinst were from Merck & Co., 

Inc. (USA). Sodium acetate trihydrate (HPLC grade) was from Scharlau Chemie 

(Barcelona, Spain). Formulated Danshen extract was kindly donated by Winsor 

Health Products Limited (Hong Kong). Primary antibodies for human and rat 

CYP2E1 were purchased from Chemicon (USA). Secondary antibodies (HRP-anti 

rabbit IgG) were purchased from Cell Signalling Technology (USA). 

3.2.2 Animals 

Sprague-Dawley rats (male, 260 - 280 g) were used to perform all experiments 

under licence from the Government of the Hong Kong S A R and endorsed by the 

Animal Experimentation Ethics Committee of the Chinese University of Hong Kong, 

All the rats were supplied by the Laboratory Animal Services Centre of the Chinese 

University of Hong Kong. The rats were bred and kept in animal holding room 

under standard conditions with 12-h light-dark cycle. Food and water was provided 

to the rats ad libitum. 
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3.2.3 Effects of Danshen treatments on pharmacokinetics of chlorzoxazone in 

rats in vivo 

3.2.3.1 Acute, 3-day and 14-day treatments with whole Danshen extract 

For acute treatments, groups of 6 - 8 animals were treated with saline (control), 

whole Danshen extract (50 mg/kg, 100 mg/kg and 200 mg/kg, i.p. or 100 mg/kg, 

200 mg/kg and 400 mg/kg, p.o.) or cimetidine (60 mg/kg, i.p., control for enzyme 

inhibition studies) 30 minutes before chlorzoxazone administration (25 mg/kg, i.v.). 

For 3-day treatments, groups of 6 - 8 animals were treated with saline (control), 

whole Danshen extract (200 mg/kg/day and 400 mg/kg/day, i.p. or 200 mg/kg/day 

and 500 mg/kg/day, p.o.) or phenobarbitone (40 mg/kg/day, i.p., control for enzyme 

induction) for 3 days. Chlorzoxazone (25 mg/kg, i.v.) was administered on day 4. 

For 14-day treatments, groups of 6 - 8 animals were treated with saline (control), or 

whole Danshen extract (200 mg/kg/day and 400 mg/kg/day, i.p. or 100 mg/kg/day 

and 200 mg/kg/day, p.o.) for 14 days. Chlorzoxazone (25 mg/kg, i.v.) was 

administered on day 15. 

After each pre-treatment and right before chlorzoxazone administration, the rats 

were anaesthetized with urethane (20% w/v, i.p.). The carotid artery and jugular vein 

were cannulated. Heparinized saline (100 units/ml) was applied through carotid 

artery for preventing blood coagulation during blood sample collection. Saline 

(0.9% w/v) was replaced through jugular vein after each blood collection. 

Chlorzoxazone (25 mg/kg, i.v.) was administered via jugular vein and 0.5 ml blood 

was collected at 5, 10, 20, 40, 60，90, 120，150 and 180 minutes afterwards. The 

serum was analyzed by HPLC. 
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3.2.3.2 Plasma extraction 

Blood sample (0.5 ml) was collected in 1.6 ml microcentrifuge tube. Serum was 

obtained by centrifugation at 10,000 r.p.m for 5 minutes. 100 |il serum was added to 

a 1.6 ml microcentrifuge tube with 300 |il of acetate buffer (0.2 M, pH 4.75) and 100 

|il of P-glucuronidase (dissolved in 0.2% NaCl, 850 units). After 3-hour incubation 

at 37 thermomixer at 800 r.p.m., 100 |il of 2 M perchloric acid was added, 

followed by 20 |il of phenacetin (50 |ig/ml) and 600 |il ethyl acetate. The mixture 

was incubated at 25 for 30 minutes at 1400 r.p.m. The tubes were then 

centrifuged at 10,000 r.p.m. for 5 minutes. The solvent layer was transferred to clean 

conical tube and evaporated under a gentle stream of nitrogen at 40 °C. The residue 

was dissolved in 80 |il methanol and centrifuged at 10,000 r.p.m. for 10 minutes. 

Sample of 50 |il was then injected into the HPLC for analysis. 

3.2.3.3 High performance liquid chromatography (HPLC) analysis 

The HPLC system consisted of Aligent Technologies 1100 series pumping system. 

The eluate was analysed by passing through a column (Agilent Z O R B A X Eclipse 

XDB-C18, 4.6 X 150 m m , 5 |a,m). The mobile phase containing 0.15% ammonium 

acetate in water with IN HCl (pH 5.92) and 30% acetonitrile was eluated by 

isocratic mode at a flow rate of 0.5 ml/min and the u.v. absorbance was detected at 

287 nm. The chromatogram was shown in Figure 3.1. Linear standard curves of 

chlorzoxazone and 6-hydroxychlorzoxazone lied between 0.1 and 10 |ig. Precision 

tests showed a good reproducibility that the differences were less than 10%. The 

accuracy of the standard curve was greater than 90%. 
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Fig. 3.1 Chromatogram of chlorzoxazone and 6-hydroxychlorzoxazone. 

A) 6-hydroxychlorzoxazone (5.6 min); B) Phenacetin (9.5 min); C) Chlorzoxazone 

(14.1 min). 
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3.2.4 Effects of 3-day and 14-day Danshen treatments on CYP2E1 protein 

expression 

3.2.4.1 Preparation of rat liver microsomes for Western blotting 

Sprague-Dawley rats (260 - 280 g, male) were treated with whole Danshen extract 

(200 mg/kg/day, 400 mg/kg/day, i.p. or 200 mg/kg/day, 500 mg/kg/day, p.o.) for 3 

days or whole Danshen extract (200 mg/kg/day, 400 mg/kg/day, i.p. or 100 

mg/kg/day, 200 mg/kg/day, p.o.) for 14 days. Control rats were treated with 5% 

acetone water for 7 days as control of induction and 75 mg/kg dexamethasone for 3 

days as control of inhibition. After treatments, the rats were killed by cervical 

dislocation. The liver was excised and rinsed with ice-cold 0.9% NaCl (saline) 

solution. The liver was homogenized in 0.05 M Tris/KCl buffer at pH 7.4 with 0.25 

M sucrose. The homogenate was centrifuged at 14,000 r.p.m at 4 for 30 minutes. 

The supernatant was then ultra-centrifuged at 44,000 r.p.m at 4 for one hour. 

Phosphate buffer (0.05 M, pH 7.4) was used to reconstitute the pellet which was 

then stored at -80 

3.2.4.2 Protein assay 

B C A protein assay kit (Thermo. Co. Ltd.) was used to measure the protein 

concentration of the liver microsomes. Concentrations at 0，25, 125, 250, 500, 750 

and 1000 )ig/ml of B S A were prepared with saline to plot the standard curve. The 

microsomes were diluted into 25 or 50 folds by 0.05 M Tris/KCl buffer. Reagent A 

was mixed with Reagent B at a ratio 1:50. Each standard or diluted sample (25 |al) 

was added into each well of 96-well plate. Reagent A and B mixture (200 |il) was 

added into each well. The plate was incubated for 30 minutes at 37 The 

absorbance was measured by Universal Microplate Reader (Bio Tek Instrument ELx 

800) at 560 nm. The protein concentration was obtained from the standard curve 
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with absorbance against protein concentration. 

3.2.4.3 Western Blot 

Tris/KCl buffer (0.05 M ) and 2X loading dye were used to dilute the rat liver 

microsomes. A final concentration of 30 |Lig of protein in 15 |il volume was prepared 

and was incubated at 99 "C thermomixer for 5 minutes at 300 r.p.m. in order to 

denature the protein. The samples were cooled down by placing in ice and were 

given a flash spin to bring down the condensation. Sodium dodecyl 

sLilfate-polyacrylamide (SDS-PAGE, 8%) gel was set with 10 wells by using 0.75 

m m casting glass. Running buffer (IX; water: lOX running buffer = 9: 1) was poured 

to immerse the whole set of gel rig. Each sample (10 |il) was loaded into each well so 

that each well contained 20 jig of protein followed by electrophoresis (90 V, 90 

minutes). Nitrocellulose membrane, filter paper and sponge were prewet in IX 

transfer buffer (water: methanol: lOX transfer buffer = 7: 2: 1) for about 15 minutes. 

The gel was cut into membrane size and covered with filter, and bind together with 

two pieces of sponge into the "sandwich" cassette and IX transfer buffer was poured 

to immerse the whole cassette (figure 3.2). The voltage was set at 90 V and about 1.5 

hour was required to transfer the protein. Skimmed milk (5%) was prepared with 

Tris-buffered saline Tween-20 (TEST). After the transfer, skimmed milk (10 ml) was 

added onto the cut membrane and was blocked for 1 hour. CYP2E1 primary antibody 

(1: 4000) was added onto the membrane for incubating overnight at 4 The 

membrane was washed with TBST for 3 times afterwards, each for about 15 minutes. 

Secondary antibody (1: 2000) was added and the membrane was incubated for at 

least 2 hours at room temperature. The membrane was then washed again with TBST 

for 3 times, each for about 5 minutes. Substrate Reagents A and B was mixed at a 

ratio of 1: 1. Add about 1 ml substrate mixture onto each membrane and the excess 
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substrate was removed by KimWipes paper. The bandings were filmed for 10 

seconds. 

Anode (+) 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX Sponge 

Cathode (-) 

Fig. 3.2 shows the cassette setting for Western Blot. 

Sponge 

/ Filter paper 
membrane 

—gel 
-Filter paper 

3.2.5 Data analysis 

The pharmacokinetic parameters were calculated by pharmacokinetics program PK 

solutions 2.0 software (Ashland, USA) with standard noncompartmental methods. 

Cinitiai is the initial concentration extrapolated to time zero. A U C means the area 

under concentration-time curve. Vd is the apparent volumne of distribution defined 

as the volume of fluid required to contain the total amount of drug in the body. CL is 

the total clearance of chlorzoxazone that involves all elimination processes in the 

body in unit time. The significance of difference of the pharmacokinetic parameters 

between treatments and control was analyzed by unpaired t-test. The significance of 

difference among groups was analyzed by two-way analysis of variance followed by 

Bonferroni post-test using GraphPad Prism 5.0 (GraphPad Software, CA, USA). 

Vd = D / (AUC X k ) 

C L = D / A U C 

where D is the dose of chlorzoxazone and k is the elimination rate constant. 

The intensities of the bandings on films of Western Blot were analyzed by Scion 
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one-way analysis of variance followed by Bonferroni's multiple 

There is statistical significance when p < 0.05. 
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was analyzed by 

comparison test. 
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3.3 Results 

3.3.1 Effects of whole Danshen extract on rat CYP2E1 activities in vivo 

3.3.1.1 Effects of acute treatments of whole Danshen extract on 

pharmacokinetics of chlorzoxazone 

Figures 3.3, 3.4 and 3.5 show the plasma concentration-time profiles of 

chlorzoxazone and 6-hydroxychlorzoxazone after acute whole Danshen extract (50 

mg/kg, 100 mg/kg and 200 mg/kg, i.p.) administration. Table 3.1 shows that the 

acute treatment via i.p. administration of Danshen did not alter the clearance, Cinkiai， 

AUC, and T\/2 of chlorzoxazone although high dose (200 mg/kg) administration 

reduced Vd by 14.1% and low dose (50 mg/kg) administration increased T\/2 by 

25.6%. As shown in Table 3.2, 6-hydroxychlorzoxazone formation was not 

significantly reduced in all Danshen concentrations by comparing A U C of the 

metabolites of treatments with that of control. When comparing the A U C ratio 

shown in Table 3.2, it was found that the ratio decreased for 24.8% at the lowest 

dose (50 mg/kg) of Danshen but increased for 4.8% at a higher dose (100 mg/kg) of 

Danshen. There was no change in A U C ratio at highest dosage (200 mg/kg). In 

Figure 3.6，cimetidine was used as a control for enzyme inhibition which showed 

significant changes in all pharmacokinetic parameters compared with control in 

Tables 3.1 and 3.2，also a significant decrease for 85.7% in A U C ratio. 

Figures 3.7, 3.8 and 3.9 show the plasma concentration-time profiles of 

chlorzoxazone and 6-hydroxychlorzoxazone after acute p.o. administration of whole 

Danshen extract (100 mg/kg, 200 mg/kg and 400 mg/kg). As shown in Table 3.3, Vd 

was the major pharmacokinetic parameter altered by all concentrations of Danshen, 

in which, Vd was reduced by 33.5%, 34.4% and 32.4% respectively for 100 mg/kg, 
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200 mg/kg and 400 mg/kg of Danshen. Cinitiai was increased by 33.0% and 34.8% 

respectively for 100 mg/kg and 200 mg/kg of Danshen. Danshen dosage at 200 

mg/kg also reduced clearance for 22.3%. In Table 3.4， A U C of 

6-hydroxychlorzoxazone of the Danshen treatments was compared with that of 

control. The A U C of metabolites after all Danshen treatments (100 mg/kg, 200 

mg/kg and 400 mg/kg) were decreased significantly for 24.7%, 27.5% and 30.2% 

respectively. Lower dosage (100 mg/kg) of Danshen decreased A U C ratio for 28.6%, 

while higher dosages (200 mg/kg, 400 mg/kg) decreased A U C ratio for 35.7%. 

3.3.1.2 Effects of 3-day treatments of whole Danshen extract on 

pharmacokinetics of chlorzoxazone 

The plasma concentration-time profiles of chlorzoxazone and 

6-hydroxychlorzoxazone after i.p. treatments were shown in Figures 3.10 and 3.11. 

Table 3.5 shows that 400 mg/kg of Danshen administration reduced Cinitiai by 29.5%, 

together with a significant increase in Yd for 33.9%. Clearance, A U C and T m were 

not changed in all Danshen concentrations. There was no significant difference by 

comparing A U C of 6-hydroxychlorzoxazone of the Danshen treatments with the 

control as shown in Table 3.6, but it showed an 18.2% increase in 200 mg/kg 

Danshen treatment and 4.6% increase in 400 mg/kg Danshen treatment. However, it 

only showed increase in A U C ratio at lower dosage of Danshen treatment (200 

mg/kg) and decrease in A U C ratio after 400 mg/kg Danshen treatment shown in 

Table 3.6. In Figure 3.12, phenobarbitone was used as a control for enzyme 

induction which showed changes in AUC, Vd, clearance and T m of chlorzoxazone 

and A U C of 6-hydroxychlorzoxazone compared with control in Tables 3.5 and 3.6. 

The plasma concentration-time profiles of chlorzoxazone and 
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6-hydroxychlorzoxazone after oral treatments were shown in Figures 3.13 and 3.14. 

Although there was no significant difference in pharmacokinetic parameters of 

chlorzoxazone after all Danshen treatments shown in Table 3.7 and by comparing 

A U C of 6-hydroxychlorzoxazone of the Danshen treatments with the control in 

Table 3.8, it showed a 23.8% increase and a 28.8% decrease in A U C of 

6-hydroxychlorzoxazone after 200 mg/kg and 500 mg/kg treatments, respectively. 

The A U C ratio in Table 3.8 also showed similarity to the A U C results that 200 

mg/kg Danshen increased 14.3% of A U C ratio while 500 mg/kg Danshen decreased 

the A U C ratio for 14.3%. 

3.3.1.3 Effects of 14-day treatments of whole Danshen extract on 

pharmacokinetics of chlorzoxazone 

The plasma concentration-time profiles of chlorzoxazone and 

6-hydroxychlorzoxazone after i.p. treatments were shown in Figures 3.15 and 3.16. 

Table 3.9 shows that there was no change in the pharmacokinetic parameters of 

chlorzoxazone. A significant decrease (60%) in A U C of 6-hydroxychlorzoxazone 

has been shown in Table 3.10 if 400 mg/kg Danshen was applied everyday for 14 

days although there was a 20% increase after 200 mg/kg Danshen treatment. A U C 

ratio in Table 3.10 also shows that a 33.3% increase and 66.7% decrease after 200 

mg/kg and 400 mg/kg Danshen treatments, respectively. 

The plasma concentration-time profiles of chlorzoxazone and 

6-hydroxychlorzoxazone were after oral treatments shown in Figures 3.17 and 3.18. 

No significant difference in pharmacokinetic parameters shown in Table 3.11 but a 

significant decrease (40.5%) of A U C of 6-hydroxychlorzoxazone was shown in 

Table 3.12 after 400 mg/kg/day Danshen treatment was shown. There was a slight 
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increase (8.3%) in A U C of 6-hydroxychlorzoxazone after 100 mg/kg 

treatment. Table 3.12 showed that there was a 16.7% increase in A U C ratio 

mg/kg Danshen treatment but a 41.7% decrease after 200 mg/kg treatment. 
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Control 

50 mg/kg Danshen 

3 0 6 0 9 0 1 2 0 1 5 0 1 8 0 2 1 0 

Time (min) 

Fig. 3.8 Concentration-time profile of chlorzoxazone (25 mg/kg, i.v.) after p.o. acute 

treatment with saline (control) or 200 mg/kg of whole Danshen extract. Results were 

mean 土 SEM of 6-8 rats. */) < 0.05 and **/) < 0.01 when compared with controls. 
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T i m e ( m i n ) 

Fig. 3.8 Concentration-time profile of chlorzoxazone (25 mg/kg, i.v.) after p.o. acute 

treatment with saline (control) or 200 mg/kg of whole Danshen extract. Results were 

mean 土 SEM of 6-8 rats. */) < 0.05 and **/) < 0.01 when compared with controls. 
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Control 

200 mg/kg Danshen 
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Time (min) 

Fig. 3.5 Concentration-time profile of chlorzoxazone (25 mg/kg, i.v.) after i.p. acute 

treatment with saline (control) or 200 mg/kg of whole Danshen extract. Results were 

mean ± SEM of 6-8 rats. < 0.01 when compared with controls. 
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Fig. 3.6 Concentration-time profile of chlorzoxazone (25 mg/kg, i.v.) after i.p. acute 

treatment with saline (control) or 60 mg/kg of cimetidine. Results were mean 士 SEM 

of 6-8 rats. */) < 0.05, < 0.01 and < 0.001 when compared with controls. 
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Fig. 3.7 Concentration-time profile of chlorzoxazone (25 mg/kg, i.v.) after p.o. acute 

treatment with saline (control) or 100 mg/kg of whole Danshen extract. Results were 

mean 土 SEM of 6-8 rats. 
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mean 土 SEM of 6-8 rats. */) < 0.05 and **/) < 0.01 when compared with controls. 
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Fig. 3.10 Concentration-time profile of chlorzoxazone (25 mg/kg, i.v.) after i.p. 
3-day treatment with saline (control) or 200 mg/kg/day of whole Danshen extract. 
Results were mean 士 S E M of 6-8 rats. */) < 0.05 and < 0.01 when compared with 
controls. 
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Fig. 3.11 Concentration-time profile of chlorzoxazone (25 mg/kg, i.v.) after i.p. 3-day 

treatment with saline (control) or 400 mg/kg/day of whole Danshen extract. Results 

were mean 土 SEM of 6-8 rats. ***/) < 0.001 when compared with controls. 
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Fig. 3.12 Concentration-time profile of chlorzoxazone (25 mg/kg, i.v.) after i.p. 
3-day treatment with saline (control) or 40 mg/kg/day of phenobarbitone. Results 
were mean 士 S E M of 6-8 rats. */) < 0.05, **p < 0.01 and < 0.001 when 
compared with controls. 
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Fig. 3.13 Concentration-time profile 
3-day treatment with saline (control) 
Results were mean 土 S E M of 6-8 rats, 
compared with controls. 
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Fig. 3.14 Concentration-time profile of chlorzoxazone (25 mg/kg, i.v.) after p.o. 

3-day treatment with saline (control) or 500 mg/kg/day of whole Danshen extract. 

Results were mean 士 SEM of 6-8 rats. 
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Fig. 3.15 Concentration-time profile of chlorzoxazone (25 mg/kg, i.v.) after i.p. 

14-day treatment with saline (control) or 200 mg/kg/day of whole Danshen extract. 

Results were mean 士 SEM of 6-8 rats. 
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Control 

400 mg/kg/day Danshen 

3 0 60 9 0 1 2 0 

Time (min) 

180 210 

Fig. 3.16 Concentration-time profile of chlorzoxazone (25 mg/kg, i.v.) after i.p. 

14-day treatment with saline (control) or 400 mg/kg/day of whole Danshen extract. 

Results were mean 土 SEM of 6-8 rats. */) < 0.05 when compared with controls. 
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Fig. 3.17 Concentration-time profile of chlorzoxazone (25 mg/kg, i.v.) after p.o. 

14-day treatment with saline (control) or 100 mg/kg/day of whole Danshen extract. 

Results were mean 土 SEM of 6-8 rats. 
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Control 

200 mg/kg Danshen/day 

3 0 6 0 9 0 1 2 0 1 5 0 1 8 0 2 1 0 

Time (min) 

Fig. 3.18 Concentration-time profile of chlorzoxazone (25 mg/kg, i.v.) after p.o. 

14-day treatment with saline (control) or 200 mg/kg/day of whole Danshen extract. 

Results were mean 土 SEM of 6-8 rats. **/; < 0.01 when compared with controls. 
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3.3.2 Effects of whole Danshen extract on rat CYP2E1 expression 

For 3-day treatments, Figure 3.20 shows that only 400 mg/kg whole Danshen extract 

administered intraperitonealy had significant reduction on rat CYP2E1 expression 

and no effects were seen after either 200 mg/kg Danshen treatment or treatments via 

oral administration. 

For 14-day treatments, 400 mg/kg Danshen i.p. treatment and 200 mg/kg Danshen 

P.O. treatment showed reduction on rat CYP2E1 expression but no effects caused by 

200 mg/kg Danshen i.p. treatment and 100 mg/kg Danshen p.o. treatment. 

Acetone water was used as the control of induction in CYP2E1 expression which 

showed a significant increase in CYP2E1 expression, while dexamethasone was a 

control of reduction in CYP2E1 expression but there was no significant difference in 

CYP2E1 expression when compared with the control. 
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Molecular weight of CYP2E1: 56 kDa (Tomaszewski et al., 2008) 

CI 1 2 3 4 5 6 C2 + - 7 8 9 10 11 12 

C3 13 14 15 16 17 18 C4 19 20 D1 D2 D3D4 

CI D5 D6 D7 C2 A5 A6 A7 A8 

Figure 3.19 Films of Western blot. 

C1-C4: Controls with saline only 

+： Positive control (5% Acetone water for 7 days) 

-：Negative control (75 mg/kg Dexamethasone for 3 days) 

1-4: 14-day (i.p.) treatment with 400 mg/kg Danshen 

5-8: 3-day (i.p.) treatment with 400 mg/kg Danshen 

9-12: 3-day (p.o.) treatment with 200 mg/kg Danshen 

13-16: 14-day (i.p.) treatment with 200 mg/kg Danshen 

17-20: 14-day (p.o.) treatment with 100 mg/kg Danshen 

D1-D3: 3-day (i.p.) treatment with 200 mg/kg Danshen 

D4-D7: 3-day (p.o.) treatment with 500 mg/kg Danshen 

A5-A8: 14-day (p.o.) treatment with 200 mg/kg Danshen 
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0-
a b d e f g 

Treatments 

h k 

a: Control 
b: 5% acetone water 
c: Dexamethasone 
d: 3-day (i.p.) treatment with 200 mg/kg Danshen 
e: 3-day (i.p.) treatment with 400 mg/kg Danshen 
f: 3-day (p.o.) treatment with 200 mg/kg Danshen 
g: 3-day (p.o.) treatment with 500 mg/kg Danshen 
h: 14-day (i.p.) treatment with 200 mg/kg Danshen 
i: 14-day (i.p.) treatment with 400 mg/kg Danshen 
j: 14-day (p.o.) treatment with 100 mg/kg Danshen 
k: 14-day (p.o.) treatment with 200 mg/kg Danshen 

Fig. 3.20 Rat CYP2E1 expression after various concentrations of whole Danshen 
extract via intraperitoneal and oral administration. The results were expressed as 
percentage of control intensity. Results were mean ± S E M of 4 rats. < 0.01 and 
***/?< 0.001 when compared to control (saline). 
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Chapter 4 

3.3.3 Summary 

Table 3.13 summarizes the in vivo pharmacokinetic studies and CYP2E1 expression 

of this study. For acute treatment, Danshen decreased metabolite formation via oral 

administration but not intraperitoneal injection. Danshen had no effects on 

chlorzoxazone metabolism but reduced metabolite formation after 14-day treatments 

of Danshen via i.p. and p.o. route at 400 mg/kg/day and 200 mg/kg/day respectively. 

CYP2E1 expression was decreased after 3-day i.p. administration of 400 mg/kg/day 

Danshen, 14-day i.p. administration of 400 mg/kg/day Danshen and 14-day p.o. 

administration of 200 mg/kg/day Danshen. 

Table 3.13 A summary to compare the effects of Danshen on CYP2E1 activity and 

Whole Dashen extract 
treatment (mg/kg) 

In vivo 
Decrease in AUC of 

metabolite? 

CYP2E1 expression 
Decrease in protein 

expression? 

Intraperitoneal administration 

Acute 

50 No -

100 No -

200 No -

3-day 
200 No No 
400 No Yes 

14-day 
200 No No 
400 Yes Yes 

Oral administration 

Acute 

100 Yes -

200 Yes -

400 Yes -

3-day 

200 No No 

500 No No 

14-day 

100 No No 

200 Yes Yes 
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3.4 Discussion 

Whole Danshen extract, ethanolic and aqueous fractions of Danshen, 

cryptotanshinone, dihydrotanshinone and tanshinone I inhibited CYP2E1 activities in 

rat and human liver microsomes. To further the investigation on the effects of 

Danshen, current in vivo experiments were carried out. The doses of whole Danshen 

extract used were based on the dosages from previous studies (Wang, 2007; Wang et 

al” 2009). Apparent volume of distribution (Vd) was the most affected parameter by 

Danshen in acute studies. Plasma half-life of chlorzoxaone was increased after low 

dose (50 mg/kg) of Danshen i.p. treatment. Cinitiai of chlorzoxazone had increased 

after 100 mg/kg and 200 mg/kg oral treatments. Clearance also decreased after 200 

mg/kg oral treatment. The alteration of pharmacokinetic parameters after 3-day 

Danshen i.p. treatment at 400 mg/kg dosage can be seen that Cinuiai had decreased 

and Vd had increased. However, multiple Danshen treatments in the current 

experiment did not affect the pharmacokinetic parameters of chlorzoxazone. 

In this study, A U G of 6-hydroxychlorzoxazone was also compared with the control. 

Danshen treatments had reduced A U C of metabolites in acute oral administration but 

not in intraperitoneal injection. A U C of metabolites after 14-day intraperitoneal 

injection and 14-day oral administration was reduced at 400 mg/kg/day and 200 

mg/kg/day of Danshen, respectively. The results showed that an oral Danshen 

treatment may be more effective than intraperitoneal treatment on chlorzoxazone 

metabolism. Intraperitoneal administration is always thought to be an effective route 

as the drugs injected are directly absorbed through the blood capillaries surrounding 

peritoneum and go into liver through blood streams. For oral administration, drugs 
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will pass through the digestive system before entering the liver. The drugs may be 

chemically degraded or altered by the enzymes on the gut wall. The phenomenon of 

higher effectiveness of oral administration in the current experiment is uncommon. 

The difference between the effects of Danshen via i.p. and oral administrations may 

be due to the difference of the routes which could affect the absorption of Danshen. It 

has been shown that aqueous Danshen extraction was well absorbed in intestine, in 

which, danshensu was absorbed fast and well distributed (Zhou et al., 2005), but 

relevant literatures about absorption of Danshen and its components are limited. No 

significant effects could be seen in 3-day treatments although there was increase in 

A U C of 6-hydroxychlorzoxazone after i.p. treatment. Moreover, there was an 

interesting phenomenon that it showed some statistically insignificant increase in 

A U C of 6-hydroxychlorzoxazone after lower dose of Danshen treatment but decrease 

in higher dosage after 3-day and 14-day treatments. The A U C ratios gave a clearer 

picture to show the effects between low dose and high dose treatments of Danshen 

after 3 days and 14 days. However, the cause of these increase still remains 

unknown. 

As CYP2E1 is an inducible enzyme, an experiment on CYP2E1 expression was 

carried out. There was no increase in CYP2E1 expression after 3-day and 14-day 

treatments implying there was no induction of CYP2E1 after multiple Danshen 

dosages. It also showed that the intensity of bandings decreased after 3 and 14-day 

i.p. treatments of Danshen at higher dosage and it only happened after 14-day p.o. 

treatment of higher Danshen dosage. This indicates that CYP2E1 expression may be 

down-regulated after the treatments. The results of CYP2E1 expression were in 

agreement with the in vivo experiment on reduction of chlorzoxazone metabolism. 
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Hakkola et. a/.(2003) showed that the inflammatory cytokines IL-ip, TNFa and IL-6 

down-regulated CYP2E1 expression in Fao rat hepatoma cell line. Down-regulation 

of CYP2E1 was found to be related to decrease in some transcription factors such as 

hepatocyte nuclear factor la(HNF-la) to bind to promoter, acting on the CYP2E1 

5'-upstream regulatory region, that reduced m R N A production. The reduction may 

be related to stabilization of m R N A (Hakkola et al., 2003). Another study found that 

insulin suppressed CYP2E1 expression through insulin-mediated signaling pathways 

involving PI3-kinase, p70 S6 kinase and Src kinase. The suggested mechanism 

increased in CYP2E1 m R N A turnover with inhibition of CYP2E1 gene transcription 

(Woodcroft et al., 2002). However, regulatory system in CYP2E1 is still under 

research. 

In conclusion, the in vivo results in current experiments are in agreement with the in 

vitro studies in liver microsomes experiments that metabolism of chlorzoxazone was 

decreased by Danshen treatments. Danshen decreased CYP2E1-mediated 

chlorzoxazone metabolism, especially after acute and 14-day treatments. Vd was the 

most affected pharmacokinetic parameter followed by CiniUai, clearance and half-life 

after Danshen treatments. Oral administration is the most common pathway for 

Danshen intake. From the current results, an oral administration was more effective 

on reducing chlorzoxazone metabolism. This may be due to a fast absorption of 

Danshen after oral administration. There was some increase in A U C of 

6-hydroxychlorzoxaone after 3-day and 14-day low dosages of Danshen treatments 

but it was not statistically significant. The reason leading to this increase was 

unknown. There was no induction in CYP2E1 expression after 3-day and 14-day 

Danshen treatments although there was decrease in CYP2E1 expression at high 
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Danshen dosages. The results of CYP2E1 expression were therefore in agreement 

with the in vivo experiment on reduction of chlorzoxazone metabolism. 

The agreement of the current experiment with the previous experiments implied that 

CYP2E1-mediated metabolism could be affected by Danshen. Further investigation 

on interaction with ethanol and paracetamol should be carried out due to the 

importance of CYP2E1 on their metabolisms and the prevalence on ethanol and 

paracetamol consumption. Potential drug interaction may therefore be avoided when 

ethanol or paracetamol are taken with Danshen. 
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General Discussion 

The number of reports of herb-drug interactions has increased with increasing herbal 

consumption. Although concern of herb-drug interactions has been raised, their 

understanding and clinical and toxicological significance remain limited. The nature 

of herb-drug interactions may not be an interaction between chemical components of 

a drug and a herb to produce a toxic reaction (Lyna Irawati, 2007). Instead, the 

interactions may involve cytochrome P450 metabolisms affected by herbal 

components. Danshen is a prevalent herb used in mainland China for treating 

cardiovascular and cerebrovascular diseases. Previous studies showed that Danshen 

increased the bioavailability and decreased the clearance of warfarin, as well as 

prolonging prothrombin time (Chan et al, 1995). There were also reports on 

Danshen-warfarin interactions during operations with abnormal INR in patient (Tarn 

et al., 1995; Yu et al, 1997). This herb-drug interaction between Danshen and 

warfarin was suggested to involve CYP enzymes (CYP1A2, CYP2C9 and CYP3A4) 

that mediate warfarin metabolism (Lo et al., 1992; Chan et al., 1995). Further studies 

found that Danshen and its active components affected the metabolism of specific 

model probe substrates of CYP1A2 (phenacetin and caffeine), CYP2C9 (tolbutamide) 

and CYP3A4 (testosterone) in vitro and in vivo in rats. In addition, Danshen also 

inhibited the CYP1A2 and CYP3A4 enzyme activities in human liver microsomes 

(Wang, 2007; Wang et al., 2009). CYP2E1 is one of the important CYPs which is 

responsible for ethanol metabolism. To accomplish the study on the effects of 

Danshen on CYP activities, the effects of Danshen and its active components on 

CYP2E1-mediated chlorzoxazone metabolism had been investigated in vitro and in 
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vivo in rats, and also in vitro in human in the current study. 

In both rat and pooled human liver microsomes study, whole Danshen extract 

inhibited CYP2E1 activities non-competitively. The ethanolic fraction of Danshen 

had stronger inhibitory effect on CYP2E1 activities than aqueous fraction of 

Danshen and dihydrotanshinone was the most potent tanshinone to exhibit inhibitory 

effects on CYP2E1 activities uncompetitively followed by cryptotanshinone and 

tanshinone I. Although dihydrotanshinone showed the same inhibitory mode as the 

ethanolic fraction of Danshen, it was suggested that cryptotanshinone, 

dihydrotanshinone and tanshinone I might have contributed to the inhibitory effect of 

the ethanolic fraction of Danshen on CYP2E1 activities and tanshinone IIA did not 

show inhibitory effects. The results on rat liver microsomes agree with that using 

human liver microsomes except for the more prominent effects of Danshen on human 

liver CYP2E1 than in rat with much lower IC50 and Ki values. Previous studies 

showed that CYP1A2 and CYP3A4 activities in rat and human liver microsomes 

were inhibited competitively (Wang, 2007; Wang et al., 2009) instead of 

non-competively in CYP2E1 acitivites. Similarly, the stronger inhibitory effects of 

the ethanolic fraction of Danshen shows agreement with the previous studies on 

CYP1A2 and CYP3A4. The potent effects of dihydrotanshinone implied the 

importance of dihydrotanshinone on inhibiting CYP-mediated hydroxylations 

involving CYP1A2, CYP2E1 and CYP3A4 (Wang, 2007; Wang et al., 2009). 
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Table 4.1 Comparison among CYP2E1, CYP1A2 and CYP3A4 in vivo experiments 
via intraperitoneal administration of whole Danshen extract (results of CYP1A2 and 

Intraperitoneal administration 

Dosages of Danshen 
(mg/kg/day) 

CYP2E1 CYP1A2 CYP3A4 

Acute treatment 

50 No effect No effect No effect 

100 No effect No effect No effect 

200 No effect Inhibition No effect 
3-day treatment 

100 - Inhibition No effect 

200 No effect Inhibition Inhibition 

400 No effect - -

14-day treatment 

100 - Inhibition No effect 

200 No effect - -

400 Inhibition - -

Table 4.2 Comparison among CYP2E1, CYP1A2 and CYP3A4 in vivo experiments 
via oral administration of whole Danshen extract (results of CYP1A2 and CYP3A4 

2009) 

Oral administrat ion 

Dosages of Danshen 11 
(mg/kg/day) || 

CYP2E1 CYP1A2 CYP3A4 

Acute treatment 
100 Inhibition - -

200 Inhibition No effect No effect 
400 Inhibition - -

500 - Inhibition No effect 
1000 - inhibition Inhibition 

3-day treatment 

200 No effect No effect No effect 

500 1 I I No effect Inhibition Inhibition 

14-day treatment 

100 Inhibition - -

200 II Inhibition Inhibition No effect 
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As inhibitory effects of Danshen and its active components were observed in in vitro 

experiments, in vivo study was carried out to investigate the effects of Danshen on 

pharmacokinetics of chlorzoxazone. Vd of chlorzoxazone was the most affected 

pharmacokinetic parameter and was mostly altered after acute treatments. Danshen 

only had minor effects on Cinuiai，clearance and half-life of chlorzoxazone. Acute 

Danshen treatments reduced 6-hydroxychlorzoxazone formation via oral 

administration but not via intraperitoneal injection. This might be related to the 

different absorption routes. As shown in Tables 4.1 and 4.2, chlorzoxazone 

metabolism was reduced at 100 - 400 mg/kg Danshen dosages. There were no 

reduction on chlorzoxazone metabolism after 3-day treatments but a statistically 

insignificant increase in 6-hyclroxychlorzoxazone was observed at low dosages. The 

cause of the increase has remained unknown. Danshen reduced 

6-hydroxychlorzoxazone formation after 14-day treatments at high dosages. Lower 

concentration of Danshen (200 mg/kg/day) was required to decrease chlorzoxazone 

metabolism in 14-day p.o. treatment than in 14-day i.p. treatment (400 mg/kg/day). 

To compare with the previous studies, Danshen changed most of the pharmacokinetic 

parameters including Vd, clearance, A U C and half-life time of probe substrates of 

CYP1A2 and CYP3A4 in a dose-dependent manner. Danshen inhibited CYP1A2 

metabolism at 200 mg/kg but showed no effect on CYP3A4 metabolism in acute i.p. 

treatments. At least 500 mg/kg Danshen was needed to inhibit CYP1A2 and 

CYP3A4 metabolism in oral acute treatments. Danshen did not show inhibitory 

effect on CYP3A4 metabolism after 3-day i.p. treatment but inhibited CYP1A2 at 

200 mg/kg/day dosage. Dosage at 500 mg/kg/day also inhibited CYP1A2 and 

CYP3A4 metabolism after 3-day oral treatments. Danshen inhibited CYP1A2 at 100 

mg/kg/day via i.p. treatments and 200 mg/kg/day via oral treatments after 14 days 
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while it did not show any effect on CYP3A4 metabolism (Wang, 2007; Wang et al., 

2009). 

Investigation on CYP2E1 expression after 3-day and 14-day Danshen treatment was 

also carried out. There was no induction of CYP2E1 after Danshen treatments but 

after 3-day i.p. and 14-day Danshen treatments the expression was decreased. The 

results of CYP2E1 expression were in agreement with the in vivo experiment. This 

indicates that the decrease in 6-hydroxychlorzoxazone in in vivo might be due to the 

decrease in CYP2E1 enzyme expression. Enzyme expression of CYP1A2 was also 

studied in previous research. Although Danshen had altered most of the 

pharmacokinetic parameters of CYP1A2 probe substrate, there was no effect on 

CYP1A2 expression after Danshen treatments for 3 and 14 days (Wang, 2007; Wang 

et al., 2009). 

In conclusion, Danshen and its active components inhibited CYP2E1-mediated 

chlorzoxazone hydroxylation in rat and human liver microsomes. Danshen had also 

decreased chlorzoxazone metabolism in vivo by reducing the formation of 

6-hydroxychlorzoxazone with changing Yd of chlorzoxazone the most. Danshen did 

not induce but decreased CYP2E1 expression after 3-day and 14-day treatments. This 

may be concluded that the inhibitory effects of Danshen in in vivo were caused by 

the reduction in CYP2E1 expression rather than competing for the active sites on the 

enzymes with chlorzoxazone. The effects of Danshen on CYP2E1-mediated 

metabolisms are not reported in other literatures. Future studies could also 

investigate the effects of Danshen on other important CYP enzymes such as CYP2D6. 

By developing the protocols for CYP1A2, CYP2C9, CYP2D6, CYP2E1 and 
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CYP3A4, other potential herb-drug interactions caused by concurrent use of western 

drugs with other traditional Chinese medicine could be screened. 
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