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Abstract: Celastrol, a quinone methide triterpene isolated from Tripterygium wilfordii 

Hook F., has various biochemical and pharmacological activities, and is now being 

developed as a promising anti-tumor agent. Inhibitory activity of compounds towards 

UDP-glucuronosyltransferase (UGT) is an important cause of clinical drug-drug 

interactions and herb-drug interactions. The aim of the present study is to investigate the 

inhibition of celastrol towards two important UDP-glucuronosyltransferase (UGT) 

isoforms UGT1A6 and UGT2B7. Recombinant UGT isoforms and non-specific substrate 

4-methylumbelliferone (4-MU) were used. The results showed that celastrol strongly 

inhibited the UGT1A6 and 2B7-mediated 4-MU glucuronidation reaction, with 0.9 ± 0.1% 

and 1.8 ± 0.2% residual 4-MU glucuronidation activity at 100 μM of celastrol, respectively. 

Furthermore, inhibition kinetic study (Dixon plot and Lineweaver-Burk plot) demonstrated 

that celastrol noncompetitively inhibited the UGT1A1-mediated 4-MU glucuronidation, 

and competitively inhibited UGT2B7-catalyzed 4-MU glucuronidation. The inhibition 

kinetic parameters (Ki) were calculated to be 0.49 μM and 0.045 μM for UGT1A6 and 

UGT2B7, respectively. At the therapeutic concentration of celastrol for anti-tumor 

utilization, the possibility of celastrol-drug interaction and celastrol-containing herbs-drug 

interaction were strongly indicated. However, given the complicated nature of herbs, these 

results should be viewed with more caution. 
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1. Introduction 

Tripterygium wilfordii Hook F. is an ivy-like vine, widely used in Traditional Chinese Medicine for 

hundreds of years to treat fever, chills, edema and carbuncles [1]. Celastrol (Figure 1), a quinone 

methide triterpene, is one of active components isolated from Tripterygium wilfordii Hook F. [2]. 

Celastrol has been widely used to effectively treat autoimmune diseases, chronic inflammation, asthma, 

and neurodegenerative diseases [3–6]. Additionally, the anti-tumor activity of celastrol has been 

drawing much attention [7,8]. 

Figure 1. The structure of celastrol. 

 

Herb-induced adverse effects are a major cause that limits the clinic utilization of herbal medicines. 

The metabolic behaviour of herbal components plays a key role in herbs’ adverse effects, including 

metabolic activation-induced herb toxicity and metabolic enzymes inhibition-based herb-drug 

interactions [9]. For metabolic enzymes inhibition-based herb-drug interactions, inhibition of 

cytochrome P450 (CYP) by herbal constituents has been widely investigated and regarded as a major 

reason, because CYPs are involved in the metabolism of most clinical drugs [10]. Additionally, many 

selective probe reactions of CYPs can be effectively utilized to investigate the inhibition of herbal 

constituents towards various CYP isoforms. In the past years, these probe reactions have been 

employed to find many herbal ingredients strongly inhibiting CYP isoforms, including ginsenosides [11], 

corynoline [12], curcumenol [13], and flavonoids [14]. 

The human uridine glucuronosyltransferases (UGTs) are phase II conjugation enzymes that  

can conjugate various endogenous substances and exogenous compounds [15]. Glucuronidation  

reactions catalyzed by UGTs account for >35% of all phase II drug metabolism [16]. Many important 

endogenous substances can be conjugated by UGTs, such as bilirubin, steroid hormones, thyroid 

hormones, bile acids, and fat-soluble vitamins [17,18]. Therefore, more attention should be paid to the 

inhibition of UGTs by herbal components because the influence of UGT-mediated reactions can result 

in serious herb-drug interactions. Different from CYPs, limited probe substances have been found for 

UGT-mediated glucuronidation reaction, which has strongly limited the study of the inhibition of 

compounds towards UGT activity. Therefore, evaluation of inhibition of compounds towards UGT 

isoforms was always carried out using recombinant UGTs and nonspecific substrates [19–21]. 
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To date, the inhibitory potential of celastrol towards UGT isoforms remains unclear. In the present 

study, the inhibitory effect of celastrol towards two important UGT isoforms (UGT1A6 and UGT2B7) 

was investigated. Dixon and Lineweaver-Burk plots were used to determine the inhibition type. In 

Dixon plot and Lineweaver-Burk plot, we can determine the inhibition kinetic type through evaluating 

the intersection of the lines in the plots. When the intersection is in the second quadrant and vertical 

axis for Dixon and Lineweaver-Burk plots respectively, the inhibition type is competitive. When the 

intersection is in the horizontal axis, the inhibition type is noncompetitive. 

2. Results and Discussion 

As shown in Figure 2, at 100 μM of celastrol, the residual activity of UGT1A6 and UGT2B7-mediated 

4-MU glucuronidation was 0.9 ± 0.1% and 1.8 ± 0.2% of control group. Furthermore, inhibition 

kinetic analysis was carried out to determine the inhibition type and kinetic parameters. The results 

showed that celastrol exhibited concentration-dependent inhibitory behaviour towards UGT1A6 and 

UGT2B7-catalyzed 4-MU glucuronidation. Dixon plot (Figure 3A) and Lineweaver-Burk plot (Figure 3B) 

showed that celastrol noncompetitively inhibited UGT1A6- mediated 4-MU glucuronidation. The 

second plot (Figure 3C) using slope (obtained from Lineweaver-Burk plot) vs. celastrol concentration 

showed that the inhibition kinetic parameter (Ki) was 0.49 μM. Different from the inhibition type of 

UGT1A6, Dixon plot (Figure 4A) and Lineweaver-Burk plot (Figure 4B) demonstrated that the 

inhibition of UGT2B7 by celastrol best fit the competitive inhibition type, and Ki was calculated to be 

0.045 μM (Figure 4C). 

Figure 2. Initial screening of the inhibition of celastrol (100 μM) towards UGT1A6 and 

2B7-mediated 4-MU glucuronidation. The experiment was performed in duplicate. 

 

UGT1A6 is a major UGT isoform in human liver that glucuronidates various drugs, toxins, and 

endogenous substrates, including acetaminophen, benzopyrene, and serotonin [22,23]. The alteration 

of UGT1A6 activity may have important pharmacological, toxicological and physiological 

consequences. For example, 120-fold variability of UGT1A6 expression in human liver might result in 

13-fold variablity in serotonin glucuronidation [24]. UGT2B7, one of the most important UGT 

isoforms, has been demonstrated to be involved in the glucuronidation of several physiologically 

important endogenous compounds such as steroid hormones, bile acids, retinoids and fatty acids. 

Additionally, it can metabolize many drugs including clofibric acid and valproic acid [25]. The 

glucuronidation of some drugs (e.g., zidovudine, morphine, etc.) is exclusively metabolized by UGT2B7. 
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Figure 3. Inhibition kinetic analysis of celastrol (Cela) towards UGT1A6-catalyzed  

4-MU glucuronidation. (A) Dixon plot of Cela’s inhibition towards UGT1A6-catalyzed 

4-MU glucuronidation. (B) Lineweaver-Burk plot of Cela’s inhibition towards 

UGT1A6-catalyzed 4-MU glucuronidation. (C) Second plot using slope (obtained from 

Lineweaver-Burk plot) vs. the concentration of Cela. 

 

When celastrol is employed as an anti-tumor agent, the effective dose is approximately 1–10 μM, 

which is much higher than inhibition concentration of celastrol towards UGT1A1 and UGT2B7. 

Additionally, as a promising anti-cancer agent, celastrol is likely to be administered with multiple 

drugs. Therefore, high attention should be given to the celastrol-associated drug-drug interaction  

due to the inhibition of UGT1A1 and UGT2B7. However, when evaluating the celastrol-containing 

herbs-drugs interaction, these results should be explained with caution because complicated herbs’ 

factors might influence the results. For example, processing of herbs and many environmental factors 

(soil, altitude, seasonal variation in temperature, length of daylight, rainfall patterns, shade) can 

influence the quantity of celastrol in herbs, which might strongly alleviate the celastrol-containing 

herbs-drugs interaction. The previous study performed by Du et al. showed that many environmental 

factors (e.g., average precipitation per year, accumulative irradiation time, the soil nitrogen content) 

could influence the celastrol concentration in Tripterygium wilfordii Hook F. [26]. Therefore, these 

factors should be considered when explaining our present results.  
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Figure 4. Inhibition kinetic analysis of celastrol (Cela) towards UGT2B7-catalyzed  

4-MU glucuronidation. (A) Dixon plot of Cela’s inhibition towards UGT2B7-catalyzed 

4-MU glucuronidation. (B) Lineweaver-Burk plot of Cela’s inhibition towards 

UGT2B7-catalyzed 4-MU glucuronidation. (C) Second plot using slope (obtained from 

Lineweaver-Burk plot) vs. the concentration of cela. 

 

3. Experimental 

3.1. Chemicals and Reagents 

Celastrol (purity ≥ 98%) was purchased from Weikeqi Biotechnology Co. Ltd (Sichuan, China).  

4-methylumbelliferone (4-MU), 4-methylumbelliferone-β-D-glucuronide (4-MUG), Tris-HCl,  

7-hydroxycoumarin and uridine 5'-diphosphoglucuronic acid (UDPGA) (trisodium salt) were 

purchased from Sigma-Aldrich (St. Louis, MO, USA). Recombinant UGT1A6 and UGT2B7 expressed 

in baculovirus were obtained form BD Gentest Corp. (Woburn, MA, USA). All other reagents were of 

HPLC grade or of the highest grade commercially available. 

3.2. Enzyme Inhibition Experiment 

The probe substrate for all the UGT isoforms tested was 4-MU which is a non-selective substrate of 

UGTs. Incubation with each UGT isoform was carried out as previously reported [25]. The mixture 

(200 μL total volume) contained recombinant UGTs (final concentration: 0.025 and 0.05 mg/mL for 

UGT1A6 and UGT2B7) 5 mM UDPGA, 5 mM MgCl2, 50 mM Tris-HCl buffer (pH 7.4), and 4-MU in 

the absence or presence of different concentrations of celastrol. The concentrations of 4-MU were as 

follows: 110 μM for UGT1A6, and 350 μM for UGT2B7. Celastrol was dissolved in methanol and the 
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final concentration of methanol was 0.5% (v/v). After 5 min pre-incubation at 37 °C, the UDPGA  

was added to the mixture to initiate the reaction. Incubation time was 120 min for UGT2B7, and  

30 min for UGT1A6, respectively. The reactions were quenched by adding 100 μL acetonitrile with  

7-hydroxycoumarin (100 μM) as internal standard. The mixture was centrifuged at 20,000 ×g for 10 min 

and an aliquot of supernatant was transferred to an auto-injector vial for HPLC analysis. The HPLC 

system (Shimadzu, Kyoto, Japan) contained a SCL-10A system controller, two LC-10AT pumps, a 

SIL-10A auto injector, and a SPD-10AVP UV detector Chromatographic separation used a C18 column 

(4.6 × 200 mm, 5, Kromasil) at a flow rate of 1 mL/min with UV detection at 316 nm. The mobile 

phase consisted of acetonitrile (A) and H2O containing 0.5% (v/v) formic acid (B). The following 

gradient conditions were used: 0–15 min, 95–40% B; 15–20 min, 10% B; 20–30 min, 95% B. To 

evaluate the order of inhibition kinetics and calculate the inhibition parameters, various concentrations 

of celastrol (0, 0.1, 0.2, 0.4, 0.8 μM) were added to reaction mixtures containing different 

concentrations of 4-MU (55, 110, 220 μM for UGT1A1; 250, 500, 1,000 μM for UGT2B7). Dixon and 

Lineweaver plots were adapted to determine the inhibition type, and the second plot of slopes from 

Lineweaver-Burk plot vs. celastrol concentrations was utilized to calculate Ki value. 

4. Conclusions 

Our study indicates the possible occurrence of celastrol-drug interactions or celastrol-containing 

herbs-drug interactions due to the strong inhibition of celastrol towards UGT1A6 and UGT2B7. 

However, given the complicated nature of herbs, these results should be viewed with more caution. 

Reference and Notes 

1.  Setty, A.R.; Sigal, L.H. Herbal medications commonly used in the practice of rheumatology: 

Mechanisms of action, efficacy, and side effects. Semin. Arthritis Rheum. 2005, 34, 773–784. 

2.  Zhu, H.; Liu, X.W.; Cai, T.Y.; Cao, J.; Tu, C.X.; Lu, W.; He, Q.J.; Yang, B. Celastrol acts as a 

potent antimetastatic agent targeting β1 integrin and inhibiting cell-extracellular matrix adhesion, 

in part via the p38 mitogen-activated protein kinase pathway. J. Pharmacol. Exp. Ther. 2010, 334, 

489–499. 

3.  Tao, X.; Younger, J.; Fan, F.Z.; Wang, B.; Lipsky, P.E. Benefit of an extract of Tripterygium 

wilfordii Hook F in patients with rheumatoid arthritis: A double-blind, placebocontrolled study. 

Arthritis Rheum. 2002, 46, 735–743.  

4.  Pinna, G.F.; Fiorucci, M.; Reimund, J.M.; Taquet, N.; Arondel, Y.; Muller, C.D. Celastrol inhibits 

pro-inflammatory cytokine secretion in Crohn’s disease biopsies. Biochem. Biophys. Res. 

Commun. 2004, 322, 778–786.  

5.  Cleren, C.; Calingasan, N.Y.; Chen, J.; Beal, M.F. Celastrol protects against MPTP- and  

3-nitropropionic acidinduced neurotoxicity. J. Neurochem. 2005, 94, 995–1004. 

6.  Allison, A.C.; Cacabelos, R.; Lombardi, V.R.; Alvarez, X.A.; Vigo, C. Celastrol, a potent 

antioxidant and antiinflammatory drug, as a possible treatment for Alzheimer’s disease.  

Prog. Neuropsychopharmacol. Biol. Psychiatry 2001, 25, 1341–1357. 

7.  Huang, Y.L.; Zhou, Y.X.; Fan, K.S.; Zhou, D. Celastrol inhibits the growth of human glioma 

xenografts in nude mice through suppressing VEGFR expression. Cancer Lett. 2008, 264, 101–106. 



Molecules 2012, 17 6838 

 

8.  Dai, Y.; DeSano, J.; Tang, W.H.; Meng, X.J.; Meng, Y.; Burstein, E.; Lawrence, T.S.; Xu, L.A. 

Natural proteasome inhibitor celastrol suppresses androgen-independent prostate cancer 

progression by modulating apoptotic proteins and NF-kappaB. PLoS One 2010, 5, e14153. 

9.  Zhou, S.; Koh, H.L.; Gao, Y.; Gong, Z.Y.; Lee, E.J. Bioactivation of herbal constituents: Simple 

alerts in the complex system. Life Sci. 2004, 74, 935–968. 

10.  Lin, J.H.; Lu, A.Y.H. Role of pharmacokinetics and metabolism in drug discovery and 

development. Pharmacol. Rev. 1997, 49, 403–449. 

11.  Hao, M.; Zhao, Y.; Chen, P.; Huang, H.; Liu, H.; Jiang, H.; Zhang, R.; Wang, H. Structure-activity 

relationship and substrate-dependent phenomena in effects of ginsenosides on activities of 

drug-metabolizing P450 enzymes. PLoS One 2008, 3, e2697.  

12.  Fang, Z.Z.; Zhang, Y.Y.; Ge, G.B.; Liang, S.C.; Sun, D.X.; Zhu, L.L.; Dong, P.P.; Cao, Y.F.;  

Yang, L. Identification of cytochrome P450 (CYP) isoforms involved in metabolism of corynoline 

and assessment of its herb-drug interaction. Phytother. Res. 2011, 25, 256–263.  

13.  Sun, D.X.; Fang, Z.Z.; Zhang, Y.Y.; Cao, Y.F.; Yang, L.; Yin, J. Inhibitory effects of curcumenol 

on human liver cytochrome P450 enzymes. Phytother. Res. 2010, 24, 1213–1216. 

14.  Quintieri, L.; Palatini, P.; Moro, S.; Floreani, M. Inhibition of cytochrome P450 2C8-mediated 

drug metabolism by the flavonoid diosmetin. Drug Metab. Pharmacokinet. 2011, 26, 559–568. 

15.  Miners, J.O.; Mackenzie, P.I. Drug glucuronidation in human. Pharmacol. Ther. 1991, 51, 347–369. 

16.  Kiang, T.K.; Ensom, M.H.; Chang, T.K. UDP-glucuronosyltransferases and clinical drug-drug 

interactions. Pharmacol. Ther. 2005, 106, 97–132. 

17.  Ritter, J.K. Roles of glucuronidation and UDP—glucuronosyltransferasesin xenobiotic 

bioactivation reactions. Chem. Biol. Interact. 2000, 129, 171–193.  

18. Tukey, R.H.; Strassburg, C.P. Human UDP-glucuronosyltransferases:metabolism, expression, and 

disease. Annu. Rev. Pharmacol. Toxicol. 2000, 40, 581–616. 

19.  Dong, R.H.; Fang, Z.Z.; Zhu, L.L.; Liang, S.C.; Ge, G.B.; Yang, L.; Liu, Z.Y. Investigation of 

UDP-glucuronosyltransferases (UGT) inhibitory properties of carvacrol. Phytother. Res. 2012, 26, 

86–90. 

20.  Tsoutsikos, P.; Miners, J.O.; Stapleton, A.; Thomas, A.; Sallustio, B.C.; Knights, K.M. Evidence 

that unsaturated fatty acids are potent inhibitors of renal UDP-glucuronosyltransferases (UGT): 

kinetic studies using human kidney cortical microsomes and recombinant UGT1A9 and UGT2B7. 

Biochem. Pharmacol. 2010, 65, 919–921. 

21.  Nishimura, Y.; Maeda, S.; Ikushiro, S.; Mackenzie, P.I.; Ishii, Y.; Yamada, H. Inhibitory effects of 

adenine nucleotides and related substances on UDP-glucuronosyltransferase: structure-effect 

relationships and evidence for an allosteric mechanism. Biochim. Biophys. Acta 2007, 1770, 

1557–1566.  

22.  Bock, K.W.; Wiltfang, J.; Blume, R.; Ullrich, D.; Bircher, J. Paracetamol as a test drug to 

determine glucuronide formation in man. Effects of inducers and of smoking. Eur. J. Clin. 

Pharmacol. 1987, 31, 677–683. 

23.  Krishnaswamy, S.; Duan, S.X.; von Moltke, L.L.; Greenblatt, D.J.; Sudmeier, J.L.;  

Bachovchin, W.W.; Court, M.H. Serotonin (5-hydroxytryptamine) glucuronidation in vitro: Assay 

development, human liver microsome activities and species differences. Xenobiotica 2003, 33, 

169–180.  



Molecules 2012, 17 6839 

 

24.  Krishnaswamy, S.; Duan, S.X.; von Moltke, L.L.; Court, M.H. Validation of serotonin  

(5-hydroxtryptamine) as an in vitro substrate probe for human UDP-glucuronosyltransferase 

(UGT) 1A6. Drug. Metab. Dispos. 2003, 31, 133–139. 

25.  Uchaipichat, V.; Mackenzie, P.I.; Guo, X.H.; Gardner-Stephen, D.; Galetin, A.; Houston, J.B.; 

Miners, J.O. Human UDP- glucuronosyltransferases: Isoform selectivity and kinetics of  

4-methylumbelliferone and 1-naphthol glucuronidation, effects of organic solvents, and inhibition 

by diclofenac and probenecid. Drug. Metab. Dispos. 2004, 32, 413–423. 

26. Du, W.; Huang, H. Correlation analysis of secondary metabolites and environmental factors in 

Tripterygium wilfordii. Acta Bot. Sin. 2008, 25, 707–713. 

Sample Availability: Sample of the compound celastrol is available from the authors. 

© 2012 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 

distributed under the terms and conditions of the Creative Commons Attribution license 

(http://creativecommons.org/licenses/by/3.0/). 


