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UDP-glucuronosyltransferases (UGTs) are phase II drug-metabolizing enzymes that metabolize endogenous fatty acids

such as arachidonic acid metabolites, as well as many prescription drugs, such as opioids, antiepileptics, and antiviral

drugs. The UGT1A and 2B genes are highly polymorphic, and their genetic variants may affect the pharmacokinetics and

hence the responses of many drugs and fatty acids.
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1. Overview

UDP-glucuronosyltransferases (UGTs) are phase II drug-metabolizing enzymes that metabolize endogenous fatty acids

such as arachidonic acid metabolites, as well as many prescription drugs, such as opioids, antiepileptics, and antiviral

drugs. The UGT1A and 2B genes are highly polymorphic, and their genetic variants may affect the pharmacokinetics and

hence the responses of many drugs and fatty acids. This study collected data and updated the current view of the

molecular functionality of genetic variants on UGT genes that impact drug responses and the susceptibility to human

diseases. The functional information of UGT genetic variants with clinical associations are essential to understand the

inter-individual variation in drug responses and susceptibility to toxicity.

2. UDP-Glucuronosyltransferase

The UDP-glucuronosyltransferase (UGT) enzymes are phase II drug-metabolizing enzymes that catalyze the

glucuronidation reaction. This chemical reaction involves the formation of a covalent bond between the endogenous polar

glucuronic acid with drugs and endogenous lipophilic compounds . The glucuronidated compounds have chemical

functional groups that accept glucuronic acid. These functional groups include hydroxyl, carboxylic acid, amine, and thiol

. The UGTs glucuronidate endogenous compounds, such as bilirubin, bile acids, and steroid hormones. Additionally, the

UGTs glucuronidate exogenous compounds such as opioid analgesics, non-steroidal anti-inflammatory agents (NSAIDs),

anticonvulsants, and antiviral drugs .

Glucuronidation mainly terminates and enhances the elimination of chemical compounds by enhancing their solubility in

urine. Additionally, glucuronidated compounds are large, which favors their elimination through biliary excretion .

Therefore, the glucuronidation reaction can increase the efficacy and toxicity of some drugs, and glucuronide morphine is

reportedly 100 times more potent than the morphine substrate itself .

Glucuronidation occurs in mammalian species, although significant inter-species differences exist in the rate of

glucuronidation, expression, and selectivity . For example, codeine is glucuronidated at higher rates among humans

than rats . Additionally, cat livers cannot glucuronidate the analgesic paracetamol drug . Therefore, any information

obtained about glucuronidation in animals is not directly applicable to humans.

3. Expression of UGT Isoforms

The liver has the greatest abundance of UGT expression . UGTs 1A1, 1A3, 1A4, 1A6, 1A9, 2B7, and 2B15 play

major roles in the glucuronidation of drugs in the liver. Additionally, the UGT1A and 2B subfamilies are also expressed in

the kidneys, small intestine, colon, stomach, lungs, epithelium, ovaries, testes, mammary glands, prostate, and heart 

. The UGT3 family is not expressed in the liver; it is mainly expressed in the thymus, testes, and kidneys . Therefore,

the UGT3 family members are considered extrahepatic UGT enzymes. The UGT2B subfamily isoforms are expressed at

higher rates than the UGT1A subfamily isoforms . UGTs are transmembrane proteins located in the smooth

endoplasmic reticulum of cells .
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Many transcriptional factors can regulate the expression of UGT genes. Hepatocyte nuclear factors (HNFs) 1 and 4, the

aryl hydrocarbon receptor (AhR), constitutive androstane receptor (CAR), pregnane X receptor (PXR), farnesoid X

receptor (FXR), liver X receptor (LXR), and peroxisome proliferator-activated receptors (PPARs) regulate the expression

of UGTs in the liver and other tissues . CAR induces UGT1A1 and PXR regulates the expression of the UGT1A1,

1A3, 1A4, and 1A6 genes . Activation of FXR upregulates UGT2B4 and downregulates UGT2B7  and LXR

induces the expression of the UGT1A3 gene . PPARα regulates the expression of the UGT1A1, 1A3, 1A4, 1A6, 1A9,

and 2B4 genes in a tissue-specific manner . Furthermore, the UGT1A1, 1A3, 1A4, 1A6, and 1A9 genes are

upregulated after the activation of AhR nuclear receptor ligands, such as polycyclic aromatic hydrocarbons . Steroid

hormones are regulators of UGT expression in the breast and prostate, and 19β-estradiol and dihydrotestosterone

increase the expression of UGT genes responsible for glucuronidation of androgens . Furthermore, Jarrar et al. (2019)

showed that NSAIDs downregulated the mRNA expression of the mouse ugt2b1 gene in the liver and kidneys and

upregulated the expression of ugt2b1 in the heart. However, the underlying mechanisms of how NSAIDs regulate the

expression of ugt2b1 in an organ-specific manner remain to be investigated .

4. The Role of UGTs in Xenobiotic Metabolism

UGT1A1, 1A3, 1A4, 1A6, 1A9, and 2B7 play major roles in drug metabolism in humans . UGT1A1 glucuronidates R-

carvedilol , etoposide , B-estradiol , ezetimibe , and the active metabolite of irinotecan, SN-38 . UGT1A3

glucuronidates ezetimibe  and telmisartan . UGT1A4 glucuronidates amitriptyline , lamotrigine , midazolam ,

olanzapine , and trifluoperazine . UGT1A6 metabolizes deferiprone  and paracetamol  and UGT1A9

glucuronidates propofol , entacapone , indomethacin , mycophenolic acid , and oxazepam . UGT2B7

metabolizes carvedilol , codeine , diclofenac , epirubicin , flurbiprofen , morphine , naloxone , and

zidovudine , while UGT2B15 glucuronidates lorazepam  and oxazepam .

Glucuronidation of certain drugs, such as cyclooxygenase (COX)-2 selective NSAIDs rofecoxib and celecoxib, requires a

hydroxyl group on the drug, which is obtained through a cytochrome P450 (CYP450) oxidative reaction . However,

glucuronidation of many drugs, such as morphine, can be done without the need for the CYP450 oxidation reaction .

UGTs also play a role in the metabolism of phytochemical compounds. For example, glycyrrhetinic acid, which is found in

licorice, is glucuronidated through UGT1A1, 1A3, 2B4, and 2B7 . The hepatotoxic alkaloid senecionine is

glucuronidated by UGT1A4 . This herbal metabolism by UGTs forms part of the drug–herb interaction and influences

the metabolism and hence the efficacy of the drugs.

5. Conclusions

Chemical inhibition and genetic variants of the UGT genes play important roles in the drug response, toxicity, and

susceptibility to human diseases. However, clinical evidence has shown that the UGT1A1 isoform genetic variants can be

considered biomarkers for drug responses and susceptibility to diseases. Additionally, inhibition of endogenous

glucuronidation can lead to an imbalance in the levels of endogenous fatty acids and steroidal hormones and cause

human diseases. Further clinical studies are needed to validate the clinical impacts of the UGT1A and UGT2B genes for

personalized medicine and human diseases.

References

1. Tukey, R.H.; Strassburg, C.P. Human UDP-glucuronosyltransferases: Metabolism, expression, and disease. Annu. Rev.
Pharmacol. Toxicol. 2000, 40, 581–616.

2. Miners, J.O.; Mackenzie, P.I.; Knights, K.M. The prediction of drug-glucuronidation parameters in humans: UDP-glucur
onosyltransferase enzyme-selective substrate and inhibitor probes for reaction phenotyping and in vitro-in vivo extrapol
ation of drug clearance and drug-drug interaction potential. Drug Metab. Rev. 2010, 42, 196–208.

3. Rowland, A.; Miners, J.O.; Mackenzie, P.I. The UDP-glucuronosyltransferases: Their role in drug metabolism and detoxi
fication. Int. J. Biochem. Cell Biol. 2013, 45, 1121–1132.

4. Perreault, M.; Wunsch, E.; Bialek, A.; Trottier, J.; Verreault, M.; Caron, P.; Poirier, G.G.; Milkiewicz, P.; Barbier, O. Urinar
y Elimination of Bile Acid Glucuronides under Severe Cholestatic Situations: Contribution of Hepatic and Renal Glucuro
nidation Reactions. Can. J. Gastroenterol. Hepatol. 2018, 2018, 8096314.

5. Klimas, R.; Mikus, G. Morphine-6-glucuronide is responsible for the analgesic effect after morphine administration: A qu
antitative review of morphine, morphine-6-glucuronide, and morphine-3-glucuronide. Br. J. Anaesth. 2014, 113, 935–94

[3][16][17]

[18][19] [20][21]

[22]

[23]

[24]

[25]

[6]

[3]

[26] [27] [28] [29] [30]

[31] [32] [33] [34] [35]

[36] [37] [38] [39]

[40] [41] [42] [43] [44]

[26] [45] [42] [46] [42] [47] [48]

[49] [50] [44]

[51][52]

[47]

[53]

[54]



4.

6. Jarrar, Y.; Jarrar, Q.; Abu-Shalhoob, M.; Abed, A.; Sha’ban, E. Relative Expression of Mouse Udp-glucuronosyl Transfer
ase 2b1 Gene in the Livers, Kidneys, and Hearts: The Influence of Nonsteroidal Anti-inflammatory Drug Treatment. Cur
r. Drug Metab. 2019, 20, 918–923.

7. Mays, D.C.; Dixon, K.F.; Balboa, A.; Pawluk, L.J.; Bauer, M.R.; Nawoot, S.; Gerber, N. A nonprimate animal model appli
cable to zidovudine pharmacokinetics in humans: Inhibition of glucuronidation and renal excretion of zidovudine by pro
benecid in rats. J. Pharmacol. Exp. Ther. 1991, 259, 1261–1270.

8. Oguri, K.; Hanioka, N.; Yoshimura, H. Species differences in metabolism of codeine: Urinary excretion of codeine glucu
ronide, morphine-3-glucuronide and morphine-6-glucuronide in mice, rats, guinea pigs and rabbits. Xenobiotica 1990, 2
0, 683–688.

9. Court, M.H. Feline drug metabolism and disposition: Pharmacokinetic evidence for species differences and molecular
mechanisms. Vet. Clin. N. Am. Small Anim. Pract. 2013, 43, 1039–1054.

10. Court, M.H.; Zhang, X.; Ding, X.; Yee, K.K.; Hesse, L.M.; Finel, M. Quantitative distribution of mRNAs encoding the 19
human UDP-glucuronosyltransferase enzymes in 26 adult and 3 fetal tissues. Xenobiotica 2012, 42, 266–277.

11. Izukawa, T.; Nakajima, M.; Fujiwara, R.; Yamanaka, H.; Fukami, T.; Takamiya, M.; Aoki, Y.; Ikushiro, S.; Sakaki, T.; Yoko
i, T. Quantitative analysis of UDP-glucuronosyltransferase (UGT) 1A and UGT2B expression levels in human livers. Dru
g Metab. Dispos. 2009, 37, 1759–1768.

12. Gaganis, P.; Miners, J.O.; Knights, K.M. Glucuronidation of fenamates: Kinetic studies using human kidney cortical micr
osomes and recombinant UDP-glucuronosyltransferase (UGT) 1A9 and 2B7. Biochem. Pharmacol. 2007, 73, 1683–16
91.

13. Ohno, S.; Nakajin, S. Determination of mRNA expression of human UDP-glucuronosyltransferases and application for l
ocalization in various human tissues by real-time reverse transcriptase-polymerase chain reaction. Drug Metab. Dispo
s. 2009, 37, 32–40.

14. MacKenzie, P.I.; Rogers, A.; Elliot, D.J.; Chau, N.; Hulin, J.A.; Miners, J.O.; Meech, R. The novel UDP glycosyltransfera
se 3A2: Cloning, catalytic properties, and tissue distribution. Mol. Pharmacol. 2011, 79, 472–478.

15. Radominska-Pandya, A.; Czernik, P.J.; Little, J.M.; Battaglia, E.; Mackenzie, P.I. Structural and functional studies of UD
P-glucuronosyltransferases. Drug Metab. Rev. 1999, 31, 817–899.

16. Tien, E.S.; Negishi, M. Nuclear receptors CAR and PXR in the regulation of hepatic metabolism. Xenobiotica 2006, 36,
1152–1163.

17. Mackenzie, P.I.; Hu, D.G.; Gardner-Stephen, D.A. The regulation of UDP-glucuronosyltransferase genes by tissue-spec
ific and ligand-activated transcription factors. Drug Metab. Rev. 2010, 42, 99–109.

18. Sugatani, J.; Nishitani, S.; Yamakawa, K.; Yoshinari, K.; Sueyoshi, T.; Negishi, M.; Miwa, M. Transcriptional regulation o
f human UGT1A1 gene expression: Activated glucocorticoid receptor enhances constitutive androstane receptor/pregn
ane X receptor-mediated UDP-glucuronosyltransferase 1A1 regulation with glucocorticoid receptor-interacting protein
1. Mol. Pharmacol. 2005, 67, 845–855.

19. Gardner-Stephen, D.; Heydel, J.M.; Goyal, A.; Lu, Y.; Xie, W.; Lindblom, T.; Mackenzie, P.; Radominska-Pandya, A. Hu
man PXR variants and their differential effects on the regulation of human UDP-glucuronosyltransferase gene expressi
on. Drug Metab. Dispos. 2004, 32, 340–347.

20. Barbier, O.; Duran-Sandoval, D.; Pineda-Torra, I.; Kosykh, V.; Fruchart, J.C.; Staels, B. Peroxisome proliferator-activate
d receptor alpha induces hepatic expression of the human bile acid glucuronidating UDP-glucuronosyltransferase 2B4
enzyme. J. Biol. Chem. 2003, 278, 32852–32860.

21. Lu, Y.; Heydel, J.M.; Li, X.; Bratton, S.; Lindblom, T.; Radominska-Pandya, A. Lithocholic acid decreases expression of
UGT2B7 in Caco-2 cells: A potential role for a negative farnesoid X receptor response element. Drug Metab. Dispos. 20
05, 33, 937–946.

22. Verreault, M.; Senekeo-Effenberger, K.; Trottier, J.; Bonzo, J.A.; Belanger, J.; Kaeding, J.; Staels, B.; Caron, P.; Tukey,
R.H.; Barbier, O. The liver X-receptor alpha controls hepatic expression of the human bile acid-glucuronidating UGT1A
3 enzyme in human cells and transgenic mice. Hepatology 2006, 44, 368–378.

23. Senekeo-Effenberger, K.; Chen, S.; Brace-Sinnokrak, E.; Bonzo, J.A.; Yueh, M.F.; Argikar, U.; Kaeding, J.; Trottier, J.; R
emmel, R.P.; Ritter, J.K.; et al. Expression of the human UGT1 locus in transgenic mice by 4-chloro-6-(2,3-xylidino)-2-p
yrimidinylthioacetic acid (WY-14643) and implications on drug metabolism through peroxisome proliferator-activated re
ceptor alpha activation. Drug Metab. Dispos. 2007, 35, 419–427.

24. Lankisch, T.O.; Gillman, T.C.; Erichsen, T.J.; Ehmer, U.; Kalthoff, S.; Freiberg, N.; Munzel, P.A.; Manns, M.P.; Strassbur
g, C.P. Aryl hydrocarbon receptor-mediated regulation of the human estrogen and bile acid UDP-glucuronosyltransferas



e 1A3 gene. Arch. Toxicol. 2008, 82, 573–582.

25. Hu, D.G.; Mackenzie, P.I. Estrogen receptor alpha, fos-related antigen-2, and c-Jun coordinately regulate human UDP
glucuronosyltransferase 2B15 and 2B17 expression in response to 17beta-estradiol in MCF-7 cells. Mol. Pharmacol. 20
09, 76, 425–439.

26. Ohno, A.; Saito, Y.; Hanioka, N.; Jinno, H.; Saeki, M.; Ando, M.; Ozawa, S.; Sawada, J. Involvement of human hepatic
UGT1A1, UGT2B4, and UGT2B7 in the glucuronidation of carvedilol. Drug Metab. Dispos. 2004, 32, 235–239.

27. Watanabe, Y.; Nakajima, M.; Ohashi, N.; Kume, T.; Yokoi, T. Glucuronidation of etoposide in human liver microsomes is
specifically catalyzed by UDP-glucuronosyltransferase 1A1. Drug Metab. Dispos. 2003, 31, 589–595.

28. Zhou, J.; Tracy, T.S.; Remmel, R.P. Correlation between bilirubin glucuronidation and estradiol-3-gluronidation in the pr
esence of model UDP-glucuronosyltransferase 1A1 substrates/inhibitors. Drug Metab. Dispos. 2011, 39, 322–329.

29. Cai, H.; Nguyen, N.; Peterkin, V.; Yang, Y.S.; Hotz, K.; La Placa, D.B.; Chen, S.; Tukey, R.H.; Stevens, J.C. A humanize
d UGT1 mouse model expressing the UGT1A1*28 allele for assessing drug clearance by UGT1A1-dependent glucuron
idation. Drug Metab. Dispos. 2010, 38, 879–886.

30. Ando, Y.; Saka, H.; Asai, G.; Sugiura, S.; Shimokata, K.; Kamataki, T. UGT1A1 genotypes and glucuronidation of SN-3
8, the active metabolite of irinotecan. Ann. Oncol. 1998, 9, 845–847.

31. Ghosal, A.; Hapangama, N.; Yuan, Y.; Achanfuo-Yeboah, J.; Iannucci, R.; Chowdhury, S.; Alton, K.; Patrick, J.E.; Zbaid
a, S. Identification of human UDP-glucuronosyltransferase enzyme(s) responsible for the glucuronidation of ezetimibe
(Zetia). Drug Metab. Dispos. 2004, 32, 314–320.

32. Gill, K.L.; Houston, J.B.; Galetin, A. Characterization of in vitro glucuronidation clearance of a range of drugs in human
kidney microsomes: Comparison with liver and intestinal glucuronidation and impact of albumin. Drug Metab. Dispos. 2
012, 40, 825–835.

33. Breyer-Pfaff, U.; Mey, U.; Green, M.D.; Tephly, T.R. Comparative N-glucuronidation kinetics of ketotifen and amitriptylin
e by expressed human UDP-glucuronosyltransferases and liver microsomes. Drug Metab. Dispos. 2000, 28, 869–872.

34. Rowland, A.; Elliot, D.J.; Williams, J.A.; Mackenzie, P.I.; Dickinson, R.G.; Miners, J.O. In vitro characterization of lamotri
gine N2-glucuronidation and the lamotrigine-valproic acid interaction. Drug Metab. Dispos. 2006, 34, 1055–1062.

35. Hyland, R.; Osborne, T.; Payne, A.; Kempshall, S.; Logan, Y.R.; Ezzeddine, K.; Jones, B. In vitro and in vivo glucuronid
ation of midazolam in humans. Br. J. Clin. Pharmacol. 2009, 67, 445–454.

36. Haslemo, T.; Loryan, I.; Ueda, N.; Mannheimer, B.; Bertilsson, L.; Ingelman-Sundberg, M.; Molden, E.; Eliasson, E. UG
T1A4*3 encodes significantly increased glucuronidation of olanzapine in patients on maintenance treatment and in reco
mbinant systems. Clin. Pharmacol. Ther. 2012, 92, 221–227.

37. Uchaipichat, V.; Mackenzie, P.I.; Elliot, D.J.; Miners, J.O. Selectivity of substrate (trifluoperazine) and inhibitor (amitriptyl
ine, androsterone, canrenoic acid, hecogenin, phenylbutazone, quinidine, quinine, and sulfinpyrazone) "probes" for hu
man udp-glucuronosyltransferases. Drug Metab. Dispos. 2006, 34, 449–456.

38. Benoit-Biancamano, M.O.; Connelly, J.; Villeneuve, L.; Caron, P.; Guillemette, C. Deferiprone glucuronidation by human
tissues and recombinant UDP glucuronosyltransferase 1A6: An in vitro investigation of genetic and splice variants. Dru
g Metab. Dispos. 2009, 37, 322–329.

39. Kostrubsky, S.E.; Sinclair, J.F.; Strom, S.C.; Wood, S.; Urda, E.; Stolz, D.B.; Wen, Y.H.; Kulkarni, S.; Mutlib, A. Phenoba
rbital and phenytoin increased acetaminophen hepatotoxicity due to inhibition of UDP-glucuronosyltransferases in cultu
red human hepatocytes. Toxicol. Sci. 2005, 87, 146–155.

40. Shimizu, M.; Matsumoto, Y.; Yamazaki, H. Effects of propofol analogs on glucuronidation of propofol, an anesthetic dru
g, by human liver microsomes. Drug Metab. Lett. 2007, 1, 77–79.

41. Lautala, P.; Ethell, B.T.; Taskinen, J.; Burchell, B. The specificity of glucuronidation of entacapone and tolcapone by rec
ombinant human UDP-glucuronosyltransferases. Drug Metab. Dispos. 2000, 28, 1385–1389.

42. Kuehl, G.E.; Lampe, J.W.; Potter, J.D.; Bigler, J. Glucuronidation of nonsteroidal anti-inflammatory drugs: Identifying the
enzymes responsible in human liver microsomes. Drug Metab. Dispos. 2005, 33, 1027–1035.

43. Bernard, O.; Guillemette, C. The main role of UGT1A9 in the hepatic metabolism of mycophenolic acid and the effects
of naturally occurring variants. Drug Metab. Dispos. 2004, 32, 775–778.

44. Court, M.H.; Duan, S.X.; Guillemette, C.; Journault, K.; Krishnaswamy, S.; Von Moltke, L.L.; Greenblatt, D.J. Stereosele
ctive conjugation of oxazepam by human UDP-glucuronosyltransferases (UGTs): S-oxazepam is glucuronidated by UG
T2B15, while R-oxazepam is glucuronidated by UGT2B7 and UGT1A9. Drug Metab. Dispos. 2002, 30, 1257–1265.

45. Court, M.H.; Krishnaswamy, S.; Hao, Q.; Duan, S.X.; Patten, C.J.; Von Moltke, L.L.; Greenblatt, D.J. Evaluation of 3’-az
ido-3’-deoxythymidine, morphine, and codeine as probe substrates for UDP-glucuronosyltransferase 2B7 (UGT2B7) in



human liver microsomes: Specificity and influence of the UGT2B7*2 polymorphism. Drug Metab. Dispos. 2003, 31, 112
5–1133.

46. Innocenti, F.; Iyer, L.; Ramirez, J.; Green, M.D.; Ratain, M.J. Epirubicin glucuronidation is catalyzed by human UDP-glu
curonosyltransferase 2B7. Drug Metab. Dispos. 2001, 29, 686–692.

47. Coffman, B.L.; Rios, G.R.; King, C.D.; Tephly, T.R. Human UGT2B7 catalyzes morphine glucuronidation. Drug Metab. D
ispos. 1997, 25, 1–4.

48. Di Marco, A.; D’Antoni, M.; Attaccalite, S.; Carotenuto, P.; Laufer, R. Determination of drug glucuronidation and UDP-gl
ucuronosyltransferase selectivity using a 96-well radiometric assay. Drug Metab. Dispos. 2005, 33, 812–819.

49. Barbier, O.; Turgeon, D.; Girard, C.; Green, M.D.; Tephly, T.R.; Hum, D.W.; Belanger, A. 3’-azido-3’-deoxythimidine (AZ
T) is glucuronidated by human UDP-glucuronosyltransferase 2B7 (UGT2B7). Drug Metab. Dispos. 2000, 28, 497–502.

50. Uchaipichat, V.; Suthisisang, C.; Miners, J.O. The glucuronidation of R- and S-lorazepam: Human liver microsomal kine
tics, UDP-glucuronosyltransferase enzyme selectivity, and inhibition by drugs. Drug Metab. Dispos. 2013, 41, 1273–12
84.

51. Paulson, S.K.; Hribar, J.D.; Liu, N.W.; Hajdu, E.; Bible, R.H., Jr.; Piergies, A.; Karim, A. Metabolism and excretion of [(1
4)C]celecoxib in healthy male volunteers. Drug Metab. Dispos. 2000, 28, 308–314.

52. Zhang, J.Y.; Zhan, J.; Cook, C.S.; Ings, R.M.; Breau, A.P. Involvement of human UGT2B7 and 2B15 in rofecoxib metab
olism. Drug Metab. Dispos. 2003, 31, 652–658.

53. Lu, Y.; Zhu, J.; Chen, X.; Li, N.; Fu, F.; He, J.; Wang, G.; Zhang, L.; Zheng, Y.; Qiu, Z.; et al. Identification of human UD
P-glucuronosyltransferase isoforms responsible for the glucuronidation of glycyrrhetinic acid. Drug Metab. Pharmacokin
et. 2009, 24, 523–528.

54. He, Y.Q.; Liu, Y.; Zhang, B.F.; Liu, H.X.; Lu, Y.L.; Yang, L.; Xiong, A.Z.; Xu, L.L.; Wang, C.H.; Yang, L.; et al. Identificatio
n of the UDP-glucuronosyltransferase isozyme involved in senecionine glucuronidation in human liver microsomes. Dru
g Metab. Dispos. 2010, 38, 626–634.

Retrieved from https://encyclopedia.pub/entry/history/show/27757


