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ABSTRACT

Background: Hesperidin and myricetin are anti-inflammatory and
anti-oxidant flavonoids that have beneficial effects in fatty liver
disease (FLD), but information regarding their effects on cytochrome
P450 (CYP450) enzymes in FLD is limited. Objectives: This study
determined the impacts of hesperidin and myricetin on CYP450
profiles in FLD mice. Materials and Methods: Adult female mice
were fed a high fat diet (HFD, 60 kcal % fat of total food) with daily
intragastrically administered ethanol (0.5 g/kg/day) in combination with
either fenofibrate (40 mg/kg/day), hesperidin (50 and 200 mg/kg/day),
or myricetin (50 and 200 mg/kg/day) for 60 consecutive days. Liver
histomorphology was examined by oil red O staining. Hepatic enzyme
activity and mRNA expression of CYP1A2, CYP2E1, CYP3A11, CYP3A13,
and CYP4A11 were assessed. Results: HFD-induced hepatocellular
damage was prevented by low dose hesperidin and myricetin. Expression
of Cyp1a2, Cyp2el, and Cyp4all mRNAs as well as CYP2E1 and CYP3A
activities was significantly induced by HFD plus ethanol (HE) while Cyp3a13
expression was slightly increased. Fenofibrate and low dose hesperidin
prevented HE-induced CypTa2 and Cyp2Zel expression while HE-induced
Cyp4all expression was prevented by all treatments. The expression
of Cyp3ai13 was extensively suppressed by high-dose hesperidin and
myricetin, and CYP2E1 and CYP3A activities were significantly decreased
by all treatments. Conclusion: Alteration of CYP450 profiles by high doses
of hesperidin and myricetin could lead to drug interactions. Nevertheless,
low dose hesperidin prevented dysregulation of CYP450 expression in FLD
and is a promising candidate for FLD treatment.
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SUMMARY

e The most common mechanism of herb-drug interactions is induction/
inhibition of cytochrome P450 (CYP450s), which is also a factor involved
in fatty liver disease (FLD) progression. This study determined the impact
of hesperidin and myricetin on CYP450 profiles in FLD mice. Female
Institute for Cancer Research mice were fed a high fat diet (HFD) with daily
intragastrically administered ethanol (0.5 g/kg/day) in combination with
fenofibrate (40 mg/kg/day), hesperidin or myricetin (50 and 200 mg/kg/day)
for 60 days. The results showed that HFD-induced hepatocellular damage
was prevented by low dose hesperidin and myricetin. Expression of Cyp7a2,

INTRODUCTION

Recent evidence showed that the use of herbal plants as alternative
medicines has become increasingly common leading to an increased
awareness in herb-drug interactions.! The most related mechanism
of herb-drug interactions is an inducer or inhibitor of cytochrome
P450 (CYP450), a major superfamily of hepatic metabolizing enzymes
for endogenous and exogenous substances, which located in endoplasmic
reticulum (ER).>?

Modulation of CYP450 was considered as the factor that involved
in the progression of fatty liver disease (FLD) despite sex, gender,
hepatic lipid deposition, and dysfunction of mitochondrial or ER.!
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Cyp2el, and Cyp4a1l mRNAs as well as CYP2E1 and CYP3A activities was
significantly induced by HFD plus ethanol (HE) and Cyp3a13 expression was
slightly increased. Fenofibrate and low dose hesperidin prevented HE-induced
increases in Cyp7a2 and Cyp2Zel expression and all treatments prevented
HE-induced Cyp4all expression. Expression of Cyp3al3 was extensively
suppressed by high dose hesperidin and myricetin, and CYP2E1 and CYP3A
activities were significantly decreased by all treatments. These alterations of
CYP450 profiles by high dose hesperidin and myricetin could lead to drug
interactions. Nevertheless, low dose hesperidin improved CYP450 profiles
to control FLD progression. Therefore, low dose hesperidin is a promising
candidate for FLD treatment.
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Induction or inhibition in CYP450 enzymes causes inflammation and
produce excess reactive oxidative species (ROS). An imbalance of this
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oxidant-antioxidant system leads to an increase of the oxidant portion
and might generate FLD."!

Natural compounds have been found to possess significant therapeutic
benefits against FLD, which flavonoids have been frequently been study in
the model of FLD and seem to approach beneficial effects is required to be
revealed.””) The consumption of flavonoids associated with several health
benefits through antioxidant activity, anti-inflammation, anticancer,
and antiglycation.” Hesperidin and myricetin are anti-inflammatory
and anti-oxidant flavonoids that may attenuate the progression of FLD.
This study determined the effects of hesperidin and myricetin on the
activity and expression of CYP1A2, CYP2E1, CYP3A11, CYP3A13, and
CYP4A11 in FLD-induced mice.

MATERIALS AND METHODS

Chemicals and reagents

High fat diet (HFD) with 60 kcal % fat of total food (cas no. D12492)
was a product of Research Diets (New Brunswick, USA). Ethanol
was purchased from Merck (Frankfurt, Germany). Myricetin (cas
no. 529-44-2) and hesperidin (cas no. 520-26-3) with purity > 95% were
procured from Chengdu Biopurify (Chengdu, China). Oil red O (ORO)
was purchased from Sigma-Aldrich (Missouri, USA). ReverTra Ace” was
a product of Toyobo Co., Ltd. (Osaka, Japan). Taq DNA polymerase was
from Vivantis’ (Selangor, Malaysia). All other laboratory chemicals were
of the highest purity from commercial suppliers.

Animal treatments

Five-week-old female Institute for Cancer Research (ICR)
mice (17.30+ 3.15 g) were obtained from the Northeast Laboratory Animal
Center (Khon Kaen University, Khon Kaen, Thailand) and housed in the
Animal Unit of Faculty of Pharmaceutical Sciences, Khon Kaen University
under controlled conditions at the temperature of 23°C + 2°C and humidity
of 45% * 2%. The Institutional Animal Care and Use Committee of Khon
Kaen University approved the protocol for handling and treatment of
the animals (Approval no. IACUC-KKU-12/63). At all times, the mice
were housed on corncob bedding in stainless steel cages with ad libitum
access to water and food. The mice (n = 5 for each group) were randomly
divided into control, HFD plus ethanol (0.5 g/kg/day, ig.,) (HE), HE
with fenofibrate 40 mg/kg/day, ig., (F), HE with hesperidin 50 or
200 mg/kg/day, i.g., (H50/200), HE with myricetin 50 or 200 mg/kg/day,
i.g., (M50/200) and treated for 60 consecutive days. At 1 day after the
last treatment, the mice were euthanized with 100 mg/kg intraperitonial
Zoletil’ (250 mg tiletamine HCl and 250 mg zolazepam HCI, Virbac,
New Zealand). Plasma and organs were collected and immediately stored
at —80°C for further analysis.

Examination of hepatic morphological and
histological features by oil red o staining

ORO staining was modified from a previous study.”! Liver tissue was
collected and histomorphology was examined under a light microscope.
The microscopic slide with embedded liver tissue was stained with
ORO and further evaluated for hepatic histological features at x20
magnification using a Motic AE2000 inverted microscope (Kowloon,
Hong Kong). The image was analyzed and displayed on screen using
Motic image plus 3.0 software (Kowloon, Hong Kong).

Determination of CYP3A activity using
erythromycin N-demethylase activity

The reaction mixture of erythromycin and microsomes was incubated
with 1 mM NADPH to initiate the reaction. Trichloroacetic acid (12.5%)
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was added to stop the reaction before centrifugation at 1,900 rpm
for 15 min. The supernatant was incubated with 30% ammonium
acetate for 30 min. The absorbance was measured using a microplate
reader (EnSight™ multimode plate reader, Perkin Elmer, California,
USA) at a wavelength of 405 nm and compared with the standard
formaldehyde.!!

Determination of CYP2E1 activity using aniline
hydroxylase activity

The reaction mixture of 100 mM aniline HCI, 100 mM nicotinamide and
10 mg/mL microsomes was generated. Trichloroacetic acid (20%) was
added to stop the reaction before centrifugation at 1900 rpm for 15 min.
The supernatant was mixed with 20% Na,CO, and 4% phenol solution.
The absorbance was measured using a microplate reader (EnSight™
multimode plate reader) at a wavelength of 630 nm compared with the
standard 4-aminophenol.!®!

Determination of methoxyresorufin O-demethylase
activity

The assessment of methoxyresorufin O-demethylase (MROD) was
modified from a previous study.” The reaction mixture of 10 mg/mL
microsomes and 5 mM methoxyresorufin was made and the formation
of resorufin was immediately measured by spectrofluorometry using a
microplate reader (EnSight™ multimode plate reader) with an excitation
wavelength of 520 nm and an emission wavelength of 590 nm compared
with the standard resorufin.

Quantitative determination of CYP450 mRNA
expressions using RT/real-time polymerase chain
reaction

Total RNA was reverse transcribed to cDNA using ReverTra Ace® at 25°C
for 10 min, 42°C for 60 min, and 95°C for 5 min. mRNA expression of
CYP450 genes, i.e., Cypla2, Cyp2el, Cyp3all, Cyp3al3, Cyp4all, and a
reference gene, Gapdh, were subjected to qPCR with specific primers (Bio
Basic Inc., Toronto, Canada) [Table 1] under conditions recommended by
the supplier (Applied Biosystems, Branchburg, NJ, USA) and calculated
by 2744 to determine a change of fold difference.**'!

Statistical analysis

The data were analyzed using the one-way analysis of variance followed
by Tukey post hoc test (IBM SPSS statistics version 23, IBM, Armonk,
New York, United States). P < 0.05 was considered statistically significant.

RESULTS

Histological and morphological features of
hesperidin or myricetin-treated fatty liver disease
mouse livers

Histological and morphological features of the mouse liver carcass and
ORO-stained sections are shown in Figure 1. Control group demonstrated
normal hepatic histomorphology. HE greatly enlarged and discolored
the whole liver compared to the control. ORO staining (red staining)
demonstrated that HE caused liver injury with cells appearing swollen
and containing balloon gaps with the accumulation of disseminated
TG. Treatment with Either E H, or M prevented the HE-induced
FLD morphological changes. Low dose H and M attenuated TG
accumulation by more than high doses, as shown in the ORO-stained
liver histomorphology.
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Table 1: Forward and reverse primer sequences

Genes Forward and reverse primers (5’ — 3’) T  (°Q) References
Cypla2 B AAG ATC CAT GAG GAG CTG GA 50.0 Design by primer pair 1 program
R TCC CCA ATG CAC CGG CGC TTT CC
Cyp2el F TCC CTA AGT ATC CTC CGT GA 56.0 [9]
R GTA ATC GAA GCG TTT GTT GA
Cyp3all F TTT GGT AAA GTA CTT GAG G 64.0 [10]
R CTG GGT TGT TGA GGG AAT C
Cyp3al3 F TGT GTG GCT ATC ACA GAT 55.0 [10]
R AAA TAC CCA CTG GACCAAG
Cyp4all F TGC CCA TGA TCA CAC AGA TGG AG 60.0 Design by primer pair 1 program
R TGA ATG TGT CCA CCT CAG CAC GT
Gapdh F CCT CGT CCC GTA GAC AAA ATG 57.4 [9]
R TGA AGG GGT GGT TGA TGG C
Control High fat high HE+Fenofibrate HE+Hesperidin HE+Hesperidin HE+Myricetin HE+Myricetin
and ethanol (HE) 40 mg/kg/day 50 mg/kg/day 200 mg/kg/day 50 mg/kg/day 200 mg/kg/day

Gross
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ORO staining
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Figure 1: Effects of hesperidin and myricetin on histomorphological features of fatty liver disease induction in the mouse livers. Black arrows indicate lipid
accumulation

Cytochrome P450 profiles of hesperidin or
myricetin-treated fatty liver disease mouse livers

Alterations in the hepatic CYP450 profiles
myricetin-treated mice following FLD induction are depicted in
Figure 2. HE significantly upregulated Cypla2, Cyp2el, Cyp3all and
Cyp4all mRNAs and slightly increased Cyp3al3 expression. Treatment
with E H or M reduced expression of Cypla2, Cyp2el and Cyp4all
mRNA compared to HE-induced FLD [Figure 2a]. Treatment with F and
H restored Cyp3all or Cyp3al3 expression to uninduced levels, while
M suppressed expression of Cyp3all or Cyp3al3 to levels lower than
control. The activities of the CYP1A2, CYP2EI, and CYP3A enzymes
are shown in Figures 2b-d. HE sharply increased MROD [Figure 2b],
aniline hydroxylase [Figure 2c] and erythromycin N-demethylase
activities [Figure 2d], representing CYP1A2, CYP2E1, and CYP3A
responsive enzymes, respectively, while treatment with F, H, and M
prevented all of the HE-induced increases in the enzyme activity.
Notably, treatment with M consistently lowered HE-induced CYP3A
activity below the control.

DISCUSSION

The prevalence of nonalcoholic FLD in the Northeast of Thailand
is higher in women than men at all ages."!! Hence, female ICR mice
were employed in this study. Co-consumption of HFD and ethanol
significantly increased liver sizes and changed several hepatic
histomorphological features, which correlated with previous study.
Hepatomegaly with a discolored appearance marked by TG depositing
in the liver."? HE induces the unfolded protein response and leads to

of hesperidin or
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ER expansion and proliferation, resulting in CYP450 modification.!>!4!
The observations in the current study demonstrate that progression of
FLD correlated with CYP450 activity and expression, namely Cypla2,
Cyp2el, Cyp3all, Cyp3al3, and Cyp4all. Alteration of CYP450s in
FLD has been previously reported as induction of Cyp2el and Cyp4all
and suppression of Cyp3a in humans and mice."” Induction of Cyp2el
expression in HE-induced FLD has been documented in both rodents
and humans."”! HE-induced FLD revealed the increases in Cypla2
mRNA and protein expression while previous study suggested that
HFD decreases in CYP1A2 protein and activity in patients.'”’ The
current study found that the combination of HFD and ethanol (HE)
up-regulated expression of Cyp2el mRNA superior to ethanol alone,
which correlates to a study that showed an unsaturated fatty acid-rich
diet-induced nonalcoholic steatohepatitis lessened FLD progression
compared to ethanol." This indicates that HFD and additional ethanol
induces Cyp2Zel. Induction of Cyp2el produces toxic metabolites
coupled with oxidative stress causing liver injury and worsening FLD.
Hesperidin has previously demonstrated its antioxidant action in
FLD by reducing MDA levels and slowing the progression of fibrosis
at doses of 40-500 mg/kg/day.l"¥ Myricetin increased mitochondria
density and decreased NO production in mice at low dose (50 mg/
kg/day),** while doses of 150 and 200 mg/kg/day reduced serum
glucose, leptin and MDA levels, suppressed PPAR-y and SREBP-1¢, !
and attenuated-seizures.?? Therefore, hesperidin and myricetin doses
of 50 and 200 mg/kg/day were employed to examine FLD treatment
in this study. Fenofibrate inhibited Cyp2el in the current study, which
correlates to a previous study.”® Low dose hesperidin also showed an
inhibitory effect against Cyp2el, whilst higher doses did not. This is
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Figure 2: Effects of hesperidin and myricetin on (a) cytochrome P450 mRNA expression, (b-d) CYP1A2, CYP2E1, and CYP3A activities in fatty liver disease
induction in the mouse livers. HE: High fat diet + ethanol; F: Fenofibrate; H: Hesperidin; M: Myricetin. *P < 0.05, **P < 0.001 versus Control; *P < 0.001 versus

HE

probably due to saturation of the hesperidin absorption and elimination
mechanisms resulting in an increase in hesperetin, an active metabolite
of hesperidin that might trigger oxidative stress at high doses.!*’!
Another CYP450 that accelerates FLD progression and promotes ROS
production is Cyp4all. Zhang et al. reported up-regulation of hepatic
CYP4A expression in the livers of FLD patients and in three murine FLD
models.?" The elevation of Cyp4all by HFD and/or ethanol stimulated
an increase in inflammatory cytokines.” In addition, an increase in
Cyp4all up-regulated phosphorylated p65, which is a co-factor of the
nuclear factor-kB signaling pathway.?® Fenofibrate and flavonoids
suppressed the expression of Cyp4all mRNA. This suggests that the
more inflammatory cytokines decrease, the more Cyp4all expression is
down-regulated. Cyp3a is responsible for the metabolism of numerous
therapeutic substances. HE did not induce Cyp3all and Cyp3al3
expression, which correlates to the study of Feierman et al. (2003) that
ethanol more likely induced CYP3A activity rather than HFD, glucose
or the mixtures.? In addition, it was reported that down-regulation of
hepatic Cyp3a4 expression affected the severity of FLD and increased
diabetes phenomena in humans.?” The decreases in Cyp3all and
Cyp3al3 expression from high dose hesperidin and myricetin suggest
that these regimens could not improve FLD status in this model, which
correlates to the previous study. Xu et al. noted that myricetin-induced
ER dysfunction and apoptosis in human cells.?® This corresponded to
the finding of Choi et al. that myricetin inhibited CYP3A4-mediated
metabolism.””) Hence, the higher doses of hesperidin and myricetin
could not improve CYP450 expression.

CONCLUSION

Low dose hesperidin improved Cypla2, Cyp2el, Cyp3a4, and Cyp4all
expression profiles as well as CYP2E1 and CYP3A activities in the female
FLD mice to reduce FLD progression. Since flavonoids are increasingly
popular as alternative medicines, it is becoming more likely that they
are being consumed with modern medicines. Therefore, it is worthwhile
to confirm pharmacological functions of hesperidin-associated
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regulatory pathways of FLD, at least in regard to CYP450-mediated
biotransformation.

Acknowledgements

Nadta sincerely thanks the Research Group for
Pharmaceutical Activities of Natural Products using Pharmaceutical
Biotechnology (PANPB), Faculty of Pharmaceutical Science, Khon Kaen
University, Thailand, for scholarship and research grant and facilities.
Dr. Glenn Borlace is acknowledged for English assistance.

Sukkasem

Financial support and sponsorship
Khon Kaen University, Thailand.

Conflicts of interest

There are no conflicts of interest.

REFERENCES

1. Wu CH, Wang CC, Tsai MT, Huang WT, Kennedy J. Trend and pattern of herb and supplement
use in the United States: Results from the 2002, 2007 and 2012 national health interview
surveys. Evid Based Complement Alternat Med 2014;2014:872320.

N

. Lewis GF, Carpentier A, Adeli K, Giacca A. Disordered fat storage and mobilization in the
pathogenesis of insulin resistance and type 2 diabetes. Endocr Rev 2002;23:201-29.

. Schelleman H, Han X, Brensinger CM, Quinney SK, Bilker WB, Flockhart DA, et al.
Pharmacoepidemiologic and in vitro evaluation of potential drug-drug interactions of
sulfonylureas with fibrates and statins. Br J Clin Pharmacol 2014;78:639-48.

w

4. Buzzetti E, Pinzani M, Tsochatzis EA. The multiple-hit pathogenesis of non-alcoholic fatty liver
disease (NAFLD). Metabolism 2016;65:1038-48.

&

. Sukkasem N, Chatuphonprasert W, Jarukamjorn K. Cytochrome P450 expression-associated
multiple-hit pathogenesis of non-alcoholic fatty liver disease (NAFLD) in HepG2 cells. Trop J
Pharm Res 2020;19:707-14.

[}

. Heim KE, Tagliaferro AR, Bobilya DJ. Flavonoid antioxidants: Chemistry, metabolism and
structure-activity relationships. J Nutr Biochem 2002;13:572-84.

~

Van De Wier B, Koek GH, Bast A, Haenen GR. The potential of flavonoids in the treatment of
non-alcoholic fatty liver disease. Crit Rev Food Sci Nutr 2017;57:834-55.

Pharmacognosy Magazine, Volume 18, Issue 77, January-March 2022



NADTA SUKKASEM, et al.: Hesperidin and Myricetin Alter CYP450s in Mice with FLD

. Chatuphonprasert W, Jarukamjorn K. Impact of six fruits — Banana, guava, mangosteen,

pineapple, ripe mango and ripe papaya — On murine hepatic cytochrome P450 activities.
J Appl Toxicol 2012;32:994-1001.

. Sriset Y, Chatuphonprasert W, Jarukamjorn K. Bergenin attenuates sodium selenite-induced

hepatotoxicity via improvement of hepatic oxidant-antioxidant Balance in Hep G2 cells and
ICR mice. J Biol Act Prod Nat 2021;11:97-115.

. Sukkasem N, Chatuphonprasert W, Jarukamjorn K. Altered cytochrome P450 profiles

by Plumbago indica Linn. and plumbagin after oral administration in mice. Phcog Mag
2018;14:507-12.

. Summart U, Thinkhamrop B, Chamadol N, Khuntikeo N, Songthamwat M, Kim CS. Gender

differences in the prevalence of nonalcoholic fatty liver disease in the Northeast of Thailand:
A population-based cross-sectional study. F1000Res 2017;6:1630.

. Nakamura A, Terauchi Y. Lessons from mouse models of high-fat diet-induced NAFLD. Int J

Mol Sci 2013;14:21240-57.

. Maiers JL, Malhi H. Endoplasmic reticulum stress in metabolic liver diseases and hepatic

fibrosis. Semin Liver Dis 2019;39:235-48.

. Kanuri G, Landmann M, Priebs J, Spruss A, Loscher M, Ziegenhardt D, et al. Moderate alcohol

consumption diminishes the development of non-alcoholic fatty liver disease (NAFLD) in ob/
ob mice. Eur J Nutr 2016;55:1153-64.

. Asai Y, Yamada T, Tsukita S, Takahashi K, Maekawa M, Honma M, et al. Activation of the

hypoxia inducible factor 1a subunit pathway in steatotic liver contributes to formation of
cholesterol gallstones. Gastroenterology 2017;152:1521-35.e8.

. Wu D, Cederbaum Al. Oxidative stress mediated toxicity exerted by ethanol-inducible

CYP2E1. Toxicol Appl Pharmacol 2005;207:70-6.

Fisher CD, Lickteig AJ, Augustine LM, RangerMoore J, Jackson JR Ferguson SS, et al.
Hepatic cytochrome P450 enzyme alterations in humans with progressive stages of
nonalcoholic fatty liver disease. Drug Metab Dispos 2009;37:2087-94.

. Pérez-Vargas JE, Zarco N, Shibayama M, Segovia J, Tsutsumi V, Muriel P Hesperidin prevents

liver fibrosis in rats by decreasing the expression of nuclear factorkB, transforming growth
factorf and connective tissue growth factor. Pharmacology 2014;94:80-9.

Pharmacognosy Magazine, Volume 18, Issue 77, January-March 2022

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Semwal DK, Semwal RB, Combrinck S, Viljoen A. Myricetin: A dietary molecule with diverse
biological activities. Nutrients 2016;8:90.

Xie J, Zheng Y. Myricetin protects keratinocyte damage induced by UV through IkB/NFkb
signaling pathway. J Cosmet Dermatol 2017;16:444-9.

Su HM, Feng LN, Zheng XD, Chen W. Myricetin protects against diet-induced obesity and
ameliorates oxidative stress in C57BL/6 mice. J Zhejiang Univ Sci B 2016;17:437-46.

Sun ZQ, Meng FH, Tu LX, Sun L. Myricetin attenuates the severity of seizures and
neuroapoptosis in pentylenetetrazole kindled mice by regulating the of BDNFTrkB
signaling pathway and modulating matrix metalloproteinase-9 and GABA,. Exp Ther Med
2019;17:3083-91.

Schaefer J, Backus EH, Bonn M. Evidence for auto-catalytic mineral dissolution from
surface-specific vibrational spectroscopy. Nat Commun 2018;9:3316.

Zhang X, Li S, Zhou Y, Su W, Ruan X, Wang B, et al. Ablation of cytochrome P450
omega-hydroxylase 4A14 gene attenuates hepatic steatosis and fibrosis. Proc Natl Acad Sci
U S A2017;114:3181-5.

Gao H, Cao Y, Xia H, Zhu X, Jin Y. CYP4A11 is involved in the development of nonalcoholic
fatty liver disease via ROS-induced lipid peroxidation and inflammation. Int J Mol Med
2020;45:1121-9.

Feierman DE, Melinkov Z, Nanji AA. Induction of CYP3A by ethanol in multiple in vitro and
in vivo models. Alcohol Clin Exp Res 2003;27:981-8.

Jamwal R, de la Monte SM, Ogasawara K, Adusumalli S, Barlock BB, Akhlaghi F. Nonalcoholic
fatty liver disease and diabetes are associated with decreased CYP3A4 protein expression
and activity in human liver. Mol Pharm 2018;15:2621-32.

Xu'Y, Xie Q, Wu S, Yi D, Yu Y, Liu S, et al. Myricetin induces apoptosis via endoplasmic
reticulum stress and DNA double-strand breaks in human ovarian cancer cells. Mol Med
Rep 2016;13:2094-100.

Choi DH, Li C, Choi JS. Effects of myricetin, an antioxidant, on the pharmacokinetics of
losartan and its active metabolite, EXP-3174, in rats: Possible role of cytochrome P450 3A4,
cytochrome P450 2C9 and P-glycoprotein inhibition by myricetin. J Pharm Pharmacol
2010;62:908-14.

93



