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Review Article

ABSTRACT

Acetaminophen is widely used as a fever and pain reliever drug. However,
acetaminophen intoxication was common and responsible for thousands
of acetaminophen-induced liver injury (AILI) cases worldwide. It
was understood that glutathione (GSH) depletion causes a deposit of
acetaminophen metabolites which are toxic to liver cells. N-acetylcysteine
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AILI management. The biomolecular approach was used to investigate
onion skin in-depth and holistic discussion. According to the results,
onion peel extract is rich in flavonoids (quercetin and kaempferol) and
potentially be a candidate in the management of AILI through proposed
mechanisms such as restoration of reduced glutathione (GSH), inhibition
of cytochrome P450 (CYP) enzymes, upregulation of uridine 5'-diphospho-
glucuronosyltransferase (UGT) enzyme, and inhibition of TLR4 activity.

Asetaminofen merupakan obat yang umum digunakan sebagai analgesik
dan antipiretik. Namun demikian, kasus intoksikasi asetaminofen
sering terjadi dan telah bertanggung jawab pada puluhan ribu kasus
acetaminophen-induced liver injury (AILI) di dunia. AILI terjadi akibat
deplesi glutation tereduksi (GSH) yang berimplikasi pada penumpukan
senyawa metabolit asetaminofen dan bersifat toksik bagi sel hepar. Saat ini
tatalaksana intoksikasi asetaminofen menggunakan N-acetylsistein (NAC).
Namun, penggunaan NAC dilaporkan menimbulkan efek samping berupa
mual, muntah, hingga reaksi anafilaktoid. Kajian pustaka ini membahas
mengenai bahan lain yang dapat digunakan dalam manajemen AILL

Tujuan penulisan kajian ini adalah untuk mengkaji secara holistik mengenai potensi flavonoid di dalam
kulit bawang merah pada manajemen AILI. Metode yang digunakan pada kajian pustaka ini adalah metode
narrative review dengan pendekatan mekanisme biomolekuler untuk pembahasan yang lebih holistik.
Berdasarkan hasil kajian, ekstrak kulit bawang merah kaya akan flavonoid (quercetin dan kaempferol)
dan berpotensi menjadi kandidat dalam manajemen AILI melalui restorasi glutation tereduksi (GSH),
inhibisi enzim CYPs, upregulasi enzim UDP glucuronosyl-transferase (UGT), dan inhibisi aktivitas TLR4.
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INTRODUCTION

Acetaminophen (APAP, N-acetyl-p-
aminophenol, or paracetamol) is a fever and
pain reliever commonly used worldwide and
prescribed or non-prescribed in combination
drugs.'*3. Acetaminophen is an over-the-
counter drug that can be bought and sold
without a doctor’s prescription *°. Although
acetaminophen is classified as safe at normal
doses 6, numbers of data reported morbidity
cases due to acetaminophen intoxication >

Acetaminophen intoxication has been
recorded annually. Out of 82,376 cases, an
estimated incidence of 27.10 per 100,000
was reported in the US at costs incurred up to
US$1.06 million”’. Intentional and unintentional
reasons are responsible for causing the high
rate of acetaminophen intoxication. 2. In
some deliberate cases, acetaminophen is
used as a medium for suicide 6. Unintended
cases are caused by the lack of consumer
knowledge regarding hazardous consuming the
combination drugs containing acetaminophen
and the public perception assumes that
acetaminophen is a safe drug, resulting
consumers tend to ignore the recommended
dose (above 4 g/day) *°. Common morbidity
in patients with acetaminophen intoxication
is liver organ damage, a condition known as
acetaminophen-induced liver injury (AILI) 58,

In epidemiological studies, AILI has
contributed to 50% of all liver failures in America
and Australia 8'°. Liver damage acetaminophen
overdose-induced is caused by the accumulation
of N-acetyl-para-benzoquinone imine (NAPQI)
in the liver cells. NAPQI is a toxic compound
resulting from highly reactive acetaminophen
metabolism *'2, NAPQI is usually detoxified
into cysteine and mercapturic acid conjugates at
tolerable doses via the glutathione-dependent
pathway (GSH-dependent pathway). However,
in the acetaminophen intoxication state, GSH
depletion occurs in the liver, resulting in
NAPQI accumulation. This condition results
in oxidative reactions, ion imbalance, and
mitochondrial dysfunction, all of which lead
to liver cell necrosis 12,

277

GSH restoration is one of the way treatments
in AILI and acetaminophen intoxication.
A common agent in GSH restoration is
N-acetylcysteine (NAC), which restores GSH
levels by providing important compounds in
GSH synthesis °. However, the latest evidence
suggests that NAC has a narrow therapeutic
range and side effects include nausea, vomiting,
diarrhea, and anaphylaxis reaction °. Based on a
previous study, the side effect rate of using NAC
varies from 8.5% to 77% *3. This fact becomes
a gap in therapeutic so that another substance
is needed as a GSH restorative agent (other
than NAC) and a hepatoprotective agent in AILI
management.

Some studies investigated other compounds
besides NAC that could potentially lead to
GSH restoration. Flavonoids such as quercetin
and kaempferol suggest promising natural
compounds that act as hepatoprotective and
restore GSH cells 7. Furthermore, quercetin
and kaempferol are easy to find in plants
commonly found, such as asparagus, lettuce,
chili pepper, and onion. The most superior
among these plants is onion, containing the
flavonoid quercetin (45.0 mg/100 g net weight)
and kaempferol (4.50 mg/100 g net weight).
In addition, red onion (Allium cepa L.) has the
highest flavonoid content compared to garlic
and yellow onion. Interestingly, quercetin and
kaempferol are more concentrated in their skin
than flesh 821,

Based on the elucidation above, an in-depth
and holistic discussion is needed to explore
the potential of red onion skin flavonoids for
AILI management. This narrative review aimed
to investigate the potential of red onion skin
holistically as a restorative and hepatoprotective
agent in AILI management. In this case, a
biomolecular mechanism approach is carried
out to discuss therapeutic and preventive
potentials by considering the pathogenesis of
AILIL This narrative review is expected to be
used as a reference for further studies related
to the red onion skin potential or AILI in the
future.



Ardianto, et al. The potency of red onion skin...

Supporting Article Findings
Pubmed / Google Scholar searching by
combining keywords:

Main Article Findings
Pubmed / Google Scholar searching by
combining keywords:

v (“Acetaminophen-induced liver injury”
OR “acetaminophen toxicty”) AND
pathogenesis

v (“Acetaminophen-induced liver injury”
OR “acetaminophen toxicity”) AND
epidemiology

v"“Red onion skin” AND “flavonoids™

v “Quercetin® AND “kaempferol™”

¥ (“Acetaminophen-induced liver injury”
OR “acetaminophen toxicity™) AND
“quercetin”

v (“Acetaminophen-induced liver injury”
OR “acetaminophen toxicity”) AND
“kaempferol”

v “Red onion skin” AND “quercetin” AND
“kaempferol” AND “hepatoprotective™

v“Quercetin® AND “GSH” AND
“hepatoprotective™
v “Kaempferol” AND “GSH” AND
“hepatoprotective™
L ]
v

Inclusions Criteria
The inclusion criteria used were full text, using English, and published (review article,
original research, systematic review, meta analysis) in the last 6 years (2015-2021) to
maintain the novelty

2

The authors conduct a discussion and exclude the data that was duplicated and the article
which is not suitable with the aim of this review

v

Acetaminophen-induced liver injury (n=15)
Red Onion Skin (n=6)
Quercetin, Kaempferol effects in GSH restoration and Hepatoprotective properties (n=22)

Figure 1. Data collection method
Keywords, article finding, inclusions, and exclusions criteria

in this narrative review is shown in Figure 1

Data collection method
The data collection method is shown in
Figure 1.

Red onion skin flavonoids and their
potency

Red onion is one of the most important
agricultural products worldwide. This plant
belongs to the Alliaceae family and biennial
plants 2. It is claimed to have been produced
55 million each year worldwide 2°. However,
red onion skin wastes cause environmental
problems. This by-product cannot be used
as fertilizer or animal feed since it has
phytopathogenic properties and a foul odor.
Therefore, it tends to be wasted and thrown
away %2, Nevertheless, the onion skin contains
high levels of flavonoids, mainly in quercetin

and kaempferol forms 18202223 Quercetin (3,3,
4’5,7-pentahydroxyflavone) is one of the
molecules of polyphenolic flavanols, which has
antioxidant and anti-inflammatory effects 2426,
A previous study regarding red onion reported
48 times high levels of quercetin in the skin
than in the flesh 2°. Within 200 grams of red
onion skin extract contained quercetin (64
mg), quercetin 3-0-B-D-glucopyranoside (3
mg), and quercetin 7-0-B-D-glucopyranoside
(2 mg) 8 In addition, another type of flavonoid
compound, kaempferol or 3,5,7-trihydroxy-
2-(4-hydroxyphenyl)-4H-chromen-4-one, is
the second most non-toxic flavonoid found
in many natural products 2%?72, In line with
quercetin, kaempferol also has several forms
which are glycoside is the most common '8,
Kaempferol and quercetin are suggested to

278



JKKI 2021;12(3):276-284

have a beneficial bioactive effect 22428 Several
studies show that quercetin and kaempferol
have a role as molecular hepatoprotective
152933 Both flavonoids have antioxidant and
anti-inflammatory properties. Other studies
suggest that quercetin and kaempferol are also
potent to restore GSH 141617313437,

The role of glutathione (GSH)

Glutathione is an antioxidant composed
of glutamic acid, glycine, and cysteine that
preserve redox balance in cells *38, In the body,
glutathione is usually present in reduced form
(GSH) and can be transformed by glutathione
peroxidase (GPx) then into its oxidized form
(glutathione disulfide, GSSG). The GSH/
GSSG ratio is usually greater than 10:1 in the
mitochondria and cytoplasm. A reduction in this
ratio suggests that oxidative stress in the cells is
present 333 [t was clarified that GSSG facilitates
toxicity and should be immediately converted
back into GSH by the enzyme glutathione
reductase (GSR) %°.

GSH formation is carried out through
two stages of de novo synthesis involving
the glutamate-cysteine ligase (GCL) enzyme
complex and glutathione synthetase (GSS)
3840 The GCL enzyme complex facilitates the
conversion of L-cysteine and L-glutamate to L-y-
glutamylcysteine through a process involving
ATP. This compound will be converted into
GSH with the help of the GSH synthetase (GSS)
enzyme 3839,

In accordance with the previous discussion
that GSH has antioxidant properties and is also
involved in the detoxification process of reactive
electrophiles into xenobiotic-conjugates (GS-X)
by enzyme glutathione S-transferase (GST) 32.
However, the excessive detoxification process
results in decreased levels of GSH, leading to
various diseases and cell damage 3°** This GSH
depletion state also appears in acetaminophen-
induced liver injury (AILI).

AILI
AILI occurs due to acetaminophen
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intoxication involving the specific compound,
NAPQI, a reactive compound that results from
the acetaminophen metabolism in liver phase
[ by the cytochrome P450 family 2 subfamily E
member 1 (CYP2E1) enzyme 1. The symptoms
and signs of AILI are diverse, including nausea,
vomiting, lethargy, diaphoresis, jaundice, and
lactic acidosis *'. Hereafter, if not treated
properly, AILI would develop acute liver failure
(ALF) and lead to death #!° The proposed
mechanism is NAPQI toxic to cells and leads to
leakage of mitochondrial electrons to form other
toxic compounds in superoxide radicals form.
In turn, these superoxide radicals will undergo
dismutation into hydrogen peroxide (H202)
and oxygen (02) by manganese superoxide
dismutase (MnSOD). In addition, superoxide
radicals can also react with endogenous nitric
oxide (NO) and form peroxynitrite (ONOO-)
3912.Both H202 and ONOO- normally detoxified
by GSH. In acetaminophen intoxication, GSH
depletion results from accumulating H202 and
peroxynitrite, which damages mitochondrial
DNA **2Increased H202 in the cytoplasm leads
to activation of apoptosis signal-regulating
kinase 1 (ASK-1). Furthermore, ASK-1 activates
c-Jun N-terminal kinase (JNK), which increases
reactive oxygen species (ROS) release. ROS
induces a looping system that continuously
activates JNK, consequently activating Bax
protein *%12. The Bax/Bcl2 ratio is important
in cell survivability 3. Bax protein contributes
significantly to mitochondrial damage
contributing to the damage of hepatocytes.
Aside from those described above, toll-like
receptor * (TLR4) activation has also been
recorded to exacerbate AILI 3. TLR4 induces
macrophages via JNK activation and leads to the
release of pro-inflammatory cytokines, further
exacerbating liver damage .

The potential of red onion skin flavonoids
in AILI management
Red onion skin flavonoids as
restoration agent

The key to the pathogenesis of AILI is liver

GSH



GSH depletion. Accordingly, the attempt to
restore GSH potentially reduces the progression
of AILI. In order to restore cell GSH levels, the
two dominant bioactive compounds in red onion
skin, quercetin and kaempferol, are reported to
have potential. Quercetin was reported to restore
GSH to its normal levels in preadipocytes 3T3-
L1 and human aortic endothelial cells (HAEC),
which were induced by Fe2 and hydrogen
peroxide (H202), respectively *3> In previous
in-vivo studies, an increase in mice liver GSH
was also observed, involving administering a
hepatotoxic compound, toosendanin (TSN) 3¢
This statement was also confirmed in other
studies using acetaminophen-induced mouse
models 1634,

In line with quercetin, kaempferol and
its derivatives were reported to potentially
restore liver GSH in mice models with liver
injury 151731, Pretreatment of kaempferol in the
acetaminophen prodrug-induced mice models
significantly increased GSH 3'. This reported
data indicates that kaempferol is potent to
reduce the toxicity effects of acetaminophen
prodrug 3. This GSH restoration occurs due
to the influence of increased expression of
the complex GCL catalytic (GCLC) enzyme in
both quercetin and kaempferol administration,
which plays an important role in de novo GSH
synthesis 33>37, Accordingly, the administration
of GCLC inhibitors in buthionine sulfoximine
(BSO) forms demonstrated reduced GSH levels
in oxidant compounds exposed 3¢
Red onion skin flavonoids as
hepatoprotector in AILI

Simultaneously with GSH depletion,
hepatic cell necrosis occurs in AILI 1241, This
necrosis cannot be distinguished from the
role of the NAPQI formed by the CYPs enzyme
through phase I drug metabolism in the liver
4243 It was reported that the administration
of acetaminophen prodrug in mice induces
CYP2E1 expression 3. However, treatment
with kaempferol showed the opposite result,
where the protein expression was similar to
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the control group 3. In accordance, quercetin
inhibits CYPs enzymes, particularly CYP2E1
and CYP1A2 2°3%, These inhibitions result in a
decrease in oxidative compounds and improved
energy production by mitochondria 3134
Furthermore, acetaminophen metabolism shifts
to glucuronidation, a phase Il drug metabolism
process 31,

In phase I, acetaminophen is metabolized by
uridine 5'-diphospho-glucuronosyltransferase
(UDP-glucuronosyltransferase, UGT) and
sulfotransferase (SULT) enzymes through
glucuronidation and sulfation processes,
respectively. UDP glucuronosyltransferase
family 1 member A1 (UGT1A1) is one of the
forms of UGT responsible for acetaminophen
metabolism. This enzyme promotes
acetaminophen conjugation to be excreted
and promotes the hepatoprotective effect 3.
Furthermore, kaempferol also has beneficial
bioactivity for stress-exposed cells and
hepatoprotective properties. Upregulation
of UGT1A1 expression and restoration of
antioxidant enzymes (superoxide dismutase,
glutathione-peroxidase, and catalase) were
reported in the acetaminophen prodrug-
induced mice models 3!. A hepatoprotective
effect was also demonstrated by inhibiting Bax
gene expression and decreased serum hepatic
function marker, aspartate aminotransferase
(AST) 3.

Activation of toll-like receptor 4 (TLR4)
was involved in AILI. This gene induces
macrophage activation by secreting pro-
inflammatory compounds through the JNK
pathway, exacerbating liver cell damage in
acetaminophen intoxication. This finding has
been observed in both in-vitro and in-vivo
studies. 3. Uniquely, kaempferol derivatives
also have the potential to inhibit TLR4 activity.
[t is expected to reduce the progression of
hepatocyte necrosis in AILI cases and provide
a hepatoprotective effect >3%. The summarize
of red onion skin potential flavonoids in AILI
management is shown in Figure 2.
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Figure 2. The potential of red onion skin flavonoids in AILI management

Acetaminophen is metabolized and conjugated by the UDP glucuronosyl-
transferase (UGT) and sulfotransferase (SULT) enzymes before being
excreted in the urine at normal doses. The toxic compound N-acetyl-
para-benzoquinone imine (NAPQI) is produced by the CYP2E1 enzyme
in acetaminophen intoxication and glutathione (GSH) depletion occurs.
If it continues, this will result in hepatic cell necrosis. Kaempferol and
quercetin commonly found in the red onion skin extracts can potentially
inhibit the CYP2E1 enzyme, inhibit the activity of TLR4, and restore GSH,
which have hepatoprotective properties.

CONCLUSION

Over-dose of acetaminophen use leads to
AIL], resulting in comorbidity worldwide. In this
narrative review, red onion skin, agricultural
wastes that are less utilized, has been proposed
to have potentials in AILI management. Quercetin
and kaempferol in red onion skin can restore GSH
levels, inhibit CYP enzymes, and inhibit TLR4
activity, suggesting hepatoprotective properties.
Nevertheless, further study of red onion skin
flavonoids formulation and conducting a clinical
trial are needed.

CONFLICT OF INTEREST
There is no conflict of interest in this article

ACKNOWLEDGEMENT

We highly thank LLDIKTI who has funded
the writing of this paper through the Student
Creativity Program for an Exact Science (PKM-
PE 2020) with contract number: 104/E2/PPK/

281

SPPK/PKM-B2/2020.

REFERENCES

1. Ghanem CI, Maria J, Manautou J, Mottino A.
Acetaminophen; from liver to brain: New
insights into drug pharmacological action
and toxicity. Pharmacological Research.
2017;109(July):119-31.

2. Shiffman S, Battista DR, Kelly JP, Malone MK,
Weinstein RB, Kaufman DW. Prevalence of
exceeding maximum daily dose of parac-
etamol, and seasonal variations in cold-flu
season. British Journal of Clinical Pharma-
cology. 2018;84(6):1250-7.

3. Ishitsuka Y, Kondo Y, Kadowaki D. Toxicolog-
ical property of acetaminophen: The dark
side of a safe antipyretic / analgesic drug?
Biological and Pharmaceutical Bulletin.
2020;43(2):195-206.

4. Tittarelli R, Pellegrini M, Scarpellini MG,
Marinelli E, Bruti V, Di Luca NM, et al. Hepa-
totoxicity of paracetamol and related fatali-



10.

11.

12.

13.

14.

ties. European Review for Medical and Phar-
macological Sciences. 2017;21(1):95-101.
Pholmoo N, Bunchorntavakul C. Character-
istics and outcomes of acetaminophen over-
dose and hepatotoxicity in Thailand. Journal
of Clinical and Translational Hepatology.
2019;7:132-9.

Piotrowska N, Klukowska-r J, Lehmann B,
Krummrey G, Haschke M, Exadaktylos AK,
et al. Presentations related to acute parac-
etamol intoxication in an urban emergen-
cy department in Switzerland. Emergency
Medicine International. 2019;2019.

Altyar A, Kordi L, Skrepnek G. Clinical and
economic characteristics of emergency de-
partment visits due to acetaminophen tox-
icity in the USA. BM] Open. 2015;5.

Rubin B, Hameed B, Gottfried M, Lee WM,
Sarkar M, Francisco S, et al. Acetamino-
phen-induced acute liver failure is more
common and more severe in women. Clin-
ical Gastroenterology and Hepatology.
2018;16(6):936-46.

Ramachandran A, Jaeschke H. Acetamino-
phen hepatotoxicity. Seminars in Liver Dis-
ease. 2019;39(2):221-34.

Hey P, Hanrahan TP, Sinclair M, Testro AG,
Angus PW, Peterson A, et al. Epidemiolo-
gy and outcomes of acute liver failure in
Australia. World Journal of Hepatology.
2019;11(7):586-95.

Mazaleuskaya LL, Sangkuhl K, Thorn CE Fitz-
gerald GA, Altman RB, Klein TE. PharmGKB
summary: Pathways of acetaminophen
metabolism at the therapeutic versus tox-
ic doses. Pharmacogenetics and Genomics.
2015;25:416-26.

Yan M, Huo Y, Yin S, Hu H. Mechanisms of
acetaminophen-induced liver injury and its
implications for therapeutic interventions.
Redox Biology. 2018;17(April):274-83.

Al C, Gluud C, Brok ], Na B, Al C, Gluud C, et al.
Interventions for paracetamol (acetamin-
ophen) overdose (Review). Cochrane data-
base of systematic reviews. 2018;(2).

Boadi WY, Amartey PK, Lo A, Boadi WY,
Amartey PK, Lo A, et al. Effect of quercetin
, genistein and kaempferol on glutathione
and glutathione-redox cycle enzymes in

15.

16.

17.

18.

19.

20.

21.

22.

23.

Ardianto, et al. The potency of red onion skin...

3T3-L1 preadipocytes glutathione-redox cy-
cle enzymes in 3T3-L1 preadipocytes. Drug
and Chemical Toxicology 2015;0545(Sep-
tember).

DongL,Yin L, QuanH, ChuY, Lu]. Hepatopro-
tective effects of kaempferol-3-0-a-L- arab-
inopyranosyl-7-0-a-L-rhamnopyranoside
on D-Galactosamine and lipopolysaccharide
caused hepatic failure in mice. Molecules.
2017;22.

Faras AA El, Elsawaf AL. Hepatoprotective
activity of quercetin against paracetamol-
induced liver toxicity in rats. Tanta Medical
Journal. 2017;45:92-8.

Zang Y, Zhang D, Yu C, Jin C, Igarashi K. An-
tioxidant and hepatoprotective activity of
kaempferol 3-0-B-d- (2,6-di-O-a-1-rham-
nopyranosyl) galactopyronoside against
carbon tetrachloride-induced liver injury
in mice. Food Science and Biotechnology.
2017;26(4):1071-6.

Shi GQ, Yang ], Liu J, Liu SN, Song HX, Zhao
WE, et al. Isolation of flavonoids from on-
ion skin and their effects on K562 cell via-
bility. Bangladesh Journal of Pharmacology.
2016;11:18-25.

Shi-lin Z, Peng D, Yu-chao XU, Jian-jun W.
Quantification and analysis of anthocyanin
and flavonoids compositions, and antioxi-
dant activities in onions with three different
colors. Journal of Integrative Agriculture.
2016;15(9):2175-81.

Kwak JH, Seo JM, Kim NH, Arasu MV, Kim S,
Yoon MK, et al. Variation of quercetin glyco-
side derivatives in three onion (Allium cepa
L.) varieties. Saudi Journal of Biological Sci-
ences. 2017;24(6):1387-91.

Dabeek WM, Marra MV. Dietary quercetin
and kaempferol: Bioavailability and poten-
tial cardiovascular-related bioactivity in hu-
mans. Nutrients. 2019;11(10).

Ivan IMS, Vesna MS. Modelling and opti-
mization of quercetin extraction and bio-
logical activity of quercetin-rich red onion
skin extract from Southeastern Serbia.
Journal of Food and Nutrition Research.
2018;57(1):15-26.

Pareek S, Sagar NA, Sharma S, Kumar V. On-
ion (Allium cepa L): Chemistry and Human

282



JKKI 2021;12(3):276-284

24.

25.

26.

27.

28.

29.

30.

31.

Health, 2nd Edition. Fruit and Vegetable
Phytochemicals . 2017;1I(May).
Subramanya SB, Venkataraman B, Fizur M,
Meeran N. Therapeutic potential of plants
and plant derived phytochemicals against
acetaminophen-induced liver injury. In-
ternational Journal of Molecular Sciences.
2018;1-43.

El-Saber Batiha G, Beshbishy AM, lkram M,
Mulla ZS, Abd El-Hack ME, Taha AE, et al.
The pharmacological activity, biochemical
properties, and pharmacokinetics of the
major natural polyphenolic flavonoid: Quer-
cetin. Foods. 2020;9(3).

Salehi B, Machin L, Monzote L, Shari ], Ez-
zat SM, Salem MA, et al. Therapeutic po-
tential of quercetin : New insights and per-
spectives for human health. ACS Omega.
2020;5:11849-72.

Wang Y, Tang C, Zhang H. Hepatoprotective
effects of kaempferol 3- O -rutinoside and
kaempferol 3- O -glucoside from Carthamus
tinctorius L . on CCl 4 -induced oxidative liv-
er injury in mice. Journal of Food and Drug
Analysis. 2015;23(2):310-7.

Ren JIE, Lu Y, Qian Y, Chen B, Wu TAO, Ji G.
Recent progress regarding kaempferol for
the treatment of various diseases (Review).
Experimental and Therapeutic Medicine.
2019;18:2759-76.

Cao L, Kwara A, Greenblatt D]. Metabolic in-
teractions between acetaminophen (parac-
etamol) and two flavonoids, luteolin and
quercetin, through in-vitro inhibition stud-
ies. Journal of Pharmacy and Pharmacology.
2017;1-11.

Pingili R, Challa SR, Pawar AK. Querce-
tin reduced the formation of N - acetyl
- p - benzoquinoneimine, a toxic metab-
olite of paracetamol in rats and isolated
rat hepatocytes. Phytotherapy Research.
2019;33(March):1770-83.

Tsai M, Hong WS, Wang Y, Lai Y, Tsou H,
Liou G. Kaempferol protects against propa-
cetamol-induced acute liver injury through
CYP2E1 inactivation, UGT1A1 activation,
and attenuation of oxidative stress, inflam-
mation and apoptosis in mice. Toxicology
Letters . 2018;290(March 2018):97-109.

283

33.

34.

35.

36.

37.

38.

39.

40.

41.

32. BianY, Liu P, Zhong JIA, Hu Y, Fan Y. Kae-
mpferol inhibits multiple pathways involved
in the secretion of inflammatory mediators
from LPS - induced rat intestinal microvas-
cular endothelial cells. Molecular Medicine
Reports. 2019;19:1958-64.

Li W, Yang G, Zhu Q, Zhong X, Nie Y, Li X, et
al. TLR4 promotes liver inflammation by ac-
tivating the JNK pathway. European Review
for Medical and Pharmacological Sciences.
2019;23:7655-62.

El-shafey MM, Abd-allah GM, Mohamadin
AM, Harisa GI, Mariee AD. Quercetin pro-
tects against acetaminophen-induced hepa-
torenal toxicity by reducing reactive oxy-
gen and nitrogen species. Pathophysiology.
2015;22(1):49-55.

Li C, Zhang W, Choi ], Frei B. Quercetin af-
fects glutathione levels and redox ratio in
human aortic endothelial cells not through
oxidation but formation and cellular export
of quercetin-glutathione conjugates and up-
regulation of glutamate-cysteine ligase. Re-
dox Biology. 2016;9:220-8.

JinY, Huang Z, Li L, Yang Y, Wang C, Wang Z,
et al. Quercetin attenuates toosendanin-in-
duced hepatotoxicity through inducing
the Nrf2 / GCL / GSH antioxidant signal-
ing pathway. Acta Pharmacologica Sinica.
2018;40(June):75-85.

Dong Y, Hou Q, Lei ], Wolf PG, Ayansola H,
Zhang B. Quercetin alleviates intestinal ox-
idative damage induced by H202 via Modu-
lation of GSH: In vitro screening and in vivo
evaluation in a colitis model of mice. ACS
Omega. 2020;5:8334-46.

Dominko K, biki¢ D. Glutathionylation: A
regulatory role of glutathione in physiologi-
cal processes. Archives of Industrial Hygiene
and Toxicology. 2018;69(March):1-24.
Teskey G, Abrahem R, Cao R. Glutathione
as a marker for human disease. Vol. 87, Ad-
vances in Clinical Chemistry. Elsevier Ltd;
2018.141-159 p.

Gaucher C, Boudier A, Bonetti ], Clarot I, Le-
roy B, Parent M. Glutathione: Antioxidant
properties dedicated to to nanotechnolo-
gies. Antioxidants. 2018;7(May).

Yoon E, Babar A, Choudhary M, Kutner M,



42.

43.

Pyrsopoulos N. Acetaminophen-induced
hepatotoxicity: A comprehensive update.
Journal of Clinical and Translational Hepa-
tology. 2016;4:131-42.

Singh D, Cho WC, Upadhyay G. Drug-induced
liver toxicity and prevention by herbal anti-
oxidants: An overview. Frontiers in Physiol-
ogy. 2016;6(January):1-18.

Caparrotta TM, Antoine D], Dear JW, Antoine
DJ. Are some people at increased risk of
paracetamol-induced liver injury? A critical
review of the literature. European Journal of
Clinical Pharmacology. 2018;74:147-60.

Ardianto, et al. The potency of red onion skin...

284



