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Abstract

Issues: Polyphenolic compounds, especially flavonoids, are known as the most common chemical class of phytochemicals, which
possess a multiple range of health-promoting effects. Flavonoids are ubiquitous in nature. They are also present in food, providing
an essential link between diet and prevention of several diseases.

Approach: Chrysin (CH), a natural flavonoid, was commonly found in propolis and honey and traditionally used in herbal
medicine. A growing body of scientific evidence has shown that CH possesses protective effects against toxic agents in various
animal tissues, including brain, heart, liver, kidney, and lung.

Key Findings: This study found that CH may be effective in disease management induced by toxic agents. However, due to the
lack of information on human, further studies are needed to determine the efficacy of CH as an antidote agent in human.

Conclusion: The present article aimed to critically review the available literature data regarding the protective effects of CH

against toxic agent—induced toxicities as well as its possible mechanisms.
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Introduction

General

Flavonoids are the main group of plant secondary metabolites
with extensive vital activities desired for human health. The
investigation on flavonoids has been going on with developing
interest as they act through physiological mechanisms and a lot
of signaling pathways involved in many medical disorders.
Flavonoids are also the main polyphenolic ingredients that
express a wide range of biological activities, such as anti-
inflammatory, antithrombotic, antioxidant, antiallergic, anti-
bacterial, analgesic, and vasodilatory effects.'™

Chrysin (CH) belongs to the flavonoids and has been used as
traditional medicine from ancient.'®'! Chrysin has been shown
to be the main ingredient of some medicinal plants, such as
Radix scutellariae,"* Lactarius deliciosus (L. ex Fr.) S.F.
Gray., Passiflora incarnate L., S. ramosissima M. Pop., Cytisus
multiflorus (L’Her. Ex Aiton) Sweet, Scutellaria immaculate
Nevski ex Juz., Suillus bellinii (Inzenga) Watling., Centaurea
omphalotricha (Batt.) Willk., Passiflora coerulea L. Desmos
cochinchinensis Lour., Pelargonium crispum (P.J.Bergius) L
Her, Oroxylum indicum (L.) Vent., or propolis, honey,'* many

14,1 . 1
fruits,'*'> passion flowers such as P. caerulea L'® and even

mushrooms.'”

The beneficial effect of CH is connected to its bioavailabil-
ity and solubility. Chrysin has poor intestinal absorption, and
its maximum concentration in serum is 12 to 64 nM."® Chrysin
has been demonstrated to be a very potent flavonoid acting a
huge number of pharmacological activities, such as antiasth-
matic activity through the suppression of inducible nitric oxide
synthase (iNOS) and nuclear factor-kB (NF-xB),' inhibition
of histone deacetylase’® and DNA topoisomerases,”' cardio-
protective activity via improving post-ischemic functional
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Figure 1. Chemical structures of chrysin.

recovery,>” anti-inflammatory activity via blocking histamine
release and pro-inflammatory cytokine expression,'*?* preven-
tion of osteoporosis by activation of estrogen receptor /
mitogen-activated protein kinase,?* anticancer activity by
endorsing the cell death induced by tumor necrosis factor
(TNF)-related apoptosis-inducing ligand (TRAIL) and
increasing TRAIL-induced degradation of caspases-3 and
caspases-8,'%?® inhibition of TNF-o and interleukin (IL)-
1B,%° renoprotective activity by glucose-induced renal tubular
cell migration with diminishing matrix metalloproteinase-2
activity,?’ suppressive effect on vascular endothelial growth
factor-induced angiogenesis,>® antihypercholesterolemic
activity,” antidiabetogenic, antihypertensive,>'> and prevent-
ing metastatic progression in breast cancer cells.*® In addition
to all these pharmacological activities of CH, it has also been
shown to possess protective effects and diseases managements
against toxic agent—induced toxicities through various mechan-
isms. The protective effects of CH in different tissues, includ-
ing brain, heart, liver, kidney, and lung have been reported
against some toxic materials.?’=* However, unlike other
flavonoids, the therapeutic benefits of CH in the act of toxin
materials remain nascent in current literature.

Therefore, this review aimed to provide an updated over-
view of studies on the protective effect of CH against injuries
induced by natural and chemical agents in various tissues.

Chemistry and structural activity of CH (5,7-dihydroxy-2-
phenyl-4H-chromen-4-one; 5,7-dihydroxyflavone), a type of
naturally occurring flavonoid, belongs to a class of chemicals
called flavonoids that have 15-carbon skeleton natural poly-
phenolic compounds. Chrysin possesses 2 benzene rings (A,
B) and a third, oxygen-containing (C) ring. Chrysin possesses a
2 to 3 carbon double bond, a carbonyl group at carbon 4, and
lack a 3 carbon hydroxyl group. Based on these structures, CH
is categorized as flavones. Chrysin also possesses hydroxyl
groups at carbons 5 and 7 (Figure 1). Unlike many flavonoids
that possess either 2 hydroxy (C3’, C4’-diortho hydroxyl) or 1
(most commonly at C-4") functional group in ring-B, CH does
not have any oxygenation in this ring. Other natural derivatives
of CH arise due to diversity in ring-A oxygenation as exempli-
fied by the natural common, biologically important flavonoids,
such as wogonin, oroxylin A, and baicalein.’® The chemical
activity of CH, due to B and C-ring absence of oxygenation, is
connected with a lot of biological abilities that range from

antitoxic to anti-inflammatory effects. However, differences
in the chemical structure of flavones have been shown to influ-
ence the antioxidant activity. Existence of 3’, 4’ hydroxylation,
a double bond between carbons 2 and 3, and the existence of a
carbonyl group on carbon 4 have been reported to be essential
to make antioxidant activity in CH.*

Safety Study of CH

It was shown that low concentrations of the nutrition flavonoids
may be safe for human consumption; however, the higher con-
centrations have toxic effects on the human body. The recom-
mended daily concentrations of CH are 0.5 to 3 g. However,
CH-induced toxicity in trout liver cells*® even in the daily
concentrations. It was observed that CH administration dis-
turbed de novo DNA synthesis and decreased cell numbers.
The cytotoxicity of CH may be related to the presence of
peroxidase-like activity in hepatocytes that caused toxic prod-
ucts of CH.?® Myeloperoxidase (MPO) in neutrophils may be
responsible for CH-induced toxicities.>’>°

Methods

Online literature search was done using different search
engines such as MEDLINE, PubMed, Iran MEDEX, Scopus,
and Google Scholar as far back as 1990 to identify articles,
editorials, and reviews about antidotal effects of CH against
toxic agents.

Protective Effects of CH Against Agent-Induced
Hepatotoxicity

Methotrexate. Methotrexate (MTX) is used as an effective che-
motherapeutic drug; however, its toxic effects on the liver
restrict its clinical use.*® According to the present documents,
oxidative stress is a major mechanism involved in the patho-
genesis of MTX-induced tissue damage, particularly in the
liver.*! Chrysin was found to possess protective effect against
MTX hepatotoxicity via the reduction in hepatic injury markers
(aspartate aminotransferase [AST], alanine transaminase
[ALT], lactate dehydrogenase [LDH]) and elevations in hepatic
glutathione (GSH), glutathione peroxidase (GPx), glutathione
reductase (GR), superoxide dismutase (SOD), and catalase
(CAT) in rats. In addition, CH ameliorated histopathological
alterations and apoptosis induced by MTX.*!

Tert-butyl hydroperoxide. Tert-butyl hydroperoxide (tBHP), an
exogenous inducer of oxidative stress, causes liver toxicity
increasing the production of cellular reactive oxygen species
(ROS).** The documents showed CH improved the toxicity of
tBHP on liver. Chrypsin increased the protein expression of
heme oxygenase 1 (HO-1), glutamate cysteine ligase (GCL),
glutamate cysteine ligase catalytic (GCLC), and modifier sub-
unit (GCLM) and increased the intracellular GSH content and
the ratio of GSH to oxidized GSH by upregulating HO-1,
GCLC, and GCLM gene transcription via the extracellular
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signal-regulated kinase (ERK2)/Nrf2/ARE signaling pathways
in rat primary hepatocytes.*?

Cisplatin. Cisplatin (Cis) is an antitumor drug that causes hepa-
totoxicity via oxidative stress and inflammation.** It was
reported that supplementation with CH can influence on Cis-
caused hepatotoxicity. Chrysin improved Cis-induced lipid
peroxidation, xanthine oxidase (XO) activity, GSH depletion,
decrease in antioxidant (CAT, GR, superoxide dismutas
[SOD], GPx, and glucose-6 phosphate dehydrogenase
[G6PDD]) and phase II detoxifying (glutathione-S-transferase
[GST] and quinone reductase [QR]) enzyme activities. Chrysin
also ameliorated the expression of cyclooxygenase-2 (COX-2),
INOS and levels of NF-kB, and TNF-o, and therefore, CH
reduces the hepatic tissue damage that is induced by Cis. Chry-
sin attenuated Cis-induced hepatotoxicity by preventing the
oxidative stress and inflammatory response.

2-Amino- |-methyl-6-phenylimidazo [4, 5-b] pyridine. Numerous
studies have been shown that 2-amino-1-methyl-6-
phenylimidazo [4, 5-b] pyridine (PhIP), the most abundant
heterocyclic amines, "~ is a potent mutagen and tumourigenic
in animal models. Chrysin supplementation protected the liver
against PhIP-induced mutagenic effects by inducing UDP-
glucuronosyltransferase and/or inhibiting sulfotransferase in
HepG2 cells. The observed effects suggested a feedback
mechanism on the antioxidant enzymes triggered by CH.*’

Ethanol. Hepatoprotective effects of CH against ethanol on the
alteration of alcohol-metabolizing enzymes—alcohol dehydro-
genase (ADH), cytochrome P450 2E1 (CYP 2E1), XO—and
oxidant/antioxidant status were observed in rats. Chrysin
administration prevented liver damages during chronic ethanol
consumption by modulating the activities of ADH, CYP 2El,
X0, and CAT enzymes in rats.*® Sathiavelu et al, also sug-
gested that protective effects of CH against free radical—
mediated oxidative stress induced liver injury after ethanol
consumption in rats. They showed that CH administration to
rats with ethanol-induced liver injury significantly decreased
the levels of thiobarbituric acid reactive substances (TBARS),
lipid hydroperoxides, and conjugated dienes and significantly
elevated the activity of SOD, CAT, GPx, GR, GST, and the
levels of GSH, vitamin C, and vitamin E in the liver.*’

D-galactosamine. D-galactosamine (GalN) is known as a hepa-
totoxic chemical agent.’® D-galactosamine increased serum
hepatic marker enzyme activities (AST, ALT, alkaline phos-
phatase, and y-glutamyl transpeptidase) and the lipid peroxida-
tion and decreased the antioxidant capacity of the plasma and
liver. It was observed that CH decreased hepatic enzyme activ-
ities and lipid peroxidation products, such as TBARS, lipid
hydroperoxides, and conjugated dienes, and increased the
activities of free radical-scavenging enzymes, such as SOD,
CAT, GPx, GR, GST, and the levels of GSH, vitamin C and
vitamin E in the liver.’!

Streptozotocin. Streptozotocin (STZ, 2-deoxy-2-(3-(methyl-3-
nitrosoureido)-D-glucopyranose) is synthesized by Streptomy-
cetes achromogenes and is able to cause insulin-dependent and
noninsulin-dependent diabetes mellitus. The protective effects
of CH against oxidative damage in the liver of STZ-diabetic rats
were assessed. Chrysin ameliorated an elevation of malondial-
dehyde (MDA) with a reduction in total protein, SOD, catalase
(CAT), and GST in the liver of rat that received STZ. This study
indicated that CH may be used for recovery from hepatotoxicity
induced by STZ via modulating oxidative stress.” Table 1
shows antidotal effects of CH against hepatotoxic agents.

Protective Effects of CH Against Agent-Induced Colitis

Dextran sodium sulfate. Chrysin could improve colitis induced
by dextran sodium sulfate (DSS) and 2, 4, 6 trinitrobenzene
sulfonic acid in mice. Chrysin decreased the gene expression of
NF-kB, iNOS, intercellular adhesion molecule 1, monocyte
chemotactic protein 1, COX-2, TNF-qa, and interleukin 6 (IL-
6) in the colon mucosa.

Chrysin inhibited the phosphorylation/degradation of inhi-
bitor kBa, which correlated with the decrease in the activity of
MPO and the levels of TNF-a and IL-6 in the colon. Chrysin
improved colitis with anti-inflammation activity mediated by
the suppression of NF-kB activation. Chrysin may also act as a
putatively targeted activation of pregnane X receptor, an ago-
nist to prevent experimental colitis in mice.>> Chrysin could
also alleviate colitis induced by DSS by inhibiting NF-jB acti-
vation in vitro. Chrysin inhibited TNFo-induced activation of
NF-jB in IEC-6 cells. These findings proposed that CH exerts
useful anti-inflammatory effects via the suppression of NF-jB
activation.”®

Cisplatin. The protective effect of CH against Cis-induced jeju-
nal toxicity was indicated. The mechanism of Cis-induced jeju-
nal toxicity includes oxidative stress and apoptosis via
upregulating the expression of caspase-6 and caspase-3. Chry-
sin improved lipid peroxidation, increase in XO activity,
decrease in the levels of GSH, antioxidant enzymes (CAT,
GR, GPx, and G6PDD), and phase II detoxifying enzymes
(GST and QR) induced by Cis. Chrysin attenuated goblet cell
disintegration and enhanced the expression of p53 and apopto-
tic tissue damage induced by Cis. Histological findings also
confirmed the protective effects of CH against Cis-induced
damage in the jejunum. The results of the present study demon-
strated that oxidative stress and apoptosis are closely associated
with Cis-induced toxicity, and CH has shown protective effects
against Cis-induced jejunum toxicity possibly via attenuating
the oxidative stress and apoptotic tissue damage.’*

Dimethylhydrazine. The protective effect of CH on preneoplastic
colorectal lesions (aberrant crypt foci) in a rat model of chem-
ical carcinogenesis induced by 1,2-dimethyl hydrazine (DMH)
was indicated. Chrysin was effective in attenuating pathologi-
cal colorectal remodeling and reducing the number of preneo-
plastic lesions in rats exposed to DMH. Some of these effects
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Table . Antidotal Effects of Chrysin Against Gastrointestinal Toxicity.

Antidote Toxin  Experimental Study Mechanism References

STZ Rat Prevention of hepatotoxicity via increasing antioxidant content and decreasing lipid >
peroxidation

tBHP  Rat primary hepatocyte Prevention of oxidative stress-induced hepatotoxicity via upregulating HO-1, GCLC, s
and GCLM gene transcription via the ERK2/Nrf2/ARE signaling pathways

Cis Rat Prevention of oxidative stress and inflammation-induced hepatotoxicity via increasing +
antioxidant content and decreasing the expression of COX-2, iNOS and NFkB,
and TNF-a

CH PhIP HepG2 cell Prevention of mutagenic effects via inducing UDGPT and/or inhibition of SULT 47

Ethanol Rat Prevention of hepatotoxicity via modulating the activities of ADH, CYP 2EI, XO, and 8
CAT enzymes

Ethanol Rat Prevention of hepatotoxicity via increasing antioxidant content and decreasing lipid +
peroxidation

GalN  Rat Prevention of hepatotoxicity via increasing antioxidant content and decreasing lipid 5!
peroxidation

DSS Mice Prevention of colitis via inhibiting phosphorylation/degradation of IkBa, which 52.53
correlated with the decrease in the levels of MPO, TNF-a, and IL-6 in the colon
and activation of PXR

Cis Rat Prevention of jejunal toxicity via attenuating the oxidative stress and apoptotic 4

DMH Rat Prevention of preneoplastic colorectal lesions via increase in antioxidant content, 55
reduction in nitrosative stress, and inhibition of the cellular proliferation

MTX  Rat Prevention of hepatotoxicity via increasing antioxidant content and decreasing lipid 56
peroxidation

DSS IEC-6 cell Prevention of colitis via inhibiting NF-jB activation 36

Abbreviations: ADH, alcohol dehydrogenase; CAT, catalase; COX-2, cyclooxygenase-2; Cis, cisplatin; CH, chrysin; CYP 2EI, cytochrome P450 2El; DMH, |,2-
dimethylhydrazine; DSS, dextran sodium sulfate; HO-1, heme oxygenase |; GalN, D-galactosamine; GCLM, glutamate cysteine ligase modifier; GCLC, glutamate
cysteine ligase catalytic; INOS, inducible nitric oxide synthase; IkBa, inhibitor kBa; MTX, methotrexate; NF-kB, nuclear factor-kB; NF-jB, nuclear factor (NF)-jB;
PhIP, 2-Amino- | -methyl-6-phenylimidazo [4, 5-b] pyridine; PXR, pregnane X receptor; STZ, streptozotocin; SULT, sulfotransferase; tBHP, tert-butyl hydroper-
oxide; TNF-a, tumor necrosis factor o; UDGPT, UDP-glucuronosyl transferase; XO, xanthine oxidase.

might be attributed to the increase in antioxidant content,
reduction in nitrosative stress, and inhibition of the cellular
proliferation.”> Table 1 shows antidotal effects of CH against
agent-induced colitis.

Protective Effects of CH Against Agent-Induced
Cardiovascular Toxicity

Triton WR-1339. Triton WR-1339, an inhibitor of lipoprotein
lipase, induced hypercholesterolemia in rats. Hypercholester-
olemia and oxidative stress accelerated coronary artery disease
and progression of atherosclerosis. It was reported that oral
administration of CH to hypercholesterolemic rats decreased
the serum levels of glucose, lipid profile parameters, and hepa-
tic enzymes and increased enzymatic and nonenzymatic anti-
oxidant parameters.'’

Doxorubicin. Doxorubicin (DOX) is one of the most effective
chemotherapeutic agents; however, its cardiotoxicity effects
limit therapeutic use.’” Chrysin could protect against DOX-
induced acute cardiotoxicity via modulating oxidative stress
and inflammatory responses as well as inhibiting apoptosis.
Mantawy et al indicated that CH ameliorated serum creatine
kinase isoenzyme-MB (CK-MB), LDH and myofibrillar disar-
rangement, GSH, lipid peroxidation, and the activities of anti-
oxidant enzymes (CAT and SOD). Chrysin decreased the

expressions of NF-kB, iNOS, and COX-2 and the levels of
TNF-a and NO. In addition, CH decreased the expressions of
Bax and cytochrome ¢ and caspase-3 activity while increased
the expression of Bcl-2.%®

Streptozotocin. It was indicated that CH attenuated diabetes-
induced impairment in endothelial-dependent relaxation possi-
bly via ameliorating detrimental changes in lipid profile,
advanced glycation end products, and NO generation.>® The
protective effects of CH against oxidative damage in the serum
of STZ diabetic rats were assessed. Chrysin ameliorated an
elevation in glucose, MDA, triglyceride (TG), total cholesterol
(TC), and low-density lipoprotein cholesterol (LDL-C), and a
reduction in high-density lipoprotein cholesterol (HDL-C),
total protein, SOD, CAT, and GST in the serum of rat received
STZ. This study offered that CH may recover diabetes and its
complications by modification of oxidative stress.’

Mitoxantrone. Cardiotoxicity is a major concern of mitoxan-
trone (MTX) treatment. It has been shown that MTX treatment
can result in cardiomyopathy leading to reduced left ventricular
ejection fraction and irreversible congestive heart failure.>®
Risk increases with cumulative dose.®®! The MTX treatment
in mouse significantly increased the serum levels of
CK-MB, indicator of cardiac injury, and withdrawn under
CH protection.®? Expression levels of Bcl-2 decreased,
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Table 2. Antidotal Effects of Chrysin Against Cardiovascular and Renal Toxicity.
Antidote Toxin Experimental Study Mechanism References

Prevention of hyperglycemia and hyperlipidemia via modulating oxidative stress
Prevention of hypercholesterolemia via increasing antioxidant content
Prevention of renal toxicity via modulating the activities of ADH, CYP 2E|, XO,

Prevention of cardiotoxicity via modulating oxidative stress and inflammatory

Prevention of diabetes-induced impairment in endothelial-dependent relaxation

5

17

48

58

59

possibly via ameliorating detrimental changes in lipid profile, AGEs, and NO

CH treatment daily reduced Bax and caspase-3 immunopositivity and restored

56

Bcl-2 levels to a value comparable to the control

Prevention of renal failure via modulating the PPARY and NF-xB signaling
Prevention of renal toxicity via increasing the levels of GSH, CAT, GPx, and

Prevention of renal toxicity via increasing the antioxidant content
Prevention of renal toxicity via modulating oxidative stress and apoptotic

Prevention of renal toxicity via increasing the antioxidant content, diminishing

60

62

63
64

66

STZ Rat
CH Triton WR-1339 Rat
Ethanol Rat
and antioxidant enzymes
DOX Rat
responses as well as inhibiting apoptosis
STZ Rat
generation
Mitoxantrone Mouse
Adenine Rat
pathways
TCDD Rat
SOD and decreasing lipid peroxidation
DOX Rat
5-FU Rat
damage in kidney
Cis Rat
the DNA damage
CCl4 Rat

Prevention of renal toxicity via increasing the levels of GSH, CAT, GPx, and

SOD and decreasing lipid peroxidation and expression of the iINOS gene

Abbreviations: AGEs, advanced glycation end products; ADH, alcohol dehydrogenase; CYP 2EI, cytochrome P450 2EI; CCI4, carbon tetrachloride; Cis, cisplatin;
CAT, catalase; DOX, doxorubicin; 5-FU, 5-fluorouracil; GSH, glutathione; GPx, glutathione peroxidase; iNOS, inducible nitric oxide synthase; NO, nitric oxide;
NF-xB, nuclear factor-kB; PPARY, proliferator—activated receptor gamma; SOD, superoxide dismutase; STZ, streptozotocin; TCDD, tetrachlorodibenzo-p-

dioxin; XO, xanthine oxidase.

while those of Bax and caspase-3 increased following MTX
treatment,®> while CH treatment daily reduced Bax and
caspase-3 immunopositivity and restored Bcl-2 levels to a
value comparable to the control.*> TUNEL (+) cardiomyocyte
nuclei of MTX group showed typical signs of apoptosis, which
almost completely disappeared in response to CH treatment. In
parallel, an irregular distribution and a weak expression of
desmin are associated with MTX-induced cardiotoxic effects,
which were also restored by CH treatment.®* Therefore, CH
inhibits MTX-triggered cardiomyocyte apoptosis via multiple
pathways, including decrease in the Bax/Bcl-2 ratio and
caspase-3 expression along with the preservation of the desmin
disarray. Table 2 shows antidotal effects of CH against agent-
induced cardiovascular toxicity.

Protective Effects of CH Against Chemical-Induced
Renal Toxicity

Adenine. Adenine, an organic compound belonging to the pur-
ine family, induced renal failure in animal models.®” It was
observed that adenine increased plasma levels of creatinine
(Cr), urea, neutrophil gelatinase—associated lipocalin and
N-Acetyl-B-p glucosaminidase activity, uremic toxin 3-indoxyl
sulfate, some inflammatory cytokines, and urinary albumin
concentration. In addition, fibrosis and inflammation were
observed in the rat kidney. Antioxidant indices such as SOD
and CAT, total antioxidant status, and GSH were also
decreased after adenine administration. Chrysin was effective

against adenine-induced renal failure in rats via modulating the
peroxisome proliferator—activated receptor y and decreasing
the expressions of the pro-inflammatory NF-kB signaling
pathway.®*

Tetrachlorodibenzo-p-dioxin. 2,3,7,8-tetrachlorodibenzo-p-dioxin
(TCDD), polychlorinated dibenzo-p-dioxin and the persistent
environmental contaminant, was known as nephrotoxic
agent.® Ciftci et al indicated that CH treatment prevented renal
toxic effects of TCDD via increasing the levels of GSH, CAT,
GPx, and SOD and decreasing lipid peroxidation. It was also
determined that exposure to TCDD caused histological damage
in kidney tissue, and these effects can be improved with CH
treatment.®®

Doxorubicin. Doxorubicin is an anticancer agent used in the
treatment of many human malignancies. However, its clinical
use is limited because of several side effects like nephrotoxi-
city. Doxorubicin induced nephrotoxicity via decreasing anti-
oxidant content in rats. Chrysin treatment significantly
reversed histopathological damages and the levels of serum
Cr, blood urea nitrogen (BUN), AST, ALT, and LDH via
increasing antioxidant content in kidney tissue.®®

5-Fluorouracil. 5-Fluorouracil (5-FU) is a potent antineoplastic
agent commonly used for the treatment of various malignan-
cies. It has adverse effects such as nephrotoxicity that restrict
its wide and extensive clinical usage.®® The protective effect
of CH against 5-FU-induced renal toxicity has been indicated.
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5-Fluorouracil induced renal toxicity by inducing oxidative
stress, activating an apoptotic pathway by upregulation of
p53, Bax, and caspase-3 and downregulation of Bcl-2. Chrysin
treatment (50 and 100 mg/kg body weight) prevented renal
toxicity induced by 5-FU via ameliorating oxidative stress and
apoptotic damage in the rat kidney.”

Cisplatin. Cisplatin-induced nephrotoxicity is the main cause for
its dose-limited use in the treatment of various cancers and
results in acute renal cell injury through the generation of ROS.
Sultana et al showed that CH attenuated Cis-induced renal
oxidative damage by diminishing the DNA damage and toxi-
city markers, such as serotonin and BUN, lipid peroxidation,
and XO activity, accompanied by an increase in the levels of
antioxidant enzyme (CAT, GPx, GR, and GST) and GSH. The
data of the present study suggested that CH effectively sup-
pressed Cis-induced renal injury by ameliorating oxidative
stress.”!

Ethanol. Nephroprotective effects of CH have been indicated
against ethanol intake in animal models. Ethanol administra-
tion significantly induced CYP 2E1, ADH, and XO in the
kidneys, parallel to the increase in levels of MDA, BUN, Cr,
and LDH, versus control rats. In addition, ethanol decreased
GSH, Gpx, CAT, and GR in the kidney of ethanol-treated rats
versus control rats. Chrysin reduced lipid peroxidation in kid-
ney tissue and also decreased BUN, Cr, and LDH. In addition,
CH also restored antioxidant enzymes in the kidney of the
ethanol-treated rats.*®

Carbon tetrachloride

The effect of CH against carbon tetrachloride (CCl4)-induced
toxicity in male rats. The administration of CCl4 (2 mL/kg) to
rats for 4 days increased significantly the serum levels of ALP
and LDH, versus normal rats. In addition, the significant
increase in MDA level and the decrease in GSH level of the
kidney of the CCl4-administered rats were observed. The activ-
ities of CAT, SOD, and Gpx enzymes decreased in the kidney
of CCl4-administered rats. Chrysin restored ALP and LDH to
levels in CCl4-treated rats near normal. In addition, CH
increased the levels of GSH and CAT, SOD, and Gpx and
decreased MDA level in the kidney of CCl4-administered rats.
The upregulated expression of the iNOS in the kidney of
CCl4-exposed untreated rats ameliorated in the CCl4-
exposed CH-treated rats. This study indicated that CH pre-
vented the oxidative damage induced by CCl4 in the kidney
of rats.”* Table 2 shows antidotal effects of CH against agent-
induced renal toxicity.

Protective Effects of CH Against Agent-Induced
Respiratory Toxicity

Ovalbumin. Du et al reported that CH inhibited the total inflam-
matory cell and eosinophil counts in bronchoalveolar lavage

fluid and total immunoglobulin E levels in serum of mice
exposed to ovalbumin (OVA). Histological examination of

lung tissue demonstrated that CH significantly ameliorated
OVA-induced lung eosinophilic inflammation and mucus-
producing goblet cells in the airway. In addition, CH shifted
the immune response toward a T-helper type 1 (Th1) profile via
modulating the transcription factors T-bet and GATA-3 in
OV A-exposed mice. These data indicated that CH had protec-
tive effects in a murine model of asthma due to its anti-
inflammatory and immunoregulatory effects.”> Wadibhasme
et al also indicated the antiasthmatic effect of CH in an animal
model exposed to OVA. It was observed that CH decreased
total lung injury score (infiltration of leucocytes, type of
inflammatory exudates, the status of bronchi, the perivascular
status of lung blood vessels, the integrity of alveoli, and the
activation of alveolar macrophages). They suggested that anti-
asthmatic effects of CH may be related to the modulation of
Th1/Th2 via suppressing iNOS and NF-kB."”

Bleomycin. The pulmonary toxicity of bleomycin (BLC), a med-
ication for cancer, has been found.”* Chrysin supplementation
restored histological changes such as alveolar congestion,
increased connective tissue, infiltration, and the thickness of
alveolar wall caused by BLC via the modulating antioxidant
system. Increased level of MDA was significantly reversed by
CH administration. The reduction in activities of CAT, SOD,
and level of GSH was ameliorated by CH supplementation.
Furthermore, this study showed that CH significantly prevents
BLC-induced lung inflammation and fibrosis in rats.”

Cigarette smoke. The effect of CH on cigarette smoke-induced
airway inflammation in mice was indicated. Chrysin pretreat-
ment prevented cigarette smoke—induced airway inflammation,
inflammatory cytokine (TNF-a, IL-1f, and IL-8) release, and
MPO expression. Chrysin intervention inhibited the expression
of phosphorylation ERK and p38 induced by cigarette smoke.>*
Table 3 shows antidotal effects of CH against agent-induced
respiratory toxicity.

Protective Effects of CH Against Agent-Induced
Neurotoxicity

Formalin. Chrysin treatment decreased formalin-induced pain
in the rat. Chrysin attenuated the content of corticosterone and
noradrenaline in the serum of rat received formalin.'> The
anti-inflammatory and analgesic effects of CH were also eval-
uated on writhing and formalin test and also on carrageenan-
induced paw edema. On the writhing test, we observed a
significant inhibition of writhing after the administration of
CH. On formalin test, CH displayed analgesic and anti-
inflammatory effect on both early and late phase and similarly
displayed at 4 hours a significant anti-inflammatory effect in
carrageenan-induced paw edema. Moreover, in silico analysis
of receptor-ligand complex indicated that CH interacts
weakly with COX-1 binding site but displayed a significant
interaction with COX-2. These data indicated that the CH
possesses anti-inflammatory and antinociceptive potential via
high binding to COX-2.7°
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Table 3. Antidotal Effects of Chrysin Against Respiratory and Neurotoxicity.
Experimental
Antidote Toxin Study Mechanism References
STZ Rat Prevention of neurotoxicity via increasing antioxidant content and 3
decreasing lipid peroxidation
Formalin Rat Prevention of pain via decreasing CORT and NA '3
CH OVA Mice Protective effects in a murine asthmatic model via inhibiting the total 68
inflammatory cell and eosinophil counts in BALF and IgE levels in serum of
sensitized mice, shift the immune response toward a Thl profile via
modulating the transcription factors T-bet and GATA-3
OVA Rat Protective effects in a murine asthmatic model via modulation due to 69
suppression effects on iNOS and NF-xB
BLC Rat Prevention of histological changes such as alveolar congestion, increased 7!
connective tissue, infiltration, and the thickness of alveolar via modulating
antioxidant and inflammatory system
(&) Mice Prevention of airway inflammation, inflammatory cytokines (TNF-a, IL-1f3, 72
and IL-8) release, and MPO expression via inhibiting the expression of
phosphorylation ERK and p38
Formalin and carrageenan Rat Prevention of pain and edema via decreasing inflammation due to high 73

binding to COX-2

LPS Microglia cells

Prevention of NO, TNF-q, IL-1f and the expressions of iNOS and COX-2 19

via inhibiting the c-JNK and NF-kB

STZ Rat

Prevention of DACD via modulating oxidative stress, inflammation, and

74

apoptotic cascades

Abbreviations: BLC, bleomycin; BALF, bronchoalveolar lavage fluid; CORT, corticosterone; c-JNK, c-Jun N-terminal kinase; CS, cigarette smoke; COX-2,
cyclooxygenase-2; DACD, diabetes-associated cognitive decline; ERK, extracellular signal-regulated kinase; IL, interleukin; iNOS, inducible nitric oxide synthase;
IgE, immunoglobulin E; LPS, lipopolysaccharide; MPO, myeloperoxidase; NA, noradrenalin; NO, nitric oxide; NF-kB, nuclear factor-kB; OVA, ovalbumin; STZ,

streptozotocin; Thl, T-helper type I; TNF-o, tumor necrosis factor o.

Lipopolysaccharide. The protective effect of CH on the produc-
tion of pro-inflammatory mediators in lipopolysaccharide
(LPS)-stimulated microglia cells has been reported. Chrysin
prevented the release of NO and pro-inflammatory cytokines
including TNF-a and IL-1B and the expressions of iNOS and
COX-2 via inhibiting the activations of signaling molecules
involved in neuroinflammation (c-Jun N-terminal kinase and
NF-xB). This study suggested that CH has a potential thera-
peutic agent for neuroinflammation diseases.”’

Streptozotocin. The neuroprotection of CH on diabetes-
associated cognitive decline (DACD) was evaluated in a rat
model of diabetes induced by intraperitoneal injection of STZ.
The diabetic rats indicated significant decrease in body weight,
the percentage of time spent in target quadrant, and the number
of times of crossing platform, parallel to the increases in
plasma glucose levels, escape latency, mean path length and
oxidative stress (elevated MDA level and reduced levels of
CAT, SOD, and GSH), NF-xB p65 unit, TNF-ao, IL-18, IL-6,
and caspase-3 in the cerebral cortex and hippocampus. More-
over, CH supplement significantly recovered the behavioral,
biochemical and molecular alterations in diabetes. Chrysin
remarkably alleviated DACD via modulating oxidative stress,
inflammation, and apoptotic cascades.”® Samarghandian et al
also showed that CH ameliorated an elevation of MDA with a
reduction in total protein, SOD, CAT, and GST in the brain of
rat received STZ. They proposed that CH has neuroprotective
effects induced by STZ via modulating oxidative stress.’

Table 3 showed antidotal effects of CH against agent-induced
neurotoxicity.

Discussion and Conclusions

In this study, several animal studies summarized to find the
protective effects of CH against toxicities induced by toxic
agents in various tissues. According to the results of different
studies, CH acts as an antidote in different intoxications
induced by toxic agents.

Methotrexate, tBHP, Cis, PhIP, ethanol, GaIN, STZ, DSS,
DMH, Triton WR-1339, DOX, MTX, adenine, TCDD, DOX,
5-FU, CCl4, OVA, BLC, cigarette smoke, formalin, LPS are
some examples of chemical agents which CH could protect
various tissues such as the liver, colon, cardiovascular, kidney,
lung, and brain against their toxicities. It is also confirmed that
CH with excessive therapeutic effects showed protective
effects against some chemical drugs such as chemotherapeutic
drugs (MTX, DOX, CDDP, BLL and 5-FU) that have organ
toxicities, particularly in overdose. Different mechanisms such
as antioxidant, the modulation of cardiac, renal, and liver
enzymes, improvement in antioxidant defense systems, inhibi-
tion of oxidative stress, inflammation, and apoptosis are
involved in CH antidotal effects. In this review article, the
different in vitro and animal studies are summarized in order
to discover the efficacy of CH in protection against toxicities
induced by natural or chemical toxins in different tissues.
According to the results of several important investigations,
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CH acts as an antidote in different intoxications induced by
natural toxins.

In conclusion, based on the current review, CH has an exten-
sive spectrum of protective properties against toxicities
induced by either natural or chemical toxins. As these findings
have not yet been verified by clinical trials on humans, to
establish the antidotal effects of CH in human intoxications,
human trials should be carried out. Therefore, CH has protec-
tive effects against toxicities induced by toxic agents. How-
ever, more studies are needed to verify the antidotal effects
of CH in human intoxications.
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