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ABSTRACT

Objectives Alcohol-induced liver fibrosis is a great worldwide concern. Rosuvastatin is an anti-
hyperlipidemic drug and chrysin is a natural flavonoid. This study examined the potential protective
actions of rosuvastatin, chrysin, and their combination against ethanol-induced liver fibrosis based
on their anti-inflammatory, antioxidant, and anti-fibrotic effects using silymarin as a reference.
Methods Male rats were given ethanol (25%, vol./vol.) (1 ml/100 g/day, P.O.) thrice weekly for
seven consecutive weeks. Silymarin (100 mg/kg, P.O.), chrysin (100 mg/kg, P.O.), rosuvastatin (10
mg/kg, P.0O.), or a combination of chrysin and rosuvastatin were administrated thrice weekly for
seven weeks.

Results Data showed that rosuvastatin and chrysin alone or in combination decreased liver fibrosis
initiated by ethanol as hepatic enzymes (ALT, AST, ALP, GGT) were decreased and a decline in 4-
HYP; and TGF-B1 levels.

Conclusion This study declared for the first time the hepatoprotective role of rosuvastatin and
chrysin combination against liver fibrosis initiated by ethanol via TGF-f1/Smad pathway, decreasing

inflammation, oxidative stress, and fibrosis.
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1. INTRODUCTION

Repetitive and excessive alcohol consumption is
considered a worldwide problem.? It causes damage to many
organs all over the body, especially the liver.? As per the
World Health Organisation (WHO), over 3 million fatalities
worldwide (or 5.3% of all deaths) were attributed to hazardous
alcohol intake in 2018.2 Worldwide, alcohol use ranks as the
seventh most important risk factor for both disability and early
mortality. It negatively impacts a person's health, contributing
to the development of cancer (both liver and non-liver
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neoplasms) as well as gastrointestinal and cardiovascular
disorders. Geographic variations exist in alcohol-related
morbidity and death, with the WHO European Region seeing
the greatest impact.* Europe has the largest per capita alcohol
consumption, closely followed by the countries in the Region
of the Americas. Alcoholic liver disease progresses from liver
steatosis, then if not treated to alcoholic hepatitis which leads
to liver fibrosis, and then to liver cirrhosis which is the most
progressive and irreversible liver injury.> Alcohol-induced
liver fibrosis results from the metabolism of ethanol and its
oxidation to acetaldehyde which is the most important
intermediate in alcohol-induced fibrinogenesis as it induces
hepatic stellate cells (HSCs) and subsequent extracellular
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matrix proteins production (as fibronectin, proteoglycan,
collagen type I, Il and IV, and laminin).® Also, stimulation of
HSCs turns them from quiescent cells storing vitamin A into
myofibroblast-like cells, which have contractile, chemotactic,
proliferative, and inflammatory effects.” Acetaldehyde can
impact transforming growth factor- B (TGF-B) signaling
directly by inducing TGF-p expression and transformation of
latent TGF-B complexes into the active form.® TGF-B1 has a
tremendous intermediary outcome in the progression of
hepatic inflammation and fibrogenesis.®

Statins are potent  3-hydroxy-3-methylglutaryl
coenzyme A (HMG-COA) reductase inhibitors used for
hypercholesterolemia.l® Several epidemiological studies
conducted in the past several years have demonstrated that
statins offer advantages beyond those associated with
atherosclerotic disease primary or secondary prevention.
These are known as the pleiotropic effects, and they have been
observed in several illnesses, including pancreatitis, erectile
dysfunction, acute renal injury, chronic obstructive
pulmonary disease, and chronic liver diseases (CLD).!*
Reductions in portal pressure, hepatic microvascular
dysfunction, liver sinusoidal endothelial cells (LSEC),
fibrogenesis, and sensitivity to endotoxin-mediated liver
damage have all been linked to CLD and may be involved in
preventing or postponing the development of cirrhosis.*? It
was hypothesized that statins may help with this by lowering
oxidative stress and, consequently, the activation of
inflammatory cells.** Rosuvastatin has anti-inflammatory
properties as it decreases the pro-inflammatory cytokines such
as tumor necrosis factor-alpha (TNF-a), and interleukin-1
(IL-1B).** Also, it has anti-oxidant and cardioprotective
effects as it diminishes TNF-a, IL-6, INOS expression, and
malondialdehyde (MDA) along with an elevation in
superoxide dismutase (SOD).1>16 Rosuvastatin decreases the
expression of Smad3 and TGF-B1.Y7

Flavonoids are plant secondary metabolites, their
physiological mechanisms make them used in the treatment of
many medical disorders.?® Chrysin is found as a natural
flavonoid in honey and propolis. It has many critical actions,
such as antioxidant, anti-inflammatory, anti-cancer, and anti-
viral actions.® Also, it can reverse liver fibrosis by inhibiting
HSCs stimulation by its effect on the TGF-1/Smad pathway,
as it remarkably reduced TGF-p1 Smad-2 and Smad-3
levels.?’ Chrysin has crucial importance in the transcription of
many inflammatory cytokines and enzymes such as COX-2,
TNF-0, IL-1p, and NF-xB.?! It stabilizes the ratio between the
oxidants and anti-oxidant levels as it inhibits MDA, NO, and
iINOS expression and increases SOD and GSH anti-oxidant
levels.?? This current study discussed the possible protective
actions of Rosuvastatin and Chrysin alone or in combination
against hepatic fibrosis prompted by ethanol in rats.
Moreover, the potential underlying mechanisms were
investigated.
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2. METHODS
2.1. Drugs and Chemicals

Ethanol was bought from Adwic Chemicals Co.
(Cairo, Egypt). Silymarin was obtained from Pharma Care
Egypt Pharmaceuticals (Cairo, Egypt) and Chrysin was
purchased from (Alfa Aesar, UK), they were dissolved in a
vehicle consisting of DMSO, PEG, and saline. Rosuvastatin
was dissolved in normal saline, it was bought from EI-Obour
Modern Pharmaceutical Industries Co. (Egypt). PEG and
DMSO were bought from Loba Chemie (Mumbai, India).
Drug solutions were freshly prepared directly before
administration.

2.2 Experimental Design

Male albino Sprague Dawley rats (150-180 g) were
purchased from the National Research Center (Giza, Egypt).
They were allowed to acclimatize for 7 days in the laboratory
with an open supply of water and chow. The animal
experiments comply with ethical principles and guidelines for
the National Institutes of Health guide for the care and use of
Laboratory animals (NIH Publications No. 8023, revised
1978) and are accepted through the committee of Research
Ethics, Faculty of Pharmacy, Tanta University, Egypt (code:
TP /RE/3/23 p-0013). Rats were distributed randomly into six
different groups (n = 8 / group):

1. Normal control group: rats were administrated vehicle
(DMSO, PEG, and Saline).

2. EtOH group: rats were administrated Ethanol (25%,
vol./vol.) (1 ml/100 g/day) three times per week for
seven weeks by oral administration.?

3. Sil+EtOH: rats were administrated Silymarin (100
mg/kg) + EtOH for seven weeks by oral
administration.?

4. Chry+EtOH: rats were administrated Chrysin (100
mg/kg) + EtOH for seven weeks by oral
administration.?

5. Ros+EtOH: rats were administrated Rosuvastatin (10
mg/kg) + EtOH for seven weeks by oral
administration.

6. Chry+Ros+EtOH: rats were administered
Chrysin+Rosuvastatin+EtOH as described above.
After twenty-four hours from the last dose, rats were

sacrificed. Blood and liver samples were taken.

2.3 Sample Collection

Samples of blood were obtained through cardiac
puncture and were allowed to coagulate at room temperature
for 20 minutes, then centrifuged for 20 minutes at 4,000 rpm
to collect the serum. The serum was then stored at —20°C for
measurement of these biochemical parameters (alanine
transaminase (ALT), aspartate aminotransferase (AST),
gamma glutamine transferase (GGT), and alkaline
phosphatase (ALP).
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The liver of each rat was washed in normal saline and
split into 2 parts: The first part of the liver was directly saved
in liquid nitrogen and saved at a temperature of -80°C to
determine TGF-B1 and 4-hydroxyproline (4-HYP) content.
The other part of the livers was stored at 10% fixative buffered
formalin for histopathological examination.

2.4. Measurement of Serum Hepatic Markers

Alanine transaminase was measured by the ALT assay
kit (Catalog No. K752-100), AST was measured by assay Kit
(Catalog No. K753-100), and ALP was measured by assay kit
(Catalog No. K412). Likewise, GGT was determined
according to the assay kit (Catalog No. ab241029).

2.5. ELISA Technique for Determination of
TGF-p1 and 4-HYP

TGF-B1 and 4-HYP content in liver tissues were
estimated by the ELISA technique. Rat TGF-p1 ELISA kit
(Catalog No. 201-11-0779), and 4-HYP ELISA kit (Catalog
No. 201-11-2303) were purchased from (Sunred Biological
Technology Company, Shanghai, China) and were used as the
manufacturer’s protocol.

2.6. Histopathological Examination

Liver samples were left for 24 hours in 10% neutral
buffered formalin solutions. Then, tissue was embedded in
paraffin blocks with 3-5 pm thickness. The characteristics of
histopathological features were analyzed under an Olympus
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light microscope (Olympus CX21, Tokyo, Japan).

2.7. Statistical Analysis

The data was determined by using Graph Pad Prism
software edition 5. Data were presented as mean + SD. One-
way analysis of variance test (ANOVA) followed by Tukey—
Kramer multiple comparison was used to compare different
groups. Statistical significance was accepted at P-value
<0.05.

3. RESULTS

3.1. Effects of Chry, Ros, and Their
Combination on Serum Level of Hepatic
Markers

As shown in Figure 1 (a, b, c, and d), rats that were
given EtOH showed significant elevation in serum ALT,
AST, ALP, and GGT levels by 111.4%, 74.9%, 120%, and
103.1%, respectively, compared to the control group. The
administration of Sil+EtOH leads to a significant decline in
serum ALT, AST, ALP, and GGT levels by 8.4%, 2.5%,
8.8%, and 12.4%, respectively, in comparison to the EtOH
group. Administration of Chry, Ros, and their combination +
EtOH showed a significant decrease in serum ALT by (23%,
35%, and 51.2, respectively), AST by (15.3%, 25.4%, and
36.7%, respectively), ALP by (23%, 35.1%, 47.2%,
respectively), GGT by (23.4%, 30.8%, 45.2%, respectively)
in comparison to EtOH treated group.
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Figure 1. Effects of Chry, Ros, and their combination on serum level of hepatic markers. (a) ALT, (b) AST, (c) ALP, and (d) GGT. Data are
presented as mean + SD (n=8). *Significant difference from control group at P<0.05. #Significant difference from EtOH group at P<0.05. »
Significant difference from the EtOH+Sil group at P<0.05. ® Significant difference from EtOH+Chry group at P<0.05. ¢ Significant difference
from EtOH+Ros group at P<0.05. EtOH: Ethanol, Sil: Silymarin, Chry: Chrysin, Ros: Rosuvastatin.
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3.2. Effects of Chry, Ros, and Their
Combination on Hepatic TGF-p1 Content

Administration of EtOH led to a significant elevation
of hepatic TGF-B1 by 4.28-fold in comparison with a control
group (Figure 2). Also, treatment with Sil+EtOH caused a
decrease in hepatic TGF-B1 by 15.8%. Treatment with Chry,
Ros, or Chry+Ros+EtOH significantly reduced TGF-B1
content by (21.1%, 31.6%, and 50%, respectively) compared
to EtOH treated group.
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Figure 2. Effects of Chry, Ros, and their combination on hepatic
TGF-B1 content.

Data are presented as mean £ SD (n=8). *Significant difference from
the control group at P<0.05. #Significant difference from EtOH
group at P<0.05. = Significant difference from the EtOH+Sil group at
P<0.05. b Significant difference from EtOH+Chry group at P<0.05. ¢
Significant difference from EtOH+Ros group at P<0.05. ns non-
significant at P<0.05. EtOH: Ethanol, Sil: Silymarin, Chry: Chrysin,
Ros: Rosuvastatin

3.3. Effects of Chry, Ros, and Their
Combination on Hepatic 4-HYP Content

Hepatic 4-hydroxyproline content was significantly
increased in the EtOH group by 2.3-fold compared to the
control group. Whereas treatment with Sil, Chry, and
Ros+EtOH, and the combination group, caused significant
decreases in 4-HYP content by (16.3%, 31.5%, 42.5%, and
52%, respectively) compared to the treated group with EtOH.
Ros+Chry+EtOH has a significant effect compared to Sil,
Chry, and Ros+EtOH groups (Figure 3).

3.4. Effects of Chry, Ros, and Their
Combination on Hepatic Histopathology

By observing hematoxylin and eosin-stained slides of
liver tissue as appeared in (Figure 4), the control group
(Figure 4 a) showed normal histological architecture
consisting of central vein (CV) with radiating cords of
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hepatocytes surrounding it, Normal hepatocytes with
moderately acidophilic cytoplasm and central rounded pale-
stained nuclei were seen together with binucleated cell in a
certain area. On the other hand, a liver section in the EtOH-
treated group showed dilated central vein (CV), rarefaction,
and vacuolations of the cytoplasm of nearly all hepatocytes
and pyknotic deeply stained nuclei in some hepatocytes
(Figure 4 b).

Administration  of EtOH+Sil  showed mild
improvement of histological architecture except for irregular
dilated central vein (CV), vacuolations of the cytoplasm of
some hepatocytes (V), pyknotic deeply stained nuclei in few
cells, and scattered inflammatory infiltration (Figure 4 c).
However, administration of EtOH+Chry revealed moderate
improvement of histological architecture with radiating cords
of hepatocytes of acidophilic cytoplasm and pale stained
nuclei except for mildly dilated congested central vein (CV)
(Figure 4 d). Also, the administration of EtOH+ Ros showed
marked improvement of histological architecture consisting
of a central vein (CV) with radiating cords of hepatocytes
containing central rounded pale nuclei, but the central vein
was mildly congested, and the binucleated cell was seen
(Figure 4 e). Remarkably, the administration of
EtOH+Chry+Ros showed more or less normal histological
architecture consisting of a central vein (CV) with radiating
cords of hepatocytes of moderately acidophilic cytoplasm and
central rounded pale-stained nuclei surrounding it
Binucleated hepatocytes were seen (Figure 4 f).
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Figure 3. Effects of Chry, Ros, and their combination on
hepatic 4-HYP content.

Data are presented as mean + SD (n=8). *Significant
difference from the control group at P<0.05. #Significant
difference from EtOH group at P<0.05. = Significant
difference from the EtOH+Sil group at P<0.05.  Significant
difference from EtOH+Chry group at P<0.05. ¢ Significant
difference from EtOH+Ros group at P<0.05. EtOH: Ethanol,
Sil: Silymarin, Chry: Chrysin, Ros: Rosuvastatin
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Figure 4. Effects of Chry, Ros, and their combination in liver sections stained by H&E staining (400x, scale bar=50 pm).
A) Normal histological architecture consisting of a central vein (CV) with radiating cords of hepatocytes surrounding it. Normal
hepatocytes with moderately acidophilic cytoplasm and central rounded pale-stained nuclei were seen (thin arrows) together with
binucleated cells in certain areas (curved arrows). B) EtOH group, showed dilated central vein (CV), rarefaction of the cytoplasm of
nearly all hepatocytes (thin arrows), and pyknotic deeply stained nuclei in some hepatocytes (thick arrows). C) EtOH+Sil, showed
mild improvement of histological architecture except for irregular dilated central vein (CV), vacuolations of the cytoplasm of some
hepatocytes (V), pyknotic deeply stained nuclei in few cells (thick arrow), and scattered inflammatory infiltration (arrowheads). D)
EtOH+ Chry showed moderate improvement of histological architecture with radiating cords of hepatocytes of acidophilic cytoplasm
and pale stained nuclei (thin arrows) except for mildly dilated congested central vein (CV). E) EtOH+ Ros group showed marked
improvement of histological architecture consisting of a central vein (CV) with radiating cords of hepatocytes containing central
rounded pale nuclei (thin arrows) but the central vein was mildly congested and binucleated cell was seen (curved arrow). F) The
EtOH+Chry+Ros group, showed more or less normal histological architecture consisting of a central vein (CV) with radiating cords
of hepatocytes of moderately acidophilic cytoplasm and central rounded pale-stained nuclei (thin arrows) surrounding it. Binucleated
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hepatocytes were seen (curved arrows). EtOH: Ethanol, Sil: Silymarin, Chry: Chrysin, Ros: Rosuvastatin.

4. DISCUSSION

Alcoholic liver disease is regarded as a crucial risk to
public health. Drinking more than 40 gm of alcohol per day
for years could cause liver fibrosis and then cirrhosis which
is the critical end-fatal stage of liver injury that is only treated
by liver transplantation.?” In this study, treatment with
rosuvastatin and chrysin alone or combined ameliorated
alcohol-induced liver fibrosis. Ethanol treatment elevated
serum ALT, AST, ALP, and GGT enzyme activities in
comparison to the control as noted in a previous study.?®
However, chrysin and rosuvastatin alone or combined led to
a decrease in serum ALT, AST, ALP, and GGT enzymes to
nearly the normal levels in comparison with the ethanol
group. Those results come in consistent with later studies that
showed chrysin decreased serum ALP, ALT, GGT, and AST
enzymes.?3! Also, many other studies declared that statins
ameliorated the serum level of ALP, ALT, GGT, and AST in
other hepatic disorders.%?3

This journal is © Faculty of Pharmacy, Tanta University

Oxidative stress and ROS production have been linked
to alcoholic liver disease as they lead to cellular damage and
necrosis.® In this study, the overproduction of MDA and NOx
over the antioxidants as SOD may lead to oxidative stress that
has a pivotal role in liver inflammation and may advance to
liver fibrosis and cirrhosis. While the usage of chrysin and
rosuvastatin alone or in combination led to significant results
against oxidative stress, as they decreased MDA and NOX,
nevertheless, also increased the antioxidant activity of SOD.
Likewise, numerous previous studies indicated the role of
chrysin and statins in declining oxidative stress and enhancing
antioxidant activity.33

Hydroxyproline is an important amino acid found in
collagen (which is the main component of ECM).*" Its
presence in ECM generated by activated HSCs reserves the
dependability and function of liver cells. Hydroxyproline
level in liver tissues implicates a limiting factor that can
control the progression of liver fibrogenesis.*® The current
study demonstrated a remarkable increase in hepatic 4-HYP
in an ethanol-treated group together with increased patches of
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fibrosis in liver sections. This result is consistent with other
previous studies.'® 3° However, after treatment with
rosuvastatin and chrysin as monotherapy or combined, a
significant decrease in hepatic 4-HYP contents was noted
together with decreased patches of fibrosis in liver sections.
This shows the antifibrotic action of these drugs as they
prohibit ECM deposition in the liver. These results come in
agreement with others.*

Transforming growth factor- B1 is a cytokine that has
essential participation in organizing many cellular signaling
processes and ECM components.** TGF family consists of 33
members. TGF-B2 is crucial in biliary fibrosis induction, and
TGF-B1 is the most critical isoform in the stimulation of liver
fibrosis.*? Similarly, its downstream molecules Smad2,
Smad3, Smad4, and Smad7 are implicated in fibrosis.* TGF-
B1 signaling is set to be a critical target of liver fibrosis as its
stimulation led to a series of critical actions such as the
differentiation of fibroblast into contractile myofibroblast,
elevating the expression of a-SMA and also the synthesis of
ECM.4

In addition, TGF-B1/Smad2/3 is the main signaling
pathway that regulates ECM synthesis, accumulation, and
degradation during liver fibrosis.*® TGF-B1 binds to its
receptor which phosphorylates Smad2/3 and forms a complex
that translocates to the nucleus of the HSCs. This process
causes collagen gene expression and induces liver fibrosis.*®
TGF-B and platelet-derived growth factor (PDGF) are two
very crucial cytokines associated with HSCs activation and
proliferation.#’ PDGF is a growth factor that induces
the proliferation of HSCs. It has four distinct subunits, known
as PDGF-A, -B, -C, and -D, where the PDGF-B is the most
common factor related to HSCs differentiation.®® The
administration of ethanol in the present study elevated TGF-
B1. However, the administration of rosuvastatin and chrysin
caused a noteworthy decline in TGF-B1 contents. The results
are consistent with the latter studies.?* 4°

Also, TGF-B can use independent Smad pathways, as
nuclear factor kappa-light-chain enhancers of activated B
cells (NF-kB), which is capable of regulating the Smad
pathway and interfering with the responses mediated by TGF-
B.%° NF-xB regulates DNA transcription responsible for
inflammatory responses and apoptosis, also its dysfunction
may lead to autoimmune and inflammatory disorders.5!

4. CONCLUSION

This study proved for the first time that rosuvastatin
has a significant hepatoprotective action versus hepatic
fibrosis induced by ethanol in rats. Moreover, it ensured the
protection of the combination of rosuvastatin and chrysin was
superior compared to each drug alone. Ethanol stimulated the
production of TGF-B1 and overproductions of ROS,
inflammation, and fibrosis progression. These effects are
prohibited by rosuvastatin, chrysin, and their combination.

This journal is © Faculty of Pharmacy, Tanta University

AUTHORS’ CONTRIBUTION

Nageh Ahmed ElI Mahdy: conceptualization, visualization,
review, and supervision. Amgd Alaa EI-Sisi: writing - original
draft, conceptualization, investigation, formal analysis, and
performing literature searches. Sally El-Sayed Abu-Risha:
writing - original draft, methodology, formal analysis, data
curation, editing manuscript, review, and supervision.

ACKNOWLEDGEMENTS

The authors thank Dr. Mayada Elhusseiny, lecturer of
histology and cell biology, Faculty of Medicine, Tanta
University, for her assistance in the histopathological
examination.

DECLARATION OF
INTEREST

CONFLICTING

The authors declare no conflict of interest.
FUNDING

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

5. REFERENCES

1. Sugimoto K, Takei Y. Pathogenesis of alcoholic liver
disease. Hepatol Res. 2017;47(1):70-79.
doi:10.1111/hepr.12736.

2. Wang S, Pacher P, De Lisle RC, Huang H, Ding WX. A
Mechanistic review of cell death in alcohol-induced liver
injury. Alcohol Clin Exp Res. 2016;40(6):1215-1223.
doi:10.1111/acer.13078.

3. World Health Organization. Global status report on alcohol
and health. 2018.
https://www.who.int/publications/i/item/978924156563
9. Published September 2018.

4. GBD 2016 Alcohol Collaborators. Alcohol use and burden
for 195 countries and territories, 1990-2016: A
systematic analysis for the Global Burden of Disease
Study 2016. Lancet. 2018; 392(10152): 1015-1035. doi:
10.1016/S0140-6736(18)31310-2.

5. Osna NA, Donohue TM Jr, Kharbanda KK. Alcoholic
liver disease: Pathogenesis and current management.
Alcohol Res. 2017;38(2):147-161.

6. Zhang CY, Yuan WG, He P, Lei JH, Wang CX. Liver
fibrosis and hepatic stellate cells: etiology, pathological
hallmarks and therapeutic targets. World J Gastroenterol.
2016;22(48):10512-10522.
doi:10.3748/wjg.v22.i48.10512.

7. Tsuchida T, Friedman SL. Mechanisms of hepatic stellate
cell activation. Nat Rev Gastroenterol Hepatol.
2017;14(7):397-411. d0i:10.1038/nrgastro.2017.38.

J Adv Med Pharm Res., 2024, 05, 74-81| 79


https://www.who.int/publications/i/item/9789241565639
https://www.who.int/publications/i/item/9789241565639

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21,

Lonn P, Morén A, Raja E, Dahl M, Moustakas A.
regulating the stability of TGFbeta receptors and Smads.
Cell Res. 2009;19(1):21-35. doi:10.1038/cr.2008.308.
Chen L, Su W, Chen H, et al. Proteomics for biomarker
identification and clinical application in kidney disease.
Adv Clin Chem. 2018;85:91-113.
d0i:10.1016/bs.acc.2018.02.005.

Oesterle A, Laufs U, Liao JK. Pleiotropic effects of statins

on the cardiovascular system. Circ Res. 2017;120(1):229-
243. d0i:10.1161/CIRCRESAHA.116.308537.
Salerno F, Gerbes A, Gines P, Wong F, Arroyo V.
Diagnosis, prevention and treatment of hepatorenal
syndrome in cirrhosis. Gut. 2007;56(9):1310-1318.
doi:10.1136/gut.2006.107789.

Izadpanah R, Schéchtele DJ, Pfnur AB, et al. The impact
of statins on biological characteristics of stem cells
provides a novel explanation for their pleiotropic
beneficial and adverse clinical effects. Am J Physiol Cell

Physiol. 2015;309(8):C522-C531.
doi:10.1152/ajpcell.00406.2014.
Lefer DJ. Statins as potent antiinflammatory

drugs. Circulation. 2002;106(16):2041-2042.

doi: 10.1161/01.CIR.0000033635.42612.88.

Lamb YN. Rosuvastatin/Ezetimibe: A Review in
hypercholesterolemia. Am J Cardiovasc Drugs.
2020;20(4):381-392. doi:10.1007/s40256-020-00421-1.
Kata D, Foldesi I, Feher LZ, et al. Rosuvastatin enhances
anti-inflammatory and inhibits  pro-inflammatory
functions in cultured microglial cells. Neuroscience.
2016;314:47-63.
doi:10.1016/j.neuroscience.2015.11.053.

Kirzioglu FY, Ozmen O, Dogan B, et al. Effects of
rosuvastatin on inducible nitric oxide synthase in rats
with hyperlipidemia and periodontitis. J Periodontal Res.
2018;53(2):258-266. doi:10.1111/jre.12513.

Rohilla A, Rohilla S, Kumar A, Khan MU, Deep A.
Pleiotropic effects of statins: A boulevard to
cardioprotection. Arab J Chem. 2016;9:S21-S27.
doi:10.1016/j.arabjc.2011.06.025.

Wang P, Luo L, Shen Q, et al. Rosuvastatin improves
myocardial hypertrophy after hemodynamic pressure
overload via regulating the crosstalk of Nrf2/ARE and
TGF-p/ smads pathways in rat heart. Eur J Pharmacol.
2018;820:173-182. doi:10.1016/j.ejphar.2017.12.013.
Samini F, Samarghandian S, Borji A, Mohammadi G,
Bakaian M. Curcumin pretreatment attenuates brain
lesion size and improves neurological function following
traumatic brain injury in the rat. Pharmacol Biochem
Behav. 2013;110:238-244.
d0i:10.1016/j.pbb.2013.07.019.

Mani R, Natesan V. Chrysin: Sources, beneficial
pharmacological activities, and molecular mechanism of
action. Phytochemistry. 2018;145:187-196.
doi:10.1016/j.phytochem.2017.09.016.

Cheng C, Yu S, Kong R, et al. CTRP3 attenuates hepatic
stellate cell activation through transforming growth
factor-B/Smad signaling pathway. Biomed
Pharmacother. 2017;89:1387-1391.
doi:10.1016/j.biopha.2017.03.021.

This journal is © Faculty of Pharmacy, Tanta University

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Zeinali M, Rezaee SA, Hosseinzadeh H. An overview on
immunoregulatory and anti-inflammatory properties of
chrysin  and  flavonoid  substances.  Biomed
Pharmacother. 2017;92:998-10009.
doi:10.1016/j.biopha.2017.06.003.

Pai SA, Munshi RP, Panchal FH, Gaur IS, Juvekar AR.
Chrysin ameliorates nonalcoholic fatty liver disease in

rats. Naunyn Schmiedebergs Arch Pharmacol.
2019;392(12):1617-1628. doi:10.1007/s00210-019-
01705-3.

El-Sisi AEDES, Sokar SS, Shebl AM, Mohamed DZ.
Antifibrotic effect of diethylcarbamazine combined with
hesperidin against ethanol induced liver fibrosis in rats.
Biomed Pharmacother. 2017;89:1196-1206.
doi:10.1016/j.biopha.2017.03.013.

Zhang W, Hong R, Tian T. Silymarin’s protective effects
and possible mechanisms on alcoholic fatty liver for rats.
Biomol Ther. 2013;21(4):264-269.
doi:10.4062/biomolther.2013.020.

Balta C, Ciceu A, Herman H, et al. Dose-dependent
antifibrotic effect of chrysin on regression of liver
fibrosis: The role in extracellular matrix remodeling.

Dose Response. 2018;16(3): 1559325818789835.
doi:10.1177/1559325818789835.
Habibi J, Whaley-Connell A, Qazi MA, et al

Rosuvastatin, a 3-hydroxy-3-methylglutaryl coenzyme A
reductase inhibitor, decreases cardiac oxidative stress and
remodeling in Ren2 transgenic rats. Endocrinology.
2007;148(5):2181-2188. doi:10.1210/en.2006-1355.
Seitz HK, Bataller R, Cortez-Pinto H, et al. Alcoholic
liver disease. Nat Rev Dis Prim. 2018;4(1).
d0i:10.1038/541572-018-0014-7.

Altamirano-Barrera A, Barranco-Fragoso B, Méndez-
Sanchez N. Management strategies for liver fibrosis. Ann
Hepatol. 2017;16(1):48-56.
doi:10.5604/16652681.1226814.

Balta C, Herman H, Boldura OM, et al. Chrysin
attenuates liver fibrosis and hepatic stellate cell activation
through the TGF-B/Smad signaling pathway. Chem Biol
Interact. 2015;240:94-101.
d0i:10.1016/j.cbi.2015.08.013.

Hermenean A, Mariasiu T, Navarro-Gonzélez I, et al.
Hepatoprotective activity of chrysin is mediated through
TNF-a in chemically-induced acute liver damage: An in
vivo study and molecular modeling. Exp Ther Med.
2017;13(5):1671-1680. doi:10.3892/etm.2017.4181.
Farkhondeh T, Abedi F, Samarghandian S. Chrysin
attenuates inflammatory and metabolic disorder indices
in the aged male rat. Biomed Pharmacother.
2019;109:1120-1125. doi:10.1016/j.biopha.2018.10.059.
Kim HW, Joo YS, Kang SC, et al. Association of statin
treatment with hepatocellular carcinoma risk in end-stage
kidney disease patients with chronic viral hepatitis. Sci
Rep. 2022;12(1):1-9. doi:10.1038/s41598-022-14713-w.
Pastori D, Pani A, Di Rocco A, et al. Statin liver safety in
non-alcoholic fatty liver disease: A systematic review
and metanalysis. Br J Clin Pharmacol. 2022;88(2):441-
451. doi:10.1111/bcp.14943.

Asghari S, Rafraf M, Farzin L, et al. Effects of

J Adv Med Pharm Res., 2024, 05, 74-81 |80



36.

37.

38.

39.

40.

41.

42.

43.

44,

45

46.

47.

pharmacologic dose of resveratrol supplementation on
oxidative/antioxidative status biomarkers in nonalcoholic
fatty liver disease patients: A randomized, double-blind,
placebo-controlled trial. Adv Pharm Bull. 2018;8(2):307-
317. doi:10.15171/aph.2018.036.

Yaribeygi H, Faghihi N, Mohammadi MT, Sahebkar A.
Effects of atorvastatin on myocardial oxidative and
nitrosative stress in diabetic rats. Comp Clin Path.
2018;27(3):691-697. doi:10.1007/s00580-018-2652-2.
Rodriguez-Landa JF, German-Ponciano LJ, Puga-Olguin
A, Olmos-Vézquez OJ. Pharmacological, neurochemical,
and behavioral mechanisms underlying the anxiolytic-
and antidepressant-like effects of flavonoid chrysin.
Molecules. 2022;27(11):3551.
doi:10.3390/molecules27113551.

Kay EJ, Koulouras G, Zanivan S. Regulation of
extracellular matrix production in activated fibroblasts:
Roles of amino acid metabolism in collagen synthesis.
Front Oncol. 2021;11:719922.
doi:10.3389/fonc.2021.719922

Gabr S.A., Alghadir A.H., Sherif Y.E., Ghfar A.A.
Hydroxyproline as a Biomarker in Liver Disease. In:
Predy V.R., editor. Biomarkers in Liver Disease.
Springer; Dordrecht, The Netherlands: 2016. pp. 1-21.
Shi H, Shi A, Dong L, et al. Chlorogenic acid protects
against liver fibrosis invivo and invitro through
inhibition  of  oxidative  stress.  Clin  Nutr.
2016;35(6):1366-1373. d0i:10.1016/j.cInu.2016.03.002.
Kseibati MO, Sharawy MH, Salem HA. Chrysin
mitigates bleomycin-induced pulmonary fibrosis in rats
through regulating inflammation, oxidative stress, and
hypoxia. Int Immunopharmacol. 2020;89:107011.
d0i:10.1016/j.intimp.2020.107011.

Sadek KM, Saleh EA, Nasr SM. Molecular
hepatoprotective effects of lipoic acid against carbon
tetrachloride-induced  liver ~ fibrosis  in  rats:
Hepatoprotection at a molecular level. Hum Exp Toxicol.
2018;37(2):142-154. doi:10.1177/0960327117693066.
Nickel J, Ten Dijke P, Mueller TD. TGF-$ family co-
receptor function and signaling. Acta Biochim Biophys
Sin (Shanghai). 2018;50(1):12-36.
doi:10.1093/abbs/gmx126.

Singal AK, Bataller R, Ahn J, Kamath PS, Shah VH.
ACG clinical guideline: Alcoholic liver disease. Am J
Gastroenterol. 2018;113(2):175-194.
d0i:10.1038/ajg.2017.469.

Ciceu A, Balta C, Herman H, et al. Complexation with
random methyl-B-cyclodextrin and (2-hydroxypropyl)-p-
cyclodextrin enhances in vivo anti-fibrotic and anti-
inflammatory effects of chrysin via the inhibition of NF-
kB and TGF-Bl/smad signaling pathways and
modulation of hepatic pro/anti-f. Int J Mol Sci.
2021;22(4):1-17. doi:10.3390/ijms220418609.

Wang YR, Hong RT, Xie YY, Xu JM. Melatonin
ameliorates liver fibrosis induced by carbon tetrachloride
in rats via inhibiting TGF-B1/Smad signaling pathway.
Curr Med Sci. 2018;38(2):236-244. d0i:10.1007/s11596-
018-1871-8.

Choi JH, Jin SW, Choi CY, et al. Capsaicin inhibits

This journal is © Faculty of Pharmacy, Tanta University

48.

49,

50.

51.

dimethylnitrosamine-induced  hepatic ~ fibrosis by
inhibiting the TGF-B1/Smad pathway via peroxisome
proliferator-activated receptor gamma activation. J Agric
Food Chem. 2017;65(2):317-326.
doi:10.1021/acs.jafc.6b04805.

Fabregat 1, Moreno-Caceres J, Sanchez A, et al. TGF-p
signaling and liver disease. FEBS J. 2016;283:2219-
2232.d0i:10.1111/febs.13665.

Borkham-Kamphorst E, Weiskirchen R. The PDGF
system and its antagonists in liver fibrosis. Cytokine
Growth Factor Rev. 2016;28:53-61.
doi:10.1016/j.cytogfr.2015.10.002.

Ridruejo E, Romero-Caimi G, Obregén MJ, de Pisarev
DK, Alvarez L. Potential molecular targets of statins in
the prevention of hepatocarcinogenesis. Ann Hepatol.
2018;17(3):490-500. doi:10.5604/01.3001.0011.7394.
Guo Y, Li JX, Mao TY, Zhao WH, Liu LJ, Wang YL.
Targeting Sirtl in a rat model of high-fat diet-induced
non-alcoholic fatty liver disease: Comparison of Gegen
Qinlian decoction and resveratrol. Exp Ther Med.
2017;14(5):4279-4287. doi:10.3892/etm.2017.5076.

J Adv Med Pharm Res., 2024, 05, 74-81| 81



