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Ferrostatin-1 Partially Suppressed the Anti-Fibrotic Actions of
Thymoquinone in a Rat Model of Cholestasis-Induced Liver Injury

La Ferrostatina-1 Suprimié Parcialmente las Acciones Antifibréticas de la Timoquinona
en un Modelo de Rata con Lesion Hepatica Inducida por Colestasis
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SUMMARY: Cholestasis is a leading cause of hepatic fibrosis. The herbal plant thymoquinone (TQ) has a well-known
hepatoprotective effect against liver fibrosis. In this study, we investigated the role of ferroptosis in TQ-mediatediaatifibroin a
rat model of extrahepatic cholestasis developed secondary to bile duct ligation (BDL). Four groups (n=10) of adult malleivgistar a
rats were included in the study; 1) control, 2) BDL model, 3) treated group with 50 mg.kg-1.day-1 TQ, and group 4) ragm®upthis
were treated with TQ and the ferroptosis inhibitor, ferrostatin-1 (Fer-1) at a dose of 1 mg.kg-1.day-1. TQ treatmeny effestivatied
the inflammation and fibrosis detected in the BDL group by modulating (P<0.018BNFNF-a, interleukins; IL-6, 10, TGB-1,
collagen type I, lll. TQ improved liver function which was confirmed by histological H&E and Sirius red stain. TQ augmeht@iljp<
the heme oxygenase (HO-1) protein levels about 4 fold compared to the BDL group suggesting its role in hepatic protection. TQ
stimulated the ferroptosis process and increased glutathione peroxidase (GPX4), Iron content, and the transferrin retgfer{TfR
1 addition to TQ did not affect the anti-inflammatory actions of TQ. However, it significantly (p<0.001) attenuated itotmntifib
property. In conclusion, The antifibrotic effect of Thymoquinone was partially inhibited secondary to Fer-1. Thus, docuh®enting
mediating role of ferroptosis in the TQ protection against hepatic fibrosis.
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INTRODUCTION

Cholestasis is a major emerging cause of hepatic Ferroptosis is a recently reported new mode of
fibrosis. The bile accumulation distorts the hepaticegulated cell death. Its essential characteristics are disturbed
architecture, increases the risk of cirrhosis and later sedox homeostasis, iron overload, and enhanced lipid
hepatocellular carcinoma (HCC). The main cellulaperoxidation. Ferroptosis is closely related to developing and
constituents of liver tissue are hepatocytes (about 60 %pntrolling various liver diseases, such as steatohepatitis,
Meanwhile, the hepatic stellate cells (HSCs) contribute abdilirosis, and HCC (Zhet al., 2021). Cellular iron overload
10-25 % of the liver cells. HSCs are located in théhat accounts for iron-mediated oxidative stressdival,
perisinusoidal area (Vekemans & Braet, 2005). Following020), is mainly imported by the plasma membrane protein
cholestasis, HSCs are activated and transdifferentiated fraransferrin receptor (TfR-1)-mediated endocytosis and stored
quiescent cells into proliferative myofibroblasts contractilevithin ferritin or undergoes Fenton reaction and lipid
cells which can secrete collagen. Therefore, HSC activatiperoxidation (Tanet al, 2023). Interestingly, the prominent
serves as the primary mediator of hepatic fibrosis (Cai Bigher affinity of receptor TfR-1 on activated HSCs indicates
Boyer, 2021). the importance of iron in HSCs regulation (Bridieal,
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2003). However, itis unclear whether iron overload promotésduction of Extrahepatic model of cholestasis by BDL
HSCs activation and fibrosis formation, or it directs the cellgperation. The rats were anesthetized with ketamine (150
to ferroptosis and hinders the fibrosis process. Several recggtg) and xylazine (gg/g) (Mishra, 2003), and the anterior
studies showed that Fer-1 inhibitor blocks the activity cibdomen wall was shaved and disinfected with an alcohol
some antifibrotic agents (Zhareg al, 2018; Yuaret al, solution. Following the procedures mentioned in
2022). Therefore, targeting ferroptosis could be a promisiti§hamsEldeert al, 2021), a midline laparotomy incision
therapeutic approach for hepatic fibrosis. of approximately 1-1.5 cm was performed. The common
bile duct was identified and gently separated from the
Thymoquinone (TQ), the main constituent of Nigellssurrounding fascia. Double surgical sutures were placed,
sativa, has long been focused on treating liver diseaseghen, 300 mL of warm saline solution was administered
recent years. TQ has a variety of beneficial hepatintraperitoneally before the abdominal closure to prevent
antioxidant and anti-inflammatory activities (Farghaly dehydration. All rat groups were kept for 3 weeks under close
al., 2022). The induction of HO-1 by TQ has been reportaabservation with or without treatment.
in several tissues, including the liver (Licatial, 2019).
Heme oxygenase (HO) is a ubiquitous and essential enzyhig@mane endpoint, samples collection and preparation.
for eukaryotic cells that converts heme into biliverdinUnder pentobarbital (50 mg.&6.p) general anesthesia,
carbon monoxide, and iron. Upregulation of HO-1 revealdénlood samples were drawn from the abdominal aorta to
cytoprotective mechanisms against inflammation, ischemiarepare serum. Then, animals were culled by cervical
and hypoxia through maintaining antioxidant/oxidantlislocations, and liver tissues were harvested, cleaned, rinsed
homeostasis (Sassat al, 2021). Moreover, during the with heparinized saline, and then weighed. Liver specimens
early stages of fibrosis, HO-1 induction was able to regreagre preserved in formaldehyde and prepared for histological
portal inflammation and fibrosis (Barikbiet al, 2012). analysis. The remaining liver tissues were minced into small
Besides the anti-apoptotic effect of HO-1 on hepatocytggeces, homogenized in phosphate-buffered saline (PBS),
(Sasset al, 2004). HO-1 promoted HSCs ferroptosis andnd centrifuged for about 15 min at 150 The formed
ameliorated CCl4-mediated hepatic fibrosis (8tuial, supernatants were collected and stored atE30
2018). Therefore, HO-1 seems to possess a dual role in liver
cell viability and proliferation, which may be the way forBiochemical analysisAll steps followed the manufacturer's
hepatocyte survival and HSC senesces performed imgtructions.
thymoquinone treatment.
Liver function determination using serum levels of
This study aims to investigate the protective role dfansaminases, bilirubin, and liver tissue iron content.
thymoquinone in alleviating BDL-induced liver fibrosis andThe serum liver enzymes were assessed using a colorimetric
to examine the possible role of ferroptosis using Fer-1. endpoint method, alanine aminotransferase (ALT; using
BioMed-GPT, BioMed diagnostics, Egypt) and aspartate
MATERIAL AND METHOD aminotransferase (AST; BioMed Diagnostic-GOT, BioMed
diagnostics, Egypt). Total bilirubin levels were detected by
Animals and study groups Forty adult male Wister albino bilirubin assay kit # ab235627 (Abcam, Kemet Medical,
rats weighing 250-270 g were enrolled in the current studg@iza, Egypt). The total iron content @Fand Fé&) in the
The experimental protocol was approved by the institutionier was measured using the iron assay kit #ab83366
animal care and use committee of Cairo University (lll/Rprovided by Abcam, Kemet Medical, Giza, Egypt.
72/22). Following acclimatization, the rats were assigned
into four groups (n=10): 1- Control group: rats were expos&tlestern blot analysis for liver HO-1. Total protein
to the same procedures of the BDL operation withowxtraction was performed using a ReadyPrepTM kit (Bio-Rad
ligation, 2- liver fibrosis induced by bile duct ligation (BDL)- Inc., Hercules, CA, catalog. No: 163—-2086). Then, as described
induced cholestasis for three weeks, 3- group treated wijiheviously, protein samples of 2@ were immunoblotted
thymoquinone 50 mg.Kgonce a day by gavage for the saméAshouret al,, 2021). Membranes were maintained overnight
duration (BDL-TQ) (Konget al, 2015). In group 4 (BDL- at 4 °C with the primary antibody for HO-1 (# MA1-112;
TQ-Fer-1), the rats were treated with thymoquinone as invitrogen, Thermo Scientific, Waltham, MA). At room
group 3 and the ferroptosis inhibitor, ferrostatin-1, at a dosemperature, the blots were incubated for about one hour with
of 1 mg/kg/day intraperitoneal (Yét al, 2021). the secondary antibody (# 11-4817-82, Invitrogen, Thermo
Thymoquinone and ferrostatin-1 were obtained from Sign&cientific, Waltham, MA). The protein plots were assessed,
Chemical company, St Louis, MO, USA, and were dissolvethalyzed, and then normalized to the b-actin (# AM4302,
in DMSO and saline. Invitrogen, Thermo Scientific, Waltham, MA).
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Enzyme-linked immunosorbent assay (ELISA) for liver RESULTS
tissue inflammatory, fibrosis, and peroxidation markers.
Quantification determination was done based on sandwitfver weight/body weight ratio and liver functions. The
ELISA technology. Nuclear factaB kits were obtained gross pictures in Figure 1 (A) demonstrate enlarged liver
from CUBIO Innovation Center, Houston, USA (XB:  size in the BDL group, which was reduced in the treated
#CSB-E13148r). The following ELISA kits were attainedgroup BDL-TQ. By adding Fer-1 to the treatment, liver size
from MyBioSource (Science and Technology Center, Gizeemained increased. The ratio between liver weights and
Egypt); tumor necrosis factor (TNé&: # BMS622), body weights was significantly enhanced (P<0.001) in the
interleukins; (IL-6: # MBS2021530), (IL-10: # BDL group compared to controls. By TQ treatment, the ratio
MBS2020828), and glutathione peroxidase (GPXd4significantly declined (P<0.001) compared to the BDL group.
#MBS069787). Transforming growth factor Beta-1(PsF However, adding Fer-1 decreased ratio (P<0.05) compared
1: ab119558), collagen type | ELISA Kits #ab285314, ani BDL and a maintained elevated ratio (P<0.001) compared
the collagen type Il #MBS762380 were retrieved fronto the BDL-TQ group (Fig. 1B). ALT, AST, and total bilirubin
Abcam, Kemet Medical, Giza, Egypt. analysis levels deteriorated (P<0.001) in the BDL group,
which was significantly (P<0.001) improved in the BDL-
Quantitative real-time polymerase chain reaction TQ group compared to the BDL model. Although adding
(gPCR) for detection of relative gene expression of

transferrin receptor (TfR-1. (Total RNA was isolated. Control BDL BDL-TQ BDL-TQ-Fer-1
Complementary strands of cDNA were prepared by rever |V
transcription of total RNA. The amplification and analysi: | c

were carried out using an Applied Biosystem with softwai
version 3.1 (StepOne™, Applied Biosystems, Lincoli
Centre Drive, Foster City, CA). The data that was obtain(s Liver weight/Body weight c ALT (UIL)
was assessed and relatively normalized to the express™ s ok
of housekeepinf-actin mMRNA. The primer sequences for

TfR-1 expression GenBank: M58040.2, Forward: 5'

GAGGAACCAGACCGCTACAT-3' Reverse: 5- 4
ATGTAGCGGTCTGGTTCCTC-3and for theB-actin 2

#
$$

GenBank: KJ696744, Forward: 5- "

AGCCATGTACGTAGCCATCCA-3' Reverse: 5'- & & & &

TCTCCGGAGTCCATCACAATG-3'. oo“‘ & Q,v' ,\Og"
<b°\;

Histological examination.Specimens from liver tissue were
fixed ip 10 % formalde_hyde solgtion and t_hen processed D AST (UIL) E Total Bilirubin (mg/dL)
paraffin blocks. Unstained sectionsi(th thickness) were * %k
subjected to hematoxylin and eosin (H&E) and Sirius re ”g
staining. Liver injury was assessed using histological scori * .
for the H&E stained sections at magnificatior2@Q0) as i
follows: 0= normal appearance; 1=mild injury (up to 10 %

of the liver tissue); 2=moderate injury (up to 50 % of thi 20

liver tissue); and 3=severe injury (up to 100 % of the live ©

100
80
60

* ¥

40

. ! ; > o AN
tissue) (Heijneret al, 2003). & & & Q&@ & 0\} &
< Q 50 9 ) \;\0-
\vi
4 4

Statistical analysis.The data were analyzed using the
Statistical Package for the Social Sciences (SPSS, verskagm 1. A) Gross liver pictures obtained following 3 weeks of
20), and expressed as measD. Comparison between cholestasis from each experimental group. B) Calculation of the
test followed by Tukey's post-hoc test. The histolog minotransferase, D) AST: aspartate aminotransferases, and E) total
scoring for hepatic injury was analyzed by the noqfllll’ubln level (n=10). BDL.: bile duct ligation, TQ: Thymoquinone,

. : . r-1: ferrostatin-1; a ferroptosis inhibitor, (n=10) *: significant to
parametrical Kruskal-Wallis and Mann-Whitney tests ar‘ﬁfntrol when P<0.05. **: significant to control when P<0.001. #:

was expressed as the median and interquartile range {dificant to BDL when P<0.05. ##: significant to BDL when
%; 25 %-75 %). Statistical difference was significant ib<0.001. $: significant to BDL-TQ when P<0.05. $$: significant
the p-value was < 0.05. to BDL-TQ when P<0.001.
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Fer-1 did not significantly affect ALT and AST compared toecrotic areas, bile duct hyperplasia, and enhanced fibrosis
the BDL-TQ group, the results document a significantharound the portal areas. BDL-TQ group illustrated
increased liver weight and bilirubin level compared to thpreservation in most of the liver parenchyma with a
BDL-TQ group (Figs. 1C-E). significant decrease (P<0.001) in liver damage scoring (1;

0.75-1.25) as compared to the BDL (3; 2-3). The BDL-TQ-
Histological examination by H&E and the score of injury.  Fer-1 group (1; 1-2) showed no statistical difference from
The BDL group showed severe liver damage with largdae BDL-TQ group (Fig. 2).
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44 *
* % #
34 « T
b 2 B
— []
1_.
U—L T 1
N o N
o 2 . 3 3 2 8 ‘0 Vv « .
S avaemRe s S F ¢
o e e S R i e e < V‘,\
o i QO

Fig. 2. Photomicrographs of H&E stained-liver sections (x100) shows: A) Control group: portal tract (PT), central veicg)samid
hepatocytes displaying vesicular nuclei and acidophilic cytoplasm. B) BDL-group: distorted liver parenchyma by multi@ertatige n

areas (Nc) showing degenerated cells and inflammatory cells. C) BDL+TQ: preserved liver parenchyma with hepatocytes surrounding
portal tract (PT). Small area of hepatocytes showing cytoplasmic vaculation (arrow) were noted. D) BDL-TQ+Fer-1: inflaralisatory ¢
infiltration (curved arrow) and diffuse cytoplasmic vacuolation of hepatocytes (arrow), (n=10). BDL: bile duct ligationyQqtiimone,

Fer-1: ferrostatin-1; a ferroptosis inhibitor. *: significant to control when P<0.05. **: significant to control when P40 $igfificant

to BDL when P<0.05. ##: significant to BDL when P<0.001.

taal
(5 2

Heme oxygenase-1 and glutathione peroxidase (GPX4).to the TQ-Fer-1 group, but still significantly elevated

The BDL group showed no significant P=0.55 change ifP<0.05) compared to the BDL data (Figs. 3C,D).

HO-1protien expression, while GPX4 was significantly

diminished (P<0.001). In the treated group BDL-TQInflammatory markers detection in the liver tissues

augmented (P<0.001) HO-1 and GPX4 levels comparedAmalysis of the inflammatory markers revealed prominently

both control and BDL groups. Interestingly, by adding FeP<0.001) elevated NFkB, TNé; IL-6, and reduced IL-10

1 to the treatment in group BDL-TQ-Fer-1 observed simildevels in the BDL group compared to the control group.

results of HO-1 (P=0.941) and GPX4 (P=0.1) to the data Trreatment with TQ showed a noticeable decline (P<0.001)

the BDL-TQ group (Figs. 3A,B). in the NFkB, TNF-a, IL-6, and elevation in the IL-10 tissue
levels. In the BDL-TQ-Fer-1 group, the inhibition of the

The hepatic iron content and transferrin receptor ferroptosis process did not affect the anti-inflammatory effect

expressionsLevels of hepatic iron content and the TfR-1of TQ, and the data was almost similar to that in the BDL-

were enhanced (P<0.001) in the BDL group compared 16 group (Fig. 4).

control. Additional expressions were documented (P<0.001)

in the BDL-TQ group compared to BDL data. In the BDLHistological examination with Sirius red-stained liver

TQ-Fer-1 group, the results showed reduced (P= 0.026 asettions and fibrosis markers detection in the liver

0.001) for iron and TfR-1 expression, respectively, compard¢idsues.Sirius red-stained liver sections supported the
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Fig. 3. A) Western blot determination of heme
oxygenase-1 (HO-1) and western blot bands relative
to b-actin, B) glutathione peroxidase (GPX4). PCR
relative expressions of; C) total iron content, and D)
transferrin receptor-1 (TfR-1), (n=10). BDL: bile
duct ligation, TQ: Thymoquinone, Fer-1: ferrostatin-
1; a ferroptosis inhibitor. *: significant to control
when P<0.05. **: significant to control when
P<0.001. #: significant to BDL when P<0.05. ##:
significant to BDL when P<0.001. $: significant to
BDL-TQ when P<0.05. $$: significant to BDL-TQ
when P<0.001.

Fig. 4. Liver tissue analysis of the inflammatory
markers A) nuclear factor kebab B (NFkB), B)
Tumor necrosis factor alpha (TNF-a), C) interleukin-
6 (IL-6, and D) interleukin-10 (IL-10), (n=10). BDL:
bile duct ligation, TQ: Thymoquinone, Fer-1:
ferrostatin-1; a ferroptosis inhibitor. **: significant
to control when P<0.001. ##: significant to BDL
when P<0.001.
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biochemical analysis in Figure 5 (A-E). The BDL group The liver fibrosis was determined by elevated
showed extensive fibrosis around the portal areas wifR<0.001) tissue levels of TBH, collagen I, and collagen
increased collagen area % (P<0.001). However, minimil in the BDL group compared with the control group.
fibrosis was detected following thymoquinone treatmerifireatment with TQ decreased (P<0.001) levels of all the
(BDL-TQ), (P<0.001) compared to the BDL group. Byprofibrotic markers. While, the suppressed ferroptosis in
blocking the ferroptosis process in the BDL-TQ-Fer-the BDL-TQ-Fer-1 group maintained enhanced fibrosis
group, hepatic fibrosis was still preserved (P<0.00Kimilar (P= 0.12, 0.44, and 0.052, respectively) to that in
compared with BDL-TQ. the BDL group (Fig. 5).

A E
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Fig. 5. Sirius red stained liver sections illustrates the collagen deposition in the studied groups A) Control group, Bu&dol -in
fibrosis group, C) BDL-TQ, and D) BDL-TQ-Fer-1, and E) Collagen area percent was determined and analyzed. Liver tisswé analysis
the fibrosis markers are represented in F) transforming growth factor beta-1 (TGFb-1), G) Collagen type | and H) colldiden Type
(n=10). BDL: bile duct ligation, TQ: Thymoquinone, Fer-1: ferrostatin-1; a ferroptosis inhibitor. *: significant to controPwO®95.

**: significant to control when P<0.001. #: significant to BDL when P<0.05. ##: significant to BDL when P<0.001. $$: sigtufican
BDL-TQ when P<0.001.
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DISCUSSION importer TfR-1 is a key protein responsible for regulating
iron at both the systemic and cellular levels (6, 2022),

The experimental model of obstructive cholestasiwhich have previously been identified on activated HSC
obtained by surgical ligation of the common bile duct (CBD(Bridle et al, 2003).
is reliable for inducing liver fibrosis in rodents. It provokes
time-dependent functional and structural changes in hepatic ~ The role of ferroptosis in the TQ protection against
tissues (Van Campenhaettal, 2019). These changes rangecholestasis was our target in this study. The induced HO-1
from hepatocyte injury with increased liver enzymes in thelays a crucial role in inflammatory processes and oxidative
blood to a severe inflammatory reaction. The inflammatogamage (Liu & Qian, 2015). In an vitro study conducted
reaction may occur within a few days, ending with advancdry Xu et al. (2023), HO-1 can potentially trigger HSC
hepatic fibrosis that develops within 3-4 weeks after ligatiompoptosis. This suggests that HO-1 could be a promising
(Taget al, 2015). During cholestasis, the accumulation dherapeutic target for preventing or reversing liver fibrosis.
bile acids damages the liver cells, recruits the inflammatomhe overaccumulation of iron causes HO-1 production in
ones, and helps differentiation and activation of HSCs inteepatocytes and HSCs (Vétial, 2021). The induction of
myofibroblast with an enhanced ability to produce proferroptosis in HSCs effectively mitigated liver injury and
fibrogenic mediators (Cai & Boyer, 2021), and excesbrosis through the promotion of iron enrichment and the
reactive oxygen species (ROS), and TRERShamsEldeen upregulation of HO-1 levels (Targd al., 2023).
etal, 2021). In the current study, we confirmed the existence
of hepatic injury and collagen deposition biochemically and HO-1 appears to have a dual impact on the viability
by histomorphometric examination. Notably, a significanand proliferation of liver cells. It disrupts chronic hepatic
increase in liver functions, and inflammatory and fibrosisflammation, which could potentially promote the survival
markers in the liver tissues in the BDL group was confirmeaf hepatocytes, whereas it can lead to senescence and death
compared to the control group. of HSCs (Canesiet al, 2022). Following our results, TQ

effectively induces HO-1 in the liver tissues (Licarial,

Our results depicted the protective effect of TQ in 2019). Thus, the antifibrotic effect of TQ may be linked to
cholestasis rat model. TQ has been scientifically documentim mediating role of HO-1 in inducing HSC ferroptosis and
to possess hepatic antioxidative, anti-inflammatory, ardiminishing the expression of the profibrogenic mediators.
anticancer properties demonstrated in reduced ALT, ASIR the same context, we demonstrated a significant increase
and bilirubin levels (Ashouet al 2023). TQ successfully in the expression levels of TfR-1 in the TQ-treated rats
reduced the levels of TN&-and NFKB in hepatic tissues. compared to the control and BDL groups.

Consequently, it prevented the transcription of target genes,
including different pro-inflammatory cytokines and Ferroptosis can be effectively inhibited by the
chemokines, thus protecting the animals from hepatsynthetic antioxidant, Fer-1 (Jiarg al, 2022). The anti-
inflammation and injury (Cheet al, 2020). It is worth ferroptotic effect of Fer-1 is similar to deferoxamine in a
saying that TQ exhibited anti-inflammatory properties bynodel of thioacetamide-induced acute liver injury by a
increasing IL-10 levels (Ashout al, 2022). The impact mechanism involving iron chelation (Jiaagal, 2022). In
of TQ on fibrotic liver injury was primarily ascribed to thethis regard, we confirmed decreased iron content and
inhibition of HSC activation induced by TGF- and thexpression of TfR-1 in the BDL-TQ-Fer-1 group compared
reduction in a-smooth muscle actin expression (rad, to BDL-TQ group.
2016). Therefore, TQ effectively mitigated liver fibrosis as
documented in several models such as cholestasis @ong Inhibiting ferroptosis by using Fer-1 could block the
al., 2015), CCL4 (Gengt al, 2021), and nonalcoholic anti-fibrosis potential of some agents, such as Erastin, and
steatohepatitis (Awaelt al,, 2016). sorafenib (Zhangt al,, 2018), and celastrol (Luat al,, 2022),

and strongly reduce the artemether-induced antifibrosis effect

In recent decades, ferroptosis has started to attrdéfanget al, 2019). Therefore, the current findings showed
scientists to explore its role in fibrosis (Zheual., 2022). that inhibition of ferroptosis secondary to Fer-1 intake was
Ferroptosis can exert a suppressive impact on liver fibroséhle to attenuate TQ-mediated fibrosis suppression.

This is likely achieved through the deactivation of HSCs

and the induction of HSCs death (Waai@l, 2019). Under CONCLUSION

stressful disorders, iron metabolism is distorted and promotes

the development of iron overload (M al, 2020). Our TQ alleviated chronic hepatic inflammation and

results demonstrated enhanced expression levels of TfRidwn-regulated production of pro-inflammatory cytokines.
in the BDL group compared to the control group. The irom our results, TQ exerted antioxidant and antifibrotic effects
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and mitigated the production of pro-fibrogenic mediatorsffect of Thymoquinone was partially inhibited by the anti-
together with inducing ferroptosis. However, the antifibrotiéerroptotic action of Fer-1 (Fig. 6).

Inflammation

/ * NFkB
* TNF-a —

| Treatment

——————————

¢ IL-6
Choles&asis —
‘ Improved liver functions
Vad
Fibrosis x
« TGFB-1
. Collag('ar.ll,lll Inhibit ferroptosis
Deposition Fibrosis is preserved

Fig. 6. Arepresentative diagram demonstrates the protective effect of Thymoquinone in treating bile duct ligation-indfilestlse
Thymoquinone induced the expression of Heme oxygenase-1 (HO-1) which may be the mediator for thymoquinone performance.
Thymoquinone treatment resulted in anti-inflammatory anti-fibrosis property. By adding the ferroptosis inhibitor ferr¢Beatihy,1

the results showed suppression of the antifibrotic effect of Thymoquinone. Therefore, it is concluded that thymoquinooigcantifib
effect could be mediated through ferroptosis of the hepatic fibrous producing cells. The inflammatory markers; nucleslvdadior k
(NFkB), tumor necrosis factor alpha (TNF-a), interleukin-6 (IL-6), and interleukin-10 (IL-10). The liver tissue fibrosis nrahsiorming

growth factor beta-1 (T@F1), and collagen levels.

Limitations and future recommendation: in the current En este estudio, investigamos el papel de la ferroptosis en la accion
study, we focused on the in vivo role of ferroptosis linked tantifibrética mediada por TQ en un modelo de rata con colestasis
the therapeutic potential of Thymoquinone. The resulfXtrahepatica secundaria a la ligadura de la via biliar (LVB). Cuatro

L . . ._grupos (n = 10) de ratas albinas Wistar macho adultas se incluyeron
d_ocumented_ asignificant role of ferroptosis in amellora_tlng] tgl es(tudio: )1) control, 2) modelo BDL, 3) grupo tratado cor)1/50
fibrosis which was suppressed by Fer-1. Thus, it Ig, 41 dia-1 de TQ, y grupo 4) las ratas de este grupo fueron

rgcommendeq that the work be extended to include anyBtaqas con TQ y el inhibidor de ferroptosis, ferrostatina-1 (Fer-
vitro study on isolated hepatocytes and hepatic stellate cellsa una dosis de 1 mg.kg-1.dia-1. El tratamiento con TQ atenud
to investigate the signaling pathways in each type of cellicazmente la inflamacion vy la fibrosis detectadas en el grupo
and to determine the specific role of HO-1. BDL modulando (P < 0,01), NF-kB, TNé&: interleucinas; IL-6,

10, TGH-1, colageno tipo I, lll. TQ mejoré la funcién hepatica

ACKNOWLEDGMENTS. We are grateful to Dr Mariam qgue se confirmd mediante tincion histoloégica con H&E y rojo

Al-Ani from Face Studio Clinic, 273 Hagley Road,smo' T_Q aumento (p < 0.’001) los niveles de P“’te”‘f’.‘,
Birmingham, B16 9NB, UK for proofreading thehemoomgenasa(HO-l)aprommadamente4vecesencomparamon
manuscript ! ! con el grupo BDL, lo que sugiere su papel en la proteccion

hepética. La TQ estimulé el proceso de ferroptosis y aumenté la
glutation peroxidasa (GPX4), el contenido de hierro y el receptor
ASHOUR, H.; ZAFRAH, H.: MOHAMMED, M.E.D.: de transferrina (TfR-1). La adicién de Fer-1 a la TQ no afect6 sus
RASHED, L.A.; ABBAS, A.M.; KAMAR, S.S. y acciones antiinflamatorias. Sin embargo, atenu6 significa-
SHAMSELDEEN, A.M. La ferrostatina-1 suprimié parcialmente tivamente (p < 0,001) su propiedad antifibrética. En conclusion,

las acciones antifibréticas de la timoquinona en un modelo de r&@zefecto antifibrético de la timoquinona se inhibié parcialmente
con lesion hepatica inducida por colestagis. J. Morphol., COMO consecuencia de Fer-1. Por lo tanto, se documenta el papel

43(3):1001-1010, 2025. mediador de la ferroptosis en la proteccion de la TQ contra la
fibrosis hepatica.
RESUMEN: La colestasis es una de las principales causas ) ) » )
de fibrosis hepética. La planta herbacea timoquinona (TQ) posee ~ PALABRAS CLAVE: Fibrosis hepatica; Colestasis;
un reconocido efecto hepatoprotector contra la fibrosis hepati¢zrroptosis; Ferrostatina; Timoquinona.
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