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Even though doxorubicin (DOX) is excellent cancer chemotherapy, its adverse 

impacts, including hepatotoxicity, restrict its clinical usefulness. The study's goal was to 

assess hesperidin's (HSP) hepatoprotective impact in rats exposed to DOX as well as any 

potential underlying mechanisms. Thirty male albino rats were split into three: DOX, 

DOX+HSP, and control (10/group). Serum liver enzymes, triglycerides (TG) and 

cholesterol, hepatic MDA, superoxide dismutase (SOD), serum TNF-α, IL-6, IL-10, liver-

expressed JAK2, STAT3 genes, and organ index were assessed. There were additional 

evaluations of NF-kB and caspase-3 immunoreactions in the liver. The results revealed 

that hepatic SOD, IL-10, and liver index values all substantially declined in response to 

DOX-induced damage. But compared to the control group, there was a dramatic rise in 

the JAK2 and STAT3 genes, as well as hepatic MDA, TNF-α, and IL-6. There was also an 

increase in blood liver enzymes, serum cholesterol, and TG. In the liver, caspase-3 and 

NF-kB immunoreactions were also up-regulated. HSP dramatically improved DOX-

induced changes in the liver. It can be concluded that, in addition to down-regulating the 

JAK2/STAT3 signaling cascade, HSP also employed antioxidant, anti-inflammatory, and 

anti-apoptotic mechanisms to mitigate the hepatotoxicity induced by DOX. 

 

Introduction  
 

Global data indicate that one of the 

primary causes of illness and mortality 

worldwide is neoplasms. The inaccessibility 

of diagnosis and obtaining medical attention 

in the latter stages of the illness are common 
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problems. Systemic chemotherapy is still the 

cornerstone of cancer treatment, despite the 

ongoing development of other strategies 

(Markham et al., 2020). 

Hepatotoxicity is a common side 

effect of the anthracycline antibiotic 

doxorubicin (DOX), commonly used as an 

anti-cancer medication (Tabeshpour et al., 

2020). Since the liver is the primary tissue 

involved in detoxification, overusing 

anticancer medications, such as DOX, is the 

goal. Liver damage affects about 40% of 

individuals receiving DOX, which can lead to 

liver failure (Afsar et al., 2019). 

The primary mechanisms of DOX-

induced cytotoxicity are cellular apoptosis 

and reactive oxygen species (ROS) 

generation. Additionally, exposure to DOX 

stimulates nuclear factor kappa B cell (NF-

kB) expression, which releases mediators that 

promote inflammation (Khodir et al., 2021). 
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A multitude of genes and signaling 

pathways contribute to the pathophysiology of 

cytotoxicity generated by Dox. A 

proinflammatory cytokine's signaling aim is 

the janus kinase/signal transducer and 

activator of transcription (JAK/STAT) 

pathway (Walker & Smith, 2005). 

Furthermore, prior research has 

indicated that the overexpression of 

JAK2/STAT3 plays a vital part in the 

excessive activation of macrophages. This 

causes pro-inflammatory cytokines to be 

released more often (Li et al., 2014). The 

JAK/STAT pathway is a crucial regulator of 

cell division and apoptosis at the same time. 

(Lu et al., 2020).  Furthermore, JAK2 

inhibitors' suppression of STAT3 activation 

suppresses NF-κB activation (Liu et al., 

2023). 

Extensive research has demonstrated 

the importance of the JAK-STAT pathway in 

oxidative stress and apoptosis (Monroe, & 

Halvorsen, 2006).  To mitigate the damage 

caused by Dox, several antioxidants or anti-

apoptotic drugs have been used to control 

oxidative damage (Malekinejad et al., 2012).   

One of the naturally occurring 

flavonoids promoted as a dietary supplement 

that is present in citrus fruits is hesperidin 

(HSP). Pharmacological activity of this 

substance includes anti-inflammatory, anti-

oxidant, antihyperglycemic, and anti-

carcinogenic effects (Roy et al., 2020). 

The aim of the study was to assess the 

hepatoprotective impact of HSP in rats 

exposed to DOX as well as any potential 

underlying mechanisms involving the 

JAK2/STAT3 signaling pathway.  

 

 

Materials and Methods 

 

Animals 

We conducted this study in 

accordance with the guidelines set out by the 

Faculty of Medicine at Menoufia University's 

Animal Experimentation Ethics Committee 

with registration number: 11/2024BIO13-1. 

We utilized thirty mature male Wister rats, 

weighing between 150 and 180 g. The rats 

were kept in housing that ranged from 20 to 

24 °C, with a light and dark cycle of 12 hours 

each. They also had free access to tap water 

and regular rat food. Before the trials began, 

the rats were given ten days to acclimate. 

 

Experimental design 

Rats were randomly divided into three 

groups of ten each. 

1. In the control group, rats received a 

single intraperitoneal (i.p.) injection of 

one milliliter of normal saline and 

distilled water, identical to the volume 

used to dissolve the medicines, via oral 

gavage daily. 

2. DOX group: Rats were given a single 

intraperitoneal injection of 15 mg/kg 

DOX which cause hepatotoxicity 

(Khodir et al., 2021). HIKMA 

Specialized Pharmaceuticals in Badr 

City, Cairo, Egypt, offered DOX in vials 

under the brand name "Adricin." Each 

vial contains DOX HCL 50 mg/25 ml. 

Rats were given distilled water in a 

comparable volume to that used to 

dissolve the medicines via oral gavage 

once daily. 

3. DOX/Hesperidin-treated (DOX+HSP) 

group: The rats received a single dose of 

DOX (15 mg/kg, i.p.) and HSP (CAS 

number: 520-26-3), obtained from 

Sigma-Aldrich (Germany) at a 

protective dose level of 50 mg/kg orally 

delivered by oral gavage for three weeks 

(Hozayen et al., 2014) starting the day 

after the DOX injection.  

All of the rats were sacrificed at the 

conclusion of the research, and the liver was 

promptly dissected after weighing it. 
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The following formula was used to 

compute the organ indices: (Farsani et al., 

2018) 

Organ index = 
Organ weight 

×100 

 Body weight 

For the purpose of real-time PCR 

analysis of the JAK2 and STAT3 genes, the 

right lobe of the liver was kept at –80°C. 

While the remaining portions of the liver were 

prepared for histological and immuno-

histochemical investigations, the remaining 

portions of the liver lobe were homogenized 

for biochemical studies. 

 

Blood sampling and biochemical analysis 

After an overnight fast, retro-orbital 

blood samples were collected, then 

centrifuged for 15 minutes at 2000 rpm and 

left to coagulate for 30 minutes at room 

temperature. Then rats were sacrificed and 

liver were dissected for pathological and 

biochemical analysis  The serum liver 

enzymes (alanine transaminase [ALT], 

aspartate transaminase [AST], alkaline 

phosphatase [ALP], and gamma-glutamyl 

transferase [GGT]), serum cholesterol, and 

serum triglyceride (TG) were measured using 

colorimetric kits (Biodiagnostic Company, 

Dokki, Giza, Egypt) after the serum was 

collected and frozen at -80°C. The measures 

were assessed according to the manufacturer 

instructions. 

 

Tissue homogenate preparation 

Independent homogenization and 

weighing of liver tissues was accomplished 

using a tissue homogenizer (MPW120, MPW 

Medical Instruments, China). An ice-cold 

centrifuge was used to spin the crude tissue 

homogenate for 15 minutes at 10,000 rpm. 

The supernatant was then collected and kept 

at -80°C for further analysis. Hepatic MDA 

and SOD levels were measured using 

colorimetric kits (Biodiagnostic Company, 

Dokki, Giza, Egypt). 

Hepatic IL-10, IL-6, and TNF levels 

were measured using rat enzyme-linked 

immunosorbent assay kits (ERI3010-1, 

Assaypro LLC, Saint Charles, Missouri, 

USA; ERT2010-1, Assaypro LLC, Saint 

Charles, Missouri, USA; and ab100772, 

Abcam, Cambridge, UK) according to the 

manufacturer instructions. 

 

Quantitative assay of gene expression using 

reverse transcriptase polymerase chain 

reaction technique (RT-PCR) 

The relative mRNA levels of JAK2 

and STAT3 genes in the liver were measured 

using RT-PCR. TRIzol reagent (Invitrogen, 

Carlsbad, CA, USA) was used to extract total 

RNA from tissues, as directed by the 

manufacturer.    RNA was isolated and stored 

at -80°C until needed. ThermoScriptTM RT 

reagent kits (Invitrogen) were utilized to 

synthesize complementary DNA (cDNA) 

(reverse transcription) during the initial PCR 

stage. Following that, cDNAs were amplified 

using SYBR Green Mix kits (Stratagene, 

USA) in PCR assays. Each amplification 

curve yielded a cycle threshold (Ct) value. 

The reference gene, glyceraldehyde-3-

phosphate dehydrogenase, was used. Data 

analysis was performed using 7500 ABI 

PRISM (Applied Biosystems, USA) v.2.0.1. 

Dorak (2018) used the comparative ΔΔCt 

approach to measure STAT3 and JAK2 gene 

expression. The JAK2 and STAT3 gene 

primers were as follows: 
JAK2,  

Forward 5′-GTGGAGATGTGCCGCTATG-3′  

Reverse 5′-CCTTGTACTTCACG ATGTTGTC-3 

STAT3 
Forward  5′-CACCCATAGTGAGCCCTTGGA-3′ 

Reverse  5′-TTTGAGTGCAGTGACCAGGACAG-

3′; 

 

Histopathological analysis 

Fresh liver specimens from the right 

lobe were obtained and rapidly preserved in 

10% neutral buffered formalin. To validate 
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histological characteristics, paraffin slices  

(5 µm thick) were stained with Hematoxylin 

and Eosin (Bancroft & Layton, 2013). The 

primary monoclonal antibodies employed 

were the mouse monoclonal antibodies 

against NF-kB (Abcam) and caspase-3 (Ab-7, 

Mouse Mab. MS). The cells' cytoplasm 

appeared brownish, indicating a cellular 

reaction. The immunostaining method was 

carried out exactly as specified by  

the manufacturer (Luedde and Schwabe, 

2010). 

 

Statistical analysis 

 

The data was tabulated and analyzed 

using version 16 of the Statistical Package for 

the Social Sciences (SPSS) software (SPSS, 

Inc., USA). Statistical data were presented as 

mean ± standard deviation (X±SD). To 

determine the significance of group 

differences, a one-way ANOVA was utilized, 

followed by a post-hoc Tukey test. A 

significance level of P < 0.05 was deemed 

statistically significant. 

 

Results 

  

There were dramatically elevated 

serum liver enzymes, lipids, hepatic MDA, 

TNF-α, IL-6, and hepatic JAK2 and STAT3 

genes expression, with a substantial decline in 

liver index, hepatic SOD, and IL-10 in the 

DOX group compared to the control. 

DOX+HSP showed dramatically declined 

serum liver enzymes, lipid, hepatic MDA, 

TNF-α, IL-6 and hepatic JAK2 and STAT3 

gene expression with substantial elevation in 

liver index, hepatic SOD, and IL-10 

compared to the DOX group. 

 

Table (1): The measured serum liver enzymes, lipid, liver index, hepatic MDA, SOD TNF-α, IL-6, 

IL-10 , hepatic JAK2 and STAT3 genes expression (mean ± SD)   in all studied groups.  

DOX + HSP group DOX group Control group  

90±4.2 
*#

 159±4.2 
*
 32.8±3.1 Serum ALT (U/L) 

141±3.6 
*#

 199±5.2 
*
 55.8±4.1 Serum AST (U/L) 

180±7.1 
*#

 291.5±4.8 
*
 100.1±5.9 ALP (U/L) Serum 

12.3±2.01 
*#

 21.5±2.09 
*
 5.8±.08 GGT (U/L) Serum 

2.31±0.19 
*#

 1.96±0.2 
*
 2.82±0.11 Liver index 

151±3.02 
*#

 207±4.5 
*
 100±2.3 Serum cholesterol (mg/dl) 

93±7.5 
*#

 157±7.8 
*
 40±3.15 TG (mg/dl) 

21± 3.04
*#

 37± 3.3
*
 12.1 ±2.9 Hepatic MDA (nmol/ gm. Tissue) 

8.18±1.01
*#

 5.98±0.71
*
 13.9 ±1.03 Hepatic SOD (U/gm. Tissue ) 

32.9±2.1
*#

 47.8±2.91
*
 21.8±1.37 Hepatic TNF-α (ng/ml) 

119±3.1
*#

 165±2.89
*
 80±3.42 Hepatic IL-6 (pg/mL) 

12.1±0.1
*#

 8.9±0.89
*
 18.2±1.42 Hepatic IL-10 (ng/mL) 

2.01±0.09
*#

 3.1±0.01
*
 1 Hepatic  JAK2 gene expression 

2.77±0.08
*#

 4.2±0.11
*
 1 Hepatic  STAT3 gene expression 

* Significant compared with control, # Significant compared with DOX. Data represented as mean ± SD. ALT: alanine 

transaminase, AST: aspartate aminotransferase, ALP: alkaline phosphatase, GGT: Gamma-Glutamyl Transferase, 

TG: triglycerides, MDA: Malondialdehyde, SOD: superoxide dimutase, TNF-α: tumour necrosis factor alpha, IL-6: 

interleukin-6, IL-10: interleukin-10. 
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Histological evaluation: 

Hematoxylin and Eosin staining: 

Histopathological examination of all 

studied groups are shown in figure (1).  

Control showed normal histological liver 

structure (Fig. 1a). The DOX group showed a 

markedly dilated, congested central vein, 

focal cellular aggregations, and dissolution of 

hepatic cords (Fig. 1b,c). DOX+HSP showed 

normal hepatocytes and a mildly congested 

central vein (Fig. 1d). 

 

 

 

 

 

Morphometric and statistical results: 

a- The intensity Percentage of Caspase-3 

reaction: 

Caspase-3 intensity in DOX was 

dramatically higher than control (38±0.54 vs. 

9±0.74, respectively, P<0.05). DOX+HSP 

(15±0.54, P<0.05) was dramatically lower 

than that of the DOX; however, it was still 

substantially higher than control (P <0.05) 

(Figure 2d). 

b- The intensity Percentage of NF-κβ 

reaction: 

NF-κB intensity in DOX was 

dramatically higher than control (45±0.94 vs. 

10±1.39, P <0.05). NF-κB intensity in the 

DOX+HSP group (19±2.7, P <0.05) was 

dramatically declined compared to DOX 

(Figure 2h). 

 
Fig. (1): H&E-stained liver sections in the studied groups (H&E ×200): 

Photomicrograph (a) shows the liver architecture of the control group, which 

includes a normal central vein (blue arrow) and hepatocyte with vesicular 

nuclei (curved arrow). The photomicrographs (b, c) of the DOX group 

demonstrated the disintegration of the hepatic cords (arrowhead), empty 

vacuoles, cells with shrunken, irregular nuclei, and dilated, congested central 

vein (blue arrow) with focal cellular aggregations (orange arrow). In (d), the 

hepatocytes (curved arrow) and mildly congested central vein (blue arrow) 

demonstrated an improvement in the liver tissue of the DOX+HSP group. 
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Fig. (2): Photomicrographs (a, b, and c) depict liver slices stained with Caspase-3; (a) The 

control group exhibits negative immunostaining for Caspase-3. (b) The liver tissue in 

the Dox had a deep, dark hue that was spread out. (c) The Dox+HSP group had weak 

Caspase-3 cytoplasmic immunostaining (Caspase-3 x 200) in liver tissue. The 

pictures (e, f, and g) show liver sections that have been stained with NF-κB. (e) The 

control group does not have any cytoplasmic immunostaining for NF-κB. (f) The 

liver tissue of the DOX group has a deep brown color, indicating a favorable 

response to NF-κB. (g) NF-κB cytoplasmic immunostaining is somewhat visible in 

the DOX+HSP group (NF-κB x 200). (d) represent the data for caspase-3, and (h) 

represent the data for NF-κB. 

 

Discussion 

 

Despite being effective cancer 

chemotherapy, adverse effects such as 

hepatotoxicity limit the practical utility of 

DOX-based treatment (Afsar et al. 2019). 

The release of hepatocellular enzymes 

is a sign of hepatotoxicity. In keeping with 

our findings from previously published study, 

the DOX group's results demonstrated a 

significant increase in blood liver enzymes 

and a decrease in liver index value (Khodir et 

al., 2021). 

According to Neilan et al. (2007), the 

free radical-induced oxidative stress pathway 

is responsible for the DOX-induced 

hepatotoxicity. This induces lipid 

peroxidation that is initiated by ROS, 

promoting hepatocyte destruction and causing 

ALT and AST to leak into the blood. Our 

liver histology results supported this and were 

consistent with earlier findings by Barakat et 

al. (2018). 

Liver function improved considerably 

after HSP treatment. This was consistent with 

prior research by Hozayen et al. (2014) and 

Turk et al. (2014). Our histopathological 

results verified the improvement, which could 

be attributed to HSP's anti-inflammatory and 

antioxidant characteristics (Ciftci, et al. 

2015). In a previous study by Aboraya et al. 

(2022), it was found to be an effective 

pretreatment for cisplatin-induced liver 

damage. 

In Dox group's, it was found that there 

was a substantial spike in blood cholesterol 

and TG. These outcomes were consistent with 

earlier findings that were published by Khodir 
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et al. (2021). DOX changed HSP's lipid 

profile considerably. Donia et al. (2019) have 

previously demonstrated HSP's hypolipidemic 

influence. 

DOX-induced damage is mostly 

dependent on oxidative stress (Arunachalam 

et al., 2021). The Dox group's data showed a 

considerable spike of hepatic MDA levels and 

a drop in hepatic SOD. These findings are 

consistent with earlier research that was 

reported by Barakat et al. (2018).  The 

primary cause of DOX's negative effects is its 

inherent propensity to generate free radicals 

and inhibit antioxidant enzymes (Yeh et al., 

2009). 

In keeping with earlier research, HSP 

significantly reduced the oxidative stress 

brought on by DOX (Hozayen et al., 2014). 

Hesperidin's antioxidative actions include 

activating Nrf2, scavenging free radicals, 

suppressing enzymes that produce ROS, 

preventing DNA damage, and boosting 

endogenous antioxidant defenses (Mahmoud 

et al., 2017). 

The Dox group's serum levels of the 

pro-inflammatory markers were dramatically 

elevated, while the anti-inflammatory marker 

IL-10 was significantly decreased. 

Furthermore, the liver of the DOX group 

exhibited an increased NF-kB 

immunoreaction. These results align with 

other published studies by Ma et al. (2019). 

According to Abd El-Aziz et al. (2012), 

exposure to DOX triggers the production of 

NF-kB, which in turn produces pro-

inflammatory mediators. 

The HSP, however, significantly 

reduced the inflammatory processes brought 

on by DOX. HSP's anti-inflammatory 

properties have been documented before 

(Alherz et al., 2024 and Mahmoud et al., 

2017). In the liver of rats given DEN/CCl4, 

HSP significantly reduced collagen 

deposition, NF-kB, and TGF-β1 (Mahmoud et 

al., 2017).  Additionally, activated Nrf2 and 

HO-1 may mediate hesperidin-induced NF-

kB suppression and inflammatory abrogation 

in the liver. According to reports, Nrf2 

inhibits the NF-kB pathway (Cuadrado et al., 

2014). Researchers discovered that hesperidin 

inhibited the synthesis of inflammatory 

mediators. Wei et al., (2012) demonstrated 

that hesperidin significantly reduces Th2 

cytokines and the proportion of inflammatory 

cells that infiltrate. 

Our findings linked the administration 

of DOX to a dramatically higher level of 

caspase-3 immunohistochemistry staining of 

the liver. This result aligns with previous 

published research (Khodir et al., 2021). 

However, the combination of HSP 

with DOX resulted in a reduction in the 

caspase-3 immunoreaction in the liver, which 

was similar with previous research (Ali et al., 

2023). They discovered suppression of both 

extrinsic and intrinsic apoptotic mechanisms. 

HSP has been reported to link endoplasmic 

reticulum stress pathways, hence inhibiting 

cell cycle progression and apoptosis (Wang et 

al., 2015). 

Several studies have linked the 

JAK/STAT signaling pathway to a variety of 

diseases. JAK2 inhibitors have been shown to 

reduce STAT3 activity, which inhibits NF-κB 

activation (Liu et al., 2023). 

Furthermore, previous study has 

shown that overexpression of JAK2/STAT3 is 

critical for excessive macrophage activation 

and inflammation (Li et al., 2014). 

Furthermore, the JAK/STAT system regulates 

both apoptosis and cell proliferation (Lu et al., 

2020).  As a result, blocking the JAK2/ 

STAT3 pathway may reduce DOX-induced 

hepatic inflammation and regulate both innate 

and acquired immune responses. In line with 

previous studies, the DOX group discovered 

that JAK2/STAT3 genes were elevated in the 

liver (Li et al., 2023). 
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In contrast to DOX, HSP effectively 

inhibits the JAK2/STAT3 signaling pathway, 

which is consistent with Yang et al. (2024). 

Another study by Cincin et al. (2018) 

discovered that when hesperidin was injected, 

the STAT genes were considerably reduced. 

HSP was expected to slow cancer cell 

proliferation by inhibiting STAT3 activity. 

 

Conclusion  
 

DOX exerts multiple deleterious and 

toxic effects on the liver. Hesperidin offers 

significant protective advantages against 

DOX-induced hepatotoxicity by down-

regulating JAK2 and STAT3, inhibiting 

apoptosis, and exhibiting antioxidant, anti-

inflammatory, and hypolipidemic properties. 
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