
Evaluating the Effect of Silibinin on the Expression of 
Pannexin1 Gene During Hepatic Ischemia-Reperfusion 

Introduction
Ischemia-reperfusion (I/R) is the main cause of liver 
injury in pathological situations and the leading cause of 
acute liver failure. Damage caused by hepatic I/R occurs 
by different molecular mechanisms (1). Inflammation has 
a destructive role in I/R pathogenesis and is a principal 
factor in liver cell damage, immune cell activation, 
and liver inflammation enhancement. The adenosine 
5′-triphosphate (ATP) discharge in the extracellular 
milieu is a critical factor in inflammatory processes 
and cell necrosis. Releasing of ATP and uridine-5′-
triphosphate (UTP) by the apoptotic cells in the early steps 
of cell death work as signals for the uptake of monocytes, 
macrophages, and microglia (2). Conversely, the release 
of ATP into the extracellular space causes neuronal cell 
necrosis in ischemic situations (3) and tumor cell death 
during chemotherapy (4,5).

Pannexins (Panx) are known to be the primary 

channels of extracellular ATP discharge. Among the 
three divisions of Panx family (Panx1, Panx2, and Panx3) 
(6), Panx1 has been evaluated more commonly. Panx1 
channels are activated during pathological conditions 
by various signals including increased extracellular K+ 
and intracellular Ca2+ concentration, caspase-mediated 
cleavage, c-Jun N-terminal kinases (7,8), and Src family 
of tyrosine kinases (9). Some previous studies showed 
the role of Panx channel in inflammation and cell death 
associate with pathological conditions (6,10). 

I/R damage has been an unresolved problem in medical 
surgery for many years. Therefore, studies should focus 
on inflammation and potential monitoring regimens 
to improve liver surgery outcomes. Silibinin is a natural 
plant polyphenol derived from Silybum marianum 
with high antioxidant properties (11-15) and anti-
inflammatory characteristics. It improves histological 
liver tissue damages, such as cell death, inflammatory 
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responses, and vascular impairment in I/R conditions 
(16,17). Accordingly, this study aimed to investigate the 
effect of silibinin on the expression of the Panx1 gene as a 
stimulant of inflammatory pathways.

 
Materials and Methods
Animals and Grouping
In this interventional research, 32 male Wistar rats 
weighing 250 ± 20 g were provided from the Laboratory 
Animal Research Center of Mazandaran University of 
Medical Sciences, Iran. The rats were stored in a room 
at 23 ± 2°C, humidity 55 ± 5%, 12-hour dark-light cycle, 
ventilation, water, and standard diet. The animals were 
randomly assigned into four equal groups as follows: Group 
1 (Control): the rats underwent a midline laparotomy with 
normal saline injection; Group 2 (SILI): the rats received 
silibinin (50 mg/kg) after laparotomy; Group 3 (I/R): the 
rats underwent I/R surgery and received normal saline; 
and group 4 (I/R+SILI): the rats received silibinin before 
ischemia and directly following reperfusion (18). 

Surgical Procedure
Before the operation, the rats experienced a starvation 
period of 18 hours, but they had open access to water. The 
animals were anesthetized with ketamine (60 mg/kg) and 
xylazine (10 mg/kg), intraperitoneally (IP). All surgeries 
were performed under sterile conditions between 2-8 pm 
to avoid time variables (19). 

Ischemia induction 
A 2-cm long incision was made in the abdomen’s midline 
below the sternum (laparotomy). After removing the 
fascia and cutting the abdominal rectus muscle, the liver 
appeared. Then, the connections linking the liver and 
peritoneal diaphragm were cut. The liver was removed 
from the peritoneal cavity with gentle pressure by both 
hands on the incision’s sides. The left branches of the triad 
ports, including the portal vein, the hepatic artery, and the 
bile duct of the left and middle lobes, were blocked by a 
bulldog clamp for one hour, but the right and tail lobes 
had free blood flow to prevent intestinal congestion and 
clogging of the mesenteric arteries. This method allows 
for 30% perfusion. After 60 minutes of ischemia, the 
clamp was detached to restore blood flow. Throughout the 
ischemia, the liver was maintained moist by sterile gauze 
impregnated with normal saline to prevent dehydration. 
During this time, rats were re-anesthetized with ketamine 
(50 mg/kg) whenever necessary. After the ischemia time, 

the clamp was slowly removed for reperfusion, the liver 
was shifted into the peritoneal cavity, and the cut site was 
sutured. Control animals were provided similarly, but no 
clamps were placed on their vessels (19).

Silibinin Injection
Lyophilized silibinin with dihydrogen succinate 
formulation (Legalon) was obtained from Sigma (St. 
Louis, MO, USA). Due to its high solubility in water, this 
formulation was dissolved in normal saline and injected 
(50 mg/kg; 0.5 mL) once one hour before surgery and 
again immediately after reperfusion (IP) (19). 

Biochemical Analysis
After reperfusion, approximately 2 mL of blood was 
obtained from the inferior vena cava under general 
anesthesia and kept in a sterile glass tube for 30 minutes, 
and centrifuged at 3000 rpm for 10 minutes. The serum 
was then separated and kept in a 1.5 mL vial at -70°C until 
the onset of aspartate aminotransferase (AST) and alanine 
aminotransferase (ALT) biochemical analysis. Serum 
ALT and AST enzymes were measured by a biochemical 
autoanalyzer (BT-3000-plus, Biotechnica, Italy) using the 
Pars Azmoon test kit (Karaj, Iran).

Tissue Collection and Examination
For pathological examination, 1 mm of liver tissue 
sections were taken from all animals’ ischemic lobe and 
immediately washed in normal saline to remove blood. 
Next, the tissue sections were fixed and kept in 10% 
formalin at room temperature until further investigation. 
All tissue sections were washed with water, dehydrated 
with different alcohol grades (50-100%), cleaned with 
xylene, and finally placed inside molten paraffin to 
prepare tissue samples for hematoxylin and eosin (H&E) 
staining. Finally, the thin sections (3–5 μm) were incised 
with a microtome, stained by H&E, and studied under 
optical microscopy (20). 

RNA Extraction and Gene Expression 
According to the manufacturer’s protocol, the total RNA 
of all tissue samples was extracted using an RNeasy plus 
mini kit (Qiagen, Germany). The concentration and 
purity of the whole RNA were evaluated by NanoDrop 
spectrophotometer (Thermo Scientific, USA) based on the 
UV absorbance at 260 nm and 260/280 nm-ratio. Agarose 
gel 1% electrophoresis stained with SYBR Green was 
utilized to detect 18S and 28S ribosomal RNA bands and 
confirm the RNA. A cDNA synthesis kit (EURx, Poland) 
was employed to produce cDNA applying 1 μg of total 
RNA per reaction. Finally, to determine the Panx1 mRNA 
expression, real-time polymerase chain reaction (PCR) 
was performed in triplicate, and the beta-actin gene was 
used as an internal control. Each reaction included 12.5 µL 
of SYBR Green PCR Master Mix reagent (EURx, Poland), 
10 pM of specific primers (0.5 µL of forward and 0.5 µL 

 ► Ischemia-reperfusion (I/R) is the main cause of liver injury.
 ► Silibinin protects hepatocytes against I/R damage.
 ► Panx1 canal is involved in inflammation and cell death.
 ► Silibinin inhibits Panx1 mRNA expression.
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of reverse), 2 µL of cDNA (50 ng), and DD water up to 25 
µL volume. The PCR cycles were as follows: pre-treatment 
with Uracil-N-glycosylase (UNG) (50°C for 2 minutes), 
preliminary denaturation (95°C for 12 minutes), and 40 
cycles (each at 95°C for 15 seconds, 58°C for 30 seconds, 
and 72°C for 30 seconds). The nucleotide sequences of the 
primers are listed in Table 1. 

Statistical Analysis
REST-RG software was used to analyze the results of real-
time PCR and SPSS 18 software was utilized to evaluate 
the data. The results were expressed as mean ± standard 
error of the mean (mean ± SEM). The mean change was 
compared and reported by one-way analysis of variance 
(ANOVA), followed by Tukey’s multiple comparison tests. 
A P value <0.05 was considered as statistically significant.

Results 
Biochemical Results
There was no significant difference in the serum levels 
of AST and ALT enzymes between the control and SILI 
groups (P > 0.05). As Table 2 depicts, while the serum 
levels of ALT and AST enzymes were significantly higher 
in the I/R group than the control group (P < 0.001), the 
serum levels of the two enzymes were significantly lower 
in the I/R+SILI group than the I/R group (P < 0.001). 

Histology Results
The hepatic artery and bile duct branches were healthy 
in the portal space (Figure 1A). As Figure 1B shows, the 
hepatic lobules were entirely intact in different zones. 
Hepatic cords with high stainability, normal nuclei with 
evident nucleoli, and the minimal apoptotic vacuoles 
display the normal hepatic tissue in the portal space. 
Also, we observed healthy sinusoidal spaces with intact 

endothelial cells lining and many Kupffer cells (Figures 
1A, B). 
In hepatic sections after 1-hour ischemia, hepatocytes 
with distinctive boundaries but full of clear apoptotic 
vacuoles were seen. Decreased stainability occurred due 
to the extensive destruction of mitochondria in the central 
vein’s longitudinal section in zone III of the hepatic lobules 
(Figure 1C). The hepatic congestion and desquamation 
of endothelial cells of the sinusoidal wall were observed 
in zone III, and Signet ring cells appeared due to the 
vast devastation of cytoplasmic organelles apoptotic 
attachment vacuoles to each other. We also witnessed 
the accumulation of small lymphocytes in the sinusoidal 
space and elongated Kupffer cell emerged (Figure 1C).
The IP injection of silibinin impeded deleterious liver 
tissue changes compared to the ischemia insulted group 
(Figure 1D). The tissue structure components (bile ducts, 
Colangelo, longitudinal and cross-sections of portal vein 
branches with an intact endothelium) of the portal spaces 
were healthy at the periphery of a classical hepatic lobule. 
In general, unlike one-hour ischemic tissue sections (I/R 
group), the protective effect of silibinin significantly 
reduced the severity of liver tissue damages, especially in 
zones I and III of the classical hepatic lobules.

Real-Time PCR Results
According to the results of real-time PCR, the mRNA 
levels of Panx1 in control and SILI groups did not differ. As 
Figure 2 shows, the expression of Panx1 was significantly 
higher in the I/R group compared to the control 

Table 1. Primer Sequences

Gene Primer sequence 5'→3'
Product 
Length (bp)

Panx1
Sense:  5' TCTACTTCTGCCACCTGGACAT -3'
Antisense: 5'- GAAGGGCTTCCTAGTCCATACG -3'

212

β-actin
Sense : 5'-CCCATCTATGAGGGTTACGC-3'
Antisense: 5'-TTTAATGTCACGCACGATTTC-3'

149

Table 2. Effect of Silibinin on the Serum Levels of AST and ALT After Hepatic 
I/RI

Group AST ALT

Control 133±5 87±5

I/R 1438±75*** 1236±75***

SILI+I/R 735±33+++ 582±33+++

SILI 136±4.5 83±4.5

SILI: Silibinin; I/R: ischemia/reperfusion; AST: aspartate aminotransferase; 
ALT: alanine aminotransferase.
The results were reported as mean ± SEM. *** P<0.001 and +++ P<0.001 show 
significant differences in the control and I/R groups, respectively. 
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Figure 1. Liver H&E Staining at ×400 Magnification. A) Control group (normal 
saline-treated). The microscopic image shows a healthy tissue structure with 
no defect. B) SILI group. Intact triad port vessels and tissue structure are 
observed. C) IR group. Arrow 1: sinusoid dilation, arrow 2: high vacuolation, 
arrow 3: severe degeneration, and arrow 4: accumulation of inflammatory 
cells. D) SILI+IR group. Arrow 1: slight expansion of sinusoids, arrow 2: 
vacuolation, arrow 3: Mild degeneration, and arrow 4: neutrophil activation. 
CV: central vein, PS: portal space, SILI: Silibinin, IR: Ischemia-reperfusion.
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group (7.07 ± 0.39 and 1 ± 0.1, respectively) (P<0.001). 
However, there was a significant decrease in the Panx1 
gene expression in the I/R+SILI group (3.56 ± 0.27 and 
7.07 ± 0.39, respectively) (P < 0.001).

Discussion 
According to the results of this study, silibinin could 
significantly increase the Panx1 gene expression and 
reduce hepatic impairment after I/R. Also, liver I/R 
prompted significant liver damages, resulting in reactive 
oxygen species (ROS) production and pro-inflammatory 
changes, such as the neutrophils infiltration and increased 
expression of inflammatory mediators such as TNF-α and 
IL-1β (2,21). 

Several studies defined a novel mechanistic aspect of 
hepatic I/R damage mediated by Panx1 channels. These 
channels play an essential role in the control of paracrine 
signaling and tissue homeostasis by regulating the 
extracellular transfer of substances such as ATP, cAMP, 
and calcium (22,23). Studies have demonstrated that 
Panx1 channels are frequently involved in pathological 
conditions. Previous studies evaluated the crucial role 
of Panx1 channel in kidney and lung damage during 
I/R (24,25). During vascular inflammation, stimulating 
the endothelial Panx1 channel releases ATP into the 
extracellular space, leading to vascular permeability, 
leukocyte infiltration, and lung injury after I/R (24). 
In a retinal ischemia model, high Panx1 activity caused 
cell membrane permeability, leading to metabolic and 
ionic imbalance and ischemic stresses (26). Many recent 
studies illustrated the vital role of Panx1 in hepatic toxicity 
and injury, especially in the hepatocytes and Kupffer 
cells (22,27,28). Kim et al revealed that Panx1 is needed 
for inflammasome initiation after liver I/R (29). The 
in vivo examinations showed that Panx1 mRNA levels 
significantly increased in I/R insulted rats compared to 
control ones. Pelegrin et al indicated the role of Panx1 
in innate immunity and inflammasome stimulation, 
caspase1, and releasing of IL-1β and IL-18 (30-33). In 
a previous study, suppressing the expression of Panx1 

inhibited the extracellular release of ATP (7). Taken 
together, Panx1 can play a principal role in triggering 
inflammatory responses and tissue injury in pathological 
circumstances, and its inhibition may be an effective 
strategy for controlling cellular damages. Therefore, 
pharmacologic inhibition and genetic ablation of Panx1 
channels could introduce a novel strategy for protecting 
the liver against ischemic injury (34). 

In this research, we detected the protecting effects of 
silibinin, as a flavonoid compound derived from Silybum 
marianum. The protective effects of this substance against 
liver injuries after I/R are well-documented (18,19). 
Regarding the hepatoprotective effects of silibinin, we 
observed that the serum levels of liver enzymes and 
histologic injuries after I/R dramatically decreased 
in the I/R+SILI rats. Comparison between I/R and I/
R+SILI groups revealed that hepatocytes and sinusoidal 
endothelium were less injured, and leukocyte infiltration 
was not monitored in I/R+SILI rats. These results are in 
line with those reporting that silibinin protected liver 
tissue after I/R inflammatory injury (19,35). 

Conclusions 
Silibinin can protect hepatocytes against I/R inflammatory 
damage by regulating the mRNA expression of Panx1, 
which results in maintaining liver tissue structure. This 
study demonstrated the inhibitory effect of silibinin on the 
Panx1 mRNA expression in I/R rats. Although we could 
investigate different cellular pathways and genes disrupted 
in this pathological condition, we could not present more 
data due to laboratory equipment limitations. Techniques 
such as Western blotting are recommended to confirm the 
results. It is also suggested that the effect of silibinin on 
I/R-related pathways be investigated.

Authors’ Contribution
AKT and HM designed the article, HM and MSS performed laboratory tests, 
and ZN and FG edited the manuscript. PM and ER  participated in performing 
steps and the writing. All authors read the final draft of the manuscript and 
approved its content.
 
Conflict of Interests 
Authors have no conflict of interest.
 
Ethical Issues 
The current study has been approved by the Research Committee of 
Mazandaran University of Medical Sciences, Mazandaran, Iran (Code: 
IR.Mazandaran.REC.13981007).

Financial Support
This study has been financed by Mazandaran University of Medical Sciences, 
Mazandaran, Iran (Grant no: s/98/5/1007).

References
1. Guan LY, Fu PY, Li PD, et al. Mechanisms of hepatic ischemia-

reperfusion injury and protective effects of nitric oxide. 2014;6(7):122-
128. doi:10.4240/wjgs.v6.i7.122

2. Jiménez-Castro MB, Cornide-Petronio ME, Gracia-Sancho J, Peralta C. 
Inflammasome-mediated inflammation in liver ischemia-reperfusion 
injury. Cells. 2019;8(10):1131.

3. Caraceni P, Domenicali M, Vendemiale G, et al. The reduced tolerance 

Figure 2. Relative Panx1 Gene Expression. *** shows a significant difference 
compared to the control group (***P<0.001). +++ shows a significant 
difference between I/R+SILI and I/R groups (+++P<0.001). SILI: Silibinin; I/R: 
ischemia/reperfusion; Panx1: pannexin1.



Musavi et al

Crescent Journal of Medical and Biological Sciences, Vol. 11, No. 4, October 2024194

of rat fatty liver to ischemia reperfusion is associated with mitochondrial 
oxidative injury. J Surg Res. 2005;124(2):160-168. doi:10.1016/j.
jss.2004.10.007

4. Boyd-Tressler A, Penuela S, Laird DW, Dubyak GR. Chemotherapeutic 
drugs induce ATP release via caspase-gated pannexin-1 channels 
and a caspase/pannexin-1-independent mechanism. J Biol Chem. 
2014;289(39):27246-63.

5. Draganov D, Gopalakrishna-Pillai S, Chen Y-R, et al. Modulation of 
P2X4/P2X7/Pannexin-1 sensitivity to extracellular ATP via Ivermectin 
induces a non-apoptotic and inflammatory form of cancer cell death. 
Sci Rep. 2015;5:16222.

6. Yanguas SC, Willebrords J, Johnstone SR, et al. Pannexin1 as mediator 
of inflammation and cell death. Biochim Biophys Acta Mol Cell Res. 
2017;1864(1):51-61. doi:10.1016/j.bbamcr.2016.10.006

7. Xiao F, Waldrop SL, Bronk SF, Gores GJ, Davis LS, Kilic G. 
Lipoapoptosis induced by saturated free fatty acids stimulates monocyte 
migration: a novel role for Pannexin1 in liver cells. Purinergic Signal. 
2015;11(3):347-359. doi:10.1007/s11302-015-9456-5

8. Musavi H, Abazari O, Barartabar Z, et al. The benefits of Vitamin 
D in the COVID-19 pandemic: biochemical and immunological 
mechanisms. Arch Physiol Biochem. 2020;1-9. doi:10.1080/1381345
5.2020.1826530

9. Lohman AW, Leskov IL, Butcher JT, et al. Pannexin 1 channels regulate 
leukocyte emigration through the venous endothelium during acute 
inflammation. Nat Commun. 2015;6:7965. doi:10.1038/ncomms8965

10. Cymer M, Brzezniakiewicz-Janus K, Bujko K, et al. Pannexin-1 
channel “fuels” by releasing ATP from bone marrow cells a state of 
sterile inflammation required for optimal mobilization and homing 
of hematopoietic stem cells. Purinergic Signal. 2020;16(3):313-325. 
doi:10.1007/s11302-020-09706-1

11. Jahanafrooz Z, Motamed N, Rinner B, Mokhtarzadeh A, Baradaran 
B. Silibinin to improve cancer therapeutic, as an apoptotic inducer, 
autophagy modulator, cell cycle inhibitor, and microRNAs regulator. 
Life Sci. 2018;213:236-47.

12. Polachi N, Bai G, Li T, et al. Modulatory effects of silibinin in 
various cell signaling pathways against liver disorders and cancer–A 
comprehensive review. Eur J Med Chem. 2016;123:577-595. 
doi:10.1016/j.ejmech.2016.07.070

13. Liu K, Zhou S, Liu J, Wang Y, Zhu F, Liu M. Silibinin attenuates high-fat 
diet-induced renal fibrosis of diabetic nephropathy. Drug Des Devel 
Ther. 2019;13:3117-3126. doi:10.2147/DDDT.S209981

14. Abazari O, Shafaei Z, Divsalar A, et al. Interaction of the synthesized 
anticancer compound of the methyl-glycine 1, 10-phenanthroline 
platinum nitrate with human serum albumin and human hemoglobin 
proteins by spectroscopy methods and molecular docking. J Iran Chem 
Soc. 2020:17;1601–1614. doi:10.1007/s13738-020-01879-1

15. Goh Z-H, Tee JK, Ho HK. An Evaluation of the In Vitro Roles and 
Mechanisms of Silibinin in Reducing Pyrazinamide-and Isoniazid-
Induced Hepatocellular Damage. Int J Mol Sci. 2020;21(10):3714.

16. Vinh PQ, Sugie S, Tanaka T, et al. Chemopreventive effects of a 
flavonoid antioxidant silymarin on N‐butyl‐N‐(4‐hydroxybutyl) 
nitrosamine‐induced urinary bladder carcinogenesis in male ICR mice.  
Jpn J Cancer Res. 2002;93(1):42-49. doi:10.1111/j.1349-7006.2002.
tb01199.x

17. Tsaroucha AK, Korovesis GN, Valsami G, et al. Silibinin-hydroxypropyl-
β-cyclodextrin (SLB-HP-β-CD) complex prevents apoptosis in liver and 
kidney after hepatic ischemia-reperfusion injury. Food Chem Toxicol. 
2020;145:111731. doi:10.1016/j.fct.2020.111731

18. Tsaroucha AK, Valsami G, Kostomitsopoulos N, et al. Silibinin effect on 
Fas/FasL, HMGB1, and CD45 expressions in a rat model subjected to 

liver ischemia-reperfusion injury. J Invest Surg. 2018;31(6):491-502. do
i:10.1080/08941939.2017.1360416

19. Akbari-Kordkheyli V, Azizi S, Khonakdar-Tarsi A. Effects of silibinin on 
hepatic warm ischemia-reperfusion injury in the rat model. Iranian 
Journal of Basic Medical Sciences. 2019;22(7):789.

20. Ghobadi M, Ghanaat K, Valizadeh-Dizgikan A, Gohari G, Roadi B, 
Khonakdar-Tarsi A. The Effect of Dexamethasone on Expression of 
Inducible Nitric Oxide Synthase Gene During Liver Warm Ischemia-
reperfusion in Rat. Res Mol Med. 2015;3(3):17-22.

21. Kyriakopoulos G, Tsaroucha AK, Valsami G, et al. Silibinin improves 
TNF-α and M30 expression and histological parameters in rat kidneys 
after hepatic ischemia/reperfusion. J Investi Surg. 2018;31(3):201-9.

22. Cooreman A, Van Campenhout R, Ballet S, et al. Connexin and 
pannexin (Hemi) channels: emerging targets in the treatment of liver 
disease. Hepatology. 2019;69(3):1317-23.

23. Abazari O, Divsalar A, Ghobadi R. Inhibitory effects of oxali-Platin as 
a chemotherapeutic drug on the function and structure of bovine liver 
catalase. J Biomol Struct Dyn. 2020;38(2):609-615. doi:10.1080/0739
1102.2019.1581088

24. Sharma AK, Charles EJ, Zhao Y, et al. Pannexin-1 channels on endothelial 
cells mediate vascular inflammation during lung ischemia-reperfusion 
injury. Am J Physiol Lung Cell Mol Physiol. 2018;315(2):L301-L312. 
doi:10.1152/ajplung.00004.2018

25. Su L, Jiang X, Yang C, et al. Pannexin 1 mediates ferroptosis that 
contributes to renal ischemia/reperfusion injury. J Biol Chem. 2019; 
294(50):19395-19404. doi:10.1074/jbc.RA119.010949

26. Dvoriantchikova G, Pronin A, Kurtenbach S, et al. Pannexin 1 sustains 
the electrophysiological responsiveness of retinal ganglion cells. 
2018;8(1):5797. doi:10.1038/s41598-018-23894-2

27. Yanguas SC, Willebrords J, Maes M, et al. Connexins and pannexins in 
liver damage. EXCLI J. 2016;15:177.

28. Abazari O, Shafaei Z, Divsalar A, Eslami-Moghadam M, Ghalandari B, 
Saboury AA. Probing the biological evaluations of a new designed Pt 
(II) complex using spectroscopic and theoretical approaches: Human 
hemoglobin as a target. J Biomol Struct Dyn. 2016;34(5):1123-1131. 
doi:10.1080/07391102.2015.1071280

29. Kim HY, Kim SJ, Lee SM. Activation of NLRP 3 and AIM2 
inflammasomes in Kupffer cells in hepatic ischemia/reperfusion. FEBS 
J. 2015;282(2):259-70.

30. Pelegrin P, Surprenant A. Pannexin‐1 mediates large pore formation 
and interleukin‐1β release by the ATP‐gated P2X7 receptor. EMBO J. 
2006;25(21):5071-82.

31. Pelegrin P, Surprenant A. Pannexin-1 couples to maitotoxin-and 
nigericin-induced interleukin-1β release through a dye uptake-
independent pathway. J Biol Chem. 2007;282(4):2386-94.

32. Silverman WR, de Rivero Vaccari JP, Locovei S, et al. The pannexin 1 
channel activates the inflammasome in neurons and astrocytes. J Biol 
Chem. 2009;284(27):18143-51. doi:10.1074/jbc.M109.004804

33. Zare Z, Dizaj TN, Lohrasbi A, et al. Silibinin inhibits TGF-β-induced 
MMP-2 and MMP-9 through Smad Signaling pathway in colorectal 
cancer HT-29 cells. Basic & Clinical Cancer Research. 2020;12(2):79-
88.

34. Feig JL, Mediero A, Corciulo C, et al. The antiviral drug tenofovir, an 
inhibitor of Pannexin-1-mediated ATP release, prevents liver and skin 
fibrosis by downregulating adenosine levels in the liver and skin. PLoS 
One. 2017;12(11):e0188135.

35. Qajari NM, Shafaroudi MM, Gholami M, Khonakdar-Tarsi A. Silibinin 
treatment results in reducing OPA1&MFN1 genes expression in a rat 
model hepatic ischemia–reperfusion. Mol Biol Rep. 2020;47(5):3271-
3280. doi:10.1007/s11033-020-05383-w

Copyright © 2024 The Author(s); This is an open-access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the 
original work is properly cited.


