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ABSTRACT
Apigenin is a dietary flavonoid that exists copiously in several herbs and vegetables. It exhibits anti-inflammatory, anti-
mutagenesis, anti-proliferative and antioxidant properties. The present work aimed to investigate some of mechanisms 
underlying protective potential of apigenin in hepatic ischemia-reperfusion injury. Rats were divided into four groups; 
sham-operated, sham-operated pretreated with apigenin (25 mg/kg, p.o.), ischemia/reperfusion (I/R) (30 min ischemia 
and 1 h reperfusion) and I/R pretreated with apigenin. Compared with I/R group, pretreatment with apigenin markedly 
reduced transaminases levels and ameliorated tissue histopathological changes. Apigenin significantly reduced high mobility 
group box 1 (HMGB1) expression and suppressed liver tumor necrosis factor- α (TNF-α), nuclear factor κB (NF-κB) and 
myeloperoxidase (MPO) activity. Moreover, apigenin restored reduced glutathione (GSH), decreased liver lipid peroxidation, 
and boosted glutathione peroxidase (GPx) activity in addition to attenuation of apoptosis by increasing Bcl-2/Bax ratio. It 
may thus be concluded that inhibition of HMGBI by apigenin plays a role towards its antioxidant, anti-inflammatory as well 
as anti-apoptotic properties which are involved in conferring its hepato-protective properties
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1. INTRODUCTION                                                             

In liver surgery, prolonged periods of interrupting blood 
supply with subsequent lacking of nutrients and oxygen 
may occur during transplantation, removal of liver tumors, 
vascular reconstruction and trauma[1,2,3]. Shortly after blood 
flow restoration, there is an upsurge in injury instigated by 
ischemia, exacerbating the global damage, which is mainly 
attributed to the excessive triggering of innate immune 
response[4,5,6].

The response in reperfusion comprises two successive 
phases. Immediately after reperfusion, sudden re-
oxygenation provokes reactive oxygen species (ROS) 
generation which induce oxidative imbalance and 
stimulate Kupffer cells (KC) in the liver[7,8]. Meanwhile, 
levels of nitric oxide (NO) are reduced and there is an 
imbalance between endothelin-1 and NO production, 
leading to vasoconstriction and entrapment of platelets and 
neutrophils[9]. Hepatocyte injury is then promoted through 
necrosis and apoptosis[10,11,12]. In the late phase of reperfusion 
there is a further activation and recruitment of neutrophils, 
T helper cells, and platelets to the liver. Permanence of 
theses inflammatory cells in the constricted sinusoids 
results in inflammatory damage and microvasculature 
collapse[13].  Activation of KC, neutrophils, and platelets 
results in a massive local production of ROS as well as 
a cascade of inflammatory events including release of 

pro-inflammatory cytokines such as interleukin-2 (IL-2), 
interleukin-1 (IL-1), tumor necrosis factor-alpha (TNF-α) 
and damage associated molecular patterns (DAMPs) such 
as high mobility group box-1 (HMGB1)[14]. HMGB1 then 
creates a positive feedback circuit causing the release 
of extra chemokines and cytokines. Thus, under stress, 
HMGB1 endures a continuing inflammatory state[15].

Apigenin, naturally is present as a dimer, biapigenin, 
isolated mostly from the flowers and buds of Hypericum 
perforatum[16]. It abundantly exists in common vegetables 
and fruits as grapefruit, parsley, plant-derived beverages, 
oranges, tea, onions, wheat sprout and chamomile[17]. 
Apigenin exerts anti-inflammatory, anti-mutagenesis, anti-
proliferative and antioxidant activities[18,19,20]. It has been 
known as a cancer chemopreventive agent. It is a cell cycle 
inhibitor[21], having low intrinsic toxicity on normal versus 
cancer cells[22]. Apigenin activates nuclear factor erythroid-
related factor-2 (Nrf2), that induces the transcriptional 
activity of the antioxidant response element (ARE) 
which is crucial for induction of genes encoding many 
cytoprotective enzymes as heme oxygenase-1(HO-1) and 
glutathione peroxidase (GPx)[23,24,25,26].

The aim of the current investigation was to evaluate 
the possible hepatoprotective activity of apigenin against 
hepatic injury associated with I/R. It is also extended to 
gain convincing insights into its putative underlying 
mechanism.   
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2. MATERIAL AND METHODS                                               

2.1. Animals

Adult male Wistar albino rats, each weighing                    
200±20 g, were purchased from the National Research 
Centre in Cairo and housed at a temperature of (23 ± 2oC) 
and a relative humidity of (60 ± 10%). They were kept 
on a standard pellet chow and allowed water ad libitum. 
The Ethical Committee for animal Experimentation at the 
Faculty of Pharmacy, Cairo University approved the study 
(Permit number: 1273).

2.2. Drugs and chemicals

Dimethyl sulfoxide (DMSO) and apigenin were 
purchased from Sigma–Aldrich Chemicals (St.  Louis, 
MO, USA).

2.3. Induction of hepatic I/R injury

After anesthetizing the animals with thiopental sodium 
(50 mg/kg, i.p)[27], an upper abdominal midline incision 
was made to expose the common hepatic artery and portal 
vein. These were then clamped for 30 min to induce 
hepatic ischemia, then reperfusion was allowed for 1h[28] 

and designed as “ischemia/reperfusion” (I/R) rats.

2.4. Experimental design

The study was carried out both on I/R rats and on sham-
operated animals where rats were exposed to laparotomy 
but without undergoing ischemia/ reperfusion.

Four groups of 10 rats each were allocated as follows 

Groups 1and 2: Sham-operated rats. Animals were 
given either 0.1% v/v DMSO (1 ml/kg) or apigenin              
(25 mg/kg) respectively orally for 5 days before being 
sham-operated.

Groups 3 and 4:  I/R rats. Animals were treated as 
above with either DMSO or apigenin for 5 days before 
being subjected to I/R.

Blood samples were then collected from the retro-
orbital sinus for plasma preparation before subjecting the 
animals to euthanasia by decapitation under anesthesia. 
The liver of all animals was removed, and divided into four 
segments. 

One segment was used to prepare a 10% homogenate in 
ice-cold saline, one was used for histological examination, 
one for Western blot analysis, and one for quantitative real 
time PCR (qRT PCR).

2.5. Biochemical measurements

2.5.1 Determination of relevant parameters in plasma

The separated plasma was used to assess liver functions 
by determination of the enzymes, alanine aminotransferase 
(ALT) and aspartate aminotransferase (AST) using suitable 
kits (Biodiagnostic Co, Cairo, Egypt).
2.5.2. Determination of relevant parameters in liver tissue

The 10 % liver homogenate prepared in ice-cold saline 

was used to estimate liver contents of nuclear factor κB 
(NF-κB), TNF-α, myeloperoxidase (MPO) activity and 
oxidative stress biomarkers. NF-κB and TNF-α were 
determined using rat specific ELISA kits (Wuhan Eiaab 
science, Wuhan, China) and (RandD, USA), while MPO 
was measured as described by Bradley et al[29]. The 
method depends on the oxidation of dianisidine by MPO 
resulting in the formation of a compound exhibiting an 
increased absorbance at 460 nm. The selected oxidative 
stress biomarkers in the liver were glutathione peroxidase 
(GPx), reduced glutathione (GSH) and thiobarbituric acid 
reactive substances (TBARS). GPx was measured using a 
specific kit obtained from Oxis Research (Oxford, USA), 
while GSH and TBARS were measured colorimetrically 
in the homogenate using specific kits obtained from 
Biodiagnostic Co (Cairo, Egypt) as described by                                                       
Beutler et al[30] and Ohkawa and Ohishi[31], respectively.

Since the above parameters had to be represented 
per mg protein liver tissue, the protein content of the 
homogenate was determined according to the method 
described by Bradford[32].

Western Blotting analysis of HMGB1 

20 µg protein concentration of each sample was first 
loaded on a polyacrylamide gel then transferred onto 
polyvinylidene difluoride membranes (Thermo Fischer 
Scientific, MA, USA). A blocking buffer consisting 
of 20 mM Tris-Cl, pH 7.5, 150 mM NaCl, and 0.1% 
Tween 20 and 3% bovine serum albumin (BSA) was 
then added to the membranes for 1 hour to prevent 
nonspecific binding of the antibodies before incubating 
them overnight at 4 °C with HMGB1 or with Beta actin 
(β- actin) primary antibodies (Thermo Fisher Scientific, 
MA, USA). Secondary antibodies conjugated to horse-
radish peroxidase (Thermo Fisher Scientific, MA, USA) 
were then added to the membrane for 1 h at 37 °C followed 
by the chemiluminescent substrate (ClarityTM Western 
ECL substrate - BIO-RAD, USA). Band intensity was 
then analyzed by Chemi Doc ™ imaging system with 
Image Lab ™ software version 5.1 (Bio-Rad Laboratories 
Inc., Hercules, CA, USA). The results were normalized to 
β-actin.

Quantitative real time PCR analysis of Bax and Bcl-2 
gene expression

A specific extraction kit (Qiagen, Germantown, MD, 
USA) was used to extract total RNA from liver homogenate, 
which was then quantified spectrophotometrically at 260 
nm. Equal amounts of extracted RNA were then reverse 
transcribed into cDNA using high capacity cDNA reverse 
transcription kit (Thermo Fischer Scientific, MA, USA). 
To assess the gene expression of Bax and Bcl-2, qRT-
PCR was performed using an ABI PRISM 7500 fast 
sequence detection system (Applied Biosystems, CA, 
USA). The sequences of PCR primer pairs used were the 
following.  For Bax, F:5’- CCCTGTGCACTAAAGTG-
CCC -3′, R: 5′- TTCTTCACGATGGTGAGCG-3′, for 
Bcl-2 F:5’-CTACGAGTG-GGATGCTGGAGG-3′, 
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R:5′ GTCAGATGGACACATGGTG -3′ and for 
β-actin F: 5′-TGCTGGTGCTGAGTATGTCG-3′, R: 
5′-TTGAGAGCAATGCCAGCC-3′. 

The relative expression of target genes was obtained 
using the 2−ΔΔCT formula as described by Livak and 
Schmittgen[33], using β-actin as a housekeeping gene.

2.6. Histopathological evaluation

Transverse 4µm sections of liver specimens fixed in 
10% formalin were stained with hematoxylin and eosin      
(H and E) and examined under a light microscope for 
detection of histo-pathological changes.

2.7. Statistical Analysis

The biochemical results were represented as means ± 

standard error (SEM) then subjected to one way analysis 
of variance (ANOVA) followed by Tukey-Kramer test for 
multiple comparisons.  Statistical analysis was done using 
GraphPad Prism software (version 6; GraphPad Software, 
Inc., San Diego, CA, USA).

3. RESULTS                                                                            

3.1. Effect of apigenin on aminotransferases activities

A significant increase in the plasma aminotransferase 
levels of rats subjected to I/R was shown, reaching 2.68 
fold the sham-operated control group for AST and 1.45 
fold the sham-operated control group for ALT. Treatment 
with apigenin effectively guarded against this rise                              
(Fig.1 A and B).

Fig.1: Changes in ALT (A) and AST (B) in the plasma of rats exposed to hepatic I/R injury after treatment with apigenin (AP). 
Results are presented as means ± SEM of 8 rats and analyzed statistically using one-way ANOVA followed by Tukey-Kramer test for multiple comparisons. 
Statistically significant differences (< 0.05) from sham-operated rats and from the I/R rats are denoted by a and b respectively.

3.2. Effect of apigenin on liver histopathology:

The liver sections of sham-operated rats pretreated 
with DMSO or apigenin showed no histological changes 
of the portal area and surrounding hepatocytes. However, 

subjecting the rats to I/R led to dilation of the central and 
portal veins as well as infiltration of inflammatory cells 
within the tissue surrounding the bile duct. Pretreatment 
with apigenin led to protection against these changes and 
resulted in no histological changes (Fig.2).

Fig.2: Hepatic histological changes in rats exposed to I/R after treatment with apigenin (AP). Liver sections of sham-operated control rats pretreated with 
DMSO (A) or apigenin (B) showed no histological changes of the portal area and surrounding hepatocytes. Dilation of the central and portal veins (large arrow) 
as well as infiltration of inflammatory cells within the tissue surrounding the bile duct (small arrow) in rat exposed to I/R (C). Normal histological hepatocellular 
architecture in I/R rats pretreated with apigenin (D) (HandE x 400). The livers of 4 rats from each group were used for detection of histopathological changes.
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3.3. Effect of apigenin on inflammatory biomarkers:
Subjecting rats to I/R induced a profound spike in 

HMGB1 reaching 12.74 fold the sham-operated control 
group and showed a statistically significant rise in MPO 
activity as well as TNF-α and NF-κB contents. However, 

apigenin (25 mg/kg; p.o) impeded the noxious effect of 
I/R on hepatic HMGB1, NF-κB and TNF-α by lessening 
their liver contents to be 26.65%, 52.81% and 51.84%, 
respectively. It also blunted the activity of MPO to 53.50% 
(Fig 3 A, B, Cand D).

3.4. Effect of apigenin on oxidative stress biomarkers:

The deterioration in oxidative status following I/R was 
strongly evident by the obvious decline in both liver GSH 
content and GPx activity as well as the marked elevation in 

TBARS content that reached 1.79 fold the sham-operated 
control group. Apigenin efficiently diminished hepatic 
TBARS content to 66.33%, restored hepatic GSH content 
to 278.95 % and enhanced the hepatic GPx activity to 
278.95 %. (Fig 4 A, B and C).

Fig.3: Changes in hepatic HMGB1 (A), TNF-α (B), NF-κB (C) and MPO activity (D) in rats exposed to hepatic I/R injury after treatment with apigenin (AP). 
Results are presented as means ± SEM of 8 rats and analyzed statistically using one-way ANOVA followed by Tukey-Kramer test for multiple comparisons. 
Statistically significant differences (< 0.05) from sham-operated rats and from the I/R rats are denoted by a and b respectively.

Fig.4: Changes in hepatic TBARS (A), GPx (B) and GSH (C) in rats exposed to hepatic I/R injury after treatment with apigenin (AP).
Results are presented as means ± SEM of 8 rats and analyzed statistically using one-way ANOVA followed by Tukey-Kramer test for multiple comparisons. 
Statistically significant differences (< 0.05) from sham-operated control rats and from the I/R group are denoted by a and b respectively.
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3.5. Effects of apigenin on apoptotic biomarkers:

I/R injury led to a diminution in the gene expression of 
Bcl-2, as a measure of anti-apoptotic activity, and a marked 

rise in Bax, indicating an increase in pro-apoptotic activity 
(Fig.5). Conversely, apigenin enhanced greatly the gene 
expression of Bcl-2 to 471.68 %, but dampened that of Bax 
to19.61 %. (Fig 5 Aand B).

Fig.5:  Changes in hepatic mRNA expression of Bax(A), Bcl-2(B) and Bax/Bcl-2 ratio (C) in rats exposed to hepatic I/R injury after treatment with apigenin 
(AP). Results are presented as means ± SEM of 8 rats and analyzed statistically using one-way ANOVA followed by Tukey-Kramer test for multiple 
comparisons. Statistically significant differences (< 0.05) from sham-operated control rats and from the I/R group are denoted by a and b respectively.

4. DISCUSSION                                                                             

Pretreatment of rats with apigenin for five consecutive 
days attenuated hepatic damage associated with I/R, 
as revealed by the preserved structural integrity of the 
hepatocellular membrane and liver cells architecture 
in histopathological pictures along with the suppressed 
plasma activities of liver transaminases (ALT and AST). 
This is in agreement with Ali et al.[34] who reported the 
protective effect of apigenin on N-nitrosodiethylamine-
induced liver injury, where rats treated with various doses 
of apigenin exhibited a dose-dependent decrease in the 
levels of ALT and AST enzymes. 

Moreover, apigenin restored the elevated transaminases 
activities following paracetamol-induced hepatotoxicity in 
mice[35] and rats[36].

The present findings depicted the ability of apigenin to 
normalize the expression of HMGB1 in liver. This effect was 
coupled with prominent anti-inflammatory, antioxidant and 
antiapoptotic activities. The effect of apigenin on HMGB1 
may be ascribed to its previously reported capability 
of up-regulating HO-1[25,26] which prevents the nuclear 
translocation of HMGB1 and dampens its release[37,38,39]. 
HMGB1 is a typical DAMP that acts as an alarm in 
mediating sterile inflammatory response due to I/R damage 
in multiple tissues as liver[39]. It stimulates monocytes to 
exhibit an increased capacity for adhesion[40] and release 
multiple cytokines and inflammatory mediators[41,42,43].

Neutrophils stimulation with HMGB1 increases 
their adhesive and migratory functions[44]. Furthermore, 
HMGB1 stimulates neutrophils production of ROS[45] and 
triggers the activation of NF-κB which further promotes 
HMGB1 release by activated immune cells[46,47].

The anti-inflammatory effects of apigenin have 
been revealed clearly in this study by the effective 
decrease in the liver contents of NF-κB and the pro-
inflammatory cytokine, TNF-α. This is in coherent with                                                    
Shukla et al.[48] who reported that apigenin suppressed 
prostate carcinogenesis via inactivation of NF-κB pathway. 

Sundry previous studies documented that apigenin 
repressed NF-κB activity and consequently inhibited LPS- 
induced pro-inflammatory cytokines release by human 
primary monocytes and macrophages[49,50]. Moreover, 
pretreatment with apigenin decreased NF-κB protein 
expression and TNF-α level in D-galactosamine/LPS-
induced liver injury in rats[51].

Similarly, TNF- α was significantly decreased following 
apigenin treatment in a mouse model of alcohol-induced 
liver damage[52] and in different experimental models of 
inflammatory bowel disease[53,54].

In addition, a significant decrease in MPO activity 
was observed by apigenin treatment confirming its 
potent anti-inflammatory effect and harmonizes with                                                                                              
Lampropoulos et al.[55] where apigenin reduced pancreatic 
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MPO activity in experimental model of acute pancreatitis. 
Moreover, administration of apigenin effectively 
ameliorated neutrophil infiltration as evidenced by the 
suppression of colonic MPO following acetic acid[56], 
dextran sulphate sodium and trinitrobenzenesulfonic acid-
induced colitis in rats[54]. 

The hepatoprotective effect of apigenin against 
various hepatotoxins such as paracetamol[36] and 
N-nitrosodiethylamine[34] was previously attributed to 
its powerful antioxidant activity. The authors reported a 
significant increase in the enzyme antioxidant defense 
mechanisms along with a reduction of lipid peroxidation in 
animals treated with apigenin. 

Generally, ROS in liver I/R injury enhance the 
generation of various pro-inflammatory mediators as IL-8, 
TNF- α, IL-1 and cell adhesion molecules[57,58] along with 
HMGB1 which ratifies the continuous production ROS 
by inflammatory cells, especially neutrophils[45]. They 
induce the expression of many transcription factors such 
as activator protein-1and NF-κB[59,60] leading eventually 
to direct cellular injury through DNA damage, protein 
degradation and lipid peroxidation[61] ROS induce necrosis 
and apoptosis of hepatocytes.[62,63] Additionally, apoptotic 
cell death was previously correlated with HMGB1 release 
during inflammation[64].

The current study revealed that rats pretreated with 
apigenin showed an improvement in oxidative status as 
manifested by the significant decrease in hepatic TBARS 
beside the restored liver GSH content. Apigenin also 
enhanced the activity of GPX enzyme after I/R injury, 
endorsing its great antioxidant properties. These findings 
collaborate with the study of Singh et al.[65], in which 
apigenin inhibited lipid peroxidation in N- nitrosodiethyl 
amine-induced hepatotoxicity.

Apigenin amended superoxide dismutase (SOD) and 
GPx activities, as well as the malondialdehyde (MDA) 
level in rats subjected to spinal cord injury[66]. In addition, 
the ability of apigenin to boost GSH-dependent enzymes 
and consequently GSH levels mediated its hepatoprotective 
effect against liver injury induced by alcohol in mice[35,52]. 

Additionally, the antiapototic effect of apigenin 
contributed largely to its hepatoprotective effect following 
I/R-induced insults in rats as previously reported[67,68]. 
In the same context, apigenin hampered the process of 
apoptosis as manifested by the decrease in gene expression 
of Bax and the increase in that of Bcl-2 in the present 
study. These results harmonize with, Zhang et al.[69] who 
stated that apigenin attenuated heart injury following 
lipopolysaccharide (LPS)-induced endotoxemia where, 
it decreased cleaved caspase-3, cleaved caspase-9, 
Bax; and increased Bcl-2 mRNA expression. Likewise,                      
Tsaroucha et al.[68] accentuated that intraperitoneal 
injection of apigenin upregulated the expression of Bcl-2 
antiapoptotic proteins in rats subjected to 60 min, 120 min, 
and 240 min of reperfusion after liver ischemia for 45 min.

In conclusion, the present results provide profound 
insights into the role of apigenin in mitigating hepatocellular 
injury following I/R. It largely curbed the evoked oxidative 
stress, inflammatory response and apoptotic cell death 
throughout the reperfusion time.

CONFLICT OF INTEREST                                                     

There are no conflicts of interest.

REFERENCES                                                                           

1. Jaeschke, H. (2003). Molecular mechanisms 
of hepatic ischemia-reperfusion injury and 
preconditioning. Am J Physiol Gastrointest Liver 
Physiol., 284(1): G15–G26. 

2. Arkadopoulos, N., Defterevos, G., Nastos, C., 
Papalois, A., Kalimeris, K., Papoutsidakis, 
N., et al. (2011). Development of a porcine 
model of post-hepatectomy liver failure. J Surg                                            
Res., 170 (2):e233-242.

3. Douzinas, E. E., Livaditi, O., Tasoulis, M. K., 
Prigouris, P., Bakos, D., Goutas, N., et al. (2012). 
Nitrosative and oxidative stresses contribute 
to post-ischemic liver injury following severe 
hemorrhagic shock: The role of hypoxemic 
resuscitation. PLoS One., 7(3) :e32968.

4. Jaeschke, H. (1998). Mechanisms of reperfusion 
injury after warm ischemia of the liver. J 
Hepatobiliary Pancreat Surg., 5(4):402-408.

5. Jaeschke, H. (2003). Molecular mechanisms 
of hepatic ischemia-reperfusion injury and 
preconditioning. Am J Physiol Gastrointest Liver 
Physiol., 284(1): G15–G26. 

6. Cursio, R. (2010). Caspase inhibition in liver 
transplantation: From basic research to clinical 
studies. HPB, 12 (1): 1-3. 

7. Smyrniotis, V., Farantos, C., Kostopanagiotou, G., 
and Arkadopoulos, N. (2005). Vascular control 
during hepatectomy: Review of methods and 
results. World J Surg., 29 (11):1384-1396.

8. Garcea, G., Gescher, A., Steward, W., Dennison, A., 
and Berry, D. (2006). Oxidative stress in humans 
following the Pringle manoeuvre. Hepatobiliary 
Pancreat Dis Int., 5(2): 210–214.

9. Marzi, I., Takei, Y., Rucker, M., Kawano, 
S., Fusamoto, H., Walcher,. F,  et al. (1994). 
Endothelin-1 is involved in hepatic sinusoidal 
vasoconstriction after ischemia and reperfusion. 
Transpl Int., 7(1): S503-S506.

10. Collard, C.D., and Gelman, S. (2001). 
Pathophysiology, clinical manifestations, and 
prevention of ischemia-reperfusion injury. 
Anesthesiology, 94(6): 1133-1138.



52

EFFECT OF APIGENIN ON LIVER ISCHEMIA/REPERFUSION  

11. Uhlman, D., Glasser, S., Gabel, G., Armann, 
B., Ludwig, S., Tannapfel, A., Hauss, J., et al. 
(2005). Improvement of postischemic hepatic 
microcirculation after endothelin A receptor 
blockadge- endothelin antagonism influences 
platelet- endothelin interactions. J Gastrointest 
Surg., 9(2): 187-197. 

12. Vollmar, B., and Menger, M.D. (2009). The hepatic 
microcirculation : mechanistic contributions and 
theraputic targets in liver injury and repair. Physiol 
Rev., 89(4): 1269-1339.

13. Jaeschke, H. (2003). Molecular mechanisms 
of hepatic ischemia-reperfusion injury and 
preconditioning. Am J Physiol Gastrointest Liver 
Physiol., 284(1): G15–G26. 

14. Klune, J. R.,  and Tsung, A. (2010). 
Molecular Biology of Liver Ischemia/
Reperfusion Injury: Established Mechanisms 
and Recent Advancements. Surg Clin North                                                                                           
Am., 90 (4): 665-677.

15. Kang, R., Zhang, Q., Hou, W., Yan, Z., Chen, R., 
Bonaroti, J., et al. (2014). Intracellular HMGB1 
inhibits inflammatory nucleosome release and 
limits acute pancreatitis in mice. Gastroenterology, 
146(4): 1097-107. 

16. Cheung, Z. H., Leung, M. C. P., Yip, H. K., 
Wu, W., Siu, F. K. W., and So, K. F. (2008). A 
neuroprotective herbal mixture inhibits caspase-
3-independent apoptosis in retinal ganglion cells. 
Cell Mol Neurobiol., 28(1): 137–155. 

17. McKay, D. L., and Blumberg, J. B. (2006). A 
review of the bioactivity and potential health 
benefits of chamomile tea (Matricaria recutita L.). 
Phytother Res., 20 (7): 519-530.

18. Jin, B.H., Qian,  L.B., Chen, S., Li, J., Wang, 
H.P., Bruce, I.C., Lin, J., et al. (2009). Apigenin 
protects endothelium–dependant relaxation 
of rat aorta against oxidative stress. Eur J                                                     
Pharmacol., 616 (1-3): 202-205.

19. Kang, O.H., Lee, J.H. and Kwon, D.Y. (2011). 
Apigenin inhibits release of inflammatory 
mediators by blocking the NF-κB activation 
pathways in the HMC-1 cells. Immunopharmacol 
Immunotoxicol, 33(3): 473-479.

20. Suh, K.S., Oh, S., Woo, J.T., Kim, J.W., Kim, 
Y.S., et al. (2012). Apigenin attenuates 2-Deoxy-
D-ribose-induced-oxidative cell damage 
in HIT-T15 Pancreatic β-cell. Biol Pharm.                                                       
Bull., 35(1): 121-126.

21. Lepley, D.M., and Pelling, JC. (1997). Induction 
of P21/ WAF1 and G1 cell-cycle arrest by the 

chemopreventive agent apigenin. Mol Carcinog., 
19(2): 74-82. 

22. Gupta, S., Afaq, F., and Mukhtar, H. (2001). 
Selective growth-inhibitory, cell-cycle 
deregulatory and apoptotic response of apigenin 
in normal versus human prostate carcinoma cells. 
Biochem Biophys Res Commun., 287(4): 914–
920. 

23. Chen, C., and Kong, A. N. T. (2004). Dietary 
chemopreventive compounds and ARE/EpRE 
signaling. Free Radic Biol Med., 36(12):1505-
1516.

24. Motohashi, H., and Yamamoto, M. (2004). Nrf2-
Keap1 defines a physiologically important stress 
response mechanism. Trends Mol Med., 10 
(11):549-557. 

25. Lee, J. S., and Surh, Y. J. (2005). Nrf2 as a novel 
molecular target for chemoprevention. Cancer 
Lett., 224(2): 171-184.

26. Dinkova-Kostova, A. T., and Talalay, P. (2008). 
Direct and indirect antioxidant properties of 
inducers of cytoprotective proteins. Mol Nutr Food 
Res., 52(SUPPL.1): S128-138.

27. Noorbakhsh, M. F., Arab, H. A., and Kazerani, H. 
R. (2015). Liver ischemia preconditions the heart 
against ischemia-reperfusion arrhythmias. Iran J 
Basic Med Sci., 18(1): 80–88.

28. Colleti, L.M., Remick, D.G., Burtch, G.D., 
Kunkel, S.L., Strieter, R.M., and Campbell, D.A., 
Jr. (1990). Role of tumor necrosis factor-alpha 
in the pathophysiologic alterations after hepatic 
ischemia/reperfusion injury in the rat. J. Clin 
Invest., 85(6): 1936-1943.

29. Bradley, P. P., Priebat, D. A., Christensen, R. 
D., and Rothstein, G. (1982). Measurement of 
cutaneous inflammation: Estimation of neutrophil 
content with an enzyme marker. J Invest Dermatol., 
78(3): 206–209. 

30. Beutler, E., Duron, O., and Kelly, B. M. (1963). 
Improved method for the determination of blood 
glutathione. J Lab Clin Med., 61(5): 882–888. 

31. Ohkawa, H., Ohishi, N., and Yagi, K. 
(1979). Assay for lipid peroxides in animal 
tissues by thiobarbituric acid reaction. Anal                                                       
Biochem., 95(2): 351–358.

32. Bradford, B. U., Marotto, M., Lemasters, J. 
J., and Thurman, R. G. (1986). New, simple 
models to evaluate zone-specific damage due 
to hypoxia in the perfused rat liver: time course 
and effect of nutritional state. J Pharmacol Exp                                            
Ther., 236(1): 263–268. 



53

                                Zaki et. al.

33. Livac, KJ., and Schmittgen, T.D. (2001). Analysis 
of relative gene expression data using real- time 
quantitative PCR and the 2(-Delta Delta c(T)) 
method. Methods, 25(4): 402-408.

34. Ali, F., Rahul, Naz, F., Jyoti, S., and Siddique, 
Y. H. (2014). Protective effect of apigenin 
against N-nitrosodiethylamine (NDEA)-induced 
hepatotoxicity in albino rats. Mutat Res Genet 
Toxicol Environ Mutagen., 767: 13–20.

35. Yang, J., Wang, X. Y., Xue, J., Gu, Z. L., and Xie, 
M. L. (2013). Protective effect of apigenin on 
mouse acute liver injury induced by acetaminophen 
is associated with increment of hepatic glutathione 
reductase activity. Food and Funct., 4(6), 939–943. 

36. Rašković, A., Gigov, S., Čapo, I., Paut Kusturica, 
M., Milijašević, B., Kojić-Damjanov, S., and 
Martić, N. (2017). Antioxidative and Protective 
Actions of Apigenin in a Paracetamol-Induced 
Hepatotoxicity Rat Model. Eur J Drug Metab 
Pharmacokinet., 42(5): 849–856.

37. Kawahara, K. I., Hashiguchi, T., Masuda, K., 
Saniabadi, A. R., Kikuchi, K., Tancharoen, S., 
et al. (2009). Mechanism of HMGB1 release 
inhibition from RAW264.7 cells by oleanolic 
acid in Prunus mume Sieb. et Zucc. Int J Mol                                                     
Med., 23(5): 615–620. 

38. Takamiya, R., Hung, C. C., Hall, S. R., Fukunaga, 
K., Nagaishi, T., Maeno, T., et al. (2009). High-
mobility group box 1 contributes to lethality of 
endotoxemia in heme oxygenase-1-deficient mice. 
Am J Respir Cell Mol Biol., 41(2): 129–135. 

39. Tsung, A., Sahai, R., Tanaka, H., Nakao, A., 
Fink, M. P., Lotze, M. T., et al. (2005). The 
nuclear factor HMGB1 mediates hepatic injury 
after murine liver ischemia-reperfusion. J Exp                                                    
Med., 201(7):  1135–1143.

40. Rouhiainen, A., Kuja-Panula, J., Wilkman, 
E., Pakkanen, J., Stenfors, J., Tuominen,                                            
R. K., et al. (2004). Regulation of monocyte 
migration by amphoterin (HMGB1). Blood., 
104(4), 1174–1182. 

41. Andersson, U., Wang, H., Palmblad, K., Aveberger, 
A. C., Bloom, O., Erlandsson-Harris, et al. (2000). 
High mobility group 1 protein (HMG-1) stimulates 
proinflammatory cytokine synthesis in human 
monocytes. J Exp Med., 192(4): 565–570. 

42. Kokkola, R., Andersson, Å., Mullins, G., Östberg, 
T., Treutiger, C. J., Arnold, B., et al. (2005). RAGE 
is the major receptor for the proinflammatory 
activity of HMGB1 in rodent macrophages. Scand 
J Immunol., 61(1): 1–9.

43. Ren, D., Sun, R., and Wang, S. (2006). Role of 

inducible nitric oxide synthase expressed by 
alveolar macrophages in high mobility group 
box 1-induced acute lung injury. Inflamm                                              
Res., 55(5): 207–215. 

44. Orlova, V. V., Choi, E. Y., Xie, C., Chavakis, E., 
Bierhaus, A., Ihanus, E., et al. (2007). A novel 
pathway of HMGB1-mediated inflammatory cell 
recruitment that requires Mac-1-integrin. EMBO 
J., 26(4): 1129–1139. 

45. Fan, J., Li, Y., Levy, R. M., Fan, J. J., Hackam, 
D. J., Vodovotz, Y., et al. (2007). Hemorrhagic 
Shock Induces NAD(P)H Oxidase Activation in 
Neutrophils: Role of HMGB1-TLR4 Signaling. J 
Immunol., 178(10): 6573–6580. 

46. Park, J. S., Arcaroli, J., Yum, H.-K., Yang, H., 
Wang, H., Yang, K.-Y., et al.  (2003). Activation 
of gene expression in human neutrophils by high 
mobility group box 1 protein.  Am. J Physiol Cell 
Physiol., 284(4): C870–C879. 

47. Park, J. S., Svetkauskaite, D., He, Q., Kim, J.-Y., 
Strassheim, D., Ishizaka, A., and Abraham, E. 
(2004). Involvement of Toll-like Receptors 2 and 
4 in Cellular Activation by High Mobility Group 
Box 1 Protein. J Biol Chem., 279(9): 7370–7377. 

48. Shukla, S., Shankar, E., Fu, P., MacLennan, G. 
T., and Gupta, S. (2015). Suppression of NF-kB 
and NF-kB-regulated gene expression by apigenin 
through IkBα and IKK pathway in TRAMP mice. 
PLoS One, 10(9): 1–17. 

49. Nicholas, C., Batra, S., Vargo, M. A., Voss, O. 
H., Gavrilin, M. A., Wewers, M. D., et al.(2007). 
Apigenin Blocks Lipopolysaccharide-Induced 
Lethality In Vivo and Proinflammatory Cytokines 
Expression by Inactivating NF- kappaB through the 
Suppression of p65 Phosphorylation. J Immunol., 
179(10): 7121–7127. 

50. Hostetler, G., Riedl, K., Cardenas, H., Diosa-Toro, 
M., Arango, D., Schwartz, S., and Doseff, A. I. 
(2012). Flavone deglycosylation increases their 
anti-inflammatory activity and absorption. Mol 
Nutr Food Res., 56(4): 558–569. 

51. Zhou, R. J., Ye, H., Wang, F., Wang, J. L., and Xie, 
M. L. (2017). Apigenin inhibits D-galactosamine/
LPS-induced liver injury through upregulation 
of hepatic Nrf-2 and PPARγ expressions 
in mice. Biochem Biophys Res Commun.,                                            
493(1): 625–630. 

52. Wang, F., Liu, J. C., Zhou, R. J., Zhao, X., Liu, M., 
Ye, H., and Xie, M. L. (2017). Apigenin protects 
against alcohol-induced liver injury in mice by 
regulating hepatic CYP2E1-mediated oxidative 
stress and PPARα-mediated lipogenic gene 



54

EFFECT OF APIGENIN ON LIVER ISCHEMIA/REPERFUSION  

expression. Chem Biol Interact., 275: 171–177. 

53. Mascaraque, C., González, R., Suárez, M. D., 
Zarzuelo, A., De Medina, F. S., and Martínez-
Augustin, O. (2015). Intestinal anti-inflammatory 
activity of apigenin K in two rat colitis 
models induced by trinitrobenzenesulfonic 
acid and dextran sulphate sodium. Br J Nutr.,                                              
113(4): 618–626. 

54. Ai, X., Qin, Y., Liu, H., Cui, Z., and Li, M. 
(2017). Apigenin inhibits colonic inflammation 
and tumorigenesis by suppressing STAT3-NF-κB 
signaling. Oncotarget., 8(59): 100216–100226.

55. Lampropoulos, P., Lambropoulou, M., Papalois, 
A., Basios, N., Manousi, M., Simopoulos, C., and 
Tsaroucha, A. K. (2013). The role of apigenin in an 
experimental model of acute pancreatitis. J Surg 
Res., 183(1): 129–137. 

56. Ganjare, A. B., Nirmal, S. A., and Patil, A. N. 
(2011). Use of apigenin from Cordia dichotoma in 
the treatment of colitis. Fitoterapia, 82(7): 1052–
1056.

57. Lentsch, A.B., Kato, A., Yoshidome, H.,  
McMasters, K.M.and Edwards, M.J. (2000). 
Inflammatory mechanisms and theraputic 
strategies for warm hepatic ischemia/ reperfusion 
injury. Hepatology, 32(2): 169-173.

58. Liu, T.Z., Lee, K.T., Chern, C.L., Cheng, J.T., Stern, 
A.and Tsai L.Y. (2001). Free radical-triggered 
hepatic injury of experimental obstructive jaundice 
of rats involves overproduction of proinflammatory 
cytokines and enhanced activation of nuclear 
factor kappa B. Ann Clin Lab Sci., 31(4), 383-390.

59. Zwacka, RM., Zhang, Y., Halldorson, J., 
Schlossberg, H., Dudus, L.and Engelhardf, J.F. 
(1997). CD4 (+) T-lymphoctes mediate ischemia/ 
reperfusion-induced inflammatory responses in 
mouse liver. J Clin Invest., 100(2): 279-289.

60. [60] Harada,N., Iimuro, Y., Nitta, T., Yoshida, M., 
Uchinami, H., Nishio, T., et al. (2003). Inactivation 
of the small GTPase Rac1 protects the liver from 
ischemia/ reperfusion injury in the rat. Surgery, 
134(3): 480-491. 

61. Jaeschke, H. (2000). Reactive oxygen and 

mechanisms of inflammatory liver injury. J 
Gastroenterol Hepatol, 15(7): 718-724.

62. Rauen, U., Polzar, B., Strephan, H., Mannherz, HG. 
and de Groot, H. (1999). Cold- induced apoptosis 
in cultured hepatocytes and liver endothelial 
cell: mediation by reactive oxygen species.                                                                             
FASEB J, 13(1): 155-168.

63. Rudiger, HA., and Clavien, PA. (2002). Tumor 
necrosis factor alpha, but not Fas, mediates 
hepatocellular apoptosis in the murine ischemic 
liver. Gastroenterology, 122(1): 202-210.

64. Yanai, H., Matsuda, A., An, J., Koshiba, R., Nishio, 
J, Negishi, H., et al. (2013) Conditional ablation 
of HMGB1 in mice reveals its protective function 
against endotoxemia and bacterial infection. Proc 
Natl Acad Sci U S A.,110(510):  20699-20704 

65. Singh, J. P. V., Selvendiran, K., Banu, S. M., 
Padmavathi, R., and Sakthisekaran, D. (2004). 
Protective role of Apigenin on the status of lipid 
peroxidation and antioxidant defense against 
hepatocarcinogenesis in Wistar albino rats. 
Phytomedicine, 11(4): 309–314. 

66. Zhang, F., Li, F., and Chen, G. (2014). 
Neuroprotective effect of apigenin in rats 
after contusive spinal cord injury. Neurol                                                 
Sci., 35(4), 583–588. 

67. Tsalkidou, E. G., Tsaroucha, A. K., Chatzaki, E., 
Lambropoulou, M., Papachristou, F., Trypsianis, 
G., et al. (2014). The effects of apigenin on the 
expression of Fas/FasL apoptotic pathway in warm 
liver ischemia-reperfusion injury in rats. Biomed 
Res Int., 2014:157216

68. Tsaroucha, A., Tsiaousidou, A., Ouzounidis, N., 
Tsalkidou, E., Lambropoulou, M., Giakoustidis, 
D., et al. (2016). Intraperitoneal administration 
of apigenin in liver ischemia/reperfusion injury 
protective effects. Saudi J Gastroenterol.,                           
22(6): 415-422

69. Zhang, T., Yan, T., Du, J., Wang, S., and Yang, 
H. (2015). Apigenin attenuates heart injury in 
lipopolysaccharide-induced endotoxemic model 
by suppressing sphingosine kinase 1/sphingosine 
1-phosphate signaling pathway. Chem Biol 
Interact., 233: 46–55. 


