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ABSTRACT: 

Resveratrol, is a polyphenol that can be extracted from grapes and red wine, possess potential 

anti-inflammatory effects, which would result in the reduction of cytokine production, the 

alteration of the expression of adhesion molecule molecules, and the inhibition of neutrophil 

function. Resveratrol might also act as an antioxidant, anti-aging, and control of cell cycle 

and apoptosis. Resveratrol has been shown to have protective effects for patients in 

shock-like states. Such protective phenomenon is reported to be implicated in a variety of 

intracellular signaling pathways including the regulation of the mitogen-activated protein 

kinases (MAPK)/ hemeoxygenase-1 (HO-1) pathway, activates estrogen receptor (ER), and 

the mediation of pro-inflammatory cytokines, reactive oxygen species (ROS) formation and 

reactive. Moreover, through anti-inflammatory effects and antioxidant properties, the 

resveratrol is believed to maintain organ function following trauma-hemorrhage.  
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INTRODUCTION: 

Resveratrol is a naturally occurring plant antibiotic known as phytoalexins, found in many 
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plants, nuts, and fruits, and is abundant in grapes and red wine [1,2]. Several recent reports 

have shown the protective effects of resveratrol in different pathological models and 

experimental conditions [3-7]. Many clinical researchers also indicate the beneficial effects of 

resveratrol in various human diseases [8-13]. A growing body of evidence indicates that 

resveratrol may play potential therapeutic roles in human health by its various beneficial 

biological effects, e.g., anti-inflammation, anti-aging, antioxidant, anti-diabetes, and 

apoptosis [10,14-17]. A number of target molecules mediating the above mentioned 

protective effects of resveratrol have been identified, including the AMP-activated protein 

kinase (AMPK), the Akt kinase, the estrogen receptors (ER), the adenosine receptor, the 

cyclooxygenase-1 (COX-1), the histone/protein deacetylase sirtuin 1 (SIRT1), the nuclear 

factor-E2- related factor-2 (Nfr2), and Nuclear Factor-Kappa B (NF-kB) [1,18]. A variety of 

laboratory and clinical studies also indicate that resveratrol may lead to organ and tissue 

protective effects against various injuries [20-26]. Ischemic/reperfusion injury induces free 

radical formation and inflammation within hours and results in the excessive production of 

pro-inflammatory mediators that play a significant role in the development of multiple organ 

dysfunctions under those conditions [27,28]. Specifically, resveratrol has been suggested as a 

therapeutic agent to treat shock-like and ischemic states due to its anti-oxidative and 

anti-inflammatory activities [29-35]. In this review, we summarize the protective pathways of 

resveratrol with emphasis on maintenance of organ function following trauma-hemorrhage 

(T-H) (Table 1).  

 

The protective effect of resveratrol on lung following T-H 

Trauma-hemorrhage results in excessive production of pro-inflammatory mediators, such as 

cytokines and chemokines. The enhanced secretion of pro-inflammatory cytokines is an 

important factor in the initiation and perpetuation of organ injury [29,36,37]. These cytokines 

recruit other immune cells including neutrophils, thereby increasing leukocyte trafficking and 

organ injury [38-40]. Neutrophils can release mediators which diffuse across the endothelium 

and injure parenchymal cells [38,40]. In addition, neutrophils can leave the microcirculation 

and migrate to matrix proteins or other cells [29,38,40]. Studies have shown that neutrophils 

are activated following T-H [39,40] and that lung injury is associated with an increased 

neutrophil accumulation in the lung after T-H [29,41]. Studies have been reported that 

reduction of neutrophil accumulation is shown to play a protective role in organ damage after 

T-H [27,29,36]. The activated neutrophils appear to infiltrate the injured lung in parallel with 

increased expression of adhesion molecules on endothelial cells and result in elevated local 

chemokines/cytokines levels following hemorrhagic shock [29,40,42]. The intercellular 
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adhesion molecule (ICAM)-1 enhances firm adhesion of neutrophils to the vascular 

endothelium and is markedly up-regulated after T-H [40,43,44]. Furthermore, 

trauma-hemorrhagic shock increases ICAM-1 levels in the lung [29,40,45]. Chemokines, 

such as cytokine-induced neutrophil chemoattractant (CINC)-1 and CINC-3, are potent 

chemoattractants for neutrophils. Moreover, the levels of the chemokines, CINC-1 and 

CINC-3, are elevated in the lung after T-H. Studies have also indicated that overproduction of 

those chemokines leads to lung injury after T-H [29.45]. 

 

Table 1. Protective effects and mechanisms of the resveratrol on different organs following 

trauma-hemorrhage  

 

Species/Targets Effective 

dose 

Effects and mechanisms Ref. 

Sprague-Dawley 

rat/Lung 

30 mg/kg of 

body weight 

Reduction of T-H-induced proinflammatory  

parameters (MPO↓,CINC-1↓, CINC-3↓,ICAM-1, and 

IL-6↓) 

[29] 

Sprague-Dawley 

rat/Lung 

30 mg/kg of 

body weight 

HO-1↑(estrogen receptor-dependent) expression [37] 

Sprague-Dawley 

rat/Liver 

30 mg/kg of 

body weight 

HO-1↑(estrogen receptor-dependent ) expression [37] 

Sprague-Dawley 

rat/Liver 

30 mg/kg of 

body weight 

Akt-dependent HO-1 expression↑; Proinflammatory  

parameters ↓ (MPO↓,CINC-1↓, CINC-3↓,ICAM-1, and 

IL-6↓) 

[36] 

Sprague-Dawley 

rat/Liver 

30 mg/kg of 

body weight 

ER-related pathway; Proinflammatory  parameters ↓ 

(MPO↓,CINC-1↓, CINC-3↓,ICAM-1, and IL-6↓) 

[28] 

Sprague-Dawley 

rat/Intestine 

30 mg/kg of 

body weight 

P38/HO-1 expression↑ (estrogen receptor-dependent); 

Proinflammatory  parameters ↓(MPO↓,CINC-1↓, 

CINC-3↓,ICAM-1, IL-6↓ and TNF-α↓) 

[22] 

Sprague-Dawley 

rat/Heart 

8 mg/kg of 

body weight 

Reduction of T-H-induced cardiac c-Myc ↑and Pgc-1↑ 

(SIRT1-dependent); Cardiac ATP↓, cytosolic 

cytochrome C↓, TNF-α↓ 

[89] 

Sprague-Dawley 

rat/Heart 

30 mg/kg of 

body weight 

Restores T-H-induced cardiac p-Akt.activity ↑; 

Proinflammatory parameters ↓ (MPO↓,IL-6↓ and 

ICAM-1↓) 

[27] 

Sprague-Dawley 

rat/Endothelium 

30 mg/kg of 

body weight 

Acetylcholine-induced endothelium-dependent 

relaxation↓ (estrogen receptor-dependent); ROS 

radical/NADPH oxidase expression↓ 

[37] 

Sprague-Dawley 

rat/Aorta 

30 mg/kg of 

body weight 

NADPH-stimulated ROS↓; Aortic p22phox, p47phox, 

gp91phox, NOX1 and NOX4 mRNA levels↓ 

[37] 

Wistar 

rat/Arterial 

smooth muscle 

cells 

15 mg/kg of 

body weight 

Inhibit TH-induced mitochondrial membrane potential 

and intracellular ATP decrease 

[100] 
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Furthermore, there is convincing evidence that interleukin (IL)-6 plays a significant role 

on organ injuries and is required for expression of adhesion molecules and release of 

chemokines [46,47]. IL-6 also appears to be an essential component of the inflammatory 

cascade that is associated with lung injury in hemorrhagic shock [29,45]. Moreover, 

IL-6-deficient mice shows less neutrophil infiltration and organ damage as compared with 

wild-type mice under those conditions [47,48]. The cytokines are important early mediators 

in the lung during T-H, and are required for expression of adhesion molecules and 

chemokines [49,50]. The ability of resveratrol to modulate expression of inflammatory 

cytokines as well as adhesion molecules and chemokines suggests a role for resveratrol in the 

regulation of lung inflammation.  

 

The protective effect of resveratrol in the liver following T-H 

The liver is considered to be a critical organ in the development of delayed organ dysfunction 

in patients having traumatic injuries and hemorrhagic shock [40,51,52]. T-H results in 

excessive production of pro-inflammatory mediators, and the subsequent accumulation of 

neutrophils in the liver is associated with hepatic injury [36,43,52]. Resveratrol reduces 

neutrophil and cytokine production in vivo in a rodent model of LPS-induced airway 

inflammation [53,54]. Previous studies have shown that resveratrol binds and increases the 

transcriptional activity of estrogen receptor (ER)-α and ER-β [55]. Previous studies have 

made contributions in exploring the role of sexual dimorphism and response to injury and 

demonstrated the importance of sex steroids on the maintenance of organ function after T-H 

[40,52,56]. Previous studies have also shown that resveratrol binds to ER and activates the 

transcription of estrogen-responsive target genes [57]. Our previous studies showed that 

administration of resveratrol in combination with an ER antagonist ICI 182,780 blocked the 

hepatoprotective effect and demonstrated that ER pathways are critical to the mechanism of 

resveratrol induced post-resuscitation hepatoprotection [28]. Building on these concepts, ER 

pathways may be critical to the use of potential therapies in the treatment of trauma patients 

[28,49]. 

Previous studies have also shown that estrogen administration after T-H up-regulates 

phosphatidylinositol 3-kinase (PI3K)/protein kinase B (Akt) expression via an estrogen 

receptor [58]. The PI3K/Akt is known to be an endogenous negative feedback or 

compensatory mechanism, which serves to limit pro-inflammatory and chemotactic events in 

response to injury [59,60]. In addition, PI3K/Akt pathway is known to play a pivotal role in 

the ability of neutrophils to undergo chemotaxis [61-63]. Previous studies have shown that 

hemeoxygenase 1 (HO-1) expression is up-regulated after hemorrhagic shock, and that its 
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induction seems to play a central role in the preservation of organ microcirculation under 

such conditions [64]. A growing body of evidence indicates that Akt activation induces HO-1, 

which is known to play a protective role in many organs under various deleterious conditions, 

including T-H [64,65]. Up-regulation of HO-1 causes a reduction of cytokines, adhesion 

molecules, chemokines, and neutrophil accumulation, and ameliorates organ injury in shock 

status [37,43,45,64]. Studies have also shown that administration of 17β-estradiol or 

flutamide after T-H increase HO-1 expression, which prevents the organs from dysfunction 

and injury [22,65,66]. Resveratrol-mediated increase in HO-1 is found to be Akt-dependent, 

because co-administration of HO antagonist with resveratrol abolished the increase in HO-1 

and the salutary effects of resveratrol in the liver following T-H [43]. Activation of PI3K/Akt 

signaling cascade by resveratrol has been observed in different tissues [30,67-69]. These 

results indicate that resveratrol administration after T-H decreases pro-inflammatory mediator 

levels and attenuates liver damage, likely through Akt-mediated up-regulation of HO-1 

[36,43]. 

 

The protective effect of resveratrol in the intestine following T-H 

Estrogen receptor is also reported to play an important role in intestinal injury after T-H. The 

p38 mitogen activated protein kinase (MAPK) has been reported to regulate inflammatory 

response after T-H [22,70-72]. An increasing body of evidence shows that ERs lead to the 

induction of p38 MAPK [22,70,73]. Estrogen-mediated attenuation of the inflammatory 

response to shock-induced organ injury is abolished by the presence of a p38 MAPK inhibitor 

SB-203580 [22,70,72]. A growing body of evidence indicates that p38 MAPK activation 

induces HO-1, which is known to play a protective role in many organs under various 

deleterious conditions, including T-H [22,70]. Up-regulation of HO-1 causes a reduction of 

pro-inflammatory mediators, cytokines/chemokines and adhesion molecules, along with 

neutrophil accumulation and amelioration of organ injury in shock status [41,45,74]. A 

number of studies have shown that p38 MAPK activation contributes to the protection of 

cell/tissue responses to a variety of stimuli [75-77]. P38 MAPK phosphorylation is also 

reported to be intestine-protective after ischemic preconditioning or T-H [22,70,78]. Studies 

have also indicated that p38 MAPK activation regulates mucosal recovery in 

ischemic-injured porcine ileum [79] and protects glomerular epithelial cells against 

complement-mediated cell injury [80]. It suggests that the salutary effects of resveratrol are 

mediated by p38 MAPK-dependent HO-1 upregulation. Our recent study showed that 

treatment of animals with SB-203580, which blocks p38 MAPK, abolished 

resveratrol-induced up-regulation of HO-1 after T-H [22]. These findings indicate that the 
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salutary effects of resveratrol are mediated in part through ER-dependent p38 MAPK/HO-1 

upregulation. 

 

The protective effect of resveratrol in the heart following T-H 

Resveratrol has been shown to have cardioprotective effects during ischemia reperfusion [81], 

and previous studies have shown that resveratrol can attenuate organ injury after T-H [27,36]. 

Activation of the PI3K pathway protects organs or cells against ischemia-reperfusion injury 

and hypoxia through suppression of the apoptosis machinery [82,83]. Inhibition of the 

PI3K/Akt pathway with the PI3K inhibitor wortmannin increases serum cytokine levels and 

decreases the survival of mice subjected to sepsis [60,84]. PI3K/Akt pathway is known to 

play a pivotal role in the ability of neutrophils to undergo chemotaxis [64,85]. Studies have 

demonstrated that cardiac injury is associated with increased neutrophil accumulation [40,86] 

and our previous studies have also shown that reduction of neutrophil accumulation after 

hemorrhagic shock in small intestine correlated with the improvement of cardiac function 

[22]. Resveratrol has been shown to ameliorate cardiac injury and production of 

pro-inflammatory mediators after T-H [27]. Blockade of Akt activation abolishes the salutary 

effects of resveratrol in the heart following T-H [27]. These findings provide evidence that 

resveratrol-mediated cardioprotection is likely mediated via an Akt-dependent pathway after 

T-H [27]. 

Sirt1 (Sirtuin 1) has been shown to regulate mammalian genes transcription and silence 

tumor suppressor genes [87,88]. The Sirt1 transcription-modulating proteins also showed a 

fine balance in response to intracellular cues, such as hypoxia or stress signals. The beneficial 

effects of resveratrol mediated by Sirt1 activation can be contributed by different organs 

[4,89-91]. Studies have shown that resveratrol improves cardiac function following T-H by 

modulating Sirt1 [89]. Resveratrol could abrogate the T-H-induced down-regulation of Sirt1 

expression and most of the effect abolished by sirtinol (a Sirt1 inhibitor). The salutary effect 

of resveratrol on left ventricular contractility and systemic TNF-α levels was abolished by 

sirtinol [89]. 

 

The protective effect of resveratrol on endothelium following T-H 

Previous studies have shown that vascular endothelial cell dysfunction leading to inadequate  

tissue perfusion which occurs after hemorrhagic shock and persists despite fluid resuscitation 

[92,93]. Oxidative stress and superoxide radical generation are believed to contribute to the 

pathogenesis of endothelial dysfunction in low-flow states [66,93,94]. Endothelial 

nicotinamide adenine dinucleotide phosphate-oxidase (NOX) is a major source of reactive 



Functional Foods in Health and Disease 2012, 2(10):351-368                         Page 357 of 368 

 

oxygen species (ROS) of the vasculature, and previous studies have shown that there was a 

marked increase in NOX-generated ROS by the endothelium under stressful conditions 

[66,94]. Elevated ROS is considered a major contributing factor to endothelial dysfunction, 

and anti-oxidants have been found to attenuate ROS-induced injuries [66,94]. Resveratrol has 

been shown to have broad anti-oxidant activities in a number of biological systems [95,96]. 

Resveratrol has been demostrated to have cardioprotective effects during 

ischemia-reperfusion through its ROS-scavenging activity [81]. However, the cardiovascular 

benefit of resveratrol may not simply be attributable to its anti-oxidant effect, and recent 

findings indicate that resveratrol reduces NOX activity in rat aortic homogenate and 

macrophages [97]. The NOX complex in phagocytic cells is a flavocytochrome composed of 

two membrane bound proteins, gp91phox and p22phox, and a cytosolic protein, p47phox 

[98]. Our recent studies have shown that resveratrol prevents T-H-elicited oxidative stress 

and protects endothelium from subsequent functional damages [94]. The beneficial effects 

include suppression of the NOX activity and direct scavenging of ROS. The inhibitory effect 

of resveratrol on the NOX activity appears to be mediated through influence of the active 

NOX enzyme complex assembly in the cell membrane and the cytosol, as is evidenced from 

reduced membrane-bound proteins p22phox and gp91phox and cytosolic protein p47phox 

[37,94]. Furthermore, the recent study has shown that resveratrol could reduce mitochondrial 

dysfunction and lysosomal stability of rat’s arteriolar smooth muscle cells (ASMCs) 

following T-H [99]. 

HO-1 appears to act as a protective agent in many organs against insults, such as 

ischemia and oxidative stress [65,100]. Resveratrol can modulate HO-1 induction and 

previous studies also have shown that estrogen or flutamide enhances HO-1 expression via 

ER [22,36]. Our recent studies suggest that up-regulation in HO-1 was associated with 

prevention of endothelial dysfunction and the salutary effects of resveratrol on endothelial 

function are mediated in part by up-regulation of the HO-1- related pathway via ER [94]. 

 

CONCLUSIONS: 

Resveratrol has been shown to have the beneficial effects in various studies and experimental 

conditions. There is increasing evidence that resveratrol maintains organ function after 

trauma or shock-like states. Resveratrol can attenuate organs injury following T-H through 

multiple pathways. However, the protective benefits of resveratrol may not simply be 

attributed to its anti-inflammatory or anti-oxidant effect. It is implicated that resveratrol is 

also mediated in part via a variety of intracellular signaling pathways including the regulation 

of the HO-1/MAPK, PI3K/Akt, ER, and Sirt1 (Figure 1). This complex network needs 



Functional Foods in Health and Disease 2012, 2(10):351-368                         Page 358 of 368 

 

additional elucidation in future experimental studies and clinical trials. 
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Figure 1. The pathways of resveratrol on maintenance of organ function following 

trauma-hemorrhage. ER, estrogen receptor; SIRT1, sirtuin 1; HO-1, hemeoxygenase 1; ROS, 

reactive oxygen species; ICAM, intercellular adhesion molecule; NOX, NADPH oxidase. 

 

Abbreviations: Trauma-Hemorrhage (T-H), Estrogen Receptor (ER), Reactive Oxygen 

Species (ROS), Hemeoxygenase-1 (HO-1), Nuclear factor-E2- related factor-2 (Nfr2), 

Nuclear Factor-Kappa B (NF-kB), Phosphatidylinositol 3-kinase (PI3K), Protein Kinase B 

(Akt), Mitogen-Activated Protein Kinase (MAPK), Cyclooxygenase-1 (COX-1), Sirtuin 1 

(SIRT1), Nicotinamide adenine dinucleotide phosphate-oxidase (NOX),  

 

Competing interests: The authors declare that they have no competing interests. 

 

Authors’ contributions: Huang-Ping Yu, MD, PhD is the principle investigator for the 

studies providing oversight and contributed fundamental conceptualization for the research, 

writing a grant proposal and manuscript. Fu-Chao Liu, MD, PhD contributed to the 

conceptualization of the research protocol and assisted in writing the manuscript. 

 

Acknowledgements and Funding: This work was partially supported by grants from the 

National Science Council (NSC98-2314-B-182A-034-MY3) and Chang Gung Memorial 



Functional Foods in Health and Disease 2012, 2(10):351-368                         Page 359 of 368 

 

Hospital (CMRPG381073) to H-P Yu. Support was also provided by the National Science 

Council (NSC 101-2314-B-182 -082) and Chang Gung Memorial Hospital (CMRPG 392122) 

to F-C Liu. 

 

REFERENCES: 

1. Li H, Xia N, Forstermann U. Cardiovascular effects and molecular targets of 

resveratrol. Nitric Oxide 2012; 26: 102-110. 

2. Petrovski G, Gurusamy N, Das DK. Resveratrol in cardiovascular health and 

disease. Ann N Y Acad Sci 2011; 1215: 22-33. 

3. Palomer X, Capdevila-Busquets E, varez-Guardia D, Barroso E, Pallas M, Camins 

A, Davidson MM, Planavila A, Villarroya F, Vazquez-Carrera M. Resveratrol 

induces nuclear factor-kappa B activity in human cardiac cells. Int J Cardiol 2012 

[Epub ahead of print]. 

4. Stiaccini G, Mannari C, Bertelli AA, Giovannini L. Resveratrol-poor Red Wines 

Modulate SIRT1 in Human Renal Cells. Plant Foods Hum Nutr 2012; 67: 289-293. 

5. Timmer S, Auwerx J, Schrauwen P. The journey of resveratrol from yeast to human. 

Aging (Albany NY) 2012; 4: 146-158. 

6. Panaro MA, Carofiglio V, Acquafredda A, Cavallo P, Cianciulli A. 

Anti-inflammatory effects of resveratrol occur via inhibition of 

lipopolysaccharide-induced NF-kappaB activation in Caco-2 and SW480 human 

colon cancer cells. Br J Nutr 2012; 17: 1-10. 

7. Smoliga JM, Baur JA, Hausenblas HA. Resveratrol and health--a comprehensive 

review of human clinical trials. Mol Nutr Food Res 2011; 55: 1129-1141. 

8. Ruana BF, Lua XQ, Songa J, Zhu HL. Derivatives of Resveratrol: Potential Agents 

in Prevention and Treatment of Cardiovascular Disease. Curr Med Chem 2012; 19: 

4175-4183. 

9. Legg K. Metabolic disease: Identifying novel targets of resveratrol. Nat Rev Drug 

Discov 2012; 11: 273. 

10. Li F, Gong Q, Dong H, Shi J. Resveratrol, a neuroprotective supplement for 

Alzheimer's disease. Curr Pharm Des 2012; 18: 27-33 

11. Chu LM, Lassaletta AD, Robich MP, Sellke FW. Resveratrol in the prevention and 

treatment of coronary artery disease. Curr Atheroscler Rep 2011; 13: 439-446. 

12. Wood LG, Wark PA, Garg ML. Antioxidant and anti-inflammatory effects of 

resveratrol in airway disease. Antioxid Redox Signal 2010; 13: 1535-1548. 



Functional Foods in Health and Disease 2012, 2(10):351-368                         Page 360 of 368 

 

13. Bertelli AA, Migliori M, Panichi V, Origlia N, Filippi C, Das DK, Giovannini L. 

Resveratrol, a component of wine and grapes, in the prevention of kidney disease. 

Ann N Y Acad Sci 2002; 957: 230-238 

14. Petrovski G, Gurusamy N, Das DK. Resveratrol in cardiovascular health and 

disease. Ann N Y Acad Sci 2011; 1215: 22-33. 

15. Knobloch J, Sibbing B, Jungck D, Lin Y, Urban K, Stoelben E, Strauch J, Koch A. 

Resveratrol impairs the release of steroid-resistant inflammatory cytokines from 

human airway smooth muscle cells in chronic obstructive pulmonary disease. J 

Pharmacol ExpTher 2010; 335: 788-798. 

16. Wood LG, Wark PA, Garg ML. Antioxidant and anti-inflammatory effects of 

resveratrol in airway disease. Antioxid Redox Signal 2010; 13: 1535-1548. 

17. Lin JK, Tsai SH. Chemoprevention of cancer and cardiovascular disease by 

resveratrol. Proc Natl Sci Counc Repub China B 1999; 23: 99-106. 

18. Wu JM, Hsieh TC, Wang Z. Cardioprotection by resveratrol: a review of 

effects/targets in cultured cells and animal tissues. Am J Cardiovasc Dis 2011; 1: 

38-47. 

19. Chan CC, Cheng LY, Lin CL, Huang YH, Lin HC, Lee FY. The protective role of 

natural phytoalexin resveratrol on inflammation, fibrosis and regeneration in 

cholestatic liver injury. Mol Nutr Food Res 2011; 55: 1841-1849. 

20. Karalis F, Soubasi V, Georgiou T, Nakas CT, Simeonidou C, Guiba-Tziampiri O, 

Spandou E. Resveratrol ameliorates hypoxia/ischemia-induced behavioral deficits 

and brain injury in the neonatal rat brain. Brain Res 2011; 1425: 98-110. 

21. Wang S, Qian Y, Gong D, Zhang Y, Fan Y. Resveratrol attenuates acute hypoxic 

injury in cardiomyocytes: correlation with inhibition of iNOS-NO signaling 

pathway. Eur J Pharm Sci 2011; 44: 416-421. 

22. Yu HP, Hwang TL, Hsieh PW, Lau YT. Role of estrogen receptor-dependent 

upregulation of p38 MAPK/hemeoxygenase-1 in resveratrol-mediated attenuation 

of intestinal injury after trauma-hemorrhage. Shock 2011; 35: 517-523. 

23. Liu C, Shi Z, Fan L, Zhang C, Wang K, Wang B. Resveratrol improves neuron 

protection and functional recovery in rat model of spinal cord injury. Brain Res 

2011; 1374: 100-109. 

24. Jha RK, Ma Q, Sha H, Palikhe M. Protective effect of resveratrol in severe acute 

pancreatitis-induced brain injury. Pancreas 2009; 38: 947-953. 



Functional Foods in Health and Disease 2012, 2(10):351-368                         Page 361 of 368 

 

25. Jiang YG, Peng T, Luo Y, Li MC, Lin YH. Resveratrol reestablishes 

spermatogenesis after testicular injury in rats caused by 2, 5-hexanedione. Chin 

Med J (Engl) 2008; 121: 1204-1209. 

26. Namazi H. A novel molecular mechanism to account for the action of resveratrol 

against reperfusion injury. Ann Vasc Surg 2008; 22: 492. 

27. Tsai YF, Liu FC, Lau YT, Yu HP. Role of Akt-dependent pathway in 

resveratrol-mediated cardioprotection after trauma-hemorrhage. J Surg Res 2012; 

176: 171-177. 

28. Yu HP, Hsu JC, Hwang TL, Yen CH, Lau YT. Resveratrol attenuates hepatic injury 

after trauma-hemorrhage via estrogen receptor-related pathway. Shock 2008; 30: 

324-328. 

29. Wu CT, Yu HP, Chung CY, Lau YT, Liao SK. Attenuation of lung inflammation 

and pro-inflammatory cytokine production by resveratrol following 

trauma-hemorrhage. Chin J Physiol 2008; 51: 363-368. 

30. Simao F, Matte A, Pagnussat AS, Netto CA, Salbego CG. Resveratrol prevents 

CA1 neurons against ischemic injury by parallel modulation of both GSK-3beta 

and CREB through PI3-K/Akt pathways. Eur J Neurosci 2012; 36; 2899-2905. 

31. Petrat F, de GH. Protection against severe intestinal ischemia/reperfusion injury in 

rats by intravenous resveratrol. J Surg Res 2011; 167: e145-e155. 

32. Yildiz F, Terzi A, Coban S, Celik H, Aksoy N, Bitiren M, Cakir H, Ozdogan MK. 

Protective effects of resveratrol on small intestines against intestinal 

ischemia-reperfusion injury in rats. J Gastroenterol Hepatol 2009; 24: 1781-1785. 

33. Mokni M, Limam F, Elkahoui S, Amri M, Aouani E. Strong cardioprotective effect 

of resveratrol, a red wine polyphenol, on isolated rat hearts after 

ischemia/reperfusion injury. Arch Biochem Biophys 2007; 457: 1-6. 

34. Kiziltepe U, Turan NN, Han U, Ulus AT, Akar F. Resveratrol, a red wine 

polyphenol, protects spinal cord from ischemia-reperfusion injury. J Vasc Surg 

2004; 40: 138-145. 

35. Wang Q, Xu J, Rottinghaus GE, Simonyi A, Lubahn D, Sun GY, Sun AY. 

Resveratrol protects against global cerebral ischemic injury in gerbils. Brain Res 

2002; 958: 439-447. 

36. Yu HP, Yang SC, Lau YT, Hwang TL. Role of Akt-dependent up-regulation of 

hemeoxygenase-1 in resveratrol-mediated attenuation of hepatic injury after trauma 

hemorrhage. Surgery 2010; 148: 103-109. 



Functional Foods in Health and Disease 2012, 2(10):351-368                         Page 362 of 368 

 

37. Yu HP, Hwang TL, Hwang TL, Yen CH, Lau YT. Resveratrol prevents endothelial 

dysfunction and aortic superoxide production after trauma hemorrhage through 

estrogen receptor-dependent hemeoxygenase-1 pathway. Crit Care Med 2010; 38: 

1147-1154. 

38. Feng X, Ren B, Xie W, Huang Z, Liu J, Guan R, Duan M, Xu J. Influence of 

hydroxyethyl starch 130/0.4 in pulmonary neutrophil recruitment and acute lung 

injury during polymicrobial sepsis in rats. Acta Anaesthesiol Scand 2006; 50: 

1081-1088. 

39. Suzuki T, Shimizu T, Yu HP, Hsieh YC, Choudhry MA, Schwacha MG, Chaudry 

IH. Tissue compartment-specific role of estrogen receptor subtypes in immune cell 

cytokine production following trauma-hemorrhage. J Appl Physiol 2007; 102: 

163-168. 

40. Yu HP, Shimizu T, Hsieh YC, Suzuki T, Choudhry MA, Schwacha MG, Chaudry 

IH. Tissue-specific expression of estrogen receptors and their role in the regulation 

of neutrophil infiltration in various organs following trauma-hemorrhage. J Leukoc 

Biol 2006; 79: 963-970. 

41. Liu FC, Day YJ, Liao CH, Liou JT, Mao CC, Yu HP. Hemeoxygenase-1 

upregulation is critical for sirtinol-mediated attenuation of lung injury after 

trauma-hemorrhage in a rodent model. Anesth Analg 2009; 108: 1855-1861. 

42. Liu FC, Liu FW, Yu HP. Ondansetron attenuates hepatic injury via p38 

MAPK-dependent pathway in a rat haemorrhagic shock model. Resuscitation 2011; 

82: 335-340. 

43. Liu FC, Hwang TL, Lau YT, Yu HP. Mechanism of salutary effects of astringinin 

on rodent hepatic injury following trauma-hemorrhage: Akt-dependent 

hemeoxygenase-1 signaling pathways. PLoS One 2011; 6: e25907. 

44. Yu HP, Hsieh PW, Chang YJ, Chung PJ, Kuo LM, Hwang TL. DSM-RX78, a new 

phosphodiesterase inhibitor, suppresses superoxide anion production in activated 

human neutrophils and attenuates hemorrhagic shock-induced lung injury in rats. 

Biochem Pharmacol 2009; 78: 983-992. 

45. Yu HP, Yang S, Hsieh YC, Choudhry MA, Bland KI, Chaudry IH. Maintenance of 

lung myeloperoxidase activity in proestrus females after trauma-hemorrhage: 

upregulation of heme oxygenase-1. Am J Physiol Lung Cell Mol Physiol 2006; 291: 

L400-L406. 

46. Yang R, Han X, Uchiyama T, Watkins SK, Yaguchi A, Delude RL, Fink MP. IL-6 

is essential for development of gut barrier dysfunction after hemorrhagic shock and 

http://www.ncbi.nlm.nih.gov/pubmed?term=Yu%20HP%5BAuthor%5D&cauthor=true&cauthor_uid=20081535


Functional Foods in Health and Disease 2012, 2(10):351-368                         Page 363 of 368 

 

resuscitation in mice. Am J Physiol Gastrointest Liver Physiol 2003; 285: 

G621-G629. 

47. Meng ZH, Dyer K, Billiar TR, Tweardy DJ. Essential role for IL-6 in 

postresuscitation inflammation in hemorrhagic shock. Am J Physiol Cell Physiol 

2001; 280: C343-C351. 

48. Dayal SD, Hasko G, Lu Q, Xu DZ, Caruso JM, Sambol JT, Deitch EA. 

Trauma/hemorrhagic shock mesenteric lymph upregulates adhesion molecule 

expression and IL-6 production in human umbilical vein endothelial cells. Shock 

2002; 17: 491-495. 

49. Yu HP, Hsieh YC, Suzuki T, Shimizu T, Choudhry MA, Schwacha MG, Chaudry 

IH. Salutary effects of estrogen receptor-beta agonist on lung injury after 

trauma-hemorrhage. Am J Physiol Lung Cell Mol Physiol 2006; 290: 

L1004-L1009. 

50. Maier M, Strobele H, Voges J, Bauer C, Marzi I. Attenuation of leukocyte adhesion 

by recombinant TNF-binding protein after hemorrhagic shock in the rat. Shock 

2003; 19: 457-461. 

51. Shimizu T, Yu HP, Suzuki T, Szalay L, Hsieh YC, Choudhry MA, Bland KI, 

Chaudry IH. The role of estrogen receptor subtypes in ameliorating hepatic injury 

following trauma-hemorrhage. J Hepatol 2007; 46: 1047-1054. 

52. Shimizu T, Yu HP, Hsieh YC, Choudhry MA, Suzuki T, Bland KI, Chaudry IH. 

Flutamide attenuates pro-inflammatory cytokine production and hepatic injury 

following trauma-hemorrhage via estrogen receptor-related pathway. Ann Surg 

2007; 245: 297-304. 

53. Sebai H, Sani M, Yacoubi MT, Aouani E, Ghanem-Boughanmi N, Ben-Attia M. 

Resveratrol, a red wine polyphenol, attenuates lipopolysaccharide-induced 

oxidative stress in rat liver. Ecotoxicol Environ Saf 2010; 73: 1078-1083. 

54. Birrell MA, McCluskie K, Wong S, Donnelly LE, Barnes PJ, Belvisi MG. 

Resveratrol, an extract of red wine, inhibits lipopolysaccharide induced airway 

neutrophilia and inflammatory mediators through an NF-kappaB-independent 

mechanism. FASEB J 2005; 19: 840-841. 

55. Klinge CM, Blankenship KA, Risinger KE, Bhatnagar S, Noisin EL, Sumanasekera 

WK, Zhao L, Brey DM, Keynton RS. Resveratrol and estradiol rapidly activate 

MAPK signaling through estrogen receptors alpha and beta in endothelial cells. J 

Biol Chem 2005; 280: 7460-7468. 



Functional Foods in Health and Disease 2012, 2(10):351-368                         Page 364 of 368 

 

56. Choudhry MA, Schwacha MG, Hubbard WJ, Kerby JD, Rue LW, Bland KI, 

Chaudry IH. Gender differences in acute response to trauma-hemorrhage. Shock 

2005; 24 Suppl 1: 101-106. 

57. Gehm BD, McAndrews JM, Chien PY, Jameson JL. Resveratrol, a polyphenolic 

compound found in grapes and wine, is an agonist for the estrogen receptor. Proc 

Natl Acad Sci USA 1997; 94: 14138-14143. 

58. Yu HP, Hsieh YC, Suzuki T, Choudhry MA, Schwacha MG, Bland KI, Chaudry IH. 

Mechanism of the nongenomic effects of estrogen on intestinal myeloperoxidase 

activity following trauma-hemorrhage: up-regulation of the PI-3K/Akt pathway. J 

Leukoc Biol 2007; 82: 774-780. 

59. Williams DL, Ozment-Skelton T, Li C. Modulation of the phosphoinositide 

3-kinase signaling pathway alters host response to sepsis, inflammation, and 

ischemia/reperfusion injury. Shock 2006; 25: 432-439. 

60. Williams DL, Li C, Ha T, Ozment-Skelton T, Kalbfleisch JH, Preiszner J, Brooks L, 

Breuel K, Schweitzer JB. Modulation of the phosphoinositide 3-kinase pathway 

alters innate resistance to polymicrobial sepsis. J Immunol 2004; 172: 449-456. 

61. Cain RJ, Ridley AJ. Phosphoinositide 3-kinases in cell migration. Biol Cell 2009; 

101: 13-29. 

62. Thomas MJ, Smith A, Head DH, Milne L, Nicholls A, Pearce W, Vanhaesebroeck 

B, Wymann MP, Hirsch E, Trifilieff A, Walker C, Finan P, Westwick J. Airway 

inflammation: chemokine-induced neutrophilia and the class I phosphoinositide 

3-kinases. Eur J Immunol 2005; 35: 1283-1291. 

63. Wymann MP, Sozzani S, Altruda F, Mantovani A, Hirsch E. Lipids on the move: 

phosphoinositide 3-kinases in leukocyte function. Immunol Today 2000; 21: 

260-264. 

64. Hsu JT, Kan WH, Hsieh CH, Choudhry MA, Bland KI, Chaudry IH. Mechanism of 

salutary effects of estrogen on cardiac function following trauma-hemorrhage: 

Akt-dependent HO-1 up-regulation. Crit Care Med 2009; 37: 2338-2344. 

65. Hsu JT, Kan WH, Hsieh CH, Choudhry MA, Schwacha MG, Bland KI, Chaudry 

IH. Mechanism of estrogen-mediated attenuation of hepatic injury following 

trauma-hemorrhage: Akt-dependent HO-1 up-regulation. J Leukoc Biol 2007; 82: 

1019-1026. 

66. Szalay L, Shimizu T, Schwacha MG, Choudhry MA, Rue LW, III, Bland KI, 

Chaudry IH. Mechanism of salutary effects of estradiol on organ function after 



Functional Foods in Health and Disease 2012, 2(10):351-368                         Page 365 of 368 

 

trauma-hemorrhage: upregulation of heme oxygenase. Am J Physiol Heart Circ 

Physiol 2005; 289: H92-H98. 

67. Fagone E, Conte E, Gili E, Fruciano M, Pistorio MP, Lo FD, Giuffrida R, Crimi N, 

Vancheri C. Resveratrol inhibits transforming growth factor-beta-induced 

proliferation and differentiation of ex vivo human lung fibroblasts into 

myofibroblasts through ERK/Akt inhibition and PTEN restoration. Exp Lung Res 

2011; 37: 162-174. 

68. Park ES, Lim Y, Hong JT, Yoo HS, Lee CK, Pyo MY, Yun YP. Pterostilbene, a 

natural dimethylated analog of resveratrol, inhibits rat aortic vascular smooth 

muscle cell proliferation by blocking Akt-dependent pathway. Vascul Pharmacol. 

2010; 53: 61-67. 

69. Xia L, Wang XX, Hu XS, Guo XG, Shang YP, Chen HJ, Zeng CL, Zhang FR, 

Chen JZ. Resveratrol reduces endothelial progenitor cells senescence through 

augmentation of telomerase activity by Akt-dependent mechanisms. Br J 

Pharmacol 2008; 155: 387-394. 

70. Hsu JT, Kan WH, Hsieh CH, Choudhry MA, Schwacha MG, Bland KI, Chaudry 

IH. Mechanism of estrogen-mediated intestinal protection following 

trauma-hemorrhage: p38 MAPK-dependent upregulation of HO-1. Am J Physiol 

Regul Integr Comp Physiol 2008; 294: R1825-R1831. 

71. Hsu JT, Kan WH, Hsieh YC, Choudhry MA, Schwacha MG, Bland KI, Chaudry 

IH. Mechanism of estrogen-mediated improvement in cardiac function after 

trauma-hemorrhage: p38-dependent normalization of cardiac Akt phosphorylation 

and glycogen levels. Shock 2008; 30: 372-378. 

72. Hsu JT, Hsieh YC, Kan WH, Chen JG, Choudhry MA, Schwacha MG, Bland KI, 

Chaudry IH. Role of p38 mitogen-activated protein kinase pathway in 

estrogen-mediated cardioprotection following trauma-hemorrhage. Am J Physiol 

Heart Circ Physiol 2007; 292: H2982-H2987. 

73. Angele MK, Nitsch S, Knoferl MW, Ayala A, Angele P, Schildberg FW, Jauch 

KW, Chaudry IH. Sex-specific p38 MAP kinase activation following 

trauma-hemorrhage: involvement of testosterone and estradiol. Am J Physiol 

Endocrinol Metab 2003; 285: E189-E196. 

74. Shen XD, Ke B, Zhai Y, Gao F, Busuttil RW, Cheng G, Kupiec-Weglinski JW. 

Toll-like receptor and heme oxygenase-1 signaling in hepatic ischemia/reperfusion 

injury. Am J Transplant 2005; 5: 1793-1800. 



Functional Foods in Health and Disease 2012, 2(10):351-368                         Page 366 of 368 

 

75. Liu SH, Ma K, Xu B, Xu XR. Effects of p38 mitogen-activated protein kinase in 

protection of carbon monoxide against lipopolysaccharide induced rat small 

intestine injury. Zhongguo Ying Yong Sheng Li Xue Za Zhi 2009; 25: 277-281. 

76. Chai W, Wu Y, Li G, Cao W, Yang Z, Liu Z. Activation of p38 mitogen-activated 

protein kinase abolishes insulin-mediated myocardial protection against 

ischemia-reperfusion injury. Am J Physiol Endocrinol Metab 2008; 294: 

E183-E189. 

77. Rakhit RD, Kabir AN, Mockridge JW, Saurin A, Marber MS. Role of G proteins 

and modulation of p38 MAPK activation in the protection by nitric oxide against 

ischemia-reoxygenation injury. Biochem Biophys Res Commun 2001; 286: 

995-1002. 

78. Kan WH, Hsu JT, Ba ZF, Schwacha MG, Chen J, Choudhry MA, Bland KI, 

Chaudry IH. p38 MAPK-dependent eNOS upregulation is critical for 

17beta-estradiol-mediated cardioprotection following trauma-hemorrhage. Am J 

Physiol Heart Circ Physiol 2008; 294: H2627-H2636. 

79. Shifflett DE, Jones SL, Moeser AJ, Blikslager AT. Mitogen-activated protein 

kinases regulate COX-2 and mucosal recovery in ischemic-injured porcine ileum. 

Am J Physiol Gastrointest Liver Physiol 2004; 286: G906-G913. 

80. Aoudjit L, Stanciu M, Li H, Lemay S, Takano T. p38 mitogen-activated protein 

kinase protects glomerular epithelial cells from complement-mediated cell injury. 

Am J Physiol Renal Physiol 2003; 285: F765-F774. 

81. Shigematsu S, Ishida S, Hara M, Takahashi N, Yoshimatsu H, Sakata T, Korthuis 

RJ. Resveratrol, a red wine constituent polyphenol, prevents superoxide-dependent 

inflammatory responses induced by ischemia/reperfusion, platelet-activating factor, 

or oxidants. Free Radic Biol Med 2003; 34: 810-817. 

82. Lv L, Meng Q, Xu J, Gong J, Cheng Y, Jiang S. Ligustrazine attenuates myocardial 

ischemia reperfusion injury in rats by activating the phosphatidylinositol 

3-kinase/Akt pathway. Ann Clin Lab Sci 2012; 42: 198-202. 

83. Jiang X, Ai C, Shi E, Nakajima Y, Ma H. Neuroprotection against spinal cord 

ischemia-reperfusion injury induced by different ischemic postconditioning 

methods: roles of phosphatidylinositol 3-kinase-Akt and extracellular 

signal-regulated kinase. Anesthesiology 2009; 111: 1197-1205. 

84. Schabbauer G, Tencati M, Pedersen B, Pawlinski R, Mackman N. PI3K-Akt 

pathway suppresses coagulation and inflammation in endotoxemic mice. 

Arterioscler Thromb Vasc Biol 2004; 24: 1963-1969. 



Functional Foods in Health and Disease 2012, 2(10):351-368                         Page 367 of 368 

 

85. Fung-Leung WP. Phosphoinositide 3-kinase delta (PI3Kdelta) in leukocyte 

signaling and function. Cell Signal 2011; 23: 603-608. 

86. Kher A, Wang M, Tsai BM, Pitcher JM, Greenbaum ES, Nagy RD, Patel KM, 

Wairiuko GM, Markel TA, Meldrum DR. Sex differences in the myocardial 

inflammatory response to acute injury. Shock 2005; 23: 1-10. 

87. Serrano-Marco L, Chacon MR, Maymo-Masip E, Barroso E, Salvado L, Wabitsch 

M, Garrido-Sanchez L, Tinahones FJ, Palomer X, Vendrell J, Vazquez-Carrera M. 

TNF-alpha inhibits PPARbeta/delta activity and SIRT1 expression through 

NF-kappaB in human adipocytes. Biochim Biophys Acta 2012; 1821: 1177-1185. 

88. Pazienza V, Piepoli A, Panza A, Valvano MR, Benegiamo G, Vinciguerra M, 

Andriulli A, Mazzoccoli G. SIRT1 and the clock gene machinery in colorectal 

cancer. Cancer Invest 2012; 30: 98-105. 

89. Jian B, Yang S, Chaudry IH, Raju R. Resveratrol improves cardiac contractility 

following trauma-hemorrhage by modulating Sirt1. Mol Med 2012; 18: 209-214. 

90. Fischer-Posovszky P, Kukulus V, Tews D, Unterkircher T, Debatin KM, Fulda S, 

Wabitsch M. Resveratrol regulates human adipocyte number and function in a 

Sirt1-dependent manner. Am J Clin Nutr 2010; 92: 5-15. 

91. Pallas M, Casadesus G, Smith MA, Coto-Montes A, Pelegri C, Vilaplana J, Camins 

A. Resveratrol and neurodegenerative diseases: activation of SIRT1 as the potential 

pathway towards neuroprotection. Curr Neurovasc Res 2009; 6: 70-81. 

92. Ba ZF, Kuebler JF, Rue LW, III, Bland KI, Wang P, Chaudry IH. Gender 

dimorphic tissue perfusion response after acute hemorrhage and resuscitation: role 

of vascular endothelial cell function. Am J Physiol Heart Circ Physiol 2003; 284: 

H2162-H2169. 

93. Wang P, Ba ZF, Chaudry IH. Endothelial cell dysfunction occurs very early 

following trauma-hemorrhage and persists despite fluid resuscitation. Am J Physiol 

1993; 265: H973-H979. 

94. Yu HP, Lui PW, Hwang TL, Yen CH, Lau YT. Propofol improves endothelial 

dysfunction and attenuates vascular superoxide production in septic rats. Crit Care 

Med 2006; 34: 453-460. 

95. Chang CC, Chang CY, Huang JP, Hung LM. Effect of resveratrol on oxidative and 

inflammatory stress in liver and spleen of streptozotocin-induced type 1 diabetic 

rats. Chin J Physiol 2012; 55: 192-201. 

96. Elmali N, Baysal O, Harma A, Esenkaya I, Mizrak B. Effects of resveratrol in 

inflammatory arthritis. Inflammation 2007; 30: 1-6. 



Functional Foods in Health and Disease 2012, 2(10):351-368                         Page 368 of 368 

 

97. Chow SE, Hshu YC, Wang JS, Chen JK. Resveratrol attenuates oxLDL-stimulated 

NADPH oxidase activity and protects endothelial cells from oxidative functional 

damages. J Appl Physiol 2007; 102: 1520-1527. 

98. Terada LS. Oxidative stress and endothelial activation. Crit Care Med 2002; 30: 

S186-S191. 

99. Wang X, Song R, Bian HN, Brunk UT, Zhao M, Zhao KS. Polydatin, a natural 

polyphenol, protects arterial smooth muscle cells against mitochondrial 

dysfunction and lysosomal destabilization following hemorrhagic shock. Am J 

Physiol Regul Integr Comp Physiol 2012; 302: R805-R814. 

100. Yu HP, Choudhry MA, Shimizu T, Hsieh YC, Schwacha MG, Yang S, 

Chaudry IH. Mechanism of the salutary effects of flutamide on intestinal 

myeloperoxidase activity following trauma-hemorrhage: up-regulation of estrogen 

receptor-{beta}-dependent HO-1. J Leukoc Biol 2006; 79: 277-284. 


