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Abstract 

Purpose: To determine the efficacy of resveratrol in mitigating necrotizing enterocolitis (NEC) in 
neonatal rats. 
Methods: Necrotizing enterocolitis (NEC) was induced in neonatal rats using hypoxia and hypothermia. 
At the completion of treatment, the intestinal tissues of the rats were isolated for evaluation of various 
biochemical parameters. 
Results: There was significant increase in the levels of proinflammatory cytokines (TNF-α, IL-6 and IL-
1β) and oxidative stress markers (MDA, xanthine oxidase and nitric oxide) in intestinal tissues of NEC 
rats (p < 0.05). However, resveratrol treatment led to significant decrease in the levels of cytokines and 
oxidative stress parameters, relative to the NEC group (p < 0.05). Furthermore, Western blotting results 
showed up-regulation in protein expressions of inflammatory cytokines in NEC rats. However, the 
protein expressions of inflammatory cytokines were down-regulated in the NEC rats on treatment with 
resveratrol. Moreover, resveratrol reversed the NEC-induced up-regulations of Bax and caspase-3, as 
well as NEC-mediated down-regulation of Bcl-2. 
Conclusion: These results demonstrate that resveratrol mitigates NEC-induced intestinal damage in 
neonatal rats via anti-inflammatory, anti-apoptotic and antioxidant mechanisms of action. Therefore, 
resveratrol is a potential therapeutic agent for NEC. 
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INTRODUCTION 
 
Necrotizing enterocolitis (NEC) is a serious 
inflammatory disease of the gastrointestinal 
system, and it is associated with significant 
morbidity and mortality. Necrotizing enterocolitis 
is one of major causes of neonatal intensive 

care admissions in hospitals. It has been 
reported that the global incidence of NEC 
ranges from 7 to 11 % in newborns weighing < 
1500 g, or neonates of gestational age less than 
28 weeks [1]. The clinical features of NEC are 
variable degrees of intestinal injury, sepsis due 
to bacterial invasion, and loss of organ functions 

-----------------------------------------------------------------------------------------------------------------------------------------------------
© 2021 The authors. This work is licensed under the Creative Commons Attribution 4.0 International License 
 



Hu et al 

Trop J Pharm Res, October 2021; 20(10): 2084 
 

[2]. The prime factors involved in the 
pathogenesis of NEC are low birth weight, 
prematurity, formula feeding, reduced oxygen 
supply, altered gut microflora, intestinal 
ischemia and necrosis, cytokines and poor 
antioxidant status [3]. Furthermore, reports 
suggest that reactive oxygen species (ROS) 
play crucial roles in the pathogenesis of NEC. 
 
Studies have shown that the interaction 
between ROS generated as result of I/R injury 
to premature gut, and decreased antioxidant 
status, may lead to the development of NEC [4]. 
Thus, pathological factors such as immature 
antioxidant defences and increased ROS pre-
dispose to intestinal oxidative damage in 
premature newborns. Furthermore, increased 
levels of inflammatory cytokines, nitric oxide 
and toll-like receptor-4 activation have been 
implicated in the development of NEC [5]. 
Resveratrol is a major polyphenolic compound 
present in red grapes and wine beverages. It 
possesses antioxidant, anti-inflammatory, 
neuroprotective, anti-cancer and 
hepatoprotective properties [6]. Resveratrol has 
shown promising therapeutic effects in a wide 
range of neonatal pathologies. Previous studies 
have revealed the mitigative effect of resveratrol 
on hyperoxia-mediated lung injury, 
hypoxia/ischemia-provoked neuronal injury, and 
alcohol-induced neurotoxicity in neonatal rats 
[7]. Clinical and preclinical studies have 
reported the anti-inflammatory effect of 
resveratrol during inflammatory colitis [8]. The 
current research was carried out to investigate 
the protective effect of resveratrol against 
experimental NEC in neonatal rats. 
 
EXPERIMENTAL 
 
Animals 
 
The present study was approved by the Animal 
Ethics Committee of Chengfei Hospital, 
Sichuan, China (approval no. SCH/19/008). The 
experimental procedure was performed as per 
the guidelines stated in the Care and Use of 
Laboratory Animals, NIH, USA [8]. Forty term, 
disease-free, neonatal Sprague-Dawley rats 
were used in this study. The neonatal rats were 
maintained under standard laboratory 
conditions at a mean temperature of 24 ± 0.5 °C 
and relative humidity of 50-55 % humidity under 
12-h light/12-h dark cycle. 
 
Establishment of neonatal model of NEC, 
and treatment with resveratrol 
 
The rats were randomly assigned to four 
groups: control, NEC, resveratrol-alone and 

resveratrol + NEC, with 10 rats in each group.  
In this study, NEC was induced using the 
hypoxia and hypothermia procedure as 
previously described by Karadag et al. The 
neonatal rats were made hypoxic by exposing 
them to 100 % nitrogen gas for 2 min, followed 
by instant exposure to cold stress at 4 °C for 10 
min. The procedure was carried out two times 
daily for 3 days. Furthermore, the pups in 
resveratrol-alone and resveratrol + NEC groups 
received resveratrol at a dose of 15 mg/kg twice 
daily for 3 days, 30 min before induction of 
NEC. The body weights of the animals were 
recorded daily. After 4 days, the neonatal rats 
were euthanized via cervical dislocation. 
Following sacrifice, the intestines of the 
neonatal rats were examined for NEC-induced 
pathological changes such as edema, fragility, 
discoloration, perforation, and necrosis. From 
each neonatal rat, 3 cm of the ileum at the 
terminal region encompassing the cecum, was 
isolated for the estimation of various disease 
markers. The excised tissues were rinsed in ice-
cold saline, after which 50 % of the tissues were 
used for preparation homogenates for 
biochemical analysis. The remaining tissues 
were preserved in liquid nitrogen at -70°C for 
western blotting studies. 
 
Biochemical analysis 
 
Proinflammatory cytokines 
 
The intestinal levels of TNF-α, IL-6 and IL-1β 
were assayed using enzyme-linked 
immunosorbent assay (ELISA) kits (Sigma, 
USA) in accordance with the manufacturer’s 
instructions. 
 
Oxidative stress indexes 
 
The levels of malondialdehyde (MDA) and 
xanthine oxidase (XO) in intestinal tissue were 
determined using assay kits (Nanjing Jiancheng 
Bioengineering Institute, Nanjing, Jiangsu, 
China). 
 
Antioxidant parameters 
 
The intestinal tissue levels of SOD, CAT, GPx 
and GSH were assayed using appropriate 
assay kits procured from Nanjing Jiancheng 
Bioengineering Institute, Nanjing, Jiangsu, 
China. 
 
Nitrite levels 
 
Nitrite (NO) levels in the intestinal homogenate 
were measured using the procedure of Green et 
al. Equal volumes of tissue homogenate and the 
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Greiss reagent were mixed and shaken. Then, 
the resultant solution was kept in dark for 10 
min at 37 °C, after which the absorbance was 
read at 540 nm in a UV- spectrophotometer. 
The concentration of nitrite was expressed as 
μmole/g of tissue. 
 
Western blot analysis 
 
Total protein was extracted from the intestinal 
tissue samples using lysate solution (200 μL) 
containing protease inhibitor (Beyotime, Hunan, 
China), and the lysate was kept in ice-cold 
conditions for 20 min, prior to centrifugation at 4 
°C at 13,000 rpm for 30 min. The protein 
concentration of the lysate was determined 
using BCA method. Then, equal amounts of 
proteins were subjected to SDS-polyacrylamide 
gel electrophoresis, followed by transfer onto 
PVDF membranes (Millipore, Bedford, MA, 
USA). The PVDF membranes were blocked in 5 
% bovine serum albumin at 37 °C for 2 h. 
Thereafter, the PVDF membranes were 
incubated overnight at 4 °C with the primary 
antibodies: rabbit anti-TNF-α, rabbit anti-IL-6, 
rabbit anti-IL-1β, rabbit anti- BCl-2, anti-Bax, 
anti-caspase-3, and rat anti-GAPDH. This was 
followed by incubation with secondary antibody 
for 2 h at 37 °C. The protein expressions were 
observed through ECL kit. The internal control 
was GAPDH. 
 
RESULTS 
 
Effect of resveratrol on tissue inflammatory 
cytokine concentrations in NEC neonatal 
rats 
 
The intestinal levels of TNF-α, IL-6 and IL-1β 
were markedly higher in NEC group than in the 
control group (p < 0.05). However, treatment of 
the NEC pups with resveratrol led to significant 
decreases in levels of TNF-α, IL-6 and IL-1β, 

when compared to untreated NEC group (p < 
0.05). 
 
Effect of resveratrol on intestinal levels of 
MDA and xanthine oxidase in NEC neonatal 
rats 
 
The levels of oxidative stress markers i.e., 
malondialdehyde (MDA) and xanthine oxidase 
(XO) were significantly increased in the 
intestinal homogenate of NEC neonatal rats (p < 
0.05; Figure 1). However, treatment with 
resveratrol significantly reduced the oxidative 
stress by reducing the levels of MDA and XO (p 
< 0.05). 

 
 
Figure 1: Effect of resveratrol on intestinal MDA and 
XO levels in NEC neonatal rats. The NEC neonatal rat 
intestinal homogenates were assayed for MDA and 
XO levels after resveratrol treatment. MDA: 
malondialdehyde (nmol/g protein); XO: xanthine 
oxidase (U/mg protein) 
 
Effect of resveratrol on intestinal levels of 
antioxidants in NEC neonatal rats 
 
The intestinal contents of SOD, CAT, GPx and 
GSH were markedly reduced in NEC neonatal 
rats, when compared to the control rat pups (p < 
0.05). However, resveratrol administration to 
NEC rat pups effectively reversed the decreases 
in the levels of these parameters. These results 
are shown in Table 2. 
 

Table 1: Effect of resveratrol on intestinal cytokine levels in NEC rats 
 

Group TNF-α (pg/mg protein) IL-6 (pg/mg protein) IL-1β (pg/mg protein) 
Control 55.76 ± 6.65 62.24 ± 7.25 21.48 ± 2.87 
NEC 109.76 ± 9.87a* 123.54 ± 12.34a* 40.12 ± 5.18a* 
Res 58.45 ± 8.58 65.15 ± 6.42 22.75 ± 2.12 
Res + NEC 75.15 ± 9.24b* 81.24 ± 10.95b* 28.21 ± 3.18b* 

(Res = resveratrol) 
 
Table 2: Effect of resveratrol on intestinal levels of SOD, CAT, GPx and GSH in NEC rats 
 
Group 
Control 
NEC 
Res 
Res + NEC 

SOD (U/mg protein) 
4.25 ± 0.75 

1.86 ± 0.09 a* 
4.12 ± 0.85 

3.86 ± 0.56 b* 

CAT (U/mg protein) 
14.56 ± 3.12 
8.28 ± 1.56 a* 
14.12 ± 3.76 

13.24 ± 3.05 b* 

GPx (U/mg protein) 
95.45 ± 10.56 

52.76 ± 4.53a*  94.72 ± 9.12 
86.42 ± 7.32 b* 
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Effect of resveratrol on intestinal levels of 
nitric oxide in NEC neonatal rats 
 
The levels of nitric oxide (NO) were markedly (p 
< 0.05) increased in the intestinal homogenate of 
NEC neonatal rats, when compared to normal 
rats (Figure 2). However, treatment with 
resveratrol significantly (p < 0.05) reduced the 
NO levels. 
 

 
 
Figure 2: Effect of resveratrol on intestinal NO levels 
in NEC neonatal rats. The NEC neonatal rats showed 
increased intestinal NO levels. However, resveratrol 
treatment effectively reduced the NO levels 
 
Effect of resveratrol on protein expressions 
of inflammatory cytokines and apoptotic 
markers 
 
The NEC neonatal rats showed markedly higher 
degree of inflammation which was evident in 
increased expression levels of TNF-α, IL-6 and 
IL-1β, relative to the control rats (Figure 3). The 
relative protein level of inflammatory cytokines 
was also higher in NEC neonatal rats than in 
control rats. Furthermore, the protein level of 
apoptotic marker, Bcl-2 was downregulated, 
while Bax protein and caspase-3 protein were 
upregulated in NEC neonatal rats, when 
compared to control rats. However, resveratrol 
administration significantly reversed the NEC-
induced changes in proinflammatory and 
apoptotic proteins in the neonatal rats. 
 

 
 
Figure 3: Effect of resveratrol on protein expression 
levels of inflammatory cytokines and apoptotic 
markers. (A) Western blot analysis of inflammatory 
and apoptotic markers in NEC neonatal rats. (B) 
Relative protein expression levels of proinflammatory 
cytokines/apoptotic markers 
 

DISCUSSION 
 
Immature intestine, genetic factors, loss of 
microvascular structure, alteration in intestinal 
microflora, immune-compromised intestine and 
formula feeding are the hallmark pathological 
factors involved in altered immune response 
seen in NEC. An increase in intestinal 
inflammation is associated with differentiation of 
neonates from the mature intestine [9]. The 
current research has demonstrated that 
resveratrol might be a suitable candidate drug 
for ameliorating altered immunity manifested in 
neonatal murine model of hypoxia/hypothermia-
induced NEC. 
 
Exposure of the intestinal tissues to ischemia 
and hypoxia conditions triggers proinflammatory 
processes and increases cytokine secretion, free 
radical generation and neutrophil activation [10]. 
The released free radicals damage vital 
molecules such as DNA, cell lipids and proteins, 
leading to tissue injury and NEC [11]. In the 
present study, the level of MDA, an accepted 
marker of oxidative stress-mediated lipid 
peroxidation, was increased in intestinal tissue of 
NCE neonatal rats [12]. The intestinal hypoxia 
seen during NEC is caused by hydroxyl free 
radicals produced in xanthine oxidase-mediated 
reactions. The present study found elevated 
activity of xanthine oxidase in intestinal 
homogenate of NEC neonatal rats, which is 
consistent with earlier reports [13]. The increased 
levels of MDA and XO in NEC neonatal rats were 
significantly reduced by resveratrol treatment. It 
is known that the inactivation of xanthine oxidase 
by resveratrol blocks the synthesis of 
hypoxanthine and ROS during ischemia. The 
free radical-scavenging property of resveratrol is 
due to the presence of a phenolic moiety and 
three free hydroxyl groups which neutralize the 
free radicals generated during ischemic 
conditions. 
 
In normal intestines, the free radicals are 
generated by enzymic and non-enzymic 
antioxidants such as SOD, CAT, GPx and 
reduced glutathione. However, in the case of 
intestinal damage due to NEC-induced oxidative 
stress, the intestinal membrane integrity is 
compromised, leading to reduced antioxidant 
defence which is the hallmark for intestinal tissue 
damage in NEC in neonates [14]. Similarly, the 
present study observed decreased 
concentrations of antioxidants (SOD, CAT, and 
GPx) in intestinal tissues of NEC neonatal rats. 
However, resveratrol treatment significantly 
increased the intestinal tissue levels of SOD, 
CAT and GPx, thereby reducing the NEC-
induced oxidative stress in neonatal rats. Thus, 
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the present study has demonstrated that 
resveratrol significantly increased antioxidant 
levels during intestinal I/R injury, which is 
consistent with previous findings [14]. 
 
Nitric oxide (NO) is a moderately reactive radical 
produced from L-arginine by the catalytic action 
of nitric oxide synthase (NOS). The three 
isoforms of NOS are nNOS (constitutive and 
neuronal), iNOS (inducible) and eNOS 
(endothelial). Previous reports indicate that iNOS 
expression is upregulated in pathological 
conditions such as endotoxemia and septic 
shock, leading to tissue damage and gut barrier 
dysfunction [15]. Furthermore, RT-PCR studies 
have revealed elevated iNOS expressions in 
intestines of neonates diagnosed with NEC [15]. 
This indicates that increased expression of iNOS 
increases the production of NO and reactive 
nitrogen free radicals, thereby aggravating gut 
barrier dysfunction in NEC. In this study, 
increased levels of NO in intestinal tissue 
homogenates of NEC were seen in neonatal rats. 
However, resveratrol treatment significantly 
reduced the NO levels to normal values. This is 
in agreement with the results obtained in a study 
by Ozkan et al who reported marked reductions 
in NO levels in intestinal I/R rats after treatment 
with resveratrol [16]. 
 
The pro-inflammatory cytokines are crucial in the 
progression of NEC. They exert their effects 
through epithelial barrier destruction, thereby 
aggravating intestinal injury [17]. When 
compared with other pro-inflammatory cytokines, 
TNF-α plays a very predominant role in the 
pathogenesis of NEC [17]. Previous studies 
reported increased concentrations of TNF-α in 
hepatic tissue and intestine of NEC rats [18]. The 
precise mechanism through which TNF-α 
participates in the progression of NEC is still 
obscure. However, reports suggest that TNF-α 
increases the production of metalloproteinase 
stromelysin–l which is involved in matrix 
degradation and tissue damage. Furthermore, 
TNF-α is involved in triggering various cytokines 
and apoptosis in intestinal tissues, and in 
enhancement of the production of free radicals at 
the site of inflammation [18]. 
 
Loss of intestinal barrier permeability leads to 
increased release of the pro-inflammatory 
cytokine, IL- 1β and inflamed intestines [19]. In 
addition, IL- 1β is an important inflammatory 
mediator which is actively involved in immune 
response during NEC [19]. Interleukin-6 (IL-6) is 
another cytokine which increases neutrophil 
recruitment, causes rampant release of oxygen-
derived free radical at the site of inflamed 
intestine, and causes cytotoxicity [20]. In the 

present study, there were elevated levels of 
intestinal TNF-α, IL- 1β and IL-6 in NEC neonatal 
rats. Furthermore, upregulated protein 
expressions of TNF-α, IL- 1β and IL-6 were seen 
in NEC neonatal rats. However, resveratrol 
treatment significantly downregulated the protein 
expression levels of TNF-α, IL- 1β and IL-6 in 
NEC rats through its anti-inflammatory and 
antioxidant effects [21]. 
 
Intestinal apoptosis is a predominant pathological 
feature in preterm infants, due to NEC [22]. It is 
known that Bcl-2 and related proteins are vital 
biomolecules involved in apoptosis-regulatory 
processes. Moreover, the equilibrium between 
pro- and anti-apoptotic molecules is important for 
cellular activity [22]. The ‘apoptotic rheostat’ Bcl-
2/Bax is important in the regulation of apoptosis 
which also controls cellular flux towards or away 
from apoptosis [22]. Furthermore, intestinal 
tissue Bax-to-Bcl-2 ratio is widely employed as a 
reliable marker for evaluating responses to pro- 
and anti-apoptotic insults [23]. In this study, NEC 
neonatal rats had upregulated and 
downregulated protein expressions of Bax and 
Bcl-2, respectively, indicating marked apoptosis 
in the intestinal tissue. A previous report showed 
that caspase-3, a unique pro-apoptosis marker, 
was up-regulated in the intestinal tissue of NEC 
rats [23]. In this study, the NEC neonatal rats 
also showed increased protein expression level 
of caspase-3 in intestinal tissue, which confirmed 
apoptosis. The anti-apoptotic efficacy of 
resveratrol in hypoxia and ischemic conditions 
have been reported in previous studies [23]. 
 
CONCLUSION 
 
The present study has demonstrated that 
resveratrol exerted potential protective effect 
against NEC in the neonatal rat model. 
Resveratrol mediated its effect through anti-
oxidative, anti-inflammatory and anti-apoptotic 
mechanisms. Therefore, resveratrol may be used 
as potential therapeutic agent for NEC. 
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