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Abstract

Background and purpose: Intestinal ischemia-reperfusion (I/R) injury is a common clinical issue
involving sepsis, shock, necrotizing enterocolitis, mesenteric thrombosis. Inflammatory reactions and
cellular apoptosis are mainly involved processes in intestinal I/R injury. Data regarding the effect of
thymosin beta 4 (Tβ4) on intestinal I/R injury are scarce. It was designed to evaluate the potential effects of
Tβ4 on intestinal IR injury.

Methods: The study was conducted on 3 groups of adult male albino rats: each containing ten rats:
group I (I/R group), group II (Sham- operated group), and group III (Tβ4-treated group). After one hour of
intestinal ischemia, reperfusion was performed by releasing the clamp. Thirty minutes before reperfusion, the
rats in group III received subcutaneous injections of 30 mg Tβ4 per kg and 0.1 ml physiologic saline. Rats
in groups I and II received only 0.1 ml physiologic saline. Intestinal histopathologic examination and scoring
the degree of injury were done according to chiu's score. Biochemical analyses of malondialdehyde (MDA),
super oxide dismutase (SOD) and glutathione peroxidase (Gpx) levels in addition to TNF-α , IL-6 and
caspase-3 levels in the rat intestinal tissues were determined. Serum and tissue nitric oxide (NO) levels were
also measured.

Results: Intestinal I/R injury was confirmed by intestinal histopathologic examination. In the I/R group,
tissue MDA, TNF-α , IL-6 and caspase-3 levels were significantly elevated, however, tissue SOD, Gpx,
serum and tissue NO levels were significantly declined when compared to the sham group. On receiving Tβ
4, the findings demonstrated significant reductions of tissue MDA, TNF-α , IL-6 and caspase-3 levels and
significant elevations of serum and tissue NO, tissue SOD and Gpx levels compared to non-treated one.
Further, rats treated with Tβ4 showed amelioration of the degree of intestinal I/R lesions and improvement
of intestinal score injury compared to non-treated group.

mailto:eman.zaher2005@gmail.com


Am. J. Biomed. Sci. 2020,12(1),1-13;doi:10.5099/aj200100001 © 2020 by NWPII. All rights reserved 2

Conclusions: Tβ4 administration significantly protected the intestinal tissues against the intestinal I/R
injuries. Tβ4 treatment appears to be a promising protective and therapeutic approach for intestinal I/R
injury.
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1. Introduction

Intestinal ischemia, created by intestinal blood
supply disruption, results in initial intestinal injury
further worsened by reperfusion in a paradoxical
manner [1]. Intestinal ischemia-reperfusion (I/R)
injury may be induced by the enhanced oxygen
radicals and the activated phospholipase [2].
Moreover, intestinal I/R damage may be associated
with shock, cardiopulmonary bypass,
transplantation of small intestine, thrombosis of the
mesenteric artery, vascular surgery and trauma [3,4].
Inflammation and apoptosis are central players in
the induction of the intestinal I/R injury [5,6].

Thymosin beta 4 (T β 4) is a polypeptide
composed of 43 amino acids and initially isolated
from the thymus of calf [7]. It may have a promising
role in regenerative medicine as it acts as an
immune-modulator [8]. It may protect against
inflammation and fibrosis by suppressing the
inflammatory cytokines secretion and blocking the
activation of NFκB [9]. Further, it may improve the
wound healing especially in the eye, heart and skin
[10, 11, 12, 13, 14]. Topically, it may improve the corneal
injury [10]. Moreover, it maintains the cardiac
function after myocardial infarction and prevents
the myocardial rupture and scar formation by
enhancing the survival of myocardial and
endothelial cells [8, 11, 15]. In addition, Tβ 4 may
protect against acute liver injury induced by carbon
tetrachloride in rats [16]. Taken together, these data
may suggest a potential protective and therapeutic
role for Tβ4 as anti-inflammatory and antioxidant
agent. Therefore, this study aims to evaluate the
potential impact of Tβ4 on intestinal I/R damage
via investigation of biochemical measurements and
intestinal histopathologic examinations.

2. Materials and Methods

2.1 Animal experiment
This study was conducted in the scientific and

medical research center (ZSMRC) in Faculty of
Medicine, Zagazig University in the period from 9th
January to 27th March 2019 and involved thirty
healthy adult male albino rats of local strain
weighing 210-260 gm obtained from the animal
house of Zagazig Veterinary Medicine Faculty. Rats
were kept under hygienic conditions in steel wire
cages (5/cage) at room temperature, maintained on a
natural light/dark cycle with free access to water
and adapted to the new environment for one week
before the experiments going on. This study
protocol was approved by the Institutional Research
Board and Ethics Committee of Medicine Faculty,
Zagazig University. The experimental procedures
were performed in accordance with the guide for the
use and care of laboratory animals, published by the
Institute of Laboratory Animal Resources. The rats
were randomly allocated into three groups
according to the procedures performed, each group
containing ten rats: Group (I) (I/R group): Surgery
was performed to establish the intestinal I/R injury
model. Rats underwent superior mesenteric artery
occlusion. Group (II) (Sham- operated group):
laparotomy only, no ischemia, no superior
mesenteric artery ligation. Rats in groups (I and II)
received subcutaneous injection of 0.1 mL of
physiologic saline thirty minutes before the
reperfusion [17]. Group (III) (Tβ 4-treated group):
Thirty minutes before reperfusion, the rats received
subcutaneous injections of thymosin β 4 TB-500
Thymosin Beta 4 (10 mg vial in powder form)
(Sigma-Aldrich, CAS# NO.77591-33-4) in a dose
of 30 mg/kg , the selected dosage of Tβ 4 was
based on previous studies [18, 19, 20].
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2.2 Intestinal I/R injury model
After a 12-hour fasting, under sterile

techniques, the procedures were performed as
previously described by [17, 21, 22]. Before the surgery,
rats were anesthetized with intraperitoneal injection
of thiopental sodium (25 mg/kg). We utilized the
morbidity score with a maximum of 7 (including
weight changes: 3 points, behavioral alterations: 3
points, and stool existence: 1 point). After
anesthesia induction, if the score was above 3, the
protocol included euthanasia [23]. None of the
included rats had to be euthanized. Then, hair was
removed and the abdomen was prepped in a sterile
manner. Preoperatively, 1 mL of subcutaneous
0.9% saline was injected to compensate for fluid
loss. The superior mesenteric artery was obstructed
with an a traumatic vascular clamp through a
midline incision. The intestine was replaced into the
peritoneal cavity and the abdomen was temporarily
closed to prevent fluid loss with 5/0 silk suturing
(Silk, Ethicon, UK). The rats were placed on
heating pads at 37℃ throughout the experiments.
For resuscitation, all rats received 25 ml/kg of 0.9%
saline subcutaneously after superior mesenteric
artery occlusion. Notably, all rats received their
medications and vehicles thirty minutes before the
reperfusion. Reperfusion was performed one hour
after the intestinal ischemia by the abdominal
reopening and clamp removal. Reperfusion was
continued for 60 minutes. Superior mesenteric
arteries reperfusion was determined by pulsation
and color return. Intestinal I/R injury occur after
ischemic injury and reperfusion injury. Ischemic
injury is due to hypoxemia induced by
microcirculatory flow disruption. This is followed
by reperfusion injury as blood flow resumption after
the ischemic phase worsens the intestinal damage;
however, it is required for intestinal epithelium
survival [24, 25]. One hours after the reperfusion,
thoracotomy was performed on all rats to collect
the intestinal tissues for histopathologic and
biochemical analyses. The terminal ileum was
harvested and placed on ice. As the terminal ileum
was mostly affected, it was the preferred site to
evaluate the intestinal I/R injury consequences [26].
It was fully rinsed with physiologic saline and
equally divided into two portions: one piece was
immediately put at -80 ℃ and used for biochemical

assay and the other one was placed in 10% formalin
solution for histopathologic examinations.

2.3 Intestinal histopathological examinations
Each intestinal sample was fixed in 10%

formalin solution for 48 hours, dehydrated in
alcohol, then embedded in paraffin wax. They were
serially sectioned and stained with Hematoxylin and
Eosin (H & E) staining. The samples were
evaluated with light microscopy. Intestinal mucosal
tissue injury was assessed as defined by Chiu’ s
classification [27]. Briefly, mucosal injury scoring
was as follows: 0, Normal mucosal villi; 1,
Capillary congestion and subepithelial
Gruenenhagen gap; 2, Moderate elevation of
epithelial layer from lamina propria; 3, Massive
epithelial elevation extending down sides of villi; 4,
Denuded villi with lamina propria exposed and
dilated capillaries; and 5, Disintegrated lamina
propria, hemorrhage and ulceration.

2.4 Biochemical analyses

2.4.1 Tissue superoxide dismutase (SOD) activity
determination

According to the method described by Sun et
al. [28], it was measured using the xanthine-oxidase-
cytochrome c method, which reacts with
Nitrobluetetrazolium (NBT) to form a formazan dye.
Then, NBT was reduced to blue formazan by O2-.
Absorbance was detected at 560 nm. One unit of
SOD (U) is defined as the protein amount inhibiting
NBT reduction rate by 50%.

2.4.2 Tissue malondialdehyde (MDA)
determination

It reflects the tissue lipid peroxidation using
thiobarbiturate test [29]. The excised intestinal
samples were rinsed with cold saline, weighed and
homogenized in 10 mL of 100 g/L KCl. We add the
homogenate (0.5 mL) to a specific solution
consisted of 0.2 mL of 80 g/L sodium lauryl sulfate,
1.5 mL of 200 g/L acetic acid, 1.5 mL of 8 g/L 2-
thiobarbiturate, and 0.3 mL of distilled water. Then,
it was incubated at 98◦C for one hour. Five mL of
n-butanol/pyridine (15:l) was added upon cooling. It
was centrifuged at 4,000 rpm for 30 minutes. The
absorbance was recorded at 532 nm and a standard
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curve using 1,1,3,3- tetramethoxypropane was
obtained. The recovery was over 90% [21].

2.4.3 Tissue glutathione peroxidase (GPx)
determination

It was measured using Sedlak and Lindsay’s
method [30]. The intestinal sample was homogenized
in 2 mL of 50 mMTris–HCl buffer containing 20
mM EDTA and 0.2 M sucrose, pH 7.5. The
homogenate was precipitated with 0.1 mL of 25%
trichloroacetic acid, and the precipitate was
removed after centrifugation at 4,200 rpm for forty
minutes at 4℃. Using 5,5--dithiobis (2-nitrobenzoic
acid), the supernatant was used to determine tissue
GPx. Absorbance at 412 nm was detected by the
spectrophotometer [21].

2.4.4 Serum and tissue nitric oxide (NO)
measurement

The intestinal sample was homogenized and
then centrifuged at 4,000 × g for five minutes.
Supernatant was assayed by a modification of
cadmium reduction method [31]. The results were
expressed as micrometer per liter of protein for the
serum and micrometer per milligram of protein for
the tissue levels.

2.4.5 Tissue TNF-α and IL-6 levels
Intestinal TNF-α content was assessed using

Enzyme Linked Immunosorbent Assay (ELISA)
using a microplate reader. Tissue IL-6 levels were

measured using a commercially available ELISA kit
according to the manufacturer’s instructions.

2.4.6 Tissue Caspase-3 levels
Tissue caspase-3 content was measured using a

rat caspase-3 ELISA kit (Cusabio Biotech Co.,
China). The concentration of caspase-3 was
determined from a standard curve constructed from
a set of serial dilutions of the standard [32,33].

2.5 Statistical Analysis
Results were presented as mean  SD and

analyzed using version 18 SPSS program (SPSS Inc.
Chicago, IL, USA). One way analysis of variance
(ANOVA) was used followed by student- least
significant differences (LSD) test to compare
statistical differences between groups. P value less
than 0.05 was considered to be significant.

3. Results

3.1 Histopathological studies
As shown in Fig. 1, histopathological analyses

in the intestinal mucosa of sham animals (Fig. 1A)
revealed a normal mucosal pattern. Group I/R
animals exhibited severe mucosal damage (Fig. 1B,
C, D), including villous edema, vascular congestion,
and hemorrhage, compared to the sham group.
However, the intestinal mucosa was preserved in
I/R + Tβ4 (Fig.1E, F) and the injury was much less
severe compared to the intestinal I/R animals.
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Figure1: Histopathological changes in the intestinal mucosa: Sham group (Fig. 1A) show tall villi with equal
thickness and normal crypts (G0), significant enhancement in histopathological scores was noted in I/R group
compared to sham group. I/R group animals showed severe mucosal damage, denudation of villi, shortened villi,
complete loss of villi, inflammatory cell infiltration and eventually complete mucosal necrosis. In this group, the
most sections were graded G3 to G5 (Fig. 1B, 1C, and 1D respectively). Tβ4 treated group showed less severe
lesions in compared to I/R group and the major histopathological lesions were only increasing subepithelial
(Gruenhagen's) space, epithelial lifting and villi denudation that ranged G1 to G2 and (Fig. 1E, and 1F). Tissue
sections of small intestinal mucosa stained with H&E in different groups (Original magnification ×100)

Injury to the intestinal mucosa was quantified
using the Chiu’s score. The intestinal I/R group
showed significant increase in the intestinal injury
score (P< 0.001) in comparison to sham animals.

However, Tβ 4 treatment significantly decreases
the intestinal injury score when compared with I/R
group (P< 0.01) (Fig. 2)

Figure 2: Chiu’s scores of the intestinal mucosa of the control, I/R, Tβ4 +I/R groups, data are the means ± SD.
**P< 0.001 compared to the control group; ##P< 0.01 compared to the intestinal I/R group
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3.2 Effect of Tβ4 treatment and I/R injury on
oxidative stress markers in the intestinal tissue

The levels of small intestinal MDA and GPx
and SOD are good indicators of lipid peroxidation
and ischemic damage. Intestinal tissue MDA has
been increased significantly, while GPx and SOD

levels have been decreased significantly in the
intestinal I/R group compared to the control group
(Fig.3). T β 4 significantly decreased intestinal
tissue MDA, and elevate GPx and SOD to
significant levels when comparable with I/R group
(P< 0.01).

Figure 3: Effects of Tβ4 on tissue MDA, GPx and SOD in the ileum after intestinal I/R. MDA levels in the
intestinal tissue were elevated while GPx and SOD were decreased significantly after 1 h of reperfusion in the
intestinal I/R groups compared to sham rats, Tβ4 significantly reduced MDA, elevated GPx and SOD levels.
Data are the means ± SD. **P< 0.001 compared to the control group; ##P< 0.001 compared to I/R group.

3.3 Effect of Tβ4 treatment and I/R injury on
intestinal tissue cytokine levels

TNF-α and IL-6 levels in the intestinal tissue
of the intestinal I/R group increased significantly
compared to the control group (p < 0.01), whereas

Tβ4 treatment significantly decreased TNF-α and
IL-6 levels in intestinal tissue compared to the
intestinal I/R group as indicated in Fig.4.

Figure 4: Effects of Tβ4 treatment and the intestinal I/R injury on cytokine levels in the ileum. TNF-α and IL-6
levels in intestinal tissue were elevated significantly after 1 h of reperfusion in the I/R groups compared to sham
group, and Tβ4 significantly reduced TNF-α and IL-6 levels. Data are the means ± SD. **P< 0.001 compared to
the control group; ##P< 0.001 compared to the intestinal I/R group.
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3.4 Effect of Tβ4 treatment and I/R injury on
serum and tissue nitric oxide levels

NO levels in the serum and tissue of the
intestinal I/R group were decreased significantly
compared to the sham group (p < 0.01), and in Tβ

4-treated group showed a significant increase in NO
levels when compared to the intestinal I/R group
(Fig.5).

Figure 5: Effects of Tβ4 treatment and the intestinal I/R injury on tissue and serum NO levels. NO levels were
decreased significantly in both tissue and serum after 1 h of reperfusion in the I/R groups compared to sham
group, and Tβ4 significantly increase NO levels, data are the means ± SD. **P< 0.01 compared to the control
group; ##P< 0.01 compared to the I/R group.

3.5 Effects of Tβ4 treatment and I/R injury on
intestinal tissue caspase-3 levels

Caspase 3 is an important marker of apoptosis,
the levels of caspase-3 in intestinal tissue (fig.6)
was high in the intestinal I/R group when compared
to sham group (P<0.01). In contrast, the level of

caspase-3 in the T β 4-treated group was
significantly lower than the intestinal I/R group
(P<0.01).

Figure 6: Effects of Tβ4 treatment and the intestinal I/R injury on caspase 3 levels in the ileum. Caspase 3 levels
in intestinal tissue were elevated significantly after 1 h of reperfusion in the intestinal I/R groups compared to
sham group, and Tβ4 significantly reduced caspase 3 levels, data are the means ± SD. **P< 0.001 compared to
the control group; ##P< 0.001 compared to the intestinal I/R group.
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4. Discussion

The intestine is aggressively affected during
stressful conditions as in shock, sepsis and
mesenteric thrombosis [34, 35]. Compared to other
organs, intestinal I/R is principally harmful as injury
to the mucosal barrier and bacterial translocation
resulting in sepsis, organ failure and subsequently
death [36]. Intestinal mucosal cell injury is induced
by hypoxia in the ischemic phase of intestinal I/R
injury. However, reoxygenations of the hypoxic
area results in more ROS production [17].
Neutrophils are activated by intestinal I/R injury
and migrate to the area of inflammation. Intestinal
I/R injury might be induced by ROS,
proinflammatory mediators, leukocytes infiltration,
dysfunction of intestinal barrier and bacterial
translocation [37-39]. Moreover, an inflammatory
cascade is initiated triggering I/R injury [40,41].
Therefore, oxidative stress is a cardinal player in the
intestinal I/R injury [42]. Herein, we have done an
experimental model of intestinal I/R injury in rat to
study the possible factors associated with the
condition and the possible role for Tβ4 treatment
in this model.

In this study, the intestinal I/R injury is
evidenced in the rats by the histopathological
examination that showed marked damage of
mucosal barrier including mucosal erosion, necrosis,
edema, submucosal invasion of inflammatory cells,
shortening of the villi vascular congestion and
hemorrhage compared to the sham group. The
intestinal tissue sections in I/R group were graded
from G3 to G5 according to Chiu’s scores of the
intestinal mucosa. These findings are in accordance
with other previous studies [43, 44].

The histopathological injury reflected the
oxidative stress degree. The oxidative stress could
be biochemically detected. Tissue MDA levels were
markedly increased in the intestinal I/R injury group
compared to the sham group reflecting marked lipid
peroxidation and oxidative tissue injury. In addition,
tissue SOD and GPX levels were markedly reduced
indicating more free radical production in the
intestinal I/R injury group compared to the sham
one. Elevated tissue MDA and reduced SOD and
GPX in intestinal I/R injury group are in agreement
with the findings of previous works [44-47]. Moreover,
the intestinal I/R injury development depends on

ROS production and protective mechanisms
including NO production. The current study
demonstrated that serum and tissue NO levels
significantly declined in the intestinal I/R injury
group compared to the laparotomy performed group.
In accordance to our findings, Sarsu et al [17]

demonstrated that intestinal I/R injury was reduced
by elevating NO production resulting in mucosal
blood flow rearrangement, and polymorphonuclear
leukocyte infiltration suppression. Hence, reduced
NO production in the mesenteric endothelium
resulted in progressive microvascular deterioration
in intestinal I/R injury [48,49]. Moreover,
administering L-arginine, NO substrate, before
reperfusion significantly elevated the serum NO and
reduced the serum MDA in I/R damage [50].
Furthermore,in line with previous studied [39,51] we
found that tissue TNF- α and IL-6 levels were
significantly elevated in the tissue of the terminal
ileum indicating worsening of the inflammatory
burden in the intestinal I/R injury group compared
to the laparotomy performed group. Moreover, the
tissue caspase 3 as a cell death marker was elevated
in the intestinal I/R injury group as well.

Tβ4, G-actin-sequestering protein, is involved
in tissue development and regeneration [52]. It
protects against cardiac, kidney and corneal injury
[53]. Herein, in agreement with the previous studies
in which systemic Tβ 4 administration decreased
the TNF- α level in mice with sepsis and with
experimental colitis as well [54, 55], the present study
demonstrated that Tβ 4 significantly reduced the
elevated tissue TNF- α and IL-6 levels in the
intestinal I/R injury group suggesting restoration of
the balance of proinflammatory cytokines
confirming the potential anti-inflammatory effect of
Tβ4 in attenuating the intestinal I/R injury.

In addition, intestinal I/R injury may be
resulted from oxidants and antioxidants imbalance.
The present study showed that T β 4 treatment
significantly reduced tissue MDA levels and
increased tissue SOD and GPX levels in the
intestinal I/R injury group demonstrating T β 4
efficacy as a ROS scavenger and an antioxidant in
the intestinal I/R injury. The inflammatory cells are
the main inducers of ROS. Therefore, the anti-
oxidative effect of T β 4 in the intestinal tissue
following injury may be attributable to its anti-
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inflammatory role. In consistent, previous studies
showed that ROS levels were reduced under the
effect of Tβ 4 in corneal and cardiac injury via
enhancing SOD activity [56,57]. We also
demonstrated that T β 4 treatment significantly
elevated serum and tissue NO levels in the rats with
intestinal I/R injury group.

Apoptosis in the intestinal epithelium is an
indicator of the mucosal injury [58,59]. This study
revealed that the administered T β 4 decreased
caspase-3 activity in the ileum suggesting a
potential anti-apoptotic property of T β 4 in
intestinal I/R injury. The suppressing actions of Tβ
4 on inflammatory process and oxidative stress may
protect against mucosal epithelial cell apoptosis in
I/R damage group. This finding is evidenced by the
anti-apoptotic effect of Tβ4 on various locations as
the cardiomyocytes, corneal, normal intestinal
epithelia, neurons and colorectal cancer cells by
regulating various mechanisms as Bcl-2
phosphorylation, Akt activation, c-Jun
phosphorylation and reduced caspase-3 activity [60-
64]. Further analysis is required to clarify other
potential mechanisms by which Tβ4 could inhibit
the intestinal epithelial apoptosis in intestinal I/R
injury. The degree of the oxidative stress in the
intestinal tissue determines the levels of intestinal
injury scores. Histopathological analysis showed
that administration of Tβ4 ameliorated the degree
of intestinal I/R injury. The tissue sections include
increasing sub epithelial space, epithelial lifting and
villi denudation ranged from G1 to G2 confirming
that the intestinal tissue injury score was
significantly lower in Tβ4-treated group compared
to the untreated I/R group.

Further studies are required to confirm these
preliminary findings and evaluate the underlying
mechanisms. Further, clinical studies should be
performed to evaluate the efficacy of T β 4 in
management of intestinal I/R injury. Some
discrepancies in the present findings and other
studies might be due to the variations of the animal
models and duration of treatment.

5. Conclusion

Collectively, these data have verified -for the
first time- that Tβ4 has a potential protective role

against the intestinal I/R injury in rats possibly
through its antioxidant, anti-inflammatory and anti-
apoptotic properties. Therefore, it may be used as a
novel approach for managing intestinal I/R injury.

Declaration of interest statement

The authors declare that there is no conflict of
interests regarding the publication of this paper.

Acknowledgment

The authors are grateful to the members of
Zagazig scientific and medical research center
(ZSMRC) in Zagazig University, Egypt for its
support. Moreover, we are thankful to the pathology
department members, Faculty of Medicine, Zagazig
University, Egypt, for their role in the proper
examination and interpretation of the
histopathological data of this study.

Ethical approval

All animals received care according to the
guide and ethical regulations for the care and use of
laboratory animals according to Institute of
Laboratory Animal Resources, all experimental
procedures were approved and in accordance with
the ethical standards of the Institutional Research
Board of Zagazig University.

References

1 Granger DN,Hollwarth ME,Parks DA.
Ischemia– reperfusion injury: role of oxygen-
derived free radicals. Acta Physiol Scand
Suppl 1986; 548:47–63 [PMID: 3529822]

2 Granger DN, Kvietys PR. Reperfusion injury
and reactive oxygen species: The evolution of
a concept. Redox Biol. 2015; 6: 524– 551.
DOI: 10.1016/j.redox.2015.08.020

3 Wu MC, Brennan FH, Lynch JP, Mantovani S,
Phipps S, Wetsel RA, Ruitenberg MJ, Taylor
SM, Woodruff TM. The receptor for
complement component C3a mediates
protection from intestinal ischemia-reperfusion
injuries by inhibiting neutrophil mobilization.
Proc Natl Acad Sci USA 2013; 110 (23):
9439–9444. DOI: 10.1073/pnas.1218815110

10.1016/j.redox.2015.08.020
10.1073/pnas.1218815110


Am. J. Biomed. Sci. 2020,12(1),1-13;doi:10.5099/aj200100001 © 2020 by NWPII. All rights reserved 10

4 Mallick IH,Yang W, Winslet MC,Seifalian AM.
Ischemia-reperfusion injury of the intestine
and protective strategies against injury. Dig
Dis Sci 2004; 49 (9): 1359– 1377. [PMID:
15481305]

5 Yamaguchi M and Uchida M.Alpha-lactalbumin
suppresses interleukin-6 release after intestinal
ischemia/reperfusion via nitric oxide in rats.
Inflammopharmacology 2007; 15 (1): 43–47.
[PMID: 17323195 DOI: 10.1007/s10787-006-
1558-9]

6 Sukhotnik I,Ben Shahar Y, Halabi S, Bitterman
N, Dorfman T, Pollak Y, Coran A, Bitterman
A. Effect of N-Acetylserotonin on TLR-4 and
MyD88 Expression during Intestinal Ischemia-
Reperfusion in a Rat Model. Eur J Pediatr
Surg. 2019; 29 (2):188-195. [PMID: 29304519
DOI: 10.1055/s-0037-1618593]

7 Goldstein AL, Hannappel E, Kleinman HK.
Thymosin β : actin-sequestering protein
moonlights to repair injured tissues. Trends in
Molecular Medicine 2005; 11 (9), 421–429.
DOI: 10.1016/j.molmed.2005.07.004

8 Bollini S, Riley PR, Smart N. Thymosin β4:
multiplefunctions in protection, repair and
regeneration of the mammalian heart. Expert
Opinion on Biological Therapy 2015; 15 (1);
163-174. DOI:
10.1517/14712598.2015.1022526

9 Sosne G, Qiu P, and Kurpakus-Wheater M.
Thymosin beta 4: a novel corneal wound
healing and anti-inflammatory agent. Clin
Ophthalmol. 2007:1(3) 201 – 207 PMID:
19668473

10 Dunn SP,Heidemann DG,Chow CY, Crockford
D, Turjman N, Angel J, Allan CB, Sosne G.
Treatment of chronic non healing neurotrophic
corneal epithelial defects with thymosin beta4.
Ann N Y Acad Sci. 2010; 1194: 199-206. DOI:
10.1111/j.1749-6632.2010.05471.x.

11 Gupta S, Kumar S, Sopko N, Qin Y, Wei C,
Kim IK. Thymosin β4 and cardiac protection:
implication in inflammation and fibrosis. Ann
N Y Acad Sci. 2012; 1269:84-91. DOI:
10.1111/j.1749-6632.2012.06752.x

12 Kleinman HK and Sosne G. Thymosin β 4
promotes dermal healing. Vitamins and

Hormones 2016; 102: 251 – 275. [PMID:
27450738 [DOI: 10.1016/bs.vh.2016.04.005]

13 Sosne G and Kleinman HK . Primary
mechanisms of thymosin β4 repair activity in
dry eye disorders and other tissue injuries.
Invest Ophthalmol Vis Sci. 2015;56(9):5110-7.
DOI: 10.1167/iovs.15-16890

14 Wei C, Kumar S, Kim IK, Gupta S. Thymosin
beta 4 protects cardiomyocytes from oxidative
stress by targeting anti-oxidative enzymes and
anti-apoptotic genes. PLoS One. 2012;
7(8):e42586. DOI:
10.1371/journal.pone.0042586

15 Shrivastava S, Srivastava D, Olson EN, DiMaio
JM, Bock-Marquette I. Thymosin β 4 and
cardiac repair. Ann. N.Y. Acad. Sci. 2010,
1194: 87-96. DOI:10.1111/j.1749-
6632.2010.05468.x

16 Reyes-Gordillo K, Shah R,Arellanes-Robledo J,
Rojkind M, Lakshman MR. Protective effects
of thymosin β 4 on carbon tetrachloride-
induced acute hepatotoxicity in rats. Ann. N.Y.
Acad. Sci. 2012; 1269 (1):61 – 68.DOI:
10.1111/j.1749-6632.2012.06728.x

17 Sarsu SB, Ozokutan BH, Tarakcioglu M, Sarı I,
Bağcı C. Effects of Leptin on Intestinal
Ischemia–Reperfusion Injury. Indian J Surg.
2015; 77(2): 351 – 355 [PMID: 26730024
[PMCID: PMC4692893 DOI: 10.1007/s12262-
013-0836-1]

18 Wang L, Chopp M, Szalad A, Lu X, Lu M4,
Zhang T, Zhang ZG. Angiopoietin-1/Tie2
signaling pathway contributes to the
therapeutic effect of thymosin β4 on diabetic
peripheral neuropathy. Neurosci Res. 2018. pii:
S0168-0102(18)30441-3. DOI:
10.1016/j.neures.2018.10.005

19 Xiong Y, Mahmood A, Meng Y, Zhang Y,
Zhang ZG, Morris DC, Chopp M. Treatment of
traumatic brain injury with thymosin beta in
rats. J Neurosurg. 2011; 114(1): 102– 115.
[DOI:10.3171/2010.4.JNS10118]

20 Wang L, Chopp M, Jia L, Lu X, Szalad A,
Zhang Y, Zhang R, Zhang ZG .Therapeutic
benefit of extended thymosin beta4 treatment
is independent of blood glucose level in mice
with diabetic peripheral neuropathy. J

10.1007/s10787-006-1558-9
10.1007/s10787-006-1558-9
10.1055/s-0037-1618593
10.1016/j.molmed.2005.07.004
10.1517/14712598.2015.1022526
10.1111/j.1749-6632.2010.05471.x.
10.1111/j.1749-6632.2012.06752.x
10.1016/bs.vh.2016.04.005
10.1167/iovs.15-16890
10.1371/journal.pone.0042586
10.1111/j.1749-6632.2010.05468.x
10.1111/j.1749-6632.2010.05468.x
10.1111/j.1749-6632.2012.06728.x
 10.1007/s12262-013-0836-1
 10.1007/s12262-013-0836-1
10.1016/j.neures.2018.10.005
10.3171/2010.4.JNS10118


Am. J. Biomed. Sci. 2020,12(1),1-13;doi:10.5099/aj200100001 © 2020 by NWPII. All rights reserved 11

Diabetes Res. 2015:173656. DOI:
10.1155/2015/173656

21 Albayrak Y, Halici Z, Odabasoglu F, Unal D,
Keles ON, Malkoc I, Oral A, Yayla M, Aydin
O, Unal B. The Effects of Testosterone on
Intestinal Ischemia/Reperfusion in Rats. J
Invest Surg. 2011; 24(6):283-91. DOI:
10.3109/08941939.2011.591894

22 Megison SM, Horton JW, Chao H, et al. A new
model for intestinal ischemia in the rat. J Surg
Res. 1990; 49(2):168-73. [PMID: 2381206]

23 Ceulemans LJ, Verbeke L, Decuypere JP, Farré
R, De Hertogh G, Lenaerts K, Jochmans I,
Monbaliu D, Nevens F, Tack J, Laleman W,
Pirenne J. Farnesoid X Receptor Activation
Attenuates Intestinal Ischemia Reperfusion
Injury in Rats. PLoS One. 2017;
12(1):e0169331. DOI:
10.1371/journal.pone.0169331

24 McCord JM. Oxygen-derived free radicals in
postischemic tissue injury. N Engl J Med 1985;
312 (3): 159 – 163. [PMID: 2981404 DOI:
10.1056/NEJM198501173120305]

25 Parks DA and Granger DN. Contributions of
ischemia and reperfusion to mucosal lesion
formation. Am J Physiol 1986; 250 (6 Pt 1):
G749-G753. DOI:
10.1152/ajpgi.1986.250.6.G749

26 Qu XW, Rozenfeld RA, Huang W, Bulkley GB,
Hsueh W. The role of xanthine oxidase in
platelet activating factor induced intestinal
injury in the rat. Gut. 1999; 44(2):203-11.
[PMID: 9895379 PMCID: PMC1727369 DOI:
10.1136/gut.44.2.203]

27 Chiu CJ, McArdle AH, Brown R, Scott HJ,
Gurd FN. Intestinal mucosal lesion in low-flow
states: I. A morphological, hemodynamic, and
metabolic reappraisal. Arch Surg. 1970;
101(4):478-83. [PMID: 5457245]

28 Sun Y, Oberley LW,Li YA.Simple method for
clinical assay of superoxide dismutase. Clin
Chem. 1988; 34(3):497-500. [PMID: 3349599]

29 Ohkawa H, Ohishi N, Yagi K. Assay for lipid
peroxides in Animal tissues by thiobarbituric
acid reaction. Anal Biochem. 1979; 95
(2):351–358. [PMID: 36810]

30 Sedlak J,Lindsay RH. Estimation of total,
protein-bound and non-protein sulfhydryl
groups in tissue with Ellman’s reagent. Anal

Biochem. 1968; 25:192-205.
[DOI:.10.1016/0003-2697(68)90092-4]

31 Cortas NK, Wakid NW. Determination of
inorganic nitrate in serum and urine by a
kinetic cadmium-reduction method. Clin
Chem. 1990; 36(8 Pt 1):1440-3. [PMID:
2387039]

32 El-Sayed el-SM, Mansour AM, Abdul-Hameed
MS. Thymol and Carvacrol Prevent
Doxorubicin-Induced Cardiotoxicity by
Abrogation of Oxidative Stress, Inflammation,
and Apoptosis in Rats. J Biochem Mol Toxicol.
2016; 30(1):37-44. DOI: 10.1002/jbt.21740

33 El-Sayed EM,Mansour AM,Ghobara MY.
Abrogation of cisplatin-induced nephrotoxicity
in rats by Lycopene through ameliorating
oxidative stress, inflammation and apoptosis.
International Journal of Therapeutic
Applications, 2015; 27: 16-22

34 Taylor C and Colgan S. Hypoxia and
gastrointestinal disease. J Mol Med (Berl).
2007; 85(12):1295-300. [PMID: 18026919
DOI: 10.1007/s00109-007-0277-z]

35 Collard CD and Gelman S. Pathophysiology,
clinical manifestations, and prevention of
ischemia– reperfusion injury. Anesthesiology.
2001; 94(6):1133-8 [PMID: 11465607]

36 Vollmar B and Menger MD.Intestinal ischemia-
reperfusion microcirculatory pathology and
functional consequences. Langenbecks Arch
Surg. 2011; 396(1):13-29 [PMID: 21088974
DOI: 10.1007/s00423-010-0727]

37 Li Y, Xu B, Xu M, Chen D, Xiong Y, Lian M,
Sun Y, Tang Z, Wang L, Jiang C, Lin Y. 6-
Gingerol protects intestinal barrier from
ischemia/reperfusion-induced damage via
inhibition of p38 MAPK to NF-κB signalling.
Pharmacol Res. 2017; 119:137-148. [PMID:
28167239 DOI: 10.1016/j.phrs.2017.01.026]

38 Zu, G., Guo, J., Che, N., Zhou, T., Zhang, X.,
Protective effects of ginsenoside Rg1 on
intestinal ischemia/reperfusion injury-induced
oxidative stress and apoptosis via activation of
the Wnt/β-catenin pathway. Sci. Rep., 2016, 6,
38480 [DOI:10.1038/srep38480]

39 Salah O Bashir;Ossama A.Mostafa;Mohamed S
Rizk; Mamduoh R Al-Ridi; Mohamed D
Morsy. Intestinal Ischemic Preconditioning
Modulates Oxidative Stress in Rat’ s Spinal

10.1155/2015/173656
10.3109/08941939.2011.591894
10.1371/journal.pone.0169331
10.1056/NEJM198501173120305
10.1152/ajpgi.1986.250.6.G749
10.1136/gut.44.2.203
10.1016/0003-2697(68)90092-4
10.1002/jbt.21740
 10.1007/s00109-007-0277-z
10.1007/s00423-010-0727
10.1016/j.phrs.2017.01.026
10.1038/srep38480


Am. J. Biomed. Sci. 2020,12(1),1-13;doi:10.5099/aj200100001 © 2020 by NWPII. All rights reserved 12

Cord Ischemic Reperfusion Injury, Am. J.
Biomed. Sci. 2012, 4(3), 220-232. [DOI:
10.5099/aj120300220]

40 Mallick IH, Yang W, Winslet WC, Seifalian
AM. Ischemia – Reperfusion Injury of the
Intestine and Protective Strategies against
Injury. Dig. Dis. Sci. 2004; 49:1359– 1377

41 Guven A, Tunc T, Topal T, kul M, Korkmaz
A, Gundogdu G, Onguru O, Ozturk H.. Alpha-
lipoic acid and ebselen prevent
ischemia/reperfusion injury in the rat intestine.
Surg Today. 2008; 38:1029 – 1035;
DOI:10.1007/s00595-007-3752-9

42 Guneli E, Cavdar Z, Islekel H,. Erythropoietin
protects the intestine against
ischemia/reperfusion injury in rats. Mol Med.
2007; 13:509–517 DOI: 10.2119/2007-00032

43 Yavuz Albayrak , Zekai Halici , Fehmi
Odabasoglu, Deniz Unal, Osman Nuri
Keles,Ismail Malkoc, Akgun Oral, Muhammed
Yayla, Ozlem Aydin, Bunyami Unal “The
Effects of Testosterone on Intestinal
Ischemia/Reperfusion in Rats”, Journal of
Investigative Surgery, 2011, 24, 283– 291;
[DOI: 10.3109/08941939.2011.591894]

44 Tackett JJ1,Gandotra N1, Bamdad MC1,Muise
ED1, Cowles RA1 . Potentiation of serotonin
signaling protects against intestinal ischemia
and reperfusion injury in mice.
Neurogastroenterol Motil., 2019,
31(3):e13498 DOI: 10.1111/nmo.13498

45 Van Ye TM, Roza AM, Pieper GM, Henderson
J, Johnson CP, Adams MB. Inhibition of
intestinal lipid peroxidation does not minimize
morphologic damage. J Surg Res. 1993,
55:553–558 DOI: 10.1111/nmo.13498

46 Mona M. Allam. Insulin Like Growth Factor -
1(IGF-1) Promotes Angiogenesis and Reverses
Ischemia Reperfusion Induced Acute Kidney
Injury in Rats: Role of VEGF and TGF-β1.
Am. J. Biomed. Sci. 2016, 8(2), 160-168
[DOI: 10.5099/aj160200160]

47 Chen Q, Devine I, Walker S, Pham H, Ondrasik
R, Patel H, Chau W, C. Parker W, Kyle D.
Bartol, Riahi S, Mittal A, Barsotti R, Young L.
Nox2ds-Tat, A Peptide Inhibitor of NADPH
Oxidase, Exerts Cardioprotective Effects by
Attenuating Reactive Oxygen Species During

Ischemia/Reperfusion Injury; Am. J. Biomed.
Sci.2016,8(3),208-227
DOI: 10.5099/aj160300208

48 Salzman AL.Nitric oxide in the gut.New Horiz.,
1995, 3:33–45; [PMID: 7704593]

49 Boris V. Nemzer, Alexander Y. Yashin, Yakov
I. Yashin. The Issues of Antioxidant Therapy.
Am. J. Biomed. Sci. 2013, 5(2), 80-108 [DOI:
10.5099/aj130200080]

50 Fu TL, Zhang WT, Zhang L, Wang F, Gao Y,
Xu M. Larginine administration ameliorates
serum and pulmonary cytokine response after
gut ischemia– reperfusion in immature rats.
World J Gastroenterol, 2005, 11:1070–1072;
DOI: 10.3748/wjg.v11.i7.1070

51 Naglaa F. K. and Eman G.K. Antioxidant and
Anti-inflammatory Effects of Curcumin on
CCl4 induced Liver Fibrosis in Rats; Am. J.
Biomed. Sci. 2014, 6(3), 191-200
DOI: 10.5099/aj140300191

52 Bollini S.,Riley P. R.,and Smart N., “Thymosin
β 4: multiple functions in protection, repair
and regeneration of the mammalian heart,”
Expert Opinion on Biological Therapy, 2015,
vol. 15, Supplement 1, pp. 163-174;
[DOI:10.1517/14712598.2015.1022526]

53 Zuo Y,. Chun B,. Potthoff S. A Kazi N, Brolin
TJ, Orhan D, Yang. Thymosin β 4 and its
degradation product, Ac-SDKP, are novel
reparative factors in renal fibrosis, Kidney
International, 2013,.84,. 6, pp. 1166– 1175;
DOI:10.1038/ki.2013.209

54 Badamchian M, Fagarasan MO, Danner RL,
Suffredini AF, Damavandy H, Goldstein AL.
Thymosin beta(4) reduces lethality and down-
regulates inflammatory mediators in
endotoxin-induced septic shock. Int
Immunopharmacol 2003; 3: 1225-1233
10.1016/S1567-5769(03)00024-9

55 Xiao-Yan Zheng, Yi-Fei Lv, Shuang Li, Qian
Li, Qian-Nan Zhang, Xue-Ting Zhang, Zhi-
Ming Hao. Recombinant adeno-associated
virus carrying thymosin β 4 suppresses
experimental colitis in mice. World J
Gastroenterol. 2017, 14; 23(2): 242-255
DOI: 10.1002/jgm.3043

56 Wei C, Kumar S, Kim IK, Gupta S. Thymosin
beta 4 protects cardiomyocytes from oxidative

10.5099/aj120300220
10.1007/s00595-007-3752-9
10.2119/2007-00032
10.3109/08941939.2011.591894
10.1111/nmo.13498
10.1111/nmo.13498
10.5099/aj160200160
10.5099/aj160300208
10.5099/aj130200080
10.3748/wjg.v11.i7.1070
10.5099/aj140300191
10.1517/14712598.2015.1022526
10.1038/ki.2013.209
10.1016/S1567-5769(03)00024-9
10.1002/jgm.3043


Am. J. Biomed. Sci. 2020,12(1),1-13;doi:10.5099/aj200100001 © 2020 by NWPII. All rights reserved 13

stress by targeting anti-oxidative enzymes and
anti-apoptotic genes. PLoS One 2012; 7:
e42586 DOI: 10.1371/0042586

57 Ho JH, Tseng KC, Ma WH, Chen KH, Lee OK,
Su Y. Thymosin beta-4 upregulates anti-
oxidative enzymes and protects human cornea
epithelial cells against oxidative damage. Br J
Ophthalmol 2008; 92: 992-997 DOI:
10.1136/bjo.2007.136747

58 Ikeda, H.Suzuki Y,Suzuki M,Koike M, Tamura
J, Tong J, Nomura M, Itoh G. Apoptosis is a
major mode of cell death caused by ischaemia
and ischaemia/reperfusion injury to the rat
intestinal epithelium. Gut. 1998, 42, 530–537;
[PMID: 9616316; DOI: 10.1136/gut.42.4.530]

59 Zhongzhi Jia, Weishuai Lian, Haifeng Shi ,
Chuanwu Cao, Shilong Han, Kai Wang,
Maoquan L & Xiaoping Zhang. Ischemic
Postconditioning Protects against Intestinal
Ischemia/ Reperfusion Injury via the HIF-1α/
miR-21 Axis. Sci Rep., 2017, 7: 16190
DOI: 10.1038/s41598-017-16366-6

60 Moon EY, Song JH, Yang KH. Actin-
sequestering protein, thymosin-beta-4 (TB4),
inhibits caspase-3 activation in paclitaxel
induced tumor cell death. Oncol Res; 2007, 16:
507-516; DOI: 10.3727/096504007783438349

61 Sosne G, Siddiqi A, Kurpakus-Wheater M.
Thymosin-beta4 inhibits corneal epithelial cell
apoptosis after ethanol exposure in vitro.
Invest Ophthalmol Vis Sci 2004; 45: 1095-
1100; DOI:10.1167/iovs.03-1002

62 Srivastava D, Saxena A, Michael Dimaio J,
Bock-Marquette I. Thymosin beta4 is
cardioprotective after myocardial infarction.
Ann N Y Acad Sci 2007; 1112: 161-170;
[PMID: 17600280]

63 Cheng P, Kuang F, Zhang H, Ju G, Wang J.
Beneficial effects of thymosin β 4 on spinal
cord injury in the rat. Neuropharmacology
2014; 85: 408-416 DOI:
10.3748/wjg.v23.i2.242

64 Chao TC, Chan LC, Ju SY, Tang MC, Liu CY,
Chen PM, Tzeng CH, Su Y. In vivo growth
suppression of CT-26 mouse colorectal cancer
cells by adenovirus-expressed small hairpin
RNA specifically targeting thymosin beta-4
mRNA. Cancer Gene Ther 2014; 21: 389-396
DOI: 10.1038/cgt.2014.43

10.1371/0042586
10.1136/bjo.2007.136747
10.1136/gut.42.4.530
10.1038/s41598-017-16366-6
10.3727/096504007783438349
10.1167/iovs.03-1002
10.3748/wjg.v23.i2.242
10.1038/cgt.2014.43

	ISSN: 1937-9080
	Abstract

