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ABSTRACT
Background and Aim: Intestinal ischemia/reperfusion  (II/R) can cause 
injury of remote organs, including acute renal injury. All of these, in turn, 
increase the rate of disability and mortality. Anwulignan  (Anwu) is an 
active monomer from Schisandra sphenanthera, which has been used for 
thousands of years in China as a medical herb. In our previous study, we found 
that Anwu can improve the intestinal function after ischemia/reperfusion. 
Therefore, we were curious to know if Anwu can have a protective effect 
on remote organ injury after II/R. The purpose of the present study was 
to examine the effect of Anwu on the remote renal injury induced by II/R 
in rats and investigate its mechanism. Materials and Methods: Forty 
Sprague Dawley  (SD) rats were divided into four groups, and they were 
sham operation (Sham), sham + Anwu, II/R, and II/R + Anwu groups. After 
reperfusion or sham operation, blood and kidneys were collected from the 
rats for the detection of relative biochemical parameters. Results: Renal 
indexes were not significantly different among all groups. In the II/R group 
the following were the findings: blood urea nitrogen and creatinine levels 
were increased, kidney injury score was increased, renal superoxide 
dismutase was reduced, the activities of reduced glutathione and catalase 
were decreased, the renal malondialdehyde content was increased, there 
was an improvement in the levels of renal proinflammatory cytokines, 
interleukin‑6, tumor necrosis factor‑α, and interleukin‑1β, the expressions 
of renal oxidative stress‑related p‑Nrf2 and heme oxygenase  (decycling) 
1  (HO‑1) were decreased, and the Kelch‑like ECH‑associated protein 
1 (Keap1) expression was increased. The expression levels of the apoptotic 
protein, cleaved caspase‑3, were raised, while the B‑cell lymphoma 
2  (Bcl-2)/Bcl-2‑associated x protein  (Bax) ratio was reduced. However, 
the administration of Anwu before the surgery significantly reversed 
the above changes. Conclusion: Anwu has a protective effect against 
the II/R‑induced remote renal injury in rats, which may be related to its 
regulation of antioxidant, anti‑inflammatory, and antiapoptotic pathways.
Key words: Antioxidant, Anwulignan (Anwu), intestinal injury ischemia/
reperfusion, keap1/Nrf2/HO‑1, remote renal injury

SUMMARY
•  The fruit of Schisandra sphenanthera (Schisandra)  is a traditional Chinese 

medicine, Which has anti-tumor, anti-fatigue, anti-aging, anti-gastric ulcer and 

other effects. Anwulignan (Anwu) is an active monomer from Schisandra 
sphenanthera. 

•  Forty Sprague Dawley(SD) rats were divided into four groups. The effect 
of Anwu on II/R rats was studied by the detection of kidney index, kidney 
function, antioxidant, anti-inflammatory and antiapoptotic related factors. 

•  In this study that Anwu could alleviate the renal injury after II/R in rats and 
reduce the level of BUN and CRE in the blood.

•  Anwu has a protective effect against the remote renal injury after II/R in rats, 
which may be associated with its regulation of antioxidant, anti-inflammatory, 
and antiapoptotic pathways.

Abbreviations used: 
AKI: acute kidney injury; Anwu: Anwulignan; Bax: Bcl-2‑associated x 
protein; Bcl-2: B‑cell lymphoma 2; BUN: blood urea nitrogen; CAT: catalase; 
CRE: creatinine; GSH: glutathione; HO‑1: heme oxygenase (decycling) 1; 
II/R: intestinal ischemia/reperfusion; IL‑1β: interleukin‑1β; IL‑6: interleukin‑6; 
Keap1: Kelch‑like ECH‑associated protein 1; MDA: malondialdehyde; Nrf2: 
nuclear factor (erythroid‑derived 2)‑like 2; SMA: 
superior mesenteric artery; SOD: superoxide 
dismutase; TNF‑α: tumor necrosis factor‑α.
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INTRODUCTION
Intestinal ischemia is a surgical emergency that is common in patients 
with volvulus, enteritis, hypotension associated with trauma, and those 
undergoing an intestinal transplant. The restoration of blood flow to 
the ischemic bowel is one of the main purposes of therapy. However, 
it is this reperfusion that can also cause so‑called intestinal ischemia/
reperfusion  (II/R) injury, which can result in high mortality of up to 
80%.[1‑3] Intestinal mucosa is rich in blood vessels and endothelial cells, 
and is prone to local and systemic inflammatory reactions. Even a short 
period of ischemia may activate a variety of inflammatory mediators, 
leading to the generation and release of oxygen free radicals, which 
not only aggravates local tissue or organ injury, but also induces the 
injury of remote organs and even leads to death.[4,5] Acute renal injury 

is a common remote organ injury following II/R and one of the main 
reasons for high mortality. Today, a few therapies have been proven to be 
effective in II/R‑induced remote organ injuries.
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The fruit of Schisandra sphenanthera Rehd. et Wils  (Schisandra) has 
been used as a pharmaceutical and nutritional supplement in the USA, 
South  Korea, and Japan for a long time.[6‑8] Anwulignan is one of the 
monomer compositions in Schisandra.[9] Studies have reported that 
Anwu has antitumor, anti‑fatigue, antiaging, anti‑gastric ulcer, and 
anti‑hepatic injury effects, indicating that it would be an ideal active 
ingredient for drug and health food development.[10‑13] However, until 
now, there are not any relevant reports available on its effect on the 
kidney injury caused by II/R. It was found in our previous study that 
pretreatment with Anwu could significantly increase the mesenteric 
blood microcirculatory flow velocity, increase the intestinal motility, and 
alleviate the intestinal mucosal injury in rats with II/R, and the above 
effects were considered to be related to its strong antioxidation and 
anti‑inflammation.[14] In addition, Anwu showed protective effect against 
mice renal injury initiated by d‑Gal induced oxidative stress, suggesting 
that Anwu may offer potential protection against the acute kidney 
injury (AKI) caused by II/R.[15] Therefore, a kind of rat II/R model was 
established in this study to examine the effect of Anwu and explore the 
underlying mechanisms, which is expected to give a cue for the research 
and development of Anwu as a medicine and a food supplement in the 
treatment of II/R‑induced remote organ injuries.

MATERIALS AND METHODS
Chemicals and reagents
Anwu  (purity  >99%) was obtained from Si chuan Weikeqi Biological 
Technology Co. Ltd, Chengdu, China. Blood urea nitrogen (BUN) and 
creatinine (CRE), malondialdehyde (MDA), catalase (CAT), superoxide 
dismutase  (SOD), reduced glutathione  (GSH), and hematoxylin–
eosin (HE) staining and Hoechst cell apoptosis detection kits were 
obtained from Jiancheng Bioengineering Research Institute  (Nanjing, 
China). Enzyme‑linked immunosorbent assay  (ELISA) kits of 
interleukin  (IL)‑1β, IL‑6, and tumor necrosis factor  (TNF)‑α were 
obtained from Enzyme‑Linked biotechnology Co., Ltd.  (Shanghai, 
China). N,N,N’,N’-Tetramethylethylenediamine (TEMED), sodium 
dodecyl sulfate (SDS) sample loading buffer (5×), ammonium persulfate, 
HCl‑Tris, glycine, 30% acrylamide, and BCA kit were from Dingguo 
Changsheng Biotechnology Co., Ltd (Beijing, China), and all antibodies 
were obtained from ABclonal Biotech Co., Ltd. (Wuhan, China).

Animal handling
Male Sprague Dawley (SD) rats of age 9  ±  1  weeks and weight 
230  ±  20  g  from Yisi Laboratory Animal Technology Co.Ltd.
(Changchun, China) were raised in an environment with a temperature 
of 20°C–22°C. All procedures were conducted in accordance with the 
Guide for the Care and Use of Laboratory Animals  (China). All the 
animal experiments were approved by the Ethical Committee of Beihua 
University (No. 20200026).
SD rats were divided into Sham group (sodium carboxymethyl cellulose 
gavage and then sham operation), II/R group  (sodium carboxymethyl 
cellulose gavage and then II/R), Sham + Anwu group (Anwu 7 mg/kg 
gavage and then sham operation), and II/R + Anwu group (Anwu 7 mg/kg 
gavage and then II/R). Rats in each group were administered sodium 
carboxymethyl cellulose or Anwu once daily by gavage before II/R or 
sham operation, continuously for 14  days. All rats were anesthetized 
by intraperitoneally injecting pentobarbital sodium  (50  mg/kg) and 
then operated.[14] Briefly, a rat II/R model was reproduced by isolating 
the rats’ superior mesenteric artery, clamping the artery for 45  min, 
and removing the clamp for 1 h, while in the Sham group, the superior 
mesenteric artery was isolated only, with the same time course. After 
the above procedure, the blood was collected via the abdominal aorta, 

and rats were sacrificed by injecting intraperitoneally pentobarbital 
sodium (200 mg/kg). Then, the kidneys were taken for histological and 
biological examinations.

Measurement of renal index
Renal index was calculated using the formula:
renal index: kidney weight (g)/body weight (g) × 100%.

Measurement of renal function
BUN and CRE levels in the blood of rats were measured by an automatic 
biochemistry analyzer.

Histopathologic observation of the renal tissue
With the standard protocol of HE staining, 2 μm paraffin‑embedded 
kidney sections were prepared and the sections were observed. 
Paller scoring was performed by two professional pathologists for 
histopathologic evaluation.[16] In brief, by 400 magnification, 10 
consecutive fields at the renal cortical medullary junction and 10 renal 
tubules for each field were randomly selected, and then the scores on 
these 100 renal tubules were calculated. The scoring criteria were as 
follows: morphological change of renal tubular epithelial cells was scored 
as 1 point, brush border damage as 1 point, drop necrotic cells  (not 
tubular cast or cell fragments) in the lumen of renal tubules as 1 point, 
obvious deformation and widening of cast as 1 point, drop of brush 
border as 2 points, and cellular cast as 2 points.[17]

Measurement of oxidation‑related parameters
The rat renal tissue was homogenized for the preparation of renal tissue, 
and the supernatant of homogenate was obtained by centrifuging at 
4°C and 3500 g for 10 min. Oxidation‑related parameters (MDA, CAT, 
SOD, and GSH) were determined using the methods provided by the kit 
manufacturers.

Western blot analysis
The proteins in the renal tissue were extracted with the method provided 
by the kit manufacturer, and BCA protein assay was used to determine 
the protein concentration in the renal tissue. Then, 12% sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS‑PAGE)  gel 
electrophoresis was performed on 30 μg of the protein from each sample 
at 100 V for 1.5  h, and then the protein transfer onto polyvinylidene 
fluoride (PVDF) membranes was carried out at 200 mA for 1.5 h. Then, 
the membranes were incubated with rabbit anti‑mouse antibodies at 4°C 
overnight, in which the following primary antibody dilutions  (1:1000) 
were used: p‑Nrf2  (cat: AP1133), cleaved caspase‑3  (cat: A0214), 
Bcl-2‑associated x protein  (Bax; cat: A0207), B‑cell lymphoma 2  (Bcl-
2; cat: A0208), nuclear factor  (erythroid‑derived 2)‑like 2  (Nrf2; 
cat: A0674), heme oxygenase  (decycling) 1  (HO‑1; cat: A1346), and 
Kelch‑like ECH‑associated protein 1 (Keap1; cat: A1820).

Immunohistochemistry
Cleaved caspase‑3 was used for the immunohistochemical staining 
of paraffin sections of the kidney tissue. Then, the sections were 
routinely pathologically prepared, that is, dewaxing, dehydration with 
ethanol gradient, and antigen retrieval with citrate antigen retrieval 
solution. The sections were incubated with cleaved caspase‑3 antibody 
dilutions (1:100) at 4°C overnight and then blocked with the blocking 
buffer and incubated with the second antibody dilution (1:250) at 25°C 
for 30 min. 3,3′‑Diaminobenzidine was used as the chromogenic agent, 
and hematoxylin as the stain. Finally, the sections were observed and the 
cumulative optical density was measured.
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Measurement of inflammation‑related indicators
Renal inflammation‑related indicators  (TNF‑α, IL‑6, and IL‑1β) were 
measured according to the instructions given in the kit.

Statistical analysis
Mean ± standard deviation (SD) was used to represent the data, and GraphPad 
Prism 7.0 statistical software was used to analyze the data. Differences 
among the groups were analyzed by two‑way analysis of variance (ANOVA), 
followed by Tukey post hoc  test for renal function‑related data and the least 
significant difference (LSD) post hoc test for other data, in which a value of 
P < 0.05 indicated a statistically significant difference.

RESULTS
Anwu improved renal pathological damages
Renal indexes and pathological damages were observed in this study. As 
shown in Figure 1a, the changes in the renal indexes within all groups 
were not significant (P > 0.05). As shown in Figure 1c, under a 200 × light 
microscope, the renal structures in the Sham group were intact and the 
renal tubules were arranged neatly, without either obvious necrosis of 
renal tubular epithelial cells or protein cast. In the II/R group, the renal 
tubules were unclear in structure with epithelial cell edema and obvious 
nuclear abscission (black arrow), and some renal tubules were narrowed 
or even occluded. Anwu significantly reduced tubular injury, with most 
tubular epithelial cells settled neatly (black star). As shown in Figure 1b, 
in comparison to Sham group, the Paller score was increased in the II/R 
group (P < 0.01), and in comparison to the II/R group, the Paller score was 
decreased in the II/R + Anwu group (P < 0.01). Therefore, we concluded 
that Anwu could protect against renal tissue injury, as shown in Figure 1.

Anwu improved the renal function
CRE and BUN are vital indicators of the severity of renal injury.[18,19] 
In comparison to the Sham group, the II/R group showed significantly 
elevated CRE and BUN levels  (P  <  0.01), while their levels decreased 
significantly in the II/R  +  Anwu group in  comparison  with the  II/R 
group (P < 0.05 and P < 0.01, respectively)  [Figure 2], suggesting that 
Anwu could attenuate the renal damage induced by II/R.

Anwu changed oxidation‑related parameters in the 
renal tissue
SOD, CAT, and GSH are key antioxidants that play an important role 
in resisting the injuries caused by reactive oxygen species (ROS). MDA 
is the product of lipid peroxidation; its content marks the degree of an 
oxidative damage.[20,21] The results shown in Figure  3 indicate that in 
comparison to the Sham group, the renal SOD, CAT, and GSH activities 
decreased significantly in rats treated with II/R, while the MDA content 
increased significantly  (P < 0.05 and P < 0.01, respectively). However, 
compared to the II/R group, these indicators were obviously reversed in 
the II/R + Anwu group (P < 0.05 and P < 0.01, respectively), suggesting 
that the antioxidant activity  effect induced by Anwu might play an 
important role in the protective effect against renal injury.

Anwu decreased inflammation‑related indicator 
contents in the renal tissue
IL‑1β, IL‑6, and TNF‑α are the proinflammatory cytokines responsible 
for harmful stimuli such as II/R and oxidative stress.[22‑24] Therefore, 
the level of these cytokines can indicate the tendency of oxidation and 
antioxidation balance. TNF‑α, IL‑6, and IL‑1β levels in the renal tissue 

c
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a

Figure 1: Effects of Anwulignan on the histopathologic changes of renal tissue in rats with II/R: (a) renal index; (b) Paller scores; (c) HE staining of renal tissue. 
Data are expressed as means ± SD, n = 8. **P < 0.01 compared with the Sham group; ##P < 0.01 compared with the II/R group. HE = hematoxylin–eosin, 
II/R = intestinal ischemia/reperfusion, SD = standard deviation
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increased significantly in the II/R‑treated group in comparison to the 
Sham group; but in comparison to the II/R group, the levels of these 
cytokines decreased significantly in II/R + Anwu group (P < 0.05 and 
P < 0.01, respectively) [Figure 4], suggesting that Anwu might attenuate 
the renal damage partly through anti‑inflammation.

Anwu regulated Keap1/Nrf2/HO‑1 pathway
It is well known that the Keap1/Nrf2/HO‑1 pathway plays a regulatory 
role in cellular redox balance in the body.[25‑27] As shown in Figure 5, 
the expression level of Keap1 increased while the p‑Nrf2/Nrf2 ratio 
and HO‑1 decreased in the II/R group in comparison to the Sham 
group, but their expressions in the II/R  +  Anwu group showed the 
opposite trend in comparison to the II/R group (P < 0.05 and P < 0.01, 

respectively), suggesting that Anwu might improve the remote renal 
injury induced by II/R, by regulating the Keap1/Nrf2/HO‑1 signaling 
pathway.

Anwu suppressed cell apoptosis in the renal tissue
In the study, we assessed typical apoptosis marker cleaved caspase‑3 and 
other apoptosis‑related proteins, including Bax and Bcl-2. As shown 
in Figure  6, the expression level of cleaved caspase‑3 increased and 
Bcl-2/Bax ratio decreased significantly in the II/R group in comparison 
to the Sham group (P < 0.05 and P < 0.01, respectively); but in comparison 
to the II/R group, the expression level of cleaved caspase‑3 decreased 
and the ratio of Bcl-2/Bax increased significantly in the II/R  +  Anwu 
group (P < 0.05 and P < 0.01, respectively), indicating that Anwu might 
alleviate the apoptosis of renal tissue.

ba

Figure  2: Effect of Anwulignan on serum CRE and BUN in rats with II/R:  (a) serum CRE level;  (b) serum BUN level. Data are expressed as means  ±  SD, 
n = 8. **P < 0.01 compared with the Sham group; #P < 0.05 compared with the II/R group. BUN = blood urea nitrogen, CRE = creatinine, II/R = intestinal 
ischemia/reperfusion, SD = standard deviation
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Figure 3: Effect of Anwulignan on the content and activities of SOD, CAT, GSH, and MDA in the renal tissue of rats: (a) SOD; (b) CAT; (c) GSH; (d) MDA. Data are 
expressed as means ± SD, n = 8. **P < 0.01 compared with the Sham group; #P < 0.05, ##P < 0.01 compared with the II/R group. CAT = catalase, GSH = reduced 
glutathione, II/R = intestinal ischemia/reperfusion, MDA = malondialdehyde, SD = standard deviation, SOD = superoxide dismutase
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DISCUSSION
The gut–kidney axis in many pathological conditions has attracted 
researchers’ eyes recently.[28,29] Being a characteristic manifestation 
of remote organ injuries after II/R, AKI has been reported several 

times.[30] In the present study, a rat II/R injury model was reproduced 
successfully,[14,30] and consistent with the previous reports, the serum 
CRE and BUN levels decreased significantly and the  pathological HE 
staining showed a significant renal tubular injury in the II/R group. It 
was found in this study that Anwu could alleviate the renal injury after 
II/R in rats and lower the level of BUN and CRE in the blood of rats, 
suggesting that Anwu could protect against the remote renal injury after 
II/R.
Oxidative stress participates in the pathophysiological process of the 
remote renal injury caused by II/R. This is because the oxygen supply 
after reperfusion promotes the excessive production of ROS, and the 
amount of free radicals exceeds the scavenging capacity of antioxidant 
enzymes in the body, thus causing damage to cells.[31] Free radicals, 
catalyzed by SOD, are transformed into oxygen and hydrogen peroxide, 
and then the latter two, catalyzed by CAT and Glutathione peroxidase 
(GSH‑Px), are converted into molecular oxygen and water. So, these 
three enzymes contribute to the body’s antioxidant capacity to protect 
against excessive oxidative stress. MDA is a kind of lipid peroxide 
formed by the peroxidation reaction of lipids due to free radicals. MDA 
can cause polymerization of nucleic acid, protein, and other molecules, 
which is cytotoxic and affects the metabolic function of cells.[32] These 
four indexes were measured in this experiment to determine whether 
Anwu has an antioxidant effect. The results of this study showed that 
Anwu increased the activities of GSH, SOD, and CAT, but decreased 
the content of MDA, suggesting that Anwu may have an antioxidant 
effect in II/R. The Keap1/Nrf2/HO‑1 pathway is involved in the 
process of redox.[33] In physiological conditions, Nrf2  (a basic leucine 
zipper transcription factor) can bind to Keap1 to sequester Nrf2 in the 
cytoplasm, and Nrf2 can defensively respond to extrinsic and intrinsic 

c
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Figure 4: Effect of Anwulignan on the content of TNF‑α, IL‑6, and IL‑1β 
in the renal tissue of rats: (a) TNF‑α; (b) IL‑6; (c) IL‑1β. Data are expressed 
as means  ±  SD, n  =  8. *P  <  0.05, **P  <  0.01 compared with the Sham 
group; #P < 0.05, ##P < 0.01 compared with the II/R group. II/R = intestinal 
ischemia/reperfusion, IL  =  interleukin, SD  =  standard deviation, 
TNF‑α = tumor necrosis factor‑α

dc
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Figure 5: Effects of Anwulignan on the Keap1/Nrf2/HO‑1 signaling pathway: (a) electrophoretogram of Nrf2, p‑Nrf2, Keap1, and HO‑1 proteins by western 
blot; (b) relative expression of Keap1; (c) relative expression of p‑Nrf2; (d) relative expression of HO‑1. Data are expressed as means ± SD, n = 8. **P < 0.01 
compared with the Sham group, #P  <  0.05, ##P  <  0.01 compared with the II/R group. HO‑1  =  heme oxygenase  (decycling) 1, II/R  =  intestinal ischemia/
reperfusion, Keap1 = Kelch‑like ECH‑associated protein 1, Nrf2 = nuclear factor (erythroid‑derived 2)‑like 2, SD = standard deviation
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stressors in the body.[34] Nrf2 may be separated from Keap1 and being 
phosphorylated once the cells are suffering from oxidative stress. SOD, 
CAT, and HO‑1 are regulated by Nrf2. Therefore, Nrf2, together with 
these enzymes, defends against the cytotoxic effect of oxidative stress. 
It was found in this study that Anwu could decrease the expression of 
Keap1, but increase the expression of p‑Nrf2 and HO‑1 in the renal 
tissue of rats. In our previous study, we found that Anwu had similar 
effects on the ischemia–reperfused intestinal tissue in rats and the 
liver, brain, and spleen in d‑galactose–treated rat,[12‑14,35] indicating 
that Anwu can attenuate the renal injury after II/R via the Keap1/Nrf2/
HO‑1 pathway and this activation may be the common mechanism of 
the antioxidant effect of Anwu.
In addition, ischemia/reperfusion can promote inflammation, which in 
turn exacerbates the damage of organs. Inflammatory mediators are not 
only the key link of ischemia/reperfusion, but also the most important 
injury‑causing factor.[36] The results revealed that II/R increased the 
levels of IL‑6, IL‑1β, and TNF‑α in the renal tissue in rats and Anwu 
could reduce the content of these inflammatory factors, indicating that 
Anwu may play an anti‑inflammatory role in II/R.
Intestinal ischemia, hypoxia, and local inflammation can activate 
the expression of apoptotic genes. After reperfusion, excessive 
ROS is produced throughout the body and accumulated in renal 
tubular epithelial cells, resulting in lipid peroxidation of the cell 
membrane, DNA destruction, and other damages and also inducing 
cell apoptosis.[33] Cleaved caspase‑3 is a very important proteolytic 
enzyme in cell apoptosis, which plays a core role in many pathways of 
apoptosis signal transduction and is also the last effector of all apoptotic 
pathways.[37] Being very important apoptotic regulators, Bcl-2 and 
Bax are often used to evaluate the extent of apoptosis. As Bcl-2 is an 
antiapoptotic regulator and Bax is a proapoptotic regulator, the ratio of 
Bcl-2/Bax can reflect the level of cell apoptosis.[38] Anwu decreased the 
expression of cleaved caspase‑3 and increased the ratio of Bcl-2/Bax in 
II/R rats in this study, suggesting that Anwu might inhibit cell apoptosis 
in the renal tissue in II/R rats. However, the duration of these signals is 

not clear in the present study, and therefore, more apoptotic indicators 
need to be further explored.

CONCLUSION
In conclusion, this study shows that Anwu improves the remote renal 
injury after II/R in rats, which may be associated with its regulation of 
antioxidant, anti‑inflammatory, and antiapoptotic pathways.
In summary, Anwu has a protective effect against the II/R‑induced 
remote renal injury in rats.
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