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 Renal Ischemia/Reperfusion Injury (IRI) refers to the injury that 
occurs when renal tissue becomes ischemic and then reverts to blood 
perfusion. IRI could cause Acute Kidney (AKI) injury and is also 
a risk factor for chronic kidney disease (CKD) and end-stage renal 
disease(ESRD)

。
During IRI, the blood flow of Peritubular capillary 

network (PTC) decreases, which damages vascular endothelial cells, 
leading to the destruction of PTC and decrease of PTC density [1]. At 
the meantime, the decrease of PTC density would cause local hypox-
ia in renal tissue, and hypoxia could cause damage to renal tubular 
epithelial cells and activate surrounding fibroblasts, which results in 
obvious deposition of Extracellular Matrix (ECM) and proliferation 
of fibroblastsin in renal interstitium . AKI could also cause inflamma-
tory cell infiltration, and ultimately lead to Renal Interstitial Fibrosis 
(RIF), which would destroy the normal structure of the kidney and 
impaire normal function of the kidney. At the same time, renal tu-
bular epithelial cells are damaged and dysfunctional, which affects 
the secretion of Vascular Endothelial Growth Factor (VEGF) and the 
generation of PTC.All these aggravate tissue cell hypoxia, and pro-
mote the progression of CKD [2-4]. Grams, etc. [5] shows that AKI 
is closely related to the subsequent risk of ESKD when eGFR decline 
≥30%. Therefore, it is of great significance to clarify the mechanism 
of the progression of AKI-to-CKD for the prevention and treatment of 
AKI-to-CKD.

 AKI-to-CKD is characterized by myofibroblast proliferation. Peri-
cytes are the main source of myofibroblasts in renal fibrosis, so inhib-
iting the conversion of pericytes to myofibroblasts is an anti-fibrosis 
method. Transforming Growth Factor (TGF) -β is an important pro-fi-
brotic factor. TGF -β initiates the repair of RIF by participating in the 
fibrotic formation process of endothelial cells and pericytes [6,7]. It 
could inhibit the aggregation and activation of pericytes by regulating 
the TGF-β/Smad signaling pathway [8]. Meanwhile, with the help of 
TGF-β, Smad3 participates in the regulation of α-SMA during differ-
entiation of myofibroblast [9]. In conclusion, moderately reducing the 
expression of TGF-β/Smad pathway could slow down the process of 
renal fibrosis without affecting the normal renal function. Therefore, 
establishing further understanding of the mechanism of this signaling 
pathway would help to prevent and control the occurrence and devel-
opment of AKI-to-CKD.

 Glycosylation modification is an important post-translational 
modifications, which occurs in more than 50% of proteins [10]. Gly-
cosylation modification has a significant effect on protein expression, 
and glycosylation modification mainly occurs in the extracellular 
environment [11]. Fucosyltransferases 8 (Fut8), also known as core 
fucosyltransferases, recognizes the core GlcNAc linked to asparag-
ine in the chitobiose unit of N-glycan chain and catalyzes the for-
mation of an α1, 6 glycosidic bond between the fucosyltransferases 
and the GlcNAc [12]. Fut8 regulates the structure of the N-glycan 
chain in conjunction with other glycosyltransferases, and is known 
to have a significant effect on protein expression due to its central 
position in the site of action, which plays an important role in phys-
iological and pathological processes. Core fucosylation is catalyzed 
by Fut8 [13]. Core Fucosylation (CF) could affect fibrosis process by  
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Abstract
 In order to clarify the glycobiology-related mechanisms of Buy-
anghuanwu Decoction in TGF-β/Smad signaling pathway in AKI-to-
CKD mice. We constructed animal model of AKI-to-CKD by renal 
ischemia-reperfusion injury (IRI). We grouped the mice, assessed re-
nal function on the 30th day after modeling, tested the level of α-SMA 
and TGF-β/Smad pathways, and detected the changes of Fut8 and 
VEGF R2 levels and core fucoidan glycosylation of TGF-βRⅡ.The 
results show that Buyang Huanwu decoction also down-regulates 
the level of of Fut8 and core fucosylation of TGF-βRII, up-regulates 
the level of VEGF R2 , inhibites the activation of TGF-β/Smad , and 
eased the process of IRI.These suggests that Buyanghuanwu De-
coction could inhibit the activation of the TGF-β/Smad pathway by 
inhibiting the Fut8 and then block the pathological process of AKI-to-
CKD.

Keywords: AKI-to-CKD; Buyang Huanwu decoction; Core fucosyla-
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regulating TGF-βRⅡ [14-16]. In addition, our previous experiments 
have found that regulating CF could reduce active expression of 
TGF-β/Smad pathway, renal fibrosis, and renal cell damage [17] in 
fibrosis cell model induced by UUO, peritoneal fibrosis and protein-
uria. However, the effect of Fut8 in TGF-β/Smad pathway in IRI has 
not been studied, and there is a lack of effective therapeutic methods 
to interfere with Fut8.

 Buyang Huanwu decoction is a classic prescription of traditional 
Chinese medicine, which is composed of Huangqi, Dilong, Honghua, 
etc. It was mainly used to treat cerebrovascular diseases in the past. 
And now, modern medical research has found that Buyang Huanwu 
decoction could protect capillaries [18,19]. Medical research shows 
that Buyang Huanwu decoction could reduce RIF , but the mecha-
nism is unclear. Therefore, the purpose of this experiment is to ex-
plore whether Buyang Huanwu decoction could inhibit RIF and block 
AKI-to-CKD by regulating the expression of Fut8 and inhibiting the 
activation of TGF-β/Smad pathway.

Materials and Methods
Experimental animals and grouping

 Healthy male C57BL/6 mice aged 8-12 weeks, weighing 22±28 
g, were homed in standard experimental environment. The mice 
were randomly divided into 5 groups: control group, sham group, IRI 
group, IRI+L group and IRI+H group, with 5 mice in each group.

Drugs and reagents

 Buyang Huanwu decoction: Huangqi 120g, Chishao 4.5g, Dang-
gui 6g, Chuanxiong 3g,Taoren 3g, Honghua 3g, Dilong 3g. According 
to the body surface area conversion coefficient, the low and high dose 
concentrations of Buyang Huanwu decoction were 18.525g/kg and 
37.05g/kg. Keep all decoction in the refrigerator at 4 ° C for later use. 
After modeling, keep the serum and kidney on the 30th day.

I/R AKI-to-CKD model

 The IRI mice underwent bilateral IRI surgery, and the sham mice 
underwent the same procedure except that the renal pedicles were not 
clamped with atraumatic aneurysm clips.

Results
Changes of renal function (Table 1)

 Compared with control group, the content of CRE in the serum of 
IRI group is increased(p < 0.01). Compared with IRI group, the serum 
levels of CRE in the IRI+L group and the IRI+H group decrease (p > 
0.05, p < 0.05). The results are shown in figure 1 (A).

 Compared with control group, the content of BUN in the serum 
of IRI group is increased (p < 0.0001). Compared with IRI group, the  

content of BUN in the IRI+L group and the IRI+H group decreased, 
and the difference was statistically significant (p < 0.001, p < 0.05). 
The results are shown in figure 1 (B).

Masson and PAS

 There was no obvious blue-stained collagen fibers in control 
group. Compared with control group, the renal tubules in IRI group 
were dilated, and a large number of blue-stained collagen fibers ap-
peared in the renal interstitium. Compared with IRI group, after Buy-
ang Huanwu decoction intervention, the degree of renal tubular dila-
tation and RIF in the treatment group were reduced, and the results are 
shown in figure 2.

Changes in the expression of α-SMA

 Compared with control group, the expression of α-SMA in renal 
tissue of IRI group is increased (p < 0.0001). Compared with IRI 
group, the expression of α-SMA in renal tissue in IRI+L group de-
creases (p<0.05), but the difference was not statistically significant, 
and the expression of α-SMA in IRI+H group decreases (p < 0.05). 
The results are shown in figure 3.

Group CRE (μmol/L) BUN (mmol/L)

con 10.8±0.447 11.252±2.897

sham 10±0.707 6.614±0.959

IRI 33.5±4.950 29.435±0.955

IRI+L 16.5±4.359 17.433±2.737

IRI+H 15.667±3.215 11.57±1.410

Table 1: Test results of CRE and BUN contents of mice in each group (X̅ 
±S).

Figure 1: Changes of CRE and BUN of mice in each group.

Figure 2: Masson and PAS of mice in each group.

Figure 3: Changes in α-SMA expression of mice in each group.
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Immunofluorescence staining changes of α-SMA 

 The results show that the expression of α-SMA in IRI mice is sig-
nificantly higher than that in control and sham groups. Compared with 
IRI group, the expression of α-SMA in IRI+L and IRI+H groups is 
significantly decreased, and the therapeutic effect of IRI+H group is 
more significant. The results are shown in figure 4.

Expression changes of Fut8

 Compared with control group, the expression of Fut8 in the re-
nal tissue of IRI group is increased (p < 0.0001). Compared with  

IRI group, the expression of Fut8 in renal tissue of IRI+L group and 
IRI+H group decreases (p < 0.05, p < 0.001), and the results are 
shown in figure 5.

Changes of fibrosis indexes and signaling pathways in 
Western Blot

1CF changes in TGF/Smad2/3 pathway: TGFβRII plays an im-
portant role in renal fibrosis, and there is concordance between renal 
pathologic damage and dynamic changes in Fut8 and LCA . The level 
of LCA in IRI+L and IRI+H group decrease (p < 0. 05, p < 0. 05). 
The level of LCA keeps consistent with the expression of Fut8 and 
TGFβRII during CKD. The results are shown in figure 6.

TGF/Smad2/3 pathway: Compared with control group, the expres-
sions of TGF-βRII and Smad2/3 in the renal tissue of IRI group are 
increased (p < 0. 001, p < 0. 01). Compared with IRI group, the ex-
pression of TGF-βRII in IRI+L group is decreased (p < 0. 05), and 
the expression of TGF-βRII in IRI+H group is decreased (p < 0. 05). 
Compared with IRI group, the expression of p/Smad2/3/Smad2/3 in 
IRI+L group decreases (p <  0. 05), and the expression of p/Smad2/3/
Smad2/3 in IRI+H group decreases (p < 0. 001), the differences are 
statistically significant, and the results are shown in figure 7.

 Immunofluorescence staining changes of VEGF R2: Compared 
with control group, the level of VEGF R2 of IRI group is increased  

Figure 4: Changes in fluorescence staining of α-SMA of mice in each 
group.

Figure 7: Changes in TGF/Smad2/3 pathway expression of mice in each 
group.

Figure 5: 11 Expression changes of Fut8 of mice in each group.

Figure 6: Changes in TGFβRⅡ and LCA expression of mice in each group.

Figure 8: Changes in VEGF R2 level of mice in each group.
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(p < 0. 0001). Compared with IRI group, the level of VEGF R2 IRI+L 
group and IRI+H group decreases (p < 0. 001, p < 0. 05), and the 
results are shown in Figure 8.

Discussion
 IRI is an important factor in the occurrence and development of 
AKI, and there is a close relationship between AKI and CKD. In the 
process of IRI, there are PTC damage, tissue ischemia and hypoxia 
and inflammatory cell infiltration,which leads to cell damage, fibro-
blast activation, extracellular matrix deposition,etc.All these result in 
RIF, which further increases the risk of CKD and ESRD. Previous 
studies show that core fucosylation of key proteins plays an important 
role in the process of chronic renal interstitial fibrosis [20], but there 
is no satisfying data on the changes of core fucosylation modification 
profile during CKD.

 We established IRI mouse model to study the changes from AKI 
to CKD. We observe the disease progression and curative effect, and 
measure the indicators on the 30th day after modeling. The results 
show that IRI induced obvious interstitial fibrosis and renal function 
damage on the 30th day. The expression level of FUT8 and LCA (a 
lectin that binds specifically to the N-glycan core fucose structure) 
showes a consistent trend, and the core fucosylation modification is 
significantly increased in IRI group. These data suggest that changes 
in the expression level of core fucosylation modification in the CKD 
stage in IRI models may closely relate to the occurrence and develop-
ment of renal interstitial fibrosis. Our research group has previously 
found that core fucosylation is involved in the paracrine regulation of 
renal interstitial fibrosis induced by proteinuria [21], which is consis-
tent with the results of this experiment.

 Renal interstitial fibrosis is an important cause of chronic kid-
ney disease. We investigated the TGF-β/Smad pathway in IRI mice. 
TGF-β/Smad is a signaling pathway that induces renal fibrosis. 
TGF-β1 induces RIF by activating the classical signaling pathway 
based on Smad. This process involves activation of fibroblasts and 
massive deposition of ECM [22]. Compared with control group, the 
expression of TGF-βRⅡ and Smad2/3 IRI group is increased on the 
30th day (p < 0.001, p < 0.01). Compared with IRI group, intervene 
groups significantly reduce the expression of TGF-β/Smad signaling 
pathway in a dose-dependent manner, suggesting that Buyanghuan-
wu decoction could inhibit the excessive activation of TGF-β/Smad 
pathway and then slow down the process of renal fibrosis, thereby 
blocking the pathological process of AKI-to-CKD. Wu et al. found 
that Buyang Huanwu decoction could inhibit TGF-β1/Smad3, NF-κB 
pathway and Arkadia and restore renal Smad7, thus reducing STZ-in-
duced diabetic kidney fibrosis and inflammation [23], which is con-
sistent with our results.

 IRI could cause damage or loss of PTC, which makes the renal 
interstitium into a state of chronic hypoxia, leading to renal fibrosis 
and promoting the progression of AKI-to-CKD. We observed the ef-
fect of Buyang Huanwu decoction on CKD. First, the expression of 
α-SMA in IRI group is significouldtly increased in Western blot and 
immunofluorescence,which indicates fibrosis-like changes appear. 
The level of α-SMA in intervene group is significouldtly reduced in 
a dose-dependent manner. It is suggested that Buyang Huanwu de-
coction could improve the pathological condition of renal interstitial 
fibrosis. Han Miaoru’s research results showes that Buyang Huanwu 
decoction could reduce Scr, α-SMA and the degree of renal interstitial 
collagen fiber accumulation in UUO rats, which is consistent with our  

research results [24]. Zhang Xuanming et al. ‘s research showes that 
Buyang Huanwu decoction could improve renal function and renal 
tubulointerstitial fibrosis in rats with unilateral ureteral ligation which 
could reduce the renal interstitial damage index and the expression 
of α-SMA, and reduce the severity of renal interstitial fibrosis [25].

 VEGF plays a significant role in many physiological and patho-
physiological processes. VEGF could affect angiogenesis by regulat-
ing endothelial cell proliferation and repair damaged capillary net-
works. VEGF sustainably expresses in endothelia of glomeruli and in 
peritubular capillaries in human and mouse kidney, which is essential 
for maintaining the function of endothelia [26]. VEGF plays a role 
in angiogenesis mainly with the help of VEGF R2. Therefore, we se-
lect VEGF R2 as an indicator to observe PTC function. The results 
show that IRI could reduce the level of VEGF R2 and impair PTC 
function in mice. After the treatment of Buyang-Huanwu decoction, 
the level of VEGF R2 increases, which means the capillary density 
also increases. Dimke et al. find that VEGFA and its receptors express 
along the Nephron and in Renal Microvasculature segmentally, and 
the specific deletion of VEGFA from Tubular Epithelia could impair 
development of peritubular capillary networks [27], which is consis-
tent with our findings.

 To further clarify the role of CF, we measure the expression level 
of total Fut8 in renal tissue by Western blot. The results showe that 
the expression level of total Fut8 in renal tissue is significantly in-
creased in IRI group, while the expression level of Fut8 in renal tissue 
is significantly decreased in intervene group. Further CO-IP results 
show that, Buyang Huanwu decoction could significantly reduce the 
expression level of CF in TGF-βⅡ, thereby inhibiting the activation 
of TGF-β/Smad pathway. Previous studies have found that TGF-β is 
modified by CF catalyzed by Fut8, and CF has a role in regulating the 
activation of signaling pathway [21], which is consistent with our re-
sults. Buyanghuanwu Decoction could inhibit the expression of Fut8 
and reduce the fucose modification level of TGF-βRII, thereby inhib-
iting the excessive activation of downstream pathways and blocking 
the process of AKI-to-CKD.

 In our study, interventions targeting relevant mechanisms have 
demonstrated the potential to ease fibrosis in CKD, highlighting the 
significance of further exploring effective repair mechanisms and 
identifying novel targets to prevent AKI-to-CKD. This study also has 
some limitations. This study only focus on the TGF-β/Smad signaling 
pathway and dose not examine other pathways that may be involved 
in the process of AKI-to-CKD. In the future, we would further im-
prove the above.

Conclusion
 Buyanghuanwu Decoction could inhibit Fut8 and core fucosyla-
tion of TGF-βRⅡ, block the activation of TGF-β/Smad pathway, slow 
down the process of IRI injury, protects PTC, and block the patholog-
ical process of AKI-to-CKD in IRI mice.
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