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Abstract Periostracum cicadae, the cast-off shell of the cicada Cryptotympana pustulata Fabricius, is 

used in traditional Chinese medicine for its diaphoretic, anticonvulsive, sedative, antipyretic, and 

antiallergic effects. However, the exact pathogenesis of immunoglobulin A nephropathy (IgAN) 

remains unclear, thereby hindering investigations to identify novel therapeutic agents. A rat IgAN 

model was established by administration of bovine serum albumin, lipopolysaccharide, and carbon 

tetrachloride, which simultaneously established blood stasis and a heat syndrome model. The 

animals were sacrificed to detect changes in protein levels in urine and blood. Immunofluorescence 

was performed to assess IgA deposition in the glomeruli. Tumor necrosis factor-α (TNF-α), 

interleukin-1β (IL-1β), and interleukin 6 (IL-6) levels were measured in bronchoalveolar lavage fluid 

(BALF) by enzyme-linked immunosorbent assay. Hematology and eosin, periodic acid-Schiff, 

TUNEL, and immunohistochemical staining were performed to evaluate histopathological changes 

in kidney tissues. Additionally, target-related proteins were measured by western blotting. 

Periostracum cicadae resulted in a reduction in blood and urine protein levels. Serum TNF-α, IL-1β, 

and IL-6 levels significantly decreased in the periostracum cicadae-treated groups compared to the 

IgAN group. Furthermore, a reduction in MCP-1, TLR4, and IgA expression levels and a dose-

dependent increase in caspace-3 expression were observed in response to periostracum cicadae 

treatment. TGF-β1 levels decreased, whereas that of Fas increased in the kidney tissues of the 

periostracum cicadae-treated groups. The findings of the present study indicate that periostracum 

cicadae induces apoptosis and improves kidney inflammation and fibrosis in IgA nephropathy rat 

models. 

Keywords: Periostracum cicadae; IgA nephropathy; inflammation; fibrosis; apoptosis 34 

35 

1. Introduction36 

Immunoglobulin A nephropathy (IgAN) is the most common type of glomerulonephritis in the world 37 
[1]. IgA nephropathy is characterized by immune deposits predominantly composed of polymeric 38 
IgA in the glomerular mesangium [2-5]. Nephrotic-range proteinuria, microscopic hematuria and renal 39 
failure impairment are strong predictors of an adverse clinical outcome[6-8]. The risk of progression to 40 
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chronic kidney disease in patients with IgAN in adults is apparently significantly higher in children. 41 

IgAN patients with proteinuria are generally considered to have increased risk for progression to chronic 42 
kidney disease (CKD) and renal failure [9]. Renal involvement is the most serious long-term 43 
complication; its symptoms include asymptomatic microhematuria and/or mild proteinuria to overt 44 
IgAV nephritis (IgAVN)[10]. IgAVN, which occurs in approximately 30% of pediatric patients within 45 
4–6 weeks of initial presentation [11], and severe IgAVN are both associated with decreased renal 46 
function, hypertension, hypoalbuminemia, and long-term renal sequelae. Current treatment for 47 
IgAVN, which include steroids and immunosuppressive drugs, are mainly based on the findings of 48 
studies on IgAN [12]. Recently, Oxford presented a new classification for IgA nephropathy as 49 
proposed by a Working Group of the International IgA Nephropathy Network and the Renal 50 
Pathology Society [13], which has been validated by numerous studies [14-18]. This group identified 51 
four histopathologic features that are associated with the progression of kidney disease: mesangial 52 
hypercellularity score (M; M0 ≤0.5, M1 ≥0.5), the presence of endocapillary proliferation (E; E0: absent, 53 
E1: present), segmental glomerulosclerosis/adhesion (S; S0: absent, S1: present), and the severity of 54 
tubular atrophy/interstitial fibrosis (T; T0 ≤25%, T1: 26%–50%, T2 ≥50%). However, the exact 55 
pathogenesis of IgAN remains unclear, thereby hindering research investigations to identify novel 56 
therapeutic agents for the treatment of this particular disease. 57 

The traditional Chinese crude drug periostracum cicadae is the cast-off shell of Cryptotympana 58 
pustulata Fabricius, commonly known as the black cicada. Periostracum cicadae has a sweet and salty 59 
taste and produces a ‘cooling’ effect. Periostracum cicadae is known as chantui in traditional Chinese 60 
medicine and has been historically used in the treatment of sore throat, hoarseness, itching, spasms, 61 
and other symptoms. The crude extract of periostracum cicadae can be used as a sedative, 62 
hypothermic, anticonvulsive [19], antioxidant, anti-inflammatory [19-20], antipyretic, and antiallergic 63 
agent [21], as well as a sympathetic ganglionic blocker [22] when administered by various routes. To 64 
our knowledge, this is the first study that has investigated the molecular mechanism of periostracum 65 
cicadae in inflammation and fibrosis using an IgAN model. 66 

2. Results67 

2.1. The effect of periostracum cicadae on proteinuria and other biochemical parameters 68 

We examined the physical appearance and biochemical parameters of the rats. The IgAN rats 69 
showed gray hair, slow growth and reduced amount of activity. After molding, collecting 24 hours 70 
of urine from rats, and observing that IgAN rats developed macroscopic hematuresis, however 71 
normal group and treatment group had no expression. The IgAN rat models showed significantly 72 
higher urine protein, blood urea nitrogen (BUN), and serum creatinine (Src) levels than the normal, 73 
healthy controls, whereas these were markedly lower in the treatment group (Figure 1). These 74 
findings indicate that periostracum cicadae treatment lowers protein, BUN, and CREA levels in the 75 
IgAN rat model. 76 

Figure 2 shows that serum alanine amino transferase (ALT), aspartate aminotransferase (AST), 77 
total protein (TP), ALB, GLOB, BUN, TCHO1, CREA, and TG levels significantly increased in the 78 
IgAN rat models compared to normal, healthy controls, whereas serum ALT, AST, TP, ALB, GLOB, 79 
BUN, TCHO1, CREA, and TG levels dramatically decreased in the periostracum cicadae treatment 80 
group compared to the IgAN model group. 81 
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82 

Figure 1. Changes in 24-h urine protein, blood urea nitrogen (BUN), and serum creatinine (Scr) levels. 83 
*P < 0.05,**P < 0.01 compared to the IgAN model group. (A) normal, healthy controls; (B) IgAN rat84 
models; (C) prednisone acetate group (PAG); (D) tripterygium glycoside tablet group; (E–G)85 
treatment group that received 0.5 g/kg, 1 g/kg, and 2 g/kg periostracum cicadae, respectively.86 

87 

Figure 2. Changes in serum alanine aminotransferase (ALT), aspartate aminotransferase (AST), total 88 
protein (TP), total cholesterol (TCHO), triacylglyceride (TAG), BUN and CREA levels. *P < 0.05,**P < 89 
0.01 compared to the IgAN model group. (A) normal, healthy controls; (B) IgAN model group; (C) 90 
prednisone acetate group; (D) tripterygium glycoside tablet group; (E–G) treatment group that 91 
received 0.5 g/kg, 1 g/kg, and 2 g/kg periostracum cicadae, respectively. 92 

2.2. The effect of periostracum cicadae on IgA 93 

To evaluate the effects of periostracum cicadae on IgA levels, we measured serum IgA levels by 94 
ELISA (Figure 3a). The IgA levels of the model group were significantly higher compared to the 95 
untreated control group, whereas these were significantly lower in the treatment group relative to 96 
the model group. 97 
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IgA deposits in the glomeruli were observed by immunofluorescence staining (Figure 3b). The 98 
control rats showed minimal IgA deposition in the glomeruli, with an average fluorescence intensity 99 
of “−” (Table 1). In contrast, the IgAN rats exhibited significant mass- or granule-like red fluorescence 100 
that was scored as “+” to “++++”; however, these images did not provide evidence for increased 101 
deposition in the thick loop region. The majority of the fluorescence was observed in the glomeruli. 102 
These findings were indicative that the IgAN animal model was successfully established. 103 

(a) 104 

105 

(b) 106 

Figure 3. The effect of periostracum cicadae on IgA deposition. (a) Effects of periostracum cicadae on serum IgA 107 
levels in IgAN rats. (*P < 0.05,**P < 0.01). (b) Immunofluorescence staining of IgA in the glomeruli (A) normal, 108 
healthy controls; (B) IgAN model group; (C) prednisone acetate group; (D) tripterygium glycoside tablet group; 109 
(E–G) treatment group that received 0.5 g/kg, 1 g/kg, and 2 g/kg periostracum cicadae. 110 

Table 1. IgA fluorescence intensities 111 

Group controls 

IgAN 

model 

group 

Prednisone 

acetate 

group 

tripterygium 

glycoside tablet 

group 

Periostracum cicadae group 

A B C D 

E F G 
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0.5 g/kg 1 g/kg 2 g/kg 

IgA 

deposits 
− ++++ + ++ +++ ++ + 

2.3. Periostracum cicadae alleviates inflammation in rats with IgAN 112 

To determine the effect of periostracum cicadae on the renal inflammatory responses of rats, the 113 
serum levels of the inflammatory cytokines TNF-α, IL-1β, and IL-6 were evaluated. The serum TNF-114 
α, IL-1β and IL-6 levels of the IgAN model group significantly increased compared to those in the 115 
untreated control group, whereas those of the treatment group were significantly lower than the 116 
IgAN model group (Figure 4). These data show that periostracum cicadae treatment lowers serum 117 
TNF-α, IL-1β, and IL-6 levels, indicating that periostracum cicadae has anti-inflammatory properties 118 
that alleviate IgAN-induced kidney fibrosis in rats. 119 

120 

Figure 4. Effects of periostracum cicadae on the serum levels of tumor necrosis factor-α (TNF-α), 121 
interleukin-1β (IL-1β), and interleukin 6 (IL-6) in IgAN rats. (*P < 0.05,**P < 0.01). (A) Healthy, normal 122 
control group; (B) IgAN model group; (C) prednisone acetate group; (D) tripterygium glycoside tablet 123 
group; (E–G) treatment group that received 0.5 g/kg, 1 g/kg, and 2 g/kg periostracum cicadae, 124 
respectively. 125 

2.4. The effect of periostracum cicadae on inflammatory cell infiltration 126 

Asthmatic mice that received periostracum cicadae were histopathologically evaluated using 127 
hematoxylin and eosin (H&E) (Figure 5a) and PAS (Figure 5b) staining. In the untreated control 128 
group (Figure 5a), the kidneys were broad, bean-shaped, shiny, and reddish-brown in color. No 129 
changes in the organization of the glomeruli and renal tubules were observed. The renal tissue 130 
structures were intact and well organized, the glomeruli showed normal size, the renal tubules did 131 
not depict any signs of swelling or degeneration, and the interstitial regions did not exhibit 132 
inflammatory cell infiltration or fibrosis. The renal tubular epithelial cells were normal in size and 133 
the distal tubules did not show any detectable signs of expansion. A few transparent tubules in the 134 
renal tubules were observed, and no significant inflammatory cell infiltration in the stroma was 135 
detected. In the model group, glomerular hypertrophy, renal interstitium edema and a mass of 136 
inflammatory cell infiltration and fibrosis revealed in the interstitial regions were researched. The 137 
prednisone acetate and tripterygium glycoside tablet treatment groups illustrated that The 138 
glomerular size was slightly larger, existing a spot of inflammatory cell infiltration. The kidneys of 139 
the periostracum cicadae group showed a significant increase in size, dark red in color, with a small 140 
amount of inflammatory cell infiltration.  141 

In the untreated control group (Figure 5b), no proliferative glomerular basilar membrane, 142 
mesangium or glomerular sclerosis was observed. In the model group, hyperplasia of glomerular 143 
mesenterium and basilar membrane tubular, swelling accompanied by segmental glomerulosclerosis, 144 
collapsed glomerular vascular loops, and perivascular inflammatory cell infiltration were observed. 145 
The prednisone acetate and tripterygium glycoside tablet treatment groups showed proliferative 146 
glomerular mesangium and basilar membrane were unconspicuous, with minimal inflammatory cell 147 
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infiltration. The periostracum cicadae treatment group exhibited mesangial thickening, but was 148 
better than the model group, as well as a small number of inflammatory cell infiltration. 149 

150 

(a) 151 

152 

(b) 153 

154 

(c) 155 

A B C D 

E F G 
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Figure 5. Periostracum cicadae improves kidney inflammation and fibrosis and induces cell apoptosis. 156 
(a) Hematoxylin and eosin (H&E) staining. (b) Periodic acid-Schiff (PAS) staining. (c) TdT-mediated157 
dUTP nick end-labeling (TUNEL) staining.158 

2.5. Periostracum cicadae induces cellular apoptosis in the IgAN rat model 159 

To gain insights on whether periostracum cicadae induces apoptosis in vivo, paraffin sections 160 
from the Sprague-Dawley (SD) rats were subjected to H&E staining (Figure 5a). The increase in the 161 
number of TdT-mediated dUTP nick end-labeling (TUNEL)-positive cells clearly demonstrates that 162 
cellular apoptosis was detected (Figure 5c). The microscopic signs of cellular apoptosis showed that 163 
cellular shrinkage, condensed, bright eosinophilic cytoplasm and pyknotic small, dark nuclei were 164 
demonstrated due to chromatin condensation. Figure 5a and Figure 5c showed no chromatin 165 
condensation and normal cell size in the untreated control group. In the model group, chromatin 166 
condensation, apoptosis of glomerular epithelial cells were examined. The prednisone acetate and 167 
tripterygium glycoside tablet treatment groups indicated apoptosis of inflammatory cells were rare. 168 
The result of coloration selecting TUNEL in the periostracum cicadae treatment group clearly 169 
demonstrates that periostracum cicadae induces inflammatory cellular apoptosis in vivo. 170 

2.6. The effect of periostracum cicadae on TGF-β1- and Fas-positive cells 171 

Figure 6a shows that a region of the glomeruli was positively immunostained for TGF-β1, 172 
whereas this was not observed in the saline-treated group; a larger TGF-β1 immunostained area was 173 
observed in the model group (Figure 6a) and a smaller area was detected in the periostracum cicadae 174 
treatment group using doses of 0.5 g/kg/day, 1.0 g/kg/day, and 2.0 g/kg/day. The prednisone acetate 175 
and tripterygium glycoside tablet treatment groups showed a significant increase in the TGF-β1-176 
positive area within the glomeruli. Immunohistochemical staining of kidney sections showed that 177 
prednisone acetate significantly decreased the secretion of TGF-β1 in rats with IgAN (P <0.05, P <0.01 178 
vs. IgAN model group; Figure 6b). Consistent with the immunohistochemical staining results, ELISA 179 
also revealed a suppressive effect of periosteacum cicadae on TGF-β1 expression (Figure 6c). 180 

The number of Fas-positive cells in the IgAN rats was lower compared to that in the saline-181 
treated group (Figure 7a). The periostracum cicadae treatment group showed an increase in the 182 
number of Fas-positive cells. Figure 7b shows that prednisone acetate induces a marked increase in 183 
FAS expression (P< 0.01), whereas that in the IgAN group was significantly lower than in the normal, 184 
healthy control group and increased in a dose-dependent manner after periostracum cicadae 185 
administration. The FAS levels determined by ELISA in the model group were lower compared to 186 
the untreated control group, whereas the levels were significantly induced in the treatment group 187 
relative to that in the model group (Figure 7c). 188 

189 

(a) 190 
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191 

(b) 192 

193 

(c) 194 

Figure 6. Effects of periostracum cicadae on the levels of TGF-β1 in the kidney. (a) representative 195 
immunohistochemistry image (A) normal, healthy control group; (B) IgAN model group; (C) 196 
prednisone acetate group; (D) tripterygium glycoside tablet group; (E–G) treatment group that 197 
received 0.5 g/kg, 1 g/kg, and 2 g/kg periostracum cicadae; (b) the quantitative analysis of TGF-β1 198 
protein in kidney tissues. Data represent the mean ± standard deviation(*P < 0.05,**P < 0.01 vs model 199 
group); (c) effects of periosteacum cicadae on the levels of TGF-β1 in the tissue of IgAN rats. (*P < 200 
0.05,**P < 0.01) 201 
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202 

(a) 203 

204 

(b) 205 

206 

(c) 207 

Figure 7. Effects of periostracum cicadae on FAS levels in the kidney. (a) representative 208 
immunohistochemistry image (A) normal, healthy control group; (B) IgAN model group; (C) 209 
prednisone acetate group; (D) tripterygium glycoside tablet group; (E–G) treatment group that 210 
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received 0.5 g/kg, 1 g/kg, and 2 g/kg periostracum cicadae; (b) the quantitative analysis of FAS protein 211 
in kidney tissues. Data represent the mean ± standard deviation(*P < 0.05,**P < 0.01 vs model group); 212 
(c) effects of periosteacum cicadae on the levels of FAS in the tissue of IgAN rats. (*P < 0.05,**P < 0.01)213 

2.7. Assessment of TLR4, MCP-1, IgA, and caspase 3 expression levels 214 

The levels of MCP-1, TLR4, IgA, and caspase 3 expression were investigated by western blotting, 215 
using β-actin for normalization. A significant inhibition of TLR4, MCP-1, and IgA expression in the 216 
periostracum cicadae-treated rats was observed relative to that in the model group. The expression 217 
of TLR4, MCP-1, and IgA was significantly lower in the periostracum cicadae-treated rats than that 218 
in the model group. Figure 8 shows that the normal, healthy controls exhibited lower TLR4, MCP-1, 219 
and IgA expression levels, whereas these were significantly higher in the IgAN groups. However, 220 
after periostracum cicadae treatment, TLR4, MCP-1, and IgA expression gradually decreased. These 221 
findings suggest that periostracum cicadae treatment mitigates MCP-1, TLR4, and IgA expression in 222 
the IgAN rats. The untreated control group exhibited a relatively higher caspase 3 expression level 223 
than the IgAN groups. However, after periostracum cicadae treatment, caspase 3 expression 224 
gradually increased. Caspase 3 activity is an integral step in most apoptotic events. In the present 225 
study, treatment with periostracum cicadae resulted in the upregulation of caspase 3. These results 226 
show that periostracum cicadae plays a key role in inducing apoptosis in IgAN rats. 227 

228 

(a) 229 

230 

(b) 231 

Figure 8. TLR4, MCP-1, IgA, and caspase-3 expression in rat kidney tissues. (a) TLR4, IgA, MCP-1, 232 
and caspase-3 expression levels were analyzed by western blotting. (b) Quantitative analysis of TLR4, 233 
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IgA, MCP-1, and caspase-3 protein levels. (A) healthy, normal controls; (B) IgAN model group; (C) 234 
prednisone acetate group; (D) tripterygium glycoside tablet group; (E–G) treatment group that 235 
received 0.5 g/kg, 1 g/kg, and 2 g/kg periostracum cicadae. 236 

3. Discussion237 

IgA nephropathy is characterized by increased levels of galactose-deficient IgA1 (Gd-IgA1) that 238 
is complicated by nephritis, and Gd-IgA1 is now believed to play a pivotal role in the pathogenesis 239 
of both IgA nephropathy. In addition, IgA-containing complexes have been found in the glomeruli 240 
of IgA nephropathy and IgAN patients. IgA nephropathy can damage the liver, M Zaidi et al 241 
reported hepatitis in association with IgAN thus far have been in conjunction with viral infections 242 
secondary to hepatitis A, B, and C [23]. Research indicated ALT, AST levels significantly increased in 243 
the IgAN model group. In the present study, we found that endocapillary hypercellularity, tubular 244 
atrophy, and interstitial fibrosis negatively affect renal survival. Furthermore, chronic lesions such as 245 
tubulointerstitial fibrosis have been associated with poor prognosis in patients with IgAN[24-25]. To 246 
date, the pathogenesis of IgAN, which often leads to sclerosis of the glomeruli, remains unclear. 247 
Previous studies have suggested that proinflammatory cytokines such as IL-1β, IL-2, IL-4, IL-5, IL-6, 248 
IL-8, and TNF-α may play an aggravating role in the development of inflammation and glomerular 249 
damage in IgAN [26-29]. 250 

Toll-like receptors (TLRs) are key components of the mammalian innate immune system. TLRs 251 
are known to be involved in the pathogenesis of various inflammatory diseases, including kidney 252 
diseases such as ischemic acute kidney injury, organ transplant rejection, and immune-mediated 253 
glomerulonephritis [30]. In the kidneys, TLR4 is expressed primarily in the proximal and distal 254 
tubules and in Bowman’s capsular epithelia [31-35], whereas minimal expression occurs in the 255 
glomeruli and endothelial cells [36]. Under stress or inflammatory conditions, the expression of TLR4 256 
is upregulated in various regions of the nephron [31,37]. Previous studies have shown that TLR4-257 
mediated upregulation of IL-6, IL-1β, and MCP-1 is significantly correlated TLR4 and MCP-1 258 
expression. MCP-1 plays a central role in inflammation and causes tubulointerstitial lesions by 259 
recruiting target cells, which include macrophages, monocytes, T cells, neutrophils, eosinophils, and 260 
basophils, into the tubulointerstitium, where the target cells themselves secrete cytokines such as 261 
TGF-β1 and TNF-α [38-39]. These have also shown that renal TLR4 expression is closely associated 262 
with MCP-1, TGF-β1, and IL-6 expression, thereby suggesting that TLR4 plays a key role in chronic 263 
renal pathophysiology. Patients with severe proteinuria show upregulated renal TLR4 expression, 264 
thereby suggesting aggravation of inflammatory and fibrotic processes. Except for the inflammatory 265 
response, oxidative stress causes the formation of reactive oxygen species, leading to renal injury[40]. 266 
TGF-β1 contributes to the development of tubulointerstitial fibrosis [41-42]. Furthermore, TGF-β1 267 
secreted by mesangial and inflammatory cells in this model is closely involved in inflammatory 268 
reactions and the accumulation of extracellular matrix [43-44]. Increased expression of the TGF-β1 269 
gene is associated with glomerulosclerosis [45] and increased severity of tubulointerstitial damage. 270 
The results of the present study show that high and low doses of periostracum cicadae can 271 
dramatically decrease protein expression in the blood and urine in the rat models. Furthermore, high 272 
doses of periostracum cicadae were determined to be more effective than low doses. Significant IgA 273 
deposition in the glomeruli was also observed in these animals. These findings indicate the successful 274 
establishment of an IgAN rat model. The results of the present study show a significant decrease in 275 
serum IgA, TNF-α, IL-1β, and IL-6 levels, which in turn suppresses the growth of glomerular 276 
mesangial cells and its extracellular matrix, improves IgAN symptoms, and protects renal function. 277 
Immunohistochemical analysis indicated a larger TGF-β1-immunostained area in the glomeruli of 278 
the IgAN models (Figure 6), which was significantly decreased after treatment with periostracum 279 
cicadae at dose of 0.5 g/kg/day, 1.0 g/kg/day, and 2.0 g/kg/day. TLR4, IgA, and MCP-1 were 280 
downregulated in the periostracum cicadae-treated rats compared to that in the IgAN animal models. 281 
In conclusion, the present study has shown that the administration of periostracum cicadae improves 282 
renal tissue inflammation and fibrotic processes. 283 
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Apoptosis of renal glomerular cells is known to contribute to the regulation of renal cell 284 
proliferation, as well as induces the repair of damaged renal tissues. The degree of glomerular cell 285 
apoptosis is commensurate with the decrease in the number of glomerular cells, accumulation in the 286 
extracellular matrix, mesangial cell proliferation, and proteinuria in the progression of 287 
glomerulosclerosis [46]. Fas, which is also known as apoptosis antigen‑1 or cluster of differentiation 288 
95, is a member of the death receptor family, a subfamily of the tumor necrosis factor receptor 289 
superfamily [47]. Interactions between Fas and its natural ligand (Fas L) or agonistic antibodies 290 
induce apoptosis in responsive cells [47]. Caspase-3 is a member of the cysteine-aspartic acid protease 291 
(caspase)/IL-1β-converting enzyme family [48] and is directly activated by caspase-8, -9, and -10 via 292 
extrinsic and intrinsic pathways that initiate apoptosis. Previous studies have revealed that caspase-293 
3 expression is positively associated with Fas and Fas L expression in human cells [49-50]. The present 294 
study demonstrated that caspase-3 expression is correlated with Fas expression, similar to that 295 
described in previous reports [49-51]. The present study also determined that Fas and caspase-3 are 296 
upregulated in renal tissues as indicated by TUNEL staining and are associated with glomerular 297 
injury. Furthermore, the number of Fas-positive cells and the expression of proteins involved in the 298 
caspase-3 pathway in IgAN rats decreased relative to that in the saline-treated group. However, the 299 
periostracum cicadae-treatment group showed an increase in the number of Fas-positive cells and 300 
the levels of caspase-3 expression. Therefore, increased Fas and caspase-3 expression promoted 301 
apoptosis in IgAN rat cells. 302 

In summary, the pathological evaluation of kidney tissues indicates that rats treated with the 303 
high doses of periostracum cicadae exhibit less kidney inflammation and fibrosis than the IgAN rats. 304 
We also determined that the administration of periostracum cicadae significantly reduces TLR4, TGF-305 
β1, MCP-1, and IgA expression in the IgAN rats. The results of the present study also demonstrate 306 
that the increase in the expression of Fas and its downstream signaling molecules such as caspase-3 307 
may alleviate the symptoms of IgAN in patients. 308 

4. Materials and Methods309 

4.1. Reagents 310 

Enzyme-linked immunosorbent assay (ELISA) kits for rat TNF-α (Shanghai Xitang, Shanghai, 311 
China), IL-6 (Shanghai Xitang), and IL-1β (Shanghai Xitang) were used according to the 312 
manufacturer’s instructions. Rabbit anti-TLR4 polyclonal antibody (Boster Biological Technology, 313 
Pleasanton, CA, USA), rabbit anti-IgA polyclonal antibody, rabbit anti-MCP-1 polyclonal antibody 314 
(Boster Biological Technology), and horseradish peroxidase (HRP)-labeled goat anti-rabbit IgG 315 
antibody (Boster Biological Technology) were used in the detection of the corresponding target 316 
proteins. Radioimmunoprecipitation assay (RIPA) lysis buffer (Solarbio Biological Technology, 317 
Beijing, China), bicinchoninic acid (BCA) protein assay kit (Solarbio Biological Technology), 318 
horseradish peroxidase (HRP)-conjugated secondary antibodies (Boster Biological Technology), and 319 
an enhanced chemiluminescent (ECL) detection kit (Beyotime, Haimen, China) were also procured. 320 

4.2. Preparation of prednisone acetate extract 321 

Dried periostracum cicadae was purchased from a traditional medicine market in Xinjiang, 322 
China and identified by Professor Jincai Lu of the School of Traditional Chinese Materia Medica of 323 
Shenyang Pharmaceutical University. A voucher specimen (No. 20081001) was deposited in the 324 
Research Department of Natural Medicine of Shenyang Pharmaceutical University. Dried 325 
periostracum cicadae (5 kg) was refluxed three times with 70% ethanol (50 L) to obtain a crude extract. 326 

4.3. Animals 327 

One hundred and forty male SD rats (average weight: 140 ± 20 g) were obtained from the Animal 328 
Center of Urumqi (Certificate No. SCXK [xin] 2011-0003, Urumqi, China). The SD rats were kept and 329 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 24 May 2018 doi:10.20944/preprints201805.0337.v1

Peer-reviewed version available at Int. J. Mol. Sci. 2018, 19, 1599; doi:10.3390/ijms19061599

http://dx.doi.org/10.20944/preprints201805.0337.v1
http://dx.doi.org/10.3390/ijms19061599


13 of 18 

fed in a clean-grade room at a constant temperature (18°C) and humidity (45%) with a 12-h light/dark 330 
cycle. Routine urine testing was performed after one week of pre-feeding using the test strip method. 331 
Rats that showed no hematuria or proteinuria were selected and randomly distributed to each group. 332 
All animal experiments were performed under institutionally approved protocols and complied with 333 
the Guide for the Care and Use of Laboratory Animals. 334 

4.4. Establishment of a IgAN model 335 

The IgAN animal model, established based on the IgA nephropathy model and gavage of hot 336 
drugs, was used to establish blood stasis and heat syndrome. The rats were randomly divided into 337 
the following seven groups: untreated controls, IgAN model (IgAN group), prednisone acetate 338 
control (PAG group, 6.3 mg/kg), tripterygium glycoside tablet control (9.4 mg/kg), and three groups 339 
received oral periostracum cicadae (0.5 g/kg, 1 g/kg, and 2 g/kg). The rat IgAN model was established 340 
by administering bovine serum albumin (BSA), lipopolysaccharide (LPS), and carbon tetrachloride 341 
(CCl4) as previously described [52-54], with slight modifications. Briefly, the immunogen BSA was 342 
intragastrically administered at a dose of 4 mL/kg once every two days for eight consecutive weeks, 343 
and 0.1 ml of CCl4 in 0.3 mL of castor oil was given once weekly for nine weeks. On the 6th week of 344 
treatment, 0.05 mg of LPS (Sigma, USA) was injected through the tail vein once every two weeks for 345 
another six weeks to establish blood stasis and heat syndrome, symptoms that characterize the IgAN 346 
model. On the 9th week, 25% ginger ale was intragastrically administered at a dose of 10 mL/kg once 347 
every two days for 4 consecutive weeks. For the untreated control group, 4 mL/kg distilled water was 348 
used instead of BSA, 0.4 mL of castor oil was employed to replace castor oil and CCl4, and saline was 349 
used instead of LPS on the 6th week. The administration methods were the same as that in the model 350 
group. 351 

Table 2. Induction of IgAN in the SD rats 352 

Control BSA was replaced by distilled water; PBS was used as injection control 

IgAN 

BSA,4 mL/kg Intragastrically every 2 days for 8 weeks 

CCL4/castor oil 

(25%, v/v) 
S.c. injection,0.4 mL, once a week for 9 weeks

LPS, 0.05 mg 
Caudal i.v., once every two weeks for six weeks at the 6th 

week 

25% ginger ale, 

10 mL/kg 

Once every two days for four consecutive weeks on the 9th 

week 

4.5. Sample collection and preparation 353 

At the end of 16 weeks of treatment, 24-h urine samples was collected with metabolic cages, and 354 
the model was identified based on the levels of 24-h urine protein, BUN, and serum creatinine (Scr). 355 
Blood samples were obtained from the abdominal aorta upon sacrifice and were used in measuring 356 
ALT, AST, TP, TCHO, TAG, BUN, and CREA using an automatic biochemistry analyzer. 357 

In addition, rats from each group were sacrificed at different time points and their kidneys were 358 
collected for histological examination. Each kidney was divided into three portions. The first portion 359 
was fixed in 40 g/L formaldehyde, embedded in paraffin, cut into sections, and then stained with 360 
eosin (H&E) and periodic acid-Schiff (PAS) for light microscopy. The second portion was embedded 361 
in OTC and stored at −70°C, followed by frozen sectioning for immunofluorescence staining. The 362 
third portion was stored at −70°C for western blotting 363 

4.6. Biochemical analysis of serum samples 364 
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The blood samples were centrifuged at 1,500 rpm for 10 min at 4°C to isolate the serum, which 365 
was stored immediately at −80°C. Serum IgA, TNF-α, IL-1β, and IL-6 levels were determined using 366 
commercially available ELISA kits according to the manufacturer’s instructions. The optical density 367 
value was determined using a microplate reader (Thermo Varioskan Flash 3001, USA) and calculated 368 
at the linear portion of the curve. The experiment was repeated thrice under the same conditions. 369 

4.7. Histopathological examination 370 

After blood collection, the kidneys were fixed in 10% (v/v) neutral formalin for 24 h. To enhance 371 
fixation, the kidneys were placed in a rubber-capped ampulla bottle that was 2/3 filled with 10% (v/v) 372 
neutral formalin and then vacuumed to allow complete immersion of the tissues. The kidney tissues 373 
were paraffin-embedded, sectioned (Leica, Nussloch, Germany) at a thickness of 5 μm, and stained 374 
with H&E for subsequent cell infiltration observation. Alternatively, sections were stained with PAS 375 
to examine mucus production. Quantitative analysis of mucus production was performed using 376 
Image-Pro Plus 6.0 (Media Cybernetics, Bethesda, MD, USA). 377 

4.8. Immunofluorescence 378 

The 5-μm thick frozen kidney sections were mounted on glass slides and air-dried. The tissue 379 
sections were stained with fluorescein isothiocyanate (FITC)-labelled polyclonal rabbit anti-IgA 380 
(diluted 1:10). IgA deposition was graded using a five-stage semi-quantitative method as follows: (−), 381 
no staining at low magnification and possible staining at high magnification; (+), possible staining at 382 
low magnification and staining at high magnification; (++), staining at low magnification and distinct 383 
staining at high magnification; (+++) distinct staining at low magnification and more intense staining 384 
at high magnification; and (++++), very intense staining at high magnification. In this study, most of 385 
the staining in the IgAN mode group ranged from ++ to +++. 386 

4.9. TUNEL assay 387 

The TUNEL staining kit was purchased from Roche (Basel, Switzerland). The staining procedure 388 
was as follows: (1) The tissue sections were deparaffinized by immersing the slides in xylene and 389 
rehydrated by sequentially immersing the slides across an ethanol gradient. (2) Endogenous 390 
peroxidase activity was quenched by adding 0.3% H2O2 for 10 min and then washed in 10 mmol/L 391 
PBS (pH 7.4) thrice for 5 min each. (3) The sections were digested with 20 μg/mL proteinase K for 25 392 
min at room temperature and then washed in 10 mmol/L PBS (pH 7.4) thrice for 5 min each time. (4) 393 
The TUNEL reaction mixture was added to each section, followed by incubating in a humid chamber 394 
for 60 min at 37°C. (5) Then, the slides were washed in 10 mmol/L PBS (pH 7.4) thrice for 5 min each 395 
and incubated with peroxidase conjugated anti-flconjugate antibody in a humid chamber for 30 min 396 
at 37°C. The slides were then washed in 10 mmol/L PBS (pH 7.4) thrice for 5 min each time. (6) The 397 
tissue sections were stained with DAB for 5 min, counterstained with hematoxylin, dehydrated, 398 
cleared in xylene, and covered with a glass slip. 399 

4.10. Immunohistochemical staining 400 

The paraffin-embedded tissue sections were dewaxed, hydrated, treated with 5 mmol/L 401 
levamisole to block endogenous alkaline phosphatase, and incubated with blocking serum for 30 min 402 
at room temperature to reduce nonspecific background staining. The sections were rehydrated in 403 
phosphate-buffered saline/0.1% BSA for 15 min before addition of the appropriate blocking serum 404 
for an additional 15 min. The sections were incubated with polyclonal rabbit anti-TGF-β1 (dilution: 405 
1:1,000; Chemicon, Temecula, CA, USA) and rabbit anti-FAS 15 g/mL (Santa Cruz Biotechnology, 406 
Santa Cruz, CA, USA) overnight at 4°C. The following day, the slides were rinsed, incubated with 407 
biotinylated goat anti-rabbit IgG (Abcam, UK) and then processed using an alkaline phosphatase-408 
streptavidin-biotin immunoperoxidase method (Beijing Zhongshan Biotechnology Co., Ltd., China). 409 
The tissue sections were counterstained with hematoxylin. Negative controls for specific labeling 410 
were performed in parallel by replacing the primary antibody with normal rabbit serum. Renal cortex 411 
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sections were digitally imaged and quantitatively examined using a computer-assisted image 412 
analysis software (CX41 light microscopy; Olympus). To quantitate the amount of chymase-positive 413 
TGF-β1 and the area of FAS-positive expression in the tubulointerstitial compartment, 50 fields 414 
consecutively selected in the cortical areas of the kidneys were examined at a magnification of 400×. 415 
Fields containing glomeruli and large arteries were excluded. To quantitate the expression of TGF-416 
β1 and FAS in the tubulointerstitial compartment, the average percentage of positively staining 417 
proportional area and the whole area was calculated by image analysis. 418 

4.11. Western blot analysis 419 

The nuclear and cytoplasmic proteins were extracted from the kidney tissues using an NE-PER 420 
kit (Pierce Biotechnology, Rockford, IL, USA) according to the manufacturer's instructions. The 421 
proteins were separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis and 422 
transferred onto a polyvinylidene fluoride (PVDF) membrane (Millipore Corp., Billerica, MA, USA), 423 
which was then incubated with an anti-TLR4 antibody (Cell Signaling Technology, Lexington, KY, 424 
USA), an anti-IgA antibody (Cell Signaling Technology), an anti-caspase 3 antibody (Cell Signaling 425 
Technology), an anti-MCP-1 antibody (Cell Signaling Technology) and anti-β-actin antibody (Cell 426 
Signaling Technology) at 4°C overnight. After washing, the membrane was incubated with a 427 
horseradish peroxidase-conjugated secondary antibody for 1 h. After washing five times with TBST, 428 
the membranes were incubated with an HRP-conjugated antibody for 1 h at room temperature. 429 
Western blots were developed using ECL (Thermo, NY, USA) and were exposed on Kodak 430 
radiographic film. 431 

4.12. Statistical analysis 432 

Data were expressed as the mean ± SD of at least three independent experiments and evaluated 433 
using ANOVA, followed by Bonferroni correction. P < 0.05 was considered statistically significant. 434 
The analyses were performed using SPSS 17.0 statistical software program. 435 
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