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[Abstract] Objective: To observe the effects of Yishen Tongluo prescription (YTP) on autophagy-

related proteins in rats with membranous nephropathy (MN) and explore its possible molecular mechanism in
protecting the kidney. Method: Twenty of 80 Sprague-Dawley (SD) rats were randomly selected as the normal
control, and the rest rats were pre-immunized and injected with cationized bovine serum albumin (C-BSA)
through the tail vein to induce MN. The SD rats that were successfully modeled were randomized into the model
group, benazepril hydrochloride group (10 mg-kg'), and low- (6.61g-kg"), medium- (13.22 g-kg"'), and
high-dose (26.44 g-kg"') YTP groups, and administered with the corresponding drugs by gavage, once a day,
for four consecutive weeks. Then the changes in such quantitative indicators as plasma albumin (ALB) ,
triglyceride (TG) , total cholesterol (TC), serum creatinine (SCr), blood urea nitrogen (BUN) , and 24-hour
urinary total protein (UTP) were detected, followed by hematoxylin and eosin (HE) staining, Masson's
trichrome staining, and periodic Schiff-methenamine (PASM) staining for observing the pathological changes in
kidney under the transmission electron microscope (TEM). The deposition of immunoglobulin G (IgG) and
complement 3 (C3) in the glomerulus was detected by fluorescence immunoassay. The expression levels of
autophagy marker proteins Beclin-1, microtubule-associated protein light chain 3 I (LC3 II ), and p62 were
measured by immunohistochemistry (IHC) , and those of related proteins in the adenosine monophosphate-
activated protein kinase / mechanisic target of rapamycin/Unc-51-like kinase 1 (AMPK/mTOR/ULK1) signaling
pathway were determined by Western blot assy. Result: Compared with the normal group, the model group
exhibited significantly increased UTP (P<0.01) and serum TG and TC (P<0.01), decreased ALB (P<0.01),
disordered glomerular structure, enlarged volume, thickened basement membrane, vacuolated renal tubules,
excessively deposited collagen fibers and fuchsinophilic proteins, extensively fused podocyte foot processes,
and diffusely deposited IgG and C3 in glomerular capillary loops. Besides, the expression levels of Beclin-1,
LC3II, and phosphorylated AMPK (p-AMPK) decreased (P<0.01), while those of p62, phosphorylated mTOR
(p-mTOR) , and phosphorylated ULK1 (p-ULKI1) increased (P<0.01). The comparison with the model group
revealed that the TG, TC, and UTP levels in the low-, medium-, and high-dose YTP groups and the benazepril
hydrochloride group were reduced to varying degrees (P<0.05, P<0.01), whereas the ALB level was increased
(P<0.01). There was no statistically significant difference in SCr or BUN level. The pathological damages were
alleviated. The expression levels of Beclin-1, LC3 Il , and p-AMPK were up-regulated (P<0.05, P<0.01) ,
while those of p62, p-mTOR, and p-ULK1 were down-regulated (P<0.05, P<0.01). Conclusion: YTP protects
the kidney of rats with MN possibly by regulating related proteins in the AMPK/mTOR/ULK1 signaling pathway
and activating the autophagy.

[Key words] Yishen Tongluo prescription; membranous nephropathy (MN) ; autophagy; adenosine
monophosphate-activated protein kinase /target of rapamycin/Unc-51-like kinase 1 (AMPK/mTOR/ULKI1)
signaling pathway
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LT 40.81+1.78D  41.84+1.95
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13.22 39.47+1.35D  28.34+1.229
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Fig. 1 Effect of YTP on pathological changes in kidney of MN
rats (HE, x400)
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Table 2 Effect of YTP on levels of TC, TG, ALB, SCr and BUN in serum of MN rats (x+s,n=10)

5 il /g kg TC/mmol-L"! TG/mmol- L ALB/g-L" SCr/pmol- L' BUN/pmol-L"!
EH 1.46+0.15 0.40+0.13 33.17+1.04 37.80+2.42 6.12+0.63
R 3.79+0.62" 1.21£0.12Y 23.12+1.27Y 39.60+2.73 6.44+0.49
[oR=gi -V 6.61 3.12+0.652 0.85+0.24% 27.30+1.25% 38.57+1.86 6.33+0.51

13.22 2.22+0.60% 0.68+0.16% 29.15+1.21% 38.17+2.14 6.71+0.45
26.44 2.18+0.69% 0.63+0.09% 29.91+1.19% 37.65+2.71 6.60+0.43
R TR DU A1) 0.01 2.21£1.209 0.67+0.13% 28.64+1.54% 38.72+2.45 6.49:0.60
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2 HEEXAFNMNABRERFRERSUENREMN
(Masson, x400)

Fig. 2 Effect of YTP on pathological changes in kidney of MN
rats (Masson, x400)

3 HEBEANMNAREBMFERSAENEZ MW
(PASM, x400)

Fig. 3 Effect of YTP on pathological changes in kidney of MN
rats (PASM, x400)

Jin(P<0.05,P<0.01). p62 1E K H MR AEY , IE
WHEN TEBFASPERRRLARES, SEFALL
5 BRI ZH K RV 2H 40 p62 B 1A 3k L I (P<
0.01); 5 BRI L4, 4% 25 9 T Fi 4 K R 41 40

. 62 .

4 HEBEAXNMNARERFERSLETHIMEGENL
£ ,%2 000)

Fig. 4 Effect of YTP on pathological changes in kidney of MN
rats (TEM, x2 000)

E F
BHs5 #SE%KAXMNKXREBEIgG TR
)6, x400)
Fig. 5 Effect of YTP on IgG deposition in kidney of MN rats
(IF, x400)
p62 1 3 1k B A A 8] 7 B Y e 2> (P<0.05, P<
0.01). WL 7~9,%3,
3.5 X MN K B 5 41 81 f p-AMPK, p-mTOR,
p-ULK1 # FI R B R 5055 4 L, AR

) M (A 9 5
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A B
C D
E F

Bl 6 =SB MN AR S CITMAMAEI (LIS, x400)
Fig. 6 Effect of YTP on C3 deposition in kidney of MN rats
(IF, x400)

oo
7 e e NS 1

E7 #EELKAXNMNAREALAREXEAp2 EERIEHN
I (Sl , x400)

Fig. 7 Effect of YTP on expression of autophagy-related proteins
p62 in kidney tissue of MN rats (IHC, x400)

KEUE 4 p-AMPK 3% ik & 3% %K (P<0.01),
p-mTOR, p-ULK 1 & ik & g 3 34 i (P<0.01) ; 5%
RUAH L H, 25 254 1 T 2 K B 41 40 1 p-AMPK
Ik w W OA AN R R EE Y 3 in (P<0.05, P<0.01) ,

R s

B —
S [T~
5 ARt }3 SR

Py

8 HEBEAMNMNARBEALAWMAXEALCIIEZEBRIEZ
IR M (el 1k, <400)

Fig. 8 Effect of YTP on expression of autophagy-related proteins

LC3 1l in kidney tissue of MN rats (IHC, x400)

B9 #HEEZAXMMNARBSALBAEHEXEHBeclin-l EE R
i 8 MR (G Uitk , x400)

Fig. 9 Effect of YTP on expression of autophagy-related proteins
Beclin-1 in kidney tissue of MN rats (IHC, x400)

p-mTOR, p-ULK 1 & [ 3 35 & ¥ A A 7] 82 B2 1 B K
(P<0.05,P<0.01)., W4, 10,
4 iFit

T AF S b [ 43 Ml X MIN & i 5 Y g
.63.
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£3 HBEBEBLKAXTMNAREHLS p62,Beclin-1,LC3 [ FEHRIZHIFM (X+s5,n=5)
Table 3 Effect of YTP on expression of p62, Beclin-1 and LC3 [l protein in kidney tissue of MN rats (x+s,n=5)
21 5 /g kg! p62 Beclin-1 LC3l
IEH 0.187+0.024 0.332+0.065 0.374+0.012
LAY 0.359+0.041" 0.172+0.053" 0.168+0.015"
5 B 2% 6.61 0.272+0.065? 0.263%0.056% 0.241£0.024?
13.22 0.232+0.053% 0.278+0.089? 0.315+0.026
26.44 0.241+0.019% 0.282+0.0512 0.327+0.019%
ER R DR A 0.01 0.248+0.047% 0.286+0.080? 0.329+0.021%

K4 HEBELRAYTMNARESHSAD p-AMPK,p-mTOR, p-ULK1 FE B RIZW M (x+s5,n=3)

Table 4 Effect of YTP on expression of p-AMPK, p-mTOR and p-ULKI1 protein in kidney tissue of MN rats (x+s,n=3)

2190 /g kg! p-AMPK/B-actin p-mTOR/B-actin p-ULK 1/B-actin
EH 0.94+0.08 0.41+0.01 0.31+0.05
LR 0.21£0.01Y 0.9420.13"Y 0.73+0.11Y
i B 3 4 7 6.61 0.32+0.05? 0.68+0.042 0.56+0.022

13.22 0.46£0.05% 0.59:£0.06% 0.39+0.10%
26.44 0.85+0.06 0.62:£0.03% 0.37+0.03%
AR R DU % A 0.01 0.73£0.06 0.66£0.04? 0.43+0.062

P-AMPK sl = s auemm i S 110 kDa
p-mTOR | e S S f——_— - (],
P-ULK] s s s s s s 130 kDa
pactin NS SR

A B C D E F
B 10 HAKAREHALSp-AMPK,p-mTOR,p-ULK1 E 8 Bk
Fig. 10 Electrophoresis of p-~AMPK, p-mTOR, p-ULKI1 protein

in rat renal tissue of each groups
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