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arides on diabetic nephropathy in streptozotocin-induced mice
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[Abstract] Objective: To study the therapeutic properties and possible mechanism of Ganoderma lucidum polysaccharides (GL-PS)
on diabetic nephropathy in streptozotocin (STZ) -induced mice. Methods: STZ[ 100 mg/(kg - d) ] was administered by intraperitoneal
injection to induce diabetic nephropathy model in mice. The mice were randomly divided into 6 groups (n=10 in each group) : the
normal group, model group, GL-PS groups with GL-PS dose of 50, 100 and 200 mg/kg, and the telmisartan (TMS) group (5 mg/kg).
After 8 continuous weeks of intragastric administration, the mice uric, blood and renal were collected, and some physiological and
biochemical indexes were determined by kits. Renal pathology was examined by hematoxylin-eosin (HE ) staining. Protein expressions
of NOD-like receptor 3(NLRP3) , nuclear factor (NF)-kB and interleukin (IL)-1 in renal tissues were also analyzed by Western blot.
Results: Compared with the model group, GL-PS and TMS obviously decreased the levels of blood urea nitrogen (BUN) , serum
creatinine (SCr) , serum uric acid (SUA ), glucose (GLU) , total cholesterol (TC) , triglyceride (TG ) , and interleukin (IL) -1, TL-18, IL-

6, as well as tumor necrosis factor (TNF)-a and urinary protein contents excreted during 24 h;significantly increased the high-density
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lipoprotein cholesterol (HDLC )level in STZ-induced diabetic nephropathy mice. HE and Western blot results indicated that GL-PS and

TMS also obviously alleviated renal inflammatory reaction, inhibited NLRP3/NF-kB inflammasome activation, and down-regulated the

protein expression of IL-1B. Conclusion: GL-PS has remarkable therapeutic properties on diabetic nephropathy in mice. The possible

mechanism may be related to suppressing of inflammasome activation and improving of renal function.
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rum creatinine, SCr) | 141 % (interleukin, IL)-1B .1L-
18 . I1.-6 FI BRI AFE R T (tumor necrosis factor, TNF)-
o ELISA 101 & (R U AR W) ARG TR ) s ok vb
1 (telmisartan, TMS) (AL A2 A BR TR A A=
72 5 H20150995) 5 STZ(8008193462) (Sigma 2y
A, 3 H) . —Pr (Pt NOD FEH 1 3(NOD-like recep-
tor 3, NLRP3) . #% A ¥ (nuclear factor, NF)-«kB. IL-18
K =P CEPUR)1gG(Abcam A F] L, £ EH ) , —HT (RPr)
GAPDH(Santa Cruz/A A, EH)
1.2 Fik
1.2.1 R4

60 RHEME B B/ U fe AR B AL 2> O 2 41,
TE IR 10 H B 2H 50 H o Bl RS 4 4251
100 mg/(kg - d) BRI IE5T STZ IR W, S0 2 d,
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(50,100,200 mg/kg GL-PS) Fl BH X} FE2H (5 mg/kg
TMS) , B2H 10 H o T 6 JARE I Xf /N R 23 5l E 8 45
2l BRI 25 25 2/ BL 43301 50,100,200 me/kg GL-
PS; BHPEXT AL /N B 5 mg/kg TMS ; XoJ AL FIASE Y
LAV (WD) e A PR K, AR 15 mL/kg, B H
1R ESE8 A
122 B
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VKEEWNARLE , T T 5 22 Western blot 3255,
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SUA) 7K 0 2 2R P R 340 )52 s BUN AT SCr
O 1 2R FH A 38 1R G A s TL-18 L\ 1L-18 | 1L-6 55 TNF
~afI7K R ELISA 3R 7 & A6
124 Fik A IR0 m]

R P 1 32 PR (microalbunminuria, MAU )
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20 min) J5 BUEVEWR, FH S0 vk e B R
FG—HMiFE R 3 mg/mL, 214 12% SDS-PAGE
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(1:2000) .mNF-kB(1:2000) .mIL-18(1:2 000) Fll
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PVDF 4% 0.5% TBST %W PE 5 ¥, BK 5 min, F
5 HRP FRic iy —H0(1:10 000) FEAT SN, 53 F
THEK FIRFE 3~4 h J5H 0.5% TBST RN 5 1%,
AR 10 min, TEAE DA TMB WA , BRI &7
B e H Image J AT
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Fg 3 Mk 2k Graph Pad Prism 5 #E47T B 2R 2257
Br, I IE] EL R FH e K 56, P < 0.05 M2 5 A Ge it

2 # R

2.1 GL-PS 45y B /) R i A AR AR89 %R

5%t IELHAR L , 100 mg/ (kg d)STZ 5 2 4 i
U2 /N BB GLU (P < 0.01) . TC (P < 0.05) K TG
(P < 0.01) B /K F, 1 3 B AL HDLC /K (P <
0.05) . HHHAEAIL], 2834 8 JEIA YT, 100,200 mgrkg
GL-PS } 5 mg/kg TMS . 3 FEARAE AL 45 245 21 /N B
GLU.TC J& TG 7K -, [A] it i 2% $2 / HDLC 7K,
50 mg/kg GL-PS A W FIRITRCR (1), GL-PS Xt
WEDRIA B9 197 805 He B 5 TEAROG
22 GL-PSx#Ejkm B RERRMEEROSZ
#5% v)

555 BEALAI LE L STZ 25 45 v A R0 4 /N BRI
MAUFINAG(P < 0.01)7K - AHEAERIZE , 284 8 Ji]
IR YT . GL-PS 1 35 P AR A 45 24 2H /)N BLY MAU
(50 mg/kg, P < 0.05; 100, 200 mg/kg, P < 0.01) #1
NAG (50,100 mg/kg, P < 0.05; 200 mg/kg, P < 0.01)
IR 5 TMS J 5 35 [ ARG BH 4 X6 BE 2 /N B MAU AT

NAG(P <0.01)7KF-(F2).,
2.3 GL-PS %t #5 k9% B 9% ) R e 7 F SUA ., SCr,
BUN &4 %

5% BZHAH L, STZ B 35 £ = B B 40 /N Bl 1Y
SUA (P < 0.01) .SCr(P < 0.01) HIBUN(P < 0.05) 7K
o FHLUBIRIZ , 285 8 FANGRYT , GL-PS fi R IAs Y
252541/ SUA (100 mg/kg, P < 0.05;200 mg/kg,
P <0.01),SCr(50 mg/kg, P < 0.05; 100,200 mg/ke,
P < 0.01) 52 BUN (100,200 mg/kg, P < 0.05) 7K F;
TMS 71 5 3 B AR BH 4 X B4 /)N B9 SUA L SCr Al
BUN/KF-(5£3),

F1 GL-PS X HER K S/ R IE £ I8 RAI =20

Table 1 Effects of GL-PS on serum biochemical indices in diabetic nephropathy mice

(x +5,n=10)

ZH 531 Ab3 GLU (g/L.) TC(mg/L) TG(mg/L) HDLC(mg/L.)
1w AL — 1.05 £ 0.05 841.25 + 5.21 661.22 +11.98 548.17 + 13.23
RHIZH 100 mg/kg STZ 3.87 £0.247 1543.12 + 35.01° 1102.54 +23.67" 411.09 + 37.89"
R 25 2520 50 mg/kg GL-PS 3.07 +0.15 1401.02 +27.31 945.34 + 65.25 42221 +25.34
100 mg/kg GL-PS 2.18 +0.13* 822.11 = 36.02° 802.77 + 73.22° 557.23 + 32.08"

200 mg/kg GL-PS 1.74 +0.12% 698.46 + 25.61" 712.43 + 34.54" 834.87 + 54.11%

BEAE X IR 2 5 mg/kg TMS 1.65 + 0.26" 701.78 + 38.42" 697.88 + 38.17" 584.25 + 66.18"

SXFHR L, P < 0.05,7P < 0.01; SR L, P < 0.05,P < 0.01,
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Table 2 Effects of GL-PS on urine trace protein content in diabetic nephropathy mice (x +5,n=10)
215 Qb3 MAU (mg/L) NAG(U/L)
IEH X IR — 29.03 +1.18 137.34 +9.09
FEAIZH 100 mg/kg STZ 123.44 £7.57 372.12 £ 10.87
PRI S5 2452 50 mg/kg GL-PS 61.28 £ 6.19* 281.29 + 31.89*
100 mg/kg GL-PS 53.44 + 8.17* 276.01 = 33.45*
200 mg/kg GL-PS 46.22 + 3.15* 217.99 + 13.76"
FH % IR 2 5 mg/kg TMS 44.43 + 5.08% 209.65 + 12.21%

SXIRA LS, P < 0.01; S LLEL, P < 0.05,7P < 0.01,

2.4 GL-PS 54 sk B9 /1> Foofe 7 1L-18 . 11-18 1L~
6 Fa TNF-a7Kk-F 89 %576

EjXTRRLHAR LL , STZ 1 25 4 e A A ZH /N BRUAY TL-
1B.1L-6 IL-18 FI TNF-a/KF- (P < 0.01) . A LE A5 7
4, %53 8 JAIIA YT L 200 mgkg GL-PS & 5 mglkg
TMS i 2 A%/ B TL-1B L IL-6 . IL-18 F TNF-aZkK
(P <0.01);50.100 me/kg GL-PSTRGE i 35 R AR A 7
25 2541/ A K (50 mg/kg: T1L-18, P < 0.05;
100 mg/kg: IL-1B8,P < 0.05;1L-6,P < 0.01,%4) ,
2.5 GL-PS *F#8 JkJm B Jm > BB 4122 NLRP3  NF-
kB.IL-13%& & &k 69 %

RIS /)N B 2 28 1 30 R 7KOF Bl 2 R 0T
41 (NLRP3 . IL-1B, P < 0.01; NF-kB, P < 0.001) ,

GL-PS I 2 [ AR R B 9 /1N BRU B 40 21 NLRP3
(100 mg/kg, P < 0.05;200 mg/kg, P < 0.01) ,NF-kB
(100,200 mg/kg, P < 0.01) & IL-1B (50 mg/kg, P <
0.05; 100 mg/kg, P < 0.001;200mg/kg, P < 0.01) &
FIR K5 R, TS 8 I 25 R T PR ' /) B
B4 4INLRP3(P < 0.001) \NF-kB(P < 0.01), J IL-
1B(P <0.001)EFIFRBAF-(E 1),
2.6 GL-PS x3#8 fkJm B om s RUR AR 56
EAG)

B2 5 HE Qe a4 R iR (K12) , STZ 5%
AR PR 55 9 /0 B 0 U 30 B /N b B A R
A, 2 1) S st A B AR B 5 /NS T B
P, 100,200 mg/kg GL-PS F15 mg/kg TMS g% 0. %

#3 GL-PS X 1ERF Sw/NR % & SUA .SCr #1 BUN B 5201

Table 3 Effects of GL-PS on SUA,SCr and BUN in diabetic nephropathy mice (x +5,n=10)

25 AL B SUA (mg/dL) SCr(mg/dL) BUN(mg/dL)
1R REA — 2.81+0.13 0.68 + 0.04 16.33 £2.11

2] 100 mg/kg STZ 413 £0.27" 0.99 +0.10” 18.01 +2.34°
WAL 2540 50 mg/kg GL-PS 3.55 +0.67 0.81 +0.03" 17.87 +2.47

100 mg/kg GL-PS 2.98 + 0.89" 0.73 + 0.08" 16.65 = 1.34"

200 mg/kg GL-PS 3.09 + 0.23" 0.71 +0.08" 16.01 = 1.03*

FH P REZH 5 mg/kg TMS 2.98 +0.12" 0.75 +0.10" 15.88 +2.04"

53R R, P < 0.05,7P < 0.01; 5RI HEE,*P < 0.05,%P < 0.01,

x4 GL-PSXHERR B R%/NR M IL-1B . IL-6,1L-18 1 TNF-a7K T B340
Table 4 Effects of GL-PS on serum IL-1(,IL-18,IL-6 and TNF-« in diabetic nephropathy mice

(ng/L,E +s5,n=10)

21 b IL-1B IL-6 1L-18 TNF-a
1E T R — 3.89 +0.67 10.09 = 0.34 9.92 +0.41 11.31 + 1.04
ik 100 mg/kg STZ 6.76 + 0.67° 13.95 +1.12 21.54 +1.12° 21.12 +3.02°
R 25 252 50 mg/kg GL-PS 6.20 = 1.34 13.81 = 1.81 20.37 + 1.42° 20.63 + 3.48
100 mg/kg GL-PS 4.89 +1.03" 10.98 +0.91" 20.91 = 1.51 19.89 +3.78
200 mg/kg GL-PS 431 £0.45" 11.32 +1.02" 16.38 + 3.02" 12.12 + 3.09"
FH % e 2 5 mg/kg TMS 4.45 +0.34* 10.87 = 0.44* 17.41 + 1.46" 13.63 +3.12*

LXFHRLL LERL, P < 0.01 5 LRI LA, °P < 0.05,7P < 0.01,
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Figure 1 Effects of GL-PS on expression of renal NLRP3,NF-kB and IL-13 proteins in diabetic nephropathy mice

s T
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2

7 A 3
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252520 (100 mg/kg GL-PS) ; E: BRI 24 2541 (200 me/kg GL-PS) 5 F: FH

GL-PS 3 &R B /N R B R IR LS S M 2

Figure 2 Effects of GL-PS on renal morphological changes in diabetic nephropathy mice
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