P2 50 IV B B B e K SR B R PV e L

TAT K BLEAS ITE EIE A ALBRR L ESE HEE(LENTE-ARERE
TP, F M L 56300052 X T E — ARERFUE£AR, FM #L 56300053 FATE - ARER
AR, #OH 0 563000)

hE4SZEES  RI65;R285 XEARERD A XEHRE  1001-0408(2026)07-0908-06
DOI  10.6039/j.issn.1001-0408.2026.07.14

i E HW AFAAT ELHIV.(chsIV) x4 km B (DN) AR K SCE M) e e R AE R BT Rebuhl . ik KA B Rk
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Protective effect and mechanism of chikusetsu saponin [V. on the Kkidney in diabetic nephropathy rats
WANG Yongli', CHEN Hai', TIAN Xiaofang', WANG Xuechun', YUAN Liying', LIU Dan', LI Zhongfa',
MENG Yanfang’, YANG Xiuyong’ (1. Dept. of Nephrology, the First People’ s Hospital of Zunyi, Guizhou
Zunyi 563000, China; 2. Dept. of Rheumatology and Immunology, the First People’ s Hospital of Zunyi,
Guizhou Zunyi 563000, China;3. Dept. of Endocrinology, the First People’s Hospital of Zunyi, Guizhou Zunyi
563000, China)

ABSTRACT OBJECTIVE To study the protective effect and potential mechanism of chikusetsu saponin IV, (chsIV ) on renal
function in diabetic nephropathy (DN) model rats. METHODS DN rat model was established by high-fat diet combined with
streptozotocin injection. Thirty-six model rats were randomly divided into model group (i.g. administration of normal saline, high-
fat diet), chsIV low-dose and high-dose groups (i.g. administration of 90, 180 mg/kg chsIV, high-fat diet) , with 12 rats in each
group. Additionally, 10 normal rats were set as the control group (i.g. administration of normal saline, regular diet). From the 5th
to the 12th week after streptozotocin injection, they were given intragastric administration of relevant drug or normal saline, once a
day. After the last medication, the levels of fasting blood glucose, fasting insulin, blood urea nitrogen, serum creatinine and urine
protein as well as the levels of reduced glutathione (GSH), superoxide dismutase (SOD) and malondialdehyde (MDA) in renal
tissues were measured. Additionally, the insulin resistance index was calculated. Hematoxylin-eosin, periodic acid-Schiff, and
Masson staining techniques were employed to examine the histopathological alterations in the renal tissue. The expressions of
Notch signaling pathway-related proteins in renal tissue were detected by immunohistochemical staining and Western blot
methods. RESULTS Compared with model group, the
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dose groups were significantly improved, with significant
decreases in renal histological scores, mesangial expansion

index, and glomerulosclerosis scores (P<<0.05) ; the levels of
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assessment for insulin resistance, as well as MDA content, the expression levels of Notchl, Notch intracellular domain, hairy and

enhancer of Split 1 and Delta-like protein 1 in renal tissue were all significantly decreased (P<<0.05). The levels of GSH and SOD

in renal tissue were significantly elevated (P<<0.05). Moreover, the improvement in these indicators was significantly more
pronounced in the chs IV high-dose group compared to the chs IV low-dose group (P<C0.05). CONCLUSIONS Chs IV can

ameliorate renal pathological damage and functional impairment in DN rats. Its underlying mechanisms include restoration of

glucose homeostasis and insulin sensitivity, attenuation of renal oxidative stress, and suppression of aberrant Notch signaling

pathway activation.

KEYWORDS chikusetsu saponin IV.; diabetic nephropathy; insulin resistance; oxidative stress; Notch signaling pathway
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chs IV X B8 (46 >98% , dit5 BP0675) 4 FH X
BHUTHH A PR A R 7 5 BERAA P 2 (4l >99% , 41t
5 T1507) 3 H % [F Target Mol 28 & 5 18 JF & 43 bt H )ik
(reduced glutathione, GSH) . # % fL ) 5% fL i (superoxide
dismutase, SOD) . [N ¥ (malondialdehyde , MDA ) . Ifil /%
Z & (blood urea nitrogen, BUN) . JR % [] (urine protein,
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A2 OGN &5 L SR U5 Noteh Jif P 254435 (Notch
intracellular domain, NICD) #7014 (4It5-43-J1 4 PK 10001
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KBRS BRI SR 5 d i, BEMLIEER 40 H, #3CHk[10]
D5 DN KBRS 1558, N PR R BB ——
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(uwU/mL)/22.5,
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YER T4y
2.4 'B4HZh GSH . SOD #1 MDA 7k F il E

FREC2.37 3 K BB i 5 2H 24 (R HARHC10 mg)
BT 1.0 mL A AR B K A ES 513 30 min, B3 L
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WC2.37 W0 R A R MR TR i 2K
AR A ST IR & 5, Ph 3%H.0. Ak P 10 min, F
5%BSA £ 4] 30 min., KPR T 37 cCEIER &, 7>
S5 —¥i[Notchl (Fi & Fb 24 1:200) \NICD (i ¢ L 7]
9 1:100) \Hes1 (R ¢ LL 512y 1:100) (DI (i B L 51
1:200)]—EMFE 1.5 he VERJa , RKIE IR G P35
HI(37 °CHEE 25 min) FHRP FRiC Il E 4 RS Y (i
FELLh 1:200,37 °CHE R 30 min) . ¥EI&JS , LA DAB i
LN RR B Yy, TOUFE R N g Hbn R IAE
LI RAEEIG, Bk R LI 5 AN B A P 1 7
I3HT o WA SCHR[5, 10— 111532, SR FH S E e e 411k
P43 (H-score 2 R ) HEA T 8 S A0 HT . 12 2Mk 4
R (0~3 43 ) FlFHE 40 B 43 L (0~4 43 ) 2 TG br
W45 B A HHAR KT I A PE4 (B 0~1243) , /M
R R W] H AR I RB /K PBs
2.5.2  Western blot }2:
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BB 4 R 1, 4 BCA BRI 5E BAR B ik IR AT
ARV AL B, U A28 10% —+ e FE B 1R - 5 7R M
FCHEE S FRL K 43 25 L B AR TR (200 mA) 25 F M 1 7%
EJ (%% B8] 90 min) & PVDE %, LA 5% RS 4-145-TBST
VR Z R A 1 h BERRE S 51) 5 —t Noteh1 (B B¢ L £
S1:2000) NICD (H B EL il 2 1:1 000) \Hes1 (F B Lt
{514 1:500) DI (R R 5] 4 1:800) .GAPDH (Fii B Lt
{524 1:8 000)7F 37 °C14 FiF 5 2 h; £ TBST Pk 31K
J& . 5 HRPARIC I A0 S IgG 4t (R L5 4 1:2 000)
FEIWEE 1 h; BRRPER G , F ECL Western blot fb2# &)
JE AT EE 11 45T 4%, ] Western blot 1% 2 48 K £ &
1 2%t S, A Image J 18.0 #4443 #1 H br 8 1 457k
MR (R, THA HAR R AR R A . HARE (AR
Fikit = B A4 1DG% B (E/M 2 (GAPDH) & 1
ZRAF G A
2.6 FitFEFHIE

¥ JH GraphPad Prism 9.0 5 #7581 0. A7 6
IEZS AT B LA x + s FoR , 2400 LSRR 2y
224307, 2L 18] M B 4% R i Bonferroni #6456 . 46: 56 7K 1
a=0.05,
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25 i8INS, BUN, SCr /K *F-, BR ¥ H UPRO /K - LA K¢
HOMA-IR 4 i Z T 5 (P<<0.05) ; SHERIZH Has A
FE chs IV 240 K BB R FR bR E4 i 22 AR (P<<0.05) , Horf
fen A chs IV 20 K R 1 iR 48 A 34 8 251K T (57 22 chs
IV41(P<<0.05), Z5HMLFE 1,

®1 BHEKXRMAEKT FRSERI S IhEEFEIRK

TR (x+s)
| | SIEINS BUN/ SCr/ UPRO/
il , PR EENST !
(mmolL)  (pU/mL) (mmolL) ~ (pmollL) (mglL)
Byl 10 581103  815£074 206£035 698112 7835854 14371089
] 12 2263£313 12341152 1A4LE181° 21141168 1627511257 4254%152°

MeplEchsVAL 12 167222310 10052108 7545106 1506104 1347341346 3391£073
FflEhsVAL 12 1438+ 186% 974+092% 6224087 10.14£078* 11654+ 1161 1846094
F 3584 056 56719 38562 25,786 3169
P <0000 <0000 <0001 <0001 <0.001 <0001

a: SR HAR, P<<0.05;b: SR LA, P<<0.05;c: S{KH&=
chsIVATHbAE, P<0.05,
32 KRBALFRERSENEZER
HE . PAS Fl Masson 4% (4 25 5 (€] 1) R , BERYZH K
BRUFF ZHZURT LB /INER K-W 5715 2R Ik R B S
JRE SRR N LT Ak 5 1K & )t chs IV ZH R BV 2H 2409 B
I B S 2 U MR . R AR (3R 2) o, X
PEZH L%, AN ZH R B I 2 2240 43 L R B TR R 4
LK B /NBRASE A P53 12 W 2 T e (P<<0.05) 5 AU ZH
Fb#s I i chs IV AR B iR IT 433 1 3 PR (P<
0.05) , Horfr i i i chs IV 241K B 3R 1T 20 FLR B 5K

Masson 44 {f,

S T g

HHEEZGS 2026 4F55 37 B TH

3.3 KR'EHALH GSH . SOD F1 MDA 7k EillE L R

55X B2 LA, AR 2 KRR 41 4 MDA K-
# I+ (P<<0.05) , GSH, SOD /K - ¥ i % &Ik (P<
0.05), SR b, A% S0 i chs IV AR BV 40 240
MDA 7K - 14 g 3 [ ik (P<<0.05) , GSH . SOD /K -1 i
F Tt (P<<0.05) 5 o 31 £ chs IV 41 K B 41 21
MDA 7K 5 I T chs IV 4 (P<<0.05) ,GSH,SOD
T4 5 2 s TG chs IVZH (P<<0.05) . 45933,
34 AREHALS Notchl ESHEBHEXLEARENE
&R

oL Al Y 0 25 SR (3% 4 (e 2l Ak e B T T F i A
SCH T AT RS AR DA R D]
Notchl \NICD F1 DI 3= 225345 75 4 g 52 , i Hes1 M 2
N F A . BRI K B 4141 Notchl \NICD Hesl
1 DINL 2 12235 19 592 A AL PP 43 0 0] JEZ 3 42 v
(P<<0.05) ; fi% . #5577 & chs IV 41 K BB 4 24 rF Notchl |
NICD ,Hes1 1 DII1 & 138 15 1) o 328 AL Ab PF- 43 oA 7 241
)0 AL (P<<0.05) , H =5 i chs IV 4145 5004334
FAR TR = chs VAL,

Western blot &l 255 (£ 4 & 2) B, SXTHEAL L
A R K BUE 41 20 Notch1 \NICD  Hes1 £ D111 25
1 238 7KF- 34 1 25 T s (P<<0.05) 5 5 RBEAY A b3k
% R 37 chs IV 24K BUBF 412 P Bk B 1 A9 38 7K F
)10 AL (P<<0.05) , Hor i il i chs IV 41K BUEF 4141
o bR R 3R R KT 2 0 AR T AIRR A chs IV 4
(P<0.05),

=4

e o
I chsIV 4

FRIE chsIV 41
H  BRAOHL TR N B /INERK-WEE T s B (iR TS b RIS 5K ; S (8 Sk T4 R BE e R = i (i Sk T8 M e JEL R (AR 4L
B1 &AKXRSHLHE. PASFI Masson B BHE
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K2 BRAKRRBALAWARFTS RIEY KIS
BRI TS LR (x £ 5)

ik n RS ETR  ARRER  WIREGTN
TR 10 021£0.03 1.03£0.04 0.00£0.00
R 1 3172038 3041043 251£035°
AL chsVAL 12 2094021° 21840.14 123£0.16°
il chs V4] 12 1254084 1.56£022% 052+0.08"

F 41075 34062 23462

P <0001 <0001 <0001

a: XA LA, P<<0.05;b: SAURIL L3, P<0.05;c: 5L
chs V41 H#, P<<0.05,

*3 HAKXRBHLF MDA, GSHFSOD 7k F L&

(x+s)

45 n MDA/(mmollg) ~ GSH/(mmolg) SOD/(Ulmg)
TR 10 2004004 15622006 143.5848.65
i 1 6132041 426013 BB
AL chsVAL 12 4644043 6.15£0.11° 635411617
il chs V4L 12 3041025 9474009 85754782
F 3517 41865 45801

P <0001 <0001 <0001

a: XTI LA, P<<0.05;b: SAUIL L3, P<0.05;c: SR
chs V41 H#, P<<0.05,

x4 BAKXRELHLZAH Notchl NICD . Hesl F1DII1 F

BRIEKFELLE (x£5)
i Notch! NICD
. SIS Nowhl/GAPDH S 4ifLiT4M/  NICDIGAPDH
A 10 1584039 1.04£0.26 1234023 101£0.11
il 12 908+ 1.04° 6.06+031° 6751081 6141033
AL chsVAL 12 6.02£0.75 5024036 326£045° 4561024°
il chsV 4L 1 228%046" 22028 2803 3025036
F 96.402 35173 49406 3875
P <001 <0001 <0001 <0001
i » Hesl ‘ ‘ DIl
ST HeslGAPDH  Hu4lbiF/h%  DII/GAPDH
TR 10 026£0.05 1024003 0384007 0961006
i 1 534093 7041008 0841135 2731012
AL chsVAL 12 2354043 4675015 52310486" 2054017
il chs V4] 1 1.08:+035" 22310.14 2564037 121£0.15%
F 30374 53.062 8343 21041
P <0001 <0001 <0001 <0001

a: XA LA, P<<0.05;b: SAUIL L3, P<0.05;c: 5L
chsIV41 H#¢, P<<0.05,

Notchl 125 kDa

NICD 88 kDa

Hesl 30 kDa

DIt 78 kDa

GAPDH 36 kDa

X 2 FRIL] fiSkn IShiE
chsIV4L chsIV4l

2 &KAKRZLHL D Notchl NICD . Hesl F1 DI #&
B4 B K
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DN RIs LI 2 2% , ¥ B AR ZE AL A R
IV B 22 Tl T B 1) S i T AR SR . o RS
RVEEHETIZ AN JE: DN &A= & e il SOk sl [ 2,
KM RR A Tl i 2 R g e S ECE 2 B
AL AR E M AR SA 2 A R R S B 1 C 15
5 51 R 22 U B PR SR AT, T R B/ NER BRI
R RS | 2 FBE R T 47 5 A B /N ) I 2T 4 b 56 5 B A
AR ARG R R, chs IV BE i 3 AR DN RSB K
SR IR AT, I i3t JB 5 ZRARHOIR A | 48 7R I T 3 2ot
PP AT AR AR DA I B ) 2 MU T O A
FEMEVER, 0 a2 B ORI R 25 T At

1E DN 3 Je i< 72 v, 40 fifg #b JE 57 (extracellular ma-
trix, ECM) (1% 5 PR3 S BUE /N B AL A D REEA T
PEFE S BAZ O BRAERAEY g IR AT 3G % b A K R
T B AFAR LT AEAL K T, 0 R B G R SR AR L EF
YRR 155 BCM a0, [R]BsHI a HE R L 5 e S RC A
B RS R HE B BN BRAE L B B /N ) T £F 4 Ak i
TR ARG 1 4 SR FR 2 A & PR, chs IV T AE
A 5 22 fif DN K BUEF /NER R BEIX Pk B i B 2 B /1
BREEIL AR, [ AEBE BUN , SCr #1 UPRO 7K -1 R %,
FEHH chs IV XF DN AH 5G9 ' IE 245 #4 RN o B4 5 HL AT FH A
HIZR AR o 1X—%00 T BE5 chs IV I35 AR5 ek 4z
Wl REVE (B 42AE OC |t m] e A T O 0 e 4
ECM AP A G

BRACIH R 2R A, i URF S 1 S AL 0 BE DN R i
B e R S 8 R VAR S = 1 K B 257
RN RS S Lt LR d e L N & QT i = Uiy s W i A (]
S AG FT  BE A FR DNA B Ak, Herp , MDA fE
Sl Bk A AR A 4, HoKF B S 2 2 AL
P4 A B 5 11 GSH A1 SOD J&: {4 P 5 22 (1 i S AL 7 443
T, HAE B U A TE T B 1 — 25 i) S R
PEIGIR . WF5E 3R, P2 5 Ik H MDA/GSH/SOD (1) F-fiif
AEA AL AESE DN JE e ARW5E , chs IV T U 3 [
% T AR BUE 4H 2 MDA UK, I B35 2 T GSH K
SF-F1 SOD I , 56 1 chs IV RT3 12 48 5 it 8 Ak B A i
YRR e IR 5 | B4 AR A IS 85 B I, DT P47 T 440 i B
ZA AR

ARSI, Noteh {5538 [ 1) 55 0% 5 DN
GG /INBREIR AT BRI AR B DA O 1 i 32
FH Notch 1~4 31X 4 Fh 3214 & Jagged 1~2 DIN1/3/4 ZFEL A
PR, MRS Z ARG B G , S y-or WA T (10 2R (il
VI 0 B NICD A K%, 8015 Hes1 . Heyl 55 T JiF KL R &
K", {E DN 5 R A4 LA A Noteh {55 (JE
J& Notch1/Hes1 fl1 ) 5 15 Ak w] fi #F ' /N BR 22 B2 240 if 34
B R AN T b R -] Ak & ECMO B, DA T ol
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B YEALRERE" ™, T 208 i ) T g B A T o I
b, Hes L b Uk ST Ji 1 8 50 480k S e Rt — 207k
AR, T BUBPEEIR . A58 38 3 Western blot
R PE AT A B, chs IV g 1.2 18 DN K LU 2141

1 Notchl \NICD Hes1 & DII1 45 CH5 543 T 1 &k,

e O ECR 71 T BB 9 Noteh {55 B 5 AL A
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