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Abstract

Objective: To investigate the mechanism by which Sangzhi alkaloids (SZ-A) improve kidney injury
in mice with diabetic kidney disease. Methods: The db/m mice were used as the control group, while
the db/db mice were randomly divided into a model group (db/db group) and a treatment group
administered with Sangzhi alkaloids (SZ-A group). The SZ-A group received SZ-A via gavage for 12
weeks. Body weight, fasting blood glucose, and serum levels of ALP, BUN, CREA, and other indicators
were measured in each group. Additionally, HE and PAS staining were employed to observe patho-
logical changes in the kidney tissue. The expression levels of oxidative stress markers, inflamma-
tory factors (TNF-q, IL-6, IL-1p), fibrosis markers (TGF-f£1, Collagen IV, a-SMA), and apoptosis-re-
lated proteins (Cleaved Caspase-3, Bax, Bcl-2) were assessed using ELISA and Western blot. Results:
The db/db mice exhibited significantly higher blood glucose levels and renal dysfunction compared
to the db/m group, characterized by elevated serum ALP, BUN, and CREA levels, along with de-
creased SOD activity and increased levels of MDA and LDH as markers of oxidative stress. This group
displayed significant inflammatory responses, with enhanced expression of pro-inflammatory fac-
tors TNF-q, IL-6, and IL-1p, alongside accelerated fibrosis mediated by TGF-£1, resulting in abnor-
mal deposition of Collagen IV and a-SMA. Abnormal activation of the p38 MAPK pathway and imbal-
ances in apoptosis regulation involving Cleaved Caspase-3, Bax, and Bcl-2 further exacerbated kid-
ney injury (P < 0.05). Following treatment with SZ-A, the aforementioned high blood glucose levels,
renal dysfunction, oxidative damage, and inflammatory responses were significantly alleviated,
with reduced kidney tissue fibrosis and improvements in pathological structure. Concurrently, TGF-
f1/p38 MAPK signal transduction and the expression of apoptosis-related proteins tended toward
normalization (P < 0.05). Conclusion: SZ-A significantly improves kidney injury in diabetic nephrop-
athy mice, and its mechanism of action may be closely related to the inhibition of the TGF-#1/p38
MAPK fibrotic signaling pathway and the regulation of apoptosis and inflammatory responses.
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1. 518

B FRJ7 ' 9 (diabetic kidney disease, DKD) & AR i it F 25 Kl 2 —, H AWML S TGF-p1/p38
MAPK 155 41 /1 3 1 5 1475 S 2T A0 3 DDA 9% [1]-[3] o A ZAE 5 il B O oy B IR THE AL, (HILA TGF-
BL HH TR 2 00 S 2 P BR ) T IR« A e 2R s (Sangzhi alkaloids, SZ-A)fE JyGilH7 54 A pE
2y, BUCAFSZILPEREER, EIXT DKD %55 P00 Bt R A 16 F v R e i [4]. AR T 2 BUpE IR
I db/db /N AT, RGPl SZ-A Xt 2 AU BRI db/db /N B ARAG SLAF LR IR, R I AR
YEFZ A5 540 TGF-B1/p38 MAPK 15 53 26 A A 0%, NI R RSRKIE ) DKD 2 )67 SRS S s
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2. ¥ E55/&%
2.1 FERFSE

SECR AR T B A s AR 2V A IR A F] s JRARRE - B (Hematoxylin-Eosin, HE) % 4057 &
PR 55 5% (Periodic Acid-Schiff, PAS) 4t il &0 B AL i R ERHEA R A A /NRMIERIEE T o
(Tumor necrosis factor-a, TNF-a). 412 6 (interleukin-6, IL-6). 4L/ 18 (interleukin-18, IL-15)
Pt EE% 4725 W B 3 52 (Enzyme Linked Immunosorbent Assay, ELISA)RF & [ _E g A YR A TR A 7
RS AL AL (Superoxide Dismutase, SOD)i% 14 74 ¥ (Malondialdehyde, MDA). L& i £ /# (Lactate
Dehydrogenase, LDH) X7 & H 5 ot @AY TR T RIEZ wlE p-p38 MAPK. FRIEH EFE p38
MAPK. %% 7% Cleaved Caspase 3. #IiZ 7wl a-SMA. #IFZL 75 F%E Bax. HIF L whE Bel-2. fIE
FyEfE p-actin —HiIW BN =B A BARAIRA R RITEIEE TGF-A1. HIFZ 7k Collagen IV —4
It [ 2 [H abcam AEVIHEIR AT FAT 245 B Marker. ZHT 180 2519 Marker. #7865 4. %GR~
W H VICMED A ; T3 UG Flm s vd 7k 20 LW E 75 [E Eppendorf 2275 Synergy2 £ DigBgHR X W
H 3 BioTek 2w 28 PUARE A B UKACRT LA H 52 [E Bio-Rad A #]; Odyssey CLx XA 2140
SRS RS E 2 H LI-COR Ad]; BEAKEHT BX43 1EH B3 BB [ H A< Ak bk £ 4t

2.2. SEH/MR AR ALTE

10 HkEYE 6~7 FERE e BE SPF 2% db/m (C57BLKS/I-leprd®™) /NG AT 20 R EE 6~7 J& s (£ E SPF 2%
db/db (C57BLKS/J-lepra@®) /I G301 [ 7 5 AE VIR 2 FE e, IR0 77 T 1 3 BB R 2 BEIA 2 Bt a1 S 3 0
() SPF Zizh®nbs. S2BeUIal, /NERISA A YUK IS, RSN ER 24C~26°C, RF 50%~60%,
JEmEFEIAN 12 h 2% . ¥ 1EH do/m /NS BEZH (db/m 2]), 20 2 BUBEFRS db/db /I B3R 4 Bt
WUHIRE 53 % PR B9 4 (db/db ZH) M Sk S AE Wit 7 4L(SZ-A 4H) . SZ-A /N BB R 45T 200 mg/kg 1
FECSAEYOHE B AL, db/m AT db/db ZH /0N BRL 23 il 45 T A AR BB K RE B AL TR . Sk 12 JH I S
TG, R &L REAT AR R AR AR R AN 5L A0 48 s il .

2.3. HMfEE

FESCIG AR, 5 SRS 2% 20 /) BRUpA AN R URK T o 25909097 12 JUS, /N BROBRAT BRI, SRR I
TREAS, i v B WS ML - R 4 B 3l AR Ak 43 B G 5 1 375 6 14 8% B2 i (Allkaline Phosphatase,
ALP). JRZEZ(Blood Urea Nitrogen, BUN)FI/LET(Creatinine, CREA)/K-F-. PR 85 /NREIE, £l
Joi FHIEAR T AR . A B TS8R SR . 2R R 720 #r S Western blot AHOGHEE AR . 708 2 5%
R e, AT AR, FEUIRC 4 pm IV R, F TR B0 T TS S8R0 G i AL A
2.4. FAREFR SR REEE FHN

Ve e A S G, ARAE R B B AT DL SR FH 3 R A A Bl v 0 AL A )
SOD Fgig o, fi# FARCE L2 BRVE N 2 MDA /K, DURGEIT ikl e LDH /KF. KA ELISA VEkG
TE AL TNF-a 1L-6 AT IL-18 4 5E R T K.

2.5. HE &5 PAS 82

e B LU0 A B 2K 5, AR S U B B HEAT IR AR L (HE) Y tu M PAS Zeth, JffE sy
T T RS HARIEEZA . 5T PAS Bt iyl fr, #EAT B /NER R RS KR HOF 2 [5]. ARV AR
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EIR: IEHB/NERCH 04 REIFRBA B /NERER M EF N 10%K 148 HH 10%%E 20% K 2
grs HE 2005 30%9 3 7); (i Lk 30%2E 40% 4 4rs i LEKT 40%04 5 g THERAERKDI A 3 ML R
IRy, AENENERR Y RIEHOE o

2.6. SRIEHALMIZLHL TGF-p1. Collagen IV Fl a-SMA BIFRIA

¥ B ASUR D) A RS ZK S, A 10 mmol/L FHE RN (pH 6.0)7E 95°C R/ T#vA FHiJR
B 20min. PLEBEE, KHLE T =R TIRE) 10% BSA S AR £ ] 30 min. Bi)fE, H
TGF-B1. Collagen IV #l a-SMA Hi/A7E AC I ERIFE . BE G, oV, FHEH S i
FUFE 2R T AR N IRV E AL YRGS 1 30 min. #2345, {FH Invitrogen 1L2EHi/NR 19G(H+L)HRP — 471
(1:500)34T0% & - HeJ, MiFH Thermo Scientific 4@ 145: 7% DAB ARG AT Lol . # A5, 18
BPR LT BX53 IF B W37 BB N AT A IR 5%

27. RZENEFZHNEXERRIA

FEHL RS KGR E R, T EEEAHME, KA 8%. 10%. 12.5% SDS-PAGE HAT Bt
VK. BAFEMPIES LR 40 pg, 7680V 1HE NEHATHUK, B H M E Marker 735, L
WHER 125V, kS Ak 2 5 0E B0E YA B 5 0 IR . 330 mA TER G R O RAHIR A 4E &=
JE(Nitrocellulose filter membrane, NC i) b, s FAIE A 20 min, J&#E NC )5 20 A A TGF-A1.
p-p38 MAPK. p38 MAPK. Cleaved Caspase 3 fl f-actin JiiA7E 4°C Fid i & . NC R EVLE, %
BT RGC PG 2 he FXKIEYE NC I, FIEE T Odyssey CLx ML A5 A AT il ,
LKA SR K EE, TR ENEASASEAKEEPFHHE, SR ER S5IEMRAEN
KRR LR, LT e &St i

2.8. BtE SR

{# [ IBM SPSS 25.0 #EAT 33 04, {8 ] GraphPad Prism 9.0 #HTEE 24, HERRNFEES
A, Phx+sFon, BB CECRH BNE T Z 00, 42 EHECRH LSD-t /%, P < 0.05 4
EREGH R L.
3. &R
3.1.SZ-A ¥t db/db /MNEAFE. R IFEL S IhEEIEFRAIR M

5 db/m ZHAHLE, db/db 20 /)N B 7R S R0 2 R I K P2 B (P < 0.01). 4 SZ-A #EBRIT)E,
SZ-A H/NRAESS 812 &I I A] st () 44 A0 25 G 1M W /K P BE K T db/db 20, (H 22 R e Seit2% 2 (P > 0.05),
DL LA 1(B). h4h, 5 do/m dARLE, do/db 21/ ALP. BUN Fl CREA 7K~ &3 Jt &1 (P < 0.01).
SZ-A H/N R IMTE ALP. BUN 1 CREA 7K-F%¢ db/db 2H 2 &K (P < 0.05), .14 1(C)~(E)-

3.2. SZ-A @i db/db /R B AR FRIBLE IR (5

HE et 2o, db/im 4/ BB 2H SV B L5 M) IR, 117 db/db 21 S/ BB /N ERIRARIE K, BN 1
BN A AR E R 5k, ()5 AT LKA AR IR . SZ-A 2L db/db ZH /)N BREF 2 009 B4 1 2 2
B35 (P<0.01), WK 2(A)MIE 2(B). PAS Bt g Rtk — 0 kB, db/db 4155 do/m 21/l F /N ERIE IR B ]
AR, RN S T, R BRI . SZ-A 4L db/db 4/ B /NER IR R Y 5 R
BEAC, BEIRDUR R D, R YiKi8 4 GMI 2 R MIR(P < 0.01), WIE] 2(C)FIIE] 2(D).
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Figure 1. Comparison of body weight and fasting blood glucose levels among different groups of mice ("P < 0.05, ™P < 0.01,
compared with the db/m group; #P < 0.05, #P < 0.01)
1. &4E/NER YA E RN S B MAEK AV EE 3 (P < 0.05, “P < 0.01, compared with the db/m group; #P < 0.05, #P < 0.01)
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Figure 2. Observation of the pathological morphology of renal tissues in each group of mice using HE staining (A) and PAS
staining (B) (x400; P < 0.05, ™P < 0.01, compared with the db/m group; #P < 0.05, #P < 0.01)

[& 2. HE & (A)F0 PAS S (B) W 2R &40/ F B LR R RITRIES A5 (x400; P < 0.05, P < 0.01, compared with the db/m
group; *P < 0.05, #P < 0.01)
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3.3. SZ-A B & db/db /R E LR LA S L BB AEAER F K F

5 db/m dAHLL, db/db 4/ RS 42 SOD B 14 B4, 17 MDA Al LDH 7KV 7t (P <0.01). SZ-
A 2% db/db 4N BRUEF 2R SOD Wi s R BH 7t s, MDA Al LDH 7K-FF#MK(P < 0.01), ULl 3(A)~(C).
5 do/m dAHEE, db/db 4N BB R TNF-an IL-6 Al IL-18 #AER T /K FTFRE (P < 0.01). SZ-A 44
db/db 41/ FRFLHZIH TNF-an IL-6 A1 IL-18 25E R T 7K F B (P < 0.05), ULIE 3(D)~(F).
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Figure 3. Comparison of oxidative stress and inflammation factor levels in renal tissues of different groups of mice (P < 0.05,
P < 0.01, compared with the db/m group; #P < 0.05, #P < 0.01)

E 3. &4A/RIBAEE R AERFREHELE (P < 0.05, P < 0.01, compared with the db/m group; *P < 0.05,
#p < 0.01)

3.4. SZ-A il db/db /\GRFLRLR T ML iR
S AR IR, 5 db/m ZHAHEL, db/db ZH /)N ERZHZAh AR 4EALAHOC B 1 TGF-B1. Collagen 1V F
o-SMA FIBE PR IA T AR H 4 L FF (P < 0.01) . SZ-A 4% db/db 20 /1N B3R £F 4 4b b S5 4 1 3R IR 7K ST BRI
(P<0.01), WA 4.
3.5. SZ-A &#Z db/db /MR 4L TGF-$1/p38 MAPK {ESBAEFATHXEARIA
RPEENLLE R TR, 5 do/m 4L, db/db 40/ B ZHER TGF-BL 85 3RIA K-+ P < 0.01), p38
MAPK 21k /K T (P < 0.01). SZ-A 2% db/db ZH/)N 5B Z4H 24X TGF-B1 ik F1 p38 MAPK iR 1L 7K
P (P < 0.05), WLIK 5(A)~(C). Bt4h, db/db 414 db/m 2/ LB 2H 21 Cleaved Caspase-3 & [ 2 ik /K -7+
(P <0.01), {RIMT-E A Bax SHMTHE A Bel-2 I HE T = (P < 0.01). SZ-A 4% db/m ZH/)N B 42N
Cleaved Caspase-3 A& FF%, Bax/Bcl-2 HLE % FEK(P < 0.01), ./ 5(D)~(F).
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Figure 4. Comparison of the expression levels of fibrosis-related proteins in renal tissues of different groups of mice (x400;
*P < 0.05, ™P < 0.01, compared with the db/m group; #P < 0.05, #P < 0.01)

E 4. &4A/RIBAEFHE LI X TR FRIEKEELE(x400; P <0.05, P <0.01, compared with the db/m group; *P < 0.05,

#p < 0.01)
A B C
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o s | = .
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—_—— [T A9 A7
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Figure 5. Comparison of TGF-51/p38 MAPK signaling pathway and apoptosis-related protein expression levels in kidney
tissue of each group of mice (x400; "P < 0.05, ™P < 0.01, compared with the db/m group; #P < 0.05, #P < 0.01)

5. Z4H/NRIB AR TGF-A1/p38 MAPK 1B 2% KB T-HH % 8 A Fik 7K F EL 2 (x400; P < 0.05, P < 0.01, compared with
the db/m group; #P < 0.05, #P < 0.01)
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4. g

ITAER, BEIRE IR R B4R R as, B2 Mk DKD S HE a2t 6], 1
AR RIS B DL AU RRE 22—, DKD 2 S S0 R A 595 110 5 R IR, Lo BEARAE A0 35 B /N BRAEAL.
LTI JE UL G /N ) R AT A0S, 1 B T S A0 2 W PR B AN Wik R I GBI TT [7] . AL R,
TGF-B1/p38 MAPK {5 5 18 B 75 B AP 4 Ab R A= 5 kSR AR S 21 DGR FH (8] ASHIFE LA 2 24 HE JR db/db /Is
BB, SRIGZE KW, SZ-A AHEEAMY G B T B DhReFa bn MU B2 40477, 38 2l 1 2H 41
HEA R RAEDR 1 S A AR AR S e 08, HAE FHLEI AT RE 5 TGF-B1/p38 MAPK 15 5l #%
(R 2 DA G

SZ-AVERNRINFKIEIEREZ ), HAEDAR . WA HE AW, P E R (R0 &S50 MR
P L2 0 T Y SR B 3 N 25 2 S 14 [9]-[13] . Song 5 AWEFE KB, SZ-A Wit FIEAEREREAL . K
ARRFRAS, M G R0 PR 12 14 1 E o K BRI B 0 o B FE RN, SZ-A RS 235 G B D) sl
T, BRERCRE . MISHIEAI R R A, R R 2 B /NE AR AR 4R R R, 9F
NBEHLH a-SMA Fl Col-1IFRIE . IXFE M SZ-A 1F DKD /NRKIEIT R R I B2 M PLEr 44 f S (R
FEH

TERERPVIRES N, RREEMEI iy MU 2 1800 5 3 AR B 5 807 14 46 (Reactive oxygen species, ROS)
B, TR MRS, AT NiE DKD Bk ke [14]. AL Rk, BT RIPA
B RS, W SOD Byvg 1 B2 FEAK, MR i id AL 9 MDA /KPR Tt mr, R A& it
InEE. tbAh, LDH KFFtmft s B A G FE BE N E [15]. Zhou S8 AN T8 KL, A RIBEL
AR AHZ TNF-an IL-6 PAK IL-18 SR R R, b — D4 3 B /N ERFI S /N S50, e a) Jl 21
YL FE[15]. AWFRRIL, S AEYIIRT AL B 2% 05GE db/db /N BB R 5 I S8 S EOIR 25 A0 4 0
K, HATUEA B AN A A TG Thag e 28— R 1E

TGF-p1/p38 MAPK 15 ‘5B 7E DKD A mLEI A EZ/EMH . £ DKD BB e, #esim
MR AT 75 3 B 2 TGF-A1 158 maRik, dEM IS T p38 MAPK {5 51, I s 27 4E 40 s 1k
FNYH R AT TR, e R EOE 48] [16]. AWFIUARI, SZ-A T T TGF-B1 [MRIAH i p38
MAPK [ BE 0, 3 11 FELIT 11245 S Im R A RIB RN . AfF 72 2R W] p38 MAPK 38 i 78 4 i 8 T 42 vh 7]
FERC B BAEA, S0 LRI nT A R TP AR B R 3 [17] . ABF T —0 KB, SZ-A T+
)5 HIE I T 4845 Cleaved Caspase-3 F11 Bax HIE N i, Bel-2 kN B2 B, T8I HPTRHE TR AN
BRGNS, R R AR B AT A AR

JUERBFIAG T — R, BATAFAE— € R IR . BT 2 2985 IR 9% db/db /N BB,
ZAS Y BT UL DKD A8 A0 BRARAE, (HAE B A4 FE R B e 4TI 5 N 2% DKD
S, TR KA Ak ok P v 5 B — 2D I0HIE o bR, ARWFFL 3 BER AT TGF-B1/p38 MAPK 15 53 6 S AH
KorFHeabR, MARGIFH AL T AES 5 DKD AImHLEI(E 5515, W NF-xB. ERK %%, HAZHAEH
R AR BN A R i — R

LR LR, AWFRE IR ARGEAE T SZ-A 7F DKD B85 H &M, FF91b R 17 HALHI T Rg
0] TGF-B1/p38 MAPK LR AV A 538 Yok S A0 ML IBORT JE SN, AR R F2 4 M ) T2 %5 DI AH 0% o ax
SRR — DI R RIRZVIGYT DKD $26t 7RMEKYE, W oH 7B R 5 0 1R 52 4% s B0 AR 2 1t
TR

EHEWH

L3 R AR O ZR 5T H (202313980023Y)
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