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[ Abstract]
renal PANoptosis, alleviating pathological injury in diabetic kidney disease (DKD) , reducing urinary albumin excretion, and

Objective: To investigate the role and underlying mechanisms of Tongxinluo submicron powder in regulating

improving renal function in DKD mice. Methods: Six 6-week-old male C57BL/Ks mice were assigned into the normal group.
Eighteen 6-week-old male BKS-db; Nos3KO mice were randomly divided into three groups: model group, Tongxinluo group
(0.75 g-kg'+d"), and dapagliflozin group (0.001 g-kg'-d"), and were administered by gavage for 12 consecutive weeks. General
conditions of the mice were observed. At weeks 0, 4, 8, and 12 after administration, body weight, fasting blood glucose (FBG),
urine albumin-to-creatinine ratio (UACR) , and urinary albumin excretion rate (AER) were measured. After treatment, mice were
anesthetized for sample collection. Blood was obtained by orbital enucleation and centrifuged to collect supernatant. Serum
creatinine (SCr), urea (UREA), B,-microglobulin (8,-MG) , retinol-binding protein (RBP), and serum cystatin C (CysC) were
measured. Renal histopathological changes were evaluated using hematoxylin-cosin (HE) staining, periodic acid-Schiff (PAS)
staining, and Masson's trichrome staining. Enzyme-linked immunosorbent assay (ELISA) was used to detect serum levels of
inflammatory cytokines, including interleukin-18 (IL-18) , interleukin-18 (IL-18), and tumor necrosis factor-a (TNF-a). Serum
levels of superoxide dismutase (SOD) , malondialdehyde (MDA) , and glutathione peroxidase (GSH-Px) were also measured.
Western blot analysis was performed to quantify the expression of key PANoptosis-related proteins in renal tissue, including Z-
DNA-binding protein 1 (ZBP1) , Caspase-1, cleaved Caspase-1, gasdermin D (GSDMD) and its N-terminal fragment (GSDMD-N) ,
Caspase-8, cleaved Caspase-8, Caspase-3, cleaved Caspase-3, mixed linecage kinase domain-like protein (MLKL) , and
phosphorylated MLKL (p-MLKL). Results: Compared with the normal group, the model group showed significant obesity and
continuously increased blood glucose levels (P<0.05). Renal function indicators (UREA, B,-MG, CysC) were significantly
increased (P<0.05) , and urinary albumin excretion indicators (UACR, AER) were markedly elevated (P<0.05). Renal
histopathology showed enlarged glomeruli, diffuse thickening of the basement membrane, and significant expansion of the
mesangial matrix. Masson staining revealed extensive blue collagen fiber deposition, suggesting glomerulosclerosis and interstitial
fibrosis. Meanwhile, serum levels of inflammatory cytokines (IL-18, IL-18, and TNF-«a) were significantly increased (P<0.05).
SOD and GSH-Px levels were decreased, while MDA levels were increased (P<0.05). The expression of key PANoptosis-related
proteins (ZBP1, cleaved Caspase-1, GSDMD, GSDMD-N, cleaved Caspase-8, Caspase-3, cleaved Caspase-3, and p-MLKL) in
renal tissue was significantly upregulated ( P<0.05). After intervention, compared with the model group, renal function indicators
(UREA, B,-MG, CysC) and urinary albumin excretion indicators (UACR, AER) in the Tongxinluo group were significantly
decreased (P<0.05), and all were superior to those in the dapagliflozin group (P<0.05). Renal pathological injury was markedly
alleviated, with reduced mesangial proliferation and collagen fiber deposition. In addition, serum levels of IL-18, IL-18, and
TNF-a were significantly decreased (P<0.05). SOD and GSH-Px levels were increased, while MDA levels were decreased (P<
0.05). Western blot results showed that the expression of key PANoptosis-related proteins (ZBP1, cleaved Caspase-1, GSDMD,
GSDMD-N, cleaved Caspase-8, Caspase-3, cleaved Caspase-3, and p-MLKL) in renal tissue was significantly downregulated (P<
0.05). Conclusion: Tongxinluo submicron powder can inhibit renal PANoptosis in DKD mice, alleviate renal inflammatory
response and pathological injury, reduce urinary albumin excretion, and improve renal function.

[Keywords] diabetic kidney disease; BKS-db; Nos3KO mice; Tongxinluo submicron powder; PANoptosis; renal
protection
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Table 1 Effect of Tongxinluo submicron powder on body weight in DKD mice (x+s,n=6) g
21 51 F /g ke EAEN 54K 58 K 12K
EH 18.33+0.49 23.35+1.09 23.48+0.92 24.48+1.05
IR £ 39.88+1.94" 37.98+6.78" 35.78+8.86" 37.31+8.68"
SE 2 0.75 40.22+1.26" 36.27+2.85"% 32.23+2.89"Y 32.08+3.53"Y
KB e 0.001 40.43+1.87" 44.03+3.03" 43.48+4.62"% 44.47+3.28"%

W S5 IEH A 3V P<0.05; S A Y P<0.05 5 5 A A% 514 2 LAY P<0.05( 36 2-3 7 1R])
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B, 0 2 2 /N R4S I [R]85 FBG 22 57 o4 it
SCL AR SV /N U FBG T 45 2555 4 J8 I 1 W 8 B
iR (P<0.05). W32,
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- 158 -

O % 4 /N Bl UREA . B,-MG . CysC B & [% I (P<
0.05) ; 5 IR 4% 51 ¥ 41 L 55, 38 0 25 41 B,-MG I I Bk
/B (P<0.05) ;4 41 SCr.RBP [t 8 2 R LG it % =
Yo W3,

3.5 0 4% o8 X DKD /) il UACR L AER 1) 5%
W) 5 E R A R AR 4 )N R4S RS A UACR
AER B & T+ 5 (P<0.05) ; 5 15 Y 2 He 4%, o0 45 41



5532 %45 17 1] FEXRAFFERE Vol. 32, No. 17
2026 4F 9 J] Chinese Journal of Experimental Traditional Medical Formulae Sep. ,2026
F2 BOKEHHIT DKD/NREE MBI (f+s,n=6)
Table 2 Effect of Tongxinluo submicron powder on FBG in DKD mice (x+s,n=6) mmol-L"'
4 51 Flit /g kg ENIEEN ERYEN %8 AR o512 J R
IEH 4l 6.13+0.43 6.66+0.50 6.18+0.90 6.08+0.64
AR 2] 26.95+3.38" 25.30+4.77" 28.5046.35" 27.03+3.58"
3 0 25 20 0.75 29.13+2.77" 23.57+5.31"Y 22.6743.35"% 30.42+2.90"
ey PR 0.001 28.52+4.01" 11.83+4.38% 12.88+5.91"2 15.18+8.44'%
#3 BEBOEBRMIDKD /MR SRR (F+s,n=6)
Table 3 Effect of Tongxinluo submicron powder on renal function in DKD mice (x+s,n=6)
25 Fl /g kg UREA/mmol-L" SCr/wmol- L™ B,-MG/mg-L" CysC/mg-L" RBP/mg-L"
ERA 6.17+0.81 5.43+0.39 1.13+0.38 0.68+0.35 49.08+1.08
A 70 2 8.88+1.20" 5.85+0.55 5.85+0.77" 4.27+0.98" 50.09+0.92
i 45 40 0.75 7.26+0.38% 5.88+0.57 1.78+0.52>% 1.36+0.47% 50.65+1.57
Py I RE 0.001 7.10+0.70 5.78+0.75 3.66£0.50" 1.62+0.55% 50.22+1.04

/NELUACR \AER F 45 25 %6 8 .12 J& K HH . [ AR (P<

0.05) ; 5i5# 5 40 82,3

*x4

i O 25 4/ B UACR

BB DKD /M UACRAER I I (3+s,n=6)

AER F 4 25 %
W34,

Table 4 Effect of Tongxinluo submicron powder on UACR, AER in DKD mice (x+s,n=6)

8. 12 Al & B & [ ik (P<0.05) .

UACR/g-mol’
215 Fl 4 /g kg ~
ENHEN ARK ERYFS S 12 R
1EH 4 3.60+1.03 3.85+1.11 3.42+0.66 4.96+3.14
IR 2 89.51+12.13" 112.32+57.92" 119.03+35.30" 134.37+20.10"
SE 2 0.75 96.25+18.40" 91.51+20.42" 69.90+15.98"2% 49.36+13.22"2Y
A B 2 0.001 93.71+38.90" 90.25+23.08" 81.48+53.92" 66.28+28.39"
AER/pg- (24 h)"!
251 /g kg
H50JE K 4R 558 JE K 5512 AR
IEH 4 7.06+3.23 6.99+2.25 9.56+2.69 9.20+2.62
IR 2] 135.27+£58.73" 161.02+£47.48" 284.40+£26.22" 334.30+43.04"
SRSl 0.75 133.91+24.61" 123.10+40.15" 94.43+21.00" > 88.39+17.05"2%
B L SAINE X 0.001 144.22+47.13" 123.63+22.67" 128.18+39.13"% 100.16+33.18"%

3.6

T 0> 45 8 OR XF DKD /N LI 7 IL-18 . IL-18 .

PR, 0 2 L

A A% 41 e 4 TL-18 . IL-18 . TNF-a

TNF-a K F 5200 5 1E 5 41 A, AR 2 /) B i By 0 g > (P<0.05) 5 5 35 % 51 e 4, 0 2 4
5 IL-18.IL-18 .\ TNF-a B & 7} {5 (P<0.05) ; 5 i 7l IL-18.IL-18 . TNF-a B .3 /> (P<0.05) . W35,
x5 BOEBHHMIT DKD /R IME IL-18.1L-18  TNF-a 7k EHIE T (¥+s5,1=6)
Table 5 Effect of Tongxinluo submicron powder on serum IL-18,1L-18, TNF-a in DKD mice (x+s,n=6) ng-L"'
21531 /g kg IL-18 IL-18 TNF-a

EH A 4.21+0.64 10.02+0.70 11.95+1.32

FEAL 11.59+0.97" 30.48+0.90" 30.71+1.02"

i 45 4H 5.31£0.91> 13.93+1.16"2¥ 14.45+0.88"2%

A% B 2 8.02+0.94'? 20.00+0.91" 18.61£0.92"%

3.7

GSH-Px /K - ) &

I8 0> 2% H A0 X DKD /) Bl 7E SOD . MDA |
o 51 41 A, A AL 41 /N B

1fiL 7% SOD . GSH-Px B & f# ik (P<0.05) , MDA B
TH 5 (P<0.05) 5 54 A 41 3%

WL 24

Sy ¥ IREC
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21 SOD . GSH-Px W] & J} 5 (P<0.05) , MDA W] I %
ik, 25 54 G2 3 X (P<0.05) ; 5 ik 4% 51 4 41 1
B304 20 SOD B I I8, 22 R B2 L (P<
0.05) , MDA H] & %Ik, 22 7 A 481t % 2 L (P<
0.05). W36,

3.8 3£ IOM X DKD /N LB 2H 2005 B AR A5 1Y
0  HE . Masson,PAS Y& {a 25 5 g 7R | 1E % 2H /N iR
B T A 22 R S R T T L R L B O /N R AR
I B/ NER B A0 0 A8 BE | FR LT B/ INES ) o
5] A WL I K G 0 I AT A UBUR R B gk
IR 2 /N B B 405 ™ F L ] DL B /N ER AR R R, B
R B 5 ik R R X A K L R A I R
JE O I AT A R TR, BN L R AN K i K
2 WIREAS PR T BNV AR AP AR R R

£ 6 BOEBHMMHI DKD /MR ME SOD MDA GSH-Px K F I
# M (X+s,n=6)
Table 6 Effect of Tongxinluo submicron powder on contents of

serum SOD,MDA and GSH-Px in DKD mice (Xx+s,n=6)

415 7l i SOD MDA GSH-Px

- /g kg’ /U+-mL"' /wmol- L /U+mL"
EwA 60.37+5.80 3.63£0.81  498.75+24.62
A2 18.56+2.95" 8.59:+0.39"  186.37+54.41"
EO%E 075 453137802 3.74+0.56%% 351.62+38.59"%

kK& ZH 0.001 30.81+5.24"2  4.02+0.91'2 306.72+40.39"%

i 2R MR, /DN BRI BRI R 58 X AT PA'S BH 90 5
REVUR ., SRR /N BR800 45 A AR 51 i
/0N B R 3 Do A, T 2 F 0 AR IS0 A R B TR
RO T Ik I . ILIET 1,

A ER A BRI CLl O 45 45 D. 3k 6 51 e 2 (1] 2 17])
E1 EOKBRH DKD/NR'SERIERSFEEME (x400)

Fig. 1 Effect of Tongxinluo submicron powder on renal histopathology in DKD mice (x400)

3.9 L5 OB X DKD /N BB 2H 202 TR T A R
# 1 ZBP1,Caspase-1.cleaved Caspase-1.GSDMD
GSDMD-N , Caspase-8 .cleaved Caspase-8 ,Caspase-3 .
cleaved Caspase-3,MLKL #l p-MLKL 3 ik [ 5% i
5IE 8 4 b f , BRI 4] ZBP1  cleaved Caspase-1 .
GSDMD ,GSDMD-N . cleaved Caspase-8,Caspase-3 .
cleaved Caspase-3 fll p-MLKL %5 [ 3¢ i ¥ 1 & F+ &
(P<0.05) ; 5 AR 2 L4, 3 0 4% 41 ZBP1  cleaved
Caspase-1 .GSDMD ,GSDMD-N . cleaved Caspase-8 .
Caspase-3 . cleaved Caspase-3 fll p-MLKL # [ 3 i5
YIO R I (P<0.05) ;5 15 4% 51 i 4 L 55 cleaved
Caspase-1.cleaved Caspase-8.Caspase-3 5 [ 3¢ 15 1
BREMR(P<0.05). W37k 2,
4 i
DKD 2 # JR s ™ 8 K E L Hs BEHL ] 52 2%
- 160 -

Il PR Bk = 8 0RTT 259 . BTEAOESE W, B4l db/db
/0N BRI e RO PR s AR S SRR R
PR, AEEF A S B A5 40 4 Ak, HE ARl DKD & 2% 1Y 9
FERFAE S R OR AN X — JR B, A 52 % H] BKS-db;
Nos3KO RUH: P f g /Iy FRBE Y IZ BB AE db/db /)y B
FEAl I A BR Nos3 L[], 5 3 eNOS Ty i ik 2% , ki
Il 55 — AL A (NO) T KA 7 4 38 37 M 0 98 3 1
g1 LA B2 4505 . X R N R 8 A0 VR Sk DR
JIFE I 65 A8 0 A ML, 23 28 L 3 B0 ) 2 B
5 AR BB 5, i DKD i S i AR AL R
B L1 Rk AR PR L /N BRI R TR A5 v g 0
FHAFAE , 51 PR DKD 8 5 195 383505 = B2 Wy
A, R T O 45 0K X DKD B B B4R B4 R
HILH 42 AL T PR AR A PR PN S0 R R o SE O i g A
/N B 300 B S B S A B s i A % ) AR
F ,AER 5 UACR W] & & T 1E % 4 , ik 5% DKD £ 5l
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F7 BOKBHHXDKD/NRBEALZATHEXEERENIZM (+5,n=3)

Table 7 Effect of Tongxinluo submicron powder on expression of PANoptosis-related protein of kidney tissue in DKD mice (x+s,n=3)

. ZBP1 GSDMD GSDMD-N Caspase-1 cleaved Caspase-1 Caspase-8
24 ) Fl /g kg
/B-actin /B-actin /B-actin /B-actin /B-actin /B-actin
EH 4 0.99+0.20 1.17+0.17 0.95+0.01 0.88+0.11 1.60+0.28 0.72+0.21
5 TR 2 1.53+0.71" 1.72+0.66" 1.37+0.12" 0.76+0.11 2.77+0.43" 0.71£0.11
O L 0.75 1.03+0.50” 1.20+0.58” 1.01+0.05% 0.85+0.08 1.69+0.29>% 0.63+0.07
KA 5 i 4 0.001 1.30+0.46 1.33+0.29 1.13+0.13 0.91+0.10 2.26+0.32 0.68+0.21
a9 T cleaved Caspase-8 Caspase-3 cleaved Caspase-3 p-MLKL MLKL
B maeTke /B-actin /B-actin /B-actin /B-actin /B-actin
IE 40 0.63+0.13 0.60+0.03 0.53+0.07 1.20£0.07 1.02+0.06
AL 0.84+0.09" 0.97+0.06" 0.96+0.14" 1.98+0.25" 1.09+0.04
SH O 2 4L 0.75 0.57+0.12>% 0.83+0.06> 0.64+0.19 1.25+0.14” 0.97+0.08
ey B IpE 0.001 0.76+0.22" 0.93+0.10" 0.67+0.14 1.44+0.127 0.99+0.05
T — Y% (PANoptosome) """, % & A WAE R 40 F 248, Yr [H)
: JE = S N [ S N o I I < 1 SR
Caspase-1 S w— == w= 45kDa . e
— J7 T #43i% Caspase-1, Y] E| GSDMD 7= 4= N ¥ii; 45 14
cleaved Caspase-1 e i s s 25 kD2 W, e AR B B fLIE , 51 & fE T I AR Bl IL-18 Al
GSDMD = 4 wem @ 53 kDa TL-18 B B ™) 5 55 — T 1 Al ok 38 36 A% 0 18 45 43
Caspase-8, 55 3 Xf 4 1 5 55 J€ 1% 4 T /9 P [A] 4%
31 kDa

GSDMD-N ™= S5 s w—

Caspase-8 -§ 8 ! 53 kDa
cleaved Caspase-§ e b e @ii® 32 kDa

Caspase-3 = -.— 35 kDa

cleaved Caspase-3 S s s 17 kDa

MLKL -.25 55kDa

.

ﬂ-actin — e s s 43 kDa
A B C D
E2 DKD/MREAAPZATHEXEZEARERK

Fig. 2 Electrophoretic of PANoptosis-related protein expression

in kidney tissue of DKD mice

I

DKD HY 5 8 g BRI ] 2 — 75 T F0 9% AR 35 2%
5T PR A M AT T 2 ) Y 22 BOR AR 2 A TR X
—E AR AR AL FERE R IR TR 18
A NG B A5 ARG 0 3 P 2R A 1 IR AN i B
iy LR R T BE A B R TG R A (ROS) B4
HEZ JRT /MRS o JE K e (5 IR A% ZBP1 ] J&R AN
L FYR BRA £ |, #6 5F Caspase-8 . KA B AEFH &
P W 3 (RIPK3) 48 4t W 41 s iz 8 10 2 & 1k

il : Caspase-8 ] H 12 24 fif Al #4 1% Caspase-3 Jii 5l
2 ML TR, R Al it RIPK3-MLKL {5 5 20k
N fl & R OBE PR U TS . 32 U T DL ZBPI-
PANoptosome A FATH% 0, 41T B J0E [ A7 4R AL T,
e HEJE 5 4T 4E AL UE R

S DA B~ FE A4 2 U P R R PN - 2R A
&Y RTINS B 2T A 9 DKD (TS 8% Bk ) A %
I AR A B 45 I i B AR AR AR TS TR
SAR U bR 7E T R o H A ZE A
% ECAFEUE Z NG LN I R R R R T
8 2 IR 7 TR A5E SR T R 7K B 22 A Xk — & 4%
WML, BRI T E AN A I A BT IR I B
Hu AR 3 M 45 IR TR O S E R IR IR I &
MARE T . AT AS A KiE W
WA SRAT EEF BEE CLE(HD R K
R o o R 2 R R 2 e (R s O R
FHORE A F 2 E EE ILEF T LN Z AR
P 0 20 4%, R VR A . M S R 4 08 T,
P X X 45 A . KR | M A AT I
AL, 75 S BR 4 s Z2 B2l . 207 3 LUl K AU
2% B R, RE % 1] b DKD Z IR AT B 5 2% 55 4 114
Lo MIRAR B Ff ok L 20060 A T X R DKD
INERDE S 5 B A 407 | 240 M ] TR A A O R
W 4% U)o 7B /INER BE AL B SO0 PR A R
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S 5 118 K 240 0 A o ok B ORR S e R R T
AR R RI A | £ R A R T ) G B
WAL Z — 24 B /NER L A B/ NE b R AN S
R AE R R AL L (ORI T ) AR 2R
B2 PR T TS L S B R KON o e
W (CFE T LIE TR IR BEPE B 2L ) |, e il K i R
K F 40 IL-18 . IL-18 . TNF-a(“ R "“ Mt 8 ") , ¥k —
A0 IR 55 VO S A0 B, A R R R S AR R AL
[Fi) Fof A6 T 200 JH o el 708 B B A (2809587 ) o A B
PR TR KON IS PAT LB 2R o AL T8 AR e
B o LA R Z TS #8715 38 2% v J7 24 ATk e 45
PCD K % DKD B JIE 45 075 , 4 5 114 Ak 238 2% 05
f AR B I 2% Ty A 3 ) G o ) 46 i AR
TO PR TR BE T DIRE L O O 4R ROk 19 7R HTPIL
HAF TSt T RIS 2%

WEFR A R WoR  TE M 12 R 259 1 fi b, Gl
O 25 R 0N 6 B T B Y R R AR . T
55 8 JAJT 46 L 38 0 2% 2H /N BUAY AER 5 UACR K- il
F NRE, BJR WISORE T k4% 51, $2 75 38 .0 45
Ok 7E B AR 2R 1 R 7 T A W T R0, e B SRR
S TE O 2 R TR 2 G T A S B L A4
U /INER AR 5K BRI I IR % T S5 D 4T 4
LR [6) B A 20T 9 a3 98 0 7 IL-18.IL-18 5
TNF-a 7K, f#{f UREA \8,-MG £l CysC 7K. #HLil
WF5E 4 3, DKD /) BB JIE oh 32 0 T2 R B 5 0 1
41 ZBP1, cleaved Caspase-1, GSDMD, GSDMD-N
cleaved Caspase-8 ., Caspase-3 . cleaved Caspase-3 #ll
p-MLKL Y ik 8 % L, H 5 %4 K F (IL-18.
IL-18 \ TNF-a) | % 1k W 345 3 4 75 9 MDA JKF- Tt
1o S B A3 [R) 25 G S50 08 T S R VO 2 DKD B
JUE A5 1 1 R AE oG8 O S GO TS R
8 T2 G B AR 1 AR B W ], R E T A MDA K P
135 T R B U AR 45 B AR, R A oz A
T2 HOR R B RO 7 A T A G BEL R 2 — o AR
g, 5 Ik 5 G LR G 458 IOk R 3R B W]
8 BB R VR R ERE AR RO TR B %, 42
7 HAE FIAL I b 57 i % 45 1, 7T 28 i DKD A “ AR
WAL R0 T 4R 52 0 0 Sy BRSO AR T M A
%k B AL B ) (ACED) | I A% 55K K 52 (R BEL
7 (ARB) K 4 - 4 %5 W% ) W) %% iz 25 (1 2 40 4 51
(SGLT2i) &l R F 259 , 3i.0 45 A0 B 2 0L
o3 RSB, T i 2 A R AR P R AR 4 JE L I
PRAF 5 IR UE 52 He 1T 2k 3 DKD 8 & B I Sl it 4% 1L 3
FEAR MALB HE it & 2 5E P F /K7
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Zi I, A BF 5% I S5 76 DKD 5 BKS-db;
Nos3KO /Nl H, /265 4 B0B AT 0 46 32 0 T2 L
A BN I PR A A R B A BE A
M 48 5 U AR 3 4 T o S A O 2 0 v 23
Z kAt 2R LA T UBEXMES N (41 DKD) /Y il kR
DL, Sl R B 16 DKD 4@ 8 17 357 ) 552 46 4 41 A1k 7
07 KW o ASBE 5T J5y BRAE AR TR TR i A7 il 0
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