H43 % F1H
2025 %1 A

f % f B B ¥ T
CHINESE ARCHIVES OF TRADITIONAL CHINESE MEDICINE

Vol. 43 No. 1
Jan. 2025

DOI:10. 13193/j. issn. 1673-7717.2025. 01. 030

o B 241 44 4 M 4 T T MR T 5 U S L R i

SOUAN SRR RIRR R A R SRR
(1. TR R 2 R B 2GR B T RE AR 450046 ;
2. ] pg v R 2R TR 2 ML BEIE AT R A BRI BB TR R 450046 )

Bew'? mirm

4 % B IE 7% 9% ( Diabetes kidney disease, DKD) 2 48 ki = € F LA E X —, e B =AF A —Fr#FH A s
Hmpast 7 X, /£ DKD X & P R AE L ELAFA, &K B & (Gasdermin, GSDM ) F kA, 4K & X B A4k
AT S8R AT FH— 550 R LR RS, AR AT w4557 DKD 7 @A A€ &L, FTEZHTET
%z SREATEIEET, £457 DKD 7@ AAF ZERY, AL, mAeh=ikiZ%77 DKD ey P E b 255
FAE,FPHREAR, RET@BE TS THH,H DKD 5 mie =X 2347434, B xE P B 2530 5] an J B 7%
£ DKD 6448 AALH 474898, § AR A £ % A 20897 DKD ey drik iz,

KRR T A AR BRI T E 2 BOIE B

h & 43 282 : R259. 872 XERARERS A X EHS:1673-7717(2025)01-0171-07
Discussion on Mechanism of Traditional Chinese Medicine Regulating Pyroptosis

in Treatment of Diabetic Kidney Disease
DUAN Yafei'* | SHI Xiancong'? ,LYU Mingzhen'* , XU Jiangyan'”
ZHANG Zhengiang'? ,MIAO Jinxin'* | XIE Zhishen'” ,ZHANG Xiaowei'
(1. Academy of Chinese Medical Sciences, Henan University of Chinese Medicine , Zhengzhou 450046 , Henan , Chinaj

2. Collaborative Innovation Center of Research and Development on the Whole Industry Chain of Yu - Yao,
Henan University of Chinese Medicine,Zhengzhou 450046 , Henan , China)

Abstract ; Diabetic kidney disease( DKD) is one of the serious complications of diabetes. As a new type of programmed cell
death, pyroptosis plays an important role in the development of DKD,which is mediated by the Gasdermin( GSDM) family and is
accompanied by the release of a large number of inflammatory factors and chemokines, resulting in a series of inflammatory and
immune responses ,so regulating pyroptosis is of great significance in the treatment of DKD. Traditional Chinese Medicine (TCM)
can regulate pyroptosis through multiple pathways and multiple targets,which has significant advantages in the treatment of DKD.
It has been found that TCM treatment of DKD by pyroptosis pathway is mainly based on TCM compounds, supplemented by TCM
monomers. This article focused on the molecular mechanism of pyroptosis, reviewed the relationship between DKD and pyropto-
sis ,and discussed the mechanism of action of TCM to inhibit pyroptosis and alleviate DKD, aiming to explore more new ways to ef-
fectively treat DKD.
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20 i A TR A TR0 2 DR R 1 R A R B 1 K i
fiff ( Cysteinyl aspartate specific proteinase, Caspase) H 75 X B K
J#% ( Gasdermins , GSDMs ) 45 4 %5 fif 11 1 98 4 4 56 12 5 5K
VE# BRI PR A T Rz — , A T R 2R R S
AR BB 2 | e £ B R SN AN A2 58 N A R, I
FEB YA N —Fh T A S R e B AL AT
A MR IR Y DNA 0598 20, A8 2 A e 45 T e 5
DNA J Befb (R AN 5 oe 4670 ) A2 b LS T B
BTN ML BULIR AL 58 R P o
W IR A5G 564 T4 2 ( Damage associated molecular pat-
terns, DAMPs) J5 JFAH 2 F 42 ( Pathogen associated molecu-
lar patterns , PAMPs ) 45 5 HRR 57 11 52 AR 25 5 247 A i A 1 380
W
1.2 g0 & = ey iR = AL

MR T OE O Gasdermin 25 415 B9 R e P 40 fifd R
B GSDMs 5 1 SURRAGFL AR F1, PR BRUE W) 45 240 e A FLA
KAGA L I C - R N - R EAW RN - S IR
MFRALEA IR (PED) |, C — S 45 44 U FRBL B 45 F 3 (RD)
TERPRIIRAE T, H C - 50 N - i3l i 24 E R (3%
ZEMIR) PRk LI GSDMs & 1 A il & HE L AR
Mo MAEBTERE T, ek M B U #), C - o 5N - 35 4
25, N = i B 2 240 M B 28 R AL, ATTTE B 10 ~ 15 nm £LER
JE ST . GSDMs HRT A BLAT 6 F, {45 GSDMA B,
C.D.E 5 DFNB59, [% DFNB59 #RHAth GSDMs ji 51 #493A Sk 5 40
Mg
1.2.1 GSDMD 4-F#92mfie = GSDMD /-4 i fE 1o
FEAMGRRE AL MR, 25 DAMPs \PAMPs % 5 308 7 14
SAREE G RO RAE/IMARE 51 NOD K SZ AR TAE I 254 1
FHZCHE I 3(NOD - like receptor thermal protein domain associat-
ed protein 3 ,NLRP3) 48 iE/IMAC, AT TG k. Caspase — 1, fili & 25 #
AR o SR /ME— B 3 FhE b 20 10 . A5 8 o0 F2
SR F AT A CBE S FEE 3 (Apoptosis — associated speck — like
protein containing a CARD, ASC) FIij{4 Caspase ZH i1 £ & [
ZEY . BEIEICUEY] 2R 5AE /M BB 175 T Ai i A5 T, dn
NOD #: 52 1A % 1 1 (NLRP1)"™  NLRP3"") NLRP4'*' NL-
RP6' %4 1) NLRP3 %E/MA g 71, NLRP3 554323k 7 [ ASC
254 5% Pro — Caspase — 1, fix I8 i NLRP3 5E/IMA , DT
154k Caspase — 1, {EITG 14 F , Caspase — | —J5 [ ) | GS-
DMD i FCRE il N~ 3 25 4 A 200 M B 1 4T L5 5 — 5 il
Caspase — 1 XJ A 140 i/~ 25 1B (interleukin — 18, 1L — 18) FI A
FIZAIMI /3 18 (interleukin — 18, 1L — 18 ) LI #1 1if AL T LA HY
IL - 18 1L ~ 18, I3 i 40 o FL B B M A0 5 1A S0 S o T
e A2 FEIE NG Z M (LPS) &5 Pro — Caspase - 4/5/11 45
G JG Tk Caspase —4/5/11 , 85 4] GSDMD BEi N — 34 44 1l i
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AN A B 52 3= W, HE R 2% A R B 40 i T GE i
Caspase — 8 TE4f 276 i i YIE| GSDMD, i 4Nl fE =, HAL
il FE I AR AR T ALV A 1 Yopd il e fb A= K K 1 — B IS ol
1(TGF beta — Activated Kinase 1,TAK1 ) 8%, I«B [ ( Inhibitor of
Kappa B kinase, IKK) , i GSDMD tf i 2 A 1 1 12 11
i EF 1 ( Receptor — interacting protein kinase 1, RIPKI1 )
Caspase — 8 MBI H], T FECA I FE 1=, FELTHAM R %% 3
Caspase — 8 H LT Caspase — 1 fYIhaEE, il A H /2L - 18
S LA NLRP3 RAPE/IMA I H2Y Caspase — 8 JK-PALAIRT,
RIPK3 — MLKL R85 5t 7] fiih % NLRP3'' . JE— 2 ()
LRI Y Caspase — 1 4 HLfg I}, Caspase — 8 A 5 NL-
RP3 (ASC 25 & W0 , IFfE F 1L — 18 1 A, 5 S04 i v
e, SR I S B A0 B AT T 0y 2R A S A M A T R i —
AR
1.2.2 GSDME A~ ¢ e == BF5E R MR IR SE N 5
(Tumor necrosis factor, TNF — o) FI{LIT 254 0] 34 7% Caspase —9
PTG Caspase — 3, 44l il th GSDME f£X{ERT , Caspase — 3 i
VI GSDME % % 41 o #5127 5 1fii 24 GSDME A A7 72 I},
Caspase =3 NP5 4L & A= 1=, GSDMD Gk = I, 4l i W 3
i1 NLRP3/Caspase — 8/ Caspase —3/GSDME {5538 %175 5 40 L
ST PR 1L - 1B IR o BLSh, ZHANG Z B 455 BUAE
T Tk A0 UKL A B T LA B2V GSDME, AT 75
Sk AT,

GSDME 31 5 A Jot I 1oz 384 44 IO I8 0 1 4 5 42 A

SB0-21 BEST % IASIKTE 1Y T 1 4 ( Reactive oxygen species,
ROS) ] PAif i Tom20/Bax/ Caspase3 {5 5 il i 7§ GSDME 55
20 £ T, 5 0 R L BEEER 5 T 245 [R) A 7T 380 GSDME, i
AMPK (3% T 30 i) GSDME - 19 48 g £ T 1 22
REN F H 25057 A& P i3 LB >R i 1o ( Inositol — requiring
enzyme 1o, IREL o) 755 P 5 W 34, 53 Caspase — 2 A3 |
PRYAT-8 1 BH3 AH B /R FRBSE T3 3l 7 (BID) B U)HI 447
GSDME 4 S Al R Tt & 4™ o LIU D 4853 % LUK
SIRT1 ] 3 ik 4 AL A4 451 13 5 5 GSDME 61 14 200 e £5 12 19 %
AR S BRI R L 22 F AL R OTUD4 55 USPA8 Tl £ s
GSDME f) £ 35 fie 1 J 40 0 £ 1, 7E 353 7 88 AE Jy 187 & % o 2
PRI,
1.2.3 GSDM 5k e m RA-Feymief = GSDM KikR
ERA 4 GSDMD, GSDME 4, H A Ji 51 GSDMA ™' | GSD-
MB'" GSDMC'* i\ & G AIAE T- M o BRFC R B
AR A0 ML TE T Ik B 4t M@ 58 GSDMB (143800 75 3 4t g
FET, ML WORLEG A %) GSDMB PJ 3], BEBUH L 45 1 45k,
AT SIS TR — v AT B3 GSDMB f93%3% , M
FFAMMAET . (L HATX GSDMB & 5 4 S 40 M 4 T4 7
TEAP UL, UM B U 73T J2 T B T GSDMB A5 4 ffd £5
LX) R, TR T 45 GSDMB & T 7 P4 114 25 4 14 [
# (B H T GSDMB BRI/ A R A TIR ARG

YR PELE M ZE T i & 1 ( Programmed cell death 1 ligand
1,PD - L1) f#1ERT, TNF — o 7] {55 Caspase — 8 7F 326 LELD365
fLE U1 #) GSDMC, fiff H R il N — i 25 449 3 51 & 41 i £5
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TR HATX GSDMA BF 78 A Xt 450, 4 BF 58 & B GSDMA
Al E AL HE F R )R F SepB 5 S AN AT (H A B ETENR
AR A S5 SRR e A G, BL A TR A R GSDMA 33 I 76
Gln246 J5 347108 Bl 3L PFD 2544380 0 W5 % BUAE A i
F.8hWH Caspase — 1 AT Y)E| GSDMA ; M ZEW 3L 34 o GSDMA
fit) Caspase — 1 PJEINLEBEBEIR , JLA Caspase — 1 $44T GSDMD
IS HIGE: 1)/ 107: 50 e

A% GSDM S fie i 55 DFNBS9 #F 5% £6/0, Hi 5 GS-
DME #5 g AL, %6 -5 B2 A 1)) SURR e /R i 1 1
% 59 BIIEA 0 HUE 75 AT s ALAL i AR o8 A W o, OF HL2:
o 5T B A A R — 2P 5
2 LTS5 DKD MEERR

ZHMREAEEE A MM ET S5 T DKD 25 5
JE AR AN P R AN B NS R AN A A A T A A
Moz B A BERCSRE B+ AL I F S AU N A
KA , X Ff S S W T DKD 3k fé . & DKD B £ 41
P2 A TR DG o ARA W T, TR A e A
2% DKD™
2.1 BB ET Y DKD & & X B

DKD FHREAR A i 2 PR, 2 A0 AR S B /N ER g 2ot 5
Wiz — AN S E AR EVIMIE . CHENG Q 2/ 3T DKD
JE AR5 2 TS5 AN AR T DDA AR T 5%, B m s
SAFUNEJE 4L o Caspase —4/11 ,GSDMD - N | IL - 18,
IL- 1B NF - «B % ik /K F T} &5, ifi 3 B & % GSDMD 8§,
Caspase —4 A A2 5 0 % iR 28k, ZHU W 250 g5y 3%
B, UL RK % DKD 2 40 Jg 2L A5 47 7 76 L AT A 2 i sk T 99
Caspase — 1 41 5 (1% 40 Jfd £ T, M T 6k 5% DKD 5 B 51 445
WANG M Z %" F 5 S B4R T R 55 2 25 T L 2o 476 e
AR T, 2R DKD BT R 5 45403 A IR 5 44k, FEHLI
5 AMPK/mTORC1/NLRP3 {Z2#li#H% , @ 13§07 NLRP3 % 5E
JINVR B 3 Ok % 4% B35 DKD 3 . CHEN J 25520
AMPK - siRNA % Je 51wz S 1 2 400 v, 2 B2 A3 T
KAE PR AR W T, Ui AMPK — siRNA 7T L) g 3 f2 240 ffd £
T, AL AT g5 AMPK/SIRT1/NF — kB j# fH15
2.2 BARAEEBETS DKD K £ KR

DKD S H bRy 7™ 8 ) I 48 I & AE , F 5 10 45 3 koo e 18
B LIAE S SRR RE 1L & A I B /N R P B 2 45, TE i
A BT, FECE/NEREEAL . SR IAE T2 5 TR
L L 9 Rz 0, LS S Bk AR AL A C T . PRI DKD
B Bz AR A AR KA Al =2 5 33

ZHENG F 2% 5 ioF ol Jig 339 0 5 /)N Bk A B2 40 i 4 T )
W7, U1 4 BT NETs 5§19 GECs 28 J5 , 4L ASC .GSDMD |
cleaved — GSDMD & [ 3% 35 J1 51 15 21 390 %, 17 FLAE T-4H 5¢ mR-
NA F2 ik T e [V REAT S0 3900 , 1 1A 40 it 2 17 S e 37 b ] i i 4
JAET- I LE DL . GU J % L BN A Caspase — 1 411 7]
B GSDMD , B Caspase — 1/GSDMD £ {5538 % , Al
DAREAR 5 B 19 GECs LDH BEichig b (P BHE R T
2.3 GEARZE@ABETE DKD R £ KR

ZHAN ] F 2 VBT iE B JEig L STZ 375 S IR R K B
TS A A RN, 35 % BT R A A T, AR T A

O N NE D s AL = =y i S s g s ) e R S e
T, LR 2 A T AT B DKD %0 BT E AL . e
PAK BB /NER R (HBZY — 1) 4 R BF 0 %, KRBT w bk
M55 T HBZY - 1 iR T 0 k4B, %P 980 Western
Blot \RT - qPCR 5030 45 R 35 & L T NLRP3 7& 5 ¥4 155 = (1)
HBZY -1 fifp #ahThes 48 R BT R AR, AT 2003697
JE AR T AH AR AR 258 B 3E T B, $2 7 250 W] e 3 L 41 1 41
M T 1 & AR IR BINEYT DKD AR .

2.4 GAEEEmBETE DKD WK £ KR

DKD S35 R 3 T 5 /N b Rz 4 M 407 , IF 9% 3= B
£ DKD J8 35 R B AR (o TR DR B, B /DN i Joi g 728 3z ™
EFE/NERMA, WRETAE MBI GTE N —, i E
DKD )% 5 0E R BF9E % Bl NLRP3 4805 /MA BT 77 78
T /NE A, L IL - 18 #0IL - 18 ] 76/ U9 B /NS |
B MR . HAN J R 28 Y BESE R L GSDMD (1 fike 2k AT
DAGE A TR I TN R M N /NS B B AR T R A UERH T
GSDMD {4k T LAWS 4 b7 /0 U 461 493 LA S 48 % . 1) DKD
Ko

K AR 4% RNA (Long non — coding RNA , LncRNA ) 7£ 4 ffy
JEV SR A0 B 43 A A s o 5 R, 17 LneRNA MALATI
BAIFWI 5 DKD A9 % A Rk R 3 UIAT G . L X 251 5 i i
Wk B HK - 2 40, & B LncRNA MALATI 33k F+ &, i
miR - 23¢ £k FF&; T MALATL #1 F 38 miR - 23¢ 9253k,
AT A HK - 2 408 o A2 T AH SC 3545 41 NLRP3 | Caspase — 1
IL - 1B %5041k, LIU C %' BF 58 % B 3 fi % MALATI
Foh ML Fak miR - 30c, A UG]S B SO T e
L BTiR , Lnc RNA AIRESRIAYT B0 038 DKD M7 7E4 i,

LI W 257 JIR i 0 /NS R 40 (HK -2) , R 3
GSDME k7K i 3% 75, I UESE T 78 DKD 8% P77 1
Caspase — 3/GSDME 4 S 4l it £ 1=, 1fii F Caspase — 3 11 il
7| Z - DEVD — FMK X} STZ 755 (A 8 Jad s /N BRIEAT 8 J] Ak 1
Ja /N E R VB T RESE A5 2 T e s I HL Caspase — 3 1)
AL 1L 7 4 4 AL 3 Y /NS A i R Y GSDME i £k Fil 4
MAET, BEAh, Wil GSDME (335 [RIRE v] LA G 35 0 /0 b PR s
INER AR PR HE ok B R LE G, R A — AR B
BN R LR Al

F L] DKD 835 B 364 s 15 0 e 5 A e f 12 % 1)
HHASE, DKD it 25 40 i A 7 1 2 Az, 410 ) 40 45 12 00 ] g 5
DKD F955 BAZ Ak, , R A0 400 1 248 B £ T~ 2 3% DKD By —Fh
TEFD.

3 HEHETIFIMMEE T HE DKD B/ERNE

DKD 7E 5 B TG 5 4, 228 “ T K < e A
“HETT " AR (H X B 44 22 LB I R AR A 44, B ok 18
P AL R e e 22 . Bl I 2R SO0 STHR TR AF
FE, BT RESEIR S DKD S M)A ol B
“FIH” KX 5 DKD 55 Al B 5. DKD 2y I8 H A
PEISPEE R, BT RAUAZ O T PR MR R,
INZ A4, BOK R R 5 R R A, A AR R
FrBA AR E R I T A, B 7 L T
KRR, B0 B OO B, AT B A 155

173



$43% H1H R % h E FH F T Vol. 43 No. 1
2025 %1 A CHINESE ARCHIVES OF TRADITIONAL CHINESE MEDICINE Jan. 2025

DKD % H A, SR TC IS AT, AT A, 58 1M 4 2
T JE AN ) A 8 b R S ), BT R K, RSB, i
B o P B2, B AR N A7 e L AR S A I fE v
HERE PRI TR . 200 ML 45 ) 4 R %) 0 B o R AR T 7, v RV 7 Ut
FERE , DU BT 16 AR TS i PR IR U, B TE R
SEAMGIE , T B9 B 490, VR AN NE I 2 B, LK B E A TR |
PR R B o DD g A gt 38 7 4 1 AE R, T 3k 26
P74y SO DKD 3t o 80677 IR 45 IR BT A 9 45 Y
(), A2 LAY A A B s T A 2k AR AR 2 22
R BRI R B G TEiR 7 5o i i A 2 i1e 248
PNk S SO T ANV EE2TE 2 e o e e 17 e ool ST
ST, R KA Sl g A B AR DG SR, XPIRYT DKD e
B 24553 Jy AT L , & BRIB YT DKD (1 w45 ] 24 22 48 rh e 1l
B 25 S ML A KB BHE 25
3.1 ®HET

i FRBINE L5 A B 2% 7 h 25 507 4 B RS L) 4R R
FRBH Ry Raml , 38 i 0 NLRP3/ Caspase — 1/GSDMD 3@ % , [4{%
NLRP3 Caspase — 1, GSDMD # £ ik, i 28 e [ 7 IL - 1B,
1L - 18 %R, I &A% DKD 28 (1R B0 7 o B
i B0 45 5 r] 44 DKD 4 7 3§l AIM2 | Caspase — 1, GSDMD
Feik T, HAE FALE AT fEJ2 8 2 1 ROS/dsDNA/AIM2 {5
S, B AIM AR AT A R R % AT
P4 NLRP3/ Caspase — 1/GSDMD {55 Sl 31 il "B JIE 240 o A2 1= 1)
AR SR R o 23 PINKL parkinson £ )
LR F W, ] NLRP3. SEE /AR , DA T 400 11 240 e £
s AT R A AN M T, R R

MAPK14/RELA/ Caspase — 8 {55 i %, )\ 1fj 2% fi# DKD IIfi JK 25
FIPREEAEAR ™ o B8 IR 28 50 3o 400 7 ' U A9 NLRP3. 4 /)N
I35 LA TLRA/NF — «B 5515 28/ DKD £50K U /NS
bR e AR . B AR T LA i ) NF - «B 3
355, T 000 ) 240 L 1 2 UL B ), S DKD AR S g 3
T IR TR O U 3 SD oK BUR R, 1T ELIS
BT B2 DNA #1475, HAL I T B8 2 i 8 15 TXNIP/NLRP3
G AR T Y L PR L,
3.2 Rk

BEETE o T S B B D 2 BT DKD R3], B H
FE A 9 . B9 26 1, S 5 5 5 98 15 NF - «B/p65/NL-
RP3/TXNIP #AE/MAAF 50 Il 5 /NS b di i e sz 51,
s DKD?) . B AF IV it 945 SIRT6/HIF — 1o 378 B
/b DKD Hf R 4 B T He il ™ o op 2 R 1 SR bk T A
25T ¥R B A A ot TXNIP/NLRP3 {553 B8 5, 41 il
W R B 7 BUS 4H 23 b i) TXNIP NLRP3 Ffi Caspase — 1 5
FIk, PR FEAR IL - 18 KSFE™ . A Z 3 Rel #14
mTOR/NF — «B/NLRP3 i i LAZE i L 4 fla =% BB AIAE
T 43 A v 2 1 8 N T 1 B0 ¥ B Bt DKD fEF,
WG B P B T 0] SR P AT r A R T, LRI T e 5
AMPK/SIRT1/NF - «B 5@ B 0 154 MO8 T 5
LA 3t TGF — B @Al B /NS b Bz 4B M AR T, s o W o
SOAMMAR ™ . PHIBER F A6 /M R AR T T R
Wi 8 #% Bax/Caspase — 3/GSDME (% 23 1% > sz 9 i),
LIU B H 45" 5 % B HR 24 K o 31 B K i B s 0 2 75
S R A AR TR A B AR AP 4R T, FEAL 2 4 ) METTL3

F 1 P2 )7 T-H DKD b4 g £ T A 4R FH AL

=0 PIEye & IR EZ DU
HAIRPE My e RIS J# NLRP3/ Caspase — 1/ GSDMD 3 i [69]
& F BT 28 B AT AR G 2 ik [70]
P25 5 4 R #5 IR B W AME [71]
RN iEstE -y A FMNE [ [72]
B i 2% R BH,#ME S il ROS — dsDNA - AIM2 {5530 % , Bt AIM A1 4l 1= [61,73]
= R IR #5 IR, T L A {2 #F PINK1/parkinson 45 AYZR0AA B 0, #0H] NLRP3 S5 /MARIE  [74]
EEHLWE T TRNGEE B, 5 T I P45 MAPK14/RELA/ Caspase — 8 {5538 % , 1l 2 4 1= [75]
B T R AR Sk 2 T PO DEH NLRP3 % PE{R TG TLR4/NF - B 5 5155 [76]
377 WA, B IS 383 ) NF — kB/NLRP3/ Caspase — 1 {55 Bl 5 K BN AT [77]
JInR TRk TRAN B, fb kT TXNIP/NLRP3 i #0036 R B 4 T [78]
F2 kT 7 DKD w4 g T 0 7 AL
izl T2 E M 1 F LI EZ PN

B ST BT LT NF - kB/p65/NLRP3/TXNIP 44k /MAAE 538 i BH 1L B /N b R Al 32 £ 1, 2% DKD [79]
piy:e BV WL HT SIRT6/HIF — 1o 3 524035 DKD H 2 A1l 51 [80]
HKF HKRTFERA TS AdipoR1/AMPK - ROS/Z K445 475 , 4] DKD sy TXNIP/NLRP3 {553 B0 ikl gt [81]
NS AZHEFF Rgl L5 mTOR/NF — «B/NLRP3 %l ) 22 /& 4H Mo i T [82]
v FERE P S PEAT P A AR T, LA T & 5 AMPK/SIRTL/NF - «B 38 A7 ¢ [52]
e+ M+ [83]
& FHZE T A i TGF — g NS /Mg b K g s [84]

FHB R F Ja45 Bax/Caspase —3/GSDME {55558 BE 06 B /NS 1 Bz Al i [85]
K# KI5 H R #1n) METTL3 R HE m6A (&1 51 NLRP3 SEhE/MA LS Fl PTEN/PI3K/ Akt f55/% 5 [86]
TF R i# i NRF2 4S9 H0 A Ak A2 30 40 H £ T, A i85 DKD [87]
EANRE  HAEEEZE &4 NLRP3 - Caspase — 1 — GSDMD i }% [88]
INZRE BT [89]
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WA E m6A B4 T NLRP3 4k /IMA % F1 PTEN/PI3K/
Akt {55558 % , 380 NLRP3 SAE/IMABEH D, BT R
PR AR, 7] T 30 AR A5 B A WTLLZO — 1 4511
Kiko THERNREHA K DKD 4R TG Rk
PEF, AL R R A b8 NRF2 {553 % , 300 i 40 g 45 1=
ZeMGEAR WS BEAh, S 2 8 At nT i 3 NLRP3/
Caspase — 1/GSDMD {5 53 i 3% DKD iy et i
W2,
4 INEE
DKD S Ml b ™ 9 R AE 2 — , 5 WP SE 48 , H H AT
IR RORA BR , FEBEE ™ 5 A T ROAE , 16 AU, A 15 54
BRI A GE IR . 40 AR T T R A R S S T
75, AR IS DKD UM, ASSCERIR T 4 g nl
5 O [0 4 P 453 4% Jom 5 DKD 00 6] 240 45 1 A — R
JE b AT 22 g DKD EPR S BRI o AR AR TR A ) 500 0T &
FIRESEIRYT DKD RBTHE AT . R 25 2R AR 2R IR T 4 A
FEAN T A0 M AR T2 DKD J7 11 2 BE 2 Y, 38 2 98 55 40 Jfd 7Y 1Y
55 18 B AN AL, BEA RO A0 A5 T | B Y RAE S Al
A, NI B IRE . X AEYT 5 AU 1 B2 2y
18R (A UL ARG IR T R 6 IR0/ T AR G874 245 7 REE R 14
ANREONE, g DKD R R4 78 224 AR R . i
i DKD 67 8807 0], AH AR FIBLEAT A TR IR ABESE, T
A7 DKD & BEEAT 3
JE S X 2 AR T AR G 23 T VR I BIL R HEA T 2347, L
FHRMLHI B SE 1 A 583 , HAFEF AR A SRR, H
25711 DKD % Jrf i 4 5 T WF 98 2 42 h 72 GSDMD 4 51y
A T MR AR AR 2 MR AR 2 W BT T st ep
2G7E HA GSDM IR 5% b B WF 5, S b 25 7E 2% DKD J i
FHEZAPHR R BLE . A0, BRAIRZ WA T
(55 24l 5 LA 1) 50 Ao 400 ) 40 D T e DD, (B AR DAY
WFFE U A Z0 M £ T 3 % & 2 AE DKD W55 B B, 25 4 2 %F
WIR—i Bt DKD /a5 E A I A, Ak DK
AMIfE TS DKD IR OE S &, ST B Toih
J7 DKD i d FEmS 9, LU GA 3 4E 2% DKD [0] ESRD i Ji& 42
BE A PR R H A, I i RIG T SR AL R B
et o
5% 3k
[1] RUIZ - ORTEGA M, RODRIGUES - DIEZ R R, LAVOZ C, et al.
Special issue “diabetic nephropathy: diagnosis, prevention and treat-
ment” [J]. J Clin Med,2020,9(3) :813.
[2] LIY,TENG D,SHI X,et al. Prevalence of diabetes recorded in ma-
inland China using 2018 diagnostic criteria from the American Diabe-
tes Association; national cross sectional study [ J]. BMJ, 2020,
369 997.
[3] REIDY K,KANG H M,HOSTETTER T, et al. Molecular mechanisms
of diabetic kidney disease [ J]. J Clin Investig, 2014, 124 (6) :
2333 -2340.
(4] BEE, FMAR,BE, 5. BRI R HLEE BB S BHER
IYOT SRS [J]. fibS P E2y,2022,17(1) : 1 -5.
[5] WALLACH D,KANG T B,DILLON C P,et al. Programmed necrosis

in inflammation; toward identification of the effector molecules[ J].

(6]

(7]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Science ,2016,352(6281) ; 2154.
VANDE WALLE L, LAMKANFI M. Pyroptosis [ J]. Curr Biol,
2016,26(13) : R568 — R572.
JORGENSEN I,MIAO E A. Pyroptotic cell death defends against in-
tracellular pathogens[ J]. Immunol Rev,2015,265(1) ; 130 —142.
BERGSBAKEN T, COOKSON B T. Macrophage activation redirects
yersinia — infected host cell death from apoptosis to caspase — 1 — de-
pendent pyroptosis[ J]. PLoS Pathog,2007,3(11) : 161.
MARIATHASAN S,WEISS D S,DIXIT V M, et al. Innate immunity
against Francisella tularensis is dependent on the ASC/caspase — 1
axis[J]. J Exp Med,2005,202(8) : 1043 —1049.
XU Y J,ZHENG L,HU Y W, et al. Pyroptosis and its relationship
to atherosclerosis[ J|. Clin Chim Acta,2018,476; 28 —37.
ELIAS E E,LYONS B,MURUVE D A. Gasdermins and pyroptosis
in the kidney[ J]. Nat Rev Nephrol ,2023,19(5) ; 337 —350.
SHI J, GAO W, SHAO F. Pyroptosis: gasdermin — mediated pro-
grammed necrotic cell death [ J]. Trends Biochem Sci, 2017, 42
(4):245-254.
BROZ P,PELEGRIN P,SHAO F. The gasdermins,a protein family
executing cell death and inflammation[ J]. Nat Rev Immunol,2020,
20. 143 -157.
KOVACS S B,MIAO E A. Gasdermins; effectors of pyroptosis[ J].
Trends Cell Biol ,2017,27(9) : 673 —684.
DING J J,WANG K,LIU W, et al. Erratum: pore — forming activity
and structural autoinhibition of the gasdermin family[ J].
2016,540(7631) : 150.
LIU X,ZHANG Z B,RUAN ] B, et al. Inflammasome — activated

Nature ,

gasdermin D causes pyroptosis by forming membrane pores[ J]. Na-
ture,2016,535(7610) : 153 - 158.

ZHU C L,XU S,JIANG R Y, et al. The gasdermin family: emerging
therapeutic targets in diseases[ J].
2024,9(1) ; 87.

DELMAGHANI S, DEL CASTILLO F J,MICHEL V, et al. Muta-

Signal Transduct Target Ther,

tions in the gene encoding pejvakin,a newly identified protein of the
afferent auditory pathway, cause DFNB59 auditory neuropathy[J].
Nat Genet,2006,38(7) : 770 —778.

LIANG X,QIN Y,WU D, et al. Pyroptosis: a double — edged sword
in lung cancer and other respiratory diseases[ J]. Cell Commun Sig-
nal,2024,22(1) . 40.

BOYDEN E D, DIETRICH W F. Nalplb controls mouse macro-
phage susceptibility to anthrax lethal toxin[ J]. Nat Genet,2006,
38. 240 -244.

CARTY M,KEARNEY J,SHANAHAN K A, et al. Cell survival and
cytokine release after inflammasome activation is regulated by the
toll - I — IR protein SARM [ J]. Immunity, 2019, 50 (6):
1412 - 1424.

ATIANAND M K, RATHINAM V A, FITZGERALD K A. Snap-
Shot ; inflammasomes[ J]. Cell ,2013,153(1) ; 272 -272.

LI RZ,ZAN Y,SUI K W et al. The latest breakthrough on NLRP6
inflammasome[ J]. Precis Clin Med,2022,5(3) :22.

BrUR BN SRR, 45 A0 AR T S SR ST U T AE M DR
P R BR2G T R kR [T ] SR Ui 5 22k s,
2022,28(3): 58 -67.

FELTHAM R, VINCE J E,LAWLOR K E. Caspase —8: not so si-

175



4% F1m L
2025 %1 A

b E W ¥ 7
CHINESE ARCHIVES OF TRADITIONAL CHINESE MEDICINE

Vol. 43 No. 1
Jan. 2025

[26]

[28]

[29]

[30]

[32]

[33]

[34]

[35]

[36]

[40]

[41]

[42]

lently deadly[ J]. Clin Transl Immunology,2017,6(1) ; 124.
SCHNEIDER K S,GRO? CJ,DREIER RF,et al. The inflammasome
drives GSDMD - independent secondary pyroptosis and 1L - 1 re-
lease in the absence of caspase — 1 protease activity[ J]. Cell Rep,
2017,21(13) : 3846 —3859.

WANG Y P,GAO W Q,SHI X Y, et al. Chemotherapy drugs induce
pyroptosis through caspase — 3 cleavage of a gasdermin[ J]. Nature,
2017,547(7661) : 99 —103.

WANG C,YANG T,XIAO J Q,et al. NLRP3 inflammasome activa-
tion triggers gasdermin D — independent inflammation[ J]. Sci Im-
munol ,2021,6(64) : 3859.

ZHANG Z B,ZHANG Y,XIA S Y,et al. Gasdermin E suppresses
tumour growth by activating anti — tumour immunity [ J]. Nature,
2020,579(7799) : 415 -420.

HU Y Q,WEN Q L,CAT Y F,et al. Alantolactone induces concur-
rent apoptosis and GSDME — dependent pyroptosis of anaplastic thy-
roid cancer through ROS mitochondria — dependent caspase pathway
[J]. Phytomedicine,2023,108; 154528.

REN F H, NARITA R, RASHIDI A S, et al. ER stress induces
caspase —2 — tBID — GSDME - dependent cell death in neurons lyti-
cally infected with herpes simplex virus type 2[ J]. EMBO J,2023,
42(19): 113118.

XIE S Y,SU E Y,SONG X Y,et al. GSDME in endothelial cells;
inducing vascular inflammation and atherosclerosis via mitochondrial
damage and STING pathway activation[ J]. Biomedicines,2023,11
(9):2579.

ATY L,WANG W J,LIU F J,et al. Mannose antagonizes GSDME -
mediated pyroptosis  through AMPK
GleNAc —6P[J]. Cell Res,2023,33(12) : 904 —922.

ZHOU B,ZHANG J Y,LIU X S,et al. Tom20 senses iron — activa-
ted ROS signaling to promote melanoma cell pyroptosis[J]. Cell
Res,2018,28(12): 1171 - 1185.

LIU D,LIU J H,LIU K J,et al. SIRT1 inhibition — induced mito-

activated by metabolite

chondrial damage promotes GSDME — dependent pyroptosis in hepa-
tocellular carcinoma cells[ J]. Mol Biotechnol ,2023,2023 .187523.
DI M P,MIAO J J,PAN Q Z,et al. OTUD4 — mediated GSDME
deubiquitination enhances radiosensitivity in nasopharyngeal carcino-
ma by inducing pyroptosis[ J]. J Exp Clin Cancer Res,2022,41
(1) 328.

REN Y D,FENG M X,HAO X D, et al. USP48 stabilizes gasdermin
E to promote pyroptosis in cancer[J]. Cancer Res,2023,83(7):
1074 - 1093.

DENG W Y,BAI Y,DENG F,et al. Streptococcal pyrogenic exotox-
in B cleaves GSDMA and triggers pyroptosis[ J]. Nature,2022,602
(7897) : 496 -502.

KONG Q,XIA SY,PAN X X, et al. Alternative splicing of GSDMB
modulates killer lymphocyte — triggered pyroptosis[ J]. Sci Immu-
nol,2023 ,8(82) :3196.

ZHANG ] Y,ZHOU B,SUN R Y, et al. The metabolite & — KG in-
duces GSDMC - dependent pyroptosis through death receptor 6 — ac-
tivated caspase —8[ J]. Cell Res,2021,31(9): 980 -997.

WEIR A, VINCE J E. No longer married to inflammasome signa-
ling; the diverse interacting pathways leading to pyroptotic cell death
[J]. Biochem J,2022,479(10) . 1083 - 1102.

ZHOU Z W,HE H B, WANG K, et al. Granzyme A from cytotoxic

176

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

lymphocytes cleaves GSDMB to trigger pyroptosis in target cells[ J].
Science ,2020,368 (6494 ) : 7548.

WANG C L,SHIVCHARAN S, TIAN T,et al. Structural basis for
GSDMB pore formation and its targeting by IpaH7.8[ J]. Nature,
2023,616(7957) : 590 -597.

HOU J W,ZHAO R C,XIA W Y, et al. PD — LI — mediated gasder-
min C expression switches apoptosis to pyroptosis in cancer cells and
facilitates tumour necrosis [ J ]. Nat Cell Biol, 2020,22 (10):
1264 - 1275.

HOU J W,WANG S L,MIAO R,et al. Detection of gasdermin C —
mediated cancer cell pyroptosis[ J]. Methods Mol Biol ,2023 ,2641 ;
135 - 146.

LAROCK D L,JOHNSON A F,WILDE S, et al. Group A Strepto-
coccus induces GSDMA — dependent pyroptosis in keratinocytes| J].
Nature,2022,605(7910) ; 527 - 531.

BILLMAN Z P,KOVACS S B, WEI B, et al. Caspase — 1 activates
gasdermin A in non — mammals[ J]. Elife,2024,12. 92362.
SHAHZAD K,BOCK F,DONG W et al. Nlrp3 — inflammasome ac-
tivation in non — myeloid — derived cells aggravates diabetic nephrop-
athy[ J]. Kidney Int,2015,87(1) ; 74 - 84.

CHENG Q,PAN J,ZHOU Z L, et al. Caspase —11/4 and gasdermin
D — mediated pyroptosis contributes to podocyte injury in mouse dia-
betic nephropathy [ J ]. Acta Pharmacol Sin, 2021, 42 (6):
954 -963.

ZHU W, LI Y Y, ZENG H G,et al. Carnosine alleviates podocyte
injury in diabetic nephropathy by taryeting caspase — 1 mediated py-
roptosis[ J]. Int Immunopharmacol ,2021,101 (Pt B) : 108236.
WANG M Z,WANG J,CAO D W,et al. Fucoidan alleviates renal
fibrosis in diabetic kidney disease via inhibition of NLRP3 inflamma-
some — mediated podocyte pyroptosis[ J]. Front Pharmacol,,2022,
13, 790937.

CHEN J,YANG YW ,LV Z Y ,et al. Study on the inhibitive effect of
Catalpol on diabetic nephropathy[ J]. Life Sci,2020,257 ; 118120.
LI F T,SONG L J,CHEN J,et al. Effect of genipin —1 -3 —d -
gentiobioside on diabetic nephropathy in mice by activating AMP —
activated protein kinase/silencing information regulator — related en-
zyme 1/nuclear factor — kB pathway[ J]. J Pharm Pharmacol ,2021,
73(9): 1201 - 1211.

P OREE, WK W BR 2 BUBE IR 6 OF DPN S0 IR
i BN K RERE AL RE P ARG [J]. BURIE 25 T 2024,
40(2): 181 - 184.

AROOR A R,DAS N A,CARPENTER A J,et al. Glycemic control
by the SGLT2 inhibitor empagliflozin decreases aortic stiffness, renal
resistivity index and kidney injury[ J]. Cardiovasc Diabetol,2018,
17(1) . 108.

YANG Y,XU P,LIU Y, et al. Vascular inflammation, atherosclero-
sis,and lipid metabolism and the occurrence of non — high albumi-
nuria diabetic kidney disease: a cross — sectional study[ J]. Diab
Vasc Dis Res,2021,18(1) : 1479164121992524.

WEIL'Y Y,LAN B D,ZHENG T, et al. GSDME — mediated pyropto-
sis promotes the progression and associated inflammation of athero-
sclerosis[ J]. Nat Commun,2023,14; 929.

ZHENG F,MA L,LI X, et al. Neutrophil extracellular traps induce
glomerular endothelial cell dysfunction and pyroptosis in diabetic

kidney disease[ J]. Diabetes,2022,71(12) ; 2739 -2750.



%43 % B4 f . f E 2m F T Vol. 43 No. 1
2025 4% 1A CHINESE ARCHIVES OF TRADITIONAL CHINESE MEDICINE Jan. 2025
[59] GU J, HUANG W,ZHANG W, et al. Sodium butyrate alleviates signaling pathway[ J]. J Diabetes Res,2022,2022; 2640209.

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[70]

[71]

[72]

[73]

[74]

high — glucose — induced renal glomerular endothelial cells damage
via inhibiting pyroptosis [ J ]. Int Immunopharmacol, 2019,
75: 105832.

ZHAN J F, HUANG H W, HUANG C, et al. Long non — coding
RNA NEATI regulates pyroptosis in diabetic nephropathy via media-
ting the miR — 34¢/NLRP3 axis [ J]. Kidney Blood Press Res,
2020,45(4) . 589 -602.

ZRIGEET, TP, X B, 4F. BET Nef2 - NLRP3 - GSDMD {553
BRI S VI A TR 45 7 24 I 0 o W S 0 B ER R R
AMMIERToM > T HLE [J]. Fae B2 22 1), 2022,40 (12)
100 - 104,292 ,294.

YAMANOUCHI M, FURUICHI K, HOSHINO J, et al. Nonprotein-
uric versus proteinuric phenotypes in diabetic kidney disease: a pro-
pensity score — matched analysis of a nationwide , biopsy — based co-
hort study[ J]. Diabetes Care,2019,42(5) : 891 —902.

SHEN S,JI C,WEI K. Cellular senescence and regulated cell death
of tubular epithelial cells in diabetic kidney disease[ J]. Front En-
docrinol ( Lausanne) ,2022,13: 924299.

HAN J R,ZUO Z K,SHI X J, et al. Hirudin ameliorates diabetic
nephropathy by inhibiting Gsdmd — mediated pyroptosis[ J]. Cell
Biol Toxicol ,2023,39(3) : 573 —589.

LI X,ZENG L,CAO C W,et al. Long noncoding RNA MALATI
regulates renal tubular epithelial pyroptosis by modulated miR —23¢
targeting of ELAVL1 in diabetic nephropathy[ J]. Exp Cell Res,
2017,350(2) : 327 -335.

LIU C,ZHUO H,YE M Y, et al. LncRNA MALATI promoted high
glucose — induced pyroptosis of renal tubular epithelial cell by spon-
ging miR - 30c targeting for NLRP3 [ J]. Kaohsiung J Med Sci,
2020,36(9) : 682 -691.

LI W,SUN J,ZHOU X X, et al. Mini —review; GSDME — mediated
pyroptosis in diabetic nephropathy [ J]. Front Pharmacol, 2021,
12 780790.

WEN S,WANG Z H,ZHANG C X, et al. Caspase —3 promotes dia-
betic kidney disease through gasdermin E — mediated progression to
secondary necrosis during apoptosis [ J ]. Diabetes Metab Syndr
Obes,2020,13; 313 -323.

BIPPE, RAAR , BRI , 5. 45 3R B3 1L J5 X 0 bR B
B NLRP3/Caspase — 1/GSDMD il 5 P38 B 52 mm) [J].
S 5 2R 4R ,2023,29(1) ¢ 75 - 81.

AL, AR BNATR , 45, FET NLRP3/CASP1/GSDMD i #% 44
T i 5 A 45 D 90 A AR PR P /0 B AL 00 L T B 4 AL
WILT]. dbRti B 25 Kk 22441 ,2023 ,46 (11) 1529 - 1540.
TR, WA B RA . 2S5 4 P R RO O B A
M R AL BT SE D], P2, 2022, 45 (7))
1740 - 1745.

FARAI, TR, T 3R, 45V I M0 10 405 7 X W o s
B U E AIM2 A SANRAR TR [T, P2y, 2024,46
(11):3603 -3612.

TER, T3, HEN, S #2500 % 5 4% NLRP3 -
Caspase — 1 ~ GSDMD il % 10 1 4 JR J 155 i <6 0 b Bl 'PF JU 20
BTHOBLHIL)]. PR 242G ,2022,37(7) « 4086 -4090.
LI HZ,WANG Y S,SU X H,et al. San — Huang — yi — Shen cap-
sule ameliorates diabetic kidney disease through inducing PINK1/
parkin — mediated mitophagy and inhibiting the activation of NLRP3

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

R, TR B, S M B T e A PR L A i R
T- % MAPKI14/RELA/ Caspase — 8 {5 Sl 150 [J]. hEsL
B 7k ,2024 ,30(13) 167 - 75.

HAN W B,MA Q,LIU Y L,et al. Huangkui capsule alleviates renal
tubular epithelial — mesenchymal transition in diabetic nephropathy
via inhibiting NLRP3 inflammasome activation and TLR4/NF - xB
signaling[ J]. Phytomedicine,2019,57 . 203 -214.

X5 R IRRE SE R OB DR PR R B JUE NF -
kB/NLRP3/Caspase — 1 UM fE T3 B p5Em [ J]. HEAY T
P4k ,2022,42(11) ; 109 - 116.

RE U, TRIRR, %, S5 VR T R RO M BROi E 9 K BRL TX-
NIP/NLRP3 5@ i# K e Al £ T sz ma [ ], w2 25 38 5l R,
2022,38(4):2-9.

YOSRI H,EL - KASHEF D H,EL - SHERBINY M, et al. Calyco-
sin modulates NLRP3 and TXNIP - mediated pyroptotic signaling
and attenuates diabetic nephropathy progression in diabetic rats; An
insight[ J]. Biomedecine Pharmacother,2022,155; 113758.
ZHANG M Y,LIU W Y,LIU Y X, et al. Astragaloside IV inhibited
podocyte pyroptosis in diabetic kidney disease by regulating SIRT6/
HIF - 1« axis[ J]. DNA Cell Biol,2023,42(10) : 594 - 607.
WANG X H,LI Q,SUI B Z, et al. Schisandrin A from Schisandra
chinensis attenuates ferroptosis and NLRP3 inflammasome — media-
ted pyroptosis in diabetic nephropathy through mitochondrial damage
by AdipoR1 ubiquitination[ J]. Oxid Med Cell Longev,2022,2022 .
5411462.

WANG T,GAO Y B,YUE R C,et al. Ginsenoside Rgl alleviates
podocyte injury induced by hyperlipidemia via targeting the mTOR/
NF - kB/NLRP3 axis[ J]. Evid Based Complement Alternat Med,
2020,2020; 2735714.

LI F T,CHEN Y, LI YJ,et al. Geniposide alleviates diabetic ne-
phropathy of mice through AMPK/SIRT1/NF - kB pathway [ J].
Eur J Pharmacol ,2020,886; 173449.

LI Y,DENG X,ZHUANG W L, et al. Tanshinone IIA down — regu-
lates — transforming growth factor beta 1 to relieve renal tubular epi-
thelial cell inflammation and pyroptosis caused by high glucose[ J].
Bioengineered ,2022,13(5) : 12224 —12236.
AR ENA TR, B, % PHEIER F R #E Bax/Caspase - 3/GS-
DME {55 il B BGE B /NS F R AR T ERIBLE (], e
IR 2k ,2024,30(9) : 56 —64.

LIU B H,TU Y,NI G X, et al. Total flavones of Abelmoschus mani-
hot ameliorates podocyte pyroptosis and injury in high glucose condi-
tions by targeting METTL3 — dependent m6A modification — media-
ted NLRP3 — inflammasome activation and PTEN/PI3K/akt signa-
ling[ J]. Front Pharmacol ,2021,12; 667644.

LI G R,LIU C,YANG L, et al. Syringaresinol protects against dia-
betic nephropathy by inhibiting pyroptosis via NRF2 — mediated an-
tioxidant pathway[ J]. Cell Biol Toxicol ,2023,39(3) ; 621 —639.
PRI AR RHE, WIDT , 5. R R A IR 0 K B 4 U
Mg mg [T]. 77 M B 25 R 2% 27 4, 2022, 39 (7))
1643 - 1650.

REAGA RFE, SO, 5. AL H 4L NLRP3/ caspase — 1/
GSDMD 41 g £ T 368 W b B R U S5 s [ ]
[ rp 254235 ,2023 ,48 (10) ; 2639 —2645.

177



