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Abstract

Objective: To explore the efficacy and safety of puffball spore powder in the treatment of diabetes
foot ulcers. Methods: According to the inclusion and exclusion criteria, 81 patients with diabetes
foot ulcers were included. The control group (41 cases) received basic treatment, and the research
group (40 cases) received basic treatment + puffball spore powder treatment. The basic data of the
two groups were collected, and the clinical efficacy, wound area, positive rate of bacterial culture,
inflammatory index, and wound exudate index of the two groups were compared, and the safety was
evaluated. Results: After treatment, compared with the control group, the total effective rate of the
study group was significantly improved; the area of the wound decreased significantly; the positive
rate of bacterial culture obviously decreased; the levels of inflammatory markers (CRP, ESR, IL-6,
and TNF-a) were markedly reduced; the levels of TIMP-1 and VEGF in wound exudate were signifi-
cantly up-regulated, while the level of MMP9 was significantly down-regulated. Conclusion: The ef-
ficacy and safety of puffball spore powder in the treatment of diabetes foot ulcers are significant,
and it is worthy of clinical application.
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1. 5|15

B R /2 5 77 (Diabetic Foot Ulcers, DFUS)& §E JRIp 11— Fi i WLFEACRE, AT 8U™ & (1) K R FIFET
2, BHEIAETRY) 1860 1 A[1] [2]. DFUs HIAmHLAIE 2 IR, 5 WL AW 7E IR R Ao A
R JAEERAE 8BS . 2 Sl e A i B R [3]. DFUs [ EUR M E R ELS N, K
RERAIE T RMAE LT, Bk, U R A T SR R itz . — B R, Nl E 2 A
SURNIGTT . WA T2, ENIATE FAR[4]. DFUs & B bR HEMRGEAIEFARE O] Bokl DU 115
FISREEANS Al U DAL AR BRI 534k, LR BLYT V0] Jk/> DFUs 4 I IR AT 2%,
BFGIEFARIGAF . SR ARE Y. AAUTE ARG DT, TSl . NRAERKRE T 5T
BEEITIEM A BT ik(5]. BT, PEARILTHESE. ARRNAIMZE]) 2 KE6]. il —HZEA
TR, SEERRITARLL, A EE R 2] DL S B R DFUS IR ARTT RL[7].

LEptErp E iz A, FRE L, RIBEESIREERTY, AN TZFERINHTLB]. K, K
I F)j(Calvatia gigantean (Batsch ex Pers.) Lloyd), %5t 5;%)(Calvatia lilacina (Mont.et Berk) Lloyd), )5
Fi(Lasiosphaera fenzlii Reich) 35 N 25 H 55y, TAMG S G045 H i [9]. % == 2 ARG 1ok,
TR ARG D A AR . AR T R SEIR IR ME R mr,  (H S M o Fl Bk B 3
BOEA B B FISE . — L TSR A B A P E[10]. FEBUARIGIR H, S8 LU K H M T %
P A Q0T , ThRR S, JREERANA 95%LL E[11]. Rk, A7 D FAG)T DFUs, Mg
G ARST 3, ST BITE A SORETR AR A NS AR AR KT IR 52

=
s
i
g
5
A
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2. ERE A
2.1. fRBIER 4

2.1.1. ROIERAER

YN 2023 4 6 F & 2024 4F 6 AERBEIEZIGITIN 84 9] DFUs &3 . BENLEL T RILN 84 f s 4
W FEAARIRT HRZE, BRAH 42 B, FEIRYT AR, WA MVR 2 1, IR 40 B, btk 19 4, 55
PR 21 s 4FS 20~78 &, ~FIAAE4(62.68 £13.63) % X IEZH MLV 1191, SERk 41 4], b2t 18 41, 55
PE 23 ) £EEY 20~79 %, “FHIEERY(62.12+£12.19)% . AIREGMKIE (/R EIEEF) (2000 £ERR) M [H il
PRI FOAE SR RO 8 AT

2.1.2. AR

INBRAE: 1) 75 CRERERIG L1216 (2017 SERR)FRUE12]; 75 & OBl PRI L 5t EEIEIE IR
IRSEEARR) SWibrdE[13]; 2R #vh R FERERNEE: SRR IR B . [, &8,
BRI HRKE T WAL, MK, KPR RESERW R £ 2 T, FERRLE, SRS
Wi 2) 4EHE >20 % 1 BURD 2 UM R HE . 3) Wagner 1-4 2% R dH 5, Bomdat 1A H BLERIG
4) H5EFHERFIEEE, AEAGEIREENERZT.

HEBRbRE: 1) JRERSE™E, FEME TR 2) W R A E S wE s, Wi iE AR
PRIEGe: 3) ACEAFE R O MUE R IR BRI 4) PR A= E i HE: 5) IR %

BIA SR B
IR AE: 1) B8 B R BAT BB IR AR5 2) FERT U] #E 52 1 b 25 5 i X 06 4 2R 1Y
HBGTT .

22. BT AR

NP DFUs BF RSN a7 7%, BIBoE JH0IR. P = Am 2 ias . XTIEZH7E It
Befill LIEONHRES, SRATMIEE, SNELUEE ML . P A el FIEANERE, K
MG FRobBuasT. SEiEmmn&. KSR LR, ZHAEY, Mk, SEHEY
MARESD, & T, WEAT, BERETFSSAmAR, S, SakKE, K8 D8
P R R 2y LIk, JTREN 28 K.

2.3. WEFNEMIEFR

231 BE—MRIER
WCEE PR AERS . PR BMIL R FE 95 S (7R LS AN vy L) K. Wagner 53 2% 25 504

2.3.2. IBFRITH

1897 28 RJG, AR CHERW L R ESIThRAE) [141%0E G AR ST BCHEFnitE: 16 8. BumibiA®
IGACRERIE 2% B8 SR/ 70%LL F, IGAREIR BI85 RRRIRIEE:, WA
B Rk BIECRBHESEN, HEY K, BEER = TR + B + HIEK.
2.3.3. fiEER

&2 2H B8 1R TT T S RIT I 14 R 28 RIMEMEE L, #id EK00L 2 InSight €11 3D A& & &
4 (52 /K 2% EKARE 72 ) ) 35 07 B 18I T FH
2.3.4. YHEIESRPAME SR

FLE P 2 BB B AR VR TT BT MR TT 14 Ky 28 RIS IANE RS IR BHME R . gHE B IR BH R = (40 55 77 BH 1

A
=
AL
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o+ B x 100%.

2.35. RIEEER

RAEPUALEZIRTT I R IRIT G 28 RIS IERR Ik 5 mL, SIS s O3 B Mg . R BB G i
A 52 300 5 19 2L 53 ORI SR AE K] - o (Tumor Necrosis Factor-a, TNF-a), Zliffi /% 6 (Interleukin-6, 1L-6).
C J 3 25 11 (C-Reactive Protein, CRP)i& i 4232 5 Lb iyl i o REWIH S 57 4N 2 if, A ARIiRE=%
(Erythrocyte Sedimentation Rate, ESR)¥ 4= H 2 LT 577 73 B A (GRIIER A 2 =1) idE A7 A il o

2.3.6. GIEZHREXIERR

THRITHIKIAYT 28 KRG %W 1 RS 5E Bz IS . WEEWT: BtmRIEE, AL
BT 25 SRR HE AR et i), T E T RRE N, HHIFbrid. RIS NS
R G, 955 TR 00 9200 5 7 4L A B TV R R 4 8 B 1 B AR5 1 (Tissue: Inhibitor of Matrix Metallopro-
teinases-1, TIMP-1). IfiL% A Jz 4 KKl -F(Vascular Endothelial Growth Factor, VEGF). %5 4@ HE H G 9
(Matrix Metalloproteinase-9, MMP-9)/KF.

2.3.7. BREMIEM
XA B TR T R R AT B ThA . MBS A Fe bn & 22 S VEFEArBEAT W AN PEAS o FEXHVA 7 A
PN B (s i, s O T L I, i At B S 7 ) AT VR A

24. GFESH

SR £ HE 1 L Microsoft Excel 2016 HL 7R A HE A7 . TFEBE R M R LR R, 1T R, R
YIS B Fisher REAAMERE. (RTINS + lEZE(x £ 9)FR, 17 t 856, FrafdEotriix
FH SPSS 21.0 #Fi#4T. gt ik P < 0.05.

3. %R
31 BEEXEBR

AW, DFUs B R R BENLECT 215047 40 4L, AR bR B J bR i 5, o R N 41
B, WFFRAIGIN 40 B, W7 1 fim, STPRALE IR . PRSI A R I, ER LG E L
(P >0.05), HAHTHMES

Table 1. Basic information of two groups of patients (n, %, X *5)
F 1 RABEELRERMN %, X *59)

3 XHHEZH(n = 41) WEFT4H(n = 40) t/? P14
FR () 62.12+12.19 62.68 + 13.63 -0.193 0.848
51 0.106 0.745

% 23 21

e 18 19
BMI 22.26+2.21 22.50 + 1.88 —0.508 0.613
TATE(F) 8.11+1.73 8.23+1.98 -0.912 0.365
e IR 52 0.648 0.421

el 32 34

G 9 6
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e 0L G B 0.448 0.503
el 28 30
& 13 10

Wagner 42 0.454 0.929
1% 5 4
24 22 23
3% 10 8
4% 4 5

3.2. AEBETHEER

WHIT 28 Kb, MBI AR 31.71% (13 ), AR 24.39% (10 ), A% 19.51 (8 ), TF
24.39 (10 f9l), A RCE A 75.61% (31 6); B FL4LIA R 50.00% (20 f7), EACE 27.50% (11 1), B
2 15.00 (6 #9), TERE 7.50 3 Hil), MA RN 92.50% (37 #); W RLALIATT MAE R EE & T IRAP
=0.038), U.# 2.

Table 2. Comparison of therapeutic effects between two groups of patients before and after treatment (n, %)

= 2. MEBRERITRTETHLEER D, %)

20531 (A =P8 B2 B T A (%)
NG| 41 13 (31.71) 10 (24.39) 8 (19.51) 10 (24.39) 31 (75.61)
it 40 20 (50.00) 11 (27.50) 6 (15.00) 3 (7.50) 37 (92.50)

22 4.287
P 0.038

33 MEBEEAERLE

TBITHT, ARG AR B2 A B3 (P =0.738). 16T 14 K. 28 KJ&, MZLEIIH A H4E /)
H5 R AL, B edin) 7 e el e /N, 25 R P ¥ <0.01), Wk 3.

Table 3. Comparison of wound area between two groups of patients (cm?, X +s)

3 FESEOEERLRCM, X +5)

45 (A BITHT WHBIT 14d )5 BT 28 d J&
Xt R4 41 18.99 + 4.80 14.12 + 4.05 6.94 + 4.84"
W7 4i 40 18.65 + 4.54 10.26 + 4.48" 3.27 + 458"

t 0.336 -8.172 3.506
P 0.738 <0.001 0.001

E: SARARITRTEE, *P <0.05.

3.4. MEBEMEEFIAERER
N3 4 fos, PIALBEAEIRIT AT SORYT 14 Ry 28 RINHIANRE B TR HVER 2 R AR (P > 0.05). ¥4
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J7 14 R 28 KJa, HNGH I, W2 B 40 b 55 77 B PR 2 590 77 1T LU 3% T F# (P < 0.05).

Table 4. Comparison of bacterial culture positivity rates between two groups of patients

4. MABEMEIEFPAMERILR

25 Y BITHT WBIT 14d )5 BT 28 d J&
Xt R 41 43.9% (18/41) 24.4% (10/41)" 9.8% (4/41)"
W74 40 45.0% (18/40) 22.5% (9/40)" 7.5% (3/40)"

22 0.010 0.040 0.131
P 0.921 0.841 0.718

E: SARARITRETEE, *P <0.05.

35. FAABERIEISRELE
W% 5 fion, JRITHT, AR IEFERR CRP. ESR. IL-6 Al TNF-o Z F A 8P >0.05); 5147 RI
FHLL, PRZHIRIT IS CRP. ESR. IL-6 F1 TNF-a 7K-F3) B B FFR(P <0.01), HLA 7 4H & 10 48 fiE 45 45 35 B
BARTF XF 4P < 0.001).
Table 5. Comparison of inflammation indexes between the two groups (X +5)
< 5. MEBEREEIREEE(X £5)
CRP (mg/L) ESR (mm/h) IL-6 (pg/L) TNF-o (pg/L)
YRITHT BIT R BITHT BT e RITHT BT e YRITHT BT e
X HEZH, 10.2+2.6 43+1.7 35.8+4.9 227+47 224+45 17.7+28 233+41 184+3.7
Iz | 9.8+25 21+14" 362+47 162+413 228+44 135+24" 227+36 13.6+26"
t 0.957 6.013 -0.332 6.373 —-0.580 7.080 1.112 6.452
P 0.342 <0.001 0.740 <0.001 0.563 <0.001 0.270 <0.001

E: SAR4RITRTEE, "P <0.05.

A

3.6. FLAGIESHRIEIRLBSGR

Wi 6 Fias, JRITRT, PI4LEIS B TIMP-1. VEGF Al MMP9 /K F-2 R4 2 (P > 0.05); 5
TBITHIAREL, PHZHIRYT S TIMP-1 #1 VEGF /K3, 1 MMP9 /K-F-BH B FF(K(P < 0.01); Lb4F,
W FLZH TIMP-1 F1 VEGF 7K1 2 5 T 0 R4, i 7240 MMP 7K1 B A T HE ZH (P < 0.001).

Table 6. Comparison of wound exudation indexes between the two groups (X +5)
2 6. MABECHZHIGIBIRELE(X +5)

- TIMP-1 (ug/L) VEGF (ng/L) MMP9 (ug/L)
) T TR T TR T TR

XTHEZH 14.24 + 1.64 22.71£3.01" 84.84+9.45  107.41+11.39" 52.40+3.86 37.99 + 4.41"
LGt 13.69 + 1.86 26.37 £ 9.05" 85.67+£9.05 118.15+11.00° 52.98 +3.86 32.28+3.12"
t 1.413 —5.413 —0.402 —4.315 —0.676 6.718
P 0.162 <0.001 0.689 <0.001 0.501 <0.001

E: SARRTETEE, P <0.05.
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3.7. REMEM

3.7.1. FRLHRTIEThEE R I (LIBFRELER

YRITET, PRALEE S ThEE(AST . ALT) AL AE (k48 #R(Scr. Hb 1 WBC) Z R AN .2 (P ¥ >0.05).
1697 28 KRG, LA KA ELE:, P41 AST. ALT. Scr. Hb il WBC ¥R H B & 1281k (P ¥ >
0.05), W% 7.

Table 7. Comparison of patient safety indexes between the two groups (X +5)
F7. MABEREIEIRLE(X t59)

45 i ] AST/U-L? ALT/U-L™? Scr/pmol-L ™ Hb/g-L! WBC (109)/L
o 20 YRIT R 27.58 +4.15 7.56 +1.20 72.24+7.49 12429+10.23  5.98+0.68
BIT S 28.14 +3.36 8.16 + 1.46 73.97 594  12545+947  551+0.75
el YRITET 28.21 + 454 8.20 + 1.50 75.37£6.94  126.14+9.58  4.99+0.88
BT R 29.15 + 4.04 8.59 + 1.52 76.25+592  127.96+9.08  5.39+0.78

1 AST—RITARRIEELE; ALT— NRIR R EFEFEN; Scr—— UK ; Hb——IM4L 8 H; WBC—— 1 4f.

3.7.2. AT RRMEEE
W 8 faw, XTREL LSRR e 2 B, WAL IR S S R 3 5, PR B N 2
FAEZE P >0.05), #AWHAYIN e R

Table 8. Comparison of side effects between the two groups

3% 8. MHEIRMLERILE

puELY B THT 1 3] HAh it
ot HE 2 41 0 1 1 0 2
gt 40 0 1 1 1 3

4. g

DFUSs J& ¥ % [F SR T I i) — AN H 28 200 e 2Pk, B0 7 IR, T KB 2R a1E, SnmE
AR B R A L KR, JFIEINEST A [15]. BLAh, ARMEZI SR M Z5 Y —RIT B, & S8E 5
JEE . WA/ B P T I SRR I 7] SV I [16]. 4Rk, PEEZG4E1a)T DFUs IRk E %, 24
Ve, SZEITIERVE[LT] [18]. EEAERNE, DEAHZ MY AL S YA B BRI, R
REHEA . FUB. DU BURERRA 0 @A S A [19]

ARG, P BFERIT A R B, 69T 28 KJG, WHRALATT BA R B T xR P =
0.038). UkAh, ¥ET7 14 Fo. 28 KI5, PIALGIT R B E4/N, AN 7R MR 0 SRR, B R
HRALARLL, BFALALIAYT 5 QIR A /N, Q@R E S, ZREZEP % <0.05). WU DM TH
Bes i E 4R R DFUs IRATT R WA T B, AT SR O EE. 5 aaiph s i, 53
TG T AP BRI A, SR QITDIRAS, b G TR Y i, 32 v 18 P X A B T 6 7
H[20]o X 5FRATHIBT FE 45 FAH— L

SERTHFFCR L, bl THlIdoE AKUNI2 (3 515 SRUTHE L R Wbt U LS R (1 %3 Sk nid DFUs
Pia s, BERETEEE, (S bR SR, 0B RRE21). ABFT, SIHTFRTAIEL, W
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HIEEIRIT G CRP. ESR. IL-6 Al TNF-a /K-F- 34 B B FFAK(P < 0.01), HFFt4H & T 48 REFE A3 B BAK T
XHIE4(P <0.001), CRP & —Fh &t SRR 1, 7ERHLok 4 i 484 i 1000 % . Bti%5 DFUs N,
CRP £ EFH#&35[22]. ESR 24 H THiBIITAL #1281k, 59F DFUs &AL, DFUs &35 CRP.
ESR /K-FW3E T+ 5, ESR &M IR 2 BHE IR 2 1 faR R F[23]. TNF-a & —FPg8RE 5] &7, mTbiZ
5 RN, 5 SRR T IRIE, (R 5%, R nT DUR SR A0 B R S A A v 1L-6, AT Y
HUAIBAfE[24]. 1L-6 & —FhRBERE RN T, 5 TNF-a AL "EENEIF KRR IE SWIR SR 1 %
PEPT, BBt i S i MR 5| R IMAEIR RS [25]. AWFRH, DEhfll PR fEE X% DFUs B3 1)
RN o

AW, SITRTAE, WALEREIRIT S TIMP-1 M1 VEGF /KFHE T, 1 MMP9 /K-F B &
FEAIR(P < 0.01); WFFE2H TIMP-1 Al VEGF 7KV 35 B iy T X R AH, i 220 MMPQ 7K~ B AR T X6 FE4H
(P<0.001). Li%E AWF5E R DFUs &5 4148 MMPY ()25 B#{%, 15 TIMPL Al VEGF HEiE A
P n, X 5EATHIW RS A —5[26]. VEGF A& —Ffoim R i I 5 AE i A fn 7 3liE v R 7, VEGF (7=
Az ks> 5 DFUs F96. 7 DFUs @& B2, MR ZEA U RN, BRI B, S 2L AR
SAE ISR, A-PRF + HA BRA[HITESE 3 RANEE 7 REZEHINT VEGF KPR, AT LU 3%
I A e DFUs (45 D @ & #E[27]. 7€ DFUs 1, W EBAZIETH MMP-9 24 EW, S5k
ECM FEPHIES N4 . (R)-ND-336 A& ILZE —Fism (19 nM)FLEFEIE(450 £5) 1 MMP-9 #idil71], St
A FORI R e B A I 0] MMP-9 25038 1 R Gu R R i /N BRI D 85, MMIP-9 9842 1 B 20 B i)
IR FEE N T M A, TR O A 28]

5. &hig

i FRTR, SEifFRAYT DFUs 2GR R, a] DL /D 6 T TH AR A PR AN B RS 72 FH R . REFR A
CRP. ESR. IL-6. TNF-a¢ X6+ TIMP-1. VEGF f1 MMP9 {17k F. b4k, BEifF ¥4 7 DFUs
FIARR N, 24t B, ([EAERIE .

E&InE
SR R S0 H (2022-3-147)

SE
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