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Study on the antifungal activity and mechanism of Huangqin decoction against Trichophyton mentagrophytes
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ABSTRACT OBJECTIVE To study the antifungal activity of Huangqin decoction (HQD) against Trichophyton mentagrophytes
and explore its mechanism. METHODS Minimal inhibitory concentration (MIC) , minimal fungicidal concentration (MFC) ,
myecelial length, spore germination rate, biomass and mycelium ultrastructure observation were performed to evaluate the antifungal
activity of HQD against 7. mentagrophytes. The effects of HQD on the cell wall of T. mentagrophytes were detected through sorbitol
protection experiment. By measuring the content of ergosterol and the activities of squalene epoxide (SE) and lanosterol
14a-demethylase (CYP51), the activity of HQD on the cell membrane of 7. mentagrophytes was investigated. The effects of HQD
on T. mentagrophytes mitochondria were investigated by determining the activities of malate dehydrogenase (MDH) , succinate
dehydrogenase (SDH) , and ATPases (including sodium potassium ATPase, calcium magnesium ATPase, and total ATPase).
RESULTS HQD exhibited significant antifungal activity against 7. mentagrophytes with MIC of 3.13 mg/mL and MFC of 25
mg/mL. After intervention with HQD, the mycelial length of 7. mentagrophytes was significantly shortened (P<<0.05) ; spore
germination rate, biomass, the content of ergosterol in the cell membrane, the activities of SE and CYP51 in the cell membrane
and MDH, SDH and ATPase in mitochondria were all
AELTNE T4 QAR 21415 H (No.20232BAB216124) ; decreased significantly (P<<0.05) ; cell structure had been
VPGS DA REZ R T H (No.202310011) 5 VLPG 4 h E 2 rh i damaged to a certain extent, but the integrity of the cell wall
AT A GRS No O FISZIFHEF(2022)7 8000 Lot nor been  affected.  CONCLUSIONS HOD  shows
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significant antifungal activity against 7. mentagrophytes, the

mechanism of which may be associated with reducing the

4 OBEEE B0, BRSTOr i BERE 2% . HLIE . 0791- content of ergosterol in the cell membrane and the activities of
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kSR AR Y, B2 BRI ST R U], HQD A B
PUR I R R SRR T AR AT
J B, HQD bl AR 73 15 1) 5 UL e Ji e T ELAT S04
Hotg /NI € & (minimal inhibitory concentration, MIC)
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B R A B ARA R TTEA A 5 22 R (L1 >98%,
it HR20525B 1) 1 [ 538 J= S AE MR A BRA Al 5 4
TFE I ZEIY (terbinafine, TBF) . BKFEME (miconazole,
MCZ) . Wi 1% % B (amphotericin B, AMB) , K JH 255
(caspofungin, CAS) ( 4l F 4 K T 98%, fit 5 43 5 K
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032516) ¥11 [ i e A= Wy RHEE A B2 B 5 S SR e i
Z i (malate dehydrogenase, MDH ) | 3% ¥ 2 Il & i (suc-
cinate dehydrogenase , SDH) FI4H4} ATP [iff \ £5%5 ATP Jiff |
& ATP il 12 5] & (4t 5 43 51 o A021-2-1, A022-1-1,
A070-6-1) 340 F R 5 B A TR

1.3 E#k
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TR M T R T G v B YT A N RS I B s R 2 HF
T B S RAT
2 FEEHER
2.1 HQDH#HI&

i FESCHR 8107 15l 5 HQD : Jitis & | AT 5 H A
FIR AL I 3:2:2: 2 (W LU BIRR S 5E, N 10 f%5 4 (mL/g,
FIRD K, B 1 h, RG24 7 0 8 f it /K Ak L R
Lh, 25 B IF 2 IREG I, R AR B2 T 5 1 g 2B 2)
MR, 2V R TS IR
2.2 HQD WHEEMETM
2.2.1  MIC FlfRe/INAS TR B R 0

Z I LI RN 50 AR S I (LR LT R
T BB L TR 25 B0 56 19 225 77 ) (M38-3rd ) i il 20 i
BRI AUk I (1~5) X 10" efu/mL (9 B B, &1
96 LR, B FLIAT I A 100 wL RPMI 1640 53535 R 5
45 1 FL i A 200 mg/mL HQD 100 pL, B W 1R
AYJE W EL 100 WL 255 2 4L, iR U AT 2 F5 0 B 258
10 fL , 1 4% L 1 HQD #Y £ ¥ JiE 43 il 100,50, 25,
12.50.6.25.3.13,1.56.,0.78.0.39.,0.20 mg/mL, [m%f 1~
10 12 FL A AHE il g 14 P B 100 L, DA 11 L B
PEXTRE S5 12 L P RE . AMB(0.031 25~16 pg/mL)
TBF(0.003 9~2 pg/mL) MCZ(0.39~200 pg/mL) .CAS
(0.39~200 pg/mL) Ky PHMEXTHEZG54 . b3k 96 LA &
TFLEAIEFRAR T, L) 28 °CHEFR 4 d, WIR WA & FLEC A Y
ARAF B, -5 B X BR L LR, DA A IR WLER 31 G
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ELIAE K AR 259 B e B2 MICAH . 45 R R,
HQD. AMB, TBF, MCZ. CAS ) MIC {& 43 5| & 3.13
mg/mL.1 pg/mL.0.062 5 pg/mL.6.25 pg/mL.50 pg/mL,
IRZY IS RS, W HQD 4545 25 2L N 25420 200
uL 2 V0 [C A 25 B B B8 1% 57 2k (Sabouraud dextrose agar,
SDA) R Fi M 3555 7 d, DA K B 75 19 e (I 24 4 o vk
JE N fic /N A% B B2 (minimal fungicidal concentration,
MFC) . #5878, HQD i) MFC{H & 25 mg/mL,
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R 9 mm WY E, B RS B R FR L, BT 28 °CHy 5+
PSR 6 d, R EE R R R 2 K, WK
FE (mm) =22 K EMHFIE—9, SLWER 3R, K
JH SPSS 21.0 A% B i it AT G it o i B LA x £ s %
N, 22 4R AR FH B IR 2207 2250 M, K 37K ME e =0.05
(FRD o B 1A%, 5 B M B2 AH LE , TBF 20 Fl
HQD % 571 £ 21 2508 6 i AT 17 22 K B8 34 Wb 385 4 0 (P<<
0.05), H. TBF 21 F1 HQD fa 7] i 41 206 7 Y 1 o 22 1< FE
1 E 5T HQD I 40 (P<<0.05)

*1 HHENMBEBERLKE BFHEZE £YEN
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it AN
P Xt R4 1525100

TBF4I 12294038
HOD {4 13.67+044
HQD &4 12.63+0.78° 26004600 13332328
HQD F &4 11.33£0.80* 18.6747.00% 10435191

a: 5 Bk IR 40 &G, P<<0.05; b: 5 HQDAR 7 & 41 L %5, P<
0.05;c: SHQDH w4 4%, P<<0.05,
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e
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2.2.4  HQD X} 250 I8 18] A= ) 1k 5
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cfu/mL 9 Z5008F B 8 T TRE R, FH 3 1 RS s T A 7
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LA N 2R ; TBF 2 A1 HQD H 71 2H 40 A% 9k
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2.3 HQD M EHFH
2.3.1  HQD X it " Jaf [ 241 L (1) 52 1)

[F] “2.2.17 30 J7 125 00 7€ 76 A /JC 0.8 mol/L 1L A4 it
i, HQD Ay MIC {E (DL CAS M FHPEXT REZY ) o 25 R,
TETC AL 2640 F , CAS 1Y MIC Ky 50 pg/mL, i 70
A 0.8 mol/L IIFLEERY Z5F T, CAS 1) MIC M 50 pg/mL
$7E % 200 pe/mL, F ] CAS B AUmE L8 L 5 20
JIBEA 5. T HQD Joit & A LI AL BEAAAE , H MIC{H
524 3.13 mg/mL, £ W HQD 1 HE X 458 6 8 12 41 ity 1
TefEH .
2.3.2  HQD X 20t "B i F 24H Hf HEE 174 52 el

[ “2.2.6" Tl N 7 ik % o dl A 2 IR IR T 4
Ao FREUE TR 2214829 0.2 g, LA 5 mL H ff i 1 19 25%
AEL BT 2 TR IR (25 g KOH A1 30 mL JG B 2618 /K
100% R B 22 100 mL) , IR HEIR A 5 min, SRJ5 5% X
FR[LL— 1205 300 e 20 =6 1 4 s v 22 1 [T e ) 5
o J3Ah, [F2.257 WU kSR A4 (U3 ik MCZ
ZHAE MR CYPS1 TEPE A P XT IR (2525 AR IR R 22
A, SR 5 Fe AR N R 7 YRR | RGN 25006 6 8% A 4
fEr SE FICYP51 BYTEPE, L diid 3k, k2w,
5B X B 2 AR L, TBF 41 FI HQD 4% 751 1 41 25 48 =
R 240 L R 27 o T T ) 2 2 B AIR (P<<0.05) , B
HQD A A HH 52 550 5t i 1 ; TBF 4081 HQD Hb | s 711
e ZF 0006 B i TR 41 B P SE TE 1 LA K MCZ 41 FTHQD
r R 2H 250 e TR A A P CY PO TG MRS I R
i (P<<0.05) , H.MCZ 411 HQD 1= 7] f2: £H 271 = e 15 400
R CYP51 {E M i % T HQD I 41 (P<<0.01)
*2 HAMBEBREPEZAERESEFSE.CYPS1E

R MER (x+s,n=3)

ik H R R (pglg) SE ik CYPSIifitt
[iEaspce 419.04+1698 629.29+55.77 3195444121
TBF 41 29616+ 14.51" 441515024 -
MCZ4t - - 204.38£23.64*
HQD 4L 36618+ 11.82° 520374191 242240334

%
HQD A4 305.67+22.70° 42675 92.06° 2413842707
HQD sl &4l 193,56+ 24.80* 3754745683 21641 +37.38*

a: 5 B PEXT 2 LA, P<<0.05;b: S HQDE = 24 th ¢, P<
0.01;c: SHQDH A He#, P<<0.01; — : JoAH N Zidi -

2.3.3  HQD X 45 T M 1 £ ki {4 b MDH . SDH & ATP
TG ) S )

[ “2.2.57 U N Jr ik RE 9% ol VAR 2 AR TR 44
LN ES TR L NN B2 o N Wil g L R D R e
I 28 K7 14 MDH , SDH J2 ATP i (40140 ATP fif§ 4555
ATP [ F1LEL ATP i) 36 M . SCIRE G 3, ha&3 1]
L, 55 B BB 2H A, TBF 2H A HQD Ho | i 77 41 43
i 6 8 T £ 7 4K MDH , SDH ., #4#1! ATP [iff . 5555 ATP
L ATP BTG PE ) i 35 B AIR (P<<0.05) 5 FLAH EE HQDAIX
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541, HQD Hr . 1 & 21 14 5B 43 48 b i P AR

(P<0.05),

x3 HAMNEBEBEEZKN KT MDH, SDH & ATP fE
EHERENER(xts,n=3)

i MDH SDH WATPRE  BHATPE  BATPE
TR IR 4561123 1746£2.17 3084017 5331042 11674123
TBF4 2500044 1033E064° 168028 324%037° 799+ 194
HQDMEAIEA 3591072 I388£128 2224072 4464019 6391110
HQDHAIEA 257157 1061+211% 1631072 298£090° 860+ 1.6%
HODAAIES L6057  038£204%  LI3£0.19° 2242097  639£1.10°

a: 5 BAHE X HE4H LA L P<<0.05; b: 15 HQD % 3 ik 41 L , P<
0.05;¢: SHQDH ik 4 135, P<<0.05,
3 1tig

U 1 ] PRSI A5 AR, EAY
R ZRH DL R R, (R AR 2 A B, HLE
YEFAIR, A it AR e v 24 v T4 2% AREE IR 245 1 R
SRPUE A 29 A 2 L ARFSE & B, HQD X 2
B PR 1) MIC FITMFC {4351 4 3.13 .25 mg/mL, H. AT &
& P A 000 R R A P 22 E K T R R e
Az, W HQD W] fig & — P ELAT I PR FH AT 5% i 41 EL IR
2459,

4 L RE AT LR 40 MBS S 2 SMREE iy 7RI
ABBERGEN LR WG, 2590 R4 M RE i
SR BB A A, LR, I, LAY
B LR AP 50 A] T HQD W L T 20 if B 2 15 A 5%
Ma 5 SE R, 762 A7 L AL R 37 2 rf  HQD 1 MIC fi
B3R, mAHFSE R A 0.8 mol/L 1 BLEE)S , HQD iy
MIC {8 TG Ak , 2 B HQD X 25 B i B 4 40 it B TG A
FHo AR —FhSh AR5, i A T BRI s
JIE S5 XL~ 2 A 5 22 ] e 4 R 1Y) 3 22 55 P
O3 AT S 55 3 200 i 5 %) 30 37 RD O Bl 1, 3 T 4
TR RS # B SE 4L R, SE J&— Bl il 2K RIS %
TR, HA AL AR 0 PR A AL R 2, 3- S Ak f s, AT
S8 A AR A BGR R  ZRIBE SUN s CYP5 L 17 BH T
AR S AN A 140c- P A §55 152 0 220 77 440 i s
HRR BRI 5 563 3 A A PR AR 1 DD e R
LA ATP A ) R ZE A e , AR T AT
H FE 2 i, o & (245 MDH 1 SDH) J& ATP 4
AR HE AR, ST, B BT E A LS
FEH BN R A 25 A PR X IR (1) TBF BEREAIRA:
Wy 22 R, 8 BB S 4 ) SE T 1 ke 3 ) &
T 24 L B 2 e 1 BT 5 M b A G 1 T
I, 76 2 ff [ 25 50 22 SE A1 MDH ,SDH LA )z ATP [}
T PRSI S50 v 28 3 5 8 TBF A S FHAE X BE 254 . (2)
MCZ1E R CYP51 il ] , AT L5 4H i 2 22 P50 Yy Il
LRI T LG B IE B B 14e- R AL 2
BRU, PR, 7E CYPSL I P e 5256 b, 28 3 ik MCZ
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1R BHE T HR 2597, (3) CAS RIS M 4 ff B S8 A

I, ASHIE ST A Dy 75 4 40 i BE 56 & 1 A BH 1A X R 24

Yy ABIFTE A L, HQD X ZUfié 6 Jf 147 240 M BE T A L 1EL

J2 HORT B 3E 5 R I A2 11 B 75 & F1 SE L CY P51 435 1k

53 M) 250 JF 6 JF T 4 P, 38 W] 2o [ IR MDH . SDH L £

B ATP i F5HE ATP LI ATP 014 T35 14 52 0 2500 6 e

PR, FETT AR

25 Lk, HQD HAY 35 (B Z00fif 6 i T 6 1, G

A FRIL -5 3 ALK 200 i A8 22 s [ 1 25 £ A SEL CY P51

LA B R R AR RS AT G

S 3Lk
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