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Study on antifungal effect of demethylzelamaldehyde in vitro

HAN Lei', ZHONG Hua®*, WANG Xinrong®>, WANG Yan'?**( 1. School of Pharmacy, Fujian University of Traditional Chinese
Medicine, Fuzhou 350122, China; 2. School of Pharmacy, Naval Medical University, Shanghai 200433, China; 3. Innovation Center
for Medical Basic Research on Fungal Infectious Diseases, Ministry of Education, Shanghai 200433, China)

[Abstract] Objective To study the antifungal effect of demethylzelamaldehyde in vitro. Methods The minimum
inhibitory concentrations (MIC) of demethylzeylasteral and fluconazole against 23 fungal strains were determined by micro liquid
dilution method. The synergistic index (FICI) of the two drugs was determined using a checkerboard micro liquid dilution method.
The synergistic effect of the combination of the two drugs was visually verified by paper diffusion experiments. Finally, the
cytotoxicity of demethylzelamaldehyde was determined by CCK-8 method. Results  Demethylzelamaldehyde showed a broad
spectrum of antifungal activity when used alone, with MICs ranging from 4 g/L to 32 g/L. When combined with fluconazole, the
effective concentration of fluconazole could be reduced from over 64 g/L to 0.25 g/L, with FICI values ranging from 0.129 to 0.254,
indicating the synergistic effect of the two drugs. The CCK-8 results showed that demethylzeylasteral exhibited cytotoxicity only at
concentrations four times higher than the MIC value. Conclusion  Demethylzelamaldehyde exhibited good antifungal effect and
synergistic effect with fluconazole, and its toxicity was low.

[Key words] Candida albicans; demethylzeylasteral; fluconazole; synergistic effects; drug resistance
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F/SBRBE LI SC5314 3K H 3£ Georgetown
K% HEERHE (C albicans) I K FE 103, 7879,
9161, 10066, 9296, 10060, 10061, 7654, 901,
904, 632, H & EKH (Candida auris) 0029, 753k
W (Candida krusei) 62588, 4996, 10153, #if &Ek
W ( Candida tropicalis) 8915, 409, JH i %
( Aspergillus fumigatus) 7544, it V- 1 & % W
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YPD }iFR M : WEBEEE 10.0 g, H H I 20.0 g
D- 2 B 20.0 g, iNEEZ7K 800 ml ¥, FELLUEB4E
KEFEE 1000 ml, £ 5 781K 1#(121°C, 15 min),
HARBH B ZR)G T 4°C A75H o

PBS %% i1 1% #i : NaCl 8.0 g, Na,HPO,-12H,0
3.57 g, KC1 0.2 g, KH,PO, 0.24 g, JH = 7&K 5 I
FEZEAE 1000 ml, =i R KB (121°C, 15 min) 5
FIRRAT

RPMI 1640 15 5% 3L . RPMI 1640( Gibco BRL)
10.0 g, NaHCO; 2.0 g, 3-" kP fi iR (MOPS)34.5 g,
NaOH 2.7 g, LUB4E/KE A % 1 000 ml, £8 0.22 pm
TUALUB R U8 K IR 5 T 4°C fRAFEH

2 SDA FiFR bk SR 10 g, D-HZH 40 g,
Bifig 20 g, ALK 800 ml & f#, 5% PH iy 7.0,
DI 4K EZSZE 1000 ml, 55 7K K (121 °C,
15min), FAHIZE 50 ~ 55 C, ¥ Y25 Mo A
AR SDA Kiai ., IR G351, 43-EA 9 mm
P IEFR L, AR HIEER S T 4 °C fRAEH

DMEM 52 4= 15 35 3k . 45 ml DMEM &= 4 1% 5%
FEPAIA 5 ml /NI, SEAMRAIEET 4 °C /A
14 B

A= W) 2 A (BSC-100411 A2, JhM 42 2823 54
RABRATD; AW 8BS (LW100T, It st 4
HFARA WA BRI FR46 (MI-150-1, Fik—1H
Bl 2z AR A R A Al ) 5 B #5 /¢ ( Thermo Multiskan
FC, FeBk G R FI AR ABR AT
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F—80°C IR ARAFA HH S VR A7 A 1R I B A
WZHC 10 pl I AINAZEA 1 ml YPD 555584 15 ml
PSR T, BT 30°C R H SR R T,
200 r/min JR % 5535 . 24 h J5 M YPD B & ¥ %
B 10 wl IMAZE 1 ml YPD 5350k, 4k4E 30°C
P35 5% 16 h, TEALSE R, I Y B TR B Ak 46 21
AR,

B FHe 804 K AR B R B R B T 1.5 ml
B, B0 (3 000 r/min, 1 min), W3 FIEHR,
FH 1 ml PBS 2% thZ eV B KR, 2505 (3 000 r/min,
1 min), W5 1, R PRG 3 K. BU10 pl B H
JER R RE 100 A% 5, (8 FH af 40 M 31 5iobe 4 4 ik
BRI TR B R P RV B, SRS ] RPMIT
1640 35 5% W TR T 1) 30 S5 300 s e B P TR R R
22 ERAAE RN E BARIP A R E (MIC)

HR 4 CLST H4 W ok f R 56 7 B 2 52 36 F ik
M27-A3 FIrERE AR IE S g0 7 o e, Bkt T
FEECE KRR G R, FH RPMI 1640 1557 4
B BETC B A 1x10° CFU/ml B9 TR 2 . 3L 96 FL4H
M FRM, T4 1 510A 100 pl RPMI 1640 55 7# %
YE R 2s 6T REG 26 2 31 200 pl TR, 3 ~ 12 371
T 100 pl TR, T4 2 FIEEFLAT AN 6.4 ul 2y
W, MK 2 A LR B 119, B 25 Ik
64 g/L, 12 SLIEWRAE AKX, 96 fFLiRk & T
30°C fH i BEFR 40 T B G R (SR 24 h, L9
48 h), ZJ5 HE R E 630 nm &b A 6. H7E
KX AL LA, ] 80% LA b LT A= 4 X B Y i
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HlLF R TE 515, e 2 6 LA TRtk
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WEAE 6 FL AN AT 5 M mb w4 1 5 24 B B A Ak
AWk N IR (642 /L) MR IR I #5 7 &
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YA 1 3H) Al ~ GLfL, EFLINA 6.4 ul
il R K64 g/L. 4551 N ZE B AR 1452
Fi B, fif555 1~ 9 5 AY FLC £k 439k 64—
0.25 g/L. 96 fL4H ML 3G AR5 11 519 A1l ~ F11
LR ARl 25 4 A TR, VA BT X R
H. 5 12808 HAT A& LA 4 A A 100 ul /9
RPMI 1640 35529, VE R 25 O B . % 96 FL4H
Jio 8% FE A B T 30°C THIRES FR A i B 5 9%, 48 h
Je o A SO0 7 B FL LRI AE 630 nm Ab 965 B
8 Agsoo PABIPEXTHERLL Y Agso 1HH 100%, FIFH 2
KITEBEFE S FICL, FICI B354k FICI=
MICyq, kA9 (B H ) /MIC, LA 4 (B ) +MICg,
FLC (3 ) /MICgy FLC(Z81])
24 HATHER

WO BEE R I LT, FH PBS 22 ti i W B
T ) S 6 i 75 9 BE (1x10° CFU/mil) Y T BRI, W%
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PIpR] 1 FH B 8% 3% 5 v R i AGE BV BE 1) DMZ)
FERE SRS AR IR RCE. 7 MO AU, 48R i
W, AR 2 =43 0, 2, 4. 8. 16, 32 pg
(2 B SRR DL ), B F 30°C fH K IR
TR ERER 48 h, WA E A KAG DU e SR,
2.5 CCK-8 k% 5 2h by fm oAk

BN BRI O ET 4 240 il (NTH/3T3) , Tl iH Ak
Jo B OEE ZH 5T T DMEM 58 4 85 35 i B
LA AT ESop 45U PR A 2% 5 & 5x10* 4~/mll.
96 FLAR K 3t SEEG X, X HRIX, TeAiffe X, 5K
KX %R X AR FLINA 100 wl 40 A3, TS M0 X
100 pul DMEM 56 4R R0, i B i fL N 4B 5y

M5, ML 37°C K5 4 h WG BE L 7% . 58
2 K, WUICTA EP 4%, H] DMEM 5% 42 85 35 B % 3¢
YT AT LUAR RE, BEJS U 96 FLAR, M 35 1E 57
o LN 100 pl EFORRREE 25417 DMEM 564
RegRdk, 37°C 4k220F 5 24 ho BUH 96 FLHR, T3+
Rege ik, 24Lm 110 pl & CCK-8 i DMEM 5¢ 4 1%
F: 3 (CCK-8 : DMEM 5415 35 H=1 : 10), 37°C
WEF 2 ho MRS ALE Aysgo AL FREE ST 5256
DX, Xt HR X A (IR 2 TCANARLIX 1 A (B, LA R X 40
MiE 10 1.0, A AL ANMG f1 . R 3 IRELN,
H GraphPad YEEIFF S8 1 15347 -

3 SLIRHER

3.1 DMZ ## %
I5E DMZ X AR A DL %) Jir 50 R P BT
PE, 3 23 Bk SLERZE R WoR, DMZ Xt T it B
HBAT— 2 IR (2 1) o XS BRE G 11k
%1 DMZ5FLC 2MMAT 23 %REE MIC &

- - MICg(g/L)
FLC DMZ
HAETRA FLCHfUK BRI TR

SC5314 0.25 8

7654 0.25 4

103 2 16

9161 0.25 4

10066 2 8

10060 0.25 4

10061 0.25 4

7879 1 8

9296 0.25 8

FLCHfif 24 i bk

901 64 8
904 64 8
632 64 8
kA 0029 64 32
Pty SR 8915 16 8
409 1 16
Pl 7544 64 32
VT SR 22019 2 4
90018 1 8
S IR A 4996 16 8
62588 16 8

10153 32 2
IES ) T5b 32 2
T5a 32 2
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IIfi AR ) A9 MIC TSR R 4 ~ 16 g/L, [E13EE R,
Hod g 3 BRI R B X FLC 58 H A8 5 A T 24 1
(901, 904, 632), DMZ X" EA 1/ MIC F2ETE 8 g/L,
T 5 BURRE BRI TE R . X FLC KT
i HBIR I 5 5 R R R, DMZ 3R 9L B0
B PT LR IE PE, MIC 23518 32 g/L, 2~ 8 g/Lo Xf
oAl A BRI AN P SR T | T I SRR A R
SR IBT RS M, MIC K 4 ~ 16 g/L, X 224K B an A iy
BEPA L A0 TR A A BB R 1, MIC 4 51 Ry
32 g/L F2 gL, Ph 45K, DMZ X5 WL
J L B R B B RS P, PR TERT .
3.2 DMZ 5 FLC Rt zh & A2k b 15 A

TEHL 3 Bk XF FLC i 245 19 [ A& R # 901, 904
632, R AR WA BRILE % DMZ 5
FLC K G 2B AEMFEIEM .. 4R ER, 78
5 2 g/L DMZ BRAflFHAE AL T, FLC X Fik 3 B
T 245 B R A 250 B A 64 /L AR 0.25 g/L(36 2),

A

FIEERIAISCS314

JE TR0 R Y 1/256, PR 25 B4 i FH AY FICT N
0.129 ~ 0.254, W] DMZ 5 FLC HA7 %58 i1 13 7]
U 25 /e

&2 DMZ 5 FLC BthEI SR 25 B SR ERIER

MICygo(g/L)

LS I GiEERA4
HHFLC HADMZ IKHFLC BHDMZ

901 64 8 0.25 2 0.129

904 64 16 0.25 2 0.254

632 64 8 0.25 2 0.254

L PSR AR H S 56 5 L BG UE T DMZ
5 FLC WML EREM . 555K, 7250 DMZ
BTG O, ARV BE B9 DMZ 77421 BH i A 40
R, L R R A A /NI AT S s R
PE; BLUH FLC B A SR B30 B e, (EABR 1 %
55, TR R PN ERATI A 2 i LR R 5 A K (] 2A)
FHE— AL P 301 T B S 6 6 A 98 2 16 ) 0 T 24 B A

DMZ 32 pg Control DMZ 256 pg

DMZ 64 ug  DMZ 128 pg

7R 1A

23 ISR T T 904

R IR DMZ 32 o/LAI 214 904

FLC 16 ug Control FLC 128 ug

HiFR I DMZ 8 o/ LA 2414 904

FLC8pg FLC256 ng

FLC32pg FLC 64 pg

JinkER R
E2 B$F DMZ 3B &EKE SC5314 FHE/ER LK DMZ 5 FLC BRI 257 904 RFIHNEER
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TR AR/ FLC B2 5 B0 0 e A7) Ak
WXFR, LRSI EW], DMZ 5 FLC Bk A1
FHEAA YR 25 B 1R
3.3 DMZ & m Lt

FIF CCK-8 ¥ %% DMZ % /)N BRI iR i &1 4
A #EPE . CCK-8 i &4 WST-8, 7TEHL
AR VR T B 20 e b ) 5 SO A Rk ELA R
IR B €0 F B =10, A i) R B ) 30 5 0%
20t ) B B IE B . PR, TR X — R R
DMZ XTI ZFLsh YA i #0453 s, 4 DMZ
WeRE A 32 /L B, ZINERUVRJIG BLAF 4k 40 B A3 R T
K% 2 54%, o — @ B, mAKF 32 g/L B
DMZ W PERAIR, A R0 8 35 1 40 i 7 4E
( 3), SEERgsFaE o BN 7 22901 (ANOVA),
SR )5 PEAT 5 Dunnett-¢ K556, AR 22 38 T 3 1K
(LI RYAS M. 8

150 ¢

100 |

MIAFTE (%)

4
(=]
T

PN NN N
SRS OFORC NS

AN AR
s S FFFHS &@QV@o@/

&3 DMZ sH/NRA T4 RARmpn S
'P<0.05, ""P<0.001, 5%} RE4H A%,

4 g

TV NI B G2, TEDT L B 7 TH A A
FERIEIE AT, N s 2 B IGH 7 sk L # R
YER/IN ARG T2 . ks B B Bt E i 254
WA HETEIBF T U E, DMZ & RSB Bz v
Ay B EEER M S B I = RE LAY, B AT A
R AR, JE—FR A A . ) B I KSR
PP, ARBF5E %55 T DMZ 30 L3 1E A JR]
FLC HLEHMEH

IFD BRI R 6 T ANHZ4 100 M,
= Ve SR B R YL (IC) 76 TFD o 7 = ZE (i, 24
A 80% I IFD J& IC 5l Hr, HEKE &

T2 IC AR AR RIS, H Ak, oA
IR N BT TS . DMZ BB R AR
T X UL AR TR U0 IR A L I SRR L T
U AR L S I SR AR A B PR T,
MIC 7£ 2 ~ 16 g/L, XF HAl IFD i U 195 Ji 7 4n
S 5 DA A AR A BT R TR I . B R R AR
KB 24— Fh R T, PR 22 T 24 42 17 37 31 56
T, MR “HBHEE, AF] 10 4R B e e
BRI N AEHE, R ORFER &, AR5
FIAS) HASER T A ik 90% AY 43 S AR U
M= ATt 2 . DMZ X B ER A — E P I
PE(MIC {54 32 g/L), IWF & BT H-SER B 1M 259 4
HET RS

FLC J&—F Ll st B 259, E7E IR IR
AEFHE 30 4E . T FLC AY BT EC T 8 o H.22
StE, KIALORER S —RPr B w258 . SR, mk
AR M S BT B R P A i 24
P, T REAS TIRYF R . L 25 ML 32 AU 3E:
P SRR | ES AR BRI AR AL R
SR T D) R 28 A8 R BUE M S A W A 3k R A
Z 2SN R B LR IR AEN, DMZ X 505 s i
24 1) A IR P A 2 R0 SRR R 1 T TR T 1, Xk e
DMZ WL EE AL T RES FLC AR, AW H
Tt 5 5. CAVGE, DMZ 8@ i #E 4
T A LR T AR AR M 5 A B P A B A K, IR
IC T I A0 B i R AR B LA T, 30K S DMZ 1)
PLE AL SR LR 5T 7 18]

24 W) B A A 2 1 T 24 B G — R OR
W& . DMZ 5 FLC HAARBGRM PRI R BOR, fig
P RI 258 B A K o PRZY X AT LK FLC (A
RCHk BE VAR B A, DMZ B 7 3t s . 4
it 75 e S 6 5 SR 32 W, DMIZ 76 Bt 2L A I vk B3
FEL ) (R 0 2 5 FLC 156 &l A ), B P AH X 3828
K. PHZHEEA 1 AT, DMZ 5ok BE (A 240 i 7%
WML T2 — ARy r 20 IR, FEAR
TR, N> TERITER . 554h, DMZ 5
FLC 15 A P RS [RIVE AL ] 05T B 25 PR 1
HH, B RER B T B T 25 PE . Bz, DMZ fE
H—FhiE | EA B R R, BAT R Y
5 FLC VR BT BB BE 1, A0 1 ik bt 2 1 i
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