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Abstract: The in vitro susceptibility test was used to evaluate the activity of eugenol against Malassezia, and the
interaction between eugenol and traditional antidandruff drugs was studied by the checkerboard microdilution
method. The minimum inhibitory concentration (MIC) of eugenol was 312.50 pg/mL and the minimum fungicidal
concentration was 625.00 pg/mL. Eugenol combined with ketoconazole showed a synergistic effect, and combined
with zinc pyrithione (ZPT), climbazole, and piroctone olamine (OCT) respectively showed additive effects.
Combined use can reduce the minimum effective concentration of each drug by 50%~75%. The toxicity of eugenol
to keratinocytes was evaluated by MTT (3-(4, 5-Dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromid) assay. The
results showed that the ICs, of eugenol was 320.93 mg/L, which is higher than that of traditional antidandruff
agents. This indicated that eugenol has higher safety at the cellular level. The mechanism of eugenol against
Malassezia was studied by Scanning Electron Microscopy (SEM) and Transmission Electron Microscopy (TEM).
It was found that eugenol achieves fungicidal ability by destroying cell wall and internal membrane structure of

Malassezia. These results provided a theoretical basis for the application of eugenol in antidandruff products.
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T &, LilgE AR RA R, g
99%; Ji M, iR hr T AR AR A A R A A
4l E98%; ZPT, LiffZz ik AE (bR R A F, 4l
96%; OCT, S IK LM, g Rl fr T AR
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MTTHIPBSYAMRRL 25 mg/mL, B T—20 CUkFE £ .
122 AR E RE (MIC) Fo i A& & IR E (MFC)

9] 5.

G R R TS AL, 7232 CHEFR72 hiE, A
FERRPRBRICE T B 7% 22 G AR B R, ORI,
o R R R R S R AH LS, 2 RO H O TR
9(2~4)x10° CFU/mL, ¥ 1% 2 Fl mDixon 3 77 5 i
FE1006% K T & W B FEmde . ZPT.OCT - Uk B
TR TR B SRR, 25 H

ZHINCCLSHE H AR HEM27-A3 77 &), K
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MICg 73 73 N AFIBERHT I FIMICAE e MIC o5y 2 AR
B B AFIMICAE » MIC gy A A 1B IR T B B
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WM. furfurte R G , ¥ 7 B0 1 A= R K
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FEM. furfurt® 2 HmDixon$s 72 W 2
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2.1 A

T R EEME . ZPTOCT . SUK B M. fiurfiur
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Table1  MIC and MFC of each drug against M. furfier |o/m1,

251 MIC MFC
THER 312.50 625.00
i e 6.25 12.50

ZPT 7.50 30.00

OCT 62.50 125.00

Sk 6.25 12.50

e T £ Z4MEPIMICIE , 5 — ol & K E D
[FEAE AT I, g5 R wnsR2 s . T &l 5l FR
WAEEE 25 FH 2415, FICAE 250.50, A B RIVE FH ; 5ZPT
CH I, FICE M0.75, RINAHIN/EH : 5OCTEH
I, FICE N1.00, RN A INAE F s 5 UK EE e
i, FICAE N0.75, I INAE F - & 259 i B H
MICEAH L T MICAE BEAR 1 50%~75% , 1X 156 W £E Bk
G G, BRAR & 25 B 52 vT DAIA 21 AH (7] B 0 B
E
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Table2 The FIC of eugenol combined with each drug against

M. furfur
WAz MICy/ (ng-mL™) FIC
TEm 78.13
T 13- i 0.50
Pl nee 1.56
) T&m 156.25
T&M-ZPT 0.75
ZPT 1.88
T 156.25
T#&M-OCT 1.00
OCT 31.25
TEm 78.13
T A -k L 0.75
SR L 3.13
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Fig.1 Effect of eugenol on proliferation of HaCaT cells

HaCa TR B 1E . 20 751 F 124 hjm A0 /1 52
Pk FE % R AN B2 s

120
100 |
80 |
60 t
40 |
20 t

AR 1/%

0 025 050 0.75 1.00 1.25 1.50
JRER S/ (ng-mL™)
(b) ZPT

120

100

YRS 71/%

20 40 60 80 100 120
AR E/(ug-mL™)
(d) Uk e e

o k-

2 FEERME. ZPT. OCT. SWWKEMITHaCaTHRIETARIFZN
Fig.2 Effect of ketoconazole, ZPT, OCT and climbazole on proliferation of HaCaT cells

FHSPSS Statistics 1T Probit )41, 11515 51 4% 24
Yt HaCaT4H M ) AN FEIC 5o, W3 PR 45 5
BIR, TEMIICsN320.93 ng/mL, 5 H AL 5 %
JE AR LG, TEA AT BB m ) 2 Ak

R 2 g s i A s v R 25 51, T A I (MIC:
312.5 pg/mL, ICs;: 320.93 ug/mL)5ZPT (MIC: 7.50 pg/mL,
ICsp: 0.662 ng/mL).OCT (MIC:62.50 pg/mL, I1Cs:
33.10 pg/mL)AH b, 224 T VRO o i M FH - B

®3 T ERMEEFEEETIZTHaCaTZAARIIC, &

Table3 ICs, values of eugenol and traditional antidandruff agents on

HaCaT cells
2 ICs/ (ug-mL™)
T 320.93
i J 34.37
ZPT 0.66
OCT 33.10
SR 2 g 97.97
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