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i E: BM ARG RERM (Origanumvulgare volatile oil, OVO) Hi4MHBAIE &2k (vulvovaginal candidiasis, VVC)
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224k, Western blotting 6l 1IE 4121 Dectin-1 5 S BB AR B AR RIS O R ERSMIE LT, OVO X A B &
HIIEE EAN (2442) mm, IEHIEAE (minimum inhibitory concentration, MIC) 4 1.95 mg/mL; OVO B &4
THABSHRENAEMIRIE R Gk RFE (P<0.05. 0.01). fE30Y5286F, SHEAAE, OVO /N BHE M+
VAR IR PR L F-o (tumor necrosis factor-o, TNF-a) FIZHEA-ZK-1B Cinterleukin-18, IL-18). IL-17. IL-22 & &EEE
kb (P<<0.05. 0.01. 0.001), BRIEHA LR AL RAANGIRARE K FC0 G B R sl BTE 2R SRR AR <k C 7
#t4E % -1 (dendritic cell-associated C-type lectin 1, Dectin-1). JRESZER¥AEE (spleen tyrosine kinase, Syk). fifffiH§-Cy2
(phospholipase-Cy2, PLCy-2). Bt R4 B4 5 1 9 (caspase-associated recruitment domain-containing protein 9, CARD9).
WEFR L% Rl -F-xB p65 (phosphorylated nuclear factor-kB p65, p-NF-kB p65) & HFIAKFIHERFL (P<0.05. 0.01). 4ig
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Activity and mechanism of Origanum vulgare volatile oil against Candida albicans
in vitro and in vivo

HUANG Xiaoying, GAO Beibei, XIAO Jiahuan, DONG Wei, DING Xiaoying, YANG Ming, LIANG Xinli
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Abstract: Objective To study the effect and mechanism of Origanum vulgare volatile oil (OVO) against vulvovaginal candidiasis
(VVC). Methods In vitro experiments were conducted to evaluate the antibacterial effect of OVO against Candida albicans. AVVC
mice model was established, after given with OVO, the contents of inflammatory factors in vaginal lavage fluid were measured.
Hematoxylin-eosin (HE) staining, PAS staining and scanning electron microscopy were used to observe the pathological changes in
vaginal tissues. Western blotting was performed to detect the expressions of Dectin-1 signaling pathway related proteins. Results In
the in vitro antibacterial experiment, the inhibitory zone diameter of OVO against C. albicans was (24 + 2) mm, and minimum inhibitory
concentration (MIC) was 1.95 mg/mL. OVO significantly inhibited the biofilm formation, hydrophobicity and adhesion of C. albicans
(P <0.05,0.01). In the animal experiment, compared with model group, the colony count and levels of tumor necrosis factor-a (TNF-
a), interleukin-1p (IL-1pB), IL-17, IL-22 in vaginal lavage fluid of mice in OVO group were significantly reduced (P < 0.05, 0.01,
0.001), the epithelial keratinization, inflammatory cell infiltration and fungal load in vaginal tissue were significantly reduced, dendritic
cell-associated C-type lectin 1 (Dectin-1), spleen tyrosine kinase (Syk), phospholipase-Cy2 (PLCy-2), caspase-associated recruitment
domain-containing protein 9 (CARDY) and phosphorylated nuclear factor-kB p65 (p-NF-«kB p65) protein expressions were significantly

decreased (P < 0.05, 0.01). Conclusion OVO may improve VVC by inhibiting the inflammatory response in vaginal tissue of mice,
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and it has the potential to be a promising candidate for the treatment of VVC.

Key words: Candida albicans; Origanum vulgare volatile oil; vulvovaginal candidiasis; anti-inflammatory; 3-methyl-4-

isopropylphenol
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FREMELL, T 96 FLAR PN 100 pL B =23 (1 X 107
CFU/mL) 1 100 pL A7) i S FE (250 1254 62.5.
31.2.15.6.7.81.3.90. 1.95.0.97. 0.48. 0.24 mg/mL)
(254, 37 CIEIREFF 12 h WMk A KA5 .
2.4 OVO STEYIBER RIS

Z MR S VS VR AT AR IS B 5E - 7E 96

( minimum inhibitory

£y

() A
et e
% >

BREEcY el

Hefh A TR

E 1 OVO KRB EFAIM S P AAF R RERE

Fig. 1 Schematic diagram of extraction of OVO and administration methods in in vivo and in vitro experiments
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A IEEPE R R
2.5 OVO XTFAMIIE R B 22 T2 AR RO 20

7E 24 FLBRFPIIN 100 pL M ER (1X107
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25, 37 CWE 3 h, XTTAEH 2 h, RHEEFFX
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M5E 490 nm AL A, FFIFEBEER.
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TE
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¥ 4mL FEW (1X107CFU/mL) #MT 6 1L
W, WEBMA. OVO (MIC. 3MIC. 6MIC) 4.
1% DMSO 4. FEEME (MIC) 4, JIAAHR 254,
37 CH#AE 24h, ARG LG, 4HM0E] )
BRI, IONRE TR £ R B, SR 4&
ST O-200 0 7y S A R THT K 3, TR B B
1.2mL, 5 03 mL IEFFeiimigiR 2], # & 15 min,
F 600 nm AbIE KA A {H, VISR A R B
K.
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CFU/mL), HESEY2d.
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Fig. 2 Total ion chromatogram of OVO
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#1 OVO I GC-MS HHfisER
Table1 GC-MS analysis results of OVO
F5 fr/min HaEw) S U %
1 10.95 1,3- % 2 1.37
2 11.20 O-cymene 9.51
3 12.26 y-HA T 7.04
4 17.46 2-methoxy-4-methyl-1-(1-methylethyl)-benzene 8.79
5 19.10 3- FH k-4 5 A B Y 21.00
6 19.12 [EE:X 1.51
7 21.23 T 1.13
8 24.63 B-£L% il 2.88
9 28.34 1,3,5,7-tetraethyl-1-ethylbutoxysiloxycylotetrasiloxane 1.33
10 31.75 cyclononasiloxane 4.75
11 38.67 By < 1.49
12 40.14 octadecamethyl-cyclononasiloxane 1.67
13 40.37 2,6,10,14-tetramethyl-hexadecane 3.02
14 42.01 tetracosane 4.02
15 42.49 1,1,1,5,7,7,7-heptamethyl-3,3-bis(trimethylsiloxy)tetrasiloxane 2.02
16 43.58 pentacosane 4.35
17 4437 1,2-benzenedicarboxylic acid, bis(1-methylethyl) ester 1.03
18 44.75 eicosamethyl-cyclodecasiloxane 2.74
19 45.19 hexacosane 3.81
20 47.12 heptacosane 2.82
21 47.49 octadecamethyl-cyclononasiloxane 2.34
22 49.52 heneicosane 1.70

32 OVOHEBESHKEIEEERNFmE MIC
93 ZE

W 3 Fron, AEERIK FERE LT 4 1B EAE
(18£2) mm, OVO K EA N (24+2) mm,
525 A LU B B I B 8OR (P<0.01D).
OVO X A& ERE MIC N 1.95 mg/mL, 5 EEMEST
H S 2R B 1 MIC A 31.2 mg/mL.
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AP S BR B I EOR AL LA Rt 25 1
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FHEVIFIR R o 18IS AN [F] I [] B 6 2R B 14
I 34T I e SR e AR TR R, a0 4-A TR
ARV T 1.5 h PG, 12 h WA
JEAK R BT, 24 h AEYIBSET R WK 4-B
fiR, SERALE, OVO 4 B4V %
M, Hrh 6MIC OVO BUR BT (P<<0.01); U
4-C iR, SR LA, OVO HH A1
TR 2 2 240 (P<<0.01), LA _ESZEGSE 5% 0]
OVO XAV )T 1A 3 B A R

30 1

wok
25 1

20 ~

EE OVO  REIKHEMILE

a-SHH; b-HIRUKFEMEFLEH; -OVO 4 S HdAE: ~P<0.01.
a-blank group; b-miconazole nitrate cream group; c-OVO group; “*P < 0.01 vs blank group.
3 OVOMEBIUEMNHEERHITM (X£s,n=3)
Fig. 3 Effect of OVO on diameter of antibacterial zone of C. albicans (X +s,n=23)
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0 1.5 3.0 6.0 12.024.048.072.0 A MIC 3MIC 6MIC DMSO JiHEM: A MIC 3MIC 6MIC DMSO JiHEM:
t/h OvVO OovVOo
SRR *P<0.05 “P<0.01, FEFM.
"P<0.05 *"P<0.01 vs model group, same as below figures.

E4 OVOXMEBSHKEEMREA A). FHEYE B). REBREYE (C) MEM (Xts,n=23)
Fig. 4 Effect of OVO on formation of biofilms (A), early biofilms (B), mature biofilms (C) of C. albicans (Xt s,n=3)

3.4 OVO XHEHIRRRAMTME R ER7K RS20

1 BR BRI PR WL B0 1, Hss R A
O S 2 T 0 70 e T 2 A 4 e SR e U 1 el o o R 35
AR 264 W 5-A s, SR, OVO
R LB B PRI (P<<0.01); @il 5-B Bt
N, SRR RIS, OVO ZH A4 8 36 T 57 /K 1 32 it
THE (P<<0.05. 0.01).
35 OVO XMEZLFKHFE I

YR G Th RS T RERT, [ BBk o A REIE

A
0.5

0.4+

0.3

Ausoo

0.24 **

0.1- ok ok

iR MIC 3MIC 6MIC DMSO %5 M
ovo

BHNNEA NEERE LA, TEREYIE
FRANHURF=E RS, 4P 6 TR, ML g 2
R WL EE5ERE; iE OVO 2GR 3N,
REMMAD, B2 K2R .
3.6 OVO Xt VVC =BV SNA K BRIEE L iR
EH AR
VVC AN BRI 2 25 25 = EULE 7-A. G
K 7-B fion, 525 FALERRE, BREAL /N R ANEA BB
KRR E 2 5EAHEE, OVO &H&E
40

sk
3k

A MIC 3MIC 6MIC DMSO 4 EEM:
ovVO

El5 OVOXE&IEREFHMME (A HkME B) BEE (X+s,n=3)
Fig.5 Effect of OVO on adhesion (A) and hydrophobicity (B) of C. albicans (X £ s,n=23)

3MIC OVO

6MIC OVO

1% DMSO

E6 OVOHEESIREELFMAINENm (X200)
Fig. 6 Effect of OVO on filamentation of C. albicans (x 200)
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7 VVCREUNREERAHREE (A) K& OVO X VVC HEE/NRINAEN (B). FREELRTEEE (0. MAK
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Fig. 7 Schematic diagram of VVC mice model establishment and drug administration (A) and effect of OVO on changes in

external genitalia (B), fungal colony counts in vaginal lavage fluid (C), external genitalia and uterine edema (D)

M TR AR S . WK 7-C s, 5%
FAH b, AT S TE RE e R T A B s 5
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F KR F2 N
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WEVEWH TNF-a. IL-1p. IL-17 A1 IL-22 7K-FBA &
T (P<<0.001); HEERALLE, OVO #%7lEAH
IL-1B 7K P B & B#{% (P<<0.05. 0.01. 0.001), OVO
Fif R4 TNF-o. IL-17 F1 1L-22 7KF35) B B B
(P<<0.05. 0.01), HEFEAMM,
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=AU

Wit HE 4t PAS ?ﬂ@&a&a?ﬁ?%ﬁ%%%T
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DRI LRY

Wi SHEMAMEL, OVO ZH B 8 4 238k 45 4
BRI, SE T LR AR, PAS et

iR (B 9-B) o, BIAYZH P H 2 B
B [X Jek 22 H %5 53R B B S R R %2, OVO Ab
TP 55 €0 BE P i S [X 3 BH N il /L, G R R R 2 R
Rilf. AR R (B 9-C) 5 PAS Yt
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700 ek 1 500 Hkk
I I . gl I
£ [P g .
2w Trizr & I2
: 'I‘ I i S 500 s=e - e
Lé 400 i- =

300 T T T T T T 0 T T T T T T

FE B MIC 3MIC 6MIC  feHaH: FE B MIC 3MIC 6MIC fRas:
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250 o 800 ok
~ 200 -+ R EN . 4 H
T |
2 . v FE e oy g 60 —:E_}%_I;%
510771 2 400 + :
< 100 S :
i 200
= 50 =

0 T T T T T T 0 T T T T T T
2 R MIC 3MIC 6MIC s 2 BA MIC 3MIC 6MIC  FaH:
[0)%0) (0)%0)

HaBHmE: "P<0.001; SHEAALLE: *P<0.05 *P<0.01 *P<0.001, FEF.
**P <0.001 vs blank group; *P <0.05 *P<0.01 *#P<0.001 vs model group, same as below figures.

E8 OVO Xt VVC 2/ NRBAIEE RS TNF-an IL-1B TL-17 F IL-22 KFRIENT (X £s,n=6)
Fig. 8 Effect of OVO on levels of TNF-a, IL-1p, IL-17 and IL-22 in vaginal lavage fluid of VCC model mice (X £ s, n =6)

A
X100
X200
B
X200
C X200
X1 000

T H vl MIC OVO 3MIC OVO 6MIC OVO TR

A-HE #e2; B-PAS #etf; C-HHHfiHBLE AL,
A-HE staining; B-PAS staining; C-result of scanning electron microscopy.
E9 OVO 3} VVC #EEUNRFIEALHEF M
Fig. 9 Effect of OVO on pathological changes of vaginal tissue in VVC model mice
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