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Anti-mycoplasmal and anti-inflammatory effect of Origanum vulgare

extract against Mycoplasma hyopneumoniae
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Abstract : In the present study, ten herbal extracts, Citrus unshiu Markovich, root and stem of Berberis
koreana, Morus alba, Dendrobium moniliforme, Aster gramineus, A. scabar, Alisma canaliculatum, Fallopia
Japonica and Origanum (O.) vulgare were determined to examine anti-mycoplasmal activity. Among them,
O. vulgare extract (OVE) showed strong anti-mycoplasmal activity and was analyzed by gas-
chromatography/mass spectrometry (GC/MS). As the results, OVE was consisted of carvacrol (68.78%),
o-cymene (9.80%), terpinene (7.61%) and thymol (4.03%) as main ingredients. To investigate inflammatory
activity by intact pathogenic Mycoplasma hyopneumoniae (M. hyo) at 30 ug/ml, we examined induced
transcription of proinflammatory cytokines such as cyclooxygenase-2, tumor necrosis factor-a, interleukin
(IL)-1, IL-6 and inducible nitric oxide synthase in RAW 264.7 cells. With the above results, we further
investigated whether OVE could reduce inflammation induced by M. syo at minimal inhibitory concentration.
The result showed that 32 pg/ml of OVE inhibited nitric oxide production by 60%. This study also evaluated
the combination of OVE with antibacterials against M. iyo for application. Based on these results, it could
be concluded that M. hyo induces inflammation in RAW 264.7 cells and OVE protects this inflammation,
indicating that OVE may be useful for industrial animals.
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M hyod] T8 AFAREE F7IHEAA I, AE =

I A 31EH HA RFESE Aol Hule [5].
P T2 AE5AQ vE7H, AAAA, AlREE A
3l 59 547 I =2 W &S Holu HARE-2 A
9] gl HolH [20], 292 d59) A5 9] receptor-
ligand interactionol] 2Jsf] A1ZtEH, o]= MU Zre]
FEE TTHA A5 AR gEs dod|= wyky
=2 7Kt [15, 16, 23].
L3 mycoplasma #H| @] 74 T2 Ao} vlolg]
2¢e] Bt o2 Aol B S oslEt). B
o] FQ RIAZE Pasturella multocida, Actinobacillus
pleumoniae, Streptococcus suis, Salmonella Chlerasuis —L
B3 Ascaris suum S5°] AT} vpo]ITZTpRu} 7FHS0
AS A3t M hyo WALS oA A] AL
Aoy oA E TE|EE A9 60%7} nlo]ZEet=u}
HALAS 7RI e Aol [7].

29 235 FFA M hyo WAL 2 wlo|Z &z}
HES destar dislrde A7 = Ao A
ZHEm, HZ A2 oA 2 A5age] tigk Aot
AP ATk 2 A2 in virod| Al M hyo7} fluoro-
quinolone, tetracycline, spiramycin Z12] 3. tiamulins-2] &
A g0l e Bl AT AETF Tt [6].

ey 2 AL o8l uigt ek e
T &8 9 F4HES A A 5ol 3ERATE
Ql FAIZ dIFEHIL AT [2]. & AF= ols EAE
Ast7] flal FutolZEek=nie} ddF aHE 2
Ue AA AE FEE5S F5A Sk

A 2 ApolME 1AH R o 7EA] AE F
EEA FutolZETG=ute] 237} Sl= phytobiotics
oM 23 S AX 7P B EEE 5
55 A9 glon, nolaEgzne ddF A%
= S5kl RAW 2647 Al EFo X AFA Ao B
o fAzF ¢ vl WS ARG Fof A AE
FEE €5 9A 75 IRlen g1 HEF

WA T 7]E0] mpo]stazEtzut A
¢l tiamulin(TIA)#H] B8 FA] o2& thae] =
AFSFRATE.

g u

R
Held M hyee| HiY
M. hyo(ATCC strain 25934y modified Friis Wi ] [24]
£ o] &3] 37°CAlA 58rpm O Z 3Y 7w Y&t
13,000 gol| 4] 30% &<t FAEEI8t] Friss ¥R S
A ABA T Palie] o nlo]ZZ e =uE FAT &
2}7}-9- D phosphate buffer saline(PBS) 50 mLE ©]-&

sjo] 254171 F 15,000 gl 158 B2 AR,
T I 2 WA SHHA G vhol s
Sehzul T E -2 27 gauge HHE S ©]8-31%] PBSE
Astg YA Sk vho| mEek=r} FA wH AL
bicinchoninic acid(BCA) assay(Pierce Biotechnology, USA)
£ o] &3l A3t HF dAlF == BCA assay=
Arjste] @A SRS S5kl 300 pg/mL(l x 10"~
110" CCOR 2Aake] AHgalsint. vhol el =o}
R R A EE EEED
RAW 264.7 Al EF(KCLB; Korean Cell Line Bank,
Korea)2 Dulbecco's modified Eagle's medium(DMEM)o]|
10% fetal bovine serum(FBS)2} 100 pg/mLe] streptomycin
100 unit/mL2] penicilling A7}8t] 5% CO, 2719
37°Cel A skl

AERE 9 E0lo|ZE2p=0r 2y

TVEAR 7S AAE E8 753t Citrus unshiu
Markovich(Z13]), Berberis koreana("| AFJ5+)2] ¥iz] H
%71, Morusalba(’$¥31), Dendrobium moniliforme(*3=),
Aster  gramineus(X]F3E), A scabar(FUE), Alisma
canaliculatum(®{AY) 18] 3L Fallopia japonica(S73H)E
47381 millerZ 48t LFEEA (40 mesh)E 53}
S EE] 18] FFTE H7He v 95°CllA 2417
F =351tk 3 Origanum vulgare 5% (0OVE)
ether HFE BFE Kobx 55 Fof Aol A
gagit). FaAe AFS 99 W Uxs BARE
surfactin C, norfloxacin, streptomycin ZZ2] 3. TIAS Al
ol ALgBIIT). BvjolRE ek 2v} B4 245 9
st AZXZTHS =435ke] 96 well plateol] 2+ AR F
ZE-2 1,024 ug/mLoA] A ZFsle] 20| B0 2 54
AlZ1 Fell 10° cCu] wholEFet=ukE o]v] 7} well
o] 100 LA AAFEE 2 FAI7F 23E welld] £
Foted 3¢, 79 2 149 Fol] o] ¥iskE B nf
olzEet=nte] A 75 A

of

¢
r_l

flo ot

OVESQ| gas-chromatography/mass spectrometry
(GC/MS) &4

OVE®] A& 418 #138te] GCMS analysiss AA
3ttt #417]171% Hewlett-Packard(HP) 6890 Plus GC
gas chromatograph with(MSD)-HP 5973 MSD mass
selective detector ¢t} A|§& HPLC F9 W=
1:1,000vV)2-2 3]43ke] | ulg& HP-5 Aol FY3t
9Tt GC oven o] 2%+ 50°Coll A 4 min, 28] 3L 4°C/
min®] £E2 280°C7HA] & o™ w9} 28 Fehe
o] 222 FA 3T 0] /-2 He gas® 2= 99.99%
2 07mL/min] £52 EPoh HFEA L Area
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normalization method% A2Fs}A T}

M hyodll 2lst HE LU gt

RAW 264.7 AI3EZ 10% FBS7}F 71l phenol red free
DMEM ¥R & o]8-3}4 2 x 10°cells/mLE 6 well plate
o] A3F3taL, 2417+ v S & intact M. hyoS 30 pg/mL
FEZ At 1817 i gsiith FET o EE
lipopolysaccharide(LPS)E 1 pg/mLe] F== *]2|3} ).
HjF & A olla AFA Aol E7IS] mRNAE 5733}
7] 9134 a solid phase sandwich Enzyme Linked-Immuno
Sorbent Assay(ELISA; Camerillo, USA)IIA kit2 =743}
o] 450 nmollA] ELISAR F3%2 A slo] Alo]E7le]
A S Akt o]9F tE-o] mRNA cytokine %
A F&E I vlaalr] sk M ohyo A Tl AE
£ RO 7 Trizol reagent(Bioneer, Korea)S AM&-3}<] total
RNAE #2]3}e] 0.02% Diethylpyrocar bonate(DEPC)ol]
A 200l BEEF ST BE A FE 260 nm/
280 nm ratio”} 1.80 ]’ S sktt. 2] gt total RNA
£ oligo(dT) 16 primer$} DEPC-DDW= 20| 70°CellA
10827 ¥H-3-A171 & WA F ) RT ¥H-3-2 AccuPower
RT-Premix(Bioneer, Korea)2- ©]-&-3}o] 42°Coil4 90%&-7*
HEEAIZ]AL 95°Col Al B ANHES FAAIFATE RT
products®} 52 primer(cyclooxygenoase(COX)-2, TL-1B,
IL-6, inducible nitric oxide synthase(iNOS), tumor necrosis
factor(TNF)-a, B-actins AccuPower PCR premixE ©]-&
3} MyCyclerTM thermal cycler(Bio-Rad, Singapore)©l]
4] PCR WH&AIZITE. WHg-271-2 denaturation 95°C/60,
annealing 55°C/45%(iINOS 60°C/45%), extension 72°C/45
% 991, COX-2, IL-1B, IL-6, iNOS ZZ]2. TNF-o &
% 35 cycles, B-actini= 30 cyclese AA5F9 ). 2% PCR
AHES ethidium bromideZ G413+ 1% TAE agarose gel
Joll A A 7]99 121 % EAG-LE-EYETM(Stratagene, USA)
S 0|83} band9] IAE RIS} densityES 73}
%At} Eagle-eye spot dentisometryS AFE-3}0] denstiy=
sk &, 7} cytokine?] intensitys= B-actin®] intensityl]
gt HAEZ e Aot

Nitric oxide(NO) A /d-& Griess reactione ©]-&3}]
nitrite F =2 NO A34HS =431t} Griess reagent A,

= 717} 50 uL [1% sulfanilamide S+ 0.1% N-(1-naphthyl
ethylenediamine 2HCI in 5% H;PO,JE H718Fo] WES-A]
Zr}h U2 S F Sodium nitrateE standard2 A3}
t}. WkS % ELISA reader(VersaMax microplate reader;
Molecular Devices, USA)y= 540 nmollA] =4S sl of
Z7-9} H|2E 33Tk

TS Alo| Bl T Ag ZA87] 913 RT-PCRH
9} U A7 T2 AEZE A5 dSdS Al

2

73IaL PBSE 23] M A3 Fof scrapper® AEZE 48
SIaL lysis bufferE EolA AXE &3AAT. 8
AL povine serum albumin® ©]-&-3fe] A gk
HAE

5}
=

O
=

RAW 264.7 MZF0M Origanum vugare &<
(OVE)e] Y& dmzxt

OVE?| 32 ug/mLE M. hyos A2|&t7] 308 Aol A
223 F M hyo 100 pg/mLE 23} 24A17) Bl
AR FHZLE LPS | pgmLE A st A3
Z7O 2 LPS §lo] RAW 264.7 cellS- ¥l %Fa}ed cytokine
U S 710 e R SAslisith

Fractional inhibitory concentration(FIC)2| &H

57| MHE2 P multicida type A, P multicida type D,
K. Prneumoniae 2001, K. Pneumoniae 1560, K. Pneumoniae
2208 12]3L S. aureus(ATCC 6538) w55 5mL TSB
HjR] ol 37°Col|A] s B FS A ST v
H Ztzte] a5E daE A dsE 846 agar
dilution method® w75 72 AlAkgE £ 108 329
o7 FFE 10 CFUR %% 3} minimal inhibitory
concentrationMIC)Z & 913 Al FdF2 AE-319 T
M. hyo= 73710014 71 Wi o= wjdaiiitt. 71E
o] npo]zZet=ute] ARE-3h= FAAIR] TIAZ OVE
g Zt7+e] MICE 71522 2u) 3|4y S o] &3t
checkerboard methodZ FICE =73} TIAZ} OVES]
33 AE-S FIC indexE F-3t] 71890 [8].

SHE &Y

EA87 B2 SAS systemS ©]-831.0™, M hyo
¢} OVE®Q] NO assay 3= one-way analysis of variance
(ANOVA)H & AH&-3F3 Tt

2 1

Hald M hyeel HiYd

HAg 7S AT EiAE AEAA uke-g
doZ & e M hyoo] £F Ago] Fasit). 18
U M hyo= Alitdhs g2 Jg o9 JE 71E
S AAsolE B oEgol Jorz A uE
WA Mg 71082 M hyol] TE S ol&ato] A
3ol ARSI Fig. 12 vlo|ZZepzn} 3o e
A o] Wsle} vhuly okel JAAAE Y 2 4
3} mlol= Zg=nt % 100 pg/mLolA 300 pg/mLe
10°Cccuel #Z=A, 10 pg/mL FEAIAE 10°CCU
of alg= At
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Fig. 1. Determination of mycoplasma concentration by
bicinchoninic acid (BCA) protein assay.

Table 1. Minimal inhibitory concentration of phytobiotics
against Mycoplasma hyopneumoniae (M. Hyo)

Culture time of M. Hyo

Phytobiotics (ng/mL)

3 day 7 day 14 day
Citrus unshiu Markovich 1,024 1,024 1,024
Berbris koreana (Root) 128 516 1,024
Berbris koreana (Stem) 516 1,024 1,024
Morus alba 516 516 1,024
Dendrobium moniliforme 128 516 1,024
Acorus gramineus 128 516 1,024
Aster scabar 128 516 1,024
Alisma canaliculatum 128 516 1,024
Fallopia japonica 64 128 128
Origanum vulgare extract (OVE) 2 16 32
Surfactin C 32 65 256
Streptomycin 1 32 32
Tiamulin 025 025 025
Norfloxacin 0.125 0.125 0.125

AlExE 9 &golo|zEEI=0r &Y

7VEANE JA7TE AR B8 7V Citrus unshiu
Markovich(F13])%] 97 A|E& T3 2 o] Ze}
Zn} &4l tiete] A7kl whet AT o A3E
Table 1] YERATE & #1291 TIAS} norfloxacine

HAQF -

o]%‘__/": t =

Table 2. Chemical composition from OVE

Compounds Retention Time Area (%)
o-pinene 8.443 0.21
o-pinene 8.662 1.54
Camphene 9.204 0.48
Mycrene 10.89 1.67
Terpinolene 11.831 1.37
O-cymene 12.14 9.8
Terpan 12.396 0.13
y-terpinene 13.472 7.61
L-Linalool 15.069 1.96
Linalool 17.952 0.14
Thymol 22.04 4.03
Carvacrol 22.439 68.78
[B-caryophyllene 26.242 2.05
[B-caryophyllene 28.982 0.14
Trans-bicyclo[5.2.0]non-8-ene 31.218 0.1
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Fig. 2. Effect of Mycoplasma hyopneumoniae (M. hyo) on
NO production in RAW 264.7 cells. 0: no treatment, 3: M.
hyo (3 pg/mL) treatment, 10: M. hyo (10 ng/mL) treatment,
30: M. hyo (30 pg/mL) treatment, 100: M. Ayo (100 pg/mL)
treatment, 1: lipopo-lysaccharide(l pg/mL) treatment. “p <
0.05, compared with no treated RAW 264.7 cells.

phytobiotics®] BFFEw} HlwA] #A3 Fujo]=
gzl 32 RojFEn) S H 559 OVEE TUE
G5 FEEFHE U2 ether FE2E oW HHE
394 HolFE guolzZatzute] g3t 149 FRF 7
Tt E4S HAFATh 1494 M. hyooll th&k
OVE®] MICZES 32 pg/mLE 394 dnjo]FZa}p=n}
gur) 16 Aast AFE Yelgith

(i

OVEQ| GC/MS &4

ool Zet=nt B3 FAF S 2= 0
o] gk AR A4S 9Jste] GO/MS analysisS A8k
o] 7 A3S Table 20 VERARITE GO/MS #4 Azt

=



Mycoplasma hyopneumoniae® Yt Origanum vulgare F2=2]

F2 AEO 2= carvacrol(68.78%)°1™M =L 2] o-cymene
(9.80%), v-terpinene(7.61%) 2|3 thymol(4.03%)Z T+
=] AAJTE ©] F F carvacrol thymolo] 72.81%%
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RAW 264.7 cellol M M. hyooll wh& NO B %S =
At A3E Fig. 200 YA M hyo= 3 pg/mLel
A 30 pgml7kA 9] FImollA &2l 02 No2| A
Aol Z71E s9em 30 ug/mLolE LPSY 1 pg/
mLo} 7He F0 2 N0 BAFS BT uehy &
ATl M= M hyo 30 pg/mLe] FEE ARSSIGITH 2
T AR M hyoS 30 pgmLe] FEZ RAW 264.7 cells
oA xA12] F-o] mRNAS] T& 7} veo] AE43] 4
7 e o] A A Z3E Fig 39 e
AT IL-1B= M. hyo HF Foll 18AA1FH w2
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RAW 2647 MZF0IM OVEQl XSzt

oro] AgolA Fujo]ZZet=n}l §35 B9l OVE
7t GAZaFel B0 Y=AE ZABFATE 30 pg/mL
o] M. hyo= 22.75 pM2] NO A4S B o) 32 ug/mlL
o] OVE AAg A7 9.16 pMe] NO A4S &3t o]
= M hyo ©5 A3} ¥]wsle] NO A34de] 60% <
AE Aot} Tdl =0 7 AT]s OVES F-xg2
I 22 FEOE NO Ao dojubA] EUThHFig. 4).
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Fig. 4. Effect of OVE (32 ug/ml) on NO production
induced by intact M. hyo in RAW 264.7 cells. Con: no
treatment, LPS: lipopolysaccharide (1 pg/ml), M. hyo: M.
hyo (30 pg/ml), M. hyo + OVE: M. hyo (30 pg/ml) after
OVE (32 pg/ml) treatment and OVE32: OVE 32 pg/ml
treatment. “p < 0.05 compared with the LPS treated RAW
264.7 cells. °p < 0.05 compared with the Con by ANOVA.
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Fig. 3. Determination of proinflammatory cytokines and NO at protein (ll) and mRNA (@) levels in RAW cells treated

with M. hyo.
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Table 3. Effects of OVE on mycoplasma-induced cytokine expression

Cytokine Control M. hyo Origanum vulgare oil (ug/mL) LPS
(30 pg/mL) 2 16 32 (1 pg/mL)
COX2 152 £ 12.1 78.0 £ 22.1 73.0 £ 15.1 67.1 £ 1.3 54.8 £ 21 7712 £ 54
IL-1B 24423 68.5 +£27.8 437+ 4.4 27.7+£2.1 152+ 43" 76.9 + 14.4
IL-6 42 +22 340+ 134 42.1 +£6.3 235+ 17.7 12.7 + 6.4" 76.2 +12.9
I'NF-a 348 £ 10 552+ 133 55.6 + 19.6 56.5 + 23.1 542+ 6.9 72.6 + 21.5
iNOS 12.6 £ 18.8 451+ 123 456 £ 13.5 26.3 £ 14.5 19.5+ 7.6 66.2 + 13.5

RAW 264.7 cells were treated with various concentrations of OVE in presence of M. hyo (30 pg/mL). Subsequently, the cells
were assayed as described in the text. The cytokine's mRNA amounts are shown as percentages relative to B-actin mRNA. “Sig-
nificant difference at p < 0.05 level compared with M. hyo (30 pg/mL).

Table 4. Minimum inhibitory concentration of tiamulin (TIA) and OVE

Organism A OVE TIA/OVE Interpretation” FIC index
(ng/mL) (ng/mL) (ng/mL)
P. multocida Type A 16 16 8/2 Synergism 0.63
P. multocida Type D 8 16 4/4 Synergism 0.75
K. pneumoniae 2001 32 16 8/2 Synergism 0.38
K. pneumoniae 1560 32 16 2/8 Synergism 0.56
K. pneumoniae 2208 16 16 8/4 Synergism 0.75
M. hyopneumoniae 0.25 32 0.06/4 Synergism 0.37
S. aureus (ATCC 6538) 32 16 32/8 Additive 1.00
B. bronchiseptica 64 16 32/4 Synergism 0.75

“The following method was used to interpret fractional inhibitory concentration (FIC) index. FIC 11y and FIC v, represent the
respective fraction of MICyi4) and MIC oy, present in the dilution of the mixture which corresponds to the MICqja:ove). Then
the results can be interpreted as follows: FIC 14y + FIC oy =1 simple additive effects; FIC( 15y + FICovg) <1 synergism;
FIC(TlA) + FIC(OVE) >1 antagonism, if either FIC(TIA) or FIC(O\/E) > 1, FIC(TIA) + FIC(OVE) >1no interaction, if neither FIC(T]A) or

FIC(OVE) >1.

Table 3914 RAW 264.7 A=l M hyo 30 pg/mL ]
Al COX2, IL-1B, IL-6, TNF-a, iNOSZtol 7131912,
OVE HZA| Al|EFIR] 732 TL-9&do= i

sk,

Ficel =3

1] F2) BAAA Tl e TIASF OVES] thit A
Y MICS} FICS] 272 Table 40 YERANSITH TIA
GE oA MICE 025 pg/mLolA 64 pg/mLSd 1},
OVE ¢} H&FaA] 0.06 pg/mLolA 32 pg/mLE At)
Ao gre MIC #hS HAFUt) olgjst AxE FIC
indexE ©|-&3le] sXst A3 TIASF OVEE WEFH
g 749 Aol FeE S e st

t e 95
o &
seluelel e e FEe Mok, thrse 2

HIHSEHA A ), ol =t
dESI AR 9 2 wstE
284 AAE Holw

ATt [4]. I F M hyo=
ANAR SR =] 357] HES do73 Ae ¥
AR, A71BA e} 718A oA 2] AR F2s)
o [22], A&AR] w271, AEAA, Al R L& A3 5
o] WIEFE 7Y, = Hhg gl v)3) H AL
&8 m$ Yo 0] oldl waEl =W Ase
mycoplasma % E&71AES O, AE32A
mycoplasma®] H<171 2] #Agt A [15, 16]2F WAl
Az 9 g83d 23] e B A3t 78
Ao X9 60%7F niolZZeh=ut HHAAS 7}

o

AL Qe Aog BRyHT Tt [7].

e WEoZ B ul, M hyo= JFH F=F A=
B3 BEe] AE 9 wAle) uke g4 o= ost
7] ojE e AL & 5 3l

web HE M hyo FE 5F7] AHS Walo])9]e]
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WO R o, Xgataat o A7t = e
v A ] H-ek HEoZ st JFaFe] sz
4 F5 RIBAY AAEL S o83 g3 3HS
a3& 7Idska o (8]

wEkA] 2 AM s kB2 ES FEES ]85
M pos] S7) A4S Y NG YA 48

Zt= E2S xlj_x}. 33t

M. hyod| w5 we] 2717} 2o slo] whd
o] & A4 T"°ﬂ AT EE=E A3 [17]. & ?_
FollM= Fig. 1] Ueht ZA ¢ wlo|aEet=n} 5
100 pg/mL 10" CCUC ag=lem of2|gh Aah=
R Bast U8 X8t [16].

M. hyo?] ZFE5o) gk o 9 X 5e dA ofele
Aol n 2 FAAE AT 2] &3+ (phytobiotics) 71
S 9ot A7HE AlE AR 2§ 7S 1070 2
EFEEY g 84S vust A5 dE FEE
¢l OVEE U & FEEHe v27 743 gnjol=
STh=vte] &35 R ol g Ade AR (714
Bask Al frefe] A dARd surfactin C1 & #)
ojzZet=nt BT} et o] S HoFET
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