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The inhibition of free radical generation by human neutrophils through the
synergistic effects of metronidazole with palmitoleic acid: a possible mechanism of
action of metronidazole in rosacea and acne

H.Akamatsuetal (BFHEEKR) Arch. Dermatol. Res.(1990) ; 282,449~454
[Palmitoleic acid &A FOZS /=) OMRFRICEL S FAMBRDOTU—FTH
WVEADOHIFE : A hOZSFYV =)Ltk BB R F EBREICRT S ERABF & LT

B AbOZS—)Uid BEREICEIOBEIST TR ZFEOREDRETHME
RAIhpR%E EFTn5s, LML, KR Propionibacterium acnes D& FH 112kt
LT RN G D ENDIONINETOFETH o7z, FE. RalEIA MOy
— )L palmitoleic acid D 37FE F TP acnes DEFIIKITTHE. KUt MEPIKRO
& B 5 Ff(reactive oxygen species ROS)DEAICRITTERIZDOWTHRIILZ
ERERE TS, A bOZ4/—)l & palmitoleic acid &, TNENZH| &I > /=35
AIZiE. Pacnes DEBFZDT NS 521 T ROS AR EO B MERBAEICITE
BOMEIZRI7ZMM oz, LML, palmitoleic acid F7E FTIE, A MO/ —)Ls
P. acnes DRSS TOAFTZERTITHIHEIL . iFHERD ROS EE BRI, —
B FHF—FHOF AR —ERTELEINS ROS ITIXHEZEX 8-
oo ZORERIZ. APMOZSYY )W bDOKBIZEIET S palmitoleic acid & —FEIC
BT, REERFTTHHIRD ROS EAZ MDD I LI ETHRDIREZHTTNELEE
RLTWS, In vivo Tw A MOZ4/—)Lid ROS I LS HMHMOEGEHIET S I &
KL THIPZFEZERIIREL TND EEX D,

£ 3IH—UEEND 1 DTHBA ROZF/—)UE, HE, FUIEF R, BGIHE
DEFEMLT T ENMENTRSD, BETIE, A FOZFV—LAES DBEC L
B EDREMRIE SN TNS (1976, 1980), £/, A FOZF Y/ —)LIdZFE QLS.
CHLTHRENCANEVIRELINTNS (1987, ZO—HT, AbO=s/
—)V®D in vitro IZHVF 5 Propionibacterium acnes DAEBRHIEEHANH FE DR <72y
ENSEBHFRLILSHSN TN,

BAIE A NOZY I BRIEDBNEAT 4 T—5—0 1 DTH LENHES T
(ROS) ZEERMNSHEOITLHZLUMCBE L, BIOBEIIPITLHA MDY
V=)V ORNEMN, HFHERN S D ROS EADHMHNIC L > T aREME B H D, BEITHE
L7zB4 O T, fFPEROEALZ ROSIZHLUTA MOZS—)VIEA AR D
Y —ERZHBICIEIRIBN S ZDOT. A MO —)UMES L THEIICHEER%
R DMITDNT a7zt IR T,

BILIZR 0 EERE R IS SE I B U 7= P ER D #ERE. 41 X1 chemotaxis. phago-
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cytosis. ROS production FiZa4 LEEBZRIZL TWAHI EMNHEINTEL, £C
T, AROZAY )LD invitro & invivo DEFDENNRECDFEREZHESAIZ. b
FOKEBIHEEL TOD RSB E A SOy —)LOMIZ. EO XS HRERL
HEMNERFTL I,

A ROZE =)V 2N DNOEREENEE (C16. C16:1cis9. Cl18:1cis9) EHlAED
BTEDMIC Z~N/z1&. Pacnes DEFHILITH T SHEDNRZFNIZ, TOHE.
palmitoleic acid (C16:1cis9) & D AEHEM, in vitro T Pacnes DAEFH & IFHEK
D ROS FEA ZFHNTIHI L 7=,

e & A

F e

3BE (5. 50, 100mic g / mD) DA NO=ZFJ—)L% 0.05. 0.5, Smic g / ml ®
palmitoleic acid. palmitic acid 3£ W oleic acid EHASHE T, TIIRT IO
IR e BRI Wz,

H 1f1 ER D A5

HHERIIEER T 7 4 7 OFRIRILN S 8L 7o, HIEOFHIIBEICHRE L/ ED TH
%, MOHUZHFPROEFERIZ. RUISS TN —OHRT X SOHETHEIZ 99% LA
E. ABRBOEELLECUA 2R P OWMDABLHHEIZ 900dpm KL ETH > /2. #fH
HRIZZEDHENENDRBRICH - =R E M. agarose plate chemotactic activity FIE
AL RPMI. AR EIZIE Krebs Ringer Phosphate (KRP). OH-Z 7 « HJVERERIC
& 5mM Z )V I— A KRP. Oa- 75 4 VB XU HeO2 EAEFRIZIE Img/ m]l DEISIZ
YIF 2 2R/RMLUK 5mM )L 31— Z N KRP ICH&E L /-,

BFHIRDEMNME (chemotaxis) B

FHEROERML. THO—RA 7L —FEAWTHE Lz, TAOD—RA T L — M 2.4%
T A0 — AW 2.5ml &EAELFAMIE 10%500 2 58 PRMI11640 medium 2.5 ml
ZRELUTERLZ, B3mm O 3ED well % 8mm IZY)DHIZ /=, FHERE PRMI
BEHIIZ 1x108 cells / m]l DBEICHEB L /26 D% 10micl. RO well iIZVEML 1z, 5
fID well IZiE. 10"M D n-formyl-methionyl-leucyl-phenylalanine (fMLP) 10mic 1 %
chemoatractant & U THML 7=, NEID well 1213588 & LT PRMI1640 553 10micl
EZEMLUE. 7L —Md 5%CO, M, MBESHPT 37C 21 > FaX—K~L 7,
ARID well IZ—FR<BEL8FHER 10 8 (BEoEE) ERMO well IT—FF<
BELIHPER 100 (525 0E) OBHEMEYI /7D /0 25— ETHIEL
7z,

HHIROEREEHSR

Oil red-O ZBMLIZNT TA 2 AANDOILIN Y a > ZHROM<ER L=, {HL.
PR LZURRUY D IA R (LR MF22) BEFMBICEZERA -, L
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IV aiF FREOIER b Mg & 37C30 431 > F 2 X— bk L T opsonization %
7o/, HHEREER (2x107 cells/ 0.9mlKRP) 12, A7V =AMLY )VT 3
>% 0.1ml MNA 37TCEHRA >FarX—rarliz. 0%, Ki KRP9ml Z/NAT
BRI S /7, fFPERIZKS KRP T3EES L. (TELTWANT T 4 1))
WERELE, MBWNICERDRAAIEF VLY R-0BZ70074)VA 1 A% J—)b 2
% AU 7= Bligh and Dyer @ 5 THIH L., 7007 )V AMD 525 n mO K E %
& L7,

BECHRELzL DI, HiHanad 1)Ly B-0 ORI PRV OAATZINT TA
CFAANORITIFIFHHIT L ZENERIN TNV S,

PFHREIRD ROS L BR

HFRERD ROS EEAIBHIZHREG L= HETRIEL /2.

0,7 4 NIVOERKRER TIZ. 1x108 DFFFERZE 1mg/ml O opsonized zymosan &
37°C T 10 54 pre-incubation L 72#. 0.1mM ferricytochromec & > F a2 XX—3 37
U7 E1E (0.1mD) %> TEILE cytochrome ¢ % 550N mOKKETHIE L 7=,
EHHAIFE R deltaEnM=2.1x104 /M /em DIIZL D EITE! cytochrome ¢ D nM IZE
L7z,

H20: DEAEID. scopoletin DHEHAEM IV AF 2 ¥ —EEHTIZ HaO2 I K DEADTHD
ZEHRILTEEL =, Scopoletin(50mM 0.1ml) & X))V A F % —+(1mg / ml 0.05ml)
. AT NS BT O EERT 10 #BT LA D FaX—2 3 > L7z 2.5x106
B DRI Z S ORBIRIZINA =, VT F 25— +H0:212 & D AT 5 scopoletin
DHEIEDOBARIZ, HmMLTHS 30 EHARESE THE Lz, H:0: DEEIIL 1M
H20: 73 1 M @ scopoletin 219 % E{REL TEHE L /=,

OH-Z 74 AL, HHPEROEAE L OH-7 7 4 1)V & alpha-keto-methiolbutyric
acid KMB)ARIEL TR LS TF L VA ERTHHEEHRMA L, 1 mM O KMB &7
LA oFan—arl7z 2x108 BOHFHERE AN RREICA Y Z D UEY 1 £
o EMATERLE. RIERTHEENOAZAZFEBRLAZ 707 MIEDIFL 2%
E' L7,

FHF—FHFoFF Y —EFR ROS EEHR

FHF—FHFFF I -ERTEEINDS ROS OREZRAEL /=, IR
EFTYZABTFA TS CEMASRDODIC 0.1mM ERFH 2 F 2, 1.25mM
EDTA. 16.5mic M ferricytochrome ¢ %A T & 2ml (1256mM phosphate buffer)
ELTz. FRERBED A O/ — )L KT/ HKiT palmitoleic acid ZMA /=1, &L
FGFAF I -EELK0.006u/ml E78BEIITMAAZTROS ZEELESHET-,
BB 3 MfT, KR Mean+/-SE T/RU Tz, #aH4LEEIE Student’s t-test IZL
7z,
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X hoz=2%"/—)L & palmitoleic acid @ Pacnes IZx9 2 MIC WE. /x5 NICEFH
1EFBR

MIC DRIE I BB FRDHIEICHELC TERML =, 10 kD P.acnes & 1 &IFE L /=
WaE GAM 7OATHRL, £106cfu/ml EL7ZHE. 2@BRBEOA MOy —)L&
C16. C16:1cis9. C18:1cis9 Z/MHFWRL Tho 7z, MIC FIEITIX 0.1% )V a— A&,
0.002%L- > ATA1 >, 15%BEREMAZN— o ba—Yar 7 0AEEMALRE,
MIC i3, B (N210% ; CO210%) ST, 37C48 R & LR Mo BE L 1=,
Aoz =)l & C16. Cl16:1cis9. C18:1cis9 D P. acnes DKM EHRIC
&, ATCC6919 ZH L7z, EHITIL 01% IV A—RA & 0.02%L- 2 AT1 > EHAREL
EN—hba—varJoxEFHLE, BEFRLE MIC LFTORERSIZ
ED ZF D 2ml ZHERHEE (12x120mm) KHEALMZ, F 212 modified BAM 710X
WZH&E (105cfu/ml) L7z P acnes 2 1 MA . ZORBRE ZHLAMESRETIZ37C
3 HEEER, EREBETERRKEZIAIL 2,

&R

A DSV ORIELREMBIIN T DR

FLIRLZML, A MOy —)VBMTIdrFIROEL, RISABERAICEREDE
bR Eah>7= (P>0.05), iFHIREHWZR, RUEMROR TELESINS ROS
L ARINZ DN TIZRTRICEL K BRAZDT, ZITRERICIDOWTOARLY ., FHF
Do FYIOFOAF Y VRTEAIND 02y HiO: OH-Z P AINIE, A bOZ5)
—IVHEETFTTOEROEEEZ T o/ (F—FEM . LU, HFHIROEETS
H202 OH- I P HIVIIBRERBRNSFEIETIEZDOTH S,

Palmitoleic acid DRIELENRIIH T 2R

THO—AT L — &0 EETH, ARERTH palmitoleic acid 13H E D
ERZERS Mo (P>0.05. £ 1), iIFHIREAVWZR, RUEHREORTEASIN
% ROS LNIVIZDWTHEREOMFIER IR s Nsho7z (P>0.05. &2),

%5 2 DDWMIEIIE TS, FRICEEEZRDAN T (F—FEHEK).

RIEREME I D A O =4/ —)b & palmitoleic acid DHREIR

Palmitoleic acid #£E FIZHBNTH, A O/ = ILdFPEROELHEPABRERIC
BAEEOMBWEREZ RS M-z (P>0.05. T—F AW . —FH. ERLM< A D
ZHY VBT, He0: & OH- TP AL OEAEBREIZHHIL ThaA, AbDO
ZH—IVEM OB & B U T, palmitoleic acid & O HTF T TIEFHERD S D Oo.
H:0: OH-Z AN OEAZHBEKFEHICERICHHILEZ (K 1~3). s, FH2F
o FYOFUAFIFE—FRD ROS FELEIZIE. palmitoleic acid & A MO S —
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WORETTOEENR NN (F—F 8. A FOZ48"/—)lL & palmitoleic
acid DENZ RSNz ROS EA KT 5 L HEZNRIL. palmitoleic acid &R
50, o 2 {LEW. C16. C18:1cis9 & DIFE T TREI E Nzn o7z (F— 5 AR,

ZAERYDOP. acnes X9 3 MIC, NCP. acnes DABFTHFIZASN A oD
4/ —)l & palmitoleic acid D RENE

10 KD P. Acnes IZ/2W0WT 58S WD MIC 2L FIRYT (BA2HE mic g /mD.

Cle6 ;o P>400

Cl6:1cis9 ;0 3.1~6.3

C18:1cis9 i P>400

A= =)L P>400

% 3 ITRL =<, palmitoleic acid & A MOZ4 =)V DHEERZ &4 D MIC LA
TORETHI L. P.acnes ATCC6919 # A O =4/ —)l 100mic g / ml.
palmitoleic acid 2micg/ml ZATHELAELEZD cfu i3, A bS5/ — )V H
JHEEAY 2x107, palmitoleic acid BEFEEAY 2x108 2% LT, 1.4x104 S L 7=, fhdD
BENERGE (C16. C18:1¢is9) E A MO — )V DM FEH % WIidHEHIEA I, palmitoleic
acid DBPEF LHAE TIIaMN o7,

8

EEFIEORET. AMOZSJ—)DFHIROZRT ROS Z2BELMNSMHIT SH
EHELE. LML, ZOERAZ2H- T, BIDWEETA MO/ —IVHURTEIRZ
ML I LR aN o Tz, SETOMRMETES T, ARG TIIHFFIROELET S
ROS DR TOEAEEFEAICH DI EZ. ZOBE, A O /—IVHBERKTRLTY
LI ITHNT HEMMHIL. palmitoleic acid E DB RICE IS HEEZRL TS, A
FOZS =)t NOEBISET S & £ 2ITEEL TW5 palmitoleic acid & 1518
U RN AECEMEORDERIZTDOTH S,

BLFEZ A OZS =N ZF EDORRE M T 2FZBKENITHS MIL T
BHM, AROZSY—)V®D in vitro IZRIT5 P.acnes DEEFBRBEMRITIRL TENLD
DTIERWN, 2T, b S DEEITITHE I palmitoleic acid BHEEL THWAHDITH L T,
B D in vitro iR TIE. ZOEREENEOFEEL 2 WRETHROEBINTNRD Z
EIZEBDTHAS. Palmitoleic acid & A MO/ —)L 2 HEIEABRRIT.
ROERED in vivo &2 < FHLEZBDEEZ S, > T, A MO J—=)lid%E
NHEHTZFEDBEBEDRZRTO TR, B, HBEINDHIED P .acnes
DEE TS BEICHHETHEEEEZIONL D,

Propionibacterium {2 & & BEfEIAEE DEMRIZ. ZF EORBRE LR U TKRERAE
EEDDHHDEFEZSNTNRWD, BLIZELOWILDHR T, &H 5O EHENE %
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BRIECEDEICHHMEOERAZRT I EICIDREICEBRL TOLSHNHS MR
o7, b MR ICETE S S MR 2 AR VR DA TS O R E ML AR ER &
ZZoH5N5,

A RO=#%")—)l & palmitoleic acid DMHFEIERITE DHIHIE N 25 AHER ROS DR
&, P.acnes D in vitro KM RHETOEBHEL OBEBRIIAHTH 5. BT, LT
ROS M8, ZFERHIBEDEHE L OEFHBEDOREFICH L TEFNREEZ KT
S5LWHEEZAHLTHS, 7hIH 17U I3, ROS OEAEZMHITLHZLICLDE
BREBICHIRERTOODIDTHOBRAEBLBEHEINT VD, RLXDAETH,
ZN 5 OEZINP acnes DEEERS T T, HFHERNS D ROS DEA BN
U, iR DRIEREME DRMONZF EDBBICENITIERAT 27255 L0n5E
AEXHETHLDTH o,

BEIRZFERT T, B 2 FRERVCGZBIIH LTS, A MO/ —))
DENENREINTNS, ZOMKERBIZDNWTD, FHERTESN S ROS BNE DK
BEACEETOIRTEELZSNSFEARLADBEL TE. TNETOMERRERD
SRIOREN S, A MOZS =)V OHRIIBEMTHERATLIHBETHN, HFATHERT
HHEETHN. ROSEWDPIHBZEIZED ROSIZE-> TR I %, fiOB(LRIRE
ERZRRIETA I LB EHERINE D,

B DREDHRBEREIIVELEBEHAIN TR, LML, REREVETHS ROS
WBHEIOREDAY — MIBEET BT TR, ZOHEBRICHE> TWEEEXS
NTW5, $k, BHEORBRENBFAINZFFITIE, BIOREEFFIROEET S
ROS DAL FOBEBHEIDIELL., LDHL<MHAINL EHFIZ2
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Summary Metronidazole is clinically effective in treatlnﬂg
not only rosacea but also acne inflammation. Yet 1t is
generally considered not to be very effective in inhibiting
the growth of anaerobic Propionibacterium acnes. We re-

metronidazole and palmitoleic acid on the anaerobic
growth of P. acnes as well as on human neutrophil func-
tions, including the generation of reactive oxygen species
(ROS). Both metronidazole and palmitoleic acid, when
used alone, only slightly inhibited the growth of P. acnes,
and no significant decrease in human neutrophil functions,
including the generation of ROS, was observed. But
metronidazole used in the presence of palmitoleic acid
markedly inhibited the anaerobic growth of P, acnes and
decreased ROS generation by neutrophils. However, ROS
generated in the xanthine-xanthine oxidase gystem .were

1 +Sofinflammationwiththe.aid.o
} s—enesally present inhuman.skin. By inhibiting oxidative

tissue injury under in vivo conditions, treatment with
metronidazole results in remarkable improvement of
rosacea and acne.

{ Key words: Metronidazole — Palmitoleic acid — Free
radica!l inhibitory effect — Rosacea — Acne

Metronidazole, an imidazole, is known to inhibit the
growth of fungi, Trichomonas and anaerobic bacillus.
4 Recently, the effectiveness of metronidazole in treating
‘ rosacea has been reported (20, 22]. In addition, it has been
& demonstrated clinically that metronidazole is effective in
reducing acne inflammation [1). However, it is well known

O_[fprm( /equem to: Yukle lea M. D, Ph. D, lea Insmute

port here our investigation into the synergistic effects of

» ot affected. i to be clinically
JMWMRM&WMC
{palmitaleicacid, which,

Il mam

© Sprmgcr-Vcrlug 1990

The inhibition of free radical generation by human neutrophils
through the synergistic effects of metronidazole with palmitoleic acid:
a possible mechanism of action of metronidazole in rosacea and acne

H. Akamatsu®, M. Oguchi?, S. Nishijima!, Y. Asada!, M. Takahashi?, T. Ushijima?2, and Y. Niwa*

! Department of Dcrmatology, Kansai Medical Umvcrsxly. Monguchl 570
2 Department of chroblology, Shiga University of Medical Science, Otsu 520-21, Japan

that metronidazole is not very effective in inhibiting the
growth of Propionibacterium acnes in vitro,

We have previously reported that metronidazole
slightly decreases one of the most potent inflammatory

‘mediators, reactive oxygen species (ROS) [12]. The clini-

cal effectiveness of metronidazole in treating rosacea may
possibly be attributed to its inhibition of ROS generation
by neutrophils. However, since the data fronmi our pre-

.vious study did not clearly reveal the scavenging effects

of metronidazole on neutrophil-generated ROS, no suf-
ficient explanation was offered as to how metronidazole
is effective in treating rosacea.

Recently, free fatty acids have been shown to have
various effects on different inflammatory-mediating
neutrophil functions, including chemotaxis, phagocytosis
and ROS generation. In order, therefore, to investigate
the difference in effectiveness of metronidazole between
in vitro and in vivo conditions, we evaluated what syner-
gistic role free fatty acids, which are generally present in
human skin, may play. .

Metronidazole was combined with several kinds of™
free fatty acids, including C,4, Ci6:1 cis9, and C,g:1
cis9, and after determining the minimum inhibitory con-
centration (MIC) of each agent, the synergistic effects on
the anaerobic growth of P. acnes were analysed. The
results revealed that metronidazole in the presence of
palmitoleic acid (C,s:1 ¢is9) markedly inhibited the
growth of P, acnes in vitro and reduced neutrophil-gener-
ated ROS,

Materials and methods

Chemicals

Three amounts of metronidazole (5, 50 and 100 pg/m!) (Shionogi
Pharmaceutical Company, Osaka, Jupan), were combined with 0.05,
0.5 und 5 pg/ml respectively of palmitoleic acid (C,4:1 ¢is9), pal-
mitic acid (C,¢) and oleic acid (C,q:1 ¢is9) (Nakarai Chemicals,
Kyoto, Japan)and introduced to the three neutrophil function assay”
systemns described below. . .



450'
Neutrophil preparation

Neutrophils were idolated from heparinized venous blood from
healthy volunteers according to our previously described method
[17}, by which the viability of the harvested neutrophils was always
greater than 99%, according to the trypan-blue exclusion test, and
above 900 dpm for ['“C] inulin uptake which measures phagocytic
activity [23). The neutrophils were then resuspended in media appro-
priate for their subsequent use: RPMI for assay of agarose plate
chemotactic activity; Krebs Ringer phosphate (KRP) buffer [6] for
phagocytosis; KRP containing 5 mM glucose for OH - generation;
and KRP buffer containing 5 mM glucose and 1 mg/m] gelatin for
the assaying of O3 und H,0; generation.

Neutrophil chemotaxis assizy

.Neutrophxl chemotactic activities were measured usmg agarose

\latcs {15], which were prepared by mixing 2.5 mi of 2.4% agarose
solution with 2.5 ml of twice normal RPMI 1640 medium sup-
plemented with 10% heat-inactivated fetal calf serum. Three wells,
each with a diameter of 3 mm, were cut on a straight axis at 8-
mm intervals. Neutrophil suspension (10 pl) with RPMI medium

containing 1 x 108 cells/ml was added to the centre well. To the outer -

well, 10pul of 10~7 M n-formyl-methionyl-leucyl-phenylalanine
(fMLP) was added as a chemoattractant. To the inner well, 10 pl of
the RPMI 1640 medium was added as a control. The plates were
incubated at 37°C in a humidified atmosphere containing 5% CO;
in air for 2 h. The distance travelled by the ten fastest neutrophils
toward the outer well (true chemotaxis) and the inner well (random
migration) was measured with a microprojector.

Neutrophil phagocytosis assay

Emulsions of paraffin oil containing oil red O were prepared, as
previously described [24), except that a lipopolysaccharide solution
{endotoxin) was replaced with normal human serum, The emulsion
was incubated with an equal volume of normal human serum at
37°C for 30 min for op$onization. Neutrophils (2 x 107 cells/0.9 ml

~ KRP) were added with 0.1 ml of the opsonized emulsion and the

~ "xture incubated for 5 min at 37°C. Ice-cold KRP (9 ml) was then
wuaded to the solution to stop the reaction. The cells were washed
iree times with ice-cold KRP to remove the paraffin oil droplets

"+ chat had not been ingested, Paraffin oil containing oil red O was

extracted from the cells by the method of Bligh and Dyer [3], using
chloroform and methanol (1:2 v/v), and the optical density of the
chloroform layer was determined at a wavelength of 525 nm.

It was confirmed as.previously described [18) that most of the
extracted oil red O represented droplets ingested by the neutrophils.

Neutrophil ROS generation assay

Neutrophil ROS generation was assessed according to our prevnous
methods [16—18]. In OF formation, 1x 10® neutrophils preincu-
bated at 37°C for 10 min with 1 mg/ml opsonized zymosan (Sigma,
St. Louis, MO, USA) were incubated with 0.1 mM ferricytochrome
¢ (typelll, Sigma), The supernatant (0.1 ml) was assayed for reduced
cytochrome ¢ by measuring absorbance at 550 nm (7, 10). The results
were converted to nanomoles of reduced cytochrome ¢, using 4 ES50
nm = 2.1 x10*/M/cm [21).

H,0; generation was measured by quantifying the decrease in
fluorescence intensity of scopoletin (Sigma) due to its peroxidase-
mediated oxidation by H,0; [21). Scopoletin (0.1 ml, 50 mM) and
0.05 m! of 1 mg/ml horseradish peroxidase (type ll; Sigma) were
added to the suspensions of 2.5 x 10 neutrophils preincubated at
room temperature for 10 min with 1 mg/ml opsonized zymosan,

Free radical scavenging effects of metronidazole

H. Akamatsu et al.:

The H,0;-plus-peroxidase-induced rate of decrease in fluorescence
intensity of the scopoletin within 30 min was quantified using a
fluorescence spectrophotometer (Hitachi, Tokyo, Japan). To calcu-
late H,0, concentration, we assumed that 1 mol H;0; oxidized
1 mol scopoletin [21).

OH- was quantified by taking the amdunt of ethylene formed
from a-keto-methiolbutyric acid (KM B) (Sigma) plus the OH: gener-
ated by neutrophils [8]. Neutrophils (2 x 10%) preincubated with
i mM KMB in a stoppered tube were added with opsonized
zymosan. Aliquots of gas in the tube were sampled using a gas-
tight syringe, and the ethylene content was determined using a gas
chromatograph (Hitachi).

ROS generation assay
in the xanthine-xanthine oxidase system

All ROS were also measured in the xanthine-xanthine oxidase sys-
tem. Instead of adding neutrophils and opsonized zymosan, 0.1 mA/
hypoxanthine, 1,25 mM EDTA ‘and 16.5 pM ferricytochrome ¢

were mixed in a total volume of 2 mi (125 mM phosphate buffer).

" After the addition of the amounts of metronidazole andfor

palmitoleic acid indicated above, approximately 0.006 units/ml dia-
lysed xanthine oxidase were added to generate ROS [18).

Triplicate assays were performed in each experiment; the results
are expressed as the mean + SE of replicate assays. Statistical
significance was ascertained by Student’s ¢-test.

Determination of MIC and synergistic effect
of metronidazole with palmitoleic acid
on the growth of P. acnes

The MIC was determined basically by the medium dilution method
as described by the Jupanese Society of Chemotherapy (5, 9). Over-
night cultures of 10 strains of P. acnes (ATCC 11827, K-33, K-11,
K-15, ATCC 6919, VPI1-23, K-10, K-43, K-27, K-29) were cach
diluted to a density of approximately 10 colony-forming units (cfu)/
ml,-in modified GAM broth (Nissui, Tokyo, Japan) and inoculated
by a multiple inoculum replicator (Sakuma, Tokyo, Japan) to the
test plates containing two-fold dilutions of metronidazole, C,s,
Cie:1 cis9 or Cyp:1 ¢is9. The medium used to determine the MIC
was heart infusion broth (Nissui) supplemented with 0.1% glucose,
0.02% L-cysteine HCI-H,0, and 1.5% agar. The MICs of these

' agents were determined after anaerobic (Ng 90%, CO; 10%) incu-

bation at 37°C for 48 h, '

The effect of metronidazole with C,4, Ci6:1 ¢is9 or Cyg:1 cis9
on the anaerobic growth of P. acnes in liquid medium was stud ied
using P. acnes ATCC 6919. The medium used was heart infusion
‘broth (Nissui) supplemented with 0.1% glucose and 0.02% L-
cysteine HCI-H,0. Two-fold dilution of the agent lower than MIC
was prepared and 2 ml of each dilution was dispensed into sterilized
glass tubes (12 % 120 mm). The tubes were inoculated with one drop
of the cell suspension of P, acnes (10% cfu/ml) in modified GAM -
broth. The amount of the organism was determined by quantitat ive
culture after anaerobic incubation at 37°C for 3 days.

Results
The effect of metronidazole on inflammatory mediators

As shown in. Table 1, metronidazole used alone did n ot
significantly ~affect either neutrophil chemotaxis or
phagocytosis (P > 0.05). ROS levels generated in bo th
neutrophil and cell-free systems are reported in detail in
our previous study {12]. Briefly, the O3, the H,0, and
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Table 1, Effects of metronidazole or'; palmitoleic acid on neutrophil chemotaxis and phagocytosis
Assay Metronidazole (ng/ml) Palmitoleic acid (ug/ml) Control
5 : 50 - 100 | 0.05 0.5 5

Neutrophil chemotaxis . .

(agarose plate) (mm) 233+ 152 226+ 145 226+ 152 220+ 1,73 2154+ 171 214 + 144 223 4+ 1.52
Neutrophil phagocytosis )

(uptake of oil red 0)

(1072 xOD) 413 £031 .411+028 3940733 4.3 + 0.58 3.9 £ 0.79 416 £ 0.18 44 + 0,29

Table 2. Effects of palmitoleic acid on reactive oxygen species levels generated in both neutrophil and xanthine — xanthine oxidase system

Palmitoleic acid Neutrophils Xanthine-xanthine oxidase
(ng/ml) :
\ O;' H;O; ! OH' 0; HzOz OH-
! 2.67 £ 0.25 894.3 + 35.7 27.7 + 6.28 1.21 4 0.03 516.7 £ 50.3 166.6 + 12.17
0s 2.75 + 0.39 909.3 + 38.0° 28.0 + 529 1.21 + 0.02 506.7 + 58.6 1714 £+ 1.02
5 279 + 0.39 923.7 + 344 . 289 % 6.30 1.21 + 0.04 . 5337 + 417 164.2 + 5.16
3.02 £ 0.17 863.7 + 118.7 28.0 + 4.69 1.21 £+ 0.01 526.3 +£ 69.8 1783 £ 11.99

the OH generated in the xanthine-xanthine oxidase sys-
tern were nat sngmﬁcantly changed in the presence of
metronidazole (data not shown). However, metronida-
zole slightly decreased H,0, and OH- gcncratcd by neu-
trophils [12].

The effect of palmitoleic acid on inflammatory mediators
Neither agarose plate chemotaxis nor phagocytosis were

significantly decreased in the presence of palmitoleic acid
(P > 0.05) (Table 1). ROS generated in both cell and

;M l-free systems were also not reduced with addition’ of

dmitoleic acid (P > 0.05) (Table 2). Other free fatty
cxds including C,¢ and C,5:1 cis9, did not decrease
neutrophil chemotaxis and phagocytosis (data not
shown). '

The syhergistic effect of metronidazole
with palmitoleic acid on inflammatory mediators

Metronidazole in the presence of palmitoleic acid did not
significantly inhibit neutrophil chemotaxis and phago-
cytosis (P > 0.05) (dat not shown): However, although
metronidazole alone, as described above, slightly de-
creased H40, and OH: [12}, Oz, H,0, and OH: gener-
ated by neutrophils were markedly decreased in a dose-
dependent manner in the presence of both metronidazole
and palmitoleic acid, compared to control (in the presence
of 5, 50 or 100 pg/ml metronidazole without palmitoleic
acid) (Figs. 1-3). On the other hand, none of the ROS
generated in the xanthine-xanthine .oxidase system was
affected by metronidazole together with palmitoleic acid
(data not shown). These synergistic effects of metro-
nidazole with palmitoleic acid observed on ROS levels

Table 3, Synergistic effects of metronidazole with free fatty acids on
the inhibition of the growth of anaerobic ATCC 6919 expressed as
the number ofcolony-formmg units/ml cultured in vitro as described
in the text

Metronidazole Control® Ci¢ Cie:1cis9 Cyg:l cis9

o 100 mg/ml  2pg/ml 100 pg/mt
100 20x107  58x10%  1.4x10* 1.2x10?
50 32x107  2.6x107  7.8x10® 3.6x107
0 22x10° 1.0x10® 2.0x10° 2.1x10°

* Without any free fatty acid

were not found when metronidazole was used together
with the other free fatty acids (C,¢ and C,4:1 ¢is9) (data
not shown).

MIC of each agent and synergistic effect of metronidazole
with palmitoleic acid on anaerobic growth of P. acnes

" The MIC of each agent on ten strains of P. acnes was as

follows: Cyg > 400 pg/ml; Cy6:1 ¢is9: 3.1—=6.3 pg/ml;
Cis:1 cis9 > 400 pg/ml: and metronidazole > 400 pg/ml.

As shown in Table 3, the synergistic effect of
metronidazole with palmitoleic acid was tested using con-
centrations lower than the MIC. In the P. acnes ATCC
6919 culture containing 100 pg/ml metronidazole and
2 pg/ml palmitoleic acid, the number of colony-forming
units was markedly decreased to 1.4 x 10* as compared
to the number of umits in the culture of metronidazole
alone (2.0x 107) and in the culture of palmitoleic acid
alone (2.0 x 108). The synergistic and inhibitory effects. of
metronidazole with other free fatty acids (C,¢ and C,4 : 1
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Fig. 1. Synergistic effect of § pg/ml
metronidazole with various amounts of
palmitoleic acid on reactive oxygen species
(ROS) generated by neutrophils. The indicated
amounts of pglmitoleic acid were introduced
into ROS assay medium in the presence of

S pg/ml metronidazole, and each ROS was
assessed us described in the text. (@), OF

. levels; (O), H,0, levels; (x ), OH- levels,
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Fig. 2. Synergistic effect of 50 pg/ml
metronidazole with various amounts of
palmitoleic acid on ROS generated by
neutrophils. The indicated amounts of
palmitoleic acid were introduced into ROS a.s-
say medium in the presence of 50 pg/ml
metronidazole, and each ROS was assessed as
described.in the text. ®, O3 levels; O H;04
levels; x, OH-levels. * 0.01 < P < 0.05versuis
control (in the presence of 50 ug/mi
metronidazole without palmitoleic ncld)
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. Cone. (pg/ml) of palmitoleic acid

cis9) on the growth of P. acnes ATCC 6919 was not nearly
so marked (Table 3). '
Discussion

Although we have previously reported that metro-
nidazole slightly decreased some ROS generated only in

the neutrophil system {12}, such a decrease is insufficient -

- 1P <001,

to explain complctcly thc remarkable effectiveness of
metronidazole in treating rosacea. In contrast to our
previous results, which demonstrated the inhibitory ef-
fects of metronidazole on the neutrophil system {12), the
present study revealed marked decreases in all kinds of
ROS generated by neutrophils. This suggests that the
clinical effectiveness: of metronidazole on rosacea, pre-
viously reported {20, 22}, is due to its synergistic effects
in combination with palmitoleic acid. When introduced
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into human skin tissue, in which palmitoleic acid is pre-
sent, metronidazole causes a reduction in potent inflam-
matory mediators.

‘the effectiveness of metronidazole in reducing acne in-
flammation [1}, the drug is known to be not very effective
"in inhibiting the growth of P. acnes in vitro. It is con-
sidered that, while human skin tissue in vivo contains
free palmitoleic acid, conventionally performed in vitro
p= culture systems do not contain it. The experimental sys-
{1 r -using metronidazole together with palmitoleic acid
v ._ks well the in vivo state of human skin. It is not
* asonable, therefore, that metronidazole alone is clini-
¢any effective in treating acne in human skin while only
being slightly effective in reducing cultured anaerobic P.
{ acnes.

Although the generation of free fatty acids caused by
-propionibacterium has been considered to play a lesser
role in the pathogenesis of acne inflammation [19), one
of our recent studies has found that some kinds of free
fatty acids are implicated in inflammation through their
inhibitory effect on certain inflammatory mediators. Free
fatty acids present in human skin tissue seem to imply
the physicochemical importance for a self-defence mech-
4 anism. 4
4 It remains unclear how decreases in neutrophil-gener-
:§ ated ROS, induced by the synergistic effect of the two
Y agents, is related to the inhibition of anaerobic growth of
i P. acnes in in vitro culture. Nonetheless, we have recently
1§ found that ROS may induce chemical insults to'the integ-
4 rity of the follicular epithelium in cases of acne [13, 14]
4 and rosacea [12]. Tetracycline is one of the drugs that are

‘effective in treating dermatological diseases through a
'decrease in ROS generation, and is widely used. Our

In addition, although we have clinically demonstrated
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study shows that such drugs not only act to reduce the

number 6f P. acnes but also to inhibit the generation of

ROS by neutrophils, thus supporting the hypothesis that

the inhibition of neutrophil-generated inflammatory me-
- diators may result in effective acne treatment [13, 14].

It has been reported that, as well as rosacea and
acne, rheumatoid diseases {2] and psoriasis [4] may be
effectively treated with metronidazole. For both of these
diseases, we have already demonstrated that neutrophil-
generated ROS may be considered pathogenetic factors
[11, 16]. From the results of previous studies {2, 4, 11,
12, 16) and those of the study reported here, it may be
concluded that the effectiveness of metronidazole,
whether used alone or synergistically, is-ascribable to a
decrease in ROS with a resultant inhibition of oxidative
tissue injury.

The pathogenesis of rosacea inflammation has yet to
be elucidated. It may, however, be considered that the
inflammatory mediators, ROS, contribute both to the -
initiation of, and to an increase jn, rosacea inflammation.
It may be expected that future clarification of the patho-
genesis of rosacea will elucidate further the exact and
detailed pathogenetic relationship between neutrophil-
-generated ROS and rosacea inflammation. :
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