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Antioxidant and Antibacterial Activities of Dimeric Phenol Compounds
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We studied the antioxidant and antibacterial activities of monomeric and dimeric phenol compounds. Dimeric com-
pounds had higher antioxidant activities than monomeric compounds. Electron spin resonance spin-trapping experi-
ments showed that phenol compounds with an allyl substituent on their aromatic rings directly scavenged superoxide,
and that only eugenol trapped hydroxyl radicals. We developed a generation system of the hydroxyl radical without us-
ing any metals by adding L-DOPA and DMPO to PBS or MiliQ water in vitro. We found that eugenol trapped hydroxyl
radicals directly and is metabolized to a dimer. On the other hand, dipropofol, a dimer of propofol, has strong antibac-
terial activity against Gram-positive bacteria. However, it lacks solubility in water and this property is assumed to limit
its efficacy. We tried to improve the solubility and found a new solubilization method of dipropofol in water with the ad-

dition of a monosaccharide or ascorbic acid.
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21 RIS TEm b2 NHEEO DD &7
T&Eh., 20X D7, BEREMEICHZMATTAH5
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Phenol I3VHHEIKE E L THIHEINTHD, KAT
J =)AL& T & % eugenol 13 diFl g, THIE 3K
ELTHHEIZNTWS, F /=, catechin % o-
tocopherol I3 Hil& {LAFE M = ZLIHIMEH R ENH S
NTW5. & Eilk7 /= HEEWM T, &%
fe{tB5 1IE#I T3 % BHA (butylated hydroxyanisole)
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Fig. 1. Structures of Phenolic Compounds

2. Eugenol DL L ##E D #ZER

7z /I EEYofiEREE x5 ET,
7 x ) =)V HEKEEE DS OB E D KD I E
ZELTWANARNDZEIIEETHS. I T,
methoxy %t & allyl 2t % & 9 % eugenol & 7 D Sk
Rz HWTERMEZITo 2. Bk L TE,
dihydroeugenol, dieugenol, tetrahydrodieugenol, iso-
eugenol, diisoeugenol, dehydrodiisoeugenol % f\»
7z (Fig. 2). IEE @R {LIiHGE & L TIX TBA L2
MWz, 2oOfR, “BKIIHEEARID BHLIETE
RN, allyl k& FORITIKTIIEERZEIZ
RO BRIz (Table 1),

RICHEE ER AL DOFT B TRAEN TR N DI
MEMTHLIA-N—FF P ROFIINID
FIVITHT it E ESR DAE > F Iy E 2T
FEERHWTHRF Lz, A—=N—FF RiF, F5>
Fo-FHTFOFFIF-ERTHAESE, AE
> hrIvETHITH % DMPO % fil 2 DMPO-
OOH D7/ F )L ELTHIEL, ERaFII T
71 )V 13 Fenton K Jis TH A =&, DMPO % il 2
DMPO-OH & UL THIE L7z, ZDHfER, X—/8—

FF 2 REHEREL, allyl XE2H T 5LEWITED
57z, Allylbenzene 1213, fHIEAENTFED 5N
ZENS, Tz /) =)V MKERE & allyl B AAE
HATHBDEEZSGNDN, FHFMIZDWTIIMmEHT
H5. —FH, e ROFIIVT I HIVHTEREE, eu-
genol IZDHFEDH 517= (Table 1).

7 x /= IIVHEEEM O PIERACTE M 2 FHE 9 S BE,
BEATEOF L — MBPMEERS. S
W7z TBA 7% (Fe-ascorbic acid) % Fenton X Jix
(Fe-H,0,) H&EZHAWNWTWS, & I T eugenol /N
FL—MRZENSITE ROF I T DN 2 HE
TEINERANT 2720, EEZHWRWIEA RO
WNETO. N—=F 2V VIRHHEEETSH % L-DO-
PA 13, MEMEFEENAISNTHBD, ZOHKE
U CHEMRRFZ DGR SN TWn5. 19 L-DOPA
& PBS Tk 7 FIVIdEHHIE N7, DMPO &
L-DOPA % PBS 1T 37°C, R2IfIKIESES &
ROFII IOV 1:2:2: 1027
FINERE NS (Fig. 3). & 51T 24 RS S
BEHEE—INELRAHIERZIDEROFUINT
DAV FENCIEA S 2 ENBRI Nz, [H
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Fig. 2. Structures of Eugenol and Its Related Assessed Compounds

Table 1. Inhibition of Lipid Peroxidation, DPPH, Superoxide and Hydroxyl Radical by Eu-
genol and Its Related Compounds

TBA DPPH DMPO-OOH DMPO-OH
Samples (62.5uM)  ICs (uv)  ICs (mM)  ICsy (mm)

Eugenol 43% >800 5.3 1.8

Dieugenol 86% 160 3.3 >10

Dihydroeugenol 64% 421 >10 >10

Tetrahydrodieugenol 79% 164 >10 >10

Isoeugenol 40% >800 8.3 >10

Diisoeugenol 49% 280 7.2 >10

Dehydrodiisoeugenol 20% >800 >10 >10

Allylbenzene 0% >800 >10 >10

a-Tocopherol 97% 80 >10 >10
ROFERIZ, MiliQ KZHWTHEREINL. D ROFIIVT DIV L Tnd 2 EAE SN
& & % i fi &9 L-DOPA & DMPO % MiliQ 12 7z (Fig. 4). 1617
MABEFTENSMD THELRNTEZDT, Eugenol O Hi (b2 HEE L TH D &, eu-

eugenol ZNEHEE ROF IV T P HIVEHIET % » genol [ZTEMEM FEZHE L, HHIIZEENSMR
e L7z, T ORGSR, eugenol IFIBEMKFRIICE #an, REWMTH S dieugenol IZk ROF )L 5
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973}1/%%%“”753‘7‘; WZEMSIRE T DN % it B E LU THRAEEL TWDDY, B R 2@ A &

NEEERACEE O 2 E L T EFE A TN
Z) (Fig. 5).1®

3. Dipropofol DHE(LEM

NT-NFHEHELTWSE T =/ =)V B EE
W OPIEEALIEEL, propofol kA % W THiEt
Z{To 7=, K & L T 2,6-dimethylphenol & 2,6-
di-¢-butylphenol Z fi\y7=. TBA £ & DPPH ##i{E
RETIZAI b=V MEK D BIKEE TESEZ R L
7= (Table 2). %12 isopropyl & % £ D propofol @
— &K Td 5 dipropofol 1T a-tocopherol & [f%5E D
TG %R 7z,

Z DERWWTE M % 388 7= dipropofol IZ2DWT 2D
ORI EN T L & AW THREER DWW
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Fig. 3. ESR Spectra of Hydroxyl Radicals Produced by Incu-

bation of L-DOPA with Spin-trapped 5,5-Dimethyl-1-pyr-

roline-N-oxide (DMPO)

(A): L-DOPA alone (in PBS), (B): .-DOPA+DMPO (in PBS, af-

ter 12 h), (C): .-DOPA +DMPO (in PBS, after 24 h), (D): .-DOPA+
DMPO (in MiliQ water, after 24 h).
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BSO (buthionine sulfoximine) %5 1% @ I il & & %
Fig. 6 IR 9. {EMEOEREIE, LDH EZM W,
ZFO4EE dipropofol 1% 62.5 nM Ll DEE TIFIF
TRV IVY 2 VBRI B HMIIEEE Z Wil U7z

propofol 213G AR 5 /aho 7=,
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Fig. 4. Trapping Effect of Eugenol on Generating Hydroxyl

Radical by L-DOPA

(A): L-DOPA+DMPO, (B): L-DOPA +DMPO +500 um eugenol,
(C): L-DOPA +DMPO +1 mm eugenol. All experiments: 200 um L-DO-
PA and 2.5% DMPO used. After adding L.-DOPA, the ESR spectra were
repetitively acquired for 24 h.
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Table 2. Inhibition of Lipid Peroxidation and DPPH by
Dipropofol and Its Related Compounds

Samples TBA DPPH
p (62.5 um) ICso (um)
H,C CH;
0o
85% 593
HsC CH;

Di (2,6-dimethylphenol)

H H

Dipropofol
(H3C);C C(CH3);

o )
97% 184

(H3C);C C(CH3);
Di (2,6-di-t-butylphenol)

a-Tocopherol 97% 80

59 1D20EFIE, TIVINAI—FHORRINT
HBEFHINTVWDETY I0O0A RBXRTFR (AR
IR BB EZ H W, TILYNA I —JFHD
FIER KL TR THIAINTOWDRTI RN,
AR XTF K7z Ty bIEYRKH SR O #) A5 2 i H
FEZIRINY 2 & RS 2 % 2 & S
2 EITKD, ABRTF RIZKBEEDT VYN
AX—WOFHERNTHDZ ENWMSLFEINTN
5.0 %k, PILIYNAR—HBEFEDOMKITIX
TBARS L& <K HFHEL TWB I B ABRTF R
IR DR EER, 7Y —F IV OREENT
LTREAITHOTIIRRWMEEZSNTNS. 2V
BHETILELT, ABOBEMENBRINS T Y
~EBAME PCI2filnE, KOEKRERTHS
7w baR RO YIRS S 2 v,

Figure. 7(A) IZ PCI2 fild CO#ER Z/RT. 0.2
uM O Ap (25-35) THLEET % & MTT 32 ICHEI 40
% FETIKT LA ZHITH L T dipropofol %z 10 um
wNT % & MTT @ ki eicmE Lz, —7,
propofol 13 1uM T 65% FTHIEZE/ZHDD 10
uM DIRE TIIM I E M EE 2R U7

AB X7 F Rid PCI12 Ml izt U Cld At iust z 5l
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Fig. 6. Inhibitory Effects of Dipropofol on the Cytotoxity of
Glutamate (A) and BSO (B)
Cell survival was determined by LDH assay. EM: propofol, @:
dipropofol.

FRI IRV, EERITKNT ABRXTF RO#H
PER D Wit Hifn 2 (R T 5T TE ., =2
TAL#HEITK > TN FAEE S NS T v
iz V2 it K5l el 12 35 W T dipropofol 7%l e O & 1% 14
BRI INEME Lz, ZORE, 20uMm D AB (25—
35) THLEEY % & 65% £ T MTITETREZK TS
B7=H, 10uM, 1 uM @ dipropofol D IRMMIZ &L D
AB BN EICHIHI Z /-, —J, propofol % 10
UM TR 2SI 2 Z Lok s Nz (Fig.
7(B)).

RIZIRBRE NS 2 W= B )V ERR TiRWIE
4 %75 U 7= dipropofol 7% in vivo THRIERMNDH 5 0
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Fig. 7. Inhibitory Effects of Dipropofol on the Cytotoxity of % 600
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Cell survival was determined by MTT assay. (A): PC12 Cells, (B): [@)] 500
rat primary culture hippocampus cells. €
TE) 400
*
£ 300
Bt U7z, 100% 3 FC 48 RIS L7205 O g 200
EEE R OOEE S RE LU TR L. T OREE, @
100% B 3 5 85 B Tl MRS & b IS TLBRML G E O 100+
fREECH % TBARS WHEEICHML = (Fig. 8). 0

Iz %t U T dipropofol # 5 # Tix, Z ® TBARS
D LR Z2HEEICHH L a-tocopherol & [6]%5 D i
TG %R 7z,

4. Dipropofol OHEE M

TEAREEROFIEEEICDWTEA T Rk
W, MEE, KBEZHAWTRFZITo2E 5,
dipropofol IZ @ &5 Wi 4 % ® 7= (Table 3) .
Dipropofol DH1EE A X7 FJLiZ, vancomycin & [F]
WRIZT I LB O AICTEEZ R U2, 75 LT
BT, BENEROFERE L THSN TS
MRSA £ MRSA BEYE 12 W 5 #15 vancomycin
WZEEMMMET®H 2 VREITH U T HEAZ IR & [FEE
IZRWIEMEZ/R Lz (Table 4).

5. Dipropofol DAL

Dipropofol @ in vivo TOHETT, MRSA EH~
™7 21T dipropofol Z E#lk X MERENICIR G- L, &£
R OIEEZFEE L TR LZna > ho—))

Control a-Tocopherol Dipropofol

Fig. 8. Effect of Dipropofol on the Alteration of the TBARS
Value Caused by Hyperoxia
Open bars: mouse maintained under air, dotted bars: mouse exposed
to 100% oxygen for 48 h. *p<0.01 versus control mouse exposed to 100%
oxygen.

HLEOAEREITE SN/ > /= (data not shown).,
Dipropofol 73 in vivo TRHEMNE D S Nxho 728
mELTIE, ZoamI & THIREENE W
W, ERNTIRIEEICE ATZHBRICEITT 2 0i1Txt
L, WIEKRBEBDILOKFTDLNREICESET S
bDOEEZSEND. L7A> T, dipropofol &EMN
T DR S NPIEEEZ RS Rho T2 &
Ale. TIT, ZOEMNERNTHEEEZ R
T DITIIKIBIEDNBETH D EF A, RITIKEL
DREt (T 2.
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Table 3. Antibacterial Activities of Phenolic Compounds against S. aureus, B. subtilis and E. coli

Compound S. aureus 209P B. subtilis PC219 E. coli K12
a-Tocopherol >128 >128 >128
BHA >128 >128 >128
Eugenol >128 >128 >128
Propofol >128 >128 >128
2,6-Dimethylphenol >128 >128 >128
2,6-Di-tert-butylphenol >128 >128 >128
Di-BHA >128 >128 >128
Dieugenol >128 >128 >128
Dipropofol 2 4 >128
Di (2, 6-dimethylphenol) >128 >128 >128
Di (2, 6-Di-t-butylphenol) >128 >128 >128

Table 4. Antibacterial Activities of Dipropofol and Vancomycin against Standard

Strains, MRSA and VRE

Organism Dipropofol Vancomycin
Staphylococcus aureus FDA 209-P 2 0.5
S. aureus Sy;ury 2 1
S. epidermidis IFO-12648 2 1
Micrococcus luteus ATCC-9341 2 0.5
Enterococcus faecalis ATCC-21212 2 2
Escherichia coli NIHJ JC-2 >128 >128
E. coli 445 >128 >128
Citrobacter freundii ATCC-8090 >128 >128
Proteus mirabilis IFO-3849 >128 >128
P. vulgaris OX-19 >128 >128
Morganella morganii 11D Kono >128 >128
Serratia marcescens IFO-12648 >128 >128
Enterobacter cloacae IFO-133535 >128 >128
E. aerogenes NCTC-10006 >128 >128
Pseudomonas aeruginosa 46001 >128 >128
P. aeruginosa E-2 >128 >128
Acinetobacter calcoaceticus IFO-12552 >128 128
MRSA N315 IR9%4 2 0.5
MRSA N315 IR94-HR-1 2 1
MRSA 70 2 0.5
E. faecalis (van A) 4 >128
E. faecium (van A) 2 >128
E. faecalis (van B) 4 32
E. faecium (van B) 4 >128
E. gallinarum (van C) 4 16
E. casseliflavas (van C) 4 32

— AT HRIAME D AT DWW T MIC (minimum
inhibitory concentration) ZH[ET 5 & 1%, HH
RN L, KTHRLU THEAT 5. Dipropofol
AR IR T 2 EMEa0EHkRkERS
n, KTHERITHEMBLAET S, —F4, dipro-
pofol 2 A% J —)VITIEMN L, BEZEMA CTAERBLE

S, KEMA S EERBKEREGA D ZEZR

WH L7~ (Fig. 9).

R =AW, BRIBEEEDHEERT
(Fig. 10(A)). Dipropofol 133 IZHE L Iz~

O, disk IE TREEIZRD 5 iz,

Z T %

U, MM RS B 72 B D (1 5b 5 T
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Fig. 9. An Outline of This Experiment
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Fig. 10. The Antibacterial Activity of the Dipropofol Complex
(A): Dipropofol-mannose complex dissolved in water, (a): direct application of the complex solution, (b): the solution (a): was adsorbed on paper disks,
(c) : dipropofol was adsorbed on a paper disk from a methanol solution, (d): mannose solution adsorbed on a paper disk. (B): dipropofol complex with other
saccharoides, (1): glucose, (2): fructose, (3): xylose, (4): sorbitol, (5): mannose, (6): sucrose, (7): maltose. Left and center were dipropofol-sugar complexes
dissolved in water and adsorbed on paper disks. Right was the direct application complex of solution.

WASBHIEIEHITED sz, L Lans, & <NV b= A TGN 2o 72 (Fig. 10(B)). >

WEEREE NS5 EHEEENED 5N, dipro- 7057 F A M R EIEERNC HIEMRIL L 7203,
pofol MR L TWD T EMMERTE-. RITHOD EMIZ 2, o 7= (data not shown). 235 DR

FEICOWTHBmFEIT 2. TO/RE, ZI)ld—X M5, BEE dipropofol IZI I ZREK L, BFEL
BMEQHBETIREENH D, TEEOZA 70—, TWaEEZ 6N, IEMHEERANRENITH T\ 2 gk
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DHMEWZEIRT EZEZTNDD, HEHEICEET 25
HIZDWTIRBERFA T TH 5.

6. Dipropofol & Ascorbic acid DA EA®

Ascorbic acid IO —FTH D, PIRILIEMIC
B W T ascorbicacid DB ILEHICT L D, o
tocopherol & DO THEIERH Z/RT Z ENHES
1 TW5. Dipropofol I3 d &F /) k%
L, Z0OF ) ARBPIEEES RSB &N
Mo TWwa, # 2T, dipropofol & ascorbic acid
ZHFHT 2 2 ETHERIERNE Z 20 ORE 2175
o, ZORER, ROT ALY —URTDREITBNT
FIC index 723 0.5 LA F &72 0, #HEREIED 5N
7= (Table 5).

K1z dipropofol % ascorbic acid IZ 35 & B 1K R
OB 2T &2 A, JITRUHE & RIERITK
WIELZDT, ZOWIIZD W THREIEE O 2
1o 7. Fig. 11(A)IZ3HAT RYKEITOWTOD D

4375 7=, Figure 11 (B) T, B FL=HE,
SETHEEEZ RSB > RBEIZH LU THIE
PENFED 5Tz,

RIGE I B HEIEENRD 6Nz 2 & DM
& L T, dipropofol 73 ascorbic acid & & & 124%

fEZ2 ML=, &5WiE ascorbic acid E DR A D
MNOMAVEHRIZLY, ascorbic acid DOFiE1E Mt & 14
WMLUZIRENEZSNDD, THITDWTIEEMR
BENBETSH 5.

7. ¥RIE

DEnZtzsiwd &, HiRLEETIE, WY
NOLEYS EERI D &KW IEE EEE (L
filgeNEO 5Nz, #akLE LI, NIV
B LEZEEROAIENEEZR U 2. [ REA
PEEETIE, eugenol IZD AL ROFIIVT D HILH
EENBRIN, A—N—FF T R2HET DI
allyl 2 H3$ 57 = /=) lbEmTHE L %

DT, ascorbic acid M THHIFH AR D 5N/ FBELU7-. £/7, e ROFIINIIHINOFHFAITHE
N, WE BRI EHOTIEMEIEMNREL S LTE&EEZ NIV EEE L TL-DOPA O HA
TH D, dipropofol NEFHIHIZILHIL TW5 Z &N BALICKBFAEEZRWH LA, 2 OmEFHTX
Table 5. MICs of Dipropofol and in Combination with Ascorbic Acid
AA T ps 625 312 156 078 039 019  0.09 0 (

DP . . . . . . . . mg/ml)

6.25 — — - — — —

3.12 — — — - —

1.56 - - - - - - + + +

0.39 - - + + + + + + +

0.19 - - + + + + + + +

0 (ug/ml) - - + + + + + + +

DP : dipropofol, A. A : ascorbic acid. + : growth, — : inhibition, * synergism.

Fig. 11. Dipropofol-ascorbic Acid Solution in Water

E. coli JCM5491

(@ ®) (©

d (e

Left: S. aureus 209P, Right: E. coli JCM5491. (a) and (b) were paper disks with dipropofol-ascorbic acid complex solutions, (c): direct application of the
dipropofol-ascorbic acid complex solution, (d) and (e) were paper disks with ascorbic acid alone, (f): direct application of ascorbic acid alone in the medium.
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D, eugenol IX "B DY LI ZH T 5 SHEE
L7z

PUEATEE ClE, WHiE (LGP Z /R L /= dipro-
pofol IZ D AR 2 Z 87 7 ABEEREITH U THE
PZERLUZE. UL, dipropofol 1Z/KICIEVT 7=
¥ in vivo TOFEHMNEEL W, = 2 T/Kig(kZBW
ELTHAXDAEZMFELEEDA, AF ) —)LIT
" 7 U 7= dipropofol % ## X |3 ascorbic acid {Z Ji
Z, WiEE ST, KEMAZ EETLHI Lz
WHI L 7=. Ascorbic acid D &1, S S ICHRETE
PEOMFERR, 7T LAREREICH L THEEEZRT
75 & dipropofol D E#MENEE S I LWL N E
L7,

%7z, dipropofol |34t f st IZ B 59 % 7))L
&I U E ABRTF RICK2HMN S kg &
RET D, invivo DR EL T 100% ik # 2 #%
TTHELERYADREBNO NI A ZRET S
ZEzHeMEL.

4%%, dipropofol & ascorbic acid Z F W\ T in vivo
TOHHE R ZBEFT 5 & & HIT dipropofol D)\
A7)y REEHKELTOMEEMEZERL TNWERE
W,

AWFTEE, HALERREROFHRAFLE LTS
WTITO 2R TH D, THEEE E U ZiEikE ek
AT SRR 22 A S BRI SRR FE R D I R TE
DHRZWESHALHB U BT ET. AWF5EIE, @ES
AR FH OB IC K D IO N2 HDTY.
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