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Abstract

Ethanol extracts from Ruta graveolens Linne exhibited strong antimicrobial activities by disc diffusion
method against 5 strains of Listeria monocytogenes (ATCC 19111, ATCC 19112, ATCC 19113, ATCC 19114
and ATCC 15313). Ethanol extract from Ruta graveolens Linne was subsequently fractionated by n-hexane,
chloroform, ethyl acetate and water. Chloroform fraction of Ruta graveolens Linne showed strong growth
inhibition at concentrations as low as 40 ppm level in broth culture medium against 5 strains of L.
monocytogenes for 72 hr at 30°C. Single substance(RTG1-1) was isolated by silica gel column
chromatography from chloroform fraction of Ruta graveolens Linne. RTG1-1 showed a strong bactericidal
activity against L. monocytogenes at a concentration of 20 ppm level. Purified RTG1-1 was identified as
gravacridonechlorine by analyses of EI-Mass, 'H-NMR and “C-NMR.
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Fig. 1. Flow diagram for the isolation of the antimicrobial
compounds from Ruta graveolens Linne.
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Table 1. Antimicrobial effect of the ethanol extract and its solvent fraction obtained from Ruta graveolens Linne against

L. monocytogenes

Clear zone (mm)

Fraction ssh Listeria monocytogenes
ATCC 19111 ATCC 19112 ATCC 19113 ATCC 19114 ATCC 15313
Ethanol 0.1 172 20 20 18 17
n-Hexane 0.1 12 13 15 11 10
Chioroform 0.1 18 21 22 18 19
Ethyl acetate 0.1 10 11 i4 10 10
Water 0.1 = - - - -

Ymg of soluble solid content of extract/disc.

IClear zone diameter(disc diameter 6.0 mm) on tryptic soy agar for 24 hr at 30°C.

¥No inhibitory effect.

Table 2. Antimicrobial effect of the solvent fraction obtained from Ruta graveolens Linne against L. monocytogenes

Listeria monocytogenes

Fraction Concentration

ATCC 19111
(ppm)

ATCC 19112

ATCC 19113 ATCC 19114 ATCC 15313

Control” +

1,000 2
500 +
250 +

n-Hexane

.
+ 4+ + |+
+ 4+ + |+

1,000 -
500 -
250 -

Chloroform

1,000 -
500
250

Ethyl acetate

+
1,000 +
500 +
250 +

Water

+ 4+ +

UContaining 0.75% ethanol in tryptic soy broth.
2Growth during incubation for 72 hr at 30°C.
No growth during incubation for 72 hr at 30°C.

I B3E 9l odolrElo] E RHES] 9ol 250
ppm oA Y- o] %’34‘}11—"—‘4 B0 79 1,000
ppm TF o|3le] FEoA BE o] FAF o
B o] el ot

F ZAo] S5 Jepd F223XF FHES
4 A FEMIOE S A (Table 3), 5 TF
2% 40ppm $52] =AM 72 A2t F4F S5

281w, 30 ppm 559 FENAME L monocytogenes
ATCC 19113% z%lﬂzs}slb 2= Z2Ase] A A
5 30~40 ppm $E2E JePd). o) Avld n-

Al B EMIC 30 ppm)™®, A §22XE BYE
(MIC 50 ppm)®2] L. monocytogenesoll W& 3-F &
e} FAbsk éﬁrolwl, #HF SREIE RYE
MIC>100 ppm)® 2 72 odolAHo|E FHE
(50<MIC<100 ppm)®9] 3+ EA¥e} 53515,

EZ2RE HEUEC| MYt AT KBS R 7
o

% FYEe Ay 223 Y Y &
Hr} $geslel Be] Aoz dAsielen, =8 &
F8 7kpadol & o)z} ¢l7] WlEe] AdAeR F
Al Aajgo] A eld 2 FF(L. monocytogenes
ATCC 19111, 19114)F AAdld A|Y FF=2 A3}
At

B Bl $78 222X E FHEE silica gel
column chromatography® A8t A=}, 12719 &
Aot 2 g8E HA A F=E A E(Table
4, R2 9 R3 ¥ 4 A8 =71 10ppm 5
°lif}<ﬁ°wl R4 52 40ppm, R6 IFEL 50 ppm,
R78E-2 20 ppm, R8 L2 50 ppm FF |3tz }
. °] A §323F FHEY 1% column
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Table 3. Minimum inhibitory concentration(MIC) of the chloroferm fraction obtained from Ruta graveolens Linne against

L. monocytogenes

. v i
Fraction Concentration

Listeria monocytogenes

(ppm) ATCC 19111

ATCC 19112

ATCC 19113 ATCC 19114 ATCC 15313

250 D

125 -
60 -
40 .
30 +?
20 +

Chloroform

YNo growth during incubation for 72 hr at 30°C.
IGrowth during incubation for 72 hr at 30°C.

Table 4. Antimicrobial effect of fraction R1~R12 obtained after column chromatography of chloroform fraction against

L. monocytogenes for 72 hr at 30°C

Listeria monocytogenes

. ATCC 19111 ATCC 19114
Fraction
Yield(g) Clear zone MICc? Clear zone MIC
(0.02 mg/disc) (ppm) (0.02 mg/disc) (ppm)

RI 0.18 b - - -
R2 0.50 182 <10 20 <10
R3 0.22 17 <10 16 <10
R4 0.61 10 40 12 40
RS 0.57 - - -
R6 0.59 15 50 16 50
R7 1.70 16 20 18 20
R8 051 15 <50 15 <50
RO 0.64 - - - -
R10 1.35 - - - -
RI11 1.43 - - -
R12 2.47 - - - -

YNo inhibitory effect.

AClear zone diameter(disc diameter 6.0 mm) on tryptic soy agar for 24 hr at 30°C.

IMinimum inhibitory concentration(MIC).

HHE 5 ol 3 84 ¥ o A F=0
ppm)®2} FAl8E A3gde}. R1, RS, RY, RI10, R11 &
R12 FE-L 50ppm 59 =M d27e) e
FEO2 o] FA s B4 A A} . =
3 4] Mg 27l 7 YEel vt 10-18 mm
(ATCC 19111) ¥ 12~20 mm(ATCC 19114)2. }oFs}
A vebden], o Ay F22XE FHES 13}
column #¥E2] F4] A& 3h9~14 mm)®H} fa3t
37 YAoleict ¢33 S22 ¥ F 13} column BolE
o] of] o] AH o] Yehd Ao Hol ¢
¥ F23XE FYEor oo 3F YA EA]
EAze Aeg AR, 3} 50ppm TF °l3h
FEoA BAe] slerz e A A4S M
42 FAEAS

M 28F R79 M7 T

$+3F S22 38 BYEENE Eed 127 g
F g3 g gAel it R7 HES A
g B Helo] AMEsigtl. R7 HEe 34 A
FTEE 0ppm FESE 5 TR A7IACMES
Al 45 Hdssich

AA wiekgelM THEE s whEE FY F
Al epE HAY ¢ gl AYR g7 F=E
A £ glol, )& Hskslr] 8 s Al
ANF B2 #AE A= Fig 29} 3o}

27 HE FHE 10%ATCC  19114)~107(ATCC
19111) CFU/mLeIgl2 244170l Me] 3= waE 4
HEH, Y27 ¥ 35 ZF HF 27 ¢ 9]
& 10° CFU/mL %22 718 Wi, 20ppm 5
o A9 T #F BF 10~10? CFUML AE Za
33, 50 ppm 5] B4 F 5 EF 10° CFU/
mL FE AAsidch 124204 2T JF 27
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Fig. 2. Bactericidal effect of R7 fraction isolated from chloroform fraction of Ruta graveolens Linne against L.
monocytogenes ATCC 19111(left) and ATCC 19114(right) for 72 hr at 30°C.

-@ -; Control, - @ -; 20 ppm, -A -; 50 ppm.
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Fig. 3. Growth inhibition by fraction RT7-1~RT7-4(20 ppm) obtained after column chromatography of R7 fraction
against L. monocytogenes ATCC 19111(left) and ATCC 19114(right) for 72 hr at 30°C.
-® -; Control, -l -; RT 7-1, -& -; RT 7-2, - @ -; RT 7-3, -M -; RT 7-4.

T4l vis Fg7t ZAYHATCC 19114) 10' CFU/
mL HE Z7HATCC 191113 ®bE, He]F& 20
ppm ¥ S0ppm $E FE BF 27| Tl B
10" CFUMmL A% ZHasigt. ol Avle n¥it ¥
222 13 column ¥2E<2 AS¥¥-(30 ppm)™ T}
ARy Apfiaelw, Ay §223F ¥YEe] 2%
column E2]&<] F-5%E(100 ppm)*P2rtE 571 AF
¥ Holr},

ojAe] ZAnz¥E 3 F2E2 R7T YE L
monocytogenes®l Y& 20 ppm L 50 ppm TFE
FEA A E37) U8 ¢ & s

2k}, 3%} ¥ 4X} column chromatography & 2
S2E0 B4 Xl st

R7 ¥RozHe E2® 23, 3% 3 43 column
F2EE 20ppm $ES F=2 AA WA ryptic soy

brothyell 7} & & 72817 B4t 54 AH AHAE
w8 AI= Fig 3~-59 o} 23} column HBE
(RT7-1~RT7-4) % RT7-3832] 3 Ao 53l
32} column chromatography®] E=jo] AMS-g]ew, 1}
2] FEL dzT9} vledl TEE Egdd(Fig. 3).
=3 3% column ¥ E(RT7-3-1-RT7-3-3)s A=
RT7-3-29} RT7-3-3 8#2] 3t $Ao] -+ 2 (Fig.
4), o] F 48] FL RT7-3-2 HEL AAs 43}
column chromatographysl] AM8-8}51c}. 42} column ¥
ZE(RTG1~-RTG4)®} 7% RTG1 3 RTG2 & 72
A7k Bt 2 #e) F4E A&len, RTG 39+
ATCC 19111¢] M= FF Ao ot
ATCC 191140l H8iME 24X o] F E&t=r) 7t
slo] B VAJol A3 h(Fig. 5). RTG1 YE-e &
A2 $go] 5Bl b BAR BEjdled AR
344,



$3po 2 NE ¥ g4 B Bl g +25S 1385
1.00 1.00 ¢
~ 090 F 0.90 L
Eoso | 080 }
Sor} 0.70
©
= 060 060 }
go.so - 050 }
© 0.40 0.40
Sos0t 030 |
go20 0.20
0.10 0.10
0.00 A e A =N . . - A ke ol 0‘00 2 1 s A - 'l 'S ' J
0 8 16 24 32 40 48 56 64 72 0 8 16 24 32 40 48 56 64 72

Time(hr)

Time(v)

Fig. 4. Growth inhibition by fraction RT 7-3-1~RT 7-3-3(20 ppm) obtained after column chromatography of RT 7-3
fraction against L. monocytogenes ATCC 19111(left) and ATCC 19114(right) for 72 hr at 30°C.
-@ -; Control, -W -; RT 7-3-1, -A -; RT 7-3-2, - @ -; RT 7-3-3.
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Fig. 5. Growth inhibition by fraction RTG1~RTG4(20 ppm) obtained after column chromatography of RT7-3-2 fraction
against L. monocytogenes ATCC 19111(left) and ATCC 19114(right) for 72 hr at 30°C.
-@ -; Control, -l -; RTG 1, -A -; RTG 2, - @ -; RTG 3, +-; RTG 4.

Cll &8 RTG1-12| A7 &0

RTG1-1 382 20ppm $FlA F223F 294
B9 13 2Eold R7EE R} o]l =A
27194 ol AGE EAE: 3 ¥ E
o] T BAg Fagd g A B} AeH
fdon, Hupd 2B A% 9 MR P €9
£ Pt BAo] HolAlvke Easls ARE A3
o Fig. 69l HEW L monocytogenes ATCC
19111 ¥ 19114 5 @5 ¥ AF: 2+ 10~-10°
CFU/mL 50132} 48 Az} o] ¥l A3 HEHA]
o} 2 A Aoz Jepde} ols} fARE AY
o2 Zrzed EeldE W YE(50ppm)e] 7S ul
o ¥ AIM AEeE 10°~10° CFU/mL $F2
2 Hugeon® it FlE Y ¥HE(50 ppm)
2 10' CFU/mL $F22 R nEcy®, o8t H3}
2 E o $3ka Had o ¥ E Y

oM el 9 YR 7 YA oS &
& A=

Ciol &E ATGI1-19] X 83

RTG1-1¢] 'H-NMR Z#* Table 65} 2t} RTGI-
12 'H-NMR(400 MHz, CDCL,) spectumel| X o8-}
2 4709} proton signal, &, 87.19(ddd, J=8.0, 8.0,
1.0Hz), §7.49(dd, J=8.0, 1.0Hz), 87.66(ddd, J=8.0,
8.0, 1.0Hz) ¥ 88.18(dd, J=8.0, 1.0 H2)Z¥-E] ortho-
o)Xk benzene®] EAI7} HR1FHNL, 56.08(s) signal
ZXE] X3 benzened A7} FAFHUL. =3
secondary N-methyl 3= methoxyl(83.92, °H, s),
oxygenated-methine[(34.85, dd, J=9.0, 7.8Hz), A3
o8 TAHe] germinal coupling® ZHE= methylene
[(53.62, dd, J=145, 90Hz), (83.77, dd, J=1435,
7.8 Hz)], hydroxy-methylene[(83.55, d, J=10.8Hz),
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Fig. 6. Bactericidal effect of RTG1-1 fraction isolated from RTG1 fraction on L. monocytogenes ATCC 19111(left) and

ATCC 19114(right) for 72 hr at 30°C.
- @ -; Control, -W -; 20 ppm.

Table 5. '"H-NMR and "*C-NMR chemical shift of RTG1-
1 isolated from chloroform fraction of Ruta graveolens
Linne (400 and 100 MHz, CDCl,)

Carbon RTG1-1
No. 8. 3,
1 36.7 3.62(1H), dd, J=14.5,9.0 Hz
3.77(1H), dd, J=14.5, 78 Hz

2 83.5 4.85(1H), dd, /=9.0, 7.8 Hz
3

4 912 6.08(1H), s

5 164.7

6 179.6

7 124.7 8.18(1H), dd, J/=8.0, 1.0 Hz
8 1209 7.19(1H), ddd, J=8.0, 8.0, 1.0 Hz
9 1333 7.66(1H), ddd, /=8.0, 8.0, 1.0 Hz
10 1140 7.49(1H), dd, J=8.0, 1.0 Hz
11 28.6(-N-CH,) 3.92(3H), s

12 1429

13 104.3

14 1194

15 141.5

16 100.9

17 167.1

18 60.7

19 64.9 3.55(1H), d, J=10.8 Hz

3.70(1H), d, J=10.8 Hz
20 21.5 1.19(3H), s

(83.70, d, J=10.8 Hz)] ¥ singlet methyl(31.19) f-ei
9] signal £o] &=l @b RTGL-1E 230}
oA ti4 BaEl¥ acridine A g2 3¥EE B9y
i}, BC-NMR(100 MHz, CDCL)IM % acridine &

9] signatgo] #AZFHg2H, 1 2o §179.6 signal®
2E] C-6oll ketoneZ|E 7}4l acridone 3{HE<}e] 9
Hl1, 8167.1, 31647258 £ Fdlol] AP 2

¥t Aoz s, =3 §36.7(1), §83.5(d) signal®-
¥ dihydrofurane®}te] &7} S} o] 2
= RTGI-1¢] 34FeM Eeld vyl sle
gravacridonediol®” EY= gravacridonechlorine®®s} f-A}
B F2YE He4Eat. A, 184 45”40 NMR
spectrumol} 412} chemical shift’} 60.7 ppm&Z AbAR
ohe davt 2 S JeMFT 92, EIMS
MM M7F m/z 359004 #FF o] FAlge] 3592 A
Ay PJozHe] o] HFE- 2-(1-Chloro-2-hydroxy-1-
methylethyl)-1,11-dihydro-5-hydroxy-11-methylfuro[2,3-
clacridin-6(2H)-oneq! gravacridonechlorine 2. 2. §* 5
At
* <%

g G| 8t 3 5% oeE FEES 4
F g2 2% ¥ 4 20 w22 94 wF
(tryptic soy broth)oll H7}8led L monocytogenes 5 T
FE Wil As) EE22XE FYE Oppm TF
ol A 72A1ZF E<t 4] 9A ARE eI 3
BT FEol 08 £ 22X E FYES silica
gel column chromatography® 13 #-¥sle] 34 A
of ¥t HF R7E 9o, R7 82 20ppm 5
£ FxeM 5 IF EF F4E AN ¥F RT
< 43 A% Feisld @Y HE RIGI-IE IR,
RTGI-1E wiZ|oll 20ppm 222 Hrlsld 72412
WeFstal g o Aol AEHA ol ZAHEY A &
#}& el e, RIGI-19] F+2& T4 & Ax
gravacridonechlorine 2 2 #1¥$]t.
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