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Study on the antibacterial activity of six gingeroloids from Zingiber officinale

LI Xiao-ju, TUO Cheng-jie, HUANG Zhi-pu,ZHANG Xiao-mei* ,ZHAO Qing”

School of Traditional Chinese Medicine ,Yunnan University of Chinese Medicine ,Kunming 650500 , China

Abstract ; In order to research antimicrobial activity and preliminary structural-activity relationship of chemical constituents of
Zingiber officinale ,six gingeroloids were isolated and from Zingiber officinale with chromatographic methods. Structure eluci-
dation of the six compounds was based on spectroscopic methods,and they were identified as 5-hydroxy-1-(4-hydroxy-3-me-
thoxyphenyl ) 4-decen-3-one (1) ,5-hydroxy-1-(4-hydroxy-3-methoxyphenyl) 4-dodecen-3-one (2) ,5-hydroxy-1-(4-hydrox-
y-3-methoxyphenyl ) 4-tetradecane-3-one (3),[6]-gingerol (4),[8]-gingerol (5),and [ 10]-gingerol (6) ,respectively.
Antibacterial activities of the six compounds against 15 Gram-positive and Gram-negative bacteria were performed with antimi-
crobial paper diffusion method. As a result, compounds 1 and 4 showed the best antibacterial activity against the tested
strains , while 6 showed no antibacterial activity against all tested strains. The bioassays revealed that antibacterial activity of
the enol-type compounds (1,2 and 3) against Gram-positive bacteria was better than that of the gingerol-type compounds (4,
5 and 6) ,whilst the antibacterial activity of gingerol-type compounds against Gram-negative bacteria was better than that of e-
nol-type compounds. Furthermore ,increase of the fat chain length of gingeroloids may lead to the decrease of antibacterial ac-
tivity.
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MS:m/z315 [M +Na]*;'H NMR (500 MHz,CDCI,)
5:6.82(1H,m, H-5").6.68(2H,m,H-2'6').5.51
(1H,s,H4) ,3.86(3H,m,OCH,),2. 84 (2H,m, H-
1),2.56(2H,1,] =8.1 Hz, H-2) ,2.25(2H,1, ] =
7.8 Hz,H-6),1.57(2H,m,H-7) ,1. 29 (4H ,m, H-8,
9),0.88(3H,m,H-10) ;" C NMR (125 MHz, CDCL,)
5:194.4(C-5),193.5(C-3),146.4(C-3"),143.9
(C4),132.7(C-1"),120.8 (C-6"), 114.3 (C-5")
111.0(C2"),99.5(C4),55.9 (OCH, ) ,40.6 ( C-
2),38.3(C-6),31.4(C-8),31.4(C-1),25.5(C-7),
22.4(C9),14.0(C-10) . FiR%dE 5 k™ 434
B &Y —3, %6 5% N 5-hydroxy-1-(4-hydroxy-3-
methoxyphenyl ) 4-decen-3-one ( Z5#5 ILIK 1)

L&MW 2 JTLIk; 7 730 €y Hy, 0,5 ESI-
MS:m/z343 [M +Na]*;'"H NMR(500 MHz,CDC, )
5:6.82(1H,dd,J=8.1,4.9 Hz,H-5"),6.68 (2H,
m, H2',6'),5.50 (1H, s, H4 ), 3.86 (3H, m,
OCH,),2.84(2H,m,H-1) ,2.56(2H,1,J =8.3 Hz,
H=2).2.25(2H,t,J =7.6 Hz,H-6) ,1.57(2H,m, H-
7).1.28 (84, m, H-8,9,10,11),0.87 (3H, m, H-
12):" C NMR (125 MHz, CDCL, ) 8: 194.4 (C-5 ),
193.6(C-3) ,146. 4 (C-3") ,143.9(C4") ,132.7 (C-

1'),120.8(C-6") ,114.3(C-5") ,111.0(C-2") ,99.5
(C4),55.9(0CH,),40.6(C-2),38.3(C-6),31.7
(C-10),31.6(C-1),29.2(C9),29.0(C-8),25.8
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mkO R B LA — 58, % E 9 5-hydroxy-1-(4-
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MS:m/z371 [M +Na]; *'"H NMR (500 MHz,CDCI,)
5:6.82(1H,dd,J =8.1,5.1 Hz,H-5") ,6. 68 (2H,
m,H-2",6"),5.40(1H,d,J =14.2 Hz,H4) ,3.87
(3H,d,J=5.2 Hz,0CH,) ,2.84(2H,m,H-1) ,2. 56
(2H,t,J=8.4 Hz,H-2) ,2.25(2H,t,J =7.5 Hz, H-
6),1.57(2H,s,H-7),1.26 (12H,m,H-8,9,10,11,
12,13),0.87 (3H,t,J =7.0 Hz, H-12);” C NMR
(125 MHz, CDCl, ) §:194.4 (C-5),193.6 (C-3),
146.4(C-3"),143.9(C4"),132.7(C-1") ,120. 8(C-
6'),114.3(C-5"),110.9(C-2"),99.5(C4),55.9
(OCH,) ,40.6(C-2),38.3(C-6),31.9(C-12),31. 4
(C-1),29.5(C-11),29.4(C-10),29.3(C9),29.2
(C8),25.8(C-7),22.7(C-13),14.2(C-14) , Lk
Belis 5 S0k R Ok A Y — 5L, % E R 5-hy-
droxy-1-( 4-hydroxy-3-methoxyphenyl ) -4-tetradecane-
3-one,

wEm 4 HEFEE; 270 €y Hy O, ESI-
MS: m/z 317 [M + Na]";'H NMR (500 MHz,
(CD,;),C0)68:6.81(1H,d,J=1.9 Hz,H-5"),6.70
(1H,d,J=8.0 Hz,H-2",6") ,6.63(1H,dd,J=2.0,
8.0 Hz, H6'),3.99 (1H, m, H-5),3.86 (3H, s,
OCH,),2.75(4H, m,H-1,2),2.51 (2H, m,H4) ,
1.22-1.40 (8H, m, H-6,7,8,9),0.87 (3H, m, H-
10);°C NMR (125 MHz, (CD,),C0) §:210.0 ( C-
3),148.1(C-3"),145.6(C4"),133.6(C-1") ,121. 4
(C6"),115.6 (C-5"),112.6 (C-2"),68.3 (C-5),
56.1(0CH,),50.9(C4),45.9(C-2),38.1(C-6),
32.5(C-1),25.9(C-8),23.3(C9),14.3(C-10),
BRSSO R T LA — 3 SE N
[6]-%M,

wams  Joahik; 212 €y Hy, 0, ESI-
MS:m/z345 [M +Na]*;'H NMR (500 MHz,CDCI,)
5:6.82(1H,d,J=8.0 Hz,H-5") ,6.66(2H,m,H-2",
6'),4.02(1H,br s,H-5),3.86(3H,s,0CH,) ,2.83
(2H,m,H-1),2.73(2H,m,H-2,)2.48 ~2.55(2H,
m,H4),1.33(12H, m, H-6,7,8,9,10,11),0. 87
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(3H,m,H-12) ;°C NMR (125 MHz,CDCI,)§:211.6
(C-3),146.4(C-3"),143.9(C4"),132.7(C-1"),
120.7(C-6"),114.4(C-5"),110.9(C-2") ,67.7(C-
5),55.9(0CH,) ,49.4(C4),45.5(C-2),36.4(C-
6),31.8(C-1),29.6(C-7),29.3(C-8),29.3(C9),
25.5(C-10),22.7(C-11),14.1(C-12) , bR
53k B e A — 8 B [8]-%
1 o

wEame H@lEk; 7 G, Hy, O, ESI-
MS.m/z373 [M +Na] *;'H NMR (500 MHz,CDCI, )
5:6.82(1H,d,J=8.0 Hz,H-5") ,6.66(2H,m ,H-2",
6'),4.02(1H,br s,H-5),3.83(3H,s,0CH,) ,2. 83

(2H,t,J=7.4 Hz,H-1),2.73(2H,t,J =7.7 Hz,H-
2,)2.48 ~2.55(2H,m,H4),1.33(16H,m,H-6,7,
8,9,10,11,12,13),0.87 (3H,t,J = 6.9 Hz, H-
14) ;" C NMR (125 MHz, CDCL, ) §:211.6 (C-3),
146.4(C-3"),143.9(C4") ,132.7(C-1") ,120.7( C-
6'),114.4 (C-5"),110.9(C-2"),67.6(C-5),55.9
(OCH;) ,49.3(C4),45.5(C-2),36.4(C-6),31.9
(C-1),29.6(C-7),29.6(C-8),29.6(C-9),29.3(C-
10),29.3(C-11),25.5(C-12),22.7(C-13),14. 1
(C-14) o F3RBcs 5 ek i i 2 e &4 —
L EN[10] -2,

1 k&1 ~6 ML

Fig. 1
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The chemical structures of compounds 1-6

HAMEY) 1 X TR & 22 IG5 8 2 BT T
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Table 1  Diameter of inhibition zone of compound 1-6
17 P8l 4% Diameter of inhibition zone( mm)
[:g7S »
Strain Pt I 1 2 3 4 5 6
Positive control
~ Tt
EROMHRE 39. 6° 1.9 8.7 7.9 - - -
St. aureus
Hjﬁ‘—ﬂif@ﬂ:lﬂ 30. 3 7.7 - 7.2 - - -
B. subtilis
v

2% PR A 10.4° 7.0 - - 10.0 7.0 -
S. pneumoniae
FEHERE .
En. faecalis 13.3 7.3 N N N N N
MRSA-1505 18.9" 7.9 6.7 6.7 - - -
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2:5% 1( Continued Tab. 1)

JMTE B £ 4% Diameter of inhibition zone(mm)

Itk § il
Strain XS 1 2 3 4 5 6
Positive control

MRSA-1957 9.7" 9.1 7.0 - - - -
MRSA-1591 40. 4" 7.5 6.9 6.5 - - -
MRSA-28299 12.0" 7.9 6.4 8.0 10. 1 7.1 -
MRSA-1-20 14.2> 8.7 6.6 6.0 - - -
MRSA-2024 24.0" 7.0 7.0 7.0 - - -
Perey
fﬁj@%ﬂ@m 15.0° 9.3 - - - - -
P. aeruginosa
j(ﬂﬁ]ﬁ[ﬁ 19. 4¢ 6.0 - - 9.5 7.9 -
E. coli

S N
BB AR 14.6° 7.5 - - 10.3 7.0 -
A. baumannii

= -
SR 17.8° 8.1 7.0 7.0 9.3 7.9 -
K. pneumoniae
WrE W
U PR AT B 23.0° 6.8 - - 10.5 7.3 -

H. influenzae

T RRETF AR P R T A R B R © RIS R P R R AR 3 KSR P - R AT

Note ; * Benzylpenicillin was used as positive control ;* Vancomycin was used as positive control ; “kanamycin was used as positive control. The diameter of

the inhibition zone is the average value of the three experiments;
3 Wit54it
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FExbiE 6 LG My AT DU IS PRI, £E AL T
RO RIEAT VIR DY . BRIk, 5 2% B A AL
BY4.5.6 ML, mEERAL S Y 1.2 3 X 2R
= FRPHPE R ARG 1 22 B 54 4 A1 S Xt
22 QI PE R PR T VRO TR B R A 5 . AR A
WA THIPCRA MRS , IF 45 A Lee 251 AT IT 45 1
K, LA I IR W HE B BER I, v] e Bt
BTG VEREAR . FRATTAN Lee 251 470 B8 7 1k 00 18 41
FUREER IR HERC N 5.7 .9 ANk I 1Y 2280 S8
o0 BTWIETEDT 5 A2 T 9 A rIREE, -
AR TS, 1 2 — PR

LRI S LR e P ) — R B P A
O3 IR I3 A2 A Sk A0 BRI R 1 o e o
PG YRR — SRR . ATTTE A IR
A BT T B 2 BOR R 5T 5 T ke S HATU AL
HBFSEFT R A
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