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Ginger is the rhizome of Zingiber officinale Roscoe, a plant cultivated in tropical and subtropical countries.
Ginger extract contains many kinds of constituents, such as gingerol, shogaol, and gingediol, responsible for the
pungent taste of ginger and has been know to possess a variety of pharmaceutical effects. The present study was
conducted to evaluate antioxidant activities of some of ginger constituents and their synthetic derivatives (thirteen
compounds) and to find out novel functions of these compounds in cell. All phenolic compounds inhibited lipid
peroxidation of methyl linoleate and low density lipoprotein (LDL). A hydrophilic group at the end of side chain
decreased antioxidant activity in LDL. The compounds with longer side chain showed stronger antioxidant activity.
A global study of gene expression using DNA microarray in endothelial cell exposed to ginger-related compounds
revealed that compounds having o-,p-unsaturated carbonyl, eg. shogaol, strongly induced expression of genes
which were regulated by Keap-1/Nrf2/ARE pathway. The side chain effects on gene expression was not as large as
observed in antioxidant activity. Nrf2-regulated genes encode cytoprotective proteins against oxidative stress, which
may explain a part of pharmaceutical effects of ginger extract.
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Fig.1 Chemical structure of constituents in ginger extract and their synthetic derivatives
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Fig.2 Antioxidant effect of [8]-Shogaol-COOH, [6]-OCHa-
Gingerol, and [6]-OCHs-Gingediol on oxidation of methyl
linoleate Increase in absorption at 234 nm in the oxidation
of methyl! linoleate (15mM) induced by 0.5mM AMVN in
acetonitrile at 37°C .

@ : control; 2 :1uM atocopherol; < : 5uM [8]-Shogaol-COOH;
@ : 5uM [6]-0OCHs;-Gingerol; [ : 5uM [6]-OCHs-Gingediol
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Time,min

Fig.3 Antioxidant effect of [8]-Shogaol-COOH, [6]-OCH,-
Gingerol, and [6]-OCHs-Gingediol on LDL oxidation
Increase in absorption at 234nm in the oxidation of LDL (0.1
mg/ml) induced by 0.4mM AMVN in PBS (pH7.4) at 37 C.
M control; < : 5uM [8]-Shogaol-COOH; @ : 5uM [6]-OCHa-
Gingerol; [ ] : 5uM [6]-OCHs-Gingediol
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Fig.4 Effects of side chain on LDL oxidation
(A) Chemical structure of compounds studied.
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(B) Increase in absorption at 234 nm in the oxidation of LDL (0.1 mg/ml) induced by 0.4 mM AMVN in PBS (pH7.4)

at37 C.

M control; = :5 uM [6]-OCHs-Gingediol; L1 : 5uM: [6]-OCHs-Gingediol-OH; X: 5uM [8]-OCHs-Gingediol-OH
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Fig.5 Effects of phenol group on LDL oxidation
(A) Chemical structure of compounds studied.
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(B) Increase in absorption at 234nm in the oxidation of LDL (0.1 mg/ml) induced by 0.4mM AMVN in PBS (pH7.4)

at 37°C.

@ control; []: 5 uM [8]-Shogaol-COOH; @ : 5 uM Phenyl-[8]-Shogaol-COOH

Table1 Gene expression in endothelial cell induced by shogaol derivatives

none Shogaol-  OCHzs- OCHs-
Gene Name COOH Gingediol Gingerol

hemeoxygenase 1 HO-1 161 1959 188 178
tripartite motif-containing 16 TRIM16 123 681 152 120
sequestosome 1 SQSTMA1 61 219 73 75
glutamate-cysteineligase, modifier subunit GCLM 223 753 283 213
solute carrier family7, member 11 SLC7A11 608 1635 726 642
solute carrier family 3, member 2 SLC3A2 229 466 256 254
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Induction of hemeoxygenase-1 (HO-1) by shogaol derivatives in endothelial cell.
(A) Chemical structure of compounds studied.

(B), (C)Relative mRNA levels of HO-1 were measured by real-time PCR. *p<0.01
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