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High level of plasma cholesterol is strongly associated with the development of atherosclerosis and
coronary heart disease. Clinical trials designed to reduce plasma cholesterol level by diet or pharmaco-
logical intervention have resulted in marked reduction of disease incidence. The enzyme 3-hydroxy-
3-methylglutaryl coenzyme A (HMG-CoA) reductase which reduces cholesterol biosynthesis in the liv-
er is the key enzyme of the mevalonate pathway that produces cholesterol. In this study, 71 naturally
occurring phenolic compounds were tested for inhibitory activities against HMG-CoA reductase.
Eleven compounds out of 71 showed inhibitory activities: three hydrolyzable tannin (geraniin, ace-
tonyl geraniin and pentagalloyl B-D-glucose), four benzoic acid derivatives (benzoic acid, trans-cin-
namic acid, 2,4-dihydroxybenzoic acid and 2,5-dihydroxybenzoic acid), and four naphthoquinone de-
rivatives (1,2-naphthoquinone, 1,4-naphthoquinone, plumbagin and shikonin). At the concentration of
10 pg/ml, 1,4-naphthoquinone inhibited HMG-CoA reductase by 99.4%, and then plumbagin 91.4%,
pentagalloyl B-D-glucose 46.6%, 2,4-dihydroxybenzoic acid 40.9%, shikonin 37.7%, 1,2-naphthoquinone
36.6%, trans-cinnamic acid 32.0%, acetonyl geraniin 30.2%, benzoic acid 28.5%, geraniin 28.3% and
2,5-dihydroxybenzoic acid 22.3%, respectively. ICs values of 14-naphthoquinone and plumbagin was

21 pg/ml and 5.8 pg/ml, respectively.
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Table 1. The list of 71 phenolic compounds

No. Compounds References
1 acetonyl geraniin (phyllanthusiin D) [2]
2 acteoside (verbascoside) [52]
3 alizarin [26]
4 aloe-emodin [70]
5 androsin [34]
6 angeliticin A [53]
7 arbutin [10]
8 benzoic acid [36]
9 bisdemethoxycurcumin [42]
10 caffeic acid (3,4-dihydroxycinnamic acid) [45]
11 caffeic acid methyl ester [29]
12 caffeic aldehyde [75]
13 caffeic aldehyde diacetate [75]
14 chlorogenic acid [45]
15 trans-cinnamic acid [30]
16 coniferin [39]
17 coniferyl aldehyde (4-hydroxy-3-methoxycinnamaldehyde) [39]
18 corilagin [1]
19 p-coumaric acid (4-hydroxycinnamic acid) [63]
20 cis-p-coumaric acid (cis-4-hydroxycinnamic acid) [51]
21 curcumin [23]
22 3,5-dicaffeoylquinic acid [45]
23 3,5-dicaffeoylquinic acid methyl ester [45]
24 1,8-dihydroxyanthraquinone [46]
25 2,5-dihydroxyacetophenone [47]
26 gentisic acid (2,5-dihydroxybenzoic acid) [49]
27 24-dihydroxybenzoic acid [3]
28 2,5-dihydroxybenzoic acid [14]
29 1,4-dihydroxy-2-naphthoic acid [18]
30 emodin [31]
31 3/4-dimethoxybenzoic acid [8]
32 ferulic acid [39]
33 gallic acid [36]
34 gallic acid methyl ester [36]
35 gallic aldehyde [78]
36 1-O-galloyl-B-D-glucose [32]
37 gastrodin [38]
38 geraniin [1]
39 hexadecanoyl ferulate [35]
40 homoarbutin [34]
41 homogentisic acid [13]
42 p-hydroxybenzoic acid [68]
43 hydroxyprenyl homoarbutin [34]
44 isoferulic acid [27]
45 juglone [43]
46 khellin [64]
47 lawsone [25]
48 maltol (3-hydroxy-2-methyl-4-pyrone) [59]
49 mangiferin [40]
50 1,2-naphthoquinone Sigma Co.
51 1,4-naphthoquinone [72]
52 paeonol [36]
53 paeonolide [44]
54 paeonoside [71]




Table 1. Continued
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No. Compounds References
55 pentagalloyl [3-D-glucose 1]
56 pirolatin [34]
57 plumbagin [61]
58 protocatechualdehyde (3,4-dihydroxybenzaldehyde) [49]
59 protocatechuic acid (3,4-dihydroxybenzoic acid) [45]
60 salicin [56]
61 salicylic acid [73]
62 sesamol [58]
63 shikimic acid [28]
64 shikonin [37]
65 sinapic acid [57]
66 syringin (eleutheroside B) [50]
67 syringic acid (4-hydroxy-3,5-dimethoxybenzoic acid) [11]
68 thymol [66]
69 vanillic acid (3-methoxy-4-hydroxybenzoic acid) [41]
70 vanillin (4-hydroxy-3-methoxybenzaldehyde) [16]
71 o-vanillin (2-hydroxy-3-methoxybenzaldehyde) Sigma Co
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Fig. 1. HMG-CoA reductase inhibition (%) of phenolic compounds (From no. 1 to 24). Final concentration of sample is 10 pg/ml.
Compounds: 1, acetonyl geraniin (phyllanthusiin D); 2, acteoside (verbascoside); 3, alizarin; 4, aloe-emodin; 5, androsin; 6,
angeliticin A; 7, arbutin; 8, benzoic acid; 9, bisdemethoxycurcumin; 10, caffeic acid (3,4-dihydroxycinnamic acid); 11, caffeic
acid methyl ester; 12, caffeic aldehyde; 13, caffeic aldehyde diacetate; 14, chlorogenic acid; 15, trans-cinnamic acid; 16, coniferin;
17, coniferyl aldehyde (4-hydroxy-3-methoxycinnamaldehyde); 18, corilagin; 19, p-coumaricacid (4-hydroxycinnamic acid); 20,
cis-p-coumaricacid (cis-4-hydroxycinnamic acid); 21, curcumin; 22, 3,5-dicaffeoylquinic acid; 23, 3,5-dicaffeoylquinic acid methyl
ester; 24, 1,8-dihydroxyanthraquinone.
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Fig. 2. HMG-CoA reductase inhibition (%) of phenolic compounds (From no. 25 to 48). Final concentration of sample is 10 ug/ml.
25, 2,5-dihydroxyacetophenone; 26, gentisic acid (2,5-dihydroxybenzoic acid); 27, 24-dihydroxybenzoic acid; 28, 3,5-dihydrox-
ybenzoic acid; 29, 1,4-dihydroxy-2-naphthoic acid; 30, emodin; 31, 3,4-dimethoxybenzoic acid; 32, ferulic acid; 33, gallic acid;
34, gallic acid methyl ester; 35, gallic aldehyde; 36, 1-O-galloyl-B-D-glucose; 37, gastrodin; 38, geraniin; 39, hexadecanoyl
ferulate; 40, homoarbutin; 41, homogentisic acid; 42, p-hydroxybenzoic acid; 43, hydroxyprenyl homoarbutin; 44, isoferulic
acid; 45, juglone; 46, khellin; 47, lawsone; 48, maltol (3-hydroxy-2-methyl-4-pyrone).
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Fig. 3. HMG-CoA reductase inhibition (%) of phenolic compounds (From no. 49 to 71). Final concentration of sample is 10 ug/ml.
49, mangiferin; 50, 1,2-naphthoquinone; 51, 1,4-naphthoquinone; 52, paeonol; 53, paeonolide; 54, paeonoside; 55, pentagalloyl
B-D-glucose; 56, pirolatin; 57, plumbagin; 58, protocatechualdehyde (3,4-dihydroxybenzaldehyde); 59, protocatechuic acid
(3,4-dihydroxybenzoic acid); 60, salicin; 61, salicylic acid; 62, sesamol; 63, shikimic acid; 64, shikonin; 65, sinapic acid; 66,
syringin (eleutheroside B); 67, syringic acid (4-hydroxy-3,5-dimethoxybenzoic acid); 68, thymo; 69, vanillic acid (3-methoxy-
4-hydroxybenzoic acid); 70, vanillin (4-hydroxy-3-methoxybenzaldehyde); 71, o-vanillin (2-hydroxy-3-methoxybenzaldehyde).

Table 2. HMG-CoA reductase inhibition (%) and half maximal inhibitory concentration (ICso) of phenolic compounds

Compounds Concentration (ng/ml) ICso

1.0 5.0 10.0 25.0 50.0 (ug/ml)
acetonyl geraniin (phyllanthusiin D) 6.9 30.2 83.1 16.0
benzoic acid 285 47.9 91.8 379
trans-cinnamic acid 57 32.0 787 34.5
2,4-dihydroxybenzoic acid 40.9 479 65.1 26.2
gentisic acid (2,5-dihydroxybenzoic acid) 22.3 27.5 81.6 323
geraniin 283 443 97.9 245
1,2-naphthoquinone 15.3 36.6 39.0 341
1,4-naphthoquinone 28.4 90.3 99.4 21
pentagalloyl [3-D-glucose 15.4 46.6 91.2 131
plumbagin 111 433 91.4 58
shikonin 37.7 59.6 923 18.6
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Fig. 4. Structure of phenolic compounds. A, geraniin; B, acetonyl geraniin; C, pentagalloyl 3-D-glucose; D, benzoic acid; E, trans-cin-
namic acid; F, 2,4-dihydroxybenzoic acid; G, gentisic acid (2,5-dihydroxybenzoic acid); H, 1,2-naphthoquinone; I, 1,4-naph-

thoquinone; ], plumbagin; K, shikonin.
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