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ORIGINAL ARTICLE

Cancer preventive agents 10. Prenylated dehydrozingerone analogs as
potent chemopreventive agents

Jin Tatsuzakia, Kyoko Nakagawa-Gotoa, Harukuni Tokudab and Kuo-Hsiung Leea*

aNatural Products Research Laboratories, Eshelman School of Pharmacy, University of North
Carolina, Chapel Hill, NC 27599-7360, USA; bDepartment of Biochemistry, Kyoto Prefectural

University of Medicine, Kyoto 602-0841, Japan

(Received 13 November 2009; final version received 4 January 2010)

Dehydrozingerone analogs and related compounds were screened as potential antitumor
promoters by using the in vitro short-term 12-O-tetradecanoylphorbol-13-acetate (TPA)
-induced Epstein–Barr virus early antigen activation assay. Among the 40 synthesized
compounds, the prenylated analogs 16 and 34–36 showed the most significant and
promising activity (100% inhibition of activation at 1£103 mol ratio/TPA, and 82–
80%, 37–35%, and 13–11% inhibition at 5£102, 1£102, and 1£10 mol ratio/TPA,
respectively) in this screening. Their activity profiles were comparable to those of the
reference standard curcumin. While a prenyl moiety conferred potent chemopreventive
activity, an extended prenyl unit such as a farnesyl moiety did not improve activity.
Because in vitro inhibitory effects in this assay generally correlate well with in vivo
inhibitory effects on tumor promotion, our results strongly suggested that prenylated 16
and 34–36 are likely to be promising antitumor promoters.

Keywords: dehydrozingerone; antitumor-promoting effect; Epstein–Barr virus; two-
stage carcinogenesis

1. Introduction

The natural product dehydrozingerone

(DZ, 1) is the ‘half analog’ of curcumin

(2) (Figure 1), which is known to have

potent anti-oxidant, anti-inflammatory, and

antitumor-promoting (chemopreventive)

activities [1,2]. Curcumin inhibits epider-

mal inflammation in mice and 12-O-

tetradecanoylphorbol-13-acetate (TPA)

induced tumor promotion in mouse skin

[3]. Structure–activity relationship (SAR)

correlations of curcumin analogs as anti-

tumor-promoting agents have also been

investigated [4,5]. DZ (1) and isoeugenol

(3), which have similar catechol skeletons,

but different alkenyl side chains, had

stronger antitumor-promoting effects than

curcumin [6]. In the search for antitumor

promoters from natural sources, the anti-

tumor-promoting properties of phenyl-

propanoids have also been reported [7–9].

The above evidence strongly supports the

use of 1 as a lead to develop novel antitumor

promoters and to further explore the

structural features necessary for chemo-

preventive activity. Because certain natural

products and synthetic compounds contain-

ing a prenyl moiety showed strong activity

against the Epstein–Barr virus early anti-

gen (EBV-EA) activation induced by TPA
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in Raji cells [10–14], prenyl derivatives of

1 were thus synthesized and evaluated

for in vitro inhibitory activity against

EBV-EA. In this paper, we report the

synthesis and SAR study of DZ analogs as

chemopreventive agents.

2. Results and discussion

All compounds were previously syn-

thesized [15]. Figure 2 shows the struc-

tures of analogs 4–11, which are

derivatives of 1, and of the related

chalcones 12–15, in which the terminal

methyl group is replaced by phenyl.

Figure 3 shows the structures of analogs

16–33, in which various types of alkyl and

alkenyl groups were added to the C-40

alcohol of 1 and 3, as well as four

additional prenyloxy derivatives 34–37.

The structures of methylated and preny-

lated curcumins (38 and 39, respectively)

are shown in Figure 4. All analogs were

evaluated in vitro as inhibitors of EBV-EA

activation induced by TPA in Raji cells

[16–18], and the inhibitory data are shown

in Tables 1 and 2. Figure 5 indicates the

typical fluorescent finding of EBV-EA

activation in Raji cells through the

fluorescence microscope.

Compounds with 3,4-disubstituted

benzalacetone structures (1, 5, and 8)

showed slightly better activity than com-

pounds with other disubstitution patterns

(e.g. 2,3- or 2,4-). The data for 12–15

indicated that a phenyl group at C4

decreased the activity. No remarkable

difference was observed between methoxy

and ethoxy groups (1 vs. 8 and 4 vs. 9).

However, by comparing 10 and 11 with 1

and 4–9, the presence of fluorine on the

benzene ring might decrease the activity.

Compounds 16–24 (DZ analogs), 25–

33 (isoeugenol analogs), 34–37 (preny-

lated analogs), and 38 and 39 (curcumin

analogs) were also tested using an in vitro

synergistic assay on EBV-EA activation

induced by TPA. The inhibitory effects

of tested compounds and the associated

viability of Raji cells are shown in Table 2.

DZ (1), isoeugenol (3), and curcumin (2)

were used as positive controls. In this assay,

all compounds showed inhibitory effects on

EBV-EA activation without high cytotox-

icity on Raji cells. At high concentrations

(1£103 mol ratio), DZ (16–24 and 34–37),

isoeugenol (25–33), and curcumin (38 and

Figure 1. Structures of DZ (1), curcumin (2), and isoeugenol (3).

Figure 2. Structures of DZ analogs.
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39) derivatives showed 100% inhibition,

and at lower concentrations, they were as

potent as or more potent than the parent

compounds. The prenylated analogs, 16

and 25, showed significant potency com-

pared with other alkylated analogs in the

respective series (see 16–24 for DZ

analogs, and 25–33 for isoeugenol ana-

logs). Prenylated DZ analogs 34–37

showed comparable activity with 16,

which showed the best activity in the

alkylated series. These findings support the

reported conclusions that a prenyl moiety is

important for optimal inhibitory effects on

EBV-EA activation [7–9]. Compound 37

was less active than 16 and 34–36,

indicating that fluorine does not affect the

activity. Although analog 19 containing a

geranyl group (two prenyl units) was more

active than 20 and 29 with farnesyl groups

(three prenyl units), it was less active

compared with other analogs in the DZ

Figure 3. Structures of DZ (16–24, 34–37) and isoeugenol (25–33) analogs.

Figure 4. Structures of curcumin analogs 38
and 39.
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series. Compounds 17, 18, 22–24 and 26,

27, 31, 32, which contain allyl, 2-butenyl,

ethyl, propyl, and isopentyl substituents,

respectively, showed similar activity, while

methylated compounds 21 and 30 showed

slightly lower activity. When analogs with

structurally similar alkyl and alkenyl

groups were compared (16 vs. 24, 17 and

18 vs. 23), the presence of a double bond

did not seem to affect the activity.

In summary, prenylated DZ 16 and its

analogs 34–36 showed the most signifi-

cant and promising activity in this screen-

ing (100% inhibition of activation at

1£103 mol ratio/TPA, and 82–80%, 37–

35%, and 13–11% inhibition at 5£102,

1£102, and 1£10 mol ratio/TPA, respect-

ively). While a prenyl moiety conferred

potent chemopreventive activity, an

extended prenyl unit such as a farnesyl

moiety did not improve activity. Hydro-

phobicity might be important for the

inhibition of TPA-induced EBV-EA acti-

vation. Because in vitro inhibitory effects

in this assay generally correlate well with

in vivo inhibitory effects on tumor

promotion [4,5,19,20], our results

suggested that 16 and 34–36 are promis-

ing antitumor promoters and further in vivo

investigations are now in progress.

3. Experimental

3.1 In vitro EBV-EA activation
experiments

EBV-EA positive serum from a patient

with nasopharyngeal carcinoma was a gift

from Prof. H. Hattori, Department of

Otorhinolaryngology, Kobe University.

The EBV genome carrying lymphoblas-

toid cells (Raji cells derived from Burkitt’s

lymphoma) was cultured in 10% fetal

bovine serum in RPMI-1640 medium

(Sigma R8758, St Louis, MO, USA).

Spontaneous activation of EBV-EA in our

subline of Raji cells was less than 0.1%.

The inhibition of EBV-EA activation was

assayed using Raji cells (virus non-

producer type) as described below. The

cells were incubated at 378C for 48 h in

1 ml of medium containing n-butyric acid

(4 mM), TPA [32 pM ¼ 20 ng in 2ml

Table 1. Relative ratioa of EBV-EA activation with respect to positive control in the presence of
DZ analogs.

Percentage of EBV-EA positive cells

Compound concentration (mol ratio/TPAb)

Compound 1000 500 100 10 IC50

DZ (1)c 0 (70)d 44.2 75.5 95.4 372
4 0 (70) 46.7 77.7 97.6 380
5 0 (70) 44.1 74.6 94.3 369
6 0 (70) 45.8 76.9 96.3 378
7 0 (70) 48.6 78.1 98.9 378
8 0 (70) 42.2 73.7 93.1 368
9 0 (70) 43.9 74.8 95.3 370
10 0 (60) 51.3 79.4 98.0 385
11 0 (60) 53.4 81.0 99.0 389
12 0 (60) 37.2 79.4 100 379
13 0 (60) 38.6 81.5 100 381
14 0 (60) 37.9 80.7 100 380
15 0 (60) 37.2 80.3 100 380

Notes: a Values represent percentages relative to the positive control value (100%).
b TPA concentration is 20 ng/ml (32 pmol/ml).
c Positive control.
d Values in parentheses are viability percentages of Raji cells.
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Table 2. Relative ratioa of EBV-EA activation with respect to positive control in the presence of
DZ analogs and related compounds.

Percentage of EBV-EA positive cells

Compound concentration (mol ratio/TPAb)

Compound 1000 500 100 10 IC50

DZ (1)c 0 ^ 0.5 (70)d 44.2 ^ 1.9 75.5 ^ 2.6 95.4 ^ 0.2 372
16 0 ^ 0.2 (60) 19.0 ^ 1.3 65.2 ^ 2.0 88.7 ^ 0.4 216
17 0 ^ 0.4 (60) 21.9 ^ 1.5 67.8 ^ 2.1 90.0 ^ 0.2 234
18 0 ^ 0.3 (60) 20.7 ^ 1.5 66.9 ^ 2.1 89.3 ^ 0.3 220
19 0 ^ 0.4 (60) 23.5 ^ 1.5 71.0 ^ 2.3 95.1 ^ 0.1 242
20 0 ^ 0.4 (60) 24.9 ^ 1.3 73.9 ^ 2.3 97.7 ^ 0.2 250
21 0 ^ 0.4 (60) 22.8 ^ 1.3 70.9 ^ 2.0 93.7 ^ 0.3 239
22 0 ^ 0.6 (60) 38.5 ^ 1.7 72.0 ^ 2.3 92.1 ^ 0.2 368
23 0 ^ 0.2 (60) 21.5 ^ 1.2 68.9 ^ 2.1 91.7 ^ 0.3 238
24 0 ^ 0.3 (60) 20.1 ^ 1.3 66.2 ^ 2.0 89.0 ^ 0.3 220
Isoeugenol (3)c 16.7 ^ 1.5 (70) 53.5 ^ 1.9 81.0 ^ 2.7 100 ^ 0.1 490
25 0 ^ 0.2 (60) 19.9 ^ 1.1 66.0 ^ 1.9 89.5 ^ 0.4 219
26 0 ^ 0.4 (60) 22.8 ^ 1.4 68.0 ^ 2.2 92.7 ^ 0.2 236
27 0 ^ 0.3 (60) 21.8 ^ 1.3 67.3 ^ 2.1 90.3 ^ 0.3 234
28 NAe –
29 0 ^ 0.5 (60) 26.3 ^ 1.4 75.3 ^ 2.3 98.8 ^ 0.1 261
30 0 ^ 0.4 (60) 23.6 ^ 1.5 72.0 ^ 2.3 95.6 ^ 0.2 246
31 NA –
32 0 ^ 0.4 (60) 22.7 ^ 1.3 69.3 ^ 2.3 92.8 ^ 0.1 240
33 0 ^ 0.4 (60) 21.2 ^ 1.4 67.3 ^ 2.1 91.5 ^ 0.2 237

34 0 ^ 0.2 (60) 19.1 ^ 1.1 64.8 ^ 2.0 88.0 ^ 0.4 222
35 0 ^ 0.2 (60) 18.0 ^ 1.0 63.2 ^ 2.0 86.8 ^ 0.3 207
36 0 ^ 0.2 (60) 19.7 ^ 1.1 63.2 ^ 2.0 86.8 ^ 0.3 219
37 0 ^ 0.2 (60) 22.8 ^ 1.3 67.7 ^ 2.1 90.5 ^ 0.3 231

Curcumin (2)c 0 ^ 0.4 (60) 21.1 ^ 1.1 80.1 ^ 2.4 100 ^ 0.1 379
38 0 ^ 0.2 (60) 19.6 ^ 1.1 76.5 ^ 2.4 98.5 ^ 0.1 253
39 0 ^ 0.1 (60) 17.3 ^ 0.9 72.6 ^ 2.1 92.4 ^ 0.3 240

Notes: a Values represent percentages relative to the positive control value (100%).
b TPA concentration is 20 ng/ml (32 pmol/ml).
c Positive control.
d Values in parentheses are viability percentages of Raji cells.
e Not applicable.

Figure 5. Typical fluorescent findings of EBV-EA activation. (a) EBV-EA expression by treatment
with TPA, (b) EBV-EA expression was reduced by curcumin and (c) no EBV-EA expression was
observed without TPA.
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dimethyl sulfoxide (DMSO)] and various

amounts of the test compounds dissolved

in 2ml of DMSO. Smears were made from

the cell suspension. The EBV-EA-indu-

cing cells were stained by means of an

indirect immunofluorescence technique. In

each assay, at least 500 cells were counted,

and the number of stained cells (positive

cells) was recorded. Triplicate assays were

performed for each compound. The

average EBV-EA induction of the test

compound was expressed as a ratio

relative to the control experiment

(100%), which was carried out with n-

butyric acid (4 mM) plus TPA (32 pM).

EBV-EA induction was ordinarily around

35%. The viability of treated Raji cells was

assayed by the trypan blue staining

method. The cell viability of the TPA

positive control was greater than 80%.

Therefore, only those compounds that

induced less than 80% (% of control) of

the EBV-active cells (those with a cell

viability of more than 60%) were con-

sidered to be able to inhibit the activation

caused by promoter substances.
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