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ABSTRACT 

Novel heterocyclic analogs of resveratrol, (E)- 
stilbene analogs, were readily prepared by con- 
jugation of a heterocyclic benzothiazolium moi- 
ety with the core styrene structure of resveratrol 
and evaluated for their biological properties. The 
results showed that these analogs were superior 
to resveratrol in 1) anti-angiogenesis in vitro, 2) 
nitric oxide inhibition in vitro, and 3) inhibition of 
carrageenan-induced edema in vivo. In summary, 
introduction of a heterocyclic benzothiazolium 
moiety to replace one of two aromatic rings from 
the core stilbene structure of resveratrol pro- 
vided beneficial biological properties and is wor- 
thy of further investigation. 
 
Keywords: Resveratrol Analogs; Benzothiazolium; 
Anti-Angiogenesis; Carrageenan-Induced Edema 

1. INTRODUCTION 

Inflammation is a symptom standing for cell injury 
that plays a housekeeping role in diseases triggered by 
inflammatory cells such as macrophages, microglial, and 
mast cells that acutely or chronically mediate and/or ag-
gravatedly activate pathology inducing the primary re-
sponse of the innate immune system to damage and to 
promote disease progression. 

As an effective defense in biology, the inflammatory 
response usually lacks specificity and overreacts to cause 
significant bystander damage which activated in resp- 
onse to pathogens or tissue damage and amplified the 
inflammatory response to induce production of inflam-  

matory mediators including nitric oxide, reactive oxygen 
species, proinflammatory cytokine s (such as IL-1, NFκB, 
AP-1, IL-6, IL-17, IL-18, TGFβ, and TNFα), chemokines 
(MMPs, MCP-1) and prostaglandins, associated with 
vicious circle of cell death, and so on [1,2]. 

Nitric oxide (NO), one of reactive nitrogen species, is 
an endothelial survival factor, it inhibits apoptosis, en- 
hances endothelial cell proliferation and/or migration, 
and might increase the VEGF or fibroblast growth factor 
expressions in part, but inducible nitric oxide (NO) pro- 
duction by activated inflammatory cells which further 
contribute to tissue damage or degradation, and/or ulti- 
mate cell death. NO is also one of angiogenesis media- 
tors and vascular endothelial growth factor (VEGF) mu- 
tually triggers the release of NO from cultured human 
umbilical venous endothelial cells and even up-regulates 
the expression of nitric oxide synthase (NOS) [3,4]. 

The bio-complexities of NO-angiogenesis pathway be- 
come pathological evidences related to neovasculariza- 
tion in the convoluted biological context of arthritis, 
atherosclerosis, and tumor ever more, whereas angio- 
genic factors accelerate it [5,6]. 

Most biological processes such as angiostatin gene- 
rated from the degradation of plasminogen by matrix 
metalloproteinases (MMPs), a known endogenous in- 
hibitor of angiogenesis, modulate response to keep ho- 
meostasis, however, an issued that NO may trigger 
countervailing effects to suppress the production of an- 
giostatin [7]. Investigations issued that angiogenesis is 
attenuated when NO bioactivity is reduced. Furthermore, 
anti-inflammatory mechanisms include repression of pro- 
inflammatory mediators including NO, cytokines, chemo- 
kines, matrix metalloproteases, and prostaglandins in in- 
flammatory cells [5,6]. 
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Resveratrol, 3,5,4’-trihydroxy-trans-stilbene (1), is a 
polyphenol found in grapes, blue berries, peanuts, and a 
number of other plants [8-10]. Resveratrol exhibits a 
variety of useful biological properties including antileu- 
kemic, antibacterial, antifungal, antiplatelet aggregation, 
coronary vasodilator, antioxidative, and antiinflamma- 
tory activities and so on [11-13]. In the specific field of 
arthritis, it was recently reported that resveratrol inhibits 
the proliferation of synoviocytes in rheumatoid arthritis 
(RA) in vitro [14]. Elmali et al. suggested that intra-arti- 
cular injection of resveratrol may protect cartilage against 
the development of experimentally induced inflamma- 
tory arthritis [15]. Resveratrol has been reported to in- 
hibit nitric oxide production by lipopolysaccharide-acti- 
vated brain microglia [16]. Resveratrol revealed effec- 
tively anti-angiogenic action as well [17]. 

Due to the beneficial effects of resveratrol, many at- 
tempts to modify its structure have been made by scien- 
tists to further improve its water-solubility and biological 
activities. A number of hetercyclic resveratrol analogs 
have been reported and some of them have shown inter- 
esting biological activities [18-22]. However, for most of 
the reported analogs, the (E)-stilbene core structure is 
either maintained intact or only slightly modified. 

We hypothesized that it is not necessary to maintain 
the core structure of resveratrol in order to improve its 
biological activities. Based on this hypothesis, we intro- 
duced a novel heterocyclic benzothiazolium moiety into 
the (E)-stilbenes, made four analogs first, and investi- 
gated their biological properties. 

2. METHODS 

2.1. Chemistry 

Research chemicals were purchased from Sigma-Al- 
drich or Alfa Aesar and used at least 95% purity without 
further purification. The reference compound, resveratrol 
(99% GC purity), was purchased from Sigma-Aldrich. 
Reactions were monitored by thin-layer chromatography 
(TLC) on silica gel plates (60 F254; Merck) visualizing 
with ultraviolet light or iodine. Melting points were taken 
in open capillary tubes on a Buchi-530 melting point 
apparatus and are uncorrected. 1H-NMR spectra were 
determined on a Varian Gemini-300 NMR instrument. 
Chemical shifts () are reported in parts per million (ppm) 
relative to tetramethylsilane (TMS) as an internal stan- 
dard; coupling constants (J) are shown in hertz (Hz) and 
signals are described as s (singlet), d (doublet), t (triplet), 
and m (multiplet). IR spectra were recorded on a Per- 
kin-Elmer FTIR 1610 series infrared spectrophotometer 
in KBr discs. Fast atom bombardment (FAB) mass spec- 
tra were recorded using a JEOL-SX102A (GC/LC/MS) 
spectrometer. Only peaks of significant relative intensity  

are presented in the form of m/z (intensity relative to 
base peak). Elemental analyses for carbon, hydrogen, 
nitrogen and sulfur were performed in the Instrument 
Center of the National Science Counsel at the National 
Taiwan University using HERAEUS VarioEL analyzer. 

3-Ethyl-2-methylbenzothiazolium bromide (2).  
2-Methylbenzothiazole (1.5 g, 10 mmol) was reacted 

with ethyl bromide (1.5 ml, 20 mmol) over 5 h in a spe- 
cial closed glass tube (explosive-proof) using CEM mi- 
crowave reactor under 250 watts, 120˚C, to obtain the 
product as precipitate. Filter and wash the precipitate 
with ethyl ether or dichloromethane to obtain the pure 
product (1.47 g, 57% yield). The product is soluble in 
acetone and in water. Alternative method without the 
microwave reactor: 2-methylbenzothiazole (1.5 g, 10 
mmol) was reacted with ethyl bromide (15 ml, 200 mmol) 
in 100 ml of acetonitrile (as the solvent) under reflux 
over 72 h to obtain the product as precipitate. Filter and 
wash the precipitate with ethyl ether or dichloromethane 
to obtain the title compound (0.89 g, 32% yield). ); mp 
240˚C - 241˚C; 1H-NMR (300 MHz, DMSO-d6) : 1.44 
(3H, t, J = 7.2 Hz), 3.19 (3H, s), 4.75 (1H, q, J = 7.2 Hz), 
7.78 (1H, t, J = 8.4 Hz), 7.88 (1H, t, J = 8.4 Hz), 8.32 
(1H, d, J = 8.4 Hz), 8.43 (1H, d, J = 8.4 Hz), FAB-MS 
m/z (%): 178 (M+-Br, 19%). 

N-Ethyl-2-[(E)-2-(2’-hydroxy-4’-methoxyphenyl)viny
l] benzothiazolium bromide (3).  

To 15 ml of n-propanol was added 258 mg (1 mmol) 
of 2, 228 mg (1.5 mmol) of 2-hydroxy-4-methoxyben- 
zaldehyde, and catalytic amount of zinc chloride. The 
mixture was refluxed for 3 h. At the completion of the 
reaction, 30 ml of ether/hexane (1/1, v/v) was added to 
the solution to precipitate the crude product. H2O/Me- 
OH/acetone (1/1/2, v/v/v) was used to recrystallize 
highly purified product. Bricky red powder; yield 0.36 g 
(92%); mp 168˚C - 170˚C; 1H-NMR (300 MHz, DM- 
SO-d6) : 1.44 (3H, t, J = 7.2 Hz), 3.81 (3H, s), 4.83 (1H, 
q, J = 7.2 Hz), 6.52 (1H, d, J = 2.1 Hz), 6.60 (1H, dd, J = 
8.7, 2.1 Hz), 7.23 (1H, t, J = 7.2 Hz), 7.81 (1H, d, J = 
15.6 Hz), 7.82 (1H, t, J = 7.2 Hz), 8.00 (1H, d, J = 8.7 
Hz), 8.23 (1H, d, J = 15.6 Hz), 8.24 (1H, d, J = 8.7 Hz), 
8.33 (1H, d, J = 8.1 Hz), 10.59 (1H, s); IR (KBr) cm−1: 
3150 (br, OH), 1597, 1573, 1513, 1440; FAB-MS m/z 
(%): 313 (M+-Br, 27%). Anal. (C18H18BrNO2S·3.5H2O) 
C, H, N, S. 

N-Ethyl-2-[(E)-2-(3’,4’,5’-trimethoxyphenyl)vinyl]be
nzothiazolium bromide (4).  

The same method for 3 was used except 2-hydroxy- 
4-methoxybenzaldehyde was replaced by 247.5 mg (1.5 
mmol) of 3,4,5-trimethoxybenzaldehyde. Earth yellow 
powder; yield 0.41 g (94%); mp 240˚C - 242˚C; 
1H-NMR (300 MHz, DMSO-d6) : 1.48 (3H, t, J = 7.2 
Hz), 3.77 (3H, s), 3.90 (6H, s), 5.00 (1H, q, J = 7.2 Hz),  
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7.42 (2H, s), 7.79 (1H, t, J = 8.1 Hz), 7.88 (1H, t, J = 8.1 
Hz), 7.93 (1H, d, J = 15.9 Hz), 8.19 (1H, d, J = 15.9 Hz), 
8.30 (1H, d, J = 8.7 Hz), 8.45 (1H, d, J = 8.7 Hz). IR 
(KBr) cm−1: 3421 (br, OH), 1610, 1576, 1503, 1452. 
FAB-MS m/z (%):357 (M+-Br, 57%). Anal. (C20H22Br- 
NO3S·3H2O) C, H, N, S. 

N-Ethyl-2-[(E)-2-(3’,5’-dimethoxy-4’-hydroxyphenyl)
vinyl]benzothiazolium bromide (5).  

The same method for 3 was used except 2-hydro- 
xy-4-methoxybenzaldehyde was replaced by 273 mg (1.5 
mmol) of 3, 5-dimethoxy-4-hydroxybenzalde hyde (mm- 
ol). Scarlet powder; yield 0.32 g (89%); mp 238˚C - 
240˚C. 1H-NMR (300 MHz, DMSO-d6) : 1.46 (3H, t, J 
= 6.9 Hz), 3.88 (6H, s), 4.95 (1H, q, J = 6.9 Hz), 7.41 
(2H, s), 7.75 (1H, t, J = 7.2 Hz), 7.80 (1H, d, J = 15.9 
Hz), 7.84 (1H, t, J = 7.2 Hz), 8.15 (1H, d, J = 15.9 Hz), 
8.24 (1H, d, J = 8.1 Hz), 8.40 (1H, d, J = 8.1 Hz), 9.75 
(1H, s). IR (KBr) cm−1: 3427 (br, OH), 1585, 1508, 1443. 
FAB-MS m/z (%): 343 (M+-Br, 48%). Anal. (C19H20Br- 
NO3S·3H2O) C, H, N, S. 

N-Ethyl-2-[(E)-2-(4’-hydroxy-3’-methoxyphenyl)viny
l]benzothiazolium bromide (6).  

The same method for 2 was used except 2-hydro- 
xy-4-methoxybenzaldehyde was replaced by 228 mg (1.5 
mmol) of 3-methoxy-4-hydroxybenzaldehyde. Brick red 
powder; yield 0.35 g (89%); mp 148˚C - 150˚C. 
1H-NMR (300 MHz, DMSO-d6) : 1.46 (3H, t, J = 7.2 
Hz), 3.83 (3H, s), 4.94 (1H, q, J = 7.2 Hz), 6.94 (1H, d, J 
= 8.1 Hz), 7.57 (1H, dd, J = 8.1, 2.1 Hz), 7.66 (1H, d, J = 
2.1 Hz), 7.75 (1H, t, J = 7.5 Hz), 7.80 (1H, d, J = 15.3 
Hz), 7.84 (1H, t, J = 7.5 Hz), 8.15 (1H, d, J = 15.3 Hz), 
8.24 (1H, d, J = 8.4 Hz), 8.39 (1H, d, J = 7.8 Hz), 10.29 
(1H, s). IR (KBr) cm−1: 3434 (br, OH), 1583, 1511, 1440. 
FAB-MS m/z (%): 313 (M+-Br, 43%). Anal. (C18H18Br- 
NO2S·4H2O) C, H, N, S. 

2.2. In-Vitro Biological Studies 

2.2.1. Nitric Oxide Inhibition 
The mouse BALB/c macrophage cell line, RAW 264.7 

BCRC No. 60001 (identical to ATCC number TIB-71), 
was obtained from Bioresource Collection and Research 
Center, Taiwan. The cells were maintained according to 
the protocols being cultured in 50 cm2 plastic flasks 
(Nunc, Roskilde, Denmark) with the medium renewed 
every 3 days. LPS (from Escherichia coli, serotype 
0127:B8), trypan blue and all the other chemicals, unless 
otherwise specified, were purchased from Aldrich-Sigma 
Chemical Company (St. Louis, MO, USA). 

Determination of cell viability by an MTT assay. To 
evaluate the cell viability, a methylthiazoletetrazolium 
bromide (MTT) assay was conducted by the standard 
method in our laboratory. Incubation was performed after 
pretreating with a combination of the test compounds, in  

stock concentrations of 25, 50, 100, and up to 200 μM in 
dimethyl sulfoxide, and LPS (100 ng/ml) in normal sa- 
line for 24 h. Untreated cells were used as the control. 

Nitrite quantification. The cells were cultured with or 
without a pretreatment by the test compounds and res- 
veratrol of 25, 50, 100, and up to 200 μM as already de- 
scribed. Each value is the mean ± SEM of three determi- 
nations. *p < 0.05, each value was compared with or 
without the LPS-stimulated group. 

The production of NO was determined by measuring 
the accumulated level of nitrite in the culture supernatant 
with the Griess reagent in LPS-stimulated macrophage 
cells. A quantity of 100 μl of a sample aliquot were 
mixed with 100 μl of the Griess reagent (0.1% N-(1-na- 
phthyl)ethylenediamine, 1% sulfanilamide, and 2.5% 
phosphoric acid) in a 96-well plate and then incubated at 
25˚C for 10 min. The absorbance at 550 nm was mea- 
sured with an ELISA reader (MR 700, Dynatech Labo- 
ratories, Alexandria, VA, USA). NaNO2 was used as the 
standard to calculate the nitrite concentration. 

2.2.2. Anti-Angiogenesis Study 
Capillary-tube formation was assayed using the angi- 

ogenesis kits (Kurabo, Okayama, Japan) according to the 
manufacturer’s instruction. Briefly, human umbilical vein 
endothelial cells (HUVECs) cocultured with normal hu- 
man dermal fibroblasts (NHDF), which a cultural kit 
originally developed by Kurabo Co. Ltd., Okayama, Ja- 
pan, onto 24-well plate were incubated either with or 
without test compounds and resveratrol respectively at 
appropriate concentrations (1 - 100 µM) for 11 d (media 
replacement was performed at d 1, 4, 7, and 9). The cells 
were thereafter fixed with 70% cold ethanol, incubated 
with mouse antihuman CD31 antibody followed by in- 
cubation with an alkaline phosphatase conjugate goat 
antimouse antibody, and then stained with 5-bromo-4-ch- 
loro-3-indolyl phosphate/nitro blue tetrazolium to visu- 
alize tube network at d-11, respectively. In each assay, 
randomly selected five fields of view in each well were 
captured by digital camera under the light microscopy on 
x40 magnification. The analysis of tube formation was 
then carried out by measuring total area and length of 
tubes per well using analytical software (by Kurabo). 

2.2.3. In-Vivo Carrageenan-Induced Paw Edema  
Study 

In this study, λ-carrageenan was used to stimulate the 
inflammation on the rear footpad of the rats. Male albino 
Wistar rats (183 - 218 g) 4 to 6 weeks old were housed 
and cared under the guidelines of the Institutional Ani 
mal Care and Use Committee at the National Defense 
Medical Center, Taiwan. The rats were assigned to 
groups. For each group, 3 rats were used and marked on  
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the tails. one of them being the control. In order to in- 
duce inflammation, 50 μl of a 1% λ-carrageenan solution 
in normal saline was injected into the right hind paw 
subplantar tissue. The development of paw edema was 
measured plethysmographically (Basile 7140 plethys- 
mometer, Ugo, Varese, Italy) and recorded prior to this 
administration. One hour before the λ-carrageenan chal- 
lenge, a sample preparation (20 mg/kg in CMC) includes 
resveratrol (1) and its analogs 3, 4, 5 and 6. Before carra- 
geenan treatment, the volume of each left footpad was 
measured ( 0V ). Each rat was injected i.p. with the fol- 
lowings: 1) Control Group: medium only; 2) Testing 
Groups (one group for each compound), compound sus- 
pension in carboxymethyl cellulose (CMC) (20 mg/kg); 
and 3) Comparison group: resveratrol suspension in CMC 
(20 mg/kg) was injected i.p. into the rat in the test group. 
After the λ-carrageenan challenge, each paw volume (ml) 
was measured hourly up to 5 h. The percentage of paw 
edema and the inhibition of inflammation were calcu-
lated. Edema rate (E%) was calculated as follows: 

 0 0%

 

100E V V V  t : volume of hind paw before 1% 
λ-carrageenan administration; V : volume of hind paw 
after 1% carrageenan administration at t h. Percentage of 
inhibition (I%) was determined as follows:  

% 1 E00c t c ; c : edema rate of control 
group; Et: edema rate of the respective test compound at 
t h. 

I E E E  

2.3. Statistical Analysis 

Each experimental data value is expressed as the mean 
± SEM. The statistical significance of differences was 
assessed with an analysis of variance (ANOVA), fol- 
lowed by Tukey’s test or Student’s test between two 
groups. Differences with p values of less than 0.05 are 
considered statistically significant. The statistical sig- 
nificance of differences was assessed with an analysis of 
variance (ANOVA), followed by Tukey’s test or Stu- 
dent’s test between two groups. Each value represents the 
mean ± SEM, n = 5, *P < 0.05 compared with the control 
(0.1 ml normal saline), **P < 0.05 compared with posi-
tive control (ibuprofen), respectively. 

3. RESULTS 

3.1. Synthesis 

Two methods were utilized for the synthesis of 
3-ethyl-2-methylbenzothiazolium bromide 2): a) in a 
CEM Discover microwave reactor, and b) by a tradi- 
tional reflux, in 57% and 32% yields, respectively. 
Compound 2 was then used as the key starting material 
to react with the respective benzaldehydes to synthesize 
four heterocyclic resveratrol analogs 3 - 6 (Scheme 1 and 
Figure 1). 

N

S
CH3

(a)

N

S
CH3

+
Br

(b)

N

S

+
Br

R

2 3-6  
Scheme 1. Synthesis of resveratrol analogsa. aReagents and 
conditions: (a) C2H5Br in CEM microwave under 250 watts, 
120˚C. for 5 hr. (b) reacted with respective benzaldehyde and 
trace amount of ZnCl2 in n-propanol and reflux for 3 hr. 

 

 
Figure 1. Structures of resveratrol, (E)-stilbene, and 
compounds 3 - 6. 

3.2. Biological Evaluation 

3.2.1. In-Vitro Nitric Oxide Inhibition (Based on  
Nitrite) 

These analogs 3 - 6 compared to resveratrol were 
evaluated for the inhibition of nitric oxide (NO) based 
on the accumulation of nitrite by activated macro- 
phages in vitro. The results of NO inhibition in vitro as 
indicated by the reduction of nitrite are shown in Table 
1. The results indicated that, under current experi- 
mental condition, all the four compounds showed bet- 
ter inhibition on NO production below at a cut-off 
concentration (25 μM) in vitro as compared to res- 
veratrol (1) (40 μM), a natural polyphenol. 

3.2.2. In-Vitro Anti-Angiogenesis 
As an initial screen for biological activity, compounds 

3 - 6 were evaluated for anti-angiogenesis in vitro against 
resveratrol. The IC50 values of anti-angiogenesis in vitro 
(by Kurabo software) were shown in Table 1. Represen- 
tative images of the anti-angiogenesis were shown in 
Figure 2. 

The results indicate that, under current experimental 
condition, all four resveratrol analogs are more effective 
anti-angiogenic agents in vitro as compared to resveratrol 
(1) (IC50 at 47.7 ± 1.1 μM f r HUVEC tube formation  o 
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Table 1. IC50 values of in vitro anti-angiogenesis activity and NO. 

Compound Anti-angiogenesis IC50 (µM) NO inhibition IC50 (µM) 

Control (Medium only) N/A N/A 

Resveratrol (1) 47.7 ± 1.1 40 

3 31.2 ± 2.0 <25 

4 18.8 ± 1.3 <25 

5 21.2 ± 1.6 <25 

6 19.9 ± 2.3 <25 

 
inhibition); analogs 4, 5 and 6 (comparable IC50s = 18.8 
± 1.3, 21.2 ± 1.6, and 19.9 ± 2.3 μM, respectively) ap- 
peared to be better than analog 3 (31.2 ± 2.0 μM).  

3.2.3. In-Vivo Carrageenan-Induced Edema  
Study 

A state of local acute inflammation was evoked by in- 
jecting 1% (w/v) λ-carrageenan (0.1 ml/paw) s.c. into the 
plantar surface of the right hind paw of the rat, with the 
left paw (CMC treated) serving as a control. These ana- 
logs of resveratrol were evaluated for their in vivo 
anti-inflammatory activity at a single dose of 20 mg/kg 
using the carageenan-induced paw edema method in rats. 
In the vehicle-treated control group, the mean volume of 
the right hind paws increased by 0.71 ± 0.07 ml equiva- 
lent to 82.8% edema at 5 h after a carrageenan challenge 
(Figure 3). Our results obviously showed that the syn- 
thetic resveratrol analogs 3 - 6 exerted a striking anti-in- 
flammatory effect with a significant reduction in swell- 
ing compared to resveratrol at rats. Among them, com- 
pound 4 manifested the greatest inhibition of 69.5% (paw 
edema, 0.21 ± 0.06 ml, P < 0.05) after 5 h. 

4. DISCUSSION 

4.1. Synthesis 

At first, we prepared a key heterocyclic starting mate- 
rial, 3-ethyl-2-methylbenzothiazolium bromide (2), by a 
traditional reflux over 72 h in a low yield (32%) and us- 
ing a large amount of solvent. Alternatively, it appeared 
that microwave-assistant synthesis for compound 2 in 
higher yield (57%) was more efficient and a saving to 
take a short time from 72 h to 5 h and to use a little 
amount solvent in a closed reaction system. Compound 2 
was then used as the key starting material to react with 
the respective benzaldehydes to synthesize four hetero- 
cyclic resveratrol analogs 3 - 6 (Scheme 1 and Figure 1) 
in high yields about or over 90%. 

4.2. Biological Evaluation 

4.2.1. In-Vitro Nitric Oxide Inhibition (Based On  
Nitrite) 

The effects of the resveratrol analogs on cell viability  

were evaluated by RAW 264.7 macrophages at first. In 
the MTT assay, none of the analogs including resveratrol 
itself were toxic at various concentrations of 25, 50, 100, 
and up to 200 μM on LPS-activated murine RAW 264.7 
over 24 h. The cell viability was in the 85% - 95% range. 
On the basis of their non-toxicity to macrophages, the 
effects of the test compounds on NO production were 
further evaluated. 

In order to evaluate the cytoprotective ability at the 
NO production level at the 24-h time point, one of the 
oxidative stress mediators, LPS-elicited RAW 264.7 
macrophages were used in our experiments, The IC50 
values are shown in Table 1, compounds 3 - 6 showed 
better inhibition on NO production below a cut-off con- 
centration (25 μM) in vitro currently as compared to res- 
veratrol (1) (40 μM), yet no more further screenings at 
NO inhibition were conducted but furthermore focused 
on anti-angiogenic testings. 

Interestingly resveratrol itself has a paradoxical effect 
on the NO production in biological system that might be 
no effect at low concentration or short-term incubation 
with resveratrol but differentially boosts the NO produc- 
tion at high concentration over 50 μM and after long-te- 
rm use of resveratrol in a time- and concentration-depen- 
dent manner of endothelial cells. [23] 

However, in macrophage cells (RAW 264.7), resvera- 
trol for the inhibition of LPS-induced nitric oxide pro- 
duction by considering the involvement of an estrogen 
receptor was inhibited only when cells were treated with 
resveratrol prior to LPS-stimulation at a higher concen- 
tration of resveratrol [24]. 

4.2.2. In-Vitro Anti-Angiogenesis 
It is now accepted that angiogenesis is central to 

maintaining and promoting rheumatoid arthritis (RA) 
and several studies in human have suggested that block- 
ing angiogenesis during the course of RA may be of 
therapeutic benefits [25-27]. As an initial screen for 
anti-angiogenesis in vitro, compounds 3 - 6 compared to 
resveratrol were conducted. Among four resveratrol ana- 
logs, analogs 4, 5 and 6 are comparable and more effec- 
tive anti-angiogenic agents in vitro than resveratrol (1),   
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(a) 

 
(b) 

Figure 2. Representative images of the anti-angiogenesis (40×) by the test compounds. 
 
in consistence with an antiangiogenic action at 20 - 80 
μM for HUVEC tube formation on Matrigel [28] and ap- 
peared to be a little better than analog 3. 

4.2.3. In-Vivo Carrageenan-Induced Edema  
Study 

Carrageenan-induced rat paw edema, an in-vivo model 
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of acute inflammation for a variety of inflammatory 
and/or oxidative stress mediators with biphasic inflam- 
matory nature, is the standard and most commonly used 
technique to screen inflammatory and/or anti-inflamma- 
tory activity. A state of local acute inflammation was 
evoked by injecting 1% (w/v) λ-carrageenan (0.1 ml/paw) 
s.c. into the plantar surface of the right hind paw of the 
rat, with the left paw (vehicle treated) serving as a con- 
trol. In the vehicle-treated control group, the mean vol- 
ume of the right hind paws increased by 0.71 ± 0.07 ml 
at 5 h after a carrageenan challenge. Our results (Figure 
3) obviously showed that the synthetic resveratrol ana- 
logs 3 - 6 exerted a strikingly strong anti-inflammatory 
effect with a significant reduction in swelling compared 
to resveratrol at rats. Among them, compound 4 mani- 
fested the greatest inhibition of 69.5% (in turn of 25.3% 
paw edema, 0.21 ± 0.06 ml, compared to vehicle control, 
82.8% paw edema, P < 0.05) after 5 h. 

On contrary, resveratrol has a slight anti-inflammatory 
activity at first 2-h but potentiate inflammatory action to 
boost rat paw edema after 3-h carrageenan challenge. 
Overall resveratrol has no anti-inflammatory effect that 
this result is consistent with the report by Gentilli et al. 
[29]. 

However, based on the results the antiinflammatory 
activities of compounds 3 - 6 were better as compared to 
resveratrol (1); compound 4 is the best among these four  

analogs. In the in vivo carrageenan-induced paw edema 
test, the anti-inflammatory activities of all the four ana- 
logs were better than that of resveratrol. Analog 4 re- 
duced the edema to only about one of third that was the 
best among these four compounds. Therefore, these 
compounds may be worthy of further investigation as 
potential therapeutics. 

5. CONCLUSIONS 

In this study, we have made four novel analogs of res- 
veratrol (1) basically by insertion of heterocyclic moie-
ties into (E)-stilbene. These four new compounds were 
then studied for their biological properties. 

In the in vitro studies, all the four analogs showed sig- 
nificantly better in vitro anti-angiogenesis effect as com- 
pared to resveratrol (1). Inhibition of LPS-induced NO 
production in vitro for each of these analogs was also 
significantly better than that of resveratrol (1).  

In summary, this study showed that insertion of hete- 
rocyclic moieties into the (E)-stilbene core structure may 
be a new direction in term of modifying resveratrol and 
improving its biological properties. On the other hand, 
these preliminary biological properties do not guarantee 
that this type of analogs of resveratrol will result in ac- 
tual therapeutics. Many more studies will have to be 
conducted in order to verify their potential to become  

 

 
Figure 3. Anti-inflammatory activities of compounds 3 - 6 at 20 mg/kg i.p. single dose in carrageenan-induced 
paw edema model in rats (n = 3 animals/group). Each value represents the average ± SEM of 3 animals.   
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suitable therapeutics. 
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