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a b s t r a c t

The isoflavone genistein 1 and some derivatives modulate IL-12, TNF-a and NO production by macro-
phages and lung cancer cell lines, and improve the clinical signs of experimental autoimmune
encephalomyelitis (EAE). Seven genistein derivatives connected at C-6 position of a sugar, such as D-
glucose and D-galactose, were synthesized. The ability to modulate macrophage response was evaluated,
showing variable inhibition capacity of NO and TNF-a production in J774.A1 and RAW 264.7. Five of the
seven compounds were non-cytotoxic; compound 8 was more effective to inhibit NO and TNF-a pro-
duction, without affecting cell viability.

© 2014 Published by Elsevier Masson SAS.
1. Introduction

Innate immune response is an essential first line of defense
against aggressors, and acts in the polarization of the adaptive
response [1]. Macrophages are one of the components of innate
immunity, and play an important role by releasing inflammatory
mediators, such as nitric oxide (NO) and tumor-necrosis factor-
alpha (TNF-a) [2,3].

Nitric oxide is a reactive molecule involved in several biological
activities. Inducible nitric oxide synthase (iNOS), an enzyme
formed in response to pathological conditions, controls NO pro-
duction. The upregulation of iNOS is implicated in inflammatory
processes [4]. Macrophages can be activated by addition of inter-
feron-g plus lipopolysaccharide, which promotes the release of
large amounts of NO induced by iNOS [2,3].

TNF-a and its receptors (TNF-R1 and TNF-R2) are involved in
autoimmune and inflammatory diseases characterized by excessive
TNF-a production [5]. The blocking of the biochemical effects of
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TNF-a by soluble pre-ligand assembly domain (PLAD) of TNF re-
ceptors has been proved to inhibit arthritis in animal models [6].

Genistein 1 (40,5,7-trihydroxyisoflavone) (Fig. 1) is a natural
isoflavone that modulates IL-12, TNF-a and NO production by
macrophages and lung cancer cell lines through the inhibition of
the signaling pathway of nuclear factor kappa B (NF-kB) [7].
Moreover, genistein and its derivative 40-O-tetradecanoyl-genistein
2 (Fig. 1) have been shown to reduce the clinical signs of experi-
mental autoimmune encephalomyelitis (EAE), a murine autoim-
mune disease used in the study of multiple sclerosis (MS) [8,9].

Isoflavones are found in a number of plants in a glycosylated
form [10]. Genistin 3 (Fig. 1), the glycoside form of genistein 1 [11],
is metabolized to its aglycone form in the low gut by intestinal
glycosidases [12,13]. However, it has been shown that genistin is
partially absorbed without previous hydrolysis in the rat small in-
testine [14]. Furthermore, genistein bioavailability is greater when
it is administered in the glycosylated form, in comparison with the
aglycone form, due to the protection provided by the glycoside
group and the lower solubility of aglycones [15]. Moreover, the
transportation of the flavonoid quercetin 40-b-glycoside by sodium-
dependent glucose transporter was demonstrated in Caco-2 and
G63 cells [16].

In order to obtain compounds with physicochemical properties
similar to those exhibited by glycosides of genistein, this work
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Fig. 1. Structure of 1, 2 and 3.

Scheme 1. Synthesis of iodide 4 and 5.

Scheme 2. Synthesis of 6, 7 and 8.
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describes the synthesis of genistein derivatives attached to the C-6
position of D-galactose and D-glucose derivatives, and evaluates
their effect on the production of NO and TNF-a by J774A.1 and RAW
264.7 cells, activated by LPS plus IFN-g.

2. Results and discussion

2.1. Chemistry

The C7-OH group of genistein 1 exhibits a 100-fold increase in
acidity, compared to the C40-OH group. However, the C40-phenolate
or C40-OH groups are better nucleophiles than the C7-phenolate or
C7-OH groups, respectively. The C5-OH group is the less nucleo-
philic one of genistein. Because of this difference in reactivity, it is
easy to make modifications at C40-OH or/and C7-OH positions
[17,18].

The protected carbohydrates 4 and 5 were first prepared for the
subsequent condensation with genistein 1. Iodide 4 was obtained
(58% yield) through the acetalization of the hydroxyl groups at C1,
C2, C3 and C4 positions of D-galactose using dry acetone, zinc
chloride and catalytic amounts of sulfuric acid followed by an
iodination reaction at C-6 [19] (Scheme 1). Iodide 5 was obtained
(62% yield) through the iodination at C-6 of methyl a-D-glucopyr-
anoside followed by acetylation of the hydroxyl groups [20]
(Scheme 1).

The treatment of genistein 1with potassium carbonate followed
by the addition of 3 equivalents of iodide 4 afforded to obtain the
mono-ether 6 and di-ether 7 (30 and 9% yield, respectively; Scheme
2). The structure of compound 6 was confirmed by nuclear Over-
hauser effect enhancement spectroscopy (NOEDIFF)-NMR experi-
ments: the presence of specific NOE signals between H-600 and H-6
and H-8 of 6 proves that the ether was formed at the O-7 position of
the genistein. Hydrolysis of the isopropylidene groups of com-
pound 6 resulted in the formation of compound 8 (70% yield,
Scheme 2).

The reaction of genistein with potassium carbonate and 3
equivalents of iodide 5 led to the formation of the ethers 9 and 10
(55 and 20% yield, respectively). Compounds 9 and 10 were
deacetylated with sodium methoxide in MeOH to afford genistein
derivatives 11 and 12 (95 and 87% yield, respectively; Scheme 3).

2.2. Biological evaluation

2.2.1. Cytotoxic activity
The inhibitory activity of genistein in the release of inflamma-

tory mediators by macrophages has been previously described
[2,21]. In the present work, seven genistein derivatives were syn-
thesized and their ability to inhibit the production capacity of NO
and TNF-a production in J774.A1 and RAW 264.7 macrophages was
evaluated.

The cytotoxic activity of the synthesized compounds was eval-
uated by the determination of cell viability (Tables 1 and 2). None of
these compounds was cytotoxic against RAW 264.7 macrophages.
Monoether 11 was toxic against J774A.1 cells at all concentrations
tested, and the protected monoether 6 was cytotoxic at 26 mM.
2.2.2. Inhibition of NO production
Nitric oxide has been implicated in several inflammatory dis-

eases as septic shock, rheumatoid arthritis, and platelet aggrega-
tion. Inhibition of its production provides a useful therapy for
inflammatory disorders [4,22]. The reduction of NO production
after treatment of the cells with glycosylated flavonoids has been
described: it has been shown that quercetin 7-O-b-D-



Scheme 3. Synthesis of 9, 10, 11 and 12.
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glucopyranoside reduces iNOS expression [23], and that luteolin 5-
O-glucopyranoside suppressed the expression of the same enzyme
by LPS-stimulated RAW 264.7 cells [24]. Almost all tested com-
pounds reduced NO release more intensely than genistein, espe-
cially by deprotected derivatives 8 and 12 in both cell lineages
(Tables 1 and 2).
2.2.3. Inhibition of TNF-a production
TNF-a is a potent mediator of inflammation produced mainly by

monocytes and macrophages, in response to pathogens and in-
flammatory processes. Like NO, it has an important role in the
pathogenesis of inflammatory diseases such as rheumatoid arthritis
and septic shock [6]. It has been shown that glycosylated flavonoids
are able to inhibit TNF-a production by THP-1 cells stimulated with
LPS [25]. However, the quercetin 7-O-b-D-glucopyranoside failed to
inhibit TNF-a production by RAW 264.7 cells [26].

In the present study, only compounds 8, 9 and 10 significantly
inhibited TNF-a production by J774A.1 in relation to the non-
treated stimulated cells, at 6.5 mM (38.3 ± 6.7 pg/mL;
51.7 ± 13.7 pg/mL and 51.9 ± 1.7 pg/mL vs. 89.2 ± 17.1 pg/mL,
respectively p < 0.05). Genistein was not effective in the tested
concentrations, and none of the tested compounds was able to
inhibit the TNF-a production by RAW 264.7.
3. Conclusion

The variability in the responses observed in this work can be
explained by the fact that different cell lines present distinct inhi-
bition patterns [2,21,26,27], and more studies are needed to
establish a relationship between structure and activity. However,
the galactosylated genistein derivative 8 appears to be promising
anti-inflammatory agent, as it displayed the highest capacity to
inhibit NO and TNF-a production, without affecting cell viability.
Further studies should be conducted to investigate the beneficial
effect of this compound in vivo.
4. Experimental section

4.1. General

Melting points (mp) were determined on a Microquímica
MQAPF apparatus and were uncorrected. IR spectra were recorded
using a BOMEM-FTIR MB102 spectrometer. Optical rotations were
measured in a Bellingham Stanley ADP410 polarimeter. 1H and 13C
NMR spectra were recorded in a Bruker Advance DRX300 spec-
trometer. Chemical shifts (d) are quoted in parts per million (ppm),
and compared to the appropriate residual solvent peak reference
(CDCl3, CD3OD, DMSO or C5D5N), with the abbreviations s, br s, d, t
and m denoting singlet, broad singlet, doublet, triplet and multi-
plet, respectively. J represents the coupling constants (in Hz). Pro-
ton and carbon spectra were obtained at room temperature. Thin
layer chromatography was carried out on silica gel plates and
visualized under ultraviolet light and/or by treatment with a so-
lution of sulfuric acid stain followed by heating. For column chro-
matographic purification, column grade silica gel
(0.063e0.200 mm mesh size) was employed using Hexane-EtOAc
or CH2Cl2eMeOH mixtures of increasing polarity as eluent. Sol-
vents were purchased from Vetec Química and were distilled prior
to use. Reagents were purchased from Aldrich and used without
further purification. High-resolution mass spectra (HRMS) were
recorded in a Micromass LCT spectrometer at the Institut de Chimie
des Substances Naturelles, Gif-sur-Yvette, France. Compounds 4
and 5 were prepared as reported in references 19 and 20,
respectively.
4.2. Synthesis of 7-O-(100,200:300,400-di-O-isopropylidene-600-deoxy-a-
D-galactopyrane-600-yl)-genistein (6) and 7,40-di-O-(100,200:300,400-di-
O-isopropylidene-600-deoxy-a-D-galactopyrane-600-yl)-genistein (7)

Potassium carbonate (1.33 mmol) at room temperature was
added to a solution of genistein 1 (0.75 mmol) in 10 mL of DMF. The
mixture was stirred for 1 h. Next, 6-deoxy-6-iodo-1,2:3,4-di-O-
isopropylidene-a-D-galactopyranose (4, 2.25 mmol) was added to
the solution. The mixture was stirred at 80 �C for 48 h, DMF was
removed under reduced pressure, and the residue was extracted
with diethyl ether and water. The organic phase was dried with
sodium sulfate and the solvent was concentrated under reduced
pressure. The residue was purified by column chromatography
(hexane/AcOEt) to afford 6 and 7.

6 (30%); mp: 48e50 �C; [a]D ¼ �120 (c 0.1, CH2Cl2); 1H NMR
(300 MHz, CDCl3): d 1.36 (s, 6H), 1.48 (s, 3H), 1.56 (s, 3H), 4.19e4.20
(m, 3H), 4.35e4.38 (m, 2H), 4.68 (dd, 1H, J¼ 2.4 and 7.8 Hz), 5.59 (d,
1H, J ¼ 5.0 Hz), 6.40 (d, 1H, J ¼ 2.2 Hz), 6.43 (d, 1H, J ¼ 2.2 Hz), 6.83
(d, 2H, J ¼ 8.6 Hz), 7.31 (d, 2H, J ¼ 8.6 Hz), 7.82 (s, 1H) and 12.77 (s,
1H); 13C NMR (75 MHz, CDCl3): d 24.4, 24.9, 26.0, 26.1, 66.2, 67.3,
70.5, 70.6, 70.9, 93.1, 96.3, 98.9, 106.4, 108.9, 109.7, 115.6, 122.5,
123.7, 130.2, 152.9, 156.3, 157.9, 162.5, 164.5 and 180.9; IR (KBr):
3155e3427, 2854e2988, 1656 and 1071 cm�1; HRMS calculated for
[MþH]þ was 513.1755, the value found was 513.1745.

7 (9%); mp: 73e76 �C; [a]D ¼ �80 (c 0.1, CH2Cl2); 1H NMR
(300MHz, CDCl3): d 1.36 (s, 6H),1.47 (s, 9H),1.54 (s, 6H),1.55 (s, 3H),
4.13e4.26 (m, 6H), 4.34e4.39 (m, 4H), 4.64e4.69 (m, 2H), 5.58 (d,
2H, J ¼ 4.9 Hz), 6.41 (d, 1H, J ¼ 3.0 Hz), 6.45 (d, 2H, J ¼ 3.0 Hz), 7.02
(d, 2H, J ¼ 8.6 Hz), 7.45 (d, 2H, J ¼ 8.6 Hz), 7.85 (s, 1H) and 12.82 (s,
1H); 13C NMR (75 MHz, CDCl3): d 24.5, 24.9, 26.0, 29.7, 66.2, 66.7,
67.3, 70.6, 70.7, 70.9, 93.1, 96.4, 98.9, 108.8, 108.9, 109.5, 109.6, 115.0,
130.0, 152.7, 157.9, 158.9, 162.7 and 180.9; IR (KBr): 3140e3413,
2853e2988, 1657 and 1072 cm�1; HRMS calculated for [MþNa]þ

was 777.2729, the value found was 777.2717.



Table 1
Nitric oxide production and cellular viability of J774 A.1 stimulated by LPS/IFN-g and treated with genistein derivatives.a

Compoundsb NO production (mM) Cellular viabilityd (%)

6.5c 13c 26c 6.5c 13c 26c

6 17.7 ± 2.3: 12.8 ± 0.7*,: 0.7 ± 0.1* 102.1 ± 4.3 85.5 ± 1.4 30.3 ± 17.1
7 9.8 ± 1.5*,: 11.8 ± 0.9*,: 12.3 ± 0.7*,: 89.7 ± 2.1 87.3 ± 0.9 83.6 ± 8.1
8 9.7 ± 0.5*,: 10.9 ± 1.7*,: 9.1 ± 0.6*,: 93.6 ± 1.9 95.2 ± 1.6 88.9 ± 2.1
9 12.7 ± 1.5* 13.1 ± 0.8* 10.4 ± 2.1*,: 94.7 ± 2.8 92.7 ± 1.1 87.4 ± 1.5
10 11.5 ± 0.4*,: 12.1 ± 0.2* 11.7 ± 0.2*,: 82.1 ± 8.3 86.7 ± 5.8 87.9 ± 2.0
11 7.2 ± 0.6*,: 11.3 ± 0.5*,: 14.3 ± 0.6*,: 68.1 ± 4.9 64.3 ± 6.9 44.9 ± 0.1
12 8.7 ± 0.6*,: 9.1 ± 0.2*,: 8.5 ± 0.3*,: 99.9 ± 0.4 96.6 ± 2.1 94.8 ± 0.4
Genistein 13.4 ± 0.4* 13.8 ± 0.6* 14.5 ± 0.6* 111.7 ± 17.7 103.9 ± 2.9 110.1 ± 1.4

*p < 0.05 to NO production by cells treated versus cells stimulated not treated, (NO production ¼ 16.5 ± 1.4 mM).
: p < 0.05 of genistein versus genistein derivative.

a The results represent at least three independent experiments and are presented as the mean ± SEM.
b (6): 7-O-(100 ,200:300 ,400-di-O-isopropylidene-600-deoxy-a-D-galactopyrane-600-yl)-genistein, (7): 7,40-di-O-(100 ,200:300 ,400-di-O-isopropylidene-600-deoxy-a-D-galactopyrane-600-yl)-

genistein, (8): 7-O-(600-deoxy-a-D-galactopyrane-600-yl)-genistein, (9): 7-O-(100-O-methyl-200 ,300 ,400-tri-O-acetyl-600-deoxy-a-D-glicopyrane-600-yl)-genistein, (10): 7,40-di-O-(100-O-
methyl-200 ,300 ,400-tri-O-acetyl-600-deoxy-a-D-glicopyrane-600-yl)-genistein, (11): 7-O-(100-O-methyl-600-deoxy-a-D-glicopyrane-600-yl)-genistein, (12): 7,40-di-O-(100-O-methyl-600-
deoxy-a-D-glicopyrane-600yl)-genistein.

c Concentration of compounds (mM).
d Not treated cells viability 100 ± 1.1%.

Table 2
Nitric oxide production and cellular viability of RAW 264.7 stimulated by LPS/IFN-g and treated with genistein derivatives.a

Compoundsb NO production (mM) Cellular viabilityd (%)

6.5c 13c 26c 6.5c 13c 26c

6 2.4 ± 0.3*,: 2.5 ± 0.2*,: 3.1 ± 0.4: 87.6 ± 1.3 88.1 ± 4.5 71.3 ± 5.5
7 2.6 ± 1.2: 2.7 ± 1.0: 2.4 ± 1.0*,: 98.9 ± 1.9 89.4 ± 6.2 94.4 ± 2.7
8 1.4 ± 1.1*,: 0.0 ± 0.4*,: 0.0 ± 0.4*,: 95.9 ± 2.9 98.2 ± 0.8 95.8 ± 2.8
9 2.1 ± 0.1*,: 4.2 ± 0.2: 2.4 ± 0.4*,: 103.0 ± 3.2 103.5 ± 2.6 102.8 ± 1.2
10 1.9 ± 0.3*,: 2.5 ± 0.3*,: 4.1 ± 0.3: 102.8 ± 0.8 98.4 ± 2.4 101.3 ± 0.8
11 1.4 ± 0.4*,: 1.0 ± 0.1*,: 1.7 ± 0.5*,: 91.3 ± 1.0 88.1 ± 2.4 78.3 ± 2.8
12 0.0 ± 0.6*,: 0.0 ± 1.0*,: 0.0 ± 1.0*,: 93.6 ± 1.1 99.2 ± 1.2 92.2 ± 2.5
Genistein 6.3 ± 0.8* 6.3 ± 0.7* 6.1 ± 0.4* 128.3 ± 13.8 102.9 ± 5.2 107.9 ± 2.8

*p < 0.05 of NO production by cells treated versus cells stimulated not treated, (NO production ¼ 6.4 ± 0.5 mM).
: p < 0.05 of genistein versus genistein derivative.

a The results represent at least three independent experiments and are presented as the mean ± SEM.
b (6): 7-O-(100 ,200:300 ,400-di-O-isopropylidene-600-deoxy-a-D-galactopyrane-600-yl)-genistein, (7): 7,40-di-O-(100 ,200:300 ,400-di-O-isopropylidene-600-deoxy-a-D-galactopyrane-600-yl)-

genistein, (8): 7-O-(600-deoxy-a-D-galactopyrane-600-yl)-genistein, (9): 7-O-(100-O-methyl-200 ,300 ,400-tri-O-acetyl-600-deoxy-a-D-glicopyrane-600-yl)-genistein, (10): 7,40-di-O-(100-O-
methyl-200 ,300 ,400-tri-O-acetyl-600-deoxy-a-D-glicopyrane-600-yl)-genistein, (11): 7-O-(100-O-methyl-600-deoxy-a-D-glicopyrane-600-yl)-genistein, (12): 7,40-di-O-(100-O-methyl-600-
deoxy-a-D-glicopyrane-600yl)-genistein.

c Concentration of Compounds (mM).
d Not treated cells viability 100 ± 1.8%.
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4.3. Synthesis of 7-O-(600-deoxy-a-D-galactopyrane-600-yl)-
genistein (8)

One milliliter of trifluoroacetic acid at room temperature was
added to a solution of 6 (0.2 mmol) in 2 mL of CH2Cl2 and 1 mL of
H2O. The mixture was stirred at room temperature for 24 h and
evaporated under reduced pressure. The residue was purified by
column chromatography (CH2Cl2/MeOH) to afford 8 (70% yield).

mp: 175e178 �C; 1H NMR (300 MHz, C5D5N): d 4.24e4.40 (m,
2H), 4.55e4.84 (m, 4H), 5.05 (s, 0.5H), 5.34 (d, 0.5H, J¼ 7.3 Hz), 6.15
(br s, OHaliphatic), 6.69 (s, 1H), 6.74 (s, 1H), 7.30 (d, 2H, J ¼ 8.4 Hz),
7.72 (d, 2H, J ¼ 8.4 Hz), 8.18 (s, 1H), and 13.56 (s, 1H); 13C NMR
(75 MHz, C5D5N): d 56.3, 66.0, 70.8, 71.0, 71.2, 71.7, 72.1, 72.3, 72.5,
75.3, 76.5, 85.2, 94.4, 95.8, 100.6, 108.0, 117.6, 129.9, 130.7, 132.2,
155.0, 159.6, 160.6, 164.4, 166.7 and 182.6; IR (KBr): 3118e3380,
2921e2986,1669 and 1055 cm�1; HRMS calculated for [MþH]þwas
433.1129, the value found was 433.1122.

4.4. Synthesis of 7-O-(100-O-methyl-200,300,400-tri-O-acetyl-600-deoxy-
a-D-glicopyrane-600-yl)-genistein (9) and 7,40-di-O-(100-O-methyl-
200,300,400-tri-O-acetyl-600-deoxy-a-D-glicopyrane-600-yl)-genistein (10)

Potassium carbonate (1.33 mmol) at room temperature was
added to a solution of genistein 1 (0.75 mmol) in 10 mL of DMF. The
mixture was stirred for 1 h, and methyl 2,3,4-tri-O-acetyl-6-deoxy-
6-iodo-a-D-glucopyranoside (5, 2.25 mmol) was added to the so-
lution. The mixture was stirred at 80 �C for 48 h, DMF was removed
under reduced pressure, and the residue was extracted with diethyl
ether and water. The organic phase was dried with sodium sulfate,
and the solvent was concentrated under reduced pressure. The
residuewas purified by column chromatography (hexane/AcOEt) to
afford 9 and 10.

9 (55% yield); mp: 89e92 �C; [a]D ¼ þ108 (c 0.1, CH2Cl2); 1H
NMR (300MHz, CDCl3): d 2.00 (s, 3H), 2.02 (s, 3H), 2.06 (s, 3H), 3.42
(s, 3H), 4.06e4.14 (m, 3H), 4.88e4.97 (m, 2H), 5.14 (t, 1H, J¼ 9.0 Hz),
5.51 (t,1H, J¼ 9.0 Hz), 6.32 (d,1H, J¼ 3.0 Hz), 6.67 (d,1H, J¼ 3.0 Hz),
6.84 (d, 2H, J ¼ 9.0 Hz), 7.31 (d, 2H, J ¼ 9.0 Hz), 7.81 (s, 1H) and 8.80
(s, 1H); 13C NMR (75 MHz, CDCl3): d 20.9, 55.8, 67.4, 67.6, 69.4, 70.3,
71.0, 93.3, 96.9, 98.7, 106.8, 115.8, 122.0, 122.6, 124.0, 130.4, 153.0,
156.7, 158.0, 162.9, 164.3, 170.1, 170.4 and 181.1; IR (KBr):
3154e3446, 2852e2956, 1751, 1656 and 1045 cm�1; HRMS calcu-
lated for [MþNa]þ was 595.1430, the value found was 595.1409.

10 (20% yield); mp: 102e103 �C; [a]D ¼ þ28 (c 0.1, CH2Cl2); 1H
NMR (300 MHz, CDCl3): d 1.99 (s, 6H), 2.01 (s, 6H), 2.06 (s, 6H), 3.42
(s, 6H), 4.04e4.15 (m, 6H), 4.89e4.96 (m, 4H), 5.15 (m, 2H), 5.51 (t,
2H, J ¼ 9.0 Hz), 6.33 (d, 1H, J ¼ 3.0 Hz), 6.38 (d, 1H, J ¼ 3.0 Hz), 6.94
(d, 2H, J ¼ 9.0 Hz), 7.41 (d, 2H, J ¼ 9.0 Hz), 7.84 (s, 1H) and 8.81 (s,
1H); 13C NMR (75 MHz, CDCl3): d 20.9, 55.7, 67.2, 67.4, 67.6, 67.9,
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69.4, 69.5, 70.2, 70.4, 71.0, 71.1, 93.4, 96.9, 98.7, 106.8, 115.1, 123.7,
130.3, 153.0, 158.0, 158.9, 163.0, 164.3, 169.9, 170.3 and 181.0; IR
(KBr): 3124e3430, 2850e3002, 1756, 1656 and 1049 cm�1; HRMS
calculated for [MþNa]þ was 897.2424, the value found was
897.2407.

4.5. Synthesis of 7-O-(100-O-methyl-600-deoxy-a-D-glicopyrane-600-
yl)-genistein (11)

A solution of sodium methoxide (1.6 mmol in 5 mL of MeOH)
was added to a solution of 9 (0.18 mmol) in 7 mL of MeOH. The
mixture was stirred at room temperature for 24 h and neutralized
with hydrochloric acid (1 mol L�1) to pH ¼ 7. The mixture was
evaporated under reduced pressure and the residue was purified
by column chromatography (CH2Cl2/MeOH) to afford 11 (95%
yield).

mp: 116e119 �C; [a]D ¼ þ187.5 (c: 0.1; MeOH); 1H NMR
(300 MHz, C5D5N): d 3.48 (s, 3H), 4.17e4.23 (m, 2H), 4.45 (br s, 1H),
4.54e4.59 (m, 1H), 4.65e4.70 (m, 1H), 4.80e4.83 (m, 1H), 5.18 (s,
1H), 6.75 (d, 2H), 7.27 (d, 2H, J¼ 8.4 Hz), 7.68 (d, 2H, J¼ 8.4 Hz), 8.12
(s, 1H) and 13.50 (s, 1H); 13C NMR (75 MHz, CD3OD): d 55.8, 69.5,
71.7, 71.8, 73.6, 75.3, 94.1, 99.9, 101.5, 107.3, 116.4, 123.3, 125.0, 131.5,
155.2, 159.0, 159.6, 163.7, 166.5 and 182.5; IR (KBr): 3149e3421,
2852e2922, 1657 and 1049; HRMS calculated for [MþNa]þ was
469.1105, the value found was 469.1095.

4.6. Synthesis of 7,40-di-O-(100-O-methyl-600-deoxy-a-D-
glicopyrane-600yl)-genistein (12)

A solution of sodium methoxide (0.5 mmol in 1 mL of MeOH)
was added to a solution of 10 (0.05 mmol) in 2 mL of MeOH. The
mixture was stirred at room temperature for 24 h and neutralized
with hydrochloric acid (1 mol L�1) to pH ¼ 7. The mixture was
evaporated under reduced pressure and the residue was purified
by column chromatography (CH2Cl2/MeOH) to afford 12 (87%
yield).

mp: 119e121 �C; [a]D ¼ þ120.0 (c: 0.1; CD3OD) 1H NMR
(300MHz, C5D5N): d 3.48 (d, 6H), 4.24e4.26 (m, 4H), 4.46 (br s, 2H),
4.60e4.83 (m, 6H), 5.19 (s, 2H), 6.77 (br s, OHaliphatic), 7.69 (d, 2H,
J ¼ 8.4 Hz) and 8.17 (s, 1H); 13C NMR (75 MHz, C5D5N): d 51.3, 56.8,
66.1, 70.5, 71.2, 73.1, 73.4, 75.3, 77.0, 77.1, 95.1, 101.1, 103.1, 106.3,
116.8, 132.3, 155.6, 159.9, 161.5, 164.8, 167.3 and 182.7; IR (KBr):
3159e3422, 2853e2961, 1663 and 1049; HRMS calculated for
[MþNa]þ was 645.1790, the value found was 645.1680.

4.7. Cell line and culture

J774A.1 and RAW 264.7 macrophages were placed in 96-well
plates containing RPMI-1640 supplemented (2 mM L-glutamine,
100 mg mL�1 of streptomycin and penicillin, 5% fetal bovine
serum) at 2 � 105 cells mL�1. Cells were incubated at 37 �C in 5%
CO2 atmosphere in the presence of genistein or its derivatives
(6.5, 13 and 26 mM) for 1 h and subsequently stimulated with LPS
(10 mg mL�1) and IFN-g (9 ng mL�1) at 10% of culture volume.
TNF-a production was measured after 24 h of culture, and NO
was measured after 48 h. For the cellular viability assay (MTT
assay), J774A.1, and RAW 264.7 macrophages were placed in 96-
well plates, at 2 � 105 cells mL�1, in supplemented RPMI-1640.
Cells were treated with genistein or its derivatives (6.5, 13, and
26 mM) for 48 h at 37 �C in 5% CO2 atmosphere. Genistein (Sigma,
St. Louis, MO, USA) and its derivatives were solubilized in
dimethyl sulfoxide (DMSO e Sigma St. Louis, MO, USA), never
exceeding 0.1% (v/v), and diluted in RPMI-1640 (Gibco, Grand
Island, USA) before use. The concentration of DMSO was deter-
mined in order to allow the solubilization of the compounds, but
without interfering with macrophage activity. Genistein and its
derivatives were tested using concentrations defined in previous
studies, which showed the effect of isoflavonoids on macrophage
cultures [21,28,29].

4.8. MTT assay

Cellular viability was measured using the MTT [3-(4,5-
dimethylthiazolyl-2)-2,5-diphenyltetrazolium bromide] assay in
non-stimulated cell cultures. After 48 h of culture, the supernatant
was removed and cells were incubated with 100 mL of supple-
mented RPMI medium and 10 mL of MTT (5 mg mL�1) for 4 h at
37 �C in 5% CO2. After purple formazan crystal formation, the su-
pernatant was gently removed and crystal products were solubi-
lized and incubated with DMSO. Complete solubilization was
obtained by shaking the plates for 10 min. Optical density (OD)
values were determined in the microplate reader (Spectramax 190;
Molecular Devices, Sunnyvale, CA, USA) at 560 nm [30]. Cellular
viability was calculated using the formula ðx1=x2Þ*100, considering
x1 the mean OD of treated cells and x2 the mean OD of untreated
cells. Compounds were considered cytotoxic when viability was
lower than 70%.

4.9. Griess method

Nitrites were quantified in supernatants from J774A.1 cells and
RAW 264.7 cultures according to the Griess method. Aliquots of
supernatants were plated with 1% of sulfanilamide and 0.1% of N-
(1-naphthyl) ethylenediamine. Nitrite production was quantified
by comparison with a standard curve, created using different con-
centrations of NaNO2. Readings were carried out in the microplate
reader (Spectramax 190) at 540 nm [2,3]. The differences in pro-
duction of treated cells were related to NO production by stimu-
lated and not treated J774A.1 cells (16.5 ± 1.4 mM). Nitric oxide
production by stimulated and non-treated RAW 264.7 cells was
6.4 ± 0.5 mM. Inhibition of NO production was not considered for
compounds that showed cytotoxicity higher than 30%, due to cell
death and reduced viable cells in the well.

4.10. ELISA assay

Supernatants of J774A.1 and RAW 264.7 cells were analyzed for
the quantification of TNF-a. Concentrations were assayed by ELISA
using commercially available antibodies and according to the pro-
cedures supplied by themanufacturer (BD Biosciences Pharmingen,
San Diego, USA).

4.11. Statistical analysis

Results represent at least three independent experiments and
are presented as mean ± SEM. All data were analyzed using two-
way ANOVA followed by Bonferroni posttests (GraphPad Prism
5.00), and the differences were considered significant at p < 0.05.
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