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Abstract
Two compounds isolated from the ethanol extract of the
galls of Quercus infectoria Olivier exhibited nitric oxide
(NO) and superoxide (Oi~) inhibiting activity. Their
structures were established as ellagic acid-4-0-[P-Dgtucopyranosyl]-I0-O-[P-D-gIucopyranosyl]-(4—• 1 )-P-D-

rhamnopyranoside (I) and 2-methyl-3-hydroxymethyIene4,5.6.7,8-pentahydroxynaphthalene (2) on the basis of
spectroscopic and chemical evidence.
Keywords: Anti-inflammatory, ellagic acid, galls, macrophages, neutrophils, quercoside, Quercus infectoria.

Introduction
Quercus infectoria Olivier (Fagaceae) is a small tree or
shrub mainly found in Greece, Asia Minor, Syria, and
Iran. The tree bears galls that emerge on its shoots as a
consequence of assault of gall wasp. Cypnis gallae-tincotoriae. Pharmacological evaluation of the galls of Q.
infectoria has indicated them to be astringent, antidiabetic, antitremorine. a local anesthetic, antipyretic, anticandidicidal. antibacterial, and antifungal (Dar et al..
1976; Hwang et al.. 2000). In Asian countries, the galls
of Q. infectoria have been used for centuries in oriental
traditional medicines for treating inflammatory diseases
(Galla. 1911; Chopra et al.. 1956; Anonymous!, 1995).
The phytochemical studies carried out so far have
revealed the presence of tannic acid (gallotannic acid,
the principal constituent. 50-70%). gallic acid, syringic
acid, ellagic acid, /f-sitosterol, amentoflavonc hexamcthyl
ether, isocryptomerin, starch, essential oils, anthocya-

nins, methyl-betulate, methyl-oleanate, hexagalloylglucose, and polygalloyl-glucose (Ikram & Nowshad,
1977; Dar & Ikram. 1979: Hwang et al.. 2000) in Q. infectoria galls. However, the issue of active principles and
mechanism of therapeutic effect of galls still remains to
be elucidated. We have recently revealed thai the alcohol
extract of Q. infectoria galls scavenges nitric oxide (NO)
and superoxide (O2~) and also suppresses their generation in macrophages (Kaur et al.. 2004). Because the
role of NO and Oi is implicated in the pathophysiology
of almost all of the above-mentioned ailments (Monconda et al.. 1991; Jenner. 2003). for which Q. infectoria
galls have a curative ability, our results may help to
understand the mechanism of the pharmacological
activity of galls. In the current study, we have isolated
two new compounds, an ellagic acid glycoside. quercoside (I) {Fig. 1), and 2-methyI-3-hydroxymethylene4.5,6,7,8-pentahydroxynaphthalene (2) (Fig. 2) from an
alcohol extract of Q. infectoria galls: both of these compounds inhibit NO and O T " generation in murine
macrophages.

Materials and Methods
General experimental methods
IR spectra were recorded in KBr pellets on a Win IR FTS
135 instrument (Biorad. USA). ' H NMR, " C NMR,
' H - ' H C O S Y , H M B C . H M Q C , N O E S Y . and TOCSY
spectra were recorded on a Brucker 400 MHz spectrometer
(Brucker. USA) with TMS as internal standard. FABMS
was scanned on a JMX-PX 303 mass spectrometer (Joel.
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hUerglycosidic N O E and ' H ' ^ C long-range correlations of (1) in the N O E and H M B C spectrum.

USA), and HPTLC was carried out with a Camag using
Linomat-5 on a silica gel H (5-7 \\.m) HPTLC plate. The
spots were detected by spraying aniline phthalate reagent
and ferric chloride, followed by heating.

Plant material
The galls of Q. infectoria were procured from Khari
Baoli (New Delhi, India) and were identified by Dr.
M.P. Sharma (taxonomist) in the Department of Botany
in our university. A voucher specimen has been deposited
in the Phytochemistry Research Laboratory, Jamia
Hambard.

Extraction and isolation
Dried and powdered galls (I kg) were Soxhlet extracted
exhaustively with (95%) ethanol. The extract was concentrated to dryness uner reduced pressure in a rotary
evaporator to yield dried ethanol extract, which was
defatted with petroleum ether and refluxed with
chloroform that was filtered off. The residue (192g)
was chromatographed in a flash column over silica
gel (60-120-mesh) and eluted with different solvents
of increasing polarity. Elution of the column with
chloroform-methanol (90:10) (fractions 15-28) furnished a mixture of two compounds (lg), which was
rechromatographed, and the column eluted with
CHCI.i-MeOH (93:7) to yield pure compound I
(120mg). Elution of the column with chloroformmethanol (94:6) yielded a crystalline mass, which was
reiluxed with benzene and filtered while hot. A colorless solid separated from the filtrate on standing.

which was crystallized from chloroform-methanol to
give pure compound 2 (lOOmg).
Quercoside (1)
Pale yellow amorphous powder, UV-visible >.niaxn'ii (log
E) in (MeOH): 232 (5.2), 274 (4.8), 287 (4.2), 362 (3.5),
378 (3.6). 3424, 3304, 2977, 1746, 1606. 1469. 1408,
1312, 1118, 1082, 967, 865; ' H NMR (400MHz,
CD3OD): see Table 1; '^C NMR (400 MHz, CD3OD):
see Table 1; FABMS mfz (rel. int.): 771 [M-H],
C12H35O22 (10.8), mjz 461 [M-Rhm-0-Glu-H] " (22.5).
325 [Rhm-0-Glu-H]' (25), 309 [Rhm-0-Glu-H] +
(12.3), 290 [Rhm-0-Glu-2H-H2O]+ (9.2), 272 [290Me]+ (4.2), l64[Gluc + H ] ' (3.6), 147[Rhm-l]^ (2.3),
302 [aglycone]+ (3.8), 154 (99.2), 151 (9.7), 135 (10.0),
120(13.4).
Compound 2
Colorless crystals; mp 237-238°C; UV-visible >^n.axnm
(log £) in (MeOH): 215 (4.9), 229 (5.3). IR v^^^
(KBr)cm-': 3497. 3284, 1652, 1622, 1545, 1456. 1430.
1317, 1267, 1033, 867. ' H NMR (400MHz, CD.,OD):
see Table 2; '^C NMR (400 MHz, CD3OD): see Table
2; EIMS m/z (rel. int.): 252 [M]" (C,2H,2Of,) (1.6), 205
(3.2), 201 (7.8), 169 (100), 152 (82.2), 140 (3.7), 135
(10.0), 129 (16.2), 124 (7.4), 109 (11.1), 83 (12.3), 79
(21.3), 45(78.1).
Acid hydrolysis of compound 1
Quercoside (1) was hydrolyzed with concentrated HCl
vapor on the HPTLC precoated plate (85°C, 15 min)

Quercus infectoria compounds
Table I. ' H NMR and '^C NMR spectral data of quercoside
(1)(CD,OD).
Position C/H 'H NMR {6 ppm)
1
2
3
4
5
6
7
S
9
10
11
12
13
14
Glucose I
1'
2'
3'
4'
5'
6'
Glucose 11
1"
2"
3"
4"
5"
6"
Rhamnose
V"
2'"
3'"
4'"
5'"
6'"

'Y: NMR (.5 ppm) DEPT
123.78
111.39
110.91
154.36
150.21
141.42
121.32
111.42
110.53
153.63
151.12
146.49
163.83
164.00

C
C
CH
C
C

4.48 ((/. J = 6.90)
4.02 (m)
3.36 {brs)
3.36 {brs)
3.36 {brs)
4.23 (f/. J = 6.90)

102.16
75.16
67.16
65.34
76.13
63.16

CH
CH
CH
CH
CH
CHj

4.90
3.96
3.36
3.36
3.36
4.16

{(/, y - 6 . 9 8 )
(m)
(/tn-)
{brs)
(/)r.s)
((/, y - 6 . 9 0 )

101.51
77.03
67.35
64.58
76.03
62.82

CH
CH
CH
CH
CH
CH3

4.41
3.96
3.96
3.96
3.96
1.27

{d, y = 6.90)
(m)
(m)
(m)
(m)
(r/. y = 6,00)

100.53
73.18
66.86
64.62
68.13
17.36

CH
CH
CH
CH
CH
CH,

—6.94 {brs)
—
:
•

6.97 {brs)
.—
•>—

—

—

c
c
c

CH

c
c
c
c
c

Coupling constants in Hertz are given in parentheses.
Table 2. ' H NMR and ' ' c NMR spectral data of compound 2
(CD.,OD).
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followed by developing with solvent system /T-BUOHCfiHfi-Py-HiO (5:1:3:3). The comparison was done with
authentic sugar samples. The brown spots were detected
with aniline phthalate reagent and the sugars identified
as glucose and rhatnnose.
Isolation and culture of macrophages

Thioglycollate elicited macrophages were prepared from
male Wistar rats (procured from Central Animal House.
Jamia Hamdard) according to Li et al. (1997). Following
isolation, macrophages were washed twiee with HBSS
and finally suspended at a density of I x lO'Vm! in icecold phenol red free RPMI-1640 medium supplemented
with 10% fetal bovine serum. lOOU/ml penicillin, and
100(.tg/mI streptomycin. Cell viability of >95yo was
confirmed by Trypan blue exclusion assay. Cells were
incubated at 3 7 T and 5% CO2 for 2h to allow macrophages to adhere to the surface of culture plates, The
nonadherent cells were removed by vigorously washing
with HBSS, and adherent monolayers of macrophages
were maintained in the above-mentioned medium at
37''C and 5% CO2.
Nitrite analysis
Macrophages (1 x 10^ cells) monolayers were stimulated
with lOjag/ml LPS in presence or absence (control) of test
compounds for 24 h at 37°C in a CO2 incubator. The
amount of nitrite released in culture medium was determined by Griess reagent method (Green et al.. 1982). Following aspiration of media for nitrite determination,
viability of macrophages was detemiined by incubating
them with 5mg/ml MTT for I h (Mosmann, 1983).
The direct scavenging ability of each of the compounds was determined by incubating 5mM sodium
nitroprusside (SNP) with the test compounds at 25"C
for 120min (Marcocci et al.. 1994). following which,
0.5 ml of incubation solution was withdrawn and nitrite
content determined with Griess reagent.

Position C/H 'HNMR(<>ppm) ' V NMR (<) ppm) DEPT

iNOS (inducible nitric oxide synthase) assay

I
2
3
4
5
6
7
8
9
10
II
12

iNOS activity was assayed in macrophage cytosol by the
method of Moeslinger et al. (2000). Macrophages cultured in the presence of 10|ig/ml LPS for 24 h were disrupted by 3-4 freeze-thaw cycles in 50 mM Tris-HCl
containing 0.1 mM EDTA, 0,1 mM EGTA. 1 mM phenylmethylsulfonyllluoride, 1 jiM pepstatin A, and 0.1%
2-mercaptoethanol. The cell lysate was centrifuged at
15.000 X g for 30 min to obtain the cytosol. iNOS was
determined in cytosol by conversion of L-["*H]-arginine
to L-[^H]-citrulline. The assay mixture consisting of
l m M NADPH, lOfiM FAD. 1 mM dithiothreitol,
100).iM tetrahydrobiopterin, !O|.iM L-arginine. 0.3)iCi
['H]-L-arginine, and 100|il macrophage cytosol was

6.92

2.52 {brs)
3.39 {brs)

143.35
121.09
117.12
152.08
143.88
132.41
140.54
142.44
109.35
106.24
18.17
58.15

Coupling constants in Hertz are given in parentheses.

CH
C
C
C

c
c
c
c
c
c

CH3
CH,
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Figure 1. Effect of compounds I (triangles) and 2 (boxes) on
nitrite generation from sodium nitroprusside (SNP) solution.
Each point represents the mean ± SE of tlve observations,
incubated at 37"C for 60 min. The reaction was stopped
by addition of 2 ml ice-cold stop buffer (30 mM HEPES,
5mM EDTA, Ph 5.5). L-pH]-CitrulHne was separated
from L-['^H]-arginine on Dowex 50 WX 4 cation
exchange column (sodium form) and quantified by
scintillation counter.
NADPH diaphorase
NADPH diaphorase acitivity was determined in cytoso!ic preparation from macrophages obtained as mentioned in the case of iNOS acitivity. Macrophage
cytosoi (lOO^il) was incubated with 0.6mM NBT and
50mM HEPES (pH 7.6) in the absence or presence of
1 mM NADPH in a final volume of 500 \i\ at 37T. After
30 min. the reaction was inhibited by H2SO4 (0.05 N) and
0.5 ml DMSO. NBTE (NBT-formazan), the product
formed, was determined spectrophotometrically at
590nm (Mitchell etal., 1992).

at m/z 111 [M-H]^ calculated for C32H.,5O22. These
results together with '^C NMR spectroscopic analysis
established the molecular formula Ci^Hv^O;: for 1. The
IR spectrum displayed characteristic absorptions for
hydroxyl groups (3424 cm"'), a. (i-unsaturated lactone
functions (1746cm"'). glycosidic linkage (1082cm '),
and aromatic rings (1606 cm ').
The ' H NMR spectrum showed the presence of 19
proton signals including two aromatic signals at 3 6.94
and S 6.97 assigned to C-3 and C-9 protons, respectively.
The sugar protons appeared in the range of c) 3.36-4.90.
The presence of a doublet methyl signal at (51.27,
(7—6.1 Hz) suggested the presence of one deoxysugar.
The appearance of three anomeric carbon signals at 3
102.71, fi 101.5, and 6 100.6 in the '"'C NMR spectrum
and three proton resonances at 6 4.48, () 4.90. and ci
4.41 in the ' H NMR spectrum confirmed the existence
of a trisaccharide moiety in compound 1. Additionally,
in the '^C NMR spectrum. 12 methane resonances in
the range of 6 78-67, two oxymethylenes at S 63.16
and 6 62.82, and one methyl resonance at S 17.36 were
observed, supporting the existence of two hexapyranose
and one deoxyhexapyranose residues (Li et a!.. 1999).
The hexapyranose residues were identified as glucopyranose and the dexypyranose residue as rhamnopyranose
by analysis of COSY and TOCSY spectra. The sugars
were also analyzed using PC and HPTLC, by comparing
with authentic samples after acid hydrolysis of
compound 1.
The ' H - ' ^ ' C NMR spectrum long-range correlations
were observed between the anomeric protons at f^ 4.48
and d 4.45 to C-4 and C-IO, ascertaining that sugar
moieties were attached at C-4 and C-10 of the aglycone.

Superoxide assay
Macrophage monolayers (2 x 10^ cells) pretreated with
test compounds for 6 h were incubated with 0.1 ^M
PMA and 80 ^iM ferricytochrome c for 90 min at 3 7 T
and 5% CO2, Following incubation, the amount of
superoxide released in the culture medium was determined according to Keisari and Pick (I9SIJ.

20

20

40

60

80

Concentration (|ig/nil)

Results and Discussion
Quercoside (1) was obtained as pale yellow amorphous
solid, FABMS gave a pseudomolecular negative ion peak

Figure 2. Effect of compounds 1 (triangles) and 2 (boxes) on
PMA-stimulated superoxide production in rat peritoneal
macrophages. Each value represents the mean ± SE {n = 5).

Quercus infectoria compounds
The interglycosidic linkage and sequence of sugars was
established by 2D NOSEY and HMBC spectra as [3-D-G1U
(4-^^l)-3-i^-Rhm. The proton resonances at 8 4.48
( y = 6.90 Hz), 6 4.90 ( 7 - 6 . 9 8 Hz), and 6 4.41
U — 6.90 Hz) were assigned to anomeric protons of /?-Dglucose I, /:f-D-glucose II, and ^-D-rhamnose. respectively.
The sequence of sugars was also established by
FABMS, which exhibited a pseudomolecular ion peak at
mjz 11 \ and fragment ions at mjz 461 [M-Rhm-0-GtuH]^, 309 [Rhm-0-Glu-H]", 290 [Rhm-O-Glu-2H-H2O]\
272 [290-Me]\ 164 [Glu-H]+, 147 [ R h m - i ] \ 302
[aglycone] ' (Figure I).
The '^C NMR spectrum of the aglycone exhibited 14
signals with two ester carbons (-COOR) at <) 163.83 and
() 164 due to ot,p-unstaurated lactones. six oxygenated
aromatic carbons, four aromatic quaternary carbons
and two isolated aromatic carbons at 6 110.91 and 6
110.53 {Table I).
From the HMQC spectrum, the aromatic carbons at ^
I 10.91 and 6 110.53 (C-3 and C-9) bearing singlet methane protons were correlated to proton signals at 6 6.94
and S 6.97, respectively.
In the HMBC spectrum, 'H-'"^C long-range correlations were observed between aromatic proton at 6 6.94
(H-3) to the lactone carbonyi carbon at 6 163.83 (C13), quaternary carbon at d 123.78 (C-1), and oxygenated
aromatic carbon at 6 150.21 (C-5). Long-range correlations from the other aroniatic proton at ^ 6.97 (H-9) to
another lactone carbonyi at S 164 (C-14), the quarternary
carbon at 6 121.32 (C-7), and an oxygenated aromatic
carbon at f^ 151.12 (C-11) were also observed in the aglycone. All the NMR assignments were in good agreement
with those of ellagic acid derivatives reported by Li et al.
(1999).
On the basis of the above spectral evidence,
compound 1 was characterized as ellagic acid-4-0-[/i-Dg!ucopyranosyl]-IO-0-[/i-D-glucopyranosyl]-(4—*l)-/(-Drhamnopyranoside. Compound 2 was obtained as
colorless crystals. It responded positively to 5% ale.
ferric chloride solution, and its IR spectrum displayed
absorption bands characteristic of hydroxy! group
(3497 cm '), suggesting the phenolic nature of the compound. The electron impact mass spectrum of 2 exhibited
a molecular ion peak at mjz 252 correpsonding to
molecular formula Ci2Hi2Of,. Base peak was observed
at m/z 169. Fragment ions at m/z 140 [ion a — C
= 0 H ] \ 152 [ion a - O H ] ' . 135 [ 1 5 2 - O H ] * , 124 [152
- C-OH]^suggested the existence of five phenolic
hydroxyl groups. The presence of a methyl and a primary
alcoholic group at C-2 and C-3, respectively, was suggested by fragment ion at m/z 83. These observations
suggested that the compound had naphthalene like basic
structure (Agarwal et al., 1992).
The ' H NMR spectrum indicated the presence of an
aromatic proton at C-1 as a singlet at 6.92. A two-proton
broad signal at d 3.39 and a broad signal, integrating for
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three protons, at 6 2.52 were attributed to C-12 carbinol
protons and C-11 methyl protons, respectively. The ''^C
NMR spectrum of the compound provided further
evidence in support of the above assignments. Twelve
carbon signals were observed. Signals at 6 143.88,
152.08. 140.54. 132.41, and 142.44 were assigned to C5, C-4, C-7, C-6, and C-8 carbinol carbons, respectively,
confirming the location of five phenolic hydroxyl groups.
The solitary methyl carbon atom appeared at d 18.17.
The signal at 6 58.15 was assigned to C-12 carbinol carbon, supporting the presence of a primary hydroxyl
group. Methyl-substituted carbon atom C-2 appeared
at 6 121.09. The signal at 6 143.35 was assigned to the
single unsubstituted C-1 aronatic carbon atom, and the
C-9 and C-10 bridge carbons appeared at 6 109.35 and
106.24, respectively (Table 2).
Multiplicity of each carbon atom was determined
using a ' C DEPT experiment, which confirmed the presence of one methyl, one methylene, one methane, and
nine quaternary carbons, including five phenolic carbon
atoms.
On the basis of the above findings, the compound was
assigned the structure 2-methy!-3-hydroxymelhylene4.5,6.7,8-pentahydroxy naphthalene.
In a LPS-activated macrophage culture system, both
compounds 1 and 2 potently inhibited NO production
with IC5U values of 18 and 12 |ig/ml, respectively. During
a 24-h incubation period with the test compounds,
viability of macrophages did not decrease, indicating
the decrease in nitrite production, was not a consequence
of cytotoxicity.
To elucidate the mechanism responsible for NO inhibition by the compounds, we determined their effect on
enzymatic activity and the levels of iNOS in macrophages, on NADPH diaphorase, and on in vitro NO
scavenging. To determine the effect of compounds on
catalytic activity of iNOS activity, the enzyme activity
was assessed in cytosol of LPS-stimulated rat peritoneal
macrophages in the presence of increasing concentrations (10-75|ig/ml) of test compounds. However, no
statistically significant inhibition was observed in iNOS
activity in the presence of the either. An established
inhibitor of iNOS, L - N A M E , inhibited iNOS activity
by 72.75% (data not shown). These results suggested
that inhibition in NO production in macrophages is
mediated by inhibition of the biosynthesis of iNOS
rather than catalytic activity. The effect of test compounds on the biosynthesis of iNOS was elucidated by
incubating macrophages with these compounds in the
presence of LPS (!O|.ig/ml) for 24h and using macrophage cytosol so obtained as a source of iNOS. Both
the compounds dose-dependently attenuated iNOS
levels (Table 3). NADPH diaphorase. the marker of
iNOS. also decreased dose-dependently in macrophages
cultured in presence of test compounds. Compound 1
also scavenged NO with an IC50 value of 120^g/ml
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Table 3. EtTect of compounds 1 and 2 LPS stimulated NO production. iNOS activity. NADPH-diaphorase activity, and viability
iiiacrophages.
iNOS

NADPH diaphorase

Viability

Nitrite
Group

Normal
LPS-treatment
Control
Compound 1 (ng/ml)
1
5
10
15
25

% Inhibition in NO
4.05 ± 0.36
39.25 ±1.21"

0

(% of LPS-treated control)
16.54 ± 1.03

25.61 ± 1.96

100.0 ±2.93

100.0 ± 1.87"

100.0 ± 2.05'

73.48 ±4.18'"

36.00 ±0.53'
30.31 ±0.77'-'
24.31 ± 1.61^'^
13.38 ±0.56'^'"
2.50 ± 0.2/

8.28
22.77
3S.06
65.91
93.63

95.01 ±6.31'
89.39 ± 3.54' '^
61.32 ±1.69'^
43.97 ± 4.38^''"
12.93 ± 1.34^

94.72 ± 3.96"
87.85 ± 4.02''''
70.15 ±1.74"-'"
45.06 ±3.91"-^
17.36 ±

82.74 ± 1,63''
88.94 ± 1.27'"'
86.09 ±0.86''*'
92.98 ± 0.93'"'
94.18 ± 1.21''

32.31 ±0.41"'
25.81 ±1.16'^'^
17.10± 1.15'^
9.81 ±0.82^^^

17.68
34.24
56.43
75.00

86.73 ± 3.93''''
78.59 ± 4.67''''
58.33 ± 5.35'''
42.25 ±4.12':'

91.05 ±6.03''
87.83 ±1.59'''^
65.26 ± 2.60'^
46.09 ± 2.42"-'^

77.15 ±3.91"
80.41 ±2.15'"
86.14 ±3.46'"'
88.27 ± 2.07"''

Compound 2 (|ig/ml)
5
15
25
50

Each value represents mean ± SE (n = 5). Statistical significance: (a) p < 0.05. (b) p < 0.01. (c) p < 0.001 compared with normal.
nontreated group; (d) p < 0.05, (e) p < 0.01, (f) p < 0.001 compared to LPS-treated control.
(Fig. 3). Both 1 and 2 also suppressed PMA stimulated
Oi
production in rat peritoneal macrophages with
IC50 values of 24 and 28fAg/ml, respectively.
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