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Abstract: Chalcones and Mannich bases have been reported to present antiinflammatory activities as well as inhibitory 

activities on several factors implicated in inflammation disorders. 

A series of chalcones and some related Mannich bases were prepared by Claisen-Schmidt condensation of appropriate 

acetophenones with appropriate aromatic aldehyde. Mannich bases were derived from chalcones, with formaldehyde and 

the corresponding amine. The compounds were tested in vitro for their ability to inhibit various enzymes involved in the 

arachidonic acid cascade, for their antioxidant behaviour and in vivo for anti-inflammatory activity.

Some chalcones and Mannich bases present strong anti-inflammatory and antioxidant activities. Almost all the tested 

compounds present high inhibitory activity on lipid peroxidation. Some compounds showed potent inhibitory effect on 

superoxide anion formation. Among the tested compounds 5 and 6 showed the highest lipoxygenase (LO) inhibitory activ-

ity. All the tested compounds inhibit both the proteolytic and esteratic activities of trypsin and chymotrypsin.

The results indicated that the anti-inflammatory effects of the compounds were partially mediated, through their antioxi-

dant activity. Attempts to correlate quantitatively structure with activity revealed that lipophilicity and molar refractivity 

influence the biological response. 
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INTRODUCTION 

 Chalcones are a chemical class that has shown promising 
therapeutic efficacy for the management of several diseases. 
Many papers have been presented in the literature with refer-
ences to structural modifications of the chalcone template 
[1]. In fact, not many structural templates can claim associa-
tion with such a diverse range of pharmacological activities, 
among, which cytotoxicity, antitumour, anti-inflammatory, 
antiplasmodial, immunosuppression and antioxidant, are 
widely cited [2]. They considered as the precursor of flavon-
oids and isoflavonoids. Chemically they consisted of open-
chain flavonoid by a three carbon , -unsaturated carbonyl 
system. [3] Recently much attention has been paid on the 
synthesis of chalcones mainly from acetophenones and aro-
matic aldehydes by Claisen-Schmidt condensation. 

 The anti-inflammatory action of chalcone derivatives per 
se has been examined and appears to be associated with sup-
pression of inflammatory mediators, such as nitric oxide 
(NO) and tumor necrosis factor- (TNF), which are generated 
by macrophages stimulated with lipopolysaccharide (LPS) 
[4]. This protective mechanism could derive from simultane-
ous inhibition of the production of various inflammatory 
mediators [5] and/or by a direct inhibitory action of the acti-
vation of transcription factors (NF- B, AP-1) that regulate  
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the inflammatory response [4, 6]. The beneficial activity of 
chalcones may also originate from their ability to induce 
endogenous cytoprotective pathways such as heme oxy-
genase-1 (HO-1) [7], a potent antioxidant enzyme that pro-
tects against a variety of stressful insults [8, 9]. 

 Published results have revealed that conversion of vari-
ous acyclic conjugated styryl ketones e.g. chalcones, into the 
corresponding Mannich bases was often accompanied by 
increased bioactivity both in vitro and in vivo [10]. Won et
al., [11, 12] synthesized (E)-1(2hydroxyphenyl)-3(thiophen-
2-yl)prop-2-en-1-one, a chalcone derivative (Fig. 1) which 
was tested in vitro for its inhibitory activity on chemical me-
diators released from mast cells, neutrophils, macrophages 
and microglial cells with satisfactory results. 

Fig. (1). (E)-1(2hydroxyphenyl)-3(thiophen-2-yl)prop-2-en-1-one.

 Recently we have reported the synthesis and the biologi-
cal evaluation of some new aryl-acetic acids (Fig. 2) having 
potent antioxidant/anti-inflammatory activity and inhibiting 
high soybean lipoxygenase [13]. 

 In an effort to continually develop potent anti-inflam-
matory agents, we tried to modify the above molecules keep-
ing the main –CH(C6H5)=CH-CO- group and to synthesize a 
novel series of chalcones and relative Mannich bases. The 
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synthesized compounds were screened for detailed free radi-
cal scavenging ability, in vitro lipoxygenase inhibition, in
vivo anti-inflammatory activity and they were studied in 
terms of structure activity relationships. 

 The suggested structural variations could affect both effi-
cacy and their tolerability partly due to differences in their 
physicochemical properties, which determine their distribu-
tion in the body and their ability to pass through and to enter 
in the interior membranes [14, 15]. Today there is an in-
crease interest in the development of non-acidic anti-inflam-
matory agents (NSAIDs), since the used acidic NSAIDs 
cause development of untoward side effects [16]. 

CHEMISTRY 

 The synthesis of the chalcones was accomplished accord-
ing to the Claisen-Schmidt condensation of appropriate sub-
stituted acetophenones or hydroxyacetophenones (o-/p-) with 
appropriate aromatic aldehyde, as indicated to Scheme 1.
The corresponding reactions proceeded smoothly and in 
good yields (38-89 %). All the compounds formed were re-
crystallized by methanol/ether. (Table 1 and Fig. 3) The syn-
thesis of chalcones 1 [17], 2 [11, 12], 4 [18], 6 [19] and 7
[20] has been reported. 

 Appropriate hydroxychalcones reacted with formalde-
hyde and the corresponding amine in ethanol, to give Man-
nich bases 8, 9, 10 and 11 (Scheme 2). Reactions were moni-
tored by thin layer chromatography. The corresponding reac-
tions proceeded smoothly and in good yields (55-86 %). All 
the compounds formed were recrystallized by ethanol abso-
lute. (Table 1 and Scheme 2)

 The structures of all the synthesized compounds are con-
firmed by IR, 

1
H-NMR, 

13
C-NMR and elemental analysis. 

All the derivatives present the characteristic absorption in the 
IR (nujol) ( (O-H), (C=O), (C=C)). The 

1
H-NMR spectra 

spectroscopy revealed that they possessed the E configura-
tion which was based on the J values of 9-15 Hz of the ole-
finic protons (Tables 2a-2c). The 

13
C-NMR spectra also con-

firmed the suggested structures. The results are consistent 
with the proposed structures and are in agreement with pre-
vious findings [21]. 

Physicochemical Studies 

a) Determination of Lipophilicity as RM Values 

 Since lipophilicity is a significant physicochemical prop-
erty determining distribution, bioavailability, metabolic ac-
tivity and elimination, we tried to determine experimentally 
their lipophilicity from RPTLC method as RM values and to 
compare them with the corresponding theoretically calcu-
lated clog P values in n-octanol-buffer [22]. This is consid-
ered to be a reliable, fast and convenient method for express-
ing lipophilicity. Apart from the important role of lipophilic-
ity for the kinetics of biologically active compounds, anti-
oxidants of hydrophilic or lipophilic character are both 
needed to act as radical scavengers in the aqueous phase or 
as chain-breaking antioxidants in biological membranes.  

 From our results (Table 1) it can be concluded that RM

values could be used as a successful relative measure of the 
overall lipophilic/hydrophilic balance of these molecules. 
We tried to linearly correlate the RM values with the theoreti-
cally calculated clog P values. 

 The correlation coefficient r is low (r = 0.694). We could 
attribute this to the different nature of the hydrophilic and 
lipophilic phases in the two systems.  

Fig. (2). General Structure of the aryl-acetic acids. 

Scheme 1: Synthesis of chalcones. 
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b) Determination of Lipophilicity as Clog P 

 Lipophilicity was theoretically calculated as Clog P val-
ues in n-octanol-buffer by CLOGP Programme of Biobyte 
Corp [23]. 

BIOLOGICAL RESULTS AND DISCUSSION 

 In this investigation, we synthesized some novel chal-
cones and Mannich bases that were expected to offer protec-

tion against inflammation and radical attack and inhibition of 
LO, by application of standard synthetic methods summa-
rized in Schemes 1-2.

 The interaction of the examined compounds with the 
stable radical DPPH was studied at 0.1, 0.2 and 1mM after 
20 and 60 min (Table 3), indicating their scavenging/reduc-
ing ability in an iron free system.The reducing abilities are 
very low with the exception of chalcones 3 and 4. No differ-

Table 1. Synthesized  Chalcones and Mannich Bases and their Physicochemical Properties. Lipophilicity Values: Experimentally 

Determined RM and Theoretically Calculated clog P Values 

Compound ClogP* RM
#

m.p. (ºC) yield Formula
#

1 2.46 -0.694 a 70  

2 3.60 0.051 b 38  

3 6.51 0.954 113-118 59 C22H17O3Br

4 6.06 0.303 c 62 C21H16O3

5 6.70 0.489 115-118 89 C22H16O2BrCl 

6 4.57 0.053 d 87  

7 3.03 -0.513 e 54  

8 3.39 -0.044 66-69 86 C16H17NO2S

9 6.29 -0.013 119-122 55 C25H24NO3Br

10 5.84 -0.688 278-280 80 C24H23NO3

11 2.60 -0.484 189-191 61 C23H27N3O2

*Theoretically calculated clog P values; #RM values are the average of at least 10 measurements; #the given formulas correspond to the new synthesized compounds; 

a [17], b [11], c [18], d [19], e [20]. 

Fig. (3). Structures of the synthesized chalcones 1-7. 

N

O

OH

1

O

S

OH

2
Br CH2O

O

OH
3

O

O

OH

4

Br CH2O
O

Cl
5

O

S

6

N
H

O

OH

7



Synthesis and Anti-Inflammatory Activity Medicinal Chemistry, 2008, Vol. 4, No. 6    589

Scheme 2. Synthesis of Mannich bases.

Table 2a. 
1
H-NMR Data for the New Chalcones and Mannich Bases 

N  ppm 

3* 5.17(2H, s), 6.91-792 (12H m aromatic and 2H db), 9.88 (OH, s) 

5* 5.12 (2H, s, CH2), 6.89-7.97 (12H, m 10 aromatic and 2H db) 

8** 2.20 (6H, s –N(CH3)2), 4.20-4.48 (2H, br,-CH2-), 6.92-7.01 (1H, m aromatic), 7.40-7.41 (4H, m 3H aromatic and 1H  db),7.51-7.89 

(2H, s, aromatic), 8.02-8.07 (1H, d –CH=, J = 15 Hz) 

9** 1.60 (6H, s, -–N(CH3)2), 2.89 (2H, s, -CH2), 5.10 (2H, s, -CH2), 6.99-7.68 (12H, 11 aromatic and 1H db), 7.83-7.86 (1H, d –CH=, J = 9 

Hz), 9.89 (1H, s OH) 

10** 1.79-2.40 (6H, m–N(CH3)2), 3.40-3.83 (2H, br –CH2-), 5.19 (1H, s –OH), 6.83 (1H, s aromatic), 7.04—7.60 (13H, 11 aromatic and 2H 

db) 

11** 2.00-2.79 (6H, m–N(CH3)2), 4.54 (2H, s, -CH2), 6.86-7.49 (6H, m aromatic), 7.90-7.95 (1H, d , -CH= , J = 15 Hz), 8.23-8.26 (2H, m 1H 

aromatic and 1H from the db) 10.00 (1H, s –OH), 11.40 (1H, s, NH) 

*Measured in CDCl3; ** Measured in CDCl3-DMSO-d6.

Table 2b. 
13

C-NMR Data for the New Chalcones and Mannich Bases 

N  ppm 

3* 40.02, 69.40, 69.46, 76.57, 77.00, 77.42, 115.10, 115.36, 118.00, 118.60, 118.76, 120.10, 122.30, 127.82, 129.05, 130.31, 130.54, 

131.86, 132.00, 135.40, 136, 145.09, 160.82, 163.37, 163.57 , 193.62 

5* 76.58, 115.33, 119.50, 122.13, 128.00, 128.88, 129.00, 129.82, 130.31, 131.83, 135.40, 145.00, 160.63, 189.16 

8** 76.10, 76.60, 77.00, 118.20, 118.40, 128.10, 129.00, 132.20, 132.30, 135.90, 137.00, 137.40, 177.20, 192.70 

9** 44.50, 58.70, 61.10, 69.30, 69.50, 115.40, 127.80, 129.00, 131.00, 134.00, 139.00,140.00, 148.00, 154.00, 163.40, 190.70 

11** 40.20, 40.50, 55.00, 102.70, 107.60, 112.00, 121.40, 122.30, 123.60, 136.50, 137.20, 150.70., 168.00, 185.00 

*Measured in CDCl3; ** Measured in CDCl3-DMSO-d6.
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Table 2c. IR Data for the New Chalcones and Mannich Bases 

N cm
-1

3 3060, 3100,1680, 1580, 1100 

5 1660, 1580, 1250, 650 

8 3050, 1640, 1580, 1250 

9 3450, 1680, 1570, 1250, 630 

10 3500-3450 broad, 1710, 1580 

11 3450, 1680, 1620, 1580, 1250 

Table 3. Interaction % with the Stable Radical DPPH 

% 0.1 mM % 0.2 mM % 1 mM 
Compounds 

20 min 60 min 20 min 60 min 20  min 60 min 

1 4 4 1 1 no no 

2 17 20 20 23 17 23 

3 46 46 nd nd nd nd 

4 45 44 nd nd nd nd 

5 3 2 1 1 no 2 

6 4 5 2 2 no 2 

7 3 4 10 8 1 4 

8 no no 1 6.4 no 1 

9 2 5 10 9 no no 

10 3 4 2 1 5 2 

11 no 4 10 9 7 13 

no: no action under the experimental conditions; nd not determined under the reported conditions NDGA 81 % and  83 % at 0.1 mM (20 and 60 min), 80 % at 0.2 mM and 95.6 % at 1 

mM. 

ences were observed within the compounds with the time 
and the concentration. The presence of hydroxyl group is 
correlated with higher activity e.g. chalcone 3 is more potent 
than 5, in which hydroxyl group has replaced by a chlorine 
atom. Lipophilicity of the whole molecule does not seem to 
influence the results. A decrease in the interaction values 
was observed when chalcones 3 and 4 were transformed to 
Mannich bases. 

 It is known that the rates of reactive oxygen species ROS 
production are increased in most diseases [24, 25]. The cyto-
toxicity in living systems is mainly due to the transformation 
of O2

-. 
and the H2O2 into hydroxyl radicals, reactive metal 

and 
1
O2. During the inflammatory process, phagocytes gen-

erate the superoxide anion radical at the inflammed site and 
this is connected to other oxidizing species. 

 Non enzymatic superoxide anion radicals were generated 
and the compounds were tested as possible scavengers. The 
majority of the compounds present medium scavenging ac-
tivity (2, 5, 6, 9 and 11) ranged from 19-44 %. Two chal-

cones 1 and 4 do not present any activity. Chalcone 3 is more 
potent compared to 5 in which a chlorine atom has replaced 
the OH group. (Table 4) Lipophilicity of the whole molecule 
does not seem to increase the scavenging activity. The most 
potent chalcone 7 and the most potent Mannich base 8, pre-
sent low clog P values (3.03 and 3.39 respectively, Tables 1
and 4). In some cases, Mannich bases scavenge superoxide 
anion stronger than the corresponding chalcones (e.g. 2 and 
8).On the contrary Mannich bases 9 and 11 present lower 
scavenging ability than the corresponding chalcones 3 and 6.
(Table 4) In one case (compounds 4 and 10), the results re-
main constant. 

 We tried to study the behaviour of chalcones and Man-
nich bases on lipid peroxidation. As a model of such reac-
tions we used the peroxidation of arachidonic acid by a mix-
ture of heme and H2O2. Mixing heme proteins with H2O2

generates powerfully oxidizing activated heme species and 
radicals on amino-acids side chains that can cause lipid per-
oxidation. Comparing the % inhibition values of lipid per-
oxidation among the tested o-OH substituted chalcones, 
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compound 1 is the most effective. Between chalcones 3 and 
5, the o-Cl (5) analogue shows higher inhibition. (Table 4)
Lipophilicity of substituent influences the biological activity 
( -OH = -0.67, - Cl = 0.71 -OH < -Cl). Higher  value is 
correlated with potent inhibition Taking under consideration 
the transform of chalcones to Mannich bases the % inhibition 
values of lipid peroxidation remain almost the same for chal-
cone 2 and Mannich base 8, chalcone 3 and Mannich base 9.
For Mannich base 10 the inhibition increases (chalcone 4)
and for base 11 it lowers (chalcone 7). Lipophilicity does not 

affect inhibition. 

We tried to linearly correlate the % of lipid peroxidation 
inhibitory activity (LP %).  

Log LP % = -0.061 (0.048) CMR – 0.280(0.165) I2-OH + 

2.471(0.454)         Eq. 1

N =9, r = 0.898, r
2
 = 0.806, q

2
 = 0.46, s = 0.100, F2,6 = 12.4, 

 = 0.01 

 The indicator variable I2-OH takes value 1/0 for the exam-
ples where a hydroxyl group exists at 2-position (or ortho- 
position) of the phenyl ring. The presence of 2-OH group has 
a negative effect. CMR refers to overall molar refractivity. 
Since MR is primarily a measure of bulk and of polarizabil-
ity of the molecule the negative sign with CMR suggest 
steric hindrance and in a rough way the larger the molecule 
is, the lower the inhibition of lipid peroxidation. Lipophilic-
ity does not contribute to the biological activity. Clog P can-
not replace MR. Although, the above equation 1 is not sharp 
in terms of r, it clearly points out the significant role of steric 
effects. 

 Lipoxygenases are a class of non heme iron containing 
enzymes that contribute to the eicosanoid pathway. These 
enzymes are precursors for the inflammatory mediators, leu-
kotrienes and lipoxins and thus we found interesting to test 
our compounds for their inhibitory activity against soybean 
LO. In this investigation all compounds were studied in or-
der to gain insight into their LO-inhibition. We used the UV 
absorbance based enzyme assay [26]. While one may not 
extrapolate the quantitative results of this assay to the inhibi-
tion of mammalian 5-LO, it has been shown that inhibition 
of plant LO activity by NSAIDs is qualitatively similar to 
their inhibition of the rat mast cell LO and may be used as a 
simple qualitative screen for such activity.  

 Perusal of IC50 values shows that compound 6 is the most 
active, within the set followed by chalcone 5 (Table 4). The 
most of the LO inhibitors are antioxidants or free radical 
scavengers [27], since lipoxygenation occurs via a carbon 
centred radical. Some studies suggest a relationship between 
LO inhibition and the ability of the inhibitors to reduce the 
Fe

3+
 at the active site to the catalytically inactive Fe

2+
. LOs 

contain a “non-heme” iron per molecule in the enzyme active 
site as high-spin Fe

2+ 
in the native state and the high spin in 

the activated state Fe
3+

. Several LO inhibitors are excellent 
ligants for Fe

3+
. It has been demonstrated that their mecha-

nism of action is presumably related to its coordination with 
a catalytically crucial Fe

3+
.

 Among the o-OH substituted chalcones, compound 4 is 
the most potent. Comparing the nature of o-substituent on 
the substituted acetophenone, chalcone 5 is more potent than 
3 (IC50 80 M) (Table 4). It seems that the lipophilicity, -
values of o-substituents influences the inhibitory activity ( -

Table 4. % Superoxide Radical Scavenging Activity (O2
·
); % Inhibition of Heme Dependent Lipid Peroxidation (LP %); In Vitro

Inhibition of Soybean Lipoxygenase (LO) (IC50); Inhibition % of Induced Carrageenin Rat Paw Edema (CPE %) 

Compounds O2
·
(%) 0.1mM % LP- 0.1 mM IC50 M CPE (%)

a

0.01 mmoles/ kg body weight 

1 No 83 680 52** 

2 44 54 425 45** 

3 60 35 450 22** 

4 No 15 140 31** 

5 33 85 80 55** 

6 42 83 55 45** 

7 77 85 515 80** 

8 63 44 380 66** 

9 19 36 350 38** 

10 7 25 1000 8** 

11 25 74 (77 % at 0.1mM) 77** 

CA 86 6 600  

Indomethacin 47*    

no: no action under the experimental conditions; a statistical studies were done with student’s T-test, * p<0.01, ** p<0.05. 
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OH = -0.67, - Cl = 0.71). For Mannich base 11 it was not 
possible to determine the IC50 value (Table 4). 

 Regression analyses of the IC50 LO values revealed that 
lipophilicity as experimental lipophilicity values-RM values- 
is the main physicochemical parameter that influences the 
biological response (Eq. 2). Lipophilicity is referred [28-31] 
as an important physichochemical property for lipoxygenase 
inhibition and in this case is verified by our experimental 
data. 

Log 1/ IC50 = 0.874(0.513) RM +3.691(0.258)     Eq. 2

N= 8, r = 0.862, r
2
 = 0.743, q

2
 = 0.622, s = 0.27, F1,6 = 17.37, 

 = 0.01 

 Considering the role played by proteases in the early 
stage of inflammatory process we evaluated the ability of 
compounds to inhibit these enzymes. All the tested com-
pounds highly inhibit trypsin at 0.1mM. No differences are 
observed between chalcones 2, 3, 4 and their corresponding 
Mannich bases, which all significantly inhibit trypsin in-
duced proteolysis. A decrease is observed in the case of 

chalcone 7 and its base 11 (Table 5). 

 Regression analyses of % inhibition values of trypsin 
proteolysis (% TrPr) indicates that lipophilicity expressed in 
theoretically calculated values of lipophilicity clog P, mainly 
affects the biological response. It was not possible to corre-
late our experimental data with the experimentally deter-
mined lipophilicity values RM.

Log % TrPr = 0.097(0.056)clog P + 1.363(0.273)     Eq. 3

N =9, r = 0.845, r
2
 = 0.714, q

2
 = 0.526, s = 0.108, F1,7 = 

17.41,  = 0.01 

Although Eq. 3 is not sharp in terms of it points out the role 
of lipohilic effects. 

 Mannich bases 9 and 11 inhibit strongly chymotrypsin 
induced proteolysis. In general, chalcones seems to be poor 
inhibitors (with the exception of chalcone 5). This does not 
stand for their bases. The indolyl Mannich base is the most 
potent against chymotrypsin. No role for lipophilicity was 
found, although the most potent compound 5 has the higher 
clog P value (6.70) Table 5.

 The indolyl derivative 11 presents the lower IC50 value 
on the inhibition of trypsin acting as an esterase. Taking un-
der consideration the nature of o- substituents, chalcone 5 (o-
Cl) presents higher inhibition compared to chalcone 3 (o-
OH). It seems that the positive hydrophobic contribution of 
o-Cl group ( - o-Cl = 0.71) increases the biological re-
sponse. The same results have been taken from chymotryp-
sin. Again chalcone 5 was found the most potent (Table 5). 

 Chalcones 3 and 4 highly inhibit the enzymic activity of 
trypsine as esterase. In this case the o-OH substituted deriva-
tive is more potent than the corresponding o-Cl. Overall 
lipophilicity of the molecules-as clog P-does not seem to 
influence this type of inhibition. Mannich bases 8, 9 and 11

present higher IC50 values compared to the corresponding 
chalcones. On the contrary chalcone 4 is more potent than 
Mannich base 10.

 No much difference is observed between the IC50 values 
of chalcones 3 and 5. Mannich base 11 is the most potent 
among the other bases and equipotent to its chalcone. Chal-
cone 3 is less active than base 9 and chalcone 2~8. The 
stereochemistry of the aldehydic part of the chalcone (Ar1)
seems to be important. Considering chalcones 1, 2, 3 and 4,
compound 4 is more effective. 

Table 5. In Vitro Inhibition % of  Trypsin Proteolytic Activity (Tr.Pr  %);  In Vitro Inhibition of  Chymotrypsin Proteolytic Activ-

ity IC50; In Vitro Inhibition of  Trypsin Esteratic Activity IC50; In Vitro Inhibition of  Chymotrypsin Esteratic Activity 

IC50

_____________________________________________________________________

Compounds Tr. Pr % 0.1mM Ch- pr. IC50 M Tr.- Est.  IC50 M Est.-Ch- IC50 M

1 50 650 Nd Nd 

2 96 (39% at 0.1mM) 420 300 

3 100 (90% at 0.1mM) 135 450 

4 100 (40% at 0.1mM) 115 140 

5 79 20 470 500 

6 55 (90% at 0.1mM) 460 370 

7 39 530 185 60 

8 100 100 350 315 

9 100 35 420 330 

10 90 300 Nd Nd 

11 33 10 70 61 

Salicylic acid  54  100 > 100 
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 Glutathione conjugation is an important pathway by which 
reactive electrophilic compounds are detoxified. It protects 
vital cellular constituents against chemical reactive species 
by virtue of its nucleophilic sulphydryl group and constitutes 
an in vivo antioxidant protective mechanism.The nucleo-
philic addition of GSH to electron-deficient carbon double 
bonds occurs mainly in compounds with , -unsaturated 
double bonds.[32] Alkylation with a cellular thiol such as 
glutathione GSH may occur with the , -unsaturated chal-
cones and Mannich bases, leading to the adducts A and we 
have studied this possibility. (Scheme 3) From our experi-
mental results it points out that , -unsaturated compounds 
2, 3, 6, 7, 8 and 11 are conjugated with GSH and present 
significant alkylation rates. For these compounds an alkyla-
tion may to occur, leading to the adduct A (Scheme 3). 

Scheme 3. 

 For the compounds 3 and 7 the alkylation proceeds, 
higher when the concentration of GSH is high (10GSH). For 
compound 6 the alkylation proceeds higher when the con-
centration of GSH is low (0.2 mM) due to stereochemical 
reasons. All compounds 

 In acute toxicity experiments, the in vivo examined com-
pounds did not present toxic effects in doses up to 0.5 
mmol/kg body weight. Ulcerogenicity was not found. Acute 
inflammation is due to the release of chemical mediators, 
which cause edema as a result of extravasations of fluid and 
proteins from the local microvasculature and accumulation 
of polymorphonuclear leukocytes at the inflammatory site. 
The in vivo anti-inflammarory effects of the tested com-
pounds were assessed by using the carrageenin-induced rat 
paw edema (CPE) model and are presented in Table 4, per-
centage of weight increase at the right hind paw. The in-
duced oedema is a non-specific inflammation highly sensi-
tive to non-steroidal anti-inflammatory agents (NSAIDs). 
Thus it has been accepted as a useful tool for studying new 
anti-inflammatory agents [33]. It reliably predicts the anti-
inflammatory potency of the NSAIDs and detects during the 
second phase that are anti-inflammatory agents as a result of 
inhibition of prostaglandin amplification [34]. All the tested 
compounds induced protection (ranged from 8-80 %) against 
to carrageenin induced paw edema while the reference drug 
indomethacin induced 47 % protection at an equivalent dose. 
Chalcone 7 was the most potent (80 %) followed by the cor-
responding Mannich base 11 (77 %). The presence of the o-
Cl -group in chalcone 5 seems to highly increase the biologi-
cal response. The lipophilic contribution  of this group is 
important (  = 0.71). 

 We tried to linearly correlate the expressions of anti-
inflammatory, antioxidant, free radical scavenging activity 
and LO inhibition activity for all tested compounds. None of 
these correlations were satisfactory enough (r < 0.6). Pre-
sumably these activities proceed via at least partially differ-
ent mechanisms.  

 In this investigation all compounds were studied in order 
to gain insight in the mechanism of their antiphlogistic ac-
tion. It is well known that free radicals play an important role 
in inflammatory process. [35] Consequently, compounds 
with antioxidant properties could be expected to offer protec-
tion in rheumatoid arthritis and inflammation and to lead to 
potentially effective drugs. In fact, many non steroidal anti-
inflammatory drugs have been reported to act either as in-
hibitors of free radical production or as radical scavengers. 
[36] Thus, we tested these derivatives with regard to their 
antioxidant ability and in comparison to well known antioxi-
dant agents eg. nordihydroguaiaretic acid NDGA, caffeic 
acid CA 

CONCLUSION 

 In conclusion, the broad spectrum of the observed anti-
oxidant activity of the majority of the examined compounds 
allows us to propose them in treating human diseases that 
involves ROS.

 The present study has shown that certain chalcones and 
the corresponding Mannich bases possess significant anti-
inflammatory activity. Their synthesis is almost simple with 
satisfactory yields. Most of them are potent superoxide anion 
scavengers and inhibit in vitro soybean lipoxygenase and 
lipid peroxidation. Hydrophobicity, the presence of a free 2-
OH group and steric requirements, are the most important 
factors in terms of SAR 

 Although the anti-inflammatory mechanism explaining 
the activity on CPE remains unclear, the in vivo antiinflam-
matory activity of the synthesized compounds seems to be 
related with their high scavenging and reducing activity, in
vitro.

 Three compounds 7, 8 and 11 were found to present a 
promising anti-inflammatory profile, whereas compound 5

and 6 present high LO inhibitory activity. 

MATERIALS AND METHODS 

General 

 All the chemicals used were of analytical grade and com-
mercially available by Merck, 1,1-diphenyl-2-picrylhydrazyl 
(DPPH), nordihydroguairetic acid (NDGA) are purchased 
from the Aldrich Chemical Co. Milwaukee, WI, (USA). 
Soybean Lipoxygenase, linoleic acid sodium salt. Arachi-
donic Acid (AA), NADH, Nitrotetrazolium Blue (NBT), 
porcine heme and indomethacin were obtained from Sigma 
Chemical, Co. (St. Louis, MO, USA) and carrageenin, type 
K, was commercially available. For the in vivo experiments, 
male and female Fischer-344 rats (180-240 g) were used. N-
methylphenazonium-methyl sulfate was purchased by Fluka.  

 All starting materials were obtained from commercial 
sources and used without further purification. Melting Points 
(uncorrected) were determined on a MEL-Temp II (Lab. 
Devices, Holliston, MA, USA). UV-Vis spectra were obtained 
on a Hitachi U-2001 spectrophotometer. Infrared spectra 
(film as Nujol mulls) were recorded with a Shimadzu FTIR-
8101M. The 

1
H Nucleic Magnetic Resonance (NMR) spectra 

were recorded at 300MHz on a Bruker AM 300 spectrometer 
(Bruker Analytische Messtechnik GmbH, Rheinstetten, 

Ar1

O

Ar2

GSH Ar1

O

Ar2

SG

H

H

H Adduct A
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Germany) in CDCl3 or DMSO using tetramethylsilane as an 
internal standard unless otherwise stated. 

13
C-NMR spectra 

were obtained at 75.5 MHz on a Bruker AM 300 spectrome-
ter in CDCl3 or DMSO solutions with tetramethylsilane as 
internal reference unless otherwise stated. Elemental analy-
ses were obtained on an acceptable range (± 0.4 %) in a 
Perkin-Elmer 240B CHN analyzer (The Perkin-Elmer Cor-
poration Ltd.). Reactions were monitored by thin-layer chro-
matography (TLC) by Fluka, on aluminum cards precoated 
with 0.2 mm of silica gel and fluorescent indicator. 

General Procedure for the Preparation of Compounds 1-
7 [37, 11, 17, 18,19, 20] 

 The mixture of the aromatic aldehyde (10 mmol) and the 
acetylated aromate (10 mmol) were dissolved in 30 mL of 
MeOH and stirred during addition of 5 mL of potassium hy-
droxide (15% m/V). After 24 hrs the product precipitated. 
About 2 mL of glacial acetic acid were added. Solids were 
then filtered with suction and washed twice with cold 
MeOH. The chalcones formed in this manner were used for 
the preparation of the corresponding Mannich bases after 
purification (crystallization from methanol/ether). Synthesis 
and physicochemical properties of compounds 1, 2, 4, 6 and 
7 are cited in references [12, 17, 18, 19, 20].

General Procedure for the Preparation of the Mannich 

Bases 8-11 [38] 

 A mixture of chalcones 2, 3, 4 (0.01 mol), formaldehyde 
(36-38% w/v, 0.01 mol), and dimethylamine (0.01 mol) in 
ethanol (40 mL) was heated under reflux for 40 - 80 hrs. A 
mixture of chalcone 6 (0.005 mol), formaldehyde (36-38% 
w/v, 0.01 mol) and dimethylamine (0.01 mol) in ethanol (40 
mL) was heated under reflux for 80 hrs. On cooling, the sol-
vent was removed in vacuo, yielding an oil which was dis-
solved and recrystallized from absolute ethanol. Reactions 
are monitored by thin layer chromatography TLC.

 Physicochemical properties of the new compounds are 
indicated in Table 1 whereas spectroscopical and elemental 
analyses are given in Tables 2a-c.

Biological Experiments 

Experiments In Vitro 

 In the in vitro assays each experiment was performed at 
least in triplicate and the standard deviation of absorbance 
was less than 10 % of the mean. 

Determination of the Reducing Activity of the Stable 

Radical 1,1-diphenyl-picrylhydrazyl (DPPH) [32] 

 To a solution of DPPH in absolute ethanol an equal vol-
ume of the compounds dissolved in DMSO was added. As 
control solution ethanol was used. The concentrations of the 
solutions of the compounds were 0.1, 0.2 and 1 mM. After 
20 and 60 min at room temperature the absorbance was re-
corded at 517 nm and compared with the appropriate stan-
dards NDGA (Table 3). 

Non Enzymatic Assay of Superoxide Radicals-Measure-

ment of Superoxide Radical Scavenging Activity [32] 

 The superoxide producing system was set up by mixing 
PMS, NADH and air –oxygen. The production of superoxide 

was estimated by the nitroblue tetrazolium method. The reac-
tion mixture containing compounds, 3 M PMS, 78 M
NADH, and 25 M NBT in 19 M phosphate buffer pH 7.4 
was incubated for 2 min at room temperature and the absorp-
tion measured at 560 nm against a blank containing PMS. 
The tested compounds were preincubated for 2 min before 
adding NADH. Caffeic acid was used as an appropriate stan-
dard (Table 4). 

Heme Protein-Dependent Lipid Degradation [32] 

 50 M heme, arachidonic acid (0.4 mM) the compounds 
at the various concentrations tested, H2O2 (0.5 mM) were 
incubated together for 10 min at 37

o
C in KH2PO4-KOH 

buffer (50 mM, pH 7.4). The product of peroxidation was 
detected using the TBA test. The compounds were added in 
DMSO solution, which has no effect on the assay. Caffeic 
acid was used as an appropriate standard (Table 4). 

Soybean Lipoxygenase Inhibition Study In Vitro [32]

 In vitro study was evaluated as reported previously. The 
tested compounds dissolved in DMSO were incubated at 
room temperature with sodium linoleate (0.1 mM) and 0.2 
ml of enzyme solution (1/9 x 10

4
 w/v in saline). The conver-

sion of sodium linoleate to 13-hydroperoxylinoleic acid at 
234 nm was recorded and compared with the appropriate 
standard inhibitor (Table 4). Caffeic acid was used as an 
appropriate standard. 

Inhibition of Proteolysis of Trypsin and Chymotrypsin 

Activities [32] 

 0.2 ml of 100 g/ml trypsin or chymotrypsin solution was 
added to 0.8 ml of 0.1mol/phosphate buffer (pH 7.6) includ-
ing the tested compounds and preincubated at 37

o
 C for 30 

min and then 1 ml of 1% albumin in 0.1 mol/l phosphate 
buffer was added and incubated at 37

o
 C for 30 min. After 

the incubation 3ml of 5% trichloroacetic acid was added to 
the incubated solution and allowed to set at room tempera-
ture for 1 hr. The absorbance at 280 nm was recorded and the 
IC50 values of the tested compounds were determined  

Inhibition of Trypsin and Chymotrypsin Activities as 

Esterases [39] 

 Tosyl arginine methyl ester (TAME) was used as sub-
strate for trypsin whereas BTEE was used as substrate for 
Chymotrypsin. The reaction mixture consisted of 1.5mL 
buffer (0.1M tris–HCl, pH 7.8 in 50% methanol, v/v) and 
1.4mL TAME or BTEE (0.01M in 50%, v/v methanol). The 
test compounds dissolved in DMSO were added and their 
IC50 values were determined. The reaction was started by 
addition of 0.1mL trypsin or chymotrypsin(1mg/mL 0.001N 
HCl). The increase in the absorbance at 256 nm was deter-
mined over the next 4 min (Table 5). 

Stability Studies and Incubation with Glutathione (GSH) 

[40]

 Solutions of the compounds were prepared in water using 
phosphates buffer solution (PBS) pH 7.4 and in order to 
achieve dissolution the solvent contained approximately 10% 
v/v alcohol. The concentrations of the solutions were chosen 
so that the absorption maxima were between 0.5 and 1. The 
test compounds are incubated for 24h at 37

o
C and their UV 
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spectra were recorded. All determinations were carried out in 
duplicate. The error limits of the  values were approxi-
mately 2%. The experiment was repeated in the presence of 
GSH using thiol/test compound, 2/1 and 10/1 and incubation 
at 37

o
C for 24h and their UV spectra were recorded. The 

results are given in Table 6.

Table 6. Stability Studies and Incubation with Glutathione 

(GSH) 

/ max max

1* 260 2440 

1** 260 2695 

1*** 260 5500 

2* 320 3360 

2** 320 3165 

2*** 320 4365 

3* 360 280 

3** 360 200 

3*** 360 80 

4* 310 4090 

4** 310 4110 

4*** 310 4360 

5* 370 1335 

5** 370 3035 

5*** 370 2320 

6* 300 8905 

6** 300 1430 

6*** 300 6770 

7* 300 23225 

7** 300 10425 

7*** 300 6755 

8* 330 3295 

8** 330 2905 

8*** 330 3435 

9* 250 7720 

9** 250 8775 

9*** 250 13690 

10* 270 2170 

10** 270 2390 

10*** 270 4605 

11* 300 19670 

11** 300 16490 

11*** 300 18165 

*compound 0.1mM + 0 mM GSH. 

** compound 0.1mM + 0.2 mM GSH. 

***compound 0.1mM + 1mM GSH. 

In VIVO ASSAYS 

Inhibition of the Carrageenin-Induced Edema [32] 

 Edema was induced in the right hind paw of Fisher 344 
rats (150-200 g) by the intradermal injection of 0.1 ml 2% 
carrageenin in water. Both sexes were used. Females preg-
nant were excluded. Each group was composed of 6-15 ani-
mals. The animals, which have been bred in our laboratory, 
were housed under standard conditions and received a diet of 
commercial food pellets and water ad libitum during the 
maintenance but they were entirely fasted during the experi-
ment period. Our studies were in accordance with recognised 
guidelines on animal experimentation. 

 The tested compounds 0.01 mmol/kg body weight, were 
suspended in water, with few drops of Tween 80 and ground 
in a mortar before use and were given intraperitoneally si-
multaneously with the carrageenin injection. The rats were 
euthanized 3.5 h after carrageenin injection. The difference 
between the weight of the injected and uninjected paws was 
calculated for each animal. The change in paw weight was 
compared with that in control animals (treated with water) 
and expressed as a percent inhibition of the edema CPE % 
values Table 4. Indomethacin in 0.01 mmol/kg (47 %). Val-
ues CPE % are the mean from two different experiments 
with a standard error of the mean less than 10 %. 

Statistical Analysis 

 In the in vitro assays each experiment was performed at 
least in triplicate and the standard deviation of absorbance 
was less than 10 % of the mean. The statistical significance 
for the in vivo results was performed using the Student’s T-
test. 

ACKNOWLEDGMENTS 

 We would like to thank Dr. C. Hansch and Biobyte Corp. 
201 West 4th Str., Suite 204, Claremont CA California, 
91711, USA for free access to the C-QSAR program.

REFERENCES 

[1] Nielsen, S.B.; Christensen, S.F.; Cruciani, G.; Kharazmi, A. J. 

Med. Chem., 1998, 41, 4819. 
[2] Go, M.L ; Wu, X. ; Liu, X.L Curr. Med. Chem., 2005, 12, 483. 

[3] Nowakowska, Z. Eur.J.Med.Chem., 2007, 42, 125. 
[4] Ban, H.S. ; Suzuki, K.; Lim, S.S.; Jung, S.H.; Lee, S.; Ji, J.; Lee, 

H.S.; Lee, Y.S.;. Shin, K.H.; Ohuchi, K. Biochem. Pharmacol.,
2004, 67, 1549. 

[5] Herencia, F.; Lopez-Garcia, M.P.; Ubeda, A.; Ferrandiz M.L. Ni-
tric Oxide, 2002, 6, 242. 

[6] Clark, J.E.; Naughton, P.; Shurey, S.; Green, C.J.; Johnson, T.R.; 
Mann, B.E.; Foresti, R.; Motterlini, R. Circ. Res 2003, 93, e2-e8.  

[7] Foresti, R.; Hoque, M.; Monti, D.; Green, C.J.; Motterlini, R. J. 
Pharmacol. Exp. Ther., 2005, 312, 686. 

[8] Foresti, R.; Green, C.J., Motterlini, R. Biochem. Soc. Symp., 2004,
71, 177. 

[9] Foresti, R.; Motterlini R. Free Rad. Res., 1999, 31, 459.
[10] Dimmock, J.R.; Kumar P.Curr.Med.Chem., 1997, 4, 1.  

[11] Corvoisier, A. Bull. Soc.Chim., 1962, 528.  



596    Medicinal Chemistry, 2008, Vol. 4, No. 6 Maria et al. 

[12] Won, S.J.; Liu, TC.T.; Tsao, L.T.Weng, J.R.; Ko, H.;H.; Wang, 

J.P.; Lim, C.N. Eur.J.Med.Chem., 2005, 40, 103. 
[13] a) Pontiki E. and Hadjipavlou-Litina D., Arzneim. Forsch./Drug 

Res., 2003, 53, 780; b) Pontiki E. and Hadjipavlou-Litina D., Med. 
Chem., 2006, 2(3), 251. 

[14] Brooks, P.M ; Day, R.O. N. Eng. J. Med., 1988, 1716. 
[15] Shanbag, V.R ; Crider, M.A.; Gohkale, R. ; Harpalani, A.; Dick, 

R.M. J. Pharm. Sci., 1992, 81, 149. 
[16] a) Day, R.O.; Graham, G.G.; Williams, K.M.; Brooks, P.M., 

Drugs, 1988, 643; b) Ellis, G.A. and Blake D.R., Ann. Rheum. Dis., 
1993, 241. 

[17] Xiclouna, A.; Ombetta, J.; Navaro, J.; Robert, J.F.;Pannous, J.J. 
Eur.J.Med.Chem.1979, 14, 523. 

[18] Mudaliar, A.; Vivek R.; Joshi, A.; Vidya, D. Indian J. Chem. Sect., 
B.1995, 34, 456. 

[19] Churlcin, Y.D.; Savin, V.I. Khymiya Geterotsiklicheskikh Soedi-
nenii Sbornik, 1971, NO3, 60. 

[20] Preeti Rani; Srivastava V.K.; Ashbu, K. Eur.J.Med.Chem., 2004,
39, 449. 

[21] Pati, H.N.; Das, U.; De Clercq, E. ; Balzarini, J.; Dimmock, J.R. 
J.Enz.Med.Chem., 2007, 22, 37. 

[22] Hansch, C.; Leo, A.J. In: Exploring QSAR Fundamentals and ap-
plications in Chemistry and Biology, Heller, S.R. Ed. ACS Profes-

sional Reference Book, Washington, D.C.; 1995, Chapter 7, I, p. 
279. 

[23] Biobyte Corp., C-QSAR Database 201 West 4th Str., Suite 204, 
Claremont CA, California 91711, USA. 

[24] Halliwell B.; Gutterridge J.M.C. Free Radicals in Biology and 
Medicine, 2nd Ed., Clarendon Oxford, 1989.

[25] Kruk, I. The Handbook of Enviromental Chemistry, Reactions and 

Processes Part 1. Hutzinger O.; Kruk, I. Eds., Springer Verlag Ber-
lin, 1998.

[26] Taraborewala, R.B.; Kauffman, J.M. J. Pharm. Sci., 1990, 173 
[27] Muller, K. Arch. Pharm., 1994, 327, 1. 

[28] Van der Zee, J.; Elimg, T.E. ;. Mason, R.P. Biochemistry, 1989, 28,
8363. 

[29] Pontiki, E.; Hadjipavlou-Litina, D. Internet Electron. J. Mol. Des.,
2002, 1, 134. 

[30] Pontiki, E.; Hadjipavlou-Litina, D. Mini Rev. Med. Chem., 2003, 3,
487. 

[31] Pontiki, E.; Hadjipavlou-Litina, D. Curr. Med. Chem. - Anti-
Inflamm. Anti-Allergy Agents, 2004, 3, 139. 

[32] Pontiki, E.; Hadjipavlou-Litina, D. Biorg.Med.Chem., 2007, 15, 5819. 
[33] Winter, C.A. In: Non-steroidal Anti-inflammatory Drugs. Garattini, 

S.; Dukes, M.N.G. Eds., (Excepta Medica, Amsterdam), 190, 1965.
[34] Kuroda, T.; Suzuki, F.; Tamura, T. ; Ohmori, K.; Hosoe, H. J. Med. 

Chem., 1992, 35, 1130. 
[35] Flohe, L.; Beckman, R.; Giertz, H.; Loschen, G. In: Oxidative 

Stress, Sies, H. Eds., Academic Press, London, 1985.
[36] Saldan, L.A.; Elias, G.; Gao, M.N.A. Arzneim.- Forsch. Drug Res., 

1990, 40, 89. 
[37] Dannhardt, G.; Kiefer, W.; Kramer, G.; Maehrein, S.; Nowe, U.; 

Fiebich, B. Eur.J.Med.Chem., 2000, 35, 499. 
[38] Kontogiorgis, C.; Hadjipavlou-Litina, D. J.Med.Chem., 2005, 48,

6400. 
[39] Ito, K.; Kagaya, H.; Satoh, I.; Tsukamoto, G.; Nose, T. Arzneim.- 

Forsch. Drug Res., 1982, 32, 117. 
[40] Zladosky, P. ; Maliar, T. Eur.J. Med. Chem., 1996, 31, 669. 

Received: 05 June, 2008 Revised: 04 September, 2008 Accepted: 10 September, 2008



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


