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ABSTRACT

To synthesize new hydrazone derivatives of naprew#n enhanced anti-inflammatory activity and delvdie
ulcerogenic side effects. Hydrazones were syntmb&iy conjugation of naproxen hydrazide with senagmral and
synthetic aldehyde and ketone by using glacialia@etid as catalyst. The synthesis has been caoigdollowing
simple methodology in excellent isolated yields.3tnecture of the synthesized derivatives has lobanacterized
by elemental microanalysis (CHN), FTIR Spectroscopnd other physicochemical properties.The anti-
inflammatory activity of the synthesized compoumas evaluated in vivo using the egg-white induakzie model

in rats, and the results of the biological assayswaund to be comparable to Naproxen in this regdrde
synthesizedhydrazone of naproxen hydrazides wéln pronounced anti-inflammatory activity can enbanthe
anti-inflammatory activity of naproxen to a varyidggree according to the type of aldehyde or ketmseeal.

Keywords: Hydrazones, naproxen, anti-inflammatory activitigehyde, ketone.

INTRODUCTION

Non-steroidal anti-inflammatory drugs (NSAIDs) aegroup of drugs from diverse structural classes smow
analgesic, anti-inflammatory [1], and antipyretittigities [2]. However, the usefulness of theseragéds limited
due to the higher incidences of the observed gastsiinal (GI) damage that includes gastric ultena perforation
and their associated complications [3].

Naproxen sodium, is a nonsteroidal anti-inflammatdrug (NSAID) of the propionic acid class (whiphts it in
the same class as ibuprofen) and is commonly usethé relief of a wide variety of pain, fever, slivey and
stiffness [4,5].1t is the preferred NSAID for longrm use in people with a high risk of cardiovaacaomplications
(such as heart attacks or strokes), due to thetlfattit has relatively low risk of causing suchmications [6].
Naproxen has an intermediate risk of causing stbmeéeers as compared with ibuprofen, which is lésk,rand
indomethacin, which is high risk [7].

Hydrazone and acylhydrazone derivatives have beesubject of considerable interest in the devetoyirof novel
compounds with anti-inflammatory[8-12], antidepwe®s[13], analgesic [14], anticonvulsant [15], emtrobial

[16], antifungal [17], antitumor [18], antioxidafit9], antimalarial [20], antiplatelet, and antidirantimycobacterial
and vasodilator activities [21].

Hydrazones are a class of organic compounds thhicothe azomethine (-NHN=CH-)protonand they arenéd
by the action of the appropriate substituted hyideszhydrazides on aldehydes or ketones by heatisglvents
like ethanol, methanol, tetrahydrofuran, butantdcigl acetic acid, ethanol-glacial acetic acid][22
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The hydrazide-hydrazones derivatives are not oalpdpconsidered as intermediates but they arelbasa a very
effective organic compounds in their own right. Whbey are used as intermediates, coupling procdtartisbe
synthesized by using the active hydrogen compomémt-CONHN=CH- azomethine group. Hydrazones and
acylhydrazones possessing an azomethine —~NHN=CtHOasrC-NH-N=CH proton constitute an important clags
compounds for new drug development [23].

Carbohydrates and their derivatives have emergethasportant tool for stereoselective synthesid a a chiral
pool for the design of chiral ligands. They arecuae chiral building blocks, precursors for drugtbesis and chiral
catalysts in asymmetric catalysis despite the itamme of carbohydrates in the biological events,dven though
the pace of development of carbohydrate basedpbetias have been relatively slow, due to pracsgathetic and
analytical difficulties [24].

Carbohydrates provide a relatively rigid core vdathumber of functional (mostly hydroxy) groups efided spatial
orientations. The advantage of carbohydrates istkiey provide a series of scaffolds in which alkgible isomers
either occur naturally or are available by the msi@n of individual position [25].

Therefore, the present study was designed to sgiathea hydrazone derivatives of Naproxen with the t
enhance the anti-inflammatory activity of the fitelget compounds and being devoid the ulcerogadéeeffects.

MATERIALS AND METHODS

Materials and Equipment’s

Benzyl methyl ketone and Ribose were purchased terck (Germany), D-galactose and anhydrous D-glaco
were purchased from BDH (England), D-mannose washaised from Biochemical (England), Glacial acati
was purchased from Riedel-de Haén (Germany), Hywgalydrate 99.5% was purchased from Alpha medica
(India), and 1-naphthaldehyde and Vanillin werecpased from Himedia (India). Naproxen was dondtedkfully

by The State Company for Drug Industries (SDI, Samiaaq).

The quality of all these chemicals together with tither ones used throughout the study and obt&iosdstandard
commercial sources were of the highest purity atdél and used without further purification.

The melting points were determined by the openlieapi method using Stuart SMP30 (USA) and were used
uncorrected. Cooling of reactions when needed was dising a Julabo chiller VC (F30) (GMBH, Germarigjra-

red spectra were recorded in KBr disc on ShimadZlRF8400 spectrophotometer (Japan), at the Collefge
Pharmacy, University of Baghdad and on ShimadzuRF&400-S spectrophotometer (Japan), at the Colédge
Science, University of Al-Mustansiriyah.

Elemental microanalysis was performed at the CellefjPharmacy, University of Karbala using CHN E&aA
Elemental Analyzer (Italy).

The progress of the reaction was monitored by @asogrihin layer chromatography which was run onsigel G60
F,s4 pre-coated 0.2 mm thickness Aluminum plates (ErddleGermany), and was used as well to check thigypu
of the product. The synthesized final products #r intermediates were revealed either by dd@atbn or
reactivity toward iodine vapor or by irradiationtiwiUV,s, light. Chromatograms were eluted by using one orem
of the following mobile phases: Solvent systéfY): ethyl acetate: n-hexane: methanol (3:2:1 v/iv)st&m (B):
acetone: petroleum ether (5:5 v/v); Syst@). methanol: ethyl acetate: n-hexane (5:3:2 v/ivl] 8ystem(D): n-
hexane: ethyl acetate: methanol (6:2:2 v/v).

General chemical tests such as the sodium fusiather specific suitable tests were run to cheekpresence or
absence of certain groups and the purity of theth@gized derivatives and intermediafé®® ad Shinenyy
measurements of solutions was made using Alkacitf™ @st Ribbons and Strips purchased from Fishezrfiific
(USA).

The biological evaluation of the anti-inflammatoagtivity of the final target compounds was perfoda the
Department of Pharmacology and Toxicology, CollegBharmacy, University of Baghdad.

EXPERIMENTAL SECTION
The synthetic procedures described below were addpdbm those reported earlier in the literaturd ased with
few minor alterations.
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A. Chemical synthesis

1. Synthesis of Naproxen Methyl Ester (Intermediaté\) [26-28]

An accurately weight amount of Naproxen (10gm, 8.6ible) was added to 70 ml of absolute methandlatoed
in a 250 ml round bottom flask, and the mixture Wweaated with stirring until a clear solution is bght about.Then,
the solution was cooled down to -G and ten milliliters of concentrated sulfuric aciths added drop wise
cautiously with continuous stirring, which was aeganied by the appearance of an increasing amduninhite
precipitate during the addition process.

Later, it was noticed that towards the completibnhe acid addition, the white precipitate ceaséotmn, and the
mixture was then set to reflux with stirring at D for 4 hr. As the temperature of the mixture imses during the
refluxing process the precipitate dissolves agaitha clear solution reappears. At the end of the 4eflux period,
the solutionwas cooled down to room temperaturen thwas thrown over 250 ml of cold waterand ldtdiowed
by the addition of saturated sodium bicarbonatat&oi (approximately 10 % w/v) in order to neutzalithe excess
of the remaining acid present. After each additbisodium bicarbonate solution the mixture wagetirwell with
the evolution of CQ@

As the pH of the mixture increases, a white preéaipiof Naproxen methyl ester is produced. Whengti®is no
longer evolved at the end of the neutralizationcpss, thenthe pH of the solution was checkeduskapdd™ pH
Test Strips and if it is less than 8, further pmr# of saturated sodium bicarbonate solution abetadded. Filter the
precipitate (ppt) and wash it with 3 portions of hbcold distilled water, then it was air driedath@ product was
recrystallized from absolute ethanol to yield intediate A.

2. Synthesis of Naproxen hydrazide (Intermediate B[R9, 30]

Equimolar amounts of Naproxen methyl ester(InteriatedA) (0.0204 mole, 5 gm) and hydrazine hydreae5%

(0.0204 mole, 1 ml) were added to 40 ml of ethammitained in a 250 ml round bottom flask and thetane was

first stirred overnight at room temperature (RMemwhich the it was set to be refluxed at®80for 8 hrs. It was
noticed that the suspended mixture will be chanigéal a clear solution as the temperature incredseisig the

reflux process, while its color changed from caded to deep yellow with time. At the end of thdwetime, the

mixture was left to be stirred overnight at (RTatér, the formed ppt was filtered off and washegkss times with

cold distilled water (3 x 15 ml), then the ppt Weft to dry and the product was recrystallized fraisolute ethanol
to afford intermediate B.

3. Synthesis of final Target compounds (CompoundslSS7) [31, 32]

1) Synthesis of final Target compounds S1-S3

Five drops of glacial acetic acid was added to tharelic solution (5 ml) of one of the followingdahydes or
ketone [1-naphthaldehyde: S1A (0.00307 mole, 0.41)% Vanillin: S2A (0.00307 mole, 0.467 gm); andnlagl
methyl ketone: S3A (0.00307 mole, 0.41 ml)] congdlirin a 100 ml round bottom flask equipped with agnetic
stirrer. Then (0.00307 mole, 0.75 gm) of intermexliB dissolved in 15 ml of absolute ethanol waseaddith
stirring to each of the above mentioned mixturgmestely,after which, each reaction mixture wasttestir for (30
min) at RT and it was noticed that the clear migthas been converted into a suspended one, whigseti® reflux
at 80°C for 8 hrs., and after thatit was kept overnightthe freezer.Later, the formed ppt was filtered an
recrystallized from the following organic solverits afford the corresponding intended final targempound:
[target compound S1: recrystallized from acetorie;f®m ethanol;and S3: from dichloromethane].

2) Synthesis of final Target compounds S4-S7

Five drops of glacial acetic acid was added to thar®lic solution (5 ml) of one of the followinggars (which
were already dissolved in 1 ml of water) [glucoSdA; galactose: S5A; and mannose: S6A (0.0041 nfok38
gm); and ribose: S7A (0.0041 mole, 0.615gm)] comgdiin a 100 ml round bottom flask equipped withagnetic
stirrer. Then (0.0041 mole, 1 gm) of intermediatdig&solved in 15 ml of absolute ethanol was addigl stirring to
each of the above mentioned mixtures separatety after which the procedure followed the same oeatmned
earlier for the synthesis of the target compountisS3, with a slight change in that absolute ethaved used for
the recrystallization process to affordthe corresiiog intended the final target compounds S4-S7.

The general route illustrated in (Scheme 1) wakvied to synthesize the entire intermediate andl fiarget
compounds described earlier starting from Naprd&es physical appearance, percent yield, meltingtgon.p.°C)
and R values of the synthesized compounds together twételemental microanalysis (CHN Analysis) of thelf
target compounds (S1-S7) are given in (table 1 FRIR spectral data (KBr) cmi’of the intermediate and final
target compounds are listed below in (table 2).
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Scheme 1: Synthetic diagram of the intermediate anfinal compounds
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Table 1: Physicochemical characterization data ofte synthesized compounds

. . Elemental analysis
Sym. Molecular Molepular % Me;ltlrlg Physical R value calculated(found)%
Formula Weight Yield point °C appearance C H N
White fluffy 0.9 A
A CisH1603 244 95 87-91 powder 0.83B) ) i )
White 0.74 A
B Ci14H16N202 244 90 139-141 crystals 0.6 D) - - -
Off-white (0.89 A 78.51 5.80 7.32
S1 GaHzaN20, 382 94 197-201 crystals 071B) | (78.088) | (5.731) | (7.524)
White (0.73A 69.83 5.86 7.40
S2 GaH2aNO, 378 775]  204-206 crystals 051B) | (68.657) | (5.650) | (7.638)
White (0.89B 76.64 6.71 7.77
S3 GaiN0, 360 45 180-182 powder 074D) | (75530) | (6.615) | (8.083)
White (0.63 A 59.10 6.45 6.89
S4 GoHzeN2Or 406 30 193-197 powder 079C) | (57.490) | (6.258) | (7.132)
White (0.64 A 59.10 6.45 6.89
S5 GoHzeN20r 406 32 169-171 powder 082C) | (57.159) | (6.459) | (7.123)
Pale brown (0.52 A 59.10 6.45 6.89
S6 GoHzeN2Or 406 42 155-158 powder 075C) | (58.070) | (6.200) | (6.874)
Pale brown (0.3A 60.63 6.43 7.44
S7 GaH2aN2Os 376 32 97-101 powder 008B) | (60.951) | (6.568) | (7.654)
Table 2: IR spectral data of synthesized compounds
. Characteristics IR spectral bands (KBr) v
Sym. Chemical Name cmwith its Interpretation
) s y 3064 aromatic (C-H) stretching, 1732 (C=0) stratghiibration of ester,
A (S)-methyl 2-(6-methoxynaphthalen-2-yl)propanoate and 1172 (C-O) stretching vibration of ester.
3294 and 3203 (N-H) asym. and sym. stretching titmesecondary
B (S)-2-(6-methoxynaphthalen-2-yl)propanehydrazidg amide, 1637 (C=0) stretching of amide | band, &@B1(N-H) bending
vibration of amide Il band.
s1 (S,E)-2-(6-methoxynaphthalen-2-yl)-N'-(naphthalen-1 3159 (N-H) stretching vibration of secondary amitg54 (C=0)
ylmethylene)propanehydrazide stretching of amide | band, and 1631 (C=N) stretghiibration.
N A . o n 3396 (O-H) stretching vibration, 3188 (N-H) stretahvibration of
S2 (S'Er)m e’:Ihc()‘)l( rr\])gjrﬁﬁlya%;rjgfh;))xré)e:;glr:dgp:z)i ; e(G secondary amide, and 1647 (C=0) stretching of airtided overlapping
ynap ylprop Y with (C=N)stretching vibration.
s3 (S,E)-2-(6-methoxynaphthalen-2-yl)-N'-(1-phenylpgop | 3196 (N-H)stretching vibration of secondary amit@53 (C=0) stretching
2-ylidene)propanehydrazide of amide | band, and 1631 (C=N) stretching vibmatio
e P 3398-3236 overlapping multiple (O-H) groups stretghvibration with (N-
S4 (SZ'I? 425(%_m:;?:€ygzzmr?;|(en dzerzlle)) ’\:'o((iﬁé?-,t? ’gg'gze H)stretching vibration of secondary amide, and 1@390) stretching of
5:4,9,0p Y ynexy prop Y amide | band overlapping with (C=N) stretching wition.
e P 3378-3132 overlapping multiple (O-H) groups stretghvibration with (N-
S5 (52'5) 425(2_m:;?§r): yggzhr;iel? dzerzlg) '\:,0((;?(’;_)’5 ’sz‘gze H)stretching vibration of secondary amide, 1664Q) stretching of
15:4,9,0p Y yhexy prop Y amide | band, and 1637 (C=N) stretching vibration.
e P 3416-3122 overlapping multiple (O-H) groups stretghvibration with (N-
S6 (52'E3) 42 s(%_m::t]gﬁygiimﬁgfﬂ dzer)llleZ)Nr O((iﬁg’ﬁ 3225 eH)stretching vibration of secondary amide, 1664Q¢stretching of amidg
34,9,0-p Y ynexy prop Y I band, and 1635 (C=N) stretching vibration.
e P | 3485-3174 overlapping multiple (O-H) groups stretgtvibration with (N-
S7 ésg j éierﬂzr%ﬁ’élapgxa:%lﬁegl)ry e(tgzes-h%}i;)d d H)stretching vibration of secondary amide, and 162€0) stretching of
T Y ypenty prop Y amide | band overlapping with (C=N) stretching wition.

B. Evaluation of the anti-inflammatory activity of the synthesized target compounds S1-S7

Albino rats of either sex weighing (210+ 10 g) wetgplied by the animal house of the College ofrPlaay,
University of Baghdad, and were housed in the skuation under standardized conditions. Animals enfed
commercial chaw and had free access to waterlipitdm. Animals were divided into six groups (each group
consisting of six rats) as follows:

Group A Six rats that served as control; and treated thighvehicle (dimethyl sulfoxide) [33].

Group B Six rats treated with Naproxen as reference smlestin a dose of 10mg/kg [34,35], dissolved inedhyl
sulfoxide (DMSO)

Group C-I Six rats/group treated with the tested compoBitisS7, respectively, in doses equivalent by welght
10 mg/kg of Naproxen and dissolved in dimethyl axilie.

The anti-inflammatory activity of the tested compds was studied using the egg-white induced edeat®hi36].
Acute inflammation was produced by a subcutanegjestion of undiluted egg-white (0.1 mL) into thiampter side
of the left hind paw of the rats; 30 min. after. gaiministration of the drugs or their vehicle. Tav thickness was
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measured by vernea at seven time intervals (0630120, 180, 240, and 300 min) after drug adnmatisin. The
data was expressed as the mean + SEM and resuktsamalyzed for statistical significance using etudt-test
(Two Sample Assuming Equal Variances) for comparibetween mean values. While comparisons between
different groups were made using ANOVA: Two factaithout Replication. Probability (P) value of lebsn 0.05
was considered significant.

RESULTS AND DISCUSSION

Many irritant agents have been used in the paw-adeethod like dextran, egg-white and carrageenartico.
The paw edema induced by carrageenan has beersigelgrnstudied in the assessment of the anti-infietory
action of steroidal and non-steroidal drugs invadviseveral chemical mediators such as histamirretcsen,
bradykinin and prostaglandins [37]; and it was wagltumented that the intraplanter injection of edute into rat
hind paw induces a progressive edema. To assessatluity of the method (paw edema) used for thé-an
inflammatory evaluation of newly synthesized commas) Naproxen was used as a reference compounabweifrk
anti-inflammatory activity profile.

(table 3) shows the effect of Naproxen (referencgenal) and dimethyl sulfoxide (control) on thegeghite
induced paw edema in rats. The differences in péckness readings among control and Naproxen grinalisates
that the method used in this study (paw edema)vedid method and can effectively be used for theeasment of
the anti-inflammatory effect of the newly syntheslzompoundas shown inf{g. 1).

[e)]

m DMSO
B NAPROXEN

Paw thickness (mm)
(9]

IS
1

0 30 60 120 180 240 300

Duration (min)

Fig. 1: The effect of Naproxen (reference), and digthyl sulfoxide (control) on the egg-white inducegpaw edema in rats, with Time (30)
is the time of egg-white injection

Table 3: The effect of Naproxen (reference materiqland dimethyl sulfoxide (control) on the egg-whiténduced paw edema in rats

Time | Control Naproxen
(min) (n=6) (n=6)

0 3.82+0.03| 3.82+0.03
30 5.88+0.02| 5.82+0.04
60 6.86+0.02| 6.14+0.05*
120 | 6.51+0.03| 5.85+0.02*
180 | 6.23+0.03| 5.64+0.01*
240 6+0.05 5.3+0.02*
300 | 5.8+0.03 5+0.04*

Data are expressed in mm paw thickness as meamvit SE
n = number of animals.
Time (0) is the time of i.p. injection of Naproxaerd dimethyl sulfoxide (control).
Time (30) is the time of injection of egg-whital(intion of paw edema).
*Significantly different compared to control (p<@)

Paw thickness
(mm)
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Table 4 shows the effect of the tested compo@1dS7with respect to the control and reference groupp(ideen).
All tested compounds effectively limited the incsean paw edema, and the effect of all tested comg® started at
60 minutes (significantly different compared to o). However, the effect of all tested compourdstinued till
the end of the experiments with statistically sfigaint (P<0.05) reduction in paw edemas shown irffig. 2).

Table 4: The effect of Control, Naproxen and Componds S1-S7 on egg-white induced paw edema in rats

Time Control Naproxen S1 S2 S3 S4 S5 S6 S7
(min) (n=6) (n=6) (n=6) (n=6) (n=6) (n=16) (n=6) (n=6) (n=6)
0 3.82+0.03 | 3.82+0.03 3.83+0.02 3.76+0.04 3.79+0.03 3.8+0.04 3.76+0.05 3.74+0.05 3.82+0.03
30 5.88+0.02| 5.82+0.04 5.7+0.03 5.72+0.05 5.79+0.1 5.81+0.01 5.74+0.17 5.63+0.11 5.61+0.11
Paw 60 6.86+0.02 | 6.14+0.05*a| 6.05+0.1*a | 6.19+0.07*a| 6.06+0.11*a | 5.78+0.16*b | 6.14+0.16%a| 6.15+0.02*a 5.63+0.08*b
Thickness 120 6.51+0.03 | 5.85+0.02*a| 5.6+0.12*a | 5.87+0.15*a| 5.7+0.11*a | 5.61+0.16*a | 5.72+0.16*a| 5.96+0.04*a 5.39+0.09*b
(mm) 180 6.2340.03 | 5.64+0.01*a| 5.07+0.17*b | 5.47+0.2*a | 5.38+0.07*a| 5.22+0.13*b | 5.6+0.08*a | 5.61+0.11*a 5.15+0.03*b
240 6+0.05 5.3#0.02*a | 4.74#0.12*b | 5.15+0.24*a| 5.07+0.05*a | 4.88+0.15*b | 5.19+0.08*a| 5.27+0.1*a | 4.84+0.05* b
300 5.8+0.03 5+0.04*a 4.4+0.11*b 5+0.22*a 4.81+0.09*a | 4.53+0.15*b | 4.96+0.07*a| 5.01+0.04*a 4.41+0.09*b

Data are expressed in mm paw thickness as meait SE
n = number of animals.
Time (0) is the time of i.p. injection of testedhpmunds, Naproxen and dimethyl sulfoxide (control).
Time (30) is the time of injection of egg-whited(intion of paw edema).
* Significantly different compared to control (p€®).
Non-identical superscripts (a and b) among difféigmoups are considered significantly different (o85).

Multi-way comparison between the reference drug t@sted compounds revealed that all tested compowede
effectively powerful to limit the increase in pawema, withtheir effect started 1 hour after the injection and
continued till the end of the experiment, whichigades early onset of action of all compounds asvshin (fig. 2).
It was noticed that the effect of compound S1 wgnificantly higher than that of Naproxen, at tmerval time
(120-300 min.), while the effect of compounds S4 &Ywas significantly higher than that of Naproxanhthe
interval time (60-300 min.) and that compounds §2, S5, and S6 showed a comparable effect to thetproxen
at all time intervals of the experiment.

The structure of the synthesized compounds wasiraoed by using FTIR spectroscopy, CHN elemental
microanalysis, and other physicochemical paramdtatdes 1 and 2)The synthesized Naproxen methyl ester
(Intermediate A) showed the appearance of the ctaratic sharp bandof the (C=0) stretching vilmatof the
formed ester around 1732 ¢rwhich is accompanied by the disappearance ofacheristic broad band of the (O-
H)group of carboxylic acid of Naproxen.The NaproXgydrazide (intermediate B)showed the appearandbeof
characteristic sharp band around1637'cwhich indicates the formation of the (C=0O) grouptbe formed
hydrazide(amide | band) and accompanied with tisapfiearance of the characteristic sharp band ofGhO)
stretching vibration of the ester at 1732 tnThe synthesized hydrazone derivatives (S1-S7stoseveral
characteristic sharp bands in the IR region, whbeebands in the range between 1630-1670amlicate the
appearance of the (C=N) group stretching vibratibthe imine, which was noticed that it appearedsiimes as
separated band and sometime overlapped with th®@)&retching vibration of the amide | (table 2).

The elemental microanalysis revealed good agreewiéimthe calculated percentages. The percent tiengof the
observed/calculated values were found to be witignimits of accurate analysis (table 1).

99
www.scholarsresearchlibrary.com



Amer N. Eliaset al Der Pharma Chemica, 2015, 7 (10):93-101

M DMSO :

M NAPROXEN

MS1 i

MS2

MS3

Paw thickness (mm)
(03]

M S4

M S5

M S6

bk S7

60 120 180 240

Duration (min)

300

Fig. 2: The effect of Naproxen, dimethyl sulfoxidegcompounds S1, S2, S3, S4, S5, S6, and, S7 on gwpwehite induced paw edema in rats.
Results are expressed as mean + SEM (n= 6 for eagtoup). Time (30) is the time of egg-white injectio

CONCLUSION

The synthesized hydrazone target compounds witin finienounced anti-inflammatory activity may enhartbe
activity of Naproxen to a different extentdependamgthe type of aldehyde and ketone used in tlyeithesis. Arin
vivo anti-inflammatory study showed that the hydrazdmes maintained or increased the anti-inflammatotivisy
compared to their parent compound Naproxen. Conge®R, S3, S5, and Showed a comparable effect to that of
Naproxen, while compound&l, S4andS7 exhibitedsuperior effects to that of Naproxen.
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