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Abstract

The colon specific drug delivery of non steroidatianflammatory drugs involves targeting the
drug to the colon, thereby lowering the requiredejaeducing the systemic side effects, and
thus resulting in a more effective therapy systéhe gastric side effect of aceclofenac is due to
the presence of free carboxylic group. The presamdy aimed at reducing the side effects of
aceclofenac by masking the carboxylic acid grough wethyl esters of amino acids through the
formation of amide linkage. The amino acids liketidiine, alanine, tyrosine and glycine were
chosen as promoiety because they had broad speofranti-inflammatory, cytoprotective and
immunomodulatory properties and therefore would esgize the effect of prodrug. The
structures of synthesized prodrugs were confirmgdelemental analysis, IRH NMR, *°C
NMR and mass spectroscopw.vitro reconversion of prodrugs carried out in simulajedtric
fluid (SGF), simulated intestinal fluid (SIF) anohsilated colonic fluid (SCF) showed that the
prodrugs remained intact in SGF and SIF, except. ®BCF,the rat fecal content containing
colonic enzyme (amidase) hydrolyzed the amide fekaf synthesized prodrugs and free
aceclofenac was released Marked reduction of uhzkyx and an increase in anti-inflammatory
activities were observed for the prodrugs and piotee be better in action in the colon as
compared to the parent drug.

Keywords. NSAIDs, aceclofenac, amide prodrug, mutual prodrugpharmacokinetics,
ulcerogenicity
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I ntroduction

Colon specific drug delivery is a new approach he treatment of chronic disorders like
inflammatory bowel disease, infectious diseases aokbn cancer. Colon is gaining the
importance for systemic absorption of protein amegtgle drugs because of less intimidating
environment prevailing in colon compared with steimand small intestine. Colon is also found
to be a promising site when delay in the absorpisodesirable from therapeutic point of view
for the treatment of rheumatoid arthritis, noctlrasthma and angina pectoris. Because of this
unique physiological characteristics of colon, ddedivery can be achieved in different ways,
including pH dependent approaches utilizing thenglea in pH along the Gl tract [1], coated
dosage forms [2], time-controlled release syst@hpressure-controlled colon delivery systems
[4], coating drugs with bacterially degradable moérs [5] and prodrug based drug delivery
system [6].

Among the number of NSAIDs available for colon sfiedrug delivery systems, Aceclofenac
(AC), a newer derivative of diclofenac, is consattas one of the emerging NSAIDs [7, 8].
However, the problems after long term administratod these drugs, such as gastric irritation
and ulceration of the Gl mucosa, are believed tecebalted from the direct contact effect, which
can be attributed to the combination of local atitn produced by the free carboxylic group in
the molecular structure and by local blockage afstaglandin biosynthesis in the GI tract [9-
11]. The use of prodrugs to provisionally hide the mcgtoup of NSAIDs by amino acids has
been proposed as an approach to reduce thesefdes.eA drug with free carboxylic acid
group can be derivitized into corresponding esteramides of amino acids, so as to alter the
physical properties of a parent drug with one oreraf hydrolase enzyme serving as the in vivo
reconversion sites. In addition, amino acids ane teaic in moderate doses, have healing effect
on gastric toxicity, possess site specificity ahdves marked anti inflammatory activity against
carrageen induced hind paw edema in rats. In theept study, amino acids like histidine,
alanine, tyrosine and glycine were evaluated asecarfor colon specific drug delivery, with the
expectation to get non toxic prodrugs with miningdiz8IT disturbance while maintaining the
useful anti-inflammatory activity as well as ulcgemicity. Various microfloral enzymes
(amidase) present in the rat fecal content helpthénrelease of AC by hydrolysis of amide
linkage, without producing any xenobiotic substanehin GIT. The study involves the
synthesis of various methyl ester derivatives ofmanacids with AC and to carry out a study on
the physicochemical characteristics, hydrolysis eics, pharmacological activities and
histopathology to find out its suitability for ceispecific drug delivery.

Results and Discussion

The synthesized prodrugs of AC were confirmed by'HRNMR, **C NMR and mass spectral
methods. Moderate to high solubility in various amg solvents, were observed for the
prodrugs, indicating lipophillic behaviour. The hmgttic studies of the prodrugs were carried
out in simulated gastric fluid (SGF), simulatedestinal fluid (SIF) and simulated colonic fluid
(SCF). The half life of prodrugs AC1, AC2, AC3 aA@4 in SCF was observed as 4.5 h, 4.35 h,
4.25 h and 4.6 h respectively. The amount of AGnegated on hydrolysis of AC1, AC2, AC3
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and AC4 in SIF was 70, 67, 74 and 72 % respectiwtlgreas 92, 95, 94 and 97 % of AC was
regenerated respectively on hydrolysis of prodrugsSCF. None of the prodrugs showed
significant hydrolysis in SGF. Satisfactory hydmily in SIF as well as very interesting
hydrolysis in SCF was observed and the latter is thu the presence of colonic enzyme
(amidase) in fecal matter. The study revealed tiiiatcolonic micro flora produces a variety of
enzymes, including azoreductase, various glycosglasd amidases, which were not present in
the stomach or small intestine. Therefore, enzye@eddent drug release, which relies on the
existence of enzyme-producing microorganisms irctilen, could be used to deliver drug to the
colon after enzymatic cleavage of degradable gaboeads and premature drug release does not
occur in this caseThe hydrolytic kinetics study revealed that all {@drugs followed first-
order kinetics. The prodrugs showed comparativelyy yow protein binding in comparison to
standard drug whose value is 75 %. This incredsesvailability of prodrugs for hydrolysis in
colonic fluid and the required dose will be less.

Pharmacological investigations of the synthesizemtjugs were done for anti-inflammatory
activity and ulcerogenicity. The dose of prodrugnadstered was equivalent to 10 mg/kg body
mass of the parent drug. The anti-inflammatory véteds obtained after 2 h and 6 h of
administration of standard drug AC were found ag6@ 45 %. The anti-inflammatory activity
after 2 h of administration of prodrugs AC1, AC2C3 and AC4 was 58, 64, 65 and 58 %
respectively while after 6 h of administration @B, 78 and 73 % respectively were observed.
The maximum anti-inflammatory activity of all theoplrugs were observed at 6 h and remained
practically constant up to 8 h. It was observed tha anti-inflammatory activity of free AC
decreased with time while that of its prodrugs @ased with time. The latter is due to their
higher bioavailability compared to the parent drige statistical significance testing using one
way analysis of variance of data showed that thieiaifammatory activity of the prodrugs were
significant in comparison with AC.

The ulcer index of the synthesized prodrugs wasordszl to observe the extent of
gastrointestinal side effects. The mean ulcer inofegtandard drug AC was found as 28. The
ulcer index of the prodrugs was found much lessezomparison with the standard drug. The
minimized side effect obtained in the prodrug migatdue to the inhibition of direct contact of
carboxylic acid group of the drug to the gastriccosa which is mainly responsible for the
damage.

A normal histological finding was observed for te@mples of the control group rats. Small
hemorrhagic areas and patches of inflammatoryiiiirations were present in the lumen of the

glands and lamina propria when treated with pagendg, but normal histological findings were

displayed for all the prodrugs. This reveals that prodrugs are not producing any ulceration in
the gastric region.

Materials and M ethods

The amino acids namely histidine, alanine, tyrosane glycine were obtained from M/s Hi-
Media Ltd., India and drug AC was obtained as gafinple from Alkem Laboratories, India. The
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other reagents and solvents used were of analgredle. The reactions were monitored by TLC
on pre coated silica G plates using iodine vapaudetecting agent. The melting points were
recorded using melting point determination apparddy Sigma Instrument, India and are
uncorrected. The elemental analysis was performedguCarlo-Erba Model 1108 Analyzer
(Italy). *H NMR and**C NMR spectra were recorded in DMSO on NMR spettoopmeter
(Bruker DRX 300, USA). Chemical shifts are exprelsaso (ppm) values. Mass spectra were
recorded on mass spectrophotometer (Jeol SX-10B)Frapan)The hydrolysis data and drug
content determination were performed by Elico U\ée&pphotometer, India.

Synthesis of aceclofenac prodrugs

Aceclofenac is 2-[2-[2-[(2,6-dichlorophenyl)aminbinyl]acetyl]oxyacetic acid and the
synthesis of prodrugs was carried out by Schot@migann method [12].

Sep 1. Synthesis of aceclofenac acid chloride: Aceclofenac 1) of 0.05 M was dissolved in
minimum amount of chloroform and freshly distillddonyl chloride (0.05 M) was added slowly
to it. The mixture was refluxed for 15 h at 60TDwith continuous stirring on magnetic stirrer.
The viscous liquid was immediately poured on pethicand was vacuum dried to give yellow
coloured crude aceclofenac acid chloritia)(

Sep 2: Synthesis of methyl ester hydrochlorides of histidine, alanine, tyrosine and glycine:
Freshly distilled thionyl chloride (0.05 M) was slly added to methanol (100 ml) with cooling
and histidine Z) (0.1 M) was added to it. The mixture was reflufed 6-8 h at 60-76C with
continuous stirring on magnetic stirrer. Excessngi chloride and solvent was removed under
reduced pressure giving crude amino acid methwrdstdrochloride. It was titrated with 20 ml
portion of cold ether at 8C until the excess of dimethyl sulphate was remoVéu resulting
solid product was collected and dried under vacuumas re-crystallized from hot methanol by
slow addition of 15-20 ml ether followed by cooling0°C. The crystals were collected on next
day and washed twice with ether: methanol mixture: & ratio followed by pure ether and dried
under vacuum to get pure histidine methyl esterdgtdoride fa). The same procedure was
followed to synthesize methyl ester hydrochloridéalanine, tyrosine and glycine respectively.

Sep 3. Synthesis of prodrugs of aceclofenac with methyl esters of histidine, alanine, tyrosine and
glycine: Ice cold, aqueous sodium hydroxide solution (5 % waken in 250 ml beaker and
methyl ester of histidine hydrochloride (0.05 M)swvadded to it. The reaction mixture was
mechanically stirred for 30 min at room temperatafeer which the beaker was transferred to an
ice bath kept on mechanical stirrer, maintaining temperature at 18C. Aceclofenac acid
chloride (0.01 M) was added in small portions witimtinuous stirring for 7-8 h. The solid that
separated out was filtered off. The crude prodrugs we-crystallized from methanol. The
schematic representation of synthesize of histidgimejugated aceclofenac (AC1) is shown in
Scheme 1. The same method was adopted to syntlaairee, tyrosine and glycine derivatives
of AC and the structures of alanine conjugated lat&wac (AC2), tyrosine conjugated
aceclofenac (AC3) and glycine conjugated aceclaf¢A&4) are shown in Scheme 2.
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Step I: Synthesis of aceclofenac acid chloride
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Characterization of the synthesized prodrugs

The purity of the synthesized compounds was detethibby TLC and the physicochemical
parameters are given in Table 1. The structures wenfirmed by elemental analysisl-NMR,
13C-NMR, mass and IR spectral methods and are showfable 2. The results of elemental
analysis of synthesized prodrugs were in all casdsn £ 0.4 % of the theoretical values.

Table 1. Physicochemical properties of synthesized prodrugs of Aceclofenac

_ _ Protein Elemental Analysis
Prodrug M olecular Molepular Colour M.eltmog* Yield R # binding Calculated Found
formula weight point (°C) (%) value (%) (%) (%)
C 54.96 55.11
AC1 Co3H2:ClILN4Os 504.65 Brown 191-192 65 0.56 64.0 H 4.37 4.53
N 13.88 13.98
C 53.79 53.46
AC2 CooH20CIN,Os 348.23 Brown 195-196 97 0.55 71.65 H 4.59 4.45
N 15.98 15.67
C 60.70 60.54
AC3 CoeH24CIN,Os 514.19 Brown 194-196 96 0.55 68.05 H 4.66 4.65
N 13.61 13.36
C 53.77 53.99
AC4 CioH1ClN,Os 424.08 Brown 196-197 45 0.57 720 H 4.25 4.65
N 16.51 16.80
* Uncorrected #acetone: chloroform: acetic acid: water (3:2:1:4)
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Protein binding studies [13]: A solution of synthesized prodrug (10 mg/ml) wasdman
phosphate buffered saline (PBS, pH 7.4). A 100 mthis solution was taken in a beaker. The
cellophane membrane (molecular weight cut off i thnge of 10000-12000 Da obtained from
Hi-Media, India) was first washed with distilled t®aand then with buffer solution (pH 7.4). It
was tied at the opening end of dialysis tube; tla¢ysis tube containing (6 %) egg albumin was
dipped into the drug solution and covered. The wladsembly was placed on a magnetic stirrer
and switched at low revolutions per minute. Thederature was maintained at 37 + 6G
After every 1 h, 1 ml of the PBS containing druduson was replaced with fresh 1 ml of PBS.
Withdrawn sample was diluted further with 1 ml ppleate buffer and the concentration of AC

was estimated using spectrophotometer at 230 nm.

Table 2: Spectral data of synthesized prodrugs

Prodrug M ass IR (KBr, cm™) 'H NMR (3, ppm) BC NMR (8, ppm)
(m/z) (DM SO) (DM SO)
AC1 3395 (NH), 2860  9.77 (1H, NH) 8.32 (4 H, 35.2,36.2,47.8,51.9, 63.2,

N-[B-immidazole-3 ylu
(methyl propionate)] 2 [((2, 6
dichloro phenyl) amino
phenyl acetoxy acetamide)]

504 (M+)

AC2
N-(methyl propionate) 2 [((2,
6 dichloro phenyl) amino

phenyl acetoxy acetamide)] 348 (M+)

AC3 N-[ B-(para hydroxy
phenyl propionate)]-2 [(2,6
dichloro phenyl) amino

phenyl acetoxy acetamide)] 514 (M+)

AC4
N-[methyl acetate]-2 [(2,6
dichloro phenyl) amino

phenyl acetoxy acetamide)] 424 (M+)

(CH str.), 1765
(C=0), 1580
(amide), 1270 (C-O
ester)

3365 (NH), 1780
(C=0), 1640
(amide), 1560
(amide 1), 1490
(C-H), 1255 (C-O
ester)

3432 (NH), 3080
(CH str.), 1729
(C=0), 1610
(amide 1), 1494
(amide 1), 1179
(C-O ester)

3334 (NH), 3070
(CH str.), 1725
(C=0), 1611(amide
1), 1452 (amide 1),
1311 (C-O ester)

ArH), 7.28 (1H, NH), 4.97
(2H, CH=CH), 3.72 (2H,
OCHg), 3.68 (2H, CHCHy),
2.35 (1H, CH in ring)

8.32 (4 H, ArH), 7.28 (1H,
NH), 6.69-6.98 (2H,CH=CH),
4.97 (2H, CH=CH), 3.68 (2H,
OCHg), 4.35 (2H, CHCHjy),
3.72 (2H, COOCH), 1.48 (1H,
CH inring)

9.11(1H, NH) , 8.33 (4H,
ArH), 7.1(1H, NH), 6.51 (2H,
CH=CH), 4.43 (2H, OCH3),
3.96 (2H, CH2CH3), 2.51
(1H, CH inring), 1.23 (1H, CH
in ring)

9.77 (1H, NH), 8.32 (4H,
ArH), 7.73 (1H, NH), 6.77
(2H,CH=CH), 3.51 (2H,
OCHg), 3.89, (2H, COOCH),
2.51(1H, CH inring), 1.23
(1H, CH in ring)

63.2,118.6, 120.0, 125.2,
127.0,127.1,127.1, 127.3,
128.4,128.4, 128.9, 128.9,
135.3, 139.6, 139.6, 166.4,
169.2,172.1
17.3,35.2,47.8,51.9, 63.2,
118.6, 120.0, 125.2, 127.0,
127.4,127.6, 128.4, 128.9,
135.3, 139.6, 139.6, 128.9,
168.6, 171.2,172.9

139.6, 128.9, 120.0, 128.9,
139.6, 135.3,127.0, 127.1,
128.4, 118.6, 127.0, 125.3,
35.3,171.2, 63.2, 168.6,
47.8,172.9,51.9, 47.8,
139.6, 135.3, 139.6, 126.5,
128.9,129.1

134.5, 136.6, 127.6, 123.4,
125.3, 140.6, 128.2, 126.1,
126.1, 114.6, 127.3,125.2,
35.2,171.2, 63.2, 168.6,
47.8,172.9,51.9

Hydrolysis rate determination of synthesized prodrugs [14]: In vitro hydrolysis studies of

synthesized prodrugs were carried out in SGF, 8tFSCF. A solution of 10 mg of prodrug was
prepared in 90 ml of SIF or SCF. An aliquot of 1bahthis solution was withdrawn repeatedly
and kept in test tubes maintained at 37 +°@.5At a definite interval of time (0.5 h, 1-8 h) an
aliquot was withdrawn from different test tubes amals transferred to micro centrifuge tubes
followed by addition of methanol to make up thewnk. The tubes were placed in freezing
mixture in order to arrest further hydrolysis, évled by vortexing at high speed for 5 min. After
vortexing, the tubes were centrifuged at high sp@&90 rpm) for 5 min. A’ 5 mL of clear
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supernatant obtained from each tube was measuréti/@pectrophotometer for the amount of
free aceclofenac released after the hydrolysisr@dinigs in SGF, SIF and SCF at 230 nm. The
kinetics of hydrolysis was monitored by increasdreé drug concentration with time and order
of reaction and half life were also calculated. Tlage of hydrolysis was calculated using
equation:

K= (2.303/1) log (a/a-x)
where K represents hydrolysis constant, t is theetin min, a is the initial concentration of
prodrug, x is the amount of prodrug hydrolyzed &) is the amount of prodrug remaining.
The comparative hydrolysis pattern of AC1, AC2, A&ifl AC4 in SIF and in SCF are shown in
Fig. 1. The first order hydrolysis plot of AC1, ACRC3 and AC4 in SCF are shown in Fig. 2.
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Fig. 2: First order hydrolysisplot of AC1, AC2, AC3and AC4in SCF

Phar macological evaluations

Aceclofenac as well as the synthesized prodruge wealuated for anti-inflammatory activity,
ulcerogenicity, histopathology and a comparisongtwith AC was performed. Test compounds
and standard drugs were administered in the fora @ispension (1 % carboxymethylcellulose
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as a vehicle) by oral administration for anti-imflsatory study and intraperitoneally as
suspension in 2 % (m/v) acacia for ulcerogeniditystar albino rats of four groups, including a
control and a standard group, each with six animalee selected. The selected animals were
housed in acrylic cages at standard environmeptaditons at 25 + 2 °C, relative humidity of
45-55 %, in a well ventilated room maintained at 12 h light: dark cycle, fed with standard
rodent diet and watead libitum. All the animals were acclimatized for a week befo
experiment. All animal experiments were carried @gtording to the guidelines of the
Committee for the Purpose of Control of Experiments Animals and approval of the
Institutional Animal Ethics Committee, SreeVidyagikan College of Pharmacy, Tirupati was
obtained.

Anti-inflammatory activity [15]: The anti-inflammatory activity of synthesized progs was
determined by hind paw edema method utilizing cpgea as phlogistic agent (0.1 ml, 1%). The
initial volume of right hind paw of wistar rats (@00 g) was measured by plethysmometer
without administration of the prodrug. The prodfgl0 mg/kg body weight was administered
orally in 1% suspension of sodium carboxymethyldelie. After 30 min of administration of
prodrug, carrageenan (0.1 ml) was injected intoptlaater surface of right hind paw of each
animal. The volume of right hind paw of albino ratas measured after 2, 4 and 6 h. The mean
difference in the volume of the right hind paw afswas compared with standard and control.

Percent anti-inflammatory activity was calculatesing the formula

% inhibition = (1-Vt/Vc) x100

Where Vc — mean relative change in paw edema volwn@ntrol group and Vt - mean relative changgaw
edema volume in test group.

The paw volume of obtained during various time nvéés are shown in Table 3 and the anti-
inflammatory activity (%) is shown in Fig.3.

Table 3: Comparative paw volume of AC1, AC2, AC3 and AC4 with AC

Prodrug Paw Volume Paw Volume after drug
code before administration®
-~ . a
administration >h an 6h
Controf 0.60 + 0.002 0.9 +0.028 1.1 £ 0.056 1.6 £ 0.047
AC 0.65 + 0.004 0.50 £ 0.052 0.66 + 0.062 1.0 4$58.0
AC1 0.67 £0.019 0.38 £0.060 0.40 +0.050 0.53@70
AC2 0.69 + 0.040 0.32+0.018 0.35+0.0%4 0.40056
AC3 0.67 £ 0.006 0.31+£0.049 0.32 +0.045 0.344.6
AC4 0.66 +0.011 0.38+0.061 0.34 +0.663 0.43050

% ach value represents the mean + SD (n = 6). Signiée levels p < 0.05 for all values as comparét thhe
respective controfControl animals were administered orally 1 % Cagtmosthylcellulose.
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Fig. 3: Comparative anti-inflammatory activity of AC1, AC2, AC3and AC4with AC

Ulcer index (Ul): Gastrointestinal toxicity of the synthesized pragruwas measured and
compared with the drug by measuring ulcer index [lIf. The control group was administered
only 2 % (m/v) acacia suspension intraperitonedtgr the purpose, male albino rats were
selected, weighing between 130-150 g, and weral@ivinto six groups each comprising of
three rats including a control and a standard grddpasured volume of the suspension
containing dose equivalent to 10 mg/kg of body Wwemf AC was administered orally to the test
group daily for 5 days.

Mean Ulcer index

0

(610)

Prodrug Code

Fig. 4: Comparative ulcer index of AC1, AC2, AC3 and AC4 with AC

The rats (130-150 g) were fasted after the admatien of last dose, thereafter they were
sacrificed by decapitation and the stomach was vedhoopened and washed with distilled
water. The lesions on the gastric mucosa were eduoy visual examination using a binocular
magnifier. Ulcers greater than 0.5 mm were recardée ulcerative index was calculated by
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severity of gastric mucosal lesions which are gieaegradel = less thanl mm erosions, grade 2
= 1-2 mm erosions and grade 3 = More than 2 mmarssThe Ul was calculated as:

Ul= [1x (number of lesions of grade 1) + 2x (numbéidesions of grade 2) + 3x (number of
lesions of grade 3)]/10.
A comparative study of the ulcer index of AC1, AGR:3 and AC4 with AC was performed
and is shown in Fig. 4.

Histopathological studies: The histopathological studies of stomach of ra8j jtere carried out
using haemotoxylin and eosin stain at Pathology aitepent, Sri Venkateswara Veterinary
University, Tirupati, India. The stomach tissuegaveemoved from the rats and fixed in 10 %
normal saline for at least 48 h. These were thatgased routinely and the tissues were
embedded in paraffin wax. Histological sectionseveut at 5-6um and stained with routine
haematoxylin and eosin. These were then examineddonsultant histopathologist. The lesions
observed were assessed for the following mucosaplay, the presence of inflammatory cells in
the wall, oesinophils, lymphocytes and plasma c@otomicrographs of representative lesions
at various magnifications were taken on Zeiss aptiicroscope (Germany), Stemi 2000-C,
with a resolution of 10x45X, attached with trinceutamera and shown in Fig. 5.
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Fig. 5: Histopathological studies of prodrugs
(A) Healthy controlB) Ulcer control showing mucosal injury characterizgdAC and massive
mucosal infiltration of inflammatory cellC) Treated with AC1(D) Treated with AC2(E)
Treated with AC3F) Treated with AC4

Conclusion

The histidine, alanine, tyrosine and glycine camtaj aceclofenac amide prodrugs were
successfully synthesized and the structures wenérgceed by IR and NMR spectral analysis.
The prodrugs showed excellent pharmacological resp@nd encouraging hydrolysis rate in
SCF were observed. The less protein binding of gradrugs increased its availability for
hydrolysis in colonic fluid and results in less dagquirement. Increased anti-inflammatory
activity as well as reduced ulcerogenicity of thieduugs in comparison to that the parent drug
was observed. On the basis of the above obsergaiiols concluded that these prodrugs can be
successfully applied in the colon in attaining teal of minimized gastro intestinal toxicity
without loss of desired anti-inflammatory activiey the drug. The histopathological findings
reveled that there is limited ulcer formation imretach by the prodrugs. In summary, a novel
colon-specific drug-delivery system has been dexedobased on drug-amino acid conjugation
and it provides a convenient, most beneficial afdrsway for the delivery of drugs.

Statistical analysis. Statistical analysis of the pharmacological activitf the synthesized
prodrugs on animals was evaluated using a one-walysis of variance (ANOVA).Student’s t-

test was applied for expressing the significanakthe experimental data are expressed as mean
+ SD (standard deviation).

Acknowledgements

The authors express their thanks to M/s. Alkem lkatosies, India for providing gift sample of
aceclofenac. The authors are grateful to PadmadbreéM. Mohan Babu, Chairman, Sree

www.scholarsresearchlibrary.com 70



A Rasheed et al Der Pharma Chemica 2009, 1 (2): 59-71

Vidyanikethan Educational Trust, Tirupati for prowig the necessary facilities to carry out the
research.

References

[1] M.W. Rudolph, S. Klein, T.E. Beckert, H.U. PetereitB. DressmanEur. J. Pharm.
Biopharm., 2001, 51, 183-190.

[2] O.A. Cavalcanti, D. Van, I. Caramico-Soares, R.g&€nDrug Dev. Ind. Pharm., 2002, 28,
157-164.

[3] L. Yang, J.S. Chu, J.A. Fixnt. J. Pharm., 2002, 235, 1-15.

[4] Y.I. Jeong, T. Ohno, Z.P. Hu, Y. Yoshikawa, N. $t& S. Nagata, K. Takada.Control
Rel., 2001, 71, 175-182.

[5] Y.S.R. Krishnaiah, P.V. Raju, B. Dinesh Kumar, RaBkar.J. Control Rel., 2001, 77, 87-
95.

[6] V.R. Sinha, R. Kumria. Pharm. Res., 2001, 18, 564-5

[7] K. Parfitt. Analgesics anti-inflammatory and antigtycs, in JE Reynolds (Ed.), Martindale:
The complete drug reference, Massachustdgd,.

[8] British Pharmacopoeia. British pharmacopoeia corsimmsoffice, Volumel, Londor2005.

[9] S.D. Roy, E. Manoukianl. Pharm.Sci., 1994, 83, 1548—-1553.

[10] A. Mishra, V. Ravichandran, K.J. Prateek, V.K. DiR.K. Agrawal.Europ. J. Med. Chem.,
2008, 43, 2464-2472.

[11] H. Tsunematsu, S. Yoshida, K. Horie, M. Yamamadi@rug Target., 1995, 2, 517-525.

[12] Norman ROC, Coxon JM. Principles of Organic SysithieELBS and Chapman & Hall,
London,1993.

[13] Martin AN, Bustamante P, Chine AHC Physical PhaiyyneBl Waverly Pvt Ltd., New
Delhi, 1993.

[14] V. Ravichandran, A. Mishra, P.K. Jain, V.K. DixR.K. Agrawal.J. Braz. Chem. Soc.,
2008, 19, 89-100.

[15] G. Neha, N. Deepika, S.D. Suneela, S.R. Dhanest&@r Chaturvedind. J. Pharma. <.,
2005, 67, 369-373.

[16] D.A. Brodie, P.G. Cook, B.J. Bauer, G.E. Daglexicol. and Applied Pharmacaol., 1970,
17, 615-624.

[17] L.H. Main, B.J.R. WhittleBritish J. Pharmacol., 1975, 53, 217-224.

[18] M. Yagmurca, M. Ucar, E. Fadillioglu, H. Erdogan,Ozturk,Turk. J. Med. Sci., 2009, 39,
13-19.

www.scholar sresearchlibrary.com 71



