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Ampicillin (ABPC) was encapsulated within n-butylcyanoacrylate by using dextran 70K, glucose, or the
both mixtures as polymerization stabilizer, and many ABPC-nanocapsules with the various
physicochemical properties were probed with the antibacterial activity against methicillin-susceptible
Staphylococcus aureus (MSSA), methicillin-resistant Staphylococcus aureus (MRSA), B-lactamase
producing MRSA (blaZ gene) and B-lactamase non-producing MRSA (no blazZ gene), and other germs.
Morphological changes of MSSA and MRSA were assessed by scanning electron microscopy. The
released ABPC was measured at various time points (1, 3, 6 or 24 h). Nanoencapsulation with ABPC
resulted in an incremental increase in the antibacterial activity against MRSA penicillinase producing
and non-producing strains. The nanocapsule was adhered on the cell wall of MRSA, and the
morphological change was characteristically found on scanning electron microscope (SEM) image. The
nanocapsulation of ABPC by n-butylcyanoacrylate was reinforced against B-lactamase producing and
also non-producing strains of methicillin-resistant Staphylococcus aureus, and it will be a highly
efficient treatment for infections caused by B-lactamase non-producing MRSA strains.

Key words: ABPC-nanocapsules; n-butylcyanoacrylate; 3-lactamase non-producing MRSA.

INTRODUCTION

More than 50 years of widespread use of antibiotics has
resulted in the gradual appearance of antibiotic-resistant
bacteria (Leeb, 2004; Norrby et al, 2005).
Methicillin-resistant ~ Staphylococcus aureus (MRSA
de-tection rate; ca 80%) have acquired antibiotic
resistance due to the mecA gene that encodes alternative

penicillin-binding protein (PBP 21), resulting in the
expression of an altered PBP with low affinity to methicillin
(Ubukata et al., 1989).

The spread of infection by MRSA is now a serious
problem. Indeed, the death toll from infection by MRSA
was equal to the combined number of deaths caused by
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acquired immune deficiency syndrome (AIDS), lung
cancer and road traffic accidents in the United States
during 2005. Nowadays, MRSA is frequently isolated as
multiple antibiotic-resistant pathogenic bacteria in clinical
specimens, and infections of MRSA have spread from
hospitals into the cities (Norrby et al., 2005). The
emergence of antibiotic-resistant bacteria is worrying
because the rate of discovery of novel antibacterial agents
cannot keep pace. The development of new strategies to
overcome the resistance mechanisms is now a global
issue.

The antimicrobial-resistant mechanism of MRSA is
classified into two principal types (Franciolli, 1991). One
resistance mechanism is based on reduced binding
affinity of B-lactam antibiotics to penicillin-binding protein
(that is, from PBP to PBP2’) encoded by the mecA gene.
The second mechanism of resistance is hydrolysis of the
B-lactam moiety of B-lactam antibiotics by B-lactamase,
which MRSA secretes. The development of drug delivery
systems (DDS) to combat the spread of
antibiotic-resistant pathogens is currently attracting
considerable interest (Garay-Jimenez et al., 2009;
Litzinger et al., 1994; Liu et al., 2009). One such DDS
comprises ampicillin enclosed by drug nano-carriers such
as alkyl-cyanoacrylate. Covalent bonding of the ampicillin
to n-butylcyanoacrylate (NBCA) occurs during production
of the nanoparticles (NP). Intriguingly, this capsule was
reported to protect the antibiotic from hydrolysis by
B-lactamase (Fontana et al, 1998). However,
B-lactamase non-producing MRSA accounts for ca 30% of
clinical isolates in Japan (Yokoyama et al., 1996) and
the development of a treatment for this type of MRSA
remains largely unexplored.

The use of dextran70K or glucose as a polymerization
stabilizer during synthesis of the nanoparticles gave the
resulting preparation of a distinctive set of
physico-chemical properties (Douglas et al., 1984, 1986).
The present study focuses on the antimicrobial effect of
various nanoparticles encapsulated with ampicillin
(ABPC) on MRSA clinical isolates, which include
B-lactamase producing and non-producing strains (Turos
et al., 2007).

MATERIALS AND METHODS

Normal-butyl 2-cyanoacrylate (NBCA: Histoacryl®) was generously
provided by B/BRAUN Aesculap AG & Co. (Tuttlingen, Germany).
Dextran70000 (Dex-70K), glucose and ampicillin (ABPC) were
obtained from Sigma-Aldrich (St. Louis, MO). HCI and NaOH were
obtained from Wako Chemical Co. (Tokyo, Japan). All other
chemicals were of analytical reagent grade and were used without
further purification. Ultrapure water was used for the preparation of
all solutions.

ABPC-encapsulated nanoparticles
ABPC (80 mg) was dissolved in either 0.01 M or 0.001 M HCI (20

ml). Dex70K (200 mg), glucose (1 g), or a mixture of Dex70K and
glucose (Douglas et al., 1984) was added to the ABPC-hydrochloric
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acid solution. NBCA (0.25 ml) was added in a dropwise fashion to
the ABPC-Dex70K-glucose or -Dex70K+glucose hydrochloric acid
solution under stirring at room temperature. The stirring rate (650
rpm) was carefully chosen to ensure that the monomer was fully
dispersed. The pH of the resulting colloidal suspension was
adjusted to 7.0 by addition of 0.1 N NaOH. The suspension was
then filtered through a 5 um filter. The weight of ABPC-encapsulated
nanoparticles in suspension was determined by subjecting the
sample to ultracentrifugation at 100,000 g for 60 min. The
supernatant was then discarded and the pellet of
ABPC-nanocapsule freeze dried and weighed prior to re-suspension
in distilled water. Each preparation was carried out in duplicate to
ensure the results were reproducible. In addition, ABPC
concentration of the initial supernatant was obtained using the
optical density method (Amax 254 nm) and defined as the amount of
released ABPC that was not encapsulated in ABPC-nanocapsules.
The ABPC loading rate of ABPC-nanocapsules was calculated from
the encapsulated amount of ABPC divided by the additive amount:
(encapsulated amount = additive ABPC - initial supernatant ABPC).

Particle size and zeta potential

The size of NBCA-NPs was assessed using a dynamic light
scattering spectrophotometer Zetasizer nano (Malvern Instruments
Ltd., Malvern, UK). The colloidal suspension of the NPs was diluted
with deionized distilled water, and the particle size analysis was
carried out at a temperature of 25°C. The zeta potential was
measured on a Zetasizer Nano system (Malvern Instruments Ltd.).
The measurements were performed using disposable zeta cells in
accordance with a general purpose protocol at 25°C.

Bacterial strains

The standard strains were methicillin-susceptible Staphylococcus
aureus (MSSA); ATCC6538 and JCM2874, methicillin-resistant
Staphylococcus aureus (MRSA); JCM8703 and N315 GTC01187,
Enterococcus faecium; JCM5804, Escherichia coli; ATCC8739,
Pseudomonas aeruginosa; ATCC9027, and Klebsiella pneumoniae;
Tf399A. Clinical isolates of MRSA (30 isolates in total) were
provided by Yokohama-City University Hospital (Yokohama, Japan).
The mecA gene was detected in all the clinical isolates. Of the 30
isolates, 18 were B-lactamase producing MRSA (blaZ gene 14) and
12 were B-lactamase non-producing MRSA (no blaZ gene).

Determination of antibacterial activity

The minimum inhibitory concentrations (MICs) of
ABPC-nanocapsules were determined by the microbroth dilution
method (National Committee for Clinical Laboratory Standards
Institute; CLSI).

Morphological analysis of MSSA and MRSA

MSSA an MRSA were incubated in Mueller Hinton Broth (M-H Broth)
with or without ABPC-nanocapsules and/or antibiotics for 24 h. After
incubation, the culture suspension was filtered using Nuclepore™
Track-Etch membrane of pore size 0.1 um (Whatman Inc, Clifton,
NJ). Morphological changes of MSSA and MRSA were assessed by
scanning electron microscopy (type: S-800; Hitachi Corp., Tokyo,
Japan), as shown in Figure 1.

Release of ABPC from the nanoparticles

One gram of dried nanoparticles encapsulated with ABPC was
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Table 1. Physico-chemical property of ABPC-nanocapsules;A-D70 made by n-butyl cyanoacrylate(NBCA) and dextran 70K, A-Glucose by
NBCA and glucose, A-DG by NBCA and mixture of Dex70K and glucose. Particle size: average of diameters of particles, PDI<0.131.

Particle size (nm)

Zeta potential (mV) Encapsulation Rate of ABPC (%)

Polymerization pH in dil. HCI

pH2 pH3 pH2 pH3 pH2 pH3
A-D70 114 220 -20.5 -21.4 24.7 22.0
A-Glucose 99.4 190 -44.2 -49.2 255 22.8
A-DG 284 136 -20.4 -37.9 28.2 26.2

Table 2. MIC against ABPC sensitive Pathogensasogens; A-D70 made by n-butyl cyanoacrylate(NBCA) and dextran 70K,
A-Glucose by NBCA and glucose, A-DG by NBCA and mixture of Dex70K and glucose. MIC:ug/ml upon CLSI.

Strain S. aureus E. faecium E. coli P. aeruginosa K. pneumoniae
ATCC6538 JCM5804 ATCC8739 ATCC9027 Kf399A
ABPC alone 0.06 2 2 256 64
A-D70 0.12 4 8 =256 =256
A-Glucose 0.12 4 4 2256 2256
A-DG 0.12 4 4 2256 >256

suspended in 100 ml of 0.9% saline. The suspension was sampled
at various time points (1, 3, 6 or 24 h). The released ABPC was
subsequently separated from the nanoparticles by centrifugation at
15,000 g for 15 min and then quantified by high performance liquid
chromatography (HPLC) analysis. All experiments were performed
in triplicate.

RESULTS
Physiological properties of nanocapsules with ABPC

The diameter of nanoparticles encapsulating ABPC was
analyzed by the dynamic light scattering method using a
Zetasizer Nano (Malvern Instruments) (Table 1). When
dextran-70K or glucose was used as a polymerization
stabilizer the diameter of the nanoparticles obtained in
0.01 N HClI solution (pH 2) was less than those in 0.001 N
HCI (pH 3) solution. In contrast, a mixture of dextran-70K
and glucose as stabilizer contributed to the production of
larger nanoparticles in 0.01 N HCI solution by comparison
to those generated in 0.001 N HCI solution (Table 1). Zeta
potentials of nanoparticles were measured by
electrophoresis using a Zetasizer Nano (Malvern
Instruments). The zeta potential of nanoparticles
encapsulated with ABPC using dextran-70K as stabilizer
had a smaller negative charge than those prepared using
glucose as stabilizer (Table ). The content of ABPC within
nanoparticles in 0.01 N HCI solution was higher compared
to those in 0.001 N HCI solution (Table 1).

Release of ABPC from nanocapsules

The elution profile of ABPC from the nanoparticles was
biphasic with 30 to 40% of ABPC liberated after 1 to 3 h

(Figure 2). The elution rate of ABPC from nanocapsules
composed of dextran-70K was highest amongst the
preparations analyzed in this study. The rate of release of
ABPC from nanoparticles prepared in the presence of a
mixture of dextran-70K and glucose was greater than
those prepared in the presence of glucose only. The
release profile of ABPC from nanocapsules made in the
presence of glucose only was like monophasic that is,
gradual release of ABPC from the capsule.

Antibacterial activity of the ABPC-nanoparticles

Antibacterial activity as MIC was examined against
several common pathogenic bacteria, S. aureus, E.
faecium, E. coli, P. aeruginosa and K. pneumonia, as
standard strains (Table 2). The antibacterial activity of the
ABPC nanocapsules against S. aureus and E. faecium
decreased to approximately 1/2 that of ABPC alone.
Moreover, the antibacterial activity against E. coli
decreased from 1/2 to 1/4 that of ABPC alone. P.
aeruginosa and K. pneumoniae were resistant to both
ABPC and ABPC-nanocapsules. By contrast,
nanoencapsulation with ABPC resulted in an incremental
increase in the antibacterial activity against MRSA.
Moreover, the antibacterial activity of ABPC nanocapsules
obtained in 0.01 HCI increased by 4 to 8 fold compared
with ABPC alone (Table 3). The antimicrobial activity of
ABPC nanocapsules against MRSA-blaZ(+) strains, which
produce penicillinase, was compared with that against
MRSA-blaZ(-)  strains, which are penicillinase
non-producers (Table 3). The MRSA-blaZ(+) strain was
much more resistant to ABPC alone than the
MRSA-blaZ(-) strain. However, the antimicrobial activity of
ABPC nanocapsules against the MRSA-blaZ(+) and
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Table 3. MIC against MRSA (producing penicillinase); A-D70 made by n-butyl cyanoacrylate(NBCA) and dextran
70K, A-Glucose by NBCA and glucose, A-DG by NBCA and mixture of Dex70K and glucose. MIC:ug/ml upon
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CLSI.

MRSA: (N315 strain)

MRSA: (JCM8703 strain)

Polymerization pH in dil. HCI

pH2 pH3 pH2 pH3
A-D70 8 16 16 16
A-Glucose 16 16 32 32
A-DG 8 16 8 8
ABPC alone 64

MRSA-blaZ(-) strains was stronger by 8- and 4-fold,
respectively, compared with ABPC alone.

Antibacterial activity of the ABPC nanoparticles to
MRSA-clinical isolates

The antibacterial activity of ABPC nanocapsules was
compared to ABPC, tetracycline (TC), clarithromycin
(CAM), and vancomycin (VCM) alone (Table 4). Although
many of the MRSA strains displayed multiple antibiotic
drug resistance and were resistant to both TC and CAM,
they were all sensitive to the ABPC-nanocapsules, as
VCM. However, methicillin sensitive S. aureus were
sensitive to ABPC, TC, CAM and VCM.

DISCUSSION

In this study, the antibacterial activity of the
ABPC-nanocapsules against MRSA pathogens was
evaluated based on the physiochemical properties of
each of the nanocapsules in vitro. The antibacterial
activity of the ABPC-nanocapsules against several
common ABPC sensitive pathogens was assessed. Our
findings show that the antibacterial activity of
ABPC-nanocapsules was 1/2 that of ABPC alone against
S. aureus and E. faecium (Table 2). Moreover, the
antibacterial activity of ABPC-nanocapsules was 1/4 that
of ABPC alone against E. coli (Table 2). The
ABPC-nanocapsules had no antibacterial activity against
P. aeruginosa and K. pneumonia, which were resistant to
ABPC. The lower Ilevel of activity of the
ABPC-nanocapsules towards Gram-negative bacteria by
comparison to Gram-positive bacteria is thought to result
from the structure of their outer cell wall. Specifically, the
presence of lipopolysaccharide (LPS) in the outer cell wall
in the Gram-negative bacteria is believed to act as an
effective barrier to prevent uptake of the antibiotic into the
cell (Snyder and Mclintosh, 2000). LPS is absent in
Gram-positive bacteria resulting in higher antimicrobial
activity of ABPC-nanocapsules.

The antibacterial activity of ABPC-nanocapsules
against MRSA was found to be more potent than ABPC

alone (Table 3). The mutation of PBP to PBP2’in MRSA
decreases the affinity of this protein for pB-lactam
antibiotics (Hartman and Tomasz, 1981; Piddock et al.,
1992). The binding properties of nanoparticles are
strongly influenced by the zeta potential on their surface
(Hu et al., 2002; McCarron et al., 1999). The integrated
surface structure of the ABPC-nanocapsules is closely
related to their enhanced affinity for PBP2’ rather than
PBP. Another antibiotic resistance mechanism found in
MRSA is the production of B-lactamase. The covalent
binding of ABPC to ethylcyanoacrylate nanoparticles has
been reported (Fontana, 1998) to prevent the hydrolysis
of B-lactam antibiotics by B-lactamase. The MIC50 and
MIC90 of ABPC-nanocapsules against clinical isolates of
MRSA were lower than those of ABPC alone, as shown in
Table 4. For penicillinase producing clinical isolates, the
ABPC-nanocapsules gave much greater antimicrobial
activity over ABPC alone. The effect of encapsulating
ABPC within nanopatrticles to protect against hydrolysis
by B-lactamase was first assessed in this study (Tables 3
and 4). Furthermore, the MIC50 and MIC90 of
ABPC-nanocapsules against penicillinase non-producing
clinical isolates were also lower than those of ABPC alone.
These results show that the antibacterial activity of ABPC
within  nanoparticles is reinforced against MRSA
penicillinase producing and non-producing strains.

Given that the antibacterial activity of ABPC is
enhanced by nanoencapsulation against f-lactamase
producing and non-producing strains, the improved
antimicrobial activity does not solely arise from avoiding
the effect of [B-lactamase. Thus, the morphological
changes in MRSA caused by ABPC-nanocapsules were
different from those induced by ABPC alone (Figure 1). It
is likely that binding of ABPC-nanocapsules to the cell wall
will result in a release of ABPC at high concentration close
to the adherence point. The release of ABPC from
ABPC-nanocapsules was categorized as monophasic or
biphasic depending on the polymerization stabilizer used
to prepare the nanocapsules (Figure 2). For example,
ABPC is released in a biphasic manner (i.e. ~40% ABPC
after 4 h) from the ABPC encapsulation by
ethylcyanoacrylate (Fontana, 1998).

In this study, 65% ABPC was released from
ABPC-nanocapsules after 24 h. The surface property of
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Table 4. MIC of ABPC, TC, CAM, VCM, and ABPC-nanocapsules against MSSA and MRSA (producing penicillinase
strains upon blaZ gene, and non-producing penicillinase strains).

Strain blaz ABPC TC CAM VCM ABPC-nanocapsules
MSSA 6538 - <0.06 0.125 <0.125 1 0.125
2874 - 2 0.5 0.25 1 4
MRSA N315 + 32 0.125 2128 1 16
8703 + 64 256 2128 2 16
MRSA clinical isolates
1423 - 16 0.5 0.5 1 2
1846 - 8 64 2256 1 4
1801 - 16 64 2256 1 8
1858 - 16 64 2256 1 2
2022 - 16 64 256 1 8
2046 - 16 64 256 0.5 2
2137 - 16 0.5 256 0.5 4
2232 - 8 64 256 0.5 4
2790 - 8 64 256 1 2
3077 - 8 64 256 1 2
3223 - 8 64 256 1 2
3811 - 8 32 2256 1 2
1447 + 32 32 2256 0.5 4
1739 + 128 64 2256 1 4
1847 + 64 0.5 2256 1 4
1870 + 64 64 2256 1 4
2005 + 64 8 128 0.5 16
2107 + 128 64 2256 0.5 4
2370 + 128 2 128 0.5 8
2526 + 64 0.5 128 0.5 8
2836 + 16 64 256 1 4
2928 + 32 64 256 1 8
3137 + 16 16 256 0.5 4
3200 + 32 0.5 256 0.5 4
3334 + 16 64 2256 0.5 4
3351 + 8 0.5 0.5 0.5 4
3428 + 32 64 2256 1 4
3785 + 16 64 2256 1 4
4147 + 64 64 2256 1 4

Resistance upon CLSI: ABPC = 0.5 ug/ml, TC = 16 pug/ml, CAM 2= 8 pug/ml, VCM = 32 pg/ml. MIC50 against MRSA blaZ(+) strains:
4 pg/ml, MIC90: 8 pg/ml. MIC50 against MRSA blaZ(-) strains: 2 pg/ml, MIC90: 8 ug/ml.

the nanoparticles differ depending on the type of
cyanoacrylate derivative and polymerization initiator
(Table 1) used in their preparation. In addition, the surface
property affects the release rate of ABPC (Figure 2). The
antibacterial activity of ABPC-nanocapsules can be
deduced from the following equation:

(Antimicrobial activity of ABPC-nanocapsules) = (activity

of released
nanocapsules)

ABPC) + (activity(X) on binding

The MIC value of ABPC alone was put into the
(Antimicrobial activity) part of the equation. The
concentration of released ABPC was put into (activity of
released ABPC), and the (activity(X) on binding
nanocapsules) was calculated from the conjugation index.
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Table 5. The antimicrobial activity (X) by binding ABPC-nanocapsules against MSSA and MRSA (producing penicillinase strains
upon blaZ gene, and non-producing penicillinase strains).

Activity(X) by binding ABPC-nanocapsules

Staphylococcus aureus Nanocapsules from Nanocapsules Nanocapsules from
Dex-70K from glucose Dex-70K and glucose
MSSA -0.43 <0 -0.01 <0 -0.05 <0
ATCC6538 -4.22 <0 -0.04 <0 -1.38 <0
JCM2874
MRSA (bla Z+strain) +28.77 >0 +23.86 >0 +28.66 >0
N315 +57.54 >0 +48.07 >0 +60.66 >0
JCM8703
Clinically isolated MRSA (bla Z-strain) +9.54 >0 +7.86 >0 +9.36 >0
1801 +9.54 >0 +7.86 >0 +9.36 >0
2022
Clinically isolated MRSA (bla Z+strain) +57.54 >0 +48.07 >0 +60.66 >0
2005 +57.54 >0 +48.07 >0 +57.36 >0
2526

X>0: the decrement of antibacterial activity. X<0: the increment of antibacterial activity.

(c) The administration of ABPG nanocapsules

Figure 1. The morphological changes of MRSA(N315) caused by ABPC-nanocapsules after
12 h (on SEM imagex 10,000). Black spots are filter holes (approx. 100nm). Nanocapsules
were binding on surface of MRSA.
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Figure 2. ABPC releasing profiles from ABPC-nanocapsules made by Dextran 70K, by Dextran

70K+glucose, or by glucose.

When the “activity of a nanoparticle” was set to X from this
formula, X = 0 shows antimicrobial activation
reinforcement, whereas X < 0 shows an antimicrobial
activity attenuation effect (Table 5).

We conclude that the nanocapsulation of ABPC by
n-butylcyanoacrylate was reinforced against B-lactamase
producing and also non-producing strains  of
methicillin-resistant S. aureus, and that it will be a highly
efficient treatment for caused by f-lactamase
non-producing MRSA strains.
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The present research task is aimed at evaluating the influence of alpha lipoic acid (ALA) against
phenytoin induced hepatotoxicity. The rats were divided into five groups of six animals each. Group 1
received 0.2% carboxy methyl cellulose (CMC, p.o), group 2 received 20 mg/kg phenytoin (p.0), groups
3, 4 and 5 received 50, 100 and 200 mg/kg (p.o) of ALA in 0.2% CMC, respectively 1 h prior to phenytoin
for 45 days. On the 45th day, blood samples were collected and subjected to analysis of liver function
test. Animals were sacrificed, antioxidant status and lipid peroxidation were estimated in the liver
samples along with histopathological investigations. Phenytoin treatment was observed to induce liver
injury, which was apparent from increased serum transaminases, alkaline phosphatase (ALP) and
bilirubin in blood, and lipid peroxidation in liver. Phenytoin decreased the levels of albumin, total
protein, and endogenous antioxidants along with reduction in body weight. Histopathological
investigation revealed phenytoin induced periportal congestion and hepatic necrosis. ALA (100 and 200
mg/kg) significantly (P < 0.001) reduced the phenytoin elevated serum enzymes, ALP, bilirubin, lipid
peroxidation, liver weight and significantly increased the levels of albumin, total protein, antioxidant
levels and body weight reduced by phenytoin. ALA effectively reversed the phenytoin induced
histopathological changes. ALA was found to be effective against phenytoin induced hepatotoxicity.

Key words: Phenytoin, alpha lipoic acid (ALA), hepatotoxicity, oxidative stress, antiepileptics, antioxidant.

INTRODUCTION

Aromatic antiepileptic drug (AAED) therapy has been
expanded to a broad spectrum of psychiatric and neuro-
logical disorders. However, the clinical use of these drugs
is limited by several adverse effects, mainly hepatotoxicity.

Metabolites of AAEDs are proven to be responsible for
the occurrence of oxidative stress resulting in hepatic
damage (Santos et al., 2008). Reactive metabolites from
AAED lead to direct cytotoxicity and liver cell necrosis
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and liver cell necrosis (Bjornsson, 2008).

Phenytoin is one of the most commonly used AAEDs in
the treatment of generalized as well as secondarily gene-
ralized tonic clonic seizures (Walker, 2005). Phenytoin
induced hepatotoxicity is one of the most recurrently
reported adverse effects induced by the drug (Walia et
al., 2004). 10 to 38% of the patients were observed to
show fatal outcome subsequent to phenytoin induced
liver damage (Dreifuss and Langer, 1987). It was
observed that there was an increase in hepatic enzymes
such as transaminases, lactic dehydrogenase, alkaline
phosphatase and gamma glutamyl transferase along with
serum bilirubin in patients receiving phenytoin
(Aldenhovel, 1988; Kazamatsuri, 1970; Smythe and
Umstead, 1989). The drug also brought about
morphologic and pathologic abnormalities such as
primary hepatocellular degeneration and necrosis
(Harden, 2000). 95% of phenytoin is metabolized in the
liver and less than 5% is eliminated unchanged in the
urine (Bajpai et al., 1996). AAED induced hepatotoxicity
was considered to be due to defect in epoxide hydrolase
detoxification process resulting in accumulation of arene
oxides (Bavdekar et al., 2004; Kass, 2006). It was
reported that the metabolites of phenytoin produced
severe oxidative stress on the rat hepatic mitochondria
resulting in mitochondrial dysfunction (Santos et al.,
2008). The aforementioned studies suggested oxidative
stress mediated via reactive oxygen species to be one of
the contributing factors of phenytoin induced liver
damage. Our previous study also confirmed that
phenytoin induced liver damage had an etiological
background of oxidative stress (Saraswathy et al., 2010).

Alpha lipoic acid (ALA) is a powerful antioxidant often
termed as "universal antioxidant" as it neutralizes free
radicals in both aqueous and lipid media of cells. ALA
functions as both fat and water soluble antioxidant that
easily crosses cell membranes, thereby it confers free
radical protection to both interior and exterior cellular
structures. The antioxidant capacity of ALA is retained in
both its reduced and oxidised forms (Packer et al., 1995).
ALA was used to treat liver poisoning induced by alcohol,
mushroom and heavy metals. The antioxidant abilities of
ALA and its role in glutathione recycling have encouraged
its use in liver damage. ALA was also reported to exhibit
a very significant hepatoprotective effect against
chloroquine induced hepatotoxicity than silymarin, a
reference drug (Pari and Murugavel, 2004).

As phenytoin induced hepatic damage was induced by
oxidative stress; the present study was undertaken to
investigate the intervention of an antioxidant ALA on
phenytoin induced hepatotoxicity.

MATERIALS AND METHODS

Animals

Adult male albino rats weighing 150 to 200 g were selected and
housed in propylene cages at room temperature (25 + 3°C). All
through the study, they were fed ad libitum on standard pellet feed
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and freely provided drinking water. The study protocol was
approved by the Institutional Animal Ethical Committee of M.S.
Ramaiah College of Pharmacy, Reference number
220/abc/CPCSEA.

Study protocol

The rats were divided into five groups of six animals each. Group 1
served as control and received 0.2% carboxy methyl cellulose
(CMC) (orally) for 45 days. Group 2 received 20 mg/kg phenytoin
(orally) for 45 days. Groups 3, 4, and 5 received 50, 100 and 200
mg/kg (orally) of ALA in 0.2% CMC, respectively 1 h prior to
administration of 20 mg/kg phenytoin for 45 days. On the 45th day
of the drug administration, the animals were anaesthetized under
ether anaesthesia and the blood samples were collected from retro
orbital plexus for estimation of serum biochemical parameters such
as total protein (Gomall et al., 1949; Lowry et al., 1951), albumin
(Doumasa et al., 1971), serum glutamate oxaloacetate
transaminase (SGOT) (Gella et al., 1985), serum glutamate
pyruvate transaminase (SGPT) (Gella et al, 1985), alkaline
phosphatase (ALP) (Rosalki et al., 1993) and total bilirubin
(Pearlman and Lee, 1974) were analyzed by enzymatic kit
(AGAPPE, India) and an autoanalyser (Chemistry Analyser (CA
2005), B4B Diagnostic Division, China). Animals were then
sacrificed; liver tissues were dissected out and were rinsed with
cold phosphate buffer (PB, 100 mM, pH 7.4), weighed, sliced for
histopathological studies and stored at -40°C. The stored tissues
were homogenized and the homogenate was centrifuged at 10,000
x g for 10 min at 4°C. The supernatant was stored at -40°C for
estimation of lipid peroxidation (to measure the extent of oxidative
stress) by malondialdehyde method (Chatterjee and Sil, 2006) and
antioxidants such as superoxide dismutase (SOD) by pyrogallol
auto oxidation method (Marklund and Marklund, 1974), catalase
(Beer and Sizer, 1952) by hydrogen peroxide method and reduced
glutathione (GSH) by Ellman’s method (Sedlak and Lindsay, 1968).
The levels of endogenous antioxidants were estimated only in liver
homogenates in order to assess the extent of liver damage.

Histopathological studies

Rats were anesthetized under ether anesthesia and sacrificed. The
liver was fixed in 4% paraformaldehyde overnight. Block was
prepared in block preparation unit (Shandon Histocenter-2) and
sections (10 ym) were cut with the help of a microtome (Leica RM
2255, Lab India) and picked up on poly-I-lysine coated slides and
were stained with hematoxylin and eosin (Li et al., 1998).

Statistical analysis

The results were expressed as mean * standard error of mean
(SEM; n=6). The statistical analysis was performed by means of
analysis of variance (ANOVA) followed by Tukey-Kramer's Multiple
Comparison Test. p value < 0.05 was considered as statistically
significant. Data were processed with Graphpad Instat Software.

RESULTS

Effect of ALA on phenytoin induced alterations in
hepatic parameters

Administration of phenytoin 20 mg/kg for a period of 45
days significantly increased the levels of SGOT, SGPT,
total bilirubin and ALP along with a significant decrease
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Table 1. Effect of ALA on phenytoin induced alterations in liver parameters.

Parameter

Control

Phenytoin
(20 mg/kg)

PHT+ALA 50
mg/kg

PHT+ALA 100
mg/kg

PHT+ALA 200
mg/kg

SGOT (IU/L)

SGPT (IU/L)

TBL (mg/dl)

ALP (IU/L)

ALB (g/dI)

TP (g/dl)

LLP (nmol/g wet tissue)

SOD (Superoxide anion reduced/mg protein/min)
Catalase (umol H20O, degraded/mg protein/min)

GSH (mg/dl)

254.5+4 5+++
67.68+1.6+++
1.29+0.07+++
147.6+4.5+++
4.47+0.22+++
7.82+0.83+++
32.8+0.47+++
5.8+0.036+++
58.9+0.83+++
17.5+0.22+++

376.3+5.45%+*
91.75+0.9%**
2.45%0.12%*
250.1+3.28***
3.15+0.072*+*
5.56+0.083***
119.2+0.67***
2.12+0.046***
40.09+0.45%**
11.48+0.43***

324.8+3.8**+++
75.32£0.65***+++
2.2 £0.122%+*
210.6+4.8***+++
3.52+0.185*+*
6.2+0.285***+
91.75+0.9%**+++
2.7+0.049%*+++
42.9+0.45%**+++
12.58+0.24***+

299.6+6.4***+++
72+0.847*+++
1.723 £ 0.5%*+++
180.1+6.0***+++
3.98+0.15++
6.93+0.128**+++
75.68+1. 1% +++
3.48+0.1%**+++
46.3+0.61%**+++
13.33+0.24***++

263£2.769+++
69.27+0.77+++
1.39+0.065+++
150.5+3.63+++
4.34+0.149+++
7.5+0.056+++
52.05+1.3***+++
4.4+0.074%**+++
51.4+0.70%*+++
14.8+0.23***+++

Values are expressed as mean+ SEM of 6 animals. ***p < 0.001 versus control group, **p < 0.01 versus control group, *p < 0.05 versus control group; **p < 0.001 versus
Phenytoin group, *'p < 0.01 Phenytoin group, “p < 0.05 Phenytoin group.

in the levels of albumin and total protein. ALA (50
and 100 mg/kg) significantly (p < 0.001)
decreased the elevated SGOT levels when
compared with phenytoin treated animals, but the
values did not reach that of normal. ALA at its
higher dose (200 mg/kg) dropped off the levels of
SGOT near to that of normal control animals. ALA
(50 and 100 mg/kg) significantly (p < 0.001)
decreased the levels of SGPT when compared
with phenytoin treated animals, but the values did
not reach that of the normal. ALA (200 mg/kg)
decreased the levels of SGPT near to that of
normal control. ALA at 50 mg/kg showed no
significant decrease in the levels of total bilirubin
elevated by phenytoin, whereas at 100 mg/kg ALA
significantly (p < 0.001) reduced the levels of total
bilirubin and at 200 mg/kg the values were
brought near that of normal values. ALA at the
dose of 50 and 100 mg/kg significantly (p < 0.001)
brought down the levels of ALP but not closer to
the normal values, whereas the antioxidant at its
higher dose (200 mg/kg) decreased the levels of
ALP near to that of normal control. ALA at the

dose of 50 mg/kg showed no significant increase
in the levels of albumin, whereas at 100 and 200
mg/kg ALA augmented the levels of albumin in a
dose dependent fashion and at the dose of 200
mg/kg, a significant (p < 0.001) increase in the
levels of albumin near to that of normal control
was observed. ALA at the dose of 50 mg/kg
slightly increased the levels of total protein (p <
0.05), whereas at 100 and 200 mg/kg, significantly
(p < 0.001) augmented the levels of total protein
(Table 1).

Effect of ALA on phenytoin enhanced liver
lipid peroxidation

Administration of phenytoin 20 mg/kg for a period
of 45 days significantly increased the lipid
peroxide contents in liver. ALA at all the three
doses (50, 100 and 200 mg/kg) significantly (p <
0.001) reduced the liver lipid peroxidation in a
dose dependent manner but the values did not
reach the normal (Table 1).

Effect of ALA on phenytoin depleted
endogenous enzymatic and non enzymatic
antioxidants

Administration of phenytoin 20 mg/kg for a period
of 45 days significantly decreased the endoge-
nous enzymatic antioxidants such as SOD as well
as catalase and non enzymatic antioxidant GSH
in liver. ALA at all the three doses (50, 100 and
200 mg/kg) significantly increased the endoge-
nous antioxidant levels decreased by phenytoin in
a dose dependent manner but the values did not
reach the normal (Table 1).

Effect of antioxidants on phenytoin induced
alterations in body weight, absolute and
relative liver weight

At the end of 45 days of treatment with phenytoin,
there was a statistically significant decrease in
body weight and an increase in the absolute and
relative liver weights when compared with the
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Table 2. Effect of phenytoin and phenytoin + ALA on body weight, absolute and relative liver weight.

Body weight (g)

Absolute liver Relative liver

Group Initial Final Percent change weight (g) weight (g)
Control 225 268.3x2.1 19.240.93" 12.740.081"" 4.7+0.05 "
Phenytoin 228.3+4.4  201.6x1.0 -11.3+0.6%+* 14.6+0.056*+ 7.240.06***
Phenytoin+ALA 50 mg/kg 222.5+2.14 211.6+2.4 -4.8+1.0% " 13.520.09*** " 6.420.07*+"
Phenytoin+ALA100 mg/kg 221.66+3.3  216.6+3.0 -2.140.9%kx " 13.01+0.09* ™" 5.920.11%+ "
Phenytoin+ALA 200 mg/kg 229.16£1.5  225+1.29 -1.840. 7%+ 12.78+0.11"" 5.7+0.05%* "

Values are expressed as mean+ SEM of 6 animals. ***p < 0.001 versus control group, **p < 0.01 versus control group, *p < 0.05 versus control group;

+++

control group. ALA at the dose of 50 mg/kg showed no
significant difference in body weight or absolute and
relative liver weight. ALA at its higher doses (100 and 200
mg/kg) reversed the phenytoin induced weight loss and
decreased the absolute and relative liver weights
significantly when compared with phenytoin group (Table
2).

Effect of ALA on phenytoin induced alterations in
liver histopathology

On histopathological examination, the livers of the control
group revealed normal hepatic architecture (Figure 1A).
Figure 1B and C represented the phenytoin group and
showed severe congestion, periportal inflammation
revealing centrilobular congestion, fatty degeneration and
hepatocellular necrosis. Phenytoin + ALA (50 mg/kg)
treated group showed mild hepatic necrosis and mild
congestion in liver (Figure 1D), ALA (100 mg/kg) showed
mild hepatic necrosis (Figure 1E). Thus ALA (50 and 100
mg/kg) decreased the extent of hepatic damage induced
by phenytoin. ALA (200 mg/kg) treated group showed
normal hepatic parenchyma (Figure 1F).

DISCUSSION

AAED induced hepatotoxicity correlated to the
accumulation of arene oxides metabolites of phenytoin
which are reported to be involved in the pathogenesis of
hepatotoxicity (Bavdekar et al., 2004). Santos et al.
(2008) elucidated the mechanism of phenytoin induced
hepatic damage and revealed that oxidative stress to be
one of the potential mechanisms responsible for
phenytoin associated hepatotoxicity.

Oxidative stress induced by the metabolites of
phenytoin have been suggested to be formed after its
biotransformation both in humans and in rats (Bavdekar
et al.,, 2004; Shear and Spielberg, 1988; Roy and
Snodgrass, 1988; George and Farrell, 1994; Madden et
al., 1996; Kalapos, 2002; Zaccara et al., 2007). Santos et
al. (2008) demonstrated AAED induced depletion of the

p < 0.001 versus Phenytoin group, ~'p < 0.01 Phenytoin group, *p < 0.05 Phenytoin group.

mitochondrial antioxidant defense in rat liver. These
findings might explain the potential role of mitochondrial
toxicity and oxidative stress in the hepatotoxicity in
associated with AAED therapy. Also, in the present study,
phenytoin increased lipid peroxidation and depleted the
endogenous antioxidants such as SOD, catalase and
GSH in liver revealing massive oxidative stress in liver.

SGOT, SGPT, ALP and bilirubin are markers used to
assess hepatic damage (Sallie et al., 1991; Ncibi et al.,
2008; Gokcimen et al., 2007; Eraslan et al., 2009). A low
serum albumin indicates poor liver function, reductions in
albumin levels shows the presence of underlying liver
disease (Kalender et al.,, 2010). In this investigation
phenytoin treated rats showed a significant increase in
the levels of SGOT, SGPT, bilirubin and ALP and
decrease in the levels of albumin and total protein which
indicates the hepatotoxic nature of the drug phenytoin.
Phenytoin was observed to alter protein and free amino
acid metabolism and their synthesis in the liver. The body
weight of phenytoin treated rats was decreased whereas
the relative liver weight was increased.

Phenytoin exhibited periportal inflammation,
hemorrhage, sinusoidal congestion and hepatic necrosis
in rat liver which was revealed by histopathological
investigation. These changes were online with the
changes in various biochemical parameters investigated
and liver damage was considered to arise from the toxic
effects of phenytoin mediated via oxidative stress.

ALA was used to treat liver poisoning induced by
alcohol, mushroom and heavy metals. The antioxidant
abilities of ALA and its role in glutathione recycling have
encouraged its use in liver damage. ALA (100 mg/kg/day)
was reported to exhibit a significant hepatoprotective
against chloroquine induced hepatotoxicity. It was also
observed that ALA had a better protective effect than
silymarin, a reference drug (Pari and Murugavel, 2004).
Hesham (2007) elucidated the effects of ALA against
tamoxifen (TAM) induced liver damage, oxidative stress
and DNA fragmentation. ALA was described to scavenge
free radicals, prevent DNA fragmentation, reduce liver
injury and protect oxidative stress induced by TAM
intoxication. The study suggested the use of ALA in the
prophylactic treatment of TAM induced liver injury than its
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Figure 1. Micrograph showing effect of phenytoin and ALA on hepatocytes. (A) Control showing normal
hepatocytes. (B) Phenytoin treated group showing severe congestion and periportal inflammation revealing
centrilobular congestion. (C) Phenytoin treated group showing fatty degeneration and hepatocellular
necrosis. (D) Phenytoin + 50 mg/kg ALA treated group showed mild congestion and hepatic necrosis. (E)
Phenytoin + 100 mg/kg ALA treated group showed mild hepatic necrosis. (F) Phenytoin + 200 mg/kg ALA
treated group showed normal hepatic parenchyma.

use as curative agent (post-TAM administration) in rats and the possible underlying mechanisms in
(Hesham, 2007). The effects of ALA and its reduced form hepatic stellate cells in vitro. It was found that co-
dihydrolipoic acid (DHLA) was studied by Foo et al. administration of ALA to rats chronically treated with TAA

(2011) against thioacetamide (TAA) induced liver fibrosis inhibited the development of liver cirrhosis, as indicated



by reductions in cirrhosis incidence, hepatic fibrosis and
AST, ALT activities. ALA exhibited beneficial role in the
treatment of chronic liver diseases caused by ongoing
hepatic damage (Foo et al., 2011). Liu et al. (2010)
explored the effect of ALA (10 mg/kg/day) and vitamin C
(25 mgl/kg/day) on arsenic (50 mg/L water) induced
oxidative stress. It was observed that the combination of
both the antioxidants significantly decreased the TBARS
level of the brain and liver and thereby attenuated
oxidative stress, restored the ®-ALAD activity against
arsenite induced toxicity (Liu et al., 2010). Investigation of
influence of ALA treatment in malathion (100 mg/kg)
induced toxicity revealed that the pretreatment with ALA
significantly  attenuated the  physiological and
histopathological alterations induced by malathion (Al-
Attar, 2010). ALA was reported to exhibit protective effect
against combination of Isoniazid and Rifampicin (INH-
RIF) induced hepatotoxicity (Saad et al., 2010).

In the present study, supplementation with ALA (200
mg/kg) decreased the markers of hepatotoxicity such as
SGOT, SGPT and bilirubin which were elevated by
phenytoin. ALA supplementation also restored the levels
of albumin and total protein decreased by phenytoin. In
addition, ALA restored the total body weight of the rats
and decreased the relative liver weight against phenytoin
induced alterations. ALA also has improved the hepatic
histopathological damages induced by phenytoin. ALA at
the dose of 200 mg/kg exerted significant protection
against phenytoin induced toxicity by its ability to
ameliorate the lipid peroxidation and thus oxidative stress
through its free radical scavenging activity, which
improved the levels of antioxidant defense system.

Conclusion

The results of the present investigation revealed the
protective effect of ALA against phenytoin induced
oxidative stress and hepatotoxicity. ALA also reversed
the histopathological damages induced by phenytoin in
liver. ALA at a dose of 100 and 200 mg/kg was effective
in reducing the oxidative stress and hepatic damage. The
enzyme inducing property of phenytoin might possibly
explain the relative inefficiency of ALA at 50 mg/kg. This
investigation reports the beneficial ALA on phenytoin
induced hepatotoxicity mediated via oxidative stress.
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Hugonia mystax (H. mystax) has been used in the siddha and ayurvedha for various ailments. In this
study ethanolic crude extract (EEHM) of the leaves were studied for various analgesic methods. The
ethanolic extract of H. mystax was spiked into the male swiss albino mice (weighing 20 to 25 g) and
male wister rats weighing (150 to 200 g) and analyzed the analgesic activity by hot plate and acetic acid
induced method. The phytochemical analysis of ethanolic extract of H. mystax showed the presence of
carbohydrates, flavonoids, steroids, saponins, terpenoids and absence of alkaloids, proteins and amino
acids. For acute toxicity test, mice were injected different doses of each extract by intraperitoneal route
and the LDs, values were determined. The analgesic effect was evaluated in mice by the hot plate
method and acetic-acid writhing test. The extracts have produced significant analgesic effects by the
acetic acid writhing test and by the hot plate method (p <0.01) and a dose-dependent inhibition was
observed. The overall results indicate the significant analgesic activity and also its justification for
further traditional uses H. mystax leaves.

Key words: Hugonia mystax, analgesic activity, toxicity.

INTRODUCTION

The genus Hugonia L. of family Linaceae comprise about
40 species in the world; of which Hugonia mystax L. was
reported from India and Srilanka (Santapau and Henry,
1983; Pullaiah and Chennaiah, 1997). This plant H.
mystax is locally named Modirakanni. Ethno botanically,
the fruits were used by the tribals of Kalakad
Mundanthurai for the treatment of rheumatism (Sutha et
al., 2009). The literature study reveals that the roots of H.
mystax were used as anthelmintic, astringent and also
used for dysentery, snake bite, fever, inflammation and
rheumatism. Biological activities such as analgesic, anti
inflammatory and ulcerogenic were also reported

(Balasubramaniam et al., 1997; Guha et al., 2001). The
anti-oxidant activity was confirmed by the studies on the
leaf (Rajeswari et al., 2013). Antimicrobial activity of
petroleum ether, chloroform, ethanol and aqueous
extracts of root extracts showed significant activity
against various human pathogens (Vimalavady et al.,
2012). Preliminary phytochemical screening showed the
presence of various classes of secondary metabolites
such as flavonoids, phenols, saponins, steroids, tannins
and terpenoids. The bioactive components are identified
through by the gas chromatography-mass spectrometry
(GC-MS) analysis (Kaneria et al., 2007).
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The drug compendium (Rastogi et al., 2002;
Yoganarasimhan, 2000) showed the leaves of H. mystax
has an analgesic activity but there is no study reported.
With addition to the fact that the compound containing
analgesic activity nature was phytochemically identified in
the ethanol extracts of leaf of H. mystax (Rajeswari et al.,
2012) by GC-MS analysis and the result showed the H.
mystax leaves containing the isoprenoid compound.
Many of the studies showed that the chemical nature of
isoprenoid have the analgesic character (Damiao, 2011,
Magdalena et al., 2013; UIC, 2014). The compounds of
squalene and vitamin E (Rajeswari et al., 2012; Damiao,
2011; Magdalena et al., 2013; UIC, 2014) have the
isoprenoid units which was present in the leaves of H.
mystax. So we can make attempt by this analgesic
character, later on the leaves extract showed the good
result in the trail works. So, we take this as the
consideration and also on the medicinal value and utility.
The present study was aimed to explore the analgesic
activity of the medicinal plant named H. mystax. The
objective of the work was to prove the analgesic activity
of H. mystax leaves through the techniques of hot plate
and acetic acid induced method.

MATERIALS AND METHODS
Collection, identification and preparation of plant materials

Fresh leaves of H. mystax were collected from velliangiri hills from
Coimbatore, Tamilnadu. It was identified by a scientific officer, Dr.
P.Samydurai Assistant Professor, Department of Botany, Kongu
Nadu Arts and Science College, Coimbatore. The identification was
confirmed with Botanical Survey of India (BSI), Coimbatore,
TamilNadu, India. The reference number was: BSI/SRC/5/23/10-
11/Tech-1522. The herbarium specimen of H. mystax was prepared
and deposited in the department of Pharmacology, Nandha College
of Pharmacy and Research Institute, Erode, India for future
reference.

Animals

Male swiss albino mice weighing 20 to 25 g and male wister rats
weighing 150 to 200 g was used for this study. The animals were
obtained from animal house, Nandha College of Pharmacy, Erode,
Tamilnadu. The experimental procedures and protocols used in this
present study were reviewed by institutional animal ethical
committee (688/2/C-CPCSEA) of Nandha College of Pharmacy and
the proposal number was (NCP/IAEC/PG-40/2009) and also in
accordance with the guidelines of Institute for Animal Care
Education (IACE). Animals were housed at a temperature of 24 +
2°C and relative humidity of 30 to 70%. A 12:12 light: day cycle was
followed. All the animals were allowed free access to water and fed
with standard commercial pelleted chaw (M/s. Hindustan Lever Ltd.,
Mumbai). The present work was conducted with an effort to
minimize the usage of number of animals and the suffering caused
by the used procedures in the study.

Preparation of extracts

Leaves of H. mystax were dried in shade for two weeks. Dried
leaves were coarsely powdered, sieved (#40) and stored in an air

tight container at room temperature. Dried powder was then
extracted sequentially with petroleum ether, chloroform and ethanol
using soxhlation method. The extracts were concentrated to
dryness using rotary evaporator. The yields of various extracts were
found to be 4.5% w/w (petroleum ether), 4.7% w/w (chloroform) and
10.5% w/w (ethanol). All the extracts were preserved in a
refrigerator at 4°C. However, only ethanolic extract of the leaves
was selected for further studies.

Qualitative phytochemical analysis

The leaves of H. mystax was extracted by the continuous hot
percolation method. The ethanolic extract of H. mystax was
subjected to preliminary phytochemical screening to identify the
different phytoconstituents like flavonoids, phenols, saponins,
steroids, tannins and terpenoids.

Acute toxicity study

Acute toxicity study was carried out as per stair case method (as
per Organisation for Economic Co-operation and Development
(OECD) guidelines 425). Albino mice of either sex 20 to 25 g were
used. The animals were fasted overnight prior to the acute
experimental procedure. The animals were administered with
aliquot doses of 100 to 250 mg/kg extracts orally, suspended in
Tween 80 (1% w/v). The dose which caused no mortality and was
tolerated was determined in a stepwise manner and the effective
dose was found to be 100 mg/kg b.w. so that 100 and 200 mg/kg
b.w. was selected for further studies.

Analgesic activity
Hot plate method

The paws of mice and rats are very sensitive to heat at
temperatures which are not damaging to the skin. The responses
are jumping, withdrawal of the paws and licking of the paws. The
hot plate method was employed for the purpose of preferential
assessment of possible centrally mediated analgesic effects of the
ethanolic extract of H. mystax. The central analgesic drug
pentazocine was used for positive control group. In this experiment,
four groups (n = 6) of swiss albino mice (20 to 25 g) were placed on
a hot plate maintained at room temperature for 15 min. The
controlled temperature of commercially available Eddy’s hot plate is
55 to 56°C (Rajeswari et al., 2014).

Grouping of animals

Group 1 — Received normal control (0.5% CMC p.o.)
Group 2 — Received Pentazocin (30 mg/kg i.p.)
Group 3 — Received Ethanolic extract of H. mystax (100 mg/kg,

p.o.)
Group 4 - Received Ethanolic extract of H. mystax (200 mg/kg, p.o.)

The observations were recorded and the time interval of 15, 30, 45
and 60 min, respectively. The results of hot plate method in swiss
albino mice were tabulated in Table 1.

Acetic acid induced writhing in mice

Pain is induced by injection of irritants into the peritoneal cavity of
mice. The animals react with a characteristic stretching behavior
which is called writhing. The test is suitable to detect analgesic
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Table 1. Analgesic activity of ethanolic extract of H. mystax by hot plate method.

Reaction time (min)

Treatment

15 45 60
Control (0.5% CMC) 2.2+0.2 2.4+0.1 2.5+0.2 2.4+0.4
Pentazocine (30 mg/kg) 4.4+0.4° 5.4+0.2° 6.2+0.4° 8.2+0.6"
EEHM (100 mg/kg) 42+0.3" 5.0+0.2° 5.8+0.3 7.4+0.3
EEHM (200 mg/kg) 43+0.3" 5.3+0.2° 6.0+0.1° 8.0+0.2°

The data represent the Mean + SEM (n=6), p<0.05°, p<0.01b, p<0.001* when compared to control. (One way ANOVA followed by

Tukey T test).

Table 2. Analgesic activity of ethanolic extract of H. mystax by acetic acid induced writhing method.

Treatment Number of writhing % Inhibition
Control (0.5% CMC) 65.67 +0.5 -
Indomethacine (5mg/kg) 19.57 + 0.5 72
EEHM (100 mg/kg) 35.32+0.5" 47
EEHM (200 mg/kg) 23.65+0.7° 65

The data represent the mean = SEM (n = 6), p < 0.05°, p < 0.01°, p < 0.001% when compared to control.

activity. An irritating agent such as acetic acid is injected intra-
peritoneally to mice and stretching reaction is evaluated
(Shanmugasundaram and Venkataraman, 2005).

Grouping of animals

Group 1 — Received normal control (0.5% CMC p.o.).

Group 2 — Received Indomethacin (5 mg/kg p.o.).

Group 3 — Received Ethanolic extract of H. mystax (100 mg/kg,
p.o.).

Group 4 - Received Ethanolic extract of H. mystax (200 mg/kg,
p.o.).

Swiss albino mice of male sex were divided into four different
groups each containing six animals. Food was withdrawn 12 h prior
to drug administration till completion of experiment. The animals
were weighed and numbered appropriately. The test and standard
drugs were given orally. The central analgesic drug indomethacine
was used for positive control group. After 60 min, writhing was
induced by intraperitonial injection of 1% acetic acid in volume of
0.1 ml/10 g body weight. The writhing episodes were recorded for
30 min; stretching movements consisting of arching of the back,
elongation of body and extension of hind limbs were counted. The
result of acetic acid induced writhing method in mice was tabulated

in Table 2.

RESULTS AND DISCUSSION

The analgesic activity of ethanolic extract of H. mystax by
hot plate method test indicated a significant increase in
reaction time (p < 0.01) at the dose of 100 and 200 mg/kg
comparable to control. In acute toxicity study, no toxic
symptoms were observed for the drug up to 2000 mg/kg
body weight. The activity produced by the standard
pentazocine was found to be the highest reaction time
among the group tested. Prostaglandins and bradykinins

were suggested to play an important role in pain. The hot

plate test was selected to investigate central anti-
nociceptive activity because it had several advantages
particularly the sensitivity to strong antinociceptive and
limited tissue damage. The ethanolic extract of H. mystax
showed significant analgesic activity by acetic acid
induced writhing method. The oral administration of
ethanolic extract of H. mystax induced a dose dependent
analgesic activity. Injection of acetic acid into control mice
produced 65.67 + 0.5 writhes. Pretreatment with
ethanolic extract of H. mystax at doses of 100 and 200
mg/kg reduced the number of writhes by 35.32 + 0.5
(47% protection) and 23.65 + 0.7 (65%), respectively.

Conclusion

From the investigation, the ethanolic extract of H. mystax
leaves possesses potent analgesic effect against
differrent stimuli. This is evidenced by significant increase
in the reaction time by stimuli in different experimental
models.
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A series of novel 2-(3-(2-(1,3-dioxoisoindolin-2-yl) acetamido)-4-oxo-2-phenylthiazolidin-5-yl) acetic acid
(5a-1) have been synthesized by cyclocondensation of N-substituted benzylidene/methylene-2-(1,3-dioxo
isoindolin-2-yl) acetohydrazide (4a-l) with mercapto succinic acid in dimethylformamide (DMF) as
solvent and using anhydrous zinc chloride as a catalyst in microsynth microwave reactor. The
synthesized compounds were evaluated for anti-inflammatory activity using in vitro and in vivo model.
Furthermore, ulcerogenic toxicity study was performed for selected compounds. All the compounds
have shown promising anti-inflammatory activity in both the models. Docking studies were performed
to know the binding affinity towards the human serum albumin (HSA).

Key words: Thiazolidinone, microwave assisted, anti-inflammatory, protein denaturation, rat paw edema,

molecular docking.

INTRODUCTION

Non steroidal anti-inflammatory drugs (NSAIDs) are one
of the most commonly used therapeutically important
agents for the treatment of pain, fever and inflammation
(Madhukar et al., 2010). The usefulness of these agents
is limited due to the side effects like gastric ulceration
(Lombardino, 1985), gastro intestinal (Gl) bleeding
(Pilotto et al., 1997) and suppression of renal function
(Pirson et al., 1986), and these side effects are related to

their intrinsic mechanism of action.

From the literature survey, it was observed that both
phthalimide and thiazolidinone derivatives are potentially
useful as anti-inflammatory agents (Pawar and Chavan,
2012; Bhalgat et al., 2011; Bosquesi et al., 2011; Pophale
and Deodhar, 2010; Machado et al., 2005; Alanazi et al.,
2015; Vigorita et al., 2002; Ottana et al., 2005; Bhat and
Kumar, 2008; Amin et al., 2010; Unsal et al., 2012; Hu et
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al., 2013; Singh et al., 2014; Thomas et al., 2013; Ahmed
et al., 2013). Thiazolidinone scaffold is very versatile and
is present in a number of clinically used drugs. They have
varied applications as antimicrobial activity (Balzarini et
al., 2007), anti-HIV activity (Monforte, 2001), antimalarial
activity (Solomon et al.,, 2013), anti cancer activity
(Gududuru et al.,, 2004) and antiarrhythmic activity
(Jackson et al., 2007). Furthermore, it was observed that
aryl acetic acid and a-methyl aryl acetic acid derivatives
have high degree of potency as anti- inflammatory
agents. In the present work, our objective was to design
and synthesize a series of novel acetic acid derivatives
containing thiazolidinone ring and couple this moiety with
phthalimide ring (dioxoisoindoline) through the amide
linkage so as to get the coupled derivatives with
enhanced bioactivity. The compounds were designed
such that -CH,COOH group is at C5 position of
thiazolidinone ring, various alkyl/aryl/heteryl groups at C2
position of thiazolidinone ring.

We report here the synthesis, docking studies, anti
inflammatory activity and ulcerogenic toxicity of these
novel thiazolidinone-5-yl acetic acid analogues. The anti-
inflammatory activity was assessed, in silico, to know the
binding and affinity towards the human serum albumin
(HSA), in vivo by using carrageenan induced rat paw
edema model, in vitro through protein denaturation
inhibition assay using albumin.

EXPERIMENTALS

All chemicals were purchased from commercial suppliers
and used without further purification. Nuclear magnetic
resonance (NMR) spectra were recorded on a VARIAN
MERCURY YH 300 Spectrometer at 300MHz. Chemical
shifts are reported in parts per million (ppm), using TMS
as an internal standard and CDCl; as a solvent. 2*C
spectra were recorded on AVANCE spectrometer at 300
MHz using CDCl; as a solvent. Infrared (IR) spectra were
recorded for the compounds on JASCO Fourier transform
infrared spectroscopy (FTIR) (PS 4000) using KBr pallet,
mass spectra were recorded on GC-AccuTOF GC- high
resolution, ElI system. The homogeneity of the
compounds was monitored by ascending thin layer
chromatography (TLC) on silica gel-G (Merck) coated
aluminum plates, visualized by iodine vapor. Elemental
analyses (C, H, and N) were undertaken with a
Shimadzu's FLASHEA112 analyzer and all analyses
were consistent with theoretical values (within + 0.4%)
unless indicated. Digital plethysmometer (Ugo Basil
7140, Italy) was used for evaluation of anti-inflammatory
activity.

General procedure for the preparation of N-
substituted  benzylidene/methylene-2-(1, 3-dioxo
isoindolin-2-yl) acetohydrazides (4a-l)

2-(1, 3-Dioxoisoindolin-2-yl) acetic acid 1 was obtained

by the reaction of phthalic anhydride (0.05 mol) with
glycine (0.05 mol) (Furniss et al., 1998). Ethyl 2-(1,3-
dioxoisoindolin-2-yl) acetate 2 was synthesized by
refluxing 2-(1,3-Dioxoisoindolin-2-yl) acetic acid with
conc. H,SO, in ethanol for 2hrs by conventional route
(Amir and Shikha, 2004) in preparation of 2-(1,3-
dioxoisoindolin-2-yl) acetohydrazide 3. The drawback of
conventional method was lump formation upon refluxing
and time required was 6 to 8 h. Therefore, to avoid lump
formation, reaction was carried out at room temperature
with continuous stirring and adding hydrazine hydrate to
the compound 2 in ethanol. The Schiff bases were
obtained by condensing aldehyde (0.03 mol) with
compound 3 in ethanol for 6 to 8 h, in presence of glacial
acetic acid (0.06 mol) as catalyst. Products were
recrystallized with ethanol. The other compounds 4(a-l)
were prepared similarly by treating with various
substituted aliphatic, aromatic and heterocyclic
aldehydes.

General procedure for the preparation of 2-(3-(2-(1,3-
dioxoisoindolin-2-yl) acetamido)-4-oxo0-2-substituted
thiazolidin-5-yl) acetic acid 5(a-l)

Phthalic anhydride (2.96 g, 0.02 mol) and glycine (1.5 g,
0.02 mol) were suspended in glacial acetic acid (20 ml).
The suspension was refluxed for 8 h on water bath and
then cooled to room temperature. The completion of
reaction was monitored by thin layer chromatography
(TLC). The cooled mixture was poured into ice water (20
ml). The resulting product (1) was filtered, washed with
water and dried. The solid was recrystallized from hot
water. The melting point and yield were recorded.
Alternatively, when mixture of phthalic anhydride (2.96 g,
0.02 mol) and glycine (1.5 g, 0.02 mol) was irradiated in
Erlenmeyer flask in microwave oven for 30 min at high
power, 700 W, after cooling the reaction mixture was
poured in cold water to obtain 2-(1,3-Dioxoisoindoline-2-
yl)acetic acid compound (1). The solid was recrystallized
from hot water. The melting point and vyield were
recorded. Melting point (MP) is 194 to 196°C. Yield:
Conventional - 89%; Microwave - 98%.

Compound (1) and Conc. H,SO,4, both 0.01 mol, were
refluxed in ethanol for 2 h. The reaction was monitored by
TLC. The cooled mixture was poured into 100 ml ice
water. The solid obtained was filtered, washed with
saturated sodium bicarbonate solution, followed by
washing with water and dried to get compound ethyl -
(1,3-dioxoisoindoline-2-yl)acetate (2). It was recrystallized
from ethanol and MP was recorded 121°C, yield 89%.
This compound (0.01 mol) was stirred in absolute ethanol
and hydrazine hydrate (0.02 mol) was added drop wise
with constant stirring for 1 h at room temperature. The
solid appeared is 2-(1,3-dioxoisoindolin-2-yl)
acetohydrazide (3) was filtered, dried and recrystallized
from rectified spirit and melting point was recorded as
176°C, yield 87%.



Equimolar quantities of (3) and various aliphatic/and
aromatic aldehyde (0.01 mol) were refluxed in absolute
ethanol (25 ml) for 6 to 8 h, in presence of few drops of
glacial acetic acid as a catalyst. The completion of
reaction was monitored by TLC. The reaction mixture
was concentrated and poured into ice cold water. The
obtained solid was filtered and washed with saturated
solution of sodium meta bisulphate to remove any traces
of un reacted aldehyde, then washed with water and
dried and the compound (4) thus obtained was
recrystallized by ethanol. Similarly, other derivatives of N-
substituted benzylidene/methylene-2-(1,3-dioxoisoindolin-
2-yl) acetohydrazide 4(a-l) were prepared. The data for
yield and melting point for these compounds were as
follows: 4a- 72%, 226°C, 4b- 76%, 232°C, 4c- 89%
218°C, 4d- 80%, 210°C, 4de- 72%, 237°C, 4f- 85%,
296°C, 4g- 87%, 224°C, 4h- 87%, 200°C, 4i- 83%,
254°C, 4j- 85%, 240°C, 4k- 79%, 192°C , 4l- 85%, 274°C.

The final derivatives, 2-(3-(2-(1,3-dioxoisoindolin- 2-yl)
acetamido)-4-oxo-2-substituted thiazolidin-5-yl) acetic
acid 5(a-l) were obtained under microwave irradiation by
cyclo-condensation of N-substituted
benzylidene/methylene-2-(1,3-dioxoisoindolin-2-yl)
acetohydrazide (4) taken 0.01 mol with mercapto succinic
acid (0.015 mol) in 20 ml DMF as solvent and anhydrous
zinc chloride, as catalyst in Microsynth microwave reactor
for about 14 to 17 min (700 W) at 80°C. After completion
of reaction (monitored by TLC), the mixture was poured
into ice cold water. The solid product formed was filtered,
dried and recrystallized by ethanol. The yield and melting
point were recorded.

2-(3-(2-(1, 3-Dioxoisoindolin-2-yl)acetamido)-2-
methyl-4-oxothiazolidin-5-yl)acetic acid (5a)

IR (KBr): vicm™", 3500 (OH of carboxyl), 3251 (NH of
amide), 3021 (C-H of aromatic), 2975 (C-H of alkyl), 1768
(C=0 of thiazolidinone), 1725-1728 (C=0O of
Phthalimide),1716(C=0 of carboxyl), 1664(C=0 of
Amide),746 (C-S).1H NMR (CDCI3, 300 MHz) & ppm: 10
(s, 1H, OH), 8.0-8.2(s, 1H, NH), 7.2-7.4 (m, 4H Ar-H),
5.0(s, 2H, -CH,), 4.3-4.6(quar, 1H, -CH), 3.4-3.6(t, 1H,-
CH), 2.6-2.8(d, 2H, -CH,), 1.5 (s, 3H, CHs). CNMR
(CDCI3, 300 MHz) & ppm: 175.3 (carboxyl group), 173.0
(carbonyl of thiazolidinone ring), 170.3 (carbonyl of
amide), 168.2 (two peaks carbonyl carbons of
phthalimide ring),132.2, 132.0, 123.7 (aromatic ring
carbon), 50.2 (-CH of thiazolidinone ring) 50.1 (-CH, near
amide group) 39.2 (-CH, attached to carboxyl), 25.2 (-
CH; of thiazolidinone ring).MS m/z %: M+ 377 100%,
M+1 378 19.6%, 362 M-CH3 303, 203, 161(base peak).
Anal. Calcd. for CygHi1sN3Og S: C, 50.92; H, 4.01; N,
11.13, Found: C, 50.96 H, 4.04 N, 11.17.

2-(3-(2-(1,3-Dioxoisoindolin-2-yl)acetamido)-2-ethyl-4-
oxothiazolidin-5-yl)acetic acid (5b)

IR (KBr): vicm™, 3498 (OH of carboxyl), 3341(NH of
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amide), 3021 (C-H of aromatic),2901(C-H of alkyl)
1788(C=0 of thiazolidinone), 1728(C=0 of
carboxyl)1724,1720 (C=0O of Phthalimide), 1656 (C=0 of
Amide),749(C-S).1H NMR (CDCI3, 300 MHz) & ppm:
10.1 (s, 1H, OH), 7.2-7.6(m, 4H, Ar-H), 7.68(s, 1H,-NH),
5.2(t, 1H,), 4.7(t, 1H, thiazolidinone ring), 4.3(s, 2H), 2.6-
2.45 (d, 2H), 1.92(q, 2H, CH,), 0.95(t, 3H, CH3). *CNMR
(CDCI3, 300 MHz) & ppm: 175.3 (carboxyl group),173.0(
carbonyl of thiazolidinone ring), 170.3(carbonyl of amide),
168.2( two peaks carbonyl carbons of phthalimide
ring),132.2, 132.0, 123.7 (aromatic ring carbon), 61.0 ,
47.6 (-CH of thiazolidinone ring) 50.1 (-CH; near amide
group) 39.2 (-CH, attached to carboxyl), 28.6, 7.6 (-
CH,CHj; of thiazolidinone ring).MS m/z: 391.08 100%,
M+1:392.09 18.2%, 393.08 4.7%, 161. Anal. Calcd. for
Ci7H17N3O6: S C, 52.17; H, 4.38; N, 10.74; Found: C,
52.13;H,4.34; N,10.71.

2-(3-(2-(1,3-Dioxoisoindolin-2-yl)acetamido)-4-ox0-2-
phenylthiazolidin-5-yl)acetic acid (5c)

IR (KBr): vicm™, 3528(OH of carboxyl), 3128 (NH of
amide), 3011(C-H of aromatic) 2985(C-H of alkyl),
1760(C=0 of thiazolidinone), 1733-1721 (C=0O of
Phthalimide), 1723(C=0O of carboxyl), 1685(C=0O of
Amide), 737(C-S). 1H NMR (CDCI3, 300 MHz) & ppm:
10.12 (s, 1H, OH), 8.17 (s, 1H -NH), 7.81 - 7.71 (m, 4H,
Ar-H), 7.36-7.33 (m, 5H, Ar-H), 6.26 (d, 1H, -CH), 4.64 (s,
2H, -CH,), 4.31 (t,1H, -CH), 2.27 (d, 1H, -CH). >*CNMR
(CDCI3, 300 MHz) & ppm: 175.3 (carboxyl group),173.0(
carbonyl of thiazolidinone ring), 170.3(carbonyl of amide),
168.2( two peaks carbonyl carbons of phthalimide ring),
138.2,132.2, 132.0,128.6,127.1,126.9, 123.7 (two
aromatic rings carbon), 61.8 , 47.6 (-CH of thiazolidinone
ring) 50.1 (-CH, near amide group) 39.2 (-CH, attached to
carboxyl). MS m/z: 439.08 100%, 440.09 23.1%,
439,161. Anal. Calcd. for CyHi7N3Os S: C, 57.40; H,
3.90; N, 9.56; Found: C, 57.45; H, 3.93;N, 9.59.

2-(3-(2-(1,3-Dioxoisoindolin-2-yl)acetamido)-2-(4-
hydroxyphenyl)-4-oxothiazolidin-5-yl)acetic acid (5d)

IR (KBr): vicm™, 3540(0OH of carboxyl), 3410(-OH group)
3281(NH of amide),, 3025(C-H of aromatic), 2912(C-H of
alkyl), 1756 (C=0O of thiazolidinone), 1724(C=0 of
carboxyl),1722,1715 (C=0 of Phthalimide), 1666(C=0 of
Amide), 723(C-S).1H NMR (CDCI3, 300 MHz) & ppm:
10.2(s, 1H, -OH carboxylic), 8.2(s, 1H, -NH), 7.2-7.4(m,
4H, Ar-H),6.7-7.7 (m, 4H, aromatic ring), 5.7(s, 1H, -OH
phenolic), 5.0(s, 2H, -CH of thiazolidinone ring) , 4.9(s,
1H, -CH; near amide group), 3.8-4(t, 1H, -CH of
thiazolidinone ring), 2.2-2.8(d, 2H,CH,), *CNMR (CDCI3,
300 MHz) & ppm: 175.3 (carboxyl group),173.0( carbonyl
of thiazolidinone ring), 170.3(carbonyl of amide), 168.2(
two peaks carbonyl carbons of phthalimide ring),
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156.9,132.2, 132.0,131.8, 130.1, 115.8,127.1,126.9,
123.7 (two aromatic rings carbon), 61.8 , 47.6 (-CH of
thiazolidinone ring) 50.1 (-CH, near amide group) 39.2 (-
CH; attached to carboxyl). MS m/z: M+455.08 100%
M+1456.08 25.1%, 439 M-OH, 363 M-PhOH, 304, 203,
161 (base peak). Anal. Calcd. for C,;H;7N30; S: C, 55.38;
H, 3.76; N, 9.23; Found: C,55.41; H, 3.81;N 9.28.

2-(3-(2-(1,3-Dioxoisoindolin-2-yl)acetamido)-2-(3-
hydroxyphenyl)-4-oxothiazolidin-5-yl)acetic acid (5e)

IR (KBr): vicm™', 3457 (OH of carboxyl), 3346 (NH of
amide), 3151 (C-H of aromatic), 2976 (C-H of alkyl), 1768
(C=0 of thiazolidinone), 1730 (C=0O of carboxyl) 1728,
1713 (C=0 of Phthalimide), 1640 (C=0O of amide), 716
(C-S). 1H NMR (CDCI3, 300 MHz) & ppm: 10.2(s, 1H, -
OH, carboxyl), 7.8-8.8 (m, 4H, Ar-H), 6.7-7.7 (m, 4H,
aromatic ring), 7.33 (s, 1H, -NH), 6.52(s, 1H, -CH),
4.65(s, 2H, -CH,) 4.31(t, 1H, -CH), 2.63(d, 2H,CH,),
CNMR (CDCI3, 300 MHz) & ppm: 175.3 (carboxyl
group),173.0(  carbonyl of thiazolidinone  ring),
170.3(carbonyl of amide), 168.2( two peaks carbonyl
carbons of phthalimide ring), 156.9,140.6, 132.2,
132.0,131.8, 130.1, 119.5, 123.7 114.4,114.3(two
aromatic rings carbon), 62.1 , 47.6 (-CH of thiazolidinone
ring) 50.1 (-CH, near amide group) 39.2 (-CH, attached to
carboxyl). MS m/z: M+455.08 100% M+1456.08 25.1%,
439 M-OH, 363 M-PhOH, 304, 203, 161 (base peak).
Anal. Calcd. for C,;H;7N307 S: C, 55.38; H, 3.76; N, 9.23;
Found:C,55.34 H, 3.81;N,9.28.

2-(3-(2-(1, 3-Dioxoisoindolin-2-yl)acetamido)-2-(4-
methoxyphenyl)-4-oxothiazolidin-5-yl)acetic acid (5f)

IR (KBr): vicm™, 3596(OH of carboxyl), 3214(NH of
amide), 3025(C-H of aromatic), 2894(C-H of alkyl)
1754(C=0 of thiazolidinone), 1725(C=0 of carboxyl),
1715,1713 (C=0 of Phthalimide), 1663(C=0 of amide),
742(C-S).1H NMR (CDCI3, 300 MHz) & ppm: 10.23(s,
1H, -OH), 8.48.(s, 1H, -NH), 7.16-7.81 (m, 4H, Ar-H), 6.8-
7.8( m, 4H, aromatic ring), 6.36(s, 1H, -CH, thiazolidinone
ring), 4.65 (s, 2H, -CH; near amide group), 4.32(t, 1H, -
CH, thiazolidinone ring), 3.8 (s, 3H, -OCHj3), 2.9-2.6(d,
2H,CH,), CNMR (CDCI3, 300 MHz) & ppm: 175.3
(carboxyl group),173.0( carbonyl of thiazolidinone ring),
170.3(carbonyl of amide), 168.2( two peaks carbonyl
carbons of phthalimide ring), 159.0, 132.2, 132.0,131.8,
131.5, 130.1, 129.7, 123.7 114.2, (two aromatic rings
carbon), 61.8 , 47.6 (-CH of thiazolidinone ring), 55.8(-
OCHjs), 50.1 (-CH, near amide group) 39.2 (-CH;
attached to carboxyl). MS m/z: M+ 469.01 100%, M+1
470.10 24.3%, M-OCH; 439, M-PhOCH; 363,304, 203,
161 base peak. Anal. Calcd.for C»,H;9N3O; S: C, 56.28;
H, 4.08; N, 8.95; Found: C, 56.30;H, 4.06;N,8.91.

2-(2-(4-Chlorophenyl)-3-(2-(1,3-Dioxoisoindolin-2-
yl)acetamido)-4-oxothiazolidin-5-yl)acetic acid (59)

IR (KBr): viem™, 3540(OH of carboxyl), 3215(NH of
amide), 3010 (C-H of aromatic), 2980(C-H of alkyl),
1755(C=0 of

thiazolidinone)1722(C=0 of carboxyl), 1712, 1702 (C=0
of Phthalimide), 1645(C=0 of amide), 825(C-Cl ),756(C-
S). 1H NMR (CDCI3, 300 MHz) & ppm: 10.23(s, 1H, -OH
carboxyl), 8.48.(s, 1H, -NH), 7.16-7.81 (m, 8H, Ar-H),
6.36(s, 1H, -CH), 4.65 (s, 2H, -CH, near amide
group),4.32(t, 1H, -CH), 2.61(d, 2H,CH,), “CNMR
(CDCI3, 300 MHz) & ppm: 175.3 (carboxyl group),173.0(
carbonyl of thiazolidinone ring), 170.3(carbonyl of amide),
168.2( two peaks carbonyl carbons of phthalimide ring),
137.3, 132.7, 132.0,131.8, 131.5, 130.1, 128.7, 123.7,
(two aromatic rings carbon), 61.8 , 47.6 (-CH of
thiazolidinone ring), 50.1 (-CH; near amide group) 39.2 (-
CH, attached to carboxyl). MS m/z: M+ 473.04 100.0%,
M+2 475.04 36.5%, M+1 474.05 23.1%, 161 base peak.
Anal. Calcd. for C;Hi6CIN3Og S: C, 53.22; H, 3.40; N,
8.87;Found: C, H, 3.43;N,8.91.

2-(3-(2-(1,3-Dioxoisoindolin-2-yl)acetamido)-2-(4-
fluorophenyl)-4-oxothiazolidin-5-yl)acetic acid (5h)

IR (KBr): vicm™, 3459(OH of carboxyl), 3314(NH of
amide), 3042(C-H of aromatic),2890(C-H of
alkyl),1758(C=0 of thiazolidinone) 1735(C=0 of
carboxyl), 1712, 1710 (C=0 of Phthalimide), 1680 (C=0
of amide), 1329 (Ar-F), 736 (C-S).1H NMR (CDCI3, 300
MHz):.10.18(s, 1H, -OH carboxyl), 8.40.(s, 1H, -NH),
7.18-7.81 (m, 8H, Ar-H), 6.32(s, 1H, -CH thiazolodinone
ring), 4.25(t, 1H, -CH thiazolodinone ring ), 2.41(d,
2H,CH,), CNMR(CDCI3, 300 MHz) & ppm: 175.3
(carboxyl group),173.0( carbonyl of thiazolidinone ring),
170.3(carbonyl of amide), 168.2( two peaks carbonyl
carbons of phthalimide ring), 161.3, 134.8, 132.0,131.8,
131.5, 130.3, 128.7, 123.7, 115.4 (two aromatic rings
carbon), 61.8 , 47.6 (-CH of thiazolidinone ring), 50.1 (-
CH, near amide group) 39.2 (-CH, attached to
carboxyl).MS m/z: M= 457.07 100.0%, M+1: 458.08
23.1%, 459.07 4.8%, 161 base peak .Anal. Calcd. for
C.Hi6FN3Og S: C, 55.14; H, 3.53; N, 9.19; Found:
C,55.11;H,3.58; N,9.16.

2-(3-(2-(1,3-Dioxoisoindolin-2-yl)acetamido)-2-(3-
nitrophenyl)-4-oxothiazolidin-5-yl)acetic acid (5i)

IR (KBr): vicm™, 3546 (OH of carboxyl), ), 3445(NH of
amide), 3055 (CH of aromatic), 2936 (CH of alkyl),
1761(C=0 of thiazolidinone), 1728, 1723 (C=0O of
Phthalimide), 1724(C=0 of carboxyl) 1681 (C=0O of
amide), 1515(-NO,), 737 (C-S), 1H NMR (DMSOds, 300
MHz):.11.1(s, 1H, -OH carboxyl), 8.42 (s, 1H, NH), 7.81 -



7.89(m, 4H, Ar- H), 6.23(s, 1H, -CH, thiazolidinone ring),
454 (s, 2H, -CH, near amide group) 4.35(t, 1H, -CH
thiazolidinone ring), 2.81(d, 2H,CH,), ), *CNMR(CDCI3,
300 MHz) © ppm: 175.3 (carboxyl group),173.0( carbonyl
of thiazolidinone ring), 170.3(carbonyl of amide), 168.2(
two peaks carbonyl carbons of phthalimide ring), 147.8,
140.1, 133.0, 132.2 132.0, 125.1, 123.7, 122.3 (two
aromatic rings carbon), 60.8 , 47.6 (-CH of thiazolidinone
ring), 50.1 (-CH, near amide group) 39.2 (-CH, attached
to carboxyl).MS m/z::484.07 100.0%, 485.07 25.3%,
486.06 4.5 %, 161 base peak. Anal. Calcd. for
CHi6N4sOg S: C, 52.07; H, 3.33; N, 11.57;Found: C,
52.03; H,3.30; N, 11.54.

2-(3-(2-(1, 3-Dioxoisoindolin-2-yl) acetamido)-2-(furan-
2-yl)-4-oxothiazolidin-5-yl) acetic acid (5j)

IR (KBr): viem™, 3516 (OH of carboxyl), 3435(NH of
amide), 3068 (CH of aromatic), 2945 (CH of alkyl),
1764(C=0 of thiazolidinone), 1728, 1725 (C=0O of
Phthalimide), 1724(C=0 of carboxyl) 1681 (C=0O of
amide), 737 (C-S), 1H NMR (CDCI3, 300 MHz): 11.1(s,
1H, -OHcarboxyl), 9.56 (s, 1H,NH), 7.81-7.89 (m, 4H, Ar-
H), 6.07-7.09 (m, 3H, furan ring) 6.32(s, 1H, -CH), 4.61
(s, 2H, -CHy) 4.25(t, 1H, -CH), 2.41(d, 2H,CH,, *CNMR
(CDCI3, 300 MHz) & ppm: 175.3 (carboxyl group),173.0(
carbonyl of thiazolidinone ring), 170.3(carbonyl of amide),
168.2( two peaks carbonyl carbons of phthalimide ring),
151.5, 142.1,132.2 132.0, 123.7,110.6, 107.0 (aromatic
rings carbon and furan ring carbon), 61.5 , 45.1 (-CH of
thiazolidinone ring), 50.1 (-CH; near amide group) 39.2 (-
CH; attached to carboxyl).MS m/z: M+: 429.06 100%,
M+1 430.07 21.0% 431.06 4.8%, 161 base peak . Anal.
Calcd. for CyigHi1sN3O,S: C, 53.14; H, 3.52; N, 9.79;
Found: C,53.11; H, 3.56;N,9.75.

2-(3-(2-(1, 3-Dioxoisoindolin-2-yl) acetamido)-4-0x0-2-
(thiophen-2-yhthiazolidin-5-yl)acetic acid (5k)

IR (KBr): vicm™, 3563(OH of carboxyl), 3325 (NH of
amide), 3108 (CH of aromatic), 2852 (CH of alkyl), 1780
(C=0 of thiazolidinone), 1735(C=0 of
carboxyl)1733,1721 (C=0 of Phthalimide), 1688(C=0 of
amide), 785, 737 (C-S) 1H NMR (CDCI3, 300 MHz):
11.1(s, 1H, -OH), 7.81-7.89 (m, 4H, Ar-H), 7.36(s,
1H,NH), 6.07-7.09 (m, 3H,thiphene ring) 6.32(s, 1H, -CH
thiazolidinone ring ), 4.58 (s, 2H, -CH, near amide group)
4.25(t, 1H, -CH thiazolidinone ring), 2.81(d, 2H,CH,),
®CNMR(CDCI3, 300 MHz) & ppm: 175.3 (carboxyl
group),173.0(  carbonyl of thiazolidinone  ring),
170.3(carbonyl of amide), 168.2( two peaks carbonyl
carbons of phthalimide ring), 139.4, 132.2 132.0, 127.0,
126.7, 125.5123.7, (aromatic rings carbon and thiphene
ring carbon), 61.0, 47.5 (-CH of thiazolidinone ring), 50.1
(-CH, near amide group) 39.2 (-CH, attached to
carboxyl). MSm/z: M+ 445.04 100%, 446.04 23.5%,
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447.04 10.9%,161 base peak Anal. Calcd. for
CigH1sN3O6S: C, 51.23; H, 3.39; N, 9.43;Found:C,
51.20;H,3.36;N,9.39.

2-(3-(2-(1,3-Dioxoisoindolin-2-yl)acetamido)-2-(1H-
indol-2-yl)-4-oxothiazolidin-5-yl)acetic acid (5I)

IR (KBr): vicm™', 3540 (OH of carboxyl), 3396 (NH of
indole), 3209 (NH of amide), 3015 (CH of aromatic), 2867
(CH of alkyl), 1768 (C=0 of thiazolidinone), 1724, 1721
(C=0 of Phthalimide), 1724(C=0 of carboxyl) 1680 (C=0
of amide), 732 (C-S). 1H NMR (CDCI3, 300 MHz): 11.1(s,
1H, -OH), 9.56 (s, 1H,NH),8.7(s, 1H, NH of indole) 7.81-
7.89 (m, 4H, Ar-H), 6.07-7.09 (m, 4H, aromatic ring)
6.32(s, 1H, -CH), 4.61 (s, 2H, -CH,) 4.25(t, 1H, -CH),
2.41(d, 2H,CH,), *CNMR (CDCI3, 300 MHz) & ppm:
175.3 (carboxyl group),173.0( carbonyl of thiazolidinone
ring), 170.3(carbonyl of amide), 168.2( two peaks
carbonyl carbons of phthalimide ring),136.6, 136.5, 132.2
132.0, 128.1, 123.7,121.7, 120.7, 119.8, 111.1 (aromatic
rings carbon and indolyl ring carbon), 61.5, 47.5 (-CH of
thiazolidinone ring), 50.1 (-CH; near amide group) 39.2 (-
CH; attached to carboxyl). MS m/z: M+ 478.09 100%,
479.10 25.3%, 480.10 4.9%, 161 base peak. Anal. Calcd.
for Cx3H17N4Os S: C, 57.73; H, 3.79; N, 11.71; Found: C,
57.76;H,3.75;N,11.68.

Biological activity

In our present study we have performed in vitro biological
activity by protein denaturation method and in vivo
activity by carrageenan induced rat paw edema method,
using diclofenac as standard.

In vitro anti-inflammatory activity

The synthesized compounds were screened for anti
inflammatory activity by using inhibition of albumin
denaturation technique. The standard drug and test
compounds were dissolved 10 mg compound in DMF and
diluted with phosphate buffer saline (pH 7.4) in such a
way that concentration of DMF in all solutions was less
than 2.5%. Test solution (1 ml, 100 ug/ml) was mixed
with 1 ml of 1% albumin solution in phosphate buffer
saline and incubated at 27 + 1°C in an incubator for 15
min. Denaturation was induced by keeping the reaction
mixture at 60+ 1°C in a water bath for 10 min. After
cooling, the turbidity was measured at 660 nm with UV
visible spectrophotometer. Percentage of inhibition of
denaturation was calculated from control where no drug
was added. Each experiment was done in triplicate and
average is taken. The diclofenac sodium was used as
standard drug. The percentage of inhibition was
calculated using the following formula:

%5 Inhibition of denaturation = [(Vt/Vc) — 1] X 100
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Where, Vt = mean absorption of test compound, Vc =
mean absorption of control.

In vivo anti-inflammatory activity

The animals were procured under the CPCSEA number
CPCSEA/IAEC/Pharm.Chem/19/2012-13/77 approved by
Institutional Animal Ethics Committee (IAEC). Swiss
Albino rats (150 to 200 g) were supplied by Wockhardt
Ltd Aurangabad. The animals were housed in stainless
steel cages, divided into groups of five animals each and
deprived of food but not water 24 h before the
experiment. The anti-inflammatory activity of the
compounds under investigation was studied using
carrageenan-induced rat paw oedema.

A suspension of the test compounds 5 (a-l) and
standard drug diclofenac in carboxy methyl cellulose
(CMC) solution (0.5% w/v in water) was administered
intraperitoneally in a dose level of 10 mg/kg. Control
animals were treated similarly with CMC solution (0.5%
w/v in water). After 1 h, 0.1 ml of freshly prepared 1%
carrageenan solution was injected into the sub plantar
region of the left hind paw of rats according to the method
of Winter et al. (1962). The volume was measured before
and after carrageenan treatment at 1, 2, 3, 6 h with the
help of digital plethysmometer (Ugo Basil 7140, Italy).
Paw edema volume was compared with vehicle control
group and percent reduction was calculated by formula:

Paw enema = (Vc — Vt/ Vc) x 100

Where Vc = paw volume of control group, Vt = paw
volume of test group

Ulcerogenic toxicity study

Ulcerogenic toxicity study was performed with Wistar
albino rats as per the protocol (Susan et al. 1993;
Shoman et al.,, 2009). Adult Wistar albino rats were
divided into different groups each containing five animals.
Animals were deprived of food with no water 24 h before
experiment. Ulcerogenic activity was evaluated after oral
administration of suspension of standard drug and test
compounds in carboxy methyl cellulose solution (0.5%
w/v in water) in dose level of 100 mg/kg.

Control animals were treated similarly with carboxy
methyl cellulose solution (0.5% w/v in water). After 5 h,
rats were scarified by decapitation, the stomach were
removed, collected, opened along the greater curvature,
washed with water, and cleaned gently in saline solution.
The stomach was stretched on a piece of foam core mat
and the numbers of severity score were recorded.

Severity score: 0 = Normal colored stomach, 0.5 = Red
coloration, 1 = Spot ulcer, 1.5 = Hemorrhagic streaks, 2 =
Ulcers =2 3 but <5, 3 = ulcers > 5. Calculation:

Ul = UN + US + UP x 10™

Where, Ul = ulcer index, UN = average of number of
ulcers per animal, US = average of severity score, UP =
percentage of animals with ulcer.

RESULTS AND DISCUSSION
Chemistry

The synthetic protocol employed for the synthesis of 2-(3-
(2-(1, 3-dioxoisoindolin-2-yl) acetamido)-4-oxo-2-
substituted thiazolidin-5-yl) acetic acid derivatives 5(a-l) is
presented in Figure 1. In the first step, 2-(1, 3-
dioxoisoindolin-2-yl) acetic acid 1 was synthesized by
refluxing phthalic anhydride and glycine in glacial acetic
acid. Ethyl 2-(1, 3-dioxoisoindolin-2-yl) acetate 2 was
synthesized by refluxing 1 with conc. H,SO, in ethanol for
2 h. 2-(1, 3-Dioxoisoindolin-2-yl) acetohydrazide, 3 was
synthesized by stirring ethyl 2-(1,3-dioxoisoindolin-2-yl)
acetate 2 with hydrazine hydrate at room temperature for
about 1 h. The  compounds  N-substituted
benzylidene/methylene-2-(1,3-dioxoisoindolin-2-yl)

acetohydrazides 4(a-l) were synthesized by refluxing 2-
(1,3-dioxoisoindolin-2-yl) acetohydrazide and
aromatic/heterocyclic aldehydes in absolute ethanol in
presence of catalytic amount of glacial acetic acid.

The title compounds 2-(3-(2-(1,3-dioxoisoindolin-2-yl)
acetamido)-4-oxo-2-substituted thiazolidin-5-yl) acetic
acid 5(a-I) were obtained by cyclo-condensation of N-
substitutedbenzylidene/methylene-2-(1,3-dioxoisoindolin-
2-yl)acetohydrazide with mercapto succinic acid in
dimethylformamide (DMF) as solvent in presence of
catalytic amount of anhydrous zinc chloride, under
microwave irradiation for about 14 to 17 min (700 W) at
80°C. The reactions were carried out in microwave so as
to reduce the longer reaction time of 6-8hrs refluxing in
benzene, required in conventional synthesis of
thiazolindinone derivatives to have better yields and to
have neat and clean reactions. In the present synthesis
of thiazolidinone derivatives the carcinogenic solvent
benzene is replaced by DMF. The characterization data
of synthesized derivatives is given in Table 1.

Biological activity

The synthesized derivatives 5(a-l) were evaluated for anti
inflammatory activity using in vitro activity by protein
denaturation method and in vivo activity was performed
by using carageenan induced paw edema method.
Diclofenac was used as the standard reference
compound for both in vivo and in vitro evaluation.

The in vivo biological activity was performed according
to Winter et al. (1962) and it has been observed that the
new series of 2-(3-(2-(1,3-dioxoisoindolin-2-yl)
acetamido)-4-oxo-2-substituted thiazolidin-5-yl) acetic
acid derivatives exhibited the significant anti-inflammatory
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Table 1. Physical data 2-(3-(2-(1,3-dioxoisoindolin-2-yl) acetamido)-4-oxo-2-substituted thiazolidin-5-yl)acetic acid.

Molecular

Code R/Ar Molecular formula weight % Yield MP (°C) Rrvalue
5a _CHB C16H15N306 S 377 89 280-284 063
5b —CH,CHj C17H17N306 S 391 93 298-302 0.56
5¢c —@ C21H17N3O6 S 439 98 310-312 0.56

OH
5d _Q' C21H17N307 S 455 90 300-302 0.61
5e _Q Ca1Hi7NsO7 S 455 85 320-322 0.48
OH
OCH,
5f ’@' C2oH1gN3O7 S 469 95 270-273 0.45
59 —@—CI C21H16CIN3Os S 473 94 312-316 0.61
F
5h @_ Ca1H16FN306 S 457 93 273-276 0.53
5i Q Ca1H16N4Os S 484 89 298-300 0.52
5§ /U Ci1gH1sN307S 429 88 304-306 0.49
O
5k ﬂ Ci1gH15N306S 445 98 284-288 0.39
S
51 J C23H17N4O6 S 478 90 312-318 0.67
N
H

*Melting points are uncorrected
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Table 2. Mean paw volume (ml) and % inhibition of compounds (5a-I).

No Mean paw volume in ml £+ SEM % inhibition
] lh 2h 3h 4h 6 h lh 2h 3h 4h 6 h
Control 1.34+0.15 1.53+0.017 1.926+0.15 1.776+0.061  1.856%0.053 - - - - -
5a 0.7£0.30**  0.91+0.069*  0.846x0.037 1.243+0.098 1.433#0.19 47.76 87.58 50.07 30.01 22.79
5b 1.023+0.038  0.88+0.017 0.97+0.011 1.15340.075 1.33+0.050 23.65 42.48 49.63 35.07 28.34
5¢c 1.29+0.084 0.96+0.04 1.09+0.005**  1.243+0.035 1.19+0.078 3.7 37.25 43.40 30.01 35.88
5d 1.26+0.072  1.216+0.029 1.42+0.14** 1.43+0.12* 1.286+0.10 5.9 20.52 26.27 19.48 30.71
5e 0.91+0.07 1.06+0.060 1.296+0.046 1.13+0.047 1.346+0.069 32.08 30.71 32.71 36.37 27.47
5f 1.29+0.04 1.253+0.089 1.12+0.10** 1.61+0.065 1.4+0.061 3.7 18.10 41.84 9.34 2456
59 0.96+0.037 1.22+0.058 1.34+0.14* 1.003£0.093**  1.06+0.06  28.35 20.26 30.42 43.52 42.88
5h 1.223+0.017 1.013+0.080* 1.43+0.052* 1.123+0.035** 1.583+03031 8.73 33.79 25.75 36.76 14.70
5i 1.14340.086  1.11+0.055  1.333+0.071*  1.3840.127 1.11340.014 14.70 64.26 30.94 22.29 40.03
5 0.896+0.031 1.366+0.023 1.1+0.10** 1.20640.053 1.22+0.11  33.13 10.71 42.88 32.09 32.26
5k 1.22+0.035 1.29+0.036 1.496+0.139 1.256+0.089 1.486+0.069 8.95 15.66 22.32 29.27 19.93
51 1.25+0.075 1.33+0.75 1.556+0.15 1.273+0.72 1.643+0.68 6.7 13.07 19.21 28.32 11.47
Diclofenac  1.123+0.16 1.056+0.99  1.156+0.098** 1.133+0.021** 1.36+0.033 16.19 30.98 39.97 36.20 26.72

The observations are mean + SEM, n=5, **P < 0.01, *P < 0.05, test compounds = 10 mg/kg. Reference standard, Diclofenac = 10 mg/kg. Statistical

analysis were done by one way ANOVA followed by Dunnett’s test

action to all the compounds except 5b , 5k and 5I, when
compared with control. Some of the synthesized
derivatives have shown the enhanced anti-inflammatory
activity than diclofenac as shown in Table 2. The most
significant (**P < 0.01) anti-inflammatory activity is
foundat 3 h and gradually reduces at subsequent hours.
The compound with highest percent inhibition is 5a and is
found to be most significant at 1 h. From the overall
percent inhibition the compound 5c¢, 5f and 5j have shown
to posses the enhanced and significant anti-inflammatory
activity. Moreover, the other derivatives are also
significant but less or equipotent with the standard drug,
diclofenac.

The synthesized compound were subjected to in vitro
anti inflammatory activity using albumin inhibition of
albumin denaturation technique according to (Mizushima
and Kobayashi. 1968), and with slight modification
according to Bhalgat et al. 2011. Amongst all the
synthesized compounds 5a, 5b and 5e have shown more
inhibition as compared to diclofenac. It was observed in
in-vivo activities, that lower aliphatic groups such as—CHzs,
-C,Hs attached to C2 of thiazolidinone ring show the
highest anti-inflammatory activity. All the compounds
have resulted in decrease in rat paw edema and hence
showed excellent anti-inflammatory activity. Compound
5c in which the phenyl ring is without any substituent
attached at C2 of thiazolidinone ring exhibited significant
and enhanced anti-inflammatory activity.  Other
derivatives possessing 4-nitro phenyl, 4-fluro phenyl, 4-
chloro phenyl, 3- hydroxy phenyl, 4-hydroxy phenyl group
on C2 of thiazolidinone ring ie. 5i, 5h, 5g, 5e, 5d,
respectively are less active than diclofenac but show
significant activity. The bulky derivatives such as indole
and thiophene rings at C2 of thiazolidinone ring like 5k

and 5| have exhibited very less anti-inflammatory activity
when compared to the standard drug, diclofenac. The
anti-inflammatory activity data is presented in Table 3.
The ulcerogenic toxicity was performed for selected
compounds having shown better anti-inflammatory
activity, such as, compound 5a, 5b, 5c, 5f & 5j. As shown
in Table 4, it was observed that all the compounds
exhibited lesser ulcerogenic index than diclofenac. Thus
the synthesized derivatives have shown minimum toxicity
effects.

Docking methodology

Molecular docking studies were performed by using
Glide, V 5.5 (Schrodinger. LLC, New York, NY 2009).
The coordinates for HSA were taken from RCSB Protein
Data Bank (PDB Id. 2BXQ) (Ghuman et al., 2005) and
prepared for docking using protein preparation wizard.
Water molecules in the structure were removed. The
bond order and formal charges were added for hetero
groups and the hydrogens were added to all atoms in the
structure. Side chains that were not close to the binding
cavity were removed. After preparation, the structures
were refined to optimize the hydrogen bond network
using OPLs 2005 force field which helps in the
orientation of side chain hydroxyl group. The minimization
was terminated when the energy converged to root-
mean-square deviation (RMSD) reached a maximum
cutoff of 0.30A°. Grids were then defined around refined
structure by centering on ligand using default box size.
The standard precision (SP) docking mode for
compounds, optimized earlier by Ligprep, was performed
on generated grid of protein structure.
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Table 3. Mean absorbance+ SEM and % inhibition of compounds (5a-5I).

Mean

Compound Absorbance SEM % Inhibition
Control 0.1023 0.060 -
5a 0.1890 0.026 84.75
5b 0.1784 0.014 74.38
5c 0.1501 0.03 46.72
5d 0.1212 0.02 18.96
5e 0.1697 0.020 65.88
5f 0.1091 0.015 6.64
5g 0.1276 0.015 24.73
5h 0.1289 0.014 26.00
5i 0.1346 0.30 31.57
5j 0.1566 0.15 53.07
5k 0.1493 0.2 45.94
51 0.1176 0.026 14.95
Std (diclofenac sodium ) 0.1673 0.019 63.53
Table 4. Ulcerogenic potential in rat stomach.
Group Dose mg/kg Ulcer index
Control 0.5% sodium CMC 0
Diclofenac 100 11.4 + 0.2082
5a 100 3.348 + 0.0833
5b 100 7.21 £ 0.02887
5c 100 4.13 £ 0.04410
5f 100 4.66 + 0.0333
5j 100 6.15 + 0.05774

The observations are mean + SEM, n= 6, *P < 0.01, *P < 0.05. Test compounds =
100 mg/kg. Reference standard, Diclofenac = 100 mg/kg. Statistical analysis were
done by one way ANOVA followed by Dunnett’s test.

Docking results

While performing docking study the hydrogen bonding
with ARG114 was selected as constraints for the
specificity of binding of compounds in activity site of
enzyme as reported in literature and as detected in
Ligplot (Pawar et al.,, 2010). The docking pose of
synthesized compounds showing higher inhibition
compared with that of standard. In present docking study
both the standard drug Indomethacin shows the binding
with Arg114 (Figure 2) and diclofenac shows the binding
with Arg 117, as found in Figure 3. The compound 5a and
5b shows binding with ARG114 and ARG117, as shown
in Figure 4 and Figure 5, respectively. Moreover the
compound 5a showed the highest G score of -7.731, it
was observed in the docking pose of 5a that -C=0O of
carboxyl group formed hydrogen bonding with —NH
group of Argl86 and —-NH of amide group formed
hydrogen bonding with —.C=0 of Arg114. This indicates

the importance of carboxyl group for anti-inflammatory
activity and also confirms the importance of amide group
in the structure of the synthesized derivatives. The
docking results have shown that all the synthesized
compounds have better anti inflammatory effect
compared to Indomethacin and diclofenac. Molecular
modeling helps to realize the mechanism of their actions,
which could be their interactions with the same residues
of ARG114 and ARG117, as shown by indomethacin and
diclofenac.

Conclusion

The present study describes eco-friendly synthesis of
twelve final derivatives 5(a-I) in Milestone’s Microsynth
microwave. All the compounds were obtained in good
yield and in shorter reaction times, i.e. 14 to 17 min.

The synthesized derivatives were evaluated for in vitro
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Figure 1. Scheme of synthesis of 2-(3-(2-(1,3-Dioxoisoindolin-2-yl) acetamido)-4-oxo-2-substituted
thiazolidin-5-yl)acetic acid.



and in vivo anti-inflammatory activity, using diclofenac as
a reference standard. The selected compounds were
studied for ulcerogenic toxicity and have shown good
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Figure 2. Docking pose of compound indomethacin at active binding site of enzyme. Visualization of
hydrogen bonding of Indomethacin with Arg114 and Arg186.
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Figure 3. Docking pose of compound diclofenac at active binding site of enzyme. Visualization of hydrogen bonding of
diclofenac with Arg117 (hydrogen bonding with amino acid is shown in pink dotted lines).
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gastrointestinal safety profile. The compounds were also
subjected to in vitro analysis by using diclofenac as
standard. The compounds 5a, 5b and 5e have proved to
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(b)

Figure 4. Docking pose of compound (5a) at active binding site of enzyme. Visualization of hydrogen bonding of (5a)
with Arg114, Arg117 and Arg186. Hydrogen bonding with amino acid is shown in pink dotted lines.

be more effective than diclofenac while others have
shown moderate to weak activity. All the derivatives were
fitted into the same pocket of HSA where indomethacin
has fitted during docking. The compounds have shown
good docking results (G-score) and good fitting into the

active site. Thus the synthesized compounds 2-(3-(2-
(1,3-dioxoisoindolin-2-yl) acetamido)-4-oxo-2-substituted
thiazolidin-5-yl) acetic acid derivatives 5(a-l) show good
potential as anti-inflammatory agents and can be further
evaluated for diabetic neuropathy as the structure
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VAL 116

\

Figure 5. Docking pose of compound (5b) at active binding site of enzyme. Visualization of hydrogen
bonding of (5b) with Arg114, Arg117. Hydrogen bonding with amino acid is shown in pink dotted lines.

contains thiazolidinone ring which is also present in anti-
diabetic drugs such as rosiglitazone and pioglitazone.
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