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ABSTRACT

Diclofenac sodium (DS), a non-steroidal anti-inflammatory drug (NSAID) has been used as a novel anti-inflammatory, analgesic and
antipyretic agent for many years both in human and animal pharmacotherapy. It is however, commonly associated with side effects
including a high incidence of gastric and duodenal ulceration. Peptic ulceration, perforation, and gastrointestinal bleeding, sometimes
severe and occasionally fatal, have been reported during the drug therapy. The present study has been designed to evaluate and compare
the ulcerogenic effect of various doses of DS-loaded microspheres of polymethylmethacrylate (DSMSs), a sustained release dosage form,
with DS in 150-200 g adult male albino Wistar rats and to make a comparative study of anti-inflammatory activities of DSMS with DS.
Results indicate that ulcerogenicity decreases significantly with DSMS in comparison to the DS, while retaining the anti-inflammatory

property intact.
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INTRODUCTION

Diclofenac sodium (DS) is a non-steroidal anti-inflammatory
drug (NSAID) that has been used for more than 30 years to
treat pain and inflammation. The pharmacological efficacy
of DS is through potential inhibition of prostaglandin syn-
thesis at relatively specific inhibition of cyclo-oxygenase 2
enzyme (COX-2) isoform (Fitzgerald et al. 2001). It is one
of the most useful anti-inflammatory, analgesic and antipy-
retic agents in the treatment of rheumatoid arthritis, osteo-
arthritis (Galer 2010) and others joint pains (Schwartz e al.
1964). In case of rheumatoid arthritis and osteoarthritis,
patients generally remember morning and evening medica-
tion but tend to forget doses in between (Krogh 1983). One
or two daily doses improves therapy by maintaining steady
state plasma concentration of the drug in the blood and
avoids the peaks of high plasma concentration as well as the
troughs of low plasma concentration (Nagasankar er al.
2000). Use of this drug by patients has become restricted
because of its adverse complication, particularly to the gas-
trointestinal (GI) system (Zhang 2009). DS-loaded micro-
spheres of polymethylmethacrylate (DSMSs) DSMS has
been formulated to reduce GI tract irritation and to release
the drug over a prolong period (12-14 hrs) (Tao et al. 2003).
The mechanism of drug release from the microsphere is due
to erosion of polymer matrices and by diffusion through the
matrices (Gohel ef al. 2010). The present experiment has
been designed to know whether the formulation reduces the
ulcerogenic property and shows better anti-inflammatory
activity (Ray et al. 2010).

MATERIALS AND METHODS

Chemicals

Calcium chloride, dichloromethane, polyoxyethylene sorbitan
monooleate [Tween 80] and sorbitan monooleat [Span-80] HLB

value-4.3 were purchased from Merck Pvt. Ltd., Mumbai. Sodium
alginate was obtained from SDFine-Chem Ltd., Mumbai and

Diclofenac Sodium (Indian Pharmacopoeia) was a gift by M/S
Dey’s Medical Stores (Mfg) Ltd.

Animals

Adult male albino wistar rats (8 weeks), weighing 150-200 g were
used. The ethical committee Jadavpur University approved all ani-
mal experiments (approval number: CPCSEA Regn no: (0367/01/
C/CPCSEA) India). The animals were fed a normal laboratory
pellet diet and water ad libitum. Animals were maintained under a
constant 12-h light and dark cycle at an environmental temperature
of 21-23°C for at least 1 week prior to the experiment.

Experimental design

The drug and the dosage forms were suspended in normal saline
with sodium-carboxy methyl cellulose (Na-CMC) and gum acacia
as suspending agent. A required volume was administered orally
by gavages with an Fr 8 x 23-inch feeding tube. Fasted rats that
were deprived of food but not water for 24 hrs prior to experiment
were used to assess the effect of DS and DSMS on gastric mucosa.

Comparative ulcer study of DS with DSMS in rats
1. Formulation of DSMS

The microspheres were prepared by the water in oil in water
(w/o/w) method (Viswanathan ef al. 1999). An adequate amount of
DS was uniformly dispersed in 1.5 ml of double distilled water
(DDW) and emulsified with 2-4% of polymethylmethacrylate
(PMMA) previously dissolved in dichloromethane with span 80 as
the emulsifier. This w/o emulsion was again emulsified with 75 ml
DDW with Tween 80 as the stabilizer. The microspheres formed
by this normal multi-emulsion method were washed thoroughly,
collected, dried and preserved for the analysis of pharmacological
activity in rodent.
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2. In-vivo ulcerogenicity study

Ulcerogenicity studies were conducted according to the procedure
reported by Cioli et al. (1980), Dalal and Narurkar (1991) and
Tammara et al. (1993).

Adult male Wistar albino rats fasted for 24 hrs but provided
water ad libitum were randomly divided into four groups, each
containing 6 animals. The first group A received a suspension of
CMC and gum acacia in distilled water, while group B, group C
and group D were administered with suspension of DS (Suspen-
sion of pure drug), DSMS (Diclofenac sodium loaded micro-
sphere) and MWDS (microsphere without diclofenac sodium), res-
pectively. After 6 hrs of administration of suspensions the animals
were sacrificed. The stomachs of sacrificed animals were removed
and opened through their greater curvature. Mucosal damages
(ulcer formation) were examined under the microscope (Magnus
MLX Microscope magnification 40X10). The severity of mucosal
damages was assessed by modification of a rating scale reported
by Tammara ef al. (1993). The rating scale used was as follows:

Observation score

No lesions: 0.0
Punctiform lesions (< 1 mm): 1.0
Five or more punctiform lesions: 2.0
One to five small ulcers (1-2 mm): 3.0
More than five small ulcers or one large ulcer: 4.0
More than one large ulcer (greater than 4 mm): 5.0

Based on the severity of mucosal damage, each specimen was
assigned a score. The scores were averaged and the mean score
was tabulated as the severity indexes for the drug and for the for-
mulated drug suspension (Tammara et al. 1993). Statistical signi-
ficance (P < 0.01) were performed by Dunnett’s test (GraphPad
prism3 software) to test the significance of difference in the seve-
rity index between DS and DSMS.

3. Preparation of stomach tissue homogenate

After collection, the stomach tissues were rinsed with ice-cooled

normal saline and the surface water was removed with tissue paper.

The stomach tissues of the different groups of animals were kept
in So-Low Ultra Low freezer (-80°C) for 12 hrs (So-Low Ultra
Low Freeze, Model No. C85-5, Serial No. 0708756, Environ-
mental Equipment, Cincinnati, Ohio USA). On the following day,
a small portion of stomach tissue was homogenized using a homo-
genizer (Remi Motor, Type-RQ 127A) with specific buffer solu-
tion for different biochemical testing for assay of ulceration.

4. Biochemical investigations

Assay of reduced glutathione (GSH): Reduced glutathione (GSH)
in stomach was assayed by the method of Ellman (1959). At first
the stomach tissue was homogenized in phosphate buffer (0.2 M,
pH-8.0). 0.5 ml of the homogenized mixture was treated with 2.0
ml 5% trichloroacetic acid (TCA). The mixture was kept on an ice
bath ice for 10-20 min and then centrifuged at 3000 rpm for 15
min. 2.0 ml of the supernatant was treated with 1.0 ml of Ellman’s
reagent and 4.0 ml of 0.3 M disodium hydrogen phosphate solu-
tion. The absorbance of yellow colour developed was measured in
an UV spectrophotometer (JASCO-V-650) at 412 nm within 2-3
min. The amount of glutathione was expressed as Units/min/mg-
protein.

Assay of Catalase (CAT): The stomach tissue was homogenized
with phosphate buffer (0.01 M, pH-7.0) solution and was centri-
fuged at 5000 rpm for 10 min. In 0.1 ml of the supernatant, 0.9 ml
phosphate buffer solution (pH 8.0), and 0.4 ml of 2 mM H,0O,
were added. The reaction was arrested after 15, 30, 45 and 60 sec
by adding 2.0 ml of dichromate acetic acid mixture (5% potassium
dichromate and glacial acetic acid 1: 3 ratio) and kept in a boiling
water bath for 10 min. After 10 min the mixtures were taken out of
the water bath and allowed to cool. The absorbance of the resultant
mixture was measured at 620 nm as per method reported by Sinha
(1972).
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Assay of Thiobarbituric Acid Reactive Substances (TBARS):
Lipid peroxidation was determined by measuring the concentra-
tion of malanodialdehyde in the gastric mucosa following the
modified method of Ohkawa et al. (1979). 0.5 ml of tissue homo-
genate (0.025 M Tris-HCI buffer, pH-7.8), 0.5 ml saline and 1.5 ml
of 20% TCA were added, mixed well and then centrifuged at 3000
rpm for 20 min. In 1.0 ml of the protein raw supernatant, 1.5 ml of
0.8%TBA (thiobarbituric acid) reagent was added, mixed well and
boiled for 1 hr at 95°C. The tubes were then cooled under tap
water. The absorbance of clear supernatant was measured against
reference blank at 532 nm (Ohkawa et al. 1979).

Estimation of total protein

Total protein was estimated by the method of Lowry et al. (1951)
using bovine serum albumin (BSA) as standard at 660 nm with a
Jasco V650 spectrophotometer.

Comparative study of anti-inflammatory activity of
DS with the DSMS in animals

1. Carrageenan-induced paw edema in rats

This model was based on the principle of release of various in-
flammatory mediators by carrageenan (Winter et al. 1962). The
Wistar albino rats (n = 6) were divided into four groups. The first
group received a simple suspension of CMC and gum acacia in
distilled water. The second, third and fourth groups were fed with
suspensions containing DS, DSMS and MWDS, respectively
through a feeding needle. The right hind paw was marked with a
marker at the level of lateral melleolus. The basal paw volume was
measured by volume displacement method using mercury Plethys-
mometer (PL048/08 supplied by CHEMICO Pvt. Ltd., India) by
immersing the paw up to the mark at the level of lateral malleolus.
One hr after dosing, 0.1 ml of 1.0% carrageenan was injected into
the right hind paw of each rat. The paw volume was measured
again at 1, 2, 3, 4, and 5 hrs after challenge. The increase in paw
volume was calculated as percentage compared with the basal vol-
ume. The percentage of inhibition was calculated using the fol-
lowing formula of Lanher et al. (1992):

Percentage inhibition = (V, -V,,) control — (V,— V,) treated / (V,—
V,) control X 100

where V, is the final average volume (after carrageenan treatment)
and V, is the initial average volume (before carrageenan treat-
ment).

2. Histamine-induced paw edema in rats

Histamine-induced paw edema was studied using same method
that was used to determine the carrageenan induced paw edema.
0.1 ml of a 1.0% solution of histamine was administered into the
sub-plantar side of the right hind paws. The paw volume was
measured time to time. The percentage of inhibition of the inflam-
mation was calculated using the same formula that has been given
above and compared with the normal group (Amann ez al. 1995).

3. Acetic acid-induced vascular permeability

The inhibitory activity of DSMS against increased vascular perme-
ability which was induced by acetic acid was evaluated following
the method of Whittle (1964). Male mice were randomly divided
into three groups (n = 6). The first group received blank suspen-
sion whereas the second group received suspension of pure DS (50
mg/kg.bw). Third group was given with suspension of DSMS (50,
100 mg/kg.bw) orally. After thirty minutes, 0.50 ml of 1.0% acetic
acid was injected intraperitoneally (i.p.) to the each animal. After 6
hrs, the viscera were exposed by abdominal incisions. The abdo-
men was then irrigated with normal saline containing 0.9% NaCl.
The total protein content of each sample was determined using the
Lowry method (Lowry et al. 1951).
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Fig. 1 Effect of DS, DSLM and MWDS on the rat stomach. (A) = Normal rat stomach; (B) = DSMS (50 mg/kg.bw) treated rat stomach; (C) = DS (75
mg/kg.bw) treated rat stomach; (D) = DSMS (75 mg/kg.bw) treated rat stomach; (E) = DSMS (100 mg/kg.bw) treated rat stomach; (F) = MWDS (based

on 75 mg/kg.bw) treated rat stomach.

4. Peritoneal capillary permeability test (dye leakage method)

Peritoneal capillary permeability test was conducted following the
method of Filderman and Kovacs (Filderman et al. 1969). The test
formulation with suspension of gum acacia and CMC were admi-
nistered orally to each group (n = 6). After 1 hr, 0.25 ml of 0.6%
solution of acetic acid was administered to each animal i.p. Im-
mediately after administration, 0.1 ml of 4% pontamine blue was
injected intravenously as quickly as possible. After 5 hrs, the ani-
mals were sacrificed by cervical dislocation. The peritoneal cavity
was cut and drained. The collected exudates were centrifuged for
10 min at 2000 rpm and 0.5 ml of the supernatant was diluted with
4.5 ml of physiological saline. Dye concentrations were measured
at 625 nm using a spectrophotometer (JASCO-V-650), using saline
as blank.

Statistical analysis

The experimental results were expressed as mean + SEM. Data
were assessed by the method of analysis of one way ANOVA fol-
lowed by Dunnett’s #-test. P < 0.05 (by GraphPad Prism 3 soft-
ware) was considered as statistically significant.

RESULTS AND DISCUSSION

Damage to the gastric mucosa by NSAIDs, including a high
incidence of gastric and duodenal ulceration (Sugimori ef al.
2007), can be arrested to a great extent by embedding the
drug in a polymer matrix. There has been an increase in the
design of a drug delivery system containing NSAIDs-
loaded micro-particles or microsphere (Ray ef al. 2010).
The toxic effect of DS on gastric mucosa of adult albino
Wistar rats was investigated by Devi et al. (1991). Formu-
lations of DSMS with various biopolymeric hydrophilic
matrices were found to give prolonged release and avoid
adverse GI effects (Bravo et al. 2004). Gongalves et al.
(2005) investigated on the development of DS-loaded mic-
rospheres in chitosan cross-linked with gluteraldehyde and
found sustained release at pH 1.2, 6.8 and 9.0. Gurusamy et
al. (2006) compared analgesics, anti-inflammatory and ul-
cerogenic effects of solid dispersion of Meloxicam in poly-
ethylene glycol 6000 and polyvinylpyrrolidone, their physi-
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Fig. 2 Comparative study of DSMS with DS for gastric ulcer as a side
effect in rats.

cal mixture and with Meloxicam alone. Results indicated
that both the physical mixture and solid dispersion pos-
sesses better effect with less ulcerogenic activity as com-
pared with raw Meloxicam. Solid dispersion and co-pre-
cipitate of indomethacin were compared with raw indome-
thacin. The ulceration was assessed four hrs after single
dose as also 24 hrs following the last dose of a chronic four
day dosing regimen. It was found that the co-precipitate
formulation produced less ulceration than solid dispersion
and pure drug. This suggests that severity of ulceration
could be related with formulation design and drug release
kinetics (Karnachi ef al. 1997).

In the present study gastric mucosal injuries were eval-
uated by examining the stomach tissue of DS- and DSMS-
treated rats under a microscope. Fig. 1A shows the photo-
graph of the stomach mucosa lining of the rats of Group A
1.e., the group fed with suspension of CMC and gum acacia
in distilled water, while Fig. 1C and 1F show the photo-
graph of stomach mucosal lining for DS and MWDS treated
rats, respectively. Fig. 1B, 1D and 1E represents the photo-
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Table 1 Comparative study of DSMS with DS for gastric ulcer as side
effect in rats.

Groups Dose (mg/kg.bw) Ulcer index

Control 75 0.00

DS 50 3.5+0.05
75 0.87 +0.04
100 1.85+0.04

DSMS Based on 75 mg/kg.bw 4.37+0.07

MWDS 0.14 + 0.02*

Values expressed as mean + SEM for six independent observations (n=6).
Statistical differences were determined by ANOVA followed by Dunnett’s test.
*P < 0.01 when all treated groups are compared with control group.

graph of stomach mucosa linings of rats treated with three
different doses of DSMS viz., 50, 75 and 100 mg/kg.bw,
respectively. It was observed that the DS treated group pro-
duced severe gastric damage in the stomach mucosa lining
(Fig. 1C), while in the group treated with CMC and gum
acacia no hemorrhaging surface was noted. The stomach
tissue of rats treated with MWDS show slight hemorrhage,
almost to a negligible level, indicating that the polymer
might be causing slight irritation on the gastric mucosa.
However, the gastric mucosal damage of the rats treated
with DSMS was much less in comparison to the stomach
tissue lining of DS treated rats. It was further revealed that
the gastric damage was related with the administered dose.
The mucosal injury was increased when the dose was raised
from 50 to 100 mg/kg.bw (Fig. 2). The ulcer index of dif-
ferent groups of animals has been presented in Table 1. The
ulcer index of rats treated with 75 mg/kg.bw DSMS was
found to be 1.85 + 0.43 whereas the ulcer index for the rat
stomach treated with same dose of DS was 3.5 = 0.054. The
ulcer index of DSMS treated rat reduced further to 0.87 =
0.047 when the dose was brought down to 50 mg/kg.bw.
The results shown in Table 1 are in line with the observa-
tion made by earlier research workers cited above and
therefore substantiate the observation that NSAID-loaded
polymer microsphere has the potential to reduce its ulcero-
genic effect.

The effect of DS, DSMS and MWDS on antioxidant
and lipid peroxide levels of different groups animals have
been presented in Table 2. From the enzymatic study of
stomach tissue, it can be inferred that the formulated dosage
forms are more beneficial than DS. Total protein, catalase
and reduced glutathione level of DSMS treated rats are
higher than that of DS treated animals. The enzymatic con-
dition in stomach tissue of DSMS dosages were close to
normal saline treated rats. TBARS level was found to be
low in normal group and high in DS treated animals. The

TBARS level of DSMS-treated rats is near the normal level
but differs significantly with the DS-induced animals. The
group treated with MWDS showed results similar to ani-
mals treated with normal saline. The group treated with
MWDS showed a TBARS level almost equal to the TBARS
level of animals treated with normal saline. These results
confirmed that DSMS (50, 75, 100 mg/kg.bw) decreases the
antioxidant level when compared with DS (75 mg/kg.bw)
(Table 2), although it increases the TBARS level marginally.
From this experiment, it can be concluded that DSMS (50
mg/kg.bw) is more acceptable.

The anti-inflammatory effect of DS, DSMS and MWDS
were compared by measuring the percentage inhibition of
paw edema induced by carrageenan and histamine.

Table 3 reveals that the anti-inflammatory effect of DS,
as evident by the percentage inhibition of carrageenan-
induced paw edema, was higher at the first hour in compari-
son to that produced by DSMS. However the anti-inflam-
matory effect produced by DS reached a maximum at third
hour and then decreased. On the other hand, although the
initial anti-inflammatory effect produced by DSMS was less
at the initial hour, the effect was more profound at later
hour and sustained over a longer period of time (Fig. 3).
The increase in the amount of DS in the microsphere in-
creased the anti-inflammatory effect at different hours.
Similar observation was found against the histamine-in-
duced inflammation (Fig. 4).

In acetic acid-induced vascular permeability study, the
anti-inflammatory activity was evaluated in three different
groups of mice treated with normal saline, or DS or DSMS.
Table 4 represents the total amount of protein count present
in exudates collected after 6 hrs induction in the rats treated
with normal saline or DS or DSMS. While the protein count
for DS treated animal was 68.13 + 0.055 which was near to
the value shown by group treated with normal saline (72.47
+ 0.046). On the other hand, the group treated with DSMS
the value came down to 45.89 + 0.044. The reduction in
protein count in DS and DSMS compared to the normal
group is attributed to decrease in permeability in the blood
vessels of DS and DSMS treated animals. Lower value of
DSMS in comparison with DS suggests better therapeutic
efficacy of DSMS formulation. The similar results were ob-
served in dye leakage method that has been shown in the
Table 5.

However, vascular permeability was found to be the
dosage related. DS inhibits the vascular permeability but to
a lesser extent, whereas the inhibitory effect produced by
DSMS was found over a longer period of time.

Table 2 Effect of DSMS and DS on anti oxidant and lipid peroxidation of the same group of animal in stomach tissue.

Parameter Control Inducer (DS) Formulation (DSMS) MWDS

75 mg/kg.bw 50 mg/kg.bw 75 mg/kg.bw 100 mg/kg.bw
TP (mg/ml) 24.58 +0.05 14.84 £0.03 18.77+0.05 a 17.86 £0.03 a 1743 +£0.05a 23.2+0.09a
TBARS (nmol/mg protein) 1.02+£0.01 2.66 £0.07 1.62+0.05a 1.81+0.01a 2.09+£0.04 a 1.1+£0.04b
CAT (U/min/mg protein) 2.32+0.11 1.78 £0.07 2.03+0.03¢c 1.98+0.03 a 1.92+0.02a 2.07+0.05b
GSH (U/min/mg protein) 2.22+£0.08 1.61+£0.11 2.08+0.05b 2.05+£0.04b 1.93+0.04b 2.11£0.04 b

P'< 0.01, P*>0.05, P°< 0.05 compared with control value. The results were analyzed by ANOVA followed by Dunnett’s test. Each value represents the mean + SEM of 6

animals in each group.

Table 3 Effect of DSMS and DS on carrageenan- and histamine-induced edema in rats.

Groups Dose Inducer Percentage of edema inhibition in successive hrs
mg/kg (Carrageenan/Histamine) 0 1 2 3 4 5
DS 50 Carrageenan 0.00 36.36+0.16 52.00+0.03 61.11+0.13 41.37+0.15 40.00 + 0.06
Histamine 0.00 35.71+0.09 36.00+£0.11 66.66+0.12 83.33+£0.12 70.83 £0.27
DSMS 50 Carrageenan 0.00  9.09+0.06¥**  20.00 £ 0.16¥**  55.56+0.08***  65.52+0.08***  60.00 £ 0.15%**
Histamine 0.00 27.27+£0.14%¥** 32,00+ 0.14***  50.00 £ 0.22*** 8334+ 0.17***  79.16 £ 0.18***
75 Carrageenan 0.00 36.36+0.15%**  5833+£0.09%** 6551 £026%** 7333 £0.11***  66.66 £ 0.19***
Histamine 0.00 21.43+0.21*** 2400+ 0.06¥**  36.66+0.16***  76.19 +0.29%** 7500+ 0.21***
100 Carrageenan 0.00 27.27 +£0.06%¥**  64.00 £ 0.09%**  66.66 £ 0.19*** 7586+ 0.04***  70.85 £ 0.23***
Histamine 0.00 28.57=£0.11*** 36.00 £ 0.16***  73.33 £ 0.20%** 8571 £0.15%**  83.33 +(.18***

Values expressed as mean+SEM for six independent observations (n=6)
Statistical differences were determined by ANOVA followed by Dunnett’s test P***< (.0001, compared with DS value.
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—#— Pure DS 50 mg/kgbw

—A— DSMS 75 mg/kgbw

Percentage of edema inhibition

- DSMS 50 mg/kgbw

—X=—DSMS 100 mg/kgbw

1hr
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Fig. 3 Percentage of inhibition of carrageenan-induced paw edema over S hrs.

—4&— Pure DS 50 mg/kgbw

—A— DSMS 75 mg/kgbw

B DSMS 50 mg/kgbw

—X=—DSMS 100 mg/kgbw

X0

0 hr 1hr 2 hrs

Fig. 4 Percentage of inhibition of histamine-induced paw edema over 5 hrs.

CONCLUSION

In conclusion, all the discussed results suggest that DSMS
offers more beneficial effects in the management of inflam-
mation with low ulcerogenicity property. From the several
animals’ studies, it is concluded that Diclofenac Sodium
loaded microsphere is a better choice for the patients suf-
fering from rheumatoid arthritis, osteoarthritis and other
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joint pains because of its sustained action and low toxicity.
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Table 4 Acetic acid induced inflammatory exudation.

Table 5 Acetic acid induced vascular permeability (dye leakage method).

Groups Dose Volume of Total amount of pro- Groups Dose Volume of Absorbance
mg/kg.bw  exudates (ml) tein (mg) after 6 hrs (mg/kg.bw) exudates (ml)

Normal Saline 4 72.47 +0.04 Normal saline 4 0.18+0.010

DS 50 4 54.48 £0.14*** DS 50 4 0.14 +£0.005*
100 4 68.13 £0.05*** 100 4 0.11 +£0.149°

DSMS 50 4 45.18 &+ 0.09 *** DSMS 50 4 0.045+£0.010*
100 4 45.89 & 0.04*** 100 4 0.019 £ 0.005"

Each value represents the mean = SEM of 6 animals in each group. Statistical
differences were determined by ANOVA followed by Dunnett’s test. P*** <
0.0001 compared with normal group.
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