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In the present study five copolymeric blends of polycaprolactone-polyethylene glycol were pre-
pared by ring opening polymerization technique. These were characterized by IR and NMR stud-
ies and by determination of critical micelle concentration. The copolymeric blends were opti-
mized from the entrapment capacity, release rate and stability studies of the nimesulide loaded-
micelles prepared using such copolymers. These micellar preparations had shown better stability
at refrigerated temperature. The formulation prepared by dialysis method using copolymer, hav-
ing molar ratio of c-caprolactone to methoxypolyethylene glycol fifty-to-one, was used for further
studies in rats. Mean residence time and bio-distribution studies showed that the micelles have
higher circulation time in blood and lesser distribution in other tissues as compared to plain drug

solution,

Nimesulide, a selective COX-2 inhibitor', is a commonly
used new generation NSAID. Treatment of inflammatory dis-
eases using sustained release dosage forms is advanta-
geous as this helps in maintaining the therapeutic concen-
tration of the drugs for a longer duration, particularly through-
out the night and thus alleviating morning stiffness®. Many
nove!l drug delivery systems were tried to enable sustained
drug delivery. Most of these systems like liposomes and
nanoparticles have short circulation life in the blood as they
are taken up by the reticuloendothelial system of the body
due to their size and nonpolar surface. In order to increase
their circulation time, a new concept of coating these carri-
ers with polar molecules e.g. polyethylene glycol (PEG) has
been proposed®®. Polymer micelles prepared from
amphiphilic copolymers are based on this concept of increas-
ing the circulation time as they have polar coat. These poly-
mer micelles can also be categorized as ‘stealth’
nanoparticles’. Amphiphilic copolymers are soluble macro-
molecules composed of hydrophobic and hydrophilic seg-
ments. Thus, in aqueous medium, they form micellar struc-
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tures. Since the inner core of the polymer micelles is of hy-
drophobic nature, they may incorporate hydrophobic drugs
in their core and hence are suitable for the delivery of water
insoluble drugs like nimesulide.

In the present study polycaprolactone-
methoxypolyethylene glycol (PCL-MPEG) copolymers, con-
taining e-caprolactone (e-CL) as hydrophobic and
methoxypolyethylene glycol (MPEG) as hydrophilic segment,
were used as the amphiphilic copolymers. PCL-MPEG co-
polymers can be synthesized by ring opening polymeriza-

. tion technique (fig. 1) without any catalyst, using MPEG as

initiatoré. The drug nimesulide was chosen for present study
with an intention to solve the problem of solubility and liver
toxicity associated with its delivery'.

MATERIALS AND METHODS

Methoxypolyethylene glycol was procured from Sigma
Chemical Co., St. Louis, Mo. Nimesulide was obtained as
gift sample from Alkem, Mumbai. e-Caprolactone was pur-
chased from Merck, Germany. Cellulose dialysis membrane
tubing of 2.4 nm pore size and 12000 MWCO was purchased
from HiMedia {abs, Mumbai. All other chemicals used were
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Fig. 1: Reaction of Methoxypolyethylene glycol (MPEG)
and e-Caprolactone (e-CL).

procured from CDH, India and were of analytical grade.

‘Synthesis and purification of copolymer:

Different polycaprolactone-methoxypolyethylene glycol
(PCL-MPEG) diblock copolymers were synthesized by ring
opening polymerization technique® using different molar ra-
tios of e-CL and MPEG. Weighed amounts (Table 1) of e-CL
and MPEG were taken in a round bottom flask. This mixture
was first degassed and cooled using rotary vacuum evapo-
rator and then heated in vacuum oven at 180°. The product
mixture was dissolved in 5 ml of dichloromethane. This prepa-
ration was dialyzed against dichloromethane. The content
inside the dialysis tube was concentrated and precipitated
using excess amount of diethyl ether. The precipitate was
then collected by filtration and then dried in vacuum oven at
40° for 3 d.

Characterization of copolymers:

The structural confirmation of the copolymer thus
formed was done by FT-IR analysis of the copolymer. The
spectra of the polymers were compared with the FT-IR of
MPEG. The actual ratio of MPEG and &-CL in each copoly-
mer was determined using the NMR spectrum of the co-
polymer samples. The ratio of MPEG:e-CL of each copoly-
mer was calculated from the relative intensities of methyl-

ene peaks due to MPEG and &-CL at 3.75 and 4.79 ppm,
respectively.

In order to determine the critical micellar concentration
(CMC) of the prepared copolymer, the surface tension of
copolymer solutions was determined at its various concen-
trations. Solutions of the copolymer were prepared in the
concentration range of 1-8 pg/ml. The surface tension of each
solution was determined by drop number method®, using
stalagmometer. A graph between the concentration and sur-
face tension was plotted, and the concentration at which
there is a sharp change in surface tension was taken to be
the CMC of the copolymer.

Drug loading:

Drug loading was accomplished in situ, i.e. during mi-
celle formation by dialysis method and emulsification method.
In first method 100 mg copolymer and 10 mg nimesulide
were dissolved in 10 ml dimethylformamide (DMF) and stirred
for 24 h. This solution was dialyzed against 1000 ml distilled
water for 24 h using cellulose dialysis membrane tubing. The
resultant product from the dialyzing tube was then sonicated
for 1 min and centrifuged for 5 min. The supernatant con-
taining the micelles were separated by decantation. Micelles,
made from copolymers MC10, 35, 50, 70 and 100, were
named as D,-D,, respectively.

In emulsification method, an o/w emulsion was prepared
by slowly introducing the organic phase (containing 60 mg
copolymer MC50 and 6 mg nimesulide in 2 ml
dichloromethane) in 100 ml distilled water under high-speed
stirring. The stirring was continued till the organic phase gets

TABLE 1: COMPOSITION OF MPEG!/ eCL BLOCK COPOLYMER.

Quantity taken
Copolymer name Feed molar ratio MPEG' (g) e-CL2?
assigned e-CLUMPEG Weight (g) Equivalent
volume?® (ml)
MC10 10 5 1.14 1.1
MC35 35 5 3.99 3.7
MC50 50 5 5.71 5.3
MC70 70 5 799 7.5
MC100 100 5 11.41 10.7

'calculated from molecular weight of MPEG (i.e. 5000) “calculated from molecular welght of e-CL (i.e. 114.15) *calculated

from density of £-CL (i.e. 1.07 g/m!).
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evaporated completely. This was then sonicated for 1 min
and centrifuged for 5 min. This supernatant was then sepa-
rated by decantation and named as E,.

In vitro characterization of the copolymeric micelles:

-~

The shape of the micelles could not be seen through
ordinary light microscope. Thus transmission electronic mi-
croscopy (TEM) of the polymeric micelles was done to char-
acterize these systems after drying on beryllium grid and
staining negatively at 100,000X.

Drug loading capacity of the copolymeric micellar sys-
tem was determined by lysis of 1 ml preparation with
dimethylformamide. The amount of drug present in this 1 ml
preparation was determined spectrophotometrically at 397
nm, after appropriate dilution with DMF:0.1 N sodium hy-
droxide (1:9) mixture.

For the drug-release profile study, appropriate volume
of the preparation was taken in the dialysis tube and dia-
lyzed against 20 m! phosphate buffer (pH 7.4) with continu-
ous stirring using magnetic stirrer. At appropriate time inter-
vals, dialysate was analyzed spectrophotometrically at 393.4
nm, after appropriate dilution. Each time the dialysing me-
dium was completely replaced with fresh buffer. This study
was continued up to 96 h.

Stability studies:

The stability study of the micellar preparations (D,, D,,
D,) was performed at various temperatures (refrigerated tem-
perature, rt, room temperature RT and at 50°) for a period of
5 w. Physical parameters like precipitation or crystallization,
change in colour, appearance of any turbidity and the drug
leakage from the micelles were checked every week. The
drug leakage was determined as the percentage increase
in release rate profile of the preparations.

In vivo studies:

All the studies were conducted using Sprague Dawley
rats of approximately equal body weights. The animal ex-
periment protocols have been approved by the Institutional
Animals Ethics Committee (CPCSEA Reg. No. 379/01/ab/
CPCSEA). The optimized D, copolymeric micellar formula-
tion (having molar ratio of e-caprolactone to
methoxypolyethylene glycol 50:1) was taken for in vivo stud-
ies.

Standard curves of nimesulide in blood serum and other
tissue extracts were prepared. The blood of the rat was col-
lected in a vial containing potassium oxalate solution and
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centrifuged at 3000 rpm in order to get the plasma (super-
natant). Then it was deproteinized with equal volume of ac-
etonitrile and again centrifuged at 3000 rpm for 15 min. Two
millilitres of this supernatant (blood serum) was diluted to
10 ml with PBS (pH 7.4). Drug solutions of known concen-
trations (1-20 pg/ml) were prepared in PBS (each contain-
ing 1 m! of this diluted serum) and absorbance was mea-
sured against suitable blank at 393.6 nm. Standard curve in
liver, lung and spleen extract was prepared to determine
biodistribution of nimesulide. For this one rat was anaesthe-
tized with chloroform and dissected and its liver, spleen and
lungs were taken out. The whole spleen (0.6 g) and 1 g each
of liver and lungs were homogenized separately with 5 ml
PBS (pH 7.4). Then these organ-homogenates were
deprotéinized with equal volume of acetonitrile and centri-
fuged at 5000 rpm. Drug solutions of known concentrations
were prepared in PBS (each containing 0.2 m! of superna-
tants). Absorbance was measured against appropriate blank
at 393.6 nm.

Nine Sprague Dawley rats were divided into three
groups having three rats each. One group was kept as con-
trol. Remaining 2 groups were given separately plain drug
solution (in PBS, pH 7.4) and micellar preparation (D,} con-
taining 100 pg equivalent of nimesulide, intravenously
through the tail vein. After every 1 h time interval, 0.5 mi
blood sample was collected from the retro-orbital plexus into
a vial containing potassium oxalate solution and then cen-
trifuged and deproteinized. These were then analyzed spec-
trophotometrically (using internal standards) at 393.6 nm
against similarly treated blood samples of control rats. The
serum level data was used to determine the bioavailability
and the mean residence time (MRT) of different formula-
tions. The bioavailability (area under concentration-time
curve, AUC) was calculated by trapezoidal rule'®, The MRT
was calculated using the formula: MRT=AUMC/AUC, where
AUMC is the area under first moment curve''.

For biodistribution studies, micellar solution (equivalent
to 500 g nimesulide) was administered to nine rats of nearly
equal weights (90-100 g) by intravenous route. Rats were
sacrificed after 1, 3 and 8 h of administration of dosage form
(n=3). Their blood, liver, spleen and lungs were taken out.
The tissues were extracted with PBS. The tissue extracts
were treated with 1 ml of dimethylformamide (in order to rup-
ture whole of the micellar preparation accumulated in the
organs) and analyzed spectrophotometrically at 393.6 nm,
after proper dilutions.

Tail flick method using analgesiometer was used to
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compare the analgesic activity of the free drug with the drug
entrapped in the micellar system. Nine rats of average weight
100 g were selected for the study. They were divided into
three groups including one control group. Each rat was
placed in the rat holder and tail was protruded out through
the slot in the lid and placed on a hot wire, which was heated
with 3 A current. The normal reaction time i.e. the time taken
to flick the tail was noted. Again the reaction time at differ-
ent time intervals after the administration of plain drug solu-
tion (made by dissolving 10 mg nimesulide in 100 ml of
PEG:water::1:1 solution) and copolymeric micellar prepara-
tion (D,), equivalent to 100 g of nimesulide were also noted.

RESULTS AND DISCUSSION

The MPEG/eCL copolymers were synthesized by ring
opening polymerization of e-CL without any catalyst using
MPEG as initiator. A series of copolymers were prepared by
taking different ratio of e-CL and MPEG. Completion of syn-
thesis was confirmed by precipitation of copolymer with di-
ethyl ether. This fact was further used to purify the reaction
products. The products were first dissolved in minimum vol-
ume of dichloromethane and purified from unreacted MPEG
by dialysis against plain dichloromethane. Then ice-cold di-
ethyl ether was added into these solutions to precipitate the
copolymers.

The success of synthesis procedure was confirmed by
analyzing infrared spectrum (FT-IR) of both MPEG homopoly-
mer and MPEG/e-CL copolymer. The appearance of a new
strong carbonyl band at 1733.1 cm™ in the IR spectrum of
the product obtained after synthesis and purification pro-
cess, confirmed the synthesis of MPEG/e-CL copolymer. This
peak is attributed to the formation of ester linkage between
the free hydroxy group of MPEG and carboxyl group of
caprolactone, giving rise to formation of the block copoly-
mer. Other peaks remained unaffected.

The actual w/w percentage composition of the copoly-
mers was determined by '"H-NMR analysis of all the copoly-
mers formed. The unit ratio of MPEG and e-CL was obtained
from the peak intensities of ~CH,- proton of PEG chain and
the £- CH,- proton in e-CL units, respectively at 3.76 and
4.79 ppm. The calculated ratios for various peak intensities
are summarized in Table 2. The peak due to proton attached
to C=0 group (at 1.2-2.8 ppm) also confirmed the synthesis
of copolymer by the formation of ester linkage.

For further characterization of the copolymers, the CMC
was also determined by the surface tension method. The
CMC of MC 50 was found to be 5 yg/ml. Transmission elec-
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tron microscopic analysis showed that the micellar prepara-
tions were spherical in shape (fig. 2). This also had shown a
relatively regular outer surface and hollow interiors, where
the drug can be entrapped. The drug loading efficiency of
the copolymers was determined by rupturing the micelles
with DMF:0.1 N sodium hydroxide (1:9) mixture and then
analyzing the drug spectrophotometrically at 397 nm. The
results showed that the drug loading efficiency of the co-
polymers increased as the ratio of hydrophobic
(caprolactone) chain increased (Table 3). Also the percent-
age w/w drug loading in the micelles prepared by emulsifi-
cation technique was found to be greater than in those pre-
pared by dialysis method (using the same copolymer). But
the w/v content in the micelles prepared by emulsification
technique was found to be less than those prepared by di-
alysis technique. Thus, if the micellar preparations are lyo-

Fig. 2: Transmission Electron Microscopy of copolymeric
micelles at 100, 000 X.

TABLE 2: NMR SPECTRAL DATA REPRESENTING
COMPOSITION OF MPEG/eCL COPOLYMERS.

Sample Composition (%w/w)
Theoretical® Practical®
MC 10 81.4:18.6 80.9:19.4
MC 35 55.6:44 .4 54.4:455
MC 50 46.7:53.3 45.2:54 1
MC 70 38.5:61.5 36.8:62.4
MC 100 30.5:69.5° 29.8:70.2

* calculated from the weight of monomers taken using mo-
lecular weight of MPEG (5000) and e-CL (114.15). *calculated
using intensity of peaks in NMR spectra.
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TABLE 3: DRUG LOADING CAPACITY OF MICELLES PREPARED USING DIFFERENT COPOLYMERS.

Sample Volume of preparation (ml) Concentration of drug
(zg/ml) % wiw*

D1 10.0 115 1.1
D2 9.5 166 1.5
D3 9.0 404 3.6
D4 9.0 476 4.3
D5 10.5 560 5.9
E3 50.0 23 13.0

* % w/w of copolymer taken; D1-Prepared by dialysis method using MC10, D2-Prepared by dialysis method using MC35, D3-
Prepared by dialysis method using MC50, D4-Prepared by dialysis method using MC70, D5-Prepared by dialysis method
using MC100, E3-Prepared by emulsification method using MC50

philized, it can be concluded that the emulsification method
can yield copolymeric micelles of greater drug loading effi-
ciency than the dialysis method.

Drug release from the micellar preparations was deter-
mined by dialysing the micellar preparation against PBS (pH
7.4). The release pattern showed sustained release of drug
from micellar preparations as compared to plain drug solu-
tion. The results (fig. 3) also showed that as the hydropho-
bic chain length was increased, the release rate decreased.

120 4

% Cumulative drug release

Time (h)

Fig. 3: Release of drug from various micellar formula-
tions

Release of nimesulide from the micellar systems was
studied using dialysis against 20 ml pH 7.4, phosphate
buffer. Samples were collected and analyzed at various
time intervals from Plain Drug Solution (-0-), Formula-
tion D1 (-m-), D2 ( -A-), D3 (-X-) , D4 (-®-), D5( -O-)
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This may be due to the hydrophobic nature of the drug mol-
ecule that favoured its higher retention into the micelles of
higher hydrophobic content as compared to those with lower
hydrophobic chain length.

In the stability study of the micellar preparations at vari-
ous temperature, the formulation D, was found to be most
stable (fig. 4) at refrigerated temperature. The drug leakage
was found to be minimum at refrigerated conditions and
maximum at 50°. This may be due to the facts that at higher

120%

40%

% increase in drug release

20%

D10 D30 D50 DIRT D3RT DSRT D150 D350 D550

Fonmulations

Fig. 4: Stability Studies of various formulations D1, D3
and D5.

Stability studies of formulations D1, D3 and D5 stored
at different temperatures such as at refrigerated tem-
perature, D1, D3, and D5 at room temperature D1, D3,
and D5_. and at 50° D1, D3, and D5, for various time

intervals, Tw () 2w (M) 3w (D 4w () 5w ()
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temperature, the ring is wide open; the PEG chains of the
coating spread in the medium and the mobility of drug mol-
ecules entrapped in micelles is high. This causes release of
the drug to a greater extent than that at room temperature.
So it is advised that the micellar formulations must be la-
beled as “to be kept at a cool place.” Thus, it can be con-
cluded that there will always be some drug leakage if the
formulation is stored in solution form. So it is suggested that
the micellar preparations should be marketed as lyophilized
products.

Again in order to study the pharmacokinetic parameter,

TABLE 4: PLASMA LEVEL OF NIMESULIDE AFTER
1.V. ADMINISTRATION OF DIFFERENT FORMULA-

TIONS.
Time interval (h) Drug concentration (uzg/ml)
Plain drug Micellar
solution preparation
1 5.3 1.7
2 2.7 1.9
3 1.8 2.0
4 1.3 1.6
5 0.9* 1.6
6 0.7* 1.6
7 1.4
8 1.4

* values obtained by extrapolation.

the serum level of the drug in rats was determined at differ-
ent time intervals for free drug solution as well as drug en-
trapped in copolymeric micellar system. The serum level of
the drug after the administration of micellar preparation was
maintained nearly constant over a longer period of time as
compared to that in case of plain drug solution, where it
decreased sharply with time (Table 4). The mean residence
time of the copolymeric micellar formulation was found to
be more than that for plain drug solution.

The accumulation property of the micellar system was
determined by biodistribution study in rats. The results
showed that the micellar system was less accumulated in
different organs of the reticuloendothelial system (RES) like
the liver, spleen and lungs. Even after 8 h of intravenous
administration of the micellar system, only 20% of the ad-
ministered dose was found to be accumulated in these or-
gans (Table 5).

The pharmacological property like the analgesic activ-
ity of the nimesulide was evaluated for both, the free drug

TABLE 5: BIODISTRIBUTION OF NIMESULIDE.

Time interval % drug accumulation*
(h) Blood Liver | Spleen | Lungs
1 96.2 1.9 1.1 0.4
3 82.7 7 6.2 1
8 70.3 9.2 9 1.5

Biodistribution of nimesulide after i.v. administration of mi-
cellar preparation; *% Drug with respect to total dose ad-
ministered.

TABLE 6: EVALUATION OF ANALGESIC ACTIVITY OF DIFFERENT FORMULATIONS IN RATS.

Time interval Mean reaction time (sec.)
(h) Control Plain drug solution Micellar preparation
o 58. 5.3 57
0.5 5.0 38.0 32.3
1 5.3 34.3 : 34.7
2 5.3 25.7 35.0
3 5.7 15.0 . 34.3
4 5.0 9.7 29.7
5 5.3 6.7 . 24.0
*Normal reaction time
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solution and the drug given in copolymeric micellar carrier
system. This was done to compare the extent and duration
of drug-activity when administered in different formulations.
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