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ABSTRACT

Rosin-based polymers (R-1 and R-2) were synthesized and characterized for
physicochemical properties, molecular weight (Mw), polydispersity (Mw/Mn),
glass transition temperature (Tg), and thermogravimetry (TGA). Films of the
polymers were cast on a mercury substrate by solvent evaporation technique. Free
films were characterized for surface topography by scanning electron microscopy
(SEM), water vapor transmission rate (WVTR), tensile strength, percentage
elongation, and modulus of elasticity. The polymers were further evaluated as film
coating materials by evaluating drug release from coated pellets with diclofenac
sodium as a model drug. Drug was loaded on non-pareil seeds by a solution-
layering technique and coated with varying concentrations of polymer solutions.
Sustained release of the drug was observed from coated pellets. The newly
synthesized rosin-based polymers promise considerable utility for pharmaceutical
coating.

INTRODUCTION

Polymeric film coatings have been applied to
pharmaceutical dosage forms for a variety of rea-
sons, e.g., taste-masking, as a moisture-resistant bar-
rier, and as a method of controlling the release

characteristics of drugs (1). Film coating has been
studied extensively in the pharmaceutical industry,
and the use of polymers has been widely accepted
(2–5). Drug release is to a large extent influenced by
penetration of dissolution fluid into a polymer
matrix, which in turn depends upon the properties of
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the polymer itself (6). The main polymers used for
film formation have been classified into three cate-
gories: gastrosoluble, gastroresistant (enteric), and
insoluble (7). The characterization of their films is
carried out using various experiments which enable
the evaluation of the mechanical properties and per-
meability to humidity, gas, or various drugs (8).

Rosin is a solid resinous material that occurs
naturally in the oleoresin of pine trees (9). Rosin and
rosin derivatives are widely used in paints, varnishes,
printing inks, paper, and wood products for their
film-forming properties. They are also used in chew-
ing gum bases, dental varnishes, and cosmetics.
Rosin esters have been widely evaluated for their
pharmaceutical applications as coating (10) and
microencapsulating (11,12) materials, and as anhy-
drous binding agents in tablets (13). Rosin being of
natural origin, rosin-based polymers are expected to
be ecofriendly and biodegradable (14). The present
work deals with the evaluation of newly synthesized
rosin derivatives as film-coating materials.

MATERIALS AND METHODS

Materials

Rosin N grade (Swastik Acids & Chemicals,
Nagpur, India), maleic anhydride (S.D. Fine Chemi-
cals, Mumbai, India), fumaric acid (S.D. Fine
Chemicals, Mumbai, India), glycerol (Qualligen
Laboratories, Mumbai, India), castor oil (Apex
Laboratories, Mumbai, India), chloroform (E. Merck,
Mumbai, India), acetone (Loba Chemie, Mumbai,
India), isopropyl alcohol (S.D. Fine Chemicals,
Mumbai, India), potassium nitrate (S.D. Fine
Chemicals, Mumbai, India), potassium acetate (S.D.
Fine Chemicals, Mumbai, India), potassium carbo-
nate (S.D. Fine Chemicals, Mumbai, India) were
used. Diclofenac sodium was received as a gift
sample from Zim Laboratories, Nagpur, India, and
used as received.

Methods

Synthesis of Rosin-Based Polymers

Rosin and all other ingredients were charged in a
four-neck glass reactor (2 L) fitted with a condensor,
stirrer, and temperature control arrangement; 5%
xylene was added as solvent. Synthesis was carried
out at different temperatures, with constant stirring
at 60 rpm. The composition of the derivatives and

the different temperature conditions, along with the
time schedule, are shown in Tables 1 and 2, respec-
tively. Xylene was stripped off from the final
product by heating under vacuum. The synthesized
polymers were characterized for various physico-
chemical properties, like color, acid value, and soft-
ening point (Hercules drop method).

Polymer Characterization

Prepared polymers, R-1 and R-2, were evaluated
for their molecular weight and polydispersity by size
exclusion chromatography coupled to a laser light
scattering detector (DAWN-DSP, Wyatt Technol-
ogy). The measurements were done using a K-5-
type cell at a wavelength of 633 nm. Methylene
chloride was used as mobile phase with a flow rate
adjusted to 1mL/min. Molecular weight (Mw) and
polydispersity index (Mw/Mn) were computed by
ASTRA 4.70.07 software (Wyatt Technology).

The glass transition temperature (Tg) was deter-
mined using a differential scanning calorimeter
(DSC, Schimadzu 50). Approximately 10mg of
sample was placed in the aluminum cell and
scanned over a temperature range of 25–200�C at a
rate of 10�C/min. The Tg was taken as the midpoint
of transition and read from the thermographs.
Samples were scanned in triplicate. The moisture
content was determined using a thermogravimetric

Table 1

Composition of Rosin-Based Polymers

Reactant R-1 R-2

Rosin 85.0% 60.0%

Fumaric acid 2.50% 10.0%
Maleic anhydride 2.50% —
Glycerol 10.0% 10.0%

Castor oil — 20.0%

Table 2

Temperature Conditions and Time Intervals for Synthesis of
Rosin-Based Polymers

Polymer

Temperature (�C)

1 hr 2 hr 3 hr 4 hr 5 hr 6 hr 7 hr 8 hr 9 hr

R-1 160 265 250 225 210 200 200 200 200
R-2 225 210 210 200 200 190 190 — —
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analyzer (TGA, Schimadzu 50). About 10 mg of
sample was scanned over a temperature range of
25–200�C at a rate of 10�C/min.

Free Film Preparation

Films of the polymers, R-1 and R-2, were pre-
pared on a mercury substrate by solvent evapora-
tion technique (15). A 30% w/v solution of polymers
was prepared in dichloro methane and poured into
a Petri dish containing mercury, allowing the sol-
vent to evaporate for 24 hr and subsequently air-
drying for an additional 48 hr. The films were
stored in desiccators at ambient temperature for
24 hr before they were studied. (area of casting:
19.64 cm2; approximate dry film thickness: 0.2 mm).

For comparison, free films of Eudragit-L 100
and hydroxy propyl methyl cellulose (HPMC, 6 cP)
were prepared. Free films of Eudragit-L 100 were
prepared similarly to R-1 and R-2 using a 10% w/v
solution in ethanol on a mercury substrate. Free
films of HPMC were prepared by casting a 5%
aqueous solution within a round aluminum foil cup
and drying at 40–50�C (area of casting: 12.0 cm2;
approximate dry film thickness: 0.1 mm).

Film Characterization

Films were cut into strips (12 mm width� 130 mm
length) and the film thickness was measured using a
micrometer screw gauge, recording the mean of five
measurements. Cutting the films to proper size intro-
duced defects at the edges of the specimens. This
problem was effectively solved by cutting the films
while they were quite wet with the solvent.

The mechanical properties were determined using
a plastic tensile test, performed using an Instron
Instrument (model 4467, Instron Corp., Canton,
MA) based on the standard ASTM test method (16).
The measurements were made at a gauge length of
50 mm with cross-head speed (CHS) of 25mm/min.
The test was performed at 50% relative humidity
(RH) at 25�C. The thickness of the film had to fall
within �0.2 mm of the average to be acceptable for
testing. The tensile strength, percentage elongation,
and modulus of elasticity were computed with at
least three repetitions. Similar experiments were car-
ried out on free films of Eudragit-L 100 and HPMC
(6 cP) as standard polymers using dibutyl phthalate
(10% w/w of polymer) as plasticizer.

Surface topography of the films was studied
under a scanning electron microscope (SEM, Stereo

Scan 250-MK-III, Cambridge, UK). Samples were
mounted on stubs and coated for 120 sec with a
layer of gold using a sputter coater.

Water Vapor Transmission Rate Studies

Films were prepared as described earlier. A film
of appropriate dimensions was mounted on a per-
meation cell containing saturated salt solution with
excess quantity of potassium carbonate or potassium
nitrate to provide RH conditions of 43% and 93%,
respectively (17,18). The charged cells were weighed
and placed in pre-equilibriated desiccators main-
tained at 0% RH. The cells were reweighed at 24 hr
intervals for 72 hr. The amount of water transmitted
through the film was given by the weight loss of the
assembled cell. The rate of water vapor transmission
was calculated using Utsumi’s equation (19), taking
the film thickness into consideration as shown:

Q ¼
WL

S

where:
W¼water transmitted (g/24 hr);
L¼ film thickness (cm);
S¼ surface area (cm2);
Q¼water vapor transmission (g cm/cm2/24 hr).

Polymer Coating

Drug coating was carried out by a solution-
layering technique in a conventional coating pan
(20). A weighed quantity of non-pareil seeds (NPS)
of approximately 14/16 mesh was charged into a
pan and diclofenac sodium solution (20% w/v in
95% alcohol) containing 2% w/v polyvinyl pyrroli-
done (PVP) as binder was sprayed over the cascad-
ing NPS. Hot air was blown onto the cascading
pellets to evaporate the solvent. Drug-loaded pellets
(10% drug loading) were dried in an oven at 50�C
for 24 hr. A polymer solution containing aluminum
stearate (2% w/v of the polymer) was sprayed onto
the cascading pellets to build up different levels of
coating, i.e., 2, 4, 6, 8, and 10% on a dry weight
basis. The operating conditions employed for coat-
ing are shown in Table 3.

Evaluation of Drug Release

The in vitro release of diclofenac sodium from
film-coated pellets was conducted using USP XXIII
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dissolution apparatus 2 (Veego Scientific, Mumbai,
India). A weighed quantity of coated pellets equiva-
lent to 100 mg of drug was subjected to dissolution
analysis conducted in 900 mL of simulated gastric
fluid (without enzymes, pH 1.2) for the first 2 hr fol-
lowed by 900 mL of stimulated intestinal fluid (with-
out enzymes, pH 6.8), both at 37�0.5�C, up to 12 hr.
The apparatus was operated at 100 rpm. Aliquots
of the medium were withdrawn at specified time
intervals for drug analysis and replaced by an
equivalent quantity of fresh medium. The with-
drawn samples were appropriately diluted and ana-
lyzed spectrophotometrically for diclofenac sodium
at 276 nm.

RESULTS AND DISCUSSION

In the present article, two new rosin-based poly-
mers (R-1 and R-2) are synthesized and evaluated
for their film-coating properties. The synthesized
polymers are glossy, brownish-yellow, and soft in
nature. The physicochemical characteristics of R-1
and R-2 are shown in Table 4. The polymers do not
show a sharp melting point indicative of their amor-
phous nature. The acid values of R-1 and R-2 are
significantly reduced compared to rosin (acid value
155 mg of KOH), probably due to esterification of
rosin acids (abietic and pimaric). Rosin acids on
heating form levopimaric acid which reacts with
maleic anhydride to form a crystalline Diels–Alder
adduct. The adduct is esterified with glycerol and
these esters are used extensively as protective
coatings. Fumaric acid reacts more slowly with

rosin than maleic anhydride but yields products of
higher acid value (21).

The weight average molecular weight (Mw) of R-
1 and R-2 was found to be 1608 and 3761, respec-
tively. The polydispersity index (Mw/Mn) of the
synthesized polymers indicates a narrow range of
molecular weight distribution. The lower values of
Tg (59�C and 85�C) for the two polymers substanti-
ate their soft nature. The Tg measurements show a
higher value for R-2 than for R-1. Thermogravi-
metric analysis shows a 2.8% and 3.4% loss of
initial weight for R-1 and R-2, respectively, indica-
tive of their hydrophobic nature. The polymer char-
acterization is presented in Table 5.

Film Characterization

Plasticizer free films of the polymers are glossy,
elastic, and translucent. The mechanical pro-
perties of free films are useful to assess the basic
film-forming properties of new materials, thereby
predicting their usefulness for pharmaceutical coat-
ing and drug delivery. The polymer concentration,

Table 3

Operating Conditions for Coating

Item Conditions

Machine Conventional coating pan (Retina Ind. Co.)
Coating solution (R-1 and R-2) 10% w/v in dichloromethane:isopropyl alcohol (1 : 1)

Speed 40 rpm
Coating amount 2, 4, 6, 8, and 10% on dry weight basis
Charge 50 g

Spray gun Art master
Gun position 15 cm from the pellet bed surface
Spray rate 1 mL/min

Pressure 40 psi
Supply air temperature 70–75�C
Pellet bed temperature 40–45�C

Table 4

Evaluation of Physicochemical Characteristics of Rosin-
Based Polymers

Polymer Color
Softening Point

(�C)
Acid Value

(mg of KOH)

R-1 Brownish-yellow 94–96 40–45
R-2 Brownish-yellow 70–72 80–85
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solvent system, and presence/absence of plasticizer
are important variables. A clear polymer solution
was obtained with organic solvents like dichloro-
methane, acetone, and chloroform. A 30% w/v
solution in dichloromethane was used for the pre-
paration of free films. Increasing the polymer con-
centration above 40–45% resulted in migration and
subsequent deposition of polymeric material to the
periphery of the circular ring used for film casting
over mercury substrate in the Petri dish. The result-
ing films visually showed an irregular distribution
of polymer, assessed by varying thickness at differ-
ent points. Films produced from the plasticizer free
solutions containing a polymer concentration below
15% were smooth and transparent but very brittle.
This brittleness or lack of plasticity prevents the
cutting of free films into proper dimensions required
for mechanical testing. Therefore, in order to assess
the basic film-forming properties of R-1 and R-2,
free unplasticized films, 30% w/v in dichloro-
methane, were used for mechanical testing.

The results obtained in plastic tensile tests of free
films are shown in Table 6. It is seen from
the results that the tensile strength and modulus of

elasticity of R-1 and R-2 are lower compared to
Eudragit L-100 and HPMC. The percentage elonga-
tion of the prepared films is very high compared to
the standard polymers, suggesting that the prepared
polymers form films which are soft, elastic, and
tough, desirable characteristics in film coating.

Scanning electron photomicrographs of the
free films of R-1 and R-2 are shown in Fig. 1.

Figure 1. Scanning electron photomicrographs of free
film: (a) R-1 and (b) R-2.

Table 6

Mechanical Properties of Free Filmsa

Polymer

Mechanical Property R-1 R-2 Eudragit� HPMC

Thickness (mm) 0.20 (0.11) 0.19 (0.23) 0.20 (0.11) 0.11 (0.12)

Tensile strength (MN/m2) 1.08 (0.63) 0.58 (0.23) 10.01 (0.31) 44.08 (0.30)

Elongation (%) 140.76 (116.04) 178.34 (79.21) 3.22 (1.73) 3.44 (0.33)

Modulus of elasticity (MN/m2) 1.96 (0.20) 0.49 (0.41) 359.83 (13.41) 1293.34 (11.48)

aEach value represents a mean of three determinations. Numbers in parentheses indicate standard deviation.

Table 5

Polymer Characterization

Polymer

Molecular
Weight
(Mw)

Polydispersity
(Mw/Mn)

a Tg (�C)
TGA

(% wt. loss)

R-1 1608 1.091(0.059) 59 2.8

R-2 3761 2.103(0.187) 85 3.4

aEach value represents a mean of three determinations. Numbers in

parentheses indicate standard deviation.
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A relatively smooth surface is observed with R-1,
while the surface is irregular and rough with R-2.

The results obtained in WVTR studies are
depicted in Table 7. Such studies determine the
effectiveness of the polymer film as a moisture bar-
rier. The water vapor transmission at different rela-
tive humidities shows that at higher humidity
WVTR is very low compared to the value for shel-
lac (8.813� 10�4 g cm/cm2/24 hr), which has been
suggested as a control for maximum permissible
water vapor transmission (18). Such low values of
WVTR for the free films of the prepared polymers
are indicative of their moisture-protective ability.

Drug Release Profile

Preliminary studies show that the drug release
from coated pellets was sustained up to 12 hr using
the prepared polymers. The drug release profiles

are shown in Figs. 2 and 3 for R-1 and R-2,
respectively. The extent of film coating build-up
affects the release behavior of drug from pellets.
Drug release is sustained up to 12 hr with 8% w/w
of film coating build-up with R-1 and 6% w/w of
film coating build-up with R-2. Thus the amount of
polymer used affects the release behavior. Little or
no drug is released for the first 2 hr (pH 1.2) with
both polymers.

CONCLUSION

In the present study, the film-forming properties
of two new rosin-based polymers, R-1 and R-2,
have been investigated to assess their potential for
use in film coating. Both R-1 and R-2 could be
used at a concentration of 30% w/v in dichloro-
methane to form free films. Addition of a suitable

Figure 2. Drug release profile of R-1-coated pellets. Figure 3. Drug release profile of R-2-coated pellets.

Table 7

Water Vapor Transmission Rate Study of Free Filmsa

WVTR (g cm/cm2)

Polymer RH (%) Thickness (cm) Area (cm2) 24 hr 48 hr 72 hr

R-1 43 0.0195 4.31 2.59�10�5 2.59�10�5 3.77�10�5

93 4.93�10�5 1.32�10�4 1.86�10�4

R-2 43 0.0197 4.44 6.26�10�5 8.32�10�5 1.11�10�4

93 1.15�10�4 2.35�10�4 3.89�10�4

aEach value represents a mean of three determinations.
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plasticizer may be attempted to improve their
mechanical properties. Coating experiments did not
result in any serious agglomeration of pellets.
Coated pellets sustained the release of drug up to
12 hr. The polymers prevented a significant amount
of drug release under gastric conditions. The
synthesized polymers therefore promise considerable
utility in film coating and in the design of gastrore-
sistant delivery dosage forms.
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