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Novel supports based on carboxymethylcellulose (CMC), crosslinked with epichlorohydrin (EPC), and microparticles based on acetylphtha-

lylcellulose (APC), for sustained-release of isosorbide dinitrate (Isoket, Ik), were obtained. The drug has been included into CMC hydrogels
through diffusion from ethanol-water solution. Studies about the ethanol–water ratio influence on including the drug have shown an
increased amount of included drug at higher content of water in the alcohol-water mixture. Isoket–ACP microparticles have been

obtained by drug and polymer co-precipitation from emulsified aqueous solution.
The kinetics for “in vitro” release of Ik from polymeric materials, in simulated conditions for intestinal tract medium, where the drug is

preferentially absorbed, has been analyzed. The experimental data have shown a “zero” order kinetic for drug release, which is characteristic
for systems controlled by diffusion.
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1 Introduction

Currently, heart diseases are the most common disorders and
involve careful and continuous treatments. Nitroglycerine and
Isoket (isosorbide dinitrate) are especially used in pharma-
ceutical treatment. Isoket reduces the number, duration and
severity of the angina pectoris episodes and is efficient in
all forms of angina (stable effort angina, mixed angina,
unstable angina and vasospastic or variant angina) (1, 2).
Isoket is also administered in acute myocardial infarct and
ischemic pain control, for blood pressure reduction, pulmon-
ary oedema and congestive cardiac failure treatments (3).

The administering of Isoket is usually achieved either
sublingual, as tablet with time dependent dissolution (4), or
ointments with transdermal drug release (5–7).

A 30–160 mg/day oral dosage of Isoket has been indicated
for ischemic heart disease treatment. Slow releasing formu-
lations are necessary for Isoket because the drug is easily

absorbed by oral mucous and the gastrointestinal tract and
has a short action length and plasma half-life.
With the intention of preparing sustained drug release

systems, drug association with macromolecular compounds,
drugs included into hydrogels or encapsulation into micropar-
ticles has been tested. Some characteristics are necessary to
the polymeric materials used as drug release supports, and
are as follows: biocompatibility, biodegradability, nontoxic
subproducts and good affinity for active biological com-
pounds. Natural polymers, and polysaccharides are especially
very promising materials for these applications (8–10).
The paper presents two novel polymeric systems for Ik

release, obtained by drug inclusion into hydrogels based
on carboxymethylcellulose or microparticles based on
acetylphthalylcellulose. The kinetic in vitro drug release
studies in intestinal simulated body fluids were performed.

2 Experimental

2.1 Materials and Method

The sodium salt of carboxymethylcellulose (degree of substi-
tution, DS ¼ 0.76, Merck Ltd.) was used as received. Acet-
ylphthalylcellulose (APC, 24% phthalyl and 52% acetyl,
50000Da) was purchased from CCH Braila, Romania.
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Epichlorohydrin was purchased from Aldrich Chemical
Company, Milwaukee WI. Isosorbide dinitrate — Isoket,
pharmaceutical grade, was purchased from Sigma Ltd. The
drug is a fine, white odorless crystalline solid, weakly soluble
in water but soluble in acetone, chloroform, alcohol, and
ether. The chemical structure of Isoket is presented in Figure 1.

2.2 Synthesis of Crosslinked Carboxymethylcellulose

Hydrogel

The sodium salt of carboxymethylcellulose (CMC), 2 g, was
dissolved in 10 mL of distilled water followed by 1 mL of
10 N NaOH solution, under strong and continuous stirring
and a homogenous gel was obtained. Epichlorohydrin (EPC,
5 g) was added into the formed gel (that moment was con-
sidered the reaction start time) and the system was stirred
for other 10 min. The resulting mixture was poured into
glass molds and kept in an oven, at 608C, for 6 h. In order
to remove the water soluble components (1,2-dihydroxy-3-
chlor-propane, glycerine, NaOH), the formed gel was sus-
pended in 500 mL of distilled water, under continuous
stirring, for other 6 h. The product was additionally purified
from these compounds by extraction in distilled water and
washed for 1 h with methanol and extracted with ethanol
(Soxhlet, 24 h), in order to remove the entire amount of non-
reacted EPC. Finally, the product was dried at 458C and
mortared, obtaining a fine powder.

2.3 Swelling of the Hydrogel

For swelling experiments, a series of ethanol-distilled water
mixtures were prepared. The swelling properties were deter-
mined gravimetrically (11). The mass equilibrium swelling
degree (SD, %) was calculated by using relation (1):

SD ¼ ðmeq �moÞ � 100=mo;% ð1Þ

where: m0 ¼ initial sample weight (g); meq ¼ sample weight
at swelling equilibrium (g).

2.4 Isoket Inclusion into Hydrogel

Isoket inclusion into crosslinked CMC hydrogel was per-
formed by using the diffusional method from alcohol-water
solution. A 2 g sample of crosslinked CMC was suspended,
under stirring, in 100 mL of 2,5% (w/w) Ik in ethanol-
distilled water solution and maintained for 24 h. Different
ratios, from 5/1 to 5/4 (vol/vol) ethanol-distilled water
mixtures were used for the Ik inclusion study. The loaded
hydrogels were separated by centrifugation (5000 rot/min)
and dried under vacuum, at 408C, for 24 h.

The amount of drug loaded into hydrogel was established
by UV spectroscopy, at the wavelength characteristic to Ik
(l ¼ 205 nm). By using a calibration graft, the 46 mg Ik/
hydrogel was calculated.

2.5 Isoket Calibration Graph

Ik solutions with different concentrations (0.02%, 0.0175%,
0.015%, 0.01%, 0.0125%, 0.005%, 0.002%, 0.0015%,
0.001%) were used in order to obtain the calibration graph.
The drug was dissolved in an ethanol-distilled water
mixture, with the absorption at l ¼ 205 nm measured. The
spectrophotometer (UV-VIS Spekord, 71, Carl Zeiss Jena)
and a 5 mm pathlength quartz cuvette against ethanol- dis-
tilled water blank were used in the study.

2.6 Synthesis of APC Microparticles

A 5% (w/w) solution of APC in distilled water was prepared
by dissolving the polymer under stirring, for 6 h, at 258C. To
the formed solution, 10% (w/w) Ik was added under conti-
nuous stirring.

A 70 mL of APC and Ik prepared solution was added,
dropwise, under continuous and strong stirring, in 400 mL
of 5% (w/vol) sodium (C8-C14) alkyl sulfonate (emulsifier)
in distilled water. After the entire amount of drug–polymer
solution was introduced, the system was stirred for other
15 min and the formed suspension was filtered. The suspen-
sion was washed three times with distilled water in order to
remove most part of the emulsifier and separated by centrifu-
gation at 5000 rot/min.

Finally, the microparticles were dried in the oven at 608C,
for 4 h, and then at 408C, in the vacuum, for 24 h.

2.7 Microparticles Analyses

Microparticles were analyzed by optic microscopy (Micro-
scope IOR-MSC200X, Bucharest, Romania) and dimension
was evaluated by images processing.

For Ik loading into the microparticles, a 1 g material was dis-
solved in 100 mL of acetone, for 24 h. A volume of 10 mL of
obtained polymeric solution was diluted with 4 mL of ethyl
alcohol and maintained for 1 h at room temperature. The UV
absorption of the Ik solution, at l ¼ 205 nm, was determined.Fig. 1. Isoket chemical structure.
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By using a calibration graft the amount of Ik loaded into micro-
particles was established as 76 mg Ik/g polymeric material.

2.8 Isoket Release from Hydrogel and Microparticles

Samples of 0.826 g CMC hydrogel loaded with 46 mg Ik/g
and 0.746 g APC microparticles (76 mg Ik/g), respectively,
were placed into the stainless steel infrared press and a
8-tone force was applied for 10 min. Three tablets with 1 cm
diameter were obtained for each material. The tablets were
introduced into a polypropylene basket and placed into the
capsule of the drug release device (Figure 2).

Because Ik is preferential retained in the small intestine, an
alkaline buffer (pH ¼ 8.2) was used as release medium. The
buffer was obtained by mixing the following two solutions:
586.5 ml of solution A (9.27 g boric acid, 75 mL of 0.1 N
NaOH and 675 mL of distilled water) and 413.5 mL of
solution B (4 ml of 37.5%HCl and 500 mL of distilled water).

The tablet was introduced into the thermostated capsule
(1), at 37+ 0.58C and 40 mL of eluent solution was circu-
lated through the capsule by a peristaltic pump (4) with a
0.02 mL sec21 debit. The eluent assumes an amount of
drug, and the Ik concentration is increasing continuously.
At well established times, 2 mL of solution was extracted
with a syringe from a lateral aperture of the debit regulator
(6) and 2 mL of fresh eluent was reintroduced in order to
keep the total volume of eluent constant.

A 1 mL sample of extracted solution was diluted to 25 mL
with elution solution and the absorption at l ¼ 205 nm was
measured. With a calibration graft, the concentration of the
Ik released from the materials into a reservoir for eluent (5)
was calculated.

The amount of released Isoket was calculated with
relation (2):

mi ¼ ci � Vþ SCjVjðmgÞ ð2Þ

where ci – the concentration of the sample “i” (mg/mL); V –

the eluent volume from device (40 mL); S CjVj – the amount
of drug draw out from system by samples assuming, before
sample “i” extraction; Vj – 1 mL (the volume of solution
for UV analyses).
The rate of release was calculated with relation (3):

Vi ¼ 1=mp � Dm=Dt ðmg=g �min�1Þ ð3Þ

where mp – the weight of drug from tablet; Dm ¼ mi – mi21;
Dt ¼ ti – ti21; t – time.

3 Results and Discussion

One support for Ik sustained release is a hydrogel, based on the
sodium salt of carboxymethylcellulose, obtained by biopolymer
crosslinking with epychlorohydrin in an alkaline medium at
608C, with r ¼ 2.5 g CMC/gEPC and a reaction time of 6 h.
The hydrogel structure is presented in Scheme 1.
The hydrogel presents a high capacity for swelling in water

(SD ¼ 675%). Also, the hydrogel has a good capacity of
swelling in ethanol-water solutions as it is observed from
the data presented in Figure 3.

Fig. 2. The device for drug release study; 1-cell for sample, 2-tablet, 3-thermostated cell, 4-peristaltic pump, 5-reservoir for eluent
(release medium), 6-debit regulator.

Sch. 1. The chemical structure of the crosslinked CMC hydrogel.
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It can be observed that the hydrogel is not swollen in
alcohol, but it is swollen in the alcohol-water solution, with
the degree of swelling being higher in mixtures with increased
water content. On the other hand, Ik is soluble in alcohol and
alcohol-water mixtures, and drug solubility increases at
higher ratios of alcohol. Therefore, for reasonable swelling
properties and a good Ik loading a specific ratio alcohol-
water is necessary to be used. The Table 1 presents the
amount of Ik loaded into hydrogel at different volumetric
ratios ethanol-distilled water and a constant concentration
of the drug solution.

The amount of drug loaded into hydrogel increases at
higher amounts of water in the ethanol-water solution, result-
ing from the swelling properties of the hydrogel. When the
amount of water increases, the swelling capacity of the
hydrogel also increases and the drug is able to penetrate
into the macromolecular network. A higher degree for Ik
loaded is obtained.

The images of optic microscopy, presented in Figure 4,
have shown that the microparticles based on APC have a
spherical form. By images processing the diameter of the
microparticles was established into 2.8–7.1 m domain.

The kinetic studies of the drug delivery process have estab-
lished the amount of Ik released at different times, and then
the drug release rate has been evaluated.

The quantity of released Ik in 24 h from the hydrogel based
on crosslinked carboxymethylcellulose and 46 mg Ik/g
hydrogel is presented in Figure 5.

The system has typical behavior for diffusional systems
(12, 13). The drug diffusion is more intense in the first
120 min, when 30% from the included Ik is released and after
that the process is slower. The maximum amount of released
Ik is obtained after 24 h. A maximum value of 38.9 mg Ik
was determined for drug release and this means 82% from
total Ik loaded into hydrogel. It is interesting to notice that the
amount of released drug is similar to the recommended daily
dose for oral administration of the Izoket (30–160 mg).

The rate of Ik release from crosslinked CMC as a function
of time is presented in Figure 6.

Fig. 3. The swelling degree (SD, %) of the crosslinked CMC

hydrogel as a function of time, at different ethanol-distilled water
(vol/vol) ratios.Conditions for hydrogel syntheses: reaction
time2 6 h; temperature2 608C; r ¼ 2.5 g CMC/g EPC).

Table 1. The amount of Izoket included into
crosslinked CMC hydrogel as a function of ethanol-
distilled water ratio of the drug solution (Izoket

concentration, c ¼ 2.5 g Ik/100 mL solution)

Ethanol/water ratio
(mL/mL)

Amount of included Ik
(mg Ik/g hydrogel)

5/1 9.7
5/2 21.3
5/3 46.0
5/4 54.7

Fig. 4. The optical microscopy data for ACP microparticles: a) �500; b) �1200.
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A very high value can be observed for the rate of Ik release
in the fist part of the analyzed period and then a decreasing
amount of the evaluated parameter; the value for rate of
release becomes practically constant on the domain 6–24 h.
From this point of view, the hydrogel is a decent candidate
as a support for Ik release in the oral method because
medical prescriptions indicate, for a good pharmaceutical
effect, a maximum quantity of 10–60 mg Ik delivered in
the first 15–45 min and then a slight decrease (14).

On the time domain that is characterized by a zero order
kinetic (6–24 h) the value for the rate of drug released is com-
parable to that indicated for intravenous administration of the
Ik, 2–10 mg/h, respectively (3).

The Ik release from the microspheres based on APC
presents similar behavior (Figure 7).
The maximum amount of released Ik from microspheres

based on APC represents 42% from drug loaded into the
polymer, although APC microparticles have included a
higher amount of Ik than the crosslinked CMC hydrogel
(76 mg Ik/g microspheres and 46 mg Ik/g CMC hidrogel).
The phenomenon is determined by higher swelling properties
into buffer with pH ¼ 8.2 of the crosslinked CMC hydrogel
than APC microparticles. APC is a lower hydrophilic
polymer as a result of the aromatic and aliphatic ester
groups, which strongly diminishes the affinity of the polymeric
material for water or aqueous solutions and a lower diffusion
from ACP microparticles is also obtained.

Fig. 5. The kinetics of Ik release from crosslinked CMC (elution
medium: pH ¼ 8.2 buffer, temperature: 37+ 0.58C).

Fig. 6. The rate of Ik release as a function of time from cross-

linked CMC hydrogel (elution medium: pH ¼ 8.2 buffer, tempera-
ture: 37+ 0.58C).

Fig. 7. The kinetics of Ik release from APC microspheres (elution
medium: pH ¼ 8.2 buffer, temperature: 37+ 0.58C).

Fig. 8. The rate of Ik release as a function of time from APC

microspheres (elution medium: pH ¼ 8.2 buffer, temperature:
37+ 0.58C).
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The rate for Ik release process from APC microparticles is
presented in Figure 8.

For APC microspheres, a maximum value for rate of diffu-
sion is observed in the firsts 2 h, but the value is inferior to
that obtained for the crosslinked CMC hydrogel. The
constant value had been registered faster for the APC micro-
particles. It can be appreciated that ACP microparticles
present good results as support for Ik administration.

The results obtained for both analyzed systems permit one
to conclude that diffusion from these materials is governed by
a “zero” order kinetic, in principle, on the majority of the
studied period of time. These results include analyzed poly-
meric systems in the category of “sustained-release” supports.

4 Conclusions

The carboxymethylcellulose’s crosslinking with epychloro-
hydrin, in alkaline medium, is applied to hydrogels capable
of including isosorbide dinitrate (Isoket) from ethanol-water
solutions. Stable microparticles based on acetylphthalylcellu-
lose and Izoket have been obtained by drug and polymer co-
precipitation with acetone, from aqueous solutions of a
suitable emulsifier.

The amount of Ik included into hydrogel based on cross-
linked CMC depends on the ratio ethanol-water of the Ik
loading solution and it increases with a higher amount of
water in the ethanol-water mixture.

The Ik release from hydrogel based on crosslinked CMC
and APC microparticles, respectively, is produced in a sus-
tained way for at least 24 h and is controlled by “zero”
order kinetics. The amounts of drug released as a function
of time and for 24 h are those recommended for Ik adminis-
tration in heart diseases treatment.
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