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Abstract. Diclofenac Sodium was a non-steroidal anti-inflammatory drug that widely used in the
treatment of osteoarthritis. However, Diclofenac Sodium has low bioavailability, short half-life
and side effects on the gastrointestinal. Thus a controlled release drug was prepared with a
multiple unit drug delivery system to increase the effectiveness of the drug and overcome the
shortages of the Diclofenac Sodium. The amount of Ethyl Cellulose, HPMC, Ethanol, Polyvinyl
Alcohol (PVA), temperature, speed and duration of stirring effect on particle characteristics, drug
release rate and entrapment efficiency. This study was aimed to determine the preparation of
hollow microspheres Diclofenac Sodium which produces the highest EE value. The best hollow
microsphere preparation was found in formula 5 with the highest EE value of 84.568 ± 0.363.
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1. Introduction

Diclofenac Sodium was a nonsteroidal anti-
inflammatory (NSAID) that widely used in the
treatment of osteoarthritis [1]. Diclofenac Sodium 99%
bounded in plasma proteins and has a low enough
bioavailability of 55% [2] with a short half-life of 1-3
hours [3]. The recommended daily dose as much 75-150
mg administered 3 to 4 times so it can cause fluctuations
in the blood that will enlarge the side effects of
Diclofenac Sodium[4]. Side effects of Diclofenac
Sodium on gastrointestinal were an epigastric pain,
nausea, vomiting, diarrhea, gastric irritation, and peptic
ulcer[3]. Diclofenac Sodium classified into Class II
Biopharmaceutics Classification System (BCS) which
activated ingredient with low solubility [5], so to
overcome these problems and weaknesses can be made
oral preparations in the form of a controlled release
dosage form, such as drug delivery system multiple units
of hollow microsphere.

Preparation on Hollow microsphere Diclofenac Sodium
using emulsion solvent evaporation method of oil in
water (o / w) by using hydroxypropyl methylcellulose
(HPMC) as a hydrophilic polymer and Ethyl Cellulose
(EC) as a hydrophobic polymer[6]. HPMC was a gelling
agent capable of controlling the rate of drug release [7]
while EC used as a matrix to extend drug release [8].
The solvent used a mixture of solvents between
Dichloromethane and Ethanol which nonpolar. The
emulsifier used polyvinyl alcohol (PVA).

Many factors that influence the entrapment efficiency of
hollow microspheres include polymer ratio, solvent ratio,
speed and stirring time [9]. While the emulsifier
concentration and the temperature of the dispersing
medium may affect the particle size, yield, and buoyancy
[10-12].
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2. Methodology

This research used the emulsion solvent evaporation
method. The materials used Diclofenac Sodium (Cheng
Fong Chemical Co. Ltd., Taiwan) as active ingredient,
Ethyl Cellulose (PT Phapros, Tbk Indonesia) and
HPMC (PT Phapros Tbk, Indonesia) as polymers,
Ethanol (PT Bratachem, Indonesia) and
Dichloromethane (PT Bratachem, Indonesia) as a solvent,
Polyvinyl Alcohol (PT Bratachem, Indonesia) as
emulsifier and distilled water (PT Bratachem, Indonesia).

Table 1. Preparation of the Hollow Microsphere Diclofenac
Sodium

F DS
(g)

EC
(g)

HPMC
(g)

E
(ml)

D
(ml)

PVA
(g)

Stirring,
Temperature

1 0.5 0.4 0.2 5 5 0.75 500 rpm,
30’ , 40 oC

2 0.5 0.4 0.6 5 5 0.75 500 rpm,
30’ , 40 oC

3 0.5 0.8 0.2 5 5 0.75 500 rpm,
30’ , 40 oC

4 0.5 0.8 0.6 5 5 0.75 500 rpm,
30’ , 40 oC

5 0.5 0.8 0.2 5 5 0.5 500 rpm,
30’ , 40 oC

6 0.5 0.8 0.2 10 5 0.5 500 rpm,
30’ , 40 oC

7 0.5 0.8 0.2 5 5 0.75 500 rpm,
30’ , 40 oC

8 0.5 0.8 0.2 10 5 0.75 500 rpm,
30’ , 40 oC

9 0.5 0.8 0.2 5 5 0.75 500 rpm,
30’ ,30oC

10 0.5 0.8 0.2 5 5 1 500 rpm,
30’ ,30 oC

11 0.5 0.8 0.2 5 5 0.75 500 rpm,
30’ ,40 oC

12 0.5 0.8 0.2 5 5 1 500 rpm,
30’ ,40 oC

13 0.5 0.8 0.2 5 5 0.75 300 rpm,
30’ , 40 oC

14 0.5 0.8 0.2 5 5 0.75 500 rpm,
30’ , 40 oC

15 0.5 0.8 0.2 5 5 0.75 300 rpm,
60’ , 40 oC

16 0.5 0.8 0.2 5 5 0.75 500 rpm,
60’ , 40 oC

Hollow microspheres Diclofenac Sodium prepared
according to the formulation (F) in Table 1 by dissolving
Diclofenac Sodium (DS), HPMC, and EC into a solvents
mixture of ethanol (E) and dichloromethane (D). Then
the solution mixture dropped into an aqueous phase
containing PVA. The stirring process carried out with
four-bladed propellers (IKA Labortechnik, Germany)
with speed, time, and temperature according to Table 1.
Hollow microspheres formed filtered with a vacuum
filter equipped with Whatmann no filter paper. 1 and the
result was washed with distilled water three times. Then
the hollow microspheres dried in an oven (Memmert,

Germany) at a temperature of 40 ° C until a constant
weight obtained. Furthermore, the hollow microspheres
of Diclofenac Sodium weighed with a weight equivalent
to 50 mg of Diclofenac Sodium, then mashed in a mortar
and dispersed with a phosphate buffer solution of pH 7.2
as much as 100 ml, then filtered and the filtrate was
diluted 25 times using a phosphate buffer solution of pH
7.2. Previously the standard curve was prepared at the
maximum wavelength of Sodium Diclofenac at 276 nm.
The standard curve was prepared in a concentration
range of 10, 15, 20, 25, 30 ppm. Then the results of this
dilution were analyzing use a UV Vis spectrophotometer
(Genesys 10S, Thermo Scientific, USA) and compared
with the standard curve to determine the concentration of
the drug which was further incorporated in Equation 1.
In this study observed the value of EE (Entrapment
efficiency) and determined the four formula that has the
highest EE value.

%EE = the actual concentration of the drug
concentrations og theoretical drugs

x 100% (1)

Four formulas with the highest EE values were chosen to
determine buoyancy value and yield value. the process
of buoyancy test by weighed hollow microspheres
containing a drug 100 mg of diclofenac sodium. then put
into a glass beaker containing 300 ml of 0.1 N HCl pH
1.2 and containing Tween 80 (2%) at a temperature of
37ºC. then stirred with a stirring speed of 100 rpm for ±
6 hours. hollow microspheres that float is dried in an
oven at 40 ° C until the weight is constant and then
weighed, Then calculated with the following equation
according to equations 2. If the yield determination by
comparing the actual weight of hollow microspheres
with a theoretical weight of hollow microspheres. The
weight of theoretical hollow microspheres is obtained
from the sum of the weight of the active material and the
weight of the polymer used [25]. The obtained hollow
microspheres were dried in an oven at a temperature of
40 ° C to obtain the true constant weight of the hollow
microspheres[26]. yield calculation was calculated
following the equation 3.

buoyancy = floating microspheres weight (Wf)
total weight of microspheres (Wf + Ws)

x 100% (2)

yield = actual microspheres weight (mg)
theoretical microspheres weight (mg)

x 100% (3)

The morphology, shape, and size of the particles was
analyzed using scanning electron microscope / SEM (TM
3000 Hitachi) with an 800 times magnification, A
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number of hollow microspheres were placed scattered on
the glass tube and then it was placed in a Scanning
Electron Microscope Chamber with a pressure chamber
of 0.1 mmHg and a voltage of 20 kV. The character of
its complex formation was analyzed using Fourier
transform infrared / FTIR (Genesys 10s) with a
resolution of 2 cm-1 and a scanning range of 400 - 4000
cm-1, and compared with the results of pure diclofenac
sodium.

3. Results

From the manufacture of Hollow microspheres, each
formula showed similar results, which was a coarse
white powder (Figure 1). Based on the results of the EE
test in Table 2, there were four formulas with the highest
value that was F3, F5, F11, and F14. From the four
formulas determined buoyancy values, yield value
(Table 3), particle shape and morphology analysis with
SEM, and FTIR analysis

Fig. 1. Results of making hollow microspheres Diclofenac
Sodium

Table 2. Entrapment Efficiency (EE) test results

Formula EE (%) Formula EE (%)
1 43.34 ± 0.266 9 60.916 ± 4.955
2 74.61 ± 1.200 10 52.550 ± 4.419
3 80.48 ± 0.397 11 81.910 ± 4.300
4 69.62 ± 0.312 12 65.100 ± 5.341
5 84.568 ± 0.363 13 73.69 ± 0.648
6 74.979 ± 0.461 14 81.09 ± 0.475
7 65.543 ± 0.348 15 49.82 ± 0.269
8 57.918 ± 0.324 16 65.33 ± 2.449
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Table 3. Buoyancy and yield values

Formula Buoyancy Value (%) Yield Value (%)
3 86.713 ± 0.607 82.907 ± 3.042
5 86.833 ± 0.602 83.439 ± 1.040
11 85.475 ± 1.103 85.776 ± 0.554
14 85.092 ± 1.564 83.082 ± 1.462

The appearance of the shape and morphology of the
hollow microsphere Diclofenac Sodium which observed
using SEM of the four selected formulas (Figure 2) using
800 times magnification shows the hollow microsphere

has a form near the spherical (spherical) hollow on the
inside and has a relatively uneven surface morphology.
The result of FTIR analysis of the hollow microspheres
of Diclofenac Sodium has shown in Figure 3, from the
spectra has known to have a typical peak similarity with
pure Diclofenac Sodium (Table 4).

Fig. 2. Results of hollow microspheres analysis using SEM. (a) Formula 3, (b) Formula 5, (c) Formula 11, (d) Formula 14

(a) (b)

(c) (d)

Fig. 3. FTIR spectra hollow microspheres Diclofenac Sodium. (a) Formula 3, (b) Formula 5, (c) Formula 11, (d) Formula 14

(a) (b)

(c) (d)
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Table 3. Peak range of FTIR analysis

Functional
groups

Absorption Range
(cm-1)

Formula 3
(cm-1)

Formula 5
(cm-1)

Formula 11
(cm-1)

Formula 14
(cm-1)

–NH 3600 – 3200 3276.58 3258.00 3276.58 3230.36
COO- 1610 – 1550 1574.00 1574.04 1574.00 1574.04
C–N 1280 – 1350 1307.30 1306.44 1307.30 1306.44
C–Cl 850 – 550 841.49 844.22 841.49 844.22

4. Discussion

The success of microspheres preparation depends on the
value of entrapment efficiency (EE), buoyancy and yield.
If the value of EE produced was high then the amount of
drug absorbed in microspheres particles was also high so
the amount of drug to be released in the body was also
large and can achieve the desired therapeutic effect
[13,14]. The buoyancy values show the buoyancy
capacity of the hollow microspheres system that has
been prepared in the digestive tract [15]. While yield was
a characterization of hollow microspheres that describes
how efficiently the preparation method used to produce
the maximum number of hollow microspheres, thus
helping to determine the exact method of making hollow
microspheres [16].

Based on the results of the research, the formula with the
ratio of the number of EC used greater than HPMC was
able to increase the value of EE, Buoyancy, and Yield.
Because the EC can act as a floating enhancer that was
hydrophobic [17], while EC was a water-soluble
polymer that can easily trap Diclofenac Sodium. In
addition, the EC was more dominant give the effect of
floats compared to HPMC polymers [18,15].

While the solvent used ethanol and dichloromethane.
The modified variables were ethanol, More ethanol that
been used can produce droplets of small size so that the
amount of drug absorbed less and the value of EE
produced was small [19]. In addition, the time required
for ethanol to diffuse in the aqueous phase longer,
consequently, that the emulsion droplets formed stable
and can prevent the droplet aggregation thus increasing
the yield value [12]. while more dichloromethane
solvents are used, high buoyancy will also be obtained
because dichloromethane will form a larger cavity so
that the density of the hollow microspheres will be
smaller than the gastric fluid [20].

In this study also used Polyvinyl Alcohol as an
emulsifier to be able to make hollow microspheres [10],
the smallest concentration of polyvinyl alcohol will
cause the formation of large particle size because it was

not enough to reduce the surface charge of the particles.
This causes the active ingredients were also trapped
more and the amount of value EE was increasing. The
large particle size will also increase the value of
buoyancy[20,21]. Conversely, if the emulsifier
concentration increased it can be caused a decrease in
yield value[22].

The existence of the temperature difference used will
also affect the value of EE, enhancement of the
dispersion medium temperature to 40 ° C will increase
the EE value. However, the high temperature will cause
the hollow microspheres to become non-hollow and the
microspheres shell to be thin [10]. This causes the
hollow microspheres to easily disintegrate and become
finer particles in order to decrease the value of EE [16],
buoyancy [10,23] and yield [6].

In the emulsification process when used 500 rpm stirring
speed and longer stirring time can decrease particle size
[24]. The small particle size will increase the area of the
surface area so that the diffusion of the drug from
microspheres will be rapid and cause the loss of the drug
with the consequence of declining EE values [11]. Small
particle size can also decrease the buoyancy value. The
higher the stirring speed will cause the greater the value
of yield obtained. it was because at low speeds, the
polymer will easily form aggregates and some adhere
around the stirrer blades so it can decreases that the yield
value.

Based on the results of the test using SEM showed that
the hollow microsphere Sodium Diclofenac has a
particle size ranging from 108,667 μm ± 2,532 to 167
μm ± 2,646. This was in accordance with the
microsphere size requirements of less than 200 μm [12].

In the FTIR analysis hollow microsphere Sodium
Diclofenac showed no interaction between Diclofenac
Sodium with changes in the amount or concentration of
HPMC, EC, Ethanol, PVA, temperature, velocity and
stirring time, this indicated by the appearance of four
typical uptakes of N-H, COO-, C-N, and C-Cl at the
hollow microsphere complex of Diclofenac Sodium.
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5. Conclusions

Based on several characterization results, it can be
concluded that the best preparation of hollow
microsphere Sodium diclofenac seen from EE value,
buoyancy and yield was formula 5. The next research
that needs to be developed the evaluation of
bioavailability and drug release both in vitro and in vivo
and the hollow microspheres of diclofenac systolic tested
to ensure the quality of the preparation.
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