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Abstract: Furosemide is a high-ceiling (loop) diuretic, which is extensively used in the treatment of hypertension and
oedema associated complications. However, when delivered orally, furosemide is poorly water-soluble and in turn suffers
from poor bioavailability. The aim of this study was to investigate and develop SEDDS of furosemide and to enhance its
solubility, dissolution and consequently its bioavailability. The formulation technique of this study included selection of
oil phase based on solubility studies and based on emulsification abilities surfactants and co-surfactants were screened.
Calibration curve was constructed to determinethe concentration of dissolved drug by using a serial dilution method. The
prepared formulations of SEDDS were evaluated based on their release patterns. Mathematical models used for
furosemide release studies were zero order kinetic model, first order kinetic model, Higuchi model, Korsemeyer-peppas
model and Hixson–crowell model. In vitro release studies revealed that release profiles of furosemide was best expressed
by Higuchi equation, as the plots showed highest linearity (coefficient of determination, R 2= 0.94). Likewise, the
formulation DS3 showed highest linearity (R2= 0.94). Nonetheless, poor linearity’s (R2= 0.66 to 0.71) were found in first
order and in zero order kinetic model (R2= 0.68 to 0.76). The results of this study clearly indicated the potential
opportunity to modulate the rate and to extend the drug (furosemide) release with the used polymers and formulations.
Furthermore, the results of this study strongly recommend the successful use of SEDDS to increase solubility, dissolution
and in turn bioavailability of poorly soluble drugs like furosemide.
Keywords: Furosemide, SEDDS, Higuchi equation, PEG, Release rate, Linearity, Solubility, Bioavailability.
INTRODUCTION
Furosemide is a widely used high-ceiling
(loop) diuretic drug. Indications of furosemide include
oedematous states associated with congestive heart
failure, chronic renal failure, and cirrhosis of the liver
and the treatment of hypertension [1, 2].The prime site
of absorption of furosemide is stomach and upper small
intestine, perhaps due to its weak acidic properties (acid
dissociation constant, pKa= 3.93) [2-4]. Furosemide
provides rapid onset and short duration (t1⁄2= 1.3±0.8
hours, mean±SD) of action [4, 5]. The foremost reason
for poor bioavailability of furosemide is predicted due
to its poor solubility [2]. Furthermore, poor solubility
leads narrow absorption window of furosemide, which
in turn leads to its low bioavailability (49%±17%,
mean±SD) [2, 4, 6].
Oral treatment with furosemide often becomes
complicated, apparently due to its unpredictable
systemic availability and due to erratic responses to a
given dose [2].Hence, the main focus of this study was
to enhance the water solubility and the bioavailability of

furosemide by self-emulsifying drug delivery system.
For this purpose, in this experiment we have used the
micro emulsion dosage forms of furosemide along with
some excipients; such as, solvents (PEG 400 or
Polyethylene glycol 400, PEG 600 or Polyethylene
glycol 600), surfactant and emulsifier (Tween 20 or
Polysorbate 20, Tween 80 or Polysorbate 80),
solubilizer and lubricant (Captex 500).
A micro emulsion is considered to be a
thermodynamically or kinetically stable isotropic
mixture of liquid dispersion of an oil phase and a water
phase, in combination with a surfactant [7]. The
dispersed phase typically comprises small particles or
droplets, with a size range of 5 nm-200 nm, and has
very low oil or water interfacial tension [8].As the
droplet size is less than 25% of the wavelength of
visible light, micro emulsions are transparent [9].Three
components are the basic requirements to form a micro
emulsion: an oil phase, an aqueous phase and a
surfactant [10]. The droplet size, viscosity, density,
turbidity, refractive index, phase separation and pH
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measurements ought to be performed to characterize the
micro emulsion. The droplet size distribution of micro
emulsion vesicles can be determined by either light
scattering technique or electron microscopy. This
technique has been advocated as the best method for
predicting micro emulsion stability [11].The physical
stability of the micro emulsion must be determined
under different storage conditions (4, 25 and 40°C)
during 12 months [12].
Self-emulsifying drug delivery system
(SEDDS) uses a micro emulsion achieved by chemical
rather than mechanical means, which is defined as an
isotropic mixture of natural or synthetic oils, solid or
liquid surfactants or alternatively one or more
hydrophilic solvents and co-solvents can be mainly
used to improve the oral absorption of highly lipophilic
compounds [13]. SEDDS are physically and
thermodynamically stable and easy to manufacture. The
factors by which SEDDS’s working ability can be
determined are the nature of the oil or surfactant pair,
the surfactant concentration, oil and surfactant ratio, the
concentration and nature of co-surfactant or surfactant
ratio, polarity of emulsion, droplet size and charge [14].
Therefore, using these modern techniques of micro
emulsion and SEDDS in combination will effectively
facilitate drug’s solubility and bioavailability [15].
Henceforth, the aim of this study was to investigate and
develop SEDDS of furosemide and to enhance its
solubility,
dissolution
and
consequently
its
bioavailability.
MATERIALS AND METHODS
Materials
Furosemide 40 mg (Brand name, Lasix) was
purchased from Sanofi, Bangladesh and used as the
drug for preparing micro emulsions. The rate enhancing
polymer & other excipients used in this study were
purchased from various sources. PEG-400 (cosurfactant), PEG-600 (co-surfactant), tween-20
(surfactant) and tween-80 (surfactant) were purchased

from Mark Pharma (India); whereas Captex-500 (oil,
emulsifying agent) and distilled water (solvent) were
supplied by ABITEC Corporation (USA) and Osmosia
(Bangladesh) successively. All the chemicals used in
this study were reagent grade. Analytical instruments
used in this study were dissolution tester (Type-II USP)
(Veego VDA-6DR, Germany), UV-spectrophotometer
(Shimadzu, Japan), electronic balance (Ohaus LS200,
Switzerland), sonicator (Power sonic 603, Korea) and
water bath (CT-2000, USA).
Methods
Solubility study of furosemide
In this study, the solubility of furosemide was
determined in various oils, surfactants, and cosurfactants. Mixture of oil surfactant & co-surfactant at
different ratios were prepared in this experiment.
Furosemide 500mg was added and dissolved in 10ml
distilled water. Afterwards, the formulation was
sonicated until a clear solution is achieved and
subsequently the formulation was heated in water bath
at 70°C for 10 minutes. After that the formulation was
transferred in the shaking incubator in 2 hours. The
formulation was diluted and concentration of the
formulation was measured by UV-spectrophotometer.
The Passed furosemide SEDDS was then centrifuged at
3000 rpm for 10 minutes. Subsequently, the supernatant
was collected, filtered and measured.
Preparation of furosemide SEDDS
At first, furosemide was dissolved in surfactant
and co-surfactant mixture. The mixture was then stirred
well with a glass rod and then sonicated until a clear
solution is attained. Then Captex-500 was added
(calculated amount) & heated at 5°C above the melting
point of the oil. A clear solution was achieved by this
process, which was then stirred and sonicated. Finally,
the calculated amount of oil filled in hard gelatin
capsule shell. The data used for formulation of
furosemide containing equivalent of micro emulsion has
been depicted in table 1.

Table 1: Formulation of furosemide containing equivalent of micro emulsion
Co-surfactant
Formulation
Drug (mg)
Oil (mg)
Surfactant (mg)
Drug: Polymer
(mg)
DS3
100
500
250
250
1:5
DS4
100
300
350
350
1:7
DS5
100
100
450
450
1:9
Preparation of dissolution media
To prepare the dissolution media, 7.65 ml of
0.1N HCl was added to 892.35 ml distilled water to
produce 900 ml of 0.1N HCL.
Dissolution study of furosemide micro emulsion
First of all, 900 ml of 0.1N HCl was taken in
both baskets (S1, S2) of dissolution tester type-II
(paddle apparatus). Then 10 mg of the active ingredient
(pure drug) of furosemide and 2 sample capsules from

each formulation was inserted at 10, 20, 30, 40 and 50
minutes time intervals. 10 ml of the sample was then
taken with a syringe filter and new 10 ml of fresh 0.1N
HCl was provided into the basket. Finally, absorbance
was measured in the UV-Visible spectrophotometer.
In vitro dissolution study
In vitro dissolution study was performed in a
paddle type dissolution apparatus (USP Apparatus type
II, VEGGO, India). A fixed amount of pure drug and
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micro emulsion containing 10 mg equivalent of
furosemide from each batch was calculated for
dissolution purposes. 2000 ml of 0.1N HCl was used as
dissolution media. 900 ml of 0.1N HCl was used as
dissolution media in each dissolution basket at
temperature of 37oC at 50 rpm speed.

Data Analysis
All the data used in this study have been
analyzed by using GraphPad Prism 5.0 (GraphPad
Software Inc., USA). Furthermore, all the graphs were
also being produced by GraphPad Prism 5.0. Statistical
(linear) regression analysis was also carried out by
GraphPad Prism 5.0.

The fixed amount of micro emulsion from
each batch was weighed and transferred in each
dissolution basket. The dissolution was carried out for
50 minutes and 10 ml sample was withdrawn at a predetermined time intervals of 10, 20, 30, 40 and 50
minutes. Each time 10 ml of fresh media was
compensated into the basket. After that absorbance was
measured in UV-Vis spectrophotometer (UV-mini1240, Shimadzu corp., and Kyoto, Japan). Continuous
tests’ results were plotted as cumulative percentage
release versus time curve. Time required for 25%, 50%
and 80% drug release (T25%, T50% and T80%) was
used to compare the dissolution results.

RESULTS AND DISCUSSION
Construction of calibration curve of furosemide
Concentration of dissolved drug was
determined by using the calibration curve. To prepare a
calibration curve of furosemide, 5mg of furosemide was
accurately weighed & dissolved in 100 ml of 0.1N HCl
media. Then 1, 2, 3, 4, 5, 6, 7, 8, 9 & 10 ml of the
solutions were taken in 10ml volumetric flask and 9, 8,
7, 6, 5, 4, 3, 2, 1 & 0 ml of the 0.1N HCl solutions were
added to them respectively for the purpose of serial
dilution. This serial dilution was carried out to obtain
different concentrations of furosemide. These solutions
were then analyzed by UV spectrophotometer at 274
nm. The obtained absorbance values and the
concentrations used have been mentioned in table 2.

Characterization of release kinetics of micro
emulsion
To study the release kinetics, data obtained
from dissolution studies were plotted in different
release kinetics models; such as- zero order as
cumulative percentage of drug release versus time, first
order as log cumulative percentage of drug remaining
versus time [16]. To evaluate the mechanism of drug
release from micro emulsions, data of the drug release
were plotted in Korsmeyer–Peppas equation as log
cumulative percentage of drug retard versus log time
and the exponent n was calculated through the slope of
the straight line [17]. In this study, if zero and first
order kinetics failed to explain the drug release
mechanism from polymeric formulation due to swelling
and/or erosion during dissolution, in these cases, we
have used the value of n obtained by fitting the data into
Korsmeyer’s equation and also Higuchi's model as
cumulative percentage of drug released versus square
root of time [16, 18].

Table 2: Data for the construction of calibration
curve of furosemide
Drug+Media Concentration
Absorbance
1+9
1.1
0.07
2+8
2.2
0.132
3+7
3.3
0.244
4+6
4.4
0.331
5+5
5.5
0.486
6+4
6.8
0.583
7+3
7.8
0.658
8+2
8.8
0.727
9+1
10
0.834
10
11
0.918
Calibration curve of furosemide was then
produced by plotting obtained absorbance values
against drug concentrations (Figure 1).

A b s o rb a n c e a t 2 7 4 n m

1 .0
0 .9
0 .8
0 .7
0 .6
0 .5
0 .4
0 .3
0 .2
0 .1
0 .0
0

1

2

3

4

5

6

7

8

9

10

11

12

C o n c e n t r a t i o n ( m g /m l)

Fig 1: Calibration curve of furosemide
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Effects of different polymers on release pattern of
furosemide micro emulsion
Furosemide micro emulsion containing
different ratios of drug and polymers (Tween 20/80,
PEG-400/600, Tween 20/80 + PEG-400/600) at 1:1 to
1:9 ratio with the formulation code DS1, DS2, DS3,
DS4 and DS5 were prepared to evaluate the effects of
these polymers and SEDDS. After preparation,
according to the table 1 dissolution study of furosemide
was carried out with paddle method at 50 rpm in 900 ml
of 0.1N HCl medium at 37oC (±0.50C). 10 mg of
equivalent furosemide micro emulsions of 5
formulations were used in dissolution studies. The
release profile of furosemide was monitored up to 50
minutes.

C u m u la t iv e D r u g R e le a s e ( % )

Mathematical models for furosemide release studies
Mathematical model plays pivotal role in the
estimation of drug release mechanism and improvement
in the formulation. Study findings also suggest that
some of the successful drug delivery systems were
developed based on almost random selection of
components, configuration and geometrics. Choosing
the right mathematical model is crucial to achieve a
system with optimum drug release. Currently, several
models are available to describe the drug release rate
from different drug delivery systems [19, 20]. In this

study, the used mathematical models are zero order
kinetic model, first order kinetic model, Higuchi model,
Korsemeyer-peppas model and Hixson–crowell model.
These models have been chosen to best describe the
relationship between dissolution and release pattern of
furosemide mathematically [17].
Zero order release pattern
Zero order kinetic models define the drug
release system, whereby drug release rate is
independent of its concentration. Mathematical equation
of zero order model can be represented asC= C0-K0t
Where, C=amount of drug release or dissolved
(assuming that release occur rapidly after the drug
dissolved), C0=Initial amount of drug in solution
(usually, C0=0), K0=Zero order rate constant and
t=time. This relationship of zero order kinetic model is
particularly useful to define dissolution rate of
modified-release (MR) dosage forms, such astransdermal drug delivery systems, coated matrix
tablets of poorly water-soluble drugs, osmotic drug
delivery system etc. [17, 21, 22]. In this study, we have
plotted cumulative amount of drug released against time
to obtain zero order release pattern of furosemide
(Figure 2).
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Fig 2: Zero order release kinetics of furosemide
First order release pattern
First order kinetic model is typically used to
describe adsorption and elimination of certain drugs.
Mathematical equation of zero order kinetic model can
be expressed asLog C= Log C0-Kt/2.303
Where, C0 = Initial concentration of drug, K=First order
rate constant, t=time, slope=K/2.303. This slope value

is obtained by plotting log cumulative percentage of
drug remaining versus time. The first order kinetic
model is useful to describe the drug dissolved in
pharmaceutical dosage forms containing water-soluble
drugs in porous matrices [17, 22-24]. In this present
study, we have plotted log cumulative percentages of
drug remaining versus time to obtain first order release
pattern of furosemide (Figure 3).
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Fig 3: First order release kinetics of furosemide
in a unit volume of matrix (mg/cm3), Cs=dimensional
solubility of drug in the polymer matrix (mg/cm3) and
t=time. Higuchi model is useful to describe dissolution
of drugs from a number of types of modified release
pharmaceutical dosage forms, such as- transdermal
systems and matrix tablets with water-soluble drugs
[19, 21, 22, 25]. Data obtained in this study has been
illustrated as cumulative percentage of drug release
versus square root of time to obtain Higuchi release
pattern of furosemide (Figure 4).

Higuchi release pattern
Higuchi model is widely used to describe drug
release from matrix systems. In addition, this model is
also used to describe different geometrics and porous
systems. Mathematical equation of Higuchi model can
be epitomized asC= [D (2qt-Cs) Cst] 1/2

C u m u la t iv e D r u g R e le a s e ( % )

Where, C=total amount of drug release per unit
area of the matrix (mg/cm2), D=diffusion coefficient for
the drug in the matrix (cm2/hr), qt=total amount of drug
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Fig 4: Higuchi release kinetics of furosemide
Korsmeyer-Peppas release pattern
Korsmeyer-Peppas model defines drug release
from a polymeric system. Usually, first 60% of the drug
release data is fitted in Korsemeyer-Peppas model to
explain the mechanism of drug release. Mathematical

equation of Korsmeyer-Peppas
represented asCt/C∞= ktn

model

can

be

Where, Ct/C∞=fraction of drug release at time t, k=rate
constant and n=release exponent. The value of n is used
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to depict different release patterns for cylindrical
shaped matrices. The n value is used to characterize
different release for cylindrical shaped matrices [17,
22]. Data obtained in this study were plotted as log

cumulative percentage of drug release versus log time
to obtain Korsmeyer-Peppas release pattern of
furosemide (Figure 5).
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Fig 5: Korsmeyer-Peppas release kinetics of furosemide
Hixson-Crowell is used to describe a system, it is
considered that the release rate of drug particles is
limited by the dissolution rate and not by the diffusion
which might take place during the polymeric matrix. In
addition, to describe a release pattern, this model
considers that the surface of the drug particles lessen
during the dissolution [17, 26]. To study the HixsonCrowell kinetics of furosemide, we have plotted the
data obtained from this study as cube root of drug
percentage remaining in matrix against time (Figure 6).

Hixson-Crowell release pattern
Hixson-Crowell model explains the release
mechanism of drug from a system, where, there is
change in surface area and diameter of particle or tablet.
Mathematical equation of Hixson-Crowell model can be
characterized asC01/3-Ct1/3= KHCt

Successive Dissolution
Time (min)

Where, Ct=amount of drug released in time t, C0=initial
amount of drug in the pharmaceutical dosage form and
KHC=rate constant for Hixson-Crowell equation. When
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Fig 6: Hixson-Crowell release kinetics of furosemide
Release profiles of furosemide micro emulsion
capsules of 5 formulations were obtained from the
release kinetics graphs. The total percentages of

furosemide release after 50 minutes from the
formulations DS1, DS2, DS3, DS4 and DS5 were
35.69%, 39.56%, 51.24%, 54.95% and 64.31%
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respectively. It has also been observed that the release
rate was extended with the increase of polymer
percentage. The highest percentage of drug release
within 50 minutes was obtained from DS5, where ratio
of drug and polymer was 1:9. In addition, T25%, T50%,
T80% and mean dissolution time (MDT) values of the
liquids were also found from the graphs. It was seen
that formulation DS5 had the lowest MDT value,
whereas DS1 had the highest MDT value.
The release data obtained in this study were
extrapolated by the zero order, first order, Higuchi,
Korsmeyer–Peppas, Hixson-Crowell equations to know
the mechanism of drug release from the formulations.
In this experiment, the in vitro release profiles of
furosemide out of all the mathematical models, was best
expressed by Higuchi equation as the plots showed
highest linearity (Coefficient of determination, R2=
0.94). The formulations showed good linearity when
plotted according to Higuchi equation, the formulation
DS3 showed highest linearity (R2= 0.94). It can be
inferred that the release was dependent on both motility
and polymer relaxation. The poor correlation coefficient (R2= 0.66 to 0.71) was found in first order
release kinetic model. Moreover, zero order kinetic
model also showed poor linearity (R2= 0.68 to 0.76).
CONCLUSION
SEDDS is a crucial tool to overcome the
formulation difficulties and to improve the oral
bioavailability of hydrophobic or lipophilic drugs.
Furosemide is a poorly water-soluble drug. To increase
its solubility in water, we have used several ratios of
polymers (Tween-20/80, PEG-400/600, Tween20/80+PEG-400/600) which were 1:5 to 1:9 with the
formulation code DS3, DS4 and DS5 were prepared to
evaluate the effects of the micro emulsions. The
formulations showed significant improvements in
solubility and dissolution than the pure drug. The total
percentages of furosemide micro emulsion release after
50 minutes from the formulations DS3, DS4 and DS5
were 51.24%, 54.95%, 64.31% respectively. It was
observed that the release rate was extended with the
increase of percentage of the polymer. The highest
percentage of drug release was within 50 minutes and
was obtained from DS5, where the ratio was 1:9. From
this present study, it is clear that there is a good chance
to modulate the rate and to extend the drug release with
these polymers and formulations, which could be useful
for the preparation comprised with the combination of
drug and release modifiers. Furthermore, the results of
this study strongly recommend the successful use of
SEDDS to increase solubility, dissolution and in turn
bioavailability of poorly soluble drugs like furosemide,
which ultimately can decrease the dose and side effects
of the drug. A future study in the in vitro condition can
justify the release pattern observed from this current
study and a standard drug release profile of furosemide
micro emulsion could be commercially explained and
evaluated.
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