
INTRODUCTION

Bronchitis is an inflammation of the
bronchial tubes, or bronchi, that bring air into the
lungs1. Acute bronchitis usually lasts only a few days
where as Chronic bronchitis lasts for many years. It
is crucial for the success of bronchitis therapy to
maintain the systemic drug concentration
consistently throughout the course of treatment².

Ambroxol hydrochloride, trans-4-[(2-
amino,3,5-dibromobenzyl)amino cyclohexanol]
group of (benzilamides) and is a metabolite of
Bromhexine.It is an expectoration improver and
mucolytic agent used in the treatment of acute and
chronic bronchitis.. The limitation of ambroxol
hydrochloride was its short biological half life, poor
bioavailability and rapidly absorption from the
gastrointestinal tract. The therapeutic effective
plasma levels are slightly higher than 30ng/mL and
can be achieved by 4 × 30 mg/day orally. The
biological half life of Ambroxol hydrochloride is 3-4
hr, thus necessitating frequent administration to
maintain constant therapeutic drug levels3-5 .
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As the drug is freely soluble at all pH,
judicious selection of release-retarding excipients
is necessary for achieving constant plasma
concentration. The most commonly used method
of modulating drug release is to include it in a matrix
system.6 Introduction of matrix tablets as sustained
released has given a new breakthrough for novel
drug delivery system (NDDS) in the field of
pharmaceutical technology. It excluded complex
production procedures such as coating and
pellitization during manufacturing and drug release
rate from the dosage form is controlled by the type
and proportion of polymer used in the preparations.
Hydrophilic polymers form a gel like structure
around the tablet core which controls the drug
release. The hydrophilic polymers, HPMC K4 M or
Eudragit RSPO selected in the present study
provide pH-independent drug release to oral dosage
forms that can be used for formulating the
sustained-release dosage forms. However, the use
of hydrophilic polymer alone for controlling the drug
release of water soluble drugs is restricted due to
rapid diffusion of the dissolved drug through the
hydrophilic gel layer. Use of hydrophobic polymers
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ABSTRACT

Sustained release tablets of Ambroxol hydrochloride matrix tablets were developed using
hydrophilic polymer HPMC K4M and Eudragit RSPO alone or combination with hydrophobic polymer
Ethyl cellulose. The release study revealed that Eudragit RSPO or HPMC K4M was able to sustain the
drug release  up to 6hr and 8hr with ( 93.05±1.96, 96.12±1.74 ) respectively. While HPMC K4M or
Eudragit RSPO with Ethyl cellulose sustained the drug release up to 12hrs with (95.64±1.02, 98.77±1.23).
The in vitro release data was fit to Korsmeyer Peppas and the release mechanism was found to
diffusion along with erosion and it is further confirmed by the SEM analysis. Hence the sustained
release matrix tablet of Ambroxol hydrochloride attains therapeutic concentration in the blood plasma,
leading to improved efficacy and better patient compliance.

Key words: Bronchitis, ambroxol hydrochloride, matrix tablets, HPMC K4M, Eudragit RSPO.



228 Ravichandrian et al., Biosci., Biotech. Res. Asia,  Vol. 6(1), 227-232 (2009)

will retard the drug release. So in the present
investigation, an attempt has been made to
formulate the controlled release matrix tablets of
Ambroxol using hydrophilic matrix material (HPMC
K4M or Eudragit RSPO) in combination with
hydrophobic ethyl cellulose7-12.

MATERIAL AND METHODS

Ambroxol hydrochloride was obtained as
a gift sample from Milton Pharma Ltd.,
(Pondicherry,). HPMC K4 M, Eudragit RSPO and
ethyl cellulose were purchased from Rankem limited
(Mumbai). All other chemicals and reagents used
in the study were of analytical grade and were used
as procured.

Preparation of matrix tablets
Matrix tablets were prepared by direct

compression technique using micro crystalline
cellulose as directly compressible vehicle and
magnesium stearate as lubricant. All the ingredients
were sieved through 40 mesh screen and mixed
with other ingredients and the powder mixture was
compressed using single punch tablet machine. In
total, 10 formulations containing different amounts
of HPMC K4 M (F1, F2, F3), Eudragit RSPO (F4,
F5, F6) and combination of HPMC K4 M or Eudragit
RSPO with ethyl cellulose (F7, F8, F9, F10) were
prepared and their formulae are presented in
Table 1.

Characterization of blends
Prior to compression, blends were

evaluated for their characteristic parameters like
angle of repose,moisture content,carr’s index
etc.The drug content in blends was determined by
measuring the absorbance at 248 nm after suitable
dilution.

Characterization of Tablets
The properties of the compressed matrix

tablet, such as thickness hardness, friability, weight
variation, ,content uniformity and drug content were
determined using reported procedure.

In vitro release studies
The in vitro dissolution studies were

performed using USP 22 dissolution apparatus No.
2 (paddle) type at 50 rpm. The dissolution medium

consists of 0.1 N hydrochloric acid for first 2 hr and
for subsequent 10 hr in phosphate buffer pH 7.4
(900 ml), maintained at 37±0.5°C. The release
studies were conducted in triplicate. Aliquots of
samples (5 ml) were withdrawn at specific time
intervals and drug content was determined
spectrophotometerically at 248 nm. The in vitro
release data obtained was treated to zero order
rate equation, first order rate equation, Higuchi.s
equation (Q = Kt1/2) and Korsmeyer-peppas to
know precisely the mechanism of drug release from
the matrix tablet

RESULTS AND DISCUSSION

The blend for matrix tablet were prepared
according to the formula given in Table 1 and
characterized (Table 2). Angle of repose was less
than 30° for all the batches of blends indicating
satisfactory flow behavior. Other parameters for
blends were also determined and found to be in
acceptable range.

The tablets of different formulations were
subjected to various evaluation tests.Good
uniformity in drug content was found among different
batches of the tablets, and the drug content was
more than 95% (Table 2).

In vitro dissolution studies
Fig. 1 shows the effect of different

concentrations of HPMC K4 M 10%(F1), 15% (F2)
and 20% wt/wt of tablet (F3) on% release (98.61%,
98.11% and 96.12% within 5 hr, 6 hr and 8 hr of
dissolution study, respectively) of Ambroxol. No
significant difference in release rate was observed
between tablets containing either 10% or 15% of
HPMC K4M. Drug release was decreased
significantly when 20% of HPMC K4 M was used
in formulation F3. However, 30-40% of drug was
released in first 2.5 hr of dissolution. In the in vitro
study of matrix tablets containing 10%, 15% and
20% of Eudragit RSPO (F4, F5 and F6), it was
observed that tablets containing 10% and 15%
were eroded within 1h  of the dissolution study
indicating insufficient quantity of  Eudragit RSPO
form the gelatinous layer around the tablet core.
Tablets containing 20% of Eudragit RSPO were
able to form the gelatinous layer around the tablet
core and the drug release was found to be 93.05%
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Table 1: Composition of sustained release matrix tablets of ambroxol hydrochloride

S.  Batch F1 F2 F3 F4 F5 F6 F7 F8 F9 F10
No (mg) (mg) (mg) (mg) (mg) (mg) (mg) (mg) (mg) (mg)

1. Ambroxol hydrochloride 75 75 75 75 75 75 75 75 75 75
2. HPMC 20 40 60 - - - 30 20 -
3. EudragitRspo - - - 20 40 60 - - 30 20
4. Ethyl Cellulose - - - - - - 30 40 30 40
5. Magnesium Stearate 7 7 7 7 7 7 7 7 7 7
6. Aerosil 3 3 3 3 3 3 3 3 3 3
7. Microcrystalline cellulose 195 175 155 195 175 155 155 155 155 155
8. Total weight in mg 300 300 300 300 300 300 300 300 300 300

Table 2: Characterization of Blends

Batch Bulk density True density Carr’s index Angle of repose
(g/ml) (g/ml)

F1 0.63±0.012 0.78±0.014 19.2 280.0± 0.8
F 2 0.53±0.015 0.65±0.012 18.5 250.2±  0.6
F 3 0.39±0.012 0.53±0.016 20.4 270.8±  1.1
F 4 0.48±0.013 0.61±0.015 21.3 280.2±0.6
F 5 0.51±0.014 0.62±0.017 17.7 260.2±0.5
F 6 0.38±0.015 0.54±0.015 19.5 240.1± 0.4
F 7 0.46±0.013 0.63±0.016 22.9 260.2± 0.5
F8 0.47±0.014 0.66±0.012 21.7 250.5± 0.7
F9 0.38±0.014 0.54±0.014 29.6 280.2± 0.8
F10 0.46±0.017 0.52±0.012 28.1 270.2± 0.8

Mean ± (s.d) (n=3)

Table 3: Characterization of Ambroxol hydrochloride matrix tablets

Batch Thickness Hardness Friability Average Content
(mm) (Kg/Cm2) (%) Weight (mg) Uniformity (%)

F1 3.87 6.7±0.5 0.24±0.002 298  ±2 98.3±2.4
F 2 3.78 5.9±0.3 0.32±0.003 297±2 98.2±1.6
F 3 3.56 6.2±0.5 0.38±0.005 301±4 98.7±2.2
F 4 3.45 6.5±0.2 0.22±0.004 287±2 98.7±2.4
F 5 3.98 7.1±0.3 0.11±0.007 295±4 98.6±1.3
F 6 3.75 6.7±0.2 0.34±0.002 310±2 98.6±1.6
F 7 3.23 6.2±0.2 0.36±0.003 305±3 99.4±1.2
F8 3.84 5.9±0.4 0.33±0.004 288±3 98.8±1.8
F9 3.93 6.0±0.2 0.25±0.003 295±3 99.2±1.4
F10 3.83 6.2±0.8 0.32±0.003 298  ±2 98.7±2.2

Mean ± (s.d) (n=3)
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within 6 hr of dissolution study. However 40% -
60% of drug was released in the first 2.5 hr of
dissolution study (Fig. 3).

Therefore, in the next batch of tablets, to
control the initial burst release ethyl cellulose was
included in the matrix in the ratio of 1:1 and 1:2
along with HPMC K4M (F7, F8) or Eudragit RSPO
(F9, F10 ) which resulted in extending the drug
release for a period of 12h for (F7, F9 ) indicating
fair uniform drug release through out the dissolution
period (fig. 3). This may be due to a more rigid
complex formed by hydrophilic polymers (HPMC K4
M and Eudragit RSPO) in presence of ethyl
cellulose, which helped in retaining the drug in the
matrix and did not allow rapid diffusion of soluble
drug from the matrix. The tablets formulated (F7,
F9 ) using combination of HPMC K4 M or  Eudragit
RSPO and ethyl cellulose did not show any burst
release The hydrophobic nature of ethyl cellulose

seems to have contributed toward reduction in the
penetration of the solvent molecules into the matrix.

Increasing the concentration of ethyl
cellulose shows more retardation in the release of
the drug from the formulation (F8) and (F10)
containing ethyl cellulose in combination with
HPMC K4M and Eudragit RSPO in the ratio 1:2,
respectively. F8 showed only 41.4% and F10
showed 45.21% of drug release in 12 h of
dissolution study which may result in insufficient
therapeutic concentration. Considering the
decrease in the therapeutic effect on lowering the
concentration of hydrophilic polymers over the
dissolution release, the effect of only ethyl cellulose
was not carried out.

To know the kinetics of drug release, the
data was treated according to different models. Best
in vitro released formulations (F7, F9) were only

0

20

40

60

80

100

120

0 5 10 15

Time (hr)

cu
m

u
la

ti
ve

 %
 d

ru
g

 r
el

ea
se

F1

F2

F3

Fig. 1: Dissolution profile of F1, F2 and F3
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Fig. 2: Dissolution profile of F4, F5 and F6
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Fig. 4: Dissolution profile of F9, F10

0

20

40

60

80

100

120

0 5 10 15

Time (hr)

cu
m

u
la

ti
ve

 %
 d

ru
g

 r
el

ea
se

F7

F8

Fig. 3: Dissolution profile of F7, F8
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studied for kinetics of drug release and showed best
fir into Korsmeyer equation (0.991, 0.9775,
respectively) and indicated combined effect of
diffusion with erosion mechanisms of drug release.

SEM study further confirmed both diffusion
and erosion mechanisms to be operative during
drug release from the optimized batch of matrix
tablet (F7 only). SEM photomicrograph of the matrix
tablet taken at different time intervals after the
Dissolution experiment showed that matrix was
intact and pores had formed throughout the matrix
(Fig 5). SEM photomicrographs of tablet surface at
different time intervals also showed that erosion of
matrix increased with respect to time indicated by
the photomicrographs at 2, 5 and 10 h revealing
pores with increasing diameter. These
photomicrograph also revealed the formation of
gelling structure indicating the possibility of swelling
of matrix tablets (Fig. 6-7). Hence, the formation of
both pores and gelling structure on tablet surface
indicates the involvement of both erosion and
diffusion mechanisms to be responsible for
sustaining the release of Ambroxol Hcl from
formulated matrix tablets.

Overall it can be concluded that, the
presence of ethyl cellulose as well as the % of total
matrix material significantly influenced the release
rate of drug. The tablets with 20% of matrix material
(1:1) ratio of HPMC K4 M or Eudragit RSPO and
ethyl cellulose gave satisfactory results on the
formulation of controlled release dosage form of
Ambroxol hydrochloride.

CONCLUSION

Accordingly, major object of the present
invention is the provision of improved sustained
released ambroxol hydrochloride dosage form that
slowly release its active ingredients, such that it will
maintain therapeutically effective levels of the active
drug in the blood stream for a prolonged period of
time. Results of present study demonstrated that
combination of both hydrophilic and hydrophobic
polymers could be successfully employed for
formulating sustained release matrix tablets of
ambroxol hydrochloride. The investigated sustained
release matrix tablet was capable of maintaining
constant plasma concentration through 12 hours.
This can be expected to reduce the frequency of
administration,  side effects  associated with
repeated administration of conventional ambroxol
hydrochloride tablets.

Fig. 6: After 5 hrs

Fig. 6: After 10 hrs

SEM photo of Swelled tablet  (Formulation no. F7)

Fig. 5: After 2 hrs
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