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ABSTRACT

The objective of the present investigation waseasigh and evaluate the oral controlled release matblets of
ambroxol hydrochloride by using various natural maformer gums such as Tara gum and Locust bean gu
separately. Tablets were prepared by wet granumatioethod. The prepared tablets were further evaldor
uniformity of weight, hardness, friability, thicles content uniformity, In-vitro dissolution, dregeipients
interactions, swelling index study also carried .othe FT-IR studies revealed that there was no @&m
interaction between drug and excipients. Amonguifit formulations, F-3 and F-6 which contain Taypam and
Locust bean gum with drug: polymer ratio as (1:3)daexhibited precise controlled release of drugroae
prolonged period of 12 hrs. The in- vitro disg@n data obtained for various formulations wert€fil into zero-
order, first order, Higuchi’'s and Peppas kinetic dets. The majority of designed formulations dispthgero order
release kinetics and Korsmeyer and Peppas equajioa release pattern with values of (n = 0.534 570)
indicating non-fickian or Anomalous types of difan takes place through matrix of Tara gum andusb bean
gum. The optimized formulations F-3 and F-6 wergjetted to stability studies for three months atC260%RH
and 40C/75%RH as per ICH guidelines and result does hots any change in physical parameters and in-vitro
release studies. The result demonstrates the fiigsitf natural gums in the development of oraltrxatablets for
controlled delivey of ambroxol hydrochloride.

Key words: Ambroxol hydrochloride, Tara gum, Locust bean g&welling studies Matrix tablets.

INTRODUCTION

In recent years, considerable attention has beeuséal on hydrophilic polymers in the design of awhtrolled
drug delivery systems because of their flexibitibyobtain a desirable drug release profile, cofstetizeness, and
broad regulatory acceptance. Among the synthetdrdphilic polymer considered as release retardantttese
polymers are quite expensive [1] and biodegradshisi questionable when compared with natural pelssr2].
Hence the last two decades have withessed a mangroiiih in development of drug delivery systemsusing
natural gum based matrices. Natural gums are biadafle and nontoxic, which hydrate and swell omtact with
aqueous media and these have been used for thargtiep of dosage form [3, 4]. The objective of gresent
investigation was to develop oral controlled reteteblets for ambroxol hydrochloride using natgams such as
Tara gum and Locust bean gum. Tara gum is obtaiyedrinding the endosperm of the seeds of Caesalpin
spinosa consists chiefly of polysaccharides of mghecular weight composed mainly of galactomannarnghich
the principal component consists of a linear chafin(l, 4)-beta-D-mannopyranose units with alphadbagto-
pyranose units attached by (1,6) linkages [Bycust bean gum (LBG) is a plant seed galactomant@mposed of
a 1-4 linked 3-D-mannan backbone with 1-6-linkeD-galactose side group. Longer galactose sidenghraiduces
a desirable viscosity which retards the releas#rag through matrices [6].

Ambroxol is a metabolite of bromohexine with simikctions and uses. It is chemically described rang-4-[(2-
Amino-3, 5-dibromobenzyl) amino] - cyclohexanol.idtan expectoration improver and a mucolytic agesgd in
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the treatment of acute and chronic disorders ckeniaed by the production of excess of thick mudtusas been
successfully used for decades in the form of itdrbghloride as a secretion-releasing expectoraiat wariety of
respiratory disorders. Its short biological haf€l{(3-4 hrs) that calls for frequent daily dosiryté 3 times) and
therapeutics use in chronic respiratory diseasegs#ates its formulation into controlled releassagje form [7].

MATERIALS AND METHODS

MATERIALS:

Ambroxol hydrochloride was obtained from Darwin ba#itories Pvt. Ltd., Vijayawada, Andhra Pradesiuian
Tara gum was obtained from Volga agro products, Bainand Locust bean gum was obtained from Food Chem
Chennai. DCP was obtained from Kemphesol, Pharnige¢dPvt. Ltd., Mumbai. PvpK-30, Magnesium stearat
and Talc were obtained from S.D. Fine Chem., Muminalia. All other ingredients used throughout stedy were

of analytical grade.

METHODS:

Calculation of Theoretical Controlled Release profe of Ambroxol Hcl Matrix Tablets:

The total dose of Ambroxol Hcl CR formulation wadaulated by Robinson Eriksen equation using albkla
pharmacokinetic data [8]. The zero order drug sdaate constant was calculated by the followingadgn:

Dt = Dose (1+ (0.693xt)/11))

Where,

Dt = total dose of drug

t = time (hr) during which the CR is desired (12, hr
ty» = half-life of the drug (3 hr).

Dt =19.8 (1+ (0.693x12)/ 3) = 75mg

Hence, the formulation should release 19.8 mgrst fiour like conventional tablets and 5.01mg pmrrfup to 12
hours thereafter.

Drug — Excipients compatibility study:

The compatibility between drug and excipiemsre tested by Fourier transform infrared spectpgc(FT-IR)
(Parkin Elimer). The pellets were prepared on KiBess and the spectra were recorded over the wawber range
of 4000 to 500 cm-1.

Estimation of Ambroxol hydrochloride:
Ambroxol hydrochloride in pure form and in develdpermulations was estimated spectrophotometricadiyng
Elico SL150 UV-Visible Spectrophotometer at 248 imn®.1N Hcl and pH 7.4 phosphate buffer [9].

Preparation of matrix tablets by wet granulation method:

The matrix tablets of Ambroxol hydrochloride wenmepared using Tara gum and Locust bean gum as potyhy
wet granulation technique by using PVP k-30 as&@in®CP as diluent and mixture of talc and magmestearate
as lubricant. All the components were screenedttaaad thoroughly mixed for a period of 15 min in@yphene bag

. The powder blend was granulated using PVP k-3 (&/v). The wet mass was passed through sieveahd@he
granules were dried at 50°C for 2 hrs in a hobaén [10]. The dried granules were passed throigye st 20 and
lubricated with magnesium stearate and talc byh&rmixing for 5mins. Compression was done on sirsggtion
(Cadmach, Ahmadabad) tablet compression machimg @smm concave punches. The compositions of ambrox
hydrochloride matrix tablets prepared by wet gratioh technique were given in Table 1.

Evaluation of granules:
Micromeritic properties of the prepared granulesattfthe formulations were studied by determiniig tulk
density, tapped density, Compressibility Index, ster’s ratio and angle of repose [11].

Evaluation of tablets:

The prepared matrix tablets were evaluated forrress, thickness, friability, weight variation tasd drug content.
Hardness of tablets was tested using Monsanto basdiester (shreeji chemicals, Mumbai). Friabdityhe tablets
was determined in a Roche friabilator (CampbellcEtmics, Mumbai). The thickness of tablets was suesd by
Vernier callipers. Weight variation test was penfied according to official method specified in Irug content
for ambroxol hydrochloride was carried out by meamuthe absorbance of samples at 248 nm using BHIc150

UV-Visible Spectrophotometer and comparing the enhfrom a calibration curve prepared with standaribroxol

hydrochloride in the same medium.

1106
Scholar Research Library



Ramana Get al Der Pharmacia Lettre, 2012, 4 (4):1105-1114

Swelling Behaviour Studies of Prepared Matrix tablés:

The extent of swelling was measured in terms ofgmrweight gain by the tablets. The swelling béhavof all
tablets was studied. One tablet from each fornutatvas placed in a petridish containing phosphatfebsolution
(pH 7.4). At regular time intervals, the tablet weaishdrawn, blotted with a tissue paper and weighidte process
was continued for 12 hours and the percent weigint lgy the tablets was calculated by using fornilL4.

Swelling index (S.1.) = {(M—M,)/ Mg} x 100

Where,
M, = weight of tablet at time't’
M, = weight of tablet at time t = 0.

Invitro drug release studies:

The prepared matrix tablets were subjecteth+teitro dissolution studies using USP type | basket tyssalution
rate test apparatus (Labindia, Disso 2000, and Mulmbhe dissolution studies were carried out inJpBifor 2 hrs
and in pH 7.4 for next 10 hrs at 37+ 0.5°C at 5@.rjt regular time interval, 5 ml of sample washaiitawn from
the dissolution medium and replaced with equal m&wf fresh medium. After filtration and appropeiatilution,
the samples were analyzed at 248 nm for ambroxdrdoploride against blank using UV Visible
spectrophotometer. The amount of drug presentirséimples was calculated using standard curve [9].

Drug release kinetics:
The rate and mechanism of release of ambroxol Itjdivade from the prepared matrix tablets were yred by
fitting the dissolution data into the following eafions:

Zero-order equatian
= Qut Kot

Where,

Qi is the initial amount of drug dissolved at time t,

Q,is the initial amount of drug in the solution, mo$the times it is equal to zero, kothe zero order release rate
constant [13].

First order equation:
INQ; = INQux Kt

Where,
Qis the initial amount of drug dissolved at time t,
Qo is the initial amount of drug in the solution; i the first order release rate consfani.

Higuchi’'s equation:

Q=kyt”

Where,
Q is the amount of drug released at time t peranaia,
ky is the Higuchi diffusion rate constant [15].

Korsmeyer- Peppas equation
M¢M,, = Kt"

Where, Mt and M are the amounts of drug released at time t anmciteatime,
k is a constant incorporating structural and gedmeharacteristics of the device,
‘n’ is the drug release exponemtdicative of the mechanism of drug release [16].

Stability studies:

An accelerated stability study was conducted fdinaiged formulations (F-3 and F-6) by storing tdablen amber
coloured bottles at 26/60%RH and 4UC/75%RH. The tablets were evaluated for the physiasameters anih
vitro drug release from the matrix tablets monthly foeé months [17].
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Similarity Factor:

The similarity factor (f) was used to compare the dissolution profile @he@rmulation with that of the marketed
formulation. In this approach, recommended by tb& Fjuidance for the industry, when the value isn@stn 50
and 100, the two profiles are nearly identical [18]. The value is determined by the following etipra

f, =50 + log {[1+ (1/n)==1 * n (R -T)%*°*100},

Where, n is the number of dissolution time points,
R and T are the reference and test dissolution valuamattt

RESULTS AND DISCUSSION

FTIR studies:

Figs. 1 - 3 show the IR spectra of pure drug ambirbydrochloride, formulations F3 and F6. The IRcpum of
ambroxol hydrochloride shows peak at3397 due to s@eétching. The groups of peaks at between 31261 3\NH,
stretching asymmetric and symmetric. The peak G036ay be due to aromatic C-H stretching. The pea2911,
2999 may be due to C-H stretching of £gtoups. The peak at 1634 NH bending of Njrbups. The peaks at
1618, 1417, 1450 may be due to C=C ring stretchiiing peaks at 1440, 1350 maybe due to C-H bendiiHe
groups. The peak at 1240 is due to -OH bending.pak at 890 is due to Substituted benzene ring. pdak at
634 may be due to C-Br. From the result, it wagictbat as there were no appreciable shifts irptsitions of the
bands for drug comparison to the spectra of itmtdation, clearly suggesting that there was noraaigon of the
drug with different excipients used in the pressnotly.

Evaluation of granules:
The micromeritic properties of the granules suchwk density, tapped density, Hausner’s ratio amgle of repose
for the prepared granules were evaluated and thdtsenvere within the limits (Table 2).

Bulk density and tapped density for the granuleseweithin the range of 0.532+0.03-0.689+0.09gm/mid a
0.612+0.01 - 0.776+0.09gm/mL.Compressibility indexd Hausner’s ratio were in the range of 15.504%.13
17.63+£0.19% and 1.14+0.02 - 1.21+0.07. The angleepbse of the formulations was found to be inrdrge of
21%+0.42 - 2%+0.76. Thus, the results obtained confirm thattal formulations exhibited good flow properties and
good packing characteristics.

Evaluation of tablets:

The tablets with weight of 350 mg, were obtained smbjected for evaluation of the post compressipasmeters
such as hardness, friability, weight variationckimess and drug content uniformity and the resadtaplied with
the pharmacopoieal limits of the tablets (Table 3).

The contents of the formulations were found to béoum, since the amount of the active ingredientsach of the
10 units tested was within the range of 96.15+0.0288.20+0.06% indicating uniform mixing of the drwinders
and other excipients. The mean values for the lmsinvere found to be in the range of 5.4+0.51 +(®46
kg/cnfand all the formulations exhibited friability ledsn 0.8% during the friability determination.

Evaluation of swelling index of matrix tablets:

The swelling behaviour indicates the rate at whiallets absorb the water from dissolution media swdlls.

Swelling of matrix tablets increases with respedimme because weight gain by tablets was increpsgubrtionally

with rate of hydration up to 4 hrs and matrix appédaswollen almost from the beginning and a viscgelsmass
was created after contact with water later on siagllvere decreases due to dissolution of outerigeited layer of
tablets. The swelling index of all formulation iraeses with an increase the concentration of guneaith

formulation (Fig.6). Swelling index of tablets pegpd from Tara gum and Locust bean gum (F-3 anjl Wit a

drug and polymer ratio of 1:3 resulted in betteeliwg behaviour with respect to concentrationw#s observed
that drug release decreases with increasing comtem of gum and swelling index. The reason atfteb to this
fact is the formation of a thick gel layer by me#s around tablets that delays the diffusion aadlthg release.

The direct relationship was observed between swglindex and gum concentration, and as gum coratémr
increases, swelling index was increased. It hasrebd that swelling index of prepared Matrix tabletl and F-4
contain gum with ratio as (1:1) was less this nmtaybaited to the lower water uptake and less hydilagity.
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In- vitro dissolution studies:

Ambroxol release from matrix tablets was slow artéeded over longer period of time. The resultslisfolution

studies of formulations F-1 to F-6 are shown insFHigand 5. Drug release from the matrix tablets foasd to

decrease with increase in drug polymer ratio. Fdéatian F-1and F-4 composed of drug polymer ratid 4f, failed

to sustain the drug release over a period of 1X hesformulations F-1 and F-4 were able to sudtandrug release
up to 8 hrs. Formulation F-2 and F-5 composed afgrolymer ratio of 1:2 also failed to sustain tiiag release
over a period of 12 hrs.The formulation F-2 and M#&re able to sustain the drug release up to 10rlmes
formulations F3 and F6 containing drug and polyififeara gum and Locust bean gum) in the ratios of da&e

slower and complete release of ambroxol over adesf 12 hrs compared to other formulations. ladigindicates

that there is direct relationship between polynmroentration and sustaining of the drug release.

Formulations were prepared from the Tara gum aralisiobean gum as (F-1, F-2 and F-4 , F-5) witlorasi (1:1 &
1:2) was released the drug almost 100% before 42nlaly be due to rapid swelling and surface erosfanatrix.
These gums at this ratio does not develop propseous gel layer around tablets hence it allow rajiffdision of
drug in uncontrollable manner which was insignificto retard the drug release for prolonged peoictime.

Matrix tablets were prepared from the Tara gum hodust bean gum as (F-3 and F-6) with ratio of Y8ve

slower and complete release of ambroxol over aogeoif 12 hrs. As the percentage of polymer incréasee

kinetics of release decreased. This may be duédoges in the structural reorganization of the pely and a
viscous gel layer is formed, resisting to erosiod ¢he diffusion of the drug is controlled. Failumegenerate a
uniform and coherent gel may cause rapid drug selea

According to theoretical sustained release proéitepral controlled release formulation of ambraxgdirochloride
should provide a release of 25.89% in 1 h, 38.8ih% h, 46.65% in 4 h, 74.40 % in 8 h and 100 %2nh. The
formulations F3 and F6 gave release profile clas¢he theoretical sustained release needed foraxwbrThe
release from the formulations (F-3 and F-6) wa® @lsmparable to that of a commercially available t8Ret
tested. Initially, a small burst effect in the ide of the drug was observed, which was probalfficiemnt for quick
build up of plasma concentration. This burst effeatild be due to the highly water soluble drug @nésn the
periphery of the matrix. Subsequently, the relemas more uniformly controlled by diffusion from tisevelling
core of the matrix.

Kinetics and mechanism of drug release:
To ascertain the mechanism of drug releasejrthatro drug release data was fitted into various relddisetic
models such as Zero order, First order, Higuchid Beppas models.

The zero order plots obtained for formulations Elwere linear compared with that of the first orgiats and the
regression coefficients3jrobtained for zero order kinetics were found tosbperior when compared with those of
first-order kinetics, indicating that drug reledismm all the formulations followed zero-order kinsi{Table 4).

Release of the drug from a matrix tablet contairtipdrophilic polymers generally involves factorsdiffusion. To
evaluate the drug release mechanism from the matbets, plots of percent drug released versuarsguoot of
time as per Higuchi’'s equation were constructed thledplot shows linearity indicating that the dmegease from
the tablets was diffusion controlled. Further, tmler stand the drug release mechanism, the datfitted into to
Korsmeyer peppas equation Q = Ktn. In the preskmtysit was observed that the “n” value obtainedween
(0.534 - 0.570) for all formulations. Therefore bdiffusion and erosion mechanism play major rolerélease of
drug from natural gums.

Similarity factor:

The similarity factor (f) was calculated in order to compare the releasfilgs of formulations F3 and F6 with that
of the reference formulation. The formulations K8l &6 had a profile similar to the commercial fotation with
similarity factors § = 51.5 and 51.3 respectively, hence these formounlstwere comparable with that of the
marketed formulation.

Stability study:

The optimized formulations such as (F-3 and F-6)ewarther evaluated for stability studies. It veaggested that
there was no changes in physical parameters likénkas, thickness, weight variation and contentoamity. In
vitro release profile of optimized formulations suc{@8 and F-6) were shown in Figs.7 and 8.The reledsirug
from matrix tablets were not affected by storingatilets for 3 months. Thus the formulations weable at given
conditions of temperature and humidity for 3 mopéiod of time.
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Table 1. Composition of Controlled Release Formuladns of Ambroxol Hcl Matrix Tablets

S

e

Ingredients (mg/tab)

Formulations

N FL F2 F3 F4 F5 F6

1 AmbroxolHcL 75 75 75 75 75 75

2 Tara gum 75 150 225 -- - -

3 Locust bean gum -- -- - 75 150 225

4 DCP 186 111 36 186 111 36

5 PVP k-30 10 10 10 10 10 10

6 Talc 2 2 2 2 2 2

7 Mg Stearate 2 2 2 2 2 2

8 Drug: Gum ratio 11 12 1.3 11 12 13
Total Weight 350 350 350 350 350 350

Table 2. Precompressional Parameters of Various Ctiolled Release Matrix Tablet Formulations by Wet Ganulation Technique

Formulation

Bulk density ~Tapped density Carr'sindex |, oo oo

Angle of repose

(gm/mL) (gm/mL) (%) ©)

F1 0.576 +0.08 0.654 +0.05 16.07 £0.14 1.18 £0.01 1.520.27
F2 0.532 +0.03 0.612 +0.01 15.90 £0.11 1.17 £0.12 5276

F3 0.569 +0.01 0.636 +0.01 15.50 +0.13 1.19 +0.05 1+@42

F4 0.592 +0.07 0.664 +0.06 16.67 £ 0.09 1.21 £0.07 22 £0.95

F5 0.657 +0.05 0.743 +0.05 16.07 £0.13 1.16 +0.03 3+263

F6 0.689 +0.09 0.776 +0.09 17.63 £0.19 1.14 +0.02 4 +@44

Table 3. Post Compression Parameters of Matrix Talits of Ambroxol Hcl by Wet Granulation Technique

Formulations Friability ) . .
mg/tab Hardness (Kg/cnd) (%t loss) Weight variation (mean £ SD Thickness (mm) Drug content (mg/tab)
F1 5.5+0.95 0.62+0.04 348.02+2.4 3.46+.01 96.1520.0
F2 5.6+0.63 0.66+0.02 346.02+3.2 3.35+.12 97.230.0
F3 5.4+0.51 0.64+0.01 348.04+1.2 3.58+.05 97.1440.0
F4 5.5+0.45 0.59+0.03 344.08+2.4 3.44+.07 96.5440.0
F5 5.7+0.46 0.59+0.04 346.05+2.3 3.96+.03 97.2620.0
F6 5.4+0.51 0.62+0.02 348.05+2.1 3.38+.02 98.208:0.0
Fig 1. FTIR Spectrum of Pure Drug Ambroxol Hydrochloride
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Fig 3. FTIR Spectrum of Formulation F6

Table 4.In-vitro Drug Release Kinetics:

Formulation Zero (;erer Firstrc;rder Higruzchi Pq;:]?as
F1 0.949 0.921 0.995 0.534
F2 0.962 0.840 0.981 0.567
F3 0.983 0.866 0.981 0.561
F4 0.968 0.899 0.991 0.568
F5 0.971 0.834 0.992 0.570
F6 0.991 0.844 0.984 0.557
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Fig 7. In vitro release profile of Ambroxol hydrocHoride from the matrix tablets (F3) after stability studies (n=3)
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Fig 8. In vitro release profile of Ambroxol hydrocHoride from the matrix tablets (F6) after stability studies (n=3)

CONCLUSION

The aim of the present study was to design anduat@lgum based matrix tablets of ambroxol hydraafdowith
Tara gum and Locust bean gum for controlled dejivaard to assess the kinetics of drug release meshaithe
study revealed that the release followed Non-Fitldi#fusion (anomalous transport) which includesigong of
diffusion and erosion mechanisms. The ratio of dind polymer played an important role in overdikase of the
drug and the formulations prepared by wet gramutatechnique containing drug and polymer in théorat3
showed drug release profiles similar to that of thaerketed formulation and they were stable afteragfe at
25°C/60%RH and 4%C/75%RH conditions for a period of three monthssiis of the present study demonstrate
that both the Tara gum and Locust bean gum coulsuilieble candidates for formulating controlleceesle matrix
tablets of ambroxol hydrochloride.
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