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ABSTRACT

The aim of the present study was to minimize the unwanted toxic effects of Bromhexine hydrochloride (BHC) by
kinetic control of drug release. BHC was incorporated into the, blends of bio compatible, bio polymers such as
Poloxamer (PLX) and Hydroxy Propyl Methyl Cellulose (HPMC) in the form of in situ gel by cold technigque to
reduce muco ciliary clearance by using mucoadhesive polymer in gel, thereby, increasing the contact of formulation
with nasal mucosa and hence improving the absorption of drug. The results revealed that increased bio adhesive
polymer HPMC concentration, decrease the gelation temperature( T1) and gel melting temperature (T2). pH of all
the formulations were found to be within the range between 6.9- 7.5 ,and the nasal mucosa can tolerate the pH of
the above solutions. The drug content for all the prepared formulations was found to be in the range of 96%- 100%.
The result of mucoadhesion test indicate that the level of HPMC increases, the mucoadhesive strength also
increases. The developed formulations had optimum viscosity required for convenience in application at the site.
With increase in the concentration of HPMC increase in viscosity was observed and influences diffusion of drug
particles. The optimized formulations shows the controlled drug release (85.12%) than aqueous drug
solution(92.32%). From the in vitro permeation study viscosity of the formulation is increased and release of the
incorporated drug can be prolonged. The drug release performance was greatly effected by bio polymers used and
their compositionsin thein situ gel's preparation, which allows absorption in nasal mucosa.
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INTRODUCTION

Bromhexine hydrochloride (2-amino-3,5-dibromobenZglyclohexyl) methyl ammonium chloride) is an oral
mucolytic agent used in the treatment of respiyathsorders associated with viscid or excessiveus\t]. It acts
by disrupting the structure of acid mucopolysacitiefibers in mucoid sputum and produces a lesouis mucus,
which is easier to expectorate. Even though théalysorption is greater than 90%, due to its extensrst pass
metabolism, it has a very low bioavailability of%80They were also found to precipitate gastro timabsulceration.
Hence, these drugs cannot be given by oral routeTleerefore, an intranasal delivery system of Bhnewine
Hydrochloride was preferred.

Nasal route has been selected because, nasal mhassa rich supply of blood, large surface area pows
endothelial membrane .Nasal delivery of drugs effaany advantages over other delivery routes. Twdre nasal
absorption of drugs it is necessary to enhancen#tsal residence time of drug by including bio adie@ the
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formulation [3].HPMC is used as a bio adhesive pay in the present study to formulate mucoadhediug

delivery system through nasal mucosa [4]. HPMQasuhesive polymer which is nonionic, a good cameterial

for pharmaceutical application, can accommodaté heégels of drug loading, non toxic and exhibitghswelling

capacity. When HPMC contact with water hydratesdigpleading to a transition from the glassy te@ ttubbery
state, which results in the formation of a gel tayith a significant effect on release kineticstioé incorporated
drug .Moreover, they are surface active and henwége excellent film formation [5,6].

In the present study our intention is to achievatmdled drug absorption and prevent Gl ulceratibhe nasal
mucosa has been considered as a potential adratiistroute to achieve faster and higher levelrafydabsorption.
This is due to the large surface area, porous éetlat membrane, and high total blood flow [7]. @&|s
pharmacokinetics shows, intranasal administratimumvent first-pass elimination. Recently, foc#stbeen made
on the nasal mucosa as an alternate route to a&cfaster and higher drug absorptidie nasal cavity offers a
number of unique advantages such as easy accigsimlod permeability especially for lipophilig@w molecular
weight drugs, hepatic first pass metabolism antergiates direct delivery to the brain [8].

Nagesh C et al., [9] had prepared novel in sitlegagjum based ophthalmic drug delivery system pffoffoxacin
hcl and dexamethasone. All the formulations weeeilsted in an autoclave at 121°C for 15mins. Toerfulations
were evaluated for clarity, pH measurement, geltiagacity, drug content estimation, rheologicatgfun vitro
diffusion study and ICH stability studies. The deped formulations exhibited sustained releaserafydver a
period of 7 hours thus increasing residence timéhefdrug and optimized formulations also foundséattorily
stable, thus these in situ gelling systems may\mwable alternative to the conventional systems.

Nagargoje et al., [10] developed ophthalmic deliveystem of an antifungal agent, fluconazole, basedhe
concept of ion-activated in situ gelation. It wapaorted that ocular in situ gels can increase thg tesidence time
thus increasing the bioavailability. Gelrite wagdiss the gelling agent in combination with HPMG®&Hydroxy
Propyl methyl Cellulose) that acted as a viscosititancing agent. Study results revealed that timeulations were
therapeutically efficacious, stable and providetained release of drug over a period of 8 Hrs. dsviound that
developed system is a best alternative to convealtiophthalmic drops.

Gowda et al., [11] developed and evaluated a muwsde in-situ gel; formulation was developed toweha
controlled kinetic drug release and to minimize thgic effects of diltiazem Hydrochloride (DTZPTZ was
incorporated into the, blends of thermoreversible,adhesive polymers such as poloxamer (PLX) and Hydro
Propyl Methyl cellulose (HPMC) ithe form of in-situ gel by cold technique to redunecociliary clearance, and
thereby it willincrease the contact of formulation with nasal nsacand hence improving the absorptiordnfg.
The results revealed that as the increase of bieside polymer HPMC concentratiodecrease in the gelation
temperature (T1) and increase in gel melting teatpee (T2).

Though nasal delivery was proved to be usefullitteis some limitations like muco ciliary clearanehich reduces
the absorption of drugs. In this regard it is inipot to increase the residence time of the druthemasal mucosa.
By using bioadhesive polymers we can increaseedhielence time of drug in the nasal cavity. Plurdhit27 is the
reversible triblock copolymer used which forms cldeermo reversible gel at high concentrations. @twcentrated
solutions are transformed to low viscosity transparsolutions at 5C and to solid gel on heating to body
temperature [12]. Pluronic F-127 (Poloxamer 407;1RF)is a thermoreversible gel [13]. This charaster has
allowed PF-127 to be used as a carrier for mogesoaf administration including oral, topical [L#jtranasal [15],
vaginal, rectal [16], ocular [17], and parenterltes [18] .The potential use of PF-127 as ani@#ifskin has also
been reported

The most prominent advantage of a in situ gel ox@mal gel is that it is fluid like prior to contawith nasal
mucosa. Hence, there is convenience of adminigtrdtr patients and also accurate drug dosing.oljective of
the present study is to develop in situ gel of Bnemine Hydrochloride, characterize and study thegdelease
properties with favorable gelation, rheological aetease property. This may give patient friendigedle free
dosage form.
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MATERIALS AND METHODS

Materials:

Bromhexine Hydrochloride was obtained as a gift ganfrom MicroLabs , Bengaluru, India. Pluronic B71,
Hydroxy Propyl Methyl Cellulose and all the othreagents used were of analytical grade procured froba
Chemicals, Mumbai, India.

Preparation Of in situ gels:

Pluronic gels were prepared by cold technique [18he formulation ratio presented in Table 1. Te fi%w/v,
solution of drug in distilled water, HPMC was addedhe concentrations of 0.2%, 0.4%, 0.6% ,0 .8%W!/V and
the above mixture was stirred until HPMC completdissolves. To the above mixture, PLX was addé&dddi/v
used as base) and the formulations were kegiCab¥ernight until clear gel was obtained.

Physicochemical Studies

Fourier transformation infrared spectroscopy (FT-IR)

FTIR spectra of pure drug, physical mixture (BH@®kEX + HPMC) and physical mixture with out drug (PLX
HPMC) were obtained using KBr pellet method (apm@y6000 kg/cnf). Spectral measurements were obtained by
powder diffuse reflectance on a FTIR spectrophoteméShimadzu, Model 8033,USAEach spectrum was
recorded in the frequency range of 4000-450-cm

X-ray diffractometry

The X-ray diffractograms of BHC and Physical miauBHC + PLX+HPMC) were recorded by using Philips
XuPert MPD (Netherland) diffractometer with tubeoda Cu over the interval 4-%00. The generator tension
(voltage) 40kV, generator current 45 mA and scamsipeed Zmin.

EVALUATION OF GELS

Measurement of Gelation Time:

A 2ml aliquot of gel was taken in a test tube apgtkn an oven maintained at’87 The sample was examined for
gelation.

Measurement of Gelation temperature (T1) and Gel Miéing Temperature(T2):

Gelation temperature and gel melting temperaturee wletermined by Miller and Donovan technique [12].ml
aliquot of gel was taken in a test tube and pldoedater bath. The temperature of the water bath mereased
slowly( 0.8°C each time) and the gel was allowed to equilibeateach new setting for 5 minutes .The sample was
then observed for gelation. If gelation has ocalittee meniscus would no longer move upon tilting€ This
temperature was noted down as T1. If the aboveddrgel is further heated, it results in the foroatbf a viscous
liquid and starts flowing. This temperature is ge melting temperature was noted down as T2. llfiggdting has
occurred, gel starts flowing upon tilting the tegie to 98C.

pH of Formulation :
1 ml of each formulation and sufficient amount @ftiled water was added to make up the volumeSton2 pH of
the resulting solution was determined using digitdlmeter.

Drug Content:

1 ml of each formulation was taken in a 10 ml voatrc flask and diluted with methanol to make ue tholume to
10 ml. From this solution, 1 ml was taken and fertdiluted to 10 ml. Absorbance of the prepareditsmh was
measured at 255.4 nm by using UV Visible spectrogneter( Shimadzu UV-1800).

Determination of Mucoadhesive Strength:

The mucoadhesive strength was determined by usiegniodified method [20]. The force required to detthe

formulation from nasal mucosal tissue was deterthioefind out mucoadhesive potential of each foatiah. For
this purpose, a section of sheep nasal mucosainets dn each of two glass slides using thread. 50fgel was
placed on first slide and this slide placed belbes height adjustable pan. While another slide wititosal section
was fixed in inverted position to the undersidehef same pan. Both the slides with gel formulabetween them
held in contact with each other, for 2min to endatemate contact between them. Then weight wag kisng in

second pan until slides get detached from eachr.ofihe mucoadhesive force expressed as the detatlsness in
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dynes/cri was determined from the minimal weight that de¢achihe mucosal tissue from surface of each
formulation.

Mucoadhesive Strength (dynes/éne mg/A, (1)

Where, m = weight required for detachment in gram,

g = Acceleration due to gravity (980cm/s2),

A = Area of mucosa exposed.

The nasal mucosa was changed for each measurement.

Viscosity Measurement:

The viscosity measurements were carried out bgguBirookfield programmable DV-II LV model (Brookfike
Eng.Lab.,Inc.USA). The gel sample was placed inllssaanple adapter. Temperature was increased inatige of
20°C to 40C, using water circulation jacket. The temperaseasing probe was lowered in gel and temperature of
gel was recorded. Viscosity at various temperatwasrecorded.

In-vitro Release Studies:

Drug release fronin situ gel was carried by nasal diffusion cell, usinglag@hane membrane (mol.wt.12, 000-
14,000) with permeation area of 0.8crBOml of phosphate buffer pH 6.4 was placed inabeeptor chamber and
gel containing drug equivalent to 10mg was plagedanor chamber. At predetermined time points, 4amhple
was withdrawn from the acceptor compartment withticmously replacing by fresh buffer, (pH 6.4 phiosie
buffer) for a period of 5 h. The samples were $ljtailuted and measured spectrophotometrical®sit.4 nm. The
concentration of drug was determined from a preslipoonstructed calibration curve.

In —vitro Permeation Study:

Fresh nasal tissue was removed from nasal cavisheép obtained from local slaughter house. Tissaginserted
in the nasal diffusion cell with permeation area0 cnf. Gel containing drug equivalent to 10m@s kept in
donor compartment. At predetermined time point damgpwas done. Blank samples (without drug) wera ru
simultaneously throughout the experiment. Amoundroig permeated was determined by UV spectrophdtgrae
255.4 nm.

Differential Scanning Calorimetry (DSC) studies

DSC study was carried out using DSC-60 instrumiHs (Shimadzu) to check the matrix formation as vaslithe
compatibility of ingredients. DSC thermograms ofgdrugs (BHC) and formulation were taken for thééntical
endothermic reaction. Further their physical migtuof drugs and polymers were also studied for thisractions

RESULTS AND DISCUSSION

Fourier Transform Infrared Spectroscopy

The FT-IR spectra of BHC and physical mixture (fatation F2) samples are shown in Fig 1. The FTgRBcsrum
of bromhexine hydrochloride showed absorption baatd3441, and 3301ctn the region of 3500-3100 chfor
the NH-stretching vibration of Ar-NH2 and sharp barat 1634 and 1483 ¢hin the region of 1700- 1400 chior
the NH-bending vibration of the Ar-NH2. The FTIRestrum of physical mixture was similar to the speof
BHC. The characteristic IR absorption peaks of BHC carag with the IR spectra of BHC hysical mixture
(formulation F2)were not alter, indicating no chemical interactibe$ween the drug and polymers used.

X-ray diffractograms

The X-ray diffractograms of BHC and physical mixufformulation F2) are presented in Fig.2. The pBFHC
showed several diffraction peaks, exhibiting a nsfiarp peak at 7.2, 22.3 and 3539) and secondary peaks at
13.8, 14.9, 1732 ©). No diffraction peak was observed in the PLX at@MC diffractogram. The diffraction
patterns of physical mixture (formulation F2) ebiting a main sharp peak at 7.3, 22.4 and 3%28) and
secondary peaks at 13.7, 14.7, I'729). The several sharp diffraction peaks from B#iffractogram exhibited that
the drug BHC is in crystalline form. The difframti patterns of physical mixture (formulation F2fresponded to
the superimposition of BHC indicated that the aifstity of BHC was not changed. The fine crystalsBHC
either dispersed on to the surface or cavitiesL.of @nd HPMC.
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Fig 1: FT — IR spectra of BHC and physical mixture(Formulation F2)
BHC = Bromhexine hydrochloride
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Fig 2: X — Ray diffractograms of BHC, Physical mixtire ( Formulation F2), PLX and HPMC.
BHC = Bromhexine hydrochloride, PLX = Poloxamer and HPMC = Hydroxy Propyl Methyl Cellulose

Evidence have shown in the recent years that bieside polymers have the physical properties arthvier
suitable to prepare bio compatible bio degradabktu gels to release the drug in the nasal nauf2is 22]1In the
present study, the modified novel cold techniqus wmployed using bio adhesive polymers and nor &odvents

to prepare the in situ gels. The present metheogiie different from that reported by Schmolka [Btause in the
present study, HPMC was used as a bioadhesive polyth2- 1% wi/v), PLX as base (19% wi/v) at various
concentration to study the gelation temperaturesaadhesive strength, viscosity and % cumulative delease.

Gelation Time

The gelation time is defined as the time takerttiertransition of liquid phase to a gel. In thesgr study, for the
prepared formulations the gelation time was fotmbe with in 2 minutes. PLX 19% wi/v was used todoce the
in situ gels with in 2 min. The resultaimt situ gel did not have any surface irregularities.
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Gelation Temperature (T1) and Gel melting Temperatue (T2):

At gelation temperature, liquid phase makes transiinto gel. Due to the addition of HPMC and BHt&ite is a
change in T1 of gel formation. Study shows thatfalation F1 having gelation temperature ofGZlow level of

HPMC-0.2%w/v) where as F2 has a T1 of@¥wvhich is having high level of HPMC (0.4%).Theuls presented
in Table 1. This indicates that the mucoadhesivgnper, HPMC has significant T1 lowering effect. Thelation

temperature lowering effect might be caused duadreased viscosity after dissolution of mucoadkegiolymer.

The gel melting temperature (T2) was also founddorease with increasing concentration of HPMC ffb@&to-

1.0%w/v.

Table 1: Formulations and evaluation parameters oformulations

Formulation code HPMC : Poloxamer(w/w) Gelation Temperature (T1°C)  Gel melting temperature(T2°C)

F1 0.2:19 31 69
F2 0.4: 1¢ 27 62
F3 0.6: 19 24 54
F4 0.8:19 22 50
F5 1.0: 1¢ 21 48

Values shown in the table mean percent of three batches ( n= 3)

pH of The Formulation:

The normal physiological pH of the nasal mucosayeanfrom 4.5-6.5. But the nasal mucosa has thebdapdo
tolerate pH between 3-10. pH of all the formulasiamas found to be between 6.9-7.5 i.e., withinrtrege, which
nasal mucosa can tolerate [23] and the resultpresented in Table 2.

Drug Content:
The percentage drug content of all the formulatisias found to be in the range of 97.05-99.23% @@hesl in
Table 2).

Table 2: Evaluation parameters of formulations

Formulation code  pH(meanz S.D.) Drug Content Mucoadhesive strength

(mean+ S.D.) (Dynes/cm2)
F1 7.1+0.12 98.56 + 0.56 2936 +0.72
F2 6.9+0. 99.23+0.4 3838+0.9
F3 73101 97.12 + 1.02 4102 +£0.52
F4 7.1+0.1 97.05+1.0 4345 £ 0.3
F5 7.5+0.15 98.03 + 0.98 4512 +0.36

Values shown in the table mean percent of three batches ( n= 3)

Mucoadhesive Strength:

Mucoadhesive strength was determined by measuhieagdrce required to detach the formulation fromcosal

surface i.e., detachment stress. Results revetivireable HPMC is having effect on mucoadhesiversith. It
shows that as level of HPMC increases, mucoadhasigeagth also increases. The results are presanieable 2.
This was due to wetting and swelling of HPMC, peésnintimate contact with nasal tissue, interpetietnaof

bioadhesive HPMC chains with mucin molecules legdm entanglement and formation of weak chemicaldiso
between entangled chains. Due to stronger mucoaghiesce, it can prevent the gelled solution cognaut of the
nose. But higher ratio of HPMC responsible foressgive bioadhesive force and the gel can damageasa
mucosal membrane.

Viscosity:

Viscosity measurement of the formulations at vaitemperatures (20-40C), shows that there was increase in
viscosity with increase in the temperature. Figh8vss viscosity profiles of formulations at’g7also reporting that
mucoadhesive polymer HPMC had a viscosity enhaneffegt.

In vitro drug release:

The release profile of BHC from all the formutats, reveals that as the level of HPMC is incraasihe drug
release is decreasing. This is due to the incrgasggtosity. The retarding effect of mucoadhesigg/mer, HPMC
could be attributed to their ability to increase thverall product viscosity as well as their abpilib distort or
squeeze the extra micellar aqueous channels of rRic¥lle through which the drug diffuses therebyagimg the
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release process. From the result it clearly shdwas only HPMC is affecting drug release. Formulatkl, F2,
F3,F4 and F5 shows the 84.12, 85.32, 80.18, 7&h867&.32% drug release at 5h respectively. Thisedse in
drug release might be due to higher level of HPM&hkese formulations.
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20000+ ——F2
o ——F3
. 150001 —+—F4
17 ——F5
3 10000+
R
>
5000+
0 Y T 1
0 10 20 30 40 50
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Fig 3: Viscosity measurement of formulations at vaobus temperatures
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Fig 4: In vitro permeation of pure drug solution and formulation 2.
In vitro Permetion Study:
In vitro permeation of aqueous drug solution and formulai@nwere observed. Formulation F2 exhibited good

drug release profile with favourable gelation ahdalogical properties. Hence, the formulation F2 whosen as a
optimized formulation, to see the permeation ofgditrough nasal mucosa. It was observed that peioneaf drug
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from aqueous solution was 95.12% where as the g@drformulation F2 shows release of 85.03 % attia of 5
h as shown in Fig 4. The release of BHC from thiefgienulation was found lower as compared to thaemys
solution, may be due to the inverse relationshipvben viscosity and drug release. Viscosity of fimenulation
influences release of BHC from gel formulation. §shows that when viscosity is increased, the seled the
incorporated drug can be prolonged.

Differential Scanning Calorimetry (DSC) studies

DSC shows that crystalline BHC melts at 255° C,wghg a sharp endothermic peak. Incorporation of BHIO

HPMC and PLX did not drastically influence the timef properties (physical mixtures). The result &Danalysis
reported that most of drug was in amorphous statd,crystalline BHC represented only a diminutivermity of

whole drug incorporated indicating absence of amgdo polymer interaction shown in Fig 5.

A

——

100.00 T 20000 30000
Temp [C]

Fig 5: DSC thermpgram of pureBromhexine hydrochloride (A) and Physical mixture 8).
CONCLUSION

In the present study, Pluronic F 127 gel with HPMGormulated for nasal delivery of mucolytic ancpectorant
BHC, which would enhance nasal residence time duts increased viscosity and mucoadhesive streBHitB has
the characteristic of presystemic metabolism 0b8f%. So, the formulation as an intra nasal gelccattribute to
escaping first pass metabolism due to its admatistn as arn situ gel. Optimized formulation F2 was found out to
be (composed of 1%W/V BHC , 19% W/V PLX, 0.4%W/WMC) better with respect to its rheological projeest
gelation time, gelation temperature, pH, mucoadfeesirengthin vitro drug release ania vitro permeation studies
when compared to other formulations. These residtaonstrate the potential is of Pluronic F 127 BRIMC for
the fabrication of controlled delivery devices foany partially water soluble or hydrophilic drugs.
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