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ABSTRACT

The present study aimed to formulate orodispersible tablets of memantine hydrochloride to increase its
bioavailability. Orodispersible tablets were prepared by direct compression technique using sublimation approach.
The prepared powder mixtures were subjected to both pre and post compression evaluation parameters including;
micromeritics properties, tablet hardness, friability, wetting time, disintegration time and in vitro drug release. The
results of micromeritics studies revealed that all formulations were of acceptable to good flowability. Tablet
hardness and friability indicated good mechanical strength. The F9 formulation which is having high concentration
of camphor was given promising results for tablet disintegration, wetting time and gives faster dissolution rate. This
increase in the dissolution rate may be due to the presence of crospovidone which is used as a superdisintegrant.
This work is helped in understanding the effect of formulation processing variables especially the subliming agent
on the drug release profile.
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INTRODUCTION

Oral drug delivery remains the preferred route ddministration of various drug to produce systegfiects of
drugs. Solid oral dosage forms represents the pegfelass of product, as tablet represents adasiage form in
which one usual dose of the drug has been accyngteded. It avoids, errors in the total dose tddden when the
drug is self- administered by the patient. Oveeeadle, the demand for development of orally dignaitng tablets
(ODTs) has enormously increased, as it has sigmfigmpact on the patient compliance. Orally dijnéting
tablets offer an advantage for populations who Hdiffeeulty in swallowing. It has been reported tifysphagi&’
(difficulty in swallowing) is common among all aggoups and more specific with pediatric, geriafrgpulation
along with institutionalized patients and patientth nausea, vomiting and motion sickness compbeat’ .

ODTs with good taste and flavour increase the gebdpy of bitter drugs by various groups of poatibn. Thus,
these conventional dosage forms result in highgdesce of noncompliance and unsuccessful theratiy wspect
to swallowing specially in the case of geriatriedjatric or any mentally retarded persons. Sineeattsorption is
taking place directly from the mouth, so, bioavtailig/ of the drug increases. Drugs present in @persible tablets
are also not suffering from first pass metabolfmMemantine hydrochloride is a NMDA receptor antzigb
specially used for Alzheimer’s disease, this comimaacurring for elderly people. ODTs gets dissdguickly

due to the existence of superdisintegrants, reguiti speedy absorption of drug which in twist pdes rapid onset
of action. The dissolution rate and bioavailabitifya poorly soluble drug from solid dosage fornpeled much on
formulation additives and formulation charactecistiOn the basis of these considerations, in teegnt study it
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was proposed to formulate an oral delivery sysienthe form of orodispersible tablet of memantiryelfochloride
to increase its bioavailabilif§/.

Orodispersible tablets were prepared by direct cesgion technique using sublimation approach. Tepared
tablets were subjected to both pre and post comipreparameters evaluation, including; Carr's indexgle of
repose, Hausner’s ratio, hardness, friability, ingttime, disintegration time and dissolution rate.

MATERIALS AND METHODS

Memantine hydrochloride was a gift sample from lHetgharmaceuticals Pvt Ltd., (Hyderabad, Indiaym@hor,
sodium starch glycolate, croscarmellose sodiumspeidone and mannitol were purchased from Sigmiahal
india. Lactose, aspartame, magnesium stearatevéake purchased from S.D fine chemicals. All theeotthemicals
used were of analytical reagent grade.

Development of Orodispersible tablet of Memantine €I

The Memantine hydrochloride orodispersible tabletxe prepared by direct compression method empgjoyin
various excipients as mentioned in the Table 1. Kieine hydrochloride, camphor, superdisintegramdi®n
starch glycolate, Croscarmellose sodium, Crospaajldn various proportions, lactose, microcrystalcellulose,
aspartame, magnesium stearate, talc were passedjth#40 mesh and mixed well. The magnesium stearas
individually passed through #60 mesh. The blend Wdsicated with magnesium stearate. The tabletsewe
compressed using a 10 station tablet compressichineusing 8mm round shaped punches.

Table 1: Formulation of Memantine hydrochloride orodispersible tablets

Ingredients F1| F2 | F3| F4| F5| F6| F7| F8] F9
Memantine HCI 05 05 05| 05 0§ 05 0b 05 05
Camphor 05 10 15 05 1( 15 06 10 15
Sodium starch glycolat¢ 02 04 0p -
Croscarmellose sodit - - - 02 04 06 -
Crospovidon - - - - - - 02 04 06
Lactose 60 60 60 60 60 6 60 60 60
Mannitol 24 17 10 24 17 10 24 17 1p
Aspartame 02 02 02 07 02 op 02 Q2 2
Magnesium stearate 01 oL oL g1 1 D1 01 01 01
Talc 01 01 01 01 01 01 01 01 oL
Total 10c | 20c | 10c | 10c | 10c | 10C | 10C | 10C | 10C |

Ingredients weight mentioned in mg

CHARACTERIZATION OF BLEND

Micromeritic Properties®®®"3

Prior to compression, the blend was evaluatedhfeir micromeritic properties such as bulk densapped density,
compressibility index, Hausner’s ratio and angleepiose.

Bulk density and Tapped densiff”!

A known amount of granules from each formula, prasly lightly shaken to break any agglomerates éatrwas
introduced into a graduated measuring cylinderterAthe initial volume was observed, the cylindersvallowed to
fall under its own height onto a hard surface frbra height of 2.5 cm at 2 second intervals. Theitap was
continued, until no further change in the volumeswmted. BD and TD were calculated using the fdlhgw
formulas.

BD = Weight of the powder/volume of the packing
TD = Weight of the powder/tapped volume of the padkg
Compressibility indexX?®”

The compressibility index of the granules was deieed by Carr’'s compressibility index which wascedéted by
using the following formula:
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Carr’'s index (%) = [(TD-BD) x100)/TD

Hausner’s factor®®”]
Hausner found that the ratio DF/DO was relatednteriparticle friction and, as such, could be usegredict
powder flow properties. It is calculated by usihg following formula:

Hausner’s factor = TD/BD

Where,
TD is Tapped bulk density and BD is loose bulk dgns

Angle of repos&®”

The flow properties are critical for an efficierdbteting operation. A good flow property of the pewv or
granulation is necessary to assure efficient mixing acceptable weight uniformity for the comprdssdblets. In
some cases, dry powder has to be pregranulatedpmve their flow properties. During the pre-foratin, the
flow ability of the drug and granulation should $tedied especially when the anticipated dose ofithg is large.
When a heap of powder is allowed to stand with éhé/gravitational force acting on it, the anglénsen the free
surface of the static heap and the horizontal pmeachieve a certain maximum value for a givendww. This
angle is defined as the static angle of reposeismdcommon way of explaining flow characteristadspowder
granulation. In most pharmaceutical powders andwdes, the angle of repose values range from 25d@°lower
values indicating better flow characteristics.

The angle of repose is defined as the maximum gmggsible between the surface of a pile of powdegranules
and the horizontal plane.

Tan = h/r

Where,
h and r are the height and radius of the powdee con

EVALUATION OF TABLETS
The formulated tablets were evaluated for the Wil physicochemical parameters.

Thickness®®" 8l
The thickness of tablet can vary without any chaingseight. This is generally due to the differencd density of
granules, pressure applied for compression andpeed of compression. It was measured by verniigeca

Hardnesst®7#l

Tablets require certain amount of strength to havesistance from breakage, while transportatiah feandling
before use. It was measured by Monsanto HardnesteTd he test was performed on six tablets andtieeage
was calculated.

Friability test 678!

The friability of the tablet was determined by sinabilator. It is expressed in percentage (% ety tablets were
initially weighed (W) and transferred into the friabilator. The friabdr was operated at 25 rpm for 4 minutes in
which tablets are subjected to combined effecthotk and abrasion in a plastic chamber droppingdhkets at a
height of 6 inch in each revolution. The tabletsravde dusted and weighed again,)\WIhe friability(%) was
calculated.

% friability = (W - W,/ W,) x 100
Where,

W, = weight of tablets before test
W2 = weight of tablets after test
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Weight variation test®"®!

Twenty tablets were selected randomly and weigihelividually. Average weight of tablets was calcathtand
compared with that of the individual tablets. Hoe tablet to be accepted, the weight of not moaa tiwo tablets
deviate from the average weight by not more th&#o?.

Disintegration time!®*”

The disintegration time was performed by using @@PUdisintegration test apparatus with distilled evedt

37+0.5°C. The disintegration time was taken toHmetime when no granules of any tablets were lefthe mesh of
the apparatus. The time reported to obtain comptisetegration of six tablets were recorded. Theam
disintegration time and standard deviations weleutated.

Wetting timel>67#!

Wetting time is closely related to the inner stanetof the tablets and to the hydrophilicity of #vecipient. The
water penetration rate into the powder bed is ptapwal to the pore radius and is affected by thérbphilicity of

the powders.

It is obvious that pores size becomes smaller agttirvg time increases with an increase in compoeskirce or a
decrease in porosity. A linear relationship existdéwveen wetting time and disintegration time. Thuetting is the
important step for is integration process to talke@. A piece of tissue paper folded double wasqudn a petri
dish (internal diameter is 6.5 cm) containing 6nflwater. The tablet was placed on the paper, aadithe for
complete wetting of the tablet was measured inrs#E0The method was slightly modified by maintagnwater at
37°C. Wettingtime corresponds to the time taken for the talletisintegrate when kept motionless on the tongue.
Content uniformity test>®"

Twenty tablets from each batch were powdered arighed accurately. The drug content was determisatguhe
standard calibration curve. The mean percent damgeat was calculated as an average of three detions.
Weighed quantity of powder samples were dilutetbbly and analyzed for cumulative drug releaseiggiUV.

Dissolution Studies™"!

The release rate of formulated memantine HCI wasrdéned using USP dissolution testing apparatyglectro
Lab, India). The dissolution test was performedibiyng 900 ml phosphate buffer of pH 6.8 as a digkoi medium
at 37+0.5°C temperature and speed 50 rpm. SamplOmwi was withdrawn at regular interval of minutasd
replaced with fresh medium to maintain sink comditand the percentage of drug release was detetrhinesing
UV spectrophotometer at 282 nm.

Stability studies as per the ICH guideline$"?

Stability studies performed on final batch as & Iguidelines for 60 days at 40°C+2°C/75% RH+5%m§Bkes
were withdrawn at 0, 3 and 6 months intervals araluated for their physical property, disintegratiome andn
vitro drug release.

RESULTS AND DISCUSSION

Evaluation of granules

A granule is an aggregation of component partithes is held together by the presence of bondiiéfstrength.
Direct compression method was, therefore, uselddrptesent study. Physical properties of granulek as specific
surface area, shape, hardness, surface characteaist size can significantly affect the rate isédlution of drugs
contained in a heterogeneous formulation. The deanaf all drug formulations were evaluated forlangf repose,
loose bulk density (BD), tapped density (TD), coegsibility index (CI) and Hausner’s ratio. The feswere
obtained are shown in table 2. The powder was ¢besive to flow through the funnel, where as thgleanf repose
values for granules were ranged from 33°09’ to 89%kpectively. The Hausner's ratio values of thepared
memantine granules were ranged from 1.15 to 1.Bé.latter was thought to indicate good flow projesrbf the
prepared granules.

The percentage compressibility, an indirect metbfocheasuring powder flow ability from bulk densgtideveloped
by Carr. The percentage compressibility of memantias found to be in the range of 13.11 to 19.40s Tesult
was in good agreement with the results of anglepbse, supporting the idea that granulation imgddyoth flow
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ability and compressibility. Finally, the disinteges level and disintegrates type did not affeet pysical
properties of the granules markedly. These reswdte found to be considered satisfactory. The lestébrmulated
with mannitol was used for ensuring the better flawhe granules with the various disintegrant usétl various
concentration. This can be attributed to the inhtegaiality of mannitol having better compressililiErom all the
formulation the camphor at various concentratiorenadded in order to decrease the disintegraiing aind
wetting time. This data also reveals that an irsmem the ratio of diluents to drug contributes foe better
compressibility index of the granules for memanfornulations.

Table 2: Flow properties of powder blend

S.No | Angle of Reposet) | Bulk Density (gm/ml) | Tapped Density (gm/ml)| Hauser's Ratio | Carr's Index
F1 39.14+0.022 0.52+0.34 0.63+0.004 1.21+0.03 17.4612.
F2 37.64+0.051 0.54+0.56 0.67+0.02 1.24+0.06 19.4+1.19
F3 36.07+0.034 0.52+0.56 0.62+0.06 1.19+0.02 16.181.p
F4 38.28+0.087 0.5+0.45 0.61+0.008 1.22+0.02 18.03*1.p
F5 37.79+0.031 0.51+0.72 0.62+0.03 1.21+0.04 17.7442.0
F6 36.34+0.023 0.51+0.04 0.61+0.045 1.196+0.09 16.3912
F7 38.02+0.045 0.49+0.22 0.6+0.021 1.22+0.02 18.33k0.p
F8 34.83+0.067 0.51+0.24 0.6+0.024 1.1760.03 15+1.02
F9 33.09+0.056 0.53+0.27 0.61+0.047 1.15+0.02 13.1620.

Evaluation of memantine orodispersible tablets

The oral disintegrating tablets of memantine hydtogde were prepared by employing disintegranvatous
concentrations by direct compression method usirgirmation approach. The physical properties ofedént
batches of developed oral disintegrating table¢sgiven in table 3 for memantine respectively. Bhpeoperties
were studied by determining average weight, thisknelrug content, hardness, friability, disinteigratime and
wetting time of the prepared tablets. The averagegntage of deviation of 20 tablets of each foemnisilless than
3%, hence all the formulations passes the tesatrfdormity of weight as per official requiremente thickness of
the prepared memantine tablets was ranged from IL& mm. It was also observed that increasingithimtegrant
concentration resulted in no alteration in the khiss of the tablets formulation significantly. $heresults might
indicate that the disintegrant does not alter thlibg property of the formulations. Good uniforyniih drug
content is found among the different batches ofetabas all the values are within 96.3% to 99.2%hef labeled
claim. In general, increase in the concentratiopafmer contributes to higher hardness values. idreness is,
however, not an absolute indicator of strength.dass of the prepared tablets fell in the rang24f 3.7 kg/crh
The friability of the prepared tablets fell intcetihange of 0.25 to 0.61%. The European Pharmacast&ies that
loss up to 1% is acceptable. Therefore, thesetsew@lre considered satisfactory. There was no rdatkéerence in
the friability observed with the tablets preparesihg different disintegrant concentrations. Thesdifigs were in
good agreement with the results of thickness measemt, supporting the idea that the used disintégtaes not
alter the binding properties. All the tablet formuibns showed acceptable pharmacotechnical prepesnd
complied with the specifications for weight variatj drug content, hardness and friability.

Table 3: Physical characteristics of formulated tablets

S.No F1 F2 F3 F4 F5 F6 F7 F8 F9
Thickness (mm) 120+ | 1.2+ | 1.3+ | 16+ | 1.6+ | 1.7+ | 1.7+ | 1.6+ | 1.8+
0.26 | 0.23 | 0.70 | 0.38 | 0.21 | 0.24 | 0.53| 0.38 | 0.21

25+ | 24+ | 2.7+ | 3.3+ | 3.2+ | 3.4+ | 3.4+ | 3.6+ | 3.7+
019 | 023 | 019 | 0.27 | 018 | 0.29 | 0.13| 0.11 | 0.16

054+ | 061 | 041 | 0.39 | 0.33+| 0.31+| 0.3+ | 0.28+| 0.25*
0.32 | +0.41 | +0.23 | +0.67 | 0.56 | 0.61 | 0.24| 0.21 | 0.27
38+ 29+ 24+ 32+ 27+ 25+ | 20+ | 16+ 11+
1.2 1.t 1.2 14 1.7 1.2 14 1.2 1.2
Wetting Time (sec) 40+ 32+ 28+ 35+ 30+ 37+ | 22+ | 17+ 15+
0.9 0.7 1.3 1.7 0.9 1.2 0.6 0.9 0.6

Weight Variation (mg) 102+ | 99+ 99+ | 103+ | 101+ | 102+ | 98+ | 99+ | 101+
045 | 032 | 0.63 | 049 | 013 | 0.34 | 0.42| 045 | 0.13

Drug content (%) 96.3 97.5 98.7 97.9 98.5 988 969 981 99.2

Hardness (kg/cn?)

Friability (%)

Disintegration Time (sec)

In vitro release studies of developed memantine hydrochlogcbrodispersible tablets
A suitablein vitro dissolution method serves as a valuable qualitytrobmool to assess batch to batch release
performance and to assure the physiological avilabf the drug. Thein vitro dissolution test is also used to
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guide formulation development and to monitor maouwfang processes. As a regulatory test, it is usegpprove
minor changes in formulation, changes in the ditmanufacturing and also to assess the scale thedfio-batch to
the production batch. All the batches have shovah &is the disintegrant concentration increases.dfig release
rates for memantine orodispersible tablets are shiovwable 4 and figure 1. However, the drug redésafrom these
tablets were found to increase with increase irctieentration of disintegrant used in the formafatThus, it can
be concluded than vitro release of drugs is a direct function of its sditybin the dissolution medium.

Table 4: Dissolution parameters of formulated tables

% Drug release
F1 F2 F3 F4 F5 F6 F7 F8 F9
2min | 24.3| 28.7] 325 352 38p 389 393 395 4p4
4min | 34.7 | 46.7 | 57.£| 49.£ | 50.z | 60.7 | 74.1| 76.1 | 78.
6min | 45.2 | 54.2 | 65.2 | 64.7 | 66 67 | 79.€ | 80.6 | 82.Z

Time

8min | 52.6| 644 68| 69.9 68 76/8 814 823 8B5
10min | 59 | 69.3| 719 734 778 788 835 91 921
12min | 658 | 725 743 795 79p 824 90 925 93

14min | 71.2 | 749| 79.8 831 84p 869 912 983 9b.1

16min | 74.€ | 78 | 82.£ | 88. | 89. | 91.1 | 92.2 | 95.£ | 96.7
18min | 77.5 | 82.2 | 86.1 | 9C 91 | 92.€ | 93.€ | 96.7 | 97.¢
20min | 83.4| 85.6] 89.5 915 9209 94/4 959 97.2 9p.7

120 - .
In vitro drug release study
q)100 .
% —F1
% 80 - — B
3’60 7 —F3
T 40 - g F4
o
> —F5
20 -
—F6
0 T T T T 1 F7
2min 4 min 6 min 8 min 10 min12 minl14 min16 min18 min20 min
—F8
TIME

Figure 1: In vitro drug release

STABILITY STUDIES

No significant change was observed for the fornaalabrodispersibléablets of memantine with respect to its
physicochemical parameters as evident by tableaSe& on these observations, it was concludedhbateveloped
formulations of memantine tablets were physicalig @hemically stable and retain their pharmaceufioaperties
at various temperature and humidity conditionsaf@eriod of six months.

Table 5: Stability studies

Test Stability Results (40 + 2° C / 75 + 5%RH)
Initial 3 Month 6" Month

Hardnes 3.7 3.k 3.8

Drug Content (%) 99.9 99.3 98.4

Disintegration 11 13 14
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CONCLUSION

Orodispersible tablets of memantine hydrochlorideld be considered useful oral delivery systemisi¢oease the
drug bioavailability. Memantine hydrochloride isttbr drug; Simple flavour and taste enhancers wiittect
compression technique were sufficient to mask flterhess of this drug. Compressed tablet procesddibe an
effective, low cost and simple alternative approadmpared with the use of more expensive procdes li
lyophilization and adjuvant in the formulation ofodispersible tablets. Low dose, low bitter drugerev
successfully prepared by simple direct compressiethod with taste and flavour enhancers. Amongdifferent
formulations, F9 by using sublimed agent and highcentration of crospovidone was found as best titation
from evaluation studies.
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