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Abstract: Gelatin is a principal excipient used as a bindahe formulation of lyophilized
orally disintegrating tablets. The current studguses on exploiting the physicochemical
properties of gelatin by varying formulation paraens to determine their influence on
orally disintegrating tablet (ODT) characteristiBsocess parameters, namely pH and ionic
strength of the formulations, and ball milling wengestigated to observe their effects on
excipient characteristics and tablet formation. heperties and characteristics of the
formulations and tablets which were investigateduded: glass transition temperature,
wettability, porosity, mechanical properties, disgration time, morphology of the internal
structure of the freeze-dried tablets, and drugdligion. The results from the pH study
revealed that adjusting the pH of the formulatiorag from the isoelectric point of gelatin,
resulted in an improvement in tablet disintegratiome possibly due to increase in gelatin
swelling resulting in greater tablet porosity. Tresults from the ionic strength study
revealed that the inclusion of sodium chlorideusficed tablet porosity, tablet morphology
and the glass transition temperature of the fortiara. Data from the milling study
showed that milling the excipients influenced fotation characteristics, namely
wettability and powder porosity. The study concludleat alterations of simple parameters
such as pH and salt concentration have a signtficlnence on formulation of ODT.
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1. Introduction

Orally disintegrating tablets (ODTs), which are calseferred to as orodispersible and fast
disintegrating tablets, are tablets which whengaflain the mouth, disperse/disintegrate rapidly keefo
being swallowed, due to the action of saliva [ljeTFood and Drug Administration recommends that
ODTs be considered as solid oral preparationsdisategrate rapidly in the oral cavity, with an
vitro disintegration time of approximately 30 secondsless, when based on the United States
Pharmacopeia disintegration test method or alter@2]. This form of solid dosage form is therefor
highly applicable for groups of the population wlkommonly have difficulty in swallowing
conventional solid dosage forms (e.g. conventidiadlets and capsules), such as pediatric and
geriatric patients [3].

A number of technologies have been used to mamnufacODTs including freeze-drying
(Iyophilization), molding and conventional compriessmethods [4]. More recently new technologies
such as tablet loading [5], compression of puhestizomponents [6] and sublimation [7] have also
been reported.

However, ODTs manufactured using freeze-drying haeen the most successful commercially.
Tablets manufactured using this technology, gelyeexhibit rapid disintegration and dissolution due
to their highly porous nature, which allows pentgtraof saliva into the matrix of the tablets, riisig
in disintegration. The freeze-drying process ineglthe transition of water from liquid to solid ohgy
freezing, and then solid to vapor during sublimafi@]. A particular advantage of freeze-dryinghatt
the solution is frozen such that the final dry prodis a network of solid occupying the same volume
as the original solution, resulting in a light gmarous product which is readily soluble [8].

Gelatin and mannitol are both excipients which @ed in the formulation of freeze-dried ODTs
[9]. These materials are responsible for formirg hiighly porous matrix structure of the dosage form
Gelatin, a protein, which acts as a glassy amorploimmpound, provides structural strength, whilst
mannitol (a sugar alcohol) provides crystallinityardness and elegance [9]. Water is used as a
manufacturing process media, which induces theysostructure upon sublimation during the freeze-
drying stage [9].

Interestingly, studies investigating molecular atans in gelatin configuration have shown that
various factors such as pH and salt concentratibnence its packing and solubility. A pH-swelling
curve for lime processed gelatin (type B) has lreported [10]. The results showed that adjustirg th
pH away from the isoelectric point resulted in gngicant swelling of the material. Subsequenthg t
swelling properties of gelatin could potentially blized to increase the porosity of the freezedir
tablet matrix, and could lead to a reduction inrdegyration time. Another study investigating the
solubility of gelatin has shown that it exhibits ibwest solubility at pH 5 (isoelectric point), tivi
improvements in solubility above the isoelectricindd11,12]. Other factors that have shown to
influence gelatin swelling and solubility includieet addition of neutral salts and variations in goni
strength of the formulation [12,13]. Despite thai&ability of literature on gelatin behavior, thdnas
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been no work reported in exploiting gelatin progsrtunder different conditions in the formulation
of ODTs.

Besides varying parameters such as pH and ionengttn that will potentially influence the
physicochemical properties of gelatin, anotherdaethich has received very little attention is et
size reduction. Ball milling is a widely used teture to reduce particle size [14] and has been show
to influence the transition of materials from cafshe to amorphous form [15,16]; to change the
performance of a variety of dosage forms by imprgviheir solubility [17], dissolution [18], and
bioavailability [19].

The aim of the current study was to exploit thaouss process parameters such as adjustment of pH,
ionic strength of the formulation and ball milling study their influence on tablet properties witib
aim of reducing disintegration time without compiemg tablet hardness. The formulated tablets used
in this study consisted of 9% w/w gelatin and 30%vwof the dried tablet weight) mannitol, as
excipients. The choice of formulation was influethdx® the preliminary results which showed that the
above combination exhibited high tablet hardnesklamg disintegration time (around two minutes).

2. Experimental Section

2.1. Materials

Gelatin (type B, 60 and 75 bloom) and mannitol wsrgplied by Sigma-Aldrich Chemicals (Poole,
UK). HPLC grade methanol was supplied by Fishere®dic (Loughborough, UK). lbuprofen,
sodium chloride and sodium hydroxide were suppligdSigma-Aldrich Chemicals (Poole, UK).
Hydrochloric acid was supplied by Fisher Scient{fioughborough, UK). All chemicals were used
without further purification.

2.2. Methods
2.2.1. Preparation of Freeze-Dried Tablets

Gelatin was dissolved in double-distilled watealbbut 40 °C, followed by the addition of mannitol
to form a solution. 1.5 g of the resulting solutwas dosed into a tablet mould, frozen at —70 1Gfo
minimum of sixty minutes and freeze-dried (ADVANTAGFreeze-Dryer, VIRTIS) according to the
following regime; primary drying for forty eight es at a shelf temperature of —40 °C, secondary
drying for ten hours at a shelf temperature of @0ahd vacuum pressure of 50mTorr. A minimum of
ten tablets were prepared for each formulation.

2.2.2. Ball Milling

Mixtures of gelatin and mannitol were milled usim@lanetary micro mill (FRITSCH Pulverisette 7,
Germany), with 45 mL agate grinding bowls and 10 diameter agate balls at room temperature. The
milling process was performed under various coadgj as shown in Table 1, in order to investigate
the effect of the milling parameterse., milling time, rotation speed, and ball: powder g¥giratio, on
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the; wettability, porosity of the milled samplesdagiass transition of the formulations in theirzen
state prior to freeze-drying. Ultimately the effe€tmilling on the properties of the freeze-driablets,
namely; disintegration time, porosity, hardness fracdturability were investigated. The weight oéth
gelatin-mannitol mixture was 3 g for all of the Im¢ conditions. The milling parameters were
determined using MODDE factorial-experimental dasgftware.

Table 1.Ball milling conditions of the various formulatians

Formulation Milling Time Rotation Speed Ball: Powder
(minutes) (rpm) Weight Ratio
N1 15 100 5
N2 60 100 5
N3 15 400 5
N4 60 400 5
N5 15 100 15
N6 60 100 15
N7 15 400 15
N8 60 400 15
N9 37.5 250 10
N10 37.5 250 10
N11 37.5 250 10

2.2.3. Differential Scanning Calorimetry (DSC)

DSC (Pyris Diamond DSC and Intercooler 2P: Perkimef, Wellessey, USA) was used to
determine the glass transition temperatdig ¢f the formulations in their frozen state (beftreeze-
drying). 10—15 mg of the liquid samples were loaohd aluminum pans, cooled to —65 °C at a rate of
5 °C/min with a nitrogen purge of 20 mL/min, an @éyngluminum pan was used as a reference for all
measurements.

The resulting thermograms were analyzed by Pyrisager softwareTy values were determined
from the intersection of relative tangents to tlasddine. Three samples/measurements were taken for
each formulation, and the mean values + standaod were reported.

2.2.4. Wettability Analysis

The wettability of the milled and non-milled (cooitformulation) samples were analyzed using the
Wilhelmy method, to determine their contact angleCamtef (Hertfordshire, UK) QCT-100 surface
tensiometer was used to determine the contact anglsubsequent wettability of the samples.

Glass slides measuring 24 x 24 mm in size wereredveith 12 x 24 mm double-sided adhesive
tape. The glass slides were then placed in th@ewsrfiormulations, to coat them. Excess formulation
was removed by gentle tapping to ensure a unifayat. dGlass slides were then securely attached to
the microbalance of the apparatus, and during biéittaanalysis, a glass beaker containing the test
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liquid (80 mL of double distilled water) was raisadd lowered at a rate of 0.200 mm/s, to immerse
the glass slides. During this period, contact anglere determined automatically at regular intexval
Each formulation was analyzed in triplicate forithgreatest contact angle, and mean + standard
error is reported. The test liquid was replacedafwalyzing each formulation.
A linear relationship between wetting time (wettdy) and disintegration time of rapidly
disintegrating tablets has been reported [20]. dloee, analysis of the wettability of excipientsais
useful tool in understanding the performance (tikgration time) of fast disintegrating tablets.

2.2.5. Powder Porosity Analysis

The porosity of the milled and non-milled (contformulation) samples were measured using
helium pycnometry (MULTIPYCNOMETER, Quantachromesthnments, Hampshire, UK). 1 mL of
sample was placed in a suitably sized sample cdpsahjected to helium pycnometry, to determine
the true density of the sample. The true densityevavas then used in the following equation
(Equation 1) to determine the porosity of the sampl

Porosity = (1 — bulk density/true density) x 100% Equation 1

Bulk density was determined by considering, thesrasd volume of the sample. Three porosity
measurements were taken for each formulation, le@adiean + standard error is reported. The porosity
of the samples was expressed as a percentage.

2.2.6. Mechanical Properties of the Tablets

The mechanical properties of the tablets (hardmesk fracturability) were investigated with a
texture analyzer (QTS 25: Brookfield, Essex, UKjipged with a 25 kg load cell. The instrument was
calibrated by standard weights of 500 g and 5 kg fhblets were placed in a holder with a cyliralric
hole. The hardness was taken as the peak foraelafie penetration of a 5 mm diameter probe at a
rate of 6 mm/min. Three measurements were takerbdtin hardness and fracturability, for each
formulation, and the mean + standard error is ftepor

2.2.7. Disintegration Time of the Tablets

The disintegration time of the tablets was deteedlinsing a USP disintegration tester (Erweka,
ZT3). 800 mL of double distilled water, which waepkt at 37 £ 2 °C, was used as the medium and the
basket was raised and lowered at a fixed rate gfedGninute. Three tablets were evaluated from each
formulation, and the mean values + standard esrogported.

2.2.8. Tablet Porosity
The porosity of the tablets was measured usinguimelpycnometry (MULTIPYCNOMETER,

Quantachrome Instruments, Hampshire, UK). Two fedrzed tablets were placed in a suitably sized
sample cup and subjected to helium pycnometrygterchine the true density of the tablets. The true
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density value was then used in the equation, astexpabove (Equation 1), to determine the porosity
of the tablets.

Bulk density was determined by considering tabletgit, diameter and thickness. The diameter
and thickness of the tablets were determined usisgrew gauge (LINEAR Farnell). Three porosity
measurements were taken for each formulation, la@antean values + standard error is reported. The
porosity of the tablets is expressed as a percentag

2.2.9. Statistical Analysis and Factorial-Experita¢Design

The effect of milling on the performance and proipsrof freeze-dried tablets was compared to
those of the control (non-milled formulation); ugione-way analysis of variance (ANOVA) with the
Dunnett multiple comparisons test. The significafiect of treatment/level of statistical significan
was judged as being < 0.05, with a confidence limit of 95%. This sstital analysis test was also
used for the ionic strength study.

In terms of factorial-experimental design, the mgl factors consisted of; milling time (ranging
from 15-60 minutes), rotation speed (ranging froB0-400 rpm) and ball:powder weight ratio
(ranging from 5-15). Eleven formulations were preguah which underwent different milling
conditions, according to the three factors, as shiomfable 1.

The responses measured included excipient propemvettability, powder porosity and glass
transition (of the formulations in their frozen tstaprior to freeze-drying). The responses measured
also included tablet properties; disintegrationgtimorosity, hardness and fracturability.

Statistical analysis of the dissolution of ibuprofieom tablets prepared from both non-milled and
milled excipients was performed using the unpait¢est with Welch correction. This statistical
analysis test was also used for the pH study. tifeprwas used as a model active pharmaceutical
ingredient (API), as it is a readily available ARlso, the majority of API's used in freeze-dried
ODTs are insoluble or poorly soluble in water, awdibuprofen is poorly soluble in water, it was
deemed as a suitable model API to use in the dissolstudy.

2.2.10. Morphological Examination

The inner structural morphology and pore size @& freeze-dried tablets were examined by
scanning electron microscopy (SEM, STEREOSCAN %¥mkridge Instrument). Thin horizontal and
vertical samples of the tablets were prepared bynguthem with a surgical blade. The samples were
placed onto double-sided adhesive strips on alumistwbs and coated with a thin layer of gold using
a sputter coater (Polaron SC500, Polaron EquipnWatford, UK) at 20 mA for three minutes (this
was performed twice for each set of samples) aad &xamined by the SEM. The acceleration voltage
(kV) and the magnification can be seen on eachagraph. The pore size of the freeze-dried tablets
was measured by using the scale which was visibleazh micrograph. The average pore size was
measured by measuring the pore diameter of aroQmdridomly selected individual pores, from these
values the average pore diameter was calculated.



Pharmaceutic2011, 3 446
2.2.11. Dissolution Study and HPLC Conditions

The dissolution rate of ibuprofen from the two faodations (milled and non-milled tablet
excipients), was examined using a Caleva 8ST ditieal bath. The two formulations were analyzed
in triplicate. The dissolution system employed W#SP dissolution apparatus 2 (paddle at 50 rpm
rotation speed), for a test time of 60 minutes. @issolution medium consisted of 900 mL of pH 7.2
phosphate buffer at 37 °C. Dissolution samples \iiteeed through a 0.45 um Nylon syringe filtew, t
remove undissolved ibuprofen. 10 pL of the samplese analyzed by HPLC (Dionex), with UV
detection performed at 230 nm, on a Thermo Scierntf/persil Gold C18 250 x 4.6 mm 5 micron
column, with methanol:water (80:20) as the mobilage and a flow rate of 1.00 mL/min.

3. Results and Discussion

3.1. Influence of Changes in pH on Tablet Formation

The first phase of the study investigated the &rilee of changes in pH of formulation solution
comprising of gelatin and mannitol. Three pH valaé8, 5 and 8 were chosen to determine the effect
of pH variation below, at and above the isoeleghaint of gelatin. The results showed that tablets
prepared from solutions with pH adjusted to 3 resliin severely denatured/degraded tablets when
compared to formulations prepared at pH 5 and 8.

The instability of the formulation at pH 3, whiahciuded the detection of nig, can be attributed
to various reasons including acid hydrolysis ofagal maximum stability of gelatin at pH values
between 5 and 8 and incompatibility of mannitolsinongly acidic solutions [21-23]. The lack of
intact tablet formation resulted in no further dwerization of formulations prepared at pH 3.

3.1.1. Glass Transition and Tablet Mechanical Prtogse

DSC analysis of the formulation adjusted to pH 18,its frozen state (prior to freeze-drying),
indicated that this formulation exhibited a mearsadrfy of —29.1 + 0.4 °C, whilst the control
formulation (pH 5) exhibited a mean ondgtof —29.8 + 0.5 °C. The results have shown that pH
adjustment does not have any plasticization effeceduced the physical stability of the formulago
in their frozen state (prior to freeze-drying).

Measurement of hardness of the resultant tableigaped upon pH adjustment to 8 indicated a
mean hardness of 60.0 £ 1.7 N, compared to 52.8 NB8the mean hardness of the tablets prepared at
pH 5. Adjustment of the pH to 8 did not significgnvary the hardness when compared to pH 5
(p > 0.05). Similar results were obtained for fraahility studies.

3.1.2. Tablet Porosity, SEM and Disintegration TiArealysis
Porosity analysis of the formulation adjusted to §Has shown in Figure 1, indicated that there

were significant differences between tablet poyosgon adjustment of pH. The mean porosity value
of formulations prepared at pH 8 was 93.7 + 0.1%i/stvthe formulations prepared at pH 5 exhibited
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a mean porosity value of 87.7 £ 0.2p0<0.0001). The differences in porosity upon pHuatinent of
the formulation can possibly be due to differeniceswelling properties of gelatin upon change in
pH. Previous studies have shown that increasingkh@bove isoelectric point of gelatin resulted in
greater swelling of strands due to variations ifenalar chains of gelatin molecules thereby resglti
in larger pore sizes within the tablet matrix [2],2

Figure 1. The effect of formulation pH on the porosity oétireeze-dried tablets (mean +
S.E., n = 3) (* statistically different).
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To further study the differences in porosity, anaital studies using scanning electron microscopy
were carried out. SEM analysis of the formulatidijuated to pH 8, as shown in Figure 2a,b, further
supports the swelling behavior of gelatin upon iations. The 2-dimensional porous structure of
the freeze-dried tablets of the formulation adjddte pH 8, appeared to exhibit greater average pore
diameter (100-140 pum) and thinner average pore twigkness (20 um) (Figure 2a,b), compared to
the freeze-dried tablets of the control formulat{amerage pore diameter of 90 um, and average pore
wall thickness of 40 um), as shown in Figures 3d 3. This observation can be attributed to the
swelling behavior of gelatin at pH 8 [10] that riégsun the formation of larger pores with thinner
walls.
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Figure 2. (a) SEM image of the tablet matrix of the formulatiadjusted to pH 8.
Horizontal Sample. Low Magnification, x23p)(SEM image of the tablet matrix of the
formulation adjusted to pH 8. Horizontal SamplegtdMagnification, x205.

Figure 3. (a) SEM image of the tablet matrix of the control fardation. Horizontal
Sample. Low Magnification, x22;b] SEM image of the tablet matrix of the control
formulation. Horizontal Sample. High Magnificatioxl 76.

(b)

Analysis of the disintegration time of the formudat adjusted to pH 8, as shown in Figure 4,
indicated a mean disintegration time of 54 + 1 Wisereas the formulation prepared at pH 5 exhibited
a mean disintegration time of 132 + 25.4 s. Adjwsimof pH resulted in the reduction of
disintegration time by over a half € 0.05), as shown in Figure 4. This observatiam loa attributed
to two factors. Firstly, porosity and SEM studiesealed that the tablets prepared at pH 8 had highe
porosity and thinner pore walls which could resaoltan increase in water uptake and subsequent
better wetting/dispersibility [26]. Secondly, preusly published reports have shown that aqueous
solubility of gelatin is influenced by variations pH with values above the isoelectric point of the
material exhibiting an increase in its solubilifyi[12].
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Figure 4. The effect of formulation pH on the disintegratibme of the freeze-dried
tablets (mean = S.E., n = 3) (* statistically diéet).

180
160 -

140 - ]
120 - l

100 -
80 -
60 -
40 -
20 -

0 .
Control Formulation (pH 5.24)  Formulation Adjustedto pH 8

Disintegration Time (seconds)

Formulation pH

3.2. Influence of lonic Strength

To investigate the influence of ionic strength,i@as ratios of sodium chloride were incorporated
in the formulation with gelatin and mannitol. Thesults revealed that sodium chloride had a
concentration dependant influence. Formulationspraimg of a 1:40 molar ratio of gelatin:sodium
chloride resulted in a collapse of the final pradwih no tablet formation. Lower molar ratios (1:5
1:10, 1:20 and 1:30) produced intact tablets anekwharacterized further for mechanical as well as
thermal properties.

3.2.1. Glass Transition and Tablet Mechanical PtagseAnalysis

DSC analyses of formulations with 1:5-1:30 moldiosaof gelatin:sodium chloride, as shown in
Table 2, indicated mean onsef Malues comparable to the control formulation. Tinean onseT,
values were —29.3 + 0.1 °C, -30.5 + 0.1 °C, -31022+°C and —31.7 + 0.2°C, for 1:5, 1:10, 1:20 and
1:30 ratios, respectively, whilst the control folation exhibited a mean onséiy value of
-29.8 £ 0.5 °C. Statistical analysis of the resufidicated that the formulations consisting of
gelatin:sodium chloride in molar ratios of 1:20 &n80, exhibited mean onsg} values which were
significantly different p < 0.01) from the control formulation.
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Table 2. Glass transition
gelatin:sodium chloride.

data of the formulations consgstiof various ratios of

Formulation Mean OnsetT, (°C) Standard Error
Control -29.8 0.5
1:5 —29.3 0.1
1:10 -30.5 0.1
1:20 -31.2 0.2
1:30 -31.7 0.2

These results are in coherence with previous rekeavestigating the effect of cations and anions
of various electrolytes on the glass transitiongerature of frozen solutions of excipients commonly
used in freeze-drying, resulting in a decrease lasggtransition temperature upon increasing ion
concentration [27]. Formulations consisting of 1&2@ 1:30 gelatin:sodium chloride molar ratios, did
exhibit significantly different mean onset, Values relative to the control formulatiop € 0.01).
However, as the difference was only around 2 °@, dtructural collapse/shrinkage seen with the
tablets of the formulation consisting of a gelaodium chloride molar ratio of 1:40 was considesed
physical rather than a thermal stability issue.

The inclusion of sodium chloride in the formulatsowith gelatin:sodium chloride molar ratios of
1:5-1:30 did not result in a significant increasetablet hardness when compared to the control
(p > 0.05), as shown in Table 3. Formulations withagelsodium chloride molar ratios of 1:5, 1:10,
1:20 and 1:30, exhibited hardness values of 6564, 63.2+ 8.0N, 70.1 + 2.1 N and 67.8 £ 8.3 N,
respectively, whilst the control formulation hachaan value of 52.4 + 8.8 N.

Table 3. Tablet hardness data of the formulations consistfigvarious ratios of
gelatin:sodium chloride.

Formulation Mean Tablet Hardness (N) Standard Error
Control 52.4 8.8
1:5 63.6 5.6
1:10 63.2 8.0
1:20 70.1 2.1
1:30 67.8 8.3

Analysis of the fracturability of the tablets ofrfioulations with gelatin:sodium chloride molar
ratios of 1:5-1:30 indicated that there was nastteal difference in the fracturability values thfe
various ratios of sodium chloride when comparethé&control.

3.2.2. Tablet Porosity, SEM and Disintegration TiAmalysis
The inclusion of sodium chloride in the formulasoresulted in differences in porosity of the

tablets. Statistical analysis of the results indidathat the formulations consisting of gelatinisau
chloride molar ratios of 1:5, 1:20 and 1:30, showadblet porosities which were statistically



Pharmaceutic2011 3 451

significant < 0.01), when compared to the tablet porosity led tontrol formulation. There
appeared to be a general trend that increasingtiar ratio of gelatin:sodium chloride from 1:5 to
1:20, produced a general increase in tablet pgrqdib, 1:10 and 1:20, exhibited tablet porosity
values of 88.70 + 0.08%, 87.70 + 0.08% and 89.80L8%, respectively). The differences in porosity
upon inclusion of sodium chloride can potentialeyddtributed to the differences in swelling behavio
of gelatin in the presence of monovalent ions. Bre/research has highlighted that the presence of
sodium chloride had a bearing on the cross-linkihgelatin strands [28]. It is possible that inodus

of sodium chloride reduced the cross-linking durigglation which subsequently influenced
tablet porosity.

These results were further confirmed by SEM. SEMragraphs showed that the inclusion of
sodium chloride in the formulations produced poraisictures which generally exhibited the
formation of larger pores and thinner pore wallg(Fe 5a,b), compared to the porous structureef th
control formulation (Figure 3a,b).

Figure 5. (a) SEM image of the tablet matrix of the 1:30 gelaoluble salt molar ratio
formulation. Vertical Sample. Low Magnification, %2 (b) SEM image of the tablet
matrix of the 1:30 gelatin:soluble salt molar rateymulation. Vertical Sample. High
Magnification, x205.

(@) (b)

Horizontal sections of the tablets with gelatinisoa chloride molar ratios of 1:10, 1:20 and 1:30,
revealed average pore diameters of 100, 210 anduf®0respectively. Interestingly, tablets with a
1:20 gelatin:sodium chloride molar ratio, exhibitéde greatest tablet porosity and shortest
disintegration time of the four gelatin-solubletdarmulations. SEM analysis of the tablets reveale
that increasing gelatin:soluble salt molar ratipeared to increase disruption/damage to the porous
matrix structures. The formulation with gelatin:sod chloride molar ratio of 1:30, in particular,
exhibited structural instability (as it appearedtthores had collapsed, forming cavities in therixat
as shown in Figure 5a,b. This was likely due to higher gelatin:soluble salt molar ratio, which
appeared to weaken the structure, which led tedlapse of pores.

Analysis of the tablet disintegration times of fadations with gelatin:sodium chloride molar
ratios of 1:5-1:30, showed that the inclusion ofdism chloride in the formulations with
gelatin:sodium chloride molar ratios of 1:10 (126.4.0 s) and 1:20 (102.3 + 10.1 s), did not preduc
a significant reduction in disintegration time camgd to the control formulation (132.0 + 25.6 s
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mean disintegration timep (> 0.05). The formulation with a gelatin:sodium aide molar ratio of
1:5 produced a disintegration time (134.7 £ 12.€oshparable to the control formulation.

3.3. Milling Study

Ball milling has several pharmaceutical applicasiorwhich rely on a number of milling
factors/parameters, such as; milling time, numbdemitling balls and milling jar volume, to fulfill
their applications. These milling factors/parameteave a large range of operation, for e.g. milling
time can range from a few minutes to several hotlmss making the possible number of milled
sample formulations very large. Hence, factorigdeximental design software was used in order to
propose a more suitable/manageable number of fatrook (as shown in Table 1), which underwent
various milling conditions based on three paransetsiilling time, rotation speed and ball:powder
weight ratio.

3.3.1. Wettability Analysis

The wettability analysis results are shown in Feg@ Formulations N7 (milling conditions;
milling time of 15 minutes, at a rotation speedt60 rpm, with a ball:powder weight ratio of 15) and
N11 (milling conditions; milling time of 37.5 mine$, at a rotation speed of 250 rpm, with a
ball:powder weight ratio of 10) showed the lowesntact angles, 94.0 + 0.3° and 94.1 + 1.0°
respectively, and thus the greatest wettability<(0.05), whilst the control formulation exhibited a
contact angle of 120.7 £ 11.0°. Milling is regujatsed for the reduction of particle size [16], the
observed improvement in wettability as a resulball milling, can be attributed to a reduction in
particle size and subsequent increase in surfazeddrthe formulations [29].

Figure 6. Analysis of the wettability of the milled formuians, expressed through their
determined contact angle (mean = S.E., n = 3)atisdically different).
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3.3.2. Powder Porosity Analysis

A significant variation in powder porosity betwettre formulations was recorded, as some of the
mixtures exhibited greater porosity than the cdnmon-milled, 62.1 = 0.3%), whilst others showed
lower porosity. Formulation N8 showed the greapesbsity of 69.55 + 0.1%, whilst formulation N6
produced the lowest value of 49.19 + 0.2%. The gitymf the studied formulations is associated
with their bulk density [30]. Therefore, as porgsiaries between the formulations, so do their bulk
density, which is related to the way in which thatgles of the formulations are packed, during
sample porosity analysis [30]. As milling is assbed with particle size reduction, the various imgjl
conditions are expected to produce a range ofrdiffeparticle sizes. It is therefore expected that
way these particles pack during porosity analysiseg greatly, which results in differences in inte
particulate void spaces and subsequent variatiggoinsity between the formulations. All eleven of
the formulations exhibited statistical significap@ehich indicates that ball milling has a signifita
effect on the porosity of the powders. Formulatidh0 had gp value of <0.05, whilst all the other
formulations had @ value of <0.01.

3.3.3. Glass Transition and Tablet Mechanical PtegggeAnalysis

DSC analysis of freeze-dried products is essemiabrder to fully appreciate and understand
critical formulation properties such as the colapemperature of the formulation [31]. The
macroscopic collapse temperature of a formulatomefined as the temperature above which the
freeze-dried product loses macroscopic structuré emllapses during freeze-drying [32]. The
macroscopic collapse temperature is closely reldtedhe glass transition temperature of the
formulation in its frozen state [33]. Therefore,arder to produce an acceptable freeze-dried ptpduc
it is always required to freeze dry a formulatiarad@aemperature lower than the macroscopic collapse
temperature [34,35].

Six of the eleven formulations exhibited glass $raon temperatures which were considered not
statistically significant § > 0.05), when compared to the mean glass transie@mperature of the
control (non-milled) formulation. It can therefobe concluded that ball milling does not adversely
affect the physical stability of the formulatiomstheir frozen state or induce a plasticizatioretf as
comparable glass transition temperatures were obder

All eleven of the formulations produced tablet sk values which were not statistically
significant @ > 0.05), when compared to the value of the conf{ren-milled) formulation
(62.2 = 3.8 N). Formulation N5 had the tablet hasinvalue of 55.0 £ 5.0 N, whilst formulation N10
produced the tablets which had hardness of 65.8 N1

Similar results were obtained for fracturabilityadysis as no significant differences were observed
when compared to the non-milled control formulation

3.3.4. Tablet Porosity, SEM and Disintegration TiAralysis

Tablet porosity is a critical property of ODTs, laghly porous tablets allow the rapid penetration
of saliva into the tablet, which results in raprdlalisintegration. Tablet porosity significantmpacts
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the initial wetting and dispersion of active phaceatical ingredients [26]. It is therefore advisatn
make tablets as porous as possible in order t@aehmapid disintegration. However, it is importsmt
note that the physical/mechanical properties ofttidets such as hardness, should be maintained
[26]. In general it is considered that increasigiét porosity leads to an increase in water upsace
subsequent better wetting/dispersibility of actprearmaceutical ingredients [26], and consequently
tablets exhibit shorter disintegration times.

The control formulation had porosity of 93.4 + 0.4Fermulation N6 produced tablets with the
highest porosity of 94.4 + 0.3%, whilst formulatiti® resulted in tablets with the lowest porosity of
92.9 + 0.1%.

All studied formulations exhibited tablet poros#tievhich were not statistically significant
(p > 0.05), when compared to the tablet porosityhefd¢ontrol formulation.

These data were further confirmed with the SEM ymislas no microscopic differences were
observed between milled and non-milled formulations

The disintegration time was slightly different beem the formulations. The control (non-milled)
had a mean disintegration time of 23 =+ 1 s. Tableimn formulation N5 exhibited the greatest
disintegration time of 28 + 2 s, whilst formulat®orN2, N10 and N11 all had the shortest
disintegration time of 21 s.

3.3.5. Dissolution Study Analysis

Figure 7 illustrates the mean dissolution resutstfuprofen tablets, prepared from non-milled and
milled tablet excipients. Although the time reqdir®r 80% ibuprofen dissolution from the tablets
prepared from non-milled and milled materials, wé and 10 minutes, respectively, statistical
analysis of the results indicated that there wasignificant differencef > 0.05) in the dissolution
behavior of ibuprofen from the two tablet formuteits. The results have therefore shown that milling
the excipients did not influence ibuprofen dissolutfrom the lyophilized ODTs.

Figure 7. Dissolution profile of ibuprofen from lyophilize®DTs, prepared from non-
milled and milled tablet excipients (mean + S.E5 3).
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Tablet porosity and disintegration time are botlitical properties in determining active
pharmaceutical ingredient dissolution, as tablebgity in particular, significantly impacts the tiai
wetting and dispersion of active pharmaceuticaradgents [26]. Initial results from this milling
study, indicated that ball milling did not signiiatly affect tablet porosity and tablet disintegmat
time, when compared with tablets prepared from mdied excipients. Therefore, comparable
dissolution profiles of ibuprofen from tablets paepd from non-milled and milled materials
was expected.

4. Conclusions

The study has shown that process parameters sugiHaadjustment can have a significant
influence on the disintegration time of gelatin dxhorally disintegrating tablets. The reduction in
disintegration time did not compromise tablet hasin which is a key parameter to measure ODT
performance. The reduction in disintegration tina@ de attributed to an increase in tablet porosity,
which allows the more rapid penetration of salivaligintegrating medium into the tablet matrix, and
an increase in gelatin solubility. The inclusionsoidium chloride in the formulations, to modify the
ionic strength of the formulations, had an effent tablet porosity and the glass transition of the
formulations. However, inclusion of sodium ionsc@ncentration dependent, with tablets comprising
of higher salt concentration resulting in struckwallapse/shrinkage. The study has also shown that
ball milling influences formulation characteristicsuch as powder porosity, and improves
powder wettability.

Acknowledgments

The authors would like to acknowledge Colorcon lddd the engineering and physical sciences
research council (EPSRC) for funding the reseaitathenitship.

Conflict of Interest
The authors declare no conflict of interest.
References

1. Council of EuropeEuropean Pharmacopoei&upplement 4.1; Council of Europe: Strasbourg,
France, 2002; p. 2435.

2. Food and Drug AdministrationGuidance for Industry: Orally Disintegrating TabdetUnited
States Pharmacopoeial Convention: Rockville, MDAUZ008; pp. 1-3.

3. Abdelbary, G.; Eouani, C.; Prinderre, P.; JoachimReynier, J.P.; Piccerelle, P.H. Determination
of the in vitro disintegration profile of rapidly disintegratingbiets and correlation with oral
disintegrationint. J. Pharm2005 292, 29-41.

4. Fu, Y.; Yang, S.; Jeong, S.; Kimura, S.; Park, Kraly Fast Disintegrating Tablets:
Developments, Technologies, Taste-Masking and &irstudiesCrit. Rev. Ther. Dru@004 21,
433-475.

5. Holm, P.; Slot, L. Disintegrating loadable tablét§ 20,090,186,0823 July 2009.



Pharmaceutic2011 3 456

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Bauer, K.H.; Rohrer, H.P. Fast-disintegrating teblegS 20,070,148,2328 June 2007.

Lee, C.H.; Woo, J.S.; Chang, H.C. Rapidly disinatigig tablet and process for the manufacture
thereof.US 20,020,001,613 January 2002.

Aulton, M.E. Drying. InPharmaceutics: The Science of Dosage Form De<lgd ed.; Aulton,
M.E., Ed.; Churchill Livingstone: Edinburgh, Scatth 2002; pp. 390-393.

Sastry, S.V.; Nyshadham, J.R.; Fix, J.A. Recentrietbgical advances in oral drug delivery — a
review.Pharm. Sci. Technol. Tod&p0Q 3, 138-145.

Sheppard, S.E.; Houck, R.C.; Dittmar, C. The sorptf soluble dyes by gelatid. Phys. Chem.
US1942 46, 158-176.

Cortesi, R.; Esposito, E.; Osti, M.; Squarzoni, Glenegatti, E.; Davis, S.S.; Nastruzzi, C.
Dextran cross-linked gelatin microspheres as a deliyery systemEur. J. Pharm. Biopharm.
1999 47, 153-160.

Benjakul, S.; Oungbho, K.; Visessanguan, W.; Thlakasl, Y.; Roytrakul, S. Characteristics of
gelatin from the skins of bigeye snapper, Priaaattayenus and Priacanthus macracanthus.
Food Chem2009 116 445-451.

Xiao, L.; Yu, Z-Y.; Yang, C.; Zhu, H-Y.; Du, Y-M. Welling studies of chitosan-gelatin films
cross-linked by sulfatéVuhanUniv. J. Nat. Sci2004 9, 247-251.

Zahrani, E.M.; Fathi, M.H. The effect of high-engrgall milling parameters on the preparation
and characterization of fluorapatite nanocrystalfpwderCeram. Int.2009 35, 2311-2323.

Lefort, R.; de Gusseme, A.; Willart, J.-F.; DaneBHg,Descamps, M. Solid state NMR and DSC
methods for quantifying the amorphous content ildsdosage forms: an application to ball-
milling of trehaloselnt. J. Pharm2004 280, 209-219.

Mallick, S.; Pattnaik, S.; Swain, K.; De, P.K.; &al\.; Ghoshal, G.; Mondal, A. Formation of
physically stable amorphous phase of ibuprofendbig state milling with kaolinEur. J. Pharm.
Biopharm.2008 68, 346-351.

Huang, Z.-Q.; Xie, X.-L.; Chen, Y.; Lu, J.-P.; Tgng.-F. Ball-milling treatment effect on
physicochemical properties and features for cassadamaize starche€. R. Chim.2008 11,
73-79.

van Eerdenbrugh, B.; Froyen, L.; Martens, J.A.;t@&%aN.; Augustijns, P.; Brewster, M.; van den
Mooter, G. Characterization of physico-chemicalpgemies and pharmaceutical performance of
sucrose co-freeze-dried solid nanoparticulate posvdéthe anti-HIV agent loviride prepared by
media milling.Int. J. Pharm2007, 338 198-206.

Liversidge, G.G.; Cundy, K.C. Particle size redoietfor improvement of oral bioavailability of
hydrophobic drugs: I. Absolute oral bioavailabildf nanocrystalline danazol in beagle ddgs.

J. Pharm.1995 125 91-97.

Sunada, H.; Bi, Y. Preparation, evaluation and rop@tion of rapidly disintegrating tablets.
Powder TechnoR002 122, 188-198.

Lund, W., Ed.The Pharmaceutical CodeAd2th ed.; Pharmaceutical Press: London, England,
1994; p.79.

Northrop, J.H. Comparative hydrolysis of gelatin pgpsin, trypsin, acid, and alkall. Gen.
Physiol.1921 4, 57-71.



Pharmaceutic2011 3 457

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.
35.

Kramer, W.; Inglott, A. Some physical and chemiéatompatibilities of drugs for i.v.
administrationDrug Intel. Clin. Pharm1971, 5, 211-228.

Rowe, R.C., Sheskey, P.J., Quinn, M.E., Bdsndbook of Pharmaceutical Excipientth ed.;
Pharmaceutical Press: London, England, 2009.

Lin, W.; Yan, L.; Mu, C.; Li, W.; Zhang, M.; Zhu, .(Effect of pH on gelatin self-association
investigated by laser light scattering and atoraicé microscopyPolym. Int.2002 51, 233-238.

He, X.; Barone, M.R.; Marsac, P.J.; Sperry, [D@velopment of a rapidly dispersing tablet of a
poorly wettable compound — formulation DOE and naedstic study of effect of formulation
excipients on wetting of celecoxilmt. J. Pharm2008 353 176-186.

Nesarikar, V.V.; Nassar, M.N. Effect of catiomsd anions on glass transition temperatures in
excipient solutionsPharm. Dev. TechnoR007, 12, 259-264.

Collett, J.; Moreton, C. Modified-release patatosage form. If?harmaceutics — the Science of
Dosage Form Desigr2nd ed.; Aulton, M.E., Ed.; Churchill LivingstanEdinburgh, Scotland,
2002; pp. 289-305.

Kim, M.S.; Kim, J.S.; Hwang, S.J. Enhancemehtvettability and dissolution properties of
cilostazol using the supercritical antisolvent @ss: effect of various additive€hem. Pharm.
Bull. 201Q 58, 230-233.

Staniforth, J. Powder flow. IRharmaceutics: The Science of Dosage Form Desigul ed.;
Aulton, M.E., Ed.; Churchill Livingstone: Edinburg8cotland, 2002; pp. 197-210.

Tang, X.; Pikal, M.J. Design of Freeze-Dryingdesses for Pharmaceuticals: Practical Advice.
Pharm. Res2004 21, 191-200.

Mackenzie, A.P. Basic principles of freeze-dgyfor pharmaceutical&ull. Parent. Drug Assoc.
1966 20, 101-130.

Pikal, M.J.; Shah, S. The collapse temperaturéreeze-drying: dependence on measurement
methodology and rate of water removal from the gylgshaselnt. J. Pharm199Q 62, 165-186.
Pikal, M.J. Freeze-drying of proteins. Pafrbcess desigBioPharm199Q 3, 14-26.

Pikal, M.J. Freeze-drying of proteins. Parfdimulation selectiorBioPharm199Q 3, 26-30.

© 2011 by the authors; licensee MDPI, Basel, Swigrel. This article is an open access article
distributed under the terms and conditions of theeave Commons Attribution license
(http://creativecommons.org/licenses/by/3.0/).



