CHAPTER 111

MATERIALS AND METHODS

Materials
Two materials of anhydrous beclomethasone dipropionate used in this study
were the producfs of Sigma Aldrich (Standard powder, analytical grade) and V&S

,’/ytenals are identical in terms of x-ray

powder diffraction patt d differen g calorimetry thermograms (as

Chemi Group Co. Ltd. (USP

Equipments
1 ¢ (Mo el AD cttler Toledo, Switzerland)

2 e | R R s R Janke &1 unkel, IKA

Conveem)n oven (Model U30, Memmert Qermany)

- usTTEN W T

5. Infusion pump (Mode}STC -503, Terufus10n TERUMO)
A ABIES BRI G-
! transformer (Model KD-100 Toyozami Dengenkiki Co Ltd.)
7.  Differential scanning calorimeter (Model DSC 200C, NETZSCH,
Germany)
8.  Fourier transform infrared spectrophotometer (Model spectrum 2000,

Perkin Elmer, Germany)
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9.  Particle size analyser (Mastersizer S long bed ver. 2.11, Malvern
Instrument Ltd., Malvern, UK)

10.  Scanning electron microscope (Model ISM-5410LV, Joel, Japan)

11.  Ultrapure water equipped with filter system (Balston®, Balston Inc.,
USA) boost pump, option 3 water purifier, maximum ultrapure water and
reservoir (Elga, USA)

12.

16.
17.

18.

Methods

y

1. Preparation of hrydrated becoimethasone dipropionate

T oﬂnﬂe Efngi o‘weg Wﬁ;’w Haﬁ}lﬂ cgstauization of liydsated

beclomethasone dipropionate, thef solubility ofsbeclomethasone/dipropionate was
detern%\ﬁlnealﬁﬂjim Mm:]);g/l] E‘!}t’)-s])ﬁ Ellanol at 8:2, 5:5

and 2:8 as indicated by a plateau of solubility curve at 25 °C.

Hydrate beclomethasone dipropionate was prepared by crystallization from
binary mixture of solvent. ~Approximately 0.75g of anhydrous beclomethasone

dipropionate was dissolved in 35 ml dehydrated absolute ethanol. Fifty milliliters of
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deionized water was slowly added to the solution controlled by an infusion pump. The
recrystallization was performed at 25 + 1 °C. The crystals were collected on No. 1
Whatman® qualitative filter paper immediately after the addition of deionized water
was done with the aid of Buchner funnel and were allowed to dry at ambient condition
overnight.

Since rate of adding deionized water to the solution of beclomethasone

dipropionate affects the size ced, various rates were applied in this

ﬁ stirring rate of the paddle at 600
* | —

T

study as 7, 23, 60, 120

rpm.

Hydrate beclo ) als produced were then analyzed for
its particle size e e Arti zer and scanning electron
microscopy.

Three different irate e Pl : sone dipropionate were desired for

further study in observi

(R 2 S
were separated byEasmg tBrou"gK a series ¢ analytical sieves with apertures of

38, 75 and 150 pmg resp ely. _ed with | g of powder and
j I
sieved for 10 min. :lanicles/crystals with uniform size distributions were therefore

collected, grﬁ)%nﬁ}i@(ﬁlﬁ %e%iwgﬂﬂﬁcle size range.

Shoul(%'lthe size of crystals were not Epropnate for study, they were
subje’&mqeaeqfrl ﬁ m u wﬂrllq m Eill afnﬁulnd sample was
resuspended in deionized water for 72 hrs, collected on No.1 Whatman® qualitative
filter paper and allowed to dry in ambient condition overnight.

As a result of this preparation, three groups of hydrated beclomethasone

dipropionate crystals were obtained, i.e. intact crystals with approximately median size
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of 430 pm, those with sizes between 38-75 um (small) and those with sizes between
75-150 um (medium). Sizes of each range of crystals were confirmed by laser particle
size analyzer and SEM before being utilized in the future studies.

All samples were stored at room temperature in a humidity chamber partially
filled with deionized water to maintain an approximate relative humidity of 95% and

kept until further used.

2. Soliid state characteri

&ethasone dipropionate
2.1  Particle si{

Particle siz eperf yrmed twice before desolvation process

M.ifzx“

. i‘)- Pamcli; 3

The sa o ,"“, for their size and size

distribution using las; particle size analyzer (Mastersii *, Malvern Instrument Ltd.).

The sample \ﬂ ﬂ»ﬁbﬁ, ﬁc&lz%u%:w{ﬂ@uﬂlﬁyl sulfate as a wetting

agent. Measuf%lnent was made immediately aftelgeing stirred to @yoid agglomeration
of the{ﬂifﬁen‘aiﬁﬂﬂlﬁrm umgea \m (EJ ;La EELch sample was
determined for its size three times and the average of the three was recorded.
2.1.2  Scanning electron microscopy
Shape and size of hydrated beclomethasone dipropionate was

studied by a scanning electron microscope (ISM-5410LV, JOEL ). The dry powder
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was mounted onto metal stubs using a piece of double-slide conductive adhesive tape
and vacuum-coated with gold. Electronphotomicrographs were taken. Shape and size
of particles were revealed.
2.1.3  Specific surface area
Specific surface area of powder was determined by BET

method, using a specific surface area analyzer (FlowSorb II 2300, Micromeritics®).

ce of approximately 0.2 g of powder

¢ surface area was calculated

mounted onto glass sli ote 0gra were taken. Shapes of particles were
revealed.
2.2 on-of hydrated

du a? ﬁ'ﬂ %W ﬂ‘/ﬁ‘flﬁ ﬁf)’Stals obtained were

determined byfthe following methods

Both anhydrous and hydrated forms of beclomethasone dipropionate
were subjected to investigation for solid phase transformation by differential scanning
calorimetry (DSC 200C, NETZCH). Approximately 2 mg of sample was weighed into
an aluminum pan covered with a pierced lid. The container was placed on DSC holder

and heated from 20 °C to 300 °C with an increment of 10 °C/min under nitrogen purge
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at 10 ml/min. DSC thermograms showing phase transition and melting temperature
were recorded.

2.2.2  Thermogravimetric analysis

The intact and ground hydrated beclomethasone dipropionate were
determined for their water content using a NETZSCH STA 409 C thermogravimetric

analyzer. ~Approximately 20 mg of the samples was accurately weighed into a

i lf//f 10 °C/min was employed as the

aluminum oxide crucible.

temperature ranged from 2 rge at the rate of 50 ml/min.

The TGA® S the amount of weight lost

(percent of the initial mass). Fo4 he rati ater to drug, the mass of each
component must be

determined by the folio

mole water

mole drug (g am’é;ggnple-, Iy >

.l“fjfl‘l.r';
.-r"j "l"

2.2.3;,:?,'lemm -ray

as the indicators of nlolecular arrangem of the samples. The x-ray powder

diffacion paﬂ H&%nﬂmﬁ el Vs dtfaned trom this study were
Compaﬁ:ﬁ;ﬁéﬁi ung, ﬂjgjﬁ ﬁhﬁw ﬂeﬁmﬁnﬁnal Center for

Diffract

The samples were packed onto a holder made of quartz plates containing
rectangular window. The face of the holder was covered with a glass slide bonded
with tape. Amount of crystals was loaded from the back, smoothed out and gently

pressed using a microscope slide until it was at the same level as the frame of the
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holder. The back of the holder was then covered with aluminum plate. Finally, the
glass slide was removed to yield smooth surface.

The measurements were continuously scanned from 5° to 40° 20 with a
scanning rate of 0.04° 26 per second at ambient temperature and atmosphere using 30
mA and 40 kV with Cuk, radiation. Hence, diffraction patterns were obtained.

Since the particle size was one of the variables to be studied, all samples

in this study were not grounc

crystals was allowed to @
3. Dehydration prq/

dipropionate

. Preferred orientation effect of the
e —

.

i, N -
- \f hydrated beclomethasone

3.1 Solvent hydrated beclomethasone

Isothermal dehy ing a Perkin Elmer TGA 7
thermogravimetric analyz 0 glof the samples was accurately
weighed onto platinum pan H@tf%ﬁw ‘at constant rate of 20 ml/min. The
series of tempera range were varied so that

complete dehydratiorﬁn‘ ea ablis edat a reasonable length of time.

Isothermal gravimetric fmeasurements of intact hydrated form were obtained at 85.5,

74.5, 65.0 ar@?u"gj geulﬂ anisﬂta :ilg?jl 50 and 38-75 microns
R RS T Y TR 2o e

70.0 °Cland 101.5, 90.5, 85.5, 80.0, 74.5 °C, respectively. At each temperature, the

samples were measured in triplicate. For each experiment, the TGA furnace was
rapidly heated to the required temperature at heating rate of 100 °C/min and the

sample was maintained at that required temperature until dehydration was completed

as indicated by constant net weight of the sample.
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Analysis of dehydration data

Result of dehydration was analyzed based on the method of Taylor and York
(1998). The fractional dehydration in the range 20-80% was calculated from the
changes in weight at known time for the different experimental temperatures. These
data were plotted according to the kinetic equations shown in Table 2 and the
conformity of the plots was assessed by least squares correlation coefficients. The

’f// obtain kinetic parameters. The slopes

s correspond to the dehydration

rate constants. The ac( \ he deh was estimated from the slope

of an Arrhenius plot @ , sta ious isothermal dehydration

equations giving the best fits

The interconversionm™ ‘B‘éi.;f ated  a anhydrous beclomethasone
1}

dipropionate was 4--:~:—:--—:-:::~;-;:r:: """" 1 Weig (@pproximately 0.2 g) of samples of

f : < ")

different size range into 5 ml op e vials were placed in a Memmert®

j!Jeﬂ ’rl ﬂ weighed and removed
from ﬁg,l ﬁ‘ q t:l ﬁmﬂ ﬁ:ﬂl \ﬁé%lthe sample was
collect e transformation by x-ray powder diffractrometer,

particle size analyzer, scanning electron microscopy, specific surface area and light

oven of which emperatﬁrﬂeorres onded t6-the sample d dratlon temperatures used
in the previ eEp[

microscopy as described in previous Section 2.
From x-ray powder diffraction data, identification of interconversion phase was

reported as 20 where peaks appeared at 8.380° for the hydrated form and at 18.485°

for the anhydrous form.
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