1. The preparation of beclomethasone dipropionate hydrate form

CHAPTER IV

RESULTS AND DISCUSSION

Preparation of hydrated beclomethasone dipropionate in three different sizes

was controlled by adding distilled water at the rates of 7, 23, 60, 120 and 300 ml/hr

with constant stirring rate of 600
sizes as revealed from laser
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10% of the distribution is below this value

d(v,0.5) — 50% of the median volume distribution is below this value
d(v,0.9) — 90% of the distribution is below this value




Crystals of the same appearance appeared when the rates of adding water were
7 and 23 ml/hr. At higher rates, crystallization resulted in white, needle-like and
bulky materials. This could be explained by the three basic steps of crystallization
from solution, i.e., induction of supersaturation, formation of nuclei and the growth of
crystals (Rodriguez-Hornedo, 1990). In this case, the rate of water addition higher

than 23 ml/hr induced the formation of nuclei at very high rate, resulting in thin, white

” yn became more rapid than the rate of

face a was hindered, causing the crystal
<

and bulky crystals. Since the ra

crystal growth, the depositi
| — —

to become thin and by 1 S

Using paddle

> 4

homogeneity of the sol hat /caus the | sular growth of crystals and a narrow

size distribution. iflodd! fa polymo dispersion of crystals when water
additions were 7 and 23 ppendix B (Figures 36 and 37
show unimodal dispersion with igures 41 and 42 show polymodal

dispersion without stirring)..The - prelimine
¥ 7 g..)ﬂ_':..-";,z,;-_. ? DT o

beclomethasone dipfopionate at various ratios betweery absolute ethanol and water
— WX

at 2 ‘ °C, as shown in Appendix C.

study of solubility profiles of

were characterized by a pla

From the solubility préfile, it indicated that when adding water to the solution of

beclomethasﬁui urﬂ:ﬂtm ﬂxﬂliﬂﬂxl;} a :i, compound decreased
iy iy iy

though crystallizmally results in stable form of solid particles,
metastable phase may also be formed during the growth of some nuclei. This
metastable phase, however, dissolved and resulted in supersaturation for the

continuing growth of stable phase until the transformation was completed (Rodriguez-

Hornedo, 1990). Moreover, solubility profile indicated that when the percentage of
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alcohol in the solution was lower than 50, solubility of beclomethasone dipropionate
approached zero resulting in an almost complete crystallization. This was the reason
for maintaining 35 ml of ethanol and adding the water of 50 ml to promote condition
of crystallization in this study.

By determining the median size distributions d(v,0.5) of crystals

produced at the water addition rate of 7 and 23 ml/hr (Table 3), the two crystals

V/f the rate of water additions were slow

size , their d(v,0.1)and d(v,0.9) were

seemed to have different size di
(7 ml/min having the large:
in the same range as

n. Appendix B (Figures 36 and

37). Higher media “addition rate of 7 ml/hr were

crystals and this was in with th : Takahashi et al. (1984).

Crystals of different sizes we:@« ough a series of analytical

- sieves with aperturelf 38, 75 and 150 um As a ra.llt three groups of hydrated

beclomethascFT Tj g lp ls of sizes smaller than
38 um, those with sizes between m and those with sizes between 75-150 pm.

R TR AT I A o

discarded and the other two sizes along with the unground (intact) with approximately

median size of 430 pum crystals were utilized for further studies.
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Table 4.  The particle sizes of three difference sizes of hydrated beclomethasone

dipropionate

d(v,0.1) (SD) d(v,0.5) (SD) d(v,0.9) (SD)

Samples
pm pum pm

large size

213.93 (8.50) | 429.89(10.97) | 758.79 (18.13)
(intact)

medium size

(passed through sieve 8 __{:\ﬂ p 50.80 (0.42) 259.39 (0.81)

opening 75 - 150 ym) | 2

small size

(passed through sieve 1.25) 123.13 (7.32)

opening 38 — 75 um ‘

NATEL
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2, Solid state characte: 'bg_,,c ofl “hye¢ beclomethasone dipropionate

als (large size) and ground

crystals (medium a d small sizes) were charactenzed by scanning electron

m°8°°PYﬁ WEFRYTTNEINT

1 1 Particle sizeanalysis

il B vk 3 Bhaab ol AN AR Lk i i

laser partlcle size analyzer and the results are shown in Table 4 with the size
distribution profiles in Appendix B (Figures 43-47). Size distribution curve of the
particles of the smallest size shows that they were more polymodal dispersion and had
high smaller size portion due to electrostatic effect of the particles, leading to a

retention of small particles on the smallest sieve (38um).
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2.1.2  Scanning electron microscopy

Intact crystals (large size) are of columnar in habit. They are rod-like
particles having a width and thickness exceeding that of needle-type particles. Figure
9A shows appearance of this kind of crystal. Figure 9B illustrates the crystals of
medium size. They are columnar even though some shows irregular shape due to

shearing effect after grinding. Irregular shape particles are observed more in the small

size (Figure 9C), as a result of a longer grind)ylg effect.
/'l

o

Figure 9 Scanning electronmicrographs of different sizes of hydrated
beclomethasone diproprionate; A) large size (intact crystal);
B) medium size (75-150um crystal); C) small size (38-75um crystal)



Figure 10

#

The photomicrographs of hydrated beclomethasone dipropionate
observed by light microscope x100; A) large size (intact crystal);
B) medium size (75-150um crystal), C) small size (38-75um crystal)

48



49

2.1.3 Light microscopy

Figure 10 shows the appearance and habit of intact crystals by using
ordinary light microscope, the crystals were transparent and looked like perfectly
grown crystals. The surface of ground crystals (medium and small particles) prior to
desolvation appeared dark implying crystal defects caused by grinding as compared to

intact crystals (large particles).

2.2 d'spe ization of hydrated

crystals (medium an wer 0 “differential scanning calorimetry

(DSC), thermogravimet i Vsis (TGA) ¥y owder diffraction analysis
(XRPD)

2.2.1 The (DSC and TGA)

Differential sc% % i thermograms obtainred from
the three different. onate at a heating rate of
10 °C/min are showiin Figure 11. 1 _ peak within the range of 80-

120 °C indicated that g]"ne crystals were in solvate form as was later confirmed by

TGA. Theﬁ%&%%ﬂ %(‘jvwg ’q ﬂaﬁ& of beclomethasone

dipropionate, &rrespondmg to the melting end%erm of anhyd@s beclomethasone

oA AR TN GG s 21
(Figureq12).
Further studies by thermogravimetric analysis (TGA) at a heating rate

of 10 °C/min (see Appendix D in Figures 66 and 67) confirmed that there were weight

loss from the crystals during the range of 80-120 °C, suggesting that solvent was
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removed from the crystal lattice during that temperature range. Ensuring that the
crystals obtained was stoichiometrically hydrated.

From the TGA thermograms in Appendix D, it was found that the
intact and ground samples (prior to sieving) had an average weight loss of

approximately 3.3% as shown in Table 5.

'W beclomethasone dipropionate obtained

Table 5  Data of % weight loss of
from TGA thermo -

Hydrated crystal % < % average
7/ 7‘\\\\\ "

Intact

Ground 32 33

..///ﬁ \\\\\

.dv-l
-

/ el
To calculate the Tatio of water to nass of each component must first
‘ JJ l_ dJ-F

be calculated and the number o - L. to drug was determined following this

equation:

y; i

_mole water m ___(grams water fmt)/( 18 g/mole)
mole drug ¢ grams sample—g@ms water lost)/(molecular weight of drug)

nocfimisd & I V&L mﬁﬂﬂﬁ

mole @fug (1003, 3)/(521, 1)

AR WA, .

theoretical change of 3.34% in weight, and was calculated from,

Molecular weight of water/beclomethasone dipropionate monohydrate = 18/539.1*¥100

=3.34%
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Note: Molecular weight of beclomethasone dipropionate : 521.1
Molecular weight of beclomethasone dipropionate monohydrate : 539.1

Molecular weight of water : 18

The results from this study show that the percent weight loss of solvent

of the compounds is approximately equal to the theoretical weight change of

beclomethasone dipropionate m hich is 3.34%, and amount of weight
loss of solvent is a mole of wat , indicating that the compound was

The ch sample previously shown

in Figurell, indicat rmic of dehydration peak at

80-120 °C were high estigation of ground samples,

before being suspende instrument revealed a higher

.

dehydration temperature thafd;‘? at of “intac This higher dehydration

k)

temperature was tl}exresult Gf“'-'é'i%ffal , ion-due to the grinding process. The

DSC curves (Figure -'--"":“'—':"-'e.::i """"" ration ‘..."' atures after grinding, both
before and after susplgjs}on proce ‘. 1S p(ﬂible that the resuspension can
only convert partial amogphous phase, wh'xh may occur during grinding process, to
ensure cwstﬂiuﬂgm&mgsmtﬂa ﬁa]\)ﬁated form (anhydrous)
resulting fromq(‘:jrystal imperfection 4t the surface €annot be converted to hydrated form
by re:aqpmi;] ﬁﬁsﬁg m uim;r-LQaan:}li@uﬂ( 1997) that the
rehydration did not occur when the structure of hydrated beclomethasone dipropionate
was dehydrated and collapsed to anhydrous form.

One reason for the increase in dehydration temperature is that the

grinding process may produce thin layer of dehydrated portion on the surface of the

samples. Dehydration may occur at the surface of the crystal producing a shield of
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protection against further water loss from the inside of particles which for the purpose
of this thesis will call “surface barrier effect”. This shield or barrier then hindered
water removal from the crystal resulting in a higher dehydration endothermic
temperature.  This surface barrier effect was confirmed when a non-transparent
portion of ground crystals was observed under a light microscope (Figure 10). The
same result has been shown in dehydration of hydrated caffeine, which resulted in

non-transparent (opaque) crystals (Byrn, 1999).

= Wﬂﬁmmmﬁm ) coing e

C: small crystals (38-75 um)
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Figure 13 The DSC curve at scanning rate of 10°C/min of hydrated form
Top: after suspending; Bottom: before suspending (after grinding)
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The diagram of “surface barrier effect” occurred by grinding may be

explained as follow.

Before grinding After grinding

Dehydrated BCP (anhydrous)

diff action analysis

X-ray powdv dif of all three samples of different sizes
iy

of beclomethasone dipropionate m T form correlate well with standard

- J : 3 ) o

powder diffraction il gy 1997) (Figure 14). The

)

low peak intensities of! tt oﬂe effect of grinding since it

decreased the crystallinity &f the crystal eitw Dy turning it into a partially amorphous

i anor e sk i mt'ms cray bea el e
smaller pﬁles show broa iﬁloﬁﬂi’lﬁ ﬂl(ltamura et al,
1989) ﬁn nt resu pensnon to ensure conversion to

crystallinity, hence, the former reason was not the prominent cause in this case. Thus.

size played a major role in the peak intensity reduction observed.
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The monohydrate form has high intensity peaks at °20 = 8.380°,
12.355°, 14.455°, 16.480° and 17.445° while the anhydrous form of beclomethasone
dipropionate has strong peaks at °260 = 9.685°, 11.420°, 14.685°, 15.660° and 18.485°
(Figure 15). The distinctively different peak positions in the x-ray powder diffraction
patterns indicate that water of hydration plays a major role in crystal lattice
arrangements and packing of beclomethasone dipropionate molecules.  For

identification of phase interconversi stween these two forms, peak positions at

8.380° of hydrated form and ; : rm were selected for the future
. -

]

AU ININTNEINS
PR TN NGNS Y



56

.00

SUNTNAINYNE

Figure 14 The x-ray spectra of beclomethasone dipropionate monohydrate
A: PDF standard; B small crystals; C. medium crystals, D: large crystals



I

FigureFJ: ﬁﬁﬁiﬁ%gﬁwfﬁﬁmﬁhﬁm dipropionate
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Figure 16 shows the x-ray powder diffraction patterns of ground
samples (medium and small sizes) before being suspended in water (Figure 16A) as
compared to intact crystals (large size) (Figure 16B). Their patterns appeared to be
the same at every °20 positions. Two reasons are possible, either the anhydrous that
was assumed to form on the surface of ground crystals was so minute (approximately

less than 10%w/w) and was below the limit of detection of x-ray powder

diffractometer to differentiate the /)es from the intact one or the removal

ﬁss cavities but was insufficient to

Figure 16 ~ X-ray spectra of ground and intact crystals
A: ground crystal; B: intact crystal
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< Dehydration process for particle size reduction of hydrated
beclomethasone dipropionate

3.1  Solvent stability

The plots of percent fraction of isothermal dehydration (as calculated by the
ratio between percent weight loss of sample and theoretical percent amount of water
in the stoichiometric hydrated crystal) versus the times required for dehydration of all

three samples are shown in Figures17, 18, and 19. From these three figures, it was

found that for the large p

equilibrium of outside g&é
This was probably dW

iod for water remowval, which is the

and th@re of the particle, was longer.

surface barrier” e surface of ted/as a shield and prevented

water removal from]mde of particle as discussed preﬂously Moreover, the higher

vapor pressuﬁ uﬁgﬁs Wgﬂrﬁ%{xwfmﬁr as could be visualized

in Figure 20.

YRAEERT BN R B i

incremgnt of temperatures. However, the higher temperature applied to each samples
(85.5°C for the large and medium particles) did not lead to the higher rate of
dehydration. It could be explained that the higher temperature generated the
dehydrated barrier on the surface of particle as more compacted anhydrous form of

beclomethasone dipropionate. ~While at the beginning of dehydration, the lower
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temperatures could not rearrange the monohydrate form to the more compacted
anhydrous form. This shield blocked water removal, and the dehydration of samples
could not proceed higher than normal at the temperature stated above. This effect was
intensified with the medium size particles due to already existing anhydrous barrier
after grinding. Besides, in the large particles, more water was retained. Vapor
pressure generated in particles could diffuse through the compact anhydrous barrier
and overcome the surface barrier effect. On the other hand, the medium particles had

less water retained in the lattice d slower dehydration rate at higher

temperature (85.5 °C) & to J'nta s. The water from the medium
—

- T —
crystals could not beﬂr’ om the

equilibrium %fracti

1 as indicated by the lower

o in 90 min (Figure 18). It

particles may loos

causing the dehydre re 10 colla pse and blocked the channels for water
removal. In addition to i chydration at high temperature,

medium particles already

_,"? l-|l'.lill--‘ JJr fry
,...#_'_.{;:_-;_;- ki - .
médium’ péricles e gn

surface. Besides, water retained

al layers of barrier on the

Therefore, it seenlgfi like
!

rticle was so minute that it
igh enough to ovﬂcome the dehydrated barrier.

Hence, the ﬂ:ﬁ;ﬁ?ﬁﬂﬂ%ﬂwgﬁ ﬁ;ﬁot used for the kinetic

parameter d

AWTAIN IO AT I Te 0 = =

particles. These two mechanisms worked at two different ranges of temperatures, i.e.

could not generate ﬂpor pressure

at 80 and 85.5 °C, and higher than 85.5 °C (101.5 °C and 90.5 °C). At the
temperature 85.5 °C and lower, growth rate of the anhydrous barrier impeding inward
occurred at almost the same rate as water diffusion. At higher temperatures used
(101.5 °C and 90.5 °C) promoted movement of the water molecules as shown by a

higher rate of dehydration which was assumed to be a result of the generation of
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metastable higher energetic state (amorphous form) on the surface of the particle.
These temperatures should not be used in size reduction due to the induction of a
phase change to higher energetic state resulting in a significant decrease in physical
and chemical stability (Ito et al., 1996; Kitamura et al., 1989).

With the four temperatures employed (80, 85.5, 90.5, 101.5 °C), dehydration
of small particle seemed to be separated into two groups of mechanism. Due to the

fact that this event was unexpected and only two data points are not sufficient for

further analysis. The temperatu of 74.5 °C was then applied to small

particle using TGA to confirm the ts-and=to identify the possible activation

energy at low tempera7 N
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Anhydrous barrier

A B &
Large particle Medium particle Small particle

Figure 20  Effect of anhyd&‘- “’ 0%

(Arrows refeﬁa.mgor preﬁure@rce inside the particle.)

To determme W

determination (R?) was

Correlation of determmd‘thz) ed in Tables 6, 7, and 8 show that the

u__..-i\‘:,,' L N

dehydration data fgs all samples “seem to ﬁt_m ? Avrami-Erofeev equation.

However, Byrn (1 ) stated “The fact t m.-one equation fits the data

indicated that solid-s kmetlc data cannot be used to ove the mechanism of solid-
stated reactio E?v? 'ﬁ’{w tion of the activation
energy to se il Yleilrﬁa on ﬁrﬁj mﬂhenius plots for all
samp ﬁm Ell lﬁ correlation of
determnqaﬂonjﬁﬂ: best fitted dgdratlon dat;YoIr ground samE;;Jes the medium

and small particles, followed the Avrami-Erofeev equation (n=1), while the intact
particles expressed the model of Avrami-Erofeev equation (n=1/3). For the Avrami-
Erofeev model, it is assumed that volumes within the solid at a given time are
activated, and n being the proportion of the numbers of nuclei. The model is shown in

Figure 8 previously.
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Figures 21, 22 and 23 are the Avrami-Erofeev plots of the three sample sizes

together with their respective Arrhenius plots (rate constant versus 1/T).
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Figure 21 The Avrami-Erofeev and Arrhenius plots of large crystals
A: Avrami-Erofeev plot (n = 1/3)

B: Arrhenius plot
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Figure 22 The Avrami-Erofeev and Arrhenius plots of medium crystals

A: Avrami-Erofeev plot (n= 1)

B: Arrhenius plot
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Figure he Avrami-Erofeev and Arrhenius plots of small crystals
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A: Avrami-Erofeev plot (n = 1)

B: Arrhenius plot
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The Arrhenius equation used for each sample size was as follows (Martin

1993), i.e.,
K = Ae™XT
or In(K) = In(4) - Ea (1/T)
2.303R
where K = specific reaction rate (min™)

A

Ea

By plotting 1/T ag &), the ’\ he vertical axis was Ind and the

slope of the line so obtaing m which Ea may be obtained.

In the case of large pa points of temperatures were fitted
(Figures 21). Thi -';:';_rﬁi-r--m--i:jis-,a--------m-ﬁ--“-T-‘:‘, rous form on the surface
k. ; ot

that protected the dﬁ/dr re_mf each sample as discussed

previously. The resulting.activation energies (Ea) for dehydration vary with particle

size: large p%u(ﬂg nﬂn j mﬂ;‘]ﬂ 2.45 KJ/mol, which is

T A Ry
237.42. /mol, and 239.44 KJ/mol, respectively (Table 9). In the case of small

particle, the activation energy was calculated from its dehydration rate of the group at

low temperature (below 85.5 °C).
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Table 9 Activation energies of beclomethasone dipropionate monohydrate

Sample Ea (KJ/mol) Mechanism
Large size (intact) 178.45 Avrami-Erofeev (n = 1/3)
Medium size (ground) 237.42 Avrami-Erofeev (n = 1)
Small size (ground) 239.44 Avrami-Erofeev (n = 1)

smaller particles and the s irticle: - more lattice defects from grinding,

enabling the water to be rﬂgaggim?f sily. Moreover, grinding produces an
l.:l , :
amorphous state, ;’..:.;_:.:-:r..-:_;.:.;.:.,,;.‘_.:.-:A:_-.:. ween ater-drug molecules and

therefore facilitates Waer removal

1ta@|ra et al., 1989).

But in this snﬁ dtawas found that.Ea 1SETher in smaller particles (medium

and small c u ’rl‘ﬂ Emg@w flﬂ ‘j’l'hls could due to the
o T TR SO T Y T g e v o

the parficles, which acted as the shield (the surface barrier effect) against any future
dehydration process. This shield hindered water removal of the crystal resulting in
higher Ea needed for dehydration of the crystal as discussed above.

Besides, it is possible that higher water content within the particles generated a

higher water vapor pressures inside the large particles during the heating process and
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promoted the dehydration reaction (Landin et al., 1994). There was a similar report
that, the total fraction releasablity of ethylene-vinyl acetate microspheres was found to
increase as the volumetric loading and the excipients osmétic activity (sodium
chloride, sodium carbonate) increased. The total fraction releases were enhanced by
induction of polymer membrane rupture by osmotic pressure (Amsden and Cheng,

1994). As a result, the activation energy needed to dehydrate larger crystals is less

.,

- e —
S ) of hydrated
beclo Al

The x-ray spe rated beclomethasone dipropionate at various

than that needed for smaller ¢

temperatures are sho

Nachiengtung (1997), i : hat the interconversion of beclomethasone

dipropionate was as follo

TTe_mp /o R Te % RH

monohydrate structure

ﬂuaqwaﬂswawnmm
ammﬂﬁmummmé‘ﬁ

he x-ray powder diffraction analysis was used to measure the extent of

Monohydrate Anhydrous

rphous

structural changes until dehydration was completed (approximately 3.34% weight
loss) when heated. Major peak positions used for marker were 20 = 8.303° and

18.485° for the monohydrate and anhydrous phases, respectively.
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Unfortunately, in this study, the experimental results did not show a
correlation of time at which complete dehydration occurred between TGA study and
x-ray powder analysis. A complete dehydration of hydrate form was done in the
convection oven. It might be due to the samples in the oven had higher thickness and
limited surface area for dehydration. Hence, the time for complete dehydration in the

oven was longer than the time obtained by TGA. However, the x-ray spectra were

determined immediately after level at various temperatures had

reached approximately 80- y spectra of each sample showed

the gradual structural Irate to a mixture of anhydrous

and hydrated phase ompound. This result was in

N

accordance with Nachie he structure of crystal was still

monohydrate form aft on (without water but retained

monohydrated structure).

- ,,
A

ﬂTJEI’JﬂEW]?WEJWﬂ‘i
QW']Nﬂ‘iﬂJﬂJWYJVIEJ']aEJ
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Figure 4

X-ray spectra of dehydrated beclomethasone dipropionate of large
particle (intact crystals) at various temperatures and times. (85.5°C/
50 min, 74.5°C/120 min, 65°C/240 min, 56 °C/750 min; as compared
with (A) anhydrous form and (B) monohydrate form)
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Figure 25
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201

X-ray spectra of dehydrated beclomethasone dipropionate of medium
particles at various temperatures and times. (80°C/150 min, 74.5°C/250

min, 70 °C/330 min; as compared with (A) anhydrous form and (B)
monohydrate form)
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Figure 26 X-ray spectra of dehydrated beclomethasone dipropionate of small
particles at various temperatures and times. (101.5°C/75 min,
90.5°C/180 min, 85.5°C/210 min, 80 °C/300 min; as compared with (A)
anhydrous form and (B) monohydrate form)




77

Nevertheless, phase change patterns obtained from all samples indicated that
the trend for transformation to anhydrous phase is greater at higher temperatures as
indicated by the position 20 = 18.485° for anhydrous form and position 26 = 8.303°
for monohydrated form. At the highest temperature applied to the three samples, peak
position of anhydrous form of beclomethasone dipropionate was prominent while the

position peak of monohydrate was less intense. These results are supportive of the

result of the isothermal TGA w{ﬂ“ w tion rates at higher temperatures were

altered by a compact a y?:i geﬁon the surface of particles during

dehydration process«b'!ﬂ""’l-r smal les where two mechanisms of

dehydration were assu ydrous phase transformed to a
metastable phase or a gﬂ;&es (101.5 and 90.5 °C). This
assumption was confi ingtung (1997) that beclomethasone
dipropionate when hea to an amorphous solid. The
amorphous state generat i the. s minute (approximately less than

aw/w), x-ray powder dxﬁ-?;éfgfe'tg’ determine its existence. However

the amount of amorphous phase W AS just enough to i orease the rate of dehydration.
This higher energetiatate of a hous phase result@ in a decrease in physical and

chemical staﬁtu\ ﬁei;ed in size reduction.
y

The splvent stability could e determmed welght loss during the
R YRR 1Y PR i
dlprop%nate monohydrate seems to result in anhydrous form. Phase transformation
occurs only after the water is removed from the crystal lattice. TGA and kinetics of
desolvation indirectly describe solvent stability within the crystal lattice. Thus the
solvent stability of samples was concluded as large particle (intact) < medium and

small particle (temperature lower than 85.5°C).
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3.3 Particle size determination after dehydration
3.3.1  Laser light scattering was used in this experiment to
determine the particle size of beclomethasone dipropionate monohydrate before and

after dehydration.

The monohydrate samples obtained from Section 3.2 were subjected to

dehydration process. Tables 10, 11 and 12 show the particle sizes of large particles
w articles after dehydration process at
@tdy analyzed after completely

es (il c crystals)

(intact crystal), medium particles
various temperatures.

dehydrated (approxim

Table 10 Changes

.\a 5)(SD) | d(v,0.9) (SD)

m um

."

Temperature

(Before dehydrafion)]'| 2 93 @8 ’ 0) | 429.89 (10.97) | 758.79 (18.13)
85.5 é‘%ﬁ 1 48.10(1.58) 131.23 (3.15)
745 = 2:4;%# 3y 8.34 (0 66) 120.34 (3.44)

65. e—_—= —-----=====1;5 64) | 226.29 (5.66)
/2 ¥

56.0 54 (2.91 665.86 (15.12
m 1 ) ( )

e Cﬁ%‘&?‘}‘aﬁﬁ RN

d(%0.1) (SD) | .d(v,0.5) (SD) 4|, d(v,0.9) (SD)

Wmﬁﬁ FUHRNNHINE
- {(Before dehydration) | 83.80 (0.32) 150.80 (0.42) | 259.39 (0.81)
80.0 10.73 (0.12) 42.78 (0.12) 96.73 (2.05)
74.5 15.32 (0.43) 45.39 (0.76) 112.93 (2.00)
70.0 13.77 (0.24) 46.68 (0.31) 112.83 (5.14)




Table 12 Changes in particle size of small particles
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d(v,0.1) (SD) d(v,0.5) (SD) d(v,0.9) (SD)
Temperature (°C)
um pm pm

(Before dehydration) 4.24 (2.83) 63.88 (11.25) 123.13 (7.32)
101.5 8.81 (0.26) 36.41 (0.35) 73.29 (0.54)

90.5 15.54 (0.77) 46.82 (0.60) | 101.34 (0.60)

85.5 17.93 (1.06) 47.78 (1.12) 95.66 (2.14)

80.0 16,19 (0:64) 46.81 (0.77) 96.47 (1.35)

W

ples were ¢otipared using the median of particles

The particle size i

d(v,0.5) as shown in
dispersion with minor

Figure 27. Particle si J
o8 “expocrt

ﬂ.l ET 'r_"
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.r:%f'x z
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reduced as shown in Fig

size very similar to the hen dehydrated at 101.5°C. This was

probably due to the agglome icles on the surface of a larger particle

after dehydration. This is clearly shownm‘Figure 29. Laser light scattering method,

allv demonetrated there virae o rad

"'—

median of 63.88 to ﬁ

however, (Table *& dction of particles from the
2 agﬂt disperses the agglomerated

particles. '3
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Figure 27 An example of size distribution curve of dehydrated intact crystals at

85.3 °C
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SABpum Vil

C1) small crystals before dehydration C2) after dehydration at 101.5 °C
Figure 28  SEM of hydrated beclomethasone dipropionate before and after

dehydration (35 x magnification)

Effect of original size of the particle. With regards to ground samples

(medium and small particles), the median of particle sizes when various temperatures
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were used to dehydrate indicated that there were no significant difference among the
sizes of particles obtained from dehydration at different temperature. (p>0.05)
(Appendix F). The electronphotomicrograph (Figure 29) shows that the medium and
small crystals collapse to irregular shape as the same size. However, the product of
small crystal has a very porous structure with agglomerated fine particles on the
surface. It is expected that the size reduction might be limited by the unit cell of
crystal, that is, the reduction of particles ceased when it was equal to its unit cell.

Although the original size of the patlielé did not play a role in the resulting

size of the particles aflessdestlvation but it had a'significant influence on the rate of
dehydration. At the sameftemperature treated (80.0 °C), the rate constant (k) of

dehydration in larger crystals is higher than that of smaller crystals (0.0988 min™ for

)

medium versus 0.0434 mind for small E;ry’Stals) from Tables 7 and 8, respectively.
This could due to the influence’ of higheiﬁ-water vaper pressure in larger particles as
previously discussed.

Top

Bottom

R0 K : ; LAEP < o
Figure 29 SEM of dehydrated beclomethasone dipropionate
Top: medium crystal at 80 °C; Bottom: small crystals at 101.5 °C.
A. 100x magnification B. 750« magnification
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Effect of temperature. For ground samples (medium and small particles),
temperature has no impact on the size after dehydration, i.e., any temperature applied
resulted in similar size reduction (Tables 11 and 12). However, in intact crystals (large
particles), the particle size reduction was obvious only when the temperature was above
65.0 °C (Table 10). As the temperature rise, the structure underwent significant

reduction in particle size, collapsed and fractured as shown in Figures 30A and 30B.

iQAp 298333p

Figure 30A  SEM of large crystals of dehydrated beclomethasone dipropionate
Top: 85.5 °C; Middle: 74.5 °C; Bottom: 65 °C
Left: 100x magnification. Right 750x magnification.



Figure 30B

Figure 31

ZBWum 911153

SEM of large crystals of dehydrated beclomethasone dipropionate
Left: 56°C, Right: Befo}egti;hydration, 35x magnification
/o

. ""“r

B

The photograph of large crystals of dehydrated beclomethasone

dipropionate at 56 °C A) before dehydration, B) after dehydration

83
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In contrast, large crystals did not collapse at 56 °C, but only appeared opaque
as observed by light microscope (Figure 31). This is in accordance with Clay et al.
(1982) and Byrn et al. (1999) of an event occurred after dehydration.

Therefore, particle size reduction of large particle (intact) was largely
dependent upon the temperature used. The same possibility probably applied to the

ground samples (medium and small size) except that the temperatures used to

er W/°C thus, the temperature dependent

ion the structures were prone to

dehydrate these samples were

The x-ray st

rearrange from mo \ e structure collapse to fine

particle in all three size i 6°C) could only resulted in the

removal of water and alTa ngeme sen the large particies but not a

‘ g the les for another 72 hours, it showed
"‘!JH F B
.n.r": “ ,'*
that particles collapsed to"ce At size (a camately 40 um). Thus the result in

particle size reductlon deT Is-dpon bo le of dehydration of water molecules

sufficient heat energy to facilita

QUEILANININDT, s e
“"TWTR ﬂ“ﬂ‘?ﬂﬁ!’ﬂi YT T 13

14, resﬂectwely.
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Table 13 Specific surface area of the crystals before dehydration of the samples

Specific surface area (m’/g)
Sample before dehydration
Large particles (intact) 0.387
Medium particles 0.262
Small particles 0.249

d flwé-h he | icles should
not 10 that the arger particles shou
Zig | OIS

16 to theifact that in this study, nitrogen

The results in

have small specific su

gas could not be he surface of the particles because water

I a\\ \\ ure would highly interfered

\.\ > of interest, and hence, the

removal process of
with the physicoche

dehydration process.

Table 14 Specificis rea of the cr ’—~v ydration of the samples

'!r-' N ‘ ,
- Specific surface area (m°/g)
g ﬂ ’ ratnﬁ after dehydration
‘al 85.6.9C 1.423
Largeparfits i eh ) ] Eln“m HINT
Py 1.658
56.0 °C 'y 0.489
j ED ﬂgﬂa J F I E]] I ﬂ E] 1.494
Meédium particles T45°C 1.504
70.0 °C 1.173
101.5°C 1.532
. 90.5 °C 1.235
Small particles 85.5 °C 1175
80.0 °C 1.751
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In contrast to Table 13, particles in Table 14 were dehydrated. Moisture
contents were properly removed from the particles and as a result, nitrogen gas was
fully adsorbed onto the surface of the particles. BET method revealed that dehydrated
form had higher specific surface area than the monohydrate form. In terms of
reliability, figures in Table 14 roughly report the specific surface areas of different

particle sizes at generated from different temperatures. Besides, each sample

underwent single measurement. There result in Table 14 partially supported
_section. Of note, specific surface
area of large particle 0 X 3 g) confirmed the occurrence that crystals

did not collapse at t

U
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