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Appendix A
Identification of anhydrous beclomethasone dipropionate form of the product

of Sigma Aldrich and V&S Chemi Group in DSC thermograms and patterns of XRPD

<

'W;, RIATUNRIINEINY

T T T
50 100 150

Figure 33 The DSC curve of anhydrous beclomethasone dipropionate of Sigma

Aldrich at scanning rate 10°C/min
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Appendix B

Particle size determination of beclomethasone dipropionate

The particle size of beclomethasone dipropionate was determined by
Mastersizer S. It is a range of laser light scattering based particle sizers (Mastersizer
particle size analyzer, Instrumental manual). The results reported by them are a
number of fundamental concepts as folloévj:/

e The result is volume based. e

—

- o -
e The result is expiesséd in _;ermslof equivaléntsspheres.

e The derivation of distubution p%ameters.

' when'the result lists, for example 11% of the

—

The first, this

7

6.9_:/_' = $75' microns this means that the total volume
I ‘.-:'4

distribution in the size cate

of all particles with diam in this rarrge‘ represents 11% of the total volume of all

A

particles in the distributio The result peﬁ'é?’mﬁd as the peak of frequency curve.

The second pomt 1s that the ulStnt_JPtIOn.JS expressed in terms of the volumes

of equivalent sph'ergs._Cansader_a_cyhadncaLpadejaf" diameter 20 microns and

length 60 microns. TTue volume of the cylinder is:

T

V = (10pm)’ (60pm)

The sphere of equivalent volume would have a diameter center on:
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’6V
s e
e 3pm

With a spread from 20 to 60 microns.
It is interesting to compare this with other techniques. Sieving would pass the
particles through a 20 microns aperture and classify them as 20 microns.

Sedimentation would give a result related to the total surface area, in this case

If wishing to correlate laser diffra ts with values from some other
techniques, it might ¢ using the result modification

procedure built into

The third point is
.ﬂdu.ﬂ

N\
the representative diameter fG \ the geometric mean of the size

’\\ [on 18 a set of size classes. which

.m"“ Al
band limits: VT |
The frequency ﬁ flerentiating the cumulative undersize
curve. The peak ;’:tw-_—l‘, diameter - the most
commonly occumng er the ‘T!J |

Theﬂuﬁlﬂﬂlﬂﬂﬁfﬂﬂ s
ama\anm NN Y
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Volume %

20, 100
490
v - . Undersize curve (uses right
Oversize curve : | 80
(uses right hand axis) hand axis)
470
ﬂ 60
Frequency curve (scaled to the 50
10 same height as the analysis 1
band histogram) 40
4 30
Histogram - 100 bands
(uses the left hand axis) 4 20
410
o] W— o
1.0 100.0

calculated. Moreover n and uniformity are calculated for described the

the absolute deviations from At

The interpola.md uyﬁrsize result to be determined

for any size or the size«an be determined for any percent of the total result under that

size. This l%ru &Qaﬂeﬂnﬂilﬂeﬂtqg ﬁve listed the percentile

size g:l Tig,:]oa %/ﬂ ,_5 qj u 1}1 ']'Ej ﬂys;]s (;ﬂ:ﬂwn as the median

50% volume percentile, expressed as d(v,0.
of the volume distribution. The v in the expression shows that this refers to the
volume distribution.  There are the 10% and 90% cutoffs respectively for the

distribution. i.e.,
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d(v,0.9) — 90% of the distribution is below this value
d(v,0.1) — 10% of the distribution is below this value

The span of the distribution is defined as :

d(v,0.9) -d(v,0.1)

Span =

The uniformity of the distri utio

d;and X are respec the rmean/diamel , and result in size class i

AULINENTNEINS
ARIAATAUNM TN
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Table 15 Particle size of beclomethasone dipropionate monohydrate at various rate

of adding water conditions

Particle size of beclomethasone dipropionate monohydrate at various rate of adding water conditions

Rate D(v,0.1) | Ave. | D(v,0.5)| Ave. | D(v,0.9) | Ave. |Span|Ave.| Uniformity |Ave.
131.65 444.38 780.56 1.88 0.58
7 mi/hr 128.43 | 127.25 | 433.73 |[431.07 | 796.88 | 753.74 | 2.00 |1.89 0.63 0.58
121.67 415.10 683.79 1.78 0:55
89.90 268.98 664.04 2.14 0.66
23 ml/hr 84.59 85.36 694.84 | 2.36 | 2.23 0.72 0.73
81.59 2.20 0.79
66.85 2.19 0.66
5C ml/hr 61.27 47483 | 2.34 | 2.22 0.58 0.61
67.95 212 0.59
43.66 3.21 0.95
120 ml/hr 37.91 3.50 |3.35 1.02 1.00
35.79 ° 3.33 1.02
10.97 3.68 1.10
300ml/hr 10.66 249.79 | 3.70 | 3.68 1.1 1.10
10.45 3.65 1.10
Ui + N . ...l e b |
; - ' / s‘ , D)
_ ‘o Mi" ﬂ-’\g" : .
. AUYINYNIWBINT
9 A v n
" : ¥ | & v w
ARIAINT wﬂ\mmaa
-9 : ,e'; m
Poartite Carritue foe s
Figure 36 The example of size distribution curve of adding rate at 7 ml/hr
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Figure 37 example of size distril n curye of adding rate at 23 ml/hr

Figure 38 The example of size distribution curve of adding rate at 60 ml/hr
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Flgure 40 The example of size distribution curve of adding rate at 300 ml/hr
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Figure 42 The example of size distribution curve of adding rate at 23 ml/hr (without

paddle stir)



Table 16

fractions

Particle size of beclomethasone dipropionate monohydrate after sieve

110

Particle size of beclomethasone dipropionate monohydrate after sieves fraction

samples D(v,0.1) | Ave. | D (v,0.5) Ave. D(v,0.9) | Ave. | Span | Ave. | Uniformity | Ave.
223.62 441.10 764.28 1.23 0.38
large 210.49 |213.93| 429.41 |429.89| 773.53 |758.79| 1.31 |1.27 0.41 0.39
(Intact) 207.69 419.17 8.55 1.27 0.39
83.44 1A 0.37
medium 84.05 83.80 150.% 9.39]| 1.15 | 1.16 0.36 0.37
83.92 1.17 0.37
7.49 1.55 0.41
LW
small 2.96 4.24 2 131 2.14 1 1.90 0.69 0.58
2.28 3 F 2.00 0.63
o
3 |
P2 TR © - hme s 300
o 4 ;
B
: M,
2
E o
: ‘ — :
10] i S0
‘Vl WaIna -
? e
Qﬁ’]ﬁﬂﬂiﬂdlﬁﬂ ’J‘V]El']ﬂ&l 5
0 |
) B 153v8 3 : — vmw" “ISO000 Rigs ikt
Figure 43 The example of size distribution curve of large crystal (intact)
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Figure 45

The size distribution curve of small crystal (n;)
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The size distribution curve of small crystal (n3)
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monohydrate after dehydration
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Particle size of large crystals (intact) of beclomethasone dipropionate

Particle size of large crystal of beclomethasone dipropionate monohydrate after dehydration

Temp D(v,0.1) | Ave. D (v,0.5) Ave. D(v,0.9) | Ave. | Span | Ave. | Uniformity | Ave.
13.06 46.85 132.44 1.91 0.62
85.5C 13.58 13.70 47.58 48.10 127.65 131.23| 1.86 1.90 0.61 0.62
14.45 49.88 133.59 1.92 0.62
20.26 58.64 2.29 0.74
745C 20.30 20.36 247 | 222 0.68 0.71
20.51 2.19 0.71
34.20 1.73 0.53
65.0 C 32.53 175 | 4.7 0.53 0.52
36.99 1.64 0.50
132.77 1.78 0.55
55.0C 134 13  |134.57 1.69 1.71 0.52 0.53
136.82 1.65 0.51
.............................. '—‘ , 100
. :
_ @’ L 20
, ; A BO
) ‘o 7 Y | i 7o
AUYINYNINYINTD
s . I’;" - H . : -{so
Y ¢ : - j ."~,. ' A»O
FRIANNIUUBRTINYIAY =
AN N
! : . : o g
Q.84 [ 176 E KN FEGGTTTTIERES
r ()
Figure 48  The example of size distribution curve of dehydrated large crystals at 85.5 °C
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Figure 51

The example of size distribution curve of dehydrated large crystals at 56 °C
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Tablel8  Particle size of medium crystals of beclomethasone dipropionate

monohydrate after dehydration

Particle size of medium crystals of beclomethasone dipropionate monohydrate after dehydration

Temp D(v,0.1) | Ave. D (v,0.5) | Ave. D(v,0.9) Ave. | Span | Ave. | Uniformity | Ave.
10.59 42.65 98.56 2.06 0.67
80.0C 10.76 10.73 42.85 42.78 97.10 96.73 | 2.02 | 2.01 0.66 0.65
10.83 42.85 94.52 1.95 0.61
14.85 44.52 237 0.73
74.5C 15.41 15.32 45.7 2.30 | 2.30 0.71 0.71
15.69 224 0.69
13.56 0.73
70.0C 13.73 212 0.66 0.68
14.03 0.65
i = -” :
‘;
3
g
A ”

I G BT A o
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Table 19 Particle size of small crystals of beclomethasone dipropionate

monohydrate after dehydration

Particle size of small crystals of beclomethasone dipropionate monohydrate after dehydration

Temp D(v,0.1) Ave. D (v,0.5) Ave. D(v,0.9) Ave. Span | Ave. Uniformity | Ave.
9.1 36.78 73.85 1.76 0.54
101.5C 8.70 8.81 36.36 36.41 73.26 73.29 1.78 | 1.77 0.55 0.54
8.63 36.09 72.77 1.78 0.55
14.75 1.86 0.64
90.5C 15.60 1.83 | 1.83 0.63 0.63
16.28 1.81 0.61
16.85 1.64 0.55
85.5C 17.96 1.63 | 1.63 0:55 0.54
18.97 1.61 0.54
15.56 1.78 0.58
80.0C 16.10 1.72 | 1.72 0.57 0.57
16.87 1.70 0.57
o e L0
: : ; . | | ' ' aao
T ' 7R
-1

o ) ﬂuﬁ?‘]wﬂﬂ{wﬂqﬂi , ::

"""""""""" B s TEAC-SOUNNE N TEC SN . -
M- EE-T-N- R ¥ - f TN~

vt N

Particie Diarmeter (Lo, )

Figure 55 The example of size distribution curve of dehydrated small crystals at 101.5 °C
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Figure 58  The example of size distribution curve of dehydrated small crystals at 80 °C
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Appendix C

Table 20  Concentration and absorbance data for calibration curve of the

beclomethasone dipropionate in water: alcohol = 8:2

Standard curve of BCP in water:alc 8:2 at 243 nm
Conc. Absorbance Ave. SD
(' mcg/ml ) n, _
5 7 0. 0.161 0.003
7.5 6 .23 g 0.235 0.002
10 | 1032 0.327 0.002
15 ! 0.474 0.001
0 628 | 0.625 | 0.004
1& -
L bl
J
Standard curv r: 2 at 243 nm
;_.::J
i o t‘.iﬂ
N
el
<
0.
¢ o o/
ﬂ U INENINE ﬂim s
Coricentration ( m@ Pa ﬁ%

Figure 59 Calibration curve for the beclomethasone dipropionate in water:alcohol 8:2

using absorption spectroscopy at A = 243 nm



Table 21  Concentration and absorbance data for calibration curve of the

beclomethasone dipropionate in water: alcohol =

5:5

Standard curve of BCP in water:alc 5:5 at 241.5 nm
Conc. Absorbance Ave. SD
(mcg/ml) n, n, n,
5 0.166 0.163 0.167 0.168 0.003
10 0.3 » 0.320 0.321 0.001
15 0.482 0.004
20 === .65 0.645 0.003
30 .936 0.002
o7
ndard e A a 241.5nm
4 -
0.8 o .
b, 06 -
< 04 |
0.2 +
0

Concentratlon (mcg)

ﬁusﬁwaﬁﬁwm1ﬂ

y =0.0314x + 0.0068

j R =0.9994

ammn‘imumawmaa

120

Figure 60 Calibration curve for the beclomethasone dipropionate in water:alcohol

5:5 using absorption spectroscopy at A = 241.5 nm
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Table 22  Concentration and absorbance data for calibration curve of the

beclomethasone dipropionate in water: alcohol = 2:8

Standard curve of BCP in water:alc 2:8 at 242 nm

Conc. Absorbance Ave. SD
(mcg/ml) n, n, n,
5 0.16 0.159 0.162 0.159 0.002
10 0.323 0.001
15 0.475 0.008
f
20 - _ll.‘.‘i—- ---1.‘1_ 0 649 0'002

30 //Jﬂﬁ\%\ 0.947 0.005

TAGY

Standard gurve of BCP :’ ater:a Y ‘8at242 nm

0.8
Q
Q.6
0.4 :
0.2
i ;I:‘iosmx + 0.0044
qp 10 20 30 40 .
@ £ R £.0.9994

Figure 61 Calibration curve for the beclomethasone dipropionate in water:alcohol

2:8 using absorption spectroscopy at A = 242 nm
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Table 23 Solubility data of beclomethasone dipropionate in water:alcohol 8:2
Time | Abs.at A =243nm |Conc.at A =243 nm| Ave Conc.| Conc. SD
(hr) | n, n, Ny n, n, Ny | (mcg/mi) | (mg/ml)

1 0.038 | 0.038 | 0.035 | 1.083 | 1.083 | 0.987 1.051 0.0011 0.055
3 0.052 | 0.051 | 0.047 | 1.529 | 1.497 | 1.369 1.465 0.0015 0.084
T 0.124 | 0.058 | 0.058 | 3.822 | 1.720 | 1.720 2.420 0.0024 1.214
9 0.164 | 0.131 4.289 0.0043 0.717
12 0.088 | 0.049 1.868 0.0019 0.699
24 0.051 1.529 0.0015 0.032
30 0.065 | 0.048 "’ t 1 1.486 0.0015 0.121
\\\%\h
36 0.053 | 0.05 f"’m‘ 1 1.507 0.0015 0.049
// x\‘“\
¥t YA
Solubility'of Beclomethas ‘-.» rop ,\. ein wateralcohol 8:2
.ﬁ":.p i.-:'_.l“'
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Figure62 Solubility curve of beclomethasone dipropionate in water:alcohol 8:2



Table 24  Solubility data of beclomethasone dipropionate in water:alcohol 5:5

Abs at

l =241.5nm

Conc. at

A =2415

Tia Ave Conc. | Dilution SD
(hr) n, n, n, n, n, n, (mg/ml) Factor
1 0.348 | 0.352 | 0.310 | 0.217 | 0.220 | 0.193 | 0.210 20 0.015
3 0.605 | 0.535 | 0.559 | 0.381 | 0.336 | 0.352 | 0.356 20 0.023
7 0.626 | 0.554 | 0.557 0.350 | 0.364 20 0.026
ry .
9 0.564 | 0.628 03064 0417 | 0.389 20 0.032
27
12 0.666 | 0.758 | @- 88 | 0.444 20 0.031
24 | 0.712 | 0.509.li668 % a0 Om2aab. 0.396 20 0.068
30 0.616 | 0.6 , /;/ ‘ “\\\ 30%0.384 20 0.004
36 | 0.615 GQ\CQ‘ 0.386 20 | 0.002
// ot \\\
__ Y |I" o 'P
Solubility offbeclomethaserie -ff_
0.600
:é\ 0.500 - F WP
5 ——2
E o4 - AX ) -
: £
'(..:3 0.300 ”]
E 0.200 B2 . . .
8 o Q/
O 0.100 - e EERPSS N ORe |
T i< means T T

0.000
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20
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Figure63  Solubility curve of beclomethasone dipropionate in water:alcohol 5:5
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Table 25  Solubility data of beclomethasone dipropionate in water:alcohol 2:8
Time | Abs.at A =242nm Conc.atA =242 nm Ave |piution| SD
(hr) n, n, n, n, n, n, (mg/ml)| Factor

1 0.522 0.413 0.750 4.095 3.233 5.899 4.409 | 250 | 1.360
3 0.586 0.437 0.854 4.601 3.422 6.722 4.915 250 | 1.672
7 0.861 0.817 0.882 6.429 6.943 6.716 250 | 0.262
9 0.845 0.780 6.832 | 6.540 | 250 | 0.361
12 0.447 7.130 7.488 500 | 0.741
24 0.589 nm 9.369 9.208 500 | 0.186
PR e
30 0.558 '/ 3,886 | 8.825 | 500 | 0.063
36 0.559 0. / && 926 8.818 500 | 0.094
J(i I \\\\
in water:alcohol 2:8
~ 10.00
£
D 800 4—
. E
(= 6.00
o
S 400
[
8 2.00
{
(=}
O o.00
ﬂﬂ&l?%ﬂﬂiﬂﬂ’]ﬂ‘i 5w
Time (hr) g,

Figure64  Solubility curve of beclomethasone dipropionate in water:alcohol 2:8
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Table 26  The solubility data of stable form of becolmethasone dipropionate in %

alcohol in solution

% alcohol in solution Concentration (mg/ml)
0 0
0.2 0.002
0.5 0.386
8.818
22

ﬂu

+2.7575 + 0.0374
2=09999

'm'i

QW’]NﬂW"NW")ﬂmaH

Y =45.661x° - 26.419x?

Figure 65 The solubility profile of stable form of beclomethasone dipropionate
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The value of limit quantitative

The value of limit quantitative ( BCP in water:alc 8:2 at 243 nm)
Conc. Absorbance Ave. SD % CV
(mcg/ml) n, n, n, n, ng (Abs)
0.5 0.018 | 0.018 | 0.018 | 0.018 | 0.018 | 0.018 | 0.0000 | 0.000
1 0.034 | 0.035 | 0.035 | 0.035 | 0.034 | 0.035 | 0.0005 | 1.583
2 0.062 | 0.063 | 0.063 | 0.063 | 0.062 | 0.063 | 0.0005 | 0.875
3 0.094 | 0.094 .094 | 0.094 | 0.0004 | 0.475
4 0.128 | 0. : 0.128 | 0.0004 | 0.349
! _
Conc. » \ : ve. SD % CV
(mcg/ml) N, — B . nc.)
0.5  0.446 ( = 0.446 0.00000  0.000
1 0.955 0 ae7| - 0.975 0.0174  1.790
2 1.847 .8 1 | -.:' ' ' 1.866 0.0174]  0.935
3 2866 2,886~ 2888, 2873 00142 049
4 3949 39 = 3.949  3.955 0.0142  0.360
A,

m
AULINENTNEINS
RINNIUUNININY
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The thermograms of TGA from NETZSCH STA 409 C thermogravimetric

analyzer of intact and ground beclomethasone dipropionate monohydrate

5.8
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Figure 66

The TGA curves of intact crystals (n = 3)
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Figure 67  The TGA curves of ground crystals (n = 3)



Appendix E

Table 27 % Fraction dehydration of large particles (intact) at 85.5 °C in oven

Temp min gram % fraction dehydration
85.5°C 0 0.1995 0.00

15 11989 9.00

57.03

1 99.05

0,1¢ | 109.56

.:\“

Table 28 % Fractiondde fon of ) (intact)at 74.5 °C in oven
w-'-i

Temp %fraction dehydration

74.5°C = 0

2491

71.81

80.60

‘o 0.1986r 83.53

| UE [T T e T

0.1980

QRTINS TINIETA
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Table 29 % Fraction dehydration of large particles (intact) at 65 °C in oven

Temp min gram %fraction dehydration
65°C 0 0.2048 0.00
15 0.2036 17.54
30 0.2036 17.54
45 0.2035 19.00
23.39
2193
2924

35.09

NN s

/ 93.56

'4.'/ / .:_7 \\\\\\ 78.94
DTEINN

) 93.56

Table 30 % Fraction dehyd #__;h v of larg icles (intact) at 56 °C in oven

56°C l! “ © 0.00
‘ 30 5.25
2 —e

AU UINLEINLINT

IM 120 0.2259 28.88
e o &

ARANEIAIMNINYTNE

i 240 0.2230 66.94

300 0.2224 74.82
540 0.2218 82.69
720 0.2217 84.01

750 0.2217 84.01
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Table 31

Table 32

% Fraction dehydration of medium particles at 80 °C in oven

Temp min gram %fraction dehydration
80°C 0 0.2366 0.00
10 0.2341 31.64
30 0.2324 53.15
68.33
69.60
72.13

SRS
T 7 e SN

/7@\\\

i
fl//"ﬁ' a\\

19.72

84.78

84.78

les at 74.5 °C in oven

_‘f_‘ 0,00

ion dehydration

Il
23.80

lax -

W
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Table 33

Table 34

% Fraction dehydration of medium particles at 70 °C in oven

Temp min gram %fraction dehydration
70°C 0 0.1924 0.00
30 0.1907 25.92
60 0.1897 42.12
90 51.84
1 58.32
1882 64.81
188 - 64.81
1878 71.29
0 77.77
a{) 1.77
3 118 81.01
Y ~ 81.01
*fu-::rf
)
% Fragti °C in oven
Temp min gram %fraction dehydration
1 6 (Y]
Wﬂﬂ%ﬂa% (Jlabaiay
| I § =g
q : = ,
a.alé_'i%f\ RN A !ﬂg‘fl 8¢
4 lﬁ 5” o 2.1
60 0.1888 91.59
75 0.1888 91.59
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Table 35 % Fraction dehydration of small particles at 90.5 °C in oven

Temp min gram %fraction dehydration
90.5 0 0.1994 0.00
30 0.1964 45.18
60 0.1952 63.25
120 0.1936 87.35
84.34
84.34
Table 36  “% Fraction'd (e T 35.5 °C in oven
Temp m’” Ak\\\\\\ dehydration
85.5°C / \\\\\ 0.00

.

4465
N

- 58.60

69.76

80.92

83.71

e

Table 37 % Fractim dehydration of small particles at@O °C in oven

r‘—& ot
v A Doffa ydration

FpIg Y EMIN YIRS
80°C 0 0.2034 0.00

& — &

AWIANI TN ANEINE |

b 60 0.2004 43 43
90 0.2001 4922
120 0.2001 4922
180 0.1979 81.08
240 0.1975 86.87
300 0.1975 86.87
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Table 38 The statistic test of the median size of ground samples (medium and small

particles)
Descriptive
MEDIAN
95%
N Mean Confidence Minimum| Maximum
Interval for
Mean
ower | Upper
“Bound | Bound
Mediom | o 498857 | 4278 | 46.68
particles
Small |, 53.0199 | 3641 | 47.78
particles
Total 48.3517 | 36.41 47.78
ANOVA
MEDIAN
Sum of
Squares
Between
Groups :
Within o, —d
Groups | 481 S
Total | 95232 6

ﬂ‘UEl’J‘VlHVliWEI’]ﬂ‘i
ammnmummmaﬂ
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