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CHAPTER 111
STARLLITY AND KINETIC $TUDIES

This chapter describes iLhe melhodology and oul come of the
several preformulation and formulation stability and finelic
euprrimenis designed Lo evaluale the effect of various paramelers
like opH,temperature and humidiifty and to study compalibility of
the drugs in question wilh the excapients wused in tablet
formulation. Similgr studies were made wilh the available marLe}
formulation also.

STARILITY OF DINDOLOL,TIMOLOL MALEATE, NADOLQI.

ND SOTALOL

A
HYDROCHLURLDE AT ELEVATED TEMPEATURE AS A FUNCTION OF pH.

The published literature revealed "hinadequatle data on
stability of timolol maleate and nadolel as described in Lhe
secltion 1.2.2 and 1.2.3. No significant data on stabilily has
been published wn case of pindolol and solalol hydrochiloride.
In case of bolh these compounds no reference could be locatled
dealing witbth stability as a function of pH. In view of scanty
data on slability of these compounds as a functien of pH and non
avallability of stabilily data of limolol maleate and nadolol al
different pH stahility of these drugs was investigaled at

different pH over a range of 2.2-8.

REAGENTS.

1. Standard samples of pindolol, timolol mgleate, nadolol and
solalol hydrochloride.
59
2. Mc Ilvaine cilbrate-phosphate buffer pH 32.0-8.0 .
3. Acid phthalate buffer pH 2.2, 3.0, 4.0, (5.0 neutralized), 6.0
Phosphale and borabe buffer 6.0, 7.0, 8.0, 2.0,pH

4, Acetvl]l acelone reaaent: 30 an of ammonium aretale and 1 ml  of
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acetyl acetone in 100 ml watler.
e 0.01M sodium periodate scolulion in water.
6. Methanol.
EXPERIMENTAL PROCEDURE

ODne ml of drug solution (0.5%4 wm/v) was added 1o each of 6
seperate 100mi volumelric flashks contaning buffer solulion of pH
3.0, 4.0, 3.0, 6.0, 7.4 =and 8.0 Jn‘respective order. The conlentls
were wmined after making up the volume with respecltive buffer
solution. The sclution was divided in to Lhree equxl portion of
about 33 ml and filled in amber glass round bobltles. One of the
bottles was stored al ambient Lempera?ure, anolher in rorr&gerator
and the Lhird in tlhermostalically controlled ovens al 56’ ¢ for
slability study. The solutions were assayed {or 1Llhe:ir initial
concenltration by acelyl aceltone reagent as descrihed in eection
2.10. The samples were wilthdrawn at every wee!l /1% Jduay.. up lto 90
days and studisd for stability.

The concentration of drug solution oblained was converied in to
rercentage of intial concenlralion which was talen to be 100. The
logarithm of the percentage of initial concenlration was plotted
againsl time wn days. Time regquired For 30% and 904 degradalion
(10.5 and 10.7) respeclively were calculated frum Lhe sjopa of lhe
respective regression line Ffor sach pH and compared with one
anolher.

A similar sel was prepared and 5ml sample solution was Filled
in 5 wl ampoules and sealed and bept al 66)C and 7&) C for 24
hours 1n thermostalically controlled ovens and analysed initaally
and at the interval of 2 hours in Lhe beginning for 8 hours and al

the end of Z4 hours.
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RESULTS AND DISCUSSION

Since the emphasis was to sludy stability of these drugs over a
wide pH rage of 2.2 to &8 in solulion form. The maximum
concenlration of the solute that could be studied was reduced to
0.500%4 m/v. (Obviously, the concentrat;on of solute and proportion
of aqueocus phase were limited by buffer pH 8.0.

Findolol solution degraded at higher pH and higher ‘temperature
as can be seen from table 3.1, 3.2. The study of Ltable 3.1 and
3.2 indicate praclically negiligible degradgtion occurred at pH
5.0 even at Lemparelure Bd’c. At other pH values drug tended tlo
degrade noticeably.

Timolol Maleale showed good stability at pH4 at 5630 though ihe
solubtion degraded at higher Lemperature abt Lhis pH. {Table 3.2
and R.4)

Nadolol selution showed good slabilaty at pH 7.4 at 58 ¢ though
the solulbiun degraded at higher temperature at this pH (Table 3.9
and 2.6, 11 also showeed good stability at ambienl temperature at
lower pH values. Q ’

Sotalpl hydrochlorade showed good stability at pH 5.0 at 56) C
though Lhe osolution degraded al higher Lemperature at this phl
{(Tabkle 3.7 and 3.8).

&t refrigerator ltemperalure all mosi all the solutions of all
these three drugs, Timolol Maleale, Nadolol and: Hobalol
hydrochloride al different pH values remained slabkle.

The graphs of logarithm of percentage of initial conceniralion
verses Lime in hours were reclilinear (figure 2.1 Lo 3.4). Hence
the degradation of all these drugs al higher temperature 700 <

followed first order lLinelaics,




TABLE 3.4

- SUBILITY OF 0.500 %wn/v SOLUTION OF PINDOLOL IN PHTHALATE, PHOSPHATE AND BORATE BUFFER

T RT, FTAMD 50 €

.

Storage No. of  Concentration of Pindolol expressed as percentage of initial
Temperature  days concenlration at different pH values.

3.0 4.0 5.0 5.0 7.4 8.0
Initial 0 100.00 100,00 100,00 100.00 400,00 100,00
ambient 90 99.40 9.7 99,34 100.65 100,38 98.57
Temperature
50¢ 0 9.6 9L W 905 9B 96,00
Refrigerator

Temperature 90 99.07 99.47 99.89 99.98 992.91 99.80

TABLE 3.2 ,

- — St et et o i
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Storage Time in Concentralion of Pindolol expressed as percentage of
Temperature hours initial coucentration al different pH values

3.0 4.0 5.0 6.0 7.4 8.0 9.0
80t 24 91.46 92.50 96.6b 85.75 1“2 B B2

0 24 84.33 84.34 91.46 77.32 63.00 &0.12  29.%

1

»7.



TAELE 3.3

STABILITY OF 0. % o/v SOLUTION OF TINMOLOL MALEATE IN FHTHALATE, PHOSPHATE AND BORATE BUFFER

Av— . Shm— ———————

Storage Ne. of Concentration of Timolol Maleate expressed as percentage of initial
Temperature  days concentration at different pH values.

3.0 4.0 5.0 6.0 7.4 8.0
Initial 0 100.00 100,00  400.00  100.00 100.00  400.00
ambient
Temperature %0 99.08 99.81 92.03 99.05 93,10 99.27
56 ¢ % 900 99.00 9740 98.08 %04 9B.44
Refrigerator 20 99.70 89.89 92,73 99.60 97.81 92.64
Temperature

TABLE 3.4

STABILITY OF 0.500 % m/v SOLUTION OF TIMOLOL MALEATE IN PHTMALATE, PHOSPPHATE AND

i SR S iy s e om——— ro—————— Aot

—— — v —— — -

Storage Time in Concentration of Timolol Maleate expressed as percentage of
Temparature  hours  initial concentration at different pH values

3.0 4.0 3.0 6.0 7.4 8.0 9.0
60 ¢ 24 93.20 95.60 91.36 B9.28 L T3 6153

70.C 24 89.72 90.446 84.22 79.43 #.25 §0.87 8977

158
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TAME 3.5

STABILITY OF 0,500 ¥ o/v SOLUTION OF NADOLOL 1IN PHIHALATE, PHOSPHATE AND BORATE BUFFER

e

Storage Mo. of Concentration of Nadolol expressed as percentage of initial

Temperalure  days concentralion at different pH values.

3.0 4.0 5.0 6.0 7.4 8.0
Initéal & 10000 100,00 100.00 100.00 100.00 100.00
amhienf
Temperalure 20 9.10 29.51 99.65 98. 16 99.59 99.45
50°¢ %0  98.23 98,73 98.81 97.21 99.60 97.32
refrigerator

Tenperatore 90 9.0 99.20 9.0 %98 9.9 9.8

TABLE 3.4

STABILITY OF 0.500 % m/v SOLUTION OF NADOLGL IN PHTHALATE, PHOSPPHATE AND

— — — — —

EORATE BUFFER AT 60 C AND 769 ¢

Storage Time in  Coneentration of Nadolol expressed as percentage of
Température heurs anitial concentration al differenl pH values,
3.0 4.0 5.0 6.0 7.4 8.0 2.0
60.C 24 89,30 9140 8773 93.20 9.65 85.7% 7.3

70?0 24 79.45 85.20 78.80 89.70 M40 77,30 6070
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TABLE 3.7

STABILITY OF 0.500 % m/v BOLUTION OF SOTALOL HYDROCHLORIDE IN PHTHALATE, PHOSPHATE AND EORATE BUFFER

TR, £ AND 50

i

Storage No. of Concentration of Sotalo] hydrochloride expressed as percentage of imitial

Temperature  days concentration at different pH values,

3.0 40 5.0 6.0 7.4 8.0
Initial 0 00.00 400,00  00.00  100.00  400.00  400.00
ambient
Temperature 90 99.22 98,46 97.58 98.63 98,57 98.57
s8¢ 9  9.87 97.31 99.40  98.16 9.76 9.7
refrigerator

Temperalure 90  100.38 100.03 99.93 100.86 100.05 99.98

TRELE 3.8

STABILITY OF 0.500 % u/v SOLUTION OF SOTALOL HYDROCHLORIDE IN PHTHALATE, PHOSPPHATE AND
4]

BORATE BUFFER AT 40°C AND 70 C
i

— o— . —— o——— -

Storage Time in Concentration of Sotalol hydrechloride expressed as percentage of

Temperalure hours initial concentralion at differeni pH values

3.0 4.0 5.0 6.0 1.4 8.0 940

0'e 2 91.36 94.10 96,32 87.75 79.85  67.53 50.47

e 24 B&.09 89.25 92.54 78.48 87,30 49.77 R.B

NN wr e W e e a—
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Time in hours.

Degradation of 0.5% m/v solution of Pindolol at

70° at ™+ (I) pH 5.0 (II) pH 3.0 & 4.0 (III) pH

6.0 (1V) pH 7.4‘(V) pH 8.0 (VI) pH 8.0
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Degradation of 0.5% m/v solution of Timolol
Maleate at 70° at (I) pH 3.0 § 4.0 (II) pH 5.0
(II1) pH 6.0 (IV) pH 7.4 (V) pH 8.0 (VI) pH 8.0
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The calculalions of slope, rate conclant (k) half life (L1/72)
ie Lime reqguired For 30% degradation of the drug and tL 0.9 1e timne
required for 10% degradation of the Pandolel, Timoloel HMaleale,
Madolol and Sotalol hydrochloride at pH 53, pH 4, pH 7.4 and pH '3
respectlvély are summerized in table 3.9 Lo 3.12.

Higher temperalure and acidic pH are eulremely detrimenlal Lo
Lhe stabilaity of MNedoluol. The lemperalure dependency of
degradation was observed more explicit{,ly from the Arrhenius plot
obtained by pl;ttlng lugeraithm of (} X 103) verses (1/Absolutle

temperature X 10 ). In consonance wilh the Arrhenius egualioni~

log b= Ha . 1 F log s
Z.303R T

k. * specafic rate of degradalion
R & gas constant (1.987 caloris degree«‘.moleﬂj)
T : alnolute temperalure
8 & frequency factor
Heat of activation (AH ) which represents tThe energy of the
reactaing molercules must acqu?re in order tlo unde{:éo reaclion were
calculated from slope of these graphs and were summerisod 1n table
3.13 to 3. & (Lh; arrhenius plot commprised of 2 points &d’C, 75 C
{(figure 3.5, 3.6).
93
Lachman and De Luca have reporlted thal preparaltions that
degraded Lhrough solvolytic processes e.g9. reaction in solubion
generally have heals of activation in ihe range of 10 Lo 30 K cal
- % mcleﬁi. Quite anlereolinagly the heal of activation ahta:ped for
Lhese drugs (Table 3.13 to 3.16) were found in Lthe same region (10
- 25 K cal moleai) signifying ithe degradation through szolvolylic

process.



TABLE 3.%

. KINETICS OF DEGRADATION OF 0.50% m/v SOLUTION OF PINDCLOL AT ed°c AND

]

Sl

Temperature pH

&0

0
70

3.0
4.0
3.0
6.0
7.4
8.0
9.0
3.0
4.0
3.0
6.0
7.4
8.0

7.0

Slope of
regression
line

/2,202
-3
1,62 X 10
-3
1,41 X 10
-4
~6.15 % 10
-3
2,78 % 10
-3
-5.37 % 10
-3
5.2 % 10
-2
-1.50 X 10
-3
-3.08 X 10
-3
-3.08 X 10
-5
-1.62 § 10
-3
-4.65 X 10
-3
-8.36 X 10
-3
-9.20 X 10
2
-2.20 % 10

Rate 1172

constant  hours
-4

K Hours

3
272X 186.29
3,75 X 10-3 212.30
1Aax163 486,51
mmxﬁswmm
1.24 X 10'2 s
1.9 X 16-2 5780
&wxd& 19.74
7.1ox10—3 97.57
7.40 X 10-3 -97.57
3.72 X 10_3 186.29
1.07 X 1643 " 48,65
L%xﬁe'&m
awx1§i .68

3,03 X 10 13.77

10.9

hours

28.22

2.3

RiOY

16.38
8.49

8.76

2!99

14.78

14.78

28.22

.79

0.35

4.9

~Z.08

7
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TRHLE 3.10

Wt e ———— e —, et G e, o — T, L O L Ll Sl wh

Temperature pH

>
&0

70

¢ 3.0
4.0
5.0
4.0
7.4
8.0
9.0
3.0
4.0
3.0
6.0
7.4
8.0
9.0

-2.05 X1

Slope of
regressian
line
-§/2.303
-3
-4.27 110
-8.14 % 10

~1.68 X 10

<7.10 X 10
195 X 10
-1.81 X 10
-3.11 X 10
-4.17 £ 10
-8.87 X 10
-8.97 X 10

=26 X

Rate

constant
-1
K Hours

-3
293 X1
-3
1.87 1 10
-3
77 X110
-3
473 X 10
-2
1.19 X 10
-2
1.35 X 10
-2
1.63 X 10
-3
4.52 X 10
-3
4,18 X 10
-3
7.18 X 10
-3
9.60 X 10
-2
2.0 X 10
-2
2.06 X 10
-2
2.50 X 10

12

hours

236,18
369.36
184.06
146,65
38.07
51.38
£2.33
153.29
163,83
94.82
72.20
33.92
33.:

23.89

3B.77

35.99
27.88
22.24
8.79
7.78
6.41
23.22
25.12
14,67
10.94
3.1
5.08

3.62

oy’



TARLE 3.41

KINETICS OF DEGRADATION OF 0.30% m/v SOLUTIBN OF NADDLOL AT 65’6 AND

————— e ot el it —— et SA———— — — o

0¢e

Temperature pH

0 30
5.0
5.0
6.0
7.4
8.0
9.0
70 3.0
4.0
5.0
6.0
7.4
8.0

9.0

Slape of
regression
line
~K/2.303
-3
-2.05 X 10
-1.63 ¥ 10
2.3 X110
-1.87 X 10
-6,17 % 10
-2.78 ¥ 10
-5.86 X 10
~4.46 X 10
-2.89 ¥ 10
-4.31 X 10
-2.47 ¥ 10
-1.62 ¥ 10
-4.65 %10

~2.03 X 10

Rate

constant
-1
K Hours

-3
4.71 X 10
-3
378X 10
-3
5.45 X 10
-3
2.3 x10
-3
1.42 X 10
-3
6.80 X 10
-2
.35 {10
-3

9.58 X 10

-3
b.67 X 10
-3
.92 1 10
-3
4.99 X 10
-3
.74 X1
-2
1.07 X 10
-2
2.08 X 10

te

hours

144.94
184.92
126.94
236.14
488.03
108.17
31.38
72.28
103.82
&9.79
138.48
184.92
.64

3.3

10.9

hours

2a.24
28.01
19.28
35.77
73.94
16.38

7.78
10.95
15.73
10.57
21.01
28.01

9.79

3.05




TABLE 3.12

KINETICS OF DEGRADATION OF 0,50% /v SOLUTION OF SOTALOL HYDROCHLORIDE AT 60 C AND

¢
’ Temperature pH  Slope of ‘Rate 112 0.9
regressign constant hours hetrs
600C 3.0 -1.64 X "IO--3 376 X !0.3 184.06 27.88
4.0 -1.10 X 10'3 2.53 X 10—3 273.45 41,43
50 -6.78 X% 10-‘2 1.56 X 110‘3 . 443.52 §7.20
60 -2.36 X 10—3 5.45 X 10‘3 127.25 19.28
7.4 421 X 10—3 9.69 % 10.3 74.51 10.83
8.0 -7.11 X 10—3 1.64 X 10—2 2,30 64
7.0 -1.20 X 10'2 2.84 X 10‘2 : 24.32 43.68
we 2.0 -2.71 X 10—3 6,28 X 10‘3 11,03 16.82
4.0 -2.08 X 10-.3 4,74 X 10—3 - 144,21 22.15
50 -1.40 X 30..3 3.23 % 10“3 214.49 2.9
. 60 -4.29 X 10‘3 9.89 X 30“3 70,10 10.61 \
7.4 -7.11 X 10"3 1.64 X ?0—2 42.30 &6.H
8.0 -1.26 X 10-2, 2.90 1 10-: ‘ 23.89 3.62

9.0 -1.98 X10 4.57 X 10 5.4 2.1
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On  the basis of ©t 0.9 values in case of Pindolol sclutions al
o S,égpc its shell Tife 18 eupeclied to be approximalely 74 hours
and ai f& C ils self life ie¢ eupected Lo be 28 hours (Table .M.
On the basis of L 0.9 values incase of Timolol Maleale solulions
at pH 4;66 C ils self life 13 eypecied Lo be approvimalely 56
hours and at 70 € ils shelf life is eupecltod to be 25 hours (Table
Ho 1Dy,
On  the basis of t 0.9 values incase of Nadolol sclaftions at pH

7.4 '56 C its shelf 1ife is expeclted To he approximately 74 hours

[

54

s

(24
and at 70 C its shelf life is eupecled to be 28 hours (Table

3.1 .

On  the bassic of 1 0.9 values 1n case of Seotalel Livdiochloride
solutions at pH, 5 &5 C its shelf 1lafe 18 exupected to be
approximnalely &7 hours and at 76 C 113 shelf life is expected Lo

e 32 hours (lfable 3.19).

6t higher temperature and high acid pH Pindolol gave pink
colour the samples were exblracted in chloroform and Lthen analysed.
Kinetics of degradation of 0.5% m/v solution of Pindolol, Timolol
Maleate, Madolol, Sotalol hydrochloride at pH 5, pH 4, pll 7.4 and
pH 5 respoutively at 651 76@5hown in-table B.ig to 3.16.

STARILITY OF PINDOLOL, TIMOLOL MALEATE, NADOLOL AND SOTALOL

HYDROCHLORIDE WILN EXPOSED 1O U.V. RADRIACTION
The pubklished litalure did nolt reveal any dafa on the sitabilaty
of Llhese drugs in solulion when exposed Lo WV liaht. The
periments woere Jesigned to study the effect of uv lighl on  Lhe

solution of these drugs al Lheir respective  tahle pH  values viz



TABLE 3.43

HEATE OF ACTIVATION FOR SOLVOLYTIC DEGRADATION OF PINDOLOL AT

DIFFERENT pH
o Heate of activation KCal Heate of activation Kel

BHa from arrhenius AHa from 6(; C/73 ¢
plot ¢ slope X 2.303 X R Rate constant

3.0 14.270 14.282

4.0 17.265 * 17.274

5.0 21.250 21.3:’16

6.0 11.340 .34

7.4 2.670 2.77%

8.0 12.540 12.592

2.0 1.9 7.506
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TABLE 3.14

= HEATE OF ACTIVATION FOR SOLVOLYTIC DEGRADATION OF TIMOLOL MALEATE AT

7 —— S———————— F———— — ———— e ittt

DIFFERENT pH
pH Heate of activatien KCal Heate of activation Kcl

A from arrhemus M from &0 C176 ¢
plzt ¢ slope X 2,308 X R Ra:e tonstant

3.0 9.40 9.549

4.0 17.50 17.654

5.0 14,15 14.175

6.0 15.64 15.443

7.4 11.86' 11.871

8.0 12.50 9.434

9.0 12.70 12.701




HEAT® OF ACTIVATION FOR SOLVOLYTIC DEGRADATION OF HMADOLOL AT

DIFFERENT pH

pH Heate of activation KCal

&4 from arrhenius

a

plot ¢ slope X 2.303 X R

3.0

4.0

3.0

6.0

7.4

8.0

9.0

15.500
12.650
13.220
11.730
21.500
11.400

9.400

Heate of activation Hel
B4 from 60 C/70 ¢
Ra:e tonstant

15.665

12.74%

13.261

14.753

21.429

11.387

9.569

17



TABLE 3.16

HEATN OF ACTIVATION FOR SOLVOLYTIC DEGRADATION OF SOTALOL HYDROCHLORIDE AT

DIFFERENT pH
pH Heate of activatian KCal Heale of aclivation Kcl
&R from arrhenius 8H from 80 C/7(f ¢
pl:t fslope X 2.303 X R Ra:e constant
.0 11.400 11.389
4.0 13.720 13.819
3.0 16.000 16.044
6.0 13.000 13,167
7.4 14,500 11,59 g
8.0 22.650 22.670

2.0 10.470 10.474

176



Log percentage of initial concentration.
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Fig. 3.7

I1

1.9 4 II1

v

(0,1)

]
o
o

]
1 2 3

Time in hours.

Degradation of 0.5% m/v solution of (I) Nadolol at pH 7.4

{II} Timolol Maleate at pH 4.0 (III) Sotalol Hydrochloride
at pH 5.0 (IV) Pindolol at pH 5.0 under Uv radiation.
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Pividoiol Gt PHS, Thiwweist weneede ot PH Y, weredott oot Bl 2

Sotalol hydrochloride alt pH 3.
I EQUIPMENT
1o "Hilachy Z000-U" speclropholometer.
2. Closed cabinel with near uv readialion (2534 nm) oulput.
11 REAGENTS
1. 0.504 m/v solutaion of Pindolol, Timolol Maleale, Madolol AND
Sotalol hydrochloride in methanol.
2. Phosphate and borate buffer pH 4, 5 and ?.&éo.

3. Methanol, Sodium sulphite, methyle paraben.

111 EXPERIMENTAL PROCEDURE

50 wl 0.5% m/v solution of Pindolod ain bLuffer pH 5, Timolol
Maleate in pH 4, Madolol in pH 7.% and SBotalel hydrochloride in pll
5 conlaained in & 100 ml bicler was plated in the uv cabinet
immediately, below the lamp with a mastium outbt pul at 234 nm
radiation. The bealers were bepl in 1ce-waler in a plaslic bow!
Le minimize the change in volume by evaporation dug ko rise 1n
temperature. 0.5 ml was trasnffercd al 1/2 hours intervals of
time and diluted with Lthe same bulfer and samples were scanned in
the region of 220 nm Lo 350 nm uv light. The concentration was
calculated at their absorbance maxima against the reagent blanl.

The same setls of experimenits wore ropeated by adding 0.14 m/v
concontration of methyl paraben and sodium sulphite. Tho
concentration of drug solution oblained was converted into
percentage of initial concentrabtion which was Lal.en to be 100.

1V RESULT a&ND DISCUSSIO0N
Of the four betablocler drugs Lried all the samples were affected
by uyv tight and Lhey were degraffded, In case Pindolol, Timolol

Maleale, NMNadolol and Holxlol hydrochloride 44%, 154, 94 and 10%
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Table 3.17
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{750 1) AFTER 5 HOURS EXPOSURE EXPRESED AS PERCENTAGE 0F INIIiAL

il

—

CONCENTRATION

Bample

Pure drug

. Drug + methyl
paraben

Drug + sediun
sulphite

Pindolol Timolol Maleate Nadolel

pH 5 4 pH 7.4
56.21 84.M 90.98
94,18 92.89 92,68
Due to 95.12 93.86
blue colour
eyperiment

suspended

Sotalol hydrochloride
5

87.80

94.95

98.37

179
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{figure 3Z.7) degradation recpueitlively was observed. The preconor
of mothyl paraben prevenlbed the effect of uv lighl on drug samples
and only 2-4% degradation was obscerved. The presence of swadium
sulphite turned solution of Pindolol blue after 3 hours Hposeure
but the colour {aded verc faslt on removing 1t from uv chamber.
the presence of sodium sulphile produced less degradation.
CONCL UST0

From these observalioneg il can be concluded thal ithe presence of
sodium sulphite prevenis the degradation of these drugs in presence
of uv radiation more Lthen melhyl paraben or sodium sulphile actis
as a better preéervative Lhen methyl paraben in presence of uwv
radiation i tase of Timolol Maleale,Nadolol and Sotalol
hydrochloride but in case of Pindolol 211 producus colour
Tormalion.

ETABRLLITY OF PINDOLOL, TIMOLOLMALEATE, NADOLOL AND SOTALOL

HYDROCHLORIDE WITH DIFFERENT TABLET EXCIPIENTS

The lituralure survey reveled that no reference perlaining to

cstability of these drugs wilh different foramlation euxcipients was

published. This prouvolod interest to invesltigale Lhe stability of
these drugs with differenlt excipients used in tablet formulation
at elevaled lemperature and / or humidity.
EQUIRMENT ,
1. Carl.zeres, Jena, spectrophotowmeler with 10 mm maltched cells.
2. Perkin Elimer infrared spuectropholometer model 221 (
observation were made as KBr pallels)

3. Thin layer chromaltographic essembly.

4., uv cabinet.
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REAGENTS

1. B8tandared samples of Pindolol, Taimolol Maleale, Nadolol and
S&Ealol hydrochloride.

2. Fucipients used in tablel formulation ¢ laclose, dicalcium
phosphate, micro cryshalline cellulose, maize starch, polyvinyl
pyrrolidone, collidal sillicon dioxide, sodium lauryl sulphate,
magneshium s£earate and talc.

d. Bilica gel G
4. lodine
3., Solvent for TLC : i) methancl ¢ sirong ammonia solulion
{100:1.5) i1} cyclohexans & lLoluene diethyl amine
T(7%:19%:10)  1ii) chloroform methanol (90: 10)
6. Methanol g
7. Acelyl acelone reagent as in 2.1 reqcyent

8. Sodium periodate 0.01M solulbtion in watler

I111. EXPERIMENTAL PROCEDURE

a. Planning and conditions of storage.

Each drug subsliance was intimalely mixed wilth 7 tlablet
weciplents wvaiz  lactose, dicalcium phosphate, micro crystalline
cellulose, maize slarch, polyvinyl pyrrolidone, colloidal sillicon
diosxide and sodium lauryl sulphale in the ratio of 1833 (0.5 + 2.5)
by separalely triturating the mixture in a pastlie and
moriar. Each drug subsiance was also mixed wilh magnesium sterate
and talc in the ration of Z20:1 ( 1+ 0.050) 1in lhe same way. The
uniform mixture of each drug esxcipienlt combination was distraibuted
inte 5 appropiaimately equal paris and fi1lled inlo white glass
vials and closed wibh rubber stoppers esxcept Lhose to be slored atl

RH 75%. The vials were labelled appropirately wrapped wilh brown



papers and sltored al ambient lemperalure,ambient temperalure RH 75%

4%i ﬁg C and 66>C RH 753%, in thermnstatially controlled ovens uptlo
150 days. Samples of excipienls plain were also Lept separatcly
for the purpose of comparision. [he condition of RH 73%Z was
obtained by exposing ithe vials in the closed dessicator filled
wilh salturated sodium chloride soluttion and wmaintained at  the
requigitle temperaturesg. The samplivs were abserved every
fortinwghtly and Ltheir appearance was compared wilth those stored
al ambient tlemperature and also wilh plain excipient stiored
respeclive temperature to serve as caonirol.
bB. Method {for Pindelod, Timolol Maleale, WNadolol and Solalol
hydrochloride.

The samples storedl in all the five condations were analysied

every 30 Jdays., To 25 ml calibrated {lash 10 mgy  samplo

of regspecltive drug suhstances (standared) accuralely weighed and

at

dissolved using melthanol to yield 400 pg/mi. Mintures of Lhe -

drugs wilh the excipirents were finely powdered where ever needed
and a guantily of mixture equvialent to 10 mg of respeclive druy
€60 mg or 10.5 mg as the case may be) were transferred to 25 ml
separate calibrated flasl. To Lhis was added mebhanol and contents
shaben {for 90 zeconds using a voriex mixer. The soulvenl was added
to volume and mixed to yield 400 ug/ml concenltration and filtered
Lhrough a fine pure fillter paper when not clesar. Trn a separale
sel of 23 ml calibrated flasks 50 mg of respective
scrpients stored concurvenlly and Lhe proces was repeated to
yvield corresponding reagent blanl solution.
The a&ahasorbance of clear solutlion of samples were measured at

264 nm, 295 nm, 269 nm and Z46% nm,respectively tn case of Pindolel,
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Timolol Maleale, Madolol and Selalol hydrochloraide. All  the
samples were also analysed using acetyl acelone reagent
(section Z.10) and in addition lo this the samples of Pindolol
were also estimaled by the method described in section 2.2 and
Z.4.

€. Gualitative study of degradation by Llhin layer chromatography.
Glass plales were coated untformely wilbh a layer of 0.25 mm of
silica qgel G and air dried and. The plals were itivaled and
sparyed with 0.1 M potassium hydroxide in methanol and dried.

In 4 different setls, 3B plales each were spoited witlh 50 mcl
solulion of the following 1n 1lhe methanol conlaining Lhe
equivalent of 1% @/v of respeclive drug using a lambdar pipette.

1. Respeclive irug tepl at RT for 150 days.

Z. Respeclive drug kept al 60 € RT 734 for 130 days.

3. Respeclive drug + carbouxy methyl cellulose bepl at 40 € RH  75%
Tor 150 days

4. Respective drug + polyvinyl pyrrolidone btepl alt &0 C RH 75% for
150 days.

5. Respective drug 4+ sodium lauryl sulphate bFept at 60 C RH 75%
for 150 days.

The plates were separately bepl in & chamber salurated wilh the
following mokile phases and developed lo a height of about 13 - 1%
cm.

1. Meithancol # sirong ammonia solution (100:114.5)
II. Cyclohexane & toluene & diethyl aming (73:15:10)
J11. Chloroform Smelhanol (20:490)
The plates were dried and subjected to delection under uv lamp

equipped with Z5%4 nm oulputl and alsc Lo iodine vapour.
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I1V. REBULT AND DISCUSSION
a. Physical observalions
Samples of Pindolol, Nadolol and Scoialol hydrochloride wiih
different excipients behaved identically so far as their physical
stabi1lily is concerned (Tablet 3.18, 3.20, 3.21). Sample of Timolol
Maleate wibth different excipients also yilelded nearly similar
observatlions and in same case Lhe inleraction was even less
(Table 3.19).
1. Sample of pure drug and theitimixture in 1¢3 proporltion witlh
dicalcium phosphate, laclose and colloidal silicon dioxide showed
no signs of physical deterioration even alter 1830 days of slorage
at RT , RT RH 73%, 4§)C, 66)C and 6000 RH 73%.
. Mixture Pindolol, Timolol HMaleate, Nadolol and Sotalol
hydrochloride showed noliceable physical delertoration wilbth maize
slarch, talc and magnesim sterale al 6d)C and 6d’C RH 75% when
camparéd with the excipients and drug samples stored alone under
identical conditions. It 18 worth mentioning 1thalt megnesium
sterate and talc though present in much less propertion, degraded
the drug substance which were olherwise quitle stable al &0 ¢ and
&0’ C RH 75%.
3. Mixture of drug substances with carboixy methyl cellulose
degraded at 60 C and &0 C RH 7 % turned soft / hard / sticty
cale. While sample of carboxy methyl cellulose slonc ngave only

slight change.

4. Mixture of drug substancc with polyvinyl pyrrolidone appeared
o wnteract rapidly and started forming yellow/ black colour

semicsolid cale in just one wecol time of sitorage. Which dartened



TABLE 3.18

PHYSICAL APPEARANCE OF PINDOLOL WIiTH DIFFERENT EXCIPIENTS AT ELEVATED TEMPERATURE AND /OR

HUHITY AFTER 150 DAYS OF STORAGE

“

Storage RT
condition
sample
P Hhite free
flowing powder
|4 White free
flawving powder
B3 Hhite free
flawing powder
P4 White free
flowing pouder
(o] White free
floving powder
P& White free
flowing powder
P? White free
i flowing powder
] White fres
flowing powder
9 White free
floving powder
P10 White free

flowing pouder

RT RH 75%

same as RT
same as RT
same as RT
Phite-light
yellow moist

cake
same as RT

Hhite-11ght
yellow moisl
cake

Tends 1o
agglomerate

same as RT

same as RT

same as Rt

Q
45 ¢

same as RT
same as RT
same as RT

O white
light-yellow
hard cake

same as RT

0 white
light-yellov
hard cake
White-off
white free

flowing powder

)
&0 C

Khite-of f white

free flowing powder

White-of f while

free flowing pouder

Hhite-off white

free flowing powder

Gray-yellow
hard cake

White-off white
powder tends to
agglomerate
Grey yellow
hard cake

same as 45 €

vhite-off white same as 45 €

free flowing
powder
white-of
yhite free
flowing powder

same as RT -

0ff white,light
greyish pouder

-adhering to the

botton
white-off vhite
free flowing
pouder

0% RH 752

same as 60 C
same as 60 €
same as 60 C

Deep yellow-
brown moist
hard cake
White-off white
powder tends lo
fAgglomerate
Deep yellow-
brown moist
hard cake
Yellow clear
transparent
solution
Grayish pouder
adhering to the
botton

Greyish powder
adhering to the
botiom

same as &0 €

P41 = Pindolo! pure
P2 = Pindalol + lactese (1:5)
F3 = Pindolol + dicalcium phosphate (415)

P4 = Pindolol + microcrystalline cellulose (1:5)
P5 = Pindolel + maize slarch (4:5)

P4
F7
P8

P? = Pindoiel

" og

P10 = Pimlolel + s1licone dioxide (1:5)

Pindolol + polyvinyl pyrroladone {(4:5)
Pidolel + sodium lauryl sulphate (135}
Pindolol + magnesium stearate {(20:1)

+ {alc {20:1)

188



TRELE 3.19

HUH%?& AFTER 450 DAYS OF STORAGE

LA A LR A A LR A A B R R S

Storage RT
condition
sample

T White free
flowing powder

T2 Yhite free
flowing powder

T3 White free
flowing pouder

T4 Yhite free
flowmng powder

5] Uhite free
flowing powder

16 Whate free
floving powder

7 White free
flowing powder

18 White fres
flowing powder

19 White free
flowing pouder

Ti0 Uhite free
{lowing powder

RT RH 751

same as RT
same as RT
same as RT
same as R
Tends te

agglomerate

White, laght
yellow moist
cake

Tends to
agglonerate
same as AT

same as RT

same as RY

8

same as RT
same as RT
game as RT

same as RT

Tends to
agglomerate

Light yellow
sone what
hard cake

Tends is
agglomerate

" came as RT

same as AT

same as RT_ -~

3
40 C

White-off white
free flowing
powder
White-off while
free flowing
pouder
White-of f white
free flowing
powder

Off white yellow
hard cake

Off white-light
greyish powder
flaves in lumps

Yellow extermely
hard cake

Off while very
light grey pouder
farming small
agglomerates

same as RT

same as RT

Uhite—off white
free floving
powder

60°C RH 751

same as &0 C
sane as &0 ©

same as 60 C

Brown meist

cake

0ff whitle

white powder
adhering to
botlor

Deep yellow

11ght brown

semi transperent
exterenly hard mass
Yellow clear
transperant tiquid

White-off white
pouder adhering to
hottom

Light yellow-grey
powder adhering te

_bottom

Off white powder
forming small
agglomerates

T4 = Timolol maleate pure

T2 = Timolol maleate + lactose {1:5)
13 = Tindolol + dicalcium phosphate {15}

T4 = Timolol maleate + microcrystalline cellulose (115)

T5 = Timelol maleate + maize starch (1:5)

Té6 = Tinolol maleate + polyvinyl pyrrelidone {4:5)
17 = Timolol maleale + sedium lauryl sulphate (1:5)
T8 = Timolel maleate + pagoesium stearate (20:4)
19 = Timolol faleate + talc (20:1)
T10 = Tinolol maleate + silicone diowade (133)
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TABLE 3.20

8
HUMITY AFTER 150 DAYS OF STORAGE

——

Storage a7

condition

sample

M White free
flowing powder

Ne Hhite free
flowing powder

N3 White free
floving powder

Na White free
flowing powder

s) White free

Nb

N9

N0

flawing powder

Whita free
flowing powder

White free
flowing pouwder
White free
flowing powder

White free
flowing puwder

White free
flowing powder

RT RH 751 5
same as RT same as RT
sane as AT same as RT
same as RT same as RT
White-off Off white-
vhite meist  light yellow
cake hard cake
same as RT  same as RT
White off Off white
vhite moxst  light yellow
cake hard cake

Tends to Tends to
agglemerate agglomerate
same a5 RT  same as RT

same as RT

same as RT

same as AT same as AT

0’c

White ofF white
free flowing
powdet

Hhite off yhite
free flowing
powder

White off white
free flowing
powder

same as 45 €

bhite off vhite
powder lends to
agglomerate
same as 43 €

Off white powder

adhering to botlom

sane as RT

same as AT

White off white

60°C B 750

White off white
free flowing
powder

White off white
free floving
pawder

White off white
free flowing
pouder

Deep yellow
broun moist
cake

Off white powder
adhering to
botom B
Deep brown

hard mass

same as &0 €

White off white
powder adhering
to botlom

Light yellow
powder adhering
ta bottom

same as &0 €

free floving powder

N4 = Nadolel pure
N2 = Nadolol + lactose (125)

N3 = Nadolol + dicalcium phosphate {1:5)

N4 = Nadolol + microcrystalline cellulose {(1:5)
N5 = Nadelol + maive starch (435)

N& = Nadolnl + polyvanyl pyrrolidone {1:3)

N7 = Nadolol + sodium lauryl sulphate {1:3)

N8 = Nadolol + magnesium stearate {20:1)

N7 = Nadolol + talc {20:4)
N10 = Nadolpl + silicone dioxide (1:5)
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HUMTTY AFTER 150 DAYS OF STORAGE

TABLE 3.24

Storage 1T
condition
sample
81 Bhate free
flowing powder
g2 White free
floving powder
83 White free
flowing powder
s4 White free
flowing powder
g5 White free
flowing powder
84 White free
floving powder
57 White free
flowing powder
88 Whita frae
flowing powder
89 White free
flowing powder
510 bhite free

flowing powder

RT RH 73%

same as RY

same as RT

same as RT

Hhite-light
yellow moist
cake

sane ar R

White-light
yellow moist
cake

Tends to
agglomerate

53w a3 RT

same as AT

same as AT

e

same as R
same as RT
same as AT

Off white~
light yellow
hard cake
wame gy RT

Off whate
light yellow
hard cake
Tend: i
agglomerate

same as RT

same as AT

same as RT

e e - [P

]
60 €

White off white
free flowing
powder

White off vhite
free flowing
powder

White off while
free flowing
powder

Gray yellow
hard cake

White off white
powder flows

in lumps

Yellow exteremly
lard ake

White-off white
powder adhering
to botiom

same as RT

same as RT

White-off white
free {lowing
powder

LI

£0°C RH 75¢

White off while
free flowing
powder

White off white
free floving
powder

White off while
free flowing
powder

Deep yallow broun
moist hard cake

Dif whate povder
adhering to
botion

Deep brawn sem:
transperent hard
mass

same as 60 C

White-off white
powder adhering
to battom

Light yellow
powder adhering
to hottom

Off white powder
forns small
agglomerates

81 = Setalol hydrochloride pure
= Gotalol hydrochloride + lactose (1:3) ~

= Sotalol hydrochloride + dicalcaum phosphate (4:5)

= Solalol hydrochloride + maize starch (135)

82
83
54 = Botalol hydrochloride + microcrystalline cellulose (135}
85
§

6 = Sotalel hydrechloride + polyvanyl pyrrolidone (1:3)

= Selaltel hydrochlorade + sodium lauryl sulphate (4:5)

57
88 = Solalol hydrochloride + magnesium stearalte (20:1)

89 = Botalol hydrochloride + talc (20:4)
810 = Sotalol hydrochloride + silicone dioxide {135)

188
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on further storage. However samples of polyvinly pyrrolidone
sbtored alone ales tended to yield smilar observations Lhrough a
bt less rapidly and the drugs in gquesitions seemed Lo inleract
with polyvinyl pyrrolidone.
b. Quntitative degradaltion study by uv spectropholomelric assay
The recoveries of Pindolol, Timolol Maleate maleate Madolol and
Sotalol hydruchloride with different werprents at elevaled
temperature and /Jor humidily afler 130 days of slblorage and alsu
every month &- measured by uv spectropholmelric avsay prescribed
in experimental procedure. The assa values reler Lo 150 Jdays of
storage unless specified otherwise in the ensuing discussion
{(Table 3.22, 3.23, 3.24, 3.73).
1. Drug substance alone remined (quite stable al RT RH 75%Z and 4§
C. About 3-3% and &~ 8 % degradalion was observed at éd)c and &5,
C RH 73% respectively.
F. In testimuny of the physical degradation menlioned above
samples of PFindolol., Timolol Maleate, Madolol and Sotalol
hydrochloride stored with lactose showed some degradation at 60 ¢
and &0 € RH 75% althoug physical stabilily was good. Aboutl 5.0 %
and &.0% degradalion was obzerved in case of Miandolol. 3.54 and
5.5% in case of Tiwolol Maleate, 5.0% and 7.0%4 in ca«e of Nadolol

and 3.04 and 5.0% dagradatzoﬁ was observed in case of Solalol

hydrochloride. e samples stored at 4§ C were however quito
stable.
2. Mistures of all the four drugs in question displayed cellent

stabi1lity at RT RH 75%, 45 ¢ and 6&’0 wilh dycalcium phosphate
where as ocaboul 4.5% degradation occured al 60" € RH 75% 1n case of

Pandolol.



Table 3.22
UV SPECTROPHDTOMERIC ASSAY OF PINDOLOL WITH DIFFERENT EXCIPIENTS AT ELEVATED

TEMPERATURE AND / OR HUMIDITY EXPRESED A5 PERCENTAGE ODF INITIAL

CONCENTRATION
Sample P P2 P2 P4 5 Ps #7 P8 B9
Slorage
Cond_zt_ion‘
Initial 100 100 100 100 100 100 100 100 100
KOCRH 5L - 98.32 - w02 - 98.48 10021 0-¢ -
&) DAYS
&0°C
0 days  101.12 97.40 - 94,30 99.21 93.40 - - -
WCRHTSL — 95.10 - 95.81 - 94,60  92.86 - 93.90
9 days
RT RH 75% 99.27 95.60 92.15  93.40 91.50 92.05 99.00
150 days
5e 98.40 97.70 99,00 9376 100.90 92,50  92.00 98,30 98.40
150 days
0'c 97.50 9.15 99.23 91,50  100.02 90.00  B89.40 97.50 97.41
150 days
80'C RH 750" 94,56 9.3 96.38  92.10 90.62 B8.00  BB.bb 94,50 94,50

150 days

Blank columns represents non assayable conditions
© - Not assyed

P41 = Pindolol pure

P2 = Pindolo} + laclose (1:5)

P3 = Pindolol + dicalcium phosphats {1:5)

P4 = Pindolol + microcrystalline cellulose (4:5)
P5 = Pindolol + mazze starch {135)

P6 = Pindolol + polyvinyl pyrrolidone (4:5)

P7 = Pindolol + sedium lauryl sulphate {1:5)

P8 = Pindole! + magnesium stearale (20:1)

P? = Pindolal + talc (20:1)

P40 = Pindolol + silicone dimnde (435)

r10

100

98.44

91.64

101.50

94.37

91.60

Q0



Table 3.23

U SPECTROPHOTOMERIC A3S5Y OF FinnLOL MALEATE WITH DIFFERENT EXCIPIENTS AT ELEVATED

TEMPERATURE AND / OR HUMIDITY EXFRESED A5 PERCENTAGE OF INITIAL CONCENTRATION

e —, S—— ot s

Sample T4
Storage
Condition

Initial 100

&0°C RH 757 98.91
&0 days

&°C 100.40
90 days

&0° ¢ RH 75 -
90 days

RTRH 751  98.70
130 days

5 99.83
150 days

&0 ¢ 94,50
150 days

40°C RH 75%  95.00
150 days

12

100

9%.77

93.?5

101.42

9b.41

94.50

3

100

100. 12

97.35

96.85

100.02

T4

100

99.02

96.50

97.81

95,50

93,90

93.50

93.30

P AW S aw A

T3

100

98.36

101,00

99.40

71.04

16

100

97.91

94.10

94.12

72.00

93.20

91.10

89.32

17

100

98.60

91.95

91.08

T8

100

97.61

98.40

99.74

26.50

94.30

9

100

98.70

100,10

94,31

94.50

Blank columns represenls non assayable conditions

- pol assaved

Tt = Timolol maleate pure

12
13

n n

Timolol maleate + lactose (4:3)
Tindolol maleate + dicalcium phosphate {1:5)

T4 = Timelol maleate + microcrystalline cellulose (1:5)

15 = Timolol maleate + maize starch (1i5)
Té = Timolol maleate + polyvinyl pyrrolidone (1:5)
T7 = Tinolel maleate + sodium lauryl sulphate (1:5)

18 = Timelol maleale + magnesiue clearate (20:1)
19 = Timolol maleate + tale (20:1) -
T40 = Timolol maleate + s1lacone dioxide (125}

T10

100

100.12

98.15

90.00

181+
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Table 3.24
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TEMPERATURE AMD / OR HUMIDITY EXPRESED AS PERCENTAGE OF INITIAL CONCENTRATION

Sample N N2 N2 N& [} N& N7 N N N0
Storage

{ondition

Initial -100 100 100 100 100 100 100 100 100 100
fem™L — _ _ - 8848 - T I

&0 days

e 100.40 - 73.80 9850 9756 9340 99,34 — 95.20 95,52
90 days

WCRH7SL  —~ - - 91.70 — B4.40 - - 100.00 97.00
90 days

RT RH 754  101.25 99.64  99.50 91.50 99.60  99.54

150 days

B¢

130 days 98.50 100,98 10415 99.21 92.10  91.75 98.45 g8.41 98.49
e 96.70 5.1 98.86 94,20 99.38  B1.80  89.20 96,02 94,50

150 days

60°C RH 751 95.00 93.50 94.00  B%.10 78,00  8B.&2 95.00  95.24 24.85
150 days

Blank columns represents nonassayable conditions
~ Not assayed
N1 = Nadolal pure
N2 = Nadolel + Jactose (1:5)
N3 = Nadelol + dicalcium phosphate (135)
N4 = Nadolol + microcrystalline cellulose (4:5)
N5 = Nadelol + maize starch {1i5) )
M6 = Nadelel + polyvinyl pyrrolidene (1:5)
N7 = Nadolol + sodium lauryl sulphate {1:3)
N8 = Nadolol + magnesium stearate (2034}
N9 = Nadolol + talc (20:4)
N10 = Nadelol + silacone dioxide (1:5)



TEHPERATURE AND / OR MUMIDITY EXPRESED AS FPERCENTAGE OF INITIAL CONCENTRATION

Table 3.25

— ————— N ———————  —— ——————— oy ey g,

Sample 84
Storage
Conditaon

In;lial 100

60 CRH 751  99.91
&0 days

8¢ 100,20
90 days

&°C RH 75 97.00
90 days

RT RH 751 98.79
130 days

B 99,73
150 days
W 99,50
150 days’

80°C RH 751 95.00
150 days

52

100

160.00

98.81

98.50

97.30

93.00

83

100

99.75

99,50

98.85

g4

100

98.30

91.50

100.10

.00

52.00

8

100

97.50

98.21

98.00

21.25

&b

100

86,58

94.35

82.30

89.52

90.10

79.80

76.00

87

w0 -

97.30

93.70

92.10

100

100.21

77.61

97.93

98.49

99.70

99.67

55.00

59

100

101.35

99.51

97.73

B0

93.70

%7.87

93.09

Blank columns represents non assayable condifions

- ol assayed

81 = Sotalol hydrochloride pure
82 = Splalel hydrockloride + lactose {135)

53 = Sotalol hydrochloride + dicalcium phoasphate (1:5)

B4 = Sotalol hydrochloride + microcrystalline cellulpse (135)

85 = Sotalol hydrochloride + maize starch (1:5)
Sb = Gotalel hydrochloride + polyviny) pyrrelidone {1:5)
§7 = Sotalel hydrochloride + sodium lauryl sulphate (1!5)
88 = Sotale! hydrochloride + magnesium stearate {20:4)

59 = Sotalel hydrochloride + talc {20:1)
510 = Sotalel hydrochleride + silicone dioxide (135}

810

100

100.12

99.15

92.00

95.00

133 :
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4. Misttures of Timolol Malrale, Nadolol and Sotalol hydrochloride
displayed good stabilily with silicon diouide eucepi al 66) ¢
RH 73% where aboutl &% degradation occcured in case of Nadolol
Samples of Pindolol stored at bg € and éd,C RH 75%% however showed
&% degradation.

> In agreement with the physical degradation menlioned above
samples of all Lhe Ffour drugs. with polyvinyl pyrrolidone showed
degradation at all the temperature and humidity conditirons viz
about 8-10.8%%4, /7-10%, ?-20%,and 11-24% al RT RH 75%,4§)C, 60 € and
&67 C RH 75% respectively for Pindolol, Timolol Malcoatco, Nadotol
and Botalol hydrochloride.

&, Mixiure of Pindelel and Timolol Maleale with micro crysialline
cellulose showed about 8 - 124 degradation at 65’0 and 60 C RI
75%. Where &~ samples of Nadolel and Sotalel hydrochlorade
yielded aboul 3% and 8% degradation at 5576 and &0 ¢ RH 75%.

7. Quite eupeciedly samples of Pindolol, Tiwulol Maleale and
Madolol reaclited wiith sodium lauryl sulphate and yielded aboul 8,8
and 2.5 % degradation at 45 C and 10.3, 2 and 114 degradation al
&0 €. However samples of Sotayol hydrochloride shood 44 and 8%
degradation at 4590 and édgc respecltively.

8., Mixture of all Llhe four drugs showed negligible degradation
with maire starch exceplt at 58 C RH 734, where as e ~ 114
degradation occured at 60 C RH 75%.

?. HMiuture of all the four drugs in question wilh magnesium
stearale showed degradation pallern same as those of pure drugs
although the mixtures were {ound Lo degrade physically at &67C and

60°C RH 75%.

10. M™Mixture of drug subslances with talc showed degradation
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patlern same as of pure drugs althoug the mivtures were found to
degrade physically at &0 € and &0 C RH 75%.

In conclusion, degradalbtion of drug substances ocoured with

following excipienis al different storage condaitions:i-

1. RT RH 737 polyvinyl pyrrolidone.

2. 4§7C polyvinyl! pyrrolidone, sodium lauryl sulphate.

2. &0 C lactose, sodium lauryl sulphate.

4, &0° C RH 75% lactose, maize slarch, polyvinyl pyrrolidone,
colloidal silicon dioxide, sodium lauryl sulphate.

The degradation profile as staiu& above 1s based on  uv
spectrophotometric assay welhod which was adopted in view of 14
simplicily for analysis.
€. Gualitaltive degradalion study by thin layer chromoltography

The calculation of RF values of Pindolol, Timolol Maleale,
Madolol and Solaleol hydrochloride bepl at RT and 6670 RH 754 for
150 days and as mixture with polyvinyl pyrrolidone in 125
proporiion Lepl at ég C RH 75% for 150 days when using 2 different
sglvenl sysyltems are described in Table 3.26. The euposure Lo uwv
radialions was not found 1o be <=witable mode of deleclion.
Exposing tao 1odlﬁe vapours suited well for detecling Lhe spols.
In a1l three system tried, samples of respecltive drug btepl at RT,
60 € RH 75% and admixture with polyvinyl pyrrolidone kept al &0 ©
RH 75% gave only one spot at the nearly same Rf value. This did
Hot augur well with the uv specltrophotmetric assay values which
showrd & significant reduction in casoe of mixilure wilth polyvinyl
pyrrolidone.

The calculations of Rf value: of Pindolol, Timolol Maleale,

Malotol and Sotalel hydrochloride lepl at RT and their mixturc



Table 3.26

C DATA (RF VALUE) OF PINDOLOL, TIMOLOL MALEATE, NADOLOL AND

—— — — —

o

SOTALOL HYDROCHLORIDE WITH POLYVINYL PYRROLIDONE AT 40 €

Solvent system Rf ¥ 100
1 2 3 4 5 b 7 8
# £ 3 3
Hethanol ¢ strong 910 50.0 93.0 46.0 B9.0 35.0 95.0 76.0
armonia solution

{400:1.5)

B % # #
Cyclohexane: 82.0 3.0 90.0 370 70.0 28.20 71.0 52.0
toluene ¢ diethyl
amine
{751 45 ¢ 10}

1] e 3% $
Cloroform & 90.0 41,0 50.0 39.0 70.025.0 ¢SC.0 38.0
Methanol
{30 + 10}

———— e T I - a a o e A D e o i A

1. Pindelol at RT

2. Pindolol + polyvanyl pyrrolidone (1i5)

3. Timolel Maleale at RT

4. Tirolel Maleate + polyvinyl pyrrolidene {(135)

5. Nadelol at RT

b, Nadolol + palpvangl pyrrolidene (1:5) at 60 C

7. Sotalel hydrochloride at RT

8. Sotalel hydrochloride + polyvinyl pyrrolidene (1:5)

Detection by Iadine vapsur
# Band < 50 nm )
# Ellongated band >= 50 mn

1396



wilh carbonxy melhyl cellulose and sodium lauryl sulphate beplt atl
&0° € ror 150 days when using 3 dafferent solvent system arn
deciribed i Table 3.27

The chromatogram «fovrloped with firsl solvent systen (cuprising
of methanol ! slrong ammonia solution (00:1.%) revealed that drunqg
substances did interacl wilh carboxymethyl cellulose and sodium
lauryl sulphate givaing elongaled bands compared Lo single spol 1n
case of pure drug substances. Interesiingly enough, an additional
spot was sween atl aboutAO.B - 0.55 Rf in case of mixture with
soidium lauryl sulphale.

The chromolram developed with second solvenl system comprising
of cyclohestame & toluenefdiethyl amine (75:15:10) alse displayed
elongalted bands in case of miusture with carboxy methyl cellulose
and sodium lauryl sulphats as ajgainsit single spol in case of pure
drug subsiances. In case of sccoiad solvenl system Lried pure drug
substances lravelled as a single spot showing salisfactory RT
values and the mixtures with carboxymelhyl cellulose and sodium
lauryl sulphate Lravelled as an elongaled band.

In essence, Lhe drug subslanees in questiion were Tound to
react with polyvinyl pyrrolidone and sotdum lauryl sulphale giving
elongated bands as compared Lo single spol in case of pure drug
substances. Besides an extra spol al'Rf value different from Lho
pure drugs was observed in case of mixture with sodium lauryl
sulphate. These findings auqur well with the uv
spectrophotomelric assay values which showed a srgqnificant
reduction in assay values in case of wixture with polyvanyl

pyrrolidone and soidum lauryl sulphale.

e



NADOLOL AND SOTALOL HYDROCHLORIDE

Table 3.27
TLC DATA {Rf VALUE) OF PINDOLOL, TIMDLOH MALEATE,
WITH SODIUM LAURLY SULPHATE AT &0°C
Solveni system Rf X 100
1 2 3 4 5
Methanol : strong 1.0 45.0 23.0 50.0 89.0
ammonia solulion
{100 : 1.5)
B
Cyclohexane 3 2.0 3.0 0.0 4.0 70.0
toluene ¢ diethyl
amine (75315:40)
5
Chlaroform : 90.0 33.0 92.0 420 70.0

methanol
{90 ¢ 10}

o

45.0

30.0

30.0

7 8

95.0 72.0

%
M0 53.0

¥
0.0 64.0

f. Pindolel at AT

2. Pindolol + sodium lauryl sulphate

3. Timolol Maleate at RY

4, Timolel Maleate + sodium lauryl sulphate

5. Nadolol at RY

6. Nadolol + sodium lauryl sulphate

7. Sotalal hydrechloride at RY

8. Sotalol hydrochloride + sodiur lauryl sulphate

Detection Ioline wapour
# Band < 50 mn
## Ellongated band = 50 mn

198
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3.4 STARILITY OF PINDOLOL, TIMOLOL MALEAVE, NADOLOL AND SOTALOL

HYDROCHLORIDE WI1TH HIYORUCHLORTHIAZIDE DIURETIC

Since there was no published literature avairlable on Lhe data of
stabilitly of thecr drugs in guestion wilh the hydrochlorthiaride
diuretic which occures generally as a componant 1in  _several
formulations along with some of the betalbloclher drugs.

yperiments were designed to study the stabilily of these drugs
wilh hydrochior thiazaide in synthetic mixtures.
I. REAGENTS
1. SBample of Plndqlol, Timolol Maleale, MNadolel and Sotalol
hydrochloride.
2., Sample of hydrochlorilhiazaide.
2. methanol.
IY. EXPERIMENTAL PROCEDURE
Each drug substance W intamatel y mied wilh
hydrochlorthiazide in  the rabtio (4:21). The uniform mixture of
each drug wilh  hydrochlor tithiaride was distribuled in 1te 5
appropriately equal parlbts and fFilled 1n to colourless glass vials
and closed with rubber sloppers exceplt those to be stored at RH
753%. The vials were labelled appropriately wrapped wibth hrown or
black papers and stored at ambient temperature, anbient
temperature RH 75%, 4% C, 60 ¢ and oF ¢ RH 73% 1n
thermostaltically controlled ovens up to 150 days. SBanples of tLhe
bult drugs were also lepl separately as controls. The samples
were analysed at the end of 50 days by uv method as described in

section 3.3.

I11I. RESULT AND DISCUSSION

The samples of Pindolol, Timolol Maleate, Nadolol and Solalol



Table 3.28

W SFE(}TRGPHUTBHETRIC ASSAY OF PINDOLOL, TIMOLOL MALEATE, NADOLOL AND SOTALOL HYDROCHLORIDE

— — . ———— S—————_ N——. V. ot

Storage condition  Amount recovered as perorutaye of witial assay

Pindolol Timolol Maleale Nadelol  Sofalol hydrochloride

Initial 100 100 100 100

1 2 1 2 1 2 1 2
RTRH75 % 9%.27 G98.81 9B.70 97.%0 104,25 100.00 98.79 98,50
150 days
B 98.40 97.90 99,83 98.40 98,50 98,30 99.73  99.00
150 days
[
& C
150 days 97.50 96,30 96,50 95.25 96,70 9.00 99.50 97.00

60°C RH 75% 94.56 92,25 95.00 .7 95.00 94.00 95.00 95.50
150 days

e ————

1. Control
2. Wth diuretic combination

200
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hydrochloride wilh hydrochlorthiazide showed no sigus of

deterioration aven after 150 days ol slorage at RT and 4% c. The

samples showed degradalion upto the entenl of &%, &4, &4 and 5B.5%

observed in case of Pindolol, Timolol Maleate, Madolol and Sotalol
hydrochloride respoclively (table 3.28)atl 0 C RH 75% after 150

days storage.

.5 HPLC METHOD FOR 1HE STARBILITY STUDY OF 1 IMOLOL MALEATE

Interestingly V3% of the IIPLC melhods of analysis published for
Lhe analvsis of Timolol Maxievnle 15 based on reverse phase
partition chromolography. {(Hecltion 1.2f).

Many of Lhese sgawed the fwullowing fealures an COMMON .
Ocladecyl silanirzed si1lica gel column, mixture of water and
organic csalvent {(melhanol 1mn mosl cases) as mobile phase
containing one of the following to Lring the pH to acidic range
Phosphoric acid, sulfonic acid, sodium phosphate, flow rate 1-Z2
ml/minuile and detection by uv at 213 nm/280 nm.

In wview of all these metlhods published Lthe euperimeins wore
designed adopting the reverse phase partilion chromolography usinn
simple solvent syslem giving satisfTaclory results.

EQUIPMENT

Waters 590 High pruessure ligquid chromolograph with a C18 Bonda-~
Pack column and variable uv detecltor 484 model (waters 745 / 45 B
datamodel)
REAGENTS
1. Sample of Timolol Maleate.
Z. Methanol, acetonilrile (HPLC gra@e solvenis)

EXPERIMENINAL. PRUCEDURE

a. preparation of sample solubion

Jowds
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0.1% m/v solution of Timolol Maleale was prepared in methanol.
be. Preparation of Mobile phase |
mixiure of melhanol 3 Acetonitrle (B0I%0) was prepared (or tLhe
use as mobile phase.
t. Operation condilions
Chromatograph was run observing the {following specifications.
Injection : 10 ul of ecach solution was injecled.
Mobile phase * As described above
Flow rate : 0.7 ml/minute
uy detector ¥ 300 nm
Chart speed @ 5710 mm/minutlte
d. Preparation of stabilily semalo vl Timolol Maleale witlh
differenl excipient for analysis.
Misture with differenl ecipienl as mentirtirioned in 2.5,
gquivalent toe 10 mg of Timelol Maleale shaken with HPLC grade
melthanol and filtered.

IV RESULT AND DISCUSSION

In 1Llhe experimenl methanoli: acelronitrile mixiure (50:50) was
used as a mobile phase in view of Lhe Fact that none of tLhe
published method anvolve Lhe use of Lhie commeon solvent syslem in
the revered phase chromolrography. IL was observed Gthal Uhe
simple methanol ¢ acelonitrile solvent system gave salisfactory
results. The operation conditions described sutled Lhe
experinent. A plot of peal. area of slandard Timolol Maieate Ve
concenlralbion of the drug 1njeclted was linear upto 5 ujg.

The relenticn time was found Lo be 3.09 minutles. The
stability resulls obltained by Lhis method were comparable witlh Lho

uv melhod descrabed in section 3.3 (Table 3.29). Thi=s Llype of



Table 3.29

RESULTS OF ASSAY OF TIMOLOL MALEATE WITH DIFFERENT EXCIPIENTS AT

ELEVATED TEMFERATURE AND / OR HUMIDBITY EXPRESSED AS PERCENTAGE OF

i - —

INITIAL CONCENTRATION

Sample

T

12 13

T4 15

Te

iy

Storage conditien amounl recovered as percentage of initial assay

Initial

RT RH 751 1
150 days 2

A

150 days 2
0

e 1

150 days 2

&0 C RH 75% 1
150 days 2

100

98.70
98.30

99.83
99.70

96,50
93.00

95.00
94.50

100 100

104.12 100.02
100.00 100.02

96.41
96.00

94.50
94.50

106 100

95!50
93.30

95.90 400.00
95.50 100.05

93.50 99.40
93.00 99.20

93,50 91.04
93.50 90.00

100

92.0
92.10

93.20
73.10

91.10
91.00

89.22
89.50

100

98.60
98.30

94,55

T8 k]

00 100

98.60
98.50

59.6% 101.10
100.50

96.50 96,31
96.80 96.50

94.30 94.30
94.10 94.10

T10

100

100. 12
100.00

98.12
98.20

90.00
90.25

1. uv method -
2. HPLC method

Ti = Timolol maleate pure
T2 = Timelol maleale + lactose (425)
T3 = Tindolo! maleate + dicalcium phosphate {1:5)

T4 = Timolol maleate + mcrocrystalline cellulose {135}
15 = Timolol maleate + maize starch {1:5)
16 = Timolel maleate + polyvinyl pyrrolidone (1:5)
17 = Tinmolol maleale + sodium lauryl sulphate {1:3)
T8 = Timelol maleate + magnesium stearate (20:1)

T9 = Timolol maleate + talc {20:1)
T40 = Timolol maleate + silicone dioxide (1:5)
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experiment could nol be performed Tor other drugs due 1o only

limited avaliablity of Lhe inslrument.

-

3.6 STARJIL 1Y OF PINDOLOL , TIMOLOL MALEATE, NALOLOL AND S0TALOL
HYDROCHLORIDE TABLET AND SOLUTIONS OF TIMOLOL MALEATE AL RILEVATED
TEMPLEATURE AND / OR HUMIDITY.

The published literature did not reveal adedqualte stabilily data
of the drugs in guesiion and there lor Lthe experimenis weroe
designed to study Lhe stabilily of the tablet fernulation for all
the four drugs viz Pindolol, Timolol Maleale, Nadolol and Sotalol
hydrochloiide aml opthalmie solution formulatron  of Timolol
Maleate at elevaled lLemperalture and /or humidily.

I. REAGENTS
1. 8Btandard samples of Pindeolol, Timelol HMaleale, NMNadolol and

Sotalol hydrochleride.
Z. 30 gm of anmonium acelate and 1 ml acetyl acetone in watler,
diluted to 100 ml wilh waler & aceiyl acelone vcaqegtn
3. 0.01M sodium periodate solulion in waler.
4. Methanol.

11.eXPEILIM 1w PROCEDURE

To % separale HOPE hotlles (opagque? 10 taplets
gach of respeclive drug substance were Lransfered and .sﬁbred at
ambient temperature (RT), ambient temperéture RIT 75%, WSO C, 60 ¢
and &0 € RH /5% 1n thermostatically controlled ovens uplto 160
days. The relative humidaily of 75% was obitained by filling in Lhe
dessicaltior saturated sodium chléride %olutlonBQ. Closing Lhe lid
tighlly and storing the dessicator al respective Lemperalture. The

samples of tableis were examined visually at the end of every wocel.

and analysed intermittently using acelyl acelone reagent (SBecliion
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_2.10) method, uv spelropholmeiric melthod, and by B.P. melhod.
Commerically available Timolol Maleale 0.3% solution was stored

at RT, 45 C and 60 € in the original containers. The samples of

opthalmic solution were examined visu.lly at the end of every weel
and analysed intermittentily For Timalol content using
speclrophotomelric method wilh z#cetyl acetone reagent and wuv
spectrophotometiric method as rwlerred to above. In a separale

experiment designed lo sludy lhe compatibilaty of drug substance
wilh packing meteritial., The sanmples Timolol Maleale were studied
Tor siability &t ambienl temprr alure, &0° C and 7596 simullaneously
in original containers and by transffering the formulated product
from Lhe original pack Lo low density polyethylene conlainer. The
samples were examined viually at the end of every waeelk al 6670 ami
at end of every 4 days atl 7§ C and analysed as refered to above.

I1L. RESULT AND DISCUSSION.

The tablels af Timolol Maleale, Nadolol and Sotalol
hydrochloride dasplayed exucellenlt physical stability and Lablets
stored at RT, RT RH V3%, 453 C and &0 C remained while, intact
tablels ‘through out the 160 Jdays of observalions The tablels of

Pindolol rem%}ned physieally white :ntect after 90 days at RT
RH 75%, RT, 45 ¢ and &0 €. Trlalilaets stored al 40 C RH 75% howaver

showed noliceable physical delerivration. Tablets of Pindolol
absorbed quite large quantilbly of moisture and were semiliquilied
after aboul Z0 days of storage and lhence could not be studied for
chemical stabilailty. AT RI RH /%, R, 4§)C and 65 C and 66>C RH
75% about 146%, 1072 and 14% and 194 degradalion vccured
respectively at the end of 160 days of observalion (Table 3.30).

The 1lablets of Taimolol Maleale stored at 669C did mnot degrade,



Table 3.30

STABILITY OF PINDOLOL TABLAT AT ELEVATED TEMPERATURE AND / OR HUMIDITY

s ey Wht—— —— Sttt . o ————— —— > s——

No of days Assay of Pindolel ¢ As percentage of labelled ameunt (R) and as percentage of
initial concentrofoay (B}

RT K1 RH 75 8¢ 8 C &0°C RH 75

A B A BA B A B A B
0 100.00 10000 100,00  100.00 400.00  100.00 100.00 100.00 400.00 100,00
80 99.80  100.00 95.35 9600 9781 9R.00 9478 9498 9370 9232

160 100.10 95,75 84,10 84.84  90.20 20.00 8525 BAE? HiPY 80T

Table 3. 31

- ————— At et Bes s W0 ool e  ath WE

No of days fAssay of Timolol Maleate : As percentage of labelled amount (A) and as percentage of
initial concentration (B)

RT RT RH 75% 5 &0 e 80°C RH 754
A B A B4 B A B A B
0 100.25  100.00 100.25 00.00 100.25  00.00  100.25 100.00 100.25 100.00

&0 101.04 100.83 WM 9.4 9.3 99.00  98.23 98.00 9655 96.33

160 99.87 99.64 92.40  99.00 95.10 78.91 98.52 98.29 93.24 93.00
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aboeul 2% degradation occured aflter 160 days of siorage. UWhere as
degradation al higher Lemperalture and humidily ie 65’C RH 734 was
rather sigmnificant 1e aboul 7% degradalion wilh change in colour
From original white to yellowish ab the end of [&0 days
observation. Negligible degradalion was observed at RT, RT RH 754
and 45 € (Table 3.31). ’

The tablels of Nadolol showed negligable degradation al RT, RT
RH 73% and 4§ C.About &% and 13% degradalion occured at &0 ¢ and
60°C RH 75%. The tablets turned light ylllow al 50 C RH 75% after
160 days of storage. Megligible dogradalion was observed at RT, RT
RH 73% and 4§'C {Table 3.32:.

The tablets of Sotalol hydrochloride cshowed 4.5 % and 15%
degradaltion occured at ad’c and 6000 753% RH respecltively after 160
days of observation rather highh as compared wilh other
drugs. Negligible degradabion was observed at RT, RT RH 75%
and 45 € (Table 3.33).

The solution of Timolol Maleate remained colourless al 4% € and
66’ c. fbove 2 %4 and 5% degradatlog occured at 4§’C and bd) C
‘respeclaively af it 100 days (Table Z.34). The
prepration showsed negligible deogradation was observed al RT  afler
100 days. 7

Negligible degradalion was observed in glass conlainer slored
at 459 C and RT after 100 days. In low densition polyethyleno
container at 5 ¢ wilh respect 1o percentage of initial
roncentration Lhe degradation was obscrved to be higher then Lhe
labelled amount as sinalar priorn in degradation was observed at
60 cC. Negligible' degradation was oh.erved at RT in bholh Lho

storage conditions. This speals of some incompalibilily belweon

208 -



Table 3.32

STABILITY OF NABOLOL AT ELEVATED TEMPERATURE AND / (R HUMIDITY

T e T e S—————— N— o~ v—

No of days  Assay of Nadolol ¢ As percentage of labelled amount (R} and as percentage af
initial concentration (B)

RT RT RH 751 55 ¢ Q0C 60T RH TS
A B A B A B A B A B
0 BB 0000 93 10000 9932 400,00 993 400,00 99.32 100.00
80 100,25 10045 9899  99.09 9B.23 9875 9498 96.50 86.39 &7.78
10 99.97 974 9B.80  9B.90 9B.52 9RO 9430 95.81 £5,30  BA.7f
Table 3,33

STABILITY OF SOTALOL HYDROCHLORIDE AT ELEVATED TEMPERATURE AND / OR HUMIDITY

Mo of days Assay of Sotalel hydrochloride # As percentage of labelled amount (A) and as percentage of
initial concentration (B)

RT RT RH 75% 5 e 80 ¢ RH 751

A B A B A B A B A& B
0 99,71 10020 974 10023 9971 10023 9971 100.23 9971 100.23
80 101,08 101.05 98.00  9B.23 98.81 98,48 83.93  84.00 8679 87.03

160 100.04 99.64  98.55 98.36  98.10 98,53  95.25  95.90 85.21 85.45




Table 3.34

STABILITY OF TIMOLOL MALEATE 0.50 % SOLUTION AT AMBIENT AND ELEVATED TEMPERATURE

— ——————l.  Avrpec——— —

No of 'days Assay of Tinolol Maleale as percentage of the labelled amount (A} and as percentage of
initial concentration (B}

RT B 07T
A B A B A B
0 ¥ 00,00 9.5 100.00 9.5 100,00
%0 900 5 99.00 99.20 945 953
0 9WI0 9.3 9840 98.80  97.83 9%
100 983 9.0 98.26 98,73 A0 54,90
Table 3.35

STABILITY OF TIMDLOL MALEATE 0.50% SOLUTION AT AMBIENT AND ELEVATED TEHPERAURES IN LOW DENSITY

Mo of days fissay of Timolol Maleate as percentage of the labelled amount {A) and as
percentage of initial comcentration (R)

Low density polyethylene container

RT 15'¢ 60°C
A B A B A B
0 9.5 10000 WS 0000 FB 10000
100 98.00 917 90.00 BLE3 866 5.5

Glass container
1y 99.25  100.00 99.25  100.00 27.25  100.00

100 98.83 99.60 98.84 98,73 94,70 94.90
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the preparation and low densily polyelhylene confainer resulting
in daminution of assay value atl 4§ € and especially at &@ €. bBuch
an inlberaction 1s ratbheor unlaitely at ambienl Lemperature and hence
the produclt displayed wvery good slability after 100 dave of
storage at ambieni Lemperature (lLable 3.33).

In conclusson the merteted preparation of Pindolol, Timolol
Maleale, NMadolol and Sotalol hydrochloryde Loere good stabilaity at

ambirent temperalure.



