CHAPTER 1

INTRODUCTION AND REVIEW OF LITERATURIE

4.1 INTRODUCTION 3

Betahlockers are competitive anhibitors of 1ihe effecls of
catecholamine at bela-adrenergic receplor sites. The principal
ef{fecl of betablocker is Lo reduce cardiac acltivity by diminishing
or preventing beta-adrenoceplor stimulation. By reducing Lhe rate
and {orce of contraclion of Lhe heart and decreasing the rale of
conduclion of impulses Lhrough the conductbing sysbiem, Lhe response
of the heari ito siress and exercise 15 reduced. These properiier
are used in the treatment of Angina pecltoris to reduce Lhe oxygen
consumplion and dincrease Lhe exercise Lolerence of the heartl.
They are used in the Lrealmenl of Cardiac Arrhythmias Lo blocl:
adrenergic stimulation of cardic pace maber polent s1ly,
Betablockers reduce the incidence of reinfarction and death alfter
myocardial infarciion, and if{ given sufflicienily early maybﬁfgﬁgei
infapct size and development. T

The belablochers are aleo boneficial in the long lLerm trealment
of hypertension. Betabloclors have been shown Lo reduce
intraocular pressure following topical application to the eye1,

EBEeta bloching druge are rapidly gaining acceplance as  primary
agent for the btreatment of hypertension, & trend thal has rapidly
accelerated over past few years and 15 libkely Lo continue.

Prompted by this highest staltus of antihypertensive drugs in
the modern therapeulic armamentarium, a {few selected compounds

vere exitensively roevicwed from the litlerature. Appreciation of

the hasic fact Lhal the pharmareutical industry has an obligalion



to design. te«i amd produce dosage forms Lhat provide the consumer
with products having the atiributes of guality, purity, uniformity
of content, stability, safely and physioloyical availabilitly
tlearly necessilate pre-Tormulation profile, stabilily ftesting by
a stabilily indicating methed and quality control process
consistent with the modern concepit of 3%1ity assurance and
biopharmaceulics.

Consequently analylical abstracts NI intarnat;onal
Pharmaceutical abstracts were reviewed since 1970 to reveal tLhe
general  wethods of analysis and stabality characteristaics of
several anlihypertensive, beltablockers lite Propranalel, Alenolol,
Pindoleol, Timolol Maleale, Solalol Hydrochloride and Nadolol.

lliterature data on Mindolol an indole derivalive was found to
ke ralher scanty and this provoel o interest Lo work on stahiltity
and analysis of Lhe same. Nadolol, Sotatol hydroclorade and
Timolol Maleale, selective hetablockers also mer:tled
consideration on similar reasons. llence all the four compounds
viz. Pindolol, Nadelol, Timolel Maleale and Solalol Hydrochloride
were [fully reviewed from chemical abstraclts since 1970 wilh regard
to their analysis and stalility dala.

A comprehensive accouni of lilerature review for four compounds
adopted for 1he invesiigation viz. PFindolol, HNadolol, Timolol
Maleatle and Sotaleol Hydrdchloride are prosented herewilbh.
l.iterature relcovant Lo the aclual wort presented in  the ensuing
chapters 1s doscribed al length.

(88-92)

There are many excellent compilalions which deal with

the chemteal nalure, preparalion structure and therapeutic

applications of thesse druygs.



1.2 INDOLOL

Y
1.2.1 DESCRIPTION

a. Chemical Name 3 1-(Indol-4-Ylony)-3—isopropylaminupropan—Z2—ol.

b. Molecular Formula 3+ C H N 0O

T 14202 2
¢. Molecular weight & 248.3

d. Chemical Blructure.

!
_~N

|

0-CH -CH-CH, -NH-CH-
, CH-CH, -NH-CH- (CH,) ,

OH
e. Appearance, colour,

aodour and taste 5

A white or almost whitle, odourle«s or almost ordourless

crystalline powder.

. Official siatus and dosage forms
‘ 3
British Pharmacopoeia

B
13

4
and United Slale Pharmacoposia

as tablels 5 mg/ 10 myg.

1-4
C1.2.2 PHYSICAL. PROPERTIES

&. SBolubility &

Practically in soluable 1n waler, slightly soluble in

dehydrated alcoheol and éhloro?ormn Sparingly soluble ain

melthanol. 1t dissolves in mineral acids.

O [
Meliaing range 2 169 C —-1/4 C

. Dissociation constant *

PE
&
d. Ultraviolel Spectrum 32

a

value was found Lo be 9.7 (8470).

Characteristic absorplion wavelenglhs in aqueous acid and



1.72.3

melhanol being 244 nm and 287 nm. No allaline shifl observed.
Infrared Spectruwm 2
Characleristic absorplion frequencies include 7468, 1096,
1250, 1288,1053, 890 wave numbers.
Mass specirum 2 ‘
Principal peals at m/» 72, 133, 30, 116, 248§, 134, 34, 41.
METHODS  OF ANALYSIS 3

Literature reviog for Pindolol revealed Uy

spectrophotomelric, colorimetric, titrimetric, tThin layer

chr&%tograph1c, gas chromatographic, high performance Tiaunad

chiromatographic methods of analysis as [lollows.

a. Uy Bpeclrophotemely L Dwetlionds 3

1. Brit dignPharminnnoess N has prescribed & UV speclrophotomelrac
mebthod for Lhe estimaltion-of Pindolol lablels by exlraclting
drug 1n methanol and measuring Lthe absorbance al 264 nm oagainst

methanol as blant.

bl

."l

Colorimelric Melhods &
5
lesa ol al have reported a colorimelric method for

gsflimation of {findolol as bulk drug based on 1ts reacltion
with Z,3~dirchlorn 5,6-dicyano—p-benzogquinone. The absorbance
was measured at 4460 nm agawnst appropriate reagent blant.
Mahrous el ﬁl& have reported colorimetlric melhod for
estimalion of Pindoelol based on ate 1eoaction wilh P-
chloranilic acid to give a slable and intensively colabred ion
parr sall having absorbance maxima at 522 nm Vs. a reagent
klant . EHeer's law was valid for 0.04-16 upa/ml.

A simple and rapid colorimelric melthod for the estimalion

7
of pindolol in tablels was reported by El-Yazbir et al . The



drug was roacfod with 3-Melhyl-Z-benrothiacolone hydrazone Hel
in presence of Ferric chloride and hydrochloric acid. The
absorbance was measured al 550 nm. A linear correlalion was
observed between 3.0-15 ug/ml.

4, G. Raman Rau ol ala have reporited a colorimetric melhod for the
estimation of pindolol as bult drug and ‘lablels using F-C
reagent in prescnce of sodium carbonate solution. The
absqrbance was measured albl 765 nm and Reer’s law obayed in 1-10
ug/ml range.

2

%. Bhastry C.5.F. el &} ey wted & colourimetric method for Lhe
astay of table! and bull durg, Pindolol was [realted wilh HMelol
and Pottassium dichromale in the pH 3.0 phihalate buffer medium
and absorbance was measured at &40 nm after 10 minutes. Beer's
law was obayed in Lhe range of & &4 uag/ml.

c. Spectropholoflucrimetric Methods 4

10 B
1. Mohamed &1 at have reported spectrofluorometric

determinaltion of PFindolol and its dosage forms. Pindolol was
determined in tablets at ambient temperalure by

speclrophotofluorimetric method in 96% v/v elbthancl as the solvent.

The éntvxn<ic fluorescence of drug showot #eitation  and
emission maximum &bt 2463nm and 305 nm respeclhively. The
calibration curve was linegqr in Lhe range 1.0 X 10 7 Lo 1.3
X 10“éM.

d. Thin laver Chromaltographic Melhods :
11
1. Bpahn.H el al have reporied T.L.C. method for delermination

of pindolol in plaswa and urine using precoaled sillica gel
plates developed in CHclE : MeOH & HoAc (15:20:5), The

detection limit in pladsma was 2 ng/ml and 1n urine was 2O



1.2.4 PHARMACOLOGICAL PROFILE &

.1 L

5

ng/500 ul.

12
Zuo et al have employed T.L.C. technique on silica gel Tor
estimation of Pindolol from tablets using CHZcl2Z s MeoH =

H€ooH (75:23.5:1.5) as developing solvent and delection at

254 nm.

13
Jack D.B. et al have used Lwo different solvent systems for
detection of pindolol in methanol exlractls obtained from urine

samples. The solvent syslems were, MeCoZEL : meoH (40:3) and
MeCoZEL ¢ MeoH & concenirated NHZ (40:5:5).
Gas chromalographic methods 3

14
SBusanto F. el al have reporled gas chromalographic melhod for

assay of Pindolel in human plasma samples,
15
Guerret.M. el al have reporled an elecliron™ capture qgas

ligquid chromatoyraphic method {for the estimalion of Pindolol
Trom plasma or ui ine.

Yamaguchi el aI'& has proposed & gas chromaltographic

method for the estimaltion of Pindeolol in plasma and olher
biological 5aﬁples.

Tawalbol et a?iY have reporied a gas chromalographic method for
the estimation of Pindolol it self and in tablet fTormulation.
Tatrimetric Method

3 4
E.P, AND U.S5.P. melhods are same in principil invelving non-

aqueous Litration against 0. 1IN perchloric acid for Lhe assay of
bult drug using polentiomelric end point delection.

High performance liguid chromatographic methods 2

Reported an Lable 1.

Pharmacobineiics 2 Pindnlol 1s completely absorbed {from ULhe



Sample

Plasma

Table 4

q ESTIMATION OF PINDOLOL BY HPLC

Interal
std

Plasma .

Urine

Plasma

Plasma
Urine

Plaspa

Plasma

Column

Lichtrosphere
actadecyl
silane

Mucleclosil
ci8

ops
fins
Supercosi]

e 8

0bs

Tablet Nor tript- Lib

yline

obile phase

Hethanol ¢
perchieric
atid 1:4

Methanol & ~
perchloric
acid 1:4

Perchlaric
arid ¢ He(N
352

99.62%
Methanol

Propan 2-ol}
ficetonitrile
0.3 HFD

1110:9 3 4

MeDH & 0.0M

HCID 14

4

Detector

Amper10-
metric

uy

Fluores~
cence

Fluores-
cence

Fluores-
cence

fAmpero-
metric

ficetonitrile & uv
© methanel: -
ammonium carbonates

875+ 475+ 30

Detection limit

0.5 ng/nl

50 ng/ml

5 ug/ml

2 ng/ml

2 ng/ml

0.5ng/n}

Ref

18

20

21

22

28




gastrointeslinal tract and peak plasma concentraltions are
oblained aboutl 1-2 hours after a duse. It 18 only partially
melabolised and is excreted ino Lhe urine both unchanged and 1n
Lhe fobm of metabolites. Small amolunts are reporled to be
excreted in bile. About 40-40% i« vreported to, be bound to
plasma proteins. Pindolol 15 also excreted in breast mlan1

2. Adverse effects & Lhe adverse effecls observed afler oral

.1
administration of Pindolol have been described .

. Uses & Pindolol is used in Lhe treatmenl of hypertension  and

T 1
angina pecloris.

1.3 TIMOLOL MALEATE
'1""4' r 2‘4'
1.3.1 DESORIPTION 3

a. Chemical Name i (-)1—-(8)~i-(terl bulylamino)-3-C{(4-morpholino-

By GRS E gl -

1,2,%-thia diazol-d-Y1)oxyl-2-Propanul.

b. Molecular Formula 3 ¢ H NOS.CHO.
183 24 4 3 4 4 4
c. Molecular Weight & 432.49

d. Chemical structure‘;

A .
‘ CHCOBH
0 IV-~“~“___IH__ 0-CH,-CH-CH,-NH C(CHg), , |
\ / [ CHCOBH
_ OH

e. Appearance, color, odour and tasie

P . S A

Timolol Maleale 18 a while, odourless, crysitalline powder.

F. Official stalus and dosage forms =
2 4
British Pharmacopoeia and united States Pharmacopocia

as labletls and eye drops.



14,24
1.3.2 PHYSICAL PROPERTIES

a. Solubility &
Soluabkle in watler, ethanul, methanol. Sparingly soluble in
chloroform, propylens glycol. Practically insoluble in  ether,
cyclohesane, iso octane.

Y o
B. Melling range & 201.5 € - 202.5 €

25
c. Dissociabtion consltant & E.Obernoltzer has reported Pla of

o
Limolol base by polentiomet:is. lalyration in waler at 25 C is
approxaimalely Z.2. The naltive pH of &a saturaled agqupous
solution of timealol maleate is 4.

d. Ultraviolet spectrum &

Characlenstic absorplion wavelength 1n aqueous acid being 294
nm. No alkaline shift observed.

e. Infrared Speclrum ¢

Characterstic absorplion fTrequencies include 1497, 1120, 1230,
1590, 1620 wave nuinbers.

f. Mass Speclrum 2

Principal peaks at m/z 20, 8&, 37, 129,.74,56,41, 114,
1.3.3 S8TARILITY
26

R. Raman et al reported solid stale and gsolulion slabilily.
Timolol maleate 15 an exlremely stable compound at ¥ OO
tempurature in the solid state. Healing timelol maleale to  above
its melting poinil and leeping il molien for 10 minutes produced
discoloraltion and 3 % loss in polency. Same resulls are oblained on
heating timolol maleate at 956 C for 3 weels in air almosphere
(100% RH). Timolol Maleate 18 extremely stable in aqueou=

solution (protecled from 1light) with no decomposilbion boiny

deteclted in injectéble formulalions slored &L ambient temperalure

X



fur five years. Timolol maleale can be degraded in solution if
exposed to elevaled temperature or inlense ultraviolel radiation.
Masxinwn s3tablaly occuring near pH4. Il 15 recommended Lhalaggueoous

Limolol maleate solutions Le slored proteclted from light.

1.3.4 METHODS OF ANALYSLS

Literature review for Timolol Maleale revealed tilrimelric
analysis, spoeclrophotomeiric analysis, UV spectropholomeiraic,
colorimetric, thin layer chromatographic, high performance liquid
chromatographic, gas chromalographic melhods of analysis.

&, Tririmetric Methods &

3 4
The British Pharmacopoeia PUnited Stales Pharmacopoeira has

prescribed nonaqueous titration metlhod against perchloric acid
for the assay of bulb drug using potentiometric end poinl
delection.

Be UV Spectropholiomelric Methods :

1. A direct spectrophotomelric method has been proposed based on

the exltinction al 294 nm for determinalion of timalol naleale
3,29 3,87
in eye drops or opthalmic solution in tablets in bhull
2
drugs and formulation .
30
Z£. Bigley et al have reported & UV Speclropholomeiric method

via. flow injection analysis as the detecltion mode for timalol
maleale delermination.
€. Colorimelric Methods &

31
1. Guvena B. 1 al have reported & sensitive colorimetric melhod

for the estimation of timolol maleate in opthalmic solution by
reaction wilh bromothymol blue. The absorbance of the vyellow
complex was measured at 400 nm. pH of the solution was

maintained at 7.4. A linear relalaionshaip was obliained betlween



1-20 upg/ml.

4
1. The United States pharmacopoeira prescribed a TLC method for

detecting Lhe timolol maleale using silicagel G. Developing
solvent cystem was chloroform ¢ melhanol @ 28% ammonia 1n water
(8032081 wv/vi. Delection was made under visible 1i1ght after
exposure to odine vapour for Z hours,

32
Z. Schulz el &l repurtod TLC meilhod {for estimation of Timolel

maleale.
e. Gas chromatograptsr welhods #
33
1. Rao el &l have reporled gas chromalographic method for  the

Timolol maleate opthalmic solution, chlorpheniramine maloatoe
was used as intermnal standard.
34 3%
Z. Yamazi et al and Eartu et al have prescribed ngas

chromalographic melhod for the cstimalion of Mimolol meleale.

. Mass fragmentoagraphic melhod 2

1. Mass Ffragmenlographic deltermination of Timolol Maleate in
40

plasma and urine was reporied by Fourillan J.B. et al .

g. High performance liquid chromatographic methods 2

Reporied 1n table 2

\
1.2.5 PHARMACOL L1GI( A PROFILE

a. Pharmacokinebic %

Timolol maleate ig complelely absorbed {from tlhe gastiro
intesiinal tract bulbt 138 subjecled to moderalte [lirstl pass
melabolism. Peal plasmz cmfg?ratnon occur aboul 1-2 hours afler a
dose. J[i is sulensively melabolised in bthe liver and melaboliles
being swcreted in the urinoe té:gether with some unchanged timolol.

It crosststhe placenta and appears in breasli mill. Prolein binding

11



Table 2

g ESTIMATION OF TIMOLOL MALEATE BY HPLC

Sample

Plasma
urine

Flasma
urine

Plasma
breast

milk

Interal
sid

Propranalel

Bulk powder

Column

R 511 ON

Hypersil
-5-0D5

Partisil
1]

0ps

Hobile phase  Detector Detection limit  Ref

Hater ¢ uv
Acetonitrile
0.1 M Nall PD

g 2

bi3¢1p3

99.13% Aceto-  uv 2 ng/ml
nitrile contai-

ning triethyl

amipe pH 3

MeOH:0.20 electrochem 2 ng/nl
NaH PO 8B thinlayer cell
z2 4
HPOHOD
3 42
500 £ 200 1 3 ¢ 297

Hethanel:0.005M uv
hexanesulfonic acid
1312

4 - 27 ng/ul

3

3

12



13

1
is reported to be low .

Some Timolel meleate 18 absorbed systemically following
instillation of the eye drops, administred diredtly Lo Lhe eye as an
ohalmic drop appears Lo be rqpidly absorbed producing a decreasc
in intraccular pressure within three hours .

b. Adverse gffecls 1

A number of adverse reaclions like resﬁlratory reacltions and
cardiac reactions, including dealh due Lo bronchospasm in patienls
with asthma and rarely dealls in s«sociation with cardiac failure
have been reporied. |
c. Use :

Timolol meleale is effcclive in lowering aintraocular prewsure
and is widely used in patients wilh open angle glaucoma and
aphakic glavcoma. 11 is «lso indircaled both {for the trealment of
hypertgngion and Lo reduce cardiovascular mortality and Lthe risi:
of rewnfarcltion in patients who have surv@?d Lhe acute phase of
myocardial infarciion and who are clinically stable.

1.4 NaADROLLIL

1,8:4
1.4.1 DESCRIPTION

a. Chemical NMName : (2r,3s)--5-(3~tert hbutylamino-2-
hydroxy propo.y)—1,2,32,4 Lelra hydronaphthalene-Z,l{-d1ol.

b. Molecular Formula 5 € H NO

17 27 4
c. Molecular weight @ 30%9.4
d. Chemical slruculre 3
OH
~ H
_H
OH
0-CH, -CH-CH, -NH-C(CH, ] 4

OH



F.

14

Appearance, color, odour and laste §

A white crystalline odourless powder.
Official slalus and dosage form 2
4
United Stales Pharmacopoeia include tablets 40 mg/80 mg and in

combination with bendrofluacside 5 mg.

1.4.2 PHYSICAL PROPERTIES

A

1.4.3 STARLITY :»

1.

Solubilily &
Soluble in water, freely soluble in ethanol, slightly solulble
in chloroform, practically insoluble in 1,1,1 trichloro elhane.

[9]
Melting range @ 124 € - 136 C.

Polymorphisin 2

4z
No polYmorphism has been reported for Nadolol. Dwadbe has

observed 1hal an amorphous form of RNadeolol obtained by
lyophilizing an aneous solulion of the compound.

ullraviolel Speclrum :

Characlerislic absorbance wavelengths 1n agqueous acid and
wad
methanol is 269 nm and 27é6nm. No altaline shilfteaobserved.

Infrared Speclrum £

Characterislic Absorbance frequencies ainclude 1092, 1070, 1248,
1262, 1582, 1217 wave numbers (KBr disc)

Mzss Spectrum £

Frincipal peahks at m/- 30,86,57,294,71,310,70,87.

Muclear Magnelic resonance &

" 44
NMR specitrum of Madolol has been described .

41
Solid State Stability
43
NMadolol exhibils excellenl stability as a solid . WNo apparant

degradation of the bulk samples held at high temperature for



prolonged periods. ) 15
2. Lolulion slablity &
l.yophilized stlerile solution of Nadeolol in O.IM pH 7.4 sodium

phosphate buffer showed no evidence of decomposition when held at

43
ambient Lemperature for 51 days In unbuffered solution samples
prepared at various pH were ztable after Lhree months storage al
44
(4]
50 ¢ . A very slight disceloration was noted in some samples

o g
after 3 months at 50 C storage. Nadolol solulion at &0 C for

itwo monihs produce degradation and dizcoloration al most pH values.
Exposure to intense lighl resulbs ain discoloralion of soluiion at
pH 2,2.922,9.8 afler 2 weels of slorage.

‘' 1.4.4 METHODS OF ANALYSIS :

l.iterature review for Madulal 10w aled several convenlaional and
modern methods of analysis viz. Uy specbrophotometric,
colorimelric, titrimelric, Thin layer chromatographic, Jas

chromalographic, high performance ligquid chromatographic and
fluorimelric methods of analysis.

a. Uy spectropholtomelric methods &

1. C. papastephanvn el a145 have reportled specirophotomelric
analysis of Nadolol! in the W reglon at aboul 2180w, 270nm
and 278 nw.  The molar absorplivity of Madolol was quite low
but useful Lo study dissolufion raltes of Madolal Lablelce.

h. Colorameiric Melhods @
44 47
1. Ozden S. el al and Pvalatin have reporled & sensiltaive

colorimetric melhod for the sstimation of Naldolol in tablels by
reacltion with bromophenol blue. The pH was mainiained at 3.2
(with acetale buffer) and absorbance of the chloroform extracl

%

was measured al 412 nm. A linear calibralion was obtained



16

between &0-600 ug/ml.

Z. E,lvaehhivqg has reported & colorimetric melhod for Lhe
estimation of Madolol in Lablets. Nadolol was oxidized with
periodic acid and the resulting aldehyde was reacted wilth 2,4-
dinitro phenly hydrazine Lo form the corresponding hydrarone.
Fucess reagcnlt was removed with cupric chloride soultion. The

hydracone was eutracted 1nto chloroform and ils absorbance was

measured at lhe 25Pnm and BHeer's law obeyed between 0-200 pg/ml.

4%
Tvashhkiv has developed & fluorescence speclrophotomelrac
melhod Ffor Lhe Nadolol in human serum and urine. Madolol was
oiidised wilh periodic acid Lo Lhe corvrespondiny disldehyde and

coupled with o-phenylene diamine produced a {luorescent compound.

The excitalion and emission wavelenglhs were 305 nm and 443 nm

respectively. 0.01 g of the sample was measuired by LCLhiy
melhod.
d. Titrimelric Method *
30
1. E.lvashhaiv has reported titrimetraic method for the

estimation of Madelol in Lablets. Madolol was oxidized with
chloramine T and Lhe excess reagenlt was reacted with polassium
1dodide. The liberated 1odine was lilrated wilh sodium
Lthiosul phale.
31

2. J.Alicaino hasz reported a non—aquencous Llitrimelrac
melhod for Lhe estimation of Madolol bull and {formulabion.
Perchloric acid was used as Litrant and end point monitored
potentiometrically or wilh an 1nter%al indicator gquinaldine red
or crystal violei.

il
8. Uniled Stales Pharmacopoeia has prescribed nonagucous



.

z2.

titration melhod against perchloric acid for the assay of bult

druga.
Gas Chromatographic/mase Speciromelric methods 3
52
Funke P.T. et al have roeported seleclted ion monitoring

and gas chromalographic/mass spectrometric melhod fTor Lhe
delermination of Madolol from the serum.
533

Splmon et &l hHave developed & gas chromalographic
me Lhod for Lthe quantitalblive measurement of Nadolol in
solution, chlorphenaramine maleate was used as an internal
standard.

54
Cohen et al have reported & gas thromalographic method with

selecled ion monitoring mass spudbrometric method for the

deltermination of Nadelol in tumen serum and urine.

Ribict el a155 have reportled high sensitive gas
chromatographic/mass seleclive deleciion of MNMadolol in plasma.
Ihan laver chromatographic @

Targos F.P.Sb has reported a TLC sepgralion was achieved on
silicagel G plales using the solvent sysbtem acelone 8
chloroform ¢ ZN ammonium hydroyide (80:10:10). The plales were
observed under ullraviolel light mauimum at 254 nm.

Hiah performance laguid chromaloaraphac melhods 2

57
BE. Patel has reporited HPLL method for eslaimalion of Madolol.

Column * Reverse phase ethylsilance.

Mobile phase : 35% methanol ¢ 634 agueous 0.000% M Hcl (0.05BM
MaCl solution).

Deleyvtaion ¢ Uy deteclor, {Tised wavelenglh (2534 nm) or variable
wavelength (220 nm).

58
Jane el al have reported HPLC melhed for the estimation of

17



I]'

18

Madoloel.
Column ¢ 8 WSpherisork (~ilica).
5

Mobile Phase : Mell.molic NH Clo (10 mM pH &.7)
\ 4 4

Delecbtion & Low wavelenglh UV and fTluorescence.

Sample Preparation * Deravalizalion wilh o-phlhaldialdehyde.

4
The United Slales Pharmacopoeia has prescribed HPLC method {or

the estimabion ol Nadolol in tablets plain and also combined

tablet wilh bendroflumethiazide.
1,41

1.4.5 PHARMACOLOGICAL PROFILIZ

=1

Pharmacolbineltics : MNadolol 18 incomplelely absorbed {rom

gasirointestinal traclt to give pesi lasma concentration aboul
2 or 4 hours after a dose. It does nol appear to be
metabolised and 158 excreated unchanged in urine and the
bile. IL 15 only aboutl 30% bound lo plasma proteins and 18
reported to be dialysable. Madolol 15 excre:led in breasi
mill:.

b. Adverse effecls * 7The adverse effecls observed afler an

adminisiration of nadelo! hiave been reported.

C. Uses & Nadolol 1s used in the treabtsment of hyperlension and

in the prophylaxis of migraine. Il 15 &lso used 1in tihe

managemeni of Lyroltoxicosis.



1.5 SOTALOL HYDROCHLORIDE
1
1.5.1 DESCRIPTION

!
&s. Chemical Name * 4-{(1-~hydroxy-2 i1sopropylamino ethyl)

melthane sulphananilide.

b. Molecular Formula @ € H N 08
12 20 z 3
t. Molecular weight & Z272.4

d. Chenictal structure 3

CH3—SOZ—HN CH~CH2~NH-CH(CH3)2
OH

@. Appearance, colour, odour and laste &

g oo poo————om——

An offwhile Lo pale cream cry=ralline powder.

f. Dfficial slatus and dosage lform 2

————"

Net official in any pr Lhe phacwacopoeia. Available as
tablets 40 mg., 80 mg. and 200 mg., injection 10 mg/ml in
ampoules of 4 ml. and tabletlrs in combimnalion with
hydrochlorthiazide.

1.%.2 RHYSICIAL PROPERTIES

a. Soluabilaily * Freely soluable n waler, sparingly

soluable 1nm chloroform, insoluable in solvenl. ether.
o [
b. Melling range ¢ 206 C Lo 207 C

¢. Dissociation constant * pKa values 8.3, 9.8

oo

d. Uliravioletl speclirum & Chalacteristic absorption

wavelength 1 agueus acid 1s 269 nm and 1n aquoeous
alkali is 249 nm.

o. Infrared Speclrum ¢ Characleristic absolplion {reequencies
include 992, 1160, 785, 1512, 1230, 1585 wave number

{(kbr dist)



f. Maeg spectrum 2 Principal peaks at m/z 72, 30, 43, 122,

73, 41, 106, 121.
1.5.3 METHODS OF ANALYBIG:
The conmprehensive literature survey revealed &
tritrimetric, TLC, few HPLC and GC wmethods for the
estimalion of sotalel hydeochloride.
a. Titrimelric Methidss The private circulation of

59
manufacturer of sotalol produclts reporred a non-agueocus

titrimetric method for the estematlion of saotalol
Hydorchloride. O0.1N perchloric acid was used as titranl
and solvenl blue 12 solulion &8 indicator.

b. Thin laver chromatographic methods:

20

1. The private circulation of manufaclturee of sotalol .

59
products reported & TLC melhos for Lho estimation of Solalol

Hydrochloride. Aceltone: 23% Ammonia solution in ULhe proportion of
F:¢1 wan used as mobile phase.

&0
I1. HMoll et al have reporied a 1lhin layer chromalographic

method for the delerminalbion of Sotalol Hydrochloride from human

urine samples, Phme: iso ProH: B5ZL NH Ol (3i14621) was used as &

4
mobile phase.
t. NMR Speciroscopic methods:
&1
Lorio et &l reported a NMR Speclroscopic method for tLhe

estimation of Solalol Hydrochlroide in bull and tableis. The
melhod was based on peaks of Lhe Me grouyr atiached.
d. High pressure ligquid chromatographic melhods:

HE
I. Gluth el al reported HPLC wmethod for the analysis of Sotalol

Hydrochloride in plasma and uvine.

)

Column? Hypersil 0ODS
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Mobile phase: MecN @ water ! a.a. PH(Z.3) (20:79:1)
Detectiont Fluosromelric.
Ion Pairing reagent: Heptane sulfonic acid
63
11. Karkkainen et al reporied HPLC method for the estimalion of
Sotalol Hydrochloride in serum and urine.
Internal standard: Altenolol standard solution.
Mobile phase: 0.01 M phosphale buffer pH 3.2% MecN. 20:80
Cconlaining 3 mM, n octy) sodium sulfate).
Detection: UV at Z26 nm.
&4

111. Jane et al also reporied HPLC method for ithe estimation af
Sotalol Hydrochloride on un-modified silica column together with
non aquepus ionic eluents.

&5
IV Bartek et al have determined HFLC method {for estimation of
Sotalol Hydrochloride.
Column: Bonda Pack C 18
Mokile phase! Elo Ac i MecN (1:2)
Detectiont Fluorescence excitaiioun and emission wavelenglh 240 nm
and 210 nm respeclively.

&b
V Poirier et al have described HPLC mehtod for the estimation

of Sotalol Hydrochloride Ffrom blood serum.
Colunmt Ouladecyl silane.
Mobile phase: H O : Methanolia.a.: Methane sulfonic acid
z

(21:8.5:0.5:0.25) pH 3.3
Detectiont UV at 235 nm.

&7
VI Hoyer et al alse described HPLC determination of Sotalol
Hydrochloride in blood serum using octadecyl silane as a column
and wilh UV detection at 235 nn.

&8
VII Poey et =&l have reported HPLLC method for the Sotalol



Hydrochloride using Rsi1l CN/RP8 column witlh H O:MeoHIEL NH
z2 z
(30370:0.05) /7 H 0 MecNipH3.0 Phosphalte buffer (40:30:10) as
2
mobile phase wilth UV deltection.

V1II Gluih et &l have reported another HPLC method for tihe
&9
estimation of Solalol Hydrochloride in human plasma and urine.

Internal slandard: Alenolol
Columnnmi Hypersil 0ODS

Mobile phase 2 H 0O & HoAC (20:79:1)
a2
70
IX Morris et al have reported liquad cehromatographic

fluorescence mehtod For the estimaltion of Sotaloel Hydrochloride
from plasma.

71
X Dyde et al have reporied HPLC melthod {or Lhe determination of
Sotalol Hydrochloride from human plasma using C48 column using
MecN & 0.0B5M H PO (12:88) and excitalion and emission at Z35 and

2 4
315 nm respecltively.

1.5.4 PHARMACOLDGICAL PROFILE:

& Pharmacokinebticss

¥

Sotalnl Hydrochloride completely &bsorbed form the
gastrointestinal Lract ond peal plasma concentration; are ohlained
aboul 2 or 2 hours afler the administration of a deose. It is not
meltabolised and is excrelted unchanged in the urine. IL is nol
bound 1o plasma prolteins. It crosses the placenta and found in
breast milk. However only small amounls are reporled Lo cross the
blood brain barrier and enter the crebrospinal fluid.

b Adverse Effectl:

The adverse effuct observed after 1Lhe administration of
1,42
Sotalol AHydrochloride have been reported .

22



1.6

Sotalol Hydrochloride is wused in the trealment of
Hypertension, Angina Pectoris and for the emergency TLreatmenl of
cardiat arrhythmias.

REAGEMIS USED FOR THE PROPOSED METHODS:

72-75%

1.6.1 P-Dimethyl aminghencaldehyde and vaniltlain

Certeon amines condense with various aldehydes in sitrongly

acid media to yJive ppoedunlke bhal are oiidazable to give a  colour.
Amoriy  Lhe  wmany aldehydes that have bLiecon ohown tu react are P-
dimethyl amino Lioncutdehyde, vanillain, formaldehyde,

benzaldehyde, salicyladehyde, piperonal, paraldehyde, p-acelyl
amino benzaldehyde, m & p - nitrobenzaldehyde, m—amino
benzaldehyde and melaldehyde. O the {foregoing aldehydes best
resulls have been oblained with ' N-dimethylamino benzaldehyde.
The most common oxidenl used is atmospheric oxygen bul the prooe:
has been hastened by the addition of hydrogen peroxide, nitriles,
nitrates, ferric ion and sevoral olher metal ion catalysts.

The reaction of P-dimethyl aminobenzaldehyde wilh indoles
and pyrroles has been used qualstatively and guantitatively for

74,80,81,88

mnany years « The reaction with aromalic amines Lo give
schiff bases is equally well documenied.

In hydrochloric acid indole reacts with aldehyde 1o yield
red produclts. The reaclion involves the condensation of the
aldehyde with two molecules of Indole. The intial condovisation

products being oxidised by oxygen from Lhe air.

2,5 dinatro benczoyl chloride has beeon used for many years

to prepare derivatives of alchols for identification purposcs. 3,3
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dinitrobenzoyl chleride with guantitalively delermine some stubbon
74
hydrouyl groups more readily .

The reaction of 3,5 dinitro beureyl (hloride with an

alcohol in pyridine wolution 1s shown 1n eguation 1.

MOz o
o NG o

RoH L-cl + C RN = Yor + Vet —-— -l

’VOZ TVOL
The excess dinitrobenctoyl chloride 1s hydrolysed by waler

ag indicalted by equation 2.

Moy o : Vo, o
| - -
NOL NOL

Since alcholos show no significant absorplion in UV and

visibile region, all colorimeiric methods Ffor these compounds

require tTheir conversion lo an ahscerborg derivative. Primary  and
secondary alcohols wumderge acylation by 3,3 dinitrobensoyl
chlaeride 1n pyidine solutionlo form the corresponding 3,3 dinitro

benzoate esters. The esler appear to Torm colored guinoidal ions
in basic medium andAthe intensity of the colour can be measured lo
provide an analysis of the original amount of alcohol. The ability
of the 2,5 dinitro benzoylchloride to form coloured nquinoidal ions
provide a useful analylical tool for determining low concentralion
of substances

J.6.2 Bodium periodale and potassium dichromale:

Sodium melaperiodate 1is a speciflic oxidant For compounds

78,79
wilh vicanal diols « The reaction is quaite specsefir and clear
72 ’
cut . Serondary alcohols can be oxidined lo Fetones with
70

potassium dichromate . The excess of dichromalte 1s e#liminaled



83 2%

with bypophosphrous acid and ketone is delermined éasz]y .

d:6.4 A-Fluoro 2,4 diurlro benzene 73,88 (FDNRE)

Primary and seconday amines have been analysed
81,84,85
colorimetrically by reacltion with FDNDB .
F NMHR
Noz
Nog
+ RN, + HF.
VO
2 MOy
Seconday amines may ygive analogous reaclions.
72

1.6.5 Complexation with dyes .

Comples formation or the formaltion of neutral ion pairs 18 &
method frequently wused for the analysis of amines. In Lhis
approach Lhe amine in 1ts prolonaled stale forms a complex with an
anionic species Lo form & neuiral 10on parr which can be extraclied
in to an organic solvent by using & pairing agent that,produces =}
colored idion pair. The amine 1n the organic phase can be measured
colorimetically. I1 is also possible however ol use & non
absorbing anion to form Lhe 10n pair. In this case Gthe naltive
absorplivity of the amine 18 measured in Llhe organic phase usually

chloroform or dichloromethane.

b6 1,2 paptbooerogone-4 sulfonatet
Sodium 1,2 naplhoquinone-4 sulfonale, the orthogquinone qgive
864,87,88
coloured (ompounds with primary amino compoumds and

compounds which contains two removable hydrogen atoms a&ltached to

one carbon altom or nilrogen atom. Deeply coloured para quineid

condensaltion products resulls in case of primary aromalic amine.

An active CH group can also bhe formed tThrough isomerisation.
2

Peritinenl examples are resorcinal, Phloreoglucinel, indole, pyrrole

and nilro methane.



1.7 DEVE] OPMENT OF ANALYTICAL METHODS:

The modern mehods of choice HPLC, GILC, NMR and MRS 5
spectromelric for purily assays depend on sophi~licated equipmentse
which are very costly and cause problems of maintenance. Hence
they ar not within the range of mostl laboratorics and small scale
industries. The wvisible specltrophotometric and fluorimetric
techniques are very simple and do not involve high cost. They are
s8asy to carry oul and the i1nstrumenis need very little
maintenance. No specially trained persons are necessary. The
limitations of wmany of the visible specbrophotomelric or
fluorimetiic methods of analysis, lie an Lthe chemical reaclions
upon which these procedures are based rather than Lhe instrumental
sophistication. Many chemical reactions resulting in the formation
of coloured or fluoroscenl species involving any particular drug
moelecule are gquile seleclive or can be rendered selective through
the introduction of maskinyg agenis, control of pH, use of solvenl
extracrtiion technigues, adjustmenl of oxidation siates or by prior
removal of ainterfering substances by resorting Lo chromatographic

G8-102
techniques ,

1.7.1 Classafacatron of Funcliona]l Group in Drugs?

A( distinguisthing feature of organic drug molecules is the
presence  of functional groups in them. Based on the reacltions of
these fTuncltional groups, one can easily analyse any organic druqg
however, complicated tLhe rest of the structure may be. Thesze
functional groups can be classilied into Lhree caltegories acidic,

basic¢c and neutral.
10

e s

1.7.2 Selection of reagents for uvrganic analysis

several papers are being publaished evry year on Lhe

26



reacltaions and possible applications of new and old organic
reagentis Ffor organic analysis. The selection of an appropriate
reagunt for a partieular qgualilatical situation is still a
challenging problem. The choice of a particualr reagenl depends on
careful consideration suchk factors as lhe scale and economics of
the reactions the presence of other funclional groups that mighl
be adversely affected by reagent, the deacltivalion of the reaction
centre by steric and electronic effects, The instability or high
reactivity of the desired product, the rate of reaction, position
of equilibridm (in the face of a reversible reaction) and other
related faclors. The selection of a roeagenl for the determination
of a particular compound is made after a literature search for
methods thal have been used in parallel situations elsewhere of
that show reasonable promise For bLhe compound under consideralion.
If adequate informalion is not avairlable in Lhis way, then the
reagents that act most rapidly and stoichiomelrically can be
chosen aflter investigalion of 1lhe performance of several possibly
seleclted ones on a pure samples of the compound. Reagent
selectively for a particular funclional group 18 normally tihe
minimum requirement. Specifictiy of the reagent for a simple
compound fontaining thal functional group is oflen desirable, nol
only to isolate it from other compounds containing the same
funclional group butl also to eliminate Lhe effels of interfering
compounds .

1.7.3 Systematic study in Visible Spectrophotometry (104)

Amonyg Lhe several physico—-chemical methods availahkle, Lhe
author employed the sample visible speciropholometric techniges in

her investigalions recorded in this thesis. In visible

27



spectrophelwetriec  (which coveres wavelengih region 370-800 nm).
slectronic transitions 1n energy levels is possible by the

% #
absorption of radiations due ta JI-JT and n=I1 transition,where

II*ls antibonding altowi+ orbital while n stands {or non-bonding
orbital having energy in between bonding and antibonding orbitals.
An  absorplion specirim 15 a graphical representation of Jlaight
absorbed by & substance at definite wavelength. Tfo plol a
characteristic absoption curve, the values of Lhe wavelenglh (x)
are laid of along the auxis of abscissas and the value of tLhe
absurbance (A) alonyg lhe axis of ordinates. A characterisic of an
absorpbtion spectrum dis the position of the peaks of light
absorption by the substance and also the intesisly of absorplion.

The colour internsisty 1.e. absorbance of Lhe coloured analyte

solution is measured by spectrophotomeler in the visible region

of the specirum.
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1.7.4 DEVELOPMENT OF A METHOD

1.7.5 ESTABL [SHIENI  OF OPTIMUM CONDITION

In developing a guantitative method for determining an unknown
concenteration of a yiven species by ébsorption
specirophotometry, the first step is the choice of the absorplion
band ot whith ahsorbance measurements are made. An uliraviolel or

visible absorption spectrum of the specise to be detrmined is’

obtained either from Lthe literature or expoerimentally by means of
scanning spectrophotometer. When several abseorplion bands of
suitable ahsorptivity are present, the bhand «rlected should fevour

wavelenglh regions thal correspond lo relatively high oubtput of
the light source and hiagh speciral sensitiviy of Lhe
detector(usually >masx). Thoe abserption band should nol overlap
with band of the solvent or contaminants, including excess
reagents Lhat might be present in the sample. Il is necessary
that along the wavelenglh axis, the absropltion spectrum of an
analyte or reagent ion added should be well sperated in at least
one place from the absarption spectrum of the reagent it =self,
although 1t generally matters little it it is generally separceted
from that of 1he 11on o1 nol hecause tThe instensaty of tihe
absorption band due to the labtter is low.

FEoth the colour developing rgggent and the absorbing product
must be tiakle for a reasonable period of taime (stabilaly period)
and it is always advisable to prepare standardé and unknow on &

definite time schedule.
104

THE METHOD

9

The hasis of mosl spectrophotometric methods is wusually <(a)
complex formation (b)) an oxidation roduction process or (c) a

catalylic effect. In each Lype of reaction the yield of colourod



sepwcies whose absorbance is measured and thus Lhe sensiltivily of
the method, rate of colour formaltion and stability 1s effecled by
the conceration of Lhe reagent in Lhe sululion, the nature of the
sglvent, lhe temperature, the pH of the medium, order ol addition
of reagents and warting period., It 1s necessary Lo estabilish the
optlﬁum condition in the procedure to bhe developed Lhrough control

wxperiments by varying one amonyg thoem above parameters and hLeeping
obther constant al a Lime and measuring the absorbance at .~ man.
The ranges\of different parawmciors wilhin which atlainment of high

AN max coupled with maximum intensily and stabilaty of  thoe

coloured species is acrhieved are bnown as Lthe optimum cond)iion.

1.7.6 SELECTIVITY OF THE METHOD

The selecltivity (or specificity) of the melhod 18 ascerlained
by studying the effect of a wide range of evucipients and olher
additives usually present is lhe pharmaceulical formulation on the
determination under optimum condilions.

In Lhe initi1al inlerference sludies a fiued (umcciration of

the drug {49 Jdotoermined several bLimes by the oplimum procedure  ain
the presenenct of o suitable (1-100 fold) mol.a  cuecess of tLhe
foreign compaund  under investigation and its offect on  the

absorbance of «ulutions is noticed. The forecan compould s
considered to bo non wnterfering 1f at  these concentration 1t
constanily (o odioes an error less Lhen 3% 1n the absorbance

observed with Lhe pure drug.

1.7.7 LINEARITY AND SENSITIVITY OF THE METHODR

A Itnowledge of the sensiltivily of the colour is imporlent and
ithe following terms are cmmmoﬁly employed for eupressing Lhe

senciLivity.



Lambert*s law stales thal lhe absorbance is propertional Lo the
Lhickness of Lhe solution. RBeer's law stabtes thal the abserbance
158 proportional to the concentr«lion. The combinalion of the two
1:aws is Beer — Lamberl®s law. It can be eypressed mathematically
as

log Intensity of incaident radiation

A= - e - s = anbaCo.
Intensity of tr.usmitied light

The basorbance (A) 15 proportional to Lhe concentraltion {(¢) of
ahbsorbivmg spucies 1f absorplivity (a) and thickness ol Llhe medium
{b) are constant when ¢ is in moles per laiter, Lhe constant 18
called the wmoler absorplivity and has the symbol € Beer's Jaw

-1 -~

limits and € max values are eupressed as pg/ml and 1.mole .com

respecilively.
105
Sandell®s sensitivity refers Lo the number of ug of tihe

drug determined converied to the coloured producit, which in a
z2
column solution of cross secltion 1cm shows an absorbance of 0.001

{expressed as Mg om ).

1.7.8 VALIDITY OF i’ LAW

The laws is nol applicable for highly concentrated solulion.
solution exhibiting flurescence or suspensions may nol strictly
adher tlo Beer's»law. If & dilute solutions durian measuremenl
undergoes chemical reaclion such as oxidation, reduction,
hydrolysis,assorciation, dissociation ot polymerization then the
law is net valid.

y = m + b m = slopc b = inter€eptl

Exy - (En.Ey)
slope = m = n

R R —

c
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1.8

Correlation coefficient ¢ It 15 used to measure the ability of

the regression 1line Lo explain veriation in the independent

-

variable and 1% calculated from the following fornula.

) oty =y

£ (x

X = %
ro= W o e s e
z - 2
Ei{u-x ) . €(y - y )

where 3 , v are arithmalic mean of % and y respectively.

e s poo s s oo

Recovery * A known amounlt of the constitunt being determine is
added to the sample, which is analyse: for the iotal amount of
constituents preseni. The difference beltween "the anélyticai
resull  for sample wath and witho&t the added consiituents . gives
the recovry of the amount of added constituent. If the recovery 14
satisfactory confidance 1in the accuracy of the procedure is

enhanced.

standard deviation :

— [EPS. o wm— o ok oo o

1
] - 2 - 2 -2
e = b f{xt = % 3 o+ {42 - ) % (xn'— x 3 2
N\ n—4 :
j— T-'— — -
] -2
fe{n — 30 )
N n - 1
SYSTAMATIC STUDY

Drugs are rverely administrered in their pure form and more
often then not, the§ have Lo be necessarly admisted wilh various
Linde of adjiuocoty resulting in Lheir traslorus? con 10 to the so
called "dosage form'. Hence each and every duosage From
irrespeclive of its final form and nature is & combination of drug
component and an assortment of different kinds of non-drug

componenls collecltively known as additives and each destined to
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F3-26°
serve a specific purpose .

In developing these methods a systamwatic sltudy of the effects
of verious paramelers were underlaken by varying one parameler atl
a time and controlling all the olher parameters which is the

standard praclice ih this type of work.

1.8.1 SPECTRAL CHARACTERIESTICS

In order to ascertain the wavelength of masamum absorpltion (X
max) of the goloured species formed in  each  of the method
specilied amounts of drug was taken and Lhe colour were developed
seperately following the procedure of methods. The absorption
spectrum of each coloured species was scanned on a
spectrophotmeter in the wavelenglh region of 400 — 800 nm against
the corresponding reagent blant.

The rezults are graphically presentod Ly plotting & graph of

absorbance vs. wavelength.,

1.8.2 OPTICAL CHARACTERIS]I(S

In order to test whetheé the coloured species form-d v the
method adhere Lo Beer's law, tUhe absurbances al appropriate
wavelength of the sel of solulions contianing graded amnunts of
drug and specified amounis of reagenis were meacrued against  the
corresponding ' reagent blanks in the method. Concentration~
absorbhance corelations are recorded grephically 1o determine Lhe
Feer's law adheorence. Beef‘s law lamit, molar absorplivily,
sandell's sensitivity for drug with sach of the mentioned reagents
were calculalted and recorded in tables.

Regression analysis using the method of liner least squares of the
absorbance value obtained with drug and each of the reagent system

gave slope (m) intercept (b) and correlation coefficient (r) for
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each system. The«e are recorded an tables.
1.8.3 ANALYSIS OF FORMULATION
To find oul the sutability of the proposed method for lhe assay
of formulations of d1P€ere£L pharmaceutical producis containing
drugs were anal ysed by the proposed methods and the
U.8.P/BP/reported method. v results obtained by each of Lhe
proposed methods were compaired «taliclically with these obtained
by the U.S.P/BP/repgrted methods.
1.8.4 RECOVERY SIULLES
Recovery studies were corehine o by analysing each
pharmaceutical fTormulation Fur the activé ingredient in the Ffirst
instance by Lhe proposed method 10 wy of the pure drug was Lhoen
«lded to each one of Lhe drug previously analysed formulations and
Lhe total amount of the drug was then once agian delermined.
1.8.5 INTERFERENCE STUDIES
The excaipienls and additives usually found an . the onmercial
formulations of drug were found nol to intoerfere wilh colour
development by Lhe nrocedures of methods. Anlysis  of model
formulations of these drug prepared ig the author®s labouratory
revealed thal 1he vormnally used additives daid nel  rolerfere as
indicated with carbohydralte components such as starch, glucose,
lactose, glyceryl mononslearale, polyethylene glycols and propylene
glycols.

I

1.8.6 PIICCISION

To test 1he oo vtion of each proposed method ahbeur biaic e values
of a selt of st replicates of a fived amount of Jdrugs were
recorded i iho 1 ual manner {ollwing the recsmmmended

procedures, The poreonld relative standard deviation and  the
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percent rango 5? ervor caleculated from thos dels ~re voecorded in
the Lables.
1.8.7 ACCURACY
To confirm the accurwcyr of the methods differcnt quantities
of bullk samples of Lhe drug within Beer's law 1imit were taken
and eslimated by each of the proposed methods. The pe¥cent error
calculated wilbh this Jdata for each method is recorded in tables.
1.9 RESEACH ENVISAGED
uperimental ?ork has been confined Lo stability and analysis of
four important p -blockers namely Pindolol, Nadolol, Timolol

maleated and Soltalel hydrochloride.

A : DEVELOPMENTAL ANALYSIS

1.9.1 COMPLEXATION WITH DIFFEREN] ME1ALS

The publisted literature did not reveal any analytical method
invalving metal complenation {for the estimation of B-~blockers in
question. The efforis woere then made to develop some colorimetlric
method of estimalion of ilhese drugs usinuy metal complexation.

Reaction of Pindolsol, NMadolol, Timolol maleate and Solalol
hydrochloride at pH ranging from 3.0 Lo 10.0 has been studied with
12 Jdifferent metal ions vizx. nickel, manganese, Feeric, lead,
cupric, meceuric, ceric, zinc, stanous, ferrous, uranyl zinc
acetate and cobalt 1n equimolar proportions. The reaction of
Pindolol with ferric and ceric meltal soclution held good promice.
With Fferic metal solution 1L gave blue green colour on geatinq
having Nmar al &20 nm. The colour was found Lo be silable for an
hour at pH 1.0. With ceric il gave blue colour which was found to

be unsiable.

Timolol maleale also reacted with ceric meall solution and gave



highly unstable bhlue colour Nadolel and Sotalol hydrochleride do

not react with any of the metals.

1.9.2 COUPLING WITH DIAZUI./I'D PRIMARY ARDMATIC AMLNES

The published lilerature did nol reveal any analylical method
involving coupling of these B-bloclevr: druge with diazolinzed
primary aromatbic amines. This promptled Lhe euperiments 1n  scvarch
of possible c¢olorimelric melhod of estimation. i different
primary aromatic amines and amine acids such as o-phenylene
diramine, p—aminophenol, 8&-amino-l-naphtol-3-6 disulfonic acid, 4-
nitro~-Z-amino—-phenol—-& sulfonic acid , aniline, p-cloro aniline,
pamino benzei1c acad, o-phenylene diamine, p-toluzrdine, P~
anisidine, sulfanilic acid and sulfanilamide, were brised for Lhis

reaction. None of the diazolised amines reacled wiilth Pindolol,

Timolol maleate, MNadolol and Sotalol hydrochloride as indicatoed by

no difference in appearance of sample and reagent bklank solution.

1.92.3 REACTION WITH P-(DIMETHYL AMING) DRENZALDEHYDE-

The published liferature did not reveal any analylicral melhod
for the estimalion of these drugs involiving p—dimelhyl amino
benzaldehyde or other aldeliydes were as Pindolol has been
reporhed to react with p~dimethyl amino benzaldehyde, used as an
identification testg. Cousequently reaction of Pindolol, Timolol
maleate, Nadolol and Sotolol hydrochloride has been attempled
with p-dimethyl amino benzaldehyde with and without ferric 10ns.
Pimiolol reacied wilth p~dimethyl amino benzaldehyde in glacial
acet1; acid # hydroch]or1ciacid mixture (83 2 15 v/v) with =

F’

mastimum  absabance at 370 nm . Mone of the olher drugs reacted

with p~-dimethyl amino bencaldehyde.
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1.9.4 REACTION W1lH VYANILLIN
Pindolol also reacled with Vamallain (14 w/v) 1in  concentrated
hydrochloric acid with a mastimum abcorbance at 320 nm. A simple
selective and sensilive melhod has been developed based onw this
reaclion. Mastimum colour intensity was ohtained with two ml  of
Vanillan reagent (14 w/v) iLhe calibration curve was found Lo he
rectilinear between 0.2-16.0 ung/ml concentrationpe,
1.9.5 REACTION WITH SODIUM PERLODATE
Reaction characterisltic of ULhese drugs has heen studied with
sodium perrodate. Pindolol reacted w%th O.1N sodium periodate
solution and the reaction was studied in detail for the elfeclt of

pH and lLermperalure.

1.92.6 REACTION WITH AMMONIUM METAVANNDATE

A1l ithe drug samples were altempled fTor reaclion with ammonium
metavanadate with sulphuric acid. Only Pindolol reacled with
ammonium metavanadate and gave b]up‘colour with a ‘smax at 635
nm. The method was studied in detaxrl.

1.9.7 REACTION WITH 3,5 DINITROBENZOYL CHLORIDE

Since all tLhe four drugs possess scecondary —oH group in the
side chain and sinte secondary -oH group vreacts with 2,5
dinitrobenzoyl chloride attempls were made with all the Péur drugs
for the reactron wilh 3, dimitrobenzoyl chlorade. Diug: wounples

in pyridine rencted with 3,5 dinitrobencoyl chloride (10% w/v  in

pyridine} in gpreccnce of 2N Hel. The absorbonoe o peclrum and
Various oxperrdimantal  conditions were opbtiwmised and methods
developed for thoe rouline analysis of all the druyges.

1.9.8 REACTION WITH 1-FLUGRO - 2,4 DINTROBENZENE (DNFB)

All the four drugys were allempled for reaction with 1-{luoro-



2,4 dinitrobenzene. Pindolol seemed to react with 1~fluore -2,4

dintrobenczene in ethanol in presence of sodium

bicarbonate/Carbonate buffer on heating. The method modified for

Timolol maleate, Nadolol and Soialol hydrochloride. 1-Fluore 2,41

dintitrobenzene 1n  acetone (1% v/v) and 2.5% w/v borex 1in watler
were mined in the proportion 1:9 immediately before experiment and

drug sample afler heating wilh this reagenl were Lrealed witllh 5%

v/v Hcl in 1,4 dioname. All the methods were studied 1n delail

and oplimised.

1.9.92 REACTION WI1TH FOLIN-CIOCALTEU REAGENT

e ...

All the drug samples were atlempted Lo react with F—Creagent.
Sotalol hydroechioeride reacted with Folin —~ Ciocalteu reagent in

presence aof sodium carbonate solution with a maximum absorbance at
3

725 nm . Reaction of Pindolol with F~C reagent is allready
8

reported in the liturature.

1.9.10 REACTION WITH ACETYL ACETONE REAGENT

A1l Lhe samples of four druy were treated witlh sodium
periodate, heated and &allowed 1To react with acetyl acetone
reagyunt. A sensitive method for the eslimation of these drugs
were developed.

1.9.11 COMPLEXATION WI1TH DIFFERENT ACIDIC AND BABIC DYES

N

Published literature reveled one analylbtical method each for the
determination of Timolol maleatc in opthalmic solution and nadolol
in pharmaceulical preparaltion by forwing aﬂion pair complex wilh
bromothymol blueSal and bromophenol blua45 respectively. This
characterisiic property of these drugs were investigaled in delarl

in .+ bid to devise betler analytical methods of eslimation.

Reaction of Pindolol, Timolol maleatle, Nadolel and Sotalol
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hydrochloride has been extencively situdied with 13 different
acidic dyes and & different basic dyes al pH 1.0 to 10.0 both in
cold and after heating. \

The basic dyes used included crystal violel, malachilte green,
methylene blue, oracet blue B and safranine. The acid dyes titried
included bromocresol green, bromothymol blue, c¢laton yellow,
eriochraoame black T, erythrosine, fluorescein sodium, maethyl

orange, methyl red, phenol red, sunsel vyellow, tartzaine,

tropeoline 00 and Lhymol bluge. The reaction of Pindolol with

browocresol green, bromothynol bluc, eriochrome black T and
crystal violet, reaction of Timolol maleate with bromocresol
green, melhyl orange, eriochrome Llack T and crystal viaiet,
reaction of Nadolel with bromothymal bhlue and crystal violet and
reaction of Sotalol hydrochloride witlh bromocrgsol green
eriochrome black T and crystal violel were posiltive and were there

fore investigatlted exlensively.

12 SPECTROPHOTOFLUORIMETRIC METHOD
The published literalure reveled one analyltical melhod each for
) 11 48

the estimation of Pindolol and nadolol . Bamples of tLlimolol

malealte and nadolol showed negligible fluorescence in Uv region as
such in ethanol. Hence experiments were designed based on
fluorimetric melhod for Lhe estimation of these drugs.

The effect of pH, solvent, oxidizing agenls and melal

complexation on nalar ! flyarescence was studied in  depth. In
veiw of their ultravielel absorptien choracleristics altempts were
made {o use these druy as juenchers for the fluorescence of lLwo
well inown {Tluorophores, quinine s lliate and {fluorescein. The

qualitabive and quantitabtive aspeclks of Lhese effsct on Lhe
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fluorescence of Lhe {luorophores were fully investigated.
1.9.13 REACTIONS WITH OTHER REAGENTS
The reactions of lhese drugs with 1,2 Mapltho quinone 4 sulfonic
acid, N-t-naphthyle ethlene diamine, polassim dichromate, metol
and with Fecl in presence of ammonium thiocyanale were

3
investigatod  Lond

studied in detail. Reaction of pindolol witlh
concentrated Hecl and acetic acid mixture was also studied. Some of
the above colorimeiric methods mentioned above were applied for
the estimation of these drugs in biologircal Fluid lile blood and
urine.

STABILITY AMD RIS CIUDIES

1.9.14  Siaga by O PINDOLOL, TIMOLOI MALLATE, pat Uil AND  SOTALOL

HYDROCHLORIDE rARLET AND OPTHALMIC SOLUTION OF IIMO.OL MALEATE AT

ELEVATED TEMPERATURE AND /OR HUMIDITY.

The published laiterature reveled satisfacltory physico -
chemical stabilily data incase of solulion and solid stiate
stlabilaty eof timolol ma]eatezs. However corresponding dala was
not availabie in case of pindolol ,nadolol and sotatol
hydrochloride and thesr formulalions.

Stabirlity of tablets of all Lhe four drugs were studied by
stroing them at ambient Lemperalure, ambient tewperalure RH 75%,&53
c, 6696 and 6690 ~ RH /5% up to 160 ~ 180 days and follwoing an§
degradation visually. UV spectropholometricaly and by reaction with
acetyl acetone redgenlkl. For pindolol, the proposed melbhod of
estinatron, with vanillin and p-—dimelhyl amino benzaldehyle were
also used for Lhe study.

Stability of timolo)l maleale opthalwic solulion was studied by

) 2
storinyg them at ambient temperature, 43 € and 60 C upto 120-180 and



41

following any degradation visually, Uv specltrophotmetrically and
colourimelrically using acelyl acetone reagent.
1.9.15 STABILITY OF PINDOLOL, 1IMOLOL MALEATE, MNNADOLOL AND S0TALOL

HYDROCHLORIDE AT ELEVATED TEMPERATURE AT DIFFERENT pH

The published literalture revealed neo dala regarding the
stabilily of pindolol and sotalol hydrochloride as a funciion of
piH. Although stability of timolol maleatezs and nadp10142 has
been reported as a funclion of pH and temperalure in agueous
solution. Such data has nol been published in case of anjeclable
solvent actually used {for injection formulations.

Mence stability of pindolol, Liwmolol maleate, mnadolol and
sotalol hydrochloride was sludied at dafferent lemperalure as a
funclion of pH by storing 0.30%4 m/v solulion in a mixture of Me -
Ilvaine cibrate, phospate bu??erSQ raniging from pH 2.2 ﬂo 8.0 at

Q

ambient temperalure relrigeralor temperalure and 50 € u Lo [20~150

days and following and degradalion by W speclrophotomelrically

and colorimetlrically using acetyl acetone reagent.
1.9. 16 SN0 ETY OF  PINDOLOL, TIMOLOL MY LRATE, NADOLOL. AND

S0TALOL  HYDROCHLORIDE IN ULTRAVIOLET RADIATION

fhe published literalure did neol reveal any data regarding the
stability of ithewe drugs under UV 1light consequently stabilily
of Lhese drugs were studied at pH 5,pH 4,pH 7.4 and pH '3
respecltavely under ultraviolet radiation. Studies were also
carried out in alcoholic medium and i1n presence of methyl paraben

and sodium sulphite in agqueous buffer system.
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1.9.17 STABILITY OF PINDOLOL, TIMOLOL MALEATE, NADOLOL AND S0TALOL

HYDROCHL.ORIDE WITH DIFFERENT EXCLPLILNMIG AT ELEVATED TEMPERATURIE

AND/OR HUMIDITY.

‘ The published literature did nol reveal any dalta regoerrding the
compatibility of these B blocler drugs with different dcipients
used 1n  formulalions. Consegequently stabilaly of pindolol,
Ltimolol maleatlte, nadolol and sotalol hydrochloride was studied as
such and in combination with different exciprenls used in tablel
formulation by storing the mixlure of Lthese drugs with lactose,
dicalcium phosphate, microcrystalline vellulose, starch, polyvinyl
pyrrolidone, colloidal silicon disiide, sodium lauryl sulphate 1n
(1 + 3 proparition and magnesium slearate and tale in (20 + 1)
proporiion al ambirent tewmperalure, ambient temperature RH 734, W;
C, 663 ¢ and 6&’0 -~ RH 75% up to 150 days and {following any
degradation wvisually and by Uv speclropholomelrically. Samples
stored with lactose, polyvinyl! pyrroelidone and sodium  Jauryl
sulphate at 66’ c . 66>C RH /7%% were subjected Lo thin layer
chromatography reveal the likely degradalion produrTQ

qualitatively.

1.9.18 STABILITY OF PINDOLOL, TIMOLOL MEALEATE NADOLOL AND SOTALOL
The published literature did nolt reveal any data regarding Llhe
stability of Lhese drugs wilh hydrochlorthiaze diurebtic commanly
used in combination in tabklel formulations. The experimenls were
then dJdesigned Lo study the stability of these drugs with

4]
hydrochlorithiaride diuretic at ambienl lemperalure and al &0 C.



1.9.19 HPLC METHOD FOR THE STAELLLTY OF T1MULOL MALEATE

The published literatuie (wvventind few HPLC melhods fFor  Lhe
gelimation of Limolol maleate 1n dosage forms and body{luirds. None
of Lhese melbhods reporlted were ulazlized for stabilily studies.
Keeping in wview Lhe high efficiency of the HPLL methods of
estimalion a method was designed using melhanol ¢ aceloniirile

{50:50) solvent system and a C18 column for ‘Lhe stability of

timolol malente.



