CHAPTER 1V
SUMMARY
Atrempls were made to develop several new analylical
for es@nat1on of bull powder 20ad cominon dosays Tarms
selecieod E bBloclter {antaibyperitensives:? drugs namcly
Limolol maleate, nadoiol and <olaleol hwirochloride.
Several preformulalion experinenls including stabality
funcétion of pH and Lemperature and compat1h111ty wi bh

expiprenits al elevaled 1ooprrature and /7 or humidily wero

melhods
of TlTaour

pindlol.,

as a
several

g rgned

for Lbow-o Jdrugs. B8tabilily eaporaimenls were ronfined to fhe sludy

of  itablet TormuleT:on of all Lhe four drugs and oplhadmic

formulation of tairflol maleale at elevaled lemperalure and /7 o1

Munaditv.

DEVELOPMENTAL ANALYSLY

[ COMPLEYATION WITH DIFFERENT ME1ALS,

No chromogenic reaction was found Lo Lale place belween nadolold

and  foltalel hydroithloride and all the melal sclutsrons L
niclel ;, manganese. ferric, lead, coppsyr, mercuric, certc

stannous, forroug, coball and uranyl  at elrome acrd pH

ed  vive
,  Jinc,
1.0) and

at pH 2.0 to &.0 bath tn cold and wiith heating. when reacted 1n

oguimolar proporlions. Timolol mealeale reccled witlh cers

solution and gave highly unslable bluo nolour.

¢ meial

Pindado!l gave posiiave reaclion wilh feviic and cerac melal

solubions. ceric melal solubion gave blue colour with 1k
was found to be unstable.f blue green coloured complex was
when pindolol was  Lrealed wilth forric chloride solul

presonce of O.1 N hydrochloric acvid zotulion. The A max

bui, 1l

formd

ions in

of Llhis



213

gplublion was found to be al &20 nm, aflry the solulion was healoed
for 10 minubes on Loiling waler bath. The calibration curve was
rectr ~lainear holvieen Fogol 120 Hasml. The proposed
speclbrophotomelric meithod is suivtable for estimabion of pindolol
bull powder and 1l: dosge forms.

A 1.2 COUPLING WINT DIAZOTIZED PRTHORY AROMATIC AMINCS.

MNo  chromogenic reaclion was found lo occur belwern pindolol,
Lrmolol waleate, nadolol and sobalol hydrochluride and all Lhe 172
primary aromalic  amincs Jamine acid:  tried viz. Antlaine, p-
nilroantline, p-chloro anilane, p—amine phenol. p-aiming benzm;c
acid, o-phenylene diawmine, p-toluidine, p-anisidine | sulfanilac

acid, sulfanilamide 4 -nitro-2-amino -phenol ~L—sulfonic acid  and
—amino 1~ naplhol -3-& disulfonic acad.
4.1.3 BEACTION WITH p - DIM THYL AMIMO BENZALDEHYDE .

Out of four ¥ blocliere tried only pindolod reacted wilh p -
dimethyl amino benzaldehyde and gave reddish purple coloured
complex wilth 2 max al 370 nwm. p-domelhyl  @amano benvaldehyde
reagenl  solulion Qas propared on 833 I w/v glacal acetmahc1d 3
hydrochloric a&cad and 1.5 nmoanules heating taime an boaling
walberbalh was  required Tor Che mgximum colour anlensity.  The
calibration curve was found Lo he oo linear in lhe range of 0.5

5.0 wi3/ml.  The method was found Lo be sensailive as well a:

preciee.

P PAR R b Aot - f

Uut  of four B bloclters lried oWhy pindolol reacted wilh
vanillin in concenbtraled Hel and gave reddish  coloured comples

g

wilh x max al 3520 mm. Thoe calibr ation curve was ob=zeog
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ve chbilinear 1 bhe range of 0.2~ 6.0 ug/mi. The usual tabledl
oxciplents did nol interlore with lhe resullie. The meilhod wac
fourd to be simple, rapid and censilive. ‘
4.1.53 Reactpo will sodium peracdale.
Of the four 0 biovcliers bLreated with sodium periodabte anly -

pindalol reacled with sodium periodale colulion 3n presence  of
G. 1IN hydrochloric acid solutbtzon wibh XA masd at 340 nm. Calibralion
curve  was rectilinear belween 70- 120 na/ml. The method was nol
sensilive az «compared to the melhod developed wilh p-dimebhyt

amno benzaldehvde or vanillan, though Lhe resulls of analysie of

mart el formulalions were compatrable wilh B.P. molhod.

A.1.6 REACTION WITH AMMONIUM ME1AVANADATE.

ar Lhe Tour F Bloclers tLreated wilh ammonium metavanadale only
mindolel  reacled walh ammonsny melavanadaie an 0.25N  sulphuric
actd wilh  farmation of blue colour. “The mavimun  absorbance  was.
ehsorved at &3% nm. The chanye 30 pH of Lhe medium did netl imp ove
Lhe melhod. The calibralion curve was reclilinear in Lhe range of
g-¢.4 ug/ml. TFThe melhod was found Lo be senciltive az well as
precise.

4.1.7 REACIION WITH 3,5 DIMITROBENZOYL CHLORIDE .

Pindolol,Tiwmolol Maleate,Madolol.and Golalol hydrochloride «ll
the {our ﬁ Eloclers reacted wailh 3.5% dymrlrobenroyl chloride 1w
pyridine. DMF was found to bhe a suilable solvent ralher Lhon
acetone. The absorbance maima was observel al 220 nm. The
calaibralion curve was found re clilinear in the'range of 10-&0

ug/mt, 4-24 ug/ml, FO-80 uasml and 2-230  pa/ml respeciively Tor

Pindolol. Timolol Maleate,Nadolol and solalol] hydrochloride. The



melhod was found Lo he gensitive and rapid.

4.1.8 REACTION WLIH [-FLUORD 2,9 RINLTRO REMZENE (DNFR) .
Paindolol. limolol Maleale,Nadolael and Solalol hydrochlorade

reaclerd wibth DNFER. The melhod was modified far Timolol
ifaleale,Nadolol and Sclalel hydrochloride. A1l Lhesc three druge
reachnd wilh DNFE 1n aqueous moedium, Where as Pindolol reoacted in
alcohelie medium. For Pindolol benzene was found Lo be a suilahle
salvent and Lhe maiwumum absorbance was observed al 415 am. Thnr
calibration curve was Tound lo bo recltilinear ain the range of 0. 1-
=0 MyZinl. For Madolol,Timolol Maleate and Solalel hydrochloridue
mazimum  absorbance  war  obseived al 270 nm, 270 nm oarat 490 nm
resperbively. (he calibration curve was-lfound Lo be reclilinear in
Lhe range of 0.8-48 ug/ml, 0.7-24 Ma/ml aund  O.6~0"4 g dml
respeciively for Timolol Maleale,Nadolol and Sotalol

hydrochloride.

4.1.9 REACTION WITH FOLIN-CIOCALTEY KREAGEMI .

Only Sotalol hydrochloride reacted with F-C reagent and  gave
blue colour wilh absorbance merima al 725 nm. In order Lo have
ma:simum sensitivily addilion of sodium carbonale preceding thatl of
' =C reagenl was neirc gl y. The calibralion curve was lfound Lo be
reactilinear 1in bthe range of 0.5-40 ug/inl. The proposed mebihod

vas  found to be ¢ ple, rapad, accurate and suilable Tor routane

analysis of Solalol hydrochloride in bult and do aye forws.

4.1.'0 RUACTION WITH ACETYL ACTONE Rhfrgl

Le
TN
ALl the four druygs were reaclbed wilh arelyl — aclone reagoent
wilh masamum akb.oor bance at 380 nm, 412 nm, 412 nm and 400 nm
respectively for Pindolol, Madeolol, Mimolol Maleale and Solalol

hydrochloride. The calibration curve wae found roectrlinear in Lhe

21
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range of 1-14 ng /ml, A-32 ung/ml,2-14 py/ml and  &-10 ua/ml
for Pindoelal, Timolol Maleale.Madolol and Solalol hydrochloride
respeclively. The resulls were comparable and molhod was found  tu
e gensitive and procise.

11 COMPLEXATION WITH DLITERENT ACIDIC AND BASLC DYES.

Gf  the 13 acidic and & basic dyes employed claton  yellow,
fluorescein sodium, melhyl red, eryihrosine and Lropaenlin 00 Jdid
nol react walh drug over a8 pH range of 8. The Lhree dyis namely
phenol red, sunsel yellow and tartracine did  react wibth drug:
subslances to Torm o0onpaire. However Lhe dafference hetweon
methanolic sotlulions of hlanl and sample wore nol d€screnible and
colour of wotganic eslract at 40 po/nd concenlralion was vary
Ilight. The remaining 5 dyes visz. Bromocresol green, hbromolhymol
bBlue, eriochrome bBlact 1, methyl orange and thymol blue exhibiied
ron palr reactions. Pindolol. Nadolol and Sobalol hydrochloride
teacled with Lrowolhywo) bLide while Paindeloel,laimeicodl Maleale and
Sotalol hydrovhitnride reacled wilh bromocresol green. Benzene and
chloroform weirco found Lo be suitable elraction seolvents fTor the
101 palrs. [on paire of Pindolol. Timolel Malpate and  Solaloel
hydrochlaer ide wilh  bromocreso] green dye geve &l absorplron
mayima &l 4142 nwm. The pH of oplimum comwplesaticor vwo o “ound Lo bo
1.0 for &1} Lhe 1Lhree compounds. Theo calsbration curve was
reaclilinear  bolween 4-54 ﬁ%c/ml, 2-32 ﬁéc/ml, 240 wiy/ml Tov
Findolol- Frwerbel Maleale and Sotalol hydrochloride with
bromocresol grueen- While 4-64 ug/ml, 2-32 wgfml, '3-&0 ua/ml fov
Pindolol, Madolol and Solalel hydrochloride wilh bromethymel blue.
Pindolol,Timolol Maleabe and Soeltalol hydrochloride gave ion  paav

compley wilh eriochrome blachk 7 with maximum absorbance &l 470 nm,

216
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220 o znd 240 nm orespecltively. Timolol Maleale alco reacted wilh
melhyl orange with absorbance madima al 412 nm. . The pH of  opl onum
complesdalion was found Lo be 2.7 for all compounds and chloroform
was Found to ke Lhe most suilable e.iraction solvent. Thoe
cat*bration curve was reoclailancar in Lhe range of 12-460 pg/ml  an
case of Puindolol and Miwnlol Maleals wilh  erivochrome blacl T oand
18-40 vg/ml iy case of Eotlaleol  hiydronohloride wilh oriochrome
Black T. The calibralion curve was reclilinear in Lhe range of &
40 g fml  an case of Tamolod Malewle wilh methyl orange.  The
proposed zpeclropholomeliric wmelhwd for Lhe deltermination of lLheso
F hlocters 18 sinple. rapid, reltiable and can be uwsed for the
routine analysis of bthese drungs in all their comwmon dosage forms.
nll the four B blocters gave 1on palr comples wilh crysilal
vialel gspecially in buffer solublion pH 3.0, Chloroform waz (ound
to be suitlable {for extralion. The absorplion masima was  obser ved
at, 380 nm  for all ;he Tour drugs. Calibrabtion curve wa~
rectilinear 1 Lhe reuge of ZO-200 ug/ml of all the Tour druge.
ALl Lthe [Tour P blocl ors behaved 1dentircally so lar as chloroform
cribracition wos concerned as well as Lheir Ama..
4. 1.12 SRECTROM I VORIMITRIC ETHOD FOR  THE LEUPrimaTLON OF F

HLOCKERL .

Bolalol  hydrochloride gave iotrinsic {fulorescence in pure
methanal &t 280 rmn excitalion wavelenglh and 310 nm as  emission
wavelengih. In 0.5 M sulphurit acid medium 2t gave excitalion
wavelengbh 27% nm oand 310 ne as emission wavelenglh. [Fluorescencw
intensily could be Jinearly cowpelated wilh conceniralion of
Sotalel hydrochloride from 1-40 ng/ml.

Alttempts Lo chelale the drugs wilh cupric 10onf 1n methanol at
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an  acidic pH wilh a view lo smidvce [luorezcence gave negalive
resultbs. Piridolel. Madolol and Sotalél hydrochlaoride wilh
roltassium  ferricyanide 1n melhanclic medium gave {flucrescence al
A0 nm, 275 nm oand 280 nm as excilalbion wavelonglh respeclively
and 210 nm as emizsilon wavelenyglh an case of all the three druge.
Flunrescence inkensily  could  he Tinearly correalatead witls
concenlralion of Pindolol from 10-&0 ng/ml for Nadolol {ypem  S-9{(
ng/ml and lor Sobalol hydrochluriwde from A-48 na/ml. The presenco
of any of the four druas tried &1 Llhe concenlralion of 40 Ha/mi
did nobt affect Lthe {fluorescence of 0.0/%% m/v solubian of gquininn
culphale.

Timolel Malvale exhibated remer! able quanching properly on Lhe
narulal Tluorescence of Tluerescemn 1n mebthanol, when measured
wilh 470 nm and 210 nm as Lhe excilalion and emission wavelenglh.
Inlerestingly enough Mindolol, Madolol and Solalel hydrochlioride
oxhibaled increase 1n Lhe 1ntensily of fluorescconce of
Pluorescein. when mesured with the 470 nm and S10 nm  as opbLmiatn
excitation and emrsgszon wavelenaglh for Paindoelol and Holalod
hwdrorhlioride whare ac oplimum eXcilbtation and emissien wavelenuylh
for Nadolol were 470 o»m ond 530 nm, besides increase in
fluorescence wntensily Lhe presence of Nadolol brought aboul
gqualitative change an lhe exciteation speclurm of  {luorc:cein.
Ercatation masima reltained at 470 nm where as emission WmE.LLiIna Was

shifted from H10 nm Lo 330 mm when conlatining 40 ng/ml gquantity

of Madolol. The yraphs of logaritiham of percontage ol
fluorpecence of fluorescein ve concentration of Timplnl Maleate
was recbilinear from Q. - 4.0 pg/mi. The graphs of percentage of

fluorescence of fluoiv cern or percentage 1ncrease of Tluurescence
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of fluorescain ve concenlrabiron of respective drugs pindolol,
Nadelol and Sotalol hydrochloride gave ractilinear relalion Ffrom
1-20 ng/ml.2-2% ngfwl et 2-25% 0 ng/ml. The me 1 hod worf.od
satisfactorilly Ffor Lhe estimation of all the commercially
available dosage forms of lhe respeclive drugs.

13 REACTIONS OF PINDOLOL .

Pindolol in acidic medium when Lrealed wilh sodium nitrite and
then wilblh N-f-napthyl elhylene diramine gave purplchIour wilh
absorbance mgxina al 540 nm. The calirbratlion curve was {ound Lo be
rectirlinear in Lhe range of 0.&4-40 uag/ml.

0. 14 m/v sclution of Pindoulol 3o -ulphuric acaid reaclted wilh
polassium  dichromale 1a sulphuric acid and gave blue colour wilblh
absorbance magima al &2& nm. The colibralion curve was rectilinear
in the range of 4-36 ug/ml.

Piridolol reacted with 1,2 Maplhoquipome 4-sulfonic acid afier
healing but Lthe colour was nolt stable and no sharp absorbance
maxima was oheerved.

Findolel alcw gave pant colour in the presence ef mixlure of
glacral acelic arid: hydreachloric acid 30510 on healing for &
minutes on boilinyg water balh . Slable pant colour with absorbance
meprima at B8O nm was obtained and recltilinear walibration curve
was oblained in the range of 4-40 ug/ml.

14 APPI [CATLON OF THE PROPOSED SPEATROPHOIOMERLC METHODS FOR

THE EG14r4110M OF BETA BLOCKERS IN BLOI(hai<e' 1 UUDS LIKE ERLOOD

AMND URIME.
The _proposed speclropholomelraic melhods have been applied to

estimate the quantily of Pindolol,Timelol Msleate,Nadoclol and



Golnatel hydrochlorade in the bioclogical fluids such as bleood and
urine. The recovery of Mindolol, Timelol HMaleate, Naxdelol and
folalol hydrochloride in blood serum and urine was saltisfaclory

(99.25%4,99.20%, 99.35%3%4 and 99.90%L) with the proposed melhod.

it

FREFORMULATION AND S1ARILITY STUDIES:--

=4
1.2.1 SBTARILITY OF PINONLOL, TIMUOLOL MALUEATE, NADROLDL AND  S0141.01

"HYDROCHLORIDE AT ELEVAIED 1EM7 i URE AS A& FUNCTION OF pH.

The pH dependant stabilily was invesligaled by subjuecbing Lhe
0.500% m/v golution of respeclive drugs within the pH range Z-&.
Mindolol, Timolol Maleabte, Nadolol and Sotalol hydrochloride gave
cxcellent stabalaty &l pbi oo pH4, pH7.4 and pHB respeclavey, 0l
temperature and  acidic pH are o Lronely delrimental te Lhe
slabilaty of Madolol.

4.2.2 SIABILITY OF PINDOLOL, TIMOLOL MALEATE, NADOLOL AND SOTALOL

HYDROGCUILOR

L.

WHEN EXPOSED TQ UV RADIATION.,

Of Lthe Afour beolablocler drug tried &11 Lhe samples were
affected by uv  light euposure and were degraded. In case of
fMindolol, Timolol Maleale, Mideulel and Solaloel hydrochleride  22%,
7%, 9% and 104 degradation respeclively was observed. Mhe
precence of sodium sulphile prevenled Lhe degradation of the drug
when suposed Lo uv radiration more bhen melhyl paraben bul in cases
of Findolel 21 ( godium sulphile ) produces colour formalion.

4.2.3 SrABLILETY OF PINDOLOL, TIMOLOL MALIATE, NADULOL AMD SOTALOL.

LIYDROCHLORIDE WITH DIFERENT TABLET EXCIPUIINMTS.

Sample of pure drug and their midlure in 133 proportion  wilh
dicalcium  phosphete, laclose and rcolleidal si1licon dionide
showed no signs of physical dfterioration even after 150 days ol

[
storage at RT, RT RHYSZ , 45 €, &0 C and &0 C RH7S% . All lhe four
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druy samples ashowed noliceable physical deleriovration wilh marze
slarch. Lalec and magnesium slearale al &0 C and &0 C RH 75%.

The Gthin layver chromalblogram developed with 3 different mobile
phazes and visualized vath evposure Lo i1odine vapour revealed lhat
the drugs did  reacl wath'carboxy mebhyl cellulose and sodium
Jauryl wulphalte gaving viongaled bande as againsl the < 1ngle  spol
obtained in case of pure drug substances. These Tindi.ngs were 1n
conformity wilh uv speclropholomelric assay values which
showed significant 1oeducliion in assay values in case of minlures
wilh itheee excrprenis. o

d.2.4  HIARILIVY

(F, £ides 0 TIMOLOL MALEATE, NADOLOT ot o L L

HYDROGHLORIDE WITH HYDROCH 01 11LAZIDE DIURETLIC.

Fach druag camples with hudrochlorihiazide 30 Lhe proportiorn 421
were mi.ed and stindied for slabilily. The samples af  Pindnlol.
Taiwmolol Maleale. NMadolol and Solalol hydrochloraide with
hydrochlorihiazide showed no »igns of deteri obation oven aflor
IS0 days of slorage al R1 and 45 C. ithe samples showed degradation
to  the extent of 8%, &%, &% and 9.5% wilhk Pindelel, Timolol
Maleate., Madolol and Solalel hydrudhdloride recpecltavely at 8 ¢ RH

5% aflter 150 days of siorage.

4.2.5% STABILITY OF D 1UD0N 0L, TIMOLOL MALEATL, NADOLOL AND' SO0ALOL

FYDROCHLORIDE 1ABLET AND SOLUTLONS OF [IMOLOL MALEATE AT ELEVATED

1EMPFRATURE AND/OR HUMIDITY.

The tablols of Timolal PMale. e, Madolol ancl Sotalol
hydrochloride daisplayed excollonlt physical sbahilily and tablels
zltored &t R, RT RII/B%. 4§ ¢ and &5 L remaaned while, anlacl
Lablets for 140 days of sabservalbtion. The ltable ol Pindelol

remained physically white anlart after 90 days at RT RH 752,RT,4E§

i

.



and &@}C. Tablels siored &l &0 C RH 75%% however showed noliceable

o
phyvsircal deleriorabion. AL RT R 754 4» C© and 68 C ahout 164, 0%

and  14%

degradation goivied reospectively at Lhe end of 150 doye

observalbtiton. - The tablels of Timolol Maleate,

hydrochloride showed 2%, 4Y  4.5%74 and 74, 164,

Madolol amd Solalel

15% degradatron  al

6dDC and 567C RH 75%% 1espechbively. The solublion of Timolol Malealb»

9
zhowed aboul 2% and 5% degradatbtron al 4% € and &d C resprotlively

aller 100 days. The sample gave 18Y amd 14,.%%4 degradation 1n  low

density

However

polvethylene conlainere

product: displayed very

stforage al ambieni Lenperalure.

& HPLC METUOD FOR TN, STARIILIL:

STURY. QI TIMOLOL MALEATE

al reepecltive slorage conditions.

good slabilily up to  180days of

M

|

A satisfacltory HIPLC melhod was developed {or The eslimalion of

Timolol
solvent .,

solubion

Malesxle ueun) methanol & acelomibrile 308920 as  Lhe

A plol of peal. area -7 7« of slandard Timolol Maleale

ve cuncentbrabion of Lhe ingected drugs was l1incar up Lo

-5 Ma/ml . The retlention Lime was found to

slability

resulls ohl.owldhy Lhis melhod were

mebhide This lype of euperaimoniz could not bo

drugs due

to only limtled avariability of Lthe

bhe 3.0% minutes. The
compgrable wilh uv
performed four otlher

vas brument.

-
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