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CHAPTER IV 
SUMMARY

Attempts were made' to dove] op several new analytical methods 

Tor estimation of bull' powder and common dosage forms of four 
selected p blocler (antihypertensives) drugs namely pindlol. 
timolol maleate, nadolol and sotalol hydrochloride.

Several pref o rmu lat i on experiments including stability as a 
function of pH and temperature and compatibility with several 

expipients at elevated i t „.p--rature and / or humidity worn Mjned 
for Lhoso drugs. Stability experiments were confined to the study 
of tablet f ortiiu 1 >-t : mu of all the four drugs and tipi ha] mi c 
formulation of tinflal maleate at elevated temperature and / 01

humidity.

4»1 DEVELOPMENTAL ANALYSIS
4.1.1 COM PL ELATION WIJ.H pi F rE_REN'l_ MET Al H.

No chromogenic reaction was found to t al o place between nadolol 
and sotalol hydrochloride and all the metal solutions tried viv. 
niclel , manganese, ferric, lead, copper, mercuric, ceric , cine, 
stannous, ferrous, cobalt arid uranyl at extreme acid pH (1.0) and 
at pH S.O to 8..0 both in cold and with heating. when reacted m 
equimolar proportions. Timolol mealeate reacted with ceric metal 
solution and gave highly unstable blue colour.

Pi nd r, i ,, | ,j(ive posifive reaction with feiiic and ceri c metal 
solutions. ceric metal solution gave blue colour with it but it 
was found to be unstable.A blue green coloured complex was fornitd 

when pindolol was treated with ferric chloride solutions in 
presence of 0.1 N hydrochloric acid solution. The ,A max of this
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solu ti on was •found to bo at &?0 nm, aftfi the solution was heated 

for 10 rrunulos on boiling water bath. The calibration curve wa>> 

recti •linear between E5- 1P0 >ig/m] . The proposed

spectrophotometrlc method Is suitable for estimation of pindolol 

bull powder and its dosge forms.

T-. 1 . P. COUPLING Will I DIAZ0T1 ZED PEtMARY AROMATIC AMINES..

No chromogemc reaction was found to occur between pindolol, 

timolol inal eat e, nadolol and sotalol hyd ro ch 1 u r ide and all the IfU 

primary aromatic aminos /amine acid: tried vis. Aniline, p-

ni troanil me, p-chloro aniline, p-amino phenol. p-amine benzoic

acid, o-pheny I one diamine, p- lolu id i no, p-amsidme , sulfaniJic 

acid, sulfanilamide 4 -ni tro-2 -ammo -phenol ~C~sul I'om c acid and 

8-ammo 1- napthol - 3~6 di sulfonic acid.

4.1.3 REACTION WITH £ - JlitiLUtYL AMINO BENZ ALDEHYDE..

Out of four p bloclers tried only pindolol reacted with p 

dimethyl ammo benzaldehyde and gave reddish purple coloured 

complex with X max at 570 nm, p-dimethyl ammo bonxaldehyde
reagent solution was prepared in 85s ||> v/v glacial ace 11 <_|ac id s

hy'd r o ch 1 o r i c acid arid 1.5 minute1. heating time m boiling 

waterbath was required for the inqximum colour intensity. the 

cal i bration curve was found tc* i>e - rr < < 1 inear m the range of O.1-'- 

5.0 jig/ml. The method was found to be sensitive as well a;

precise.

4. 1.4 REACT ION WITH VANILLIN.

Out of four p bloclers tried oTMiy pindolol reacted with 

vanillin in concentrated Hcl and gave reddish coloured complex 

with X max at 5B0 rim. Thu calibr nation curve was obsi-'i
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re .rtihnear m the range of 0.2- 16.0 jig/ml. The usual tablet 
excipients did not interfere with the results. The method was 
found to be simple, rapid and sensitive.

<1.1.5 Re.act.i_u>' iqdjum per lodate .
OP the four 0 binders treated with sodium periodate only 

pindolol reacted with sodium periodate solution m presence of 
0. 1N hydrochloric acid solution with A max at 5d0 nm. Calibration 
curve was rectilinear between 70-120 >ig/ml. The method was not 
sensitive as compared to the method developed with p-dime thy I 
ammo bcnzaldehvde or vanillin, though the results of analysis of 
inarlet formulations were comparable with B.P. method.

4.1.6 RLACT3 ON WITH AMMONIUM ME1 AV ANADATE..
Of the four p bloclors treated with ammonium melavanadnto only 

pindolol reacted with ammnn j iih metavanad-ote m 0.25N sulphuric 
acid with formation of blue colour, “the maximum absorbance wav 
observed at 635 nm. The change in pH of the medium did not improve 
the method. The calibration curve was rectilinear m lh*» range of 
4-64 jjg/ml. the method was found to be sensitive as well as 

precise.
4.1.7 REACT JON NITH 3,5 DJNITROHENZOYL CHLORIDE.

Pindolol,Timolol Maieate,Nado1o1.ami Oolalol hydrochloride all 

the four p bloclers rc-acted with 3,5 di m troboni/oyl chloride m 
pyridine. DMF was found to be a suitable solvent rather then 
acetone. The absorbance mamma was observed at 520 nm. The 
calibration curve was found re. ctilinear m the‘range of 10-60 
pg/ml. 4-24 jjg/ml, 20-80 pg/ml and 2-30 jig/ml respectively for 
Pindolol. Timolol lialeate ,Nadolol and sotalol hydroch londe. The
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method was found to he sensitive and rapid,

4.1,8 REACTION WITH I-FLUOR 0 2*4. DIM I IRQ BENZENE XfiNF/3) ..

Pindolol ,1 iniolol Maleale,Nado3ol and Sotalol hydrochloride 

reacted with DNFE-t. The method was modified Par Timolol 

Maieate, Nadolol and Sotalol hyd r o ch 3 or ide . All these? three drugs 

reacted with DNFB m aguoous medium, Where as Pindolol reacted in 

alcoholic medium. For Pindolol benzene was found to be a suitable 

solvent and the maximum absorbance was observed at 415 nm. The 

calibration curve was Pound to bo rectilinear m the range oP 0. 1-- 

20 jujAnl. For Nado 1 o 1 , Timo 1 o 1 Maieate and Sotalol hydrochloride 

maximum absorbance waf obseivod at 270 nm, 370 nm and 400 nm 

respectively. The calibration curve was-Pound to be rectilinear m 

the range of O.S-48 jig/ml , 0.2-34 jutg/ml and 0.6-24 jig'nil 

respectively Por Timolol Maieate,Nado1o1 and Sotalol 

h yd r o c h 1 o r l d e .

4. 1.9 REACTION WITH F0L1N-C1QCALT E-U REAGENT^.

Only Sotalol hydrochloride reacted with F-C reagent and gave 

blue colour with absorbance mamma at 725 nm. In order to have 

mammum sensitivity addition oP sodium carbonate preceding that oP 

T -C reagent was ntu . scpy. The calibration curve was Pound to he 

reactitinear m the range oP 0.S-40 jig/ml. The proposed method 

was found to be e.i pie, rapid, accurate and suitable for routine 

analysis of Sotalol hydrochloride m bull and do>age forms.

4. I. >0 REACTION WITH ACEJYL ACJOJNE RKAul N| .

All the Pour drugs were reacted with acetyl^ jactono reagent 

with mammum aly.oi banco at 350 nm, 4 12 nm, 4 12 nm and 400 nm 

respectively Poi Pindolol, Nadolol, Timolol Maieate and Solalol 

hydrochloride. The calibration curve was found null linear m the
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range of 1-14 jig /ml, 4-32 jig/ml ,2- 16 jig/ml and 8-1G jjg/rnl 
for Pindolol, Timolol Maieate.Nado1 a 1 and SoLalol hydrochloride 
respectively. The results were comparable and method was found to 
be sensitive and precise,

4.1.11 COM PLE XAJI ON WITH bXITHRENT ACIDIC AND BASIC DYES
Of the 13 acidic arid 6 basic dyes employed claton yellow, 

fluorescein sodium, methyl red, erythrosine and tropaeolin 00 did 
not t eact with drug ovei a pH range of I--S. The three dyet namely 
phenol red, sunset yellow and larlncme did react with drug: 
substances to form lonpairc. However the difference between 
methanol ic solutions of blanl and sample were not dfjscrfiuble and 

colour of organic extract at 40 jjg/ml concentration was v4r^ 
light. The remaining !5 dyes vie. Bromocresol green, broinolhymo l 
blue, eriochrome blact T, methyl orange and thymol blue exhibited 
ion pair reactions. Pindolol. Nadolol and Sotalol hydrochloride 
reacted with hroinothymo3 blue while Pindolol,1imo*ot Maleate and 
Sotalol hydrorhI oride reacted with bromocrosol green. Benzene and 
chloroform weic found to be suitable extraction solvents for the 

ion pairs. Ion pairs of Pindolol. Timolol Male.* to and Sotalol 
hydrochloride with hroruocresol green dye g,tvc <m absorption 
maxima at 4 12 nm. flu- pH of optimum coiuple:;ation vr _ “omid to bo 
1.0 for all the three compounds. Tho calibration curve was 
reaclilmear between 4-56 tfrgc/inl, 2-32 mgc/ml, 2-40 jxg/ml for 
Pindolol- I ii;i ■ i i o 1 Maleate and Sotalol hydrochl oride with 
bromocresol green- While 4-64 ;ag/ml, 2-32 jig/ml, '5-60 jig/ml for 
Pindolol, Nadolol and Sotalol hydrochlor ido with bromothymol blue. 
Pindolol,Timolol Maleate and Sotalol hydrochloride gave ion pair 
complex with eriochrome blacl 1 with maximum absorbance at 470 nm,
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520 in. snd 540 nm respectively. Timolol Maleate also reacted with 

methyl orange with absorbance maxima at 4 12 nm. .The pH of optimum 

complelation was found to be 2.2 for all compounds and chloroform 

was found to be the most suitable extraction solvent. I" ho 

calibration curve was rectilinear in the range of 12-60 jjig/ml in 

case of Pindolol and Timolol Hal oats with eriochrome blacl T and 

12-40 pg/ml in case of Sotalol I j y H >- o t !, 1 c> r i d e with eriochrome 

blacl T. The calibration cuivu was rectilinear m the range of 2 

40 j.jg/ml in case of Timolol Maleate with niothyl orange. The*

proposed =pectrophotometric method for the determination of these 

p binders is simple, rapid, reliable and can be used for the 

routine analysis of those drugs m all their common dosage forms.

All the four p bloders gave ion pair compl ex with crystal 

violet especially m buffer solution pH 2.0. Chloroform was found 

to be suitable for extration. The absorption maxima was obses vc*d 

at '580 nm for all the four drugs. Calibration curve wa'

rectilinear in the range of 20-200 jjg/ml of all the four drugs.

All the four p bloclurs behaved identically so far as chloroform 

extraction was concerned as well as their 

4.1.12 SPEC TROPI 111 I OF I UOR IMl-I TR 1C METHOD FOR .THE ESTIMATION OF. 

HLOCKERO.

Sotalol hydrochloride gave intrinsic fulorescence m pure 

methanol at 280 nm excitation wavelength and 210 nm as emission 

wavelength. In 0.5 M sulphurii acid medium it gave excitation 

wavelength 275 nm and 310 nm as emission wavelength. Fluorescence 

intensity could be linearly correlated with concentration of 

Sotalol hydrochl oride from 1-40 ng/ml .

Attempts to chelate the drugs with cupric ions m methanol at
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an acidic pl-l with a view to induce f J uores cence gave negative 

results. Pindolol. Nadolol and Sotalol hydrochloride with 

potassium ferri cyanide m methanolic medium gave ■fluorescence at 

P/O nm, 275 nm and 2S0 nm as excitation wavelength respectively 

and 310 nm as emission wavelength m case of all the three drug'. 

Fluorescence intensity could Jbe linearly correalated wi tli

concentration of Pindolol from 10-60 ng/ml for Nadolol f$fpm 5~’>0 

ng/ml and for Sotalol hydrochloride from 4-48 ng/ml. The presence1 

of any of the four drugs tried al the concentration of 40 >ig/ml 

did not affect the fluorescence of 0.0P'5% m/v solution of quinine 

su1phate.

Timolol Hal rate exhibited romerlable qnanching property on tho 

narulal fluorescence of fluorescein in methanol, when measured 

with 470 nm and 510 nm as the excitation and emission wavelength. 

Interestingly enough Pindolol, Nadolol and Sotalol hydrochloride 

exhibited increase in the intensity of fluorescence of

fluorescein. v»hen mesured with the 470 nm and 510 nm as optimum 

excitation and emission wavelength for Pindolol and Sota'ol 

hydr orhlonde where at optimum excitation and emission wavelength 

for Nadolol were 470 nm mid 530 nm, besides increase m 

fluorescence intensity tho presence of Nadolol brought about 

qualitative change in the excitation specturm of fluoroicein. 

Excitation maxima retained at 4/0 nm where as emission mexuna wa-, 

shifted from 510 nm to 530 nm when contatinmg 40 ng/ml quantity 

of Nadolol. The graphs of logaritham of percentage of 

fluorescence of fluorescein vs concentration of Timolol Maleate 

was rectilinear from 0. I - 4.0 jtg/ml„ The graphs of percentage of 

fluorescence of flucn i" cun or percentage increase of fluorescence
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of fluorescm vs concentral ion of respective drugs pindolol, 
Nadolol and Sotalol hydrochloride gave ractilinear relation Prom 
1-20 ng/ml,2~25 ng/i.il and 2-25 ng/ml. The method worl.ed
satisPactorilly for the estimation of all the commercially 
available dosage forms of the respective drugs.

4.1.12 REACTIONS OF PINDOLOL.
Pindolol in acidic medium when treated with sodium nitrite and 

then with N-~ 1-napthyl ethylene diamine gave purplejcolour with 
absorbance maxima at 540 nm. The calibration curve was found to be 
rectilinear in the range oP 0,64-40 /ig/ml.

0.1% m/v solution of Pindolol in -ulphurit acid reacted with 
potassium dichromate in sulphuric acid and gave blue colour with 
absorbance maxima al 626 nm. The calibration curve was rectilinear 
m the range of 4-36 jjg/ml.

Pindolol reacted with 1,2 N&pi liuqu inone 4-sulfomc acid after 
healing but the colour was not stable and no sharp absorbance 
maxima was observed.

Pindolol aim gave pin! colour m the presence a| mixture of 
glacial acetic and! hydra chloric acid 30S10 on heating for 8 
minutes on boiling water bath . Stable pm! colour with absorbance 
maxima at 580 nm was obtained and rectilinear calibration curve 
was obtained m the range of 4-40 jig/ml .

4.1.14 APPI tCATLQN OF THE PROPOSED SPEflTRQPHQ1 ONE fR 1C METHODS FOR
THE ES ! j HA i ION OF BETA BLOCKERS IN B1HI fiv.1 C£b i ! U l PS LIKE BLOOD 
AND URINE.

The .proposed sped t- ophotometr l c methods have been applied to 
estimate the guantity of Pindo1ol,Timolo1 Maieate,Nadolol and
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Sola I <> I hydrochloride in the biological fluids such as blood arid 

urmo. The recovery of Pindolol, Timolol Maleate, Nadolol and 

Sotalol hydrochloride m blood serum and urine was satisfactory 

< 99 . 357, 99.90%, 99.35”/- and 99.907.) with the proposed method.

A . 3 PREP URMULAT ION ftND STABILITY STUDIES ° —

i-EjJL STABILITY OF PINDOLOL, TIMOLOL MALEA TE, NADOLOL AND bO'IAl.OI. 
HVDROCHLORJDF AT ELEVAT ED iTflpr iv.i UPL AS A FUNCTION OP pH.

The pH dependent stability was investigated by subjecting the 

0.5007 m/v solution of respective drugs within the pH range 3--S. 

Pindolol, Timolol Maleate, Nadolol and Sotalol hydrochloride gavo 

excellent stability at pH L- pl-M, pH7.4 and pH5 respectively, l-L ..C, 

tempt-rature and acidic pH are ttvi.iu’y detrimental. to the 

stability of Nadolol.

4.3.3 SI ABILITY OF PINDOLOL*. TIMOLOL MALEATE, NADOLOL AND SOTALOL 

HYDROCHLORIDE WHEN EXPOSED JO UV RADIATION..

Of the four botablocl ei drug tried all the samples were 

aTfected by uv light exposure and were degraded. In case of 

Pindolol, Timolol Maleate, Nadolol arid Sotalol hydrochloride 

P>7., 97 and 107 degradation respectively was observed. The

presence of sodium sulphite prevented the degradation of the drug 

when exposed to uv radiation more then methyl paraben but m case 

of Pindolol it ( sodium sulphite ) produces colour formation.

4.E.3 STABILITY OF PINDOLOL, TIMOLOL MALEA HE, NADOLOL AND SOTALOL 

IIYDROCHLORIDE WITH D1FFRENT TABLET EXCIPilINTS.

Sample of pure drug and their mixture in 1 s5 proportion with 

dicalcium phosphate, lactose and colloidal silicon dioinde 

showed no signs of physical d£ter location even after 150 days of 

storage at RT, RT RH757 , 45 C, 6(3 C and 60° C RH757. . All the four
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drug samples showed noticeable physical deter:oration with maize

</ ostarch, talc and magnesium stearate at 60 C and 60 C RH 75%.

The thin layer chromatogram developed with 3 different mobile 

phases and visualized with exposure to iodine vapour revealed that 

the drugs did react with carboxy methyl cellulose and sodium 

lauryl sulphate giving elongated bands as against the < ingle spot 

obtained in case of pure drug substances. These findi_ngs were in 

conformity with uv speclrophotometric assay values which

showed significant induction in assay values m case of mixtures 

with these exiiplants,

'1.2.4 hi APILl'l V UF f dr 'i i' / w' _ TIMOLOL MALEATF^ NADruCr ."inn _iL

I-IYDRUCHLQRIDE UITH HYPRUCI-II Oh' 111LAZ1DE DIURETIC.

tarh drug samples with hydroch1orthiazide :n the proportion 4" 1

were mi,.ed and studied for stability. The samples of Pindolol.

Timolol Maleate. Nadolol and Sotalol hydrochloride with

hydrochlorthiazide showed no signs of deteri i olTation even after

oISO days of storage at RT and 45 C. the samples showed degradation 

to the extent of 8%, 6%, 6% and 5.57. with Pindolol , Timolol

oMaleate, Nadolol and Sotalol hydrochloride respectively at 60 C RH 

75% after 150 days of storage.

4.2.5 STABILITY OF I'lNDfH <U., TIMOLOL MAL E ATL_ NADOLOL AMI'1 BOT ALQL

HYDROCIiLOlUDE T ABLE f AJND SOLUTIONS OF riMOLOL MALEATE AJ ELEVfl l~El) 

TEMPFRATURE AND'OR HUMIDITY.

The tablets of Timolol Main,te, Nadolol and Sotalol

hydrochloride displayed excellent physical stability and tablets
o o

stored at HIT, RT RH757. 45 C and 60 C remained white, intact

tablets for 160 days of observation. Fhe table of Pindolol

oremained physically white mtarl after 90 days at RT RH 75%rRT,45C
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and 60° C. Tab]els stored at 60 C RH 75% however showed noticeable

o iQ

physical de lerlocation» At RT HI I 75% 45 C and 60 C about 16%, 10%

and 14% degradation ot»ui*-d respectively at the end of 160 cb.ys

observation.- The tablets of Timolol Maleata, Nadolol and Sotalol

hydrochloride showed 2%, A*/ 4.5% and 7%. 16%, 15% degradation at

o o60 C and 60 C RH 75% i espec Lively. I'lio solution of TimoLoL Ha lea to
o o

showed about 2% and 5% degradation at 45 C and 60 C r os |<t < 11 ve 3 y 

after IO0 days. Tho sample gave 12% and 14.5% degradation m low 

density polyethylene containers at respective storage conditions. 

However products displayed very good stability up to 180days of 

storage at ambient temperature.

.2.6 HjPLC METHOD FOR Till; SfADIIJf 1/ GTU0Y UJ-; JIHOLOL HALEA fE.

A satisfactory HRLC method was developed for the estimation of 

Timolol Malealo uc unj methanol s acctom tri Is 50s50 as tho 

solvenin. A plot of peal, area = of standard Timolol Mai eate 

solution vs concentration of the mjerted drugs was linear up to 

1-5 ^ug/mJ . The retention time was found to bo 3.09 minutes. The 

stability results obLuwflJhy this method were comparable with uv 

method. This type of experiments could not ho performed for other

drugs due to only limited availability of the instrument.


