i

44

CHAPTER 11
Ty . chaptor descraibes the varitous wmalyatical melhods proposed.
Lhe equipmentc g 1o s involved Lherézjjn ard  rrilically
discus 0 T scope, merits and demerits  of te - prvaoposed methods

vis & vis- ana’ )t:cal woelhods publaished so far.

COMPLEXALLON WOl DERFERENT MEFALS 2

The published Jiteralure 4.0 60t reveasd any analylbieal o Tia !
vnvolyving mobal compleratior & b e -Limatbion of p~bloclers 1
gueslion « The efforls wo, hoo made Lo develop <

catva epsbyie melhods of esbamcd ron of tTheoose drugs using moebal

vomplexalion .
PUAGENTS &
13 0.0028 M stiesw-d -~ Puotron of pindolol an & ug ey “

mobhanol and waler (183).

) 0.0025% M standrast 700 0 af Limolol maleate v wainy

3 0.0025% M standard solulbion of nadolobh in walter.

4} L.00S M gstandard solulron ol ~ar 05 hydrochloride 11
waler.

) 0.1 N hydrocholorsec acad.
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&) Mc Ilvaine citrate — phospate buffer pH 2.0 - 8.0

7) 0.0025 M Nickel chlorade solqtlon in water .
8) 0.0025 M Manganese chloride solulion i1n water.
2 0.00HN M Ferric chloride solulion in water.
10) 0.002% M Lead nitrate solution in water.

11} 0.007% M Copper sulphate solulion in waler.
12) 0.0025 M Mercuric thloride solution 1n waler.
13) 0.0025 Ammonium ceric sulphate solution in watler.
14) 0.0025

7inc sulphate solution in watler.

183 0.0025 Stannous chlorid solulion in water.

X = =2 =

16) 0.0025 Ferrous sulphale {(exhiccalted) in water.
17} 0.0025 M Cobalt nitrale solution in watler.

18) 0.10% m/v Uranyl zinc acelate solulion in water.

EXPERIMENTAL PROCEDURE :

To separale tubes cointaining Zml of Pindolol / Timolol maleale
/ Madolol / B8otalol hydrochloride solution 2ml of 0.1 N
hydrochloric a&acid or Zml of Lulfvr pH 2.0 were added. To each
tube 2ml of different metal soloubtiun was added and Lhe colour
formed 1f any was compared with an appropriale reagenl blank
prepared simultaneously both when cold and after healing on a

boiling water bath for 2 — 5 minutes .

III) RESULT AND DISCUSSION &

No chromogenic reacltion was found to take place belween Nadolol
and Sotalol‘hydrnchlorlde and all the metal solubion Lried
viz. nickel, manganese, ferric, lead, copper, mercuric, ceric,
zinec, stannous, lerrous, coball and uranyl at euxtreme acid pH

(1.0} and at pH 2.0 to 8.0 bolh when cold and wilh heating. No
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difference 1in appearance of sample and rexgent blanl® solutions
were indicated when they were mixed in equimo}ar proportion,
Pindolel gave pocitive react:onlwith ferric and ceric melal
solutions. With ceric metal sclution it gave bhlue coloué which was
found to be unstable. With Terric metal solution it gave blue

green colour on heating and the reaction was studied in detail and

reported in 2 V-V

Timolol m+lealte also reaclted wilh ceric melal solutlion and gave

highly unstable blue colour.

5 -
Z.1.1 REACTION DOF PINDLOL WITH FERRIC 1ONS :
' 1

— T ———— W——— S —————CTo  SRt———— oo

#1

a) EQUIPMENT :
Systronics UV vasible spectruphotomet®w model 108.
h) REAGENIS 2
1) 0.110 % wm/v panddlol =olution in 0.1 N hyd;ochloric acid.

2y 0.002% M ferric chloride «olution in water.

3) Me Ilvaine citrate — phosphate buffer pH 2.2 - 8 77
s (refer table 2.1) “
4) 0.1 M hydrochloric acid.
) EXPERIMENTAL PRUCTDURE £
1) Determinaltion of oplimum pH.
To separale tubes ruintaining 2Zml  of pindolol solulion

gml of O.1 N hydrochloric acid (pH 1.0) or 2Zml of buffer(pH
2.2~-8) was added followed by 2ml of ferric metal solution. The
coqﬁ?nts were healted on boiling water hath for 5 minutes. Cooled
and diluted to volume wilth water. Exlincition of blue dreen color

was measured al 620nm againsl appropriale reagent blank prepared

simultaneously.



Table 2.1
59
Composition of citrate Phosphale buffer (Mc Livaine)
pH Sodaum Phasphate Citric acid
Na HPO .12.H O CHO ..HDO
z2 4 Z g/L 6&87 2 g/l
2.2 1.4 20.6
3.0 14.7 16.7
4.0 27.56 12.9
5.0 36.9 10.2
6.0 45.2 7.7
7.0 59.0 2.7
8.0 69.7 0.58
2. DETERMINATION OF OPTIMUM HEATING TIME

Zml of standard pindolnl solulion was added Lo B seperale 50ml]
calibrated flasks. To each of these flask 2Zml of 0. 1N
hydrochloric acid solution followed by 2ml of ferric chloride
solution were added. One flast was kept in cold and the remaining
flasts were heated for 5, 10, 15 and 20 minules on boiling water
bath, cooled and dailuted to volume. Absorbance was measured at
&20mm againsl  appropriate reagenl blank initially and then al
itntervals of 5 minules.

PREIARATION OF CALIBRA110ON CURVE 3

Different aliquots of stlandard pindolel solubion (0.2 to 5.0ml)
were Lransfered 1to seperate 50ml calibrated flast 2ml of OJ1IN
hydrochloric acid was added followed b§ 2ml of ferric chloride
solution. 1he flasls were Lhen loosely stoppered and heated on
boirling water bath Tor 10 minultes and rapidly cooled Lo toom

temperalure and dilnled to volume. Absorbance of Lhe blue green

147
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colour formed was measured at &20nm agarinsti Lhe appropriale reagent
blank. The calibration curve was prepared by ploling absorbance
versus concenlration of pandolol ¢ pg/mld.

ESTIMATION IN TABLEIS :

A quanltity of the mixed contents of ?O(Lab1w1s gquivalent to 10mg
of pindolol was shaken with ES_mf of 0.1 N hydrochloric acid Ffor
10 minutes. The solution was fillered and volumed made up to 50m).
Aliquots of Lhis solubion after dilutron were taken and the colour
developed and measured as described under calibration curve.

REASULT AND DISCUSSION ¥

When pindolol solution was healed wilh Teri it ¢hloride solutlion
& blue green colour comple: was formed . The '\ max of this
solution was found to be &Z0nm (figure Z.1). The reagenl blank was
found to be almost colourless. The maximum absorbance was oblained
wilh 0.1 N hydrochloric acid soclulion.

The resulis (table R.2) showed thal masximum colour develop - ment
ocecured after 10 minutes heating with 0.1 N  hydrechloric acid
which remained stable up to B0 minutes (Lable 2.3), however
heating on a boiling water balh greatly fqcilitatled the colour
development wilh colour and absorhunce increasing up to 10minutes
of heating. Increase of the healing taime beyond this decreased ihe
colour intensity.

Calaibralion curve was reclilanear belween 25-120 pg/ml (figure
2.2) at 6Z0nm. Extinclion was measured al this wavelenglh because
the absoplion maxima war Tound to be well defined. It was found
that vrecovery data obltained in case of bulk powder and dosage
forms varied belween 99.2 and 101.04 . Reprodicibilily of roeosultls

was checked by analysis of each tablet formulation 5 times.
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The study of table 2.4 and 2.5 indicates Llhat Uhé propbsed

<

speclrophotomeltric method 1s suliable lor estimalbion of ~grndoloi

’

bult powder and ats dosage forme. The resulls obiained are
comprable tlo B.P.Bmethbd noLerar wl atcuracy and precision. The
wethod is simple rapid and reliablc =l o0 be adopled for tUthe
purpose of routane analycirs ol pingdolol and 1ts dosage forms. The
usual tablel excipienls did not interfere wilh the procedure.

Table 2.2

Fffecl of heating time on complexation of pindolel wilh ferr:c 10n.

Heating time in minules Absorbance ~1 &80
0 ' 0.193
5 0.312
10 0.350
15 0.340
20 0.310
Table 2.3

Determination of stability of pindolol - Ferric complex al &20 nm

i i s s g sl Lot st PR [T ——. G e o ot S St et S0 B bt L ot a8 S S Bt e Mt S S ol ot i S Sl i S S M o bt ohme

Time in minules Absorbance
0 0.350
5 0.3%0
10 0.1349
15 0.330
20 0.351
25 0.350
30 0.3350

35 0.348



40 0.345
50 0.300
&0 0.25
Table 2.4
Fstimation of pandolel and 1ils dosage form> by ferric a1on
complexalion method
___________________________________________________ g_*~*‘~_,”
Sample Proposo:d moethod B.P. method
Assay Sid.dev Rusay td.dev
Bullk powder 99.80 +0.50 29.'30 +0 .62
VTablet 1,5 mg 100.52 +0.56 100. 10 +0.65
Tablet 2,5 myg 100.13 +0.50 97.80 +0.b64
Tahle 2.5
Optiecal charw.leoristic, precision and accuracy of the proposed
method fTor pindolol.
Cpata " Result
~Nmax (nm)d &2
Calibrabtion curve limibl( pg/mi) a5- 120
Molar Absorplivily (1amole*1. cm—1) 2.48 X 103
Sandril®s sensitivity ( pg/cm8/0.001
absorbance 1w l) 0.025
Regression enqualion (mx+b) = y
slupe = m 0.01
interceplt = b 0.12'%
C orrelation Coeffrcient (r) 0.9%98
E.é COUPLING WITH DIAZOTIZED PRIMARY AROMATIC AMINES
The roveal any analytical melhod

publaished literature did not
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involving coupling of these drug subslances with diazotized

primary aromatic amines. fhis stimulated the intercrst Ffor

investigating of this aspect.

REAGENTS =

1. 0.10%4 m/v solution of pindolol in O.1M hydrochloric acid.

2. 0.104 m/v solution of timolol mealeale in water.

Z. 0.104 n/v solution of nadolol in water.

4, 0.104 m/v solution of sotaolol hydrochloride 1n water.

5. 1.004 m/v solution of Sodium nitrite.

. 15,004 m/v solution of Sodium hydroxide,

7. 0.10% v/v =solution of Aniline in N hydrochloric acid.

8. 0.10%4 m/v solution of P-Niltro aniline in‘ N hydrochlor:ic

2. 0.10% :;id;olutian of P-Chloraniline in N hydrochloric acid.

10. 0.10%4 m/v solution of P-Aminophenol in N hydrochloric acid.

M. 0.104 m/v solution of P-Aminobenzoic acid in N hydiuvchloric
acid.

i2, 0.10%4 m/v sclution of O-Phenylene diamine i1n N hydrochlorice
acid.

13. 0.190% m/v solution of P-Teluidine in N hydrochloric acid.

14.‘ 0.10%4 m/v solution of P-Anisidine 1n N hydrochloric acid.

15. 0.10%4 m/v solution of Sullanilic acid in N hydrochloriec acaid.

16. 0.10%4 m/v solution of Sulfanilamide in N hydrochloric acid.

17. 0.10%4 m/v solulion of 4-nitro-2-amino-phenol—&—-sulfonic acid
in N hydrochloric acid.

18, 0.104 m/v solution of 8—-amino—-i-napthol-3,6-disulfonic acid

in N hydrochloric acid.

EXPERIMENTAL PROCEDURE

% ml of Sodium Nitriite selution was added Lo separate tubes

o2
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containing 5 ml of respeclive nmine solution, cooled in an dce
bath for 10 minutes Lo facilitate diazotizalion. To this was
added 5 ml of each of the drug 1 olutieon and colur found if any ware
compared with an apprqpariate reagent blank prepared
simultaneously, before and afier addition of 3 ml of Sodium
Hydroxide solution, added slowly and under continuous observalion.
Ii1) RESULT AND DISCUSSION

Mo chromogenic reaction was found to occcur between pindolol/
timolol maleale/nadolol/sotalol hydrochloride and all thé 12
primary aro&atic amines/amine acids tried as 1indicaled by no
difference in apperance of sample and reagent blank soclutions.
Eefore ithe addition of Sodium Hydroxide, the colour of Lhe sample
and balnks were eilther colorless or yellow depending upon the
tolour of diavolized amine under testl. When Sodium Hydroxide
solution was added Lo render Lhe solution alkaline to facilitate
any probable coupling reaction with the drug substance, no colour
change occured until aboulbt 3ml addition, bul when Lhe volume of,
allali esceeded 3ml, hydrochloric acid in the medium was
neulralized and drug samples were precipilaled resulting in
while/yellow ~ orange turbid sample as against colourless/yellow

- orange coloured blant solutions.

£.3 REACTION WITH P-DIMETHYL AMING BENZALDEHYDE

fhe published literature did not reveal any assary method for
pindolel/timolol  malestes/nadolol/solalol hydrochliornde  involving
the p-dimeithyl amino benzaldehyde or such other aldehydes.
Experiments were Jraigoed Lo explore the possiblaly of any such

reaction.
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REAGENTS

1. 0.10% m/v solution of pindolel in O.IN hydrochloric acad.

2. Q.104 m/v solution of timolol malrate in waler.

2. 0.10%4 m/v solution of nadolol in waler.

4. 0104 m/v solution of sotalel hydrochlorid in water.

. P-dymelhyl amino bencaldehyde (PDABRY reageni:
10 mg of P~dimelhyl amino benzaldehyde 1n 150 ml mixture of
glacial acelac acad ¢ hydroclorid acad (8049 v/v).

b. 5.004 m/v solution of ferric chloride.

7. 0.1 N hydrochlorac acid.

EXPERIMENTAL PROCEDURE .

& ml of PDAR reagent was added Lo scperate tubes ronlaining 2
ml of the respecbtive drug solution, The contenls were Lhoen heated
on  bulling walter bailh {for two minule«, cooled and diluted wilh
0.1NM hydrechloric acid solution. The Lubes were examined as such

and ~flter addition of 0.2ml of fTerric chloride solution.

RESULLL &ND DISCUSSLON

The contents 1n  each tuhe were colourless exceplt that of
pindoinl before ferric cloritde addition and remained colour;ess ar
turned to aust light yellow green both in sample and blanb  Llubos
on addition of Fferric cleoride solution. In case of pindolol
raddrsh  purple colour was observed before addation of forric
cloride and aftor addiifion of ferric cloride no change was

obeserved 1n Lhe colour. The reaction of pindeolo) with P-dimelhyl

amine benzaldehyde was promising and a sensibive melhod was

developed based on 1l described below.
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iv)

Vi

REAGENTS

1 REACTION OF PINDOLOL WITH P-DIMETHYL AMINO BENZALDEHYDE.

EQUIPMENT & BRausch and lomb "specltronic 20" speclrophotomeler.

—

1. 10 mg of pindolol in S0 wl of O.1IN hydrochloric acid
solution (standard solution).

2. 10 mg of P-dimethyl amino benzaldehyde 11 150 wml mixture of
glacial acelic acid & Hydrochloirec acid (83215 v/v).

X, 0.1N hydrochlorac acid.

EXPERIMENTAL. FPROCEDURE &
Prepgration of calibraltion curve
fin alrquet of standard soclution of pindelol (5 ug 1Lte 30

ugl) was transfered tn Lo 10 ml volumelric Flask and 4 wl ol  PDAR
reagenl was added. The countenis werc Lhen heated on & bheoling
water bath for 1.5 minulbtes, cooled and diluted to the mart witlh
Q.1IN  hydrochloric acid. The absorbkqanc was measured at 570 nom
against Lhe reagenl blant prepared in a similer manner by
replacing the pindolol solution wilth an equal volume of O.IN

hydrochloric acid.

DETERMINATION OF OPTIMUMM VOLUME OF PDAL: REAGENT

1 ml of standard pindolol solution was added to & separate 10
ml volumeiric flasks. Different volumes of PDAR reaqgent(2 Lo & ml)
were added and the contents were heated on & boiling water bath
for 1.5 minutes, cooled and diluled tTo the mark with O.1N
hydrochloric acid. Absorbance was measured as described under

experimenial procedure.

DETERMATION OF OPTIMUM HEATING TIME

iml of standard pindolol solution was added to & sperate 10 nl
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volumetric Tlasls. & ml of PDAB reagenl was édded «nd Lhe contenls
were heated for 1, 1.8, 2, 2.5, 3, 4 minutes on & boi1ling water
bath and the same procedure was followed as described under
sperimental procedure.
ESTIMATION IN TABLETS
Aquantity of the mixcd contents of 20 tablels equaivalent Lo 10
mg af pindolol was stal.en with 25 ml of O.IN hydrochloric acid for
10 minutes. The solution was fillered and volume was made up to 50
ml. Aligquotls of this solution affler dilulion were taken and the

colour developerd and measured as described earlier.

DISCUSHEION
The absorpt.en speclirum of raddish purple coloured complex

developed due Lo reaction of pindolol with P~dimebthyl amino
benzaldehyde is shown in figure 2.3. The maxinum absorbance was
observed to bhe at %/0 nm. The volume ratio of glacial acetlic
acid * hydrochloric acid was optimised and found lo be 8% 15 v/v.
The higest coleoured inltensity was obtained in the presence of 6.0
ml of PDAR reagent {(Table 2.6). On increxviny or decreasing Lhe
volume of reagent, the coloured inlensily decreased. The maxunum
tolour inlensilty was oblained wilh 1.5 muwtes heating on . a
buoirling water bath amd the developed colour remained stable for
three hours (Table 2.8). The usual tablel stcipients did not
interfere with Lhe estimation. Pindolol lablets obtained from
different commercial sources wore analysed and the resulis
compaired with the official methnda {(Table 2.9). The calibraltion
curve was found Lo be reclilinear in the range of 0.5 - 30 Hg/ml

{(Figure Z2.4). The method was found to be sensilive as well as

precise. (Table 2.10).
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Fig. 2.5 - Absorption spectrum of Pindolol with vanillin.
Fig. 2.3 - Absorption spectrum of Pindolol with P-dimethyl

amino benzaldehyde.
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Volume of

reagent in ml

Absorbance at %70 nm

3 0.280
a 0.294
5 0.300
& 0.316
7 0.30 |
8 0.293
Table #.7 o " o
DETERMINATION OF OPTIMUM HEATING TIME
" Time in minutes Absorbance at 570 nm
0.0 0.04
1.0 0.305
1.5 0.215
; 2.0 0.25%0
2.5 0.210
. 2.0 0.190
! 4.0 0.150
‘Table 2.8
STARILITY. OF THE COLOURED DEVELOPED WITH  PINDOLOL  AND

PDAE REAGE

NT

2
&
9

' i2

in minules
0.0
0.0
0.0
0.0

O.o

T T S R P

Ahsorbance al 570 nm
0.314
0.313
0.314
0.314

0.314



150.0 0.312
180.0 0.310
210.0 0.300

Table 2.9

RESULTS OF DETERMINATLON F

Sample PDAER method B.P. meLhod3
Assay Std.dev Assay Std.dev
Bull powder 97.89 +0.051 ?9.77 +0.13
Tablet -1 101.44 +0.044 92.80 +0.13
Fablet 2 101.56 +0.0464 100.58 +0.19
Table 2.10
gPTiCcAl CHERACTERISTIC, ~ PRECLSION ACCURACY OF. THE
PROPOSED METIIUD FOR PINDOLOL
"""" pata " Resutx
B\maﬁ (nm) 570
Deer®s law ( ug/ml ) 0.5 - 5.0
- e 2
Molar absorpltivity (l.mole .cm ) 17.86 X 10
Sandell®s Sensitivity ( pg/cmg/0,001,
absorbance unit) 0.001
Negression equalion (mx + b) =Y
slope = (m) 0.08
intersept = () 0.00
correlation coefficient (r) 0.999
2.4 REACTION WITH VANLILLIN
The published literalure did not reveal any avay melhod using

vanillin. Experiments were designed lo explore the possibility of



such a reaction.
1) REAGENTS
1 0.10%4 m/v solulion of pindolol in O. 1IN hydrochloric acid.
2 0.10%4 m/v solubion of timolol maleale in water.
3 0.10%4 m/v solution of nadolel in waler.
4

0.10% m/v solution of sotalol hydrochloride in water.

distilled water.

i)

&0 1.00% w/v solution of vanillin in concentrated hydrochloric
acid.

11) EXPERIMENTAL PROCEDURE

2 ml of vanillin reagenlt solution was added to seperaltle 1tubey
contianing 2 ml of the respeclive drug solutbtions. Contenits were
mixed and diluted with dastilled waler. The absorbance of 1he
solulion was recorded spectropﬁotmetrlcally against the reagent
blanlt .

111 RESBULT AND DISCUSSION
\ The colour of Lhe solution in each lube ranged from colurless
to wvery light yellow excepl {hatl of p?ndolul sample Lube.
Pindolol gave red coloured complex wilh vanillin and resulls were
promising. A sensitive method was Jdeveloped hbased on  this
reaction described below 1

2.4.1 REACTION OF PINDOLOL WITH VANILI.IN

1)y EQUIPHMENT : Bausch and Lomb "specirenic 20" specirophoimeler.
IT) REAGENTS
1 10 mg of standard pindolol sample in B0 wml  of O.IN
hydrochloric acid (solubtion further diluted for experiment).
=

2 1.04 w/v sulution of vanillain in concentrated hydrochloric

acid,

61
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PREPARATION OF S1aNDARUG (URVE

fin aligquotl of slandared woio! vy, of pindolol was transfercu
inte 10ml volumeiric flast and Zml of vanillin reagent was added.
The contenls of Lhe {last were mixed and diluted lo the mark with
distilled water. The absorbance was measured al %20 nm againsl

the reagenl blanl.

DETERMAT .UM

OF OPTIMUM VDLUME OF VAMILLIN REAGENT

fe the 10 ml volumetbtric Tlasts containing ¥ ml of standarcd
pindolol solutiom 3n each dafferent volumes of vanillin realgent
(1.0 ml, 1.5 ml, 2.0 ml, 2.3 wl, 3ml and 4 ml) was added and Lho
contenls were mixed «nd Jdrtuted to Lhe mart wilh digsl2lled waler.

The absorbance was measured at 320 nm ajainst the reagent blant.

ES1IMATION IN TABLETS

N guantaly of Lhe mixed conlenite of 20 Lablels equivalenl Lo
10 mg of plndnlolﬁwas shalen wilh 25 ml of O.1MN hydrochloric acid
for 10 mainutes. The solulion was Tillered and volume was made uptlo
50 ml. Alinuols of Lhis solution after dilution were talen and Lho
tolour developed and measured as descraihbed earlier.

REASULT AND DLSCULSI1ON

The abserplion specbrum of red colored complen of the pindolol
and vanillin has been shown in Figure 2.%. The mastimum absorbance
was observed nt 520 nm. The highest colour inlensily was observed

wilh Zml of vaniliin reagent (Table 2.11) and the colour remained

stable for 30 winules (Table Z.12). The calirbration curve was
observed reclilinear in the range of 0.2 - 146.0 ng/iml (Fiauroe
2.6, The usual tabletl excipirents dad nol anterfere wilh the

resulls. Pindolol tabklels ablained from daifferenl commercial
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sources were analysed and the resulls compared wilh the official
method 3(Table Z2.1%). 1he melhod was found Lo be simple, rapad,
and sensitive (Table 2.14).

Table Z.11

DETERMINATION OF OPTAMUM VOLUME OF VAMILLIN REAGENT

S o S S Bk e Bows S0t S RoA ot St B o Doy S0 e W 80 —— — ot dntre st s bt qoran - o o———— S 2o ahotn G 401 ot o e Gote

Yalume of reagent’ Absorbance at 320 nm
; 1.0 0.18
1.5 0.30
2.0 0.43
2.5 0.41
3.0 '0.37
4.0 0.33

s i St s o s S0 S oo b o S Do O sand S v - o JORPUTV—— PR -~ .

Table 2.42
STARILITY OF THE RED COLOURED COMPLEX OF PINDOLOL--VANALLIN
Time in minu;;s T - Agsot;unce ;;uégawgg mmmmm

0.0 0.43

E 5.0 0.43

| 10.0 0.42
20.0 0.42
20.0 0.43

| 40.0 0.41

50.0 0.39

&£0.0 0.35
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Table 2.13
RESULTS OF DETERMINATION OF PINDOLOL BY VANILLIN @ METHOD
____________________________________ .-A.,~_m___,*w___"__;___~,m_~
; Sample Vanillin melhod B.P. method
Assay Std.dev Assay Std.dev
; Bull powder 100.9 +0.065 100,10 +0. 15
Tabletl 1 101.0 +0.066 100.05 +0.13
Tablet 2 100.8 +0.064 92.70 +0.12
Table 2. 14
OpPTICALLY CHARACTERISTIC, PRECIBION AND ACCURNCY OF THE
PROPOSED METHOD FOR PINDOLOL
~~~~~~ Bgta R ;esui;‘~“~~*~“———*h
~max (nm) 5720
Benrp®s law Timite ( pug/ml) 0.2 - 16.0
Molar abserplaivily (1.um-h=-“1.,cu';»1 24.83 X IO3
Sandell’s sensitivaily ( pg/cm2/0.001
absorbance unit) 0.003
Regraession equation (mu +‘b) =y
slope = (m) 0.1
intercvepl = (b 0.0
Correlalicn an&{FxﬁgenL (r? 0.998
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2.5 REACTION WITH SO0DIUM PERIODATE

The published literalure did net reveal any assay melhod using

sodium periodate and altemplis were made to explore Llhe possibility

of any such reaction.
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REAGENT

Pl A

1 MNO.4-4 as describe i1n Z.4 reagents.

0. 1IN sodium periodate solutbtion in water,
59
Mc Ilvaine citrate ~ phosphate buffer pH 2.0 - 8.0

B W N

0.1M hydrochloric acid.
EXPERIMENTAL I"ROCEDURE
iml of O.1IM sodium periodate solution was added Lo seperale
tubes containing 2 ml of respective drug solubions, diluled with
distailled waler and observed before and after hesting for 5
minules on Loiiing water balh.
RESULT AND DISCUSSION

The samples of timolol maleale, nadolol and sotalnl
hydrochloride remained coloureless bofore and after heating on
boiling water balh wilth sodiws pericdate. White the sample of
pindolol gave reddish purple colour wilh sodium periodate wilhoutl
heating. There was no change in colour intensilty observed after
heating. This colour reacltion led Lo the sludy in detall about

the chromogenic reacltion conditrons,

P 2.%.1 REACTION OF PINDOLOL WITH SODIUM PERIODATE

1)

1y

REAGENTS
1 0.10% m/v solution of jpondelol in 0. 1M hydrochloric acsd.
Z2 0.1MN sodium periodate solution in water.
3 0.IN hydrochloric acid.
59
4 Mc Llvaine citrate phosphate buffer pH 2.2 to 8.0 .

FRicpenar 1ON OF STANDARED  CURVE

Alinquot of standared solulion of pindolol (0.2 ml to 4 ml}) was
transfered an toe 2% wl velunetric Flasl and 2 ml of O.1N

hydrochliorice acid and 2 ml of Q1IN suium priodate solution was
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added. After 10 minutes Lhe constents were diluted to the mark
wibth distilled walter and Lhe absorbance was measured at 3540 nm

against the reagent blank.

<

DETERMINATION OF OPTIMUM pld
To the 2% ml volumelric flashk containing 2 m! of standared
pindolol solution 2Zml 0. 1IN hydrocloric acid and 2 ml  of hbuffer
solution <(O0.1IN Hel pH 2 Lo 8) respeclively and 2 ml of sodium
periodate solution was added and volume was madeup after 10

minules. Absorbance was measured as menlioned earliar.
DETERMINATION OF OPTIMUM VOLUME OF S0DIUM PERIODATE

SOLUTION

2 ml of O0.MN hydrochloric acid was added to the 25 ml volumelric
flashks each containing 2 ml of siandared drug solution. Different
valumes (1 ml to 4 ml) of sod:iom periodale solulion was added and
volume was made up after 10 minutes. fhe absorbance was measured
as mentioned earlier.

ESTIMATION IN TABLETS

A quantity of Lhe mined contents of‘HO tablels enuivalenit 1o 10
mg of pindolel was shalbern with 25 ml of O.1N Hcl for 10 minutes.
The solution was filtered and volume was made up Lo RO m%vﬁaliquuts
of this solution after dilution were Llaben and 1he colour
developed and mercured as descraibed earlier.

RESULT ANMD DISCUSSION

The absorplion spectrum of the coloured complex of pindolol -~
gsodium periodate 15 shown in Figqure 2.7 with madimum absorbance at
340 nm. The addition of O.1M Hel Lo pindolol solulion gave reddish

purple colour. The addition of buffer solution of pH Z Lo 7 and
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pH8& chenge to  Lhe colour to pale yellow colour wilh no  sharp
absgrbance maxima and there fore Lhe O.IN hydrochleric acid
sglulion was selecled for the experiment. 2 ml solution of sodium
periodate was Ffound optimum for (oloure developemenl (Table 2.15)
kut the colour developed was (found to be stable for only 10
minutes (Table 2.16). Calibration curve was rectilinear between
70 - 120 wug/ml. The method was not sensitive as compared witlh
the method developed with P-dimethyl amino benzaldehyde or
vanimillin, though the resulis of analyses of markel fornulalion
were comparable with B.g. method (Table 2.17) bult the meithod 1s

simple and rapid.

Table 2.5

DETERMINATION OF OP1IMUM VOLUME ©OF SODIUM PERIODATE SOLUTION
"~ Volume inml  Absorbance al 540 nm
® 1.0 0.222
2.0 0. 300
3.0 0.28
4.0 0.250
Table Z.16
STARILITY OF PINDOLOL PERIODATE COMPLEX
© Time an minutes Absorbarcc at 540 nm
1 0.0 ‘ 0.300
‘ 5.0 ‘ 0.300
10.0 0.300
15,0 0.79"
20.0 0.290

30.0 0.280
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&50.0 O, =es
Tabiz “o17 S S
RESULTS OF ESTAMATION OF PINDOLOL EBY PERIULATL [0 100D
- - et ot e o oo im0 oot . “_-nm-_“w~“m§_“,_
Sample Periodale metlhod B.P. melbhod
Nesay Std.dev fic ey Olid.dewv
Bull puwder 9. 10 +0.091 1060.10 0. 13
Taklet | 99,55 +0.088 100.03 40132
Tablet 2 8.20 +0.090 99.82 G 10
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2.6 REACTION WITMH AMMOMIUM METAVANADATL

i

1n

ILr)

The published literature did not reveal any reacltion using
ammonium melavanadale and attempls were made Lo 1investigale any
poscsihitaty of such & reaclion.

REAGENTS
1 MO 1-4 as described in 2.4 reageni.,
2 0.1M solution of ammonitwn welavanadale (amv) 1in
sl phuric acad of following strengih O. 1M, 0.Z23M and 0.3M

EXPERIMENTAL  PROCEDURIE

1 ml  of ammuntum wmetavandale reagenl was added Lo seperale
tubes contaiming 1 ml of respeclive drug solulion. The contants

were diluled wilh dietslled waler.

RESULT AND DISCUSSION

The samgle aof timolol maleale, nadolol arml solalol
hydrochloride remained clolurless on addilion of AMMON LW
melavanadate colulion. The Lube conlaining ample of paindolold
gave blue <¢olour wilbhoult healing. fhe reaclion condiltion of

mindolol Jeading Lo Lhis celour development were Lhere fore
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investigated fTurther.

2.6.1 REACTION OF PINDOLOL W1ik AMMONIUM METAVANADATE

I

CLL

111)

Iv)

REAGENTS
1 No 1 - 3 as given in 2.4 reagenis.

PREPARATION OF STANDARED CURVE

Aligquotis of standared solution of pindolol wae transfered
in to 25 ml volumeteric flaslt and 1 ml of O.11M ammonium
metavanadate solulion was added and the conlenls of Lhe flasl were

diluted with distilled walter. f[he absorbance of Lhe blue colour
formed was meacured &l 6353 nm againsl lhe reagert blank prepared

1n simillar mannor.

DETERMINATION OF OPTIMUM COMCERNTRATION OF SUL.PHURIC

ACLD

16 the 25 ml volumetric flask containing 1 ml of standared
pindolol solution 1 ml each of ammonium metavanadate in O.1N
sulphuric acid, in 0.25N sulphuric acid and in O.5N sulphuric acid

was added and Lhe volume was made upto mark wiith distilled water

and absorbance was measured as explained in standared curve.

DETERMATION OF OPTIMUM VOLUME OF AMMONIUM — METAVANADATE

REAGENT

Te the 25 ml volumelric flask contlaining 1 ml of land.red drug
spolution dJdifferent volumes of (0.5 ml, 1 mi, 1.% wl, 8 ml and 3
ml)  ammonive metavonochale in 0.23N sulphuric acad was  added and
the volume was made up with distilled water. The absorbance was

measured by iLhe procedure mentioned earlaier.



'Vv)  RESULT AND DISCUSSION

The absorplion spettrum of Lo coloured complex of pindolel -~
vanadium was shown in Figure 2.9 wiih maximum absabance al 435 nm.
The change in pH of the system did nol imporve the method. 1 ml
solution of ammonium melavanadate 1n 0.23N sulphuric acid was
found coptimum {for stable colour developmenlt (30 minutes). (Table
2.19, 2.20). Pindolol Lablels obtained from different commercial
sources were analysed and the resulis compared witlh Lhe official
methnd3 (Table Z.81). The method was found Lo be sensitive as
well as precise. The colour was found lo be stable for more than
half an hour (lable 2.22). Calibration curve was rectilinear Mthe
range of 4 to &4 ug/ml (Figure 2Z.10). The resull are summarised

in Table Z.23.

Table 2.19 ¥ | :
| DETERMINATION OF COCENIRATLON OF SULPHURIC ACLD
Concentration of sulpheric acid " Absurbance at 635 nm
‘ 0. 10N 0.280
| 0.25N 0.325
0.50N 0.310
‘Table z.20 o

DETERMATION OF VOLUME OF AMMONIUM METAVANDATE REAGENT

- e o oo s g

YVolume in ml Absorbance al &35 nm
0.5 00313
1.0 0.325%
1.5 0.320
2.0 0.310

2.0 0.300
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Absorption spectrum of Pindolol with Ammonium
metavanadate.
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 Table Z.21

STABRILITY OF PINDOLOL - VANADIUM COMPLEX

Time in minutes Absorbance al &35 nm
0.0 0.325
10.0 0.328%
20.0 0.124
20.0 0.325
' 40.0 0.320
%0.0 0.310
60.0 0.300
70.0 0.280
Table 2.22

RESULTS OF ESTIMATION OF PINDOLOL EY AMMONIUM  METAVANADATE

METHOD
3
, Sample Metavanadalte method B.P. method
j Assay Std.dev Assay Std.dev
Bullk powder 728.90 +0.065 29.70 +0.12
Tablel 1 77.68 +0.0464 99.88 +0. 13
Tahlel 2 100.10 +0.061 100.20 +0. 15

 Table 2.23

OPTICAL CHARACTERISTIC, PRECISIUN  AND  ACCURACY OF  THE

PRUOPUSED METHOD FOR  PINDOLOL.

: Data Result
amay (nm) &35

Calibration curve limite ¢ ug/ml ) A4 - &4



-~ -1 3
Molar absorplivaily (l.mole .cm )} 20.56 X 10
2
Sandell®s Sensitivity ( ug/cm /70.001,

absorbance unit)? 0.0-3

Regression equalbtiun Gmt + b) = y

slope = (m)} 0.0083
intersept = (b) - 3.001
correlalion coefficient (r) 0.998

2.7 REACTION WITH 3,5 DINITROBENZOYL CHLORIDE

e published literature did not reveal any reaclion using

dinitro benzoyl chioride Lherefore allempls were nade
investigate any possiblity of such,a reaciion.

© 1) REAGLLINTS

1 1.0 gm 3,5 dinvirebenzoyl chloride (3,3D) an 40 ml

redistilled pyridine. f{using a hol water bath te maintain

solution and prepared fresh inmedialely prior to use.)

2 0.104 m/v solution of pindolol in pyridlne,'

F 0.10% m/v suvlution of timelol malealte in pyridine.

4 0.104 m/v solution of nadolol in pyridine.

5 0.104 nm/v solution of solalol hydrochleride in pyridine.

6 Z2.00N hydrochloric acid.

7 Pyridine redist11led.

& 2.0MN solubion of sodium hydroxide in watler.
? Dimethyl {formamnide (DMF).

10 Hexane.

11Y EXPEILITIENTAL PROCEDURE

3,5

to

of

T ml of 3,5 D was added lo seperate 100 ml volumetric {lasks

containing 2 ml each of drug sample in pyridine. The sample

weare

allowed to reaclt for 15 minutes at ambient temperature. 25 ml of



Z2.0M hydrochloric acid was added and samples were extracled in Z0O
ml of hexane. [he conlenls were shabken Ffor 30 seconds and allowed
the two phases 1o seperale completely. Aliquols of the Lop layer
was pipeltied 1n to another 25 ml volumelric {last. 10 ml of
dimelhyl formamide and 0.3 ml of 2N NalOH solulion was added. The
contents were shalen and allowed Lo stand Tor 3 to 3 winules. The
absorbance of Lhe samples were determined at 570 nn  against  tLhe
reagenl blank.
Since the resulls were promising a sensitive colorimelric

method for each drug was developed.

'1I1) OPTIMIGATION OF VARIOUS CONDITIUNS OF 1HE EXFERLMENT

vl et "L it

To the samples different volumes of reagents was added and rest
of 1he procedure was followed as euplained in  above paragraph
(experimental procedure). After determining the volume of reagent
volumes of ZN Hecl and 2N NaOH Lthere afler atiempls were made for
the selection of a suitable solvenl for utraction of the
chromogenic substance. Pyridine, acetone and dimethyl formamaide
were Lried for extraction conditions for the stability of tho
tolour was eslablished and the method was compared with officeial
B.P. method®s for pindolol, Limolol malealbe and nadolol and for
soltalol hydrochloride resulls were compared wilh reporied method
since drug 1s nol qf?icial in oany of Lhe pharmacopoelas.

C1V)  PROCEDURE EDR TABLE1S/TIMOLOL MALEATE EYE SOLUTLON

A quantity of Lhe mixed content of 20 Lablets/5 ml of timolold
maleale eye solutrion of each diung sample equivalent te 10 mg of
drug sample has shalen wiith 23 ml of pyridine for 10 minufes. The
solution was fillered with glass wool and volume made up Lo 50  wml

with pyridine. Aligquols of Lhese solutions were talen and colour
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developed and measured as described i1n experimenial procedure.

V) RESULT AND DISCUSSION
Pindolol, timolol maleate, nadolol ami solalel hydrochloride
reacled with 1 ml of 3,5 D in pyridine. 1 ml of 3,5 D reayent was

opltium for colour developmenlt. 25 ml of 2N Hel and 0.2 ml of 2N

MaOH solution was required lor maintaining the condition of
reaction. DMF  was {found to be & suitable solveni, ralher Lhan
acelone. The absorbance maxima was observed al 520 nm (Figure

g1, The colour was found Lo be stable for only 15 minules.

i The calibratioq curve was found rectilinear in the range of [0 &0
ng/ml  4-24 ua/ml 20-80 upaglml snd -7 pg/ml respectively  for
pindolol, timoleol malealte, nadolol and soltalol hydrochloride
(figure 2Z.12). The melhods woere compared with B,P? methods }or
pindolol, nadolol and bimolol maleate and a published methodébFor
solalol hydrochloride and representated in lhe Table 2.24, 2.25,
2.86, R.27. The results are summarised in Tahle 2.28.

Table 2.724

RESULTS OF ESTIMATION FOPINDOLOL BY 3.5 D METHOD
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2
: Sample 2,5 D method Official method E.P,
Assay Sld.odpv fissay Std.dev
f Bull powder 99,78  +0.045 99.82 +0.13
Tablet 1 100.05  +0.04. 100. 10 +0.14
Tablet 2 9. 10  +0.043 100.90 +0.1%
Table 2.75
RESULTS OF LSTIMATION OF TIMOLOL MALLNTE BY 2,5 DMETHOD
' 3
Sample 2,5 D method Official melhod LR.P.
fissay Std.dev Assay Std.dev

Bulk powder ?%9.25 +0.052 29.63 +0.25 .



Tabletl 1 79.58 +0 .00 ?7.10 +0.27
M«blet 2 9%.99 +0.054 29 .38 +0.26
Eve solution .70 +0.058 99.40 +0.26
Table 2.26
RESULTS OF ESTIMATION OF NADOLOL EY 23,5 DMETHOD
32
Sample 2,5 D method OBy b micthod BLP.
fRssay Sid.dev Assay Std.dev
Bull powder 92,12 +0.083 29.83 +0.33
Tablet 1 99.35 +0.0280 79.30 +0.34
Tahlet 2 100.06 +0.021 29.86 +0.33
Table 2.27
RESUL 1. - ESTIMATION OF SOTALOL HYDROCHL OCRIDE BY 2.5
DHETHGD
Sample 3.5 D method Publishoed melhod
Assay Bld.dov Assay Std.dev
Bull powder 100. 10 20041 ?9.75 +0.37
Tablel 1 929.89 0. 04 99.60 +0.51
Tablet 2 ?9.75 +0.013 100.00 +0.50
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Maleate (IV) Sotalol Hydrochloride with 3,5Dinitro Benzoyl
Chiloride,



Table 7.28
OPTICAL CHARACTERIETIC, PRECISION AND ACCURACEY OF THE FROPOSED METHOD FOR PINDOLOL, TIMOLOL

MALEATE, MADOLOL AMD SOTALOL HYDRUCH! GRIDE

Data Result

Pindolel Timslol maleate Nadolol Sotalol hydrochloride

Amax (nm) 320 320 520 320
Calibration curve Inmt{ pg/ml) 10-50 A-24 20-80 2-30
-1 - 3 3 3 3
Holer olzorptiovity Clumele .em ) 3.9 % w 921X 10 4.02 ¥ 10 9.53 X 10
2

Sandell’s sensitivity ( pg/cm /0.001

absorbance umit) 0,038 0.023 0.013 0.021
Regression equation (my + b) =y

Slope = m 0.014 0.0375 : 0.130 0.033
Intercept = b - 0.050 0.0500 0,030 0.010

Correlation coefficaent = ¢ 0.99% 0.9390 0.999 0.999
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2.8 REACTION WITH J1-FLUORO- 2,4 DINTROBENZENE

1)

10

The published literature did notl reveal any reaction using 1-
{luoro 2,4 dintro bencsene. Allempls were made Lo invesiigale any

possibility of such & reaction.

REAGENTY

1 0.104 m/v solution of pindolel in esathanol

2 4.80%4 v/v solution of 1—fluoro 2,4 dwnitro benzene 1in
eathanol (DNFR).

3 Sodium bicarbonale/carbonate buffer conlaining 4.2%4 sodium
bicarbonale and 3.3% sodium carbonale.

4 0.80% w/v solution of NaOH.

3 Benzene;

& 1.00%4 v/v DNFR in acetone and 2.5%Z w/v boran in waler mixed
immediately in Lhe proportion of 1:9 Lefore experiment.

7 5.00% v/v Hel in 1,4 daioiane.

8 0.10%4 w/v solubtion of nadolol, Timolol maleate and sotalol

hydrochloride in waler.

EXPERIMENTAL PROCEDURE (FOR PINDOLOL)

0.5 ml of fresh DNFB No & reagent was added io seperale 30 ml
volumetiric flasks containing 2 ml of standard solution of
pindolol. 1 mwml of buffer solution was added and conlents were
healed at &0 C for 10 minutes, there after 0.3 ml of 0O.8% NaOH
solution was added to this miuture (el heatling was continued for
another 10 minutes. The mixlure was Lhen cooled and extracled
with 20 ml benzene. The absorbance of Lhe ﬁen:ene layer was

measured at 4415 nm.
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EXPERIMENTAL PIOCEDURE FOR TIMOLOL MALEATE, NADULOL  AND

SOTALOL HYDROCHLORIDE

1 ml of DNFB resgent mo & was added to 10 ml  of volumetlrac

[+ O
flasl s containing 1 ml of eilher drug solution. Heated at 75-80 C

for 30 minutes, cenled to ambieni Lemperature and 4 ml of Hcl dioxane

reagent was added. Samples were diluted Lo marh with distilled
WALEF . The absorbance was measured al 370 nm for nadolel and

timolol maleate, 400 nm for sotalol hydrochloride.

RESULT AND D}SCUSSXDN

Pindolol, tlimpolo] maleale, nadolol and soilalol hydrochloride
reacied with DNFB. The meihod was modified for timolol
maleale,nadolol and sotalol hydrochloride. A11 these Lhree drudn
reacted wilh DNFB in agqueocus medium where as pindolel reaclted in
alcoholic medium. The melhod was oplimiced and‘0.5 ml of DN
reageni was oplimum For the reaclion. The heating time. of 10
minules was found lo be suilable before and after adding 0.2 il
0.8% NaOH solution 1s sufficient for maumimum color developmeni in
case of pindolol and bencene was {ound to bhe & suitable csolvent.
Maximum a&absorbance was observed al 415 nm  (Figure Z2.113). The
markel formulalions were analysed with this method and resultls
were compared with B.P. meihod {(Table 2Z.2%9). The calibration
curve was found Lo be rectiliner in the range of 0.1 wua/ml - 20
Hg/ml  (Figure 2.14). The method was found Lo be sensitive and
precisc.

For nadolol, tamolo! jwaic-dt and solalol hydrochloride 1 ml of
DMFE reagent prepared by adding borex was suilable for 1lhe

reaction. 30 minutes heating lime was necessary Tor mayimum
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colour developmenl and 4 ml of hydrochloric acid diexane reagent
was required for stable colour formalion. Maximum absorbanco
was observed for Limolol] motoale cod nadolol alt 370 nm (Figure
2.13) and for sotalol hydrochleride at 400 nm (Figure 2.13). Tho
colour was found Lo be sitalir for more ithan half an hour. The
markel formulabtions of Lhese drugs were analysed by Lhis melhod and
resulls wers c(ompnued with officiald melthed for unsadolol (Table
2.31) and tiwolol maleate (Table Z.30) and for solaolol
hydrochloride (lable ?.322) resulis are compared wilh published
method. The calihration curve was lound to be reactiliner in Lho
rage of 0.4 49 ng/ml, 0.2 ~ 34 ug/ml, O.&6 -~ X4 pu/ind (Figure
2.18) respectively Ffor Ltimolol maleale, nadolel and sotalol

hydrochloride. The resulls were sunmarised in table Z.33.

Table 2.29
RESULTS OF EUIIMATION OF PINDOLOL BY DNFE METHOD
3
Sample DNIFR melhod Ofrficeial method
Assay Std.dev Assay Sid.dev
Bull' powder P2.23  10.056 9. 82 +0.12
Tablel 1 8.99 +0.054 100. 10 +0.13

Tablel 2 P9.63  +0.0355 100.90 FOL1S



Table 2.30
RESULTE OF ESTIMATION OF TIMOLOL MALEATE RBY DNFR METHOD
3
Sample DNFFER method Officeial melhod
Assay Sid.dev fissay Std.dev
Bull powder 99.79 +0.046 77.63 +0 .25
Tablel 1 100.04  +0.051 G99. 10 +0. 27
Tablel 2 G9.86 +0.049 79.38 +0.26
Table 2.3 1
RESULTS OF ESTIMATION OF NADOLOL BY DNFE METHOD
3
Sample DMFE meihod Urficexal method
Araay Sid.dev Bssay Slid.dev
Bulk powder 98.99 +0.076 G97.83 FO .33
Tablel 4 100.08  +0.073 99.30 +0.34
Ffablet 2 99.75 +0.0/5 99.86 .33
fable 2.32
REGQULTS OF EETIMATION OF SOTOLOL HYDORCHH NRIDE BY DNFE METHOL
&b
Sample DNIFR me Lhod Reporled method
fissay S5itd.dev Assay Sid.dev
Bulk powder 29.99 +0.025 99.75 +0.52
Tablet 1 100142 +0.024 99.60 +0.51
Tablet 2 100.01 +0.025 100.00 +0.50
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Tahle 2.33

OFTICAL CHARACTERISTIC, PRECISION AND ACCURACEY OF THE PROPOSED METHDD FOR PINDOLOL, fIIOLOL

HALEATE, NADOLOL AND SOTALOL HYDROCH. ORIDE

' Data

Amax (nm}
Calibration curve himat{ pg/ml)
Holar absorptiovity (1.mole—t.cm-1)
San:dell's sensitivity (;xg/cmzlo.om
absorbance unit}
Regression equation (mx + b) = y
Slope = m
Intercept = b

Correlation coefficient = r

Result,

Pindolol Timolel maleate Nadolel Botalel hydrechloride

415 37 370 400
0.1-20 0.8-48 0.2-38 0.6-24
3 3 3 3
2,98 X 10 12.54 X 10 7.73 X 10 22.60 X 10
0.017 0.013 0.032 0.012
0.012 ¢.029 0.025 0.083
0.0 0.0 0.0 0.0

0.99% 0.999 0.5%% 0.999

86
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Absorption spectrum of Pindolol with DNFB.
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Calibration curve of (I) Sotalol Hydrochloride (II) Nadolol
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2.9 REACTION WITH F-C REAGENT

The published literature reveled one such melhod of analysis
for the estimation of pindolol while the literature did not reval
any information regarding resl of the drug viz. tLimolol maleate
nadelol and sotalol hydrochloride for such a reaction. Aitemptq
were made Lo investigale any such reacition for these drugs.

‘A1l specliral measurement were made on “"Hitachi 2000"

spectrophotometer.

1) REAGENTS

11}

T11LD)

1 0.10%4 m/v solution of Limolol maletate in waler.

Q.10% m/v solution of nadolol in waler.

m

3 0,104 m/v solution of solalol hydrchlorad in water. (SH)

S

5.007% w/v solution of sodium carbonate in waler.

W

Folin -~ ciocalteu reagenl (F-C reagenl) dilule in Lhe ralio
a8
1¢3 wilh distillied waler .

EXPERIMENTAL PROCEDURE

& ml of 54 sodium ecarbonale solulion was &added 1o separate
tubes containing 1 ml of drug sample. The maxiture was Lhoroughly

shalen and F-C reagenl was added Lo each. The solutions were hkepl

31

at ambient tempelure For 30 minutes. The conlenls were diluted wilh

distilled walesr and absorbance was measured against 1Lhe reagent

blank.

Only sotalel hydrochloride reacled with F~C reagent and gave
blue colour. While timolol maleate and nadolel gave faint bluo
colour. A sensitive colorimetric method was developed for tithe

pslimation of sotalol hydrchloride as described below.



2.9.

I

1)

111}

C IV

V)

i REACTION OF S0TALOL. HYDROCHLORIDE WITH
REAGENT
i Mo 3, 4 and 5 given an Z.9.

PREPRATION OF STANDARED CURVE

7

Aliquot of standard solution of 8H was titransf{ered into 2% ml
volumetric f{lasks and 5 ml of 5% sodium carbonate soclubion was
added to the {lasks, whaile shaking 2 m) of F-C reagenl was added
to the flastk. The mixiure was kept for 30 minutes. The solutions
were made uplo mark wilh distilled waler the absorbance was
measured at 725 nm against a reagent blank.

DETERMATION OF QOPTIMUM VOLUME OF 34 S50DI1UM CARRBONATE

SOLUTION
To 25 ml volumeiric flasks containing 1 ml of sitandared E&H
solution i1n =sach different volumes of 5% sodium carbonate solution
(4 ml, 7 ml, 8 ml, 2 ml, 10 ml) was added and same procedure as
described in standared curve was followed and absorbance was
measured agiansl reagent blank.

DETERMATION OF OPTIMUM NOLUME F  F-C REAGENT

To 2% ml volumelric flasks containing 1 ml of sltandared 8SH
solution and & ml of 534 sodium carbonate solulion different
volumes of F-C reagenl (0.3 ml, 1 ml, 2 ml, T ml, 4 m}l) were added
and same procedure as described in standared curve was followed
and absorbance was measured againét reagenl blank.

DETERMATION OF REACTION ME.

To 25 ml volumeiric flasks containing 1 m)l of standared &H
solution and & ml of 3% sodium carbonate scolution and while
shaling 2 ml of F-C readgent was added to sach {lashk aﬁd the

solutions were allowed Lo stand for 15 minulbtes, 30 minutes, 4%

92
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VI

minutes and &0 minutles., The same procedure was fal

standared curve.

CESTIMATION IN TABLETS

A guantity of the mixed content of 20 tablels eqga
m3 of SH was digsolved in distilled waler in 30 m

flask and made up Lo the mark wilth distilled wal

lowed as in

valent to 0
1 calibrated

er and Lhen

filtered. Aliquots of this solution were tlalen, the colour

developed and measured as described earlier. The res
by Lhe proposed meihod was compared with the reported

RESULT AND DISCUSSION

The absorpltion specltrum of 8H wilh F-C reageni h
in figure 2.17. 1t shows mauimum absorbance at 785 nm
sodium carbonate solutioen was sufficient for man
opbtimum condition (Table 2.34). 2 ml solution of F-C
necessary for maximum colour developmenl (Table 2.35)
of the addition of reagenis played an emporiant role.
sensiliviity, addition of sodium carbonate should pre
F~C reagent. The colour obtained with the drug was
stable for one hour. The talibration curve was
reactilaner in the rage of 0.8 - 40 ug/ml (figure 2.
the usual excipients employed in the formulation of
intefered a1n Lhe proposed method. The Lablets of
fram Lihe marhkel were analysed by this method and
compared with the reporled methadéé(fable 2.36) .

Molar absorptivaly (1umoleMT.cm~1) and sandell's
¢ pg/cm8/0«001 absorbance) were found to be 1.99 X

respectively. The meithod was chechked for precision

the euperiments nins times wilh same gqueniily of the

ults oblained
b6
melhod.

as heen shown
. 8 ml of 5%
ntaining the

reagent was
. The order

For maxaimum
cede that of

found Lo be
found to be
18). Mone of
dogage {forms
8H available

resultis were

sensitivity

4
10, 0.016
by repealing

drug. The 8D
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Absorbance

Absorbance at 725 nm.

{(700,0.

34

Fig. 2.17

710 720 730 740 750
Wwavelength in nanometer

Fig. 2.18

8 16 24 32 40
Concentration of Sotalol Hydrochloride in ug/ml .,
Fig. 2.17 - Absorbance spectrum of Sotalol Hydrochloride
with F~C reagent.

Fig. 2.18 - Calibration curve of complex of Sotalol
Hydrochloride with F-C reagent.



and % RED were {found to be +0.0340 and +0.430 respectively. The
precision of the melhod was ensured by Lalking the observalions with
replicate samples. The coefficient of varialion was found to be
0.999. The proposed method was found to ke simple, rapid.
precise and suitlable for routine analysis of 84 »n bulk and
dosage faorms.

Table 2.34

DETERMATION 0OF OPTIMUM VOLUME 5% S0D1UM CARBONATE SOLUTION

P giestguioic oS4 ar—

i . dtn s o Sorar o Fotas o ket Sk A S04 S Sadts S S SH008 S0 Mot St Soven SAsRe M 404 Moott ik S s MG Lo0w ekt Frie Sl A Rhaok S8 S PP Soak LMY SAAAR £Or MR BV A AR 0D DS AL S BN ASISY AP R T4 S L TS SO S80S A s ke 4

Volume in ml Absorbance al 725 nm
& ‘ 0.351
7 0.422
8 0.464
g 0.443
10 0.422
Table Z2.3%

DETERMATION OF QFIIMUM VOLUME OF FE-C REAGENT

[T O ——— T — e s it o — LR Eepamyv

Volume of F-C reagent in ml Absorbance st 725 nm
0.5 0.261
1.0 0.392
2.0 0.444
.0 0.392
4.0 0.353
Table 2.36
REBULTS G DETERMINATION OF 8H BY FE-C METHOD
&b
Sample Proposed metlhod Reported method
Assay Std.dev Assay Std.dev

Bull powder 99.83  +0.03% 99,75  +0.52
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Tablet ?9.99 +0.034 F9.40 +0.51

Tablet 2 100.03 +0.034 100.00 +0.50

et s inat e 2o Suom and e s B e Fvocs SHas desee e e et Pk ety A S S o b el sk i S 0 20044 PUirS el D SO SO OO Wb 0 SRS Mad Gindd LR sy Bl B SAARS Ol AN WA OmOe S WO ANIVY Bl ANORD SO Wies e iR SO WA St M

' 2.10 REACTION WITH ACETYL ACETONE REAGENT

Published literalure did not reveal any reaclion wilh acelyl
acetone reagent and there fore allempls were made to find oul any
such reaclion.

'I) REAGENTS

1 0.10%4 m/v solution of paindolel in O.IN hydrochloric acad.

2 0.104 m/v solution of nadolel in water.

3 0.10%4 m/v solution of timolol maleale 1n waler.

4 0.104 m/v solution of sotalol hydrochloride in waler.

% 0.01N sodium periodale in waler.

& Acetyl acetone reagent ¢ 30 gm of ammonium acelale and 1 ml

acelyl acetone in waler diluted to 100 ml with water.

I1) EXPERIMENTAL PROCEDURE

1 ml of sodium periodate solulion was added to separate 25 ml
volumetraic flasls containing 1ml of drug solulion. The flaslks were
heated on boiling waler bath for 15 minutes. Afler cooling 5 ml
of acetyl acetone reagent was added. The contents were .again
heated for 10 minutes, cooled and volume was made up with water.

The absorbance was measured against bthe reagent blank.

111y DETERMINATION oF QPTIMUM VOLUME OF  S0D1UM PERIODATE
SOLUTION
To separate {flasbk containaing 1 ml of drug solution 3n  each
different volumes of sodium periodate solution (0.5 ml, iml, 2ml,
ml) was added and the procedure described earlier was {ollowed.

+ IV) DETERMINATION QOF OPTIMUM VYOLUME OF ACETYL ACTONE REAGENT

To separate 25 wml)l volumelrac Fflashks conlaining 1 ml of



V)

VI

VIin

respeclive drug solutyon and 1 m) of sodium periodale solulion,
different volumes ol acetyl aceloneg reagent were added (3 ml, 4 ml
Hml, & ml, 7 ml and & ml) and the procedirue decscribed carlier was
followed.

DETERMATLION 0OF HEATING TIME

The reaction miwtures before and after addition of acetyl
acelone reagent were healted for different time intervals and
oplinum heating time was delermined and same procedure {followed as
described earlier.

ESTIMATION 1IN TABLENR

A gquanitity of the mixed contenis of 70 lablels equivalenit to 10
mg of pindolol was shalen wilh 25 ml of O.1M Hcl while that of 10
mg of tlimolol maleate, nadolol and solalel hydrochloride was
shalen with dasiilled waler and the solutions were fillered and
volume was made up Lo 30 ml. Aligquole of Lhese solui1ons were
analysed in CLhe same manner as doscribed sarlier.

RESULT AND DI1SCUSH]ON

The absorpltion specitra of &ll the four drugs wilh acelyl
acelone reagenlt was indicated 3280 nm, 412 nm, 412 nm and 400 nm I~
max  {for pindolol, wnadolol, tLimolol maleale and JTor sotalol
fiydrchlorade respectively(ligure 2.19). The 1% minules healinng
Ltime before addition of acetyl acetone reagoent and 10 minutses
heating Lime afler addilion of acetyl acetone reagent was found Lo
be sufficient {for matimum ctoloure developmenl. 1 ml of sodium
periodate solufzon and 5 ml of aceltyl acetone reagenl was
necessary {for Lhe colour developmenli. The colour was found to he
stable for more than two hours.

The calibralion curve was found to be recliliner in Lhe range of

97|
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Hydrochloride with acetyl acastone reagent.
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=14 pa/ml, 4-32 ra/ml, 2~16 jug/ml and 8-40 ug/ml  for

pindolol (figure 2.20), Limolol malealte {(figure 2.21), nadolol

(figure 2.20) and for solalol hydrochlorade (figure 2.2}

respeclively. The method was applied for the marketed

Tormulations of each drug and compared with official meithod for

pindolol, timolol maleale and nadolol and thal of reporited method

Tor solalol hydrochloride. The results were comparable and the

method was found to be sensitive and precise (Table 2.41).

lable 2.37

et St o sl e T SO W SO, P S 50990 SV ROLRE S S DU M (R et S0 S0t — - — g ~ -

Sample Proposed melhod Official method3
fAssay Stid.dev Assay STd.dev
Bull powder 99.76 +0.043 77.82 0.2
Tablet 1 97.31 +0.042 100.10 +0.13
Tablet 2 100.09 +0.043 100.20 0. 14
Table 2.38

RESULTS OF DETERMINATION OF T1MOLOL MALEATE EBY ACETYL ACTONE REAGENT

———— ——— re et Ghae 1A By $3004 GRS BraLn AR S4n $0006 BAaN St Sarme B Ak assos Meies theme il S Bioon B St b S BAoaR FoAM B A W S48 RS IR AR 9SS S DR B e RS AR e oA s

Sample Proposed method Offrcial metl‘»od3
Resay Sid.dev Assay 8Td.dev
Bulk powder 92.73 +0.032 ?9.63 +0.25
Tablet 1 7%9.88 +0.034 9%9.10 +0.27
Tablet B 9?2.96 +0.033 99,32  +0.26
Table 2.39

RESULTS OF DETERMINATION DF NADOLOL EY ACETYL ACTONE REAGENT

v omar - o oo— oo S1int Qo g s o

- o - -

2
Bample Proposed melthod Offrcial method
Assay Std.dev fissay STd.dev
Bulk powder 100.02 +0.061 972.83 +0.33
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Tablet 1 100.00 +0. 06 99.30 +0.,34
Tablesl 2 99.87 +0.0463 99.86 +0.33
Table 2.40

RESULTS OF DETERMINATION OF SOTALUL HYDROCHLORIDE — BY

ACTONE REAGENT

o ot Ve o St $0rid o . i St A H WpoR MY SN o TS S4Bl S e RVSR i a8 Lt 4RSS P G0 ot Sebet TOAE e A Sy Seate i ey b S0 SEAAS 45 el AeSR hobe Sh4st Ha A o WAL Ve Yadhe Wes iR s B h BRAT RN et aaee B e St

Sample Proposed melhod Reporled methodﬁ&
Assay Std.dev Assay 8Td.dev
Full powder 99.94 +0.03% Q2.75 +0.52
Tableb 1 99.12 +0.038 99.460 +0.51
Tablet 2 F%.32 +0.032 100.00 +0.50

o sy o St e o 4 b it o

bt ek ot oo o oiase ¢ 4 Skt W s v e et et i BRSSO e 0 St S et M B e Bt e oot Soone 8 1 e [ e —

The published literature rovealsd one analylical mebhod each
for the determnnation of Limolol maleale and nadolol by Fforming
10n pair  in  agueous solution with bromolhymol blue amd
bBromophenol blue respeclivliey, eulracting thie ion pair ainto an
orgainc solvenl and delermining the conceniration of the exilracted
ton pailr speciropholometlrically. The pH of the saqueous phase was
critical For Lhe success of Lhese melhods. The dye must  be
present  am 1ts 1omic form so Lhal 21 can form the 1on palr  wilh
drug samples and excess of reagenl will remain 1n ajgqueous solution
uneutracted by Lhe soclvenlt. This Lype of reaction was euplared in
deplh by atiempling the reacltion of yheae 4 beta bloclers with 13
different acidic and 5 daf{ferenl basic dyes 1n a bid to exuplore a
bebter assay melhod with Lhe necessary alliributes.

a.  PRELIMINARY EXPERIMENT

1) REAGENTS

1 0.10%4 m/v solution of pindeiol, Limplol maleale nadoleol and
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Tahle 2,81

HALEATE, MADOLOL AND SOTALOL HYDROCHLGRIDE

Data Result

Pindolol Timolol maleale Nadolol Sotalol hydrochlorade

Amax {nm) : 380 31 412 400
Calibration curve limt{ pg/ml) 1-14 4-32 0.2-16 B-40
-1 -1 3 3 3 ~ 3
Holar absorptiovily {1.mole .tm } 3M3BAW A3 X0 19.18 X 10 6.81 X 10
2

Sandell's sensitivity ( ug/em /0.001
abserbance unit) 0.014 0.022 0.021 " 0.016
Regression equation (mx + b} =y
Slope =n 0.08 0.038 0.062 0.025
Intercept = b 001 - 002 - 0.0125 - 0.02

Cofrelatmn coefficient = 7 0.999 0.999 0.999 0.999
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solalol hydrochleride in methanol.

of

of

of

of

of

of

of

ol

of

of

of

of

of

bromocresol

bromothylmol blue ain methanol.

claton blue 1n waler.

eriochrome blach

T in

arylhrosine in water.

fluorescean sodium

melhyl
melhyl
phenol

sunsel

oranges
red in
red in

vellow

tartracine in

Lropacrolin 00

Lthymol blue in methanol.

t M hydrochloric acid.

2 0.10%4 m/v solution
2 0.10%4 m/v solulion
4 0.10%4 m/v solution
5 0.10%4 m/v solution
6 0.10%4 m/v solutbtion
7 0.10% m/v solulion
& 0.10%4 m/v solution
F 0.10% m/v solution
10 0.10%4 m/v solution
11 0.10% m/v solution
12 0.10%4 m/v solution
13 0.10% m/v solution
14 0104 m/v solution
15 0.1M and

16

17 Methanol.

18 Solvent

forexiraclion ¢

carbon tetrachloride,

ether.

19 0.10%

20 0.10%

£1 0.10%

22 0.10%

22 0.10%4

24 0.10%

m/v

m/v

m/v

m/v

m/v

m/v

I

solultion

solution

solution

solution

splutlion

solulion

othyl acelate ,

of

of

of

of

of

af

EXPERIMENTAL PROCEDURE

To

amyl alcohol,

in

n waler.

methanol.

melhanol.

in water.

watlter.

in water.

150 hbutanol,

crystal violel in watler.

malachite green in water.

methylene blue in waler.

oracel blue B 1n melhanol.

safranine in water.

green in melhanol.

water.

walter.

benrene,

naplthol benzene in methanol.

«

one of lhe lesl Lubes of 5 separale sels of

two

5%
Mc Ilvaine citrate-phosphate buffer pH 2.2, 2.0 - 8.0

chlovroform,

iso octanol and

testtubes
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each was added 1 ml of respeciive drug solution where as 1 ml of
methanol was added to Lhe other Llest tube Lo serve as reagenb
blank. To these 5 sets were added one of the following solulions
t— 1 ml of M hydrochloric acid, 1 ml of O.IM hydrochloric acid.
ml of buffer pH 3.0, 91 ml of buffer pH 3.0 and 1 ml of pH &
respectively. To each test Lube was added | ml of respecliive dye
solution and colour of sample and blant sclulion was compared both
in coonled and after healaing.

To & ° separate 25 m}! of calibrated flashs were added 1 ml  of
respeclive drug solulion and 1 ml of meihanol (Lo serve as reagent
blank) respeclively. To each flask 2.3 ml of respeclive dye
solution was added. Some'quantity of methano! was needded to
beep 1the reacltion produclt in solution in cage of bromo cresal
green and hromo thymol blus and volume was made up wibth water.
Alinquots of 2 ml sample mixiure and reagent blank solution were
transfered lo 8 sels of 2 Lest lLubes each and extraclion was
atltempled afler addition of 10 ml of respective organic solvent by
shaking thoroughly. The color of the organic extract of sample
golution relative to ihalt of reagenl blank was carefully notled.

CIII) RESULT AND DISCUSSION

0r the 13 acidaic and & basic different dyes employed, clatlon

yellow, fluorescein sodium melhyl red, erylhrosine and (ropaeclin

00. did not reaclt with druas over a pH ragne of 1 - 8 as
indicated by no difference belween the appearance of lhe
sample and reagent blank solution. The extraction inlo &

different organic solvenls was alttempted. The Lhere dyes namely
phenoi red, sunsel yellow and tarlrazaine did reacti wilh Llhe drug

substances To Fform ionpairs as shown by Lhe colour of orgamc
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exlract. However ithe di{ferente belween Llhe sample and blank n
;queous melhanolic solution was nolb discernible and colour of
organic extract atl 40 pg/ml was very lighl. The remaining 3 dyes
viz. Bromocresol green, bromothymol blue, erichrome blacl T,melhyl
srange and lhvmol blue exhibiled apparent dafference belween tLthe
sample and blenk solutions from pH 1 to % indicating the
posibility of 1onpair reactzon witlh the drugs in question. Il was
tnteresting to note that chlaoroform was Lthe only selvent suirtablo
for exlraction of 1onparrs of drugse wilh all ithe dyes found Lo
reacl. The drug subitances in gqueslion viz. Pindolol, GLimolol
maleale, nadolol and sotalel hydrochloride behaved ddentically
from Gthe pownt of view of ionparr ediraction. fhe colour of
orgaine exlraclt with suitable solvents at 40 pg/ml concentraclion
was ralher too light 1n case of Lhynol blue. Hence this dye was
not studied furither. The reaction wilh four remaining dyes viz.
Eromocresol green, bromoithymol blue, mebthyl orange and eriochrome
Black 7T were investigaled further in abid Lo develop a sensitive
analytical method.

Out of 5 differcont basic dves itried 3 of ithem viz. methylene
blue. oracetl blue B and malachile green did nol react wilh these
drugs over a pH range of 1 — 10 as indicated by no differance
hetween Lhe appearance of respective sample and blant solutions
and unsuitablily of exlraction in Lo differenl organic solvenls.
Crystal wvieolel and safranine were the basic dyes found 1Llo  react
waith these drugs. It {formed and an jonpalr witlh these drugs at pH
1 - 3, The complesr could be extracted in chloroform. This
reacltron was studied furither with & view Lo develop an &sssay

method for The estimalion of Lhese drugs.
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1V) REACTION WITH EROMOTHYMOL

EACTION BLUE AND EROMOCRESOL  GQREEN

1 0.10% m/v solution of pindolol, timolol malealeo, nadolol and

s0lalol hydrochloride in methanol.

g

0.10% m/v solutron of bromolhymol blue in meilhanol.

3 0.10% m/v solution of bromocresol green i1n methanol.

1 0.10M and 1 M hydrochloric acid.

5 Me - Ilvawne cilrate ~ phosphate bulfer pH 2.2, 3.0, 4.0, %5.0.

& Chlorolform, methanol benzeno.

11y EXPERLIMENTAL PROCEDURE

a. DETERMATION OF ARSORPTION SPECTRA 1 1EFERENT  SOLVENT

n

To 25 ml calibraled flasl.s each containing 1 ml of vrespeclive
cdrug colution Z.5 ml of 1 M hydrochlorid acid, 2.5 ml of respeclive
dye solulbion were added, Lhe volume was made up with waler. An
aligquot of 10 ml was oxlracted with 10 m) of benzens/ chlorform
and absorpltion speclrum of Lhe organic euxbtracl was scanned againsl
Lhe extract of the reagenl blank solution 1o determaine 1lhe
absorplion mauima. The absorbance mauima for chloroform extract
was 417 nm and {for bencene exlracl was 40% nm. lhe abserbance of
the chloform extlract was measured at 412 nm and thalt of bentenc
exlract at 405 nm upto 60 minutes Lo delermine the sitabiliity of
exlinction.

b DETERMINATION OF OPTIMUM H

To one of the & calibrated Flasts (2D ml) of & separalte sels
containing 2 flasls sach 1 ml of drug solulion was added and to
Lthe other 1 ml of melhanol was added Lo serve as reagenl blanb.
To each sel was added one af lhe following in respeclive order.

2.% wm! of t MHcl, 2.% m} of C.1 M Hcl. 40 ml of buffer pH 2.2, 10
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ml of buffer pt 2.0, 40 ml of buffer pH 4.0 and 10 ml of buffer phl
%.0. To each Flasl were added 2.5 wml of dye sotution and water Lo
volume and mixed. An aliquot of 10 m) of extracted with 10 ml of
bencene/chloroform and absorbance of Lhe organic eubracl was
measured 31 40% rnm/ 418 nm against Lhe respeclive reagenit  Dblank
after centrifugalbion for clari¥icalion of Lhe esxiract.
FREPARATION OF CALIERATION CURVE

fAn allquﬁt of standared drug solubtion was Lransfered tnto 2% ml
volumetric flas!, 2.5 m) of 0.1 hydrochloric acid and 2.5 ml of
dye solubion were added and wabter to male up Lhe volume. The colour
was estracted wilh 10 m)l benzene/chloroform and absorbance was
measured at 403 nm/ 418 wmnm against Lhe reageni blank.
ESTIMATION IN TABLETS

A oquantatly of Lhe mixed conlents of #0 Lablets equivalent Lo 10
my of respeclbive drug was shaten wilh 2% ml of melthanol for 10
minules. The soclution was Lthen filtered and aligquols of thie

zolubion alfter dilution were treated as described under

calibralion curve.

METHOL FOR OFTHALMIC SOLUTION (TIMOLOL MELEMAIE)

To the sample egquivalent fto 2.5 mg of Timolol maleate 10 ml of
huffer sclulron  (pH ?u7)34 was added and Lhe s=olulion was
exlracled wilh chloroform ¢ 2 X 10 wml portions). To the aliquots
of 1lhis selutiron & ml of molhanol was added and tLrealed as

described under calibralbion curve.

ESULT AND DISCUSSION

t

Preliminary experiment described earlier held hiab promise for
the method wilh Lthe discernible daflerence 1n the apperance of

sample blank solutron al an extremc acid pH (1.0) Table R2.42.
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Pindolol nadolol and solalol hvdrochloride reacted witlh
bromothymol blue while pindolol. timolol wmaleale and solalol
hydrochloride reaclted wilh bromocresol green. Eutraction walh
differenl organic solvenls from agqueous melhanolic solubion
indicaled benzemne and chloroform as  the suitable exlraclion
solvenlts for Lthe 1onpairs.

Direclt scanning of sonpair in agueous melhanolic phase against
the corrosponding blank from 340 nm — 320 nm held no promise what
s0 ever. However chloroform and benzene exlraclis displaved well
defined absorption peals when scanned against the appropriate
reagenl blanls. Jonpaire of paindolol, timolol maleale and
zotaolol hydrochlovride with Lhe bromocrosol green dye gave an
absorplion masama at 412 nm (figure Z.278). Pindolol, nadolol and
soltalol hydrochloride alse gave absorplion maxima at 417 nm . witlh
bromolhymol blue dye in chloroform exlraclt (Praure 2Z2.23).

Absorpltion of chloroform extract at 412 nm whibited good
colour stabililty for aboul one hour. Benzcene exiract all ithough
gave stable colour, consiberable less absorbance lhen chlorororm

siract. The pH of oplimun complenalion was found Lo be 1.0 Jor
all the three compounds as can be seen from the dala precented in
Takle 2.4Z2

Heating the reaclion product ain agueous melhanolic medium  on
steam bath for 2 minulos prior Lo extraction in benzene increase:l
the absorbance only marginally which did nol fTurlher 1ncrease with
additional healing. |

The calibralion curve was recltilier belween 4 ~ 56 pog/wml, 2 -
32 ug/ml, 2 - 40 ug/mi Tor pindolol, Limolol maleate and sotalol

hydrochloride wilh bromicroscl areen ({3gure 2.24). While 4 - &4



Table Z2.42

EFFECT  OF

O SOLVENT (CHLOROFORM) EXTRACTION OF FINDOLOL, NADOLOL, QND

SOTALOL HYDEROCHLORIDE MITH EROMOCRASOL GREEN

Hedaam pH Abserhance at M2 nm

with hromecrosel green with bromothymol blue

piedolel  famelsl  selalel pindelol  madolel  selalel

maleate hydrochloride ’ hydrochloride

0.1 HD 10 0.702 0.708 0.875 0.725 0.780 0.805
0.0 Hel 2.0 0.471 0.474 0.700 0.4600 0.580 0.605
Buffer 1 2.2 0.320 0.520 0.510 0.430 0.410 0.325
Buffer 2 2,0 0.194 0.273 0.372 0.205 0,190 0.180
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Fig. 2.
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Absorption spectrum of ion pair of (I) Sotalol Hydrochloride

(II) Timolol Maleate (III) Pindolol with bromeo cresol green.
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Fig. 2.23
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Wavelength in nanomster.

Absorption spectrum of ion pair of (I) Timolol Maleate
(II) Sotalel Hydrochloride (III) Nadolol with bromo -
"thymol blue.
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Fig. 2.24
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1 H 1 f ] ) f
8 16 24 32 40 48 58

Concentration in ug/ml.

Calibration curve of ion pair of (I) Timolol Maleate (II)
Sotalel Hydrochloride (III) Pindolol with bromocresol green.
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Ha/ml, 2 - 32 pa/ml and 5 - 60 ua/ml for pindolol, nadolel and

solalol hydrochloride wibth browmilhymol blue (figure 2.25).
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Fig. 2.25

I1

-

i i 1 H T ¥ i
8 16 24 32 40 48 56 64
Concentration in pg/ml.

Calibration curve of (I) Nadolol ({II) Pindolol (III}) Sotalol
Hydrochloride with bromothymol blue.
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The result of the eslimabion of marbteted prepration of
Pindolol, Nadoleol and Botalol hydrochloride witlh Bromolhymel bluo
where as Pindolol, Timolol, Botalel) hydrochloride wilh Hromochrol
green reporied 1n Table 2.43 (o 2.48,

Table z.43
RESULIS O ESTIMATION OF PINDOLOL BY BROMUOCRESOL GREEN

oo 2ot ot i et o0 4078 Bt Somek Sheet Sinfe e 4 20000 B B ISR hfrt it Seeat Sankn Chife Gy (e e % TeLS Peees e SReoy S P60} Rt AS e A fetet Gasrp Shiee SaLst PR dmies 04 4Rkl Leant et Met BShes 08 S0 B L SPHS SA4RS 49004 N PSR it SRt MO e Serm et A Pt te 4 doten biars baae

Sample Proposed melthod Orficial method3
Assay Sid.dev Assay Std.dev
Bulk powder F7.91 +0.099 29.82 +0. 12
Tablet 1 92 .84 +0.098 100.10 +0. 13
Tablel Z2 99.8% r0.097 100.90 +0. 14

ot Bt oten ey o Shosh g hm bt et e e § S 33k Sabre Semer sbons o fae Aves $OPE SeFeY Ve PR P AR ooy ey 14 bk { b oo ohowy Bome ek ey aeS 44 = P8 43 FLS Shom ot G4 Shms s P Fi0 SS04S Smet eV 000 B Sorm ey B e B deede s s Ferss e see b Yoot

3
Bample Proposed method Orficial melhod
Assay Std.dev Assay Std.dev
Bull., powder 29.941 +0.083 P9 .63 +0.25
Tablet 1 7% .87 +0.082 9%. 10 +0.27
Tablel 2 99 .79 +0.80 99 .32 +0.2&
Table 2.45
REBULTS DF ESTIMATION OF S0TALOL HYDROCHLORIDE BY BROMOCRESOL
GREEN
. b6
Sample Proposed melhod Reported melthod
Assay Std.dev Assay Sid.dev
Bull powder 99.86 +0.08%9 99.75 F0.52
Tablet 1 99.77 +0.090 g2 .60 +0.05

Tablet Z 99.95 +0.087 100.00 +0.50
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Table 2.46&6
RESULTS OF ESTIMATION OF PINDOLOL BY EROMOTHYMOL BLUIL
3
Sample Proposed melhod Off1cral melihod
Assay Std.dev Assay Std.dev
Bull powder ?9.83 +0.032 79 .83 +0.12
Tabklet 1 100.50 +0.039 100.09 +0. 13
Tablel Z 100.05 0. Q34 100.8% +0. 14
Tahle 2.47
RESULTE OF ESTIMATION OF NADOLOL RBY BROMOTHYMOL RBLUE
=
Sample Proposed method Official method
fzsay Sid.dev Assay Sid.dev
Bull powder 99.69 +0.062 79 .82 +0.33
Tabletl 4 99.73 +0.054 89.30 +0.34
Taklel 2 9.9 +0.063 99.8646 +0.323
Table 2.18 RESBULTS OF ESTIMATION OF S0TALOL HYDROCHLORLIDE By
EBROMOTHYMOL. EBLUE
&b
Sample Proposed melhod Reported melhod
fAcsay Std.dev Assay Std.dev
Bull. powder 99.79 +0.%0 99.75 +0. 532
Tablel 1 99.86 F0.51 29 .60 4+0.51
Tablet 2 99.93 +0.52 100.00 +0.50
V) REACTION WITH ERIOCHROME DRLACK T AND METHYL ORANGE
1. REAGENTS
1. 0,104 m/v solution of Eriochrome black T in water.
2. 0.104 m/v solution of methyl orange 1n water.
3. 0,104 m/v solution of Pindolol, Timolol maleate and colalold

hydrochloride in melhanol.



4, Me ~ Ilvaine cirtrate phosphate buf{fer pH 2.2, 2.0, 5.0, 8.0.
5. 0.7 and 1 M hydrochloric acid.

4. Choroform, benzene, melhanol.

I1. EXPERIMENTAL PROCEDURE

™

DETERMINATION OF

i

U11ABLE EXTRACTL OLVEN :

Preliminary ceuxperiments indicaled Lhe possibilily of selective
extracltion of the ionpalrs of drug substances wilh the dye inte 3
different organic solvents necessitating further eiperitwments to
screen out the Eest among Lhem.

1o 50 ml calibraled llaske 1.0 ml of drug solutlion, Z0 ml of
buffer pH 2.2, 2 ml of either dye solution, 14 ml of melthanol were
added and waler Lo volume. An aliquol of 10 ml containing Z0

ug/ml of drug subslance was extracted wilh 10 ml each of benzene,
chlovroform and carbkon tetrachloride and the absorbance of ornanic
layer afler cenlrifugaltion was measured al 470 nm. 3520 nm and 3540
1Hn respectively for Pindolel, Timolol maleale and soltalol
hydrochloride with ertochrome blact T and at 412 nm  for Timolol
maleate with melhyal orange against Lhe appropriale reagent blank
prepared simallamepusly Lo determine the initenztity of absorbanco
and stabiliity of Lhe rolour.

DETERMINATION OF OPTIMUM ply

An experimenl similar Lo one designed 1n case of Rromocresol
green and Bromothymol blue (sec. Z2.11.1) was perlormed Lo
determine ithe pH of optimum complexalion. utractron using 0.05%
m/v  drug solutzon. 0.10%4 m/v dye solulion and 7 ml of exulra
quanitily of methanol prior Lo volume maling was necessary. The
absorbance of chloroform extlacl was read as deccribed 1n above

paragraph.

Sy



c.  DETERMINATION 0OF SI10CHIOMETRY 0OF COMPLEX RY — CONTINUOUS

‘VQRIATAQH PLOT

To & sel of 2 separate 25 ml volumetlraic flasl s 1-%
ml aliquots of 0.0% M durqg solution and aliquols of 0.0n M
erichrome blact T / methyl orange solution in complimentary
proporlibion were added Lo make 10 ml. To ecach flasl was added 10
ml of buffer solulion pH 2.2 and waler Lo volume. An xliguot of 0
ml was exlracled with 10 ml of chloroform and absorpltion was
measured al 470 nm, 520 nin and 540 nm respeclively fTor FPindolol,
Timolol malealte and Solalol hydrochloride wailh eriochrome blacl T
and at 412 nm for Timolol maleale wilh melhyl orange against
Lhe appropriate reagenl blanl prepared simullbaniously.

d. FREPRATIN OF CALIBRATION CURVE

Nliquots of 0.050% m/v solution of respctive drug (0.125, 0.2%,
0.9, .2, 3.4 and 5.0 ml) was added Lo a sel of 8 separate 2% ml
calibrated {lasls and aliquots of melhanol an compl imentiry
proportion Lo mate & ml., To each flashk 10 ml of buffer
golution of pH 2.2, 2.0 ml of erichreme black 17 / meilhyl oprange
and walter was added Lo volume and mixed lo yield 2.5 to 100 mg/ml
concenlration of drug. An aligquol of 10 ml was Llransfered to a 50
ml separator and extracted twice wilh 10 ml portion of chloroform.
The yellow extract 1n case of Timolol Maleale wilh methyl orange
and reddish coloured compley of Pindolol. Timolol Maleale and
Sotalol hydrochloride with ersochrome blactk T wore collected into
ES‘ml calibrated flasbs and volume was made up wilh chloroform to
vield Z.% - 100 mg/ml concentration of 1he drug. The Absroplion

was measured as described in ahove paragraph againsi reagenl blanl

extract. The &bsorbance of Lhe complexx was plotled against



concentration of respeclive drug anm ug/ml.
e. ESITMATION IN TARLETS

A quenitity of mixed contents of 20 tablels equivaleni 1o 10 mg
of respective drug sample was shaken with #% ml melhanol and
contenls were shalen for 10 minules. Melhanol was added Lo volume
and mixed. The solutiron was Lhen fillelered and aliquols of  Lhis
was Llransferred to a 2% ml calibrated {last and esltinalion was
carried out [Tollowinyg Lhe procedure as described earliar under

calibralion curve.

f. MEIHOD FOR OPTHAMIC SOLUTION (Timolol Maleale) 1

To the sample equivalenl Lo 35 mg of Timolol Maleale 10 ml of
buffer solurion {(pH 2.7) was added and the minture was extracled
wilh chloroform (2 X 10 ml g:nt:»t"tlt:m):EM aligquots of Lhis solulion
2 ml of methanol was added and Llreated as described under
calibration curve.

. RESULT AND DISCUSSION

Preliminary experimentis described earlier high very hig promise
for the melibod wilh discernible difference in Lhe appearance of
sample and balnt solultions over & pH range of 1 - 5. Benzene,
ehiloroform and carbon lTetracloride were Ffound to be suirbtable
splvents for the selective extraction of ihe i1onpair al pH Z2.2.
Experiment to delermine 1Lthe best eulraction solveni revealed
chloroform esxtract mosl suliable one will, wasimum silable colour
development. The absorbance maiima was tfound Lo be 470 nm, 320 nm
and 540 nm (figure 2.26) respeclively {for Pindoloel, Timolol
Maleate and Sotalol hydrochloride wilh eriochrome bhlack I and al

412 nm {for Timolol Maleate with melhyl orange againsit  1Llhe

appropriate reagent blan!l prepared simultanecusly (Ffigure Z2.27).

D
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Wavelength in nanometer,

Absorption spectrum of ion pair of (I) Sotalol Hydrochloride
(II) Timolol Maleate (III}) Pindolol with eriochrome black T.
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Fig. 2.27(1) - Absorption spectrum of ion pair of Timolol
Maleate with methyl orange.

Fig. 2.27(II1)- Calibration curve of Timolol Maleate with
methyl orange.

Fig.

2.

27



The pH  of oplimum complenalin wae found Lo he 2.2 for all the
compounds .

The stoachiomelry of the complex was found Lo be 151 in case of
all Lthe drugs viz. Pindolol, Timolol Maleate and Sotalol
hydrochlorade with erichrome black T and Timolol Maleate with
methyl orange when delermined by counlinuous variation plot melhod
al the total concentralion of the drug and dye at Z X loﬂq i
by exlracting Lthe 1on pair from aqueous melhaneolic solution into
chloroform and measuring the absorbance al respeclive absorplion
max{mum (figure 2Z2.29, 2.30). However ilhe drug to dye ratio of
about 183 was employed in the subsequent experiment gnd analysie
for complel complesation and extraciion.

The calaibralbion curve was raclbilinear in Lhe region of 12 - &4
Hg/ml  ain case of Pindolel and Timolel Maleate wilh eriochrome
Blact T and 12 - 40 ug/ml 1n case of Sotalol hydrochloride with
eriochrome blacl T (fi1gure 2.28). The calibralion curve was
racbilainear in  the range of 2 ~ 40 ug/ml 1in case of Timolo!l
Maleale wilh molhyl orange (lfigure Z.27).

The melhod could be succossfully applied for Lhe esbimalion of
all  ihe commercially available dosage forms viz lablet and
opthmalic solulion (Timolol Maleate). The resulls oblained ars
comparable wilh B.P.B method for Pandolol,Timoloel]l Maleale and with
rublzeheod method o {for Sotalol hydrochloride for estimaltion of
dosage forms 1in Lerms of accuracy and precision.

The proposzed epeclrophbomelric meithod Tor determination of ithese R

bloclers 18 simple, rapid and reli1able and can be used for Lhe

roulineg abalysis of lhese drugs in all their common dosage forms.
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Fig. 2.28
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Concentration in pg/ml.

Calibration curve of (I) Sotalol Hydrochloride (I1) Pindolol (III)
Timolol Maleate with erichrome black T.
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Continuvous variation plot of idn pair (I) Pindolol (II)
Timolol Maleate with eriochrome black T.
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Fig. 2.30
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black T]

Continuous variation plot of (I) Sotalel Hydrochloride
{11) Timolol Maleate with eriochrome black T.
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h. COUMPERATLVE EVALUAT LON

The resulis oblained wilh bromolhymol blue were 11dentical 1o
those oblained with bromocresol groen  in many respecbs  and
expecledly so because of Lhe close slructural resembalance belween
Lhe lwo dyes.

The proposed spectropholometric methods wilh hromotlhymol
blue,bromocresol green, melhyl orange and erichrome blaci T was
zamillar to the two published methods in lwo siribaing fealures.
First the proposed melhod 1s based upon extraction of the 1onparr.
of drug with dye from aqueous melhanclic medium sel to regquired pH
with chloroform simillar to the published method, second-—Lhe range
of reclilinearity oblained in the proposod method 15 much broder
than Lhe published melhods wilhoul sacrificing Lhe sensilbivily of
the method.

Nfver compairring wilh the published melhods 20 was fTound tLhatl
the estimabion of DMindolol, Timolol maleate and Sotalol
hydrochlorade with bromocrecsol greenm and the esitimation of
Pindolol., Nadolel and BSotalo! hydrochloride with bromothymol
bBluegave beller resulls co far as lthe precision and accuracy are
concerned. Butbt the range of concenlration of drug delerminable by
the proposed melhod 18 definalely betler Lhan the published ones.

REACTION WITH CRYSTAL VIOLET

REAGENTS:

1. 0.710% m/v solulion of Pindolol, Timolol maleale, Nadoleol and
Sobalol hydrochloride in methanol.
2. 0.10% m/v golution of crysial vislel 1n waler.
5Q

2. Mc llvaine cilrate-phosphate buffer pH 2.2 - 8 .

4. Methanol, benrene, chloroform.
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EXPERIMENTAL PROCEDURE:

E:
(PREPNARNTION OF CALIBRATION CRUVE) .

To & sel of 8 separale zb m] calibraled {lasals aliquitls of
standered solution of respecltive drug, 10 ml of buffer gmlutlnn phl
3.0 and 2 m) of crvslal violel dye solulion were added and the
voalume was made up wiblh water. An  alilgaveol of 10 ml wa=
transfered to a 50 m)l separaltor and extracted Ltwice with 10 m)
portion of chlovrolorm. The viclel exbraclt was cloleclbed 1in  Lo2B
ml calibrated Fflasl and volume was made up wilh chloroform Lo
yield 1-40Q uia/ml  concentratbtion of the drug. Absorbance was
measured &t 580 nm against Lhe reagent blanb prepared 1n Lhe
simillar mannor.
RESUL]T AND DI1SCUSSHION

Preliminary sxporiments descrabed earlier showed good promisce {for
the reaclion belween all the four B-bleclers and cryshal violel
especially in buffer solution of pH 3. Chloroform was found Lo be
sutlable f{or uiraction of any possible onpailr from buflfored
solulron of pH 3 gaiving stable violet colour. Scamnming ol sample
gibtracts against blank eniraclts gave absorplion marima al %80 nm
{figure Z2.33). Calibratlion curve was rectiliner in Lhe range of
a0-200 Hg/ml of all the Four drugs (figure Z.32). All the 4 B-

blocters behaved i1dentically so Tar as chloroform exiraction was

concernod as well as in Lthe N masx.

2.12 SPECTROPHOTOFLUORIMETERLIC METHOD

fhe published 1liturate on Mindeolel and Nadolol rovelsd one
method each foar the eslimation tuf Ltheso drugs by
spectrophotofluorimelric melthaod. Pindolol in ethanol medium gave

flugrescence al Z6Z nm and 205 nm as excilation and emiscion

128
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Fig. 2.32
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Absorption spectrum of (I) Timolol Maleate {(II) Pindolol
({II1) Sotalol Hydrochloride (IV) Nadolol with crystal violet.
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Calibration curve of Pindolol, Nadolol, Sotalol Hydrochloride and
Timolol Maleate with crystal violet.
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wavelenglh respeclively. Nadolol after iLreatment wiith sodium
periodate was again lreated wilh o -~ phenylene diamine gave
fluorescence at 203 nm and 445 nm as Lhe excitalion and emision
wavelength respectively. No publication could be traced 1in the
litature on spectrophotofluorimelric method {for the estimation of
Timolol Maleate and Solalol hydrochloride. This could either be
due 1o Lheir negligible native {luorescence in the wultiravioleti
regiron  or due to Lheir photodegradation when exposed Lo Uy
radiations.

Prompled by thigs lacuna, atiempls were made to develop some
specltrophotofluorimetric methods of analysis by designing
different experimenis consislent with Lthe chemical structure of
these B-blockers that could be conducive Lo fluorescence
development.

2.12.1 PRELIMINARY EXPERIMENT

" I. EQUIPMENT

Shimadzu specirophotofluorimeter RF 540 and {fuced quarts sgare 10

mim cel{s having and 3 il volume wers used.

11. REAGENTS

1. 0.10% m/v sclulion of Pindolol,Timolol Maleale, HNadolol and
Solalol hydrochloride i1n methanol.

2. 0.1M and 1M hydrochloric acid.

3. 0.1M aguous perchloric acid solution (1.1%4 v/v in water).

4, 0.1 and 1M sulphuric acid.

3. Me Llvaine citrate phosphate buffer pH 2.2, 2.0, 4.0, 5.0 and
6.059,

&. 0.7IM soldium bicarbounale solution. ‘

7e 017 m/v solution of potassium fFerricyanide in walter.
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g, 0.001M copper sulphat solultion.

F. Melbhanel, chloroform, polyelhylene glycel - Z00.

10. 0.085% m/v solulion of gquinine sulphatle in 0. 1M sulphuric arid.
1. 0.025% m/v soclution of fluorescein in melhanol.

11}« DETERMINATION OF EXPERIMENTAL FLUDRESCENCE

The Tolliwing general procedure woes adopled for delermining tho
optinum excitalion and cmission wavelenglh,

o Excitalion waveleonglh was firged al ane of the Lnown absorplion
maxima  in Uy region ang omission wavelenglh was varied Lo
determine Lhe oplimum wavelenglh.

Z. Opltaimum  emission wavelenalh found in step 1. was {ixed and
axcitaltion wavelenglh was varied Lo delermine the offeclt of

the latier on fluorescence anlensaty (excitatzon epectrum
uncorvected) and oplimum enciltation wavelenglh correspondlsﬂ
Lo maximum fluorescence was also delermined.

Optimum exciltalion wavelenglh found in slep 2 was fined and

emicsion wavelenglh wae varied Lo deolermine Lhe effeclt of the

latter on  lluorescence intensilbty  (emission speclrun

uncorreclted) and opliumum emission wavelonglh correspanding lo

manimumn fluorescence was also delermined.

iV_ESTTMATToN of NATURAL FELUORSSCENVCE

The following solubion wore prepared for each drug wilh 40
Hg/ml concentration .
l. To =& 2% ml calaibrated {last 1 ml of recpecltive  drug
solulion was added drluted Lo volume wilh methanol.
Z, To 2% ml calibraled flact 1 m}l of respeclive drug

solulion, 2.5 wl of O.M hydrochloric acid were added and methanp!
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to volume.

. Te a 25 ml calibraled flaslk, 1 ml of respeclivo drug
solution, 2.5 ml O.1M perchloric acid were added and melhanol to
volume.

4. To 7 separale 25 ml] calibrated {laste containing 1 ml of
respeclive rug salution one of Lhoe Followiny 1in
respeclive order was added. Z2.% ml of | M sulphuric acid, Z.% ml
of O0.1M sulphuric acid, 10 ml of buffer pH 2.2, 10 ml of buffer pll
2.0, 10 wl of buftfer gt 4.0, 10 ml of huffer pH 5.0 and 10 m)} of
buffor pH 6.0 Lo each {las! were added and melhanol {o volume.

%. To & separate 2% ml rcalibraled {flaskts 1 ml of 0.1 pA
msy respeclbive drun solution in chloroform/Plyelhylene glycol 200
were added and Lhe respeclive solvenl to volume.

The apt;mum erxcitation amd emission wavelenglhs were determined
for each of tithem and {fluorescence intensity oblained &t the
oplimum ueitation and emission wavelenglh was recorded for  the
sample and correspoindinn blank solution. The difference bLiolween
the two gave correcbted lluorescence aintensily.

DETEIMINATION  OF EFFECT OF  METAL COMPLEXATION on
FLUDRESCENCE

To a 2% m} calibrated {lask 1 m) of respeclive drug
snlulion, E,é wml of Q.11 hydrochloric acid, 1 ml copper sulphale
solutron were added and melhanc) to volune. The {luorescence
gpectra and intensily of Flucrescence wore deflermined as  1n Lhe
previous experiments.

DETERMINATION QF EFFECT OF OX1DIZING AGENTE ON FLUDRESCENCE

The following solutions Wero praparead for

specirophotofluorimelric sludy av 40 ug/ml toncenlraclaon  of

133
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respecltive drug substances.
1. To & 25 ml calibrated flasl 1 m}l of respeclive drug
solution, 1 ml of polassium ferricyanide solution were added and
melhanel to volume.
2. To a 23 wm)l calibrated {lask 1 ml of respeclive drug
solution, 1 ml of poltassium ferricynide solution, 1 ml of sodium
bicarbonate solulion were added and melhanol Lo volume.
2. Toe a 25 wl calibrated flask 1 ml of respeclive drug
splution, 2 ml of hydrogen peroxide solution, 2.5 ml of waler and
were added methanol {o volume.
4, To & 23 w) calibrated {lasl 1 m} of respeclive drug
sglution, 2 wml of hydrogen peroiyide solution, 2.5 ml of O.1 ™
sulphuric acid were added and methanol 1o volume,

The fluorescence speclra and inlensity of fluorescence were
determined as in Lhe previous experimenis.

VII DETERMINATION OF THE EFFECT OF DRUGS ON FLUORESCENCE OF

PR ol R Bt B ol SR - -

QUININE SULPHATE

1 ml of respective drug solulion was added to a 25 ml
calibrated flast containing 1 ml of gquinine sulphate solution and
melhanol to volume. The standared solution of fluorophore was
prepared by diluting 1 ml of (0.025%4 m/v ) quinwne sulphate te 25>
ml in =& calibrated {flastk 1o serve as a conlrol {lacsbk for
comparision. The fluorescence speclrum of standared solution was
gcanned and the fluorescence of these solution was measured
againslt the appropriate reagent blank with 352 nm and 443 nm  asz
excitalion and emission wavelength found Lo be optimum with tLhe

instrument used.
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V111.DETERMINATION OF EFFECT 0OF DRUGS N FLUORESCENSE aF
FLUORESCEIN
Toe a 2% ml  calibrated flasi: I m} of {luorescein

gsolultion (0.025% m/v), 1 ml of respeciive drug solution were added
and methanol to volume. The afandared solultion of fluorophore was
prepared by diluting 4 ml of [luorescein solution te 25 wml in a
clibrated {laslt to serve as a control for comparison. The
fluorescence specltrum of standared solulion was scanned and the
Tluorescence of these solulion was measured against methanol and
wilh 470 nm and 510 nm as excilalion and emission wavelenglh found
Lo be optimum with tThe anstrument used. The excitalion and
emission specira of fluorescein solulion containing Pindolel,
Timolol Maleale, Nadolol and Sotaleol hydrochloride were scanned
and compared wilh thal of standared fluorescein specbivum.

In modafication of the above euperiment 2.5 ml DF‘ 0.1 ™
hydrochloric acid/Z.5 ml of 0.1 M sodium bicarbonale was added to
study Lhe ef{fect of itreme a&cid and allaline pH  on the
fluoreoscence spechbrum . ."of Ffluorescein and effect of drugs in
gqueslion on such modified spectrum of {luorescnin.

The fluorescence of fluorescein was measured as such and when
conltaing Timolol Maleale &1 470 nm excilalion wave]engih and 310
nm emission wavelenglih in pure melhanol medium. When conlaining
Pindolol and Sotalol h?droch]oride al 470 nm excitation and 510 nm
emis3ion wavelengih and when containing Nadolol solulion at 470 nm
excitation and 530 nm emission wavelenglh 3n pure methanol medium.

Fluorescein in meblhanol was scanned as such and also  when

containing 4 ug/ml concentralion of eilher drug solutlion.



1X.

PREPARATION 0OF CALLERATION CURVE
To separale 2% ml calibrated Fflasts containing 1 mi of
fluorescein solulsron 0.2%, 0.5%0, 1, 2, 3, 4, &, &, 10
and 12 ml of standard solutions of eilher of bLho drug were added.
Mehlanol was added to volume and mixed. The standard solutlion of
Fluorophore was prepared by diluting 1t ml of fluorescein solubtion
te 25 ml in a celibrated falszsl Lo serve as a  conlrol {for
COMPRAY1S10N. fhe flluorescence of Lhese solulbion was measured
againslt melhanol with 470 nm and 510 nm as excalalion and cmission
wavelenglh found Lo ke oplimwim. Lhoe fluorescence of each solulion
was exupressed az percentage of [luorescence of {luorescein  (%F).
The substraction of {(ZF) From 100 gave Lhe procentage fluoresceance
guenching  GIFGr or increase 1n fluorescence {(AFRY.  Losarathm  of
(7FY  and (AFR)/(4FR) was also determincd. The Tollowing graphs
were drawn 1n & bid wo esztablished if linearaly exxisted
hetween lluorescence intenstty and conceniralion of rvespeclive
drug.
1. Percentage of {fluorescence  of fluorescein (4AF ) vE.
concontlration of respeclbive drug in ny/ml ().
2. Percentage of {luorescence gquenching (ZFQYy/ (AFRD VS,
concentration of respecltive druyg 1n ng/ml.
d. Log percentaage of {luorescence of [luorescein (log %F) vs.
concontration of respeciive drug ain na/ml.
4. l.og percentage of [luorescence quenching(log YF@Y/(loa %FR) vs.
concentration ol respeclive drug in nyg/ml.
. Log percentage of [luorescein (log %F) vs. Log concenlralion of
respecltive drug in ng/ml (lag o).

&. Log percentage of [luorescence quenching (log %UFQ¥/(log YFR)
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XII.

1

ve. log concentration of respeclaive drug in ng/ml (log c).
ESTIMATION IM TABRLET

A total of 20 Lablels were weighed and average weighl was
determined. Nin accurately weighed porition of finely ground
tablets equivalent to 10.0 mg of either drug was Lransffered toa
30 ml calibrated Flasl:. To this abouli 30 ml of mwethanol was added
and contenls shalten Tor 10 minules. Melhanol was added to volume
and mixed. The solulion was then fillesred and 1 ml aliguol of Lhe
Tiltrate was diluted to 10 ml ain & calibratled {lasl.

Toe a B85 ml calaibrated flash I ml of Ffluorescein
zolution, 1 m} of tesli solution as above were added and methanol
te wvolume. The Ffluorescence of Lhis solution was measured as
described under the calibration curve. The atitenuatod
fluorescence intensily was eupressed as percenltage of fluorescenco
of {luorescein and the content of Lhe respeclive drug in mg per
tablel was calculated wusing the liner calibralion curve of
logaraithm of fluorescence of fluorescein {log YF ) Ve .
concentration of Tthe drug 1n ng/ml (C).

ESTIMATION IN DOPTHALMIC SOLUTION (TIMOLOL MALENTE)

Te the sample equivalent to 5.0 mg of Timolol Malesate 10 ml of
buffer solution {(pH 9.7} was added and the enlulion was exlracted
with chloroform (2 X 10 ml). A 10 ml pertion of the combined
exlract was evaporaled under vacuum and residue was discolved in
25 ml of meihanol and the procedure as described above Ffor thoe
gstimation of tabtlels was {ollowed.

RESULTS AND D1SCUS310M

uecitaltion and emission specira and {luorescence intengily in

parlicular oblained there afler with the differeni solutions

7
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enlisted above gave vory unstable and i1mprecise fluorescence
intensily 1n most cases excepl Solalol hydrochloride.

Solalol hydrochleride gave anlrinsic {luorescence wilh pure
me#bthanol at 280 nm exciltabtion wavelenglih and 310 nin as  emission
wavelenglh. In 0.2 M sulphuric acid medium 114 gave excilation
wavelength 279 nm and 310 nm emission wavelenglh (Ffigure Z.34)
Fluorescence intenssly could be Jlinearly correlated wilh
concentralion of Sobtalol hydrochloride from 1 - 40 ng/ml  {(lfinure
2.3%). Change of solvent from methanol to chloraform retarded the
fluorescence readings Where as wvisous solvent lile poly
gthylene glycol 200 some whal enhanced the ({luorescence.

ALtempls Lo chelate Lhe druygs wilh cupric 1ons in melhanol al
an acadic pH wilh view to anduce {luorescence gave negalive
results. .

Attempls 1o oxidise Lhe drug compounds wilh neulral and allaline

pobassium  foricyanide and neulbral and anudiec hydrogen peroxide

gave promissing resulls. The resulles with mneulral polaszsium
ferricyanide were wmore prescise and were studied i deterl
Findolol, Nadolol and Sotalel hydrochloride wilh polassium

ferriacyanide wn melhanolic medium gave [Tuorescence al 270 nm,
7% nmoand 280 nm oas exciltation wavelenglh respeclavely and 310 nm
as emission wavelenglh in case of all Lhe Lhree durgs.

Fluérescemce intensgily colud ke Jinearlly correlated witlh
concenlbration of Pindeolol from 10-60 ng/ml for Nadoleol from 3 - 30
wa/ml  and for ESolalol hydrochloride {from 4 - 48 na/ml {({igqure
2.36).

Allenplts were made 1o use these drugs as gquenchere {for  Lhe

fFluorescence of lwo well tnown TMluorophores. Huperimenls of Ll
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type were planned in view of Lhe absorplion rthoractericslace  of
these druss and possihilits of some reaclion belween Lhe drug  and
the Tluorophoro.

Undor Lhe enperimenital conditaon descraibed oquinine  sulphate
exhibiled strong {luocrescence in Q.1 M sulphurtc acid and  when
fluorescence speclra wae scanned, oplimum eucitalion and emicsion
wavalenglh were Tound Lo be 3%2 nm and 442 nm carresponding to
manimum {luorecc:oce  dntenzity of a&bout 450 om 4 {0 ug/ml
concenlration. The pesonce of any of Lhe drugs ander study ab 40

ug/ml  concenlration did nol affecl Lhe fluorestence reading &t
all and any possible naguenching effecl of the drugs on Th2
fluorescence of guinine sulphale was ruled out.

n eharp contraszt to the preceding experiment one © Dblocler

~ 1o lel Mml—we e‘i\,\'\b'\.\,eoi yle'v"\cl.).\c_"t by € I Q\,\‘Oj\a\:\"\% ¢ f\oq et
o A €
natural fluorescence of (fluorezcein 1t molthanol when measured wilh

the 470 nm and 510 nm ac Lhe excilation and emission wavelsniglh.
Interestingly enough. FPindolol, MNadolel and Solalel hydrochloride
axhibited increase in Lthe aintensilty of fluorescence of
fluorescien when measured walh 470 um and 210 nm as oplimum
excitation wavelenglh Tor Piadolol and Solalol hydrochloride were
e oplinum encitation and emizsion wavelenalh {or Nadolol) were 470
am and 330 nm.

Besides increase 1nv fluorescence inbtenisty, presence of Nadolal
brought aboul qualitalblive change 1n the sxcibtation specltrum of
fluorescencein. Ercitation mauima relained at 470 nm wherse &y
emi1ssyon maumima was shifled from 310 nm to SH0 nm when conlaining
40 ng/ml  gquanlily of Nadolol., Fluorescence gxcilation and

emission  wavelenglh of 10 ng/ml solution of Ffluocrescein were



almosl retlained at 470 nm and 510 nm respeocitively in preosence  of
40 na/ml concentralion of Pindolol, Timnolol Maleale and Sotalel
hydrochloride 3n methanol. The use of 0.1 M hydrochloric acid
increased the {luorescence inbtensity noliceably. The opbimum
excitalion masoima of fluorescoin shaifled Trom 470 nm o in melhanol
tn 442 nm  in acidic methanol were =2s Lhe oeomission madima was
retazned at 510 nm. The uce of a mixture of 0.1 M sodium
bicarbonate and melbhanol (1+9) 33 the medium instead of methanotl
reatly erihanced the 1onazation of fluorescein and henco
fluorescence bul guanching property of Timolol Malvcale wWas
completely lost. The graph of percentage of {fluorescence of
fFluorescein (%) or percenltage of fluorescence gquanching (XFQ) v
concentration of Taimolol Maleate (£} gave curve as drawn in {iguro
2.36bh. The graph of logarithm of percenlage of fluorescence of
Tluorescean (log %F) vs concenlration of Timolel Maleale was
recbilinear from 0.1 - 4.0 ug/ml (Frgure 2.368) and this graph
was used for the purpose of guanititalive analvels of Lhe docage
forms. The logariihm of porcentage of fluorescence of fluoresceiln
and concentration of Timulold Maleale gave rectilainear
relationship.

The graphs of percentage of f{luorcscence of fluorescein (4F) oar
percenlage of increase of Fluorsscence of fluorescein (4FR) v=
concentralion of respeclive drug () (Pamelolol, RNadolol and
Sotaltol hydrochloride) gave reclbilinsar relation from |-20 nag/ml
concentration of Findolol and 2 Lo 2% ng/ml  concentration of
Nadotlol .and Selalel hydrochloride (figure 2.37). fhe method
worled satisfactorily for Lhe eslimation of all the commercially

available dosage forms of respsctive drugs.

»
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Fig. 2.37
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3
The results oblained are comparable to DR.P. method for

Pindolol, Timolol Maleale and Nadalgl but the meihod for Sotalol
hydrochloride in terms of accuaracy and precision was found te be
comparable with the published meLhodé&. The proposed
spectrophotofluorimelric melthod for the delermanation of Pindolol,
Timolol Maleate,‘Nadelal and Sotalol hydrochloride 1s simple,rapid
and reliable and can be used fTor routin analysis of dosage form of
these drugs.  In view of the specificity of the method for these
drugs and its high sensitivaiiy Lhe method zeems Lo be promising
for pharmacolinetic studies as well. The addition of sodium
bicarbonate increase in the fluorescence of {luoresceain there {ore
the contribution of these drugs Pindolol, MNMadolol and Sotalol
hydrochloride to the inhancement of {fluorescence of fluorescein
was nol easy Lo delermine.
2.13 REACTIONE OF PINDOLOL

Only Pindolol was observed Lo reaclt few other reagents like 1,2
napthoquinone - 4 sulfonic acid, N-1-naplhyl cethylence diamine and
poltassium dichromate which 18 being discuss as follows 5~

I. RENAGENTS

1e 04104 m/v solutzon of Pindolol in O.IN hydrochloric acid and

O 14 m/v Pindolol an 0.1 N sulphuric acid.

2. O.1iN hydrochloric acid.
3. 4N sulphuric acid.
4. 1.0% w/v solution of ammonium suphamale 1n waler.
5. 0.910% w/v solution of sodium nitrite 1n waler.
Lo O0.10% w/v N—t-naplhyl ethylene diamine.
7. 100 mg potassium diachromate in 100 ml walter fsulphuric acid.

(80 : 20



&, 0.104 w/v <solution of 1,2 naplhoguinone -~ 4 sulfonic acid
zodium 3alt 1n waler.

1I. EXPERIMENTAL PROCEDL

44

1o N-=1-NAPTHYL ErHYLEME DIAMLINE

™
)

IZACT LOM

|

fAliguols of standard Pindolol solution was added Lo Lhe 2% ml
calibrated flasl conlawning & mlt of 4 N sulfuric agid. 1 ml of
O.17% sodium nitrile csolulzon was added and Lhe mixulre was allowoed
te vreact for 1 minutes. Then 2 ml of | %  ammonium  sul phamale
solulion was added and mixiure was allowed Lo sland for anoiher &
minubtes Ffollowed by Lhen Q.8 mi of O.14 N-l-naplhyl elhylene
dramine. The mixlure was diluted to volume with waler ond
absorbance was measured at 540 nm againsl lhe reagent bland aller
10 mitutes.

2. POTASSIUM DLIGHROMATE RIZAC TION

-

1o the 10 ml calibraled flast., aliguots of sitandard Pindolol
solution 1n sulfuriec acid 0.2 ml of polassium
dichromale solulion ware added andl contents were diluted 1o
volume wilh waler. The absorbance was measurced alt 626 nin
againzl reagenl blant .

2. 1,8 NAPTHOQUINONE 4 - SULFONIC ACLD RENCTLION.

Several aliquols of zlandard Pindolol colutron were lalen in %0
ml calibrated flasth. Then 20 ml of water and &.0 ml of 1.4
naplhoquainone 4 sulfonic acid sodium 28J1 solution was added.
Conktents were healed on boiling walabath for 10 minutes cooled and
volume was made up wilh waler and Lhe absorbance was measured at
620 nm againsi reagent blanl .
ITIRESULTE AND  DIZCUSS10N

Pindaolol in acidic medium when trealed wilh sodium nitrite and
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then wiith N-i-napthyl ethylens diamine gave purple colour witlh
absorbance maxima abl 340 am. The method was opbtimised for  Lhe
volume of each reageni. 6 wml of 4N sulfuric acid, 1 wml of  sozdum
nitrite, 2 ml  of ammonium sulphamate and 0.8 ml of N-1-naplhyl
olhylens dramine were found oplinmum for colour developmontl. The

colaur was found Lo he stable For one hour and the calibrabion

curve found 1o be rectiliner in Lhe range of 0.464 - 40 Mg/ ml
3
(Ffigure 2.38). The melhod was compared wilhe B.P. melhod. Tha

propozed method was tound Lo he simple, accurale and precise.
Bulphuric acid solulien of Pindolol (0.1% m/v)reacled wilh
potessium  dichromale n sulphuric acid medium gave Dblue colour
with absorbance maxima al &826 nme The 0.2 wl of dichromate
reagonl  was found oplimum Tor Lhe devolopment of colour. The
colour was found Lo be stable Tor 45 minules . Calibraltion curve

’

vias  reclirlainear an lhe rage of 4 - 26 pa/nl (figure 2.39). The

3

method was comparoed wilh B.P. molhod.

Findolol reacted wilh 1, Z naplhoquinone - 4 sulfonic acad
aflter heating buil ilhe colour was nol stable and Lhere was o sharp
absorbance mauima oboerved and there fore melhod was nol studied
in debail.

Pindolol &alsc gave paint colour 1n the presence of nmaxlure of
glactal acelrc acid 3 hydrochloric aciwd 20:810. On heating for &
manules on boling waler bath. 8lable pint colour with absorbance
maxima  abl 580 nm was oblained and reclbiiinear calibration curve

was oblained 3n the range of 4- 40 pag/nl (fi1gure 2.403.

2.14 APPLICATION QF PROPOSED SRECTROPMUTMEIRIC MEFHODS FOUR THRE
FSTIMATION OF BETABLOCKER IN BIOLOGICAL FLUIDS LIKE BLOOD AND
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2.38(I) - Absorption spectrum of Pindolol with N-1-Napthyl
ethylene diamine.

2.38(II)~- Calibration curve of Pindolol with N-1-Napthyl
ethylene diamine.
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11. EXPERIMENTAL I'ROCEDUR

URINE.

The proposed speclrophotometic melhods have been applied  to
eazbumate Lhe gquanbily of Pindelol, limolol mMaleale,Madolel and
Solalol hydrochloride in the biological fluids such as blood and
Urine. It seems very little worl has been reported an
apeclrophotomelric determinalion of Lhese drugs 1n biological
fludis. In Lhe present invesligabtion an altempt hasz been made to
use the proposed specirophoimetric methods {(section 2.1 to 2.13)

for Lhe delerminaltlon of small guantibizs of Lhess drugs n

biological fluids.

REAGENTS

l. These were prepared freshly from Llime Lo time in the
respecltive solvents as described 1n seclbion 2. e Z.13.

Z. Sulphuraic acid C.&H6N.

2. 10% w/v solution of soidum tungsitale 1n wator.

1., Standard drug =olulions as described under section Z.1 - 2.13.

5. Human blood zamples collecied TFrom medical college of Haroda.

i

PROCEDURE FOR DETERMLNA[ION

i

DRU

I

N

Toem

SERUM 2

i

In determining Llhe drug content in the sevrum, the bloocd was
centrifuged and serum (2.0 ml ) was prpellifed 1nto a 1lest tube.
sulfuric acid solulion (Z.0 ml) and zodium  lungstate solulion
(2.0 ml) were added and mixed well. This lreatement resullfed in
the precipitation of proteins Trom serum. Precyprialed Tluid was
cenlrifuged al 3000 rop.m. For I3 minules and & clear supernatant
was oblaoaned, furtheoer contrifugalion was necessary 1{ clear

supernabant was not oblained wilthin bhe specilfied Tims.



158

The clear supernaltent was poured 1n Lo leslt tube. 3F.0  wml
aliquat of Lhe clear fluid egquivalent to (.0 ml of original blood
serum  was papetled 1 to a 100 ml separatory funnel. To  tLthis
standard drug solutizon (1.0 ml) was added and (he contents wero
cxirected with surtable solvenl, fillered Lhrough anhydrous sodium
sulphate and tLthe sxlracl was evaporated {o dryness. The reside ot
drug so0 oblained wag distolved 1n the respectaive solvent and
calibration curve was prepared as described 1n section 2.1 -2 18
for each drug. Thie calibration curve was used subscguently for
the detlterminalbion of drug in Lhe bilogical ?lu{dt under
rnvesligation.

The blant was prepared in a gi1mylar manner excepl 1Thal the
standared drug solulion was replaced by Lhe serum (2.0 mil.

'PROCEDURE FOR DETERMINATION DF DRUGE 1N URINE

Urine sample (1.0 mly was lalen and amount of drug was
ocstimated in Lhe spiled samplee In & simidar manner & decor) bed
for serum.

110 REGULT AND  DISCUSHI0N
The recovery of Pindolel. Timolol Maleale, Nadolol and Sotalel

hydrochloride 3n serum and urine was found Lo be satisfaclory by

1lhe proposed moelhode. { R9.25,99.90. 99.%%, 99.90 4 rospeclivelyd.



