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SECTION 1

A. INTRODUCTION

Drugs or medicaments are seldom presented for administration
in their natural or pure states. Often these are formulations of one or more
active ingredients with one or more therapeutically inert materials
intentionally added as Pharmaceutical aid. The various pharmaceutical
preparations that provide the manufacturing Pharmacist with the
challenges of formulation and Physician with the choice of Pharmaceutical
types are termed as Dosage Forms. The dosage form chosen for a
particular drug is largely determined by the chemical and pharmacological
properties of the drug itself. A slow acting drug may be formulated in
various ways such that the Physician has a choice of route of
administration, depending on his need. The dosage form may be a simple
one or a complex drug delivery system. The complexity usually is not
intentional, but rather is determined by the properties (such as high
degree of uniformity, physiological availability and therapeutic effect) that
are expected from or built into the dosage form. Thus the final
composition of a formulation is based upon a rationale of providing a

product possessing optimal biological properties and pharmaceutical

elegance.



B. OBJECTIVE AND DEFINITION OF THE PROBLEM

The premier objective of a quality control programme in drug
manufacturing is to ensure the professional user or consumer that
every batch of product conforms to specifications and that each
dose distributed will satisfy the claims made by the manufacturers in
the label as well as meet all other legal requirements. Although in
process quality control measures are a part of Good Manufacturing
Practice, the quality control tests on each batch of product as per
requirements of the Monograph are of paramount importance for a
product of high quality.

Basically the quality of a medicinal product includes all those factors
which contribute directly or indirectly to the safety, effectiveness and
acceptability of the product. Generally pharmaceutical analysis comprises
of those procedures necessary to determine identity, purity and amount of
the constituents in the dosage form. In the case of complex drug
formulations, it involves the determination of one or more substances
simultaneously in the presence of other drugs as well as additives
without actually destroying the chemical nature of the compound as such.
Although the Monographical procedures are available, they are usually
laborious and require skill and use of expensive analytical tools like Gas
Liquid Chromatography and High Performance Liquid
Chromatography.Since a good analytical procedure should be cheap,
precise, accurate and give reproducible results, the development of such
new analytical procedures for complex drug substances will be very useful
in routine analytical procedures,.where simple and quick methods are

usually preferred.



The choice of analytical method depends sometimes on the range of
concentration and percentage of the components to be determined.

Sometimes, the choice of method is determined by the composition of the
substance andwhetherthedeterminaﬁonisﬁ)rasingle constituent or for
several components. The U.S.P. [1] describes the assay procedures for
pure drugs as well as formulations which are mostty HPLC methods
except for a few components eg. aluminium hydroxide in aspirin, codeine
phosphate, alumina and magnesia tablet [1], reserpine and
chlorthiazide (spectrophotometry), acetaminophen in acetaminophen
and propoxyphene HCl tablets [1] whereas the British Pharma copoeia
[2] describes titrimetric or Spectrophotometric methods of assay for most
of the drugs which have been investigated in this report. The Indian
Pharmacopoeia | 3 ] also describes titrimetric and spectrophotometric
methods for the drugs investigated.

The objective of the present thesis has been to develop new analytical
methods for the simultaneous estimation of drugs jp complex
formulations, especially tablets. From this perspective, it should be
noted that the monographs of B.P 1993 and LP. 1985 do not include
Procedures for many tablet preparations whereas U.S.P. 1995 does
include the procedures for many multicomporent tablets. Even though
such procedures are available for combinations, the number and type of
various combinations available commercially in the market, especially in
India, is much more than the procedures described in monographs,

Hence combinations for which such monographical procedures are not
available have been chosen (except for theophylline, phenobarbitone ang
ephedrine HCI tablets) for investigation in this work so as to develop
new methods which will be practically useful for the estimation of drugs in
such combinations.



SECTION II
EXPERIMENTAL

A. GENERAL ASPECTS

The Section II of this thesis comprises of the description and resulits
and discussion of the various new methods of analysis developed for the
estimation of the following combination preparations of drugs:

Tablet Preparations

1. Salbutamol sulphate and Bromhexine HCI

2. Metronidazole and Di-iodohydroxyquinoline

3. Aspirin and Dipyridamole

4. Tinidazole and Diloxanide faroate

S. Theophylline, Phenobarbitone and Ephedrine resinate
6. Atenolol and Nifedipine

7. Imipramine Hydrochloride and Diazepam

8. Diphenhydramine Hydrochloride and Diazepam

9. Metronidazole and Furazolidone

10. Metronidazole and Nalidixic Acid

Liquid Preparation

Orciprenaline sulphate and Bromhexine HCl



The work has been presented on the basis of the techniques used
(titrimetry, spectrofluorometry, infra-red and uv spectrophotometry).

The methods developed have been for the determination of the content of
active ingredient [ 1 | and none of the combinations investigated in the
work (except theophylline, phenobarbitone and ephedrine resinate) are
official in U.S.P. 23, B.P. 1993 and LP. 1985. Since potency definition
(limits) for the investigated drug combinations are not available in the
U.S.P. 23 and B.P. 1993, the limits mentioned for the drugs as single
components in tablets (wherever available) have been used to interpret
the results of the analysis.

All the spectrophotometric methods of estimation were done with linear
calibration curves prepared with separate standards [4]. All the curves
used were linear so as to keep the number of standards required for the
construction of the curve at an optimal number [4].

The rectilinearity of the calibration curves have been demonstrated with
the help of the regression analysis as well as various statistical tests (5] .
Appendix I gives the Analytical Profile of the Drugs investigated and
Appendix II lists the various research publications which have been
published thus far based on this thesis.



1.00 NON-AQUEOUS TITRIMETRY

1.01 INTRODUCTJON

Inorganic titrimetric analysis is almost invariably restricted to the
use of water as the solvent medium for the simple reason that the
substance being titrated is usually an electrolyte. The dielectric
constant of water is such that it favours ionisation of the solutes.
However, it is frequently necessary to titrate substances which are weak
electrolytes like fatty acids. The so called strength of the acid is also a
function of the ability of the solvent to promote the acidic nature of the
acid and in this respect water is not an ideal solvent for the titration of
weak aids or bases, since it can fanction either as an acid or as a base:

A substance which does not ionise strongly to form  hydrogen or
hydroxyl ions produces a concentration of these ions which is not
overwhelmingly in excess of their normal concentration in the solvent
itself Consequently it is difficult to determine accurately the slight excess
of hydrogen ions present in the solution. Furthermore the acidic nature of
the aqueous solvent tends to suppress the acid nature of the solute. It
possible, however, to select a solvent which is capable of enhancing the
acidity of the solute, and in this case much more favourable conditions will
exist for determining the solvated protons furnished by the weak acid.

The most widely used method for the determination of phenols involves
bromination or acetylation. The fact that aromatic amines interfere with
bromination methods and both amines and alcobols  interfere with
acetylation methods makes other procedures for phenol determination
highly desirable [6] . Although phenols may be estimated by coupling
methods, these reactions generally lack convenience and accaracy [6].
Titrations of phenols as acids is usually difficult owing to the weak acidic
nature of phenols. Moss, Elliot and Hall [7] showed that phenols in the



solvent of anhydrous ethylenediamine behave as moderately strong acids
and titrated phenols potentiometrically using sodium methondem
ethylenediamine - ethanolamine as the titrant. Same procedure had been
wsed by Katz and Glenn [8] with a recording device to improve the
accuracy of end point determination. Fritz and Lisicki [9] titrated phenols
potentiometrically in butylamine but found no successful visual indicator
to perform the titration.

The various features required of a solvent to be suitable for non-aqueous
titrimetry has been discussed by Fritz [10]. Dimethyl formamide is an
odourless solvent in which many carboxylic acids as well as phenols
behave as strong acids. It has good solvent powers for many acidic
compounds and may be used in the titration of most acids except the weaker
ones which require a more basic solvent. Its principal advantage lies in its
ability to dissolve most acidic substances rather than in its enhancing of
acidity and carboxylic acids, simple phenols as well as some enols and
imides, behave as strong acids in this solvent. The acidic impurities, if
amy, in this solvent must be neutralised before titration [6].
Dimethylformamide is anstable in the presence of excess alkali if titrations
are carried out too slowly [11] and hence the titrations must be dome as
quick as possible. The solvent is hygroscopic and should therefore not be
exposed to the atmosphere for prolonged periods although there is no need
for protection if the titration is carried out at normal speeds. But
dimethylformamide used only for anhydrous compounds since the presence
of water causes high results [12]. Ethylenediamine enhances the acid nature
of many substances (including phenols) which are too feebly acidic to be
mmbym,hmmmdim[m.m water conteat of
solvent must be kept as low as possible although 23 much 2s 5% of
moisture may be tolerated in the solvent when it is used for the titration
ofmorestmnglyaddicsubstanees[IZ].lfthemoistuneontent high,
dehydration by distillation of the benzene azeotrope or distillation after
treatment with sodiom hydroxide and sodium metal may be done [12].
Although the titrimetric methods have been replaced , to a large extent, by

=1



HPLC and spectrophotometric methods in U.S.P. 23 [1], still B.P. 1993
'[2] and LP. 1985 (3] have many official titrimetric methods. B.P. 1993
prescribes titrimetric procedure for aspirin, atenolol, bromhexine HCI,
diazepam, diloxanide faroate, diphenhydramine HCl, dipyridamole,
imipramine HCI, metronidazole, nifedipine, orciprenaline sulphate, pheno
barbitone, salbutamol sulphate and theophylline out of which mamy are
pon-aqueous titrimetry [2]. Similarly, LP.1985 has official titrimetric
methods for di-iodohydroxyquinoline, diloxanide faroate, diphenhydramine
HC, metronidazole and theophylline [3]. The combination of
metronidazole and di-iodohydroxyquinoline is being widely used for the
treatment of amoebiasis and giardiasis. Chemically, metronidazole is 2-(2-
Methyl-5-nitroimidazol-1-yl) ethanol and di-iodo bydroxyquinoline is 5,7-
Di-iodoquin-8-ol. Thus this combination has one drug with an alcoholic
bydroxyl group and the other with phenolic hydroxyl group. Similarly,
the salbutamol sulphate is widely used as an anti-asthmatic and is
chemically  2-tert-Butylamino-1-4-hydroxy-3-hydroxy methyl pheayl)
ethanol with a phenolic hydroxyl group. The drugs salbatamol sulphate
and di-iodohydroxyquinoline which are phenolic in nature and are likely
to behave as acids in ethylenediamine and dimethylformamide [6].
Phenols which have a negative group in the ortho or para position are
stronger acids than unsubstituted phenols and naphthols. The -CHO, -
COR, -COOR, -CONH; and -NO, group in the ortho or para position
increases the acidity of phenols sufficiently to permit accurate titration in
dimethylformamide using azo violet indicator [6]. Fritz and Keen [6]
suggest that ortho-halogen substituted phenols can also be titrated by this
procedure and report that a carboxyl group has mo activating influence
and may sometimes decrease the acidity of the phenol such as salicylic acid.
Theunsnbstitutedanda[mor aryl substitated phenols and naphthols are
reported to be too weakly acidic to be titrated using azo violet. Fritz and
Keen recommend the use of ethylenediamine using o-nitroaniline indicator
for such compounds [6]. Though polyhydric phenols may also be titrated
in ethylenediamine, some polyhydric phenols such as resorcinol and



catechol are reported to give no definite end point, probably because of
the weakly acidic nature of the second -OH group [6]. Although the
titrimetric methods may be tried for phenols after taking into
consideration the aforementioned facts, there are several phenols such as
o- and p-aminophenol which cannot be titrated using a visnal indicator due
to the deep color formed during the titration [6].

Many methods have been reported for the estimation of di-
iodobydroxyquinoline and salbutamol sulphate. The methods reported
thas far for di-iodohydroxyquinoline include non-aqueous titrimetry of
di-iodohydroxyquinoline alone by using acetic anhydride solvent with
potentiometric end point [13], spectrocolorimetry using vanadyl complexes
(14, 15], using 2,6-dichloroquinone chlorimide as chromogenic agent [16],
using metal ions in dimethylformamide [17]. A spectrocolorimetric method
using sodium nitrite [18] has also been described. The methods reported
for the estimation of salbutamol sulphate  include  simple
spectrophotometric . estimation of salbutameol sulphate alone in
tablets [19], zero, second and fourth order derivative spectrophotometry
in synthetic admixtures of salbutamol sulphate and gelatin [20], derivative
spectrophotometry of salbutamol sulphate in tablets [21,22], low frequency
dielectric spectroscopy [23], zero-order spectrophotometric estimation of
salbutamol sulphate and bromhexine hydrochloride in tablets [24],
spectrofluorometric estimation in tablets [25] and high performance
liquid chromatographic method for salbutamol sulphate alone with
fluorescence detection [26] and with bromhexine hydrochloride in dosage
forms [27]. :

The U.S.P. 23 [1] method for di-iodohydroxyquinoline in tablets is oxygen
flask combustion (indirect iodimetry) method and that for salbutamol
sulphate in tablets is HPLC. The B.P. 1993 [2] method for salbutamol
sulphate in tablets is spectrophotometry whereas the LP. 1985 methods of
di-iodohydroxy quinoline and salbutamol sulphate are oxygen flask
method (indirect iodimetry) and spectrophotometry [3) respectively.



1.02 _ Estimation of Salbutamol sulphate and Di-iodohydro
quinoline by Non-aqueous Titrimetry
The estimations successfully developed in this thesis involving non-
aqueous titrimetric procedures are:
1. The estimation of di-iodohydroxyquinoline in the presence of
metronidazole in tablet preparations

2. The estimation of salbutamol sulphate in tablet preparations.

Indicators
a. o-Nitroaniline indicator: This solution was prepared by dissolving
0.15 gms of o-nitroaniline in 100ml of benzene.

b. Azoviolet indicator: This solution was prepared by dissolving
azoviolet in 100 m! of benzene till a saturated solution was obtained.

The benzene used in these titrations was of A.R. grade. This was

further dried by treatment with anhydrous calcium chloride [28].

Preparation of 0.1N sodium methoxide

One litre of 0.IN sodium methoxide was prepared by dissolving 4 gms
of freshly cat sodium metal in a mixture of 20 m! of methanol and 50 mi
of distilled dry benzene in the presence of nitrogen. The sodjum metal
was added in small pieces with constant stirring of the solution and
theso!uﬁonmeooledinice-water[ﬂ.Themcﬁonwasalluwedh
pmeeedﬁ)r45minuteswith8ﬁrﬁﬂgomhanolwaslddedtinﬁe
solution became homogenous followed by benzene till the solutions
become cloudy with stirring. This dilution procedure involving
alternate addition of methanol and benzene was repeated until 1000ml
of clear solution was obtained containing methanol and benzene in 2

10



ratio of approximately 6:1. The solution was stored under an

atmosphere of nitrogen.

Assay of Drugs

Assay of Salbutamol sulphate
Standardisation of 0.1N Sodium methoxide

Twenty five millilitres (25ml) of benzene-methanol (6:1) solvent was
placed in a conical flask under an atmosphere of nitrogen gas. The acidic
impurities of the solvent were neutralised by titration with 0.IN sodium
methoxide using thymol blue to a blue end point. Sixty milligrams (60 mg)
of accurately weighed benzoic acid was dissolved in the neutralised
solvent and titrated against approximately 0.1N sodium methoxide to a blue
end point. The titration was performed in presence of nitrogen gas to

prevent contact with atmospheric carbon dioxide and the normality of the

sodium methoxide solution was determined [12].

Titration of Salbutamol sulphate in ethylenediamine
Neutralisation of ethylenediamine

The procedure described by West [12] was adopted. Twenty millilitres (20
ml) of dried ethylenediamine [12] was placed in a conical flask provided
with a stopper carrying openings for a nitrogen inlet, nitrogen exit and
entry of the burette. Two to three drops of o-nitroaniline in benzene were
added and the solvent was titrated against 0.IN sodium methoxide with a

steady stream of nitrogen flowing through the flask to an orange red end
point.

Salbutamol sulphate (100 mg) was accurately weighed, dissolved in the
neutralised ethylenediamine and the solution was titrated with 0.1N sodium

methoxide using o-nitroaniline to an orange red end point .

11



Assay of tablet samples

Thirty tablets of each brand were taken, weighed, powdered, mixed and a
weight of the powder equivalent to 25 or 50 mg of salbutamol sulphate
was dissolved in ethylenediamine and titrated against 0.IN sodium

methoxide using o-nitro-aniline as indicator to an orange red end point.

Assay of di-iodohydroxyquinoline

Neutralisation of dimethylformamide

Twenty five millilitres (25 ml) of dimethylformamide was taken in a conical
flask fitted with a stopper carrying openings for nitrogen inlet, exit and
entry of the burette. Two to three drops of azoviolet in benzene were
added after displacing the air inside with nitrogen, and the
dimethylformamide was titrated with 0.1N sodium methoxide to a blue end
point while allowing nitrogen to flow through the flask. About 200 mg of
accurately weighed di-iodohydroxyquinoline was dissolved in this
neutralised dimethylformamide and titrated against 0.1N sodium methoxide
using azoviolet to a blue end point Similar titrations of di-
iodohydroxyquinoline were performed with accurately weighed quantities
of metronidazole to establish the non-interference of metronidazole in the
estimation of di-iodohydroxyquinoline. The results obtained have been
stated in table 1.

Twenty tablets of each brand [2] were taken, weighed, powdered, mixed
and a weight of the powder equivalent to 200 or 400 mg of di-iodohydroxy
quinoline was dissolved in dimethylformamide and titrateq against 0.1N

Sodium methoxide using azoviolet to a blue end point (Table 2)

RESULTS AND DISCUSSION

The drug di-iodohydroxyquinoline is soluble in both dimethylformamide and
ethylenediamine, Ameng the two solvents, dimethylformamide which is a
comparatively odourless solvent and relatively pleasant to handle was

chosen for the estimation of di-iodohydroxyquinoline for the following

12



reasons. Firstly, the solvent power of dimethylformamide was found to be
adequate for the estimation of di-iodohydroxyquinokine using azoviolet as
indicator. Secondly, the end point was sharp (yellow to bimish green)
and metronidazole did not interfere in the assay i.e. the color change as well
as the titre value for a specific amoant of di-iodohydroxyquinoline in the
presence and absence of metronidazole remained the same
whereas metronidazole interfered in the esd point determination
when ethylenediamine was used. When di-iodohydroxyquinoline alone was
titrated in ethylenediamine using o-nitroaniline as indicator, the color
change was from yellow to orange red red whereas in the presence ef
metronidazole the color change was from yellow to dark red and the
change was not sharp making the end point determination difficult. In
addition, the titre value did not remain the same ie. metronidazole
interfered when ethrylenediamine was used. Hence dimethylformamide with
azoviolet as indicator was selected as the solvent for the estimation of di-
iodohydroxyquinoline. Fortunately, the acidity of di-iodohydroxyquinoline
is adequate to be titrated in dimethylformamide and does not require a
more basic solvent such as ethylenediamine which would make the
estimation of di-iodohydroxyquinoline in the presence of metronidazole
impossible. Although o-nitroaniline too can be wused as indicator in
dimethylformamide the color change was not sharp and faded with time in
dimethylformamide.

o-Nitroaniline used as 0.15% w/v solution in benzene gives a fairly sharp
yellow to oi-ange-red end point during titration of phenols in
ethylenediamine. Since it is weaker acid than indicators such .as azo

vblet,iteanbemedﬁ)rtheﬁmﬁonofadﬂswhidmwomkmbe

determined with indicators such as azo violet [6,12].

Although azoviolet changes colour in the titration of phenols and  alkyl
snbsﬁtntedpbenols,theeolorchngewuﬁmdmbegndnland
premature for salbutamol sulphate in ethylenediamine whereas o~
nmitroaniline, which can be used in strongly basic solvemts sach
ethylenediamine for titration of phenols and alkyl substituted phenols [12]



gives a sharp end point of orange red with salbutamol sulphate . Hence
o-nitroanilivze has been used as an indicator for titration of salbutamol
sulphate in ethylenediamine. In the case of salbutamol sulphate, the
drug was not soluble in dimethylformamide and hence  the
ethylenediamine was chosen as the solvent. The drugs di-iodo
hydroxyquinoline and salbutamol sulphate were easily soluble in
dimethylformamide and ethylenediamine respectively and provided sharp
end points. Since the di-iodohydroxyquinoline is being marketed as tablets
in combination with metronidazole, an attempt was initially made to
estimate metronidazole (which has an alcobolic -OH group) in the presence
of di-iodohydroxyquinoline (which possesses a phenolic -OH group) using
the concept of differential titration proposed by Fritz and Keen [6] for the
titration of phenols in the presence of carboxylic acids. Fritz and Keen [6]
have reported that ethylenediamine is a poor solvent for such differential
titration since basic solvents tend to make all acids nearly the same
strength. They suggest that ethylenediamine may be used for the combined
determination of carboxylic acids and phenols using o-nitroaniline as
indicator and carboxylic acid alone in the presence of phenols may be
determined in acetone or acetonitrile wusing p-hydroxyazobenzeme as
indicator. Our attempt to estimate metronidazole im the presence of di-
iodohydroxyquinoline using the above principle was not successful due to
the difficulty in estimating metronidazole (which has an alcoholic -OH) in
acetone due its weak acidic nature [6]. But the same principle of
determining total phenolic and carboxylic content in ethyienednmme
and only the carboxylic acid content in acetone has been successfully
applied for the assay of paracetamol and ibuprofen in tablet preparations
(Appendix 2). Thus di-iodohydroxyquinoline has been estimated in the
presence of metronidazole in dimethylformamide (Tables 1 and 2) and
salbutamol sulphate in ethylenediamine since it is mot soluble im
dimethylformamide. The low standard deviation values and co-efficient
of variance presented in Table 1 clearly indicate that the presence of
metronidazole does not affect the assay of di-iodohydroxyquinoline by the

14
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Table 1. Results of roducibility and Precision of the Pro Non-

veous Titrimetric Method for Di-iodohydroxyquinoline and

Salbutamol Sulphate
Sample (mg) Titre Valae" % Recovered

SAL DIQ MND ETD = DMF SAL DIQ
25 - - 133+0.05 — 99.72 -
50 - - 2.65 1 0.05 — 99.35 —

0 200 0 — 5.84 1 0.05 — 99.69

0 400 0 — 11.69 + 0.07 - 99.77

0 200 200 5.85 1 0.05 - 99.86

0 400 400 - 11.69 £ 0.06 — 99.77

® ml of 0.065N sodium methoxide; average of ten determinations
SAL - Salbutamol sailphate DIQ - Di-iodohydroxyquinoline
MND - Metroaidazole ETD - Ethylenediamine

DMF - Dimethyformamide



Table 2. Resuits of Assay of Commereial Formulations by the Non-

Agueous Titrimetric Method
Sample Label Claim % Recovered” Coefficient of
(mg per tablet) Variation

(%)

SAL DIQ MND SAL DIQ SAL DIQ
Brand A 2 - —  99.4510.21 — 0.21 —
Brand B 2 — —  99.3510.35 — 0.35 -
Brand C 2 —_ —  99.9510.22 —_ 0.35 —
Brand D — 325 250 _— 99.55+0.21 — 0.21
BrandE — 325 250 ——  100.55+028 — 0.21

2 Average of five determinations
SAL - Salbutamol sulphate = MND - Metronidazole
DIQ - Di-iodohydroxyquinoline
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proposed method. The assay results indicated that the amount of di-
iodobydroxyquinoline 28 well as salbutamol sulphate in the tablets were
within the limits prescribed by LP. 1985 and U.S.P. 23.

The precision and accuracy of titrations in anhydrous solvents depead very
largely on the sharpness of end point as in aqueous titrimetry. The
proposed method using visual indicators shows distinct color change
leading to a sharp end point and hence was found to be very suitable for
the estimation of the drugs in tablets.

Calculation

Standardisation of 0.1N sodium methoxide

The sodium methoxide was standardised by msing benzoic acid as the
primary standard. Benznic acid is 2 monoprotic acid of molecular weight
122.12. The reaction between sodiam methoxide and benzoic acid is as

follows:

CsH;COOH + CH;0Na —-C;H; COONa + CH,0H

Each 12.21 mg of C¢H;COOH =1 ml of 0.1N NaOCH,

Normality of 0.IN NaOCH; was : 0.065N

Assay of salbutamol sulphate

Each 28.24 mg of C1,H,,NO,,1/2 H;SO, =1 ml of 0.IN N‘OCH;;

Assay of di-iodohydroxyquinoline

Each 39.70 mg of C,H1,I,NO = 1 mi of 0.IN NaOCH,



Percentage parity of the drags were caiculated by:

Titre equivalent normality of 0.1N
value x  weight X NaOCH, x 100
factor

0.1 x weight of drug

18



2.00 INFRA-RED SPECTROPHOTOMETRY

1.01 INTRODUCTION

Quantitative infra-red spectrophotometry is based on the same

principles as that of uv-visible spectrophotometry and has the advantage of
possessing more number of bands to choose from when compared to the
later. It may often be possible to select a fairly strong band for each
component in a mixture such that little or no interference of one with
another occurs [29]. This technique may be applied to quantitate
substances which have similar chemical or physical properties in a mixture
{1) but has not been widely used because of its inherent lack of accuracy.
This inaccuracy on direct application of Beer-Lambert's Law may be due

to the presence of scattered radiation, especially at high values of
absorbance [29]. But in cases where all the components of a mixture are
soluble in a solvent like chloroform to give high concentration
solutions, the method may be worth trying since it is rapid. It may be
advantageous for routine analysis of drugs in formulations such as tablets
since the interference from excipients may be eliminated [29]. If Beer's
Law is obeyed, the integrated areas of the absorption bands or peak
heights in case of sharp bands may be used in calculations. The major
difference between the uv-visible and infra-red spectrophotometry arises in
terms of concentrations used. In case of solutions used in IR
spectrophotometry for quantitative estimation, percentages of up to 10-15%
w/v are common since all solvents have some absorption in one part or
another of the infra-red region making very short pathlengths in the order
0f 0.025-0.1mm necessary [29].

The bigh concentration of solute makes the accurate cancellation of solvent
absorption very difficult [29]. In addition, the use of solvent in a matched
cell in the reference beam is not practical for infra-red work because it is
generally not possible to obtain cells having identical transmission
characteristics. The very short path lengths are difficult to reproduce and
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the transmission characteristics of the window materials change gradually
with use [30]. But errors may be reduced by applying a base-line
techniqnewhichisbasedontheassumpﬁonthattbeabsorpﬁondneto
solvent (or a second component) is constant or varies linearly with frequency
over the region of the absorption band [29-32].

The base line method involves selection of an absorption band of the
substance under analysis which does not fall too close to the bands of
other matrix components. The value of the incident radiant energy P, is
obtained by drawing a straight line tangent to the spectral abeorption
curve at the position of the sample's absorption band. The transmittance Pr
is measured at the point of maximum [31].

The method of calculation has been illustrated in figure 1. "abc' is
the recorded absorption of component A and “def' is the absorption caused
by solvent and other components. The "agc' in the figure 1 connects
either two minima "a' and ‘¢’ or two suitable wavelengths on each side of
the band. The point "g' is obtained by dropping a line perpendicular to the
zero transmittance line to meet "ac' at 'g'. The extinction log P/P; is
calculated from the distances shown in the figure 1 [29]. Aternatively, the
baseline method may be altered (when an instrument which can record
the output in absorbance is available) so as to use a base line joining the
points of lowest absorbance on the peak, preferably in reproducibly flat
parts of the absorption line as in figure 2 [32]. The later technique [32] has
been used for the estimation of aspirin and dipyridamole in this report
since the infra-red spectrophotometer used was capable of recording an
absorbance output. Many possible errors are eliminated by the base line
method. All measurements are made at points on the spectrum which are
sharplydeﬁnedbythesmmmelf,thmeﬁnﬂmﬁngtheWm
wavelength settings. Use of such ratios (log P,/Pr) eliminated changes in
instrument sensitivity, source intensity or changes in adjustment of the
optical system [30].
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In case of mixtures where bands do interfere, simultaneous equations may
be set up as in the case of uv-visible spectrophotometry [29] and
sometimes, for the determination of small quantities of substances,
present either as imparity or as solute in a preparation, compensation for
absorption by the major component or solvent in the preparation may be
achieved by introducing that component into the reference beam so as to
produce a spectrum of the minor component alone [29]. The availability of
sufficient energy for reliable results will normally be confirmed by the
compliance of Beer's Law by the individaal components at the chosen
wavenumber [29].

The estimation successfully done in this report involving quantitative
infra-red spectrophotometry is for aspirin and dipyridamole in pure
admixtures as well as tablet preparations.



2.02 ESTIMATION OF ASPIRIN AND DIPYRIDAMOLE IN
PURE ADMIXTURES AND IN TABLET _PREPARATIONS

BY OQUANTITATIVE INFRA-RED SPECTROPHOTOME TRY

Tbemeofdrngsineombimﬁonforaparﬁcuhrthempeuﬁc advantage
makes the spectropbotometricanalysisfortheindividnaldm@ in such
dosage forms momcompﬁentedsineemmﬂythe uv absorption spectra
interfere with each other , at least to some extent resulting in the use of
some kind of simultaneous estimation a must. The same is true in case of the
combination of aspirin and dipyridamole in which direct estimation of one
drug in the presence of the other by direct uv spectrophotometry will not
be possible due to interference (Figure 3).Although dipyridamole shows
appreciable absorption around the wavelength of 272 am in 0.1N HCl and
at 290nm in 0.IN NaOH when compared to aspirin, the proportion in
which these drugs are present in commercial formulations (aspirin:
dipyridamole = 2:3.75 or 2:2.5 or 2:1.5) may pose a problem for direct
estimation of dipyridamole in the presence of aspirin as aspirin is likely to
contribute some absorbance at these wavelengths. In addition, aspirin
cannot be direcﬂyestimatedinthepmeneeofdipyridamole since the
absorption of dipyridamole, when present along with aspirin in the
proportions available as commercial formulations is comparatively high at
the wavelengths of 230nm (in 0.IN HCI) and 290nm (in 0.IN NaOH)
where aspirin exhibits maximum absorption. Hence the simultaneoss
estimation methods may have to be used for the estimation.

The combination of aspirin (O-Acetylsalicylic acid) and dipyridamole
which is 2,2'2" 2"[(4,8-Dipiperidinopyrimido [S,4-d] pyrimidine- 2.6-
anginal preparations. -
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Analytical procedures reported thus far for the identification and
quantitation of aspirin include titrimetry [33-38] involving titration of
aspiﬁninmethylisobutyIMnewithsodinmmethoxide[&],ﬁu'aﬁon in
tetrabutyl ammonium hydroxide [34], in dimethylformamide [3S5], in
ethylenediamine [36] and in aqueous medium [37], differentiating non-
aqueous titrimetry [38], microcalorimetry [39], spectrophotometric methods
involving colorimetry [40, 41] ,derivative spectrophotometry in
suppositories [42] and tablets [43-46], spectrofluorometric estimation of
aspirin in the presence of salicylic acid in pharmaceutical preparations [41,
47-52], phosphorimetry [53], estimation by thin layer chromatography [54-
58] and by gas liquid chromsatography [59-62], estimation of aspirin in the
presence of phenacetin and caffeine by nuclear magnetic resonance
spectrophotometry [63] and estimation by HPLC in the presence of
phenacetin and caffeine [64], in the presence of paracetamol and caffeine in
tablets [65], in capsules in the presence of caffeine, dihydrocodeine
bitartrate and promethazine hydrochloride [66] and in the presence of
salicylic acid in pharmaceutical preparations [67,68). The literature
methods for estimation of dipyridamole include HPLC [68-72] and
colorimetry using with thiocyanate-chromium (III) complexes [73]. The B.P.
1993 and LP. 1985 prescribe titrimetric method and U.S.P. 23 HPLC
method for aspirin tablets whereas the US.P.23 and B.P. 1993 methods
for dipyridamole tablets are HPLC and spectrophotometry respectively.
The combination of aspirin with dipyridamole as tablets is not official in
U.S.P. 23, B.P. 1993 and LP. 1985.

In this thesis, varions methods of |simultaneous estimation, namely
quantitative  infra-red spectrophotometry, spectrofiuorometry, linear
plot, and second-order derivative difference spectrophotometric
methods have been successfully designed for the estimation of these
drugs. This section deals with details of the infra-red method and next
with that of spectrofiuorometry. The other methods have been described in
section 5.

no
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METHODS

Apparatus, Reagents and Equipment

1.Chloroform A.C.S. - Spectrophotometric Grade (Aldrich Chemical
Company, Inc., USA)

2.Aspirin U.S.P and dipyridamole U.S.P. were obtained as gift samples
from M/s. Torrent Pharmaceuticals Ltd.

3.The infra-red spectra were recorded on a Jasco IR Report 100 and
Perkin-Elmer 1310 [R  automatic  scanning  spectrophotometer
using calibrated sodium  chloride cavity cells  of path length
0.5mm with pure chloroform in the reference cell.

Calibration of pathlength of the cavity cell

The method of counting interference fringes [32] was used for the
calibration of the cavity cell. This method is based on the relationship
between the pathlength of the cell and the peak to peak fringes. To
calibrate the pathlength, the empty cell with parallel windows is placed in
the spectrophotometer and scanned over a wavelength region. This scan
produced an interference pattern as given in figure 4. The amplitude of the
waveform may vary from 2% to 15% depending on the state of the windows
[32]. The relationship between the pathlength of the cell,L and the peak to
peak fringes is given by

| P R— cm (Equation I)

where n is the number of complete peak to peak fringes between two

maxima (or minima) at the frequencies of v and q.

In figure 4, the number of peak to peak fringes between the wave numbers
of 1700 and 1600 cm™" are ten. Hence the cell length as per equation (I) was
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Preparation of Standard and Sample Solutions

Four series (Series A,B,C and D) of standard solutions were prepared from
pure drugs. Solutions of Series A solutions were prepared by
transferring quantitatively accurately weighed quantities of aspirin
(250,375,500,625,750, 875 and 1000 mg) to 25 ml volumetric fiasks (low
actinic Pyrex Glass A) and dissolving and diluting to volume with
chloroform to obtain solutions containing 10-40 mg/ml of aspirin. In a
similar manner, accurately weighed quantities of dipyridamole (250 to 1500
mg) were used to prepare Series C solutions (in 25ml volumetric flasks)
which comprised of 10-60 mg/ml of dipyridamole in chloroform. The Series
B solutions were mixtures of aspirin and dipyridamole in chloroform
containing a varying concentration of aspirin (10-40 mg/ml) and a constant
concentration of dipyridamole (35 mg/ml) and the Series D solutions were
mixtures of the drugs containing a varying concentration of dipyridamole
(10-60 mg/mlI) and a constant concentration of aspirin (25 mg/ml).

Preparation of Sample solutions

Seventy tablets of Brand A and fifty each of Brands B and C were
weighed, powdered and appropriate weights of the tablet powders
containing approximately 250 mg of aspirin and 468 mg of dipyridamole
(Brand A), 250 mg of aspirin and 312 mg of dipyridamole (Brand B) and
250 mg of aspirin and 187 mg (Brand C) were transfered quantitatively to
25 ml volumetric flasks for the assay of aspirin. For the assay of
dipyridamole, fifty tablets of each of the Brand were weighed, powdered
and appropriate weights of the tablet powders containing approximately
350 mg of dipyridamole and 186 mg of aspirin (Brand A), 350 mg of



dipyridamole and 280 mg of aspirin (Brand B) and 300 mg of
dipyridamole and 400 mg of aspirin (Brand C) were quantitatively
transfered to 25ml volumetric flasks. These were dissolved by thorough
shaking and diluted to volume with the chloroform. The solution was
filtered through Whatman No.1 filter paper. The first and last 5 ml of the
filtrate were discarded and the remainder was collected in dry 25 ml
volumetric flasks. All the above solutions were stored in low actinic
volumetric flasks at a room temperature of 20-25°C till the recording of

their absorbances.
RESULTS AND DISCUSSION

As described in the beginning of this section, the quantitative IR
spectrophotometry has some distinct advantages over uv-visible
spectrophotometry for pharmaceutical analysis in spite of its certain
inherent disadvantages. It is especially useful for the quantitation of drug
mixtures in formulations since it may often be possible to select a strong
band for each component in a mixture so that there is little or non-
interference of one component in the absorption of the other. The
colouring agents are less likely to interfere in IR spectrophotometry
when compared to uv-visible spectrophotometry due to the high
concentrations required for infra-red spectrophotometry when compared
to uv-visible spectrophotometry as well as the provision of mere number

of peaks to choose for estimation.

In the present investigation, the peak heights (absorbance values)
determined by the base line technique [29-31] at the wavenumbers of 920
em” and 2935 cm” (Figures 5 and 6) were found to  fulfill many
requirements including the linearity Wwith the concentrations [32]. The
peaks heights at the wavenumbers of 920 cm™ and 2935 em™ were found to
be linear with the concentration range of 10-40 mg/ml of aspirin and 10-60
mg/ml of dipyridamole respectively and  have been used for the
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quantitation of the drugs in tablet formulations.The amounts of aspirin
and dipyridamole in the tablets have been calculated from
calibration curves obtained as best fits based on least square method
using the data presented in Tables 3 and 4.

The statistical analysis had been done on the data of pure drug
solutions, their admixtures as well as commercial samples. The small
standard deviation values associated with the determination (Tables3
and 4) indicated the high level of precision of the proposed method as
well as the independence of one drug in the absorption measurement of
the other. The negligible intercepts of the equations indicated regression
through or close to the origin at the chosen wavelengths.

The coefficient of variation values (Table 3 and 4) were less and the
standard error (wWhich is the standard deviation of the mean) values are
also quite small.

The percentage ratio of the residuals in tables 3 and 4 clearly
indicated a random scatter in case of both pure drug solutions as well as
their admixtures. In addition, the F test for non-linearity which a
quantitative test for non-linearity [4] was done and the results have been
presented in tables 3 and 4. This test is based on the fact that the
population standard deviation applicable to single measurements of y should
be the population standard deviation for the residuals (Sy) also. In case of
repeat determinations at a single concentration, the standard deviation of
the measurement is used [5]. If a linear relationship holds, the standard
deviation of the residuals (standard error of estimate, Sy, in tables 3 and
4) would represent an estimate (with (n-2) degrees of freedom) of the
standard deviation of the sample. Therefore, we Would have an evidence of
non-linearity if we can show that Sy has too large a value to be compatible
with the sample estimate (S).The values in tables 3 and 4 show that the
calculated F values were less than that of critical values at 5% level of
significance and evidence the linear relationship.
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Table 3. Selectivity of the Method for the Determination of Aspirin

in the presence Dipyridamole by Infra- red Spectrophotometry
Composition of Mean value of * Coefl. of Standard Ratio of F test fof' ,

the solation absorbance  variation  error’ residual © non-linearity
(mg ml”) ®20em™) (%) (%) Crit Cale
ASP DIP

10 0 0.0879 + 0.0038 3.27 0.0009 93.72 3.48 320
15 0 0.1246 + 0.0026 2.08 0.0008 104.21 348 3.60
20 0 0.1751 £ 0.0027 1.55 0.0009 101.81 348 337
25 0 0.2256 + 0.0024 1.05 0.0009 100.47 348 337
30 0 0.2840 + 0.0033 1.18 0.0010 96.86 348 250
as 0 0.3150 1 0.0037 1.19 0.0012 102.69 3.48 337
40 0 0.3755 + 0.0025 0.68 0.0008 99.04 348 3.04
10 35 0.0905 + 0.0021 2.34 0.0007 94.82 348 242
15 35  0.1302 + 0.0023 1.77 0.0007 102.23 348 2.60
20 35  0.1799 1 0.0028 1.56 0.0009 100.27 348 225
25 35 0.2214 + 0.0031 1.40 0.0010 102.84 348 1.84
30 35 0.2789 + 0.0028 0.99 0.0009 98.59 348 2.25
35 35  03217:0.0020 0.62 0.0006  100.17 348 2.09
40 35 03712+0.0022 0.60 0.0007 9955 348 2.42
DIP - Dipyridamole ASP - Aspirin
Average of ten replicate determinations; ® Standard deviation of the mean

Raho of the calculated y value to actual y value expressed as %
Basedonl-‘tmfornon-linearity Fma F (5,9) values from F table for 5% level
/Ss? where Sy is the standard error of estimate and Ss js

of significance; F cateniated = Sy~
the standard deviation of ten

(measurement of y)

replieatedeteminﬂonsforashglcmtrnﬁo.of&edng
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Table 4. Selectivity of the Method for the Determination of Dipyridamole
inmePruenceofAspirinl_)xlnﬁa-redSthom

Composition of Mean value of " Coefl. of Standard Ratio of F test for

4
the solation absorbance  variation error>  residual € non-linearity

(mg mI'™ (920 cm™) (%) (%) Crit Cale
ASP  DIP
0 10 0.1168 + 0.0054 2.05 0.0007  99.44 318 132
0 15 0.1738 + 0.0048 1.60 0.0009  99.88 3.18 167
0 20  0.2308 + 0.0049 1.27 0.0009  100.11 318  1.00
0 25 0.2882 + 0.0049 1.03 0.0009  100.11 3.183 100
0 30 0.3475 + 0.0042 0.94 0.0010  99.56 318  1.08
0 35 0.4057 £ 0.0041 0.72 0.0009  99.44 318 229
0 40  0.4458 + 0.0044 0.82 0.0012  103.38 318  1.60
0 45  0.5258 + 0.0049 0.64 0.0010 9858 318  1.60
0 50  0.5812 + 0.0047 0.81 0.0015 99,07 318 174
0 55 0.6361 + 0.0045 0.71 0.0014 9955 318  1.89
0 60  0.6861 + 0.0034 0.45 0.0009  100.67 318 332
25 10 0.1169 + 0.0032 2.74 0.0010  100.66 318 3.8
25 15 0.1746 + 0.0033 1.91 0.0011  100.22 318 3.9
25 20 0.2366 + 0.0041 1.75 0.0013  98.18 318 2.07
25 23 0.2869 + 0.0030 0.99 0.0009  100.95 3.18 3.86
25 30 0.3473 £ 0.0035 0.76 0.0008  99.85 318  2.84
25 35  0.4067 £ 0.0033 0.73 0.0009  99.39 318 319
25 40  0.4483 + 0.0039 0.64 0.0009  102.96 318 228
25 45  0.5270 + 0.0034 0.60 0.0010  98.45 318 301
25 50  0.5800 + 0.0035 0.55 0.0010  99.39 318 284
25 S5  0.6357 + 0.0033 0.53 0.0010 99.65 318 319
25 60  0.6866 + 0.0037 0.54 0.0012  100.61 318 253

DIP - Dipyridamole ASP - Aspirin
" Average of ten replicate determinations; " Standard deviation of the mean
:Raﬁoofthecaknluedymummdynhew.’%
Based on F test for non-linearity; F caens = F (9,9) values from F table for 5% level
. 2,2
of significance; F eypepipseg = Sy’ / Ss where Sy is the standard error of estimate and S5
is the standard deviation of ten replicate determinations for a single eoncentration of
the drug (measurement of y)



Similarly, the other F test results which was based on mean square due to

regression andnmnsqnareaboutmeregmsiondeaﬂysbowed the non-

linearity since the calculated F values were far larger than the critical values

leading to rejection of null hypothesis (Table 5). The regression equations

of the pure drug solutions and those of admixtures (Table S) were

gsimilar. This similarity as well as the correlation coefficient values in the
range of 0.9990 to 0.9995 indicated the non-interference of one drug in the
estimation of the other. The co-efficient of determination (which is ratio of
the sum of squares due to regression to the sum of squares about the mean)
values ranged from 99.65 to 99.91 indicating that this much of variation in
the absorbance is accounted for by the concentration of the drug in the
solutions. A comparison of T test values at a significance level of 5%
showed that the calculated values are far larger than the critical values
obtained from the t. table and confirmed the existence of strong positive
correlation [5]. The standard error of slope and intercept are the standard
deviation values of slope and intercept and the standard error of estimate
(which is the standard deviation value of residuals of y on x line and which
is an.indicator of the precision of the fit by regression) values for the
various solutions. This standard error of estimate was less relative to the
typical change in absorbance value from point to point in the
calibration curve based on the regression equations for pare admixtures
[51.

The table 6 gives the actual values of the pure aspirin 25 mg/mi) and
dipyridamole (35 mg/ml) as well as the value calculated from the
regression line for admixtures. The standard error of prediction is also
given in this table.The 95% confidence level concentration ranges
presented in table 6 (calculated using the standard error of prediction
values) appear to be narrow.

The assay results of commercial formulations have also been given in table
6.Intheeaseofa8pirin,theesﬁmaﬁonwa8doneinga solation of the
tablet sample containing approximately 25 mg/ml of aspirin for all brands
and the dipyridamole was estimated by using solutions containing



Table 8. ression is of Aspirin and Dipyridamole Standard Solutions

Sample Composition of 1 Regression Equation® Corr. R’, %" Ftest Values®  Test for Significance ® Standard Error®
Solution (mgml™) (at 920 em” for aspirin, coeff. Crit Calc of Evidence of Slope Intercept Estimate
ASP DIP at 2935 cm™ for Correlstion
dlpyrldamo_le) Crit Calc
Series A 10-40 0 y = 0.0097x - 0.0015 0.9990 99.65 6.61 1407 2.57 37 0.0003 0.0069 0.0043
SeriesB  10-40 35 y = 0.0095x - 0.0087 0.9992 99.86 6.61 3536 2.57 59 0.0002 0.0043 0.0042
Series C 0 10-60 y = 0.0114x + 0.0012 0.9995 99.90 5.12 9344 2.26 96 0.0001 0.0046 0.0062
SeriesD 2§ 10-60 y = 0.0115x + 0.0031 0.9996 99.91 5.12 10429 2.26 102 0.0001 0.0043 0.0059

ASP- Aspirin DIP - Dipyridamole * Based on 7 and 11 calibration values for aspirin and dipyridamole respectively; concentration of drug in mg ml”

® Coefficient of determination which is the ratio of the sum of squares due to regression to the sum of squares about the mean

° F test based on F statistic ( a one tail test); F value is the ratio of mean square due to regression to the mean square about regression; F calc is the
F (1,n-2) value at 5% significance level; F crit is the F (1,n-2) value from the F ratio table for 5% significance level; n is 7 for aspirin and 11 for
dipyridamole

4 Studens's t test for correlation (n two tall test): T calc is the T (n-2) value at 5 % level of significance and T crit is the T(n-2) value for t distribution
table at 5% significance level; n is 7 for aspirin and 11 for dipyridamole

¢ Standard error of slope and intercept are the standard deviations of slope and intercept; standard error of estimate is the standard deviation of
residuals of y on x regression where y Is the absorbance and x is the concentration



Table 6. Results of the Assay of Aspirin and Dipyridamole in Pure Drug

Admixtures and Commercial Formulations by Infra-red

Spectrophotometry

95% Conﬁdenceb

Sample Composition Label Claim Mean

of Solution (mg/tablet) Recovery Level Concen.

(mcg ml") Range

ASP DIP ASP DIP ASP DIP ASP DIP
PureDrug 25.00 35.00 — - 99.20 99.08 24.13-25.46 34.06-35.30
Admixtare
Brand A 25.00 46.87 40 7S 9792 101.19  23.91-25.04 46.87-47.99
Brand B 25.00 31.25 60 75 9812 99.96 23.95-25.08 30.73-31.74
BrandC 2500 1875 100 75 100.28 100.64  24.51-25.63 18.26-19.48
Brand A 18.66 35.00 40 75 100.10 100.08 18.05-19.31 34.53-35.52
Brand B 28.00 35.00 60 75 97.86 100.68  26.82-27.97 34.74.35.73
BrandC 4000 30.00 100 75 9943 99.10  38.91-40.62 2921-30.23

ASP - Aspirin

" Average of ten determinations; assay as percentage of actual concentration /
label claim calculated from the regression equations of pure drug admixtures

. (Equations of Series B and Series D)
Concentration range at 95% confidence level using t test (a two tail test) with
S degrees of freedom for aspirin and 9 degrees of freedom for dipyridamole

DIP - Dipyridamole
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approximately 35 mg/ml This was done to calculate the 95% confidence
level concentration ranges in the last column at concentrations where the
standarderrorofpredicﬁonwillbeminimLAscanbeseenﬁumtabl&lS
and 4, the mean points of the calibration data for aspirin and
dipyridnmolelieataroundZSmg/n}land.”Smg/ml respectively and it is a
known fact that a linear regression fit is most precisely determined at the
mean point of the calibration data. For comparison of the 95%
confidence level ranges, the dipyridamole has also been determined at the
appropriate concentrations corresponding to a concentration of 25 mg/ml of
aspirin in the varioas Brands (2-5 rows in table 6) and aspirin at the
appropriate concentrations corresponding to a concentration of 35 mg/mi of
dipyridamole. The 95% confidence level ranges of concentration predicted
from a regression equation uses the standard error of prediction which is
minimal at the mean point of calibration [5]. In case of Brand C, the
concentration of the dipyridamole solution has been 30 mg/ml instead of
35mg/ml since the value of aspirin concentration goes above 40 mg/ml at this
concentration of dipyridamole whereas 40 mg/ml is the highest
concentration of aspirin used for the calibration curve of aspirin. The
detection limits at 5% level of significance were found to be 1.45 and 1.70

mg /ml respectively.

The results of the assay by the proposed method in table 6 indicated that the
tested commercial formulations were conforming to the limits for the drug
content in individual tablets of aspirin and dipyridamole prescribed by LP.
1985 and U.S.P. 23. In fact, the 95% confidence level concentration ranges
in table 6 were itself within the prescribed limit for these drugs by U.S.P. 23.
Thus the proposed method of determination of aspirin and dipyridamole
was found to be reasonable accurate and precise and may be used for the
estimation of the drugs in commercial formulations.



3.00 SPECTROFLUOROMETRY

Fluorescence  analysis is an analytical method  closely related to
spectmphotometryand'nby&rthe most widely used luminescence
technique in practice, primarily because of its intrinsic sensitivity and
sdecuvnyThesemmvnygeneraﬂy greater than that achieved by
absorption spectrophotometry in which, at low drug concentrations,
accurate and precise measurement of the difference in intensity of the
two similar beams of radiation, I, and I, becomes progressively more
difficult. By contrast, the intensity of fluorescence is essentially measured
against a ‘dark’ background, or at least a background with relatively low
fluorescence emission.

The selectivity of spectrofiuorometry arises from the requirement
that two wavelengths are involved, the excitation wavelength and
fluorescence emission wavelength.  Moreover, the ability of a molecule to
fluoresce is in itself a characteristic which discriminates it from many
compounds which do not display significant flucresceace.

Inolderforamoleculetoﬂnomceitmmtﬁmtabsorbradiation.lfthe
concentration of the absorbing substance is very high, all the incident light
may be absorbed by the first layers of solution, with very lLittle lLight
even reaching more distant portions of the sample. The fluorescence of
sach a sample will therefore be non-umiform and will not be proportional to
the concentration of the substance. Because this is undesirable from the
analytical point of view, solution concentration of fluorescing substances
are always held to very low levels to avoid the absorption of an appreciable
fraction of the incident beam. Thus 2 necessary condition for quantitative
spectmﬂuommetricamlysisisthstthewah!orbanee of the system should
pot exceed 0.05 absorbance umits. Otherwise progressively greater negative
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deviations from linearity are usually observed. Hence it is essential to
establish the range of linearity of the calibration curve of I, versus
concentration, using at least five standard solutions, for which the
condition that absorbance at the excitation wavelength maximum is less
than 0.05 absorbance unit holds.

Thaus the expression for fluorescence intensity [74]
F=231L¢ abc

(where F is the fluorescence intensity (the intensity of emitted radiation),
Io is the intensity of the incident radiation, ¢ is the quantum yield of
fluorescence, a is the molar absorptivity of the substance, b the pathlength
and c the molar concentration) shows that F is proportional to I, and hence
increased sensitivity can be achieved for a given concentration simply by
increasing the intensity of the incident excitation radiation. This is a
fundamental difference between fluorometry and spectrophotometry, for in
the later technique the absorbance is independent of the incident intensity
[74]. Since the above equation shows that the fluorescence intensity is
proportional to molar absorptivity, it iS wusual to wuse excitation
radiation corresponding to the absorption band maximum [74).

The outstanding advantage of fluorescence analysis, as mentioned
carlier, is its sensitivity. Although the amounts of drugs present in dosage
forms are seldom so small as to require sensitivity of this order, the
concentrations of drugs and drug metabolites in blpod, urine, and other
biological samples may be extremely low, and floorescence analysis finds
wide application in quantitative studies of rates and mechanisms of drug
absorption, metabolism and excretion [74]. In addition Spectro fluorometry
will be a useful analytical techniqnetowﬁmatedmgs in combined
preparations whose uv absorption spectra interfere with each other requiring
the application of some kind of simultaneous method. Ag described in
the section on infra-red spectrophotometry, the combination of
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aspirin  and dipyridamole, if to be estimated by uv spectrophotometry, do
require some kind of simultaneous estimation. Hence a successful
attempt has been made in this thesis to design a spectrofluorometric method
of estimation of these drugs. This section describes the details of the
estimation of aspirin and dipyridamole by spectrofluorometric method.

Fluorimetric drug analyses may be classified into three chemical types.
First are those assays of drugs that possess intrinsic fluorescence, in the
sense that they require no chemical reactions to create a fluorescent
compound. The second type of analysis involves the formation of a
derivative of the drug by attaching a fluorescent tag to the drug and the
third class of assays involve development of a fluorophore by more extensive
molecular change than simple derivative formation [74]. The fluorimetric
assay procedure developed for the assay of aspirin and dipyridamole in this
thesis falls under the first category in which chemical reactions have not
been used for the fluorescence of the drugs.
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3.02 Estimation of Aspirin and Dipyridamole in Pure Admixtures and

in_Tablets by Spectrofluorometry

The combination of aspirin with dipyridamole is widely used as an
anti-anginal preparation. Of the several methods mentioned for the
estimation of acetylsalicylic acid in the infra-red spectrophotometric method
(section 2.02) for estimation of aspirin and dipyridamole [33-68], six were
on the spectrofluorometric estimation of aspirin [41, 47-52). These
reports deal with the estimation of acetylsalicylic acid in 1% v/v acetic acid
in chloroform [S0], estimation of salicylic acid in the presence of
acetylsalicylic acid at pH 4.0 since acetylsalicylic acid does not fluoresce at
this pH [52], simultaneous determination of acetylsalicylic acid and salicylic
acid in solid phase [47] and estimation of salicylic acid in buffered
acetylsalicylic acid products in formic acid chloroform solution [49].
Although both acetylsalicylic acid and salicylic acid may be simultaneously
determined on the basis of the pH-dependent shift in their individual
absorption spectra, such a shift results in a partial overlap of the
absorptions of salicylic acid and acetylsalicylic acid and corrections may
be required for these spectral interferences [75]. Chromatographic
methods have also been used for the determination of acetylsalicylic acid but
with these methods separation of the tablet additives (excipients and antacids)
was reported to be essential [47]. In the GLC methods requiring chemical
derivatisations of acetylsalicylic acid, separation is necessary to avoid
interferences of additives with the chemical derivatisations. Estimation of
acetylsalicylic acid as free acid by GLC is difficult because of the low
vapour pressures of acetylsalicylic acid and the presence of polar functional
groups, which cause absorption and tailing [47].
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Masking of the functional groups by derivatisation makes these molecules
much less polar, more volatile, and consequently, amenable to GLC
analysis. However, acetylsalicylic acid samples, when analysed for
salicylic acid as an impurity by GLC, show higher salicylic acid content
than that obtained by spectrophotometric methods which is due to the
generation of salicylic acid by the slight hydrolysis of acetylsalicylic acid
during the methylation or other derivatisation processes. The most
specific quantitative methods used to date are liquid chromatographic
methods. With HPLC methods, insoluble additives should be removed
completely to prevent the column from being blocked. The extraction
procedures must be carried out with great care so as nmot to induce
hydrolysis of acetylsalicylic acid to salicylic acid, especially when the tablets
contain buffers or antacids [47]. HPLC methods using methanol and water
may cause hydrolysis of acetylsalicylic acid [47). In this section, the
Spectrofluorometric estimation of acetyl salicylic acid and dipyridameole in
pure admixtures as well as tablet preparations has been described.

METHODS
Materials, Reagents and Equipment

1. Chloroform - Spectroscopic grade (Spectrochem.India Ltd)
2. Glacial acetic acid - A.R. Grade (Glaxo Laboratories Ltd)

3. Pure drug samples of aspirin LP. and dipyridamole U.S.P. were
obtained as gifts.

The fluorescence spectra were recorded with a Jasco FP-777 scanning

spectrofluorometer using 1 cm cuvettes.

Standard and sample solutions
Four series of solutions (Series A-D) of acetyksalicylic acid and
dipyridamole were prepared by using appropriate aliquots of stock
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solutions of acetylsalicylic acid (1 mg/ml) and of dipyridamole (1 mg/ml) in

chloroform. Series A comprised of solutions of acetylsalicylic acid of
various concentrations (2-12 mcg/ml) in 1% v/v acetic acid in chloroform

and series € comprised of solutions of dipyridamole of various

concentrations (2-12 mcg /ml) in pure chloroform. Series 8 comprised of
solutions of acetylsalicylic acid of varying concentration (2-12 mcg/ml) along
with constant concentration of dipyridamole (6 mcg/ml) in 1% v/v acetic acid
in chloroform and Series D was made up of solutions containing a varying
concentration of dipyridamole (2-12 mcg/ml) and a constant concentration
of acetylsalicylic acid (6mcg /ml) in pure chloroform (Table 7). In order to
assess the non-interference of salicylic acid which may be present as an
impurity is small quantities, another two series of solutions were prepared.
The series E comprised of varying concentration of acetylsalicylic acid (2-12
mcg/ ml) and a constant concentration of salicylic acid (6 mcg/ml) in 1% v/v
acetic acid in chloroform. The series F comprised of varying concentration of
dipyridamole (2-12 mcg /ml) and a constant concentration of salicylic acid (6
mcg /ml) in pure chloroform.

Sample Preparation

Twenty tablets of each brand were finely ground and a weight of the
Powder equal to the average weight of a tablet was transfered to a 10g/ml
volumetric flask and dissolved in pure chloroform by thorough shaking,
made up to volume and filtered (Whatman No. 1 filter paper). The first and
last S ml of the filtrate were discarded. Appropriate volumes of aliquots of
the filtrate were used to prepare sample solutions (using the solvents of 1%
viv acetic acid in spectroscopic  grade chloroform for estimation of
acetylsalicylic acid and pure spectroscopic grade chloroform for the
estimation of dipyridamole) containing  approximately 7 mcg/ml  of
dipyridamole and approximately 4.6 or 5.6 or 9 mcg/ml of acetylsalicylic
acid. The solutions of pure drugs, their admixtures and the tablet sample



46

solutions were scanned in a Jasco FP-777 scanning spectrofluorometer. The
results of the scan have been presented in tables 7-10 and figures 7 and 8.

Results and Discussion

Aspirin  has been reported to possess both  fluorescence and
phosphorescence [S1). Its hydrolytic product salicylic acid is more
fluorescent than acetylsalicylic acid although its wavelength of excitation and
emission maxima (310 nm and 455 nm respectively) were different from
that  of acetykalicylic acid . Thus far, acetylsalicylic acid in combined
formulations has been quantified by fluorometry after its quantitative
conversion to salicylic acid [48,51] as well as in the presence of other
components as acetylsalicylic acid itself [47,50,75] and the estimation of
acetylsalicylic =~ acid by phosphorimetry requires liquid nitrogen
temperatures [51]. The objective of the present work was to estimate
acetylsalicylic acid as acetylsalicylic acid itself (in the presence of
dipyridamole) and vice versa and not as salicylic acid so that the method
may be used to estimate acetylsalicylic acid without conversion to salicylic
acid in the presence of dipyridamole. Although acetylsalicylic acid
fluoresces both in pure chloroform as well as in 1% v/v acetic acid in
spectroquality chloroform, the later has been used as a solvent for the
estimation since the hydrolysis of acetylsalicylic acid to salicylic acid is very
less in this solvent [S1]. In addition, acetylsalicylic acid has been reported to
fluoresce weakly in chloroform alone but the presence of 1% acetic acid,
chloroacetic acid or dichloroacetic acid greatly enhances the emission in
Proportion to the strength of these acids [S0]. Since strong acids can
hydrolyse acetylsalicylic acid to acetic and salicylic acids, aliphatic
carboxylic acids were reported to be better for enhancing the emission of
otherwise weakly fluorescent acetylsalicylic acid [50].  Dipyridamole also
shows fluorescence in both pure as well as 1 % viv gacetic acid in
chloroform solvent but the rectilinear response is found only in the former
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Table 7. Selectivity of the Method for the Determination of Aspirin

in the Presence of Dipyridamole by Spectrofluorometry
Composition of Mean value of * Coefl. of Standard Ratio of F test for .
the solution fluorescence variation error”  residual non-linearity
(meg mi™ Aes =246nm (%) (%) Crit  Cak
ASP DIP Aep=346nm
2 0 261.60 + 7.09 2.7 2.24 98.01 363 240
4 0 5§29.20 + 7.31 1.38 231 98.62 J.&3 221
6 0 769.90 + 7.72 1.00 2.44 102.27 3.63 202
8 0 1047.60 + 7.27 0.69 2.29 100.50 3.63 228
10 0 1326.30 + 8.77 0.66 2.77 99.40 3.63 1.51
12 0 1586.20 £ 7.60 0.48 2.40 99.85 3.63 209
2 7 259.30 + 6.73 2.59 2.13 98.23 363 219
4 7 528.60 + 8.37 1.58 2.64 98.65 3.63 1.42
6 7 773.20 £ 6.16 0.79 1.95 101.95 3.63 2.63
8 7 1048.60 + 8.14 0.78 2.58 100.61 3.63 150
10 7  1328.80 +8.09 0.61 2.56 99.48 363 152
12 7 1591.60 + 7.39 0.46 2.33 99.81 3.63 1.82
DIP - Dipyridamole ASP - Aspirin

: Average of ten replicate determinations; ® Standard deviation of the mean

: Ratio of the calculated y value to actual y value expressed as %
Based on F test for non-linearity; F criieas = F (4,9) values from F table for 5% level
of significance; F caleniated = Syzl Ss” where Sy is the standard error of estimate and Ss
s the standard deviation of ten replicate determinations for a single concentration of
the drug (measurement of y)



Table 8. Mof&eMﬂhodﬁ)rtheDaermmm:ol’p_iur_ﬂa_mag

in the Presence of Aspirin by Spectrofluorometry

Composition of Meanvalaeof * Coefl of Standard Ratio of F test for .
the solution fluorescence  variation error’  residwal € non-limearity
(meg mi™) A= 420nm (%) (%) Crit Cak
ASP DIP  Aen=475nm
0 2 940.20 + 5.72 0.61 1.81 100.65 363 277
0 4 1887.70 £ 5.62 029 1.77 99.79 363 287
0 6 2817.90 + 5.96 0.21 1.88 100.11 363 255
0 8 3773.90 + 8.64 0.23 2.73 99.59 363 w22
0 10 4888.90 + 5.66 0.12 1.78 100.15 363 283
0 12 5629.80 + 5.66 0.10 1.79 100.05 363 283
7 2 939.80 + 6.13 0.65 1.93 100.72 363 224
7 4 1888.20 + 6.11 0.32 1.93 99.77 363 226
7 6 2819.00 + 6.73 0.24 2.13 100.07 363 186
7 8 3774.20 + 8.00 0.22 2.52 99.59 363 132
7 10 4688.00 + 5.66 0.12 1.79 100.17 363 264
7 12 5630.30 + 6.25 0.11 1.98 100.05 3.63 216
DIP - Dipyridamole ASP - Aspirin
: Average of ten replicate determinations; Stxndard deviation of the mean

Ratloofthecalculaedyvalnetoacmdyvalneexprmedas%
Buedonrmﬁrma-aumﬂy F,..... F (4,9) values from F table for 5% level
of significance; F cacmtased = Sy-/ Ss* where Sy is the standard error of estimate and Ss
is the standard deviation of ten replicate determinations for a single concentration of
the drug (measurement of y)
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solvent. Hence acetykalicylic acid was estimated in 1% v/v acetic acid in
chloroform. The emission spectra of pure acetylsalicylic acid and pure
dipyridamole are given in figures 7 and 8 and the excitation spectra of the
drugs in their respective solvents have been shown in figure 9.

The excitation spectra in figure 9 indicated that the chosen excitation
wavelengths were highly specific for the particular drug. Thus, in an
admixture of acetylsalicylic acid and dipyridamole, when acetylsalicylic acid
was estimated by excitation at 246 nm (and emission at 346 nm), the
dipyridamole did not interfere. Similarly, during the estimation of
dipyridamole by excitation at 420 nm and emission at 475 nm,
acetylsalicylic acid did not interfere. The wavelength of 246 nm rather than
285 nm was chosen for the excitation of acetylsalicylic acid since salicylic
acid does not get excited at 246 nm (figure 10) whereas a solution of pure
salicylic acid in 1% v/v acetic acid in chloroform solvent, when excited at
285 nm, showed a weak fluorescence at 346 nm (where the fluorescence of
acetylsalicylic acid was being measured). Hence traces of salicylic acid, if
present as impurity in acetylsalicylic acid, would not interfere with the
emission of acetylsalicylic acid, if acetylsalicylic acid is estimated by excitation
at 246 nom. Similarly, salicylic acid does not get excited at 420 nm (figure
10) and hence would not interfere with the estimation of dipyridamole when
it is estimated by excitation at 420 nm and emission at 475 nm.

The results of statistical analysis of the spectral data have been presented in
tables 7-10. The small standard deviation values indicate the high level of
Precision of the proposed method as well as the independence of the
fluorescence emission measurement of the drugs in the presence of each
other. The negligible intercepts of the regression equations indicated the
regression through or close to the origin. The small stapdard deviation
values (Table 7 and 8) indicated a high level of precision of estimation. The
similarity between the equations (Table 9) for pure drugs and their
admixtures (pure and with salicylic acid) as well as the correlation coefficient
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Fig 7. Fluorescence emission spectra of aspirin; excitation
wavelength was 246 nm; emission spectra recorded for
solutions of aspirin in 1% v/v acetic acid in spectral
grade chloroform solvent, concentration of aspirin was
2,6 and 12 meg mI”' in curves 1,2 and 3 respectively
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Fig 8. Fluorescence emission spectra o.f dipyridamole; excitation
wavelength was 420 nm; emission spectra recorded for
solutions dipyridamole in spectral grade chloroform
soivent; concentration of dipyﬁdam"l‘f was 2, 6 and
12 meg mI" in curves 1,2 and 3 respectively
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Fig 9. Fluorescence excitation spectra of aspirin (6 meg mi?)
in 1% v/v acetic acid in spectral grade chloroform with
emission at 346 nm (curve 1) and 475mnm (curve 2);
excitation spectra of dlpyndamole (6 meg/ml) in pure
spectral grade chloroform with emission as 475 nm (curve
3) and 346 nm (curve 4)
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Fig 10. Fluorescence excitation spectra .of .pure salic.ylic .aci.d
(6 mcg mlI™' ); Curve 1 isspectrumm.lbv‘lv.acehc acid in
spectral grade chloroform solvent with emission at 346 nm
and curve 2 is spectrum in pure Spec
solvent with emission at 475 nm

tral grade chloroform
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values in the range of 0.9998 - 0.9999 indicated the non-interference of one
drug in the fluorescence emission measurement of the other at the selected
wavelengths of emission for estimation.

The percentage ratio of the residuals in tables 7 and 8 clearly indicated a
random scatter in case of both pure drug solutions as well as their
admixtures. In addition, the F test for non-linearity which is a quantitative
test for non-linearity (4] was done and the results have been presented in
tables 7 and 8. With this test, we would have an evidence of non-linearity
if we can show that Sy (standard error of estimate ) has too large a value to
be compatible with the sample estimate (Ss). The values in tables 7 and 8
show that the calculated F values were less than that of critical values at 5%
level of significance and evidence the linear relationship. Similarly, the other
F test results which was based on mean square due to regression and mean
square about the regression clearly showed the non-linearity since the
calculated F values were far larger than the critical values leading to
rejection of null hypothesis (Table 9).

The co-efficient of determination (which is ratio of the sum of squares due to
regression to the sum of squares about the mean) values ranged from 99.96 to
99.99 indicating that this much of variation in the absorbance was accounted
for by the concentration of the drug in the solutions. A comparison of T test
values at a significance level of 5% showed that the calculated values were
far larger than the critical values obtained from the t table and
confirmed the existence of strong positive correlation [5). The standard
error of slope and intercept are the standard deviation values of slope and
intercept and the standard error of estimate (which is the standard
deviation value of residuals of y on x line and which is an indicator of the
precision of the fit by regression) values for the wvarious solutions. This
standard error of estimate was very less relative to the typical change in



Table 9. Regression Analysis of Aspirin and Dipyridamole Standard Solutions

Sample Composition of Regression Equation®  Corr. R%, %"  Fiest Values ¢ Test for Significance® Standard Error®
Solution (mcg ml'l) (Aem = 346nm for aspirin coeff. Crit Calc of Evidence of Slope Intercept Estimate
ASP DIP SAL and A ¢ =475 nm for Correlation
dipyridamole) Crit Calc

SeriesA 2-12 0 0 y =132.74x - 9.07 0.9998 99.96 7.1 10217 2.77 101 1.31 10.22 10.98
SeriesB 2-12 7 0 y = 133.39x - 12.06 0.9998 99.96 1.71 12522 2.77 111 .19 9.28 9.97
SeriesC 0 212 o y = 468.68x + 8.97 0.9999 99,99 INA 16482 2.77 406 1.1§ 8.99 9.51
Series D 7 2-12 0 y =468.67x +9.21 0.9999 99,99 77N 15947 2,77 399 1.17 9.13 9.80
SeriesE 2-12 0 6 y= 132.66x - 8.24 0.9998 99.95 .M 10534 2.717 96 1.26 9.45 9.24
Series F 0 212 6 y= 467.92x +9.11 0.9999 99,97 1.71 14326 2.717 "402 1.15 9.04 9.52

ASP- Aspirin  DIP - Dipyridamole SAL- Salicylic acid

® Based on six calibration values; concentration of drug in mcg ml”
b Coefficient of determination which is the ratio of the sum of squares due to regression to the sum of squares about the mean

F test based on F statistic ( a one tail test); F valuc is the ratio of mean square due to regression to the mean square about regression; F calc is the
F (1, n-2) value at 5% significance level; F crit is the F (I, n-2) value from the F ratio table for §% significance level; n is 6 for aspirin as well as
dipyridamole

d Student's ¢ test for correlation (a two tail test): T calc is the T(n-2) value at § % level of significance and T crif is the T(n-2) value for ¢ distribution
table at 5% significance level; n is six for both aspirin as well as dipyridamole

¢ Standard error of slope and intercept are the standard deviations of slope and intercept; standard error of estimate is the standard deviation of
residuals of y on x regression where y is the fluorescence and x is the concentration

GS



fluorescence value from point to point in the calibration curve (Tables 7, 8
and 9)based on the regression equations for pure admixtures [S].

The table 10 gives the actual values of the pure aspirin (7 mcg/ml) and
dipyridamole (7 mcg/ml) as well as the value calculated from the regression
line for admixtures. The standard error of prediction is also given in this
table. The 95% confidence level concentration ranges had been presented in
table 10 (calculated using the standard error of prediction values).

The assay results of commercial formulations have also been given in table
6. In the case of aspirin, the estimation was done using a solution of the
tablet sample containing approximately 7 mcg/ml of aspirin for all brands
and the dipyridamole was also estimated by using solutions containing
approximately 7 mcg/ml. This was done to calculate the 95% confidence
level concentration ranges in the last column at concentrations where the
standard error of prediction will be minimal. As can be seen from tables 3 and
4, the mean points of the calibration data for aspirin and dipyridamole ke
around 7 mcg/ml and since the linear regression fit is most precisely
determined at the mean point of the calibration data, the sample solutions
were prepared so as to have the drugs in this concentration. For comparison
of the 95% confidence level ranges, the dipyridamole has also been
determined at the appropriate concentrations corresponding to a
concentration of 7 mcg/ml of aspirin in the various Brands (Table 10) and
aspirin at the appropriate concentrations corresponding to a concentration
of 7 ‘meg/mlol' dipyridamole.This was done because as can be seen from
table 10, the proportion in which aspirin and dipyridamole are present
in  commercial formulations would not allow a single solution to be used for
the estimation of both aspirin and dipyridamole since one of them cannot be
estimated pear its mean point of the calibration range. The 95%
confidence level ranges of concentration predicted from g regression
equation uses the standard error of prediction which is minimal at the

ob



Table 10. Results of the Assay of Aspirin and Dipyridamole in Pure Drug
Admixtures and Commercial Formulations by Spectrofluorometry

Sample Composition  Label Claim Mean" 95% Confidence”

of Solution (mg/tablet) Recovery Level Concen.

(meg ml'") Range

ASP DIP ASP DIP ASP DIP ASP DIP
Pure Drug 7.00 7.00 — - 9871 99.71 6.80-7.02 6.95-7.01
Admixture
Brand A 7.00 3.70 40 75 98.58 100.10 6.81-6.99 3.66-3.74
Brand B 7.00 5.60 60 75 9874 9998 6.80-7.02 5.55-5.62
BrandC 700 930 100 75 98.97 99.59 6.83-7.00  9.23-9.29
Brand A 11.35 6.00 40 75 98.85 99.66 11.07-11.37 5,95-6.01
Brand B 8.75 7.00 60 75 9833 99.28 8.49-8.71 6.72-6.93
BrandC 520 7.00 100 75 98.85 99.57 5.00-523  6.94-6.99

ASP - Aspirin DIP - Dipyridamole

: Average of ten determinations; assay as percentage of actual concentration /
label claim calculated from the regression equations of pure drug admixtures

, (Equations of Series B and Series D)
Concentration range at 95% confidence level using t test (a two tail test) with
4 degrees of freedom for aspirin as well as dipyridamole
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mean point of calibration [5]. In case of Brand A, the concentration of the
dipyridamole solution has been 6 mcg/ml instead of 7 mcg/ml since the value
of aspirin concentration goes above 12 mcg/ml at this concentration of
dipyridamole whereas 12 mcg/ml is the highest concentration of aspirin used
for the calibration curve of aspirin. The detection limits at 5% level of
significance were found to be 0.25 and 0.07 mcg /ml respectively.

The assay results in table 10 show that the aspirin and dipyridamole contents
in the different commercial formulations conform to the monographical
requirements of LP. 1985 (95 to 105 % of the stated amount of aspirin) as
well as U.S.P. 1995 (90 to 110 % of stated amount for aspirin and
dipyridamole) in single component tablets. Thus the proposed method of
determination of aspirin and dipyridamole by spectrofluorometry was found
to be accurate and would be very useful for the determination of aspirin and
dipyridamole simultaneously without separation from each other. The
method also does not require the conversion of aspirin to salicylic acid and
hence can be used for the estimation of aspirin as acetylsalicylic acid itself

in the presence of dipyridamole in commercial formulations.
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4.00 Ultra-violet Spectrophotometry

4.01 INTRODUCTION - Difference Spectrophotometry

The electronic absorption spectrophotometry is perhaps the most
widely used technique both officially and non-officially as the measurement
step for the quantitative assay of drugs in dosage forms ([76] The
quantitation of single drugs in pure as well as dosage forms may be done
rapidly if the Beer's Law is complied with and if the excipients do not absorb
appreciably in the wavelenghts at which the absorbance is measured. Once
the absorptivity of the drug at a specific wavelength has been determined,
the quantitation of the unknown sample may be done. A simplified version
of these methods uses a "ome point" concomitant measurement of the
sample solution and a solution prepared with a reference standard (74]). This
standard is the same compound as the sample, but is a specimen whose purity
is known. The standard and sample are carried through exactly the
same procedure and Beer's Law is written for each solution. Thus,

A’ =abc’
A"=abc’

where the superscript 8 refers to the sample and r to the reference
standard.

Dividing these equations and solving for the unknown, C’, we obtain

cC=C' A

Al’

Spectrophotometric assay procedure in the monographs [1-3) usually
Specify this method of analysis, and the final equation may inclode a
numerical factor accounting for dilution of sample.



In the case of systems which contain two or more substances in a
transparent solvent each of which absorbs light, the problem becomes
complex. If the absorption spectra of the two components are so different
that two wavelengths can be found at which each substance absorbs light
without interference from each other, the problem reduces to that of single
component analysis since neither componenet interfaces with the analysis of
the other [6] In a more general case, both solutions will absorb light at the
same wavelengths, but if their absorption spectra are markedly different,
the mixture can still be analysed in various ways.

One of the advantages of absorption spectrophotometry is its specificity or
freedom from interference which holds good even when absorption bands

overlap if one of the multicomponent analytical method is used. The
possibility of interfering absorbers must always be kept in mind while
designing spectrophotometric analysis. This is especially true in cases of
analysis of drugs in dosage forms which usually present the problems of
"background absorption' by excipients, that is, the dosage from components
other than the active drug. This background often consists of relatively
featureless absorption that increases in intensity toward shorter wavelength.
Several techniques have been devised to compensate for background
absorption which includes the simultaneous equation method [29],
absorbance ratio method [77], graphical method or linear plot method [78],
orthogonal function method [79),three point correction method [29],
difference spectrophotometric method _[76] and derivative
Spectrophotometric method [80].

In double beam spectrophotometry, a8 reference solution is scanned
simultaneously with the sample solution to compensate for any opacity of
cell, solvent, or added reagents. Ideally, the reference and sample solutions
should be identical in all respects except for the presence of the analyte.
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In practice, however, when analysing pharmaceutical samples, there
always uncertainity concerning interfering materials which may have
accompanied the sample and which remain uncompensated for by the

reference  solution. Difference spectrophotometry a method of
compensating for the presence of extraneous materials in a sample which
would otherwise interfere with the spectrum of the drug being determined.
It involves the measurement of the absorbance difference, at a defined
wavelength, between two samples in one of which a physical or chemical
property of the drug has been changed [76). It is assumed that the spectrum
of the drug can be changed without affecting the spectrum of the
interfering material.  Alternatively, the absorbance difference may be
measured between the sample and an equivalent solution without the drug.
Thus, difference spectrophotometry, in case of systems containing drugs as
well as excipients uses an approximation of the ideal reference solution by
employing an aliquot of the sample solution itself as reference, adjusted by
change in pH or other parameter but containing both the substance being
analysed and all extraneous substances at exactly the same concentrations as
the sample. If the pH or other variation, causes an alteration in the spectrum
of the sample, the instrument records this as a characteristic difference
spectrum. If other materials present are unaffected by the change in
conditions, their contribution to the total absorbance of each solutions will

be identical and their effect will be exactly cancelled [76].

The technique of difference spectrophotometry has proved particolarly
useful in the determination of medicinal substances by eliminating specific
interference from degradation products and co-formulated drugs and
involves the reproducible alteration of the spectral properties of the analyte
in equimolar solutions and the measurement of the absorbance difference
between the two solutions provided the absorbances of the other
absorbing interferents are not affected by the reagents used for the



spectral property alteration [76] Many suitable methods for physical and
chemical modification of the drug absorbance have been reported [76].
Although reactions such as hydrolysis or formation of Schiff bases have
been described for their use in difference spectrophotometry itis usual to
use simple aqueous acids, alkalis and buffers frequently for
inducing spectral alterations since many drugs are weak acids or bases whose
state of ionisation and absorptivity depend on the pH of the solution .

It should, however, be established that the absorbance difference (5A) is
a linear function of concentration over the range required. It is
convenient to select for the anmalytical wavelength a value corresponding
to a maximum in the difference spectrum, obtained by scanning the sample
and reference solution over an appropriate wavelenth range [80].

Difference spectrophotometry can be used for quality control in cases
where the interfering material is well-defined, because an appropriate
dilution of a sujtable reference solution can be used in the reference cell
The difference absorbance is, however, susceptible to systematic error
when there is uncertainity in the concentration of interfering materials in
the samples to be assayed. This error increases in proportion to the ratio of
the molar absorptivity of the interference to that of the drug [80]

Many workers have use difference spectrophotometry as an analytical
technique for assay of single or binary mixtures in pure as well as dosage
ﬁmnandhavemponedthetechniqne to be syﬁsﬁctory for the assay of
the drugs, The effect of excipients on the measurement of absorption by
difference spectrophotometry has been discassed by various workers. The
various parameters which ought to be considered while designing
spectrophotometric method had been discussed [76] using the spectral shifts
of benzthiazide, hydrochlorothiazide, triamterene and phenobarbitone,

The difference spectra of these drugs were recorded with the acidic and

op
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alkaline equimolar solutions of the drugs. Other methods of producing
spectral shifts such as reduction of ring of corticosteroids with sodium
borohydride, formation of Schiff's base by primary aromatic amine such as
procaine as well as hydrolysis of pyridostigmine bromide by sodium
hydroxide had also been discussed [76].

Chlordiazepoxide and demoxepam in pure and dosage forms have been
assayed by using different buffers for each of the drug and using the
bathochromic shift of chlordiazepoxide [81].

A method for the rapid determination of phenothiazine drugs in a wide
variety of pharmaceutical preparations by using a difference
spectrophotometric technique based upon the absorbance of sulphoxide
derivative of the phenothiazine drugs relative to the absorbance of a solution
of the underivated drug had also been described [82]). Non-interference of
oxidative and photochemical ~decomposition products, coloring and
flavouring agents, excipients and co-formulated drugs has been reported.
The quantitation of 1,2-diphenolic drugs in pharmaceutical formulations
by producing a bathochromic shift using germanium-dioxide reagent and
estimation of steroids with conjugated keto chromophores via lithium
borohydride reduction have also been reported [83,84]. Drugs such as
acetaminophen and chlorzoxazone [85], tyrosine and tryptophan [86],
santonin [87], p-hydroxybenzoic acid in the presence of its esters [88] have
been estimated by the technique of difference spectrophotometry.

Isosbestic points are indication of the cancellation of the spectral
interference [76] and the existence of such isosbestic points ie. the
wavelengths at which the absorption of the solutions are equal and hence
zero may be used to analyse mixtures Without interference from each other.
Such determination without interference from the other drug in a binary



mixture will be possible at the isosbestic points provided the isosbestic

point of one drug lies at or near the maximum of the difference

spectrum of the other drug. Even in the absence of such fortuitous
juxtaposition of the isosbestic points of the difference spectra, the
spectra may still be used for determination provided the absorbance of
one drug is linear with concentration at the isosbestic point of the other drug
and  vice versa. An experimental design which would involve the
measurement of absorption of the pure drugs as well as their mixtures at the
isosbestic points involving mixtures in which the concentration of the drug
whose isosbestic point at which the measurement is being made is kept
constant and the concentration of the other drug to be quantified is varied
would give a clear idea about the applicability of the method for the
determination of the drugs in binary mixtures. The same type of experimental
design has been used for the estimation of various drug combinations by zero-

order difference spectrophotometry as well as derivative difference
Spectrophotometry.

This section describes the . estimation of four drug combinations as pure
admixtures and dosage forms by zero-order difference spectrophotometry.
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4.02 SIMULTANEOUS QUANTITATIVE DETERMINATION OF

TINIDAZOLE AND DILOXANIDE FUROATE IN TABLET
PREPARATIONS BY DIFFERENCE SPECTROPHOTOMETRY

The combination of tinidazole and diloxanide furoate as a tablet
preparation is being widely used for acute and chronic intestinal
amoebiasis and hepatic amoebiasis. The literature reports for the
estimation of tinidazole spectrophotometry [89-91], dc polarography for
estimation in tablets [92], thin layer chromatography [93] and HPLC
[94,95] and for estimation of diloxanide furoate spectrophotometry [96-
97|. But thus far there have been no reports on the simultaneous estimation
of tinidazole and diloxanide furoate by spectrophotometry. This section
of the thesis comprises of details of the successful design of a zero-order
difference spectrophotometric method for the estimation of these drugs in

pure admixtures and in tablet preparations.

METHODS

Materials, Reagents and Apparatus

The methanol used was of spectroscopic grade. The spectra were
a Jasco-7800 uv-visible scanning double beam

recorded using
spectrophotometer using lcm matched cuvettes. The scan rate was set at

240nm/ min.

Standard Solutions

Appropriate aliquots of stock solutions of pure tinidazole (lmg/ml) and
diloxanide furoate (Img/ml) in methanol were used to prepare two series of
equimolar solutions of each drug in 0.IM NaOH and 0.1M HC1 containing
20-60 mcg/ml of tinidazole (series A) and 20-60 mcg/ml of diloxanide furoate



(series C). Similarly, two more series of equimolar solutions of mixtures of
tinidazole and diloxanide furoate, the first containing a constant concen
tration of 40 mcg/ml of diloxanide furoate and a varying concentration of 20-
60 mcg/ml of tinidazole (series B) and a second containing a constant
concentration of 40 mcg/ml of tinidazole and a varying concentration of 20-
60 mcg ml of diloxanide furoate (series D) were prepared with 0.1M HCI
and 0.1M NaOH (Tables 11-13).

Preparation of Sample Solutions

Twenty tablets of each brand were accurately weighed, powdered and a
weight of the powder equivalent to the average weight of the tablet was
transferred to a 100ml volumetric flask, dissolved in methanol by thorough
shaking, diluted to volume and filtered using Whatman No. 1 filter paper.
The first and last 5 ml of the filtrate were rejected. Appropriate volumes of
the aliquots of the filtrate were diluted with 0.1M HCl and 0.1M NaOH to

obtain equimolar solutions containing approximately the concentrations given

in tables 11 and 12.

The normal absorbance as well as the absorbance difference of the acidic and
basic equimolar drug solutions were recorded with a Jasco 7800 uv-visible
double beam spectrophotometer using 10 mm matched cuvettes by placing
the basic solution in the reference beam and acidic solution in the sample
beam. The scan rate was set at 240 nm / min. The resuits of the scan have

been presented in Tables 11-14 and the spectra in figures 11-13,

RESULTS AND DISCUSSION

The combination of tinidazole and diloxanide furoate in tablets
requires some kind of simultaneous estimation since their absorption spectra
interfere with each other (figure 18) As can be seen from the
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figures, the diloxanide furoate absorbs strongly before 295nm in both acidic
and basic solvents while the absorption of tinidazole is also appreciable in this
range. Hence direct estimation of diloxanide furoate in the presence of
tinidazole would not be possible aithough the absorption of tinidazole in
the region between 355 to 305 nm may be useful in estimation of tinidazole
in the presence of diloxanide furoate. Nevertheless, some amount of
absorption was shown by diloxanide furoate in this range and this would

lead to errors when direct estimation of tinidazole is done.

As mentioned in the introduction of this section, the difference
absorbance of a compound can be readily related to concentration by
prior calibration of the 3A (absorbance difference) values so as to establish
that 5A is a linear function of concentration over the range required [80]. In
this work, the 8A values of standard solutions of tinidazole and diloxanide
furoate were used to calculate regression equations (Tables 11-13). These
equations were calculated using the data points obtained from drug solutions
(Series A-D in Tables 11 and 12). The experimental design is such that the
regression equations of pure individual drugs in solution (Series A and C)
may be compared with that of their admixtures in which the concentration of
the drug to be estimated is varied and that of the other is kept at a constant
value (Series B and D in table 12). Such a comparison helps is easy
determination of the interference of one drug in the estimation of the other

at the chosen wavelength as well as the rectilinearity and precision of the
method in the particular concentration range.

The figures 12 and 13 show the zero-order difference spectra
of tinidazole and diloxanide fuorate respectively. The isosbestic point (i.e.
the wavelength at which the absorption of the solutions are equal) of
tinidazole occur at 285nm whereas diloxanide furoate did not exactly exhibit
isosbestic point but the difference spectra touch the baseline above 312nm.,
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Using the amplitudes of the peak to baseline of the corresponding zero-
order difference spectra, (h; and h; in figures 12 and 13) the drugs may be
estimated in combinations without interference from each other. Thus, the
amplitude of the spectra at 315 nm (figure 12) would be a function only of
the concentration of tinidazole and the contribution of diloxanide furoate
at this wavelength at this wavelength will be nil as can be seen from figure
13. Similarly, the amplitudes of the difference spectra of diloxanide furoate
will be a function of only the concentrations of the drug in solutions at the
wavelength of 285nm since the difference spectra of pure tinidazole shows
isosbestic point at this wavelength indicating that the absorption
contribution of tinidazole at this wavelength would be nil when the
difference spectra of the admixture of tinidazole and diloxanide furoate is
recorded. Thus the measurements made at these wavelengths would be a
function only of concentration of one of the component.In case of tinidazole
and diloxanide furoate combination, the heights of the zero-order
difference spectra ( 6A) at the wavelengths of 315nm and 285nm were

found to be proportional to the concentration of 20-60 mcg/ml.

The statistical analysis had been done on the data of pure drug solutions,
their admixtures as well as commercial samples.

The small standard deviation values associated with the determination
(Tables 11 and 12) indicated the high level of precision of the proposed
method as well as the independence of one drug in the absorption
measurement of the other. The negligible intercepts of the equations

indicated regression through or close to the origin at the chosen wavelengths.

The coefficient of variation values (Table 11 and 12) were less and the
standard error (which is the standard deviation of the mean) values were
also less indicating the precision of the method.






Table 11. ivity of the Method for the Determination of Tinidazole
in the Presence of Diloxanide fuorate by Difference

Spectropbotometry
Composition of Mean valze of * Coefl. of Standard Ratio of F test for

the solution absorbance(5A) variation error” residual®  non-linearity *
(meg mi™) (315am) (%) (%) Crit Cale
TIN DIF

20 0 0.0698 £ 0.0013  1.88 0.0004  99.26 38 0.59
30 0 0.1044 £ 0.0015  1.44 0.0005 10037 386 044
40 0 0.1405 + 0.0021  1.47 0.0007  99.86 3.8 025
S0 0 0.1745+ 0.0020 1.12 0.0006 100.75 38 026
60 0 02123+ 0.0022 222 0.0007  99.54 38 021
20 40  0.0694+0.0011 1.5 0.0003  99.14 386 1.4
30 40  0.1042+0.0014 134 0.0004  100.39 386 0.75
40 40 014061 0.0027 190 0.0008  99.87 386 020
50 0 01747400021 120 0.0007  100.88 38 033
60 40 02132100024 115 0.0008  99.46 386 025

JTIN - Tinidazole  DIF - Diloxanide farcate

. Average of ten replicate determinations;  ° Standard deviation of the mean

‘Raﬂoofthecclcnlaedyvaluetomalyuheexpnmdas%
BludonFlmformn-lbleam; F crigiens = F (3,9) values from F table for 5% level
of Significance; F eayengaer = Sy’ / Ss* where Sy is the standerd error of estimate and Ss
S the standard deviation of ten replicate determinations for a single concentration of



Table 12. Selectivity of the Method for the Determination of Diloxanide foorate

in the Presence of Tinidazole by Difference S to

Composition of Mean value of *  Coefl. of Standard Ratio of F test for
the solution absorbance (5A) variation  error >  residual©  non-linearity d
(meg ml™) (285nm) (%) (%) Crit Cak
TIN DIF
20 0 0.0754 £ 0.0016  2.09 0.0005  98.46 38 113
30 0 0.1110 £ 0.0015  1.41 0.0005  99.99 38 119
40 0 0.1458 £ 0.0021  1.47 0.0007 101.74 3.86 0.66
50 0 0.1858 + 0.0018  0.98 0.0006 99.78 38 089
60 0 0.2234 + 0.0031  1.42 0.0010  99.57 3.8 0.29
20 40 0.0755 + 0.0018  2.36 0.0006  98.12 3.8 123
30 40 0.1117 £ 0.0016  1.41 0.0005  99.96 38 1.64
40 40 0.1455 £ 0.0021  1.42 0.0007  102.02 3.8 091
50 40  0.1848+00021 LIl 0.0007  99.96 3.86 091
60 40 02242100029 129 0.0009 9938 386 051

JIN - Tinidazole DIF - Diloxanide farcate
Average of ten replicate determinations; = Standard deviation of the mean

c . o

. Ratio of the calculated y value to actual y valae expressed as %
Based on F rest for non-linearity; F ciient = F (3,9) values from F table for 5% level
?l' significance; F cypemieted = syzl Ss® where Sy is the standard error of estimate and Ss
is the standard deviation of ten replicate determinations for a single concentration of
the drug (measurement of y)



Table 13. fon is of Tinidazole and Diloxanide furoate Standard Solutions
Sample Composition of Regression Equation® Corr. R’, %"  FtestValues®  Test for Significanc® Standard Error®
Solution (mcg ml'l) (318 nm for TIN coeff. Crit Calc of Evidence of Slope Intercept Estimate
TIN DIF and 285 nm for DIF) Correlation
Crit Calc
Series A 20-60 0 y = 0.0035x - 0.0016 0.9998 99.98 10.13 13950 3.18 118 0.0001 0.0013 0.0010
Series B 20-60 40 y= 0.0036x - 0.0022 0.9998 99.96 10.13 8825 3.18 93 0.0001 0.0016 0.0012
SeriesC 0 20-60 y = 0.0037x - 0.0002 0.9997 99.95 10.13 6192 3.18 78 0.0001 0.0020 0.0017
SeriesD 40 20-60 y = 0.0037x - 0.0002 09995 99.91 10.13 3720 3.18 61 0.0001 0.0026 0.0020
TIN - Tinidazole  DIF - Diloxanide furcate

* Based on five calibration values; concentration of drug in mcg mt”’

b Coefficient of determination which s the ratio of the sum of squares due to regression to the sum of squares about the mean
[

F test based on F statistic ( a one tail test); F value is the ratio of mean square due to regression to the mean square about regression; F calc is the

F (1, n-2) value at 5% significance level; F crit is the F (I, n-2) value from the F ratio table for 5% significance level; n is 5 for tinidazole as well as
diloxanide furoate

' Student's t test for correlation (= two tail test): T calc is the T(n-2) value at 5 % level of significance and T crit is the T(n-2) value for ¢ distribution
table at 5% significance level; n is 5 for both tinidazole as well as diloxanide furoate

® Standard error of slope and intercept are the standard deviations of slope and intercept; standard error of estimate is the standard deviation of
residuals of y on x regression where y Is the absorbance(é4) and x s the concentration

L
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The percentage ratio of the residuals in tables 10 and 11 clearly indicated
a random scatter in case of both pure drug solutions as well as their
admixtures. In addition, the F test for non-linearity which is a quantitative
test for non-linearity [4] was done and the results have been preseated in
tables 10 and 11. If a linear relationship holds, the standard deviation of
the residuals (standard error of estimate, Sy, in tables 10 and 11) would
represent an estimate (with (n-2) degrees of freedom) of the standard
deviation of the sample. Therefore, we would have an evidence of non-
linearity if we can show that Sy has too large a value to be compatible with
the sample estimate (Ss).The values in tables 10 and 11 show that the
calculated F values were less than that of critical values at 5% level of
significance and evidence the linear relationship. Similarly, the other F test
results which was based on mean square due to regression and mean square
about the regression clearly showed the non-linearity since the
calculated F values were far larger than the critical values leading to

rejection of null hypothesis (Table 13).

The regression equations of the pure drug solutions and those of admixtures
(Table 13) were similar. This similarity as well as the correlation coefficient
values in the range of 0.9995 to 0.9998 indicated the non-interference of
one drug in the estimation of the other. The co-efficient of determination
(which is ratio of the sum of squares due to regression to the sum of squares
about the mean) values ranged from 99.91 to 99.98 indicating that this
much of variation in the absorbance is accounted for by the concentration
of the particular drug in the solutions. A comparison of T test values at a
significance level of 5% showed that the calculated values are far larger than
the critical values obtained from the t table and confirmed the existence of
strong positive correlation [5]. The standard error of slope and intercept are
the standard deviation values of slope and intercept and the standard error
of estimate (which is the standard deviation value of residuals of y on x line
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and which is an indicator of the precision of the fit by regression. This
standard error of estimate was less relative to the typical change in dA value
from point to point in the calibration curve based on the regression equations

for pure admixtures [5].

The table 14 gives the actual values of the pure tinidazole and diloxanide
furoate as well as the value calculated from the regression line for
admixtures. The standard error of prediction is also given in this table.The
95% confidence level concentration ranges presented in table 14 (calculated
using the standard error of prediction values) show a narrow range. The
assay results of commercial formulations have also been given in table 14. In
the case of tinidazole as well as diloxanide furoate the estimation will be best
at the mean point of the calibration which is 40 mcg/ml. The estimation of
tinidazole was done using a solution of the tablet sample containing
approximately 42-45 mcg/ml of tinidazole for all brands and the diloxanide
furoate was estimated using solutions containing approximately 37.5
mcg/ml This was done to calculate the 95% confidence level concentration
ranges in the last column at concentrations where the standard error of
prediction will be minimal. For comparison of the 95% confidence level
ranges, the drugs were also determined at concentrations other than those
mentioned above depending on the ratio in which they are present in the
commercial formulations. The 95% confidence level ranges of concentration
predicted from a regression equation uses the standard error of prediction
which is minimal at the mean point of calibration [5]. The detection limits at
5% level of significance were found to be 1.10 and 1.60 mcg/ml for
tinidazole and diloxanide furoate respectively.
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Table 14. Results of the Assay of Pure Drug Admixtures and Commercial
Formulations of Tinidazole and Diloxanide furoate by Difference

Spectrophotometry

Sample Composition Label Claim Mean" 95% Confidence’

of Solution (mg/tablet) Recovery Level Concen.

(mcg ml’) . Range

TIN DIF TIN DIF TIN DIF TIN DIF
Pure Drug 40.00 37.50 —_ — 9947 99.23 98.89-100.05 98.26-100.19
Admixture
Brand A 42.00 52.50 600 750 98.33 99.06 97.74-98.91 97.88-100.23
Brand B 4500 37.50 300 250 98.97 99.38 98.37-99.56 99.02-99.74
Brand C 45.00 37.50 300 250 98.73 99.12 98.13-99.32 98.76-99.48
Brand D 4500 37.50 300 250 99.62 99.81 99.02-100.21 99.45-100.17
Brand A 3000 37.50 600 750 98.56 98.50 97.88-99.24 98.13-98.86
TIN- Tinidazole DIF - Diloxanide furoate

) Average of ten determinations; assay as percentage of label claim calculated
from the regression equations of pure drug admixtures (Equations of Series B
b and Series D) '
Concentration range at 95% confidence level using t test (a two tail test) with
3 degrees of freedom for tinidazole as well as diloxanide furoate
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The stability of the standard solutions of tinidazole (40 mcg/ml) and
diloxanide furoate (40 mcg/ml) in 0.1M HCl and 0.1M NaOH (stored prior
to scanning in low actinic flasks at 28-32°C) were  monitored
spectrophotometrically (at the wavelengths of 315nm for tinidazole and
285nm for diloxanide furoate) for a period of two hours and were found to
vary by the following absorbance units (AU): 0.IN HCl solution of
tinidazole and diloxanide furoate by+ 0.003 and + 0.006 and 0.1M NaOH

solutions of tinidazole by +0.005 and +0.004 respectively.

The assay results show a range of 98.23 - 99.81 percent of stated amount
of diloxanide furoate which conforms to the LP. 1985 requirements for
diloxanide furoate tablets. Similarly, the results for tinidazole tablets (98.33
to 98.62% of stated amount) also conform to the I.P. 1985 requirement.

Thus the proposed method of determination of tinidazole and diloxanide
furoate was found to be accurate and precise and may be used for the

estimation of the drugs in commercial formulations.
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4,03 SIMULTANEOUS DETERMINATION OF
METRONIDAZOLE AND DI-IODOHYDROXYQUINOLINE

IN TABLET PREPARATIONS BY DIFFERENCE
SPECTROPHOTOMETRY

The combination of metronidazole and di-iodohydroxyquinoline as a tablet
preparation is being widely used for amoebiasis and giardiasis. The

literature reports for the estimation of metronidazole include [98-103], dc
polarography and voltametry [104,105] high performance thin layer
chromatography [106], gas chromatography [107] and HPLC [108-110] and
for  di-iodohydroxyquinoline  non-aqueous titrimetry [13] and
spectrophotometry [14-18]. The official procedures for the estimation of
metronidazole are HPLC [1] and non-aqueous titrimetry [3] and for di-
iodohydroxyquinoline exygen flask method [1,3].This section of the thesis
comprises of details of the successful design of a zero-order difference
spectrophotometric method for the estimation of metronidazole and di-
iodohydroxyquinoline in pure admixtures and in tablet preparations.

METHQDS
Materials, Reagents and Apparatus

The dimethylformamide used was of spectroscopic grade. The spectra
were recorded using a Jasco-7800 uv-visible scanning double beam
spectrophotometer using lcm matched cuvettes. The scan rate was set at

240nm/ min.
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Standard Solutions

Appropriate aliquots of stock solutions of pure metronidazole (lmg/ml) and
di-iodohydroxyquinoline (Img/ml) in dimethylformamide were used to
prepare two series of equimolar solutions of each drug in 0.1M NaOH and
0.1M HCI containing 10-50 mcg/ml of metronidazole (series A) and 5-15
mcg/ml of di-iodohydroxyquinoline (series C). Similarly, two more series of
equimolar solutions of mixtures of metronidazole and di-
iodohydroxyquinoline, the first .containing a constant conceatration of
10mcg/ml of di-iodohydroxyquinoline and a varying concentration of 10-50
mcg/ml of metronidazole (series B) and a second containing a constant
concentration of 30 meg/ml of metronidazole and a varying concentration of
5-15mcg/ml of di-iodohydroxyquinoline (series D) were prepared with 0.1M
HCI and 0.1M NaOH (Tables 15,16).

Preparation of Sample Solutions

Twenty tablets of each brand were accurately weighed, powdered and a
weight of the powder equivalent to the 100mg of di-iodohydroxyquinoline
was transferred to a 100ml volumetric flask, dissolved in dimethylformamide
by thorough shaking, diluted to volume and filtered using Whaun.n No. 1
filter paper. The first and last 5 mli of the filtrate were rejected. Appropriate
volumes of the aliquots of the filtrate were diluted with 0.1M HCl and 0.1M
NaOH to obtain equimolar solutions containing approximately the
concentrations given in table 17. |

The normal absorbance as well as the absorbance difference of the acidic and
basic equimolar drug solutions were recorded with a Jasco 7800 uv-visible
double beam spectrophotometer using 10 mm matched cuvettes by placing
the basic solution in the reference beam and acidic solution in the sample
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beam. The scan rate was set at 240 nm / min. The results of the scan have
been presented in Tables 15-17 and the spectra in figures 14 and 15.

RESULTS AND DISCUSSION

The combination of metronidazole and di-iodohydroxyquinoline in
tablets had been estimated simultaneously as well as individually. Di-
iodohydroxyquinoline in tablets had been estimated by colorimetry by using
sodium nitrite with ammonia to produce yellow color [18] and by forming
colored complex with vandal sulphate, extracting the complex with
cyclohexane and measuring the absorbance at 415nm [15]. Metronidazole had
been estimated in the presence of di-iodohydroxyquinoline by forming a
colour complex with sodium nitroprusside and the absorbance was measured
at 660nm [100].

As mentioned in the introduction of this section, the difference
absorbance of a compound can be readily related to concentration by
prior calibration of the 5A (absorbance difference) values so as to establish
that SA is a linear function of concentration over the range required [80] and
is likely to minimise the interference due to excipients by cancellation of their
absorbance during the recording of the difference spectrum. The SA values of
standard solutions of metronidazole and diloxanide furoate were used to
calculate regression equations (Tables 15 and 16). These equations were
calculated using the data points obtained from drug solutions (Series A-D in
Table 17). The experimental design is' such that the regression equations of
pure individual drugs in solution (Series A and C) may be compared with that
of their admixtures in which the concentration of the drug to be estimated is
varied and that of the other is kept at a constant value (Series B and D in
table 17). This helps in easy determination of the interference of one drug
in the estimation of the other at the chosen wavelength as well as in
establishing the rectilinearity and precision of the method in the particular

concentration range.
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The figures 14 and 15 show the zero-order difference spectra
of metronidazole and di-iodohydroxyquinoline respectively. The isosbestic
point (i.e. the wavelength at which the absorption of the solutions are
equal) of metronidazole occured at 295nm while that of di-
iodohydroxyquinoline occured at 279nm.

Using the amplitudes of the peak to baseline of the corresponding zero-
order difference spectra, (hl and h2 in figures 14 and 15 respectively) the
drugs may be estimated in combinations without interference from each
other. Thus, the amplitude of the spectra at 279nm (figure 14) would be a
function only of the concentration of metronidazole since the contribution of
di-iodohydroxyquinoline at this wavelength will be nil as can be seen from
figure 15. The wavelength of 279nm is the isosbestic point of di-
iodohydroxyquinoline at which the absorption of the drug molecule in the
acidic and basic solvents are exactly equal and hence cancel each other when
the difference spectrum is recorded by simultaneous scanning of the acidic
and basic solutions of di-iodohydroxyquinoline. Similarly, the amplitudes of
the difference spectra (5A) of di-iodohydroxyquinoline will be a function of
only the concentrations of the di-iodohydroxyquinoline in solutions at the
wavelength of 295nm since the difference spectra of pure metronidazole
shows isosbestic point at this wavelength indicating that the absorption
contribution of metronidazole at this wavelength would be nil when the
difference spectra of the admixture of metronidazole and di-
iodohydroxyquinoline is recorded. Thus the measurements made at these

wavelengths would be a function only of concentration of one of the

component.

The heights of the zero-order difference spectra (3A) at the wavelengths
of 279nm and 295nm were found to be proportional to the concentration of
10-50 mcg/ml of metronidazole and 5-15 mcg/ml of di-iodohydroxyquinoline

respectively.



The statistical analysis had been done on the data of pure drug solutions,

their admixtures as well as commercial samples.

The small standard deviation values associated with the determination
(Tables 15 and 16) indicated the high level of precision of the proposed
method as well as the independence of one drug in the absorption
measurement of the other since the deviation occurred only in the third
decimal place when compared to the change in the absorbance from point to
point in the calibration range. The negligible intercepts of the equations

indicated regression through or close to the origin at the chosen wavelengths.

The coefficient of variation values (Table 15 and 16) were less and the
standard error (which is the standard deviation of the mean) values were

also less indicating the precision of the method.

The percentage ratio of the residuals in tables 15 and 16 clearly indicated
a random scatter in case of both pure drug solutions as well as their
admixtures. In addition, the F test for non-linearity which is a quantitative
test for non-linearity [4] was done and the resuilts have been presented in
tables 15 and 16. If a linear relationship holds, the standard deviation of
the residuals (standard error of estimate, Sy) would represent an estimate
(with (n-2) degrees of freedom) of the standard deviation of the sample.
Therefore, we would have an evidence of non-linearity if we can show that
Sy has too large a value to be compatible with the sample estimate (Ss).The
values in tables 15 and 16 show that the calculated F values were less than
that of critical values at 5% level of significance and evidence the linear
relationship. Similarly, the other F test results which was based on mean
square due to regression and mean square about the regression clearly
showed the non-linearity since the calculated F values were far larger
than the critical values leading to rejection of null hypothesis (Table 17).



Table 185. Moﬂhemahodbrthenetermmnof Metronidazole
mthePreseneeofMdm;y_q by Difference

Spectrophotometry
Composition of Mean value of *  CoefL of Standard Ratio of F test for

the solution  absorbance (5A) variation error® resideal © non-limearity
(meg mi™) (27%am) (%) (%) Crit Cak
MND DIQ

10 0 0.1349+0.0032 236 0.0010  99.41 329 0.5
15 0 0.1965+0.0035 179 0.0011 101.26 329 047
20 0 02671+ 0.0042 157 0.0013 98.78 329 033
25 0 03279+ 0.0032 099 0.0010  100.25 329 056
30 0 0.3902£0.0030  0.76 0.0009  100.87 329 0.64
s 0 0.4615+ 0.0039  0.34 0.0012  99.35 329 038
40 0 0.5240 + 0.0043  0.82 0.0014 99.88 329 031
a5 0 0.5872 + 0.0036  0.61 0.0011  100.13 329 047
S0 0 0.6532 + 0.0043  0.67 0.0014  99.99 329 031
10 10 01338100031 230 0.0010  98.82 329 034
15 10 0.1964 1 0.0036  1.85 0.0011 100.58 329 025
20 10 0.2606 + 0.0033 127 0.0010  100.86 329 030
25 10 0.3302 £+ 0.0033 098 0.0010  99.38 329 022
30 10 039174 0.0039 099 0.0012  100.46 329 015
35 10  0.4598+0.0047 1.03 0.0015  99.78 329 027
40 10 0.5248 £ 0.0037  0.71 0.0011  99.87 329 025
45 10 0.5909 + 0.0038  0.64 0.0012 99.75 329 025
S0 10 0.6532 £ 0.0047  0.71 0.0015 10024 329 0.15

MND . Metronidazole  DHQ - Di-iodohy
Avenge of ten replicate determinations;

) * Ratio of the calculated y value to actual y value expressed as %

on F fest for nop-hneanty F aﬁhll

® Standard deviation of the mean

= F (7,9) values from F table for 5% level

of Sighificance; F cyycmcs = Sy’ / S8° where Sy is the standard error of estimate and S
for a single concentration of

i8 the standard deviation of tem replicate
the drug (measurement of y)

o)
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Table 16 . ivity of the Method for the Determination of

Di-iodohydroxyquinoline in the Presence of Metronidazole

by Difference Spectrophotometry
Composition of Mean valueof * Coefl of Standard Ratio of F test for
the solation  absorbance (5A) variation error ®  residual € pon-linearity ¢
(meg mi™) (295nm) (%) (%) Crit Cale
DHQ MND '
5 0 0.1029 £ 0.0019  1.86 0.0006  99.89 363 034
7 0 0.1422 £ 0.0020 1.44 0.0064 101.04 363 030
9 (i} 0.1861 £0.0032 1.73 0.0010  99.18 363 012
11 0 0.2260 + 0.0040  1.78 0.0013  99.76 363 007
13 0 0.2661 £ 0.0035 131 0.0011  100.09 363 0.10
15 0 0.3068 £ 0.0031  1.03 0.0009 100.14 363 012
5 30 0.1022 £ 0.0018 L71 0.0006 100.18 3.63 025
7 30 0.1425 4 0.0016  1.56 0.0005  100.67 363 032
9 30 0.1856 £ 0.0032  1.75 0.0010 99.42 363 0.08
11 30 0.2264 £ 0.0040  1.74 0.0012  99.65 363 0.05
13 30 0.2666 + 0.0033  1.24 0.0010  100.03 363 008
15 30 0.3071 £ 0.0025  0.82 0.0008  100.21 363 0.3

MND - Metronidazole DHQ - Di-iodohybdroxyquinoline
Average of ten replicate determinations; Standard deviation of the mean
:R‘ﬁoofthecazcuzmaymtomynm@mdu%
Based on F test for non-linearity; F aiocss = F (49) values from F table for 5% level
of significance; F cacases = SY'/ So° where Sy is the standard error of estimate and Ss
iS the standgrd deslation of ten replicate determinations for a single coacentration of
the drug (measarement of y)
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The regression equations of the pure drug solutions and those of admixtures

(Table 17) were similar. This similarity as well as the correlation coefficient

values 0.9999 for all four series of solutions indicated the non-interference

of one drug in the estimation of the other. The co-efficient of determination

(which is ratio of the sum of squares due to regression to the sum of squares

about the mean) values ranged from 99.98 to 99.99 indicating that this
much of variation in the absorbance was accounted for by the
concentration of the particular drug in the solutions. A comparison of T test
values at a significance level of 5% showed that the calculated values are far
larger than the critical values obtained from the t table and confirmed the
existence of strong positive correlation [5). The standard error of slope and
intercept are the standard deviation values of slope and intercept and the
standard error of estimate is the standard deviation value of residuals of y on
x line indicating the precision of the fit by regression. This standard error of
estimate was less, when compared to the typical change in 5A value from
point to point in the calibration curve based on the regression equations for
pure admixtures [S].

The table 18 gives the actual values of the pure metronidazole and di-
iodohydroxyquinoline as well as the value calculated from the regression
line for admixtures. The standard error of prediction is also given in this
table.The 95% confidence level concentration ranges presented in table 18
(calculated using the standard error of prediction values) show a narrow
range. The assay results of commercial formulations have also been given in
table 18. In the case of metronidazole as well as di-iodohydroxyquinoline the
estimation will be best at the mean point of the calibration which is 20 and
10 meg/ml respectively (Tables 15 and 16). The estimation of metronidazole
was done using a solution of the tablet sample containing
approximately 30 mcg/ml of metronidazole for both the brands. Similarly, di-
iodohydroxyquinoline was estimated using  solutions containing



Table 17. Regression Analysis of Metronidazole and Di-iodohydroxyquinoline Standard Solutions

Sample Composition of Regression Equation*  Corr. R, %" Fitest Values® Test for Significanc’ Standard Error’
Solution (mcg ml'l) (279 nm for MND coeff. Crit Calc of Evidence of Slope Intercept Estimate
MND DIQ and 295 nm for DIQ) Correlation
Crit Calc
Series A 10-50 0 y = 0.0130x + 0.0043 0.9999 9998 559 43746 2,37 209 0.0001 0.0020 0.0024
SeriesB  10-50 10 y = 0.0131x + 0.0016 0.9999 9999 559 31916 237 286 0.0001 0.0015  0.0018
Series C 0 5-15 y = 0.0204x + 0.0006 0.9999 9998 7.71 23219 2,78 152 0.0001 0.0014  0.0011
Series D 30 5-15 y = 0.0205x - 0.0003 0.9999 9998 7.71 37186 2.78 192 0.0001 0.0011  0.0009

MND - Metronidazole DIQ - Di-lodohydroxyquinoline * Based on 9 and 6 calibration values of MND and DIQ; concentration of drug in mcg ml”
b Coefficient of determination which is the raxio of the sum of squares due to regression to the sum of squares about the mean

© F test based on F statistic ( a ane tall test); F value is the ratio of mean square due to regression to the mean square about regression; F calc is the
F (I, n-2) value at 5% significance level; F crit is the F (I, n-2) value from the F ratio table for 5% significance level; n is 7 for metronidazole and
4 for di-iodohydroxyquinoline

9 Student's t test for correlation (a two tail test): T calc is the T(n-2) value at 5§ % level of significance and T crit is the T(n-2) value for ¢ distribution
table at 5% significance level; nis 7 for metronidazole and 4 for di-lodohydroxyquinoline

¢ Standard error of slope and intercept are the standard deviations of slope and intercept; standard error of estimate s the standard deviation of
residuals of y on x regression where y is the absorbance (5A) and x Is the concentration

68



Table 18. Results of the Assay of Pure Drug Admixtures and Commercial
Formulations of Metronidazole and Di-iodohydroxyquinoline by
Difference Spectrophotometry

Sample Composition Label Claim Mean" 95% Confidence”
of Solution (mg/tablet) Recovery Level Concen.
(meg ml'™) » Range

MND DIQ MND DIQ MND DIQ MND DIQ

Pure Drug 30.00 9.75 - — 99.40  99.17 99.25-99.54 99.10-99.23
Admixtare

Brand A 30.00 48.75 250 328 9843  ——  98.28-9857 —_
(Batch 1)

Brand A 30.00 48.75 250 328 9836 ——— 98.21-98.50 R
(Batch 2)

Brand B 31.25 40.62 200 325 99.58 —— 99.43-99.72 _—
(Batch 1)

Brand B 31.25 40.62 200 325 9993 —— 99.78-100.07
(Batch 2)

Brand A 7.50 9.75 250 325 SRS 2 A — 97.40-97.54
(Batch 1)

Brand A 7.50 9.75 250 325 — 10143  — 101.36-101.50
(Batch 2)

(Batch 1)

Brand B 6.50 9.75 200 325 — 10072 ———  101.65-101.78
(Batch 2) .

MND - Metronidazole DIQ - Di-iodohydroxyquinoline

* Average of ten determinations; assay as percentage of label claim calculated
from the regression equations of pure drug admixtures (Equations of Series B
and Series D)

® Concentration range at 95% confidence level using t test (a two tail test) with
7 degrees of freedom for metronidazole and 4 degrees of freedom for
di-iodohydroxyquinoline

90
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approximately 9.75 mcg/ml of the drug. This was done to calculate the
95% confidence level concentration ranges in the last column at
concentrations where the standard error of prediction will be minimal.
Because of the proportion in which metronidazole and di-
iodohydroxyquinoline are present in commercial formulations when compared
to their linear calibration ranges of 10-30 mcg/ml for metronidazole and S-
15Smcg/ml for di-iodohydroxyquinoline, it was not possible to estimate both
the drugs at the same time. Such an attempt would make the estimation of
metronidazole at a concentration value of around 10 mcg/ml since the
concentration of di-iodohydroxyquinoline would be approximately 13 mcg/ml
at this concentration of metronidazole because of the ratio of metronidazole to
di-iodohydroxyquinoline of 1:1.3 in chosen commercial formulations. This will
be highly undesirable since the calibration range of metronidazole starts at 10
mcg/ml and estimating the drug at approximately the same value will lead to a
high error of prediction [5]. The 95% confidence level ranges of
concentration predicted from a regression equation uses the standard
error of prediction which is minimal at the mean point of calibration [5].
Always the estimation using a linear calibration plot is best at the mean point
of the calibration. However it should be noted that the maximum solubility of
di-iodohydroxyquinoline in aqueous 0.1M HCI as well as 0.1M NaOH is
around 25 mcg/ml and hence when the commercial samples were dissolved to
produce a concentration of 60mcg/ml of metronidazole, the di-
iodohydroxyquinoline precipitated out and has to be filtered using a Whatman
No. 1 filter paper prior to estimation of metronidazole in the tablets. Because
of these facts, the estimation of the drugs had been done using separate
working solutions prepared from the same stock solution of the tablet samples
whereas the pure drug admixture estimation (Table 18) had been done to find
out the concentration as predicted from the regression equations obtained
earlier since these equations were fit by the least square method. The results
in the table 18 indicated a mean recovery of 99.40 and 99.17 percent for
metronidazole and di-iodohydroxyquinoline respectively. The assay results



show a mean recovery value of 98.36 to 99.93 for metronidazole in the
commercial formulations. These values were conforming to the I.P.198S limits
of not less than 95% and not more than 105% of the stated amount of
metronidazole as well as the 90-110% range of U.S.P. 1995 although these
ranges were for pure metronidazole tablets. The limits for the combination
are not available in both I.P. 1985 and U.S.P. 1995. Similarly, the assay
results show a mean recovery range of 97.47 to 101.72% for di-
iodohydroxyquinoline in commercial samples which is within the limits of
.P.1985 (92.5-107.5%) and US.P. 1995 (95105%) for di-
iodohydroxyquinoline alone in tablets. In fact, the 95% confidence level
ranges in table 18 for the drugs falls within the prescribed limits. The
detection limits at 5% level of significance were found to be 0.50 and 0.10

mcg/ml for metronidazole and di-iodohydroxyquinoline respectively.

The stability of the standard solutions of metronidazole (20 mcg/ml) and di-
iodohydroxyquinoline ( 10 mcg/ml) in 0.1M HCl and 0.1M NaOH (stored
prior to scanning in low actinic flasks at 28-32°C) were monitored
spectrophotometrically (at the wavelengths of 279nm for metronidazole and

295nm for di-iodohydroxyquinoline) for a period of two hours and were
found to vary by the following absorbance units (AU): 0.1N HCI solution of

metronidazole and di-iodohydroxyquinoline by 0.005 and + 0.004 and 0.1M
NaOH solutions of metronidazole by +0.007 and 10.006 respectively. The
pKa values of metronidazole and di-iodohydroxyquinoline were 2.5 [111] and
10.5 [14] respectively and hence the pH of 0.1M HCI (approximate pH 1.0)
and that of 0.1 M NaOH (approximate pH 13.0) were at least 1.5 pH units
away from the pK, values of the drugs. Therefore, small variations in the pH
of the solvents did not lead to appreciable changes in the absorbance values
since these pH values produce about 90% of the individual species of the
drugs in the respective solvents [76].
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Thus the proposed method of determination of metronidazole and di-
iodohydroxyquinoline was found to be accurate and precise and may be used
for the estimation of the drugs in commercial formulations without prior
separation of each other. The results in table 18 show that the interference

from the formulation matrix is not likely in the assay of the drugs.
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4.04 SIMULTANEOUS DETERMINATION OF SALBUTAMOL
SULPHATE AND BROMHEXINE HYDROCHLORIDE 1IN
PURE ADMIXTURES AND TABLET PREPARATIONS BY
DIFFERENCE SPECTROPHOTOMETRY

The combination of salbutamol sulphate and bromhexine hydrochloride as a
tablet preparation is being widely used for bronchodilation in asthma,
chronic bronchitis and emphysema. The literature reports for the estimation
of salbutamol sulphate include normal and derivative spectrophotometric
estimation as a single constituent in tablets [19-22], low frequency dielectric
spectroscopy [23] as well as zero-order estimation of salbutamol sulphate in
the presence of bromhexine hydrochloride in tablets [24] and
spectrofluorometric estimation [25]). There are also reports on the HPLC
method for the estimation of salbutamol sulphate alone as well as in the
presence of bromhexine hydrochloride in dosage forms [27]. The methods for
estimation of bromhexine hydrochloride include spectrophotometry in the
presence of salbutamol sulphate using Vierordt's method [24], colorimetric
estimation [112], atomic absorption spectrophotometry [113], HPLC methods
for bromhexine hydrochloride alone [114-116] as well as in the presence of
salbutamol sulphate [27]. The official methods for the estimation of
salbutamol sulphate in tablets are HPLC [1]  This section of the thesis
describes a  zero-order difference spectrophotometric method for the
estimation of salbutamol sulphate and bromhexine hydrochloride in pure

admixtures and in tablet preparations without prior separation from each

other as well as formulation additives.
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METHODS

Materials, Reagents and Apparatus
The methanol used was of spectroscopic grade. The spectra were recorded

using a Jasco-7800 uv-visible scanning double beam spectrophotometer using

1cm matched cuvettes. The scan rate was set at 240nm/ min.

Standard Solutions

Appropriate  aliquots of stock solutions of pure salbutamol sulphate
(1mg/ml) and bromhexine hydrochloride (1mg/ml) in methanol were used to
prepare two series of equimolar solutions of each drug in 0.1M NaOH and
0.1M HCI containing 25-100 mcg/ml of salbutamol sulphate (series A) and
50-200 mcg/ml of bromhexine hydrochloride (series C). Similarty, two more
series of equimolar solutions of mixtures of salbutamol sulphate and

bromhexine hydrochloride, the first containing a constant concentration of

120mcg/ml of bromhexine hydrochloride and a varying concentration of 25-

100 meg/ml of salbutamol sulphate (series B) and a second containing a

constant concentration of 60 mcg/ml of salbutamol sulphate and a varying

concentration of 50-200mcg/ml of bromhexine hydrochloride (series D) were

prepared with 0.1M HCl and 0.1M NaOH (Tables 19 and 20). ‘

Preparation of Sample Solutions

One hundred tablets of each brand were accurately weighed, powdered
and a weight of the powder equivalent to approximately S0mg of salbutamol

sulphate was transferred to a 50ml volumetric flask, dissolved in methanol
by thorough shaking, diluted to volume and filtered using Whatman No. 1
filter paper. The first and last 5 ml of the filtrate were rejected. Appropriate
volumes of the aliquots of the filtrate were diluted with 0.1IM HCl and
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methanolic 0.IM NaOH to obtain equimolar solutions containing

approximately the concentrations given in table 21.

The normal absorbance as well as the absorbance difference of the acidic and
basic (methanolic 0.1M NaOH) equimolar drug solutions were recorded with
a Jasco 7800 uv-visible double beam spectrophotometer using 10 mm
matched cuvettes by placing the basic solution in the reference beam and
acidic solution in the sample beam. The scan rate was set at 240 nm / min.
The results of the scan have been presented in Tables 19-21 and the spectra
in figures 16 and 17.

RESULTS AND DISCUSSION

The combination of salbutamol sulphate and bromhexine
hydrochloride in tablets had been estimated simultaneously as well as
individually. The simultaneous estimation reported involves the estimation of
bromhexine hydrochloride directly at 319nm since salbutamol sulphate does
not interfere at this wavelength whereas salbutamol sulphate had been
estimated in the presence of bromhexine hydrochloride by using Vierordt's
method [24]. Although the method had been reported to be satisfactory, it
would involve the use of equation for the estimation of salbutamol sulphate
since bromhexine hydrochloride interferes. The equation method may not be
able to eliminate the contribution of additives which would get eliminated in
the zero-order difference spectrophotometry provided the spectral properties
of such additives does not get altered by the pH change which has been used
in this work to produce the spectral shift so as to enable the recording of the
difference spectra [76].

The difference absorbance of a compound can be readily related to
concentration by prior calibration of the 3A (absorbance difference) values
so as to establish that 5A is a linear function of concentration over the

range required [80] and is likely to minimise the interference due to excipients
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by cancellation of their absorbance during the recording of the difference
spectrum. The 3A values of standard solutions of salbutamol sulphate and
bromhexine hydrochloride were used to calculate regression equations
(Tables 19 and 20). These equations were calculated using the data points
obtained from drug solutions (Series A-D in Table 21). The experimental
design is such that the regression equations of pure individual drugs in
solution (Series A and C) may be compared with that of their admixtures in
which the concentration of the drug to be estimated is varied and that of the
other is kept at a constant value (Series B and D in table 21). This helps in
easy determination of the interference of one drug in the estimation of the
other at the chosen wavelength as well as in establishing the rectilinearity

and precision of the method in the particular concentration range.

The figures 16 and 17 show the zero-order difference spectra
of salbutamol sulphate and bromhexine hydrochloride respectively. The
isosbestic point (i.e. the wavelength at which the absorption of the
solutions are equal) of salbutamol sulphate occurred at 280nm while that of

bromhexine hydrochloride occurred at 310nm.

Using the amplitudes of the peak to baseline of the corresponding zero-
order difference spectra, (h1 and h2 in figures 16 and 17 respectively) the
drugs may be estimated in combinations without interference from each
other. Thus, the amplitude of the spectra at 310nm (figure 16) would be a
function only of the concentration of salbutamol sulpliate since the
contribution of bromhexine hydrochloride at this wavelength will be nil as
can be seen from figure 17. The wavelength of 310nm was the isosbestic
point of bromhexine hydrochloride at which the absorption of the drug
molecule in the acidic and basic (methanolic 0.1M NaOH) solvents are exactly
equal and hence cancel each other when the difference spectrum is recorded
by simultaneous scanning of the acidic and basic solutions of bromhexine
hydrochloride. Similarly, the amplitudes of the difference spectra (3A) of
bromhexine hydrochloride will be a function of only the concentrations of the
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Fig 16. Zero-order difference spectra of pure salbutamol sulphate; spectra recorded by
scanning equimolar solutions of salbutamol sulphate in 0.1M HCIl and 0.1M NaOH;

concentration of salbutamol sulphate is 25, 50, 75 and 100 mcg ml" in curves 1,2,3
and 4 respectively



0.800 |-
w
S 0.400 |
g
m
@
o -
(V5]
@
- ¢ |
0.000 ./'
280nm /
| 310 nm 1
2
-0.400 3
4
| | | | I
260 . 280 300 320 340

WAVELENGTH (nm)

Fig 17. Zero-order difference spectra of pure brembexine HCI;
spectra recorded by scanning equimolar solutions of
bromhexine HC1 in 0.1M HC1 and 0.1M NaOH; concen-
tration of bromhexine HC1 is 50,100,150 and 200 mcg mi™

in curves 1, 2, 3 and 4 respectively
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bromhexine hydrochloride in solutions at the wavelength of 280nm since the
difference spectra of pure salbutamol sulphate shows isosbestic point at this
wavelength indicating that the absorption contribution of salbutamol
sulphate at this wavelength would be nil when the difference spectra of the
admixture of salbutamol sulphate and bromhexine hydrochloride is recorded.
Thus the measurements made at these wavelengths would be a function only
of concentration of one of the component. The solvent of methanolic 0.1M
NaOH was used to prepare the basic solutions of the drugs because of the
insolubility of bromhexine hydrochloride in aqueous 0.1M NaOH.

The heights of the zero-order difference spectra ( 5A) at the wavelengths
of 310nm and 280nm were found to be proportional to the concentration of
25-100 mcg/ml of salbutamol sulphate and 50-200 mcg/ml of bromhexine

hydrochloride respectively.

The statistical analysis had been done on the data of pure drug solutions,

their admixtures as well as commercial samples.

The small standard deviation values associated with the determination
(Tables 19 and 20) indicated the high level of precision of the proposed
method as well as the independence of one drug in the absorption
measurement of the other since the deviation occurred only in the third
decimal place when compared to the change in the absorbance (5A) from
point to point in the calibration range. The negligible intercepts of the
equations indicated regression through or close to the origin at the chosen

wavelengths.

The coefficient of variation values (Tables 19 and 20) were less and the
standard error (which is the standard deviation of the mean) values were
also less indicating the precision of the method.



Table 19.

in the Presence of Bromhexine Hydrochloride by Difference_Spectrophotometry

Selectivity oftheMethodﬁ)rtheDeterminaﬁonof Salbutamol sulphate

Composition of Mean value of ° Coefl. of Standard Ratio of F test for
the solution absorbance (5A) variation error b residual © non-linearity d
(meg mi™) (310nm)) (%) (%) Crit Cak
SAL BRH
25 0 0.1360 £ 0.0032  2.33 0.0010  102.85 329 043
3s ()} 0.1952 +0.0023  L.18 0.0007  98.69 329 083
45 0 0.2477 £ 0.0034  1.39 0.0011  99.49 329 038
55 ()} 0.3010 + 0.0026  0.87 0.0008  99.74 329 0.6
65 0 0.3557 + 0.0026  0.74 0.0008 99.53 329 0.65
75 0 0.4071 £ 0.0029  6.73 0.0009 100.18 3129 052
8s 0 0.4599 + 0.0039  0.86 0.0013 10037 329 029
93 0 0.5161 £ 00032  0.62 0.0010  99.86 329 032
100 0 0.5416 + 0.0037  0.69 0.0012 100.13 329 043
25 120 0.1369 £ 0.0031  2.30 0.0010 101.04 329 0.18
35 120 0.1940 + 0.0035  1.82 0.0011  99.12 329 014
45 120 0.2469 £ 0.0033 133 0.0010 99.74 329 0.16
55 120 0.2998 + 0.0025  0.72 0.0007 100.15 329 027
65 120 0.3546 + 0.0030  0.84 0.0009 99.89 329 0.19
75 120 0.4077 £ 0.0030  0.73 0.0009 100.12 329 0.19
85 120 0.4611 £ 0.0029  0.63 0.0009 100.23 329 020
95 120 0.5150 £ 0.0036  0.70 0.0011 10022 329 013
100 120 0.5449 + 0.0033  0.62 0.0011  99.67 329 0.16
[
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SAL - Salbutamol sulphate
Average of ten replicate déterminations;

:Ratioofthe calculated y value to actial y

BRH - Brombexine hydrochloride

b Standard deviation of the mean

valae expressed as % '
= F (7,9) values from F table for 5% level

Based on F test for non-linearity; F critical

of significance;
is the standard deviation of ten replicate

the drug (measurement of y)

F calculated = Syzl Ss” where Sy
determinations for 3

isthestaudarderrorofma'mateandSs
single concentration of



Table 20. ivi oftheMcﬁodﬁ)rtheDetermimﬁonofBromhexine
gxdmehlorideinthePreseneeofSalbutnmlsMp_zDi&renee
S, hoto
Composition of Mean value of ° Coefl. of Standard Ratio of F test for
the solution _ absorbance (5A) variation error’  residual ¢ non-linearity
(meg mi™) (280nm) (%) (%) Crit Cale
SAL BRH
0 50  0.0660 £ 0.0035 535 0.0011  100.22 363 0.06
0 80 0.10721+0.0027 252 0.0009  99.54 363 o.11
0 110  0.1461 £ 0.0040  2.77 0.0013  100.79 363 005
0 140  0.1885+0.0029 1.53 0.0010  99.64 363 0.10
0 170 0.2292+0.0033 142 0.0010  99.64 363 0.07
0 200 02682100038 143 0.0012 10027 363 0.06
60 50  0.067310.0029 438 0.0009 _ 99.51 363 0.12
60 80  0.1066+0.0029 2.73 0.0009 100.64 363 012
60 110 0.1481 £ 0.0034 233 0.0011  99.67 363 0.09
60 140 0.1887 + 0.0039  2.09 0.0012 100.70 363 007
60 170 0.2267 £ 0.0029 130 0.0009 100.68 363 012
60 200 0.2694 £ 0.0029  1.07 0.0009  99.69 363 0.12

Sal - Salbutamol sulphate  BRH - Bromhexine hydrochloride

* Average of ten replicate determinations;

¢ hﬁoof&ecalalatedyvaln:toadﬂdyvalneexprmdas%

4 Based on F test for non-linearity; F eriteat = F (4,9) values
of significance; F caleniated = SyZISs2 where
is the standard deviation of ten replicate dete

the drug (measarement of y)

» Standard deviation of the mean

from F table for 5% level

SybﬁemMemrofaﬁMeandSs
minaﬁolsforasingleconcentraﬁonof
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The percentage ratio of the residuals in tables 19 and 20 indicated a
random scatter in case of both pure drug solutions as well as their
admixtures . In addition, the F test for non-linearity which is a quantitative
test for non-linearity [4] was done and the results have been presented in
tables 19 and 20. If a linear relationship holds, the standard deviation of
the residuals (standard error of estimate, Sy) would represent an estimate
(with (n-2) degrees of freedom) of the standard deviation of the sample.
Therefore, we would have an evidence of non-linearity if we can show that
Sy has too large a value to be compatible with the sample estimate (Ss).The
values in tables 19 and 20 show that the calculated F values were less than
that of critical values at 5% level of significance and evidence the linear
relationship. Similarly, the other F test results which was based on mean
square due to regression and mean square about the regression clearly
showed the non-linearity since thecaiculated F values were far larger
than the critical values leading to rejection of null hypothesis (Table 21).

The regression equations of the pure drug solutions and those of admixtures
(Table 21) were similar. This similarity as well as the correlation coefficient
values 0.9999 for all four series of solutions indicated the non-interference
of one drug in the estimation of the other. The co-efficient of determination
(which is ratio of the sum of squares due to regression to the sum of squares
about the mean) values ranged from 99.98 to 99.99 indicating that this
much of variation in the absorbance was accounted for by the
concentration of the particular drug in the solutions. A comparison of T test
values at a significance level of 5% showed that the calculated values are far
larger than the critical values obtained from the t table and confirmed the
existence of strong positive correlation [5]. The standard error of slope and
intercept are the standard deviation values of slope and intercept and the
standard error of estimate is the standard deviation value of residuals of y on
x line indicating the precision of the fit by regression. This standard error of



Table 21. Regression Analysis of Salbutamol sulphat¢ and Bromhexine HCl Standard Solutions

Sample Compesition of Regression Equation®  Corr. Rz, % ®  Ftest Values® Test for Significance d Standard Error®
Solution (mcg ml'l) (310 nm for SAL coeff, Crit Calc of Evidence of Slope Intercept Estimate
SAL BRH and 280 nm for BRH) Corrtelation
Crit Calc
Series A 25-100 0 y = 0.0054x + 0.0044  0.9999 99.98 5.59 37134 2.37 192 0.0001 0.0019  0.0020
SeriesB 25-100 120 y =0.0054x +0.0034  0.9999 99.99 5.59 99017 2,37 314 0.0001 0.0012  0.0013
Series C 0 50-200 y = 0.0014x - 0.0014 0.9999 99.98 7.7 34801 2.78 186 0.0601 0.0010  0.0009
SeriesD 60  50-200 y = 0.0013x - 0.0002 0.9999 99.98 .7 26784 2.78 163 0.0001 0.0011 0.0010

SAL - Salbutamol sulphate BRH - Bromhexine HCI * Based on 9 and 6 calibration values for Salbutamol sulphate and bromhexine HCI

respectively; concentration of drug in meg mi*

b Coefficient of determination which is the ratio of the sum of squares due 1o regression to the sum of squares about the mean

© F test based on F statistic ( a one tail test); F value is the ratio of mean square due 1o regression to the mean square about regression; F calc is the
F (I, n-2) value at 5% significance level; F crit is the F (I, n-2) value from the F ratio table for 5% significance level; n is 9 for salbutamol sulphate
and 6 for bromhexine HC]

4 Student's t test for correlation (a two tail test): T calc is the T(n-2) value at 5 % level of significance and T crit is the T(n-2) value for t distribution
table at 5% significance level; n is 9 for salbutamol sulphate and 6 for bromhexine HCI

¢ Standard error of slope and intercept are the standard deviations of slope and intercept; standard error of estimate is the standard deviation of
residuals of y on x regression where y Is the absorbance (84) and x is the concentration

POT
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estimate was less, when compared to the typical change in A value from
point to point in the calibration curve based on the regression equations for
pure admixtures [5].

The table 22 gives the actual values of the pure salbutamel sulphate and
bromhexine hydrochloride as well as the value calculated from the
regression line for admixtures. The standard error of prediction is also given
in this table. The 95% confidence level concentration ranges presented in
table 22 (calculated using the standard error of prediction values) show a
narrow range. The assay results of commercial formulations have also been
given in table 32.In the case of salbutamol sulphate as well as bromhexine
hydrochloride the estimation will be best at the mean point of the
calibration which is 60 and 120 mcg/ml respectively (Tables 19 and 20). The
estimation of salbutamol sulphate was done using a solution of the tablet
sample containing approximately 60 mcg/ml of salbutamol sulphate for both
the brands. During this estimation, the proportion of bromhexine
hydrochloride in Brand A was such that it produced a solution of
approximate concentration 120 mcg/mi as such. Therefore, both the drugs in
Brand A were estimated using a single solution whereas in the cases of the
other Brands (Brand B,C and D) the proportion was such that it produced a
bromhexine hydrochloride concentration of approximately 240 mcg/m! (which
was outside the linear calibration range of 50-200 mcg/ml of bromhexine
hydrochloride) when the salbutamol concentration was approximately
60mcg/ml. Hence, bromhexine hydrochloride in Brands B, C and D have been
estimated by using separate tablet sample solutions which were prepared so
as to give an approximate concentration of 120 mcg/ml of bromhexine
hydrochloride. When such solutions were prepared, the proportion of the
drugs in these Brands led to an approximate concentration of 30 mcg/ml of
salbutamol sulphate which was almost near the lower limit of the calibration
range of salbutamol sulphate (25-100 mcg/ml). Nevertheless, since the
concentration was within the calibration range, salbutamol sulphate had been
estimated at these concentrations as well in the Brands B, C and D in addition
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Table 22. Results of the Assay of Pure Drug Admixtures and Commercial
Formulations of Salbutamol sulphate and Bromhexine

Hydrochloride by Difference Spectrophotometry

Sample Composition Label Claim Meas" 95% Confidence®

of Solution (mg/tablet) Recovery Level Concen.

-1
(mcg mi ) ‘ Range

SAL BRH SAL BRH SAL BRH SAL BRH
Pure Drug 60 120 — —_— 100.05 9965 99.75-10031 98.54-100.75
Aduidxture
Brand A 60 120 4 8 9933 10027 99.07-99.59 99.16-101.37
Brand B 60 240 2 8 99.65 — 99.38-99.92
Brand C 60 240 2 8 100.23 — 99.96-100.50 —
Brand D 60 240 2 8 9986 —  99.60-100.12 ——
Brand B 30 120 2 8 — 9928 ——— 9817-10038
Brand C 30 120 2 8 —  98S8S —_— 97.74-99.9%5
Brand D 30 120 2 8 — 9@ — 97.92-100.13

SAL - Satbutamel sulphate BRH - Brombhexine hydrochloride .

* Average of ten determinations; assay as percentage of label claim calculated
from the regression equatioas of pure drug admixtures (Equations of Series B
and Series D)

® Concentration range at 95% confidence level usiag t test (a two tail test) with
7 degrees of freedom for salbutamol sulphate and § degrees of freedom for
bromhexine hydrochloride
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to its estimation in the same Brands using a concentration of 60mcg/ml which

is near the mean point of its calibration range.

A comparison of the assay results in terms of the mean recovery as well as the

95% confidence level concentration range shows that the values of mean

recovery were not quite different although the confidence level limits seem to

be bit higher in case of the estimation of salbutamol sulphate using 30mcg/ml

solutions since the calculation of this range uses the value of standard error of
prediction which increases as we move away from the mean point of the
calibration [5]. Thus, although the proportion of the drugs in commercial
formulations permit the estimation of both salbutamol sulphate and
bromhexine hydrochloride using the same solution by difference
spectrophotometry in the case of all the four Brands, it would be advisable to
estimate salbutamol sulphate using a concentration of 60mcg/ml if the errors
are to be minimal. The 95% confidence level ranges of concentration
predicted from a regression equation uses the standard error of prediction
which is minimal at the mean point of calibration [S]. The results of the
estimation of the drugs in pure admixture (Table 22) had been done to find
out the concentration as predicted from the regression equations obtained
earlier since these equations were fit by the least square method. The results
indicated a mean recovery of 100.05 and 99.65% for salbutamol sulphate and
bromhexine hydrochloride respectively which is quite impressive. The assay
results show a mean recovery value of 99.33 to 100.23 for salbutamol sulphate
in the commercial formulations. These values were conforming to the I.P.1985
as well as U.S.P. 1995 limits of not less than 90% and not more than 110% of
the stated amount of salbutamol sulphate for i““‘e salbutamel sulphate tablets.
Similarly, the assay results show a mean recovery range of 99.33 to 100.23%
for bromhexine hydrochloride in commercial samples but cannot be compared
with the official limits since they are not official in L.P.1985 or U.S.P. 1995. In
the case of salbutamol sulphate, the 95% confidence level ranges themselves
fall within the prescribed limits (Table 22). The detection limits at 5% level of
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significance were found to be 0.38 and 2.45 mcg/ml for salbutamol
sulphate and bromhexine hydrochloride respectively.

The stability of the standard solutions of salbutamol sulphate (60 mcg/ml) and
bromhexine hydrochloride ( 120 mcg/ml) in 0.1M HCl and methanolic 0.1M
NaOH (stored prior to scanning in low actinic flasks at 24-27°C) were
monitored spectrophotometrically (at the wavelengths of 310nm for
salbutamol sulphate and 280nm for bromhexine hydrochloride) for a period
of two hours and were found to vary by the following absorbance units
(AU): 0.IN HCl solution of salbutamol sulphate and bromhexine
hydrochloride by +0.006 and + 0.007 and 0.1M NaOH solutions of salbutamol
sulphate by 10.009 and 10.010 respectively. The pKa values of salbutamol
sulphate were 9.3, 10.3 [111] and that of bromhexine hydrochloride is 8.5
[117] and hence the pH of 0.1M HCI (approximate pH 1.0) and that of 0.1 M
NaOH (approximate pH 12.0) were at least 1.5 pH units away from the pK,
values of the drugs. Therefore, small variations in the pH of the solvents did
not lead to appreciable changes in the absorbance values since these pH

values produce about 90% of the individual species of the drugs in the
respective solvents [76].

Thus the proposed method of determination of salbutamol sulphate and
bromhexine hydrochloride was found to be accurate and precise and may be
used for the estimation of the drugs in commercial formulations without prior

separation of each other. The results in table 22 show that the interference
from the formulation matrix is not likely in the assay of the drugs.
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4,05 SIMULTANEOUS DETERMINATION OF THEOPHYLLINE

AND PHENOBARBITONE IN PURE ADMIXTURES AND
TABLET PREPARATIONS BY DIFFERENCE
SPECTROPHOTOMETRY

The combination of theophylline and phenobarbitone as a tablet preparation

is being widely used for bronchial asthma and bronchitis. The literature
reports for the estimation of theophylline include difference
spectrophotometry in pharmaceutical dosage forms as a single constituent
[118-120] and in blood [121]. There are also reports on the estimation by
differential  scanning calorimetry in  suppositories [122] and
spectrophotometric  estimation in syrup preparations [123,124].
Spectrofluorometric estimation in pharmaceutical preparations by solid
surface room temperature photochemiluminescence [125], estimation using
NMR [126], gas chromatography [127,128] including capillary GC-MS [128]
and by HPLC [129,130] have also been reported. The reported methods for
the estimation of phenobarbitone thus far include titrimetry [131],
polarography [132], spectrophotometry [133-138] including difference
spectrophotometry, spectrophosphorimetry [139,140], spectrofluorometry
(141)], thin layer chromatography [142,143], gas chromatography [144,145]
and HPLC [146-148]. The official methods for the estimation of theophylline
are HPLC (1], and those for phenobarbitone include HPLC (1],
argentometry [2).This section of the thesis describes a zero-order difference
spectrophotometric method for the estimation of theophyllie and
phenobarbitone in pure admixtures and in tablet preparations without prior
separation from each other as well as formulation additives.
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METHODS

Materials, Reagents and Apparatus

The spectra were recorded using a Jasco-7800 uv-visible scanning double

beam spectrophotometer using 1cm matched cuvettes. The scan rate was set
at 240nm/ min.

Standard Solutions

Appropriate aliquots of stock solutions of pure theophylline (Img/ml) and
phenobarbitone (1mg/ml) in distilled water were used to prepare two series
of equimolar solutions of each drug in 0.IM NaOH and 0.I1M HCI containing
10-40 mcg/ml of theophylline (series A) and 5-30 mcg/ml of phenobarbitone
(series C). Similarly, two more series of equimolar solutions of mixtures of
theophylline and phencbarbitone, the first containing a constant concentration

of 17mcg/ml of phenobarbitone and a varying concentration of 10-40 mcg/ml

of theophylline (series B) and a second containing a constant
concentration of 25 mcg/ml of theophylline and a varying concentration of

5-30mcg/ml of phenobarbitone (series D) were prepared with 0.1M HCI and
0.1M NaOH (Tables 23 and 24).

Preparation of Sample Solutions

Twenty tablets of each brand were accurately weighed, powdered and a
weight of the powder equivalent to the average weight of the tablet was
transferred to a 100ml volumetric flask, dissolved in water by thorough
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shaking, diluted to volume and filtered using Whatman No. 1 filter paper.
The first and last 5 ml of the filtrate were rejected. Appropriate volumes of
the aliquots of the filtrate were diluted with 0.1M HCIl and 0.IM NaOH to
obtain equimolar solutions containing approximately the concentrations given

in table 2.

The normal absorbance as well as the absorbance difference of the acidic and
basic equimolar drug solutions were recorded with a Jasco 7800 uv-visible
double beam spectrophotometer using 10 mm matched cuvettes by placing
the basic solution in the reference beam and acidic solution in the sample
beam. The scan rate was set at 240 nm / min. The results of the scan have
been presented in Tables 24,25 and the spectra figures 18 and 19.

RESULTS AND DISCUSSION

The combination of theophylline and phenobarbitone in tablets had
been estimated individually by difference spectrophotometry in
pharmaceutical dosage forms as well as in blood [118-120]). Thus far, the
simultaneous estimation of the combination has not been done mainly because
of the presence of ephedrine as hydrochloride salt in the combination. The
presence of ephedrine as hydrochloride salt would invariably lead to
interference in the estimation of theophylline and phenobarbitone and hence
separation of constituents will be required prior to estimation. But in the case
of the commercial formulation estimated in this report, ephedrine was not
present as its hydrochloride salt but as resinate along with theophylline and
phenobarbitone. This when dissolved in water, lead to elimination of
ephedrine since ephedrine resinste was not soluble in water. Of course,
phenobarbitone was also not highly soluble in water and required a thorough
shaking for atleast twenty minutes for the drug to go into solution completely.
Thus, the tablet sample dissolved in Water, when filtered, contained only
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phenobarbitone and theophyiline in solution and the ephedrine as resinate was
filtered off along with the other excipients prior preparation of working

solutions.

The difference absorbance of the drugs can be readily related to
concentration by prior calibration of the 5A (absorbance difference) values
so as to establish that 5A is a linear function of concentration over the
range required [80] and is likely to minimise the interference due to excipients
by cancellation of their absorbance during the recording of the difference
spectrum. The A values of standard solutions of theophylline and
phenobarbitone were used to calculate regression equations (Tables 23 and
24). These equations were calculated using the data points obtained from
drug solutions (Series A-D in Table 25). The experimental design is such that
the regression equations of pure individual drugs in solution (Series A and C)
may be compared with that of their admixtures in which the concentration of
the drug to be estimated is varied and that of the other is kept at a constant
value (Series B and D in table 25). This helps in easy determination of the
interference of one drug in the estimation of the other at the chosen
wavelength as well as in establishing the rectilinearity and precision of the

method in the particular concentration range.

The figures 18 and 19 show the zero-order difference spectra
of theophylline and phenobarbitone respectively. The isosbestic points (i.e.
the wavelength at which the absorption of the solutions are equal) of
theophylline occurred at 251 and 269nm while phenobarbitone does not show
any exact isosbestic point but the absorption of the difference spectra became
negligible after 290nm.

Using the amplitudes of the peak to baseline of the corresponding zero-
order difference spectra, (h1 and h2 in figures 18 and 19 respectively) the
drugs may be estimated in combinations without interference from each
other. Thus, the amplitude of the spectra at 291 (figure 18) would be a
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function only of the concentration of theophylline since the contribution of
phenobarbitone at this wavelength will be nil as can be seen from figure 19.
Similarly, the absorbance (8A) values of phenobarbitone at 251nm will be a
function of only phenobarbitone since the difference spectra of pure
theophylline shows isosbestic point at this wavelength indicating that the
absorption contribution of theophylline at this wavelength would be nil
difference spectra of the admixture of theophylline and

when the

phenobarbitone is recorded. Thus the measurements made at these

wavelengths would be a function only of concentration of one of the
component. Although the solubility was not very high, distilled water instead
of a solvent like methanol was used for the preparation of the stock solutions
because of the slight solubility of ephedrine resinate in methanol and its

subsequent interference in the estimation.

The heights of the zero-order difference spectra ( 3A) at the wavelengths
of 291 and 251nm were found to be proportional to the concentration of 10-
40 mcg/ml of theophylline and 5-30 mcg/ml of phenobarbitone respectively.

The statistical analysis had been done on the data of pure drug solutions,

their admixtures as well as commercial samples.

The small standard deviation values associated with the determination
(Tables 23 and 24) indicated the high level of precision of the proposed

ell as the independence of one drug in the absorption

method as w
ther since the deviation occurred only in the third

measurement of the o
decimal place when compared to the change in the absorbance (5A) from

point to point in the calibration range. The negligible intercepts of the
equations indicated regression through or close to the origin at the chosen

wavelengths.

A



Table 23. Selectivity of the Method for the Determination of Theophyiline in the
Presence of Phenobarbitone by Difference Spectrophotometry

Composition of Mean value of * Coefl. of Standard Ratio of F test for
the solution  absorbance (5A) variation  error”  residual®  non-linearity °
(meg mI™) (291nm) (%) (%) Crit Cale
THE PHN
10 0 0.1505+0.0032 2.1 0.0010 101.94 3.48 047
15 0 0.2290 £ 0.0037  1.61 0.0012  99.64 348 035
20 0 0.3040 £ 0.0031  1.00 00009  99.65 348 0.50
25 0 03808+ 0.0037 098 0.0012  99.26 348 035
30 0 0.4526 £ 0.0028  0.63 0.0009  99.97 348 0.62
35 0 0.5279£0.0033  0.62 0.0010  99.88 3.48 044
40 0 0.5995+ 0.0030  0.51 0.0009  100.42 348 054
10 17 0.1503£0.0031 2.08 0.0010 100.94 348 050
15 17 02259400024 1.05 0.0008  100.39 348 0.34
20 17 0.3039:0.0035 114 0.0011  99.32 3.48 039
25 17 03769+ 0.0032  0.86 0.0010 99.99 348 047
30 17 0.4531+0.0031  0.68 0.0010  99.74 348 050
35 17 0.5292 + 0.0032  0.61 0.0010  99.58 3.48 047
40 17 0.5989+0.0042  0.69 0.0013  100.53 348 027

THE - Theophyiline
* Average of ten replicate determinations;

© Ratio of the calculated y value to actual y va

® Based on F fest for non-linearityz; F c;’lthl
of significance; F caicuiated = SY / Ss” where
is the standard deviation of ten replicate dete

the drug (measurement of y)

PHN - Phenobarbitone

b Geandard deviation of the mean
lue expressed as %
= F (5,9) values from F table for 5% level
Sy is the standard error of estimate and Ss
rminations for a single concentration of
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Table 24.

ivity of the Method for the Determination of Phenobarbitone in the

Presence of Theo i Difference S

Composition of Mean value of * Coefl. of Standard Ratio of F test for
the solution  absorbance (5A) variation  error”  residual © pon-linearity ¢
(meg mi™) (251 om) (%) (%) Crit Cak
THE PHN
0 5 0.1325 + 0.0034  2.59 0.0011  102.06 363 L75
0 10 0.2713 £ 0.0032  1.18 0.0010  99.54 363 197
0 15 0.4029 + 0.0041  1.02 0.0013  100.49 363 120
0 20 0.5469 + 0.0026  0.47 0.0008 98.63 363 197
0 25 0.6747 £ 0.0032  0.47 0.0010 99.97 363 197
0 30 0.8054 + 0.0032  0.39 0.0010  100.49 363 197
25 5 0.1301 £ 0.0033  2.49 0.0010 102.27 363 08
25 10 0.2691 £ 0.0036  1.33 0.0011  99.55 363 0.69
25 15 0.4037 £ 0.0031  0.77 0.0010  99.76 363 094
25 20 0.5399 + 0.0026  0.48 0.0008  99.56 363 133
25 25 0.6746 + 0.0026  0.38 0.0008  99.67 363 133
25 30 0.8034 £ 0.0026  0.32 0.0008 100.48 363 133

THE - Theophylline

* Average of ten replicate determinations;

€ Ratio of the calculated y value to actaal y value
 Based on F test for non-linearity; F critical

of significance; F cakeniated = .
is the szandard deviation of ten replicate

the drug (measurement ofy)

Syzl Ss® where
determina

= F(4

PHN - Phenobarbitone

b Standard deviation of the mean

expressed as %
9) values from F table for 5% level

syisthemdardemrofaﬁmareandSs

tions for a single concentration of

11
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The coefficient of variation values (Tables 23 and 24) were less and the

standard error (which is the standard deviation of the mean) values were

also low.

The percentage ratio of the residuals in tables 23 and 24showed a random
scatter in case of both pure drug solutions as well as their admixtures . In
addition, the F test for non-linearity which is a quantitative test for non-
linearity [4] was done and the results have been preseated in tables 22 and
24<1f a linear relationship holds, the standard deviation of the residuals
(standard error of estimate, Sy) would represent an estimate (with (n-2)
degrees of freedom) of the standard deviation of the sample. Therefore, we
would have an evidence of non-linearity if we can show that Sy has too large
a value to be compatible with the sample estimate (Ss).The values in tables 23
and 24 show that the calculated F values were less than that of critical values
at 5% level of significance and evidence the linear relationship. Similarly, the
other F test results which was based on mean square due to regression and
mean square about the regression clearly showed the non-linearity since

the calculated F values were far larger than the critical values leading to

rejection of null hypothesis (Table 25).

The regression equations of the pure drug solutions and those of admixtures

) were similar This similarity as well as the correlation coefficient

(Table 25
indicated the non-

values 0.9998-0.9999 for all four series of solutions
g in the estimation of the other. The co-efficient of

interference of one dru
o of the sum of squares due to regression to the

determination (which is rati

um of squares about the mean) values ranged from 99.97 to 99.99
s

:dicating that this much of variation in the absorbance was accounted
indi

for by the
comparison of T te

calculated values are fa

concentration of the particular drug in the solutions. A

st values at 2 significance level of 5% showed that the
r larger than the critical values obtained from the t



Table 25. Regression Analysis of Theophylline and Phenobarbitone Standard Solutions

Sample Composition of Regression Equation®  Corr. Rz, %" F test Values© Test for Significance d Standard Error®
Solution (meg ml'l) (291 nm for THP coeff. Crit Cale of Evidence of Slope Intercept Estimate
THP PHN and 251 nm for PHN) Correlation
Crit Calc

Series A  10-40 0 y = 0.0149x + 0.0039 0.9999 99.98 6.61 31809 2.57 178 0.0001  0.0023 0.0022
Series B 10-40 17 y = 0.0150x + 0.0016 0.9999 99.99 6.61 33691 .57 183 0.0001  0.0022 0.0022
Series C 0 5-30 y = 0.0269x + 0.0004 0.9998 99.97 7.7 15812 2,48 125 0.0002  0.0042 0.0045

t Series D 25 5-30 y=0.0270x - 0.0018 0.9999 99.98 7.1 34773 248 186 0.0001  0.0028 0.0030

THN - Theophylline PHN - Phenobarbitone " Based on 7 and 6 calibration values of theophylline and phenobarbitone respectively;

concentration of drug in mcg mi?

¢

B Coefficient of determination which is the ratio of the sum of squares due to regression to the sum of squares about the mean
F test based on F statistic ( a one tall test); F value is the ratio of mean square due to regression to the mean square about regression; F calc is the

F (I, n-2) value at 5% significance level; F crit is the F (1, n-2) value from the F ratio table for 5% significance level; n is 7 for theophylline and 6 for

phenobarbitone

% Student's t test for correlation (a two tail test): T calc is the T(n-2) value at 5 % level of significance and T crif is the T(n-2) value for ¢ distribution
table at 5% significance level; n is 7 for theophylline and 6 for phenobarbitone

Standard error of slope and intercept are the standard deviations of slope and intercept; standard error of estimate i3 the standard deviation of
residuals of y on x regression where y is the absorbance and x is the concentration

61T
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table and confirmed the existence of strong positive correlation [5]. The
standard error of slope and intercept are the standard deviation values of
slope and intercept and the standard error of estimate is the standard
deviation value of residuals of y on x line indicating the precision of the fit by
regression. This standard error of estimate was less, when compared to the
typical change in A value from point to point in the calibration curve based
on the regression equations for pure admixtures [5].

The table 26 gives the actual values of the pure theophylline and

phenobarbitone as well as the value calculated from the regression line
for admixtures. The standard error of prediction is also given in this table.
The 95% confidence level concentration ranges presented in table 26
(calculated using the standard error of prediction values) show a narrow
range. The assay results of commercial formulations have also been given in
table 26. In the case of theophylline as well as phenobarbitone the estimation
will be best at the mean point of the calibration which is 25 and 17 mcg/ml
respectively (Tables 23-25). The estimation of theophylline was done using
a solution of the tablet sample containing approximately 25 mcg/ml of
theophylline for all the batches of the commercial formulation. The
concentration of phenobarbitone was approximately 11.50 mcg/ml in these
solutions. Although this was not the mean point of the calibration range of
phenobarbitone (5-25 mcg/ml), the phenobarbitone was also estimated in
these solutions since the concentration of 11.50 mcg/ml was within the
calibration range. In order minimise the error of prediction while estimating
phenobarbitone in the formulations, the phenobarbitone was also estimated by
using solutions containing approximately 17 mcg/ml of phenobarbitone. These
solutions contained theophyliine at 8 concentration of approximately 36.90
meg/ml and the theophylline also was estimated in these second set of
solutions. The mean recovery values within the first set of solutions and
second set of solutions did not show much variation in the estimation of

th eophy"ine as well as phell()bal' bitone. The confidence limit ranges in the

ble 26 were also not much different between the solutions which were
ta
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Table 26 Results of the Assay of Pure Drug Admixtures and Commercial

Formulations of Theophylline and Phenobarbitione by

Difference Spectrophotometry

ces . b

Sample  Composition Label Claim Mean” 95% Confidence
of Solution (mg/tablet) Recovery Level Concen.
1
(mcg ml ) Range
THP PHN EPH THP PHN EPH THP  PHN THP PHN

Pure Drmg 25 17 19 ~ — — 99.76 9935  99.57-99.94 99.18-99.51
Admixture
Brand A 25 1150 - 65 30 50 99.04 99.56  98.85-9922 99.37-99.74
(Batch 1)
Brand A 25 1150 — 65 30 50 100.12 9895  99.93-10030 98.76-99.13
(Batch 2)
Brand A 25 1150 — 65 30 50 9920 98.60  99.01-9938  98.41.98.78
(Batch 3)
Brand A 3690 17 — 65 30 S0 99.91 9935  99.63-100.15 99.18-99.51
(Batch 1) ’
Brand A 3690 17 — 65 30 50 10062 9882 10037-10086 98.65-98.98
(batch 2)
Brand A 3690 17 — 65 30 50 100.08 9823  99.83-100.32 98.06-98.39
(Batch 3)

THP Theophylline
* Average of ten determinations;
from the regression equations 0
and Series D)
b Concentration range at 95% con
5 degrees of freedom for theophy

phenobarbltone

PHN - Phenobarbitone

EPH - Ephedrine (resinate)
assay as percentage of label claim calculated
f pure drug admixtures (Equations of Series B

fidence level using t test (a two tail test) with

lline and 4 degrees of freedom for



estimated at the mean point of their calibration as well as at a concentration
corresponding to the ratio in which they are present in commercial
formulations. Since ephedrine as resinate was not soluble in water it was not

indicated under the composition of solution in table 26 although it had been

mentioned under the label claim.

Thus, although the proportion of the drugs in commercial formulations permit
the estimation of both theophylline and phenobarbitone using the same
solution by difference spectrophotometry in the case of all the four Brands, it

would be advisable to estimate theophylline using a concentration of 60mcg/ml

if the errors are to be minimal.

The 95% confidence level ranges of concentration predicted from a
regression equation uses the standard error of prediction which is minimal
at the mean point of calibration [5]. The results of the estimation of the drugs
in pure admixture (Table 26) had been done to find out the concentration as
predicted from the regression equations obtained earlier since these equations
were fit by the least square method. The results indicated a mean recovery of

99.76 and 99.35% for theophylline and phenobarbitone respectively which

was impressive. The assay results show a mean recovery value of 99.04 to

100.62 for theophylline in the commercial formulations. These values were

conforming to the U.S.P. 1995 limits of 90 - 110% for the combination as well
for single component tablets. Similarly, the assay

as the limits of 94 to 106%
56% for phenobarbitone

ts show a mean recovery range of 98.23 to 99.

resul
was conforming to the limits for individual tablets in L.P 1985 (94-

which

106%) as well as in U.S.P. 1995 (90-11
ence level ranges themselves fall within the prescribed limi

0%). In case of both the drugs, the

95% confid

(Table 26). The detection limits at 5%
0.50 and 0.40 mcg/ml for theophylline and phenobarbitone respectively.

level of significance were found to be

ard solutions of theophylline (25 mcg/ml) and

The stability of the stand
) in 0.1M HCI and 0.1M NaOH (stored prior to

phenobarb'rtone ( 17 mcg/ml

o
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scanning in low actinic flasks at 24-27°C) were monitored
spectrophotometrically (at the wavelengths of 291 for theophylline and

251nm for phenobarbitone) for a period of two hours and were found to
vary by the following  absorbance units (AU): 0.IN HCI solution of
theophylline and phenobarbitone by +0.007 and *+ 0.009 and 0.1M NaOH
solutions of theophylline by +0.008 and +0.011 respectively. The pKa values
of theophylline was 8.6 whereas that of phenobarbitone is 7.5 [111] and hence
the pH of 0.1M HCI (approximate pH 1.0) and that of 0.1 M NaOH
(approximate pH 13.0) were at least 1.5 pH units away from the pK, values of
the drugs. Therefore, small variations in the pH of the solvents did not lead to

appreciable changes in the absorbance values since these pH values produce

about 90% of the individual species of the drugs in the respective solvents

[76].

Thus the proposed method of determination of theophylline and

phenobarbitone was found to be accurate and precise and may be used for the
estimation of the drugs in commercial formulations without prior separation

of each other. The results in table 26 show that the interference from the

formulation matrix is not likely in the assay of the drugs.
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5.00 ULTRAVIOLET SPECTROPHOTOMETRY

DERIVATIVE SPECTROPHOTOMETRY

5.01 INTRODUCTION

As mentioned in the introduction to difference spectrophotometry, the

practical limitation derived from variable and non-specific  spectral

interferences has been treated by mathematical and graphical methods,
ranging from very simple to tedious and lengthy procedures according to
the shape of irrelevant absorption spectrum. The Mortan's three point
correction method [29] has been used extensively when there is an

unknown or variable contribution to the measured absorption.

However, this method assumes linearity of irrelevant absorption over

the wavelength range.

The simultaneous equation method as applied by Vierordt [29] invoives the

use of extinction measurements at a pair of suitable wavelengths but

be applied with  high precision to binary mixtures of

cannot
o not exhibit well separated peaks.

components which d

accuracy of the order of +2% were

In general, for majority of mixtures,
(i) the absorption curves of the two components are

obtained provided
sufficiently  different (i)

in question contributes
n and (iii) the amount of irrelevant absorption is

o wavelength is available at which the

omponent a reasonable proportion of the
c

mixture's total absorptio |
In practice, the last requirement places a considerable

small. .
on of the method, since the term, "irrelevant

restriction upon the applicati

' must also include variations of the absorbing impurity

absorption,’
content of the components,

mixture has been prepared from

which occur between batches. Thus, if the
batches of material that differ from



the 'reference'" samples used to establish the assay coefficients, the
overall effect is equivalent to the introduction of irrelevant absorption
and the results suffer accordingly [79]. In cases, where the general shape
of the impurity absorption curve is known, even a cursory comparison
usually shows a marked difference in shape between the impurity
absorption curve and the curve of the component whose concentration is

sought [79]. Hence Glenn proposed the use of orthogonal functions to

extract some information from an absorption curve which was

fundamentally related to
instances, help in coping with irrelevant absorption. In adapting a

traditional method, i.e. the use of simultaneous equations, to the use of

its overall shape, which would, in most

orthogonal functions, the essential modification occurs at the final stage
of calculation, when it is necessary to substitute suitable analogues for
the entities, "extinction” and "wavelength'. Thus, extinction is replaced
by coefficient of an orthogonal function and wavelength by orthogonal
function over a specified range (or set) of wavelengths. Once these
tions have been made (in terms of Legendre polynomials) the
al functions may be readily incorporated into the usual
equations of spectrophotometric analysis [152-156].

substitu
orthogon
methods and

[153] who investigated the applicability of Glenn's method

photometric analysis of drugs in tablets acknowledge that
polynomial, number of points, wave length

Abdine et al.

[79] to spectro

the choice of a proper
range and intervals ought to be based on specific absorption patterns.

¢ correction or linear plot method [78] permits data to be

ple wavelengths to generste linear plots from which the
three component mixtures can be
the assumptions of adherence to

ances and can be applied only if

The graphi

taken at multi
concentrations of the drugs in two or
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these conditions are met. Another method for simultaneous deter
mination of compounds by spectrophotometry is the absorbance ratio
method [77].

The background absorption due to various excipients may also be

eliminated by difference spectrophotometry [76] which had been discussed
and applied in the section 4.00 of this report for the estimation of drug

combinations.

LINEAR PLOT OR GRAPHICAL METHOD

For a two component (A and B) mixture, the linear plot method [83] uses
data at multiple wavelengths to generate linear plots according to the

equation:

where A¢ is the absorbance of the mixture, Ej agnd Ci are the molar

absorptivity and molar concentration of species 'i' with the absorption

and absorptivity referring to a common wavelength.

Thus when a plot of A¢/ EA Vs Ep/E4 with all quantities evaluated at the
same wavelength is made, the concentration Cg may be obtained from the
slope of the plot and Cy can be evaluated by extrapolation of the plot to
Ep/Ea = 0; alternatively the sum Ca + Cpmay be determined by
extrapolation at the point where Ep/Ea=1.

This meﬂmd has been used for the estimation of drugs in 0.1N HCl and
0.1N NaOH solutions in the formulations.



Absorbance Ratio method

The absorbance ratio method uses the ratio of absorbance of the
substances at the wavelength of maximum absorption to that of the
absorbance at the isoabsorptive point (Q value) for the estimation [84].

In this method for analysis of a binary mixture, the spectral
characteristics of the individual components (usually in 0.1M HCl or
0.1M NaOH) was initially determined.

The next step was to determine the existence of isoabsorptive point for the
mixture. An isoabsorptive point may be defined as the wavelength at
which two dissimilar substances have identical absorptivity values, the
solvent being the same for both substances [77]. This may be easily
located by finding out the wavelength at which the absorbance of the

components are equal, i.e. where the spectra of the two components cross

each other provided the solvent is same and the initial concentrations

of the two substances are equal [77]. Once the isoabsorptive point has been

located, the two wavelengths to be used in the analysis have to be chosen.
If we consider a binary mixture of A and B, to estimate A, two
wavelengths have to be chosen. These will usually be the wavelength at

which A exhibits maximum absorption (AAm) and the isoabsorptive

point (ALs)-
(Q values) have to be calculated. This

Next the absorbancy ratio values
cy of solution A at Aym by the

is calculated by dividing the absorban
absorbancy at the isoabsorptive wavelength, namely, Ay (Q(Laus)). The

pext step is to plot the chr\fewhicllreferstotllecunm,-..mm,,gﬁ.oma
values vs. the relative concentration of one of the two

plot of Q .
nents in the binary mixture. Such a curve is constructed from data
compo

127



accumulated on mixtures containing known amounts of A and B and the
equation of the plot is determined by subjecting the data to the method

of least squares [84].

The equation for component A will be of the form

Q(Aam:s) = (Slope of the curve) Fa+ (Intercept of the curve)

Once the equation for Q curve is known, the component A in an unknown
mixture may be determined by substituting the Q(Aam:s) value for the
unknown mixture in the equation and solving the equation for Fa. The

amount of component B in the mixture may be determined by using
an equation similar to that above but expressed in terms of the

absorbance values of component B at its wavelength  of maximum

absorption (ABm) and the isoabsorptive wavelength.

The final accuracy of this method will depend on a number of factors such
as accuracy of absorbancy measurement, relative concentrations of the
active ingredients in and nature of the pharmaceutical being analysed and

spectral characteristics of the components in the mixture [77]. More

important among these is the proportion of the active ingredient in the

aceutical preparation being analysed. If one of the ingredient is

pharm
then the precision with which this

present at a very low proportion,
d be determined would be very low. This may not be true

ingredient coul
ere the molar absorptivity of the minor component is very

only in cases wh
high when compar
the absorption shown
to give accuracy and precision.

ed to the major component. Under these circumstances,
by the minor ingredient would be adequate enough
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Although difference spectrophotometry is suppose to take care of the
interference from the matrix, it may not be useful when the interferents

change their spectral pattern under the conditions used for the recording

of the difference spectra (such as change of pH) since the absorption due to
the interferents will not get exactly cancelled if they have different spectral

shapes in the acidic and basic solutions. The presence of excipients in

large quantities in the final dilution for determination may sometimes lead

to interference even in difference spectrophotometry. Examples of such

excipients include lactose, dicalcium phosphate and

polyvinylpyrrolidone which give different type of absorption spectra in

acidic and alkaline solvents [153] leading to non-cancellation of the

absorbance which would occur automatically in the difference

spectrophotometry if the absorption pattern remains the same in b

the solvents.

Under these circumstances, the technique of difference spectropho

tometry cannot be used with accuracy and precision because of the

interference of the excipients. The above mentioned excipients do

even at concentration ranges of 10-50mcg/ml which is the

interfere
entration to be present in the final dilutions of

likely range of conc
as tablets. Hence  cases of formulations

commercial ‘ormulations such
which use :ese excipients in such proportions as to yield an excipient
. of above 10mcg/ml in the final dilutions should be carefully

The absorption values of the

concentri.

evaluated ‘or likely interference.
ns may vary from batch to batch as well as depending on

excipient soiutio

grades {153}

isfactory analytical method are many, but

uirements of a sati
The req unted being the most important. Often the

certainly selectivity must be co
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measurement techniques that are being used lack the inherent selectivity
to allow straightforward application to the kind of highly complex
materials for which the analytical chemist is often called for to

develop analytical methods. The separation procedures involving

techniques such as chromatography etc. are useful and indeed essential
for such cases. But there are applications for which, for reasons of
speed and simplicity a more direct approach will be desirable. Thus,
there has always been interest in techniques that can improve the

selectivity of measurement methods themselves. Among the conceptually

simple of these is the derivative spectrophotometry.

Essentially, in the derivative spectra the ability to detect and to measure
minor spectral features is considerably enhanced. This enhancement of
characteristic spectral detail can distinguish very similar spectra and
follow subtle changes in a spectrum. Moreover, it can be of use in

quantitative analysis when it is desired to measure the concentration of an

analyte whose peak is obscured by a larger overlapping peak due to

something else in the sample [157, 158]
In derivative spectrophotometry the absorbance (A) of a sample is

differentiated with respect to wavelength (A) to generate the first, second

or higher order derivatives
A =f(A) (Zero order)

dA/dA = f (L) (First Derivative)

£A/dAE =" (A), etc. (Second derivative)

Derivative spectra often yield 2 characteristic  profile, where subtle
adient and curvature in the normal (zero order) spectrum

changes of gr
as distinctive bipolar features (figure 20).

are observed
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The first derivative of an absorption spectrum, represents th
:] S e

gradient at all points of the spectrum and can be used to locate "hidd
" 1adaen
peaks', since dA/dA=0 at peak maxima. However, the second and highe
n

even-order derivative are potentially more useful in analysis [16]

The even-order derivatives are bipolar functions of alternating si
gn at

the centroid (i.e. negative for 2™, positive for 4",etc.), whose positi
o . ition
coincides with that of the original peak maximum (figure 20) To thi
s

extent, even-derivative spectra bear a similarity to the original spect
rum,

although the presence of satellite peaks flanking the centroid add
S a

degree of complexity to the derivative profile. A key feature is that th
e

derivative centroid peak width of a Guassian peak decreases to 53%
0
4% of the original peak width, in the second, fourth :;
, an

41% and 3
pectively. This feature can increase the resolution of
o

sixth orders res
ever, the increasingly complex satellite pattern
s

overlapping peaks. How

detract from resolution enhancement in higher derivative spectra. A
. An

vative process is that broad bands ar
€

important property of the deri
[157, 158, 80]. This effect increases

pressed relative to sharp bands

asing order of the derivative S
the n™ derivative is inversely related to the original peal

sup
with incre
Guassian peak in
width (W), raised to the n' degree

Dh @ (w)-n
peaks of equal intensity, the nth derivative ,
greater that that of the broader peak
derivative order

ince the amplitude (D, ) of a

Thus, for two coincident
of the sharper peak (x) is

amplitude
r which increases with

(y) by a facto
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This property leads to selective rejection of broad, additive, spectral
) ) r

interferences such as Rayleigh scattering.

If the Beer-Lambert Law is obeyed, i.e.

A =ebc
then
dA de
e— = ——.b.cC
dA dA
d’A d’e
— = — .b.c
da’ dr?

r higher derivatives, where € = molar absorptivity

and similarly fo
length (cm), and ¢ = concentration (mol/litre)

(litre/ mol/cm), b = cell path-

[16] .
er derivative spectrophotometry, if the absorbance

Thus, for second-ord
the second derivative at any

bert relationship,
wavelength A, is related to0 concentration by the following equation, as

per the B.P. 1993.

follows the Beer-Lam

A = the absorbance at wavelength 2, A (1%, 1 cm) = the specific

wavelength A € = the con
d = the thickness of the absorbing layer

where
centration of the absorbing solute

absorbance at
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For quantitative work, the amplitude of a derivative peak can be

measured in various ways (figure 20). Although the true derivative

amplitude is that measured with respect to the derivative zero, it
, it may

also be possible to record the amplitude with respect to a satellite in th
e

spectrum which affords an extra degree of suppression of interference

from extraneous substances. These peak-to-baseline and peak-to-peak

measurements are called as graphical measurements and prior to their u

- se

it should be established that the graphical derivative adopted fulfill
s

the analytical criteria of linear response with concentration, regressi
’ S10Nn

through or close to the origin, independence from interferi
ng

substances, and optimum precision (80].

The work by O'Haver and Green [159] on the numerical analysis of
is o

derivative spectrophotometry for the quantitative analysis of mixtu
res
assumption of analyte band overlap by a single interfering

was based on
ors have analysed analytical curves of zero, first and

band. The auth
second order. They have reported the effect of systematic and random
errors on the analyte ban
of interfering band height to an
half width to analyte half width

of analyte band . The authors

a significant improvem
at least a factor of three and usually by

d height of band pairs varying in terms of ratio
alyte band height, ratio of interfering band-
and ratio of band separation to half width
reported that the derivative measures

ent in total error compared to the

represent

ure (zero order) by

normal meas
ded that derivative measures

he authors have conclu
peaks would be useful for the

[159] om guassian
lap errors in quantitative analysis if the systematic

rlap is large compared to random noise errors

much more.* T
treated in the work
reduction of pand over
error caused by the OV€
and if the interfering band 1
measure are useful) 0

s either known or constant (in which case zero-

il - is broader than the analyte band (in which
e useful). This work is based on the

case the graphical measures ar
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assumptions of overlapping of analyte band by a single interfering band
an
and the total spectrum which is measured is the linear sum of the analyt
e

and interfering band. But in the case of binary mixtures in pure
or

dosage forms on which the work has been done in this report, the
matrix usually contains, in addition to two analytes, more than one
excipient. In addition, when the quantitation of two analytes ought to be
done, it would be very convenient to use the zero crossing point of

derivative of one drug for the assay of the other and vice versa sin
ce

measurements made at the zero-crossing point of the derivativ
e

spectrum of one of the two components would be a function only of
0

concentration of the other component [160-166]. The pharmaceutical

excipients such as lactose, PVP and dicalcium phosphate exhibit a broad

band zero order spectra in aqueous pH 1.0 and pH 13.0 buffers in the

wavelength region of 400-250nm when compared to the zero order spectra
of the drugs which have been investigated in this report. Although
Green [159] have recommended the use of graphical

Haver and
e 20) for such band pairs where the band width of

measurement (figur
very large when compared to analyte band width

interfering substance is
atic errors in graphical measurements, zero
9

due to the absence of system

crossing method has been u

present work for the following re
r, the recommendations of Haver and Green

sed for the various assays developed in the

asons.

Firstly, as mentioned earlie
s which do not hold good for binary

is based on certain assumption

excipients except under —e special

fortuitous juxtaposition of the spectra
wavelengths where the graphical
peak-to-baseﬁﬂe and peak-to-peak) are made for one
ution of derivative spectra of the other analyte should
to complete absence or negligible absorption
Morelli [162] reperts graphical measurement

mixtures containing
circumstances [31,33] such as 2
in such a fashion that at the
measurement
analyte, the contrib
be zero either due

[162]. Thus the work by
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for the assay of aztreonam in the presence of L-arginine which had been
made possible by the fact that the value of the second derivative of L-
arginine had been near zero at the wavelengths at which these graphical

measurements have been made for the assay of aztreonam.

Otherwise, if the derivative spectrum of L-arginine have exhibited

large d 24/d2* values, these values would have contributed to the
graphical measurement of the derivative spectra of aztreonam leading to

large errors. Similarly, the work by Morelli [164] reports graphical

measurements which had been rendered possible by fortuitous

juxtaposition of the derivative
ted. Secondly, the pharmaceutical formulations

spectra of the vitamins in the

combination investiga
may contain more than one uv absorbing excipient in which case the

recommendations of O'Haver and Green [159] do not hold good.

The authors have suggested that the zero crossing measurements may be
affected by errors due to variations in the exact abscissa (wavelength)
value when an electronic or mechanical tachometer derivative
being used for the production of the derivative values. In

attachment

general, methods for generating derivative spectra fall into two classes.

These are optical methods, which operate on the radiation beam itself,

and electronic or digital method
e electronic device generat

s operating on the photometric detector

output. Th es the required derivative as a

function of time as the spectrum is scanned at constant speed and
therefore the derivative amplitude varies with the scan speed, slit-width,
and gain.

puter can be used, employing one of a number
uce smoothed derivative spectra. This is

processing of the  digitised spectrum.

Alternatively, a microcom

of digital algorithms to prod

al time or by post-ruf
is increasingly employed due to the

rs for instrument control, data

done in re

The digital approach
widespread adoption of microprocesso
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handling and processing [80]. Thus the errors due to variation in the exact
abscissa (wavelength) have been eliminated by use of digital algorithms
to produce derivative spectra from zero order spectra as well as
almost perfect scan-to-scan wavelength reproducibility as a result of
use of microprocessors in spectrophotometers. In practice, during an
assay by derivative spectrophotometry, that measurement which exhibits
the best known response to analyte concentration which gives a zero
n the ordinate axis of the calibration graph and which is least

intercept o
e concentration of any other componenet is selected [80]

affected by th

Thus in the various mixtures which have been assayed by derivative

method in this report, the method of measurement (graphical or zero
decided upon on the basis of the zero crossing points

crossing) have been
| as rectilinearity. One problem associated with the

of the analytes as wel
zero-crossing measure
derivative spectra of
the other analyte) wher

leading to large errors wit
However, this kind of measurement is not

ments sometimes is that of the measurement of the
one analyte at wavelengths (zero crossing point of
e the slope of derivative spectra may be steep
h small changes in wavelength [164] making

it a little hazardous .
uncommon [160-164, 166]. Mor
degree of accuracy and reproduc

eover, the method may be used if the high
ibility of the method are evidenced by

statistical evaluations.
ated with zero crossing measurements s

Another problem associ
Hfering band changes, then the zero crossing

that if the width of the inte
point of the interfering band would change resulting in efrors which
would depend on the amount of derivative value contributed at the

rossing - Thus, the bandwidth of the

wavelength of previous zero ¢
ring band should be constant i

thechangeinthebandwidﬂlis not likely to affect the zero
as can be seen from figures 21-30 which shows the second-

interfe dellb'[nthe case of pt " -
excipients,
crossing point !
order derivative spectra pvp and indigocaramine. These
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excipients were chosen on the basis of their wide use in tablet formulations

In most of the work in this section, these additives have been intentionally
added to pure admixtures and the effect of them on the measurement of the

derivative values had been studied. As can be seen from the figures, the

second-order transformation of these common additives leads to a

spectrum whose amplitude in negligible when compared to the derivative
spectrum of many drugs as can been seen in the following pages. Although

the second-order transformation is not effective in eliminating the
avelengths below 250nm, the transformation is likely to be

interference at w
timation of drugs which show appropriate spectral

very effective in the es

patterns above 250nm. Even
not be always as high as shown in the figures

below 250nm, the amplitude of the interfering

derivative spectrum may
cince it would also depend on the ¢

ally present in the working solutio

oncentration in which these additives

ns. This in turn would depend on

are fin
e in the solvent used for the

lity of the interfering additiv

the solubi
as in the solvent used for

the stock solution and as well

preparation of
tive spectra. It would also depend on the proportion in

obtaining the deriva
been used in the formulation.

which the additives have

Although transformation of a spectrum {0 its second or higher order

yields a more highly characteristic profile than the

derivative often
zero order spectrum,

80|. However,
by presenting

rinsic information content of the data is not

the int
the derivative method tends to emphasise subtle

increased [

spectral features
way. The method is &€

them in a new and visually more

nerally applicable in analytical

accessible

chemistry and can be used equally for resolution enhancement of

electrochemical, chromatographic, or thermal analysis data. Usually,
ular solvent is used for the

spectra recorded with 2 pnctc
o, This would involve digital conversion

n of the derivative S

normal
productio



101

of the data points of the normal spectra and is called as n-order
derivative spectra where n refers to the order of transformation

method can be successfully combined with difference
to give second derivative- difference spectra

Derivative

spectrophotometry,

enhanced discrimination
tures are observed [80]. This would involve

when against interfering substances and

sharpened fine structural fea

the use of difference spectra for second-order transformation and may

be done by initially recording the zero-order difference spectrum by
scanning the equimolar drug solutions in acidic and basic solvents and

using the data points_of these difference_spectra to produce the
sing digital algorithms. This

nd-order_derivative spectrum u
e had been applied for the estimation of metronidazole with

seco

techniqu

furazolidone and nalidixic acid, estimation of aspirin and dipyridamole and

estimation of orciprenaline sulphate and bromhexine hydrochloride in this

thesis work.

significant application in

Derivative spectrophotometry has found
and biomedical analysis. In forensic toxicology the

clinical, forensic,
bsorbance due t0 interfering substances by second

suppression of the a

Spectrophotometry is
genised liver extract [80].

derivative well demonstrated in studies on

amphetamine in a0 homo

ers have reported th
spectrophotometry. These include assay of

A number of work e assay of drug by first, second

and fourth order derivative

166], progesterone 1
ne and pseudoephed
[164], procyclidine [168], tryptophan  and
d hydrochlorothiazide [169], ascorbic acid
nort,-yptylline and perphenazine [171] and
The current B.P. 1993 also has

61), dicloxacillin sodium and

aromatic amino acids [
rine by second and fourth

ampicillin [160], ephedri
derivative [167], yitamins
[164] captopril an

tyrosine
alicylic acid [170],

and acetyls

methylene bl

ue and resorcinol [172]-



recognised the second-order derivative spectrophotometry as a method

of assay of drugs.

DESIGN OF THE EXPERIMENT

Essentially, all the tablet formulations for which the second-order
derivative or second-order derivative difference spectrophotometry has

been applied were two component formulations.

The method of estimation (whether second-order derivative or
second-order derivative difference) has been determined on the basis of
the spectral shape as well as the occurrence of the shift of the peak of the
normal spectra with change in pH. Thus in cases where the zero-order
be recorded (metronidazole and nalidixic acid,

difference spectra may

and furazolidone and aspirin and dipyridamole and

metronidazole

ne sulphate and bromhexine hydrochloride),the second-order

orciprenali
ults have been compared

rence has been tried and the res

derivative diffe
ot method and absorbance ratio method.

with the linear pl
es of atenolol and nifedipine, imipramine HCI and diazepam

dramine HCI and eazep
sero-order difference spectra and hence

In the cas
and diphenhy

favour the recor

am the spectral shifts did not

ding of the

erivative Spectrophotometry has been used.

the second-order d

perimental approach has been as follows:

The general ex
ons of the pure drugs at an

a. To prepare standard soluti
appropriateé concentration range

arity of the concentration range in terms of the

b. To check the rectiline

FUNT. 22 values

195:=
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To choose an appropriate concentration range so as to fulfill both

the requirements of ¢ i
q ompliance of Beer-Lambert's Law as well as to

suit the proportion of the drugs in commercial formulations which

ought to be estimated by the method.

To prepare different series of the solutions (from stock solutions of pur
e
drugs) for the construction of the calibration curve. The series of

solutions were always prepared in such a fashion so as to be
representative of both pure drugs as well as their admixtures to
enable the comparison of the regression equations of pure drug
e admixtures which would establish the

solutions with that of th

wavelength for the determination of the

selectivity of the chosen
ar drug. Thus, the pure drug st

tion range showing linearity of de
(for comparison of the equations) were

andard solutions are prepared in

particul
rivative values and the

the concentra
solutions

drug admixture
same concentration range of the drug in the

prepared by using the
ntration of the second drug to be estimated

presence of a constant conce
This giv

interfere in th

es an opportunity to observe whether one drug is likely to
e absorption measurement of the other and vice versa.

on for derivative spectrophoto metry
?

in the introducti
drug has always been chosen as the

As mentioned

the zero-crossing point of one

wavelength for th

aforementioned reasons.

he applicabﬂity 0
rmulations without interference from the additives

e estimation of the other and vice versa for the

In order to assess t ¢ the derivative method to the

estimation of drugs in fo
in the tablets three such additives, namely

which are normally present
ylpyrrolidone

actose and pvP w
ine Was kept at 4 mcg/ml. These

and indigocarmine were selected. The

lactose, polyvin

concentration of 1

ere maintained at 600 mcg/ml whereas

f indigocarm

oximately chosen on the basis of the amount of

the concentration 0

concentrations were appr



additives which may be present in the tablets and these additives were

added to pure drug admixtures to study whether the second-order

transformation is able to eliminate the interference due to the additives

This had been done by comparing the regression equations of the pure

drug admixtures with those of the admixtures containing the added

additives. In addition, wherever applicable, the results obtained by the

ence spectrophotometry had

second-order derivative or derivative differ
e linear plot method and

been compared with the results obtained by th

absorbance ratio method.
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5.02 DETERMINATION OF ATENOLOL AND NIFEDIPINE,
IN PURE ADMIXTURES AND TABLETS BY SECOND-ORDER

DERIVATIVE SPECTROPHOTOMETRY

INTRODUCTION

The combination of atenolol and nifedipine as a tablet preparation
has been introduced in the market for essential hypertension. The methods
reported thus far for the estimation of atenolol include spectrophotometry

[176-178], calorimetry and thermogravimetry [179], TLC [180], GLC
[181] and HPLC [182-185]. The methods for nifedipine include titrimetry
(186], polarography [187], spectrophotometry [188-130], spectro
fluorometry [191], thin layer chromatography [186,118,192], GLC
[186,188,193,194], HPLC [186, 183,195-197] and GC-MS [198,199]. The
methods for the estimation of atenolol include spectrophotometric
and the official methods for nifedipine are
titrimetry [2] and HPLC [3] The present work investigates the
simultaneous estimation of atenolol and nifedipine in combined

preparations without prior sé
rivative spectrophotometry.

official
estimation [2] and HPLC [1]

paration from each other as well as

formulation excipients by uv de

MMMM

1. Hydrochloric Acid AR Grade (E.MerckIndia Ltd.)

2. Methanol - Spectroscopic Grade (Spectrochem. India)
3. Atenolol and Nifedipine were a5 obtained as gift samples.

rder derivative gpectra Were recorded at a scan rate of
er

with a Jasco 7800 gv-visible double beam scanning spectro
The
ing 1cm matched quartz cuvettes. resolution of the

he s.,‘,ond-order derivative spectra was
recording the second-order

The second-0
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derivative spectra of 0.02% v/v solution of toluene in methanol and was
found to be satisfactory (figure 33). The data thus recorded with the

various solutions have been given in tables .,

Standard and Sample Solutions

The stock solutions of the drugs containing 1mg/ml of atenolol and
nifedipine were prepared in methanol by dissolving the pure drugs in

methanol by thorough shaking.

The solutions for linear plot method were prepared (Table 27) by using

appropriate volumes of the aliquots of the stock solutions so as to obtain
the concentrations of the drugs given in table 27. Similarly, appropriate

volumes of aliquots from the stock solutions were used to prepare four
r derivative method.

series of solutions for second-orde
rised of solutions of atenolol of varying
pared by pipetting out appropriate
volumes of aliquots (1.0, 1.4, 1.8, 225 2.6, 3.0 m) from the stock solution of
atenolol (1mg/ml) into 100ml volumetric flasks and making up the
volume with 0.1N HCLThe second series (Series C) consisted of - solutions

of nifedipine of vArying concentration (5-20meg/mi) prepared in a
The third series (Series B) comprised of

similar fashion in 0.1N HCL

mixtures of the drugs having 2 constant concentration of nifedipine

/ml) and 2 varying concentration of atenolol (10-30
volumes of aliquots from atenolol st

prepared by pipetting out the same

solution as in the preparation of Series _
flasks . adding 1ml of nifedipine stock solation (1mg/mD) 0 each fask

and making Up the volume with 01N HCL Similarly, the fourth
series (Series D) of solutions Were prepared by using appropriate

gots from the atenolol and nifidepine stock solutions

The first series (Series A) comp
concentrations (10-30mecg/ml) pre

A solutions into 100ml volumetric

volumes of alid
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so as to give solutions containing various concentra tions of nifedipine
(5-20mcg/ml) along with a constant concentration of atenolol (20 mcg/ml)
in 0.1M HCL

Twenty tablets of atenolol and nifedipine (of each brand) were finely
ground and a weight of the powder equal to the average weight of the
tablet was dissolved in methanol, filtered (Whatman No 1. filter
paper) and appropriate volumes of aliquots of the filtrate were used to
prepare sample solutions containing approximately the concentrations

of atenolol and nifedipine as given in table 32.

The solutions containing nifedipine (pure, mixtures with atenolol as
well as tablet samples) were prepared under red light and stored in low
actinic Pyrex volumetric flasks at room temperature till their analysis
to avoid photodegradation.The stability of the solutions (0.1M HCI) were

monitored Spectrophotometrimﬂy for a period of three hours and were
found to vary by the following absorbance units (AU) : atenolol in 0.1M

HCI by + 0.002AU and nifedipine in 0.1IM HCl by * 0.005AU. All the
eterminations were recorded within a time

preparaﬁon of the solutions in 0.1M HCI
rbance with time.

measurements for replicate d
interval of 60-90 minutes after
to minimise the variations in abso

Recording of the Spectra ‘
HCI were recorded by using 0.1M HCI as the

The normal spectra in 0.1M st

blank in the Jasco 7800 specn-ophotome“ter- The second-order derivative
i tablet .

Spectraofthepuredrugs, thar,dmntnrﬂandr: > sa:nplesolnuom

were produced by initially recording their ':d o .n;p:::v:m ﬂ:
the appropriate concentrations (tables 29. ' rtmg |

pectra t0 second-order derivative spectra by using digital

norm=l 7800)-mmﬂtelmedforthe

algorithms ( pmgmmmed in Jasco
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recording of the normal spectra was 240nm/min and spectral bandwidth

3nm. The conversion follows Savitzky-Golay method [200] and a data
interval of one was found to be satisfactory. No smoothing of the derivative

spectra was found necessary.

RESULTS AND DISCUSSION

As mentioned in the introduction to derivative spectrophotometry, the

technique of derivative spectrophotometry may be used for the quanti-
tation of one analyte whose peak is obscured by a larger overlapping

peak of some other analyte with minimum error. The advantage of

second-order derivative spectrophotometry in eliminating the [
ground absorption due to formulation excipients had been studied
[161].The first derivative of an absorption spectra represents the gradient
pectrumandmaybeused to locate hidden peaks

maxima, but the higher even order derivatives
analysis. The absorption of two or more

are potentially more useful for
compounds in the same wavelength region which would create inseparable

interference in direct absorption spectro
ing a wavelength at which one analyte's

at all points of the s
since dA / dA =0 at peak

photometry can often be resolved

in the derivative mode by choos
derivative signal goes through 2 value of zero.
timated without interference from
each other since both the drugs absorbed strongly only in the lower
i ipi amrl'ﬂ stm

wavelength region of uv range- The nifedipiné more ngly than

be estima : .
atenolol between 275 and 250 nm and W-m’y ted in this
interfereneeﬁ'omatenolﬂl but it should be noted that the

. z g 1 'mi

mncentmﬁonoftbedrugsmdﬂ’ﬁg“re’s“mcgl whereas the

. In nmre
tration of atenolol will
concen (Table 32). Hence, when the actual analysis of

commercial formulations

e drugs atenolol and

The spectra of th
the drugs cannot be €8
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the drugs ought to be done, the interference of atenolol will certainly be
there. As can be seen from figure 34, atenolol cannot be estimated without
interference from nifedipine because of the strong absorption of the later
even when the concentration is same for both the drugs. Of course, in the
commercial formulations, the concentration may be less than half the

concentration of atenolol in the working solution, but still the interference
will be there and bencesomekindofsimulmneoestimﬁonis required

for the determination of these drugs in tablets.

In this section, the methods of linear plot as well as second-order

derivative difference have been designed for the estimation of these drugs

in combined formulations. The absorbance ratio method using
isoabsorptive point had not been used because of the absence of the
isoabsorptive point [77] between atenolol and nifedipine (figare 34). The
rder derivative difference method was not applied because of the

second-o
propriste ghift with change

absence of ap

of pH in the case of atenoloL

Linear Plot Method
the introduction, uses data at multiple

This method [78], as mentioned in :
wavelengths to generate linear plots- For the admixture of atenolol and
wavelengths of 238-245nm were

. een the
nifedipine, the data points bet¥ !
p ults of the analysis ve been presented in table 27 and 25.

Al he percentage relative error was a bit high for atenolol (table
though the pe iy e dreg in commercil

mixtare, the results ©
which ranged from 97.36 to 100.34%

. recovery
formulations gave 3 mean .
for nifedipine

for atenolol and 98.45 to 99.43%

161



Table 27. Results of Determination of Aten .
. olol and Nifedipine i
Admixtures by Linear Plot Method TpInE N - yre

Solution Solv Concentration 2,0
Solv. of % Relative E
Drugs (mcg ) ATN ;mr
ATN NIF IF

ACT FND  ACT FND

Pure Drugs A 2200 2054 800 804 o
= +2.12

NIF - Nifedipine A- 0.1M HCI
FND - Found value

d fo
d intercept of the lin
ations

ATN - Atenolol
ACT - Actual value
* Wavelength range us¢
obtained from the slope an
d on five replicate determin

ear curve plot

b
Base

r collection of data points was 238-245nm; concentrati
L] ation



ifadinine 1 i les by
dipine in Commercial Samp
f Atenolol and Nife
Table 28. Results of Assay 0
Linear Plot Method

Clai Mean Recovery, %
Label Claim
Pl (mg/tablet) o NIE
ATN NIF
20 97.36 + 1.22 98.451+0.76
50
prand A 0 98.74 £ 1.53 99.43 + 0.94
2
50
prand B 100.34 + 1.77 98.69 + 0.56
50 20
Brand C &

label claim
+ as percentage of

@ inations; assaj as
Average of ten determina

op)



Second-order derivative method

For this method, the spectra of the drug solutions were recorded in 0.1M
HCI as normal spectra and converted to second-order derivative spe;m
using the digital algorithms. The zero-crossing points of the second-order
derivative spectra of atenolol occured at 209, 219, 234, 270 and 285nm
whereas those of nifedipine occured at 210, 227, 252 and 297nm (figures 35~

and 36). Of these wavelengths, the wavelength of 227nm was chosen for the
estimation of atenolol and 219nm for nifedipine since the amplitude of the

derivative spectra (b and b, in figures 35 and 36) were found to be
nal to the concentration. The amplitude of the spectra of the

proportio
independent of each

drugs att

other at these wavelengths (figures 37 and 38).
used for the estimation of the drugs without interference from

hese wavelengths were also found to be
Thus these zero cmi.llg

points were

each other.

The small standard deviation values showed the precision of the derivative
Je intercepts of the equati

9 and 30) and the negligib
or close to the origin. The correlation

19996-0.9998 indicated the non-
of the other. The calculated F

(Tables 29 and 30) were less

method (Tables 2

coefficient values 1
interference of one drug in the estimation
test values for each c0
than that of the critical
linearity of the d2A/dA’ values wit
drugs. The co-efficient of determination va
riation in the deriv
of the drugs in
are due t0 reg
31) showed ¢

peentration of the drugs
significance level and proved the

f the concentration of the
lues showed that 99.92 -
ative yalues were accounted for by the
solution- The results of F test using
ression to the mean square about

he calculated values to be much

99.97% va
concentration

ratio of mean sqU

the regression (Table ;
o5 level of significance proving

an the critical values at 5

higher th
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Table 29. Selectivity of the Method for the Determination of Atenolol
Second-order Derivative

in the Presence of Nifedipine by

Spectrophotometry
Composition of Mean value of * Coeff. of Standard Ratio of F test for
the solution aasdr? variation error . residual ¢ non-linearity *
(meg mlI™) (227nm) (%) (%) Crit  Cale
ATN NIF
I

4 0 0.0163 £ 0.0003  1.57 0.0001 9853 363 L7T
14 0 0.0220 + 0.0003  1.60 0.0001  102.83 363 131
180 0.0296 + 0.0003 0.8 0.0001 9887 363 2.36
2 0 0.0359 + 0.0003 095 00001 9964 363 138
2% o 0042500003 06 o001 9991 363 236
00 0.0489 £ 0.0003 065 0.0001 10023 363 1.56
0 12 0.0164 + 0.0003 180 0.0001 9801 363 1.90
4 12 0.0220 £ 0.0004 171 0.0001 10279 363 117
18 12 0.0205 + 0.0003 090 0.0001 9904 363 237
2 1 003s8%0.0004 100 0.0001  100.14 363 117
26 12 00425 + 0.0003 063 0.0001 9979 363 2.36

NIF - Nifedi{:’liﬂe
S Stan
etermmstlollse
, value espressed 35 7
m F table for 5% level

lue tO actual
g=F (4,9) values fro
standard error of estimate and Ss
single concentration of

ATN - Atenolol dard deviation of the mean

: Average of ten replicate d

4 ?;ﬁo of the calculated y V3

ased on F test for non-linearitys ’

of Sig'ﬂiﬁcance'fF calcaitsdl = Syzf 551 where Sy‘lS tI.w -

is the standard ’deviation of ten nplicate dete"mmmms
the drug (measurement of ¥)



Selectivity of the Method for the Determination of Nifedipine

Table 30.
in the Presence of Atenolol by Second-order Derivative
Spectrophotometry
E':'1|Z008iti¢:m of Mean value of *  Coeff. of Standard Ratio of F test for
the solution d2 A/dlz variation  error b residual £ non-linearity "
(meg mI™) (219nm) (%) (%) Crit Calc
NIF  ATN
- —
5 4.69 0.0001  100.12 3.63 0.4
8 g 33333 i ggggg 3.54 0.0001 10051 3.63  0.42
11 0 0.0123 + 0.0003  1.67 0.0001 9969 3.63 0.44
14 0 0.0158 + 0.0003  1.67 0.0001  99.05 3.63  0.47
17 0 0.0188 + 0_0002 1.26 0.@01 101-06 3.63 0.47
20 0 0.0224 + 0.0003 1.4 0.0001 9972 363 027
5 20 0.0056 + 0.0003 578 0.0001 9715 3.63 016
8 20 0.0085 + 0.0003 390 0.0001 102.92 ;.g 0.10
1 20 0.0122 + 0.0003 2.8 0.0001 ;93.‘254 263 g.lo
'4 20 00156400003 1% oot 98430 015
17 20 0.0187 + 0.0003 1.54 0.0001 99.40 ey
2 ATN - Atenolol NIF - le:edlpme b Standtl“d dCVi’ﬁOII of the mean
Average of ten replicate determinations: %
® Rati y value exP as
2 tio of the calculated y value to acté ~ F@49) values from F table for 5% level
Based on F test for ngn-lineaﬂ'ﬂ’zi z. - S :s the standard error of estimate and Ss
=Sy /Ss Wherernylillﬁﬁons for a single concentration of

?f significance; F caicaisted
is the standard deviation of te

the drug (measurement of y)
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Table 31.

Regression Analysis of Atenolol and Nifedipine Standard Solutions
Sample Composition of Regression Equation®  Corr. Rz, %"° Ftest Values ° Test for Significance Standard Error®
-1 .
Solution (meg mi™) (227 nm for ATN coeff. Crit Calc of Evidence of Slope Intercept Estimate
ATN NIF and 219 nm for NIF) Correlation
Crit Calc
Series A  10-30 0 y = 0.0016x - 0.0004 0999 99.92 7.1 5173 2.78 71 0.0016 0.0005 0.0004
SeriesB  10-30 12 y = 0.0016x - 0.0005 0.9996 99.92 7M1 5294 2.78 72 0.0017  0.0005 0.0004
Series C 0 520 ¥y =0.0011x - 0.0001 09998 99,97 7.1 11480 2.78 107 0.0001  0.0001 0.0001
SeriesD 20 3-20 y=0.0011x - 0.0002 0.9996 99.92 7.1 4897 2.78 69 0.0001  0.0002 0.0002
ATN - Atenolol  NIF - Nifedipine * Based on six calibration values; concentration of drug in meg ml’
b Coefficient of determination which is the ratio of the sum of squares due to

® F test based on F statistic ( a one tail test); F value is the ratio of mean square due to re
F (1, n-2) value at 5% significance level;

4
F crit is the F (1, n-2) value from the F ratio ta
nifedipine

Student's t test for correlation (a two tail test): T calc is the T(n
table at 5% significance level; n is 6 for both atenolol as well
Standard error of slope and intercept are the standard deviati

ons of slope and intercept; standard error of estimate is the standard deviation of
residuals of y on x regression where y is the d*4/d1* value and x is the concentration

regression to the sum of Squares about the mean

ression to the mean square about regression; F calc is the
ble for 5% significance level; n is 6 for atenolol as well as
-2) value at 5 % level of significance and T crit is the T(n-2) value for ¢ distribution
as nifedipine
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the linear relationship between concentration and the derivative
va'luw. The calculated T test values were also greater than the
c.ntical values confirming the existence of correlation at 5% level of
significance. The standard error of slope and intercept were quite

small and the standard error of estimate for the various series of

solutions was less when compared to the typical change in the
in the corresponding calibration

d’A/dA? values from point to point 1
carve (Table 31). The ratio of residuals expressed as percentage

showed a scatter which was random.

nd nifedipine in synthetic

The results of the estimation of atenolol 2
by second-order

formulations

commercial
iven in table 32. The

admixtures and
ectrophotometry have been g
nthetic admixtures were done using a concentration
nolol and 12 mcg/ml of nifedipine which resulted
o, for atenolol and nifedipine

derivative sp
estimation of sy
of 20 mcg/ml of ate
in a mean recovery of
respectively. These con

the calibration ranges of t

99.80 and 99.83
centrations of the drug

he drugs. Simihmy

s were mean points of
the estimation of the

ulations Was also done in such a fashion

drugs in commercial form
he drugs in the final solution of the

proximﬂte'y 20 mcg/ml for atenolol
portion in which these drugs

that the concentrations of ¢
commercial sample remained 2P
he pro
ples precludes the use of the same
n of both the drugs at their
ibration (Table 32). However, the
did allow the estimation of the

pcentrations different from that

and 8 meg/ml for nlfele““’ I

solution for the determinatio
corresponding mean points of €2
calibration ranges of b€ drugs
drugs using 2 single golution 8t co

of their mean points of calibl'ﬂtion' Therefore, atenolol and
ei

-~

o



Table 32. Results of the Assay of Pure Drug Admixtures and Commercial
Formulations of Atenolol and Nifedipine by Second-order

Derivative Sgectrophotomet[y

1

-

Sample Composition Label Claim Mean 95% Confidence’
of Solution (mg/tablct) Recovery Level Concen.
(mcg ml'l) Range
ATN NIF ATN NIF ATN NIF ATN NIF
12 . 9980 9983 09.47-100.12  99.57-100.08

Pure Drug 20

Admixture
99.61 99.75 99.28-99.93  99.43-100.06

Brand A 20 8 50 20

Brand B 20 8 50 20 10020 o812 99.87-100.53 97.80-98.43
Brand C 20 8 50 20 9927 9850 98.94-99.59  98.18-98.81
Brand A 25 12 50 20 99.64 100.25 99.26-100.01  99.99-100.50
Brand B 25 12 50 20 100.16 o865  99.78-100.53  98.39-98.90
Resnd € - 12 50 50 9932 95 98.94-99.69  98.31-98.82

NIF - Nifedipin€
rcent
g admi

ATN - Atenolol _

: AVErag: l:; :)en determi age of "rll;:e' claim calculated
res ati .

from the regression equa stures (Equations of Series B

A and Series D) ,

Concentration range at 95% conﬁde[nlcz :
4 degrees of f recdom for poth atenol?

nations;
tions of
evel using ¢ test (a two tail test) with
well as nifedipine



nifedipine have been estimated twice in each commercial sample.

One determination was done by diluting the sample solution to

obtain approximately the mean point of calibration concentration

g and the other at the actual concentration in which one

of the dru
ated at its

drug would be present when the second drug was estim

mean point of calibration.

Atenolol was estimated both at 20 mcg/ml and 25 meg/ml and nifedipine at
both 8 meg/ml and 12 meg/ml (Table 32). The 95% confidence level range

in table 32 showed a slightly wider range in the case of determination at
han mean point of calibration which was normal

tion was dependent on the standard error of
at the mean point of the calibration.

concentrations other t
since this range calcula
prediction which will be mimimal
owed difference in the mean

28 and 32 sh
formulation. But it

The assay results in tables -
recovery by the two methods for the same commercial
may be concluded that the second-ord
the calibration

had been fit leastsquaremethod
” itshOuldbeWted

data at multiple wavelengths- BUt
advantage of the second-order

accurate since it uses

transfo

ctose, and coloring agents

Spectral contribution of additives guch as Ia pvP od ‘ ag
ill be lost in the Jeterminatio? of atenolol and nifedipine since the

ost 1 ©
et completely

p I iti does pot & eliminated

abso ﬁonoftheseaddrtlves e ',1

s0nm (
4 aatthelowerwavelengdns

i thegd
pee;hllntedb}' y mcﬁonandhenoewillnotgu

which cannot be 3PP on
climinated by second-0T9¢" o=

1

Pt
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[MIPRAMINE HYDRO CHLORIDE

5.03 DETERMINATION OF (E_H YD
AND DIAZEPAM IN PURE ADMIXTURES AND TABLETS BY
CTROPHOTOMETRY

SECOND-ORDER DERIVATIVE SPE

INTRODUCTION

The combination of imipramine hydrochloride with diazepam as a

tablet preparation has been introduced in the market for treatment of
ty and agitation. The methods reported
¢ imipramine hydrochloride include

polarography[207], TLC

depression associated with anxie
thus far for the estimation ©
_205], titrimetry [206],
(208-211] GLC [209; 212] and HPLC [210] and spectrofluorometry [213].
The methods for estimation of diazepam include potentiometry [214],
differential pulse polarograpby [215], spectropbotometry [216-219],
spectrofluorometry (2201 TLC [221], GLC (222} HPLC 122.3-22?1. The

. ramine hydrochlonde include
i = eous titrimetry [2] and those

u
, . ogtimation [131» 204
Spectmphotometnc es . 2] and spectrophotometry

spectrophotometry [201

tion of imip

for diazepam include B0
[3].

-]
M
.4 - ARGrade

¢ Grade (Spect
pam were obtnined as gﬂ

(E.Merck India Ltd.)

1. Hydrochloric A€ hem. India)
roche
ji = spectroscopi

2. Methano
ride and diaze

3. Imipramine lIYd"’cmo
P recorded
were
derivative gpectr®
nd-order ible

The seco o
. 8 s

240nm/min q

photometer usilts 1icm m"t"mg e qd-order derivative spectra was

spectrophotometer for rd o 1993 by recording the second-order
gre in

~I
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derivative spectra of 0.02% v/v solution of toluene in methanol and was

found to be satisfactory. The data thus recorded with the various solutions

have been given in tables 33-39.

Standard and Sample Solutions

The stock solutions of the drugs containing 1mg/ml of imipramine
hydrochloride and diazepam Were prepared in methanol by dissolving
methanol by thorough shaking. Appropriate volumes

the pure drugs in
repare different series

of aliquots from the stock solutions were used to P

of solutions in 0.1M HCL

plot method were prepared with the composition
estimation by absorbance ratio
ble 34. In addition, the

The solutions for linear
as shown in table 33. The solutions for the

he compoSlﬁOll as given in ta

method were of t
for estimation by second-order

derivative spectrophowmetry'
of solutions of imipramine HC] of

The first series (Series A) c0™P ' —
' tions (10-70meg/m) PP ol I PEEe A
the stock solution of imipramine

varying concen
from
making up the volume

wmes of a_quuOfs

appropriate vol )
ml volume
to 100 :cted of solutions of

pipetting out the same i
sion of Series A
golution (1mg/ml) to each flask

1

~

b



series (Series D) of solutions were prepared by using appropriate

volumes of aliquots from the diazepam and imipramine HCI stock

solutions so as to give solutions containing various concentrations of

diazepam (2-8 mcg/ml) alo
HCI (40 meg/ml) in 0.IN H

to that of series C excep

(600mcg/ml) and indigocarmine

olumes of aliquo
10mg/ml since lactose, pvp

ng with a constant concentration of imipramine
CL The series E,F and G were exactly similar
¢ that they had lactose (600 mcg/m), pvp
(4 meg/ml) in them. These additives were
added by using appropriate v ts of dissolution in water to

as well as

produce stock solutions of

indigocarmine are freely soluble in water-

) were finely ground and a weight of the

Twenty tablets (of each brand

powder equal to the average weight of the tablet was dissolved in

methanol, filtered (Whatman No 1. filter paper) and appropriate
pare sample solutions

trate were used to pre

volumes of aliquots of the fil
f imipramine HCI and

containing appmlimate'y t
diazepam as

he mncentnltlons o

given in table 39.

ns were stored it tow actinic FY
analysis- The stability of the solutions (0.1M

ture till their hommem for a period of three
the foﬂowiﬂg absorbance units (AU) :
and diazepam in 0.IN HCI

replicate determinations were

45-60 mnmtg after preparation of the
mabsorhancemth time.

The solutio
room tempera

yary by
y+0005 AU

inte
recorded within “;:w varlatlons

solutions in 0.1N

1

e



Recording of the Spectra

HClwererwordedbynsingo.lMHClasthe
r. The second-order derivative

mete!
andthetable'samplesoluﬁons

The normal spectra in 0.1M
blank in the Jasco 7800 spectrophoto
Spectraofthepnredmg&theiradminum

were Pmducedbyinitiallyreeordingtheirnormal absorption spectra at
andeolverﬁngthenornﬁlspectnw

the appropriate concentrations
second-order derivative spectra by using digital algorithms ( programmed
‘ { the normal spectra

inJasco7800).Thescanrat8medfortherwordingo
bandwidtli 3nm. A data interval of one Was

was 240nm/min and spectral
found to be satisfactory- No ing of the derivative spectra Was found

Decessary.

RESULTS AND DISCUSSION

peak in this region- Nevertheles$ .
becomes more prononneed as the 8bs®

0.300.0.800 AU (absorDan units) wor
jmation the conce”

Although during actual €8 b oF ©
to get reduced approxim’tely t°.°“f .4 the drogs ¢ present in
wmmﬁon(duemtherawm bym,,mnaintbe
commercial formnlﬂﬁo”)’ the 8¢ w,,mes’mdim@in&ll‘

. wmreww
wumtionofdm‘m ueedb‘yoneﬁﬂibut
of

30 whereas the interre
cfimsinated”

will not get compietely e
absorbance ratio sew“d_o.

been designed for
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ABSORBANCE

1.200

0.800

0.400

1
270

|
250

|
290

310
WAVELENGTH (nm)
Fig 39. Normal absorption spectra of pure imipramine HCI and
diazepam in 0.1M HCI; concentration of imipramine HCl is
20 mcg ml"' (curve 1); concentration of diazepam is 20 mcg
ml” (curve 2)
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ingtbedntxpoinlsintheregionofmmnm

The linear plot method us
HCI solutions of composition as given in table

was done by using the 0.1M
and intercept of

ere estimated from the slope

t can be seen from the results
ble to completely eliminate the

tage relative error

33. The amount of drugs W

the equations of the plots- I
thelineﬂrplotmethodwﬂlnotbea

interference by additives, if any, since the percen
associated with the estimation of the drugs increased in the presence of
ution to the absorbance

mdlgocarmme due to their contrib

lactose, pvp and
at the chosen wavelengths.

Cl occurs at 255nm and

i the drugs in 0.1IM H
curve for estimation was

as the isoabsorptive The values of the
(10-30 meg/ml) and those of diazepam at 290nm

for the Q curve plot- The concentration range of
pasis of the pr0p0rﬁ0n in which the drugs
Q curves were plotted using
alues at the wavelengths of

plotted using 270nm
imipramine HCI at 262nm

(10-20 mcg/ml) were used
n the

were p

. s adi ce V.
the quotient obtained bY dividing absorbal

gcn and 290nm (for diazepam) by the
tion of the drug (Table 34). The

S concentra
solving the equations of the Q

isoabsorptive wavelengths v
f the drugs were estimated by
values of the admixtures. Since

amounts O
g unknown Q

the correspondin
the F test for pon-linearity

meQvalucmwereﬁt"Y'e‘"‘"”"“"r”['e o
,bodonenndtheresults;ndlcatedthe

and T test for correlation were
¢ ull Bypothesis 7 ho
. a] val anbonghthecorrehﬁonwetﬁcientfor

curves for

rejection O
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181

e Hydrochloride and Diazepam

s of Determination of Imipramin
ot Method

Table 33.Result
in Pure Admixtures by Linear Pl

. P . , b
Solution Solv. Concentration of Concentration of 2 % Relative Error
has -1 -1
Additives (mcgml ) Drugs (mcgml ) IMP DIZ
LAC PVP CAR IMP DIZ
ACT FND ACT FND
Pure Drugs A — — 25.00 2497 500 481 -0.12 _3.80
Pure Drugs 4 600 — — 25.00 26.20 500 4.68 4.80 6.40
Pure Drugs A — 600 — 25.00 26.60 500 470 6.40 8.87
Pure Drugs A i e 4 25-00 26-06 5-00 7.85 4.24 30.83
A- 0.1M HCI

drochloride DIZ - Diazepam
alue LAC - Lactose CAR- Indigocarmine

[MP - Imipramine by
ACT - Actual value FND - Found ¥
PVP - Pol)vinylpyrrolidone .
* wavelength range used for collection of datd points was 264-.300,,,“;
concentfation obtained from the slope and intercept of the linear curve plot
b Based on five replicate determinations



Table 34. Regression Analysis of Absorbance Ratio Values of Imipramine hydrochloride and Diazepam

Solvent  Composition of Regression Equation®  Corr. Rz, %° F test Values © Test for Signiﬁcanced Standard Error®
Solution (mcg ml'l) (262 nm for IMP coeff. Crit Calc of Evidence of Slope Intercept
Mp DIZ and 290 nm for DIZ) Correlation
Crit Calc
0.IMHCI 1030  0-20 Q = 0.0164X,,,+1.1910 0.9985 99.70 10.31 1011 3.18 31 0.0005 0.0109
0.IMHCI 1030 0-20 Q= 0.0499X,, +0.8194 0.9999 9999  10.31 35108 3.18 187 0.0003 0.0033

IMP- Imipramine hydrochloride DIZ - Diazepam * Based on values used for Q curve plot; concentration of drug in meg ml™
Coefficient of determination which is the ratio of the sum of squares due to regression to the sum of squares about the mean
F test based on F statistic ( a one tail test); F value is the ratio of mean square due to regression to the mean square about regression; F calc is the
F (1, n-2) value at 5% significance level; F crit is the F (1, n-2) value from the F ratio table for 5% significance level; n is 5 for both the drugs

Student's t test for correlation (a two tail test): T calc is the T(n-2) value at 5 % level of significance and T crit is the T(n-2) value for 7 distribution
table at 5% significance level; n is 5 for both the drugs

Standard error of slope and intercept are the standard deviations of slope and intercept; standard error of estimate is the standard deviation of
residuals of y on x regression where y is the absorbance ratio value of the admixture and x is the concentration

c

e




tbemultsoftheassayofimipnmineHCIanddhzepammowedthatthe

methodw:ssujmbleﬁ:rtbemﬁmﬁonofthedmgﬁnspiteofthes:lrntio
inwbkhthedr'ngsmmpmentmthewmmrdﬂlmpB-Omofthe

reasons for the applicability of the method for the estimation of the drugs
was that the absorption intensity of diazepam Was almost twice as that of
imipramine HCl in 0.1M HCl solvent at the wavelength of 290nm.

As a result, from the point of view ©
became 5:2. The concentration range chosen for the method did not permit

the estimation of the drugs in Brand D in which the ratio of imipramine
HCI : diazepam Was 25:2 although the estimation in this Brand had been
possible by second-order derivative 5pectl'0ph0t0metl'}’- The disadvantage
of this method when compared 10 method was that
ts, if anys

second-order derivative
the absorption of the excipien ot the chosen wavelengths of 262

such concentrations in the final working

bute additives in
measurements. This was

not contri
in the absorption

solutions as to interfere

evidenced by the 2ss2Y results

nd-ord r derivative m od

For this method, the spectr2 f ord
converted to second-order derivative spectra
nd-order

in table 35.

Jutions Were recorded in 0.1M

,'ngpointoftheseco
andthatofdiazepamat
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T‘able 35. Results of Assay of Imipra
Commercial Samples by Linear Plot an

d Absorbance Ratio Method

mine Hydrochloride and Diazepam in

Mean Recovery, % *

a
Average of ten determinations:

LPM - Linear Plot Method

assay as percentage of 1ab

ARM - Absorbance€ Ratio Method

Sample  Method Label Claim
(mg/tablet)
IMP DIZ IMP DIZ
-
Brand A LPM 25 5 98.26 + 0.22 100.35£0.38
Brand B LPM 25 5 99.89 +0.27 99.23 % 0.94
BrandC  LPM 9% 2 99.26 +0.57  99.71+0.56
Brand A  ARM - 5 99.32 +0.47  98.83 +0.88
Brand B ARM 95 5 100.33 £0.96  98.83 £0.63
_Efl_ﬂd C ARM ‘—2—1—-————’_2——____ 99.55 +0.33 99.93 + .12
el claim
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d T i i
rugs. Thus these zero crossing points were used for the estimation of the

drugs without interference from each other.

The small standard deviation values showed the precision of the derivativ
e

method (Tables 36 and 37) an
indicated regression through o

variation as well as the correlatio
F test values for each concentration of

Jess than that of the critical values at
linearity of the d*A/d)\? values with

d the negligible intercepts of the equations
r close to the origin. The co-efficient of

n co-efficient values were found to be

quite satisfactory. The calculated
the drugs (Tables 36 and 37) were
5% significance level and proved the
ncentration of the drugs. T
hat 99.83 - 99.95% variatio

the concentration of the-d
regression to the mean square

that of the co he co-efficient of determination

values showed t
accounted for by

n in the derivative values were

rugs in solution. The results of

of mean square due to
(Table 38) showed t

o/, level of s
the derivative values. The

r than the critical valwes

F test using ratio
he calculated values to be much

about the regression
higher than the critical values at5s

relationship between concentration and
calculated T test values were also greate
i 5% level of significance. The

uitesmallandthesmndard

ignificance proving the linear

standard error of slope and intercept were q
e various geries of golutions was less when

e in the dzA/‘nz values
). The ratio of residuals

error of estimate
from point to point in

compared to the typical chang

nding calibration ¢t
owed 2

rve (Table 36-38
scatter ‘which was random. The

admixtnreofthedrngsto

the correspo
expressed as percentageé sh

the excipients on

as mentioned earlier will be
which i
pend on the d

interference of
transformation,
interference by
order of the trans

produCillg a spectrs
formation will de
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Composition of Mean value of * Coefl. of Standard Ratio of F test for

the solution Fa/ar’ variation error " residual ©  non-linearity d
(meg mI”) (2758m) (%) (%) Crit Cale
IMP DIZ
10 0 0.0015 + 0.0001 667 0.0001 94.46 348 147
20 0 0.0030 £ 0.0001  3.26 0.0001 9727 348 156
30 0 0.0042 £ 0.0001 3.5 0.0001  102.86 348  0.64
40 0 0.0057 +0.0002 4.8 0.0001  102.15 348 019
50 0 0.0073 £ 0.0002  2.79 0.0001 99.65 348 036
60 0 0.0087 £ 0.0002  2.37 0.0001 10111 348 036
70 0 0.0104 + 0.0002 258 0.0001  98.53 3.48 020
10 5 0.0015 + 0.0001 577 0.0001  94.25 348 297
20 5 0.0029 + 0.0001  3.65 0.0001  97.54 3.48 1.83
30 5 0.0042 +0.0002  5.67 0.0001  103.30 3.48 036
40 5 0.0057 £ 0.0003 539 0.0001  102.11 348 023
50 5 0.0075 + 0.0002 278 0.0001  98.56 348 0.52
60 5 0.0087 £ 0.0004 423 0.0001  101.78 3.48 0.16
70 5 0.0105 + 0.0003  2.65 0.0001  98.53 348 029

T S
[MP - Imipramine Hydrochloride DIZ - Dbimp'm o

* Average of ten replicate determinations; Standard deviation of the mean

€ Ratio of the calculated y value to actual y value expressed as %

. Ms F(w)n;mfmml«"umefors%level

Based on F test pon-linearity; F
o Jor 2 / Ss where SY is the standard error of estimate and Ss

of nce; F
significa m ¢ ten replicate determlnatlons for a single concentration of

is the standard devi
the drug (measurement of y)
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Table 37.Selectivity v of the Method for the Determination of Diazepam

Second-order

E&nwlwéw by
Derivative Spectrophotometry

Pemm— ; ,
omposition of  Mean value of * Coefl. of Standard Ratio of F test for
the solution d Ajd}f variation  error b residual © non-linearity
(meg mi”) (258nm) (%) (%) Crit Cake
DIZ IMP

— D
2 0 0.0487 £ 0.0002 059 0.0001  97.94 348 037
3 0 0.0725 + 0.0005  0.69 0.0001  100.13 348 007
4 0 0.0970 £ 0.0002  0.28 0.0001  100.41 348 0.25
3 0 0.1216 £ 0.0003  0.29 0.0001  100.52 348 0.15
6 0 0.1469 £ 0.0003 023 0.0001  100.13 348 017
7 0 0.1703 £ 0.0004 026 0.0001  100.93 248 011
8 0 0.1987 + 0.0004 019 0.0001  99.03 348 0.13
2 40 0.0486 + 0.0003 0.59 0.0001  97.95 348 0.19
3 40 0.0722 + 0.0003  0-48 0.0001 10033 348 014
4 40 0.0097 £ 0.0003 0.26 0.0001  100.25 348 0.25
] 40 0.1218 + 0.0004 0.29 0.0001  100.37 348 0.13
0 40 0.1469 + 0. 0.21 0.0001  100.16 348 017
7 40 0.1703 £ 0.0003 0.24 0.0001 101.11 3.48 0.10

, MP- Imipramine Hydrochloride DIZ - I:mzepcm T —

. Average of ten replicate determinationss Sf’“d"d” o of the mean

i Ratio of the calculated y V21®€ .to actual Y vil"; ?P s m - able for 5% level

arity; F criical = 5,9 va
error of estimate and Ss

Based on F test for non-line T
2,gs” where Sy

of significance; F calcalated = Sy i
replicate determill

is the standard deviation of 17
the drug (measurement of ¥)

is the standard
ations for 2 single conc

entration of

191



Table 38. Regression Analysis of Imipramine HCl and Diazepam Standard Solutions
S : ; b
Sample Composition of Regression Equation *  Corr. Rz, % = Ftest Values®  Test for Significance 4 Standard Error
-1 .
Solution (megml ') (275 nm for IMP coeff. Crit  Calc of Evidence of Slope Intercept Estimate
iMP DIZ and 258 nm for D‘Z) Correlation
Crit Calc
Series A 10-70 0 y = 0.0001x - 0.0001 09993  99.87  6.61 3987 2.57 63 0.0001  0.0001  0.0001
Series B 10-70 5 y = 0.0001x - 0.0001 0.9992 99.83  6.61 2956 2.57 54 0.0001 0.0001  0.0001
Series C 0 2-7 y = 0.0248x - 0.0019 0.9997 9995  6.61 1079 2.57 104 0.0002 0.0012 0.0001
Series D 40 2-7 y = 0.0249x - 0.0022 0.9997 9995 6.61 9406 2.57 96 0.0003 0.0014 0.0001
SeriesE  10-70 5 y = 0.0001x - 0.0002 0.9990 99.76  6.61 2157 2.57 46 0.0001 0.0001 0.0001
Series F 10-70 5 y = 0.0001x - 0.0002 0.9991 99.79  6.61 2459 2.57 49 0.0001 0.0001 0.0001
Series G  10-70 5 y = 0.0001x - 0.0001 0.9994 9976  6.61 2157 2.57 46 0.0001  0.0001  0.0001
SeriesH 40 $ y = 0.0249x - 0.0025 0.9996  99.93  6.61 7462 2.57 86 0.0003  0.0015  0.0001
Series 1 40 27 y = 0.0249x - 0.0025 09996 9992  6.61 6803 2.57 82 0.0003  0.0016  0.0001
Series J 40 2-17 y = 0.0248x - 0.0020 0.9998 9990 6.61 8455 2.57 84 0.0003 0.0015 0.0001
IMP -Imipramine HCl  DIZ - Diazepam * Based on seven calibration values; concentration of drug in meg ml”
b Coefficient of determination which is the ratio of the sum of squares due to regression to the sum of squares about the mean

F (1, n-2) value at 5% significance level; F crit is the F (1, n-2) value from the F ratio table for 5% significance level; n is 7 for imipramine HCI as
well as diazepam.
d

© F test based on F statistic ( a one tail test); F value is the ratio of mean square due to regression to the mean square about regression; F calc is the
Student's t test for correlation (a two tail test): T calc is the T(n-2) value at 5 % level of significance and T crit is the T(n-2) value for ¢ distribution
table at 5% significance level; n is 7 for both imipramine HCI as well as diazepam.
e

Standard error of slope and intercept are the standard deviations of slope and intercept; standard error of estimate is the standard deviation of
residuals of y on x regression where y is the d*4/d7* value and x is the concentration
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which would approximate the spectral pattern. For example, the second-

order transformation will be able to eliminate spectra which approximate a

linear function whereas interferences which may be approximated by a

¢ function would require 2 third-order transformation. As can be

quadrati
.32, the second-order transformation will be able to

seen from figures 21
eliminate the interference of typical additives such as lactose, pvp and

bove 250nm. This was clearly seen in the case of the

indigocarmine 2
estimation of imipramine HCI and diazepam which were estimated at 258

and 275nm. The regression equations were very similar.

The results of the estimation of imipramine HCI and diazepam in synthetic
mmercial formulations by second-order derivative

admixtures and c0
spectrophotometry have been given in table 39. The estimation of synthetic
admixtures were done using 2 concentration of 25 meg/ml of imipramine
HCIl and 5 mcg/ml of diazepam which resulted in a mean recovery of
100.68 and 99.40% for imipramine HCI and diazepam respectively.

on of diazepam was the mean point of the

Actually, the concentrati
calibration range whereas not the mean point
of calibration which was 40

952, confidence Jevel range were
results were well within the official limits (for single
92.5-107.5 [3] and 93-107 (1] for imipramine HCI and 92.5-107.5 [3] and

that of imipramine HCI was

meg/ml. But the assay res
found to be satisfactory since the assay
component tablets) of

alts as well as the

90-110 [3] for diazepam:
and 39 showed difference in the mean
r the same commercial

second-order derivative
more accurate since it uses the calibration data at 2 particular
which had been fit by least square method whereas the linear

The absorbance ratio

ple wavelengths:
method; put will not e able to eliminate

method was
wavelength
plot method
method also

uses data at multi
uses the Jeast gqua]’e



Table 39. Results of the Assay of Pure Drug Admixtures and Commercial
Hydrochloride and Diazepam by

Formulations of Imipramine
Second-order Derivative Spectrophotometry

194

Sample Composition ~Label Claim Mean" 95% Confidence’
of Solution (mg/tablet) Recovery Level Concen.
-1
(mcg ml ) Range
Mp DIZ IMP DIZ MP DIZ IMP DIZ
I
Pure Drug 25 5 — s 100.68 9940  99.05-10230 9931-99.48
Admixture
Brand A 25 5 25 5 97.48 9940 05.85-99.10 99.31-99.48
Brand B 25 5 25 5 100,70 9942 99.07-102.30 99.33-99.50
Brand C 25 5 25 5 9692 99.50 95.29.98.54  99.42-99.58
Brand D 50 4 25 2 103,06 9987 1015910472 99.78-99.95
IMP - Imipramine hydrOChloride DIZ - Diazepam .
age of label claim calculated

assay as percent

f pure drug admixtures (Equations of Series B

n dctcrminations:

* Average of te
ations 0

from the regression equ
and Series D)

b Concentration range
5 degrees of freedom

at 95% confidence level using t test (a two tail test) with
hydrochloride as well as diazepam

for both imipramine



the contribution of the additives, if any, at the chosen wavelengths for

the estimatio ion of imipramine HC] and diazepam by
second-order derivative method, the basic advantage of the second-order

the elimination of the spectral contribution of additives
since the additives

function at

estimation. During

transformation Le.,
such as lactose, pvp and
show a spectral pattern whic
the wavelengths of 275 and
second-order transformation-

coloring agents was not lost
h can be approximated by a linear
258nm making their elimination possible by
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5.04 DETERMINATION OF DIPHENHYDRAMINE HYDROCHLORIDE
AND DIAZEPAM IN PURE ADMIXTURES AND TABLETS BY
LINEAR PLOT AND SECOND-ORDER DERIVATIVE
SPECTROPHOTOMETRIC METHODS

INTRODUCTION

The combination of diphenhydramine hydrochloride with diazepam as

a tablet preparation has been introduced in the market for treatment of
insomnia, allergy and status epilepticus. Chemically, diphenhydramine
hydrochloride is (RS) _2-benzhydryloxyethyldimethyl amine hydrochloride
and diazepam is 7-chloro-1,3—dihydro-l—methyk5phen1y_1’4_benmdhzepin_ 5
ported thus far for the estimation of diphenhydramine

one. The methods re
include non-aqueous titrimetry [227], atomic absorption

28] sPectrOﬂuorometxy [229], spectrophotometry [230-
233] including application of orthogonal function method [2;3(: a::: s;c;:;-
order derivative method for estimation in nasal drops [233]

23 methods for estimation of diazepam include potentiometry
[234,235]. The alse 15], spectrophotometry [216-219],
[214), differential P

hydrochloride
spectrophotometry 2

HPLC [223-226]. The

mtly [220], TL - . - .
l s‘llw i itri 2;] aﬂd

i e and S
include non-aqueous titrimetry 2]

ratus
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photometer using lecm matched quartz cuvettes. The resolution of the

spectrophotometer for recording the second-order derivative spectra was

checked as per the procedure in B.P. 1993 by recording the second-order

derivative spectra of 0.02% v/v solution of toluene in methanol and was found

to be satisfactory. The da
been given in tables 40-45.

Standard and Sample Solutions

ta thus recorded with the various solutions have

taining 10mg/ml of diphenhydramine

hydrochloride and Img/ml of diazepam were prepared in methanol by
pure drugs in methanol by thorough shaking. Appropriate
utions were used to prepare different

The stock solutions of the drugs con

dissolving the

ns in 0.1M HCL

volumes of ali

series of solutio

The solutions for linear plot method were prepared with the composition as
shown in table 40. In addition, the series A-J solutions were prepared for

estimation by sec0
ramine HCI of

of solutions of diphenhyd
pipetting out

ries A) comprt
jons (100'300

varying concentratl
umes of aliquots Ko

The first series (5S¢

up the volume

appropriate vol
isted of solutions of

p,m(zomcglml)a-dn
00-300 meg/mb) prepared

varying concentration ¢ aliquofs

by pipetting out the same volumes © . gor solutions into 100ml

tion O b

stock solution 25 in the prepﬂl‘:diﬂe tock golution (lmg/ml) to eac
ml ©

2
volumetric flasks » adding
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flask and making up the volume with 0.1N HCL Similarly, the fourth
of solutions were prepared by using appropriate

series (Series D)
from the diazepam and diphenhydramine HCI stock

volumes of aliquots
solutions so as to give solutions containing various concentrations of

diazepam (10-30 mcg/mi) alo
ml) in 0.1N HCL The series E,F and G were

except that they had lactose (600 mcg/ml),
4 mcg/ml) in them. These additives were

ng with a constant concentration of

diphenhydramine HCI (200 mcg/
exactly similar to that of series C

pvp (600mcg/ml) and indigocarmine
umes of aliquots of stock solutions of lactose

igocarmine (1mg/ml) in water since lactose,

ly‘soluble in water.

added by using appropriate vol

(10mg/mi), pvp (10mg/mi) and ind

pvp as well as indigocarmine weré free

Thirty tablets (of each batch) were finely ground and a weight of the powder

containing app

roximately 500mg of diphenhydramine HCl and 50 mg of
jissolved in methanol, filtered (Whatman No 1. filter

priate volumes of aliquots of the filtrate were used to
taining approximately the concentrations of
given in table 45.

diazepam was
paper) and appro
prepare sample sol
diphenhydramine HC

utions con
| and diazepam 5

Pyrex volumetric flasks at room
the solutions (0.1M HCI) were
hree hours and were

red in low acﬁ_llic

The stability f
period of t
pits (AU) : diphenhydramine
ijn 0.1N HCI by 0.009AU.
rded within 2

in 0.1N HCI

The solutions were¢ sto
temperature till their analysis-

llowing absorbance "

008AU and diazePa s
replicate Jeterminations were noeh
n of the golutions
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rdi th

.0 0.IM HCI were recorded by using 0.IM HCI as the
blank in the Jasco 7800 spectrophotometer. The second-order derivative
spectra of the pure drugs, their admixtures and the tablet sample solutions
were produced by initially recording their normal absorption spectra at the
appropriate concentrations and converting the normal spectra to second-
order derivative spectra by using digital algorithms ( programmed in Jasco
7800). The scan rate used for the recording of the nmormal spectra was

240nm/min and spectral bandwidth 3nm. A data interval of one was found to
be satisfactory. No smoothing of the derivative spectra was found necessary.

The normal spectra

RESULTS AND pDISCUSSION
henhydramine HCI (20 mcg/ml) and

The normal absorption Spectr? of dip
44 clearly indicated the necessity of a

absorption of diphenhydramine HCI
the concentration of diazepam
tio of diphenhydramine HCI :diazepam in
. d 10:1. Thus it may be possible to estimate
commercial formulation was aroun le

diaze in the presence of dipluenllydrsuni!le HCI but the estimation of the
" rence from the former will not be possible.

later without interfe
absorbance ratio method could not be

combination (figure
rugs using the data points

The diphenhydramine HCl and
isoabsorptive point and hence the
estimation of this



1.200

0.400

250

270 290 310

330
WAVELENGTH (nm)
Fig 44. Normal absorption spectra of pure diphenhydramine HCl and diazepam in
0.1M HCl ; concentration of pure diphenhydramipe

(curve 1); concentration of diazepam is 20 meg ml™

HCl is 20 mcg ml?
(curve 2)

350
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enhydramine Hydrochloride and

Table 40.Results of DetErmination of Diph
ar Plot Method

Admixtures by Line

Diazepam in Pure
Solution  Solv. Concentration of Concentration of 2P o Relative Error
Additives megml ) Drugs (megm! ) DPN  DIZ
pac PvP CAR DPN DIZ
AcT FND ACT FND
Pure Dma’ A e ——— 200 200-89 20.00 19.66 0.44 -1.70
Pure Drugs \ wo —— T 200 268.87 20.00 20.20 34.43 1.00
Pure Drugs g e 00— 00 22260 2000 2040 1130 2.00
DPN - Diphenhydramin® hydrocmoride D[Z&D'I‘f:::’oas': CA?I: ;;M HCl
ACT - Actual value FND - Found valué LAC - igocarmine
PVP - i idone
d :'VP Polyvinylpy rrolldc:’f - collection of data points was 253-295nm;
avelength range used 10 lope and intercept of the linear curve plot
concentration obtained from the s 0
determinanon '

b 5
Based on five replicate



L} ; :
able 41. Results of Assay of Diphenhydramine Hydrochlorlde and Diazepam in

202

C ;
ommercial Samples by Linear Plot Method
r‘ _______._.--—'——"__-—
Sample  Method Label Claim Mean Recovery, % ’
(mg/tablet)
ppH  DIZ Dl I
——
Brand A  LPM %0 5 99.35£0.39 99.35+£0.68
(Batch 1) i
BrandA  LPM - 5 4925 £0.78 9943 0.54
(Batch 2) )
—
agsay a8 percentage of 1abel claim

a
A .
verage of ten determinations:

LPM - Linear Plot Method
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tives which would solubilise in the final

nofthedrugs.’l‘bemennreeoveryofthe
linear plot method was almost the same

formulation did not contain addi
dilution and interfere in the estimatio
d . 2

rugs in commercial formulations by

as that of pure drug admixtures (Tables 40 and 41).

Second-order derivative method

For this method, the spectra of the drug solutions were recorded in 0.1M HCI
as normal spectra and converted to second-order derivative spectra using the

t of 275nm of diazepam was used for
and the wavelength of 285nm at
¢ HCI became zero was chosen for
tive values of diphenhydramine
7) and the derivative values of

digital algorithms. The zero crossing poin
the estimation of diphenhydramiﬂe HCl
ramin

which the d>A/dA” value of diphenhyd

the estimation of diaze

HCI at 275am ( by and by i
diazepam at 2850m (2 and ™ in figures 46
;ons and independent of each

o the correspond
imation of the drugs-

d 48) were found to be

Proportional t
other and hence used for the &
alues precision of the derivative

d the negligi
r close to
nt values the

aﬂculated Fitest ¥
than that of the

The small standard deviation Vv
method (Tables 42 a0d 43) an

indicated regression through ©
co-efficie

alues for each

values have been give
concentration of the d
Critical values at 570 Slgi“w feve d

tion Of the . .
values with that of jon in the derfvatYe

determination values showed s 99:40 :
“.shon Of
jon to the mean
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Fig 46

. Second-order derivative spectra of pure diazepam in

0.1M HC\ (diazepam concentration:10,20 and 30 meg mi"
in curves 1,2 and 3 respectively)
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0.000




g2a /7 d>

0.025% |,
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Fig 48. Second-order derivative spectra of drug admixture of diazepam and
diphenhydramine HCl in 0.1M HC; concentration of diphenhydramine
HC), 200 mcg ml" ; concentration of diazepam : 10, 20 and 30 mcg ml” in

curves 1,2 and 3 respectively




Table 42. Selectivity of the Method for the Determination of Diphenhydramine
f Diazepam by Second-order Derivative

Hydrochloride in the Presence 02==

Spectrophotometry
mc)n of Mean value of 2 Coeff. of Standa:d Ratio Ofc F test for .
the solution dz AJ dlI variation error residual non-linearity
(meg m]'l) 275am) (%) (%) crit Cale
DPH DIZ | -
e //—;“’- 363 032
100 0.0001 100.11 K
. 0.0061 + 0.0002 3'?; oot 9B 368 0.32
1% 0 0.0086 + 0.0002 % ; 0.0001 99.88 3.63 0.43
7 0 0.0109 + 0.0003 1.9 e 99.52 363 032
263 0 0.1346 + 0.0002 ;'gg o001 10145 3 0.17
0 0.0156 + 0.0003  °~ ' 99.27 3.63 017
300 175 ool ‘
1 20 0.0061 + 0.0002 > o001 9973 363 022
]40 20 0.0086 £ 0.0003 3.82 0'0001 100.29 3.63 0.24
0 20 0.0109 + 0.0002 2.72 0.0001 99.03 3.63 025
5263 20 0.1357 + 0.0003 2-?41 0.0001 101.62 3-g g-:g
20 0004 * : 99.29 3. -
0 2 g'g:;ﬁ i g. 2.17 0.0001
- DiazeP? . the mean
DI - deviation of 1€

D .

+ UPH - Diphenhydramine HCI

¢ Average of te i detcrmiﬂﬂﬁ‘“‘s‘ ressed 85 % .
n replicate Jue eXP F table for 5% level

¢ Batio of the calculated y valoe * acms! Yl‘: F (49) values g error of estimate and S5
of sed on F test for non-linear'’ IFS‘;“: here SY i5 the S";"g 4 single concentra
sipmi = .qations 10
is u:;gl;tlﬁcance; F caicutated f““nyrcpﬁcate determll“““"ls
andard deviation ©
th
¢ drug (measurement of y)
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Table 43. Selectivity of the Method for the Determination of Diszepam
in the Presence of Di dramine H drochloride Second-

order Derivative S hoto

o—— j//—
0 Pz -
t:l“POsnwi:n of Mean valueof *  Coeft of Standard Ratio of Ftestfor
( " Botution absorbance (6A) variation error b pesidual non-linearity
.! ;
D'I.;g ) (285nm) (%) (%) crit Cale
DPH
—_—
:2 0 00061 +0.0002 334 0.0001 9852 3.233 g gz
18 0  0.0085% 0.0002 2.83 0.0001 9983 6 e
2 o 00107400003 332 0.0001 IDI.SS; 83 2
26 0  0.0135%0. 3.16 0.0001 99:;6 B ots
30 o 0015800005 314 0.0001 100 9 s 0%
10 0 0.0184 + 0.0003 1.69 g.(mi ;3'23 ot
200 >4 : ; 0.1
:4 200 g-ggg: : g'ooos 3.6 0.0001 100.3; g:g o1
'22 200 0.0109 00004 3% 0.0001 1(;(; 58 e o8
200  0.0135 + 0.0004 3.24 00001 95 36 o8
. 200 00158+ 00005 2% o000t 10061 e
5 200 0.0184% 0. 1.91 o.0000 %

Dp N
" Ave H - Diphenhydramine HC!
: rage of ten replicate determillations;
p valwe exproﬁs‘d s F table for 5%

a "tio of the calculated y va1ue t° actual Y V2 49 ~alpei®

sed o s
n F test for non- linearity’ zc - i -
" . o tions for 8§

of gion: 7
istillgnlﬁc’nce; F calcuiated ~ Sy / e
e standard deviation of 1" replicate

¢ drug (measurement of Y)



Table 44. Regres

sion Analysis of Diphenhydramine Hydrochloride and Diazepam Standard Solutions
Sample Composition of : Regression Equation * Corr. R% %"  F test Values ¢ Test for Significance * Standard Error’
Solution (meg ml™) (275 nm for DPH coeff. Crit Calc of Evidence of Slope  Intercept  Estimate
DPH DIZ and 285 nm for D12) Correlation
Crit Calc
Ser'v:es A 100-300 \] y = 0.0001x + 0.0001 0.9996 99.92 3.63 5553 2717 74 0.0001 0.0001 0.0001
Sen.es B 100-300 20 Y = 0.0001x + 0.0001 0.9995 99.90 3.63 4134 2.1 64 0.0001 0.0002 0.0001
Sen‘es cC 0 10-30 Y =0.0006x - 0.0001 0.9996 99.94 3.63 6471 2.1 80 0.0001 0.0002 0.0001
SeriesD 200 10-30 y = 0.0006x - 0.0001 0.9998 99.96 3.63 12186 2171 110 0.0001 0.0001 0.0001
Series E 100300 20 ¥ = 0.0001x + 0.0001 09992 9992 3.63 2588 2.71 50 0.0001 0.0002 0.0001
Series F 100-300 20 ¥ = 0.0001x - 0.0001 0.9994 99.89 3.63 3671 2.11 60 0.0001 0.0002 0.0001
Seﬁ_es G 10030 20 Y = 0.0001x - 0.0002 0.9997 99.90 3.63 3512 2.11 51 0.0001 0.0001 0.0001
SeriesH 200 10-30 Y= 0.0006x + 0.0001 0.9990 99.89 3.63 1314 i 36 0.0001 0.0003 0.0001
Series1 200 10-30 = 0.0006x - 0.0004 0.9995 99.50 3.63 804 e i 28 0.0001 0.0004 0.0001
Series I 200 10-30 ¥ = 0.0006x - 0.0003 0.9998 99.45 3.63 309 271 109 0.0001 0.0004 0.0001
- - : : : 1
DPH - Diphenhydramine Hydrochloride  DIZ - Diazepam * Based on six calibration values; concentration of drug in meg ml
b Coefficient of determination which is the ratio of the sum of squares due to regression to the sum of squares about the mean
C

diphenhydramine hydrochloride as well as diazepam
)

F test based on F statistic ( a one tail test); F value is the ratio of mean square due to regression to the mean square about regression; F calc is the
F (1, n-2) value at 3% significance level; F crit is the F (I, n-2) value from the F ratio table for 5% significance level; n is 6 for both

e

Student's t test for correlation (a two tail test): T calc is the T(n-2) value at 5 % level of significance and T crit is the T(n-2) value for ¢ distribution
table at 5% significance level; n is 6 for both diphenhydramine hydrochloride and diazepam

Standard error of slope and intercept are the standard deviations of slope and intercept; standard error of estimate is the standard deviation of
residuals of y on x regression where y is the & A/d7* value and x is the concentration
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¢ Admixtures and Commercial

Table 45. Results of the Assay of Pure Dru

e hydrochloride and Diazepam

henhydramin

Formulations of Dip Y
by Second-order Derivative Sgectrophotometg

Mean”

Label Claim
Recovery

(Sample Composition
(mg/tablet)

of Solution

(mcgml't)
DIZ pPH DIZ

95% Conﬁdenceb
Level Concen.
Range
DPH DIZ

ssay as p¢
ure drug 2

DPH - Diphenhydr
f ten determi
n equa

* Average 0 pations; 2
from the regressio tions of P

i and Series D) i
Concentration ran e at 95% confl

Sy TS both diphenhydr

4 degrees of freedom for
diazepam

ence level using t
amine

DPH D DPH

Pure Drug 200 20 . — 99.67 9915

Admixture

Brand A 200 20 — - 9868 100.60

(Batch 1)

Brand A 200 20 S — 99.34 99.95

(Batch 2)

Brand A 200 20 e 920 10130

(Batch 3)

amine h_vdrochloride DIZ - Diazepam

rcentage of 1

dmixtures

9531-104.02  98.90-99.39

94.32 -102.97 100.35-100.84

04.98-103.69  99.70-100.19

93.84-102.50 101.05-101.54

abel claim calculated
(Equations of Series B

test (a two tail test) with
hydrochloride as well as
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linear tionship between concentration and the derivative values.
The

calculated T test val
nes were also greater than the critical
values confirming

level of significance. The standard error of
standard error of estimate for the

pared to the typical change in the
ponding calibration curve

the existence of correlation at 5%

slope and intercept were quite small and the

v * - -
arious series of solutions was less when com

m point to point in the corres
ratio of residuals expressed as percentage showed a scatter
m. The gimilarity of the regression equations of pure
rugs to those of admixtures with excipients evidenced the

ce of the excipients on

d*A/dA? values fro
(Table 42-44). The
which was rando
admixture of the d
elimination of interferen

second-order transformation.

ramine HCl and diazepam in

mation of dipbellh)’d
ns by second-order derivative

been given in table 45. The estimation of synthetic

tration of 200 mecg/ml of
pam which resulted in a mean
dramine HCl and diazepam
points of the calibration

The results of the esti
synthetic admixtures and

spectrophotometry have

was done us
0 mcg/ml of diaze

o4 for diphenhy

were the mean
nce the error of prediction was

by the linear plot method as
ed that the drug contents in

admi - ing a concen
diphenhydramine HCI and 2

recovery of 99.67 and 99.15
respectively. trations
range of the corres rugs and be
concentratio™ assay results
rder derivative method sBO¥

- hi theoﬁciﬁllimifs(ineapsulesassingle
¢ diphenhydramine HCI and

Both the concel
ponding d

minimum at this
well as by second-0
the commercial samples were
110% [1] and 93-107 131 ©
92.5-107.5 [3] 04 90-110 [1] for di Amo
second-order derivative is more gdvantageous since it can eliminate

"ts,ifsny,m Jlation provided the

ingredients) of 90-

the interference of the
interfering gpectral patter™ could b®
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3.05 DETERMINATION OF ASPIRIN AND DIPYRIDAMOLE IN
PURE ADMIXTURES AND TABLETS BY LINEAR PLOT AND
__—_~_—_-_———_____
IFFERENCE

SECOND-ORDER DERIVATIVE D
SPECTROPHOTOMETRIC METHODS

INTRODUCTION

The combination of aspirin and dipyridamole is being widely useq
as an anti-anginal preparation. The various methods of estimation of
aspirin [33-68] and dipyridamole [68-73] had already been discusseq in the

sections 2.02 and 3.02 of this report. The official methods for the
estimation of aspirin are HPLC [1] and titrimetry [3] and for dipyridamole

HPLC [1]. Aspirin is chemically O-acetylsalicylic acid and dipyridamole is
2,2'2", 2" -[(4,8-dipiperidino pyrimido [5,4-d] pyrimidine-2,6-djyJ)
dinitrilo] tetraethanol. This section of the thesis report describes the
estimation of these drugs by linear plot method and second-order

derivative difference spectrophotometric method.

Materials, Reagents and Apparatus

1. Hydrochloric Acid - A.R.Grade (E.Merck India Ltd.)
2. Sodium hydroxide - A. R. Grade (Qualigens India Ltd)

3. Methanol - Spectroscopic Grade (Spectrochem. India)

4. Aspirin and dipyridamole were obtained as gift samples.

The second-order derivative spectra Were recorded at a scan rate of
240nm/min with a Jasco 7800 uv-visible double beam scanming spectry
‘min

hotometer using lem matched quartz cuvettes. The resolution of the
- ter for recording the second-order derivative spectra wag
tonre

m L)
’ ) the procedure in B.P. 1993 by recording the second-order
checked as per o st of R

derivative spectra of 0.02%



———
214

mdtobesaﬁaﬁctory.Thedatathmrpcordedwithtbevnriosohﬁom
ve been given in tables 46-51.

andard and Sample Solutions

he stock solutions of the drugs containing 1mg/ml of aspirin and Img/m]
I dipyridamole were prepared in methanol by dissolving the pure drugs
2 methanol by thorough shaking. Appropriate volumes of aliquots from
the stock solutions were used to prepare different series of solutions jp

0.1IM HCI and 0.1M NaOH.

The solutions for linear plot method were prepared with the composition
as shown in table 46. In addition, the series A-J solutions were prepared
for estimation by second-order derivative difference Sl’e“l'ophotomeu-y_
Each of the solution in the series were prepared in duplicate as equimolar
solutions in 0.1M HCI and 0.1M NaOH so as to record the zero-order
difference spectrum of each of the solution by scanning acid solutiop vs

basic solution.

The first series (Series A) comprised of solutions of aspirin ofmrﬁng

concentrations (20-40mcg/ml) prepared by pipetting out approprigte
volumes of aliquots from the stock solution into 100ml volumetric flasks

and making up the volume with 0.IN HCI and 0.1M NaOH. The seconq
series (Series C) consisted of solutions of dipyridamole of Varying
concentration (2040 mcg/ml) prepared in a similar fashion in 0.IM HCy
and 0.1M NaOH. The third series (Series B) comprised of mixtures of the
drngsmﬁngawMHtwmmﬁOIOfdipymmnng/mnma
mmﬁonorsphinao-wmcg/ml)md the fourth seres

(Series D)  of solutions were prepared by  using appropriate
volumes of aliquots from the stock solutions S0 2s o give solutions
concentrations of dipyridamole (20-40 mcg/mi) alopg

containing various



Withaconstantconcenmﬁonofaspiﬁn(Mmcg/mDinthesddicndbuic
’I'heserimE,Fandeereemcﬂ:Vsimihrtoﬂntof;erimC
except that they had lactose (600 mcg/ml), pvP (600mcg/ml) and
indigocarmine (4 meg/ml) in them- These additives were added by using
riate volumes of aliquots of stock solutions of the additives in water

vp as well as indigocarmine were freely soluble in water.
pvp were prepared at a concentration

The st
of 20mg/ml and that of indigocarmine at 1mg/ml.

solvents.

approp
since lactose, P

rand) were finely ground and a weight of the
ight of the tablet Was dissolved  in
red (Whatman No 1. filter
filtrate were discarded and
after dilution in methanol,

Thirty tablets (of each b
powder equal to the average Wé

appropriate volumes of
were used to prepare samp
irin and dipyridamo

concentrations of asp

period of three

007 AU respeﬂi"ely and in 0.1M NaOH by +

0. _
All the ma.surements for replicate
. g time interval of 3045 minutes

AU and *

HCI by + 0.020
0.016 and £ 0-007 rapecﬂ"""‘.

with time.
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*cording of the Spectra

“he spectra for linear plot method were recorded as normal spectra usj
fie appropriate blanks of 0.1M HCI and 0.1M NaOH. o
The zero-order difference spectra of the various solutions were initially
recorded by scanning equimolar solutions in 0.1M HC] and 0.IM NaOH
solvents in the Jasco 7800 spectrophotometer. The second-order derivatiy,

difference spectra of the pure drugs, their admixtures and the table:
- sample solutions were produced by converting the Zero-order difference
spectra to second-order derivative difference spectra by using digital
algorithms ( programmed in Jasco 7800). The scan rate used for the
recording of the normal spectra was 240nm/min and spectra] bandwidth
3nm. A data interval of one was found to be satisfactory. Both the aspirip

and dipyridamole spectra were smoothed once using a data intery. al of 10

RESULTS AND DISCUSSION

The necessity of a simultaneous method for the estimation of aspirip st
dipyridamole has been discussed in section 2.02.

The linear plot method was used for the estimation of these drugs using the
data points between 240-275nm for acidic solutions and 270-325,p, for
basic solutions. The results of the estimation of the drugs in admixtures i
theprwenceandabsenceofaddiﬁvmhavebeengivminm‘m They
sllowthatthemethodlmssveryhighrehﬁveemrﬁ)rthemﬁmﬁoﬂof

the drugs in 0.1M NaOH. Hence the estimation of the drugs had | done
in the solvent of 0.1M HCI for commercial formulations the results .

which have been presented in table 47.
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Table 46.Results of Determination of Aspirin and Dipyridamole in Pure
plot Method

Admixtures by Linear
Concentration of ab o -
0 1 v, Relative Error

Concentration of
1 5
Drugs (mecgml ) ASP
D DIP

Solution  Solv.

Additives (mee ml )
LAC PVP CA ASP P
ACT FND ACT FND
— Tl — — 1000 o Tha0 B8 40 e
Pure Drugs A 600 — — 10.00 10.65 14.00 14.30 6.50 2.14
Pure Drugs N 600 s 10.00 12.12 1400 1450 2120 3.57
Pare Drugs X e 4 10,00 1296 1400 1543 29.50 10.21
o e Drugs B - = 1000 1531 1400 1548  53.10 10.57
B  Drugs g 60 . (L 1444 1400 1599 44.40 11.21
B — 600 — 10.00 13.43 14.00 16.62 3430 1872
10.00 1644 14.00 1619 6440 15.42

Pure Drugs
Pure Drugs B : .
. - 0.1M HCl B- 0.1 M NaOH

amole A
AC - Lactose CAR- Indigocarmine

ASP - Aspirin
ACT - Actual value rl:::];
& i Il
’P:Vriv;gg;im:zm for collecnm-] ; aa wi:l tst?vzs:b‘?,}'.ninm for acidic
solution an 70-325 for basic solution concentratio ained from the slope
¢ the linear €V plot
plicate atio



able 47. Results of Assay of Aspirin and Dipyridamole in Commercial Samples by

Linear Plot Method

Sample  Method Label Claim Mean Recovery, % *

(mg/tablet)
ASP DIP ASP DIP
Brand A LPM 40 75 99.86 + 0.42  98.35 £ 0.97
Brand B LPM 60 75 08.25 + 0.57  99.66 + 0.49
BrandC  LPM 100 75 99.77 £0.84  99.22 £ 0.46

) Average of ten determinations; assay as percentage of label claim

-
LPM - Linear Plot Method using 0.1M HY drochlonic act
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nd-order derivativ diff

rug solutions were recorded as zero-

For this method, the spectra of the d
second-order derivative

order difference spectra and converted to
difference spectra using the digital algorithms. The zero crossing point of
estimation.

pirin and 272nm of dipyridamOle were used for the

t272nm(h1andlninﬁgllrﬁ49md

ative values of aspirin 2
Je at 310nm (b, and he in

ative values of dipyridamo
portiOnal to the corresponding

310nm of as
Thus the deriv
51) and the deriv

figures 50 and 52) were found to be PT0
concentrations and independent of each other and hence used for the
estimation of the drugs-

ues ghowed the precision and the

indimted regression through or close
rrelation co-efficient

rd deviation val

The small stand2
of the equation’

negligible intercepts
to the origin. The
values, the calculated
50. The calculated F €3

48and49)wereleasmanth3t°“hec
¢ the d

and proved the linearity © ¢ dote

flicie t o rmind
concentration of the drugs- The c0-¢ "
variation i

that 99.76 - 99.98%
f the drugs i
the mean

by the concentration 0
ratio of mean SqUere due
isted values ©© ¢
. i Jinear
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0.070

0.000

d2A/da2

350

-0.070°
250
nm)
ctra of pure aspirin

corresponding equi-
oncentration: 20,

ig 49. Secon? g  cespectiv
obtained BY s:a(;lﬂ golutionss (Pt
O o curves 1,2 and 3 ¢S )



d2A /7 d a2

0.060

0.030

0.000

—0.030







d2A / d A2




224

j Table 48.Selectivity oftheMabodhrtheDdzrminaﬁnlofm' i
‘ in the Presence of Di i Second-order Derivative
.7 Difference Spectrophotometry

aposition of ~ Mean value of ® Coefl. of  Standard Ratio of F test for
‘e soluation d2 Aldl.2 variation error P residual non-linearity d
acg ml’) (2720m) (%) (%) Crit  Cale
P DIP
0 0.0144 £ 0.0003  2.09 0.0001  100.92 363 027
0 0.0176 + 0.0003  1.64 0.0001  99.87 363 031
0 0.0207 £ 0.0003  1.50 0.0001  99.03 363 022
0 0.0234 0.0003 1.4 0.0001 100.31 3.63 022
0 0.0265 + 0.0004 1.27 0.0001 99.53 363 022
y 0 0.0292 0.0004 1.39 0.0001  100.47 363 015
) 30 00146 e 0.0004 2.53 0.0001 100.25 3.63 0.16
1 30 0.0175 + 0.0003 1.84 0.0001 100.43 363 022
8 30 0.0206 +0.0004 1.73 0.0001 99.40 363 0.18
2 30 0.0234 + 0.0003 1.46 0.0001  100.15 3.63 019
6 30 0.0266 £ 0.0004  1.47 0.0001 9927 363 015
JIP - Dipyridamole ASP - Aspirin o
verage of ten replicate determinations; Standard deviation of the mean
: ressed as %o
atio of the calculated y value to actual y value exP
= F(w)vﬂ-uﬁomli‘t-blefors% level



Table 49. - o1 the Method for the Determination of Dipyridamole
in the Presence of Aspirin_by Second-order Derivative Difference
S hoto

.. S

Composition of Mean value of * Coefl. of Standard Ratio of F test for
the solution a2 azdr’ variation  error P residual ©  mon-limearity d
(meg ml™) (310nm) (%) (%) Crit Cale
DIP  ASP

y e e

20 0 0. 1.69 0.0001 100.02 3.63 0.09
YR o.g_f'::i g:m L oot 10030 363 013
28 0 0.0363 + O‘W l.l 1 O.W)l 99-49 3-63 0.]1
32 0 0.0412 + 0.0003 0.67 0.0001 100.29 363 022
36 0 0' 0466 + 0.0003 0.77 0.0001 99.79 3.63 0.4
40 o oosi6x00004 07! o001 10011 363 013
2 30 oozs6:00004 1S oot 10000 e o
24 30 0.0309 + o'owd 1.44 0.0001 100.04 363 0.09
28 = posidn 00004 115 o.0001 9948 3.63 016
2 . . 0.82 0.0001 100.33 3.63 0.10
36 30 0.0411 £0.0003 ooo0t 97 3.63 013
. 0.0466 + 0.0004 0-?; ooo01 10013 363 0.06

w"—

. DIP . Dipyridamole

Average of ten replicate dete y ’ val
actual ¥
hue'62 F (4.9) valess

(4

d Ratio of the calculated y V2
Based on F test carity; F a5
for non-lin 3, o3 where Sy is

rminations
ue eXP

=

of significa

: nce; F cateuisted = SY

;ﬂle standard deviation of t€® repticate 4¢t¢
e drug (measnrement of ¥)

ASP - Aspfli' b grandard devi®

the
tions

as %

{orasilsl‘w'“

tion of the mean

F table for 5% level
error of estimate and S8

atration of

0o



e

error of estimate for the various series of solutions was less when
compared to the typical change in the d*A/dA’ values from point to point in
the corresponding calibration curve (Table 48-50). The ratio of residuals
expressed as percentage showed a scatter which was random. The
sinﬂn‘rﬂyoftberegrmioneqmﬁomofpnmadminmofthedmggm
those of admixtures with excipients evidenced the elimination of
interference of the excipients on second-order transformation coupled with

difference spectrophotometry.

The results of the estimation in synthetic admixtures and commercial
formulations by second-order derivative difference spectrophotometry
have been given in table 51. The estimation of synthetic admixtures was
done using a concentration of 30 mcg/ml of the drugs which resulted in a
mean recovery of 99.12 and 99.81% for aspirin and dipyridamole
respectively. The concentration of 30mcg/ml was the mean point of the

edmgsandheneetheerrorofpmdjcﬂonm

calibration range of both th
tion. But the assay of the tablets was done by

minimum at this concentra
nsofaspirinanddipyﬁdﬂmolesincethem

using different concentratio
recovery was good even at this concentration. The assay results by the
by second-order derivative method showed

rdgjsgmplelwerewﬂhintheoﬂichl

linear plot method 33 well as
[3] and 90-110 [1] for

that the drug contents i the comme

limits (in tablets as singlé ingredients) of 95-105%
ridamole. The pk, of aspirin was 3.5 and

aspirin and 90-110 (1] for dipy ' -

that fdjpyridamﬂlewﬁ&i Heneeﬂledrlgsohmnsmo.lMHa(Pﬂz
o . .

1-0)andino.lMNaOH(PHssls.O)wﬁdwﬂfﬁlﬂstl_spﬂm
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Sample Composition of Regression Equation* Corr. Rz, %®  Fiest Values © Test for Significance Standard Error®
Solution (mecg ml") (272 nm for ASP coefT. Crit Cale of Evidence of Slope Intercept Estimate
ASP DIP and 310 nm for DIP) Correlation '
Crit Calc
Series A 20-40 0 y = 0.0007x - 0.0002 0.9996 99.94 7.1 6258 2.78 79 0.0001 0.0002 0.0002
Series B 20-40 30 y = 0.0007x - 0.0001 0.9997 99.94 M 6793 2.78 82 0.0001 0.0002 0.0001
Series C 0 20-40 y = 0.0013x - 0.0001 0.9999 99.98 7.7 26155 2.78 161 0.0001 0.0002 0.0001
SeriesD 30 20-40 y = 0.0013x - 0.0002 0.9999 99.98 7.7 25689 2.78 160 0.0001 0.0002 0.0001
SeriesE  20-40 30 y = 0.0007x - 0.0001 0.9995 99.90 7.7 8769 2.73 85 0.0001 0.0002 0.0001
Series F 20-40 30 y = 0.0007x - 0.0002 0.9994 99.90 7.1 7655 2.73 102 0.0001 0.0002 0.0001
Series G  20-40 30 y = 0.0007x - 0.0001 0.9998 99.84 7.71 7768 2.73 99 0.0001 0.0002 0.0001
SerfesH 30 20-40 y=0.0013x-0.0002 0.9997 99.92 7.7 22341 2.73 180 0.0001 0.0002 0.0001
Series I 30 20-40 y = 0.0013x - 0.0001 0.9996 99.87 7.7 21234 2.73 220 0.0001 0.0002 0.0001
Series J 30 20-40 y = 0.0013x - 0.0002 0.9995 99.76 7.71 22675 2.73 176 0.0001 0.0002 0.0001
ASP - Aspirin  DIP - Dipyridamole * Based on six calibration values; concentration of drug in mecg ml”
> Coefficient of determination which is the ratio
c

of the sum of squares due to regression to the sum of squares about the mean
F test based on F statistic ( a one tall test);

F (I, n-2) value at 5% significance level;

F value is the ratio of mean square due to regression to the mean square about regression; F calc is the
dipyridamole

F crit is the F (1, n-2) value from the F ratio table for 5% significance level; n is 6 for both aspirin and

Student's t test for correlation (a two tail test): T calc is the T(n-2) value at 5 % level of significance and T crit Is the T(n-2) value for # distribution
table at 5% significance level; n Is 6 for both aspirin and dipyridamole

€

Standard error of slope and intercept are the standard deviations of slope and intercept; standard error of estimate is the standard deviation of
residuals of y on x regression where y Is the &' 4/d3* value and x is the concentration
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i

- difference method, will not only be a function of the transformation using
Jd,gim.lgonmmg bnta!sotbesmultaneousscnnnmgoftheeqmmohr
I solutions in acidic and basic solvents. Hence there is always a possibility of

enhanced discrimination against interfering substances with second-order

 derivative difference method in comparison to that of second-order
derivative method, especially when the interfering substances do not
andergo spectral alteration due to change of pH resulting in cancellation of
nterfering absorbance when the equimolar acidic and basic solutions are
scanned for recording of the zero-order difference spectra.

b~

=9
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re Drug Admixtures and Commercial

Table 51. Results of the Assay of Pu g
d Dipyridamole b Second-order

Formulations of Aspirin an

Derivative Difference Sgc_trophotometg

. 2 b
Sample Composition Label Claim Mean 95% Confidence
of Solution (mg/tablet) Recovery Level Concen.
(mcg ml’) Range
ASP DIP ASP DIP ASP DIP ASP DIP
Pure D 30 30 I — 9912 9981 9873-99.50 99629999
U,
Admlxtnri
Brand A 2760 3450 60 75 [01.19 9942 1008410153 99.23-99.60
Brand . . se25 100 s 9885 10014 98.47-9922  99.95-10032
ASP - Aspirin DIP - Dip vn d:mag;iy as percentage of label claim calculated
a , rmination ’ . . .
?::: flfeo:etge:c:s‘:; equations of PV drug admixtures (Equations of Series B
b and Series D) 95% confidence jevel using test (a two tail test) with
Concentration rangé aftor bo‘;h aspirin d dipyridamole

4 degrees of freedom















farazolidone (20 mcg /ml) and a varyingonneentrlﬁonofmetronidamle
(10-50 mcg/ml) and the fourth series (Series D) of solutions were
prepared by using appropriate volumes of aliquots from the stock
solutions so as to give solutions containing various concentrations of
farazolidone (10-30 mecg/ml) along with a constant concentration of
" metronidazole (30 mcg/mD) in the acidic and pasic solvents. The series E,F
imihrtomatofseriesCemeptthnttheyhadhctose
indigocarmine (4 meg/ml) in them.

propriate volumes of aliquots of

and G were exactly s

(600 mcg/ml), PVP (600meg/mi) and

These additives were added by using 2P
stock solutions of the additives in Water since lactose, pvp as well as
je in water. The stock solution of the

indigocarmine weré freely solub
neentration of 20mg/m! and that of

hctoseandpvaerepreparedataw

indigocarmine at 1mg/mlL

ground and a weight of the
let was dissolved in
(Whatman No 1.

rand ) weré finely
weight of the tab

shaking and filtered
of the filtrate were discarded and

Twenty tablets (of each b
powder equal t0 the average

01N HC1 by £ @
by + 0022 and £ 0.007

0o

0O



with time.

Recording of the S

absorbance ratio methods were recorded as

The spectra for linear plot and
0.1M HCI and 0.1IM

propriate bianks of

arious solutions were initially

of the Vv
M NaOH

. g in 0.1M HC and 0.1

_ The second-order derivative

admixtures and the tablet
the zero-order difference

recorded by scanning
solvents in the Jasco 7800 Specll UpllOto
drugs, their

difference S
converting

sample solutio

<econd-order derivatve

recording of the normal $
3nm. A data interval of one

the spectra was found pecessary”

jidone 1P combined
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340 370 400 430
WAVELENGTH (nm)

Fig 53. Normal absorption spectra of pure metronidazole and
furazolidone in 0.1M HCl and 0.1M NaOH; concentration
of metromdazole in 0.1M HCl and 0.1M NaOH is 10 mcg

ml”’ (curves 1 and 3 respectively)sconcentration of furazoli-

done in 0.1M HCl and 0.1M NaOH is 10 meg mi* (curves
2 and 4 respectively)
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erference will be less in 0.1M

estimation of metronidazole although the int
ptain metronidazole and

NaOH since the commercial formulations co

furazolidone in the ratio of 3:1 or 4:1.

hod was used for the estimation of these drugs using the
n 310-325nm for acidic solutions and 355-380nm for
results of the estimation of the drugs in admixtures in
ce of additives have been given in table 52. They
high relative error for the estimation of
of the drugs had been done

The linear plot met
data points betwee
basic solutions. The
the presence and absen

show that the method has 2 very

the drugs in 0.1M NaOH. Hence the estimation
formulations the results of

in the solvent of 0.1M HCI for commercial
which have been presented i table 54-

he ratio of absorbance of the
to that of the absorbance at
tion [77]. In 0.1M HCI, the
t of

odwasbasedont

The absorbance ratio meth
psorption

wavelength maximum #
ue) for the es

nidamle occurred at 277nm and tha

¢t 295nm. Hence the

i oabsorptive POt #
nidazole were 277am and

o 295um (figare 53)- For

were

drugs at the

the isoabsorptive point @Qval

maximum absorptio? of metro

furazolidone at 3
wavelengths chos€
295nm and those for fu

¢5nm and the

n for the
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razolidone in Pure

Tab //
le 52.Results of Determination of Metronidazole and Fu
lot Method

Admixtures by Linear P
Soluti ///f
ution Solv. € oncentration of Concentration of o Relative Error
Additives (mee ™ 4 Drugs - MND  FZD
; MND FZD
ACT FND

LAC pPVP CAR
14.87 -1.07 _0.87
0.86

T
44.52 15.00
14.87 .0.84

Fars e T = e

e Drugs V60 T e 1500 H62 15.00

purp Drugs A Y [ 45.00 14.84 15.00 14.91 -0.36 0.60

i Brogs & 4 =00 5063 12 1474 12M L 73

s Drugs B e = T 4800 1434 1500 1523 146 153

re Druga - oo bte B0 521 124 ol

Pure Drugs B 7 L 16 150 1534 187 2.27

Pure Drugs = 1536 1.91

MND - Metronid;uﬂle FZD - Furazolidou . 0.1M H((::lAR Bl;g:l M Na_OH

ACT - Actual value FND - Found value Lactose _ [ndigocarmine
jdon¢

l data points was 310 - 325 and 355-380

ned from the slop¢ and

PVP - Poly"iﬂ,\'lp_vrro
for colIeCtion 0 '
concentratwn obtain€

a

Wavelength range ust

am for acidic and pasic solutionss
e lot

intercept of the linear cury
icat¢ crmmatlons

b
Based on five rep!



Table 53. Regression Analysis of Absorbance Ratio Values of Metronidazole and Furazolidone

Solvent Composition of Regression Equation . Corr. R?', % v F test Values © Test for S’lgniﬂclnced Standard Error’
Solution (meg m‘l.") (277 and 318 nm for MND  coeff. Crit Cale of Evidence of Slope Intercept
MND FZD 365 and 260 nm for FZD) Correlation
Crit Cale

0.1MHCL 0-10 0-10 Q=-0.0401Xmna+1.7689 09988 99.76 M 1718 177 41 0.0009 0.0058
0.1M HCL 0-10 0-10 Q = 0.3240Xgp +0.1114 09999 99.99 M 42409 277 208 0.0015 0.0095
0AMNaOH 0-10 010 Q=0.0894Xmma +0.8651 0.9997 99.95 TN 9538 2.1 97 0.0009 0.0055
0AMNaOH ©0-16 016 Q=0.0689Xgp +1.1351 0.9996 99.93 1M 4428 2.7117 66 0.0010 0.0101

MND- Metronidazole FZD - Furazolidone ® Based on values used for Q curve plot; concentration of drug in meg mt?
b Coefficient of determination which is the ratio of the sum of squares due fo regression to the sum of squares about the mean

© ¥ test based on F statistic ( a one tail test); F value is the ratio of mean square due to regression to the mean square about regression; F calc is the
F (1, n-2) value at 5% significance level; ¥ crit is the F (I, n-2) value from the F ratio table for 5% significance level;
4

Student's t test for correlation (a two tail test): T calc is the T(n-2) value at 5 % level of significance and T crit is the T(n-2) value for ¢ distribution
table at 5% significance level;

® Standard error of slope and intercept are the standard deviations of slope and intercept; standard error of estimate is the standard deviation of
residuals of y on x regression where y is the absorbance ratio value of the admixture and x is the concentration
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S:;Ie 54. Results of Assay of Met
ples by Linear Plot and Absor

ronidazole and
bance Ratio Method

239.

Furazolidone in Commercial

P —

- |
Average of ten determinations;
LPM - Linear Plot Meth

ARM - Absorbance

assay as percen

od using 0.1M HCI

Ratio Method using 0.1M HCI

Mean Recovery, % °

Sample Method Label Claim

(mg/tablet)

MD FZD
BrandA  LPM 300 100 99.16 +0.34  100.22 £ 0.45
Brand B LPM 400 100 08.89 £0.41  98.97 £0.83
Brand C LPM 200 50 99.96 +0.78  98.91 £ 0.67
Brand A  ARM 500 100 09.56 +0.76  99.83+0.72
Brand B ARM 400 100 99,21 + 0.82 98.76 + 0.57
_El_‘aﬂl c ARM 200 50 99.34 £0.73 99.33 +0.42
tage of label claim
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Table S5. . <" of the Method for the Dete
nd-order Derivative Difference

in the Presence of Furazolidone by Seco

rmination of Metronidazole

Spectrophotometry
[
COm I
thepmm(.m of Mean value of * Coeff. of Standard Ratio of F test for
(m:'ol"“‘l"‘ d*Asdr’ variation  error b residual © non-linearity *
M ml”) (323 nm) (%) (%) Crit  Cale
—_— FZD
1 /
lg 0 0.0405 + 0.0003 091 0.0001  99:02 329 118
20 g 0.0604 + 0.0004  0-59 omi }gg :;,:g :ﬁ;
0.0804 + 0.0004 048 0. i .
2
3: 0 0.1006 + 0.0004 0.36 0.0001  100.50 329 125
35 0 0.1214 + 0.0003 024 0.0001 99.93 332.;9 11.86
40 0 0.1415 + 0.0004 0.25 0.0001 131;.;4 32 fig
45 0 0.1626 + 0.0003 0.21 0.0001 99'32 e 14
0 0.1826 + 0.0003 0.16 0.0001 : \ .
=0 0 0.202 0.20 0.0001 100.18 329 101
2022 + 0.0004 ;
10 85 0.0001 99.41 329 0.8
20 0.0405 + 0.0003 0.
15 0.59 00001  100.03 320 085
20 0.0604 + 0.0004 £
20 51 0.0001 100.33 329 0.6l
20 0.0805 0.0004 O
25 0.37 0.0001 10044 329 0.74
20 0.1006 + 0.0004 -
30 43 0.0001 99.69 329 0.36
20 0.1218 + 0.0005 0. -
35 27 0.0001 100.07 329 071
20 0.1416 £ 0 0. .
40 0.23 0.0001 9974 329 0.73
20 0.1624 £ 0. . # 20 0
45 9 00001 9997 3, .81
50 20 0.1823 + 0.0004 o.:7 0000 10011 30 081
20 0.2024 £ 0.0004 O v

MND - i p - Furazolidon®
D - Metronidazole FZ b grandard d¢

a
g ::enge of ten replicate determinationss lue exP as %
tio ue to actual Y Y212¢ ¢
d of the calculated Y V# o =F (7,9 yalues from
rd error of

Based on F test
?f significance; F

is the standard devi
the drug (measuremen

for non—[inearity;

3
n of ten replic®
tof )

viatimofthcmen 7

F table for 5% level

estimate and Ss

critica
2 Sy is the 57 z
ss” where 5. wfor’gilglecol“lmhﬂof
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Determination of Furazolidone

Table 56.Selectivity of the Method for the
by Second-order Derivative

in the Presence of Metronidazole

Difference Sm;;hotometg;

[Comp :
omposition of Mean value of ® Coefl. of Stﬂlldﬂrd Ratio of F test for ;
the solution d’ A/dlz variation  €rror residual € non-linearity
(meg ml‘]) (410 nm) (%) (%) Crit Calc
FZD MND —
10 0 0.0344 + 0.0004  0.98 0.0001  100.08 386 017
20 0 0.0687 0_0004 0.62 0.0001 99-93 3.86 0.10
25 o 00859 +0.0004 041 0.0001 99.73 g-:: g.(l):
0 o 010800004 0% ooo01 1001 55 0
u 30 00343 £ 0.0003 03 b lsv9'15 386 0.07
15 30 oo0si5£00004 07 0-%’: 99.93 386 0.06
;g 30 0.0687 + 0.0004 gﬂ 3.0001 99:93 386 007
30 0.0859 0.0004 g ’ ; 0.06
0 30 0.1029%0 4 oooon 10006 3.86
lidone
MND - Metronidazole e o Fura0T Standard dJeviation of the mean
¢ Average of ten replicate determinations: value expressed 35 %
: Ratio of the calculated y v21U€ to actual ¥ 2 F (3,9 values from F table for 5% level
Based on F rest for nan-linea!ifyz; 7 Sy is the 5147 error of estimate and Ss
/Ss  where y ations for 3 single concentration of

of significance; F caleuisted ~ Sy

. : terml
iS the standard deviation of 1€ replicate d¢

the drug (measurement 0 y



Table 57. Regression Analysis of Metronidazole and Furazolidone Standard Solutions
Sample Composition of Regression Equation”  Corr. R, %"  Fitest Values® Test for Significance Standard Error®
Solution (meg ml'l) (323 nm for MND coeff. Crit Calc of Evidence of Slope Intercept Estimate
MND FZD and 410 nm for FZD) Correlation
Crit Calce
Series A 10-50 0 y= 0.0041x - 00004 0.9999 99.99 5.59 15248 237 390 0.0001  0.0003 0.0004
SeriesB  10-30 20 y = 0.0041x - 0.0003 09999 99.99 5.59 24258 237 492 0.0001 0.0003 0.0003
Series C 0 10-30 y = 0.0034x - 0.0001 09999 9999 10.13 16369  3.18 404 0.0001 0.0002 0.0001
SeriesD 30 10-30 y = 0.0034x - 0.0001 0.9999 9999 10.13 51326 3.18 716 0.0001 0.0001  0.0001
SeriesE  10-50 20 y = 0.0041x - 0.000 0.9998  99.99 5.59 23234 237 385 0.0001  0.0002 0.0001
Series ¥ 10-30 20 y = 0.0041x - 0.0003 09999 9992 5.59 14254 237 404 0.0001 0.0003 0.0001
SeriesG  10-30 20 y = 0.0041x - 0.0002 0.9999  99.96 5.59 13245 231 509 0.0001 0.0003 0.0001
SeriesH 30 10-30 y = 0.0034x - 0.0001 09997 9992 10.13 47123 3.8 654 0.0001 0.0001  0.0001
Series 1 30 10-30 y=0.0034x - 0.0001 0.9998 9995 10.13 34567 3.8 608 0.0001  0.0002 0.0001
Series J 30 10-30 y = 0.0034x - 0.0001 09999 9991 10.13 42316 3.8 556 0.0001  0.0002 0.0001
MND - Metronidazole ¥ZD - Furazolidone " Based on 9 and 5 calibration values of MND and FZD respectively; concentration of drug in meg mlfl
® Caefficient of determination which is the ratio of the sum of squares due to regression to the sum of squares about the mean

respectively

© P test based on F statistic ( a one tail test); F value is the ratio of mean square due to regression to the mean square about regression; F calc is the
F (I, n-2) value at 5% significance level; F crit is the F (I, n-2) value from the F ratio table for 5% significance level; n is 9 and S for MND and FZD

4 Student's t test for correlation (a two tall test): T calc is the T(n-2) value at 5 % level of significance and T crit is the T(n-2) value for ¢ distribution
table at 5% significance level; n is 9 and 5 for MND and FZD respectively

¢ Standard error of slope and intercept are the standard deviations of slope and intercept; standard error of estimate is the standard deviation of
residuals of y on x regression where y is the d*A/d7* value and x Is the concentration




uﬁtobemuchhigberthnnﬂlecr‘rticalvﬂuesat

showed the calculated val
59, level of significance proving the linear relationship between
rivative values. The calculated T test values were

the existence of correlation

at 5% level of significance- The standard error of slope and intercept were
i for the various series of

quite small and the standard error 0
i .0 the d?A/dA’

n compared 10 the

concentration and the de

solutions was less whe

transformation coupled with difference 3

The results of the estimation
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Table 58. Results of the Assay of Pure

248

Drug Admixtures and Commercial
le and Furazolidone by Second-order

Formulations of Metronidazo
Derivative Difference Spectrophotometry
I
Sample Composition Label Claim Mean" 95% Cnufidem:eIJ
of Solution (mg/tablet) Recovery Level Concen.
(meg ml) Range
MND FZD MND FZD MND FZD MND FZD
Pure Drug 30 20 — T 9980 10005 99719981  100.01-10009
Admixture
Brand A 30 10 300 100 10030  99.80 100.21-100.39 99.74-99.86
Brand B 30 7.5 400 100 99.79 — 99,71-99.89 S
Brand C 30 7.5 200 50 100.30 e 100.21-10039  ———
Brand A 60 20 200 100 — 99.25 — 99.21-99.28
Brand B 80 20 400 100 — 99.55 — 99,51-99.59
Brand C 80 20 200 50 -_— 100.30 —— 100.26-100.34
: e FZD - Furazolidon¢ .
Ed ND - Metronid2ze inations; $53Y as percentage of label claim calculated
Average of ten deter™ ure drug admixtures (Equations of Series B
from the regression equations 01 P
b and Serics .D ¢ 95% confidence level using t test (a two tail test) with
Concentration range 4 N agole and 3 degrees of free dom for
7 degrees of freedom for metron!

furazolidone
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Among the two methods, the second-order derivative difference method

may more advantageous since it can eliminate the interference of the
in the formulation although the recovery by the linear

methods were also comparable.

excipients, if any,

plot and absorbance ratio



5.07 DETERMINATION OF METRONIDAZOLE AND
ADMIXTURES AND TABLETS BY

NALIDIXIC ACID IN PURE
LINEAR PLOT, ABSORBANCE RATIO AND SECOND-ORDER
RENCE SPECTROPHOTOMETRIC

DERIVATIVE DIFFE
METHODS

INTRODUCTION

n of metronidamle and nalidixic acid as a tablet

The combinatio
of diarrhoea or

widely used for the treatment
ported methods for
« acid include titrimetry [ 240-242}, polarography
244-245], spectrofluorometry
he official methods of

preparation is being
dysentery of amoebic,
the estimation of palidixi
[240], NMR [243] spectro
[246-248], TLC [240, 247,

analysis of metronidazole 10
photometry [1,3] Metro
—yl)ethanol and nalidixic acid is 1-Ethyl-i,4-
hthyﬁdine—3—carboxylic acid. This section
these drugs by linear plot,
difference

photometry (242,

249] and HPLC [250]. T
tablets are HPLC [1] and titrimetry [3] and

for nalidixic acid spectro nidazole is chemically 2-

(2-methyl—5-nitroimidazol-1
8-nap
pes the estimation of

second-order

dihyd r0—7-methyl-4-0xo-1 ’

of the thesis report descri
ratio and

derivative

absorbance
sPectmphotometric methods-

Materials, Reagents and Aegaratlls
de (E.Merck [ndia Ltd.)

.1 . A.R.Gra
Gl’ﬂde (Qua.ﬁgells Ilfldia Ltd)

o0



spectrophotometer for recording the second-order derivative spectra was

checked as per the procedure in B.P. 1993 by recording the second-order
o4 v/v solution of toluene in methanol and was

derivative spectra of 0.02
data thus recorded with the various solutions

found to be satisfactory. The
have been given in tables 59-65.

Standard and Sample Solutions

taining 1mg/ml of metronidazole and
1mg/ml of nalidixic acid were prepared in dimethylformamide by
dissolving the pure drugs in the solvent by thorough shaking.
te volumes of aliquots fro

rent series of solutions in

The stock solutions of the drugs con

Appropria m the stock solutions were used to
0.1M HCI and 0.1M NaOH.

prepare diffe

The solutions

as shown in table
composition a8 given in table 60. In addition,

prepared for
Spectrophotomeﬂ'Y-

, _ . .M HCI and 0.IM
ger difference Spectr™ off e D
pasic golution-

derivative difference

duplicate as eq

record the zero-o
idic golution V8

varying concentraﬁons Pl
nots m

appmpriate volﬂm Of ﬂl‘lq m v With 0.1N HCI ’ll o-lM

i and maldng i of solutions of nalidixic

NaOH. The second o
acid of varying concentratio? ( oL geries (Series B)
Nal .
n in 0.1M HC 0.1M | g 8 ¢ concentration of
drugs
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Nalidixic Acid in Pure

Table 59. Results of Determination of Metronidazole and
lot Method

Admixtures by Linear P
Solution  Solv- Concentration of l Concentration ofla' o, Relative Error
Additives (meg m! i) pDrugs (megm! ) MND NAL
LAC PVP CAR MND NAL
AcT FND ACT FND
_____ D e A —
Pure Drugs B — amm— s B 00 8.13 12.00 12.32 1.62 2.66
Pure Drugs B 600 — . 800 8.31 12.00 12.51 3.87 425
Pure Drugs B 600 goo 859 12 00 12.76 1.37 633
Pure Drugs B S e 4 8.00 8.87 12.00 12.74 10.87 6.16
pure Drugs N . — 1000 993 15.00 14.93 0.70 0.46
Pare D \ 600 S 1000 1049 15.00 14.85 4.90 1.90
500 14.79 7
pure Drugs " . 600 1000 1078 1 80 1.40
1222 1500 1628 2222 8.53
A- 0.1M gcl B-0.1 M NaOH

- Nalidixic Acid
NAL LAC - Lactose CAR- Indigocarmine

MND - Metronidazol¢
ACT - Actual, value FND - Found value
pVP - PolyviD ylpyrrolidon® . -
* wavelength ange used for collection of dat2 points was.270-:30' am :o,. acidic
solution and 270-350 nm for basic golution’ concentration 0 tained from the
and intercept the linear curve P
te determinati

b Based on five replic?



Table 60. Regression Analysis of Absorbance Ratio Values of Metronidazole and Nalidixic Aeid

Solvent  Composition of Regression Equation Corr. R%, %"  FitestValues®  Test for Significance’ Standard Error®
Solution (meg m\‘l) (275 and 320 nm for MND coeff. Crit Calc of Evidence of Slope Intercept
MND NAL 315 and 234 nm for NAL) Correlation
i Crit Calc

0.1MHCL 020 020 Q= 0.0418%Xma+ 0.6345 0.9984 99.68 71N 1276 2.77 a5 0.0011 0.0141
0.1M HCl 020 020 Q= 0.0694X,, +0.3006 0.9999 99.99 7717 40805 2.77 202 0.0003 0.0041
0.1M NaOH 020 020 Q =0.0440Xmna + 1.8701 0.9997 99.94 7M1 6740 2.77 82 0.0005 0.0065
0.1M NaOH 020 020 Q=0.0126X,y +2.2590 0.9904 98.10 7M1 206 2.7 14 0.0008 00106

MND- Metronidazole WNAL - Furazolidone " Based on values used for Q curve plot; concentration of drug in meg mi?
® Coefficient of determination which 1s the ratio of the sum of squares due to regression to the sum of squares about the mean

T test based on F statistic ( a one tail test); F value is the ratio of mean square due to regression to the mean square about regression; F calc is the
F (1, n-2) value at 5% significance level; F crit is the F (1, n-2) value from the F ratio table for 5% significance level;

9 Student's t test for correlation (a two tail test): T calc is the T(n-2) value at 5 % level of significance and T crit is the T(n-2) value for ¢ distribution
table at 5% significance level;

© Standard error of slope and intercept are the standard deviations of slope and intercept; standard error of estimate is the standard deviation of
residuals of y on x regression where y is the absorbance ratio value of the admixture and x is the concentration




nalidixic acid (30 mcg /ml) and 2 vu-yingconcentraﬁonofmetronidamle

10- i

(10-50 mcg/ml) and the fourth series (Series D) of solutions were
prepared by using appropriate volumes ©
solutions so as to give solutio

nalidixic acid (10-50 meg/mi) alo

f aliquots from the stock
ns containing various concentrations of

pg with a constant concentration of

metronidazole (30 meg/ml) in the acidic and basic solvents. The series E,F
and G were exactly similar to that of series C except that they had lactose
(600 mcg/ml), pvP (600meg/ml) and indigocarmine (4 meg/m in them.

These additives were added by using appropriate volumes of aliquots of
ditives in water- The stock solution of the lactose

stock solutions of the ad
n of 20mg/ml and that of

and pvp were prepared at 2 conoentrﬂﬁo

indigocarmine at 1 mg/mlL
ground and a weight of the

h brand ) were finely
dissolved in

ht of the tablet was

Twenty tablets (of eac
(Whatman No 1.

powder equal t0 the average weig
dimethylformamide by thorough shaking
were discarded and

appropriate
dimethylfonnamide, we

approximately the concentratio

in table 65.
c Pyrex volumetric flasks at

were stored .
) . The stability of the solutions
5 ﬁ)r a perm Of m

The solutions in low €
ratare till
monitored

were
hours at the chosen waveleng ﬁ):D
onits ( ety and in 0.M N2OH

room tempe
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after preparation of the solutions 0 minimise the variations in absorbance

with time.

Recording of th

absorbance ratio methods were recorded as

The spectra for linear plot and
M HCl and 0.1IM

normal spectra using the ap

NaOH.
The zero-order difference Spectr® of the various solutions Were initially
0.1M HCI and 0.1M NaOH

recorded by scanning equimolar solutions in
otometer. The second-order derivative

Jasco 7800 spectmph

pectraofﬂ:e pundrugsstheifadmmumandth-emblet

uced DY converting the zero-order difference
.ve difference

The scan rate used for the

pectral pandwidth

. No smoothing of

propriate blanks of 0.1

solvents in the

difference s
solutions Were prod . -

spectra by using digital
in Jasco 7800)-
240nm/min and 8
recording of the pormal S
al of one W33 fo

undneoessﬂfy-

3nm. A data interv
the derivative spectra W fo

RESULTS AND DISCUSSION_.
.1 in combined
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Fig 58. Normal absorption spectra of pure metronidazole and
nalidixic acid in 0.1M HCl and 0.1M NaOH; concen-

tration of metronidazole in 0.1M HCI] and 0.1M NaOH
is 10 meg ml" (curves 1 and 3 respectively);concentration
of nalidixic acid in 0.1M HCl and 0.1M NaOH is 10
mcg ml”’ (curves 2 and 4 respectively)
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difference
methodshavebwnsmmﬂydaignedandvnﬂdltedinth‘n

section.
medfortheestimtionofﬂmedmgsingme
nm for acidic golutions and 270-330 for basic

results of the estimation of the drugs in
have been given in
rugs in 0.1IM NaOH

The linear plot method was
data points between 270-330
solutions (figure 58). The
admixtures in the presence

table 59. The relative error
and 0.1M HCI by the linear plot method appeared to be comparable to any

other method in the case€ of pure admixtures but increased in the presence
of added additives due t0 the the chosen wavelengths. The

¢ the drugs in €0

and absence of additives
for the estimation of thed

ir connibuﬂon at
mmercial formulations have

results of the estimation 0

been given in table 61.

drugs at

the isoabsorptive point ( . tion [77]- ID 0.1M HC), the
) ) npm and that of
maximum absorption of

id at 3150m

Q va]ue) for the

nalidixic ac
wavelengths chose? for
those for palidixic 3¢

girst the Q(275:294

294nm and
: ;idazole . 01MH
: 1270 : e mixture (Xmnd

estimation of
plotted against the
ctraight line (@ €29 the .
this curve Was obtai ariots

. the equatio”
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azole and Nalidixic Acid Commercial

Table 61. Results of Assay of Metronid
Ratio Method

Samples by Linear Plot and Absorbance
Mean Recovery, %

Sample Method Label Claim
(mg/tablet)
MND NAL

MND NAL

99,37 +0.42  98.45+0.68

Brand A LPM 200 500

100.79 £0.47  99.53 £ 0.74

BrandB  LPM 200 300
BrandC LPM 200 300 99.56 +0.87  99.21+0.76
Brand A ARM 200 500 99,77 + 0.41 98.12 £+ 0.66

99.63 +0.52 99,23 +0.52
Brand C ARM 200 300

] claim
a Average of ten dete rminations: assay as percentage of labe
: ¢ acid)
LPM - Linear Plot Method (0.1M Hydrochlor!
ydrochlori€ acid)

M - Absorbance Ratio Method (0.1M H



o the above equation but expressed in terms of nalidixic

equation similar t
curve was used for the estimation of the drugs in

acid (Table 60). A similar
0.IM NaOH with the wavel

metronidazole and nalidixic acid to be 3
point at 274nm (figure 58). The results of the F and T

engths of maximum absorption for

20nm and 334nm respectively and

the isoabsorptive
and the assay results in

tests on these values have been given in table 60

table 61.

Second-order derivative difference method

rug solutions were recorded as zero-

For this method, the spectra of the d
and conve

order difference spectra
he digital algorithm
d 281nm of nalidixic acid were used for the

rted to second-order derivative
difference spectra using t 5. The zero crossing point of
metronidazole an

id at 346nm

s the derivative ¥
) and the derivative yalues of nalidixic acl

e at 281nm ( hy and

346nm of
alues of metronidazol

estimation. Thu

h; in figures 59 and 61
d to be proportional to the

(h, and hy in figures 60 a1

d 62) were foun

nd independent of each other and hence

ncentrations a

d for the estimation of the drugs:

corresponding co

use

The equation
s 3ssomated wi

deviation value
the correlati

efficient of yariation

ation of the drugs.
9.86 - 99.99%

2 2 yalues with
A/dA _ o owed that %
concentration

mean square
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Fig 60. Second-order Jerivative difference ctra of pure nali-
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ml ' in curves
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Fig 61. Sec nd-order der?” e differenct s;_wcrrq of drug admix-
ture of etro and jdixic acid obt-,med b.y
by $ g 0.1 HC] solutio? Vs corr_espondmg’d.;.f..
molar 0 3 NaOH golutionss oucentrauon 0
acid, 30 M€8 ml” ,concentrlﬂon of 10, 30

1 in curves ,Zaud3respecﬂ" )
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Table 62.Selectivity of the Method for the Determination of Metronidazole
by Second-order Derivative

iﬂthEPruenceofNalidixiCAdd

Difference Spectrophotometry

Composition of Mean value of * Coefl. of Standard Ratio of F test for
the solution Fasar’ variation  €rror b residual®  mon-linearity .
(meg mI”) (281 nm) (%) (%) Crit Calk
MND NAL
10 0 0.0294 + 0.0003 1.0 0.0001 9980 329 029
12 0 0.4419 + 0.0003 0.67 0.0001  100.03 329 033
20 o 00589+0.0003 049 0.0001  100.07 329 035
-3 o 00736100003 041 00001 10020 320 030
o o 00886+00004 048 00001 9997 320 0.8
& 0 0.1036 + 0.0004 0.39 0.0001 9973 329 017
40 o o11s1£00004 027 0.0001 9998 329 027
45 ; 0.23 0.0001 100.21 329 029
0 0.1326  0.0003 O
50 0.0001 9990 329 042
0 0.1478 + 0.0003 0.17
1 X 0.0001 99.43 329 094
0 30 0.0296 + 0.0002 0.76
15 ' 0.73 0.0001 100.51 329 047
30 0.0439 + 0.000 .

2 46 0.0001  100.03 329 0.66
o 30 0.0589+£0.0003  F 0000 10023 S o2

25 30 0.0736 £ 0.0003 & . . i3
30 46 o000l 9989 329 029
30 0.0886 + 0. 000 006t 29 029
35 30 0.1037+0.0004 0;3 0000 5995 30 037
40 3 011810 326 Too01 10021 320 041
o001 997 329 037

. MND - Metronidazole i b Gta
Average of ten replicate determin® .
S ol y value €¥P °
o of the calculate yva table for 57e
& Ratio of al 4y value t0 acts Y e 19 values f F table fo . 5% level
F ondard error of estimate and Ss
tration of

Based on F test for non—fineﬂfif}’ y Ko
: ot/ Ss where Sy is the st g
of significance; F caicssiel > /PIS;“: determinations for a single concen
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{he Determination of Nalding A

Table 63.Selectivity of the Method for
f Metronidazole by Second-order Derivative

in the Presence 0

Difference S@mphowmeg

Composition of  Mean value of * Coeff. of Standard Ratio of F test for

the solution .y Ajd)& variation ~ error ’ residual ¢ pon-linearity

Ifil:ig ml'l) (346 nm) (%) (%) Crit Cale

MND

—_
10 0 0.0467 + 0.0004 0.80 0.0001  99.78 329 025
15 0 0.0697 £ 0 0.55 0.0001 10024 329 024
20 0 0.0934 0 0.40 0.0001 9978 320 025
25 0 0.1166 + 0.0004 0.31 0.0001 9999 329 027
30 0 0.1399 £ 0.0004 0.27 0.0001  100.04 329 025
35 0 0.1632 + 0.0004 0.22 0.0001 9999 329 027
40 0 0.1864 £ 0 0.20 0.0001  100.11 329 025
45 o 0.2098:+0.0004 0.17 0.0001  100.07 329 027
50 0 0.2336 = 0 0.22 0.0002 99.87 3.29 0.14
10 30 0.0466 + 0.0004 0.76 0.0001 9975 329 037
15 30 0.0697 £ 0.0005 0.72 0.0001 100.25 329 0.8
20 30 0.0935+0 4 039 0.0001 99.68 3;3 3.34
25 30 0.1165 + 0.0004 0.34 0.0001 1%23 ;.29 o'ig
30 30 0.1397 + 0.0003 g2 it 1oo'os 320 028
35 30 0.1631 £ 0.0003 0.24 0.0001 100-09 e iy
40 30 0.1865 % 0.0003 0.16 0.0001 :00.06 3.29 0.24
45 30 0.2098 + 0.0004 0.21 0.0001 o ag? 024
50 30 0.2336 £ 0 00001 7 ] i

- - dixic acid
NAL Nalidi b gtandard deviation of the mean |

MND - Metronidazole

a - .
Av licate detcrmlnaﬂﬂﬂsv
. e-rage of ten rep ol ¥ alic ¢5P jas % )
Ratio of the calculated ¥ value t0 & values F table for 5 % level
‘g linearity; = F () e and S8
ased on F test Jor "% S ”,'Ssz where syisthesiandardermr :j.;centnﬁonof
of signifi cC'Fak-hﬂ'= Y = .o tion gforasmg"' €
is :::e sta:’d:rd, jation of t€® replicate dete
ment of ¥)

the drug (



Table 64. Regression Analysis of Metronidazole and Nalidixic Acid Standard Solutions
Sample Composition of Regression Equation®  Corr. R, %"  Ftest Values®  Test for Significance Standard Error®
Solution (meg ml") (281 nm for MND coeff. Crit Calc of Evidence of Slope  Intercept  Estimate
MND NAL and 346 nm for NAL) Correlation
Crit Calc
Series A 10-50 0 y = 0.0029x - 0.0001 0.9999 99.99 5.59 44789 2.37 669 0.0001  0,0001  0.0001
Series B 10-30 30 y = 0.0030x - 0.0001 0.9999 99.99 5.5 27421 2.37 523 0.0001  0.0002  0.0002
Series C 0 10-50 y = 0.0046x - 0.0001 0.9999 99.99 5.59 99058 2.37 995 0.0001  0.0001  0.0002
Series D 30 10-50 y = 0.0047x - 0.0002 0.9999 99.99 S.59 66826 2.37 817 0.0001  0.0002 0.0002
Series E 10-50 30 y=0.0030x-0.0001 09999 9997 559 26541 247 556 0.0001  0.0001  0.0002
Series F 10-50 30 y=0.0030x - 0.0002 0.9999 9999 S59 25431 2.37 425 0.0001  0.0001  0.0002
Series G 10-50 30 y=0.0030x - 0.0001 09996 9992 559 23167 2.37 549 0.0001  0.0001  0.0003
Series H 30 10-50  y = 0.0047x - 0.0001 0.9995 9990 559 55672 237 789
Series 1 30 10-50 y = 0.0047x - 0.0002 0.9998 99.86
SeriesJ 30 10-50  y =10,0047x - 0.0001

0.0001  0.0002  0.0002
5.59 43567 2.37

0.0001  0.0002 0.0002
0.0001  0.0002 0.0002

0.9996 99.94

654
MND- Metronidazole

5.59 44321 2.37 542
NAL - Nalidixic acid " Based on 9 calibration values; concentration of drug in mcg mi”
Y Coefficient of determination which is the ratio of the sum of squares due to regression to the sum of squares about the mean

° F test based on F statistic ( a one tail test); F value is the ratio of mean square due to regression to the mean square about regression; F calc is the
F (1, n-2) value at 5% significance level; F crit is the F (I, n-2) value from the F ratio tuble for 5% significance level; n is 9 for both metronidazole
as well as nalidixic acid

d

Student's t test for correlation (a two tail test): T calc is the T(n-2) value at S % level of significance and T crit is the T(n-2) value for ¢ distribution
table at 5% significance level; n is 9 for both aspirin as well as dipyridamole

¢ gtandard error of slope and intercept are the standard deviations of slope and intercept; standard error of estimate is the standard deviation of
residuals of y on x regression where y is the d*A/d)* value and x is the concentration




due to regression t0 the mean square about the regression (Table 64)
showed the calculated values to be much higher than the critical values at
59, level of significance proving the linear relationship befween
concentration and the derivative values. The calculated T test values were
also greater than the critical values confirming the existence of correlation

at 5% level of significance: The s t were

mall and the gtandard error of es
was less when compared t0 the typical change in

values from point to point in the corresponding calibration curve (Table
e ratio of residuals expressed as percentage showed a scatter

imilarity of the regression
i with excipients evidenced

tandard error of slope and intercep
timate for the various series of

quite 8
the d*A/dA?

solutions

62-64). Th
equations of pure

which was random. The S

ents oOn second-order

5 and that of nalidixic acid is 6.0 [111] and
alues of the solvents did not produce

gince the pK, val
1M HC (H = 1.0)

The pKa of metronidaﬂ’le is 2.

hence any gmall €
preciable chang€

h,mgeintlle pHY
inthespectrﬂm

ues were at least

AoRE and 0.1M

13.0)-



o Admixtures and Commercial

Table 65. Results of the Assay of Pure Dru
Formulations of Metronidazole and Nalidixic Acid by Second-order

Formulations 01 72222
Derivative Difference Spectrophotometg

Sample Composition Label Claim Mean" 95% COﬂﬁdenceb
of Solution (mg/tablet) Recovery Level Concen.
(mcg ml ) Range
MND NAL MND NAL MND NAL MND NAL
Pure Drug 30 30 | 99.16 9993 99.06-99.26  99.87-99.59
Admixture
Brand A 30 75 200 . 500 98.83 — 98.74-98.91
Brand B 30 45 200 300 9940 996 99.30-99.51  99.64-99.77
Biand € 30 45 200 300 100.30 99.57 100.20-100.40 99.50-99.63
Brand A 12 30 200 500 99.00 99.33 08.88-99.11  99.27-99 38
Brand B 20 30 200 300 9880 99.60  98.70-98.90 99.54-99.66
Brand C 20 30 200 300 98.15 99.40 98.05-9825  9934-99.46
ran
s NAL - Nalidixic Acid
I Metromduole . ations; 2954Y as percentage of label claim calculated
2 Average of ter dg?termmd e f‘ ure drug admixtures (Equations of Series B
from the regression equations of p
ing t test (2 two tail test) with

and Serie$ D) o confi
b Concentration range at 95% €0 onidazole 35 well as palidixic acid

7 degrees of dom for



point of calibration (Table 65). Hence the drugs were
rands separately by using the sample solutions diluted
in such a fashion as to have 30 mcg/ml of one of the drug. The other drug

the concentration in which it was present in the
mcg/ml of the

was not at its mean
estimated in these b

was estimated at
a separate solution which had 30

nidazole in the Brands had been estimated twice
been estimated twice.The assay

formulation as well as by

second drug. Thus metro
rands B and C had

t method as well as by

rug contents in the comme
ingredients) of 95-105% [3]

and nalidixic acid in B
results by the linear plo
method showed that the d

within the official limits (in tablets a3 single
and 90-110 [1] for metronidazole ond 93-107 [1,3] for nalidixic acid.

second-order derivative
rcial samples were

rivative difference method
the interference of the
the linear

Among the tWwo0 methods, the second-order de

more advantageous s
in the formula

methods were also
o will be more it S0
mean point

ince it can eliminate
tion although the recovery by
comparable. Although the

Jutions containing drugs at
of calibration range, the
estimation of metronidazole

may
excipients, if any,
and absorbance ratio

standard error of P"edicn’0

concentrations other
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INTRODUCTION

The combination of orciprenaline sulphate and bromhexine HCI as
used for the treatment of asthma and chronic obstructive
the estimation of bromhexine HCI

4.04 and those for the estimation of

a syrup is being
bronchitis. The reported methods for
has already been mentioned in section
orciprenaline sulphate were coulometric esti tion in formulations [251]
otometTic methods [252-254] including diazo coupling with

and spectroph
ol Jine and p—am.lllobell.mic acid [253]. The official method for
p preparations is HPLC [1].

. f orciprenaline sulphate in syra



ter using lcm matched quartz cuvettes. The resolution of the
second-order derivative spectra was

1993 by recording the second-order

photome
spectrophotometer for recording the
checked as per the procedure in B.P.
derivative spectra of 0.02% Vv/v solution 0
found to be satisfactory- The data thus recorded with the various

have been given in tables 66-72.

Standard and Sample Solutions

rugs containing
HCI] were pre

1mg/ml of orciprenaline
pared in methanol by
thorough shaking.

The stock solutions of the d

sulphate and 1mg/ml of brombexine
rugs in the solvent by
ock solutions were used to

dissolving the pure d
aliquots from the st
HCI and methanolic 0.1M

Appropriate volumes Of
M

re different series of solutions in 0.1

prepa

NaOH.

For the preparation of all the subsequent dilutions, 0.1M HCI (aqueous)

and methanolic 0.1M NaOH were used. The methanolic 0.1M NaOH was

actually 2 mixture of aqueous 0.1M NaOH and methanolic 0.1M NaOH in

the ratio of 2:3. Such 2 was aired to act 33 4 common solvent

for both the drug® since orciPre h’:ealdoﬁ n:;" v:?m ]vm
one dissolve

methanolic 0 1M NaOH prepared me o -

OnUmaqueowo M NaOH- But when “-H aOH W= ==

promb xlBeHCldld not ;ssolvemrt ence 2 mixture
the solvent, ro ] - i vk and p
aqueous and me jic 0.1M NaOH ‘ i
bseq to lic 0.1 aOH ln sectio
- ment P57 NaoH and methanolic 0.1M
mixture repared pixing 2970 0.1M N2
P
NaOH in the ratio of 2
The solutio®® r lineal t method . o were e
w .
as shown I8 table 66 and the ¢ L oD ations WEr®
composiﬁon a8 en 10 mb 7



for estimation by second-order derivative difference
h of the solution in the series were prepared in
duplicate as equimolar solutions in 0.1M HCI and methanolic 0.1M NaOH

r difference spectrum of

so as to record the zero-orde

scanning the acidic solution VS basic solution-

prepared
spectrophotometry. Eac

each of the solution

by

rised of solutions of orciprenaline sulphate
pipetting out

concentrations (20-80 mcg/ml) prepared by
the stock solution into 100ml

ts from
the volume with 0.1IM HCl] and

The first series (Series A) comp
of varying

3PPr0priate volumes of aliquo

ks and making UP

M NaOH. The sec:ond geries (Series
tion (20-80m¢g/m1)

9.1M NaOH.

volumetric flas
()] consisted of

methanolic 0-1
yarying concentra

M HCl and methanolic
of the drugs having a
ml) and 2 varying

solutions of brOmllexme HCl of V

milar fashion io 0.1

prepared in 2 8
ries B) comp i

The third geries (Se

tant concentratl
1) and the fourth

cons



d were found to vary by the

chosen wavelengths for estimation an

- orciprenaline sulphate and bromhexine

rbance units (AU)
+ 0.009 AU respectively and in

y 0.003AU and
y 0.006 and + 0.004 respectively. All the
within a time

following abso
HCI in 0.IN HCl b
methanolic 0.1M NaOH b

ments for replicate determinations were recorded

measure
30-45 minutes after preparation of the solutions t0 minimise

interval of

the variations in absorbance with time.

Recordind of the Spectra

ot and absorbance ratio methods were recorded as

ctra for linear pl
f0.1M HCI and methanolic

The spe
normal spectra using the appropriate blanks 0
0.1M NaOH.
ctra of the various solutions were initially

r difference spe

ning equimola

The zero-orde
M HCI and methanolic

recorded by scan

¢ solutions in 0.1
o 7800 spectrophotometer. The second-
f the pure drugs, their admixtures and

uced by converting the zero-order

.ons were prod
pectra by using

e used for the
al pandwidth

e derivative

ative difference 5
g00). The scan rat
q/min and spectr
e satisfactory- Th
al of 10-

dtb

ata intery
q data intery
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Th estimati of or¢ prenall ¢ sulphd " . mation in the
. si
from
> il re uiré € OH can seen
formulatio® wi olic Na
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Fig 63. Normal absorption spectra of pure orciprenaline sulphate

and bromhexine HCl: orclprenahne sulphate (20 mcg ml™)
and bromhexine HC1 (20 mcg ml’) in 0.1M HCl (curves 1
and 2);orciprenaline sulphate (20 mcg ml" ) and bromhexine
HCl (20 meg ml™" ) in 0.1M NaOH (curves 3 and 4)
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Orciprenaline sulphate and Bromhexine

Table 66.Results of Determination of

in Pure Admixtures H drochloride by Linear Plot Method

Concentration of ™ . o4 Relative Error
Drugs (megml B ORP BRH

Solution Solvent

hloride A - 0.1M HCl

exine hydroc

ue
270-3250m;

ORP - Orcipre ine te
B-0.1M NaOH ALL” Actual vahfe g
s wavelength rane for collection o ¥ cept 2

concentratior obtai
b gased on five replicat

he linear curve plot



Table 67. Repression Analysis of Absorbance Ratio Values of Orciprenaline sulphate and Bromhexine hydrochloride
Solvent Composition of Regression Equation ! Corr. Rz, o " F test Values © Test for S'ligl:liﬁcﬁlm:ed Standard Error”
Solution (meg m\“} (225 and 230 nm for ORH  coeff. Crit Cale of Evidence of Slope Intercept
ORH BRH 250 and 248 nm for BRH) Correlation
Crit Cale

0.1MHCY 525 222 Q=-0.0141Xorh+ 1.7576 0.9988 99.77 10.13 1337 3.18 36 0.0004 0.0064
0.1M HCL 525 222 Q =0.0426Xpm +0.1369 09961 99.23 10.13 388 3.18 19 0.0021 0.0301
.1M NaOH 614 412 Q =0.2309Xorh +2.6732 09998 99.96 10.13 7481 3.18 86 0.0023 0.0245
0.1MNaOH 6-14 412 Q=0.0326Xpm +2.6372 09998 99.96 10.13 10172 318 - 100 0.0003 0.0027

MND- Metronidazole FZD - Furazolidone " Based onvalues used for Q curve plot; concentration of drug in meg mi”
b Coefficient of determination which is the ratio of the sum of squares due to regression to the sum of squares about the mean
© ¥ test based on F statistic ( a one tail test); F value is the ratio of mean square due to regression to the mean square about regression; F calc is the
F (I, n-2) value at 5% significance level; F crit is the F (1, n-2) value from the F ratio table for 5% significance level;
Student's t test for correlation (a two tail test): T calc is the T(n-2) value at 5 % level of significance and T crit is the T(n-2) value for ¢ distribution
table at 5% significance level;
® Standard error of slope and intercept are the standard deviations of slope and intercept; standard error of estimate is the standard deviation of
residuals of y on x regression where y is the absorbance ratio value of the admixture and x is the concentration




T .
able 68. Results of Assay of Orciprenaline sulphate and Bromhexine

Hydrochloride in Commercial Samples by

Linear Plot and Absorbance Ratio

277

Method
Sampl .
ple Method Label Claim Mean Recovery, % *
(mg/5ml)
ORP BRH ORP BRH
Br A
(B::Icl: , LPM 5 4 99,28 +0.53 98.92 +0.77
([:;::1:: 2? LPM 5 4 99,72 + 0.44 99.24 + 0.63
Brand A ARM 5 4 99,31 +0.27 99.62 +0.42
(Batch 1)
Brand A ARM 5 4 9931 + 0.32 98.94 +1.71
(Batch 2)
? Average of ten Jeterminations; assay 45 percentage of label crlen

LPM - Linear Plot Meth

ARM - Absorbanc

¢ Ratio Method usin

od using 0.1M HCl

g 0.1M HCI



figure 63. Hence, three methods of estimation of these drugs, namely linear
derivative difference methods

ot, absorbance ratio and second-order

pl
designed and validated in this section.

have been successfully

thod was used for the estimation of these drugs using the

The linear plot me
methanolic 0.1M

270-325nm for acidic as well as

data points between
s in admixtures

NaOH solutions. The results of the estimation of the drug
6. The relative error for the estimation of the

H and 0.1M HCI by the linear plot method
ethod.

have been given in table 6

s in methanolic 0.1M NaO

drug
ond-order derivative difference m

d to be comparable to sec
tions

appeare
he drugs in commercial formula

The results of the estimation of t

have been given in table 68.

The absorbance ratio method was based on the ratio of absorbance of the
s at the wavelength maximum absorption to that of the absorbance at

drug

the isoabsorptive point Q value) for the estimation [77]- In 0.1M HCI, the

wavelengths chosen for the analysis of orciprenaline sulphate and
and 250nm with the isoabsorptive point at

NaOH the wavelengths of 230nm and

ine sulphaté and

oint at 275nm. Th

265nm and in methanolic 0.1M
bromhexine HCI

d for orciprenal
e results of the

isoabsorptive P
67 and 68.

248nm were Uus€

respectively with the

i i od ‘
Second-order derivativeé difference meth
were recorded as Zero-

utions
d to second-order derivative

he zero crossing
were used

point of
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b :
romhexine HCI at 345nm (h: and hy in figures 65 and 67) were found to

al to the corresponding concentrations and independent of

be proportion

each other and hence used for the estimation of the drugs.

The equations showed a regression close to the origin and the standard

alues associated with the determinations were small. The co-

deviation v
efficient of variation, the correlation co-efficient values, the calculated F
test and T test values have been given in tables 69-71. The calculated F test

values for each concentrat

jon of the drugs (Tables 69 and 70) were less

s at 5% significance 1

he d?A/dA’ values with that of the concentratio

of determination

ative values were acc

evel and proved the

hat of the critical value
n of the drugs.

8 - 99.99%

than t

linearity of t

The co-efficient

values showed that 99.9
ounted for by the concentration

ariation in the deriv
¢ using ratio of mean square

of the drug$s in solution. The results of F tes

gressmn to the m
ues to be much hi

ean square about the regression showed the

gher than the critical values at 5% level of

oncentration and the
greater than the

al values confirming the existence of correlation at 5% level of
significanceé The standar e and intercept Were quite small

and the stand

d error of slop
tions was

arious series of solu

timate for the v
:cal changé in the dzAIdik2 values from point

rve. The ratio of residuals

‘pration cu
ich was random. The

tion meaSurement
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ity of the Method for the Determination of Orciprenaline

Table 69. Selecti
Sulphate in the Presence of Bromhexine derochloride by Second-order
Spectrophotometry

Derivative Difference
Composition of ~Mear value of " Coefl. of Standard Ratio of F test for
the solution & Ajd}.2 variation  €rror b residual ¢  non-linearity d
(meg mi”) (270 nm) (%) (%) crit  Cale
ORP BRH‘///
20 0 0.0179 + 0.0003 1.70 0.0001 9895 348 0.72
1.20 0.0001 10188 348  0.68
30 0 0.0263 + 0.0003 '
0.76 0.0001 9953 348 0.88
40 0 0.0359 £ 0.0003 0008 ot e
50 0 0.0450 + 0.0003 0.61 0. i i
0003 049 00001 9983 3. 0.97
60 0 0.0539 = 0. X Y 08
0.46 0.0001 10003 ; 82
" o 00eBE0NT o 00001 100.13 348 118
80 0 0.0718 + 0.0003 i 0000 9894 s 047
0 s OUEMOND o 0008 o146 48 056
0o om0y 1.04 00001 9967 348 029
o s 0B L% oot 27 348 0.68
s so 000 0'00000033 o4l 00001 99.92 348  0.85
o s LN, 0.51 0.0001 10005 345 028
70 50 0.0628 £ 0. ’ 39 0.0001 100.03 345 054
80 50 0.0719 + 0.0002 0.
i hloride
. Bromhexiné hydro<
ORP - Orciprcnalinc sulphate . ﬁans_ b gandard deviation of the mean
¢ Ratio of the calculated Y value .to. . _ F (5,9) values from F table fm: 5% v; .
of significances F catesioted ~ d eplicate determinaﬁons for a SINE
is the standard deviation of ten TeP
ment of y) .

the drug (measure



M«MX’ -+ of the Method forthe])etemmtlo' :on of Bromhexine
drochloride in the Presence of Orci renaline S Second-order
Derivative Difference Smﬂww
fi. of Standard Ratio of F test for
€ non-linearity .

Composition of Mean value of * Coe

the solution & A/dr] variation  error b pesidus

(meg mi™) (345 nm) (%) (%) crit  Cale
BRH ORP
20 0 0.0070  0.0001 2.43 00001 9924 348 034
30 0 0.0105 + 0.0002 1.67 ‘001 10047 348 034
40 0 0.0140 £ 0. 1.22 0.0001 100.44 348 026
50 0 0.0176 £ 0- 1.50 0.0001 99.97 348 020
60 0 0.0212 0.0002 098 0.0001 99.47 348 017
70 0 0.0246 £ 0.0002 0.99 0.0001 100.20 348 0.17
80 0 0.0282 £ 0.0003 1.05 0.0001 100.01 348 011
20 50 0.0070 £ 0.0002 2.91 00001 9997 348 024
30 50 0.0106 £ 0.0002 1.46 0.0001 99.75 348 0.42
40 50 0.0141 % 0.0002 1.22 0.0001 100.42 ::: 3_34
50 so 00175 0.0002 159 0.0001 10060 : 14
60 50 0.0213 £ 0.0002 0.98 0.0001 99.07 348 024
70 0.0247 £ 0- 1.33 00001 9991 3.48 0.10
80 o 0028120000 oot 1002 0.17

_ Bromhexin® yd

. ORP - Orcipremllme SN;I::‘: " BRH - T, gtandard devisation of the mean

. Average of te? replicate s value €xP cessed 15 %

) Ratio of the calculated Y ” _ F (59) values grom F table for 5% level
Bascd 6% Feslfs "M-Mf.a sy’ gs® where Sy is the gaddfd.em’r ‘mﬁf;:n of
of significances F eatenisted = “" pjicate et ﬁouforag-skc
is the standard ' eviation o "

urement of )

the drug (meas
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Table 71. Regression Analysis of Orciprenaline Sulphate and Bromhexine Hydrochloride Standard Solutions

Sample Composition of . Regression Equation® Corr. R, %"  Fitest Values®  Test for Significance’ Standard Error’

Solution (meg mi ) (270 nm for ORP coeff. Crit Calc of Evidence of Slope Intercept Estimate

ORP BRH and 345 nm for BRH) Correlation

Crit Cale
Series A 20-80 0 y = 0.0009x - 0.0002 0.9999 9998 6.61 31800 2.57 178 0.0001 0.0002 0.0003
Serles B 20-80 50 y = 0.0009x - 0.0002 09999 9998  6.61 53197 2.57 230 0.0001  0.0002  0.0002
Series C 0 20-80  y=0.0004x - 0.0001 09999 9999  6.61 72051 2.57 268 0.0001  0.0002  0.0001
Series D 50 20-80 y = 0.0004x - 0.0001 0.9999 9998 6.61 28060 2.57 167 0.0001 0.0001 0.0001

ORP - Orciprenaline sulphate BRH - Bromhexine hydrochloride

* Based on 7 calibration values; concentration of drug in meg ml”
® Coefficient of determination which is the ratio of the sum of squares due to regression to the sum of squares about the mean

© T test based on F statistic ( a one tall test); F value is the ratio of mean square due to regression to the mean square about regression; F calc is the
F (1, n-2) value at 5% significance leve\; F crit is the F (1, n-2) value from the F ratio table for 5% significance level; n Is 7 for both ORP as well as
BRH

4 Student's t test for correlation (a two tall test): T calc is the T(n-2) value at 5 % level of significance and T crit is the T(n-2) value for ¢ distribution
table at 5% significance level; n is 7 for both orciprenaline sulphate as well as bromhexine hydrochloride

¢ Standard error of slope and intercept are the standard deviations of slope and intercept; standard error of estimate is the standard deviation of
residuals of y on x regression where y is the & AR value and x is the concentration




Table 71. Regression Analysis of Orciprenaline Sulphate and Bromhexine Hydrochloride Standard Solutions

Sample Composition of Regression Equation® Corr. R’,%"  FtestValues®  Test for Significance a Standard Error

Solution (meg m\'l) ( 270 nm for ORP coeff. Crit Cale of Evidence of Slope Intercept Estimate

ORP BRH and 345 nm for BRH) Correlation

Crit Calc
Series A 20-80 0 y = 0.0009x - 0.0002 0.9999 99.98 6.61 31800 2.57 178 0.0001  0.0002 0.0003
Serles B 20-80 50 y = 0.0009x - 0.0002 0.9999 99.98 6.61 53197 2.57 230 0.0001  0.0002 0.0002
Series C 0 20-80 y = 0.0004x - 0.0001 0.9999 99.99 6.61 72051 2.57 268 0.0001  0.0002 0.0001
SeriesD 50 20-80 y = 0.0004x - 0.0001 0.9999  99.98 6.61 28060 2.57 167 0.0001  0.0001 0.0001

ORP - Orciprenaline sulphate BRH - Bromhexine hydrochloride

* Based on 7 calibration values; concentration of drug in mcg ml”

b Coefficient of determination which is the ratio of the sum of squares due to regression to the sum of squares about the mean

© F test based on F statistic ( a one tail test); F value is the ratio of mean square due to regression to the mean square about regression; F calc is the
F (1, n-2) value at 5% significance level; F crit is the F (I, n-2) value from the F ratio table for 5% significance level; n is 7 for both ORP as well as
BRH

4 Student's 1 test for correlation (a two tail test): T calc is the T(n-2) value at 5 % level of significance and T crit is the T(n-2) value for ¢ distribution
table at 5% significance level; n is 7 for both orciprenaline sulphate as well as bromhexine hydrochloride

® Standard error of slope and intercept are the standard deviations of slope and intercept; standard error of estimate is the standard deviation of
residuals of y on x regression where y is the d*A/d* value and x is the concentration
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Pure Drug Admixtures and Commercial

Table Z2 Results of the Assay of
Formulations of Orciprenaline sulphate and Bromhexine
derochluride by Second-order Derivative Difference

Spectrophotometry

Sample Composition Label Claim Mean’ 95% Confidence”
of Solution (mg/5ml) Recovery Level Concen.
Range

ORP BRH

(mcg ml )
RH ORP BRH ORP BRH

e EE
5 4 99.82 98.86  99.70-99.94 98.76-98.96

Brand A 50 40 3

(Batch 1)

prand A 50 10 5 4 99.34 99.65 99209943 99.52-99.78
(Batch 2)

¢ hydrochloride

naline sulphate BRH - Bromhexin
f label claim calculated

ORP - Orcipre

1 Averaget of ten dcterminaﬁons; assay as percent:fge 0

from the regression equations of pure drug adl'l].lll‘ur(‘.':st

b Conccntration range at 95% confidence If:vel ulsulllg ttﬂta‘i i
5 degrees of freedom for both oricprenaline swP ate as

hydr(}Chloridc

(atwo tail test) with
11 as bromhexine



The pKj values of orciprenaline sulphate are 9.0, 10.1 and 11.4 and that of

bromhexine HCl is 8.5 [117] and henc

of the solvents did not produce any appre

values were at least 1.5 units away from the

e any small change in the pH values
ciable change in the spectrum

pH values of

since the pKj
0.1M HCI (pH ~ 1.0) and 0.1M NaOH (pH ~ 13.0).

The results of the estimation in synthetic admixtures and commercial

order derivative difference spectrophotometry

formulations by second-
ven in table 72. The results in table

e commercial samples were with

aline sulphate (in syrup prepara

s 68 and 72 showed that the

have been gi
in the official limits of

drug contents in th
tion) whereas the

90-110 [1] for orcipren
limits for promhexine HC! in syrups was not available.
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6.00 Summary and Conclusion

Th i imati
e various methods of estimation proposed and validated in this th
e is thesis
r
eport indicate that these new methods of analysis may be used for th
or the

s'm . - -

imultaneous estimation of drugs in combined formulations with ease. At
r i : : .
present, the separation techniques, especially HPLC is the most popular

method for the analysis of the drugs but the methods proposed in this
always not necessary to g0 for the chromatographic

report show that it is
in pharmaceutical

methods for the routine estimation of drugs

formulations.

the main problem in the analysis of drugs in tablet formulations is

One of
the matrix constituents.

usually the interference by

These matrix

the additives such as binders, disintegrating

constituents are, by and large,
designed analytical

d coloring agents. A properly

diluents an
ort, most of

re designed with this objective in mind. The

pectral shape which may be eliminated either

derivative and for derivative

agents,
method will be able to

the proposed methods weé

eliminate this interference. In this rep

mon additives exhibit a §
ence spectrophotomet
ctrophotometry- The ¢
t of mdlgocarmme we

com
by differ
difference Sp€

the coloring agen

ry or by
ommon additives of lactose, pvp and

re used to demonstrate the use of
ing the interference by additives.
ost of the tablet preparations

monly present in m
r and hence are likely to be

lvents including wate

sed for estimating

These additives are com

and are S
the drugs.

oluble in many S0

the final dilutions ¥

present in
f drugs in tablets

sed for the estimation 0

ethods proposed in this
the statistical tests and may

and ease of operation.

is nowadays !
report are of

The HPLC method
ge extent. The

high precision and accurd

resu_lts of the m

to a lar
cy a5 evidenc
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The main advantage of the proposed methods is that all of them (except
tamol sulphate) involve simultaneous

non-aqueous titrimetry for salbu
refarable to the official methods since

estimation of the drugs. This is p
P. 1993 and U.S.P. 23) give the method

none of the monographs (L.P-, B.
f the drug combinations for which the

for the simultaneous estimation 0
methods have been developed.

cts about the proposed methods ought to be
In the case of estimation of

tric method, care

there are certain fa
m for analysis.

nfira-red spectrophotome
form solution to eva
tes easily. Similarly,

However,
mind while using the
and dipyridamole by i
he chloro
e the chloroform evapora

kept in

porate while the

taken not t0 allow t

spectra is being recorded sin¢
jrin and dipyridamole by s
pectroscopic grade since the presence of

pectrofluorometry,

be of 8

hotometry for estimation of

ifference spectToP
rophotometry will be able to

hich do not undergo spectral

H) for spectral shift should

pecﬂ'slshapeaswellas

red. Similarly
. spwnophotomeﬂ'y depend on

fthesl)ecﬂ‘a in i
hsSscanSpwd,SP““‘lb"Mmddam
the d*A/dA?



estimation. In addition, the zero-crossing point may also shift depending on
the scan speed and the wavelengths mentioned in this report should be

taken as “working wavelengths'. On changing the instrumental parameters
and /or type of the instrument, it would be advisable to verify the working

wavelengths.

The results by the linear plot method, absorbance ratio method and

method showed that these methods yield comparable results in
many cases. However, among the various proposed methods, the
be most advantageous one since it can eliminate the
most of the common additives. Hence this method

derivative

derivative method may

matrix interference by
rsatile in terms of simultaneous estimation of the drugs

m each other as well as formulation additives.

terference by the absorbing additives will depend
Il as the solubility of

seems to be more vé
without interference fro
However, the degree of in
on the drug-to-additive ratio in the formulation as we
the additive in the solven
dilutions. Similarly, the P
hydrogen phosphate) may alte
value of sample solution which
admixtures used for calibration. In
technique is not possible, & suitable

effect of interfering gubstances may
such a req

ts used for preparing the stock solution and final
resence of certain additives (such as dicalcium
rthepHofthesquﬁon, resulting in a pH
will be different from that of the pure drug
cases where the direct use of derivative
extraction procednre to reduce the

bemedpﬁortorecordingofthe

uirement did not arise in the

ra although

derivative spect
in this report.

formulations assayed
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A. Appendix I

Analytical Profile of Drugs

A. Di-iodohydroxygquinoline

5,7-Di-iodoquinolin-8-ol
Empirical formula: CyoHsI;NO

Molecular weight: 397.0

Melting point: 200-215° C with decomposition

pKy : 10.5 [14]

Solubility: [111]
Practically insoluble in water and sparingly soluble in alcohol and ether

Official Methods of Analysis:

Oxygen flask combustion method [1]

Oxygen flask method [3]

B. Salbutamol sulphate

(RS)-l-(4-hydroxy-3—hydroxynmthyIphenyl)—l-(teri—butylamino)ethanol
sulphate
Characteristics: A white or almost white, crystalline powder.

Empirical formula: (C|3H11N03)z, H,SO04

Molecular weight: 576.7

pKa : 9.3, 103 [111]
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Solubility: [2]

Freely soluble in water; slightly soluble in ethanol (96%) and in ether, very
slightly soluble in dichloromethane )

Official Methods of Analysis:

Spectrophatometry (2,3

HPLC |1

C. Aspirin
O-acetylsalicylic acid

Charecteristics: Colourless crystals or a white, crystalline powder;
odourless or almost odour!ess.

Empirical formula: CyHs0,
Molecular weight: 180.2
Melting point: 143° C [2]

pK, : 3.5at 25° C [111]

Solubility: [2]
Slightly solube in water; freely soluble in ethanol (96%); soluble in

chloroform and in ether.

Official Methods of Analysis:

Titrimetry [2,3]

HPLC [1]



D. Dipyridamole

2:2',2" , 2'"" - [(4,8-dipiperidinopyrimido(5,4-d]pyrimidine-2,6-
diyl)dinitrilo|tetraethanol

Characteristics: A bright yellow, crystalline powder; odourless or almost
odourless

Empirical formula: C:3HioNsO.
Molecular weight: 504.6
Melting point: 164-167° C |2]
pKa: 6.4 [111]

Solubility: [2]

Practically insoluble in water; freely soluble in chloroform; soluble in
ethanol (96%).

Official Methods of Analysis:

Spectrophotometry 12}

HPLC |1}

K. Atenolol

(RS)—4—(2-hydroxy-3-isopropylaminopropoxy)phenylacetamide
Characteristics: A white or almost white powder
Empirical formula: CisH22N203

Molecular weight: 266.3

Melting point: 146-148° C

oKg:9.6at24 [111]



(DR,

Solubility: [2]

Sparingly soluble in water; soluble in absolute ethanol; slightly soluble in
dichloromethane; practically insoluble in ether

Official Methods of Analysis:

Spectrophotometry 2]

HPLC [1]

E. Tinidazole

1-|2-(Ethylsulphonyl)ethyl|-2-methyl-5-nitroimidazole

Characteristics: Pale yellow crystals or crystalline powder with a slight
characteristic odour

Empirical formula: CgHi3N30,4S
Molecular weight: 247.3

Melting point: 125-128° C [3]

Solubility [1]:

Sparingly soluble in water; slightly soluble in alcohol, in chloroform and in

solvent ether.

Official Methods of Analysis:

Spectrophotometry [3]

E. Diloxanide furoate

4-(N-methyl—2,2—dichloroacetamido)phenyl 2-furoate

Characteristics: A white or almost white, crystalline powder; odourless or
almost odourless.

Empirical formula: C14H11C|2N04



Molecular weight: 328.2
Melting point: 114-116° C |2]

Solubility: [2]

Very slightly soluble in water; freely soluble in chioroform; slightly solub!

in ethanol (96%) and in ether

Official Methods of Analysis:

Spectrophotometry [2,3]

G. Metronidazole

2-(2-methyl-S-nitroimidazol-1 -yl)ethanol

Characteristics: A white or vellowish, crystalline powder.
Empirical formula: CsHoN;O3
Molecular weight: 171.2

Melting point: 159-163° C
pKa : 2.5 [111] )

Solubility: [2]
water, in acetone, in dichloromethane and in ethanol

Slightly soluble in
y soluble in ether

(96%); very slightl

Official Metheds of Analysis:

HPLC [1]

Non-aqueous titrimetry i3l



H. Bromhexine Hydrochloride
2-amino-3,5-dibromobenzyl(cyclohexyl)methylamine hydrochloride

Characteristics: A white or almost white, crystalline powder
Empirical formula: CsHz0Br:N:, HCI

Molecular weight: 412.6

Melting point: 235° C

pK, : 8.5 [117]

Solubility: [2]

Very slightly soluble in water; slightly soluble in dichloromethane and in
ethanol (96%)

Official Methods of Analysis:

Spectrophotometry (2]

|. Theophylline

1 ,3-dimethy|purine-2,6(3H,l H)-dione
Characteristics: A white, crystalline powder; odourless.
Empirical formula: C,H8NO:

Molecular weight: 180.2

Melting point: 270-274° C
pKa: 8.6 at 25°C [111]

Solubility: [2]
aringly soluble in absolute ethanol; slightly

iohtly soluble in water; sp .
ooty slightly soluble in ether.

soluble in chloroform; very



Official Methods of Analysis:

HPLC [1]

Titrimetry [2]

J. Phenobarbitone

5-ethyl-5-phenylbarbituric acid

Characteristics: Colourless crystals or a white, crystalline powder;

odourless

Empirical formula: C;2H12N203
Molecular weight: 232.2

pK, : 7.4 at 25 [111]
Solubility: [2]

Very slightly soluble in water; freely soluble in ethanol (96%); soluble in

ether; sparingly soluble in chloroform.

Official Methods of Analysis:

HPLC [1]
Argentometry (2]

Spectrophotometry [3]

L. Nifedipine

Dimethyl 1,4-dihydro-2,6-dimﬁthy1-4-(z-ﬂitTGPheﬂyl)pYridine-s,s.
dicarboxylate

Characteristics: A yellow, crystalline powder.

Empirical formula: C7HsN20s

31



Molecular weight: 346.3
Melting point: 171-175° C

Solubility: [2]

Practically insoluble in water, freely soluble in acetone; sparingly soluble in

absolute ethanol.

Official Methods of Analysis:

HPLC (1]
Titrimetry |2

Spectrophotometry [3]

M. Imipramine Hydrochloride

3-(10,11-dihydo-5H-dibenz(b,flazepin-5-yl)propyldimethylamine
hydrochloride

Characteristics: A white or slightly yellow crystalline powder; almost
odourless

Empmca] formula: C;9H24N, , HCI
Molecular weight: 316.9
pKa: 9.5 at 24° C [111]

Solubility: [2]

Freely soluble in water, in chloroform and in ethanol (96%); practicall
insoluble in ether Y

Official Methods of Analysis:

Spectrophotometry [1,3]

Titrimetry [2]



N. Diazepam

7-chloro-1,3-dihydro-1-methyl-5-phenyl-1,4-benzodiazepin-2-one
Characteristics: A white or almost white crystalline powder; odourless.
Empirical formula: C16H1:CIN:O

Molecular weight: 284.7

pKj, : 3.3 at 20° C [111]

Solubility: [2]
Very slightly soluble in water; freely soluble in chloroform; soluble in

ethanol (96%).

Official Methods of Analysis:

HPLC [1]
Titrimetry [2]

Spectrophotometry [3]

mine Hydrochloride

O. Diphenhvdra

(RS)- Z-benzhydryloxyethyldimethylamine hydrochloride

A white crystalline powder; odourless or almost odourless

Characteristics:

Empirical formula: C 7H21NO , HCl

Molecular weight: 291.8

DK, : 9.0at25°C [111]

Solubility: [2]
n chloroform and in ethanol (96%);

le in water, freely soluble i

Very solub
luble in ether

practically inso






Solubility: [3]

Practically insoluble in water; slightly soluble in chloroform and in alcohol;
very slightly soluble in solvent ether

Official Methods of Analysis:

Spectrophotometry |1, 3]

R. Orciprenaline sulphate

(RS)- 1-(3,5-dihyroxyphenyl)-2-isopropylaminoethanol sulphate
Characteristics: A white crystalline powder; odourless or almost odourless
Emplncal formula: (C||H;1N03)3 ’ HzSO,;

Molecular weight: 520.6

pKa: 9.0, 10.1 and 11.4 [111]

Solubility: [2]

Freely soluble in water and in ethanol (96%); practically insoluble in
chloroform and in ether

Official Methods of Analysis:
HPLC [1]

Titrimetry [2]
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Appendix I1

List of Research Publications

1. Determination of Metronidazole and Furazolidone in Tablet
Preparations and in Admixtures by Second-order Derivative Difference

Spectrophotometry (Communicated)

2. Estimation of Metronidazole and Nalidixic Acid in Pharmaceutical
Preparations by Second-order Derivative Difference
Spectrophotometry (Communicated)

3. Spectrofluorometric Estimation of Aspirin and Dipyridamole in Pure
Admixtures and Tablet Preparations, J.Pharm. Biomed.Anal. (In press)

4. Second-order Derivative Spectrophotometric Assay for Imipramine
Hydrochloride and Diazepam in Pure Admixtures and in Dosage
Forms, J.Pharm. Biomed.Anal., 13 1003 (1995)

5. Simultaneous Quantitative Estimation of Tinidazole and Diloxanide
furoate in Tablet Preparations by Difference Spectroscopy, Drug Dev
and Ind.Pharm., 20 2143 (1994) ==
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Appendix 11

List of Research Publications

1. Determination of Metronidazole and Furazolidone in Tablet
Preparations and in Admixtures by Second-order Derivative Difference

Spectrophotometry (Communicated)

2. Estimation of Metronidazole and Nalidixic Acid in Pharmaceutical
Preparations by Second-order Derivative Difference
Spectrophotometry (Communicated)

3. Spectrofluorometric Estimation of Aspirin and Dipyridamole in Pure
Admixtures and Tablet Preparations, J.Pharm.Biomed.Anal. (In press)

4. Second-order Derivative Spectrophotometric Assay for Imipramine
Hydrochloride and Diazepam in Pure Admixtures and in Dosage
Forms, J.Pharm.Biomed.Anal, 13 1003 (1995)

5. Simultaneous Quantitative Estimation of Tinidazole and Diloxanide
furoate in Tablet Preparations by Difference Spectroscopy, Drug Dev.

and Ind.Pharm., 20_2143 (1994) )

6. Determination of Atenolol, Nifedipine, Aspirin and Dipyridamole in
Tablet Preparations by Second-order Derivative Spectrophotometry,

Int.J.Pharm., 108 11 (1994)

7. Simultaneous Quantitative Determination of Salbutamol Sulphate and
Bromhexine Hydrochloride in Drug Preparations by Difference
Spectrophotometry, Int.J.Pharm., 100 227 (1993)

rmination of Metronidazole and Di-

Preparations by Difference
72 111 (1995)

8. Simultaneous Quantitative Dete
iodohydroxyquinoline in Tablet
Spectrophotometry, J.Ind. Chem.Soc.,

- [ - . @ d Di p yri damole in and
9. Simultaneous Determination of Aspirin an Pure
Dosage Forms by IR Spectrophotometrys Indian Drugs, 31 489 (1994)

stati inati f Phenobarbitone and
., Simultaneous Quantitative Determnnnﬂqn o .
1 Theophylline in Drug Preparations by Difference Spectroscopy, Indian

Drugs, 29 442 (1992)
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11. Quantitative Estimation of Paracetamol and Ibuprofen in Tablet
Preparations by Non-aqueous Titrimetry, Indian Drugs, 30 596
(1993)



