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ABSTRACT

The polarographic behaviour of minoxidil, zomepirac sodium
and ketoprofen has been studied and consequcntiy,
differential-pulse polarographic(d.p.) methods have been
developed for the determination of these compohnds in
pharmaceutical dosage forms;

Minoxidil exhibits one well resolved d.p. polarographic wave
in 1.0N H,SO, with a ES value at - 0.95V vs S.C.E. The d.p.p peak
és}reni varies linearly with the concentration of the drug over
the range 1x10°* to 5x10°* M with a correlation coefficient of
0.9999. The electrochemical reduction of minoxidil has been found
to involve the N-oxide bond as well as the 3,4-azomethine bond.
In acidic solutionﬁ; the mechanism of reduction involves the
transfer of four electrons as well as dehydration and deamination
steps to yield 2-amino 6-piperidinopyrimidine as the final

product. Cyclic voltammetry on minoxidil in 1.0N H,SO, reveals

,that the compound is strongly adsorbed on mercury, wherea& in an

aprotic media a one electron quasi jreversible reduction process
is predicted. )

Zomepxrac sodium and ketoprofcn exhibit well. developed d.c
and d.p polarographxc waves in Brittos- Robxnson buf fer _
(congaxn:ng 5% v/v-mg;pgnol) over thg pH range 6.0 to 11. 0 Three
waves were exhibited by ;;Eﬁ‘compqund, however, the peak for '
quaﬁtitative estimation of zomepirac’sodinm was observed at pH
11.0 while, that for ketoprofen was dbserved at pH 6.0. The

\\,

diffusion currents for the selected peaks vary linearly with the

v



concentration of these drugs with correlation céefficients of
0.9992 and 0.9994 for zomepirac sodium and ketoprofen
respectively. The electrochemical reduction of these compounds
WMvolves the transfer of two electrons and the conversxon of the
benzoyl carbonyl group to the alcohol. In each supportxng
electrolyte system the reduction process has been found to be
predominantly diffusion controlled. |

The developed quantxtatlve procedures are simple, rapid,
accurate and they can determine the drugs to about ng/l leveIs

The procedures involve simple pulver;zatxon of the dosage form
K4

(tablet) followed by.methanolic extractxon of the active
ingredient prxor to the polarographic ?nalys1s in the appropriate
supporting electrolyte system, Ekcellent agreements between
results obtained by the developed methods and those provxded by
the manufacturer's control 1$$bratories were reaiized. The
methods show promising application f&t purity and stability
studies and the commonly gsed tablet excipients and suppository

bases do not interfere in this analysis.
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FﬁNDAMENTALS\OF POLAROGRAPHY AND RELATED TECHNIQUES
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1.

Since the inception of polorography by Prof. Heyrovsky
(1), the technique has been .through a series of
modifications both in its principles and in its
instrumentation. Direct current voltammetry at the dropping
mercury electrode (D.M.B) or classical polarography involves
the measurements of current voltage curves at the D.ﬁ.E.
when a slow linear voltage ramp input ( typically 100 mV/min)

is applled to the cell.

The unique advantages of the D.M.E,
(renewable,reproduc1b1e,and large negative potential range),
are supplemented by the fact that well defined "S" shaped
current voltage curves are obtained for most electrode
process. The analytical parameters of interest being,

i) The current on tﬁe plateau of the wave, ;hd which is
linearly related to the qucener;ion, C, by the I1lkovic
equation (1) when the cufrent is diffusion controlled:

% = 607.0n F ? D""m’”t'“..................(1)
where . i

n is the number of electrons taking part in the
_ electrode process.

F is the Faraday congtant

D is the Diffusion Coefficient

m and t are the characteristics of the mercury

flow rate and electrode drop time respectively.
i1) The half wave potential E,, which is the potential

where the current eguals one half of the limitiné value.



iii) The slope of the current potential curve.

The last two parameters can be used for’identificatiOn
of the molecule or species that is undergoing the
electtochemical reactions.

Equation (1)\is uncorrected for the value of the
charging current. This charging current, of primary
importance in éolarogriphy, is due to the adsorption of
anions and cations at tﬁe electrode surface to form a double
layer. This double layeg has a finite capacitance and
therefore a significant current is required to charge the
. electrode solution interface to the required potential. It
is the existance of this charging current, which effectively
limits the sensitivity of the d.c. method to about 5 x 10°°*
M. This capacitive current is very large at the start of the
drop life time but decreases with time during the drop
growth. This important difference betweeh the 'tatadaic and
capacitive currents is the basis oﬁ which most modern
polarographic tecbniques have been developed.

The mercury flow rate m, and the dropping time t, are
greatly influenced by the height of the mercury column h.’
The net pressure at the D.M.E. capillary tip is equal to-the
observed height of the mercury column minus the back
pressure, which‘is due to excess pressure needed to overcome
the interfacial tension of mercury and to expand the drop.
The general equation can be summérized as follows:

hc =ho- 3.1/m'/:t‘,’10000000"0-0.00..0(2)

b



From the fact that an increase in the corrected height
of the mercury colummn p}oduces no increase in the mercury
drop size, but rather causes an increase in the number of
drops per unit time, relationsﬁips between mercury flow rate
m, drop time t, and the corrected height of the mercury
column can bé expressed rgspectively as

m=Kheooonno eeeaene R R (3)
tsx,,/hc............'...; ......... e (4)
From equations 1, 3 and 4, a relationship between i. and

d

h could be derived as given by equation (5)

= KGR e e .. (5)

Equation (5) provides a means of ascertaining whether

-

the current produced at the D.M.E. is actually the result of

a diffusion controlled process. For a compjetely diffusion

‘controlled process, a graph of % versus the corrected height

of the mercury column is a straight line that passes through
the origip. '

Linear potential sweep chronoamperometry was one of the
first of }he modern variants to the classical polarographic‘
method. The ofiginalimgthod, often referred to as
cathode-rfy, polarography was based on the application of a
rapid voltage sweep to the electrode duriftg the last part of
the mercury drop life iime. In linear sweep methods, peak
response is obtained from the combined ;ffects of high mass

transfer rates in the non-steady state followed by the

progressive'depletion of the reastant concentration in the

diffusion layer, Linear sweep teéhniques are not widely used

2y



in modern polarographic analysis as the sensitivity is
severely limited by the fact that the double layer charging
current is also dependent on sweep rate as is the peak
potential. ‘ . y | <
An important variant of linear sweep voltammetry 1is thé
fechnique of cyclic voltammetry, where the imposed signal
;onsists of a‘triangular wave form with the first sweep
be1ng followed by a reverse sweep back to the initial
potent1a1. Important mechanistic information is obtained
from the peak potential separation, the ratig of cathodic to
anodic peak currents and the effects on these two parameters
caused by variation in the voltage sweep rate.
4 All of the modern variants of the classical
polarographic method have sought to improve sensitivity by
eliminating the contribution from the capacztlve current due
to the double layer charging of the drop. thle there is a
vast array of techniques available, only a few have found
routine acceptance. Pulse polarography as discovered by
Barker et al.(2), involves the impositionsbf a series of
increasing amplitude woltage pulses on successive drops. The
current being samplgd af the “initial p;;Zntial and after a‘
selected time following the pulse application. Subsequently
various modificatiéns to -the original technique have been
made and, at the present time, pulsk_techniques are the most
widely used in analytical polarography - voltammetry.

Utilising the differing time dependency of faradaic and

charging currents, the pulse method imposes a series of
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ﬁncreasing amp]itude voltage to successive drops at a
2:& selected time near the end of each drpp life time. The
fﬁitially high charging current decays away ‘very rapidly and
tﬁexre51dual faradaic current is sampled durlng the final
part of the 50 60msec time pulse. At a stationary electrode,
the capacitive gyrrent %fdecays as an exponential function
accordingllo equation (6) )
‘i -=(AE/R- ) x e‘( t/RxCdl) ................. .. (6)
Where,E is. the pulse amplitude, R is the uncompensated
resistance (dependent on cell and solution characterxstlcs)
t {s the ‘time elapsed since appllcatxonhof the pulse and G
the double layer capacxtance. S » e
{ By sampllng the current for a short period, * usually
for a period equal to one-cycle of the maln supply, when the
'capacxtxve component has decayed to a stgpdy state, a
favourable measuremnt of the faradaic current over the
cap%éitive current could be achieved. "
Equation (7) compares the diffusion f‘%;zzd current for
pulse and d.c. polarography. . .
ip /%k;- (3t /7t ) eeres cncesssssl?)
" Where tpls the time after appl1catxon of the pulse and
ts is the drop time in the d.c mode. While the ratio prb&acts
that normal pulse will only be a factor of five to ten times
more sensgfive than df; poloragraphy, in practice the ratio
is nearly two orders 5: magnitude. The additional increase
‘is due to the abxlxty of the pulse technigque to discriminate

aggiﬁst the capac1t1ve component .

<
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Another advantage of thehéul§e techniquq is that as the
measurement pulse is only applied for a small fraction of
fhe total drop time, only a small amount of material is
depositéddon the electrode. Pulge polarography is exfremely
useful in analytical applications, since it can‘respond to
both reversible and irrevgrsible processesS. while the .normal
pulsrﬁtechnique gives a marked improvement 1in sensitivity
OVerithe d.c method, it still gives a similar "S" shaped
polarogram.
& A mueh more useful variant, which currgntly is by far
the most widely used polarographic technigue for analysis,
is differential pulse polarography. In this mode, a small
amplitude (10-100mV)’ pulse of (ca 60msec) duration is
superimpoéed on a conventional\d.c. voltage ramp, and is
applied to the D.M.E.near the end of the drop life time. The
current output is sampled at two intervals, immediately on
the ramp prior to the imposition of the pulse and again at
the end of the pulse (after 40msec) when the capacitance
current has decayed. The response signal is the difference
in these two currents. The current-voltage curve, therefore,
ideally has a "Gaussian-like" shape.

) Parry e} al.(3) have derived a relationship between the
peak current ipand the pulse modulat?on amplitude, oE. The

maximum peak current when the pulse modulation amplitude is

less than the value of RT/nF defined as :

)
¢

i) = n*FA C / S RT(D/ nt)VKOE ceuninnes Ty

ceeeensosss(B)

<
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For very small values of AE the peak current potential
coincides with the halt vnve potential, E . For larger
values of the modulation amplitude, however, Epis related to
E,as given by eguation (9) |

E. = E

P by TBE/2 caeeiennn ceeeanen (9)

It is therefore clear that maximum sensitivity in
differential pulse polarography is obtained for large values
of 8E. Increases in aE, however, also result in increased
peak broadening with conseguent los;‘of resolution. For
irreversible systems, however, peak current values are
generally lower and peak widths broader than predicted for
reversible values (3). Many analytical appplications of
pulse and differential pulse polangraphy have been reported
(4,5).

Other new improvements, oONn classical polarography are
the alternating current techniques (6), stripping
voltammetry (7,8) and coulometric techniques (9,10). For
detailed discussions of these other technigues appropriate

texts should be consulted (2).

.‘ 4 3"
1.1 Analyticnl Application \\”“«\\“_

~
Voltammetric methods are found to be particulbrly .
ranid, convenient, accurate and precise in formulation
analysis where frequently the reducible or oxidizable active
ingredient can be determined in }he presence of generally |
.

electroinactive excipients, irrespective of whether the

latter are soluble or not in the chosen supporting



electrolyte. The procedures employed are simple and
eliminate both the time consuming solvent extraction steps
and calculation of recovery common to photometric and
chromatographic methods, while the resulting accuracy and
precision are at least comparable if not better than the
aformentioned methods. Voltammetric methods can also be used
as rapid means for stability testing of formulétions
provided that the degradation products are electroactive at
different potentials or, alternatively electroinactive.
In-vitro dissolution rate measurements can be followed
easily by voltammetric sensors which do not require the need
for sérial sampling, extraction and tedious calculations
often needed to perform dissolution rate determinations by
photometric or chromatographic methods (4).

Direct voltammetric analysis of organic molecules in
biological fluids is rapid and can be of great importance in
in-vivo biological monitoring. These methbds have been
applied to some aspects of clinical diagnosis. When the
molecule of interest has to be separated from the biological
matrix then not only does the method become more time
consuming, but the accuracy and precision of the overaii
method is adversg}y affected.

Voltammetric methods of analysis have sensitivities
varying from 10-°M (d.c) to 107 °to 10-°M for stripping
voltammetry. Linear sweep and differential pulse
polarography have sensitivities greater than

spectrophotometry and equivalent to those of
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spectrofluorimetry, G.L.C. with a flame ionization detector
and ligquid chromatography with a UV detector. Stripping
methods can attain the sensitivity of either G.L.C. with
electron capture Or mass-spectrometric detector, oOr
radioimmunoassay, all of which have sensitivities in the
nanogram to picogram per ml range. The highly sensitive
voltammetric methods have found application in
pharmaceutical analysis for single tablet assay and in

determination of small amounts of electroactive degradatioh

i

products (4 ). g >

For trace determination of drugs and other organic
molecules in biological fluids, highly sensitive procedures
are required. Differential-pulse and fast linear sweep
polardgraphy are the voltammetrirc technigues normally used
for the routine determination of drugs in blood or plasma.
In addition, polarographic methods are ideally suited for
;he analysis of urinary metabolites since they are usually
polar compounds. This is in contrast to G.L.C. methods which
often require derivatization to reduce the polarity of the
compounds to yield volatile derivatives suitable for
analysis. ‘ .

In general, voltammetric methods on their own are not
particularly selective although some elegant examples to the
contrary exist in the literature (11). Voltammetric methods
can show exceptional specifiéity_when the electroactive

~

parent compound produces electroinactive metabolites or

degradation products. Stripping methods have the ability to
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]
discriminate between oxidation states of metals contained in
somé.organometallic species, which is important in the study
of theig metabolic reaction in enviromental situations. In a
recent investigation of d.p.p. as an jdentification tool in
forensic drug analysis, it.has been found in spite of the
large number of drugs that are encountered in forensic
science, that relatively few macidic" and neutral drugs are
reducible (12). Molecules which do not have inherent
polarographic activity, or which exhibit behaviours that are
of 1ittle analytical value can be subjected to a variety of
complexation and derivatization procedures which can then be
employed to achieve an indirect method of electrochemical

analysis.

1.2 Quantitative Analysis

The magnitude of the diffusion currrent is related to
the concentration of reducible or oxidizable species by the
Ilkovic eguation. There are, however, several ways of
evaluating the unknown concentration of a substance by
polarographic analysis. The most commonly used methods
include:

(i) -Absolute Method:

The absolute method is based on the direct application
of the Ilkovic equation, however, because of }he difticulty
in evaluating thé diffusion coefficient theQQethod is not
used to any extent in practical work.

(ii) Modified Absolute Method:
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The Ilkovic equation can be rearranged to

parameters which are independent of the electrode and
instrument characteristics are grouped together on the 1éft
and are collectively referred to as the "Diffusion current
Constant” Id' which is frequently avialable in the
literature with reproducibility within 5% under specified
conditions. The method is not very accurate and it is also
very time consuming.

(iii) Direct Comparison by Calibration Curve Method:

The concentration of aﬁ unknown solution can be
determined by extrapolation from a previously prepared
calibration graph. This method is convenient for the routine
analysis of a large number of samples. Calibration curves
should not be assumed to be valid form day to day, but
should be verified for each series of analysis.

(iv) Alternate Direct Comparision Method:

This method is based on the simple relationship

i = KC
d
vhere )
C = the concentration of the electroactive species
% = diffusion current
= constant u

K
for a standard solution and a tesi solution

(id) sample C sample

(% ) standard C standard
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Greatest accuracy is obtained when the concentration of
standard and sample are approximately of equal value,
especially for a slightly non-linear relationship between
current and concentration.

(v) standard addition method

In this method the diffusion current of the unknown
solution with volume A 1is determined first and then a known
volume B of standard solution is added to the unknown
solution and finally the diffusion current of the mixture 1s
measured. The unknown amount is then evaluated from the
following eguations

Cu=(Cst xiu)/ﬁm(A+ B) - A Xx aﬂ
ﬁhere
C,= concentrétion of the unknown test solution
Cs = conceptration of standard solution
A = volume of unknown test solution
B = volume of standard solution
i = diffusion current of the unknown test solution
i = diffusion current of the mixed solution

Maximum accuracy is obtained with‘this method when the
increase in wave height caused by the addition of the
standard solution is approximately equal to that of the
unknown test solution alone. The method is claimed to be
more accurate than the calibration method, but more‘time

consuming.
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1.3 The Pilot - Ilon Method

Since the diffusion coefficients vary from ion to ion,
there is no uniformity in the heights of the waves obtained
with eguivalent concentrations of different reducible ions.
The Ilkovic eguation predicts cbnstancy of the diffusion
curcent constant for any given temperature. A knowledge of
the diffusion current constant obviates the need ;:;{)
repeated calibration. This possibility cannot be, y
realized since the values of m and t must be redetermined
for each new capillary. However, the values for the various
ions all change in the same proportion. Hence, once a series
of these constants are determined for one capillary it is
necessary only to repeat the determination of the constant
for one ion in order to establish those of the entire series
for a new capillary. This makes it necessary to maintain
only a single standard stock solution for each supporting
electrolyte likely to be needed. Relative diffusion current
constant % of ions in a specific supporting electrolyte is
.independent of capillary characteristics.

To apply this method of guantitation, first determine'
the pilot ion ratio for the sample depolarizer and a chosen
pilot ion. Secoﬁdl&, determine the diffusion currents for
the depolarizer and the pilot ion using a. solution
containing a known amount of the sample depolarizer. The
concentration of the unknown sample depoiarizer'can be
determined using the equation.

-

Cx=( i, / ip Mg /1) x G ’
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A

Where Ip/Ixis the pilot ion Ratio determined.
i, is the diffusion current for the sample
depolarizer
igis the diffusiin current for the pilot ion

C,and Cpare the concentrations of the sample

depolariser and pilot ion, respectively.
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2.2 Introduction

Life expectancy is reduced in patients with elevated

blood presure. Evidence Has accumulated that reduction of
evated blood pressure reduces the risk of morbidify and
morfality. .

The drugs used in the' treatment of hypertension belong
to groups of distinct pharmacological actions, although the
precise mode of action of some of them is not as yet fully
understood. |

Major drugs used in the treatment of hypertension are
diuretic; anq beta-adrenoceptor blocking agents. The most
common ggents can be broadly classified as:

i) adrenergic neurone bl&éking agents which interfere
{with postganglionic sympathetic nervous transmission but are
%ithout'effect on the parasympathetic nergqg{'system ; they
gnclude the guanidinium antihypertensive agents,
bethanidine, guanethidine.

ii) Rauwolfia alkaloids and related compounds which
have central and peripheral«depressant action eg.
deserpidin, reserpine, and rescinamine. ’

iii) Ganglion=blocking agents which interfere with
nervous transmission of both sympathetic and parasjﬁpathetio
ganglia. The effects are due largely to parasympathetic
.bloéiage eg, metaphan, mecamylamine. @ ) ‘

iv) Alpha-adrenoceptor blocking agenis eg.

phenoxybenzamine, and prazosin.
) »



!

20

v) Enzyme inhibitors such as methyldopa which probably

act centrally. )

Osger new drugs which have been added to the list of
antihypertensive agenfs include hydralazin, minoxidil and
diazoxide, these appear to have predominantly peripheral
effect. ) |

Although, several potent antihypertensive agenﬁf are
available, the blood pressure of some hypertensive batients
cannot be controlled with standard drugs.

' Minoxidil (Fig 1) (2,4—diamino-6-piperidinopyrimidine-3

-oxide) is an orally administered peripheral vasodilator
that is useful in managing patients with refractory ~

hypertension. Minoxidil lcwérs elevated systolic and

diastolic blood presiure in the recumbent or standing

positions and at rest or upén exertion. Its hypotensive

effects result from vasodilation produced by a selective
p\§~

relaxation of peripheral arteriolar smooth muscle, the qyy
decreasing total peripheral vascular ‘resistance (2,3).
Lowering of blood pressure is accompaﬁied by a variety of
hemodynamic effects mediated by reflex sympathetic
stimulation. Minoxidil causes sodium and water rekention. In
add1é¥on, m1nox1dxl like other vasodilators, elevates
plasma renin act1v1%y (4,5). Subsequent productxon of
anéioteﬂsin 11 stimulates aldosterone to retain sodium and
water. These actions may lead to increased plas;: volume,
hemodilution and edema (6). The concomitant use of a

v

sympqﬁhoplegic agent and a diuretic markedly reduces or

~
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4

ameliorates these effects. One of the most embarassing side
effects of minoxidil therapy is hirsutism or hypertrichosis,
which occurs in about 80% of the patients taking the drug.
Pericardial effusion has also been detected in some patients
receiving minoxidil.

After oral administration, minoxidil appears in the
plasma within 30 min, and maximum concentrations are
achieved in about an hour. The average half life is 1.4 hr.
for the parent compﬁund and 4.2 hr. for the combination of
parent drug and its metabolites (7). Sixteen hours after a
single dose, the drug is not detectable in plasma. There is
no accumulation of the parent drug after chroni'c dosing,
however, glucuronide metaboiites are retained in patients
with impaired renal function. Minoxidil is eliminated in the
urine mainly as three metabolites. The primary metabolite is
a glucuronide conjugate that appears in the urine during the
first‘12 hrs. after aaministratjon. Ten percent of an
administered dose of minoxidil is excreted unchanged in the
urine. The otﬁer minor metabolites found in human
biotransformation are the reduced forms of minoxidil,
2,4-diamino-6-(4'-carboxyLa:butylamino)pyrimidine, and
2,4-diamino-6-(4'-catboxykarbutylamino)py;imidine-3 oxide
“8). In subacute toxicify studies after a one month oral
dosage schedule, minoxidil was found.to exhibit no evidence
of gross or microscopic toxicity at a dose of 20mg/kg per
~day in four monkeys or four minipigs. At this dose level, a

degenerative lesion confined to the right atrium of the
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heart was noted in four dogs. Histologically, the lesion is
charactarized by acute and chronic hemorrhage, degeneration
of muscle cel%s and proliferation of blood vessels and
connective tissues(9). Chronic toxiciéy studies of one year
duration in three groups of four dogs each at oral dose
level of 3, 10, and 30mg/kg per day of minoxidil aléo
reveals right atrial lesions but no indication of other
toxicity.(9) Because of these findings, the use of minoxidil
in humans has been limitéd to patients with severe,
refractory hypertension. The detectibn and determination of
minoxidil continues to be of interest particularly because
of its associated numerous side effects.

In the early stages of testing the toxicity and
distribution of potential pharmaceutical compounds in
experimental animals, the analytical method of choice
usually involved a radiochemical technique. Bearing in mind
current awareness of the dangers of the use of radioactive
compounds and the need for rapid and complimentary "colgd"
methods of Sio—assay other equally sensitive methods could
be more extensively applied at this stage to appropriate
compounds.

Accordijngly, in this section, a differential-pulse
polarographic procedure is presented for the determination
of minoxidil in tablets.

Minoxidil occurs as a white or off-white odoufless,

crystalline solid that melts and decomposes atxébout 261°C.

It has a molecular weight of 209.5 and is readily soluble in
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water to the extent of approximately 2mg/ml, and 1n
propylene glycol, ethanol and methanol. It is almost
insoluble in acetone, chloroform, or ethYlacetate. Minoxidil
is prepared by a six step process starting with’barium
carbonate via guanidine hydrochloride and finishing with an
overall yield of .about 17 per cent (10) of the desired

product.

—» O

* MM NH)

S

Figure 1
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2.3 LITERATURE SURVEY

Numerous analytical techniques have been applied for
the detection and determination of minox1dil especially in
biglogical fluids. High pressure liquid chromatography (11),
Thin-layer chromatography and radiochromatogram scanning
(8,10), gas chromatography (11) and radioimmunoassay (11)
are among the technigues so far reported in the literature.

Royer et @l (11) have reported a radioimmunoassay
technique for the determination of minoxidil in human serum.
Antisera were developed in rabbits against two bovine serum
albumin conjugates of the N-4-glutaryl and dipiperidine
derivatives.of minoxidil. These antisera vere compared for
specificity, and one was chosen for further development of
the radioimmunoassay.“C-minoxidil derivatives were used. The
technique offers a convenient means of determining minoxidil
in human serum without administering radioactive minoxidil
to the patient and without requiring subsequent
chromatography of the metabolites. The techniqué has
adequate specificity for measuring minoxidil in the presence
of other metabolites, and no reguirement for extraction or
extensive sample preparation was necessary.It also has
adequate precision and accuracy for comparing serum levels
;nd determining serum half life, sufficient sensitivity and
applicability to a large‘number of samples. The method
however, is not suitable for analysis of pharmaceutical

dosage forms.
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In two other reports, Thomas et al.(10) and Thomas et
al.(8) have applied radiochromatogram scanning and T.L.C.
for the determination of minoxidil and its metabolites in
test animals and in biological fluids respectively. Samples
"of urine or plasma containing sufficient radioactivity were
applied directly to the paper or thin layer medium for
chromatography. Paper chromatography was carried out on B6 x
)Scm sheets by a descending technique in 1-butanol:
piperidine: water (82:2:16v/v) system. Occasionally
1-butanol: acetic acid: water (4:1:1v/v) and
benzene:methanol: ammonium hydroxide (100:100:1v/v) systems
were used. The chromatograms were viewed under UV ligﬂt.
Ferric chloride spray reagent was also used to detect
minoxidil and metabolites containing the N-oxide group.
Attempts with G.L.C. procedutes indicated that sizable
amounts of the several derivatives investigated were lost on
the column. H.P.L.C. would have adeguate sensitivity for
only the higher serum concentrations encountered at normal
dosage levels of minoxidil.

None of the analytical methods so far reportéd has been
directed towards the determination of minoxidil in
pharmaceutical dosage forms.

Structural examinations of minoxidil reveals that the
compound has two functional groups that can be utilized for
analytical purposes. The N-oxide and the azomethine bonds in
the molecules have been shown to be electroactive. Their

electroactivities have been demonstrated by various workers
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either q&alitatively or guantitatively.

The polarography of pyrimidine and its derivatives at
the dropping mercury electrode has been studied extensively
By several workers (12-16). The most detailed study was that
of Smith and Elving (14). This work included controlled
potential electrolysis and coulometry as well as d.c
polarography and resulted in the postulation of a mechanism
for the electrochemical reduction of pyrimidine. Five
polarographic waves have been observed for pyrimidine over
the pH range 0.5 to 13.0. In highly acidic medium, a pH -
dependent one electron wave I is observed. At about pH 3, a

pH - independent one electron wave 11 emerges from the

M
N

background discharge. These two waves merge near pH 5 to
form a pH - dependent two electron wave III. Near pH 7.2, a
pH independent two electron wave 1V emerges from thé
background and at pH 9.2 merges with wave III to form the pH
- dépendent four electron wave V. Wave I is postulated to be
the one electron reduction of py;imidine to the neutral
radical while wave 11 is the one electron reduction of the
radical to a dihydropyrimidine. Wave 111 is the composite of.
these two steps. Wave IV is the two electron reduction of
the dihydro - species to a tetrahydropyrimidine with wave V
being the composite of waves III and 1V.

O'Reilly and Elving (12), in an effort to obtain
further evidence for'the proposed mechanism of pyrimidine

reduction and to evaluate the various theoretical

predictions for a rather complicated organic system,

’
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subjected pyrimidine to a.c. polarography in aqueous media.
Their findings generally substantiates the proposed
reduction mechanism already obtained.Wave 1 is the most
reversible of the pyrimidine waves, on the basis of
proximity of £5P"d E values. The increased proximity of E,,
and E values with increased hydrogen ion concentration
supports the postulate that proton addition is part of the
overall first step, as more of the pyrimidine is protonated,
the coupled chemical reaction of protonation becomes less
critical in determining the rate of the first step. (pka for
protonation of pyrimidine is 1.30). Wave 11, associated with
one electron addition to the neutral radical to form a
dihydropyrimidine appears to be the most irreversible of the
pyrimidine waves, as might be expected because of the
stability of the dihydro species and the extreme difficulty
of reoxidizing an aliphatic site. Wave 11 differs most from
the other waves of the reduction path in that its first step
involves attack on a neutral radical, whereas the initial
step for waQes 1,11 and V presumably involves initial attack
on the 3,A-carbon—njtrogen.double bond and‘that for wave 1V
on the 1,2-carbon-nitrogen double bond. The verf similar
characteristic of waves I and IlI are. attributed to the fact
that wave 111 involves the same initial step as wawe I, ie.,
a one;electron attack on the 3,4-ca£bon nitrogen double
bond.

Waves IV ahd v, associated with the formation of a

tetrahydropyrimidine spécies knovwn to be unstable under the

¢
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alkaline conditions of its formation, are‘also highly
irreversible.

Substitution effects on the polarographic behaviour of
pyrimidine have also been investigated by many workers (14,
17-18) The ease of reduction of a pyrimidine generally
decreases with the number of added amino and hydroxy
substituents, the effect of which appears to involve
saturation of the ring by means of tautomeric shifts,

thereby removing possible reduction sites

Wave |
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FIGURE 2: Proposed Reduction Mechanism of Pyrimidine Over

the pH Range 0.5-12.0.

(Courtesy of O'Reilley and Elving (12) )

None of th& pyrimidines which are tri-and b

tetra-substituted with tautomeric groups are reducible. The
L 2
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2,4—disubstituti9 compoynds are eilther non-reducible or
difficult to redﬁce. Pyrimidines having a §-amino or
4-hydroxy substituent are more difficult to reduce than the
corresponding 2-substituted compounds, but a hydroxy
substituted compound is some what more difficult to réduce
than an amino-substituted molecule. The ?reater stability of
the 4-hydroxy substituted compounds%has also been observed
for the purine series (20). Hamer ef al.(19), concluded on
the basis of thymine and uracil being resistant to zinc
reduction, that, the presence of oxygen at the 4-position
confers some étability to the ring system. Ultraviolet
abso;ptign*hgﬂ).Lndicates that all 2 and 4-hydroxy
pyrimidines are largly in the keto form. The keto form 25
the 4;hydroxy compounds removes the N=C-C=C- system from the
ring and replaces it with an 0=C-C=C-sysbem, where as if the-
equilibrium favours the imino form of the 4-amino compound,
the former system is retained. Generally, pyrimidines
substituted in the 4-position give higher currents than
those substituted in the 2-position. 4-aminopyrimidines
have been found to undergo deamination und%E polarographic
conditions (14). The first step being the electroreduction
of the 3,4-carbon nitrogen double bond to give
3,4-dihydro-4-aminopyrimidine. This intermediate is very
unstable and undergoes rapid loss of ammonia to pyrimidine.
The 2-amino susbtituted pyrimidines do not undergo the
second 2e reduction which, for pyrimidine, involves the

1,2-double bond%\\.

~ , ~
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The polarographic behaviour of pyrimidine has been
utilized for the determination of pyrimidine based
biologically active compounds. Nucleosides and nucleotides
have been determined in vafious sources, 6-azauridine
mixtures (13), 6-azauridine in blood, purines and pyrimidine
nucleosides and nucleotides in growing cultures of
Escherichia Coli; and adenylic acid in hydrolysates of RNA
in some tissues (22). Brooks et al.(23) have developed a
differential-pulse polarographic procedure for the
determination of trimethoprim in blood by utilizing the
reducibility of the pyrimidine moiety. The supporting
electrolyte was 0.1N H;S04 and the E for the analytical peak
was - 1.07V ys S.C.E. The overall recovery of trimethoprim
from blood and urine was 8%.7% 6.3 and 75.6 t 7.2
respectively, while the sensitivity limit of detection from
blood and urine is in the order of 0.5 to 0.75pg/ml. The
correlation coefficient between a spectroflurometric and the
d.p.p methods of assay is 0.90.

In another investigation on trimethoprim, Ellaithy and
Volke (24) 6bserved that well resolved waves were only
formed in citrate HCl buffer pH 3.0-4.0. The reduction
process was found to be irreversible and was initiated by
the reduction of the 3,4-azomethine gond followed by the
sgpitting off of the two amino groups. Coulometric
experiments indicated that four electrons were consumed per
molecule. Voltammetric oxidatjon of the'drug at the rotating

gold disc electrode yielded \two analytical peaks. The exact
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process for the oxidation is not fully understood since

oM
ConaerA

oxidation could ocaur at the pyrimidine ring or at the 3,4,5
trimethoxybeniéne m01ety of the molecule. Chatten et al.(25)
recently reported a differential- pulse polarographic method
for the determination of trimethoprim in pharmaceuticals.
Sorenson_ acetate buffer pH 4.0 with 1M acetic acid was
employed as supporting electrolyte. The resolution of the
d.c. and d.p. polaraographic waves SO obtaihéd was much
better than that previously reported by Ellaithy et al(24).
Since acetic acid prevents ;Pe cb-extraction of other tablet
constituents which may interfere with the assay, a ™
solution of that acid’was empl;yed agxkhe extracting
solvent. Small amounts of 1% gelatin were also required to
overcome the inconsistent suppresidn'of the d.p.p. peak
height caused by the presence of poGidone thch co-extracts
in acetic acid. Attempts to determiné\trimetgoprim in the
presence of sulphamethazole by anodic té%hn1ques proved to
be difficult owing to the acid-base 1nter€ct1on between
sulphamethazole and tr1methopr1m.

Smith (26) utilised the polarographic act1v1ty of the
pyrimidine moiety to develop a method for the determlnatlon
of the azidopyrimidine diuretic ﬂz?amino-4-azido-5-(2—ethoxy
ethyl)-6-phenylpyrimidine) ¥ urine. The electrochemical
reduction process was found to take place over a wide range
of applied potential 200-300mV resulting in broad d'p.p.
peaks with half widths in the order of 130- 150mV Improved

resolution of the peaks could be obtained by increasing thef
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pH but this was associated wit& a decrease in the
sensitivity of the procedure. »eﬁ‘

The second functional group in the minoxidil molecule
which is also amenable to voltammetric analysis is the
N-oxide bond. Voltammetric behaviour of N-oxide groups has

been extensively studied by various workers (27-29). The

" N-oxide group has been found to undergo electrochemiéal

reduction to éive the free amine. Aromatic N-substituted
oximes are reduced in acidic as well as basic media in a 4e
wave to the secondary amine. The'rgduction proceeds throﬁgh
the corresponding Schiffs' base. Aliphatic N- ;ubs;ituted
derivatives are reduced in acidic media only. Beckett et
al.(29) analysed the polarographic wave of the N-oxide group
and found the value of an to be 0.50. Twé steps were
postulated for the reduction mechanism. The firstfwas the
rate determining step and ‘involves a one electron aod one
proton mechanism. The second step is relatively rap1d and it
also involves an electron and a proton with the elimination
of a molecule of water. The second step is so fast that it ,
occurs at the same reductibn potential as the firsg step,
hence only one polarographic wave is observed. Beckett et
al.(29) employed the reducibility of the N-oxide group in
developing a method for the determination of the'N-oxidé,
N-oxide sulphoxide and sulphoxide metabolites of
chlorpromazine. The method can determine the N-oxide .
metabolite in the ﬁresénce of the parent compound and the

sulphoxide of chlorpromazine. This determination is
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unsuitable with UV s{nce the bhloréromazine N-oxide exhibits
maxima at the same wavelength as the sulphoxide of
chloropromaziﬁe. Gas liquid chromatog?aphy of
chlorpromazine-N oxide produces an elimination product,
2-C1-10-allyl phenothiazine in addition to some reduction
products (30). Brogd peaks and relatively long retention
times preclude the use of G.L.C. for the determination of
low levels'oi the chlorpromazine sulphoxide metabolites.

| Brooks et al.(31), have reported a d.p.p. method for
the guantitative determination of trimethoprim and its
N-oxide metabolites in the urine  of man, dog, and rat. The E,.
value for the N-oxidé‘is well removed from that of the
azomethine reduction. Phosphate buffer, pH 3.0, was used
instead of 0.1N H,SO,. This enhanced the separation between
the E,values fos-the N,- oxide and the N,-oxide. The method
is sensitive and can be applied to follow the
blotransformatxon and metabolic pathway of various N-oxide
based biologically active compounds. »

_ Several other workers (32-34) have examined the
polarégraphic behaviour of chlordiazepoxide in a variety of ’
supporting electrolytes. In acid solutions, three well
defined polarographic reduction waves attributed to tﬁ;
reduction of the N-oxide, the 4,5-azomethine and the
1,2-azomethine bonds were observed.

Caile et 21.(35) have assayed chlordiazepoxide in
dosage forms by'spectrofluorometric and polarographic

methods and found that both.pethods,yield comparable
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results. Jacobson gt al.(30) also reported an assay method
by polarography for chlordiazepoxide in dosage forms. The
method has a distinct advantage over the UV method in that
the extraction of the drug into an organic solvent and
removal of insoluble material was not required.
Chlordiazepoxide tablets containing propantheline bromide
can be assayed by this method since propantheline shows no
polarographic activity although propantheline and

chlordiazepoxide show similar UV absorbance.

2.4 Statement of Purpose

The few analytical methods reported for the
determination of minoxidil involve a T.L.C,
Radioimmunoa®say, and Radio chromatogram scanning. These
were mainly applied in biotrahsformation studies.of
minoxidil. Application of G.L.C. and H.P.L.C. techniques
have been found not suitable for minoxidil dgtermination. No
official method has so far been listed for the determination
of minoxidil in dosage forms. This present work is direcéed
féward the investigation of the polarographié behav&gur of
minoxidil, and to the development of a differential-pulse
polargraphic technique for the determination of minoxidil in
dosage forms. ‘

In order to qccomplish this, the variables to be
investigated include:

i) The determination of the optimum buffer or

supporting electrolyte system; that which offers a strond

A

*
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and well resolved polarographic wave for minoxidil.

ii) The effect of pH on the E ,of the wave.

iii) The determination of diffusion dependency by
plotting the diffusion current ys square root of the
corrected height of mercury column.

iv) To investigate the electrochemical behaviour of
minoxidil by cyclic voltammetry, and to determine the effect
of scan rate on the cyclic.voltammetric peak height.

v) To determine the number of electrons transferred per
molecule during the electroreduction process.

vi) To perform a macroscale electrolysis of minoxidil,
and to isolate and characterize the reduction product by
means of mass spectrometry, N.M.R., IR., UV. and simple
chemical reactions.

vii) To propose a mechanism for the electrochemical
reaction.

viii) To prepare a calibratibn graph and to determine
the coefficient of correlation beteween peak current and
concentration of minoxidil. N

ix) To apply the developed method to the analysis of

x

pharmaceutical dosage form.
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\
2.5 Apparatus and Conditions for Po}arographic Analysis

Standard laboratory glass ware, one meter rule, stop
watch, nitrogen tank, Mettler balance, magnetic stirring
device. Unicam SP1800 UV spectrophoterter and recorder.
Perkin Elmer 267 IR spectrophotometer: Unicam SP1000 IR
spectrophotometer, 200MHz and 60MHz NMR spectrometers. Other
apparatus will be discussed under appropriate sections.
Reference Standard |

Minoxidil (100.4%) was obtained from Upjohn Company,
Canada Ltd., and used without further purification.
Reagents

The following reagents were used, all of
analytical-reagent grade : Qprbitgl, boric acid, citric
acid, potassium hydrogen phosphate, dimethylformamide,
anhydrous methanol, tetraethylammonium bromide, 0.2N sodium
hydroxide, 1.0N sulphuric acid, and 1% tetraethylammonium
bromide in DMF. Britton-Robinson buffers were prepared with

distilled, deionized water at intervals of 0.5 pH unit over

the pH range of 2.6 - 7.0.
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Pharmaceutical Dosage Forms

Name Manufacturer Dosage Form Lot No
Minoxidil The Upjohn 2.5 mg tablets H - 651
(Loniten) Company of
Canada
Minoxidil The Upjohn 10 mg tablets H - 710
(Loniten) Company of
Canada
2.6 PROCEDURE v

2.6.1 A. Determinatioin of Reference Standard Purity :

The purity of the reference standard minoxidil (100.4%)
was checked by meaps of thin layer chromataography.
Microsilica gel plates were used while the solvent system
consisted of methanol: ammonia (100:1.5). Only one spot with
~an Rtvalue of 0.43 was observed. The reference standard was,
therefore, used in subsequent experiments without further

purification.
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2.6.2 B, Constant Temperature Control for Polarography

The polarographic cell was immersed in a water bath
connected to a thermostatically controlled reservoir.
Circulation was ensured by means of a pump. The temperature

of the water was maintained at a constant value of 25 t+ 1°C.

2.6.3 C. Determination of Optiﬁum Height of Mercury Column

Minoxidol solution (5 x 10° ¢ M) was prepared by
diluting nineteen ml of 1.0N H,SO, with 1ml, of 10°* M
methanolic solution of minoxidil in the polarographic cell.
After deaeration for 10 min with purified nitrogen, the
polarograms were run separately at various heights of the
mercury column ranging from 60cm to 80cm with 5cm as the
interval. The dropping time of the D.M.E. was maintained at
2s by an automatic drop timer. Comparison of the polarograms
was made and the optimum height of mercury column was

selected.

2.6.4 D. Determination of Optimum Buffer or Supporting
Electrolyte System
Four systems were investigated in order to chodse the
one that is optimum for the analysis. Those investigated
include, Walpole's acetate buffer pH 3.6 - 5.6, Sorenson's
citrate buffer pH range, 1.2 - 5.6, Britton-Robinson buffers
pH range 2.6 -"7.0 and 1.0N sulphuric acid, pH =0.5.
Minoxidil solutions (5 x )0" M) were each p;epargd by

adding 1ml of 10°* M methanolic solution of minoxidil to
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19m]1 of the appropriate system in the polarographic cell.
Polarograms were obtained in each instance after dé;eration
for 10 min with nitrogen. For the buffer systems, the pH was
varied over the corresponding range in intervals of 0.5 pH

units. The guality of the polarograms was compared to select

the optimum system for the analysis.

2.6.5 E. Determination of Solution Stability :

The stability of stock solution of minoxidil was
determined b; running the polarogram on a freshly prepared
solution and then allowing the solution to stand for five
daysebefore obtaining the second polarogram. A comparison of

the two polarograms was made.

2.6.6 F. Determination of pH Change Befbre and After
Electrolysis :
The pH values of the solution were measured
electroﬁetrically prior to and after the polarographic
reduction, in order to ensure that the pH had remained

relatively constant.

2.6.7 G. Comparison of Polarograms of Pyrimidine and
Derivatives
The polarograms of pyrimidine and some selected
detivaﬁives were obtained in two supporting electrolyte

systems, 1.0N H,SO, and Britton-Robinson buffer pH range 2.6

to 11.0. The derivatives investigated include :
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2,4-diamino-6-hydroxypyrimi&ine
4-amino-2,6-dimethylpyrimidine
2-amino-4,6-dimethylpyrimidine
4-methylpyrimidine
2-aminopyrimidine
In each instance, 1 ml of 10-* M methanolic solttion of the
selected substance was added to 19ml of the appropriate
buffer or other supporting electrolyte to produce a final

-

cohcentration of 5 x 107 * M.

2.7 Differential Pulse Polarographic Analysis

A Fisher,‘Model 320, pH meter fitted with a glass -
calomel electrode system was employed to measure the pH
(values of the solutions. )

A PAR, Model 174, polarographic analyser equipped with
a drop timer (Model 172A) and a Houston ominigraphic, Model
2000, recorder were used in the investigations. A
three-electrode combination was employed which con§isted of
a saturated calémel electrode, a dropping mercury electrode
and a platinym wire as the auxiliary eléctrode. A
conventional H-type cell was maintained at 25 +1°C and all
sweeps utilize?;f/;can rate of 2mV/s and a drop tjhe of 2s.

In 1.0N H3;S0, (pH 0.5) the instrumental parameters were
: applied potential range -0.6 to -2.1V; current 100pA full
sc;le; heiéht éf mercury column 75cm; flow rate of mefcuty

1.176mg/s ; modulation amplitude, set at 50 mV, and low pass

filter, set at a time constant of 1s. The instrument was
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operated in'the differential-pulse mode.

2.7.1 Controlled - Potential Coulometry

A PAR, Model 173, potentiostat-galvanostat, equipped
with a PAR, Model 377A, three component coulometric cell
system was connected to a Hi-Tek digital integrator and
digital voltmeter.

Nineteen ml of 1.0N sulphuric acid were placed in the
coulometric cell on top of a 5ml layer of triplé distilled
mercury and 1ml of 10°* M solution of minoxidil in methanol
was added. The system was purged for 10 min with purified
nitrogen. Tﬁe applied potential was set at -1.2V with a
current range of 10pA full scale and the solution was
electrolysed until the digital readout indicated a constant
put small count. One hour was required to complete the
electrolysis. The process was repeated with a blank
consisting of 19ml of 1.0N sulphuric acid and ml of
methanol. Experimental data obtained are presented in Table

3.

2.7.2 Cyclic Voltammetry

Cyclic voltammetric experiments at a hanging mercury
‘drop electrode were performed with a four-component system
consi;Zing of a PAR EG and G, Mogel 175, Universal
Programme?, a PAR, Model 173, potentiostat-galvanostat, a
Houston, Model 2000,'Omnigraphic recorder and a PAR, Model

9323, hanging mercury drop electrode fitted with a
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polarographic cell. Two supporting electrolyte systems were
employed. In 1.0N sulphuric acid, the instrumental
parameters were : potential range -0.8V to -1.3V; current
range, 10pA; scan rate varied from 10mv/s to 200mV/s . In a
dimethylformamide/tetraethylammonium bromide system, the
settings were : potential range, -1.2 to -2.2V; current
range, 10pA; scan rates were the same as in the previous

system.

2.7.3 Preparation of Calibration Graph

A stock solution of minoxidil (10-° M) was prepared in
anhydrous methanol. Five test solutions of varying
concentrations, 1 to 5 x 10°* M were prepared by
appropriately diluting the stock solution with 1.0N
sulphuric acid, while in fhe total sample volume of exactly
'20m1, the amount of methanol was always maintained at 1ml.

All samples were purged with oxygen-free nitrogen for
10 min prior to each run and a stream of'nitrogen was
allowed to flow gently over the surface of the solution
during the electroreduction. Samples of each of five
concentratgons were run five times and resulted in a
correlation coefficient for the graph of 0.9999. Data and
the resultant calibration graph are presented in T§ble 2 and

Fig. ¢ respeciively.



‘ '\,1. . s«‘t;;; ,v?'

45
2.7.4 Diffusion Dependence Studies
These studies were carried out in the aforementioned
sulphuric acid-methanol system on a 5 X 10-* M solution of
minoxidil. The applied potential was from -0.6 to -2.1V and
the height of the mercury column ranged from 60 to 80cm. The
mercury flow rate was measured at each of five heights over

that range. d

2.7.5 Analysis of Pharmaceutica1>Dosage Forms

Two dosage forms,‘2.5 and 10.0mg tablets, were
available from the manufacturer.

Twenty tablets were weighed, finely powder;d and an
amount of powder was taken which according to the label
would result in approximately 10°* M sogution of minoxidil
in 50ml of solvent. The accurately weighed sample was
stirred magnetically for 20 min in 20ml of methanol. The
mixture was quantitatively transferred into a 50ml
volumetric flask, diluted to volume with methanol and then
filtgred through a Whatman No.1 paper discarding the first
5ml of the filtrate. A 0.6ml aliquot of the filtrate was
transferred to the polarographic cell, 19ml of 1.0N

sulphuric acid and 0.4ml of methanol were added. As

rpreviously described, the solution was purged for 10 min

with purified nitrogen prior to recording the polarogram.
The amount of minoxidil was computed from a calibration

graph. (see Table 6). —
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2.7.6 Content Uniformity Test

Ten tablets were randomly selected from the sampléﬁl
Each tablet was placed in an individual 150ml beaker, ZOmi !
.~ of methanol were added and the system was allowed to stand
for 5 min in order to promote disintegration of the tablets.
The remaining larger 1uﬁps of tablet mass were crushed with
a glass rod and»the mixture stirfed magnetically for 20 min.
After transferring the mixture quantitatively to a 50ml
volumetric flask, the determiﬁatign was continued as
described in the previous section, except that 1ml of the
filtrate and 1§m1 of 1.0N H,SO, were used. The aﬁount of
minoxidil in each tablet was computed by the direct
comparison method, using reference standard solutions of
0.2386 x 10°*> M and 0.9546 x 10-> M for the 2.5mg and 10mg

tablets, respectively .(see tables & and 5)

2.7.7 Macroscale Electrochémical SynthesisLO£
2—amino—6-piperidinopyfimidine

The procedure for the macroscale eletrochemical
synthesis of 2-amino-6-piperidinopyrimidine from minoxidil 
was similar to that for the controlled potential coulopetry
with the exception that the cell containéé 150mg Qf
minoxidil in 25ml of 0% v/v methanol in 1.0N H;SO.. The
gPp11ed potentlal was held at -1'2vkand the reduction time
was 6hr. Upon completlon of the reductxon, the product
togethtr with the suppogtxng ‘electrolyte, was separated from

the mercury, the pH adjusted to P0 with ammonium hydroxide
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and the resulting solution extracted with chloroform. The
organic layer was separated, dried over magnesium sulphate
and concentrated to 1ml. The concentrated solution was
applied to a imm thin-layer silica gel plate and then
developed with a methanol: qmmonium hydroxide solvent system
(100 : 1.5). Two spots were observed. The Rtvalue of one
corresponded to that of minoxidil while the other component
with an Rtvalue of 0.60 was scraped off the plate, leachedr
out with methanol and the methanolic solution was evaporated
to dryness. -
This isolation yielded a yellow, crystalline powder
which decompdsed between 80-100°C. NMR (200MHz, CDCl; ); 6
1.6 (m,6H), 3.5 (m,4H), 5.9 (m,3H) and 7.9 (d,1H)(see
discussion); M*m/e 178; IR (KBrdisc ): 930/cm , 1090/cm ,
1400/cm ,1680/cm , and. 3000/cm The IR, NMR and Mass spectra
of minoxidil and those for 2-amino -6-piperiéinopyrimidine

[ -
are presented in Figures 15 to 21, -
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2.8

2.8.1 Temperature Control for Polarographic Experiments

Normally, temperature should have little effect on the
electron transfer of an electro-organic reaction, however,
electrode potentials do shift with changes in temperature.
The major effect of temperature is on the course of a follow
up chemical reaction and on the stability of ‘intermediates
and product. The solubility of various species in the medium
gill, of course, also be a function of temperature. The
conductivity of most electrolytes increases with increasing
temperature by 1-2% per degree rise in temperature. For a
reproducible polarographic wave, therefore, a temperature
control system which can mainta}n the temperature of the
cell at a constant value throughout the experiment is
necessary. In this experiment the Lell was maintained at 25
+ 1°C which resulted in consistent and well developed

polarographic waves.

2.8.2 Determination of Optimum Height of Mercury Column

No significant differences were observed between
-polarograms procured at various heights of the mercury
column. The height was varied over the range from 60cm to
80cm with a 5cm inEerval between settings. Well developed:
d.p and d.c. polar&graphic peaks were exhibited in each
" instance, Since an automatic drop timer was used to control

the dropping time, the effect of altering the height of the
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mercury column resulted only in small changeg in the peak
heights. A mercury column with a heigh£ of 75cm was chosen
because it yielded well-resolved, easily-measured peaks and
resulted in a rate of 1.176émg/sec at a droptime of 2s.
4

2.8.3 Determination of Optimum Supporting Electrolyte System

"Each of the buffers investigatéa as well as 1.0N H,;SO,
were screened polarographically and were found not to
contain any substance that might interfer with the reduction
of minoxidil. In both Walpole's acetate buffer pH 3.6-5.6,
and Sorenson's acetate buffer pH 1.2-5.6, minoxidil does not
exhibit any polarographic peak which is of analytical value.
The waves do not have a limiting current plateau, and they
are also poorly resolved from the back ground discharge
current. Polarograms obtaihed with Britton-Robinson buffer
pH range 2.6-7.0 show an improvement in the shape of the
waves, especially'at'a pH 6f 5.0 (Fig 13, tracing C). This
peak however, is not sufficiently well-resolved to be
utilised for analytical purposes. The inability of minoxidil
to exhibit well - defined polarograﬁhic waves in these
buffers might suggest that the buffers have the ability to
exert a;profound effect upon the electrochemical behaviour
of minoxidil. ‘

In the 1.0N H,SO, system, however , well-defined d.c.
and d.p. polarographic waves were observed for minoxidil.
The waves have an extended limiting current plateau and are

also very. intense (Fig 13, tracing A). The ability of
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minoxidil to undergo reduction easily in highly acidic
medium indicates that the protonated form of minoxidil is
more amenable to reduction than is the unprotonated
minoxidil. Therefore, the supporting electrolyte chosen for

the analysis was 1.0N H;S0,..

2.8.4 Determination of Solution Stability

A comparison of polarograms obtained using a freshly
prepared solution of minoxidil and that of a five day old
solution showed no significant differences. Therefore, ’
minoxidil is stable in methanol for at least five days.

Consequently frequen"breparation of stock minoxidil

solution is not necessary.

2.8.5 Determination of pH Change Before and After
Electrolysis

The pH of the buffered minoxidil solution does not show
any significant change upon comp;eting the polarogram. Small
changes of about 0.5pH units were obser‘ed in some
instances, however, these were not large endUgh to alter the
shape of the polarographic wave or its E value. The pH of
each buffered solution prior to running the polarogram was,
therefore, recorded as the pH at which the electrochemical

reduétion took place in that system.



52

2.8.6 Determination of Diffusion Dependency

The nature of a polarographic wave depends on the
process governing the value of the limiting current. The
most common types of polarographic limiting currents
observed in the presence of electroactive species are
diffusion, kinetic, catalytic and absorption currents. These
can be distinguished by following the effect of changes in
the concentration of the electroactive species under study,
and the height of the mercury column.

Additional information may be obtained by observing how
wave height are affected by altering the pH, temperature and
composition of the system. An increase in the concentration
of the cleétroactive species causes diffusion currents and
mBst kinetic currents to increase linearly with the
increasing concentration. Catalytic currents usually reach a
certain limiting value as the concentration is increased,
while adsorption currents are practically independent of
concentration changes. -

Generally, increasing.the height of the mercury column
results in an increase in the limiting current. Diffusion
currents are a linear function of the square root of the
corrected height of the mercury column. The height of the
mercury column must be corrected for the back pressure of
the solution. In addition, the extrapolated plot of the
diffusion current against the square root of the corrécted
height of mercury column must pass through the origin in

order to categorize a process as completely diffusion
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controlled. A limiting current that is governed solely by
the chemical reaction rate (ie a pure kinetic current) does
not change with the change of mercury pressure.

In most instances, a completely diffusion controlled
process or a completely kinetic controlled process is not
obtained, hence plots of diffusion current yersus the
corrected height of the mercury column have slopes less than
one but greater than zero and do not pass through the
origin. For catalytic currents, various types of
relationships between the limiting current and the corrected
height of mercury columnican be obtained, depending on the
compound involved and on the conditions used. Adsorption
currents sometimes give linear plots of current against
corrected height of mercury column.

Temperature and pH effects on the limiting current can
also lead to important information about the nature of the
limiting current.

Adsorption and diffusion currents are rarely pH
dependent and are almost always independent of the
composition of the system, while kinetic and catalytic
currents are often a function of pH. Diffusion currents are
increased by about 2% per degree rise in temperature.
Kinetic currents show greater increases with changes in the
temperature, hence a current temperature coeffiéient which
is large, in all probability, is a kinetic current. Some

adsorption currents, however, decrease vwith increasing .

temperature.
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In order to investigate the nature of theilimiting
current observed for the reduction of minoxidil in 1.0N
H,S0., a plot of the diffusion current versus the sqQuare
root of the corrected height of mercury column was prepared
(Figure 3). Data for obtaining the above graph are presented
in Table 1. ]

The plot is a straight line with a slope of 2.02pAcm™ '
but does not pass through the origin. From the foregoing
discussion, it is apparent that, while the reduction process
is largely dependent upoﬁ diffusion, some other parameter OrI
parameters are also influencing the mechanism. The reduction
might notﬂbe strictly electrochemical and some intermediate
chemical feactions are predicted:. The mercury flow rate
varied with the applied potential and consequently the

potential was maintained at the E yvalue of the polafographic

wave for all measurements.

2.8;7 éreparation of Calibration Graph

A linear and reﬁroducible calibration graph was/’
obtained using pure reference standard minoxidil supplied by
the manufacturer. A coefficienf of correlation of 0.9999 was
obtained between the d.p.p. peak and the ‘concentration of
minoxidil in the concentration range investigated ( 1x10°*to
5x10-%). Data for the preparation of the calibration graph
and the resultant araph are presented in Tabie-z aﬁd Figure
4 respectively. Extrapolation of the g:éph results in a line

which does not pass through the origin. This obsetvation
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suggests that the electrochemical process taking place at
the D.M.E. is essentially, but not completely, diffusion
controlled. Minoxidil can, therefore, belauantitatively
determined by a d.p.p. technique in view of the high

correlation between peak current and concentration of

minoxidil.

2.8.8 Controlled Potential Coulometry

In their own right, coulometric technigues play an
important role as analytical procedures and their use in
providing supporting mechanistic evidence for polarogeaphic
and voltammetric studies cover only a small fraction of
their total range of application.

Coulometric methods for mechanistic studies fall into
two groups. Firstly, there are the absolute methods where
the coulometric measurement is carried out at the
mlcroelectrode of interest, for example, &ﬂ? iﬁe D.M.E.
(mxcrocoulometry) In the second group of macro coulometric
~ procedures, the measurement is carrxed out at a large area o
e;ectiaﬂe, such as the mercury pool (macrocoulometry) and
the evidence in terme of the number of eiectrons and
identification of products is'used as additional supporting
evidence for the proposed mechanism of the elecfrode_process
of interest. It .should be pointed out, however, that in the
latter approach the mechaniqﬂs of complex reactions at a

large area electrode are often quite different from

analogous results obtained at a microelectrode oving to the

-
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differing concentrations of reactive intermediates that
would occur at the electrode surface in each instance.

In controlled potential coulometry the potential of the
working electrode is controlled at a suitable potential on
the plateau of the limiting current of the sample species of
interest. The cell current decays exponentialiy with time to
a constant back ground level.

The controlled potential coulometry of minoxidil (5 x
10-* M) revealed that four electrons per molecule‘were
involved in the electroreduction process. The reduction of
minoxidil in acidic solutions at the D.M.E{_Efobably
involves two bonds, since each bond‘contéins 2 eiectrons.
From the structure of minoxidil, thése most likely to be
reduced are the N-oxide bond and the 3,4-azomethine bond.

The data for the calculation_of the number of electrons

involved in the process is presented in Table 3.

2.8.9 Cyclic Voltammetry

Cyclic voltammetry is an important, va;1ant of 1xﬁ§ar
sweep voltammetry whereby the potential is changed linearly
with time. The change could be unidirectional, or the
potential can be cycled between anodic and cathodic limiting
values. Anodis~and cathodic peaks are produced by the
combzned effects of h1gh mass transfer rates im the
non-steady state followed by the progresszve depletxon of
the reactant concentration in the d;ffus1on layer. Although

quantitative data often can be obtained from cyclic
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voltammetry, one of its major uses is in the rapid

qualitative elucidation of reaction mechanisms. g

The behaviour of & System can be seen over a wide range

L)
on a single voltammogram; 1ntermedlates can be dxrectly o

they oxidise or reduce. The participation of preceding or

"following chemical reactions can be seen by altering the

sweep speed to compete with the rate of the chemical
reaction ené'by varying the potential sweep range. \

General rules fbr interpreting cyélic voltamograms can
be formulated as tollows.

i) A 51mp1e electron transfer step for which the
reactant supply is limited only by the diffusion rate always
gives (I, A independent of. v(%can rate) Deviations from
this relatxonsh1p implies” coupLed.chemxcal steps (or
ad§orptxbn) In particular, ipaétually decreases with
increasingv o€,1ncreases less rapidly thanJﬁwhen the
reactant is supplled by 2 preced:ng chemxcal reactxon. 1f Ip
incseases more repidly tnanvﬁ, akfollov1ng chemxcal reaction

is implicated.
$i) The variation ‘of Epvxth wh;le 1 Jv2remains &lnost
xndependent ofv is caused by a slov’ electron transferttep

Coupied chemical rections can also produce changes in Epuxth

" v but Ip/v"hll not be independent of vand the retxo of I /I 0a

*

vlll vary with v. SRR
§ii) For peqks caused by adsorptxon steps, Hl“

dxrectly proportional tOv and the number of coulombs

\

~

AL

observed and possibly identified by the potenfxals at which Tl

~



63

’

GYAL/4WNd Ul (W +-0! X G) TIPIXOUIW jO weibouwwe3[op 21724D :g 2UNO1d

. A / 1e11U3)0d paljddy

c'z- ZZ— L& 0 6= 8i— L= 9i-
T T  B— | EE— T T

i /usund




64

C
E |
Ny
- et
<
\
£ B
| : _/
Q +

| I i | ;!
—04“8' " -—0.9 -t10 -11 -1.2 -1.3

- - Applied Potential / V

o

FIGURE 6: Cyclic Voltammogram of Minoxidil (5 x 10-* M) in

1.0N HISO..



65

corresponding to the area under the peak is independent of
sweep rate. In addition,AEpis zero for pairs of adsorption -
desorption steps Or oxidation and reduction of absorbed
layer.

Figure 5 illustrates the cyclic voltammogram of
minoxidil (5 x 10-* M) in dimethylformamide containing
tetraethylammonium bromide. The Ep occurs at - 2. 04V while
theAEE?s at - 1.96V. At a scan rate of 20mvV/s and a Tvalue‘
of 10sec, the ratio of 1 /H&37) is 1.09. The cathodic peak
current decreases with decreasing scan rate but the graph of
R)/qu§v is non linear. The electroreduction process of
minoxidil in th€ aformentioned system probably involved a
process that is more complicated than one of simple
diffusion. Strong multiple adsorption peaks, as illustrated
in Figure 6, were observed in the cyclic voltammogram of
.minoxidil in 1.0N H;SO.. The peak centre occurs at about
-1.0v, and the multiplicity of the peaks decreases vwith

increasing scan rate.

2.8.10‘Polarogtaphic Behaviour of Pyrimidine and Some
Selected Derivatives ,

"pPolarograms of pytimid{ne and some selected derivatives
were recorded for comparative purposes with that of
minoxidil. The comparision will enable one to predict the
nature of the pbiarographic.vaves expected for minoxidil

and, ultimately to propose a meéﬁanism for the reduction

process.

e .



66

2.8.10.1 Pyrimidine

As expected pyrimidine exhibited five polarographic
waves over the pH range 0.5 to 11.0. The nature of the
observed waves are consistent with those previously reported
for pyrimidine (14). Figure 7 illustrates the sampled d.c.
polarographic waves for pyrimidine over the pH range
indicated. The electrochemical processes 'which resulted in

these waves have already been discussed in the introduction.

2.8.10.2 2-Aminopyrimidine

Three polarographic waves wvere observed for this
compound over the pH range 0.5 to 10.0. Only one
pH-dependent wave was observed in higBldgacidic medium. This
wave moves c;thodically with increasing pH. At a pH of 4.0,
a second wave emerges ffom the background'discharge current.
These two waves merge at a pH of about 7.0 ta‘give the third
wave. (see Figure B). The inability of 2-aminopyrimidine to
exhibit five polafographic waves-is attributed to the
presence of the amino group at position two of the
pyrimidine moiety. Ssubstitution at position two in
pyrimidine makes the redpction of the 1,2-azomethine bond
very difficqlt.,The fourth polarographic wave of pyrimidine
results from the reductidbn of the 1,2-azomethine, bond (14).

The reduction of 2-aminopyrimidine, thereforg,.involves oty

the 3,4-azomethine bond.
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2.8.10.3 4-Methylpyrimidine

This compound exhibits all the polarographic waves
obéerved for pyrimidine, except that the Ehyalues are
shifted to more negative potentials. This observation is
consistent with the fact that the presence of the methyl
group at position four makes the reduction of the
3, 4—320£fth1ne bond more difficult, hence the shift of El
values to more negative potentials. F1gure 9 presents the
sampled d.c polarogram of this compound over the pH range

indicated. o

2.8.10.4 2-Amin0f4.6-dimethylayiimi§in£

Only one polarographic wave was observed for this
compound over the pH range 0.5 to 11.0. Theorically three
waves should be observed, but because of the presence of
electron releasing methyl groups at positions four and six,
the infermediate'radical formed as a result of a
one-electron reduction of the:3, 4-azomethine bond to give
wave | is very unstable and reacts rapidly at the ﬁotential
of its formation ta produce 3,4-dihydro-2- amino-¢,6-
dimethylpyrimidine. See Figure 10 for the sampled d.c.

polarographlc vaves. o N

4

2.8.10.5 4-Amino-2,6- dxmethylpyr1m1d1ne B
‘\ Figuyre 11 111ustrates the: sampled d Q. polarographxc
wvaves for this compound. Its polarographic behaviour is
similar 'to that of‘3€amino—4,6—dimethy1pyr1mxdine. The

electroreduction process, however, might involve 8

/

s
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deamination step to give 2,6-dimethyl pyrimidine.

/

2.8.10.6 2L4-diamino-6-hydroxypyrimidine

This compound exhibits only one polarographic wave in
highly acidic and mpderately acidic media, pH range 0.5 to
5.0 with an Ehyalue of -1.04V. The reduction process might
involve only the 3,4-azomethine bond. The ease of the
reduction is highly influenced by the hydroxy group at
posxtlon six of the pyrimidine moiety. The hydroiy group can
tautomerlze to the keto form which is relatively difficult

-

to reduce (Figure 12) .

2.8.10.7 2,4—diamino—6—piperidinopyrimidine-3—oxide

(Minoxidil)

Minoxidil exhibits two d.c. and d.p polarographic waves
in 1.0N H,SO. and in Britton-Robinson buffer pH range 3.0 to
7.0. In sulfuric acid, the first wave is intense and
well-resolved from the second wave which is partially
overlapped by the supporting electrolyte discharge cudrrent
(Flgure 13). At that pH, wave one had an E value of -0.95V.

Ly

1nh the Britton-Robinson system, however, the E%?oves

cathodically while the 1 decreases wlth 1ncrea51ng pH. The

sampled d.c. polarographzc vaves are presented in Figure 14

1"Zvalue at approx1mately~

-1. 200V has a diffusion’current that is very much h1gher

The second wave which has an E _
than that of the fxrst. Th1s unexpected height 1ncrease is
.the'result of xnterferance by reduction of the supporting

electrolyte. Both the %iand Ehpt thxs vave vary with pH in

+
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<
the same manner as those of wave oOne,

The first wave is attributed to the reduction of the
fully protonated N-oxide to an N-hydroxy intermediate which
undergoes a two electron reduction, to
2,4-diamino-6-piperidinopyrimidine intermediate. At higher
' potentials, the 3,4-carbon-nitrogen double bond can be
reduced in a two-electron process to an unstable
intermediate, 3,4-dihydro—2,4-diamino-6—
piperidinopyrimidine. This intermediate undergoes
deaminatjpn to give the final product,
2-amino-6-piperidinopyrimidine which was isolated in this
work. The coulometric analysis of minoxidil in 1.0N H;SO.
indicates that four electron; per molecule were involved in
the electroreduction process. ) ,

The major.product extracted from the macroscale
experiment emits a pinkish fluorescence under short UV
light. It also produces a negative result with the ferric
chloride test indicating the absence of an N-oxide group.
The strong IR N-oxide ;ﬁsorption peak between 1,250 and

,300/cm is absent in the IR spectrum of the product (Figure
15) as compared to that of minoxidil Figure 16. The NMR (200
MHz) spectrum of th;/éioduct exhibits four distinguishable
peaks in CDCl,. In CDC1,-D,;0 sistem, however, the peak at$
5.9 is reduced to a doublet with an integration value
corresponding to one proton. No o%her change in the spectrum
was observed (Fzgure 18) Figures 17-19 are the NMR spectra

»

of minoxidil and reduced minoxidil.

| | )
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FIGURE 20: Mass Spectrum of Minoxidil
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FIGURE 21: Mass Spectrum of Reduced Minoxidil
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Figure 20 is the mass spectrum of minoxidil while
Figure 21 exhibits that of the isolated major reduced
product. The base peak 18 observéd*at m/e 178. Peaks with..
m/e values greater than 178 might come from fragmentation of
higher,molecular weight intermediates or impurities which

might have been co-extracted with the major product

~

ﬁfom all the foregoing observations, the followxng

Y.

«a 7 pafhway is proposed as minoxidil proceeds, by
electrochemical reduction, to the final prodbct;

2-amino-6-piperidinopyrimidine (Figure 22).

9§
H;N /N\‘rNN: Ha N / \‘"NHz
=~ N =~ "
2e. oM 2e, M ;“
N ~H,0 O .
1 . v
v
H " N, ) /N NHy
H N l ‘
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— 2
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X v

Figure 22 6
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2.8.11 Quantitative Assay of Dosage Forms

Tﬁe proposed method was de;igned to overcome long
extraction times and loss of material during the extraction
step. Methanol was used as solvent for extracting the drug
from the tablet mass because of the relatively poor
solubility of minoxidil in water (1=3g/litre) whereas the
solubility of minoxidil in methanol is between 10 to 20gm
per liter. Reduction intermediates and products are aiso
coluble in the methanolic system, consequently, a highly
homogenous system was, therefore, maintained during ‘the
reduction process. Tablet excepients were not soluble to any
detectable extent in methanol, as a result, an effective
extraction was achieved. Minoxidil has also been fouhd to be
very stable %n methanol.

In 1.0N H,SO., the d.p. polarographic wave of minoxidil
is better resolved and gives muc{»higher sensitivity than
does the d.c wave. Therefore, the differential-pulse mode
was chosen as the most suitable for analys1ng pharmaceutxcal
dosage forms. The d.p. polarograph1c peak current varled
"linearly with the concentration of the drug over the ranée 1
x 10°* to 5 «x 10 ¢ M. Tables 4 and 5 illustrate the actual
d.p.p. data obtained for the analysis of 10 individpal
tablets taken from each dosage form, whlle Tables 6, 7, and
8 provide the results of the overall assay for each of the
minoxidil dosage forms based on 20 tablét;. values obtained
by the manufacturer's qu;li;y4coﬁtrol lahpratory afe also

presented for comparative purposes and excellent agreement



Table : 4

Dats for Single Tablet Analysts of Minoxidll (2.5 mg/tad}

_--__-_-----—-_-----_--_---------------- e S T —, .- ——-——-— e -

Tablet 1 (pl) - Average wmg/tablay % Average %
No 1 2 3’ t (pr) Rocov0r¢d recovery recovery
Vo 016 o018 o716 Tae e

2 0.77 0.717 0.77 0.17 2.30 100.0
'3 0.74 ©0.74 0©0.7% 0.74 2.4 96.5
4 0.74 ©0.76 O0.7% 0.75 R 2.44 $7.4
8 0.73 0.76 0.78 0.75 2.44 9427 99 .88
¢ o078 078 080 077 2.8  102.0
7 0.78 O0.80 ©0.80 ©0.79 287 103.0
s 0.80 0.79 0.79 0.79 2.57 103.0
‘9 0.77 0.78 0.76 0.77 2.0 100.0
10 ©0.81 0.75 0©0.78 0.78 2.53 101.3

e c;mcccerecacmecesmmseemeseeece-TesAcsesssas-sehosamenSmS ST TTTTT

(1) Standard deviation = 0.06 mg.

. . Py 3

Table . 5

Data for Single Tablet Analysis of Minoxidil (10 mg/tab)

e T T rverome  mgrisb  %recovery Average %
No 1 2 3 1t (pa) Recovered Recovery
T T e0 210 215 268 o 0n  ema
2 2.65 2.65 270 2.69 9.94 99 .4
3 2.70 2.65 2.70 2.68 9.87 98.7
4 278 275 2.75 276 10.23 102.3
5 283 2.65 2.70 2.63 9.72 '87.2
6 2.65 2.75 2.63 2.68 9 93 ’~99:3 100.71
7 270 268 270 2 69 9.9? 99 .7
s 2.68 2.95 2.75 2.79 10.94 103.4 .
',9 275 2.7% 2.90 2.81 10. 40 ,(104.0
10 2.78 2.85 2.78 2.80 10.98, - * 103.8

e mecceerametesemcsemmsesces-essse-ssssccsseccceccmsssseSssssSTnenn"

(1) Standsrd Devistion * 0.74 mg
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Table 6

Data for Analysis of Pharmaceutical Dosage forms

Commercial Manufact- Calculated Average Ffound XLabelled Average

Proqguct urer final conc Total final strength o g -over
x 0™ current con 4
in );A ' b 0%‘\\_
Loniten Up john 30 S 10 2.88 86 .0 88 2
2.5mg/ (2.4)mg
Tablet 3.0 5 23 2 .96 98 ©
30 5 15 2.92 97.3
30 S 35 3 .05 101.0
3.0 5 20 2.95 98 3
Loniten, Up john 30 S5 12 2.90 80 6 96 6
10.0mg/ - . (9. 7)mg
Tablet 3.0 5.08 2.85 95.0 LY
30 S 10 2.88 96.0
3.0 5 15 2.91 87.0
. . s
% 3.0 5. 18 2.95 98.3 :
. P
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Yable 7

Agsay Of Minoxidi) (.ulou by Differential-Pulie Polarogreaphy

‘n a ¥ O N H, S0, -Metnanolic Systiem

Yablet Labe! Recovery Dby x Rocovory by Qecovery YRecovered

Lot Clatm ManufacCtur- Manu'ncturor by* D P by D P

No /mg er/mg Polarogr- PO larogQr -
sphy/m sphy

Lot M- 295 2 48 99 € t 2 46 ¢ O 09 98 2

651

Lot H- 10 9 69 96 9 9 66 ¢+ O 12 96 ©

71+C

s Each value 13 the axerage of five determinations !

|
> )

\
N J
? LY
Yable : 8

) ¢
Average Value for the Analysis of Ten Individusl Q‘monon

. Teblets tn A 1.ONMW SO.-lotnanoHc Synon ! « o
Tebiet Labe!led ', Recovery by % Recovery by R
Lot No Clatn/mg a.p.p. /ng a.p.p.

)
Lot W-881 2.8 2.4.‘0 0.1 9.9
.. ‘
Lot H-710 10 10,08 + 0.7 wo.8 -
'
8
N
»
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is observed between the two results. Common tablet

excipients do not produce polarogaphic waves in the
potential range investigated and they do ndt interfere w?th
the method or cause any‘contamination of the electrode.

The procedures used for the analysis of dosage forms
and for content uniformity test are similar except for (
differences in the initial treatment of samples before the
extaction step.

The proposed method has fﬁe advantage of simplicity,
high sensitivity and rapidity. It ca: detect minoxidil with
a ;ensitivity of about 2mg/l. The developed d.p.
polarographic method can distinguiéh between minoxidil and
thoséldegradatibn‘products that do not contain the N-oxide

group and, consequently, it can be applied,in purity and

stability studies on minoxidil.
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2.9 Summary and Conclusions

1) A §§mple differential-pulse polarographic method of
analysis for‘minoxidil and its pharmaceutical dosage forms
has been developed which is based on the electroreduction of
the N -oxide and the 3,4—azohephine bond in the molecule.
Excellent results were obtaine8 when the method was applied
to the analysis of tablets. .

2) The actual mechanism of the electroreduction has
been postulated. The reduced product ;;s isolated and
identffied to be 2-amino,6-piperidinopyrimidine. |
U}trayiolet,‘infrared, nuclear magnetic resonance and mass
gpectroscopy were employed for the characterisation of the
reduced product. |

3) Studies on the effects of the composition of
supporting electrolyte, the effects of ﬁH of the system and
on height of the mercury column have been conducted. Thg
electroreduction has been confirmed mainly as diffusion
dependent in the range of mercury column height and the

.—concentration selected. From the studies it was found that
the mercury golﬁmn height of 75cm was suitable for each
instance. 1.0N sulﬁhuric acid was the most suitable system
for thé electro feduction. Alllmeasurements'were made by
employing a saturated calomel electrode (S.C.E.) as the
reference electrode while a platinum wire was the auxiliary

was -0.95V.

!
4) A linear and reproducible calibration curve vas

electrode. The E

obtained using pure reference minoxidil supplied by the
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manufacturer.PThe d.p polarographic determination was based
on a linear relationship between the diffusion current and
the concentration of the species. A blank determination was
required in each instancevhnd the amougt.of minoxidil in
each dosage form was calculated by the direct comparison
technigue. Commonly used tablet excipients were found not to
interfere with the determination.

5§) It is concluded that the accuracy, sensitivity, and
reproducibility of this d.p polarographic method make it
acceptable for routine analysis of minoxidil dosage forms.

In addition, the method can be applied to stability studies

on minoxidil.
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3.2 Introduction

3.2.1 Non-steroidal Anti-Inflammatory Agents

The nonsteroidal anti-inflammatory agents (NSAIA)
include some of the most widely used drugs in the world.
Aithough their number is constantly being augmented by
pharmaéentical research, relatively few of the agents that

@

have demonstrated anti—infi;pmq&gry activity are clinically
useful. - *

0f the many conditions for which nonsteroidal
anti—inflamﬁatory agents are used, the‘rheumatic diseases
are the most serious. T?e possible mechanism by which the
anti-inflammatory activity of the drugs in this group is
induced hasAbeen extensively discused (1). Most appear to
act either by blocking tﬁc.production or action of various
local mediators of the inflammatory response. These include
the polypeptides of the kihin system, the prostaglandins,
which are becoming increasingly implicated as mediators of
jnflammation, lysosomal enzymes and the mediators of
cellular activity such as the lymphokines. The systematic
effects of -the anti inflammatory agents, for example, their
antipyretic action are probably a consequeﬁce of the
blockage of the reactions in tissues that lead to the
release of pyrogens. .

Until recently, the most commonly used NSAIA's included
the salicylates (Aspirin), acetophenetidin, acetaminophen,

phenylbutazone and indomethacin., During the last decade a
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new series of NSAIA's have either appeared on the market or
are undergoing clinical trials all over the world. They are
classifiéd as the aryl-alkanoic acid type anti—inflaﬁmatory
agents despite the fact that there éxists certain structural
differences among some of them. \

Examples of NSAIA's already on the market include
ibuprofen, tolmetin, ketoprofen and zomepirac sodium. Some
of them have been found to be effective in the treatment of
those types of mild and moderately—sever; pain that
previously had responded to treatmeht with steraidal
anti-inflammatory agents. In some instances of pain not
associated with an inflammatory condition ,they have been
used to replacé morphine.

As with many pharmacological agents, their usage
frequently is associated with a number of adverse
side-effects. In order to establish proper control, it is
important, there?ore, to investigate as many of their
physico-chtemical parameters as possible. Consequently, In
this report, zomepirac sodium.and ketoprofen have been
subjected to ﬁolarographic investigation in order to
determine their resulting products of reduction. An
additional imp rtant ijective is to develop electrochemical
methods of asszy for the two aforementioned

anti-inflammatory agents as they occur in pharmaceutical

dosage forms.
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3.2.2 Zomepirac Sodium

zomepirac sodium (sodium 5-&9~chlorobenzoy!)-1,4—
dimethylpyrrole-2-acetate dihydrate) is a pyrrole acetic
acid derivative structurally similar to tolmetin (2) (Figure
1), It is the first NSAIA to be approved for exclusive use-
as an analgesic for the treatment of moderately severe pain.
It has{been given the title "The first comprehensive
non-addicting analgesic” by the manufacturer. Zomepirac
sodium has the same basic pharmacologic action as other
drugs of this group (ie, prostagiandin synthesis inhibition)
and has been shown to inhibit prostaglandin synthesis, 0
yitro through inhibition of cyclo-oxygenase (2,3). Unlike
ﬁhe narcotic analgesics which act centrally, zomepirac
sodium and other NSAIA's have a peripheral analgesic effect.
Their analgesic effects result from decreased generation of
prostaglandins which normally sensitize /the pain receptorses
tb‘theeactions of other mediators. Zomepirac sodium,
however, has high lipophylicity and this may explain some
differences between it an other agents. Zomep1rac sodium has
also been shown to have antipyretic effects vhich in all
probability are centrally mediated. It appears that this
analgesic would have its greatest eff1c1ency in conditions
-1n wh1ch paxn is closely tied to inflammation. Zomepirac
sodium 1s readily absorbed from the gastro—xntestinal tract
producing peak plasma concentration wlthfn\1 t9 2 hrs. It is
reported to have a plasma half life of«about 4 hrs, and to

.

be extensively bound to plasma protein. The drug is excreted
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in the uriné mainly as the glucuronide (4).

lA preliﬁipary~report summarising the adverse effects
observed after multiple-dose administration of zomepirac has
appeared (5). The most common adverse.effects reported were
gastrointestinal, urogenital symptoﬁs, tinnitus and hearing
losé; In-a report on the long term effects of zomepirac by
Honig (5), increases.in BUN and creatinine compared with
base liné values wvere oberved.;

Periphéral edema has also been noted in some pgtients(
Contraindications for the use of zomepirac sodium include J
patients who have previously exhibited intolerance to it. |
Because'it igh tumorigenic in ratg, the drug is considered to
be contraindicated‘in children, pregnant women, and nursing
mothers (6).

The recommended oral dose of zome;irac sodium is 100mg
every 4hrs. In mil@/pain, 50mg (one half tablet) every‘4 to
6hrs may be adeq:;;e (6). Dﬁfing the course of this work,
zomepirac sodium hqs been withdrawn from the market owing to
reports that the érug has been implicated in five deaths.

ﬁomepirac sgdium is syntheéized by a seven step .o
reaction esé’quencé starting with diethyl acetone
dicarboxylate and agueous ;Zthylamine (a modificat}on of the
Hantzch pYrrol; synthesis) (7). The drug is an off-white
powder which melts with decomposition at 178-179°C. The

[J [
sodium salt is a yellow crystalline powder which is soluble

\ | -

Y
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in water and methanol.

Coo Na ¢

Q) P

Figure 1. Zomepirac Sodium

3.2.3 Ketoprofen

r

anti- imflammatory drugs, which have been developed during

Ketoprofen belongs to the group of newwnon-ste}oidal

the past few years. The chemical composition of ketoprofen
is 2—(3-benzoy1.phenyl)-propiénic acid. Owing tQ an
asymmetric carbon atom, ketoprofen is a ragemic compound
from which Soth the dextro and levo rotatory compounds have
been isolated. The compound i§ a white; odourless,
sharp-bitter tasting, crystalline pow?ﬁya It is non
hygroscopic in a Eglative humidity of 70%. Ketoprofen is
soluble in benzene, - ethanol, chloroform, acetone, ether and
in alkaline solutions, bué is éractically insoluble in
vwater.

Ketoprofen hés geéh found to have analgesic,
anti-inflahmatory and antipyretic activities and is
. currently used for thectreatmeﬁt-of rheumatoid arthritis and

osteoathritis (8). The compouné resembles napfoxen,

ibuprofen, and tolmetin in structure and activity. It
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i . ‘
inhibits prostaglandin synthesis. Ketoprofen is readily
3

absorbed from the gastrointestinal tract; peak plasma

- . 1 3
concentration occurs one half to one hour after an oral

~

hrs. Ketoptofen and its metabolites are excreted mainly in

. [\ 4
the u&éne. Excretion has been found to be complete by the

fifthNday after administration. The drug binds extensively
to plasma protexn, and it is excreted ma1n1y as a

glucuronide con)ugateyThe most frequent adverse effects

N M < . N
occurring with ketoprofen are gastroxntestlnal.d1sturbances,

e

peptic ulceration.and gastrointestiﬁal bleeding.

N

Hypersensxtxvxty reactions, abnormalities of liver

function tests, 1m§;1rment of renal funct1on
agranulocytosis, and thrombocytopenxa*have occasionally been
observed (9). Ketoprofen has no effegz on drug metabolising
enzymes in the liver, and is unlikely to Jproduce c11n1ca11y

significant 1nteractxons with other di.’!,hetabolxsed in (he

liver (10). m', .
0
‘ I
* 2 > CHCOOR
|
S S ! CHy ;ﬁr

‘ Figuré‘z. Ketoprofen
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3.3 Literature Survey

-~

Several methods have been reported in the literature
for the dete;mination of some of the oewly developed
aryl-alkanoic acid type fon-steroidal anti-inflammatory
.agents. Most of the described methods inQolve the
determination of these compounds in biological fluids (blood
and urine). The analytical techniques described for the
determtnation of these drugs involve T.L.C., non-agueous
potentiometric titration, colorimetry and polarimetry,
G.E.C.; H.P.L.C., radioimmunoassay, ébectrofluorimetry, uv
spectrophotometry and polarography.

The official methods for the identification and assay
of zomepirac sodium in the pure form or in pharmaceutical
dosage forms involve dV\spectrophotometry, T.L.C. and
non-agueous Potentiometric titration (11). The non-;queous
titrimetry with»a potentiometric end;point detection ‘
involves the titration of zomepirac sodium with perchloric
acid in glacial acetic acid. This method is simple but lacks
specificity since the presence of any other proton accepting
species / or‘decoﬁposition product of zomepirac can greatly
interfere with the method. Toe T.L.C. procedure only lends
itself” to qualitative determination besides the fact that
decomposition products which have the ‘same Rfvalues as
zomepirac sodium caonot be detected. The assay method
outlined for dosage forms involves three extractions and two

centrifugation steps prior to the final UV

spectrophotometric analysis at 329 nm. The method is tedious
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and requires very careful sample handling which is not
usually amenable to routine analysis.

For analysis of biological fluids, colorimetry has been
found to be applicable to both plasma and urine
investigations, while polarimetry is only suitable for
analysis of urine. The limit of sensitivity of the
colorimetric method is 2-5mg/1 and for the polarimég;} 5mg/1
(12). -

Gas-liquid chromatography (13) is a more complicated
method which reguires extensive sample preparation and
usually includes a derivatization step. For example,
carboxylic acid molecules have to\be converted to their
corresponding methyl esters before injection into the
column. The G.C. technigue is, however, sensitive and can be
used for analysis of serum and urine samplés. The lowest
limit of sensitivity for ketoprofen is 0.02-0.04mg/1.

Mitchell et gl (14) used a modified gas liquid
chromatographic method to determine ketoprofen in both plasma
and syhovial fluid. Populaire et al. (12) have described a
polarographic technique for the determ}hét' of ketoprofen
in urine. The method involves an extens{ve&:§;;y; treatment
since other urine components intedrfere with the method. The
procedure used 0.2M tetrabutylammonium hydrokide as the
supporting electrolyte while the instrument was operated in
the alternating current mod®. The applied potential range
was -1.0 to -2.0 volts, and the E%value of the analytical

wvave occurred at -1.36 volt. The method is claimed to be
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easy and rapid but at certain concentrations of urine there
was an imprecision in the method owing to irregularities in
the reduction of the carbonyl group because of the presence
of some urine constituents. A radioimmunoassay method for
the determination of ketoprofen and its metabolities in
biological fluids has been described by Delbarre et al.(15)
which involved labelling the methyl side chain with tritium.
The samples were counted by a liquid scintillation
apparatus. The method has been found to be more segsjtive
than the colorimetric, chromatographic and polarographic
methods used for following the pharmacokinetics of
ketoprofen.

Ko et al.(16) have developed an H.P.L.C. procedure for
the determination of the purity of zomepirac sodium. The
method can separate and quant1tat1ve1y determine the
synthetic impurities and degradation products from the drug
substance. In addition, it does not generate any impurity or
degradation products.A Micro silica gel column was used
while two solvent systems (eluent) connected in the gradient
elution mode wvere employed. The solvent systems were 0.25%
acetic acid in _n-hexane; and 0.25% acetic acid and 10%
propan-2-01 i® hexane. The second solvent was varied from 3%
to 90% over 20min. The effluent was monxtored by UV
detector.

Kung-Tat ef al.(17) have also developed an H.P.L.C.
method for the the determination of zomep1rac in plasma. The

method is claimed to be simple, specxfzc, sensitive and it
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can detect the drug to about 10pg/ml with an ultraviolet
detector set at 313nm to monitor the effluent. The \
stationary phase was a 10pm Lichrosorb Si60 while the mobile
phase was composed of hexane, isopropanol and glacial acetic
acid in the ratio 93:2:5 v/v. )

A number of other methods have been reported for the
determination of the aryl-alkanoic acid type
anti-inflammatory drugs in serum. Thuese include
colorimetry, spectrofluorimetry, gas chromatography and
radioimmunoassay. Some of these methods are non-specific
while others involve complex extraction procedures and
derivatization steps.

Bal}erini et al.(18) employed a T.L.C. technique to
determine ketoprofen in body fluids. The method is based on
a guantitative ether separation, spot visualization,
elution, and determination at 25%nm. They claim the acid is
detectable in amounts as low as 10ng. The chromatograms were
developed in an ascending system of ether:
benzene: 1-butanol :methanol (85:8:6:1) in a saturated
atmosphere. Visualization of spots was by exposure to uv
lamp. | \‘\

Numerous other H.P.L.C. methods for the determination
of ketoprofen in body fluids have appeared in the literature
during the pést half decade. Upton et al.(19) reported an
H.P.L.C. method that permits the‘convenient and rapid assay

of ketoprofen and naproxen in biological samples at 2

sensitivity (10 and 2ng/ml, respectively in plasma; 20 and

¥
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50ng¢ml 1n urine) far greater than previously available.
They attributed the superior sensitivity to the buffered
neutral eluent they used, which yields improved separation
from materials of biological origin. There were no
interferences from the major ketoprofen and naproxen
metabolites tested and excellent reproducibility and
accuracy could be maintained. The method shows promisé of
applicability to ibuprofen, fenoprofen and other members of
the aryl-alkanoic acid class of NSAIA. The apparatus
consisted of a pre-column containing handy pack VYDAC
30-44um particles 3.2x40mm and an analytical column
contéining spherisorb ODS, 5Sum particles 4.6x40mm. The
eluent was a phosphate buffer (0.05M) pH 7.0 containing 6-8%
acetonitrile, and maintained at a flow rate of 2ml/min. ..
Assay time was 15 to 20 min.

" pusci et al.(20) have also reported an H.P.L.C.
technique for the determination of some of the new
aryl-alkanoic acid type NSAIA's in serum. The method
requires only small samples of serum and an identical
protein precipitation extraction procedure with
aceténitrile. The method can also be used for screening in
tases of overdosage of these drugs. A variable wave length
' pv detector was used while the column was a 30cm x 309mm.
tube packed u{th p Bondapack C (WA). The elution solvent was

60% acetonitrile in 45mM KH,PO4 adjustean;?pH 3.0 with

orthophosphoric acid.
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A flow rate of 0.8ml/min was employed while the
effluent was monitored at 225nm. Some of the
anti-inflammatory agents assayed by this method include
oxyphenbutazone, indomethacin, phenylbutazone, mefenamiét
acid, fluternamic acid, ibuprofen and naproxen. Jefferies et
al.(21) claim to have developed an H.P.L.C. method that
regquires minimum sample preparation and a minimum quantity
of ketoprofen, for example 2.5mg can be determined in an
analytical time of 4 min. The extraction step involved a
hydrolysis step for the glucuronide conjugate of the drug.
This step is ommitted if only free ketoprofen is present.
The column was a 50 x 4.6mm slurry-packed with spherisorb
5-0ODS S5pm particles while the eluent was 35% methanol in
distilled water at pH 3.5 with acetic acid at a flow rate of
2ml/min. p

In another report, Bannier el al.(22) Eompared results
obtained by a developed H.P.L.C. method with a b.C. method.
The developed method involved extraction and methylation
with gaéeous diazomethane before the H.P.L.C. analysis. The
column used consisted of.LiChrosorb Si60 (5pm) and a
dichloromethane:hexane (60:40) solution as the mobile phase.
The precision of the method was %+ 4% and the lower detection
1imit ranged from 0.06 to 0.1pg/ml. Results obﬁgined by the
H.P.L.C. method showed very good correlation with those |
obtained by gas:liquid chromatography.

The only method of analysis that is available for some

of these aryl-alkanoic acid analgesics appears.to be the
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official UV spectrophotometric protedure,Asince no other
assay has been reported in the literature. Structural
examination of these substances reveals a common feature
which could be utilized for their assay. Most of them
contain a benzoyl group attached fo an aromatic ring.
Consequently they are classified as phenylketones, and can
be amenable to voltammetric analysis. The simple
electrochemical behaviour of the carboxyl group has been
utilized by various workers for the assay of ketone based
compounds, €g.; the butyrophenones. volke et g].(23) have
determined Faloperidol and two relatedAE-fluro substituted
butyropheﬂéne derivatives, trifluperidol and fluqnison by
direct currejf oscilloqraphig polarography. Concentrations
from 10°° té 10-* M of each of the compoun%s were determined
in.a system of 0.25N potassium hydroxide in 50% ethanol, and
in pH 5.3 aceta:e buffer in 50% DMF. Mikolajeh et al.(24)
have récently described a ;apid and simple procedure for the
determination of the toxicity levels of trifluperidol and
haloperidol in blood. The assay involved selective
extraction of the compounds from alkalinized blood into
cyclohexane, the extract concentrated to aryness and then
dissolved in Britton-Robinson buffer, pH 4.6, containing
methanof (2:3v/v) for polarographic analysis. The assay has

a sensitivity of 10mg/ml with a relative standard deviation

of +4%.
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3.3.1 Statement of Purpose

The main objectives of this present work afe : To
investigate the polarographic pehaviour of some of the
aryl-alkanoic acid analgesics such as zomepirac sodium and t‘
ketoprofen. To isolate and characterize the electrochemical
rgduction products of these compounds and finally, to
develop a polarographic method for the determination of
these compounds in pharmaceutical dQ§gggjforms‘

To accomplish the objectives G;tlined, some variables
(with respect to these compunds) to be investigated
include :

i) The search for an optimum supporting electrolyte
system. ) |

ii) The effect of pH on the Ehyalues of the
polarographic waves exhibited by the compounds.

iii) To determine the diffusion dependency by plotting
the diffusion current 2gzsns,£he square root of the
corrected height of mercury column.

iv) To investigate the electrochemical behaviour of the
compounds by cyclic voltammetry and to determine the effect
of scan rate on their cyclic voltammetric peak height.

’v) To determine the number of electrons transferred per
molecule during‘the electroreduction process.

vi) To perform macroscale electrolysis of these

compounds. -

vii) To propose a mechanism for the reduction process.
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viii) To prepare a calibration graph and to determine
the coefficient of correlation between peak current and
concentration of the electroactive species.

ix) To apply the developed method to the analysis of

"pharmaceutical dosage forms. J
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3.4.1 Apparatus and Conditions for Polarographic Analysis
standard laboratory glassware, one meter rule, stop
w{Fch, nitrogen tank, Mettlér“balance, magnetic stirring
device. Unicam SP 1800 UV spectrophotometer and recorder.
perkin-Elmer 267 IR spectrophotometer Unicam SP 1000 IR
spectrophotometer, 200MHz NMR spectrometer, 60MHz NMR
spectrometer. Other apparatus will be discussed under
appropriate sections.
" Reference Standards.
i) zomepirac sodium (59.44%) was obtaineé from McNeilf
laboratories, Canada, Ltd.
i1) Deschloro;omepirac obtained from McNeil Laboratories
iii) Ketoprofen (99.8%) obtained from Rhone-Poulenc
Pha;ma Inc. Canada. ﬁtd.
Reagents < ‘ il e
The following reagents Qere useé, all of
analytical-reagent grade: dimethylformamide, barbital, boric

\
acid, citric acid, lithium perchlorate, potassium dihydrogen

phosphate, anhydrous methanol, 0.2N sodium hydroxide,
tetraethylammoniud,bromide. 0.2N Hdl and 1% lithium
perchlorate in DMF. Britton-Robinson buffers were preparéd

with distilled and deionized water at)intervals of 0.2-0.3pH

unit over the pH range of 6.0-11.0.
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____..-__....____.____._____...__._.._____.__..._.__...___.._.__..___.______._.__.

Compound

Tréde Name

Manufacturer

Zomepirac

sodium (Zomax)

Ketoprofen

(Orudis)

Ketoprofen

(Orudis)

McNeil Labs.

(Canada) Ltd.

Rhone-Poulenc
Pharma Inc.

(Canada) Ltd.

Rhone-Poulenc

L d

Pharma Inc.

(Canada) Ltd. .

100 mg Tablets

50 mg Capsules

100 mg Supposi-

tories

Mc-4782

247

169

.—_—_—_..._..__._..___._....__-——___--_..___-—-_-..-———__..__—_._____

3.4.2 Procedure

3.4.2.1 A) Determination of Reference Standard Purities

The purities of reference standards of zomepirac

~

sodium, deschlorozomepirac and ketoprofen were checked by

means of thin layer chromatography Eastman Chromatogram

silica gel with fluorescent indicator plate was used while
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t
l

the solvent system was chloroform:glacial acetic acid(90:10).

s

3.4.2.2 B) Constant Temperature Control for Pola;ography
The polafographic cell was immersed in a water bath

connected to a thermost?tically‘controlled reservoir.

Circulation was ensured by means of a pump. The temperature

of the water was maintained at a constant value of 25 & 1°C.

3.4.2.3 C) Deterﬁination of Optimum Height of Mercury Column
Zémepir;t sodium 15 x 10-* M ) was used for determining
the optimum he{ght of mercury column. This solution was
prepared Sy'dilutjng lﬁl of 10°* M methanolic stock solution
of zomepirac with 19ml of Britton-Robinson buffer, pH 11.0.
After deaeration for 10 min with purified nitrogen the
polarogréms were recorded at various heights of the mercury
column ranging from 60cm to 80cm with Sch as the interval.
The dropping time was maintained at 2s ;y an automatic drop
timer. Comparisons of the polarograms were made and the

optimum height of mercury column was selected. The same

height was used for the studies on ketoprofen.

3.4.2.4 D) Determination of Optimum Buffer or Supporting

Electrolyte System

Britton-Robinson buffer was chosen as the supporting.
*
electrolyte system for the investigation. The ‘pH range was

6.0 to 11.0'because highly acidic media resulted in

*

‘ . : » :
precipitation of zomepirac as the free acid. ,

bl
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#e latively constant.
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working solutions (5 x 10°° M) of zomepirac sodium and
ketoéfofen were prepared individually by dilu€ihg iml of
each stock solution of zomepirac sodium and ketoprofen (10°°*
M) with nineteen ml of the buffer. Polafograms were recorded
for each sybstance after deaeration for 10 min‘with
nitrogen. For zomepirac sodium, the pH of the buffers was
varied form 6.0 to 11.0, at intervals of 0.2 to 0+3 PH
units. The intervals for ketoprofen were 1 pH unit. A

comparison of polarograms obtained for each compound was

made in order to choose the optimum pH for the analysis.

3.4.2.5 E) Determination of Solutioﬁ Stability

The stability of stock solutions of zomepirac sodium
and ketoprofen were determined by comparing polarograms ‘
obtained with a freshly prepared solution to thosé obtéined

with a five day old solution of each substance.

3.4.2.6 F) Deéermination of pH Change Before aﬁa‘f%§er
Electrélysis ) .t )

‘ The pH values of the solution were measured
electrometrically prior to and after the‘polarographic

reduction, in order to ensure that the pH had remained

3.4.2.7 G)Appard£lsand Conditions for Polarographic
Analysis of ' Zomepirac Sodium | |

. A\ Fisher, Model 320, pH meter fitted with a

7

}jiass*calomel electrode system vas employed to measure the

’ :pH values of the solutions.
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A PAR, Model 174, polargraph equipped with a drop timer
(Model 172A) and a Hougton omnigraphic Model 2000 recorder
were used in the investigations. A three-electrode
combination was employed which consisted of a saturated
calomel electrode, a dropping mercury electrode and a
platinum wire as the auxiliary electrode. A conventiohal
H-type cell was maintained at 25 + 1°C and all sweebs
utilized a scan rate of 2mV/s and a drop time of 2s.

In Britton;Robinson buffer (pH 11.0) the instrumental
parameters were: Applied potential range -1.0 to -2.5Vj
current SOpA full scale; height of mercury column 75Fm; flow
rate of mercury 1.265 mg/s; modulation amplitude, set at
50mv; and low pasg filter, set at a time constant of 1s. The

-

instrument was operated in the differential-pulse mode.

3.4.3 Analysis of Pharmaceutical Dosage Form of Zomepirac
Sodium

Only one dosage form, 100 mg tablets, was available
from the manufacturer. ’ ’

Twenty tablets were weighed, finely powdered and an
amount of powder corresponding to the weight of one tablet
was accurately weighed into a 100ml beaker. Twenty ml of
";ethanol vere added and the sample stirred magnetically for
15 min. The mixtute was transferred quantitatively into a
50ml volumetric flask, diluted to volume with methanol and

then filtered through Whatman No.1 paper discarding the

first 5ml of the filtrate. One ml of the filtrate was
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transferred to thé polarographic cell and 19ml of’
Britton-Robinson buffer, pH 11.0, were added. As previously
described, the solution was purged for 10 min with nitrogen
prior to recording the polarogram.'\

The amount of zomepirac sodium in the form of the free
acid was computed by the direct comparison method, using a
reference standard solution of zomepirac sodium (0.7649 x

102 M/1).

+

3.4.3.1 1) Content Uniformity Test of Zomepirac Sédium

Ten tablets were randomly selected from the sample.
Each tablet was placed in an individual 150ml beaker, 20ml
of methanol were added and the system was allowed to stand
for 5 min in order to promote disintegration of the tablets.
The remaining largervlumps of tablet mass were crushed with
a glass rod and the mixture stirred magnetically for 20 min.
After transferring the mixture quantitatively to a 50ml
voluﬁmetric flask, the determination was continued as

described in the previous section.

3.4.4 Macroscale Electrolysis of Zomepirac Sodium

The procedure used was similar to that fo? the
controlled potential coulometry except the cell contained
200mg of‘zomepitac sodium in 25ml1 of 20% v/v methanol in 1N
NaCl. The pH was adjusted to 11.0 with NaOH solution. The
applied potential remained at - 1.8V while the reduction
time was 8 hr. The iﬁitial yellow colour of“the solution

turned colourless upon completion of the reduction and then
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the product together with the supporting electrolyte was
separated from the mercury and freeze-dried.

<
3.4.5 Controlled-Potential Coulometry of Zomapirac Sodium

A PAR, Model 175, potentiostat-galvanostat, equipped
with a PAR, Model 377A, three electrode coulometric cell
system was connected to a Hi-Tek digital integrator and
digital voltmeter.

Nineteen ml of Britton-Robinson buffer, pH 11.0, were:
placed in the coulometric cell on top of a Sml layer of
triple distilled mercury and 1ml of 10-? M solution of.
zomepirac.godium in methanol was added. The system was
purged for 10 min with purified nitrogen. The applied
potential was set at - 1.8V with a current range of 10pA
full scale and the solution was electrolyzed until the
digital readout indicated a constant but small count. One
hou? was required to.complete the electrolysis. The process
was repeated with a blank consisting of 19ml of

Britton-Robinson buffer and iml of methanol.

3.4.6 Controlled-Potential Coulometry of Deschlorozomépirac
Apparatus and conditions used were similar to those
outlined for zomepirac sodium.
The experiment, however, was performed on a solution
containing ninéteeﬁ ml Britton-Robinson buffer pH 11.0, and
iml of 1ihg/ml methanolic solution.of deschlorozomepirac on

top of a 5ml layer of ;riple_distilled mercury.
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3.4.7 Cyclic Voltaﬁmetry of Zomepirac Sodium and
Deschlorézomepirac

Cyclic voltammetric ‘experiments at a hanging mercury
drop electrode wvere performed with a four - component system
consisting of a PAR EG & G, Model 175, Universal Programmer,
a PAR, Model 173 potentiostat-galvanostat, a Houston Model
2000 Omnigraphic recorder and a PAR, Model 9323, hanging
mercury drop electrode fitted with a polarographic cell.

Two supporting electrolyte systems were employed. In
Britton Robinson buffer, pH 11.0, the parameters were :
potential range, -1.1 to -1.65V; current range, 10pA; scan
rate varied from 10 mV/s to 200mV/s.

In a dimethylformamide/lithium perchlorate system, the
settings were : potential range, -0.4 to -2.2V; current
range and scan rates were the saﬁe as in the previous
system. 20ml of 5 x 10°* M zomepirac sodium solution
consisting of nineteen ml of Britton-Robinson buffer pH
11.0, and 1ml of 10°* M methanolic solution of zomepirac
sodium were used. For the experiment for deschlorozomepirac,
a 20ml solutiom containing nineteen ml of Bri;ton-Robinson
buffer, pH 11.0, and one ml of tmg/ml methanolic solution of
deschlorozomepirac was employed in both instances, a 10 min
purge with nitrogen was performed. Data for determining the
effect of changing scan rate on the cyclic voltammetric peak
currents oif&omepirac sodium and deschlorozomepirac are

presented in Tables 2 and 3 respectively.
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3.4.8 Preparation of Calibration Graph

A stock solution of zomepirac sodium (10°* M) was
prepared in anhydrous methanol. Five test solutions of
varying concentrations, 1 to 5 x 10-* M were prepared by
appropriately diluting the stock solution with
Britton-Robinson buffer, pH 11.0. In the total ‘'sample volume
of exactly 20ml, the amount of methanol was always
maintained at ml.

All samples were purged with oxygen-free nitrogeh for
10 min prior to each run and a stream of nitrogen was
allowed to flow gently over the surface of the solution
during the electroreduction. Samples of each of fi&e
concentrations were run five times and resulted in a
correlation coefficient for the graph of 0.9992. Data for
plotting the Ealibration curve are presented in table 4,

-

while Fig 12 illustrates the calibration graph.

3.4.9 Diffusion Dependence Studies

These studies were carried out at pH 1.0 on a 5 x 10°*
M solution of zomepirac sodium. The applied potential was
from -1.0 to -2.5V and the height of the mercury column
ranged from 60 to‘80cm. The weight of meréury was also
obtained at each of five heights over that range. Table 1

presents data for the diffusion studies on zomepirac sodium.
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\

3.4.10 Macroscale Electrolysis of o-(p-chlorobenzoyl)
\benzoic acid

A PAR, Model 173, potentiostat-galvanostat equipped
with a PAR, Model 377 A, three component coulometric cell
system was connected to a Hi-Tek digital integrator and
digital voltmeter.

The.progedure used was similar to that for the
controlled potential coulometry of ketoprofen except that
the cell contained 200 mg of,QfQQ*thlorobenzoyl) benzoic
acid in'25m1 of 20% v/v methanol in 1N NaCl. The pH was
adjusted to 11.0 with NaOH solution. The applied potential
was set at -1.8V while the refuction time was 6 hrs. Upon
completion of the reduction, the product, togetherbwith the
sopporting electrolyte, was separated from the mercury, the
mixture was acidified with 0.2N H,;SO,., and then extiécted
with ether. The ethereal solution was washed with distilled

" water and dried over magnesium sulphate.’'It was concentrated
to about 2ml a?d left to stand overnight to give white
needle-like crystals in about 60% yield.. The product melted
between 122-123°C. (NMR 100 MHz, CD,0D) $ 6.6 (s,1H), 7.4
(m,4H) 7.7 (m,2H) 7.95 (m 2H). (see discussion) M'm/e 244,
base peak m/e 209. IR (KBr disc: 3000 /cm, 17707cm , 1600/cm
, 1300/cm , 1220/cm , 1090/cm , 1000/cm. Elemental dnalysis
c, 67.8%, H, 3.69% ; O, 13.o§x; Cl; 15.07%. The spectra of

the foregoing data are presented in Figures 14 to 19.
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3.4.11 Differential-Pulse Polarographic Analysis of
Ketoprofen
The apparatus and conditions for the analysis of
ketoprofen were similar to those used for the analysis of
zomepirac sodium except that the pH of the Britton-Robinson

: )
buffer was 6.0 and the flow rate of mercury was 1.26mg/sec.

3.4.12 Controlled-Potential Coulometry of Ketoprofen

A PAR, Model 173, Potentiostat-Galvanostat, equipped
with a PAR, ﬂodel 377A, three component coulometric cell
systeﬁ was connected to a Hi-Tek digital integrato; and
digital voltmeter.

Nineteen ml of Britton-Robinson buffer, pH 6?0, were
placed in the coulometrié'cell on top of a 5ml layer of
trlple distilled mercury and iml of 10°* M solution of
ketoprofen in methanol was added. The system was purged for
70 min with purified nitrogen, the applied potential was set
at -1.25V with a current range of 1mA full scale and the
solution was electrolysed until the digital }eadout
indicated a constant but small current count. The
electrolysis time was 40 min. The process was répeated'with
a blank consisting of 19 ml of Britton-Robinson buffer and

iml of methanol.

b ’

3.4.13 Cyclic Voltammetry of Ketoprofen
Cyc11c voltammetric experiments at a hanging mercury

drop electrode wvere performed with a four-component system
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consisting of a PAR EG & G, Model 175, Universal Programmer,
- a PAR, Model 173, Potentiostat-Galvanostat, a Houston Model
2000 Omnigraphic recorder and a PAR, Model 9323, hanging
mercury drop electrode fitted with a polarographic cell.
Two supporting electrolyte systems were employed. In
Britton Robinson buffer, pH 6.0, the parameters were :
potential range, -0.8 to -1.4V; current range, 10pA; scan
rate varied from 10mv/s to 200mv/s. In a
dimethylformamide/tetraethylammonium bromide system, the
settings were @ potential range, -0.5 to -2.2V; current
range and scan rates were the same as in the previous
system. Data obtained from this experiment are presented in

Table 7.

3.4.13.1 Preparation of Calibration Graphs

A stock solution of ketoprofen (10-* M) was prepared in
anhydrous methanol. Five test solutions of varying
concentrations, 1 to 5 x 10-* M, were prepared by
appropriately diluting the stock solugion with ‘
Britton-Robinson buffer, pH 6.0. In thé total sample volume
of exactly 20ml, the amount of methanol was always
maintained at iml.

All samples were purged with purified nitrogen for 10
min prior to each scan and a stream of nitrogen was allowed
to flow gently over the surface of the solution during the
electroreductlon. Samples of each of five concentrations
were run five times and resulted in a correlation |

coefficient for the graph of 0.9994, Figure 13 presents the
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calibration graph for ketoprofen while data for ploting the

graph are presented in Table 5.

3.4.14 Diffusion Dependence Studies
These studies were carried out at pH 6.0 on a 5 x 16
M solution of ketoprofen. The applied potential was set at
.15V and the height of the mercury column ranged from 60
to 80cm. The mercury flow rate was also obtained at each of
five heights over that range. Table 6 presents the data

obtained for this experiment.

3.4.15 Analysis of Pharmaceutical Dosage Forms of Ketoprofen
' Two dosage forms, 50mg capsules and 100mg A

suppositories, were available from the manufacturer.

3.4.15.1 Analysis of Capsules

The contents of twenty capsules were transferred
quantitatively into a tared 100ml beaker and' weighed. The
powder was throughly mixed and an amount of powder’
corresponding to‘the weight of one capsule content was
accurately weighed into a 100ml beaker. Twenty ml of
methanol were added and the sample stirred magnetically for
15 min. The mixture was transferred gquantitatively into a,
S50ml volumetric flask, diluted to volume ;ith methanol and
then filtered throdgh a Whatman No. 1 paper discarding the
first 5ml of the filtrate. One ml of'the filtrate was
transferred to the polarographie¢ cell and 19ml of

Britton-Robinson buffer, pH 6.0, were added and the solution
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was purged for 10 min with nitrogen prior to recording the
bolarogram. The amount of ketoprofen was computed by the
direct comparison method, using a reference standard
solution of ketoprofen (0.3937 x 1077 M). Experimental data

are presented in Table 10.
- Ve

3.4.15.2 Content Uniformity Test

Ten capsules were randomlyxaelected from the sample.
The content of each capsule was éuant{tatively transferred
into an individual 100ml beaker, 20ml of methanol were added
and then stirred magnetically for 20 min. After transferring
‘the mixsure'qu;htitatively to a 50ml volgﬂetric glask, the
assaxﬂ»"fépntinued as described in the previous section.

(See Table 11 for the experimental data)
. -* ~§

3.4.15.3 Analysis of Suppositories

Ten suppositories were randomly selected and weig?ed.
Each was placed in an individual 150mi beaker, 50ml of
methanol were added and then warmed until complete
dissolution was achieved. Tﬂe mixture was stirred
magnetically for 10 min while still warm and then cooled in
a refrigerator for 40 min. The resulting agglomerate was
allowed to stand for 10 min at room temperature and
following this, it was stirred with a glass rod to form a
slurry, transferred quantitatively to a 100 ml vélumetriq
flask and diluted to volume with methanol. After filtering
threugh a Whatman No 1 paper, é'lml aliguot of the solution
vas treated in the manner described under the analysi§ of

L
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4

capsﬁles. Data obtained for this experiment are presented in
Table 12.
-
3.4.16 Macroscale Electroiysis and Isolation of the Reduced
Product of Ketoprofen

The procedure for electrolysis was similar to that for
the controlled potential coulometry except that the céll
contained 180mg of ketoprofen in 50ml of methanol to which
was added 20ml of 1IN agueous NaCl as supporting electrolyte.
The pH was adjusted to 6.0 by E;e dropwige addition of 0.2N
HC1l. The applied potential was set at -1.25V and the
reduction time required 4 hrs. The solution was acidified
with 0.1N H,SO,. ané then extracted with chloroform. Tﬁe‘ ' \\\
chloroform layer was washed with distilled water and dried
over magnesium sulphate (aﬁhydrous). The final solution »>
which was concentrated to about 0.5ml was cooled in a
refrigerator overnight and yielded 97mg of a white
crystalline powder that melted over the range 113-115°C.The
following physical-chemical,parameters were obtained. UV
(MeOH),  max, 212nm, loge= 4.37; 252nm, loge= 4.03 : IR
(KBr), 3420/cm, 3000/cm, 2700/cm, 1720/cm, 1610/cm, 1460/cm)
1240/cm, 1020/cm, 900/cm: NMR (60 MHz, DMSO-d¢ ),8 7.3
{m,9H), 5.6 (m,2H), 3.6 (q,iH), and1.3 kd,BH) (see.
discussion). The specfra for the foregoing data are

presented in Figures 35-39.

.
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3.5

Only results and brief digcussions will be presented
)
§
here since effects of the various parameters that affect

A

polarographic behaviour of electroactive species have

already been discussed under minoxidil.

3.5.1 Temperature Control for Polarographic Experiments
The temperature of the cell was maintained at a

constant value of 24 % 1°c, since at this temperature well

developed waves were obtained.

3.5.2 Determination of Optimum Height of Mercury Column
Comparison of polérogqams obtained at different heights
of mercury column showed no significant differences. The
height of the mercury column was varied over the range from
60 to 80cm, with a 5cm. interval between setting§. Although,
changes\ih the height of mercury column affect the number of
mercury drops per unit time. Such an effect was not apparent
in this work since an automatxc drop t:mer vas used to
control the dropp1ng time. Well developed d.c. and d.p. ’
polarographic vaves were exhibited at each of the heights
1nvest1gated A mercury column with a hexght of 75 cm vas
chosen because it yielded well- resolved, easxly measured
peaks and resuited in flow rates of 1.265 and 1.26mg/sec for

zomepirac sodium and ketoprofen respectively at a dropping

time of 2sec.
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3.5.3 Determination of Op;imum Buffer or Supporting

Electrolyte System

Britton-Robinson buffer was chosen for the
investigation because of its versatility and wide pH range.
The buffers (pH range 6.0 to 11.0) were screened
polarographically and were found not to contain any
substance that might interfere with the reduction of
zomepirac sodium or ketoprofen. Buffers with pH values below
6.0 were not used hecause they cause the precipitation o;
zomepirac and ketoprofen free acids from solution.

Both compounds exhibié well-developed d.c and d.p

polarographic waves in the' pH range 6.0 to 11.0. At a pH of

11.0, however, zomepirac exhibits one well-developed and

sharply defined peak that is suitable for analytical

application. Britton-Robinson buffer pH 11.0 was, therefore,
chosen as the supporting electrolyte system for the analysis
-~

of zomepirac sodiumi The most suitable peak for ketoprofen,

however, was observed at a pH of 6.0.

3.5.4 Determination of Solution Stability
Methanolic solutions of zomepirac sodium angd ketoprofen
have been found to be stable for at least five days.

Comparisén of polarograms obtained for freshly prepared

- solutions to those for five day old solutions show no

significant differences.
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3.5.5 Deterﬁinat;on of pH Change Before and After
Electrolysis
The pH values of the buffered zomepirec sodium and
ketoprofen solutions showed no significant differences after
electrolysis. Conseqguently, the pH at which the
electrochemical reduction occurred was recorded as being

identical to that prior to the reduction.

3.5.6 Determination of Diffusion Dependency

In order to investigate the nature of the limiting
current observed for the reduction of ;omepirac sodium and
ketoprofen in Britton-Robinson buffer éH 11.0 and 6.0
respectively, plots of the diffusion currents versus the
square root of the cor{ected heights of mercury column were
made as illustrated in Figures 3 and 4.Data for;preparing
these plots are presented in Tables 1 and 6. Both plots
resulted in stra1ght lines that did not pass through the
origin. The graph for zomepxrac sodium has a slope of
0.228pA/cm“*, while that for ketoprofen is 0.285pA/cm'2.
Although, the electrochemical reduction process might be
regarded as being essentialy diffusiqn controlled, other
:parameters play some role in the actual reduction mechanism.

‘ ( $

3.5.7 Controlled Potential Coulometry

The controlled potential coulometric experiments on
zomepirac sodium, deschlorqzomepirac and ketoprofeq reveal
that two electrons per molecule of each species were

L
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involved in the electrochemical reduction process in each
instance. The reduction process might involve only one bond
in each of the species investigated, since only two
electrons are involved in a complete cleavage or formation
of a chemical bond. Among the functional groups which are
possible sites of reduction in these molecules, the carbonyl
carbon-oxygen double bond is the most readily reducible. The
realization that two elegtrons per molecule were involved in
the reduction process indicates that only one of the C = 0
bonds has undergo reduction. The observed Ehvalues and the
shapes of the polarographic waves strengthens the
postulation that the site of the electrochemical reduction

is the carbonyl group.

3.5.8 Cyclic Voltammetry of Zomepirac Sodium Y

Only one reduction'peak was observed in the cyclic
voltammetric experiment in Britton-Robinson buffer pH 11.0
(Figure 5) where the E occurs at -1.53V. No. reverse anodic
peak was observed under the sweep rate range studied.
Detailed analysis of the cathodic peak indicated a peak
potential shift bf 40 to 50mV as the sweep rate was varied
from 200mV/s to 10mV/s. The peak current varied linearly
with the square root of scan rate over this range indicating
the absence of any complicated homogenous reaction on the
time scale of the experiment (Fxgure 6). A plot of 1 /v
versus v is independent of scan rate implying a predqunantly

diffusion controlled process (see Figure 7). See Table 2 for

.
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Data for Determining the Effect of Scan Rate on the

Cyclic Voltammetric Peak current of Zomepirac Sodium

tn Britton-Robinson

Buffer pH 11 0O

Data for Determtining the

Cyclic Volts

Scan rate v.
v mVs~ V2
200 14 14
100 10.00
50 7.07
20 a 47
10 3 16
Teble : 3

in Britton-Robinson Buffer. pH 11.0.

Current

b(pA)
2.4

1.74
1.96
1.9¢

0.64

Scan rate

v av/s

20
10

Effect of Scan Rate on the

mmetric Peak Current of Oeschlorozomepirac
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T
6: Graph of Cyclic Voltammetric Peak Current for

Zomepirac Sodium XS the Square Root of Scan Rate.
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FIGURE 7: A Plot of.%/JQ vs v for Zomepirac Sodium in

Britton-Robipson Buffer, pH 11.0
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the experimental data. The cyclic voltammogram of zomepirac
sodium in DMF/LiCl10, shows three cathodic peaks and one
reverse anodic peak. The Ebgalues occured at -1.75v, -1.85V
and -2.08V. The height of the peak at -2.08V was twice that
of either of the first two peaks. The third peak may be the
result of a two electron process while the first two peaks
each involved a one electron process. The Ep:as at -1.98v

(see Figure 8).

3.5.9 Cyclic Voltammetry of Deschlorozomepirac

Deschlorozomepirac exhibits only one cyclic
voltammetric cathodic peak in Britton-Robinson buffer pH
11.0 (Figure 9). The E&yalue was -1.55V. No reverse anodic
peak was observed under the sweep rate range studied. The
cathodic peak potentiél shifts anodically by -about 30mV as
the sweep rate was varied from 200mv/s to 10mV/s. The peak
current varied linearly with the square root of scan rate
over this range. A plot of %)/Jnggansv is independent of
scan rate as Ehown in Figure 10. The éxpetimental data is
presented in Table 3. In DMF/LiCl0, system, however,
deschlorozomepirac exhibits two distinct cathodic peaks,
with E values at -1.65V and -1.83V. Two reverse anodic peaks
can also be distinguished which have Ep:alues at -1.76 and
-1.95V (Figure 11). |

The shape of the cylic voltammogram of
deschlorozomepirac is similar to that of zomepirac sodium

except that in the non-aqueous system, three cathodic wvaves

“ “
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FIGURE 10: Graph of %/VQ¥§ v for Deschlorozomepirac 1n

Britton-Robinson Buffer,

pB 11.0.
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could be distinguished for zomepirac soflium while only two
waves are observed for deschlorozomepirac. In the
non-agueous system, therefore, another electrochemical
process in addition to the reduction of the carbonyl group
probably takes place for zomepirac. It is probable thaébthis
additional electrochemical process might be a one electron

reduction of the carbon-chlorine bond.

3.5.10 Preparation of Calibration Graphs

Calibration graphs for zomepirac sodium and keteprofen
were pepared as described in the egperimental section. Both
combounds exihibit linear relationships between their d.p.
polarograph}c peak currents and the concentration of
compound, w{thin the concentration range 1x10°*M to 5x107 ‘M.
Excellent correlatjon coefficients were obtai;ed for each
compound. The value for ketoproféq is 6.9994 vhile that for
zomepirac sodium is 0.9992. Experimental data are presented
in Tables 4 and é\respectively;while Figﬁres 12 and 13
illustrate the corresponding calibrations graphé. On
extrapolaiion, both graphé shows slight deviations from the
‘origin.

»

3.5.11 Macroscale Electrolysis of_g:(g:chlptobenzoyl)
.  benzoic acid '

Figures 14 and 15 show the NMR spectra of —
a-(p-chlorobenzoyl) benzoic acid and that of the '

electrochemically reduced product respectively. An
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Table - 4
Data for Calibratton Graph for Zomepirac Sodium in Britton
-Robinson Buffer pH 11 .0

Reference soﬁ\ d.p.p Pesk Height(pa) Aversge peak Correlation

conc M x 107" 1 2 3 4 s hetgnt(pa) Coefficient
T Ve Y vwe v VT
2 3 40 3. 40 3 40 3 40 3 45 3 a4
3 $ a0 5. 42 5 4y 535 5735 5 38 0 9992
4 705 7.00 708 705 710 7 0%
5 8 40 B8 45 8 a0 B8 70 8 .80 8 55

Table 5

Data for Ca)ibration Graph for Ketoprofen in Britton
-Robinson Buffer, pH 6.0

P RN
Sample conc D.P P Peak Current (pa) Average D.p P.
x 10 “m 1 2 3 Peak current
1.0 6.70 6.67 6.8 6.7%
2.0 13.50 13 .80 13 5S¢ 13.50
3.0 19.75 20 00 20.25 20.00
4.0 26 .25 26 00 26 €0 26 .25
5.0 31,75 31.80 LA A 31.7%
...... --_----,--._-------_---_---_-------1(:--,--_-_----___--

{. Coeffictient of correlation = O 9994
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( vA )

Current

Peak

o}

' ? k] 4 -}

Concentration 10 ‘u

FIGURE 12: Calibration Graph for Zomepirac Sodium in

Britton-Robinqu Buffer, pH 11.0.
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- FIGURE 13: Calibration Graph for Ketoprofen in
"Britton-Robinson Buffer, pH 6.0
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FIGURE 18: Mass Spectrum of Reduced Q- (p-Chlorobenzoyl)

benzoic Acid
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FIGURE 19: Mass Spectrum of O- (p-Chlorobenzoyl)
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additional peak w1th an integration value correspondxng to a
single proton and appearing at a delta value of 6.6 1s
observed in Figure 15. The rest of the spectrum is sxwllar
to that of the starting material. D,0 exchange has no effect
on the spectrum df the reduced product implying that the
additional proton is attached to a carbon atom. Figures 16
and 17 are the IR spectra of the starting material and the
reduced product respectively. A strong peak is observed in
Figure 16 at a wavenumber of 1770/cm. The carboxylic acid
peaks (2500-3000/cm ) were absent in this spectrum. There is
also an absence of an 0-H peak at about 3500/cm implying an
absence of a hydroxy group in the structure of the reduced
product.

Figure 18 shows the mass spectrum of the reduced
product in which the molecular ion has a mass to charge
ratio of 244.02. The mass spectrum of the starking material
is shown “i\n Figuyre 19 for compérati§e purposes. The reduced
preduct has,a lecular mass of sixte‘ﬂ?ad‘mic mass units
‘less than that of the starting material. Probably, this
could be due to a loss of an oxygen atom.

'From the observatmns outlmed above it can be proposed
that the electrochemical reduction of this compound involves
.the benzoyl ketone to give a benzhydrolyl-derivative which
then undergoes lactonization with the carboxylic acid
‘portion of the molecule‘to give a Y-lactone derivaﬁive

Figure 20. Data obtained Wrom the'glemental analysis of the
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product agree excellently with the proposed product.

XN

e

Figure 20.

3.5.12 Polargraphic Behaviour of Zomepirac Sodium

Zomepirac sodium exhibits three d.c and;d.p
polarographic waves 1n Britton-Robinson buffer over the pH
range 6.0 to 11.0 (Figure 21 and 22). At pH 6.0, a single
uell-resolved wave 18 obseryed with an Ek;alué of -1.28V.
This wave is pH sensitive and the Ehroves cathodically with
increasing pH. The second wave appeérs at more negative
potentials within the pH raﬁge 6.8 to 10.0 as illustrated by:
trace B in Figure 21. The Ehyalue of this.wave'oqcurs at
-1.45V and is 1ndependent of pH. Abd pﬁ_11 0, the EWQ waves
shown in trace B merge to form one wave, C, with an E, values‘
at -1.5V. This latter wave is well-reso}ved, intense and is
suitable for guantitative work. Thé corresponding
differential pulse waves are presented in Figure 22.

The electrochemical redyction of phenylketones has been
extensively studied by various earlier workers (25-28).
Elving et al. (25) have dxscussed the mechanism of the

electrochemical teductxon of phenylketones. They found that
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in acidic media all the compounds investigated gave one
diffusion controlled pH-dependent tathodic wave and a'more
negative pH-independent wave. The diffusion current constant
increased with increasing pH to a maximum value at pH 9.0
and then decreased corresponding to a variation in the
number of electron$ transferfed from one to two and then
back to one. At a higher pH, a third more negative wave
appeared. They found that the only isolatable products are
pinacols (wave 1 in acidic media) and carbinols (waves II and
111 and the combined wave between pH 6.0 and 9.0). The
electrochemical reduction of ketones is best explainfd by a
free radical mechahism; in acidic and neutral media the
ketone di££u§es into the electrode field and its carbonyl
graup is polarized. Simultaneously, the carbonyl oxygen (now
partially charged) attracts a proton, wlich process favours
increased polarization. The protqnated ketone completes its
diffuéion into the el;ctrode interphase and acquires one
electron resulting in wave I. The free radical produced can
dimerize to the pinacol. A‘further reduction of the free
radical to the carbinol_result in wave 11, which occurs at
more negative potentials. Ooving to the pH dependence of wave
"1, the tvo waves merge at higher pH's to yield a combined
vave. In alkaline media the mechanism is essentially the

' éame} except that‘bec;use of the relative protoprscarcity,
c?fbinolatc free radical ion is formed along vith the
carbindl fi;e radical. The more difficult reduction of the

former lﬁkpuntp for the decreased laqniﬁudo\dt the combined
. '&A‘.i‘ ‘ Fis
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wave and the appearance of wave III.VThe proposed mechanism
is evaluated on the basis of the expected effects of
structure. Generally, the electrochemical reduction of
carbonyl groups is somewhat difficult to effect. The process
has been found to be pH, concentration, and nature of the
electrode dependent. The reduction product can be predicted
if chosen conditions are applied (26).

Reduction of aldehydes and ketones to the corresponding
alcohol is favoured by: ’

(1) Low concentration of starting material.

(2) Alkaline media, for example, potassium hydroxide
and tetrabutylammonium hydroxide.

(3) A high overvoltage cathode such as mercury. While
" reduction to pinacols is promoted by:

(i) high concentration of starting meterial

(ii) acidic media

(iii) high current density

(iv) use 6f cathodes such as tin and copper.

Structural effects are generally excellent criteria for
evaluating a mechanism with respect to its generality and
/or Qeracity. Changes in molecular structure has a marked
effect on carboﬁyl group reducibility. Substitutions of
phényl for methyl or hydrogen in acetaldehyde shifts the E
to much less negat1ve potentials. In acetophenone, 4
replacement of methyl by 1-butyl or 1sopropy1 gtoups makes
the E, more negative. The shifts of E%?alues in carbonyl

L

group reduction can be expla{ned by electronic effects and
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to some extent by structural considerations. The role of the
inductive effect, +I in ketonic reduction becomes readily
apparent upon considering the decreasing ease of reduction
in alkaline media for the three simple carbonyl compounds.
Formaldehyde > acetaldehyde > acetone. This order is
identical with the variation of the +I of the substituent
groups. Analogously, benzaldehyde is reduced more re%dily
than acetophenone since the phenyl group has a very strong ’
+1 (much stronger than H or methyl).

Evaluafion of steric effects in correlating shifts of 1212
with structure presents some difficulty, since there is no
definite u:§ to measure these effects.

At the time of reduction, the carbonyl group is assumed
to be perpendicular to a plane tangent to the electrode
surface with the carbonyl oxygen furthest from the
electrode, as expected from coulombic effects. Using a
Fisher-Hirschfelder-Taylor model of the reacting molecules,
the nearest possiblg, approach to Fhe electrode wvas
~determined by assuming several o;ientations for the
substitﬁents on the carbonyl c;rbon, placing the molecule on

" a smooth surf;ce and m;aéuring the distance from the surface
(which represents the electrode) to the carbonyl carbon..fhé
steric factors to consider include :

(1) nga;est possible appréach to thé electode, assuming
no distorﬁjon of bond gnglkf by the electrode field.

(2) shielding of both the carbonyl carbon from back
side at@ggck by electrons and the carbonyl oxygen from front

-

-
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side proton attack.

(3) relatively free rotation about the C-C bonds of the
carbonyl group.

(4) hydrpgen bonds.

The facile reduction of benzophenone suggests that +I
is the predominoant factor and that steric considerations
are of minor importance.

In aqueous medium; the mechanism of the reduction of
aldehydes and ketones has been postulated as follows(26):

Under acidic conditions two one-electron polarographic

waves are observed

R R
Neal4 w e -553955 ® 0
/ ot € Wav /C H

R R
Ey

R qnqu
2 \ac — O —> R-C'-'Ct-R

R/ - R R

R
: R"i. - ..® Second OH
/C— o * le + 1M —‘m?—‘) H/C'—
R - Ey

The dimerization, or furthér.réduction of the ketyl
radical depends on the applied potential. Thus, under
macroscale condxtxons, with reduction at the plateau of the
1st wave, the main product is a pinacol, while the reduction

at the plateau of the second wave affords the corresponding

-

“alcohol.
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As the pH of the medium increases, the two waves merge

and at a more negative potential a third wave appears.

. R R
R R 6o R
b CJ Third N e 2H N\
¥ | 6c— 07 + e oo e-0" ——> pu-on
R R R :

The UV absorption spectra of zomepirac‘sodiumﬁln’~
alkaline media shows two maxima. The first exhibited aimax '
at 260nm and a loge= 3.94 while the smax of the second was at
328nm, and the loge= 4.04. The redﬁcgd product shows only
one maximum at 228nm with a loge= 3.97. (éee Figure 23).
Concentration of the.reduced'product was based on the
initial concentration of zomeplrac sodxum taken.

The reduced product is unstable in acid and dtsomposeé
rapidly to give a réddish-pink precipitate. IR and NMR
spéctra were obtained on Samplés of the freeze driea.

from the macroscale electrolysis. In acetone d. /D O,

zomepxrac sodxum exh1b1ts five peaks on: the NMR(S@MH:)
delta values‘at 1.6 (s 3H), 3.4 (s 2H) 3.55 (s 3H), 5.9 (s
1H) and 7.3 (quartet 4H). In the same solvent the reduced
product exhxbxts six peaks on the NMR(ZOOMH:) with delta -

values at 2.5 (s 3H), 3.8 (s 3H), 3.95 (d 2H), 6.3 (s 1H),
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6.6 (s 1H) and 7.95 (m 4H) (see Flgures 24-29). .
The IR (KBr) spectra (Figure 29) of the reduced prodvct'

of zgmepirac sodium shows an absence of the carbonyl peak at

about 1600 1640/c6 whgﬁb is«preSgnt innxhe IR spectra

(Figure 27) of zomepirac sod{uﬁiftselﬁy, Tﬁe absgoncé of ;he

carbonyl group in the reduced product is also 1nd1cated by

the disappearance of a UV absorptlon peak (Figure 23) in the .

range 250-350nm. The NMR peak at 6.6 owing to a sxngle Ny

proton observed for the product confirms that the cgrbdn&l

group is the site of the electroreduction process @figure

26). EA reduction at the carbon—chloriné bond will also"

resyult to a product which h&s an additional prot®h, but the

NMR peak for the added proton would have peeqﬁfurther down

> ¢
field 51nceﬁ3t would have been an aromat1c proton.

f

-From the results obtained, ve suggest the following

pathway (Figure 30) for the reduction.

2t

O @ ‘-?

(oa Na

c® ‘ ‘.
foo N ’

-
R

»
"

. | Fzgure 30

\ —‘ i i
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3.5.13 Polarographic Behaviour of peschlorozomepirac
Deschlorozomepi;ac exhibits similar polarographic waves
as those observed for zomepi}ac in Britton-Robinson buffer
over “the pH range 6.0 to 11.0. The deschlorozomepirac waves
are‘affeCted by pH in the same manner as those for
zomepirac. Consequently, the carbon- chlorine bond in
zomepirac is not involved in the electrochemical reduction

of the compound in aqueous systems.

3.5.14 Voltammetric Behaviour of Ketoprofen

Ketoprofen also exhibits three pola(?graphic waves in
Britton Robinson buffer over the pH range k.o to 11.0. At pH
6.6, a single well resolvd pH-depéqdent“aQe is observed
with an E, value at -1.15V (see curve A, Figure 31). The E12
shifts cathodically wﬂile the peak curregt decreases with
increasing pH. The second wave is pH-indepeAdent and is
obgerved within the pH range 6.5 to 9.0 (Figure 31, curve
B). The Ekyalue occurs at -1.39V. At pH 10.0, the two waves’
merge to form a wgll-resolved third wave which is also
pH-dependent as evidenced by the Ehyalue w?ich shifts
cathodically with increasing pH. At pH 11.0, its ELvalue is
-1.44v (Figure 31, curve C). The electrochemical p:;cesses
at the D.M.E. giving rise to these waves are considered to
be identical to those for zomepirac sodium and,
consequently, will not be répeated here. The graph of
diffusion cutr;ﬂtvggggng the square root of corrected height

of mercury column is a straight line but does not pass
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through the origin (Figure‘#).dSee Table 6 for the
experimental data. The slope of this grapb is 0.285pA/cm'?,
while that for zomepirac sodium (Figure 3) is 0.22BpA/cm'”.
In Britton-Robinson buffer, pH 6.0, only one cyclic
voltammetric reduction peak was observed exhibiting an Ejat

.23V (Figure 32). A peak potential shift of 60mV was
observed when the scan rate (v) was varied from 200 to
10mV/s. The graph of ip/J°yngu§\,is almost independent of
scan rate, indicating a non-complicated slow electron
transfer and homogeneous reaction which is also
predominantly diffusion controlled (see Figure 33)(29).
Table 7 exhibits the experimental data.

In dimetﬁglformamide/tetraethylammonium bromide
solution, ketqp;ofen exhibits two cathodic and one anodic
cyclic voltammetric peaks. The Eﬁyalues occur at -1.66V and
-1.92V while the Ehyalue is -1.76V (Figure 24). The height
of all peaks decrease_in the same proportion with decreasing
scan rate. On contindqgs scanning at 200mV/s , however, the
first cathodic peak height decreased more markedly than that
of the second cathodic or the anodic peaks. The coulometric
analysis indicated that two electrons per molecule vere
transferred in the electrochemical process. From the
foregoing observations, two one electron transfer steps are
predicted for which the first step is the rate determining
step for the over all process. A

‘The polarographxc behaviour of ketoprofen at the D M E.

has been found to be consistent with the reduction of ﬁl

e
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carbonyl group. In DMSO-d,-D,0 system, the NMR peak at 5.6¢
1s reducednto a sinéﬁet with an integration value
corresponding to one proton (see Figures 35-36). Figure 37
illustrates the NMR spectrum of ketoprofen. The strong IR
peak at 3420/cm is indicative of the presence of a hydroxyl
group in the reduced species (Figures 38-39). The absence of
the carbonyl peak at about 1670/cm ,( Figure 39) in the IR
spectrum and the decrease in the UV absorbance peak at 252nm
also indicate? that the carbonyl group is the site of the
electrochemic?l—reduction. The molecular ion m/e ratio of
756 for the redugtion product as compared with a value of
254 for ketoprofen (Figures 40 and 41 respectively) agrees
excellently with the postulation that an alcohol is the
electrochemical reduction product of ketroprofen.

From all the foregoing observations, the reduced

product of ketoprofen is probably 2-(3-benzhydrolyl)

propionic acid (Figure 42).

H ON ?H‘
% CH-COCH
/

Figure 42

3.5.15 Analysis of Pharmaceutical Dosage Forms of Zomepirac
Sodium
Table 8 gives the results of the assay of zomepirac

sodium tablets based on the average value obtained with a

7
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sample of twenty tablets. The standard deviatioﬁs of the
method together with the analysis obtained by the
manufacturer's quality control laboratory are presented for
comparative purposes. The assay pEOVides resul?s that are
equally comparable to those of the manufacturer, at both pH
values of 11.0 and 6.0. _

Although the d.c wave couid have been used for
analytical purposes, the differential pulse wave is much
better resolved, as illustrated in Figures 21 and 22. The
proposed method has the advantage of simplicity, high
sensitivity and rapidity. It has the same disadvantage as
the official spectrophotometric method, however, in that
certain degradation products, if present, could not be

?

detected.
_ -

In Table 9, the average of the results obtained with
ten {ndividual tablets is presented.

An important step iﬁ working out an assay for drug
content is an examination of the effects of other
constituents present in the pharmaceutjcal preparations.
Polarographic screening experiments showed that none of the
excipients present in zomepirac sodium tablets cause any |
change in the shape or height of the polarographic wave of
zomepirac. Thus, polarographic analysis can be performéd
without interference bj simply pulverizing the tablet and

t

dissolving the active ingredient in an appropriate medium.



Table : 8

Analyste of Zomepirac Sodium Tablets at two pH values

Labelled Differential - Pulse Method Manufacturers UV
Clatm 100 wp pH 6.0 pH 11.0 ) e thod
Amount 96 .6 £ 0.2 98.7 £ 0.4 87 .54
found (X)
¢ L 4
Tatle ¢ 9
Average value for the Analysis of Single Zomepirac
Tablets at pH 11.0
Labelleo Differential-Pulse Manufacturer
Claim 100 mg PolarogFlphic Method pH 11.0 UV Method
Average mg/tab 1007 ¢+ 1.0 99 15
found
’
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Yeable : 13

Assay of Ketoprofen Capsules by Differential-Pulse Po larography

Capsule Label Recovery by
Lot No Cln1-(-g) Manufacturer
(mg)

s Each value s the average of

%X Recovery Recovery by % Recovery

by Manufasct- appP by

urer (mg*) a.p.p

100. 1 49 .7 89 .4
............................ - m— e mm——=

five determinations

Tabtle - 14

Average Value for the Analysis of Ten Individual Ketoprofen

Capsules and Suppositiories

(pH 6 .00)- Methanolic System

in Britton-Robinson Buffer,

Dosage Label % Recovery by % Recovery by

orm ciaim/mg Manufacturer/mg d.p.p
Capsule. 50 97 6 99.7 + 1.3
Lot 247 ¥
Suppository, 100 99 8 10¢.5 ¢ 3.6
Lot 169

194
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3.5.16 Analysis of Pharmaceutical Dosage Forms of Ketoprofen

Both the d.p.p peaks resulting from waves A and C
(Figure 31), are well-resolved and may be utilized for
analysis of dosage forms, however, the d.p.p peak of wave A
is highly reproducible and therefore was chosen for the
analysis of ketoprofen dosage forms. The peak c;rrent varied
linearly with the concentration of the drug over the range 1
x 10-* to 5 x 10 ‘M. Tableé 10,11 and 12 illustrate the
actual d.p.p. data for analysis of ketoprofen capshféi and
suppositories while Tables 13 and 14 provide the assay
results for the two dosage forms investigated. Values
obtained by the manufacturers quality controi laboratory are
also presented for com;arison purposes, and an excellent
agreement is observed bebf;en the two results. Common tablet
excipients and suppository bases do not interfere with the
method which is simple, sensitive and rapid. The method, or
very simplefvariants of it, shows promise of general

application £o a series of similar aryl-alkanoic acid

- eompounds associated with anti-inflammatory therapy.
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3.6 Summary and Conclusions

(1) Simple d1fferent1a1 pulse polarographic methods
have been developed for the detectlon and determxnatlon of
two aryl-alkanoic acid ant11nflammatory’agents (zomepirac
sodium and ketoprofen) and their pharmaceutical dosage
forms. The methods utilized the electroreducibility of a
carbonyl group present in the structure of these compounds.
Excellent results were obtained when the methods were
applied to the analy51s of tablets and / or suppositories.

(2) The actual mechanism of the electroreduct1on has
been postulated Reduction products of zomepzrac sodium and
ketoprofen were xsolated and characterlsed by UV, IR and NMR
spectroscopic techniques.

(3) Studies of the effects of the composition of
.supporting electrolyte, the effect of pH on'the systeg\and
of heights of the mercugy column, have been conducted. The
electroreduction processes have been found to be
predominantly diffusion dependent in the ranges of mercury
column helghts and concentratxons selected A mercury column
- height of 75cm was used in each instance while
Britton- Robznson buffers at pH 6.0 and 11.0 vere used as
supporting electrolyte¥ for ketoprofen and zomepirac sod;um
respectively. All measurements were made by employing a
saturafed calomel electrode (SCE) as reference electrode and
a platimum wire as the auxiliary electrode.The working
value for the analytical wave

)

for ketoprofew was -1.15V, while that for zomepirac sodium

elecfrode was a D.M,E. The E



197

was —-1.5V.

(4) Linear and reproducible calibration graphs were
obtained using pure reference standards of ketoprofen and
zomepirac;sodium supplied by the respective manufacturers.
The differential-pulse polarographic determinations were -
based og linear relationships between diffusion currents and
concentrations of each species. Blank determinations were
~reqguired and thg amounts of ketoprofen and zomepirac sodium
in the respective dosage forms were calculated bf the direct
comparison method. Commonly used tablet excipients and
supository bases were found not to interfere with the
determinations.

(5) 1t is concluded that the accuracies, sensifﬁvities,
and reproducibilities of these d.p polarographic methods
make them suitable for routine analysis of these drugs in
dosage forms. The methods, or very simple), variants, show
promise of general applications to a series of similar
aryl-alkanoic acid compounds associated with

anti-infléhmatory therapy.
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