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SYNOPSIS

Thelwork discussed in this thesis is in three parts. The
initial wérk carfiéd out was to develop a differential pulse
ﬁoiérographic‘(d.p.p.) method for the determination of disodiﬁm
eromoglyCate (INTAL) in human urine samples. The method eveﬁtﬁally,
_recommendea involves an ion;pair extraction of the éromoglycéte
with tri—nébutyibenzylphosphOnium dhisride into chloroform; After
evaﬁorating the chloroform, and dissolving the residue in a buffer-
solution, down to 0.5 ug INTAL per ml urine can be determined. |
The method has the distinct advantages of simplicity and speed

over the colorimetric method currently in use.

Coiorimetric_and d.p.p. methods were developed for the
determination of sulpheguanidine after derivatization with
hypochlorite and phenol. The methods are reasonably selective
for sﬁlphaguapidiné, and could be appliéd advantageously for
identification as well as‘determination. Good precision was
obtained when the‘reaction conditions were properly controlled,
so that, the procedure may be of value even though the clinical

use of sulphaguanidine is declining.

The main work has been conce;ned with a d.p.p. polarographic
study of several cephalosporins and their degradation products.
D.p. polarographic methods were developed for the determination of
eight cephalosporins in agueous bqffer,solutiops. The potentialities

of d.p.p. for studying the‘dégradation of cephalosporing has been




illustrated. In particular the evolution of hydrogen sulphide has
‘been noted duriné the degradation of cephalexin and cephradine,

and this hydrogen sulphide has been defermiﬁed by an indirect d.p.De
method.  Polarographic reduction pesks due to other degradation
.products have been identified.“ The“reports of previous workers on
noh-polarographic methods have been confirmed, and it is now possible
to follow the formation and degradation of several degradation

. products polarographically. The concentration of several products

can novw be determined for the first time.

On the basis of our degradation studies, an indirect d.p.
polarographic procedure has been developed for the determination of
cephalexin after hydrolysis in pli 7.4 phosphate buffer solution at
_10000 for 1 hour. The recommended procedure has been shown to be
superior to two other d.p.p. ﬁrocedures developed and assessed in
the present study. Also the éensitivity_of this method is much
" better than d.¢. and cathode-ray polarographic procedures deveioped

by other workers.

Final studies have been made_on the degradation of ampicillin_
(a penicillin of similar structure to cephalexin). Hydrogen
 ,su1phide was found not to be formed during the degradationm, and the
two major degradation products at pH 2.5 observed polarcographically
were penicillamine and 2—hydroxy-3-pheny1-6—methylpyrazine. D}p.p.
procedures for the determination of these products have been developed,
and the amounts.of penicillamine and 2-hydroxy-3-phenyl-6-miethylpyrazine

'haVe been determined in degradation solutions of ampicillin.




GENERAL INTRODUCTION

Direct current polardgraﬁﬁic analjsis was intfoduced in 1922
'by_PfofeSSOr Je Heyrovskyq. ;Polarography is defined as a method
making use of current~potential curvés obtained in the electrolysis
ét a éropping mercury electrode (d.m.e.) of the solution to be
énélysed. Later, the applidation of solid electrodesa, which may-
be stationary, rotated or vibrated, ;as introduced. Polarography

with solid electrodes is often called voltammetry.

Polarography derives its analytiéai impdrtance from two
-charactefistics of current-potential curves. rFirst, the half-
wave potential (the potential at which the current is one=half
the diffusion value) may indicate the identity of the substance
which un@eﬁgoes‘éleéfron transfer. Second, the magnitude of
the diffusion current is governed by the concentration of £he

- electroactive substance.

In d.c. polarography; a verj slow moving d.c. pﬁtential ramp
is applied to the dropping mercury electrode. As the potential
of the electrode moves into a region in which an electrodeﬂreaction
takes place, a currént is obtained, and the characteristic S-shaped
' polarographic Yave is developed; However, d.c. polarography is
not satisfactory at concentrations below about 10™M. This is
because at such low concentrations, the faradaic current, caused
by the reduction of the electfoacti#é_species, is reduced to the
isame order of magnitude as the charging current (current required

to charge the eleﬁtrode double layer). Further, the resolution




becomes very podr in the presenc; of relatively large concentratibns
of more easily rediuced substance. In order to improve the senéitivify
and the resolution, a numbér.of variations on d.c. polarography have
been introduced®. Pulse polarography which was first introduced
by Barker :§.n'19601F can'bc censidered as one of the best of these
variatioﬁs. Recently, a number of publications which discuss the
theory and application of pulse polarography have appearedB_TO'

Two pulse.polarOgraphic techniques are in general use; normal
(or integral) pulée polarography (n.p.p.) and differential pulse |
polarography (d.p.p). In normal pulse polarography, potential
pulses of successively increasing amplitﬁde from.a fixed initial
potential are applied to the working electrode at a fixed time during
the drop life or during the timing period (for a stationary elecfrode).
The pulées are usually 50-60 msec in durétion and the current is
measured (sampled) at some fixed time (usually 40 msec) after pulse
application. The time between pulses is usually 0.5 to 5 sec, and
sample and hold circuits are utilized to display the sampled current
‘dn a ccnventional_recorder11. The potential waveform and the
resulting current-time behaviour for normal pulse polarography are
y shown in Fig. 1. The timing of the pulse application is such that
it is applied to the electrode for 50-60msec before the drop is
dislodged by a mechanical drop timer.in the case of d.m.e. or
' 5C—60 msec before the timing sequence ends when a stationary electrode
is used. Thefefore, when é d.m.e. is used the pﬁlse iz applied
towards the end of the drop life wheﬁ-the rate of change'of thé drop
area dA/dt is smali‘and the.electrode may be considered as a

statiocnary electrode.
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There aré two sources of curren£ resulting from pulse
apﬁlication: the faradaic curfént If and the caﬁaéitance cufrent
Ic' The caﬁacitance current decays exponentiglly, while the
faradaic-current decays at a much slower rate. In potential
regions whére a faradaic current is present, the measured current
is the sum of Ic + I.. Examination of Fig. 1 shows that
after 40 msec of pulse application, the capacitance current Ic
is aeCayed to a negligible value compared with the faradaic current.
Thus the measured current, is more nearly a pure faradaic current

than is the case with d.c. polarography.

The normal pulse polarographic current on the diffusion plateau

is given by Cottrell equation12.

1 ‘e
id = nFADac/ (‘“’t)?o-.c--o--oooo-.‘a.---o.oo.t(‘l)
(nep.ps)

where 1 is the normal pulse current in microamperes,
' {n.p.p.)

n  the number of electron involved in the reduction or
oxidation of the electroactive species,

the Faraday (96500 coulomb/equivalent),

the electrode area in cmz,

the bulk concentration in mM,

+ Q-9 > M

the time in seconds measured from pulse application,
at which the current is measured.

Substituting the area term A for the growing drop and including the

factor (%)% of the Ilkovic equation, equatioh 1 becomes

462 nD’}Cm ty ‘
T Y ¢-)
t

i(n-p.p.)
A= (b )~} (3 x 10‘3/ng)§ métd%
where ng is 13.534 g/cm3 at 2500, m is the mefcury flow rate mg/sec

and td is the drop time in sec.

the diffusion coefficient of the reacting species in cm%/sec,




The sensitivity of normal pulse polarography with respect
to d.c. polarography can be obtained by calculating the ratio of
the nbrmal pulse-current'i(n p pfrom equation (2) and the d.c.

current obtained from Ilkovic equation (3)

© -1
' I 3 ‘
i(d.c.) = (%)r_ ' 462 nDdC m% tg : Ql--l-l-uot-o-o.---ll..n(})
. 5y, b
1
. ?M‘)z (""""'g—') l....-IIIOl‘l-l..l.'l.lt.“......(4)
i 7t
. (d-c-)

For reasonable values of t4 and t.the‘ratio i(n.p.p)/i(d.c.)
lies in.the'range 2-6 (Ref. 10). It follows that the analytical
-signai in pulse polarcgraphy is larger than that in classical
dece polérOgraphy by a factor of 3-6. In practice,
however, ﬁulse polarogfaphy is more sensitive than:it is predicted
from equation 4. This additional‘inérease in gensitivity arises
from the ability of fhe technique tordiscriminate against the

capacitance current_and yield a signal composed mainly of the

faradaic component which can be amplified11.

In differentigl pulse polarography, a linearly increasing

- heigﬁt potential pulse is superimposed near the end of the life
of each drop or at the end of the timing period (for a stationary
-electrode). The current is sampled twice during the life of each
mercury drop {or twice during the timing period in the case of
stationary electrode). In the Model PAR 174 which has been used
throughout this study, the current is measured (averaged) for 16.7

msec just prior to pulse application and again for the same. period

o

dsc. potential ramp is applied to the working electrode and a fixed-.




starting 40 msec after the pulse has breren applied. Zero difference
ig obtained when the currents are equal.. Therefore, only at or '
near a half-wave potential is there a difference in the current
flowing ﬁefore.aﬁd after the pulse application. This will give

rise to a peaked represéntation of the data (see Fig. 2 and 3).

The relation between the peak current in differential pulse
polarography 1(d-p#p) and the normal pulse currgnt 1(n.p.p.)
is given by equation 5

i(d.p.p) = i(n,p,p_) (0 -1/(0+ Nevearnaaa(5)

-

where 0 = expl(—AJﬁﬁa)nE/RT,A.E is the pulse amplitude in mV

and other terms are as previously defined.

The ratio (0 ~1)/(0 + 1) depends only on the pulse amplitude
AE and the number of electrons n . transferred during the electro-

chemical reaction. This ratiec is always less than one.

| The ﬁuls'e amplitude has a remarkable effect on the d.p.p.
current. For small pulse amplitude the d.p.p. current increases
_i'oughly linearly with AE, and therefore an increase in AE gives better
sensitivity, however, at very large values of AE the problem of.

capacitance current becomes worse.

* the current increases linearly with n2 for a small pulse amplitude.
Therefore, for compounds in which the number of electrons involved

in the electrochemical reaction is large, higher sensitivity is

jgie]

'In n.p.p. the current increases linearly with n while in d.p.p..



obtained than is the case with n.p.p.
The relation between peak potential, Ep, and half-wave potential
is given by the relation

E = B -
p &

coony & ai-o.u-u....--o--...o.--.’-(G).

N

For a very small pulse amplitude for.a reversible syétem Ep:E%.

The peak half-width which is a measure of the resolution is
dependent on the pulse amplitude and the number of electron involved.
For a _iargeAE, (Ca. AE >.'?5 mv) aé‘AE increased, the peak width
increases, but at small AE, the peak half-width is independegt of

pulse amplitudé and inversely proportional to the number of electrons

transferredqog

- The above relationships have been dérived for a revefsible
electrochemical reactions andlwill not necessarily hold for.l
~irreversible cases. It is important therefore; to select the
experimental conditions carefully to maximize the reversibility of

the system by Judicious selection of the supporting electrolyte.

The faradaic current in differential pulse polarography is
less than that of norﬁal pulse polarography. Nevertheless, thé
detection 1imit in d.p.p. is lower than that of n.p.p.. This can
be attributed.to a number of factors. In normal pulse polarography
each pﬁlse has a greatef amplitude than the previous one and during
the courserof the scan the pulses become quite large, which results
in a large capacitance current. The capacitance current in

differential pulse polarography, however, is considerably less than

'
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that for normal pulse polarographj'owing to the pulse amplitudelbeing
~ small and'uﬁifofm,_and the resulting current which is relatively
noise-free is more aménable to'signal processing i.e. amplificatioﬁ.
Further, differential pulse polarography provides peaks, which are
ﬁore cagily meésufabielspeciailydaé'low concentrations, instead of
steps as in the case of normal puise polarography. Thus at high -
concentrations.the limiting.current obtained by normal pulse
polarography'will bé.larger than the peak current obtained by
differentidl pulse polarography, but the limit of détection by .
xdifferential pulse polarography will be considerably less than

by normal pulse polarography (see Fig. 3).

Polarographic analysis has been used frequently in studying

‘compounds of pharmaceutical importance in the 1950's.. Brezina and
(' 15 ’

Zuman13 Voike and Zuméﬁ surveyed the polarographic behaviour
and assays of the active constituents of many pharmaceutical

- preparations in addition to reviewing the application of the
technique to biochemistry and medicine. The decreased interest
in the application ofld.c. polarography during the 1960's and the
beginning of this decade, pérficularly for drug analysis;'canlber

attributed to a number of factors:

1. The iow sensitivity and poor resolﬁtiou of d.c. polarography

2. Increased analytical requirements for trace analysis to provide
evidence of purity (in.environmental, food and drug analysis).

3. Development of more potent drugs administered in smaller amounts
and the tendeﬁcy for sméllef sample size to bg available_

(particularly when blood samples are involved).
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4.  Emergence 6f other sensitive instrumental techniques with

the desired sensitivity and resolution such as gas-ligquid

chromatOgraphy.

‘5. Increase in the number of samples and the need for manpower

 economy.

_ Dﬁring the pfesent decade,iincreasing interest has been shown
in the appiication.of polarography and other voltammetric techniqﬁes
of analysis of_orgénic compoundé especially drug cémpounds. Thisg
inﬁerest.has been brought about mainly by the development of.pulse
pc'alea.:c'og_z;raphyl+ together with the commercial availability of reliable
but relatively simple and inexpensive instruments. Moreover, in |
more recent developments, commercial automatic polarographic
analysers such as PAR Model 374 and PAR Model 384-1 were introduced.
These instruments inCorporate a preésurised mercury electrode in an

automatic system, and also contain a microprocessor unit which is

‘capable of subtracting a pre-recorded blank. These developments

have extended into the region of trace analysis the lower limit

of the range of concentrations over which polarography'can be applied.

.Also, it allows the analysis of large numbers of samples both in

' pharmaéeutical contrel and in production.
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Advantages and limitations of pulse polarography

.Polarography and particularly its more sensitive extension,
differential pulse polarography of the. analysis of pharmaceutical

have several distinct advantages which can be summarised as follows:

1; Altﬁough large numbers'of orgénic compounds of pharmaceutical
impé;tance are polarographicallﬁ.active, and can be
determined direcfiy by polarography, other electroinactive
compounds can be made amenable to polarography after simple

derivatization.

2. The sensitivity and resolution of the technique is sufficiently
high to enable the determination of small amounts of
polarographically active drug compound or traces of impurities

or degradation products. - '

3+ Polarography is a "cold" method of snalysis which permits the
drug cbmpound of interest to be recovered and subjected to

further analytical procedures.

4, Pharmaceutical preparations can in many cases be analysed
without separation of the excipients. Also the technique is-

applicable to the analysis of turbid and coloured solutions.

5. One of the attractive features of polarography is that as we
usually record the whole polarogrém, any careléssness in handling
the electrode, the hydfolysis cell or the presence of any

electroactive interfering species will be noticed by the

formation of new polarographic waves or the deformation in the

wave shape. In contrast, in other techniques such as colorimetry,




v spectrophotometry and spectrofluorimetry the common
.practicé is not fo record the_whble spectra, but to carry ouf \
the measurements over ranges of few nanometre;. The
numericai vaiues in this case‘péitﬁer indicate the bresence
- of any iﬁterfering absorging substance, nor it shows how

-

carefully the analysis was carried out.

- Differential pulse polarography also has some 1imitatioﬁs.
In many organic'reductio?s the size of fhe péak currents (ip) in
d.p.p. is governed by the rate at which the current increases when
the potential pulse is applied. For this reason the peak current
is highly dependent on the exact composition of the matrix in which
the pOlarograpﬁy is carried out. A slight change in matrix g

@omﬁosition can alter the peék'current conéiderably.

Another problem ig the nature of the capacitance background in
d4pepsy which has the form of a'differential'capécitance curve.
Adsorption of compounds from the éolution alters the double layer
.capacitance and will increase the capacitance backgfound in particular
potential regions. The presence of traces of surface active materials
can produce épurious capacitance peaks and/or enhance fgradaic peak

. currents. This will normally only be apparent at high sensitivities.

Differential pulse polarography has recently been successfully
apﬁlied to the analysis of drug.compounds in biological fluids,
formulations and dosage forms. The technique was applied either

directly for drug compounds which have an intrinsic polarographic

activity or after derivatization for those which do not show any

15




polarographic activity. The number of publications dealing with these

applications is steadily increasing. The aim of the present discussion

is not t6 survey these publicétions, but to point out the potentialities
of d.p.p.lin:étuaying_drug compounds guided b&Ia Belection of some
'impoftant examplés. The'application of polarography'and ofher
voltammetric techniques to the analysis of organic compounds of
pharmaceutical importance has been re;iewed elsewhere16"20.

The work of Brooks 33_3}18 adequately illustrates the usefulness
of differential pulse polarography in'the analysis of drug compounds
and their metabolites in biological fluidé, and will be discussced

in some detail.

Brooks et al developed a direct d.p.p. procedure for the
determination of two N-1-substituted nitroimidazoles, several
benzodiaﬁepines "diazepam(Valium), chlorodiazepoxide hydrochloride
(Librium) and nitrazepam (Mogadon)" and trimethoprim and its
" metabolites in blood. Also they cmployed ah indirect d.p.p. procedure

:‘to assay phenobarbital, diphenylhydantoin and glibornuride.

As with other methods of analysis, it was necessary to

' geparate the drug species of interest prior to the deterﬁination step.
The direct differential pulse polarographic procédures for the
determination of the first group of drug compounds reﬁuires obtaining
a prbtein free filtrate of blood With 10% sodium‘tungsfate in 10%
'sulphuric acid, followed by extracting the drug into an organic sd]vent
. aﬁd dissolving fhe residue.after evaporafing the solvent into é

suitable supporting electrolyte for polarography. The sensitivity of

16 -
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the assay for both N41-substituted nitroimidazole is about 0.2 - 0.3z

per ml blood, with a recovery of approximately 50%.

In the cese of diazepam, the extraction proécedure was not specific
enough 'ast the desmethylrmetabelite?is also co-extracted and interferes
in the polarography. The;efore, the authors found it necessary to
separate the parent compound from its metabolite by thin layér'
chromatography. The spots were eluted with ethanol, and the
residues of .which were analysed by d.p.r. afterldissdlving in a
suitable supporting electrolyte. Similar procedures were used for
the determination of Librium, Mogadon and their metabolites in blood
samples. The procedure which was developed for the determination of
trimethoprim employs selective extraction of the drug into chloroform
from blood or urine. For the assay of bloed, the drug was back~
extracted into sulphuric acid and analysed directly by d.p.p.
Urinary trimethoprim was first separated by t.l.c. from its
netabolites, eluted with ethanol, and the residue of which was

dissolved in sulphuric acid for polarograrhy.

Brooks et _al successfully determined phenobarbital,

diphenylhydantoin and glibornuride by indirect differential pulse

. polarograpﬁic procedures. The assay involves selective extraction
of the drug compound into‘an organic solvent from whole blood,’
following suitable "clean-up" of the sample. Each compound was
nitrated in 10% KNOB/HESOH at 25°C for 1 hour. The nitroderivatives
were extracted inteo a suitable organic solvent and the residues

were dissolved in the suppofting electrolyte for polarography. The

d.p.p. assay of the nitroderivatives of phenobarbital and
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diphenylhydantoin enabled these compounds to be determined with a
sensitivity of 1»2 ug per ml blood, while a sensitivity of 0.1 - 0.2 He

per ml of blood was obtained for the assay of glibcrnuride.

D.p.p. have alsc found application in the determination of drug
compouﬁdg in formulations. The degree of prior separation required,
depends upon the other ingredients present. In some cases simpie
dissolution is sﬁfficient. In others some form of clean-up is
required prior to the determination steps.  This is illustrated in
the following examples. Oelschliger gi_giaj‘developed d.c. and d.p.p.
procedures for the determination of chlordiazepoxide (Librium) in
ten different commercial formulations, without the need for initial
separation from other drugs or exciplents..Teare et al in 197822?
developed a d.p.p. procedure for the determination of flucytosine
in tablets. The drug compound was first extracted from tabletslwith

aqueous hydrochloric acid solution before it was polarographed

in phosphate buffer.

The introduction of solid electrodes,éuch as.glassy carbdn,
carbon paste, rotating platinum aznd silicon rubber based graphite
electrodes to the analysis of drug com?ounds has made voltammetry
applicable to a very wide range of drug compounds. Thus man& drug
compounds which have no reducible functional groups, may be determined
by an oxidation process at an indicator electrode, either in aqueous

or non-aqueous solutions.

The glassy carbon electrode is now being extensively used in

flowing systems for flow-injection analysis and as a detector in

HPLC system52 3.
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DIFFERENTIAL PULSE POLAROGRAPHIC DETERMINATION OF
DISODIUM CROMOGLYCATE (DSCG) IN URINE

Introduction

Tntal is the trade name of disodium cromoglycate (DSCG)
(the disodium salt of 1,3-di(2-carboxy-4-oxychromen-5-yloxy)

prppan-z-Qi)q. DSCG, is freely soluble in water up to 5% and has a

molecular weight of 512.3

Na0OOC: /0~ COONa

O OCH,CH(OHICH,0 O
DISODIUM CROMOGLYCATE

-DSCG represents a new pharmacologic approach to the treatment
of bronchial asthma. The compound is poorly absorbed from the
gastro-intestinal tract after oral administration, but after inhalation
as a fine powder into the lungs - using a special inhalation device -
the'compound is well absorbed and rapidly eliminated unchanged in
the urine and bilez. The absorption, distribution and excretion
characteristies in a number of laboratory animals have been

reportedB-h.

Analytical methods developed for the determination of DSCG in
absorpfion and metabolic studies include a fluorimetric method for
its determination in plasmaz, and a colorimetric method for its
2,5

determination in urine The intrinsic fluorescence properties

of DSCG in aqueous solutions of pH greater than 2 has been made the

21
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pasis of the fluorimetric method. The method was applied after a
;¥eliminary purification of the plasma to remove naturally occurring
fluorescent substances which interfere with the measurements. The
clean-up process included precipitation of the plasma protein
followed by extraction of DSCG into ethyl acetate. The DSCG was
then back-extracted into dilute ammonia solution, and concentrated
to a small volume under vacuum. The sample was then applied to a
silica gel TLC plate. The DSCG was eluted from the plate with
potassium dihydrogen phosphate solution and the fluorescence of the

centrifuged supernatent layer was measured at an excitation wavelength

of 350nm and an emission wavelength of 450nm.

Iﬁ the case of urine samples, interfering substances present in
urine caused a lack of specificity and precluded the use of the above
method for measurement of DSCG. However, a colorimetric method
for DSCG determination in urine based on the instability of the
chromone ring to alkali has been devélopeda. The method involves
the alkaline hydrdlysis of DSCG to bis-o-hydroxyacetophenone, which is
then reactedlwith diazotised p—nitroaﬁiline to form an azo compound,
having an absorption maximum of L90nm. The clean-up step preceding
the colorimetric determination included passing the urine sample
after acidification with formic acid (93-100%) through a column
of Amberlite ion-exchange resin. Most urinary constituents, but
not DSCG, come through the column on washing with aqueocus formic acid,
DSCG is later eluted with 98% formic acid and the residue after
evaﬁorating the eluate is subjected to the hydrolysls process. Curry
and Mills5 reported that, in order to obtain the recovery, precision

and accuracy reported by Moss, G.F., et a12, they found it necessary




to use a radicactive internal standard.

The aim of the present étudy was to develop a sensitive,
precise and rapid polarographic method to determine DSCG in urine
samples to replace the time consuming colorimetric method currently

in use.

In the present work, the polarography of DSCG has been studied,
and a differential pulse polarographic method for the determination
of DSCG in urine has been developed. Sepafation of DSCG from urine
can be effected either by extraction of cromoglycic acid from acidic
solution into ethyl acetate, or by extraction of di-(tri-n-butyl-
benzylphosphonium) cromoglycate from aqueous solution, over a wide
pH range into chleroform. In both cases the organic solvent is
evaporated and the DSCG is dissolved in a suitable supporting

electrolyte for polarography.

Experimental

Equipment. Polarographic measurements were ma&e with a PAR 174
polarographic analyser (Princeton Applied Research Corporation),
equipped with a drop timer. Polarograms were recorded with an
Advance HR 2000 x-y recorder. Three electrode operation was used
with a dropping mercury electrode as working electrode, a platinum
counter electrode and a saturated calomel reference electrode.

For differential pulse operation, the forced drop time was 0.5 second,
the pulse height SOmV and the scan rate 5 mV 3"1, except where
otherwise indicated. The dropping mercury electrode used had (at

41

an open circuit) a flow rate of 1.76 mg s ' and a drop time of 2.5

23
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sec. in B.R. buffer solution pH 6 at a mercury reservoir height of
68cm. Traces of oxygen in the nitrogen gas used to deoxygenate the
solutions were removed by meéns of vanadium(II) scrubberG. |
Spectrophotometric measurements were made with Pye Unicam SP 8000

and SP 600 spectrophotometers.

Reagents. All chemicals were of analytical reagent grade except

where ofherwise stated.

Digodium cromoglycate. A pure sample of DSCG, obtained from

Fisons Pharmaceutical Ltd., was dried at 100°C in a vacuum oven to a

constant weight before use.

Tri-n-butylbenzylphosphonium chloride. Prepare 0.2M stock solution

of tri-n-butylbenzylphosphonium chloride (Maybridge Chemical Co. Ltd)

by dissolving 15.712g in 250ml distilled water.

Britton~Robinson buffer solution. A stock B.R. buffer solution

(pH 1.9) which is O.O4M in boric acid, orthophosphoric acid and
glacial acetic acid was prepared. From fhis atock solution, buffer
solutions of varying pH were prepared by the addition of 0.2M scdium
hydroxide solution and the pH was measured using a glass electrode
connected to an expanded scale pH meter. Distilled methyl alcohol,
butan-l-ol (8.L.R), chloroform, ethyl acetate, sodium perchlorate

solution (O0.4M) and hydrochloric acid solution (2M).
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Experimental Technique

Polarography of DSCG in aqueous solutions.

(1) Study of the effect of pH on peak current and peak potentials

Polarographic behaviour of DSCG in the pH range 2-12 was
studied in B.R. buffer solutions. At pH values lower than 2y
hydrochloric acid solutions were used. For each polarographic
run, 1 ml of DSCG stock solution (1 x 10-3M) was pipetted into a
10-ml calibrated flask, and then diluted to the mark with B.R.
buffer of the required pH. After thorough mixing, the solution was
placed in the polarographic cell, and deoxygenated with oxygen-free
nitrogen for 10 minutes. The solution was blanketed by an atmosphere
of nitrogen whilst the polarograms were reqorded. Polarograms in

d.p. and d.c. modes were obtained for each solution between 0.0 -

-1.6V.

i

\

A

(2) Effect of mercury reservoir height on the limiting\burrent.

DsCG stock solution (Iml, 107M) waé diluted to volume in a
10ml calibrated flask with B.R. buffer pH 6.0, mixed thoroughly, and
transferred to the poiarographic cell. Aftér deoxygenation for 10
min,d.c. polarograms were obtained at various mercury reservoir

heights.

(3) Coneentration Effect.

The effect of concentration was studied in B.R. buffer solutions

pH 5.80 containing 10% methanol in the range 0.04 - 2.14  ,z/ml DSCG.
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Determination of DSCG in human urine

The presence of naturally occurring electroactive constituents
in the ufine necessitated the separation of DSCG from urine before
the polarogréphic determination step. Two approaches were found
satisfactory for the separation of DSCG from aquecus standards and

urine samples:

(A} Ionfpéir extraction of DSCG_into chloroform

Procedure. . Into a clean, dry 35ml glass-stoppered centrifuge
tubey place 2ml of urine sample spiked with DSCG and 5ml of n-butanol.
Shake the tube gently for 30 seconds and then centrifuge for
3 win at 2000 r.p.m. Carefully discard the (upper) organic layer
with a syringe equipped with a 6in. cannula. To the aqueous layer
in the centrifuge tube, add 1lml of B.R. buffer solution (pH 1.9),

- 2ml of aqueous 0.2 of tri-n-butylbenzylphosphonium chloride and 5ml
of chloroform. Shake the tube gently for 30 seconds and centrifuge
for 4 minutes at 4000 r.p.m. Carefully transfer the (lower)
chloroform layer by means of a syringe to a 35ml glass centrifugé
tube. (In order to ensure that only chloroform is drawn into the syringe,
draw a small amount of air into the syringe before passing the cannula
through the aqueous layer. This air is then expelled when the tip

of the cannula is in the chloroform, thus discharging any of the
aqueous phase that has entered it). Re-extract the aqueous layer
with a second S5ml portion of chloroform in the same way. Evaporate
the combined chloroform extracts to dryness in a water~bath under a
stream of nitrogen. Dissolve the residue in 0.5ml of methanol and
then add 4.5m1 of B.R. buffer (pH 5.8). Transfer the solution to

the polarographié cell, deoxygenate it with oxygen free nitrogen for
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10 minutes, and obtain a différential pulse polarcgram between -0.6
and -1.0V. Another approachlto recover D3SCG from the chloroform

layer was found to be satisfactory. This involves the back-extraction
of DSCG from the chloro%orm layer into 2ml of aqueous sodium
perchlorate solution (0.4M). Add 3ml of B.R. buffer solution

{pE 5.8) to the aqueous extract. Deoxygenate the solution and

obtain a d.p. polarogram.

Effect of tri-n-butylbenzylphosphonium chleride concentration on
the differential pulse peak heights.

B.R. buffer (4,5ml, pH 5.8), 0.5ml of methanol, and 0.1 ml
of DSCG standard solution (100 yg/ml) were pipetted into the
poiarographic cell, After deoxygenating the solution for 5
minutes, a differential pulse polarogram was obtained. fhe above
experiment was repeated using the same concentrations of DSCG and
methanol in the presence of §ifferent concentrations of the
phosphonium salt.

Spectrophotometric determination of tri-n-butylbenzylphosphonium
chloride co—extracted with DSCG.

Agueous solutions of the phosphonium salt show three absorption
bands with A at 253mm, 258nm and 265m. However, the strongest
absorption band at 258nm was used for the determination of the

phosphonium salt in aqueous solutions.

Standard solutions of the phosphonium salt in distilled water
were prepared in the concentration range 1 x 10_3M - 2% 10_2M.
The absorbances of the standard solutions were measured agsinst water
as a reference at ax 258nm using a Unicam SP 600 spectrophotometer

and 1 cm silica cell.
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In éach of four 35ml gléss-stoppered centrifuge tubes, 2ml
distilled water, 1ml of B.R. buffer sclution pH 1.9, 0.lml of DSCG
standard solution (100 ug/ml), 2ml of the phosphonium salt (0.2M) and
Sml of chloroform were added. The contents were shaken for 30
seconds, centrifuged for & minutes at 4OOO r.p.m. and the organic
layers were discarded. The agueous layers were re-extracted with
another 5ml portion of chloroform as above; and again the organie
layers were discarded. The absorbance of the aqueous layers was then
measured at 258nm using a O.5cm silica cell against water as reference.
The amount of phosphonium salt left in the aqueous layer was

determined by comparing the absorbance with those of standards.

(B) Procedure with ethyl acetate

Place 2ml of urine sample and S5ml of ethyl acetate in a clean,

dry 35-ml centrifuge tube. Shake gently for 30 seconds, carefully

"remove {by syringe) the (upper) ethyl acetate layer and discard it.

Repeat the above extraction using another 5ml portion of ethyl acetate.
To the agueous layer add 2ml hydrochloric acid solution (2M), and
extract with two 5-ml portions of ethyl acetate. Evaporate the combined
ethyl acetate extract to dryness. Dissolve the 'residue in 0.5ml
methanol and 4.5ml B.R. buffer soclution pH 3.4 and obtain a d.p.
polarogram as iﬁdicated above. (Alternatively, in this case, the

DSCG may be back-extracted into 2ml of sodium hydroxide (2M), add

?ml B.R. buffer pH 1.9, deoxygenate for 5 minutes, and record the

_polarogram) .
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Results and Discussion

Pure DSCG was exagined in B.R. buffer solution as the supporting
electrolyte. The peak potentials and peak currents of the dffferential
pulse polarographic pesks obtained fofin;o'hm solution of DSCG in
B.R. buffer solutions at various pH values are shown in Table 1 and

Figure 1.

Table 1. Effect of pH on the pezk poteﬁﬁials and peak currents of
dePp.p. peaks obtained for 10~ solution of DSCG in B.R.

buffer.
Peak 1 Peak 2 Peak 3 Peak 4
™ B, (D) i/pa | B (D /R [ E (Wi /pa | =B (V]1/pa
0.4 0.53 3.1 0.83 | 1.30
0.7 0.58 2.4 0.87 | 1.50
1.1 0.61 2.2 0.90 | 1.50
1.7 0.63 2.3 0.92 | 1.50
3.0 0.70 1.9 1.0 | 0.80
4,0 0.78 1.9 1.1 0.10
5.0 0.88 2.1 1.18 | 0.10
6.0 0.96 3.5

7.0 1.02 4.0

8.0 1.10 3.1 1.40 0.20 1.60 | 0.35

9.0 1.17 2.3 1.37 0.70 1.60 | 0.70
10.0 1.20 0.5 1.357| 1.20 1.60 | 0.95
11.0 1.35 1.40 1.60 | 0.80
12.0 : 1.35 1.50 1.62 | 0.60
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CURRENT

Fig. 1.

Effect of pH on the peak potentials and peak currents
of the d.p.p. peaks obtained for a 10 M smolution of
DSCG in B.R. buffer. Full lines, peak potentials

vs pHi broken lines, peak currents vs. pH.
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The peak potential of tﬁé.main (first) peak is (-0.47 - 0.078 pH)V
in the pH range 2-9; the change of the peak potential with pH is
consistent with an irreversible electrode reaction. The size of
the main (fifst) peak is clearly dependent on pH and is at a maximum

at pH 7.

The effecf of mercury reservoir height on the limiting current
of the main wave is éhown in Figure 2. The plot of wave height versus
the square root. of the height h of the mercury column (ﬁeasured 5etween
the level of mercury in the reservoir and the tip of capillary)
which is corrected for the interfacial tension at the surface of the
growing drops (hback) gave a straight line passing through the origin

indicating diffusion control.

hcorr = h- hback’

where hback = 3.1/m§£% cri.

where m is mercury flow rate (mg/sec), and t i= the drop time.

Knob0ch,E? has studiea the electroreduction of chromone compounds

in c¢itrate-hydrochloric acid buffer solutions, and showed that these
compounds are reduced irreversibly at the dropping mercury electrode.
The reduction process which occurs at the C= O group in position 4
involves a two electron reduction step according to the following

schemes:

0O OH H. ,OH

+ e+ H — + &4 H —
R 07 R /07 R




CURRENT

T om 2 31 4

- 0.7V

~07V -0V -0-?\.’

Fig. 2. Effect of mercury reservoir height (h) on the limiting current of the main d.c.
polarographic wave. Mercury reservoir hiehgt (h): (1) 76, (2) 60, (3) 52, (4) Lhem,

4%




In addition to the reduction wave, a catalytic wave
accompanied by an adsorption pre-wave observed in buffer solution
at pH values lower than 4. The catalytic wave was pH dependent .
and increased in size with increassing pH. However, both waves

digappeared in the presence of surfactants.

- DSCG, wh%ch contains two substituted chromone rings, undergoes
electroreduction at the dropping mercury electrode. Two
polarographic reduction waves were obtalned in B.R. buffer solution
at pd values lower than 5. The peak current of the gecond wave
is strongly dependent on pH, and decreases in size congiderably
as the pH is increased; it reached sbout 6% of its maximum size
at pH 4. .However, buffers which also contained glycine and citric
acid gave an adsorption wave between the two waves obtained for
DSCG in B.R. buffer in the pH raﬁge 2 =~ 5. This wave disappeared
when the DSCG concentration was reduced to.<: 10th. This effect

is shown in Fig. 3.

From the above information, it seems to be that DSCG follows
the same polarographic behaviour of chromone compounds studied

by Knoboch, Ef .

Typical d.p. polarograms obtained for DSCG in B.R. buffer
solution (pH 5.8) containing 10% methanol are shown in Fig. 4.
A rectilinear calibration curve was obtained in the concentration

. range 0.04 ~ 2.14% 1g/ml and is shown in Fig. Se
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Fvs. SCE

Fig. 3. Effect of DSCG concentration on the second d.p.p. peak of DSCG obtained
in a buffer solution containing citric acid, orthophosphoric acid,
hydrochlorig_macid, and glycine, (pH 2.3). DSCG concentration:

(a) 1 x 107 ™ (b) 1 x 10™2M ’
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Fig. 4. Typical d.p. polarograms obtained in B.R. buffer

pH 5.8 with 10% methanol. DSCG concentration:

(1) 0, (11} 0.04, (iii) O.14, (iv) 0.53, (v) 0.92,
(vi) 1.31, (vii) 2.14 pg/ml.
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Calibration curve of D3CG in B.R. buffer solution with
10% methanol.
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Polarography of DSCG in urine

As we expected, it was necessary to separate DSCG from urine
beforé the polarographic determination step. This is due mainly
to the presence of naturally occurring electroactive constituents
which interfere with the measurements and consequently limit the
applicability of the technique f&r the determination of low drug
levels in urine. Ion-pair extraction of DSCG into an organic solvent
was tried first. Benzalkonium chloride (Benzyldimethyloctadecylammonium
chloride) and tetrabutylammonium chloride were tried first unsuccessfully.
Several other phosphonium salts were also tried, but tri-n-butylbenzyl-
phosphonium chloride was readily soluble in water and gave low
polarographic blanks. This compouﬁd was found to extract DSCG
effectively from urine samples spiked with DSCG, and from aqueocus
standards (pH 2-9) into chloroform. Howevér, extraction at an
acidic pH was used throﬁghout this study because it has the attendant

ad#antage of lessening the risk of emulsion formationg.

Attempts were made to extract interferents from the urine into
chloroform at the physiological pH of the urine before DSCG was
extracted with the phosphonium salt. Good recovery of DSCG was
obtained but the base line was no better: a considerable improvement
was observed, however, when pre-extraction of the impurities was
done with n-butanocl. Other extractive clean—uﬁ procedures with
iso-amyl alcohol and hexane were tried unsuccessfully. No loss of
DSCG was observed due to the pre-extraction of the urine samples

spiked with DSCG with n-butanol.
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Typical differential ﬁuiﬁé polarograms obtained from urine samples
spiked with DSCG by the above method are shown in Fig. 6a. Polarograms
obtained after extraction of aqueous standards are shown in Fig. 6b.
Comparison of the helghts of these peoks with those obtained with
agueous standards without extraction indicated that the recoverles
of DSCG from aqueous standards and from urine samples were 95%
and 73% respectively. The relative standard deviation obtained
for the.;détermination of DSCG at the 1 ug/ml level in urine

(10 determinations) was 4%.

The concentration of the phosphonium salt in the polaroéraphed
solution affected the height of the d.p.p. peak of DSCG. Jacobsen,
E., EE_Elg have shown that surface-active materials have this effect.
The effect of different concentrations of phosphonium salt on the
peak height of 3.9 x 10-6M DSCG standard sqlution is shown in

Table 2.

Table 2. Effect of various concentration of the phosphonium
salt on the peak height of DSCG standard solution

(3.9 x 10-6M)

Phesphonium salt Peak height uA
concentration

3.9 x 10™0m 0.34

1.96 x 1072 0.30

3.90 x 102 0.28

7.80 x 107 0.2h

The peak height of a standard solution of DSCG (3.9 x IO“GM) in

B.R. buffer pH 5.8 was 0.26 VA. From the above irnformation, it can
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Fig. 6. Typical d.p. polarograms obtained for DSCG: after extraction
with tri~n-butylbenzylphosphonium chloride from (a) urine and

(b) aqueous standard for DSCG concentration of (i) 0, (41i) 1.75,
(i1i) 2.5 (iv) 5 pg/ml.




be seen that, the addition of ;n equimolar amount of
tri-n-butylbenzylphosphonium chloride to DSCG at the 10_6M level

(pH 5.8) increased the height of DSCG d.p. peak by 30%, much larger
concentrations of the phosphonium salt, however, depressed the height
of the peak. S04 the amount of the phosphonium salt used in

the gxtraction of standards and samples sﬁould be controlled fairly

closely.

U.V. spectrophotometry, was used to determine the amount of
tri—n-butylbenzylphosphdnium chloride co-extracted with the DSCG
in the chloroform. First, a U.V. spectrophotometric method was
developed for phosphonium salt determination in aqueous solutions.
A rectilinear calibration curve was obtained over the concentration

range 1 x 102 - 2 x 10™2M. The results are shown in Table 3.

Table 3. Results obtained for the spectrdphotometric
' determination of phosphonium salt in aqueous

golutions.

Phosphonium salt Absorbance at
concentration. 258nm

1 x 107 0.082.

2 x 10™n 0.157

3 x 107 0.2%6

b x 107M 0.315 -

1x 10N 0.780

2 x 107 14500

The smount of phosphonium salt co-extracted with DSCG was

obtained by subtracting the amount left in the aqueous layer from



the total amount of the phospﬁonium salt added. In order to determine

the smount of phosphonium salt left in the aqueous layer, four
identical aqueous standard samﬁlefsolutions were extracted as
recommended above and the absorbance of the aqueous iayers were

measured. The results are shown in Table h.

Table 4. Results obtained for the determination of the
' phosphonium salt left in the aqueous layer.

Sanple No. Abgorbance of aq?eous layer at
258nm (measured in O.5cm cells)
1 . 0.655
2 0.653
5 0.655
4 | 0.655

The amount of phosphonium salt left in the aqueous layer was found -
by comparison of the absorbance with those of standards - to be
27;5mg; it follows that 98.2mg of phOSphoﬁium salt was co-extracted
with DSCG.. The addition of this amount to an aqueous standard
solution of DSCG at 10704 level left the d.p. peak of DSCG

unchanged.

DSCG was found to be effectively extracted as cromoglycic acid |
(pKa1 f pKa2 = 2.0) into ethyl acetate from aqueous standards and
urine samples spiked with DSCG. The interferents in the urine were
fifst extracted from urine at the physiological pH of the urine with
ethyl acetate before extracting the DSCG as the free acid at lower
pH. DSCG was recovered from the ethyl acetate by evaporating the

ethyl acetate to dryness then dissolving the residue in 0.5ml of




nethanol and 4.5m1 B.R. buffer solution pH 3.4. Alternatively the
DSCG may be back-extracted into 2ml of 2M sodium hydroxide solution.
In this case, add 3ml B.R. buffer (pH 1.9). The latter procedure

does not work well with urine samples.

The recovery of DSCG from urine sample by the ethyl acetate

method exceeded 95% and the relative standard deviation (10

pulse polarograms obtained by this method are shown in Fig. 7.

The polarograms obtained when the phosphonium salt extraction

was used seemed to be better, as indicated by a less steep base
line. This may be due to the fact that ion-pair extraction is more
selective and the amount of interferents co-extracted are less than
in the case of ethyl acetate extraction. Even so, interferents

in the urine produced a fairly steep base line and restricted the
determination to 0.5 ng/ml DSCG in urine, compared with 0.04 ug/ml

determinations) at the 1 pg/ml level was 5%. Typical differential |
DSCG in agueous standards.

The differential pulse polarographic procedure for the
determination of DSCG in urine samples covers approximately the
same concentration range as the c@lorimetric procedurea’s. .The
clean-up procedure recomnended for use with the polarographic method,
however, is simpler and quicker than that used with the célorimetric
method and avoids the use of ion-exchange resins and concentrated
formic acid solutions. In addition to the long analysis time of the
colorimetric method (> 2 hours), Moss, G. 3}:__;_1}_2 reporfed that
the rate of the application of the urine sample to the ion-exchange

column was critical: faster rate than about 0.5 ml/min gave lower
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recoveries, whereas, slower ?éfes gave higher blank readings. Further,
Curry and Mills5, to obtain gufficient precision when formate-treated
resins were used, found it necessary to use a radioactive internal
standard to determine the DSCG recovery. In contrast, the precision
of the polarographic method is good. The concentration of electro-
active constituents in urine samples varies with the time of sampling
and by the physiological state of the patient at the time of

sampling. In the present work, a higher concentration of fhe
electroactive interferences — indicated by‘steeper base lines -

was observed in early morning samples, so that samples taken later

in the day are to be preferred.

10,11 have commented on the fact that half-

Previous authors
wave and peaﬁ potential of organic compounds in, or after extraction
from, biclogical fluids, can differ from the pqtentials of the same
compounds measured directly in aqueous solutions. This was true in
the present work, the peak potential of DSCG extracted from urine
being some 60mV more poszitive than that obtained directly in aqueocus

buffer at the same pH.

The polarographic method should be readily adaptable to the
determination of DSCG in formulations, and should be particularly
valuable in stability testing as the drug can be determined without

derivatization.




(iv)

CURRENT

1 . 1 i
- -0.4 -0.6 -0.8 -1-0
POTENTIAL(VOLT) vs.SCE

Fig. 7. Typical d.p. polarograms obtained after extraction
of cromoglycic acid into ethyl acetate from urine for
DSCG concentrations (i) 0, (ii) 0.5, (iii) 1.0, (iv) 2.5,
(v) 5 ug/mi.
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~ SPECTROPHOTOMETRIC AND DIFFERENTIAL PULSE
PCLAROGRAPHIC DETERMINATION OF SULPHAGUANIDINE
BY REACTICON WITH HYPOCHLORITE AND PHENOL

Introductioﬁ

The sulphonamides constitute a very important class of
antimicrobial agents, and still sustain an important place in
the chemotherapy of infectious diseases. Sulphapyridine, the
preparation of which was reported in 1938,_was one of the earliest
sulphonamides to be used with great success in clinical practice
for treatment of pneumonia. Over 3300 sulphonamides, however,
have since been prepared, but only a few have been accepted for
medicinal useq. The antimicrobial spectrum of all sulphonamides

is essentially the same, but they may vary widely in their

.absorption, excretion and distribution characteristics.

Sulphaguanidine, which is absorbed to a varying degree from
the gastrointestinal tract after oral administration is used for
the treatment of local intestinal infections, particularly bacillary
dysentery. The use of sulphaguanidine is now lérgely suppressed
by the use of the less toxic sulphonamides, phthalylsulphathiazole

and succinylsulphathiazolea.

Generally, most of the therapeutically useful, antimicrobial

sulphonamides are characterised by the following structure:

H\ H
R 2N

Structure I
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The different sulphonamidesare formed by varying the substituents R and

R’. . -

A wide range of analytical methods is available for the determination
of sulphonamides. Tradifionally, these drugs were analysed by paper
chromatography and colorimetryB. Recently, high performance liquid
chromatography was extensively applied to the analysis of sulphonamides

in pharméceutical dosage fbrms, body fluids and tissues“.

In this work, the formation of a coloured product possibly an
indophenol compound was made the basis of colorimetric and
differential pulse polarographic (d.p.p.) methods for the determination

of sulphaguanidine.

Indophenols have the general structure 115

R
HO N o)

Ud

R=R=H
Structure 1

These compounds are usually intensely coloured,and their physical and
chemical properties such as colour, acid-base and redox behaviour are
affected by the introduction of various functional groups into the

indophenocl molecule.

Indophenol derivatives have been used frequently in analytical
chemistry. They have been extensively employed for many years as
redox indicators6, as a titrant for the determination of asgorbic
acid 8 and as acid-base indicatorg. Some indophenols are used as

- 10
spray reagents in paper chromatography1 s and as standards in



chromatographic separations11; Esters of indophenols have been used

as chromogenic substrates for the estimation of acetylcholinestrase

activity12. 2,6-Dichlorophenolindophenol was used for the

detection of bacteriological contamination in foodstuffs13.

The formation of an indophenol dye when ammonia solution was

heated with an alkaline solution of phénol and hypochlorite was

14

used by Thomas in 1912 to determine very low levels of ammonia .

Orr in 192415 used the reaction for the direct determination of

ammonia in urine, and Murray (1925)‘16 for determination of blood

urea. The reaction has been used by seweral investigators after ..
slight modifications! °2. Fairly recently, it was reported that
the addition of sodiuﬁ nitroprusside asz a catalyst does not only
.accelerate the speed of the reaction but also increased to a
maximum the conversion of ammonia to indophencl dy324-29.

The condensation of quinonechlorimide and phenol to produce an
indophenol dye was firsf described by Hirsh (1880)30. This
reaction has been made the basis for an extremely sensitive method
31s32_

for the quantitative determination of phenolic compounds

Vignoli et _al (1965)33 developed a colorimetric method for the

determination of sulphonamides. In that method, a coloured product was
formed (suggested to be guinoneimine)when sulphonamides were made to
react with chloramine T in presence of phenol. Bratton EE_EL(1939)34
desc?ibed a colorimetric method for the determination of sulphanil-
amide . The method was applicable to all sulphonamigdes containing a
free primary amine group which in the reaction, is diazotised and
coupled with N-(1-naphthyl)ethylenediamine dihydrochloride. Welch

et a1(1965)35 described a colorimetric method for the determination




of N-acetyl-p-aminophenol in urine. The method involves the hydrolysis
of N-acetyl-p-aminophenol with acid to p-aminophenol which is then
coupled directly with phenol in the presence of hypobromite to form an

indophenol dye.

Automatic36 and manua].37 colorimetric methods for the determination
of paracetamol and phenacetin based on the indophenol reaction have
been described. Paracetamol and phenacetin were made to react with
acidified hypochlorite solution to form a quinonechlorimide which in
turn reacts with phenol to form an indophenol dye. Davis et al
(1974)38 developed an alternative manual procedure for the determinaticn
of phenacetin and paracetamol. In this latter procedure, paracetamol
and phenacetin were first hydrolysed to p-aminophenol and
p-phenetidine respectively, before reaction with hyﬁochlorite to
form p~quinonechlorimide, which then undergoes a reaction with phenoi
to form an indophenol dye. Ellcock and Foég in 197539 described a
simple method faf the determination of paracetamol. The method
involves the spontaneous oxidation of alkaline mixture of p-aminophencl
(obtained as a result of paracetamol hydrolysis in hydrochloric acid

solution) and phenol with molecular oxygen to form an indophenol dye.

Ellcock and Fogg (197#)40 found it neceséary to introduce sodium
nitroprusside as a catalyst when they applied a method similar to
that of Davis 23_51?8 for thé colorimetric determination of
sulphanilamide. The catalyst was found to be particularly effective
in the reaction of sulphanilamide with alkaline phencl and
hypochlorite. Finally, Fogg and Ahmed (1978)41 applied differential
pulse polarography (dep.p.) for the determination of ammonia,

p-aminophenol and sulphanilamide at the 10_7M level after indophenol

49



derivatization. They found fﬁﬁt d.p.p. can be conveniently applied

as an alternative near the 1@mit of the colorimetrie procedure.
Ellcock and Foggho noticed that sulphaguanidine gave é green-yellow
colour with lmax at 450nm when it reacted with glkaline phenol and
hypochlorite solutions in the presence of sodium nitroprusside as a
catalyst. This Qas in contrast with the blue indophenol colour given
by sﬁlphanilamide under the same experimental conditions. The authors
suggeste& that, the reaction could be made the basis of a colorimetric

method for the determipation of sulphaguanidine.

In the present work, the reaction between sulphaguanidine and
alkaline phenol and hypochlorite was studied in more detail,
particularly, the various factors which affect the coloured product
formed. The initial reaction conditions usgd were those of

sulphanilamide assayho.

Oﬁ thé basis of these studies, a colorimetric method for the
determination of sulphaguanidine was developed. Further, the coloured
product formed gives a well-defined polarographic wave. This wave
was used‘as the basis for a selective; precise and sensitive procedure
for the determination of sulphaguanidine. The polarographic procedure
was finally applied to the determination of the sulphaguanidine contents

of a commercial sample of Guanimycin Suspension Forte.

Experimental

Equipment. Colorimetric measurements were made with 'a Pye Unicam
SP 600 spectrophotometer using 1 cm cells. Polarographic measurements

were made with a PAR 17% polarographic analyser as described for the

previous work.
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Reagents

All reagents were of analytical reagent grade except where otherwise

indicated.

Sodium hypochlorite solution. Dilute 20ml of commercial sodium
hypochlorite solution (10-14% available chlorine) to 500ml with

distilled water.

Sodium hydroxide solution (10M). Dissolve L4Ogram of sodium hydroxide

in distilled water and dilute the solution to 100ml.

Phenol solution, 3% w/ve Dissolve 3 gram of phenol in 100ml

distilled water. (Care should be taken in handling concentrated

phenol solutions to avoid contact with skin).

Sodium nitroprusside solution., Dissolve 0.1 gram of sodium

nitroprusside in 250ml distilled water.

Standard sulphaguanidine solution, 2.8 x 10-4M. Dry sulphaguanidine

to constant weight at 10500, dissolve 0.600 gram in a little dilunte
hydrochloric acid and dilute the solution to 100 ml with distilled
water in a volumetric flask. Two further dilution (10ml—=100ml1)

gave a 2.8 x 10"4M sulphaguanidine standard solution.

Guanimycin Suspension Forte. Supplied by Allen and Hanburys Ltd.,

Ware, Herts.

Results and Discussion

The following set of experiments were carried out in order
to optimise the experimental conditions which produce the maximum

colour intensity.




Optimisation of scdium hydroxide concentration

Into six 50ml volumetric flasks, from 1-6 ml of sodium hydroxide
solution (1CM) weré pipetted. The required volume of distilled water
was added to each flask to bring the final volume to 6ml. To each
of these flasks, 5ml of sodium nitroprussidey 5ml of sulphaguanidine.
solution (2.8 x 10-4M)s S5ml of 3% w/v phenol solution, and 5ml of
sodium hypochlorite solution were added. The flasks were heated in a
water bafh at 45°C for 15 minutes. The solutions were cooled and
diluted to 50ml with distilled water. The absorbance was measured at
450nm against water as a reference in 1 cm cells. The results are

shown in Table 1.

Table 1. Effect of sodium hydroxide conéentration on the
apparent molar absorptivity of the coloured
product. formed,

Sodium hydroxide

" concentration(M) 0.38 0.76 1.14) - 1.52 1.9 2.28

Apparent molar
absorptivity/ 1.64 1.21 0.68]  0.67 0.54] 0.57

1041 molf-1 cm-1

The optimum concentration of sodium hydroxide is 0.38M.

Optimisation of sodium hypochlorite concentration

The experiment was repeated as beforey; except that the sodium
hydroxide concentration was fixed to 0.38M and different volumes of
sodium hypochlorite stock solution were used. The results are shown

in Table 2.
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Table 2. Effect of sodium hypochlorite coucentration on the
apparent molar absorptivity of the coloured product
formed . ' '

Volume of sodium )
hypochlorite 1 2 5 10 15 20
added (ml)

Apparent molar i
absorptivity/10" | 0.82 1.4 1.69 1.85 1.64 1.46°

1 mol—1cm"1

The optimum volume of sodium hypochlorite is 1Oml.

Optimisation of sodium nitroprusside concentration

Into eight 50ml volumétric flasks, from 0-7 ml of sodium
nitroprusside solution (0.04% w/v) were added. The final volume
was brought té 7ml with the required volume of digtilled water. To
each flask, Sml of phenol solution (2% w/v), 1 ml of sodium hydroxide
(10M) 5ml of sulphaguanidine standard solution and 10ml of sodium
hypochlorite solution were added, and tﬁe experiment carried out as

before. The results are shown in Table 3.

Table 3. Effect of sodium nitroprusside concentration on the apﬁarent
molar absorptivity of the coloured product formed.

Concentration
of sodium
nitroprusside
solution/per
cent w/v

0.0 | 0.0014| 0.0028 | 0.0042 | 0.0057 {0.0071{0.0086! 0.01

Apparent

molar absoy-
ptivity/10 1-75
-1

1.67 | 1.60 [31.67 (L.71 (L.71 {1.73 | 1.73

1 mol Yem

From the above information, it is apparent that sodium nitroprusside
has no significant catalytic effect on the formation of the coloured

product, so, this reagent was omitted subsequently.




Sh

Optimisation of phenol concentration

In this experiment, thé.same concentrations of sulphaguanidine,
sodium hypochlorite and sodium hydroxide were used as above in the
presence of varying phenol concentrations, but in the absence of

sodium nitroprusside;‘ The results are‘shown in Table 4.

Table 4.. Effect of phenol concentration on the apparent molar
absorptivity of the coloured product formed.

Phenol concen-
tration/per 0.23 | 0.6 | 0.58 | 0.69 | 0.92 | 1.15
cent w/v :

Apparent molar
absorptivity/107[0.89 | 1.1k | 1.42 | 1.39] 1.23 | 1.12

1 mol-1cm_1

From the azbove results, the optimum phenol concentration is seen

to be 0.58% w/v.

Effect of heating time

The effect of heating time on the colour intensity was studied
at 4500 at the optimum reagents concentration, namely, sodium
hydroxide concentration of 0.38M, sodium hypochlorite solution (10ml
of about 0.4% available chlorine), phenol solution concentration of
0.58% w/v, and sulphaguanidine standard solution 2.8 x 10-4M.

Results are shown in Table 5.
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Table 5. Effect of heating time on thg apparent molar absorptivity
of the colour obtained at 45 C.

Heating time/min 5 10 15 20 25 30 35

Apparent molar
absorptivity/10 1.64 1.64| 1.48] 1.0 |.0.75 | 0.60 |.0.43

1 m01-1cm-1

From the above results, the optimum heating time is seen to lie

between 5 and 15 minutes.

Stability of the colour obtained with time.

The previous experiment was repeated with 10 minutes heating time,
and the absorbance of the coloured product was measured with time

at room temperature. The results are shown in Table 6.

Table 6 Effect of standing time at room temperature on the colour
intensity obtained after heating for 10 mirutes at 45°C

Standing time/min L 9 13 18 23 29 35

Apparent molar
absorptivity/10 1.73 | 1.66 | 1.61 | 1.55 | 1.42 | 1.1 | 1.35

1 m01-1cm_1

Recommended procedure for the colorimetric determation of sulphaguanidine

To a 50wl volumetric flask add, in the following order, 1lml of
10M sodium hydroxide solution, Sml of aqueous 3% (w/v) phenol solution,
S5ml of sulphaguanidine standard solution or sample (contains less
than O.4mg of sulphaguanidine), and 10 ml of sodium hypochlorite
solution. Heat the flasks in a water bath at 45°C for 10 min, cool,

dilute to 50ml with distilled water, and immediately measure the
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absorbance at 450nm in l-cm cells. Subtract the absorbance of a blank

determination containing no sulphaguanidine.

A rectilinear calibration curve - obtained with the above
procedure in the concentration range 0.5 - 4.5 x 10"M 1 shown in
.Fig. 1. The alope of the callbration curve corresponded to a molar
absorptivity of i.65 x 104 1 mol Tea™ for the coloured product,

-~ assuming a 1:1 molar conversion from the sulphaguanidine. The

coefficient of variation (eight determinations) at the 2.8 x 10774

level in the measured solution was 1%.

Polarngagggc procedure

The procedure adopted was the same as the colorimetric procedure
except that Sml of ethanol was added after_the heating step and before
dilution to 50ml with distilled water; in the sbsence of ethanol
the polarographic wave is distorted by an adsorption wave. Deoxygenation
is affected by passing oxygen free nitrogen gas through the solution
for 7 minutes. The d.p.p. curve is then immediately recorded between

“0.4 and -0.8V.

Typical differential pulse pelarograms are shown in Fig. 2.
A rectilinear calibration curve obtained in the concentration
range 0.5 ~ 4 ug/ml as shown in Fig. 3. The coefficient of variation
at the 2 yug/ml level was 2.4% (10 determinations).

Application of the polarographic method to determine the sulphaguanidine
content of a commercial sample of Guanimycin Suspension Forte.

The sample (lg) was welghed into a SOml beaker and mixed well
with 20ml1 of distilled water and 2ml of concentrated hydrochlorie

acid. The mixture was transferred to a 100ml volumetric flask,




b
o

<
=

ABSORBANCE

02+

0.0 ) L

CONCENTRATION xI0™ M

Fig. 1. Calibration graph obtained for sulphaguanidine
by the spectrophotometric metheod.
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Fig. 2. Typical d.p. polarograms obtained for sulphaguanidine
under the reaction conditions of the recommended
procedure. (i) 0.0, (ii), 0.5, (iii) 1, (iv) 2,

(v) & ug/ml
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Fig. 3. Calibration graph obtained for sulphaguanidine by d.p.p.
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diluted to volume with distilled water, and filtered through a sintered
glass cruciblej 10ml of the_ﬁiltrate was diluted to 100ml in & volumetric
~ flask. Further dilutions (10wl—e=100ml followed by 20ml—e-100ml)

were made, and aliquots (5ml) of the final solution were used for the
determination. The sulphaguanidine equivalent in the final solution

was found by comparison of the d.p.p. peak height with those of

standard to be 2.15 pyg/ml. This corresponds to 2.1g of sulphaguanidine
in 15ml of Guanimycin Suspension Forte compared with the 1.98g nominal

content.

Behaviour of other sulphonamides.

The‘behaviour of several other sulphonazides under the reaction
conditions of the recommended procedure was studied. None of these
was observed to react at the same low levels as sulphaguanidine.

For éulphanilamide at the 107°M level the blue indophenol colour

and the polarographic peak were observed but the extent of the reaction
was much less than would be the case with nitroprusside present41.
Further, a shift in the position of the polarographic peak of 0.17V

to more negative potential was observed under the present experimental
conditions. Sulphasolucin gave the same blue indophenol colour and a
polarographic reduction wave at -0.5V, but the extent of the reaction
was algo less than sulphanilamide. Sulphadiazine at the 10-3M level
was observed to give the yellow colour and a pdlarographic wave: the
absorbance and peak current obtained were consistent with about 100
of the sulphadiazine reacting. Two other pyrimidine sulphonamides,
sulphamerazine and sulphadimidine, and also sulphapyridine gave a
slight reaction at the 1024 1evel indicating about 1% reaction.

No colour reactions or polarographic waves were obtained for
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guanidinium chloride and benzene sulphonamide under these reaction
conditions. The result for the above sulphonamides and other

sulphonamides are summarized in Table 7.

Good precision was obtained using the colorimetric and the
polarographic methods, but, the alkalinity of the solution is critical.

The addition of 2ml of 10M sodium hydroxide gives an apparent molar

absorptivity of only 1l.21 x.1041 mol,.-1cmm1 compared with apparent €
of 1.64 x 1041 mol lem 1 - obtained when 1ml of 10M sodium hydroxide
was added. . So, the concentration of sodium hydroxide solution

should be controlled fairly closely for standard and sample. The
concentration of phenol and hypochlorite are less critical, but
nevértheless, the volumes added should also be controlled quite
closely. Calibration graphs should be prepared for each new batch of

hypochlorite reagent solution.

The colour intensity decreases rapidly for heating times greater
thén 10 minutes (e.g. apparent ¢ = 1.48 and 0.75 x 104 1 mol tom !
after 15 and 25 minutes respectively). Loss of colour intensity after
cooling to room temperature is much slower (e.g. apparent € =
1.35 x 1041 mol Yem™ ! after heating for 10 minutes followed by a

standing period of 35 minutes).

The presence 6r absence of sodium nitroprusside was found to
have no significant affect on the apparent molar absorptivity-of the
coloured product formed. This was advantageous as nitroprusside gives
an appreciable blank owing to the formation of nitropentacyanoferrate

in alkaline solution 2.

FelCNIGNO® ™ + 20H™ === Fe[CN);NOj + H,0
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Table 7. Results obtained for number H \N s0 N/H
of sulphonamides under the / 270N\
reaction cgnditio&s of the R R
recommended procedure
Substituents
. Colour | D.p.p.
Name R R’ Reaction] peak Remarks
positior
_ ~NH Green- ' A1l
Sulphaguanidine -H - C\ yellow =0.63V concentra~
NH 2 colour tions.
Sulphanilamide -H -H Blue -0.50V "
: colour
ND : )
< s Yellow At high
Sulphad:.azlne -H _<N colour 0.5 3" concentra-
g tion only

Sulphapyridine | -H Q " 1 -0.58v gt
N
| Hy |
Sulphamerazine -H {N : " -0.60V n

N
| | N——CHs
Sulphadimidine -H ‘<N n -0.60V "
CH,
| | k
Sulphasomidine H N No colour | No peak -
S, CH,
v \ .
Sulphathiazole -H I " " -
N
\ S“\
Succinylsulphat- CO.(CHz)zcozﬂ " " _
thiazole N
' H 02C \/ S\u
" c At high
PhthalylsulphaiCQO _ —0.56V | eentrat-
thiazole N fon only
A
Sulphaphenazolg -H " ~0.56V "
S /C H3
Sulphamethizolg ~-H " -0.56V "

z
|
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Further, Fogg and Ahmed41 found it necessary to remove excess

nitroprusside ion from the reaction mixture by the addition of sodium
sulphite solution as the presence of excess sodium nitroprusside
gives a d.p. polarographic peak at -0.27V which interferes with the

measurements,

The polarographic behaviour of six indophenols has been studied
by Patrick R.A. et al QB. Théy suggested that all indophenols were
reduced reversiblj at the dropping mercury electrode, showing a well-
defined polarographic wave. The wave was found to be diffusion
controlled and corresponds to the addition of two electrons and two |

protons according to the following scheme:

- At
OQNQOH 26424 ___HO—Q—NH OH
R
Ry Rs Ry R
The sensitivity of the polarographic method for the determination of
sulphaguanidine is about 10 times greater than the colorimefric method,
and could be applied advantageously to determine sulphaguanidine in
turbid and coloured solutions. Satisfactory results were obtained when

the polarographic method was applied to determine sulphaguanidine in

Guanimycin Suspension Forte.

The colorimetric and the polarographic methods are more .
selective than the colorimetric method developed by Bratton gﬁ_gi?k
that is applicable fo all sulphanomides that have & free primary
aromatic amine group. Both methods described in this work could be

applied with advantage in application which require identification

as well as determination. The nature of the green-yellow colour is



not known: the colour remains unchanged on acidification. When

sulphaguanidinefisroxidised‘with hypochlorite under:acid conditions,
followed by reaction with phenol in alkali, .it gives a

blue colour (apparent £ = 1.07 x 101 mol len ™" at 6_25nm)38.

'The blue product obtained with sulphaguanidine possibly has structure

IIT although this has not been confirmed.

/NH ’

o@nx-@sofwc
~
NH,

Structure Il
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DIFFERENTIAL PULSE POLAROGRAPHIC STUDY OF CEPHALOSPORINS
AND THEIR DEGRADATION PRCDUCTS

Intreoduction

_Penicillins and cephalosporins, which are commonly referred
to as the g-lactam antibiotics, are among the oldest and most
important classes of natufally oceurring antibiotics used in
antimicrobial chemotherapy. The importance of these antibiotics
is due to their inhibition of the terminal step in bacterial cell
wall synthesis1. Cephalosporin C2 is the‘parent substance from
which the first cephalosporins to find clinical use were derived.
Cephélosporin C was discovered at Oxford during a chemical study‘
of the structure of penicillin N°. This substance which was found
to have antibacterial activity, reserbles penicillin N in some of
its chemical and biological properties, but differed from it strikingly
in others. The antibacterial activity of cephalosporin C in vitro
was low, but the apparent relationship of the substance to the
penicillin family, coupled with its resistance to penicillinase from

staphylococcus aureusq, gave it at once a potential clinical interest.

A1l penicillins which can be made by fermentation have a
G6-acylamido' group of the general structure R-CH2—CONH, while, in the
case of cephalosporin C, there are two side chains attached to the
cephalosporin nucleus. The isolation of the penicillin nucleus,
6-aminopenicillanic acid (6~APA), in 19595, and- the cephalosporin
nucleus, 7-aminocephalosporanic acid (7-ACA), in 19616 has permitted
the preparation of numerous semisynthetic penicillins and
cephalospo£ins (by varying the side chain groups) which could not be

prepared by biosynthesis.
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These chemical modifications have been designed especially

to produce penicillins and cephalosporins with more desirable

properties, such as improved acid stability, broadened microbiological

spectrum, decreased allergenicity and improved metabolic or
pharmacological efficiency such as slow excretion, better tissue’

diffusion and better oral absorption.

In contrast to the large number of side chains which give
penicillins and cephalosporins with high activity,very little
change can be tolerated in the nucleus before antimicrobial activity

is markedly reduced or lost altogether.

Within the last few years several éexcellent reviews covering

7-12’ structure activity relationships13-15’

9

the chemistry

16-18

pharmacology and clinical aspects/I rof semigynthetie B ~lactam

antibiotics have been published.

Structure of B -lactam antibiotics

A1l B-lactam antibiotics are derivatives of a bicyclic ring
system. All, with the exception of 6-amino-penicillanic acid
(6-APA) and 7-aminocephalosporanic acid (7-ACA), have an acyl group

attached as a side chain to the amino group of the g-lactam ring.

The penicillin molecule consists of a nucleus and a condensed
side-chain group. The nucleus contains a four-membered £ -lactam
ring fused with a five-membered thiazolidine rirng. The basic

structure of penicillin is shown below.
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: Thiazolidine rihg
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!

B-lactam ring

6 -Aminopenicitlanic acd
(Penicillin nucleus)

Side-chain group

The cephalogporin ring system differs insofar és the four-
membered B -lactam ring is fused with an unsaturated six-membered
dihydrothiazine ring. The basic structure of cephalosporins is shown

below.

N
RrC—— Nayo

| 'T}J
F NN R,

o
COOH

|

[N _Dihydrothigzine
ring
pP-tactam ring

|
BASIC STRUCTURE OF PENICILLINS

A\

7-Aminocephalosporanic | acid
(Cephalosporin nuclius)

BASIC STRUCTURE OF CEPHALOSPORINS

Side-chain group

The different penicillins are formed by alteriné thJ 6-amino side-
chain and the different cephalesporins by altering the 7-amino side-
chain and, in some cases, the 3-methyl substituent. The structure
of some cephalosporins of c¢linical importance have been listed in

Table 1 .
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Analytical methods of determining cephalosporins and penicilling

cephalosporins.

previously to the determination of penicillins.

Many techniques have been described for the analysis of

These techniques in many instances were applied

This is due

mainly to the structural similarity of cephalosporins and penicillins.

The methods of determination can be classified as follows:-

Microbiclogical determinations:

a. Plate assays.

b. Photometric assays.

Chemical determinations:

a. Jlodometric method.
b. Hydroxylamine method. .
¢. Ninhydrin colorimetric method.

d. Nicotinamid wmethod.

Chromatographic methods:

a. Paper and thin layer chromatography.

b. Hgh.performance liquid chromatography (HPLC),

C. Column chromatography.

Physicochemical method.

This category includes U.V, I.R;, N.M.R., optical rotatory, .

x-ray diffraction, spectrofluorimetric and polarographic methods.
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Methods in the first twblseétions provide Quantitative results,
while those in the other septions serve in addition to identify
the B-lactam antibiotic (or its metabolites or impurities).
Recently two reviews covering most of the analytical techniques

used to assay penicillins and cephalosporins have appeared20’21.‘

Polarography of cephalosporins and penicillins

Microbiological assay of antibiotics is the accepted technique
for measuring antibacterial activity. This technique is time
consuming and lacks the’capébility to function as a rapid screening
technique. Often, more information than just antibiotic activity
is reguired. In the development of a new antibiotic species, the
analytical chemist is required to develop analytical methods for
formulation stability, gquality-centrol and'drug metabolism studies.
For formulation stability studies a precise and specific method is
needed to discriminate between the parent antibiotic and its
degradation products, while in quality-control it is necessary to
ensure that the antibiotic is not contaminated with unacceptable
amounts of starting maté;ials or reaction by-products. In
metabolic studies, specific and sensitive methods are required to
assay antibiotics in  the presence of their metabolites. Polarography
and especially differential pulse polarography appears to be a
satisfactory technique capable of solving most of the above problens

providing that the compounds sought are polarographically active.

The first report of the d.c. polarographic determinations of
cephalosporins seems to be that of Jones et al in 196822. The
authors showed that cephalosporin €, cephalothin and cephaloridine

each exhibits a reduction wave at the dropping mercury electrode (d.m.e).
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They suggested that only the cephaloridine d.c. wave could be used
for quantitative determinations, while use of the ill-defined
waves of cephalothin and cephalosporin C should be restricted to

qualitative purposes.

Bénner23 determined several penicillins in addition to
cephalothin, cephaloridine and cephalexin in serum by cathode-ray
polarography, the latter compound being determined after hydrolysis
in sodium hydroxide solution at 50°C for %0 min. He claimed that
the peask obtained for cephalexin was very stable and allowedthe
determination of cephalexin with an accuracy of T 1 ug/ml in the

range 1-10 ug/ml. Ha1124

has used d.c. polarography and coulometry
in a study of the degradation of 3-(5-methyl-1,3,4-thiadiazol-2~-
ylthiomethyl)-7-(2-(3-sydnone}acetamido) -3-cephem-b-carboxylic acid,

;odium salt T.

IN\ )
0" N-CH,-COHN-

—N CHZ-SWSWCH:*,
R COONa N—N

”

I R

He suggested that acid hydrolysis results in the loass of the

=N

0

Rigroup at the 3-position and the formation of an a~ B -unsaturated
1actone,.while base and enzymatic hydrolysis opens the B -lactam
ring and simultaneously eliminates the R:group at the 3-positicn.
Ochiai et al 25 have utilized preparative electrolysis and
polarography in order to study the mechanism of the cathodic
reduction of cephalosporanic acid derivatives containing various

substituents at the 3-position. They concluded that the




electrochemical reduction of these derivatives gave the corresponding

methylene-cepham: derivative IV according to Scheme 1.

R."NH"—TS '
e —

=N

RrNHw——W/S' H

—N_CH,

N

COOR,
IV
Scheme 1

They also suggested that the variation of the R1-group does not

affect the reaction, and the presence of a substitutéd methyl group
at the 3-position is the essential requirement for the electrochemical
reduction of these compounds. Hall gz_gl?6 have applied a.c. and
d.c. polarography, cyclic voltammetry and couloretry to study the
electrochenical behaviour of cephalothin in both aqueous and
non-aquecus solutions. Recently, Rickard 23_2127 have used d.c.
polarography in analytical control and stability testing of the
cephalosvorins, cefamandole and cefamandole nafate, while controlled
pofential coulometry was applied as an absolute measure for purity

evaluation of these corpounds.

75

3=




76

A d.c. polarographic procedure for the determination of cephalexin
at the 10™M level after hydrolysis in SM hydrochloric acid at 80°C

has been described by Squella et al in 19?8?8

29

Siegerman - reported a differential pulse polarographic method

for the determination of cephaloglycin in 1M Hasoq at the lppm level.

Although penicillins are not polarographically active, they
can easily be converted to species that are amenable to polarographic
analysis either by derivatization procedures, such as nitrbsatiOnBO;
or after hydrolysing the penicillins to their polarographically

29’31. Krejci32

active degradation preoducts used polarography in

a study of the kinetics of penicillin degradation in acidic aqueous
solution. The use of oscillographic polarography to follow enzymatic
inactivation. of penicillins kas alsc been ;eportedBB_Bq. Recently,
Jemal EE_§135’36 studied the polarographic behaviour of
benzylpenicillenic acid, and used differential pulse polarography to

follow the degradation of this compound in neutral media.

The application of d.c. polarography and its more sensitive
successor, differential pulse polaorgraphy to the determination of

penicillins and other antibiotics has been reviewed recently29’37_39.

Degradation of penicillins and cephalosporins

Penicillins and cephalosporins have been known to undergo facile
cleavage of their R-lactam bonds in aqueous solution. This has
evoked a considerable interest in the chemical degradation of these

antibiotics, as the chemical reactivity of B -lactam moiety‘is linked
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with antimicrobial»reactivifyho. Further, the instability of these
antibiotics may lead to the formation of some degradation products

b1-b2

involved in penicillin and cephalosporin allergy It is known
that allergy is mediated by antigen-antibody reaction, and drug
molecules of low molecular weight such as penicillins or
cephalosporing are nonimmugenic themselves. The capacity of these
comﬁounds to induce an immune response depends largely on the ability
of these compounds or their degradation product or metabolites

formed in vivo to react covalently with proteins or other tissue
macromoleculesqa. Once the antibody is formed as a response to
exposure of the individual to the immugenic substance, it can react
with the antigen and initiate the allergic reaction. It is apparent
from the above discussion that a knowledge of the chemical and

biochemical behaviour of these antibiotics is an essential requirement

for successful study of their allergenicity.

Penicillin degradation

The lability of the penicillin struéture has been known from
the time of the earlier investigations. This lability was attributed
to the high reactivity of the B- lactam moiety of the penicillin due
to the nonplanarity of the B-lactam-thiazolidine structure which may
cause a great deal of suppression of the usual anide resonance as
compared with that caused by the dipolar stabilized forms in the
normal. B-lactam structure. This reactivity is reflected by the high
sensitivity of the penicillins to nucleophilic, electrophilic, and

43

oxidizing reagents and even bo water .



In alkaline solution, the initial hydrolysis product of

penicillin is the blologlcally inactive penicilloic aGlth
This compound is stable in alkallne and neutral solution in the
form of salts or esters, but on acidification it readily loses
one molecule of carbén dioxide, forming the corresponding
~ penilloic aciqu. Penicilloic acid has been shown to be formed by
enzgymic hydrolysis of penicillins with B-lactamasemF and in the
presence of cupric ionsh5.

In concentrated acid solution, penicillins are hydrolysed_
to penillic acid, while in dilute acid or neutral solution,
penicillenic acid is produced. Penicillenic acid is unstable
and under a variety of reaction conditions the compound has been
shown to rapidly hydrolyse to penillic acid and b4-hydroxymethyleneoxazol~
5(4H);one46, penicilloic acid47 and penamaladic acidqg. The end
hydrolytic degradation products of penicillins are penicillOalthyde,
carbon dioxide and penicillamine. The more common penicillin

degradation pathways are shown in Scheme 2.

Ampicillin degradation

Ampicillin (o ~aminobenzylpenicillin) is a semisynthetic
penicillin which contains an o ~amino group at the 6-side chain and

which has been shown to be the most acid stable penicillin so far

49

Ampicillin was found to be effective against gram-

50,51

introduced
positive and gram-negative organisms and has become one of the
most widely used antibiotics particularly for the treatment of

urinary tract infections.
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Surprisingly, until recéﬁfly, very limited work has beeﬁ‘done
on the mechanism of ampicillin degradation. The first study of
the Kinetics and mechanism of ampicillin degradation seems to be
that of Hou and Poole in 196952‘, who used the iodometric assay
to monitor the intact penicillin. Depending on classical knowledge
of penicillin G hydrolysis and UV spectrophotometric measurements‘
they postulatedra degradation pathway for ampicillin gimilar to that
of penicillin G. The authors stated that the amino group side-chain
of ampicillin pléys a significant role in fhe rate of degradation

but not on the mechanism of degradation.

Jusko (1971)53 has shown that a flucrescent degradation product
is obtained following ampicillin hydrolysis in acidic medium.
This fluorescent product was also obtained when the method was
applied to an ampicillin sample hydrolyseé first with R-lactamase.
The addition of formaldehyde was found to increase the yield of the
fluorescent product. Jusko tentatively proposed that the fluorescent

product was the diketopiperazine derivative.II.

H
O N S\ CH,
l | [ PeHs

~ ‘ HN
N COOH

HI

Compound II, however, was obtained in a high yield after hydrolysis

of 6-epi-ampicillin in neutral agueous solution in the presence of

Sh

pyridine and acetic acid”’. Failure of ampicillin to produce
the same product under the same conditions was attributed to steric
hindrande54. Barbhaiya et al”” reported a fluorimetric assay for

amoxicillin in which no formaldehyde was used. This method was found



"tp be applicable to ampicilliﬁ. Numerous publications have appeared

reporting fluorimetric assay procedures based on the formation
under different experimental conditions of fluorescent degradation
products for the analysis of R-lactam antibiotics having a side-chain

- 55-63

containing an ¢ -amino group .

21,64,65 reported that the fluorescent

Several investigators
deg:adation product is 2-hydroxy-3-phenylpyrazine. Recently,
Barbhaiya et al (19?8)66 isolated the fluorescent degradation product
obtained from a number of cephalosporins and penicillins containing
the ¢ -amino group at the side chain. In all cases the product

was shown by unambiguous synthesis to be 2-hydroxy-3~phenyl-6~

methylpyrazine.

Perrett67 studied the degradation of émpicillin in acidic
medium using an amino acid analyser, and showed that several
chromatographic peaks were obtained. ‘A free sulphhydryl group
containing compound was also formed. The formation of this compound
parallels the increase in the area of a peak exhibiting maximum

absorption at 440 nm.

Blazsek-Bodo et al in 19’?868 reported that penicillamine was
formed after alkaline hydreclysis of ampicillin and other penicillins.
This has been made the basis of a potentiometric method for the

determination of several penicillins including ampicillin.




Cephalosporin C degradation

The degradation studies of cephalosporin C played an important
role in assigning the structure of this compound. These degradation
studies were, in general, combinations of hydrogenation,
desulphurization and hydrolysis. Scheme 3 shows most of the

degradation pathways of cephalosporin C.

Hydrolysis of cephalogporin ¢ in hot acid followed by oxidation
of the neutral fraction with silver oxide yielded § -amino- § -carboxy-
valerylglycine I.  Raney-nickel desulphurization at room temperature,
followed by partial hydrolysis with acid degrades cephalosporin C
to o~ B -diaminopropionic acid II and D- ¢ -amino-adipic acid69.
Jeffery 23_2;70 rcported that a thiazole carboxylic acid IIT was
obtained when cephalosparin C was kept in neutral pyridine-water
solution at 3700, while imidazole ~tetrahydropyridine IV was found
to be produced when cephalosporin C was kept in water alone71.
Hydrolysis of cephalosporin C with Raney-nickel followed by
hydrolysis with hot acid gave a-oxovaleric acid V72. Cephalosporin C
lactone {Cephalosporin CC) VI was obtained after mild hydrolysis
of cephalosporin C with the liberation of acetic acid which was
isolated from strong acid solution. If the desulphurization product
" of cephalosporin C lactone (obtained after treatment of cephalosporin C
lactone with Raney-nickel) is treated with water, it gives an
aminobutenolide VII, but if treated with acid it produces a
hydroxybutenolide VIIIsg. Two sulphur containing lactone compounds
IX and X were obtained by hydrolysis of cephalosporin C in 1.25M

hydrochloric acid at 100°C for one hour. Abraham and Newton69

82
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have suggested a mechanisnm by.which these two compounds might be
produced (see Scheme 4). They proposed that the carboxyl group of
the hypothetical intermediate XI could lactonize with either the
thiol group or the hydroxy group to give compound XII and XIII.
Condensation of XII and XIII, as shown, would give compound IX,
which undergoes B, Y-elimination of the sulphur from the ketone form
of the thiolactone ring of compound IX, followed by elimination of

H28 and relactonization to give compound X.

HSCHy_ CH,0R

d/ COOH
H(,:/OR\ S-CHoe
rd 2 -E*_ - 2 \
S O
— <
0 OH HO 0
x| X
CH,--S -H.C
S/, 2 2> \}3
> <
0 OH HO 0

S &
0 OH" “HO” 0

X
Scheme 4




85

B -lactam cleavage of cephalosporins

Compared with the exteﬁsive studies on the degradation reactions
of penigillins, relatively little work has been done on the
degradation reactions of cephalosporins. Degradation studies are
important as they may be associated with allergic reactions to these

antibiotics.

In spite of the structural similarity between the penicillins
and cephalosporins, there are major differences in the way these
compounds undergo B -lactam cleavage. When the B-lactam ring of
penicillin is opened by mild alkaline hydrolysis, or with
penicillinase, the corresponding penicilloate is mainly produced.

. This is a well-characterized and relafively stable compound69.
Cephalosporins are readily attacked similarly by nucleophilic reagents
and by cephalosporinhﬁ—iactamases, but the'initial corresponding
degradation product, '"cephalosporoate™, is unstable and rapidly

fragments in aqueous solutions73, Scheme 5. Recently, cephalosporoate

RCONH— ‘OH'or | RCONH S :3
> - - 3
04 COOH Penicillinase 5 HN COOH
Penicillin Penicilloate derivative
RCONH- _HO RCONH
O,-—N CHz : HN
COOH COOH
Cephalosporin - Unstable cephalosporoate

Scheme 5
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like compounds were obtained under a variety of cxperimental

74

conditions. Eggers et al’ studied the reaction of

7-phenylacetamidocephalosporanic acid (cephaloram) with sodiun
bengyloxide in benzyl alcohol. The final degradation product

(the corresponding cephalosporoate) has lost the acetoxy group

with opening of its B -lactam ring according to Scheme 6.

PhCHZCONH'I PhCH,ONa B PhCHZCONH'—-——T
- PhCH;0H ~o——
/, 2 0 r
© PheH,0 Yo TR
COOH i 2 COONa
H+
S -
PhCH,CONH ] PhCH,CONH
PhcH,0” YoH Y S | PhCH,00C "/ CH,
COONa i COONa

_Scheme 6

Alkaline hydrolysis of céphalosporin C at room temperature has
been shown to produce deacetyl-cephalosporin C in low yield. Higher
yields, hoﬁever, were obtained when cephalosporin C was treated with
an acetyl esterase in ﬁeutral aqueous solution75. Acia hydrolysis
of deacetylcephalosporin C at room temperature produced
deacetylcephalosporin C lactone. The latter had been shown to

69

produce from cephalosporin C itself Miid acid hydrolysis of

deacetylcephalosporin C lactone opened the f-lactam ring and
yielded a relatively stable product which could be regarded as

69

the corresponding cephalosporoate .  Newton et al73 reported that



the corresponding cephalosporoate was obtained following B-lactamase

hydrolysis of cephalothin. These reactions are shown in Scheme 7.

Hamilton-Miller 23_95?6 reported that a labile compound with
A nax 230nm was obtained following aminolysis in weakly alkaline
aqueous solutions of cephalosporins but not from deacetyl or deacetoxy-
cephalosporins. Hydrolysis with B -lactamase results in the
formation of similar products from deacetyl cephalosporins and
cephalosporins, but not from deacetoxycephalosporins. These

degradation products were found to degrade further to compounds

tentatively identified as penaldates and penamaldates.

In order to shed more light on the identity of the above
degradation products, Hamilton-Miller gﬁ_g&?? have followed the
arinolysis and the enzymic hydrolysis of a number of'cephalosporins
having éifferent substituents at the 3-position in ND, and D

3 2
MMR and UV specirophotometry. They concluded that the aminolysis

0 by

of 7-n-butyramido-cephalosporanic acid is accompanied by
expulsion of the acetoxy group as acetate and the formation of an
exo-methylene compound (X nax 230nm) as a semistable intermediate.
This compound was fotind to degrade further to give a penaldate

(A max 270nm)}. Similar results were obtained with cephalosporin C.

Aqueous aminolysis of 7—n-butyramidodeacetpxycephaloaporanic
acid and 7-n-butyramidodeacetylcephalosporanic acid, however, gave

intermediate deacetoxy and deacetyl cephalosporoates.
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B =lactamase hydrolysis of cephalosporin C and deacetylcephalosporin C
also gave intermediate with- Amax 230nm - a different result from

the aminolysis. The investigators speculated that enzymic hydrolysis
could have converted the hydroxyl groups of deacetylcephalospﬁrins
into better leaving groups resulting in behaviour similar to that

of cephalosporin C. Degradation pathways of the above study are

depicted in Scheme 8.

The enzymic hydrolysis of cephalosporin C,y cephalothin, and
cephaloridine was studied by Sabath and coworkers75. . They showed
that opening of the B -lactam ring of these compounds by B ~lactamase
at pH 7 is accompanied by the spontaneous expulsion of acetate in
cage of cephalothin and cephalosporin C and the.expulsion of
pyridine from cephaloridine. Two equivalents of acid perrmole-of
antibiotic were produced. One equivalent is attributable to the

B -lactam ring hydrolysis while the other equivalént resulted from
the liberation of acetic acid or pyridinium ion. By comparison,
Deacetoxycephalosporin C yielded only one equivalent of acid.
Recently, Bﬁndgaard42 shgwed that during aminolysis and alkaline
hydrolysis of cephaloridine, pjridine ion was found te be released

quantitatively at exactly the same rate as the cleavage of the

B =lactam ring.

Several reports have appeafed récently which detail the
degradation of céphalosporins. The degradation 6f cephalothin was
reviewed by Simmons in 19?279. Konecny'gnggFO reported the
kinetics of the degradation of cephalosporin C in a wide pH range at

2500. Indelicato et a181 studied the substituent effects of various

acylanido side chain moieties upon the alkaline hydrolysis of

89
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cephalosporins and penicillins. The kineties of aminolysis and alkaline
hydrolysis of a series of cephalosporins in aqueous solution at 35%

were investigated by Bundgaardha. Yamana et a182,83

reported the
kinetics and mechanisms of degradation of six therapeutically useful
cephélosporins and other semi-synthetic cephalosporins in acidie,

neutral, and alkaline aqueous solution.

Recently, the hydrolysis of several cephalosporins in strongly
acidic medium at 100°C was investigated by Bontchev et 3184. They
found that the hydrolysis proceeds with a high rate and results in

the formation of definite products with low molecular weights.

The lability of cephalosporins to ultra-violet  light waé first
reported by Demain in 196685, who showed that cephalosporin C loses
90% of its original bioclogical activity inlaqueOus solution after
being irradiated with UV light for 30 min. Maki et al 1977 86
studied the mode of photodegradation of cephalosporins. They found
that UV irradiation through a Pyrex filter of 3-cephem derivatives
in alcohols causes a novel photorearrangement, leading to thiazole

derivatives, which involves incorporation of alechols into an

intermediate photoproduct.

91
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Cephalexin ‘and cephradine degradation

Cephalexin, 7-(D- g-amino- g-phenylacetamido)-3-methyl-3-
cephem-l-carboxylic acid, is a new semi-synthetic cephalosporin.
It is relatively acid stable and is completely absorbed following
oral administration?1’8?. The antimicrobial spectrum of cephalexin
is similar to that of cephalothin and cephaloridine but the latter
antibiotics are poorly absorbed when administered orally and must
therefore be given parenterally. Cephalexin which has the same side
chain as ampicillin and has an unsubstituted methyl group at the

—

3-position in the dihydrothiazine ring was found to be excreted

unchanged in urine or bi1e88.
Cephradine is similar to cephalexin having a 1,4-cyclohexadienyl
group in place of the benzene ring. Its behaviour is similar to

cephalexin.

Elegant studies have recently been made of the degradation of
cephalexin and cephradine by several investigators. Cohen et al
in 19?389 reported that degradation of cephradine in sodium carbonate
solution at 5°C for one week affords the diketopiperazine

(2- 6-(1,4~cyclohexadine-1-yl)-2,5-dioxo~3-piperazinyl) -5,6-dihydro-

S5-methyl-2H-1,3-thiazine-b~carboxylic acid, sodium salt).

H
O N S

CH,
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Diketopiperazine derivative
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Indelicato g§_§}§1’ studied the degradation of several
cephalosporins in alkaline aqueous solutions at pH 10. They
suggested that the degradation of cephalosporins having a side chain
containing an o-amino group could take place by the intramolecular
micleophilic attack of the side chain a~amino group on the carbonyl
carbon atom of the B-lactam ring. This would result in the formation
of diketopiperazine type products. However, they were not able to
isolate such degradation products from degraded aqueous solution
of cephalexin or cephaloglycin -, probably because degradation was
verformed at pH 10 where the major degradation pathway is a
B-lactam hydrolysis. They succeeded, however, in isclating such
products from a heated solution‘of cephalexin trichlorethyl and
p-nitrobenzyl esters and cephaloglycin lactore in benzene under
reflux overnight. Under the same'conditiOhs, ampicillin does not
vield a similar cyclic product, but cyclic degradation products
from am‘picillin64_66 and 6-epi-ampicillin have been reportedsh.
Extensive kinetic and mechanistic studies of the degradation

of cephalosporins in aqueocus solutions have been reported by Yamana
et a182’83.

——————

They were able to isolate a strongly fluorescent
degradation product from the reaction mixture of cephalexin and
cephaloglycin at pH 8. This product was tentatively identified

as the diketopiperazine derivative. They reported that at neutral
pH, cephalexin, cephradine and cephaloglycin hydrolysis is mainly
due to intramolecular nucleophilic attack of the side chain amino
group on the B-lactam moiety which is superseded in importance

at high pH by hydroxide-ion attack on the anionic antibiotics and at

low pH by direct water catalyzed hydrdlysis of the B-lactam ring.

95



Yamana et 3183

suggested three possible kinetically indistinguishable
mechanisms for O-amino groups participation in the B ~lactam ring
cleavage of these g-aminocephalosporins. These mechanisms are

illustrated in Scheme 9.

R—?HCONH R- CHCONHT———( R-CHCONH
“L—N e /fjp N, d¢% N,
OH™
(A) (B) (C)

Scheme 9

Mechanism{A) Intramolecular nucleophilic attack of the unprotonated

side chain amino group on the B-lactam carbonyl moiety.

Mechanism (B). Intramolecular general base catalysis by the amino

group of the attack of water molecule on the f-lactam bond.

Mechanism (C). Intramolecular genefal acid catalysis by the protonated

amino group of the attack of hydroxide ion on the B-lactam bond.

Bundgaard91

obtained evidence of the involvement of mechanism (A)
in the reaction of cephalexin from isclaticn of the diketopiperazine
derivative, by observing that the side chain amino group was consumed
during the degradétion and from kinetic analysis of this amino group

congumption. Bundgaard showed by primary amino group analysis that

at pH 7 and 35°C, a 98% loss of the primary amino group occurs

9L
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indicating essentially complete degradation of cephalexin via the
diketopiperazine derivative II whereas at pH above lO only 32%
of the cephalexin degrades by intramolecular aminolysis, the remainder

degrading by hydrolysis of the B-lactam ring91.

After degrading :
cephalexin in distilled water at pH 3, Dinner92 isolated
Z-hydroxy-l-methyl-2(5H) -thiophenone III and 3-formyl~3,6~dihydro-6-
phenyl-2,5(1H,4H)-pyrazinedione V. Bundgaard93 isolated and
characterised a compound which is precipitated during the degradation
of cephalexin in neutral aquéous éolution as 3—aminomethylene-6—
phenyl-piperazine-2,5 dione IV. Bundgaard showed that thié compound
-ig a precursor of compound V. Barbhaiya 33_3156 reported that the
fluorescent degradation product formed by treatment of cephalexin
first with sodium hydroxide solution at room temperature and then

in pH 5 citrate buffer at 100°C ié 2-hydroxy-3-phenyl-6-methyl-
pyrazine VI, Bontchev and Papazova84 found that a thiazine compound

VII is formed following cephalexin hydrolysis in 12.5% sulphuric

acid solution at 1OOOC.

Cephalexin degradation products are shown in Scheme 10.
The diketopiperazine derivative of cephalexin compound IT will be

referred to as DKP IIthroughout the teit.

“The present investigation was carried out in order to evaluate
the usefulness of d.p. polarography for the determination of

cephalosporins and for studying their degradation in solution.
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EXPERIMENTAL

Equipment. Polarographic measurements were made with a PAR 174
polarogfaphic analyser (Princeton Applied Reséarch Corporation).

For differential pulse operation the forced drop time was 1 sec ,

the scan rate 2 aV 590‘1‘ and the pulse height 50 mV, except where
otherwise indicated. Three-electrode operation was employed using

a platinum counter electrode, a dropping mercury working electrode
(d.m.e) and a saturated calomel reference electrode. The water
jacketed polarographic cell was kept at 2500 by passing water through
the jacketed cell from a thermostatically controlled water bath.
Solutions for polarography were deoxygenated with nitrogen gas which

has previously been passed through a vanadium(II) scrubber.

UV absorption spectrophotometric measurements were made with
a Pye Unicam SP8000 and IR measurements were made with a Pye
Unicam SP 200. A Bai-rd-Atomic tFluoricord” fluorimeter was used for
the fluorimetric measurements. DPotentiometric measurements were
carried out with an Orion solid~state sulphide ion-selective electrode
" (Model 94-16) and an expanded scale Radiometer PHM 64 research pH
meter. Thin layer chromatography was done on precoated 0.25mm silica

gel F25

), aluminium sheets (Merck, Germany).

Chemicals
All chemicals were of analytical reagent grade except where

otherwise indicated
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Samples

Samples of cephalothin, cephaloridine, cephalosporin C,
deacetylcephalosporin C, 7-aminocephalosporanic acid (7-ACA),
7-aminodeacetoxycephalosporanic acid (7-ADCA), cephoxézole,
cephalonium, cefuroxime, cephalexin and penicillamine were
obtained from Glaxo Operations (U.K.) Ltd. Samples of cephradine,
ampicillin trihydrate and 2—hydroxy—3-phenyl;6~methylpyrazine
were kindly provided by E.R. Squibb and Sons Ltd., Beechanm

Pharmaceuticals Ltd. and Fisons Pharmaceuticals Ltd, respectively.

Preparation of buffer solutions

Britton-Robinson buffer solution. A4 stock solution of Britton-Robinson

universal buffer solution (B.R. buffer) pH 1.9 composed of a mixture
of boric acid, orthophosphoric acid and glacial acetic acid, all
0.04M, was prepared; pH adjustment were made with 0.2M sodium hydroxide

solution as required.

Phosphate buffer solution (pH 7.4)

The phosphate buffer was prepared by adjusting a 0.°M disodium
hydrogen phosphate solution to pH 7.4 by addition of 0.5 potassium

dihydrogen phosphate solution.

McIlvain's citrate-phosphate buffer solution

A stock solution of citrate-phosphate buffer was prepared by
adjusting 0.1M citric acid solution to the required pH with 0.2M

disodium hydrogen phosphate solution.
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Sorensen's citrate buffer solution (pH 5)

A Sthkvsdlution of Sorensen's citrate buffer solution was prepared
by adjusting the pH of 0.1M disodium citrate (2140g citric acid
monohydrate,; dissolved in 200ml 1M sodium hydrokide and made up to

1 litre with distilled water) to pH 5 with 0.4M sodium hydroxide.
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EXPERIMENTAL TECHNIQUES

A. D.P. POLARCGRAPHIC DETERMINATION OF CEPHALOSPORINS

1. Preparation cf stock solutions

Except for 7-aminocephalosporanic acid (7-ACA) ;nd
7-aminodeacetoxycephalosporanic acid (7-ADCA), stock solutions of
cephalothin, cephaloridine, cephalosporin C, deacetylcephalosporin
C, cephoxazoie, cefuroxime, cephalonium, cephalexin and
cephradine were prepared in distilled water. Fresh solutions were
‘usually used before measurements. 7-ACA and 7-ADCA were dissolved
in 2ml of 0.2M sodium hydroxide solution and the resulting
solutions were immediately made up to volume with pH 2 Britton-
Robinson buffer solution. Prolonged contact with sodium hydroxide
solution caused extensive degradation, as indicated by the
appearance of polarographic peaks of degradation products, and

decrease in the height of the 7-ACA peak.

2. Effect of pH

The gffect of pﬂ on the peak potentials and peak currents of the
above cephalosporins was studied in B.R. buffer solution in the pH
range 2-12. For each polarographic measurement, 1 ml of the freshly
prepared stock solution containing 100 pg/ml of the drug compound
and 10 ml of the buffer solution at thé required pH were placed in
the polarographic cell. Oxygen~free nitrogen was passed through
the solution for 5 min, the solution was then blanketed'by an

atmosphere of nitrogen whilst recording the d.p. polarograms.
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3. Effect of mercury reservoir height

The effect of the mercury reservoir height on the 1imiting
current was studied inlthe'd.é. mode at the optimum pH which gives
the highest signal response (ilA/ﬁJg). D.c. polarograms for each
solution of the antibiotics (100pg/ml) were obtained at various

mercury reservolr heights.

4. Construction of calibration graphs

Calibration curves were prepared by successive syringe
injections of concentrated solution of the antibiotic into a

deoxygenated buffer solution at the optimum pH at 2500.

B. D.P. POLAROGRAPHIC STUDY OF THE DEGRADATION OF CEPHALOSPORINS

I. Degradation of cephalothin and cephaloridine

The degradation of cephalothin (140ug/ml) and cephaloridine
(100ug/ml) was studied in B.R. buffer solution at pH 2 and 50°C.
In the case of cephalothin the degradation was carried out directly
in the polarographic cell, whereas the degradation of cephaloridine
was carried out in a separate volumetric flask which was placed
in a water bath at 5000. D.p. polarograms were obtained, for

10ml of the degraded solution at suitable intervals.

II. Degradation of cephalexin and cephradine

1 Effect of temperature on the degradation of cephalexin and

cephradine .

Initial degradation studies were carried out in phosphate buffer
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solution at pH 7.4 and 3700. Cephalexin and cephradine seclutions
(100pg/ml) were prepared by dissolving 25mg of the drug compound
in 250ml of the above buffer. The flasks were then placed in a
water bath at 37°C. At suitable intervals, 10ml of the degraded
solution was pipetted into the polarographic ceil; éolutions were
deoxygenated with oxygen-free nitrogen for 10 minutes before
recording the polarograms in the differential pulse mode at 25%

between 0.0 and ~1.8V.

When the effect of temperature was studied the flasks were
placed in a water bath at the required temperature (60°¢ and 80°)

and d.p. polarograms were recorded as above.

Throughout the degradation studies, a cephalexin concentration
of 100pg/ml was used and d.p. polarograms were obtained at pH 7.4
and 2500 irrespective of the temperature and the pH at which

degradation was done except where otherwise indicated.

e Isolation of a sample of diketopiperazine

Alsample of diketopiperazine derivative was isolated from

a degraded solution of cephalexin as follows:

A solution of lg cephalexin in 50ml of 0.3M aqueous phosphate
buffer solution (pH 7.6) was kept at 35°C for 24 hours. A grey-white
precipitate was formed, which was then filtered off through a
Whatman No. 1 filter péper. The pH of the filtrate was brought to
PR 2.5 with 5M hydrochloric acid and extracted with two 50ml. portions

of ethyl acetate. After being washed twice with water and subsequently
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dried over anhydrous sodium sulphate the combined ethyl acetate
extracts were evaporated in a vacuum.oven at about 25°C. The residue
of evaporation was suspended in 25ml of beiling chloroform and
filtered off. The residue was dried in a vacuum oven over phosphorus
pentoxide for 24 hours. The identity of the product was confirmed

by IR spectrophotometry, fluorimetry, thin layer chromatography

and melting point measurement.

3. Polarographic determination of diketopiperazine derivative
(DKP 11)

ae Effect of mercury reservoir heights on the limiting current

Diketopiperazine stock solution (1ml, 100 yg/ml) was diluted to
volume with phosphate buffer solution (pH 7.4) in a 10ml volumetric
flask, mixed thoroughly, and transferred to the polarographic cell.
The solution was deoxygenated for }O minutes, and d.c.'polarograms

were obtained at various mercury reservoir heights at 2500.

b. Effect of temperature on the wave height of DKP 1T

The effect of temperature was studied using a diketopiperazine
solution of 10 yg/ml in phosphate buffer (pH 7.4). The measurements
were carried out at 25, 30, 35, 40 and 45°C. Because of the lability

of DKP II, a fresh solution was used each time.

Ce Cdnstruction of a calibration graph for the determination of DKP IX

Into the clean dry polarographic cell, 10ml of phosphate buffer
solution (pH 7.4) was placed. The solution was deoxygenated for 10
minutes, and a blank was recorded. A calibration graph was then

obtained by successive syringe injection of 0.25m1 portions of
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concentrated solution of diketopiperazine (0.5mg/ml). After each
injection, the solution was deoxygenated for 2 minutes (to ensure
complete mixing) before recofding the d.p. polarogram between

-0.7V and -1.1V at 25°C.

d. Degradation of diketopiperazine in phosphate buffer solution

A solution of 10mg diketopiperazine in 100ml phosphate buffer
(pH 7.4) was prepared in a 100ml volumetric flask. The flask
was placed in a water bath at 37°C. Aliquots (10ml) of the
degraded solution were drawn at suitable intervals, placed in the
polarographic cell and deoxygenated for 10 minutes before recording

the d.p. polarogram at 2500 between 0.0 and -1.6V.

b, Isolation of a sample of 2~hydroxy-3-phenyl-6-methylpyragzine

Cephalexin (0.5g) in distilled water (50ml) was treated with
sodium hydroxide solution (25ml, IM) for 10 minutes at room temperature.
Hydrochloric acid (25ml, IM) was then added followed by Sarensen's
citrate buffer solution (150ml,‘pH 5) containing formaldehyde (1% v/v)
The mixture was then heated at 100°C for 30 minutes, cooled and
Aextracted repeatedly with ethyl acetate. The combined ethyi acetate
extracts were then evaporated, and the residue was crystallized
from ethyl acetate. For comparison purposes, d.p. polarograms and UV
spectra, were obtalned for the prepared sample and a sample of the
pure compound, also thin layer chromatographyron silica gel F254:
plate for the two samples were compared, the plate was eluted with

¥

acetone-chloroforme (1:1 v/v).
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5. Effect of initial cephalexin concentration

The effect of initial cephalexin concentration on the degradation
‘process was studied using cephalexin solutions of 5, 100pg/ml and
Smg/ml all in phosphate buffer at pH 7.4 at 37°C and 80°C.
Polangraphic measurements were carried out at 2500 as described
above.

6. Effect of the presence of hydrogen sulphide and molecular oxygen
in the degraded solution of cephalexin.

In this set of experiments, the degradation of cephalexin was
carried out in a gas wash bdttle whilst passing a slow stream of
nitrogen (or air when the effect of dissolved oxygen was being
studied) through the solution. The nitrogen or air was presaturated
with water in a second wash bottle, both bottles being contained in
a water bath at the fequired degradation temperature. The hydrogen
sulphide evolved was stripped from the nitrogen or air by passing it
through a stripping solution (10—3M cadmium nitrate solution or 1M
sodium hydroxidé solution). D.p. polarographic measurements were
carried out using 10ml of the degraded solution at suitable
intervals. When the amount of hydrogen sulphide was being
determined, polarographic measurements were made using a separate
solution of cephalexin which was prepared and kept under the same

experimental conditions.

T Determination of hydrogen sulphide evolved during cephalexin
degradation. :

Two approaches for the determination of hydrogen sulphide were

examined:
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a. Potentiometric determination of hydrogen sulphide

Preparation of sodjum sulphide standard solution:

Due to the hygroscopic nature of sodium sulphide, it is not
possiblé to prepare solutions of exact molarity, and it was necessary
to standardise these solutions. All solutions used in this study
were prepared in tri-distilled water which was boiled. for about
one hour and cooled under a stream of oxygen-free nitrogen. An
approximately C.1M solution of sodium sulphide prepared in 0.2M
sodium hydroxide solution was standardised against 0.1M silver
nitrate standard solution using a sulphide ion-selective electrode.
The molarity of silver nitrate solution was confirmed by a routine
standardisatioﬁ procedure using stagdard sodium.chloride solution

and potassium chromate as an indicator (Mohr 'titration)gu.

Recovery of hydrogen sulphide from a standard sodium sulphide solution

An aliquot (0.2ml) of standard sodium sulphide solution
(0.0955M) was diluted to 50ml with phosphate buffer solution (pH 7.4),
the solution was transferred to a gas wash bottle being placed in a
water bath at 3706. A slow stream of nitrogen which had previously
been saturated with water was passed through the solution for 1 hour.
The hydrogen sulphide was absorbed from the ensuing nitrogen stream
in 50ml of 1M sodium hydroxide solution. The sodium sulphide formed'
was then directly titrated against a 10 °M silver nitrate standard

solution using a sulphide ion-selective electrode.

b. Polarographic determination of hydrogen sulphide

Citrate buffer solution (pH 4.6).
Citrate buffer solution was prepared by dissolving 52.1g citric

acid and 28.1g potassium hydroxide in 500ml. of distilled water.
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Sodium sulphide solution

From a freshly prepared and standardised sodium sulphide solution
(0.0952M), a 2ml aliquot was diluted to 100ml with 0.2M sodium

hydroxide solution.

Cadmium nitrate solution

A standard solution of cadmium nitrate (1 x 10"3M) was prepared

by dissolving 0.07k6g in 250ml of distilled water.

Construction of a calibration graph

Into a clean dry polarographic cell, 10.0ml of cadmium nitrate
standard solution {1 x 107°M) and 10.0ml of citrate buffer solutioen
were placed. The solution was deoxygenated for 10 minutes and a d.p.
polarogram was obtained between -0.4V and ~0.8V at 25°C. A
calibration graph was obtained by successive syringe injections of
sodiun sulphide standard solution (1.9 x 107°M) into the
deoxygenated solution (0.5ml was injected each time). The solution
was deoxygenated for a further 30sec after each injection before

recording the d.p. polarograms at 2500.

Hydrogen sulphide evolved during the degradation of
cephalexin was absorbed in 10.0ml cadmium nitrate standard solution
(1 x 10-3M). After suitable intervals, the absorbing solution was
transferred to the dry polarographic cell, 10.0 ml of previously
deoxygenated citrate buffer was added and the polarogram was recorded
as above. The concentration of sulphide was obtained by comparing

the cadmium peak haight with those obtaired for standards.
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When the potentiometric method was used, the hydrogen sulphide
was absorbed in M sodium hydroxide solution, and the sodium sulphide
formed was immediately titrated against standard solution of silver
nitrate. This method, however, was used infrequently and at high

sulphide concentrations only.

8. Effect of pH on the degradation of cephalexin

The effect of pH has been studied in citrate-phosphate buffer
solution at pH 3 (the buffer was prepared by adjusting O.IM citric
acid solution with 0.%M disodium hydrogen phosphate to pH 3.0) and
in disodium hydrogen phosphate-potassium dihydrogen phosphate buffer
solution at pH 8.5 and 10. In the latter case, the pH of the
phosphate buffer (pE 7.4) was adjusted to pH 10 by the addition
of 0.2M of sodium hydroxide solution. The degradation was studied
also in distilled water without buffering and in 0.1M sodium hydroxide

solution,

- III Comparative degradation studies of 7-aminocephalogsporanic acid
{7-ACA) and 7-aminodeacetoxycephalosporanic acid (7-ADCA)

The degradation of 7-ACA and 7-ADCA was studied in 0.1M sodium

hydroxide solution at 2500 by d.p. polarcgraphy and UV spectrophotometry.

Procedure. Solutions of 7-ACA and 7-ADCA (100 and 86 ug/ml, respectively)
were prepared in 0.1M sodium hydroxide solutions in 50ml volumetric
flasks. The flasks were placed in a water bath at 2500. After

suitable intervals,an aliquot(2ml) of the degraded solution was
transferred to the polarographic cell which contains 10ml of previously

deoxygenated B.R. buffer solution pH 1.9 (final pH 2.%). The solution
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was then deoxygenated for a further 2 minutes before recording

the polarogram in the d.p. mode between 0.0 and -1.2V.

UV absorption measurements were carried out by diluting Tml
of the degraded solution to éml with 0.1M sodium hydroxide. The
spectrum was recorded using lem silica cells against sodium hydroxide

solution (0.1M) as reference.

Determination of the amount of hydrogen sulphlde evolved during the
degradation of 7-ACA and 7-ADCA

Procedure. Solutions of 7-ACA and 7-ADCA were prepared by dissolving
10mg of each compound in 100ml of 0.1M sodium hydroxide solution.

The solutions were placed in gas wash bottles being placed in a water
bath at 2500. The sclutions were continuously flushed with a slow
stream of nitrogen gas which had previously been saturated with
water. The hydrogen sulphide was sfripped from the nitrogen gas

by absorbing it in 10.0 wl of cadmium nitrate standard solution

(1 x 10™M). After 4.5 hours, each solution was acidified with

2ml of concentrated hydrochloric acid, and the hydrogen sulphide was
driven out with nitrogen for a further 30 minutes. The cadmium
nitrate solution was transferred to the polarographic cell, and 1Oml
of citrate buffer (pH 4.6) was added. The solution was deoxygenated
for 5 minutes and a d.p. polarogram was obtained at 2500 between
-0.4YV and -0.8V. The concentration of sulphide was obtained by

comparing the cadmium peak height with those of standards.

C. D.P. POLAROGRAPHIC DETERMINATION OF CEPHALEXIN

1. Recommended procedure.

Into 10ml calibrated flasks add aliquots (<Z5ml) of neutral
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cephalexin solution (standard, or sample,) containing less than 30 g
of céphalexin and dilute the solution to 10ml with pH 7.4 phosphate
buffer. Place the loosely—Sfoppered flasks iﬁ a boiling water baﬁh
for 1 hour, cool and transfer the solution te the polarographic cell,
Deoxygenate the solution for 5 minutes and obtain d.p. polarograms

between -1.1 and ~1.4V at 25°C.

The reproducibility of the method was checked by repeating the
experiment - ten times at the 2 pg/ml level. On one occasion, the
dissolved oxygen w;s removed from the solufidn by passing a streanm
of oxygen-free nitrogen through the solution for 15 minutes before

the hydrolysis step.

2. Effect of hydrolysis time on the.peak height at =1.26V

In each of four 10ml calibrated flasks, cephalexin solution
(0.5m1, 100pg/mi)was diluted to volume with phosphate buffer solution
(pH 7.4). The loogely-stoppered flasks wefe placed in a boiling
water bath for various periods of time (45, 60, 75 and 90 minutes).
The cﬁntents of each‘flask was cooled, transferred to the polarographic
cell and deoxygenated for 5 minutes before recording the d.p. polarogram

between -1.1 and -1.4V at 2500.

3. Effect of standing time at 25°C on the peak height at -1.26V
Cephalexin solution hydrolysed for lhour as above was left
in the polarographic cell at 2500 for 2.5 hours and a d.p. polarogram

was recorded again as described above.
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L, Effect of pH on the peak potential

Cephalexin in pH 7.4 phosphate buffer solution (Ble, 10 Ug/ml)
was hydrolyséd for 1 hour at 10000, and d.p. polarograms at various
PH values were obtained after adjusting the solution pH to the required

value with 1M sodium hydroxide and 1M phosphoric acid solutions.

5. Effect of mercury reservoir height on the d.c. limiting current
at "1 . 26Vt

D.c. polarcgrams were obtained for the hydrolysed cephalexin
solution (10ug/ml) at verious mercury reservoir height, at 2500.
The effect of raising the temperature on the d.c. wave height was

also studied using the same solution.

6. Hydrolysis of cephalexin to form 2-hydroxy-3-phenyl-6-methylpyrazine.

Procedure. To a 10ml volumetric flask an aliquot {typically 1ml)
of cephalexin stock solution {10 ug/ml) and 0.5ml of 2M sodium
hydroxide solution were added and left for 10 minutes at room
temperature. Then 0.5ml1 of 2M hydrochloric acid solution and. 3ml

of citrate buffer pH 5 (0.2M citric acid adjusted to pH 5 with IM
sodium hydroxide solution) were added. The flask was loosely
"stoppered and heaéed in a boiling water bath for 30 minutes, cooled
and diluted to 10ml with phosphate buffer (pH 8.5). The solution
was transferred to the polarographic cell and deoxygenated for 10

minutes. A d.p. polarogram was obtained between -0.85 and -1.1V.

The reproducibility of the method was checked at 1 and 5ug/ml
of cephalexin in the measured solution by repeating the experiment
several times. Attempts to improve the reliability of the method

were made by including formaldehyde (1% v/v) as a catalyst60,
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increasing the heating time to 60 minutes and using different

concentrations of sodium hydroxide.

Isolation of a sample of 2,4-dinitrophenylhydrazone of the carbonyl
compound responsible for d.p. peak at -1.26V.

Procedure. Cephalexin (0.5g) was dissolved in 100ml of pH 8.5
phosphate buffer and the solution was heated in a water bath at

80°C for 12 hours whilst continuously flushing the hydrogen sulphide
formed from the solution by means of a stream of nitrogen gas.

After cooling the solution, the grey-white precipitate of

93

3-aminomethylene—6-pheny1—pjperazine-2,5-dione was filtered off,
and a saturated solution of 2,4-dinitrophenylhydrazine in methanol/
concentrated hydrochloric acid (10:1 v/v) was added to the filtrate.
The solution was heated to 60°C for 1 minute and then was allowed to.
cool to room temperature. The 2,4-dinitrophenylhydrazone was filtered
off and was purified on a preparative silica gel TLC plate eluting
with 3%:1 chloroform-methanol. The main compound had an Rf value of

0.35. The compound was obtained as a solid after extraction into

ethanol.

D. D.P. POLAROGRAPHIC STUDY OF THE DEGRADATION OF AMPICILLIN

Methods

Degradation studies were carried out as described previously
for cephalexin degradation. Degradation solutions were contained
in a suitable wash gés bottles in a water bath at the required
temperature. Nitfogen gas, previously saturated with water, was

passed through the solution throughout the degradation and the evolution-
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of hydrogen sulphide was tested for by passing the ensuing nitrogen gas
through a standard solution of cadmium nitrate (IO_EM). When it
was reﬁuired to study the effect of molecular oxygen on the

degradation the'nitrogen.was replaced by air.

Degradation studies were carried out in pH 7.4 phosphate buffer
solution atA37OC and in pH 2.5, 8.5 McIlvain's citrate-phosphate
buffer solutions. The effect of temperature on the degradation

-process was studied at 37°C, 60°C and 80°C in McIlvain's buffer at

pH 2.5.

In all cases, 100pg/ml ampicillin trihydrate was used
(85.5 ug/ml ampicillin as free acid). Spectrophotometric measurements
were carried out using 1 cm silica cells, and the degraded solutions

were cooled before recording spectra.

Polarographic determination of penicillamine

Penicillamine gives a well defined anodic wave at -0.14V
in citrate-phosphate bufier pH 2.5. The half wave potential was
found to be concentration dependent.

a. - Effect of mercury reservoir height on the d.c. anodic wave of
penicillamine

Into the polarographic cell, 10ml of citrate-phosphate buffer
solution pE 2.5 and 2ml of penicillamine solution (100ug/ml) were
placed and deoxygenated for 10 minutes. Polarograms were recorded

in the d.c. mode at 2500 and various mercury reservoir heights.
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b. -~ Effect of temperature

The effect.of temperature on the d.c. ancdic wave was studied
using tﬁe above solution. The temperature of the polarographed
solutien was adjusted to the required temperaturer(25, Z0, 35°C)
by passing water from ﬁhe thermoétatiCally controlled water bath

through the jacketed polarographic cell.

¢. Effect of pH on the half-wave potential, d.c. limiting current,
d.p. peak potential and peak height of penicillamine.

The polarographic behaviocur of penicillamine in the pH range
2-12 was studied in B.R. buffer solutions; the pH was adjusted to
the required value by adding 0.2M sodium hydroxide solution. For
each polarographic ruﬁ, 10ml of the buffer solution (at the required ‘
pH value) and 2ml of penicillamine stock solution {100 yg/ml) were
placed in the polarographic cell, and deoxygenated for 10 minutes.
The solution was blénketed by an atmosphere of nitrogen whilst the
polarograms were recorded. PolérOgrams in the d.c. and d.p. modes

were obtained for each solution at 25°C.

d. Concentration effect

The concentration effect was studied in citrate-phosphate
buffer at pH 2.5 and 2500. Two calibration graphs were obtained

in the concentration ranges 1.96 - 21.8 ng/ml and 9 - 44.4 pg/ml.

Polarographic determination of 2-hydroxy-3-phenyl-6-methyl-pyrazine

The polarographic behaviour of 2-hydroxy-3-phenyl-6-methyl-

pyrazine was studied as above, and calibration graphs were obtained




in citrate-phosphate buffer solutions at pH 2.5 and 25°C in the

concentration ranges 1.7 - 8.38 ug/ml and 3.5 - 18.6 pg/ml.

The calibration graphs for this compound and also for
penicillamine were used for the determination of the amounts of

penicillamine and 2-hydroxy-3-phenyl-6-methylpyrazine formed

during the degradation of ampicillin.
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RESULTS

A. D.P. POLAROGRAPHIC DETERMINATION OF CEPHALOSPORINS

Cephalothin, cephalosporin C, 7-aminocephalosporanic acid,
cephoxazole and deacetylcephalosporin C which have a substitutéd
3-methyl group behavé quite similarly in B.R. buffer at pH 2. All
éf them exhibit a well defined polarographic peak at about -1V

at pH 2-4. This peak was found to disappear at pH values higher
| than 4. The extent of the change of the half wave potential with
pH is conéistent with the electrode reaction being irreversible.
Also the size of the pesk is dependent on pH and is at a maximunm
at pH 2. Analysis of d.c. polarograms with respect to changes in
the limiting current with mercury reservoir height indicated diffusion
control. The half-wave potentials were found to be concentration
dependent, which gives further evidence on the irreversibility of the

elecirode reaction. .

Cephaloridine exhibits two polarographic reduction peaks in the

" pH range 2-12, but only the first reduction peak has been used for
.analytical purposes here. The peak pﬁtential of the (main) first

peak is (=0.79 - 0.068 pH) V in the pHd range 2-9. The size of the
first peak is pH deﬁendent and is at maximum at pH 2. Nevertheless,
the calibration curve was obtained at pH 4 to.reduce the interference'
effect of the buffer. At pH 8 a polarographic maximum of the first
kind was observed on the d.c. polarogram which was not affected by

the addition of the maximum suppressor Triton X-100.




Cephalonium shows three pélarographic peaks in B.R. buffer.
The second and third peaks disappear at pH valués higher than
8. The pesk potential of the first peak is 7(Z0.51 - 0.069 pH)IV
in the pH range 2-9. This peak, which is twice the height of the

other two, was used for analytical purposes.

Cefuroxime gives two polarographic peaks: the first peak is

about twice the height of the second peak. The second peak at -1.02V

(pH 2.5) disappears at pH values higher than 5. This behaviour is

similar to that observed with other cephalosporins with a substituted

17

Z-methyl group. This is believed to be due to the reductive elimination

of the.700CNH2group at the 3-position. The first peak, however, was

used for the -determination of cefuroxime in B.R. buffer pH 2.5.

7-pminodeacetoxycephalosporanic acid (7-ADCA) does not give
a polarographic peak, but several of its degradation products do.
This had been observed when the compound was first dissolved in
sodium hydroxide and then B.R. buffer pH 2 added. Cephalexin and
. cephradine which have unsubstituted methyl groups on the 3-position
were found not to give polarographic wave at the dropping mercury '

electrode.

Results obtained for the cephalosporins studied are
summarised in Table 1, and typical differential pulse polarograms
obtained in producing calibration curve for each compound at the

optimum pH are shown in the Appendix together with graphs showing

the effect of pH on the pezk potentials (full lines) and peak heights

(breken lines) for most of the studied compounds.




Calibration curves (typically O-3%ug/ml) were rectilinear in all

casesSe

Table 1. Data obtained for the cephalosporins studied

Cephradine

Name Optimum [Position of | Position of | Linear range
_ pd d.p. peaks | peak used (pg/ml)
(Volt) for
analysis
(Volt) .
Cephalothin 2 -1.0 -1.0 0.k2 - 2.36
Cephaloridine 2 -1.0 -1.0 0.2 - 1.82
Deacetyl- )
cephalosporin C 2 -0.99 -0.99 0.39 - 1.48
Cephexazole 2 -0.95 -0.95 0.1 = 1.33
7-ACA 2 -0.99 -0.99 0.1 - 0.86
Cephaloridine 4 ~1:06,-1.28  ~1.06, 0.15 = 3.32
Cephalonium 3 -0.72,-1.0, ~0.72 0.05 --0.38
' =-1.12 .
Cefuroxime 2.5 ~0.39,-1.03 ~0.39 0.1 = 1.08
Cephalexin 2 ~ 12
2 - 12
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B. D.P. POLAROGRAPHIC STUDY OF THE DEGRADATION OF CEPHALOSPORINS

I. Degradation of cephalothin and cephaloridine

The applicability of d.p.p. to degradation and stability
testing studies has been examined. Preliminary hydroiysis studies
of cephalothiﬁ and cephaloridine showed that heating of these
antibiotics in aqueous B.R. buffer solution at.pH 2 and 50°C and
37°C respectively, results in the decrease of the characteristic peak
height af about -1V and the appearance of small peaks at less
negative potential. D.p. polarograms showiﬁg the degradation of

cephalothin and cephaloridine are depicted in Fig. 1 and 2.

42,7%,79

Previous investigators reported that the opening of
the B -lactam ring of céphalothin and cephaloridine following acid,
alkaline or enzymatic hydrolysis is accompanied by the expulsion

of the acetoxy and the pyridine side chain on the 3-position to
form the corresponding bolarographically iﬁactive cephalﬁsporoate
lactone26. - This will explain the decrease in the d.p. peak height
with heating time, as the presence of the substituted methyl group
~on the 3-position is the essential requirement for polarcgraphic

activity of these compounds in the absence of other reducible group

in the molecule.

II. Degradation of cephalexin and cephradine

The initial degradation studies of cephalexin and cephradine
(100 pg/ml) were made in phosphate buffer solutions (pH 7.4) and
3?°C without flushing the solution with nitrogen. The degradation

of these compounds was followed over a period of 340 hours. D.p.p.
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Fig. 1. D.p. polarograms showing degradation of 140ug m1_1 solution
of cephalothin in B-R buffer at pH 2 at 50°C. Measuremant
time (i) 0.5 (ii) 2.0, (iii) 2.5 (iv) 4.5, (v) 18.5 hours.

Degradation was carried out in the polarographic cell and
the polarograms were obtained at 50°C
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Fig. 2. D.p. polarograms showing degradation of 100Opg ml 1 of
solution of cephaloridine in B-R buffer atpH 2 at 37°C
Measurement time: (i) 0, (ii) 17.5, (iii) 27, (iv) 48,
{v) 96 hours - ‘

Polarograﬁs were obtained at25°C.
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curves showing part of the degradation of cephalexin are shown in
Fig. 3. The first pesk appeared at -0.56V is due to hydrogen
sulphide. The large peak ai'-O.9V is due to diketopiperazine
derivative (DKP Ii). The appearance of the other two peaks at -0.78V
and -1.26V will be discussed later. Cephradine as expected, was

found to behave in the same manner.

The changes in the peak heights of cephalexin and cephradine
degradation products with time are illustrated in Tables 2,3

and Figs. 4, 5.

A sample of the diketopiperazine derivative was isolated from

91

a degraded solution of cephalexin és described by Bundgaard
The product had the following characteristics:

IR (kBr) v : 3150, 1770, 1720, 1675, '1450, 1320, 1070, 725 and
695 e |, Egictroﬂuorimetric excitation maximum at 360nm and
emission maximum at 433 nm (both uncorrected, in 0.1M sodium
bicarborate), thin layer chromatographic analysis on Meric silica

gel ¥ 4 plates with solvent system water-glacial acetic acid-acetone-

25
ethyl acetate (1:2:2:5 v/v) gives R, value of 0.64, These results

e

are in accord with the findings of Bundgaard The meltipg point
(145 - 158°C) was less than that quoted 160-162°¢., However, the
compound gives only one d.p. polarographic peak at -0.9V in phosphate
buffer H 7.4, Evidence that this polarographic wave is diffusion
controlled was obtained from studying the effect of mercury pressure
and temperature on the d.c. wave height. A straight line which passes
through the origin was obtained when the wave height (1t A) was plotted

against the square root of the mercury reservoir height (corrected for

back-pressure). Also a temperature coefficient typically of 2%
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cephalexin in phosphate buffer at pH 7.4 at 37°C.

Measurement time: (i) 24, (ii)} 46.5, (iii) 70, (iv) 190 hours

-1.6

Fig. 3. D.p. polarograms showing part of the degradation of 100pg ml™7 of
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Table 2. Changes of d.p. peak heiphts of cephalexin degradation
. products with heating time -at 37°C in phosphate buffer
solution pH 7.4

" Time/hrs Peak height /uA

Peak at Peak at Peak at Peak at

0.5V | -0.78V -0.9V -1.26V

0.0 |- 0.0 © 0.0 0.0 0.0
2.0 0.0 0.0 2.0 0.0

| 5.0 0.1 0.0 4.3 0.0
7.0 0.15 0.0 Sk 0.1
14.75 0.18 . 0.0 5.3 0.k

22.00 0.80 0.0 5.4 3

24.25 1.00 0.0 4.9 1.6
26.25 1.L0 0.0 by 1.7
28.00 1,55 0.0 4.5 1.9
31.00 1.70 0.05 ho2 1.95
46 .50 2.50 0.10 2.8 2.10
48.50 2.60 0.12 2.75 2.20
50.50 2.50 0.15 . 2.60 2.20
54.00 1.90 0.20 2.25 2.10
70.00 2.9 0.45 1.50 1.96
75.50 2.60 0.70 0.85 1.96
© 94.00 2.35 0.75 0.45 1.65
102.00 2.25 0.90 0.%0 1.62
121.00 2.25 1.10 0.25 1.50
144.00 .. 2.00 1.20 0.12 1.45
168.00 : 1.90 1.30 0.01 1.35
190.50 1.60 .35 0.00 1.35
214.50 1.30 1.35 0.00 1.25
334,00 0.70 1.50 | 0.00 1.15




Table 3. Changes of d.p. peak heights of cephradine degradation
products with heating time at 37°C in phosphate buffer
solution pH 7.4
Time/hrs Peak height /pA
Peak at Peak at Peak at Peak at
-0.56V -0.78V -0.9V -1.26V
0.5 0.0 0.0 0.0 0.0
2.5 0.0 0.0 0.6 0.0
by 0.1 0.0 1.8 0.0
7.3 0.2 0.0 4.8 0.0
22.0 1.6 0.0 4.8 - 1.2
247 1.85 0.0 4.9 1.4
26.1 2.0 0.0 4,9 .1.7
28.5 2.2 0.0 4.5 1.7
30.8 2.4 0.0 .4.0 1.8
46.5 3.1 0.0 2.6 2.0
48.5 3.0 0.1 2.3 1.9
5.4 3.1 0.1 2.15 2.15
53.8 3.1 0.1 2.0 1.9
70.4 3.5 0.2 1.2 1.7
754 3.2 0.3 0.8 1.5
9Lk 3.1 0.35 O.h 1.3
102.3 3.0 0.45 0.35 1.25
119.7 3.0 0.50 0.20 1.0
1h3.h 2.7 0.65 0.1 1.0
164,7 2.4 0.70 0.0 " 0.9
189.0 2.3 0.75 0.0 6.75
214.0 2.0 0.70 0.0 0.90
234.0 1.4 0.70 0.0 0.80
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Fig. 4. Plot of peak heights of cephalexin degradation products
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Fig. 5. Plot of peak heights of cephradine degradation products
versus neasutements time,

Key - the same as Fig. 4.
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was obtained. The half-wave potential was found to be dependent
on concentration and slightly shifted to more negative potentiala
as the concentration of DKP iI increased. D.p. polarogramsr
obtained for DKP II in phosphate buffer solution pH 7.4 at 25%C
are shown in Fig. 6. A rectilinear calibration graph obtained
over the concentration range 12 - 8lhug m1_1 is shown in Fig. 7.
This calibration curve was then used to determine the amounts of

DKP II formed in degraded solutions of cephalexin.

The degradation of DKP IT has also been followed in phosphate
buffer ph 7.4 and 37°C. Similar polarographic patterns as those
observed in the degradation of the parent compound (cephalexin)
were obtained. A plot of peak heights of DKP II and its degradation

products versus time is shown in Fig. 8.

The degradations of cephalexin and cephradine under the
above experimental conditions were found to follow an apparent
first-order reaction with a rate constant of 0.2 and 0.43 hr |
respectively. The rate constants were obtained by plotting the

logarithm of peak heights (p A) of DKP II (formed in the early

stages of degradation) versus measurement time (hours).

The degradation of DKP II was also found to follow a first-
order reaction with a rate constant of €.025 hr-q, regardless of
whether the degradation was followed for a pure sample of DKP IT or
fof DKP II formed during the degradation of cephalexin. An
abrupt increase in the rate consﬁant has been observed between 70-

75 hours; then the degradation of DKP II started to follow exactly
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Fig. 6. D.p. polarograms obtained for DKP II in phosphate buffer solution at
pH 7.4 and 25°C.
(i) 03 (ii) 12.2;(ii1)23.8; (iv) 34.9; (v) 45.5; (vi) 55.6;
(vii) 65.2; (viii) 74.5; (ix) 83.3 pg m1™1
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Calibration graph obtained for DXP II in phosphate buffer
solution pH 7.4 at 25°C
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Plot of peak heights of DKP II and its degradation
products versus measurement time.
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the same rate constant as previously. A similar result was obtained
for the degradation of DKP derived from cephradine but the rate
constant in this case was 0.03 hr-1. The resunlts are illustrated

in Fig. 9.

The effect of various factors on the degradation of cephalexin
was then studied. First, the effect of increasing the temperature

was monitored.

At 6000 the same pattern was obtained, but the degradation
is faster. The DKP II peak attains its maximum value after two
hours and disappears completely in 22 hours. Alsc, a high yield
of the compound responsible for the peak at -1.26V was obtained.
The maximum yield was about double that obtained at 3706 (compare

Fig. 4 and Fig. 10).

At 80°C DKP II was formed and degraded within 2.5 hours and
the peak at -1.26V was about five times larger than any other peak
present, Fig. 11. The peak at -0.78V disappeared after 5k hours
degradation. In addition to the peak at -0.16V another peak
appeared at ~0.96V later in the degradation after DKP IT had
degraded. The compound responsible for this latter peak was
identified by t.l.c., UV spectrophotometry and by comparison with
polarograms obtained with a sample of the pure compound as being
due to 2-hydroxy-3-phenyl-6-methylpyrazine(VI); this compound had
been isolated from degraded cephalexin soluticns by Barbhaiya et a16
and identified by unambiguous synthesis. Ad.p. polarogran |
obtained for a samplé of 2-hydroxy-3-phenyl-6-methylpyrazine isolated

from degraded solution of cephalexin as described by Barbhaiya et al6
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Plot of logarithm of DKP II peak height. ( pA) versus
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and o---o degraded cephradine solution 211 in phosphate
buffer pd 7.4 at 37°C
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Fig. 10. Degradatlon of cephalexin (100 g/ml) in 0.5M phosphate buffer at
pH 7.4 and 60°C. Peak potentials:(i) -0.9V (DKP II),

(ii) -1.26v, (iii) -0.56V (hydrogen sulphide), (iv) -0.16V,
and (v) -0. 78V.
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Fig. 11. Degradation of cephalexin (100pg/ml) in 0.5M phosphate
buffer at pH 7.4 and 80°C. Peak potentials:
(i) -0.9v (DKP IT), (ii) -1.26V, (iii) -0.56V (hydrogen sulphide},
(iv) =0.16V, (v) =-0.78V and (vi) ~-0.96V
(2-hydroxy-3~phenyl-6-methylpyrazine)



is shown in Fig. 12. In Fig. 13, UV spectra of the prepared

sample and a pure sample of this compound are compared.

The effect of the initial cephalexin concentration was studied
next. Polarograms obtained for 5 ug/ml solutions degraded at 3700
were of similar pattern to those for 100yg/ml solutions degraded
at 37°C or 80°C. When 5 mg/ml solutions were degraded at 80°%
however, the peak at -1.26V disappeared and a peak appeared at
-1.44V (irrespective of the concentration at which the polarography
was done). Another difference was the presence of a peak at
-1.06V which decayed after about 2hr; the peak at -0.96V then
appeared and in turn decayed with time. A peak also appeared at
-0.36V early in the degradation of the 5 mg/ml solutions: the
compound responsible for this ﬁeak degraded more slowly than
the DKP II. It disappeared completely after 22 hrs; and two small

new peaks appeared at -0.22V and -0.84V after 54 hours.

The presence of molecular oxygen and hydrpgen sulphide in

the degraded solutions was found to have an effect on the degradation

of cephalexin. This is apparent from the modificatiqn observed in
polarograms obtained in absence of hydrogen sulphide and dissclved
molecular oxygen. When nitrogen gas was passed through the
degrading solutions to blow off the hydrogen sulphide, in addition
to the hydrogen sulphide pesk at -0.56V, the peaks at -0.78v

(3700 and 80°C) and -0.16V (80°¢) are lost alsoc. When, however,
the hydrogen sulphide was removed with air instead of nitrogen,
the peak at -0.78V and -0.16V were present, indicating that these

peaks are probably due to oxidation products produced by reacticn
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Fig. 12. D.p. polarograms of 2-hydroxy—3—phenyl—6-methylpyrazine
in phosphate buffer solution pH 7.k.
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UV spectrum obtained for 2-hydroxy-3-phenyl-6-methylpyrazine in distilled water.

(i) pure sample, (ii) sample isolated after cephalexin hydrolysis
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of other degradation products with molecular oxygen in the solution.
In Fig. 14 two polarograms obtained for the degradation of cephalexin
in phosphate buffer (pH 7.4) at 37°C are compared: the first was
obtained for a solution from which the molecular oxygen and hydrogen
sulphide had not been purged, and the second was obtained for a
solution through which nitrogen gas had been passed dﬁring the

degradation.

A further effect of passing nitrogen through the degrading
solution of cephalexin at 3700 was that the maximum transient
yield of DKP II and the compound responsible for the peak at -1.26V
increased by about 35% and 25% respectively. At 80°c, however,
the maximum yield of these compounds was increased by 25% and 4O%

This ig illustrated in Fig. 154 and 15B.

In order to determine the amount of hydrogen sulphide evolved
during the degradation of cephalexin, two techniques have been
considered. At first, potentiometric titration of sodium sulphide
formed after absorbing the hydrogen sulphide in 1M sodium hydroxide
solution against a standard solution of silver nitrate using a
sulphide ion-selective electrode was tried. The method worked
well for the determination of high concentrations of sulphide

4

(:>C@ 10" M), but at lower concentrations; the uncertainty in
determining the end point has so far precluded the use of this method.
Nevertheless, the method was used infrequently to determine large
amounts of hydrogen sulphide evolved during the degradation, and

also for the determination of the exact molarity of sodium sulphide

solutions used later as a standard for the polarographic method.
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Degradation of cephalexin at 37°C and pd 7.4.

Upper polarograms: Molecular oxygen and hydrogen sulphide removed with
nitrogen., Time: (i) 22, (ii) 46, (iii) 119 hours.

Lower polarograms: Molecular oxygen and hydrogen sulphide not removed.
Time: (i) 24.5, (ii) 46.5, (iii) 121 hours.
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Fig. 15A. Degradation of 100 ng/ml cephalexin in phosphate
buffer at pH 7.4 at 80CC in the absence of molecular
oxygen and hydrogen sulphide. Measurement time:

~1.0 ~12
E(VOLT)vs.SCE.
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Fig. 158.
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Degradation of 100pg/ml cephalexin in phosphate buffer
at pH 7.4 at 80°C in the presence of molecular oxygen
and hydrogen sulphide. Measurement time: (i) 5,

(ii) 35 and (iii) 160min.
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Results obtained for standardization of about O.1M sodium sulphide
solution against 0.1M silver nitrate standard solution are shown

in Table 4.

Table 4., Standardisation of about 0.1 sodium sulphide (10.0ml)
with 0.1M silver nitrate solution using a sulphide ion-
gselective electrode.

Volume of 0.°M Pétential (V) | Volume of 0.M | Potential (mV)

silver nitrate silver nitrate

added (ml) added {(ml)
0.0 -867 17.7 -823
2.0 -867 18.0 -320
4.0 -865 18.2 -817
6.0 -863 18.4 -812
8.0 -856 18.5 ~788
10.0 -852 18.7 -761
12.0 -8L8 18.9 -243
14,0 -843 | 19.0 +15
16.0 -835 19.2 +102
17.0 830 19.5 +119
17.5 -826 2C.0 +125

From the plot of the potential (mV) versus the volume of silver
nitrate, the end point was obtained at 19.1ml of 0.1M silver

nitrate. The molarity of sodium sulphide solution is 0.0S95E5M.




The recovery of hydrogen sulphide, when it was purged with
nitrogen for one hour from a standard solution of sodium sulphide
(3.8 x 10700 at pH 7.4 and 37°C and then absorbed in 50ml of 1M
sodium hydroxide, was determined by the potentiometric method.

The resulis are shown in Table 5.

Table 5, Potentiometric titration of scdium sulphide formed
against 0.0IM silver nitrate standard solution.

Volume of 0.01M Volume of 0.01M

silver nitrate Potential (mV) | silver nitrate Potential (mV)

added (ml) added (ml)
0.0 -823 3.2 -752
0.4 -821 3.0 -394
0.8 ~819 3.6 -143
1.2 815 3.3 -
1.6 -813 3.9 =77
2.0 809 5.0 -60
2.4 -803 .2 72
2.8 ~792

The end point was obtained at 3.6ml of 0.01M silver nitrate
standard solution. The molarity of sodium sulphide solution is
3.6 x lqum; it follows that the recovery of hydrogen sulphide is

about 95%.

Due to the unreliability of the potentiometric method to
determine low concentrations of hydrogen sulphide, an attempt was

made to use the d.p.p. peak of hydrogen sulphide at -0.56V, but the

1hh
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reproducibility of the calibration curve obtained in this case was
unsatisfactory. An indirect d.p.p. method was developed, however.
In this method, the decrease in the cadmium peak height at -0.61V
when it reacts with sulphide in citrate buffer solution (pH %4.6)
was made the basis of a sensitive method for the determination of
hydrogen sulphide. Typical d.p. polarograms obtained for cadmium
after successive addition of sodium sul?hide standard solution

are shown in Fig. 15. A rectilinear calibration graph obtained

5M is shown in Fig. 17.

over the concentration range 4.6 ~ 28 x 10
This calibration graph has been used throughout this study to
determine the amount of hydrogen sulphide evolved during the

degradation of cephalexin and other cephalosporins studied.

The results of degradation studies of cephalexin (100ug/ml)
in phosphate buffer at pH 7.4 at 3700 in which hydrogen sulphide
was removed with nitrogen and determined are depicted in Table 64,
€3 and Fig. 184, 18B. In Fig. 18A the fate of the sulphur during

the degradation is shown.

Table 6A. Amount of hydrogen sulphide evolved during ceyhaiexin
degradation at pi 7.4 and 37°C

Time (hours) | Amount of H.S Time (hours) Amount of HZS
(Moles x 15%) (Moles x 10°)
2.6 0.05 £8.5 1.0
‘5.5 0.10 76.5 1.02
9.5 0.15 93.5 1417
22.5 0.40 102.0 1.20
31.5 0.55 1190 1.28
46.0 0.75 142.0 1.36
51.5 0.85 | 238.0 1.4




Table 6B. Results obtained for cephalexin degradation in phosphate
buffer at pH 7.4 at 37 C in the absecnce of molecular
oxygen and hydrogen sulphide

Time (hours) Amount of DXP II Pesk heights (uA)
(Moles x 107} at -1.26V
1.5 0.4 0.0
3.5 1.03 0.25
5.25 1.46 0.35
£.25 1.83% 0.40
7.00 1.94 0.50
775 2.07 0.70
. 8.16 2.11 1.0
8.66 2.10 1.0
22.16 1.9 1.6
20.16 1.5 2.2
L4€.0 1.08 2.2
51.5 0.93 2.3
68.5 0.55 2.6
- 76.5 0.53 2.8
93.5 0.43 2.7
102.0 0.38 2.7
119.0 0.28 2.7
142.0 ‘ 0.14 2.6
238.0 0.01 1.7

After 240 hours DKP II had degraded completely and about S0%
of the total sulphur had been evolved as hydrogen szulphide.
Apparently the remaining suvlphur remains in the solution in an

electroinactive form, possibly as the thiolactone identified by
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Dinnerga;supporting evidence for this thioclactone was provided

by t.l.c. results which showed the same Rf values as those obtained
by Bundgaard’> and Dimner’2. In Fig. 18B, the height of the peak
due to DKP II and the peak at -1.26V are compared throughout the
degradation. A small peak appeared at -0.96V after about 140 hours
indicating the formation of some 2-hydroxy-3-phenyl-6-methyl-
pyrazine. D.p. polarograms showing the formation of TKP II and

its subsequent degradation at 3700 and pH 7.4 in the absence of
hydrogen sulphide and molecular oxygen are shown in Fig. 19A and

19B.

The rate constant for the degradation of DKP II (370C, pH

7.4) based on the height of its polarographic peak changes after

1

80 hours from 0.021 W' to 0.012 h™'. This is illustrated in

Fig. 20.
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D.p. polarograms obtained for cadmium in citrate
buffer (pH 4.6) after successive syringe injections
of sodium sulphide standard solution

Sodium sulphide concentration (i) Q, (ii) L.6,
(ii1) 9, (iv) 1%& {v) 17, (vi) 21, (vii) 24.7 and
(viii) 28 x 10~
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The effect of flushing with nitrogen on the degradation
of cephalexin at 80°C and pH 7.4 was similar. Only three main
peaks were observed (-0.9V, -0.96V and -1.26V). Production
and degradation of DKP II was rapid. Comparison of pesk currents
is shown in Fig. 21A. Hydrogen sulphide production was rapid
initially (25% recovery of total sulphur after 3 hours), tut then

slowed down considerably (see Fig. 21B).

The effect of raising the pH of the degradation solution
slightly was mérked. Results obtained for 100Mg/ml cephalexin
solutions at pH 8.5 (phosvhate buffer) and 80°C are shown in
Fig. 22A and 22B. A high proportion of the total sulphur (56%,78%)
was eliminated as hydrogen sulphide within 6 hours and 29 hours.xespectivély.
Another significant change in the degradation pattern was the large
increase in the yield of 2-hydroxy-3-phenyl-b6-nethylpyrazine.

A small new peak at -1.08V appeared early in the degradation but
the compound responsible had degraded completely after Z1 hours.
D.p. polarograms showing the formation of 2-hydroxy-3-phenyl-6-
methylpyrazine in pH 8.5 phosphate buffer and 80°C are shown in

Fig. 23.

The effect of pH on the degradation of cephalexin was studied
next. When the degradation was carried out in phosphate buffer at
oH 10 and 80°C, large peaks appeared at -1.08V and -1.23V after 45
minutes, in addition to small peaks at -0.56V (khydroger sulphide),
-0.96V (2-hydroxy~3-phenyl-b-methylpyrazine) and ~0.627 (anidentified
peek). With increased heating time the peak at -1.08 t=zcame smaller,

whereas those at ~0.62V, -0.96V and -1.206V increased. TIhe hydrogen
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Fig. 2%3. Degradation of cephalexin at 80°C and pH 8.5
showing the formation of 2-hydroxy-3-phenyl-6-
methylpyrazine.

Time: (i) 0.66, (ii) 4.0, (iii) 21.8 hours
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sulphide was more difficult to purge in this case and incomplete
removal of the gas was evidert from the persistence of the peak

at -0.56V in polarcgrams of the degraded solutions. However,the
‘amount of hydrogen sulphide (driven out with nitrogen gas and
measured) within the first 5 hours was 10%. When the degradation
was carried out under the same experimental conditions but in
borate buffer solution at pH 10, the same polarographic pattern
was obtained except that the peak at -1.26V disappeared and was

replaced by a peak at -1.33V Fig. 24.

Degradation was also studied in distilled water without
bufféring. The pH of the 100 pg/ml cephale#in solution was 5.7.
Hydrogen sulphide was obtained in relatively low yield at 80°¢
(about 24% of the total sulphur after 30 hours). In addition to
the DKP II pesk at -0.9V, and 2-hydroxy-3-phenyl-6-methylpyrazine
peak at -0.96V, peaks at -0.36V, -1.08V and ~1.44V observed under
other conditions were again observed. The DKP II peak at -0.9V
was found to disappear after 4 hours, while the compound responsible
for the peak at -1.08V degraded at a slower rate. The compounds
responsiblé for peaks at -0.36V and -1.44V were major products in

degradation at high concentration (10mg/ml).

Degradation in citrate-phosphate buffer solution at pH 3
and 80°C showed a similar polarographic pattern to that in
unbuffered solution at pH 5.7, except that the peak at -1.08V
was absent. The yield of DKP II and hydrogen sulphide after 4

hours were only 8% and 5% respectively.
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Fig. 2%. Comparison of cephalexin degradation pattern at
pH 10 and 80°C (i) phosphate buffer, (ii) borate
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When the degradation of cephalexin was carried out in 0.04M
sodium hydroxide solution at 2500, in addition to small peaks at
-0.13V, -0.36v, -0.56V and -0.62V, the peak of DKP II at -0.9V
was observed which overlaps a peak at -0.8V later in the
degradation. After 117 hours, when the degraded solution adjusted
to pH 5 with citrate buffer and heated in a water bath for 20
minutes at 10000, a well defined peak at -0.96V due to 2-hydroxy-
3-phenyl-6-methylpyrazine was observed in addition to a very small

peak at -0.56V.

D.p. polarographic peaks appearing during the degradation of

cephalexin are summarised in Table 7.

An attempt was made to prepare a sample of the compound responsible
for the peak at -1.267V by heating a concentrated cephalexin solution
(1g in 50ml phosphate buffer pH 7.4) at 80°C for 6 hours
whilst flushing the solution with nitrogen. Hydrogen sulphide
was taken out in 20ml of 1M sodium hydroxide and its amount
was determined by the potentiometric method prgviously discussed. The
grey-white precipitate that formed was filtered off, washed with
distilled water, dried in an oven at 50°C for 3 hours and then weighed.
The identity of this compound, which was identified by Bundgaard93
as 3~aminomethylene-6-phenyl-piperazine~2,5~dione IV, was confirmed
by UGV, IR and mass spectrometry. The product had the following
characteristics: UV(water-ethanol‘99:1), A max 288nm, IR(kBr)\Jmax
2400-2900, 1700, 1640, 1595, 1510, 1450, 1350 and 1300 cm |, m/e 219,
important fragment ions, 217, 189, 188, 171, 132, 118, 112, 106,
91, 85, 79, 77, €9, 63, 57, 55, 51, 41, 39, 30, 29, 16, 14. The
products had a melting point higher than BOOOC. The yield of this

compound and hydrogen sulphide was 57% and 58% respectively. No
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Table 7. Differential pulse polarographic peaks appearing during
the degradation of Cephalexin

Peak potential Remarks about compound responsible
()
-0.16 Tormed in low yield at 3700 and in relatively

higher yield at 80°C in pH 7.4 buffer; oxidation

product, not formed in absence of oxygen.

~0.22 Relatively minor product formed late in the degradation

at high cephalexin level

-0.36 Major product formed early in distilled water at
80°C (pH 5.7). TFormed also in high yield at high

cephalexin concentration in distilled water at 7500.

-0.56 Hydrogen sulphide
~0.78 Oxidatioﬁ product, not formed in absence of oxygen
-0.84 As for peak at ~0.22V

| ~0.90 Diketopiperazine derivative (ii): first major

degradation product formed.

-0.96 2-hydroxy-3-phenyl-6-methylpyrazine{VI). Forms
late in degradation usually but good yields obtained
in pH 8.5 '

~1.08 High yield at pil 10 (80°C) degrades later

-1.26 High yield at 80°C(pH 7.4 and 8.5).

-1.33 Asseciated with appearance of peak ét -1.0C8V in

borate buffer only at pH 10: seems to appear when
peak at -1.26V is absent

-1 High yield at 80°C (pH 7.4), also at high cephalexin
concentration (3700) as the -1.26V peak is absent,

and in unbuffered solution (pH 5.7).
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polarographic peaks were observed for this compound in phosphate
buffer at pH 7.k4. (Dué to the extremely low solubility of this
compound, it was first dissolved in dimethyl sulphoxide, then
diluted with the buffer). Also, peaks were not observed for
3_formyl-3,6-dihydro-6-phenyl-2,5(1H,4) ~-pyrazinedione V which is
supposed to be formed after acid hydrolysis of compound IV (see

Scheme 10).

The filtrate obtained after removing compound IV showed
polarographic peaks at ~0.36V (0.25u4), -0.56V (0.2uA), -0.96V
(0.7 uA) and -1.26V (2.6 pA). Attempts to extract the compound
responsible for the peak at -1.26V using chloroform, iscamyl
alcohol,ethyl acetate and methylene chloride at various pH values

were unsuccessful.

TIT Preliminary comparative degradation studies of 7-amino-
cephalosporanic acid (7-ACA) and 7-amincdeacetoxycephalos-
poranic acid (7-ADCA).

H,N S
COCH
7-ACA R=0COCH,
7-ADCA R=H

The degradation of these compounds has been studied in O.1M
sodium hydroxide solution at 2500. The c¢ourse of degradatiocn was

followed by d.p.p. and UV spectrophotometry.

7-ADCA which contains an unsubstituted methyl group at the

Z-position is not reduced at the dropping mercury electrode, but




some of its degradation products give polarographic péaks. Two
polarographic peaks were observed in B.R. buffer at pH 2.4, The
first peak at -0.22V formed later in the degradation, whereas the
second major peakx at -0..2V formed rapidly after 7-ADCA degradation
and attained its maximum value within two hours. The compound
responsible for this peak degraded slowly with time. In Fig. 25
the changes of peak currents with time are shown. D.p. polarograms

showing part. of the degradation of 7-ADCA are shown in Fig. 26.

When the degradation was followed by UV spectrophotometry,
it was found that the UV absorption band at 265mm due td the intact
7-ADCA disappeared after 110 minutes and a new absorption band at
223nm appeared. The intensity of this band increased with time
up to 95 hours. Less than 1% of the total sulphur of 7-ADCA was

evolved as hydrogen sulphide after 4.5 hours.

The degradation of 7-ACA appears to follow a different pathway.
Marked differences in the polarographic and UV degradation patterns

were observed in this case. The degradation of 7-ACA is more

rapid than that of 7-ADCA. The degradation of 7~ACA indicated by the

loss of the characteristic d.p. peak at -1.05V and the UV absorption
band at 265nm was accompanied by the appearance of a new d.p.

peak at -0.37V. This peak attains its maximum height within 90

min and then degrades at a faster rate than the 7-ADCA degradation
product responsible for the pesk at -0.42V. TFurther, a small peak
at -0.22V was observed after the compound responsible for the pesgk

at -0.37V had degraded. D.p. polarograms showing part of the
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degradation of 7-ACA in sodium hydroxide golution are shown in
Fig. 27. Pesk currents of 7-ACA and its degradation products

are shown in Fig. 28.

UV absorption measurements showed that the absorption band of
7-ACA had completely disappeared after 70 min degradation.
This coincides with the disappearance of the 7-ACA d.p. peak
at -1.05V. Also, an absorption band at 225mm which was observed
in the early stages of degradation, was replaced by a more stable

band at 240nm.

The amount of sulphur evelved as hydrogen sulphide after

.5 hours was about €% of the total sulphur present.
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Fig. 25. Comparison pf peak currents of 7-ADCA degradation products.
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D.p. polarograms showing part of the degradation of

7-ADCA in 0.1M sodium hydroxide at 25°C; polarograms
obtained in B.R. buffer pH 2.4

Measurements time: (i) O, (ii) 1.7; (iii) 3.7 (iv} 5.5 hours
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Fig. 27. D.p. polarograms showing part of the degradation of 7-ACA
in 0.1M sodium hydroxide at 2500; polarograns obtained in
B.R. buffer pH 2.4,
Measurement time: (i) 0.08, (ii) 0.75, (iii) 1.2, (iv) 1.Shours




170

-0

s
o
P S S e

PEAK CURRENT (uA)

(=

\
\
b
L b
o

ol
o
o
I~
w
[y %]
~
o

TIME(HOQURS}

Fig. 28. Comparison of peak currents of 7-ACA and its degradation
products

Key:m—apeak at -0.37V; o©----0 peak at ~1.05V; (7-ACA)

o.-= peak at -0.22V




171

C. D.P. POLAROGRAPHIC DETERMINATION OF CEPBALEXIN AFTER HYDROLYSIS
IN NEUTRAL PHOSPHATE BUFFER SOLUTION

As was shown earlier, a high yield in solution of the compound
respensible for the d.p. peak at -1.26V was obtained after cephalexin
nydrolysis in phosphate buffer solution at pH 7.4 and 8o°c. This
peak has been made the basis of a sensitive and precise d.p.

polarographic method for the determination of cephalexin.

The method involves heafing cephalexin in pH 7.4 phosphate
buffer solution at 100°C for 1 hour before recerding the d.p.
polarograms between -1.71 and -1.4V at 2500. Typical d.p. polarograms
obtained for cephalexin standards are shown in Fig. 29. The
calibration graph obtained over the range 0.4 - 3 jg/ml of cephalexin
in the measured solution was rectilinear and is shown in Fig. 30.

The coefficient of variation (10 determinations) at the 2pg/ml
level was 3.6%. Removal of dissolved oxygen from the solution
before hydrolysing the cephalexin had no effect on the height

of the peak obtained.

The heating time was found to affect the yield of the compound
responsible for this peak, slightly, but negligible error occurs
if the heating time is kept within 55 - 75 minutes. Peak heights
obtained after 45 an& 90 minutes heating were 10% and 5% low
respectively. No change in the peak height, however, was observed

when the degraded solution was kept at 25°C for 2.5 hours.

The degraded solution of cephalexin gave a positive test with
2,4-dinitrophenylhydrazine indicating the presence of a carbonyl

compound, Turther, the pezk at -1.26V is decreased in steps on
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Fig, 29. Typical d.p. polafograms obtained for cephalexin

determination by the recommended procedure.
Cephalexin concentration: (i) 0, (ii) 0.4,

(iii) 0.8, (iv) 2, (v) 3ug/ml
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the drop-wise addition of Schiff's reagent, and disappears
completely on the addition of an excess amount of this reagent

or of a few drops of 45% sodium bisulphite solution. The d.p.
peaks of the other degradation products that are present, including
2-hydroxy-3-phenyl-6-methylpyrazine, are unaffected by the

addition of these reagents for carbonyl compounds.

The nature of the polarographic wave at -1.26V was studied
by d.c. polarography. Analysis of d.c. polarograms with respect to
changes in the limiting current with height of the mercurj
reservoir indicated that the wave is not fully diffusion controllied
and probably has some kinetic character. This might be expected

if the carbonyl compound i1s an aldehyde.

In the previous d.p.p. study of the degradation'of cephalexin
in pH 8.5 phosphate buffer at 80°C, 2-hydroxy—3-phenyl;6—methyl—
pyrazine was shown to be formed at a constant rate during at least
the first 30 hours {Fig. 21B). These conditions are clearly
unsatisfactory as the basis for an analytical method. It was
therefore assumed that the hydrolysis conditions optimised for
the fluorimetric procedure62 would be optimum for the d.p.p.
method too. Very unrelizble results were cbtained when that
method was adopted for d.p.p. determination of cephalexin. At
relatively high concentrations the precision on some occasions
was good (i.e. coefficient of variation was abouy 5% at the
Sug/ml level) but on other occasions completely different peak

heights were obtained. Attempts to improve the reliability and
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precision by altering reagent concentrations and heating times and

by adding formaldehyde as a catalyst were unsuccessful.

A d.c. polarographic method for the determination of
cephalexin based on hydrolysis in BM hydrochloric acid solution
at 80°C for 15 minutes has been suggested by Squella gz_glza.

As the hydrolysis time is considerably shorter than that -
recommended above for hydrolysis in pH 7.4 buffer for 1 hour, this

method was considered for adaptation at lower levels using

differential pulse mode.

The cephalexin levels used by Squella et al were very high
(6 x 10™M) and the d.c. currents obtained were disproportionately
low. A non~rectilinear calibration graph over the concentration
range 0 - 50 Yg/ml was obtained in the preéent work using the
conditions of Squella et al, and the coefficient of variation was
found to be very high (P8%). The d.p.p. peak was zbsent at
cephalexin éoncentrations of less than lO.ug/ml. Subsequently it
was discovered that the height of the d.p.p. pezk continued to
increase rapidly for hydrolysis times up to at least 90 minutes.
Even using these increased hydrolysis times the method was found

to be highly irrepreoducible.

A sample of 2,4-dinitrophenylhydrazone was obtained for the
carbonyl compound responsible for the peazk at -1.26V. The
hydrazone derivative which purified on a preparative silica gel t.l.c.
plate and obtained-as a s0lid after extraction into ethanol had a

melting point of;>318°C, and shows three UV absorption bands in




176

ethanol with Apax &t 215, 255 and 385 nm. No further work has been

done to identify this compound.

D. D.P, POLAROGRAPHIC STUDY OF THE DEGRADATION OF AMPICTLLIN

The initial degradation study was carried out at 3700 in pH
7.4% phosphate buffer. Ampicillin itself gave no polarographic wave
in the available potential range (d - -1.6V) but after 1 hour an
anodic wave at =0.1V appeared and continued to increase in height
after this. Hydrogen sulphide was found not to be formed during

the degradation.

The degradation pattern at pH 2.5 c¢itrate-phosphate buffer
was different. Two major peaks were cbtained: an anodic peak at
-0.14V and a cathodic peak at -0.64V. The first anodic peak was
shown by comparison with polarograms of a known sample to be due
to penicillamine. The peak disappears on addition of a few drops of
0.1M silver nitrate, also the addition of a few drops of 0.1M |
mercuric chloride results in the formation of a black precipitate
vossibly due to the formation of mercuric mercaptide of
penicillamine. The second peak is due to 2-hydroxy-3-phenyl-6H-
methylpyrazine. UV absorption spectrophotometric and t.l.c.
studies confirm the formation of this latter compound. Degradation
was studied at 37°C, 60°C and 80°C, the rate of degradation
increases with temperature. The effect of dissolved oxygen was
also studied and it was found that the yield of penicillamine was
considerably less in its presence. In the absence of oxygen

the yields of penicillamine and 2-hydroxy-3-phenyl-f-methylpyrazine




(pH 2.5, 80°C, 30 hours) were 20% and 9% respectively. In addition
to the peaks due fo penicillamine and 2-hydroxy-3-phenyl-6-methyl-
pyrazine, an unidentified peak at ~0.8V was observed in all
degradation solutions at a later stage. In the presence of molecular
oxygen, a further transient peak appeared at -0.45v (pH 2.5),

the compound responsible for this peak apparently degrading rapidly
itself. The peak at -0.8V was much larger in the presence of
dissolved molecular oxygen. D.p. and d.c. polarograms of an

| ampicillin solution (100ug/ml) after degradation at pH 2.5 and 80°¢

for 3.5 hours are shown in Fig. 31 and 32 respectively.

Results obtained for the degradation of ampicillin in citrate-
phosphate buffer at pH 2.5 at 37°C, 60°C and 80°C are shown in
Tables 8 - 10. In Fig. 33 and Fig. 34 the amounts of penicillamine
and 2~hydroxy-3—pheny1—6-methylpyrazine formed during the degradation
of 10mg of ampicillin trihydrate in 100ml of citrate-phosphate buffer
at pH 2.5 and 60°C in the presence and absence of molecular oxygen
are shown. D.p. peak heights of ampicillin éegradation products
obtained under the same experimental conditions are also compared in

Fig. 35 and 36.

Degradation of an ampicillin solution (1ooug/m1) at pH 8.5
again followed a different pattern. An anodic peak formed at
-0.16V and this decreased in height again as a broad cathodic peak
appeared at -1.16V. The anodic peak is thought to be due to a thiol
compound formed from the opening of the thiazolidine ring, and the
peak at -1.16V to be due to a carbonyl compound formed as this thiol

is hydrolysed. Typical d.p. polarograms are shown in Fig. 37.
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The polarographic behaviour of penicillamine was investigated
using a pure sample. The anodic polarographic wave was shown to be
diffusion controlled by mercury height and temperature studies
(ilimvs H% gives a straight line passing through the origin and

a temperature coefficient of 0.8% degfq was obtained).

The effect of pH on penicillamine d.p. peak potential, peak
current, and d.c. wave height is shown in Fig. 38. The peak
potential varied rectilinearly over the pH range 2-8 (Ep =-0.03 -
0.059 pH V). The d.p. peak current is more dependent upon the

pH than the d.c. wave height.

Typical d.p. polarograms obtained for the determination of
penicillamine in citrate-phosphate buffer solutions at pH 2.5
and 25°C are shown in Fig. 39. Rectilinear calibration graphs
were obtained over the concentration ranges of 1.96 - 21.8ug/ml
and 9 - 44.4 pyg/ml. The degradation of pericillamine in the
presence of molecular oxygen in citrate-phosphate buffer solution
at pi 2.5 and 60°C is shown in Fig. 40: the broad peak which

appears at -1.0V is thought to be due to a carbonyl compound.

The polarographic behavioﬁr of 2-hydroxy-3-phenyl-6-methylpyrazine
was also studied using a pﬁre gsample. The cathedic polarographié
wave was shown to be diffusion controlled by mercury height and
temperature studiés {temperature coefficient in this case is 0.4%
deg_1). The effect of pH on peak potential and peak current is
shown in Fig. 41, from which it can be seen that the peak potential

varies rectilinearly over the pH range 2 - 9 (Ep = -0.49 - 0.067 pH V).
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The peak current is highly dependent on pH having a maximum value
at pH 3: the peak height decreased to almost zero at pH 11. D.p.
polarograms of 2-hydroxy-3~phenyl-6-methylpyrazine in citrate-
phosphate buffer solution (pH 2.5) are shown in Fig. Lo,
Rectilinear calibration graphs were obtained over the ranges 1.74 -

8.4 ug/ml and 1.9 - 11.4 pg/ml.
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Fig. 1.
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D.p. polarogram obtained for ampicillin sol

ution (100ug/ml)

after degradation at pH 2.5 for 3.5 hours at 80°c
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Fig. 32.
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D.c. polarogram obtained for an ampicillin solution

(lOOug/ml) after degradation at pH 2.5 for 3.5 hours
at 80°C.

(Natural drop time, scan rate 1 mVs—I low pass filter 3)
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Table 8.

Data obtained for the degradation of ampicillin (2.45 x 107

5

Moles) in citrate-

phosphate buffer solution at pH 2.5 and 37 C in presence of molecular oxygen

Time/hr

Penicillamine

2-hydroxy-7-phenyl-6-methylpyrazine

Peak at -0.45V

Pezk at -0.8V

T (up
oM

) Amount(Molx1O

7

Ip(uA)

Amount (Mol x 107)

Ip (pA)

Ip (ua)

0.5
’.}.5

L|'-25

0.0
0.0

0.0

0.0
0.0

0.0

0.0
0.0

0.0

0.0
0.0

0.0

0.0
0.0

0.0

0.0

0.0

0.0




Table 9. Data obtained for the degradation of ampicillin (2.45 x 10 5'I\’Ioles) in 01trate-phosphate
" buffer at pH 2.5 and 60°C in absence of molecular oxygen
Time/min Penicillamine 2-hydroxy-3-phenyl-6-methylpyrazine | Peak at Absorbance at
Ip(uA) Amount(Molex10?) Ip( VA) Amount(Molex107) }Z.%‘LAI) 550nm
12.0 0.0 0.0 0.0 O..O 0.0 C.O
20,0 0.45 1.1 0.2 0.2 0.0 0.0
44,0 1470 6.8 2.0 1.51 0.15 0.24
66.0 3.0 12.8 Lb 3.25 0.20 0.43
85.0 3.95 17.2 6.1 4,49 0.20 0.62
139.0 10.1 '35.3 11.4 9.37 07.30 1.04
191.0 12.8 44y 8 13.7 11.30 o'.30 1.30
%76.0 14.9 52.1 16.3 13.48 0.30 1.64

gL




Table 10. Data obtained for the degradation of ampicillin (2.45 x 10—5Moles) in citrate-~phosphate

buffer solution atpH 2.5 and 60°C

(A) In presence of molecular oxygen
{B) In absence of molecular oxygen

(A)
Penicillamine 2-hydroxy-3-phenyl-6-methylpyrazine Peak at -0.8V
Time/hr I(4a) Amount (Mole x 107) I, (uA) AmountiMiole x 107) I, (ua)
0.h2 0.0 0.0 0.0 0.0 0.0
1.22 0.1 0.6 0.05 0.1 0.0
2.0 1.0 3.6 1.05 0.82 0.15
6.66 2.9 12.4 5.30 : 3.9 0.25
9.16 3.5 15.2 8.00 6.5 0.40
23.8 2.6 11.0 15.30 12.7 1.0
30 .4 2.0 8.2 16.30 13.5 1.2

gl




Table 10(B).

Penicillamine 2-hydroxy-3-phenyl-6-methylpyrazine Peak at ~0.8V
Time/hr Ip (MA)  Amount (Mole x 107) Ip (uA)  Amount(Mdle x 107) Ip (ua)
0.42 0.0 0.0 0.0 0.0 0.0
1.22 0.1 0.6 0.05 0.1 0.0
2.0 1.1 b 1430 1.0 0.05
6.66 L 4 19.3 5.7 k.2 0.10
9.16 5.8 23.7 8.6 7.0 0.15
23.8 13.7 47.9 15.2 12.56 0.15
30k 13.8 L83 16.0 13.24 0.20

=y
lo2)
\n
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Pig. 33. Comparison of the amounts of penicillamine and 2-hydroxy-3-
phenyl-6-methylpyrazine formed during the degradation of
ampicillin in pH 2.5 buffer at 60°C in presence of molecular
oxygen
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Comparison of the amounts of penicillamine and 2~-hydroxy-3-
phenyl-6-methylpyrazine formed during the degradation of
ampicillin in pH 2.5 buffer at 60°C in absence of molecular

oXygen
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Fig. 35. Comparison of peak height of amgicillin degradation products
obtained in pH 2.5 buffer at 60 C in presence of molecular
oxygen
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Comparison of peak heights of ampicillinodegradation
products obtained in pH 2.5 buffer at 60 C in absence
of molecular oxygen.
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~04 - -0.8 -1.2 16
POTENTIAL(V)vs. SC.E.

Fig. 37. D.p. polarograms obtalned for amplclllln in pH 8.5 citrate-
phosphate buffer at 80°c.

Time: (i) 22, (ii) 52, (iii) 163 min
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Fig. 33. Bffect of pH on the peak potential, peak height and d.c.
wave height of penicillamine.

Key: o—o Peak potential vs. pH;o--.- n peak current vs. pH
and ®---8 d.c. wave height (uA) vs. pH
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D.p. polarograms obtained for penicillamine in citrate-

phosphate buffer solution at pH 2.5 and 25°C

Concentrations: (a) (i) 1.96, (ii) 5.66, (iii) 9.09,

(iv) 13.8, (v) 18, (vi) 21.9pg/ml

(v)

(i) 9.09, (ii) 16.7, (iii) 28.6, (iv) 37.5, (v) 444 pg/ml
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(i)

(ii )

(iii)

(iii)

(i)

Fig. 40.

-0.4 ~-0.8 -1.2
POTENTIAL(V) vs.S.CE.

D.p. polarograms showing the degradation of pen1c111am1ne
(100ug/ml) in citrate-phosphate buffer pH 2.5 and 60°¢C _
in presence of oxygen

Time: (i) 0.0, (ii) 3, (iii) 13.5 hrs
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Fig. 41. Effect of pH on peak potential and peak current of
2-hydroxy-3-phenyl-6-methylpyrazine

Key: peak potential vs. pHj

peak current vs. pH
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Fig. 42.

D.p. polarograms obtained for 2-hydroxy-3-phenyl-6-methyl-
pyrazine in citrate-phosphate buffer at pH 2.5

Concentrations: (a) (i) 1.7%, (ii) 3.45, (iii) 5.13,
' (iv) 6.77, (v) 8.38ug/ml

(b) (1) 3.45, (ii) 6.77, (iii) 9.96, (iv) 13,
(v) 16, (vi) 18.6yug/ml
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GENERAL DISCUSSICN

22,23,28

Previous workers have studied the determination of some

cephalosporins by d.c. polarography and cathode-ray polarcgraphy.
Ochiai gg_g;?5 indicated that cephalosporins with a substituted
methyl group at the 3-position of the dihydrothiazine ring are
reduced at the dropping mercury electrode at about -1.2V.

Thus cephalosporiﬁs with én uﬁsubstituted 3-methyl group are not
reduced at the d.m.e. in the available potentiél range. Some
cephalosporins have reducible groups elsewhere in the molecule
and give polarographic wéves at less negative potentials. The
present work was carried out to investigate any advantages that

d.p.p. might have ‘for the determination of cephalosporins and their

degradation products.

Cephalogporins having a substifuted methyl group at the
3-position have been determined down to 0.1 ug/ml level using the
d.p.p. peaks at -1V despite the peaks being near the cathodic
- limits under the conditions used. This is illustrated by the
results obtained for cephalothin, cephaloridine, 7-amincocephalorporanic
acid, deacetylcephalosporin C and cephoxazole contained in Table 1 |
and by the d.p. polarograms shown in the Appendix.  Other
cephalogporing which contaiﬁ other reducible groups elsewhere in
the molecule in addition to the substituted methyl group at the
?-position, however, give other d.p. peaks at less negative
potentials. For example, cephalonium and cefuroxime showed three
and two polarogfaphic peaks respectifely. The sensitivity of the
d.p.p. method is superior to that of d.c. and cathoede-ray polarography

22,23

reported previously by other workers and could replace the

,
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chemical and spectrophotometric methods currently in use. Also,
the method can function as a possible check on a microbiological
assay particularly when a mixture of two or more dissimilar
antibiotics has to be analysed. Without prior separation of the
antibiotics, such an analysis would be impossible by the
microbiological techknique. Further, it was shown using cephalothin
and cephaloridine that d.p.p. is a useful technique for following
the degradation of such cephalosporins. Degradation can be followed
directly ina polarographic cell with no interference from
degradation products. It should be noted that the degradation
reaction was followed using the decrease in the d.p. peak at -1V;
the decrease in the height of this peak arises specifically owing

to the hydrolytic elimination of the 3-methyl substituent.

Although cephaiosporins which do not have a substituted
3-methyl group, and have no. other reducible groups, do not give
d.p. reduction peaks themselves, many of their degradation products
do. The cephalosporins studied in this category were cephalexin,
cephradine and 7-aminodeacetoxycephalosporanic acid (7-ADCA).

However, the present studies have been concentrated on cephalexin.

The kiﬁetics and mechanisms of the degradation of cephalexin
have been previously studied extensively by other worker581~84’91-93.
As the cephalexin molecule contains an o-amine group in the
7-position, it undergoes intramolecular aminolysis on degradation,
prbducing a diketopiperazine derivative which is unstable itself

and undergoes further degradation. The degradation pathway of

cephalexin has been discussed earlier in this thesis.
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The main finding of this work is that several cephalexin
degradation products are polarographlcally active. Hydrogen sulphide
has been shown to be eliminated during the degradation. Also the
kinetics and mechanisms of the degradation reactions are critically
dependent upon the experimental conditions under which the

degradation is carried out.

The initial degradation product of cephalexin, the diketopiperazine

derivative, was isolated from a degraded solution of cephalexin,

and a d.p.p. procedure for its determination has been developed.

The procedure has been applied to the determination of the
diketopiperazine during the degradation. Also, 2-hydroxy-3-phenyl-
6-methylpyrazine, which was isolated from degraded solutions of

o -aminobenzylcephalosporins and o -aminobenzylpenicillins under

special experimental conditiqns66was found to be produced in a good

yield under the conditions used in this study.

\

The present work appears to be the first to report the formation
of hydrogen sulphide in the degradation of cephalexin and
cephradine, although its odour is apparent in deteriorating
sample solutions. Hydrogen sulphide has been found to give a reduction
peak at ~0.56V. The peak arises owing to formation of mercury(II)
sulphide at the surface of the mercury drop which is subsequently

reduced to mercury and sulphide.

ngS + 0t 4+ 2¢ ——o Hg + HS™

The peak has also been observed in the cathodic stripping analysis

of hydrogen sulphidegs. Youssefi et a196 used this d.p. peak for
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the direct determipation of sulphide. When this method was applied
here for the determination of hydrogen sulphide, the linearity

of the analytical plot and the precision were found to be unsatisfactory.
An indirect d.p.p. method, however, has been developed for the
determination of sulphide on the basis of the decrease in the

cadmium d.p. peak when it reacts with sulphide.

In an attempt to idenfify positively the hydrogen sulphide
evolved during cephalexin degradation, a mass spectrum was taken
oﬁ a sample of the gas evolved. The m/e peak at 34 (st) was present
but the highest peak was at 7h; the compound responsible was not
identified; That no mercaptans were evolved and ahsorbed with
the hydrogen sulphide in the trapping solution, however, was shown
by the analytical results. Mercaptans do not react with cadmium

o7

nitrate solution”’, and the polarographic method we applied determines
the hydrogen sulphide only. Furthermore, the initial potential of
the 1M sodium hydroxide solution after trapping the gas is

consistent with the gas being hydrogen sulphide. Any mercaptan
present would have given a second end point at about-500mV and this
was not observed97.

A pronounced effect on the kinetics and mechanisms of the
degradation of cephalexin was noticed when the experimental conditions
of the degradation were varied. Spme degradation preoducts were found
fo be produced only in the presence of molecular oxygen.  Other
degradation products were formed only at high initial concentrations

of cebhalexin. Also the pH of the degradation solution was found

to affect the yield and the identity of the degradation products.
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Cephradine has been found to behave similarly to cephalexin
except that the rate of degradation is much faster than that of
cephalexin. This ilncrease in the reactivity of cephradine must be
attributed to the presence of the 1,4-cyclohexadienyl group in the
7-position which may facilitate the intramolecular nucleophilic
attack of the side chain o -amino group on the carbonyl carbon'atom
of the B -lactam ring. The degradation of the diketopiperazine
derivatives of cephalexin and cephradine were found to follow a
first order reaction with rate constants of 0.025 and 0.03 n?
respectively. Between 70 and 80 hours the values of the rate constants
were found to increase rapidly then attain their original values.
However, in the absence of hydrogen sulphide and molecular oxygen,
the degradation of DKP II was slightly slower. A first order rate
constant of 0.021 h | was obtained: again an abrupt change in the
rate constant to 0.012 was observed after 80 hours degradation, but
in this case the new value of the rate constant did not change
(see Fig. 9 and 20). This phenomenon has not been satisfactorily

explained so far.

At pH 7.4 and 3700 the amount of hydrogen sulphide evolved
during cephaiexin degradation was about 50% of the total sulphur
present. About 40% of the total sulphur was produced iﬁ the first
80 hours, and then the production of hydrogen sulphide was reduced
considerably (see Fig. 18A). These results coincide with the abrupt
change in the rate constant of the degradation of DKP II after 80
hours, and may indicate that the degradation of DKP II follows a
different mechanism, i.e. after 80 hours DKP II does not degrade via

the thiolactone III. It is suspected that the degradation of this
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lactone gives hydrogén sulphide and the carbonyl compound respensible
for the d.p. peak at -1.26V. However, this suggestion.needs confirmation
by studying the degradation of a pure sample of the thioclactone ITI

under the same experimental conditions.

Previcus methods for the quantitative determination of cephalexin;
cephradine and.cephaloglycine include UV spectrophotometry, iodometric
method, and hydroxylamine-determinationsao’21. These methods,
however, lack éensitivity and selectivity. A sensitive fluorimetric
procedureso for the determination of these compounds was recently

developed but again the selectivity is poor as the method is applicable

to all (x-aminobenzylcephaldsporins and a-aminobenzylpenicillins.

Benner23 developed a cathode-ray polarographic method for the
determination of cephalexin following alkaline hydrolysis. Recently,
Squella et a128 deseribed a d.c. polarographic method for the

determination of cephalexin at high concentrations.

In the present work, .2 d.p. polarographic method of the
determination of cephalexin has been investigated, and a procedure
based on the formation of a d.p.p. peak at -1.26V following cephalexin
hydrolysis was recommended for general use. This procedure is superior
to two other d.p.p. procedures, based on hydrolysis to 2-hydroxy-
3-phenyl-6-methylpyrazine and on hydrolysis in 5M hydrochloric acid.
The sensitivity and precision of the recommended procedure is good.

The initial diketopiperazine derivative formed, however, if present
in the cephalexin sample, would produce the peak at -1.26V and would

interfere. The presence of this compound, however, can be tested for
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by polarographing the solution before the hydrolysis step, as it
gives a d.p.p. peak at -0.9V. (pH 7.4) and its concentration could
be determined and allowed for. It is envisaged, therefore, that as
well as fér determination of low concentrations of cephalexin in a
degradatiénufreelsystem, the d.p. pélarographic method could be used

with advantage in degradation and metabolic studies.

When the degradations of 7-ACA and 7-ADCA were studied in 0.1M
sodium hydroxide, and the course 6f'degradation was followed by d.p.p.
and UV spectrophotometry, it was noticed that the rate of degradation
of 7-ACA (as indicated by the decrease in the d.p. peak at =1.05V
and by UV spectra) was much faster than that of 7-ADCA (as indicated
by the increase of the peak of the degradation product at -0.42V
and by UV spectra). This increase in the degradation rate of 7-ACA
rmust be attributed to the presence of the acetoxy group in the

52,98 §aicated that the

3-position of 7-ACA. Previous workers
reactivity of the B ~lactam ring is enhanced as the electronegativity

of the 3-methyl substituent increased.

In addition to the difference in the degradation rates of ?7-ACA
and 7-ADCA, marked differences in the polarographic patterns and UV
absorption spectra of degraded solutions of 7-ACA and 7-5DCA.were
observed. Degraded solutions of 7-ACA show an absorption band at
225nm and the compound responsible for this band degraded later and
a new stable absorption band at 240nm was observed. The first
product may be an unstable intermediate and the second product may
correspond to a more stable penaldate degradation product similar to

that obtained followihg 7-n-butyramidocephalosporanic acid degradation
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with ND; - D0 (see Scheme 8) 76477,

Degraded solutions of é-ADCA, on the other hand, do not show
an absorption band at 240nm, but at 223mm. The compound responsible
seems to be stable sinée an increase in the intensity of this band
was observed with time. Again, this stable compound may correspond

to the cephalosporoate derivative suggested by Hamilton-Miller et al

76,77 (see Scheme 8).

The amount of sulphur evolved after 4.5 hours degradation as
hydrogen sulphide from 7-ACA and 7-ADCA represented about €% and
1% of the total sulphur preseht respectively. This is consistent
with the fragﬁentation of the molecule in the first casé only to
form the proposed penaldate. More work is certainly required in

order to positively identify these degradation products.

In contrast to the corresponding o -aminobenzylcephalosporin ,
cephalexin, the a -aminobenzylpenicillin, ampicillin, does not give
hydrogen sulphide on degradation at pH 2.5 and 7.4. Analogous
compound to diketopiperazine II derivative which might be expected
to be formed from ampicillin has not been oébserved. This compound
_ would be expected to give a d.p. peak near -0.9V (pH 7.4) as does
DKP IT. Instead in the degradation of ampicillin, penicillamine
and 2-hydroxy-3-phenyl-6-methylpyrazine are formed at low pH (pH 2.5).
The polarographic behaviour of these products has been investigated,’
and d.p.p. procedures for their determination have been developed.
The amounts of penicillamine and 2-hydroxy-3-phenyl-6-methylpyrazine
formed indicated that the yield obtained in pH 2.5 buffer at 80°C

after 30 hours in the absence of oxygen is 20% and 5% respectively.




Therefore, other polarographically inactive species must also be
formed including the various polymeric species investigated by

Kuchinskas and Levy99 and Stanfield et a1100.
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CONCLUSION

The present work on the degradation of cephalosporins and
ampicillin illustrates well the potentialities of d.p.p. in
degradation and stability testing studies of pharmaceuticals.
Considerable information has been obtained using d.p.p. which would
have been difficult to obtain b& other methods, in addition to
information that has confirmed previous work by other investigators
using other methods. D.p. polarography seems to be ideally suited
for kinetic studies of cephalosporins and penicillins. The sensitivity
of the technigue has allowed kinetié measurements to be made
at low concentration levels and to measure siﬁultaneously the
concentration change for more than one electroactive species of
the degradation solution. D.p.p. measurements have enabled us
in some cases to detéct degradation intermediates and also provided

valuable information about the optimum conditions for their preparation.

D.p.p. seems to be competitive with other methods which are
usually used to study the degradation kinetics of B -lactam
antibiotics. These latter methods which depend upon measurements
of the change in the amount of the intact drug compound or,
alternatively, on determining the amount of degradation product,
either biologically or chemically, lack selectivity and sensitivity
and are time consuming. Recently, HPLC with UV detection has been
used increasingly for following degradation reaction in aqueous
solutions. . A possible problem which may arise with the use of HPLC
is that compounds that degrade rapidly in aqueous solutions may
possibly degrade further, more rapidly, and possibly by a different

mechanism, during their passage through an HPLC column.
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APPENDIX 1

" Typical d.p. poiarograms cbtained for the cephalosporins
studied at the optimum pH are shown, together with graphs showing
the effect of pH on the peak potentials (full lines) and peak

heights (broken lines).
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-0.8 -1.0 -1.2
Potential{Volt vs.S.C.E)

D.p.p. of cephalothin in B-R buffer at pH 2. (i) 0, (ii) 0.42,
(iii) 0.82, (iv) 1.61, (v) 2.37 g ml " |
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CURRENT

\ 1
-0.8 | -1.0 -1.2
Potential{Volt vs.S.C.E.)

D.p.p. of cephalosporin C in B-R buffer at pH 2. (i) O,
(ii) 0.2, (iii) 0.38, (iv) 0.77, (v) 1.13, (vi) 1.48, (v) 1.82
ug ml~,

For a 9 ug m1”! cephalosporin solution i_ = 0.8UA at pH 2,
and 0.5u A at pH 3! the peak disappeared ag pH>3.
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Potential { Volt vs.S.C.E.)

D.p.p. of desacetylcephalosporin C in B-R buffer at pH 2.

(i) 0, (ii) 0.39, (iii) 0.76, (iv) 1.13, (v) 1.48 g ml,

1
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CURRENT

~-0.8 -1.0 -1.2 1.4

D.p.pe of 7-ACA in B-R buffer at pH 2. (i) 0, (ii) 0.10, (iii) 0.30,
(iv) 0.49, (v) 0.65, (vi) 0.86 g m17]

For a 9 ug-ml"' 7-ACA solution ip = 0.8UA at pH 2 and 0.34 UA at
pH 3: the peak disappears at pi> 3.
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CURRENT

-0.8 -1.0 -1.2
Potential{Volt vs.S.C.E.)

1

D.p.p. of cephaloridine in B-R buffer at pH 4. (i) 0, (ii) 0.16,
(1i1) 0.30, (iv) 0.41, (v) 0.57, (vi) 0.79, (vii) 1.32 ug ml,




Peak Potential{Volt vs.S.C.E.)

-1-6}- 48.0
-1.2F -4 4.0
-0.8 0.0

‘Pesk potential and peak current versus_pH (B~R buffer)
Cephaloridine concentration = 69 ug ml ,

Peak Current (pA)
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CURRENT

l L
-0.8 .=1.0 -1.2
Potential{Volt vs.S.C E.)

D.p.p. of cephoxazole in B-R buffer ‘at pH 2. (i) o, (ii) 0.10,

(1ii) 0.35, (iv) 0.8k, (v) 1.33 ug a1
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CURRENT

\
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Potential {Velt vs.S.C.E)

D.p.p. of cefuroxime in B-R buffer at pH 2.5. (i} o,
(41) 0.10, (iii) 0.35, (iv) 0.59, (v) 0.84, (vi) 1.08 g mly’
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0.8f 1.2

Peak Potential(Volt vs.SC.E.)

!
o
o

] 1
o
| Peak Current (uA)

Peak potential and peak current vergus pH (B-R buffer)
Cefurozime cuncentration = 10ug ml,
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CURRENT

i |
N 0.6 -08 3.0
| Potential ( Volt vs.S.C.E.}

" D.p.p. of cephalonium in B~R buffer at pH 3. (i) 0, (ii) 0.05,
' (iii) 0.10, (iv) 0.15, (v) 0.20, (vi) 0.29, (vii) 0.33 ug m1 !




Peak Potential{Volt vs. SC.E.)

L4 4.8
<
1.0 322
=
g
5
&
4
8
o
0.6} 1.6
0.2 0.0

Peak potentlal and peak current versus pH (B-R buffer).

Cephalonlum concentration = 9ug ml
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APPENDIX 2

Further Comments on Ampicillin Degradation

After ‘this work had been completed, LeBelle 3§_§;§5
reported the isolation of a fluorescent product following ampicillin
degradation. The isolated product was found by unambiguous synthesis
and by other analytical technigues to be 2-hydroxy-3-phenylpyrazine.
The experimental conditions under which this compound was isolated
was slightly different from those of Barbhaiya 23_2;56 in which
2-hydroxy-3-phenyl-6-methylpyrazine was obtained. The present
additional study was made in order to see whether this new fluorescent
product has the same polarographic and UV ;bsorption characteristics

as those of 2-hydroxy-3-phenyl-6-methylpyrazine or not.

In this work the degradation of ampicillin was followed by
d.p.p. and UV spectrophotometry under exactly the same experimental
conditions as LeBelle gﬁ_gl, i.e. hydrolysis of ampicillin (50mg/ml)
at pH 11-12 for 2 hours at room temperature, followed by hydrolysis
" at pH 2 and 50°C for 5 hours. The characteristic d.p.p. peaks of
penicillamine and 2-hydroxy—3-phenyl—6—ﬁethylpyrazine were again
observed but the UV spectrum of the degraded solution was found
to be modified. In addition to the broad zbsorption band at about
260nm, an absorption band with Amax 330nm which overlaps another
weaker band at 350nm was observed. A spectrum of a pure sample
of 2-hydroxy-B-phenyl—6-&ethylpyrazine or of a degraded solution of

ampicillin in citrate-phosphate buffer at pH 2.5 shows two well defined
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sbsorption bands at 250mm and 350nm (Fig. 1). LeBelle et al

speculated that the different product obtained by _Barbhaiya 91_&_1_166

is due to the use of formaldehyde as a catalyst (in the latter case)
which is incorporated into the final reaction product, but we have

shown earlier that 2-hydroxy;3—phenyl-6-methylpyrazine can be

formed in the absence of formaldehyde and under different conditions

of those of Barbhaiﬁa et al. It seems to be that under the
experimental conditions of Le Belle et al both 2-hydr6xy—3;phepylp§razine
and 2~hydroxy~3~pheny1—6—methylpyrazine'is_formed and these two
compounds are indistinguishable by d.p.p. Jusko53 reperted that

at 10w ampicillin concentrations only one fluorescent degradation
product was detected, while at higher concentrations several fluorescent
products ﬁere obtained. No more work has been made in this direction
and further investigations need to be carried out to shed more light

on the mechanisms by which these fluorescent degradation products

are formed.
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1 1 I
250 300 350
WAVELENGTH nm
Fig. 1. UV absorption spectra obtalned for the fluorescent degradation product of
ampicillin: (i) By the method of LeBelle et al; (ii) After hydrolysis in

citrate-phosphate buffer pH 2.5: (iii) Pure sample of 2-hvdr . .
methylpyrazine ! P ydroxy-3~phenyl-6

<ce
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