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CHAPTER ONE
INTRODUCTION

1) General

According to the original definition by S.A. Wakman [1], antibiotics arc
substances which are pm&uccd by microorganisms cxhibiting cither an
inhibitory or dcstructive cffect on other microorganisms, usually bacteria.
Antibiotics which are growth inhibiting arc called bacteriostatic. cxample,
tetracyclines, while those which are cell destroying arc called bactercidal,
Example penicillins and Cephalosporins.The bacterial effects result from (1)
inhibition of ccll wall synthesis, ¢.g. pencilins and cephalosponins, (2) inhibition
of protein synthesis; e.g., by chloromphenicol and streptomycin; or (3)
interference with the function of the cytoplasmic membrance, e.g., by
polymyxins. The inhibitory action on a particula;r biosynthetic reaction by an
antibiotic takes place by specific. covalent or non-covalent binding and results in
the inactivation of substratc enzyme or factor. Usually antibiotics are classified
also as being Gram positive, Gram ncgative or as broad - spectrum i.c. showing
both Gram positive and Gram ncgative cffects. This classification is based on
whether a certain specics of bacteria retain, the Gram stain after treatment with
decolorizing agent. The Gram stain is onc of the methyl violel stains, c.g.,

pararosaniline stain.

Antibiotics today are among the most cfficicnt weapons in the armoury of
the physician in his fight against infections. Therefore they arc used widely and
constitute the largest class of medicaments with respect to turnover value.




WORLD BOOK diagram by Asthes G}

C.ul!'ure of microbes

Filtered antibiotic broth Chemical solution Solvent

P Resin beads J’u—\
with antibiotic .

IS

A .~y ’ :

'.'-1'\ LY

EANERS
' d

. :: ‘1,73 Antibiotic
Ij crystals
| . .

Compressed air Discarded broth Impurities
Fermentation causes a cul- Purification. Antibiotic broth is filtered into a tank containing substances called resin .,
ture of microbes to grow rap-  bead’s Antibiotic molecules separate from impure elements in the broth and attach onto-;
idly and produce antibiotic the resin beads. The remaining broth is flushed from the tank. A chemical solution is adde
broth. Stirring, air, and nutri- to force the beads to the bottom of the tank, and the concentrated antibiotic solution flows
ents help stimulate growth.
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(The world book cncyclopedia,”A”, 1989, pape-552))

Fig.1: The process used mostly in the manufacturing of Antihiotics




Today, antibiotics are also used in veterinary medicine and as additives to
animal feeds. In the past they werc used in addition as plant protection agents
and as food preservatives. Though antibiotics is the name generally given to all
the compounds usced to treat human infections, therc is a distinction betwcen
compounds which are laboratory synthetized (e.g. sulfonomides) and arc known
as antibactcrials, and thosc compounds which arc derived from or produced by

living organisms. The latter are called antibiotics.

Antibiotics arc produced using diﬂ‘crcnt processes. The process used by most
manufacturers involves fermentation and is shown schematically in (Fig. 1).
Fermentation is followed by collection of antibiotic molecules on resin beads to
separate them from fermentation broth. The antibiotic thus scparated is released
from the resin, concentrated and precipitated as cxplained in the caption (o the

figure.

) ANALYSIS OF ANTIBIOTICS.

The two groups of methods used in quality control of antibiotics arc (1)

biological analysis and (2) chemical analysis.

In biological analysis, tests arc deviscd to demonstrate the level of
cffectiveness of added antimicrobial agent. This is donc by running scries of
standards with the substances under test on agar test plates. Thus the
cffectiveness of the antibiotic is tested in relation to a sclected specified

organism. Such tests arc semi quantitative at best.



SEPARATION

IDENTIFICATION

MEASUREMENT

Instrumental separation by
Discriminating detection;
NMR (by chemical

shift dispersion),

selective potentiometry
MS (by single or

multiplc ion detection.
Physical Separation;

phasc extraction,
chemical separation

chromatography

(Te,tie,ge).

Physical Methods;

NMR, IR/Raman
MS and GC-MS,UV
comparison with
properties of a

standard.
Chemical methods;

functional group
analysis spot tests
clemental analysis,

atomic absorption.

Dependent on Physical
properties;
Fluorcscence

Thermal analysis,
Microscopy,

UV absorbance
Atomic absorption Nmr.
Dependent on chemical
properties;
polarography,
potentiometric
titration, Radio-

Chemistry, GC-MS.

Table 1.1 Summary of the methods of chemical analysis.




The chemical analysis of antibiotics is based on onc or more of the

operations (1) Scparation (2) identification, and (3) mcasurcment. These are

summarized in table (1.1).

Peniciltins -

Historically, Penicillin is synonymous with antibiotic.

0
] S CH,
R— C— NH—
1 Yen
Y
4 COOH
Fig. 2

Penicillin has the structure shown in Fig.2. It acts .on bacteria by blacking
the final step in the assembling of the nucopeptide of the cell wall; consequently.
pencillin compounds (with the cxception of ampicillin) are more cffective against

Gram-positive than Gram-ncgative bacteria.

All members of the pencillin family of antibiotics contain n common nucleus
consisting of a four-membered f§ - lactam ring fused to a five-membered sulfur -
containing thiazolidine ring. A substituted benzomide bonded to the B - lactam
ring completes the common features of the structure. It is this substituted

benzamide group that differentiates membrancs of the penicillin family.

The following reaction schemes below indicate the main  degradation



reactions and rcarrangements undergone by pencillins [1].
(1) Effcct of alkali, Pencillinase and Mercury () chloride.

Treatment of pencillins with alkali like sodium hydroxide (cxcess) or the
enzymec penicillinasc causc opening of the f§ - lactam ring with the formation of
penicilloic acids which undergo dccarboxylation on hcating to give the
corresponding penicilloic acids. The latter arc converied into D-penicillamine

and the corrcsponding penilloaldchydes on treatment with equeous mercuric

chloride.

H H
z H z Me
RCOHN —tﬁ\)(’“‘ Alkali, or RCOHN —-I—-(j%
Penicillinase 4
o7 N~ Me uooc ™ [ Me
“coon COOH
Penicillin ; : enicilloic Acid
M '
Al - co,
CH, Y

HS -——C— CH,  HgCla(aq) . S
2 R-CO-NH-CH2 —”
R-CO-NH-CH2-CHO . | -~ \}(M
[ 3

MHMN_C—=H
Penilloaldehyde

COOH
Penilloic  Acid
D . Penicillamine

(2) Effect of Acids, Mercury (I1) Chloride and Diazomethane.
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Pencillins arc split on trcatment with hot strong acids or with aqucous
merrcuric chloride to afford D-pencillamine (D- beta- mercaptovaline) and

unstable penaldic acids, which rcadily dccarboxylalc.m the corresponding

penilloaldchydes,
o
HS—C —CH
—CO‘NHM _Strong Acid |  + RCONHCHCHO
or HgCl H,N— C —=H
-~cooH N
COOH
Penicillin D-Penicillamine Penilloaldehyde

Upon treatment with dilute acid (pH2) at room temperature, Penicillins undergo

recarrangement {o the well-crystallized penillic acids.

H Hy
R—CO-NH——5_ Me HOOC - - 5 Me
! l PH |
N\){le 2 Nw\\Nr\)<
o :COOH A Me
R cooH
Penicillin

Penillic Acid

Under slightly acid conditions the carbonyl group of the side-chain of pencillins
rcacts with the f§ -lactam to give a pencillenic acid
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H R

H -
- S e < |
R—CO-N PH 4 '\or CH S Me
" . l \X“
¢ COOH NI . fe

H ‘cooH

Penicillin Penicillenic Acid

The mild csterification of penicillins with diazomcthanc in cther gives the

carresponding methyl esters which rearrange in ether in the presence of mercuric

chloride or hydrogen ion to methyl pencillenate.

HH Hu
: T s He 135 Me
R-CONN- N’ _CBN, .  RCONH \)(
o? [\'\{' Me rther o” N 4 Me.
coout - coone

Methyl penicillin
\ HgCl,

or
Pl 4

H
RY"?= S
o "i" Me
N
0 1 1e
H
COOMe

Methyl penicillenate

CEPHLOSPORINS

Ccphalosporins  can  formaly be regarded as  derivatives  of

aminoccphalosporanic acid (7-ACA) [2].
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Cephalosporins differ from penicillins in having a thiazine ring replacing the
thiazolidine ring, and also by characteristically having a potential leaving group

at "C-3". For cxample, acctate or pyridinc which are expelled during reactions of

nucleophiles with f -lactams. The reaction sequence is as follows:

R 1 R
: H S :
RCONI—CE——3—" "\ RCONH—C
i 2 K,
7 Na /, NUl o
o° \:»: /\cu,l. K-1
Coon
L=leaving group
R 1
H i S R
. X [ by z !
R CoNI—C d \ RCONB—CS IEI b\
il l 2 K ' 5
0=C7 N4 X, 2 ,
: N /\cn, 0o=C7 N4 /\ i
NU CoOt \ ) N CILl.

Studices have been made of the degradation reactions of cephalosporins swith
an unsubstituted 3-methyl group .For cxample cephalexin (1) at pH 7 and 3§
"C, undergocs a 9R% loss of the primary aminc indicating cssentially complete
degradation of the cephalosporin via the diketopiperazine derivative (11) [63).

Also, cephalosporins like cephalexin, when first treated with 1M NaOH <olution



at room temperature and then the pH adjusted to 5.0 by buffer and the
resulting solution taken to 100 °C yiclds a fluorescent product (V). [63,64,65].
This has been shown to be 2-hydroxy-3-phenylpyrazine [63.64,65].

; Qﬁm
olflz** S

(1) NEED OF THE STUDY

In spitc of the discovery of various other antibiotics, pencillin and
cephalosporins still continuc. to be the most commonly used drugs against

bacterial infection.

In recent years fake pharmaccuticals have started showing up in hospitals

and pharmacics all around the world, especially in poor third word countrics [}].
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It is said that drug piracy has hit the poorcst nations likc a plague. This is
because they are ill-equipped to fight back, lacking the means of quality control
and regulation. Antibiotics in general are among these fake pharmaccuticals.
Though there arc many mecthods available in thc pharmacopocias and the
chemical literature for the analysis of penicillins and ccphalosporins , most of
these methods arc generally non stoichiometric and / or of very limited
selectivity. Both characteristics make the methods vulberable to changes in the
matrix (diluents) of the antibiotics and thereforc are undcsirablc characteristics.
In addition many pharmacopocia mcthods are wasteful of matcrial, based on ill-
defined chemical reactions, and cumbersome, hence the nced to improve

procedures in chemical analysis.

- In this thesis, some polarographic methods for the determination of sclected
penicillins and cephalosporins in pharmaccutical formulations arc examincd in
detail.One assay is based on the differential pulse polarographic technique using
prc':wavcs of Ni(ID) and Co(Il) complexes formed with the penicillin and
cephalosporin antibiotics.The drugs studich using this technique are Ampicillin
trihydrate,Amoxycillin trihydrate and ccephalexin. Other studies werc conducted
using Cu(Il) and Zn(II) complexes. Another assay is based on the conversion to
the appropriate diketopiperazine derivative; this procedure was developed only

for Amoxycillin as it had alrcady been applicd to the other two antibiotics .
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CHAPTER TWO

LITERATURE REVIEW

2.1. General Introduction

The area of antibiotic research has experienced an cxplosive like world wide
development. Indecd, this arca has become the most important in the whole
ficld of pharmaceutical research. As a conscquence, an almost incredible amount
of new knowledge on antibiotics involving thcir Chemistry, Biochcmistry,

Pharmacy and medical usage has been published.

Quality control during thc manufacturing and subscquent storage of drugs
is currently considered to be of gfcat medical importance. There arc two broad

approaches to quality control. One involves biological techniques and the other

chemical techniques.

Since the work described in this thesis is chemical in nature, only chemical
analysis will be surveyed. This can be done conveniently under the heading sct
out beclow.

1. Titrimetry ( including all forms of cnd-point dctection ).
2. Spectrophotometry

3. Electrochemistry

4. Chromatography

5. Other qualitative and quantitative techniques.
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2.2. Titrimetry

Several titrimetric procedures has becn described, some incorporated in the
pharmacopolia methods. Generally end-point dctection is achieved using
chemical indicators but occassionally potentiometric cnd-point dectection is
suggested and can have advantages wherec chemical indication would be

obscured by samplc matrix or in the presence of precipitates suspended in

solution.

Penicillin is inert to iodine solution while penicilloic acid produced by the
action of alkali from the parcnt, consumes 6-9 cquivalent of iodinc depending on
the reaction conditions used. This observation was first rcported [8] in 1946.
Wild, [9], improved the rcliability of the procedure of Alicino [8] and this
conditions were incorporated in the pharmacopolia method which were uscd in
the present work. An alternative to this procedure involves trcatment of the
penicillin with ICL in concentrated HCL titration of the I, produced with K/O,
has been recomended [10,11,12], since publication of the pharmacopocia

proccdure. An alternative oxidant, K,Cr,0, has been suggested [13] ; The finish
involved titration of /, with Na,5,0,. A variant of this previously described

proccdure has recently been published for cephalosporins [14] and an iodometric
titration using clectro-gencrated iodine under flow through condition has been

described recently for the penicillins {15].

Mercury(ll), has been used as titrant with success in the analysis of the
penicillins and cephalosporins. The N-acylated thiazolidene carboxylic acid in

B— lactam binding formed in the course of alkalinc hydrolysis of penicillins,
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reacts selectively with Hg(II) undcr controlled conditions whilc some penicillins
rcact directly with Hg(ll) [16,17). This cnables degradation products to be
dctermined in certain situations [17]. For penicillins the corresponding penicilloic
acid can be titrated dircctly with Hg(I1) but for amplicillin and amoxycillin it is .
desirable to acytilate the amino group group before titration [iR]. Various
modifications such as the replacement of pyridine by acctate-buffer [19] and
potentiometric ecnd point detection [21] has been described. In addition minor
modification to the Europcan pharmacopocia method bascd on Hg(1l) titration
has been described [20]. The Hg(II) mecthod has been discussed recently in
rclatién to potentiometric end point detection [22]. Modifications to cnable
cephalosporin to be identified potentiomctrically with Hg(Il) has recently been

described {23].

In addition to the major classical mecthods described above with their
modification and improvement several other methods have been suggested. An
interesting method for penicillins involves trcatment of the sample with
potassium plumbite in cxcess. The plumbitc rcacts with the thiazine ring to
produce "Pbs” and the cxcess “Pb” is titrated with EDTA to a potctiomcetric end-
point using a "Pb” sclective clectrode [24]. Sclected cephalosporins {25] and
penicillins [26] have been determined by titration of their solution in acetonitrite
with NaOH. [,3-dibromo-5-5 dimcthylhydantion has bcen recomended as a
brominating reagent in the determination of penicillins. Mcthyl red in cthanol
can be used as a visual indicator or for increased sensitivity spectrophotometric
titration may bc uscd [28). Sclected penicillins such as Ampicillin - and

Amoxycillin can be titrated with CuSO, solution after hydrolysis of the penicillin
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with NaOH. The titration is conducted potentiometrically in a solution buffered

at pH 6.2 or 11.3 using Cu(ll) sensitive clectrode for potentiometric end-point

[27].

2.3. Spectrophotometry

Several spectrometric procedures have been described for the determination
of penicillin and ccphalosporia drugs; somc of thesc arc incorporated in the

pharmacopoeia methods.

2.3.i. Hydroxylomine based assay.

Penicillin reacts rapidly with hydroxylaminc to give a hydroxamic acid,
which forms a purplc complex with ferric ion, and the concentration of this can
be determined colorimetrically. Suchi a procedurc was first rcported [29], in
1946. Ford [30], modificd the procedure of Staab ct al [29]. to include the usc of
penicillinasc-inactivated blanks to climinate the cffect of interfering substances,
and this modificd procedurc was incorporated in the pharmacopocia method
which was uscd in the present work. Details of the hydroxylamine assay for
penicillin and its derivatives have been reported [31], For certifaction under the
FDA. Also an automated dual channel hydroxylaminc assay for formulated
penicillin products has been reported for usc as an official method for the Food
and Drug Administration [FDA} [32): Comparable results have been obtained
for the analysis of Ampicillin dosage forms from a hydroxylamine colorimetric
mcthod and a microbiological mecthod with former being reported to be
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significantly less complex [33]. The colorimetric determination of penicillins and

related compounds using a nickle(I)-catalysed hydroxamic acid formation also

has been described [34].
2.3.2. Copper(Il) Based Assay

Penicillins can be converted into their corresponding penicillenic acids. The
penicillinic acids reacts with copper(fl) to form a complex that can be
determined spectrophotometrically. This is the basis of the copper(1l) assay and
was first reported by stock [35]. This method is incorporated in the

pharmacopoeia and was uscd as one of the standard mcthods in this work.

Several spectrophotometric proccdures for sclected penicillins  and
cephalosporins have been described [36,37,38,39], since the publication of the
pharmacopocia procedure. One of  these procedures was a simple
spectrophometric mecthod for Amoxycillin based on CuSO, in CO," — HCO,
buffer pH 10.0 [37]. Another method was bascd on Cu(ll) catalyzed convertien
of Ampicillin to the corresponding penicillenic acid derivative at pH 5.2 and
75°C [38]. Two spectrophotometric methods were compared for Amoxycillin
bascd on (1) formation of copper complex and measurcment of absorbance at
320 nm and (II) reaction with imidazole and HgCl, and absorbance
mcasurement at 325 am [6]. Recently, Issopoulos ct al [39], described a
spectrophotometric method for the determination of Cephalexine, Ampicillin
and Amoxycillin using copper(If) acctate as a complexing agent and reported

that the results obtaincd were slightly more accurate than those of BP and USP

methods.
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2.3.3. Imidazole-Mercury(Il) Based Assay

Few spectrophdtomctric methods based on imidazole-mercury(Il) rcaction
with cephalosporins and peniciliins have been reported. Sengun et al [49)],

described a spectrophotometric method for the determination of cephalosporines
based on the reaction with imidazole and HgCl, at 37°C and absorbancc

‘measurcment at 325 or 345nm. Another paper described a  modificd
mercury(Il)-imidazolc method for some sclcted cephalosporins, (cephalexin &
ccphradine ) [50]. An imidazole-mercury(IT) based spectrophotometric method
for Amoxycillin has been comparcd with a copper(Il) bascd spectrophotometric
method [36]. It was rcported that the former give better results. Recently(1988)

the imidazole-mercury(11) spectrophotometric assay has been incorporated in the

bharmacopocia [45].

2.3.4. Assay of Penicillins & Cephalosporins Based on a Molybdenum

Blue formation

This assay is bascd on lhé formation of a bluc solution of Mo(VI) or by the
oxidation of an acidificd solution of Mo(V). Scveral spectrophotometric methods
have been described bascd on molybdate ion. Some of these involve reaction of
ccphalosporins [42] and penicillins {46] with Ammonium-Molybdate. Morelli ct
al, [46] improved the spectrophotometric method for Amoxycillin by working
with  concentrated  sulphuric-acid.  Spectrophotometric  methods  using

Molybdophosphoric acid as an oxidizing agent [47] and ParaMolybdate anion in

I M H,S0,[48] have also been reported.
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2.3.5. Ammonium-Vanadate Based Assay

This assay is based on the formation of a blue solution duc the reduction of
Vanadium(V) to vanadium(IV) by the acid dcgradation products of penicillins
and cephalosporins. Few papers have been reported. El-Sebai ct al {41] uscd
Ammonium  Vanadate in concentrated H,SO, medium for the
spectrophotometric determination of penicillins. Morelli ct al [43], also described
a procedure for penicillin using Ammonivm Vanadate under strong acidic

condition. The solution mixture was hcated at 180°C for 15 minutes and

absorbance measured at 760 nm.

2.3.6. Miscellaneous-Spectrobhotometric Methods

Several other spectrophotometric methods for the quantitative determination

of penicillins and/or ccphalosporins have been reported in the literature.

Andras et al {40}, reported that ccphalosporins (cephalexin) and penicillins
(Ampicillin and Amoxycillin) containing the a— Amino-acctamido group
condense with dicabonyl compounds (giyoxal, mcthylglyoxal, ctc) to form
ketopyrazines which can be determined spectrophotometrically at 355nm in
aqucous solutions. Two spectrophotometric methods was  bascd on  the
condensation with 4- amino antipyrinc in the presence of an alkaline oxidizing
agent and measuring the absorbance of the red colored antipyrine dye at 500
nm. The sccond method involved the use of Folin’s reagent and mcasuring the

absorbance of the resulting blue color at 670 nm. A rapid mcthod for the
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determination of cephalosporins has been reported. This method was based on
an immobilized cnzymc rcactor containing highly purificd ccphalosporinase
covalently bonded to activated glass beads. Detection was made scqucntially by
subtractive spectrophotometry in an automated flow injeclion system [44]
Penicillins were determined by spectrophotometry based on reaction with 1, 2, 4

- triazole and HgCl, at pH 9.0 and the absorbancc mcasurcment at 246-329nm

[51]. However this method was rcported to be inconvenicnt for Ampicillin and
Amoxycillin. Ninhydrin in citrate buffer (pH 5.0) containing SnCl, was
proposed as a new rcagent for the spectrophotometric determination of
penicillins. [52]. Sastry ct al, [53], described spectrophotometric method for the
dctermination of penicillins and cephalosporins based on their rcactions with
chloranillic acid, forming colored complex in dioxanc and dioxanc-DMF media;
thc absorbance was; mcasured at 520 nm. Spectrophotometric procedures for

ccphalexin in its dosage form bascd on its rcaction with 1,4 - dinitrobenzenc in

alkaline medium and absorbance mcasurement at 390 nm [54], and I- flouro-2.

4-dinitroaniline and mcasurcd of absorbancc of the resulting N-substituted 2,
4-dinitoanilinc derivatives at 385nm [55], have been reported. Ampicillin was
cstimated in dosage forms spectrophotometrically with the usc of Na 3,
4-naphthaquinonc -1-sulphonate. The pH of the solution was adjusted to 8.5
heated at 60°C and absorbance mcasured at 475nm [56]. Recently the usc of
derivative spectrophotometry for the determination of penicillins [61] and

cephalosporins [57,59,60] has been reported.
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2.4. Electrochemistry Methods.

Several clectrochcmical methods ha:ve been used in quantitative analysis of
penicillins,cephalosporin and their degradation products. One of the most used
techniques appears to be polarography. This is because polarography is a very
selective electrochemical technique and offers a mecans of dircct investigation of
drugs and thcir dcgradation products in biological and pharmaccutical

formulations without scparation.

24.1. Polarograbhic Methods.

Several methods based on polarographic techniques for the analysis of
penicillins and cephalosporins has been reported in the literature. Squclia ct al,
[62] ,described a D.C. polarograpﬁic technique for the dctermination of
Ampicillin after acidic hydrolysis and looking at the half wave potential at
—0.9l.V vs SCE. Scveral differential pulse polarographic (D.P.P.) techniques for
the determination of some cephalosporins [63,65,68,70] and somc penicillins
[64,72] have been reported. Fogg and Fayad, [63] studicd several cephalosporins
using D.P.P.. Cephalosporins with unsubstituted 3-mecthyl groups ( E.g
cephalexin ) which donot give D.P.P. peaks were studied using only degradation
products , while thosc with the 3-methyl group substituted were studicd directly.
They also reported a D.P.P. s(udy of the degradation products of cephalexin
based on the determination of hydrogen sulphide liberated. [65]. A D.P.P.
determination of some cephalosporins based on the study of a distinctive wave

at -1.25 to 1.30V vs Ag/AgCL at pH(1-2) has been described [69]. Hernandez ct
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al, [70] ,described a quantitative D.P.P. assay for thc dectermination of
cephalexin ; it was based on the catalytic pre-wave of Nickel(Il) at -0.72V vs
Ag/AgCL; The degradation producté of Ampicillin in pH 2.5 buffer at 37°C or
80°C have been studicd using D.P.P. [64]. Decrivative polarography has also
been used for the detcrmination of Amoxycillin . The technique was based on

the diffusion current of the free Ni(IT) ions. [72].

Two polarographic methods for the study of penicilloic acid have been
reported. In one, the D.P.P. and direct current polarographic bchaviour of
penicilloic acid at pH 9.2 boratc buffer and half-wave potential of -0.25V was
discussed [66]. In the other ,a flow injection mehtod was described in which the
penicilloate was detected at a dropping mercury flow-through detector mounted

on a conventional polarographic capillary and applying a constant potential of

+ 0.04 vs SCE [67].

The polarographic behaviour and determination of some penicillins after
bromometric oxidation has bcen reported [69]. Cathode-ray polarographic
techniques for the study of degradation of sclected penicillins, were described
[71]. Solutions were hcated in boiling water with buffer pH 1.0 to 10.0. The
sweep amplitude and sweep rate were 1000 mV and 400mb'S ' respectively.
Recently two direct current polarographic techniques for the the study of
ampicillin complexes and their stability constants with Co(IT) and Ni(Il) ions

[73] and Cu(Il) ion [74] have been described.

2.4.2. Miscellaneous Electrochemical Methods.
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Few clectrochemical techniques other than polarography have been reported
for the detcrmination of penicillins and cephalosporins. Olof ct al, [75]
,presented principles for the construction of an autoclave cnzymc clectrode and

gave some characterstics of penicillin clectrodes constructed according to the

principle.

A cathodic stripping voltammetric study of penicillins after conversion to
penicilloic acid by alkaline hydrolysis has been described [76]. Analysis was
carried out at a hanging mercury clectrode at - 0.10V vs SCE in a pH 4.6 buffer
containing excess Cu(ll).Some cephalosporins were determined using linear scan
voltammetry in which the anodic w’évc at +0.80V vs Ag/AgCL at pH 7.3 was
studicd [68]. Recently a PVC ion sclective clectrode  cmploying
Benzylacetylammoniumpenicillin as a scﬁsor was preparced, characterized and

applied to analysis of penicillins and cephalosporins [77].

2.5. CHROMATOGRAPHY

Chromatography is cssentially a serics of techniques for the scparation of
mixtures of chemical substances so that they can be identificd. Thus it becomes
a branchof qualitative analysis . However, the most versatile forms, Gas
chromatography (GL.C and GSC) and Liquid-Liquid chromatography ( HPLC)
arc provided with dctectors which give signals proportional to the concentrations
of scparated componcnts and thercfore they can be used for quantitative
purposes. In the summary which follows ,the two kinds of chromatography arce

concedered separately.
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2.5.1. Separation methods (Qualitative ).

Thin-layer chromatography ( TLC ) is onc of thc most uscful techniques in
the qualitative analysis of penicillins and scphalosporins. Wang ct al [92],
described a simple and rapid thin-layer polyamide chramatographic mcthod for
the separation of eight penicillins. Their mcthod showed good scnsitivity,
scparability and reproducibility. Results were reported of a TLC study of
cighteen penicillins on silica gel and silanized silica gel, using thirty-five mobile
phases. The silanized silica gel allowed better separations than silica gel [97].

The use of x— acceptors as spray reagents for the detection of penicillins on

thin layer plates has been described [98].

TLC continues to be an important technique in the analysis of
cephalasporins. Several TLC visualization reagents have been characterized [95].
Ccphalosporins have been detected with chloroplatinic acid on thin-layer
chromotoplates [95). Chemically modificd TLC plates have been used for
scparation of ccphalosporin C from its Col'alof [96]. TLC has been shown to be

quite uscful in determining initial HPLC opcrating conditions [94].

2.5.2.Separation & Determination (Qualitative & Quantitative Analysis)

High performance liquid chromatography (HPLC) has increasingly been
applicd to the analysis of penicillins and cephalosporins. A reversed phase
HPLC mcthod was uscd for the analysis of somc peniciflins and cephalosporins
of closcly related structures, [78]. The influence of cluent, pH and NaCl
concentration on the resolution of Ampicillin was discussed. The mcthod was
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reported to be highly sensitive. Cephalexin determination using reversed phase
HPLC has also been reported [79]. Another HPLC method described the
determination of penicillins based on the scparation of thc drugs by using
methanol as an organic mobile phasc-modificr and a reversed phase C;; column
followed by post column alkaline degradation with NaOH, HgCl, and

Na,EDTA at room tempraturc [80]. The resulting products of cach penicillin

were detected at 290 nm. A review with 45 references for HPLC analysis of
penicillins in biological fluids and pharmaceutical preparations has been
rcported [81]. Haginaka et al, [82] developed a HPLC technique for the
determination of some penicillins by post column degeradation with sodium
hypochlorite. The degradation products of cach penicillin was detected at 230 -
284 nm. The proposed method permitted detection of 100ng/ml of penicillins
from a 50émicro 1 injection. Penicillins were also analyscd by HPLC-photolysis-
clectrochemical dctection in which the penicillins were first scparated by
conventional rcversed-phase HPLC. Then cach scparated pcnicillin was
photolytically dcgraded to stablc anionic spccics which were subscquently
conevyed to an on-line clectochemical detector for qualitative and quantitative
determination [83]. Ccphalosporins and thecir decomposition products after
HPLC scparation were detected by (1) Flourcscence detection at 485 nm
following derivatization with flourcscamine, (IF) Dircct clectrochemical detection
at +1.1 V (vs AglAgCl) at a vitrcous-carbon clectrode and (IIT) indirect
clectrochemical detection of gencrated Bromine, [R4]. A mcthod for the
quantitative determination and study of stability of Cephalexin using HPLC has

been described [85]. HPLC technique for the scparation and identification of
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penicillins with C, to C,; aliphatic sidec chains has bcen reported [R6]. Marinal
and Nada, [87] , compared methods for ccphalexin based on HPLC with
microbiological techniques. They reported that HPLC has some advantages in
being more specific, faster, simpler and more accuratc and thercfore they
rccommended it for qualitative and quantitative determination of ccphalexin in
samples. Recently penicillins and cephalosporins were determined by an HPLC
mcthod bascd on N-pyrrolyl derivatives [88]. Also penicillins have been
dctcrmincd by liquid chromatography by post-column alkalinc dcgradations

using a hollow fibrc membrane reactor [89].

Two papers have been found in the litature describing the usc of gas
chromatography (GC) in the detection and the determination of penicillins and

ccphalosporins [90,91]

The first one describes the gas chromatographic and GC/MS analysis of
ampici]lini [91], while the sccond onc describes the determination of some
penicillins and cephalosporins by GC in which flame photometric dctector
(FPD) has been used. It has been showed that the detector was selective and

sensitive to S-containing compounds [90].

9.,6. Other Qualitative And Quantitative Techniques.

Penicillins and Ccphalosporins have been idetificd using UV, IR, H'NAMR
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spectroscopy . Wilson et al [106] , reported the NMR spectra of various common
available Penicillins and Cephalosporins . They discussed the gencral spectral
features, as well as specific resonances and their application in the identificaiton
of these antibiotics. IR spectroscopy have been used for the identification of
selected Penicillins . The difference in absorption spectra in the rcgion of

3500-3200 and 1500-650 ¢m™ were used in the identification [107]. A review has

been presented on the UV, IR, H'NMR of 16 commercial drugs including
Ccphalosporins [108]. Pyrolsis Mass spectroscopy has also been used in the

characterization of Penicillins and Cephalosporins [109].

Two other quantitative techniques , namely Electrophoresis [99,100,101] and
Flourimetry [102,103,104,105] have been used in the determination of Penicillins

and Cephalosporins.
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CHAPTER 3

PHARMACOPOEIA METHODS

Pharmacopocia is a combination of two words: Pharmaco and Poccin a
German word meaning to make. The Pharmacopocia is an authoritative treatisc
on drugs and their prcparations; a book containing a list of products uscd in
medicine, with descriptions, chemical tests for determining identity and purity,
and formulas for certain mixturcs of these substances. It gcncrally contains aiso
a statement of average dosage. There arc scveral pharmacopeia. The best
known arc the British Pharmacopcia (BP) and the United States Pharmacopeia
(USP). The British Pharmacopcia is a publication of the General Mcdical
Council, describing and cstablishing standards for medicines, preparations.
materials and articles used in the practice of medicine, surgery, or midwifery.
The United States Pharmacopcia is a legally recognized compendium  of
standards for drugs published by the United States Pharmacopcial Convention
Inc., and it includes assays and tests for the determination of strength, quality

and purity.

In this thesis, sclected assays taken from the above mentioned
pharmacopocia arc uscd as reference or bench mark methods against which
assays bascd on the polamgraphic technique is comparcd. OF particular interest
arc the methods based (1) on iodometry, (2) hydroxylamine iron(1IT) and ()
copper (I1) complex formation. Mcthod (1) is a ftitrimetric based procedire

while (2) and (3) arc spectrophotometric determinations.
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Expetimental

Tadometric Assay [5).

In this assay the pencillin (1) is converted to pencilloic acid (I1) by the action
of an alkali. The lattcr absorbs iodinc as a result of a complex oxidation
reaction. These reactions arc not clearly defined as will be discussed later in

chapter five.

H ) H
RCOHN —: \S><Me Alkali, or RCOHN _i-_\/\SXMe
_p
Penicillinase
oZ | ¥,  Me i - HOOC N “ Me
‘CooH COOH
I II

TIR--

.S Me
@—‘I:“"C““" X 3H0
Z .. Me
0~ “.
NH, - CoO’
s

Il

o

Name of penicillin drug used - Ampicillin trihvdrate (11).
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Reagents Used

(1) Sodium thiosulphate (1.57570 gms of hydrous sodium thiosulphate
Na2S203, 0.12483 g of sodium carbonate (Na2CO3) and 3 drops of

chloroform per liter in water.

(2) 1.0ON Sodium hydroxide (4 gm dissolved in 100 mi of water)

(3) 1.2 N Hydrochioric acid (10.68 mi of conc.HCL in 100 ml aqucous

solution.

(4) 00f N lodine solution was prepared from aquecous 1.0 N iodinc in

potassium iodide.

(5) Starch iodide solution - freshly preparcd by pouring a paste( made up of
ig of soluble starch in a little of water ) in 100 ml of boiling water with
constant stirring and then allowed to boil for 1 minute. After cooling 2.3

g of Potassium iodide were added.

Standardization of Sodium Thiosulphate

Procedure: 25.00 mi of 0.01004 N KIO, arc transferred by pipet to a 250 mi
titration flask and then .l gm of Kl is added and dissolved completely. This is
followed by the addition of 20 ml of 1.4 vjv 1,50, and the solution is then
titrated with sodium thiosulphate. Near the end point 5§ mi of {reshly prepared
starch solution is added as an indicator. The color change is dark blue to

colorless at the cnd point. The results of the titration are shown in Table 3.1.
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No. Trial Vol. of Na,S,0,
| 25.70 mli
2 25.65 ml
3 25.70 ml
Average | 25.69 mil.

Table 3.1. Results for the standardization of Na,S,0..
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Calculations:

mV,=mV,

m,=(m, V,)- v,

m,=(0.01004 x 25)/25.69

m, = Normality of sodium thiosulphate uscd = 0.009770N +0.60000539

Preparation of Working Standard and Sample Solutions
(1) Wt of pure Ampicillin trihydrate taken in 200 ml of water = 0.24817g.

(2) Weight of Ampicillin trihydrate capsules taken in 200 mis of water =

0.25000 g. (Notc the solution was then filtered to remove insoluble fillers).
Procedure for the Todometric Assay

(@) For the Standard

i. 2.00 ml of the working standard were transferred to a glass stoppered

crlenmeyer flask.

2. 2.00 ml of 1.0 N Sodium hydroxide were then added and allowed to stand at

room tempcrature for 15 minutes.
3. 2.0 ml of 1.2N hydrochloric acid were then added and this was followed by

4. Addition of 10.00 mi of 0.01 N lodinc solution. The Erlenmeyer flask was
then stopped and allowed to stand at room temperature for 15 minutes.

Then the cxcess iodine was titrated using 0.00976N sodium thiosulphate.
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Towards the cnd of the titration, onc drop of starch solution (freshly
preparcd) was added and the titration was continucd till the blue color of
the starch iodinc complex is discharged. The samc proccdure was repeated

three times. Results are given in table (3.2 2a).
(b) Sample Solution: Ampicillin trihydrate capsules .

I. 2 ml of the sample solution were transferred to the glass stoppered

erlenmeyer flask.

2. Then this solution was treated in the samc way as the standard solution

procecding through steps 2 to 4 in (a). Table (3.2 b).

(¢) Blank Determination:

2.00 m! of the sample and the working standard solutions were transferred
to separate glass stoppered erlenmeyer flasks. 10.00 mi of 0.01 N iodinc solution
were then added' to cach flask and the contents immediately titrated with

thiosulphate to the starch cnd point. (Scc Tablc 3.2 a and b ).

Calculations:

Vol.of 52()_,'2 consumed by standard = 10.0% m! - 4.20 ml

= 5.88 ml
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(a)-

Pure Ampicillin Blank

trihydrate (Standard) (standard).

No. of Vol. of No. vol. of

trial Na,5,0,(ml). trial Na,S,0,(ml).
1 4.15 I 10.10
2 4.20 2 10.05
3 425 3 10.10
Avcrage 4.20 ml Avcrage 10.08 ml
SD 0.04 SD 0.02

(b).

Ampicillin Blank

trihydrate (capsules) capsules.

No. of Vol. of No. vol. of

trial ‘Na,S,0(ml). trial Na,S,0,(ml).

. 4.25 I 10.10
2 4.20 2 10.10
3 4.25 3 10.10
Avcragce 4.23 ml Average 10.10 mi
SD 0.02 SC 0.00

Table 3.2. Titres for Ampicillin trihydrate (a) standard (b) capsules ,Jodomefric

assay.



Vol.of S,0,” consumed by sample = 10.10 ml - 4.23 ml
= 5.837 ml

therefore

No. of m moles of S,0,” consumed by standard = 0.00977 N x 5.90
= 0.05745 m moles and
No. of m molcs of 5203'2 consumed by sample = 0.00977 N x 587ml

= 0.05734 m molcs.

Then

# of m moles of 7, consumed according to the equation:

25,02 + I, -—--> S0 + I

0.05745

For standard = ( 5

} = 0.02873 m molcs.

For sample i.e. Ampicillin trihydrate capsules ;

_ 0.057096

5 = 0.02867 m molcs.

Also

# of m. moles of standard uscd

0.24817 1 1 3
= ~ > =3 > ’
( 403.46) (200) 107 = 3.076 > 10

# of moles of sample used

0.
2500, _|

< 10} = 3
403.46 s00) ¢ 107 = 3098 > 10

=(
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therefore

I
Molar ratio of —=2— = 002873  _ 9.34

STD 30755 x 10°

. /
Molar ratio of —2— = 002867 9.25

Sample 3.098 x 10°

therefore

% of active substance = % ¥ 100 = 99.0 % 1.0

Hydroxylaniin_e Assay [5].

The addition of hydroxylaminc to an aqucous solution of the pencillin
results in the formation of a hydroxamic acid derivative according to the

cquation [30].

-
1

Me

S
R-COHN —/E-(\S><M° NH,0H R-COHN —T—|/\><
o? Ny “Me N Me

3 HOHN —C ~.,
COOH - Il COOH
0]

Penicillin Hydroxamic Acid
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The hydroxamic acid reacts with iron (III) to give a complex which has a

maximum absorbance at 480 mm in watcr.

Name of drug used: Ampicillin Trihydrate (M-wt 403.46)

Reagents used:
1. Hydroxylaminc hydrochloride solution (350 g/litrc).

2. Buffer - 17 g of NaOH and 20.6 g of sodium acctate dissolved in water (o 1

litre.

3.  Necutral hydroxylamine - (1 vol cach of hydroxylamine hydrochloride
solution and the buffer were mixed and the pH was checked and adjusted to
pH 70 0.1 by adding an additional amount of onc of the components. To
I vol. of 'thc ncutral solution, 8 volumes of water and 2 vol. of 95% cthanol

were added. Note: This solution was prepared fresh cach day.

4.  Ferric Ammonium Sulphate 27.2 g of ferric ammonium sulphate dissolved
in a mixturc of 2.6 ml of concentrated- H,50, and sufficient distilled water

1o make 100 mi. This rcagent could be used for a week when kept in a

brown bottle.
Preparation of Working Standard and Sample

(a) Purc ampicillin trihydrate: 0.024895 gm were dissolved in distilled deionized

water to make 200 ml.
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(b) Ampicillin trihydrate capsules: 0.25023 g. were dissolved in a distilled

dcionized water to make 200 ml and filtered.

Procedure

(a) To 2.00 ml. of standard and sample solutions in scparate containcr, and

equal volumes of water were added and mixed.

(b) Then to each solution, 2.5 mls of ncutral hydroxylaminc rcagent werc added

and allowed to reach for 5 minutes.

()} 2.5 ml of Ferric Ammonium sulphatc were added to cach solution and
‘mixed. After 3 minutes, the absorbances were determined using a spectronic

20 spectrophotometer sct at the wave length of 480 mm, ( Refer to TABLE
33).

(d) Note: A reagent blank was prepared by trcating a volume of water in the

same manncr as the standard and sample.
Calculations

A
sample % C,,,; =C

; sample
A sid

Where
A, = Absorbance for sample i.e. Ampicillin trihydrate capsules

A, = Absorbance for standard or pure Ampicillin trihydrate
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Purc Ampicillin Ampicillin trihydratc
trihydrate. Capsulces
No. of Absorbancc No. of Absorbance
trial trial
1 0.350 1 0.340
2 0.340 2 0.245
3 0.340 3 0.342
Avcrage 0.343 Average 0.342
SD 0.004 . SD 0.002

TABLE 3.3: Results for the Hydroxylamine assay for Ampicillin trihydrate.
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C,,, = Concentration of pure Ampicillin trihydratc

3

C, e = Concentration of Ampicillin trihydratc capsules.

Therefore ,

Cxample = %—% x 0.24895g/200ml. = 0.248224g/200ml.

And

% of active subtance = 0.248224¢/200m! x 100 = 99.1%
0.25023g/200:m!

Using Copper(il) Sulphate Assay [4].

The conditions described here arc such that the appropriate penicillenic acid

is stabilized by the formation of a Cu(If) complex. This complex is determined

1

spectrophotometrically, {35].

Name of drug - Ampicillin Trihydrate ( M-wt = 403.46)

{7) Reagents Used.

Buffered Copper(1D)Sulphate solution pH 5.2,

Prcparation of the buffer-

1.52184 g of unhydrous disodium hydrogen phosphate were dissolved in

53.6 mi distilled deionized water. The pH of the solution was adjusted to 5.2, by
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adding 2.1% W/V solution of citric acid. The solution was then transfered to a
100 ml volumetric flask and the level of the solution was brought to the mark
using distilled dcionized water. To 9R.5 ml of the resulting solution , 1.5 ml of
0.393% W/V solution of Copper(ll) Sulphatc was added and thc two solutions

mixcd.
(b) Preparation of the working standard and sample solutions.

Mass of Ampicillin Trihydrate pure taken = 0.2520 g/200 ml. Mass of
Ampicillin trihydratc capsules taken = 0.2490 g/ 200 mi.

(¢) Procedure for the assay

2 ml of the purc (standard) Ampicillin Trihvdrate were diluted to a 100 ml
with the buffered Copper(1)Sulphate ( pH 5.2 ). 10 m! of the resulting solution
were transfered to a stoppered test tube and heated in a water_bath at 75
degrees for 30 minutes. The solution was rapidly cooled to room temperature
and volume adjusted to 10 ml with distilled dcionized water. Then the extinction
of the solution at 320 nm was mcasured using Varian Cary UV
spectrophotometer  model 2390 (FIG.3.1), and / or Lambda § UV
spectrophotometer. The unheated buffered solution of the substance being
examined was used in the reference cell. The assay was simuftancously carried
out for the sample solution . According ta Fig 3.1 | the results obtained using
Varian Cary Model 2390 at 320 nm arc as follows: Max. absorbance obsecrved
at 320 mm.

For standard ampicillin trihydrate = 0.6626
For Ampicillin trihvdrate capsules = (0.7352
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1.5800 l’

L

(a)

LI6NT

ﬁaga"'

[T YIPN

1.2608T
(b)

B.50€01

soueqlusqy

6. 60004

B.3068)

0.0800

: 1 { [
we.0¢ 290.661 ‘_oé‘m ‘47_a.eal—'5m'_ea' e

wave length  nm

Fig. 3.1. Absorbance as a function of wavelength for (a) freshly prepared solutions
of pure Ampicillin 5 (b) Ampicillin ~capsules "in the assay using
Copper(Il)sulphate.(Varian Cary Model 2390).
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Calculations:

AM = Csaﬂpk

Axld C,gd
C _ A e x C., X MM of unhydrous

srie A, MM of hydrate
thercfore i

0.7352 349.40
= x 0.2520 x —=— = 0.242g/200ml.

therefore

% of active substance = (0.242-0.2490) x 100 g / 200 ml.

= 97.26%

The copper (1) sulphate assay was repeated using the Lamda-5 UV-visible

spectrophotometer.

Weights and corresponding absorbances for standard ampicillin trihydrate
and ampicillin trihydrate capsules are presented in tahle 4. A calibration curve

~was produced from these results ( Fig 2.2 ) to calculate the "o of active

substance.
From Fig 3.2,

Weight of active substance = 0.1030 g/100ml.
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(a) Standard Ampicillin trihydrate.

Solution # Weight 1 g/100 mi Absorbance
I 0.04860 0.196
2 0.09869 0.488
3 0.19271 1.020
SD 0.03071 SD 0.385

(b) Ampicillin trihydrate capsules.

Solution # Weight | g/100 mli Absorbance

! 0.1033R 0.515

TABLE 3.4: Masses and corresponding Absorhances for standards and capsules
containing Ampicillin trihydrate for the Cu(il)-assay.

'
!
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Mass of Ampicillin trihydrate g/100 ml.

Fig. 3.2. Absorbance vs mass of Ampicillin for Cu(ll) assay.
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therefore

% of active substance = 0.1030,0.1034) > 100
= 99 60% +0.4

Pharmacopoeia Mcthods for Amoxycillin Trihydrate:

"o

S e
HO _@—clu —COHN —;j\%:e 3 HO
“coo

NH, o

-

M.WT. 4194 g/mole

Todometric Assay: (USP) [5].

(@) Reagents used: The reagents used for the assay are the same as those used

tor Ampicillin trihvdrate.
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(a).

Purc Ampicillin Biank
trihydrate (Standard) (standard).
No. of Vol. of No. vol. of
trial Na,S,0,(ml). trial Na,S,0(ml).
1 5.40 I 295
2 5.40 2 9.00
3 5.40 3 9.00
4 5.40 4 9.05
Avcrage 5.40 ml Avcrage 9.00 mi
(h).
Ampicillin Blank
trihydrate (capsules) capsules.
No. of Vol. of Na. vol. of
trial Na,S,04(ml). trial Na S,0(ml).
1 5.50 i 9.25
2 5.60 2 9.20
3 5.55 3 9.25
4 5.55 4 9.30
Avcrage 5.55ml Average 9.25 m!

Table .5 Titres for Amoxyecillin trihydrate () standard (b) capsnies [fodometric

assay.
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(h) Preparation of working standard and sample solutions:
(i) Wt. of pure Amoxycillin trihydratc taken in 200 mis = 0.19940 g.

(I1) Wt. of Amoxycillin Trihydrate capsules taken in 200 mils=0.19919g.

(Note: The solution was filtered)

(&) Procedure for the Assay: The same proccdure used for thc Ampicillin
trihydrate was carricd out for the amoxycillin trihydrate. Titration values in

TABLE 3.5 a and b, arc used for the calculations.

Calculations:

Vol.of 5203'2 consumed by standard = 8.95 ml - 5.40 ml

= 3.60 m!

Vol.of 5,07 consumed by sample = 9.25 ml - 5.55 ml

= 370 ml

therefore
i .
Na. of m males of S,0,” consumed by standard - ().()(1?77 N 60
= 0.09514 m moles :nnd
No. of m moles of Sz()," consumed by sample = 0.00977 N ~ 3.70ml

= (1.03611 m moles.

Then




# of m moles of /, consumed according to the cquation:

25,07 + I, ——> 5,072 + I

For standard = (9;(%5—'1) = 0.01757 m moles.

For samplec i.c. Amoxycillin trihydrate capsules

_ 0.036112

> = 0.01806 m molcs.
Also

# of m. moles of standard uscd

0.1994
41940

= i 3 _ 3
( ) x (200) x 10° = 2.370 x 10

# of moles of samplc used

0.1995 1 3 3
= x x 107 = 2.375 %
(419.40) (200) 10
therefore
. I . 0.01757

Molar ratio of —=2— = = 7.39

STD 23772 * 107

1)

Molar ratio of : . __00IR0S 7.60

Sample 2.375 ¥ 107

therefore, Y of active substance = ?Igg » 100 = 103 % £1.0

Hydroxylamine Assay (USP)
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Name Of Drug: Amoxycillin trihydrate

(A) Reagents used: The rcagents uscd for the assay arc the same as those uscd

for Ampicillin trihydrate.
(B) Preparations of working standard and sample solutions:
() Wt of purc Amoxycillin Trihydratc taken in 200 mi= 0.19940
(ii) Wt. of Amoxycillin trihydrate capsules taken in 200 ml = 0.19919 g.

(¢) Procedure for the Assay: The procedure usced for the Ampicillin trihydrate

was carricd out for the Amoxycillin trihydrate. The results arc given in table

3.6.

Calculations

Aﬂl
y - thnf:C

sample
td
Therefore
0.400 ‘
= “ 0.199 N L= (1.2 2 .
Cmmr,” 0385 0.19940¢,200m!/ 0.207002/200m1/
therefore,
% of active substance = m ¥ 100.
0.19919)
= 102%
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Pure Ampicillin Ampicillin trihydrate
trihydrate. Capsulcs
No. of Absorbance No. of Absorbance
trial trial
1 0.385 I 0.400
2 0.390 2 0.405
3 | 0.395 3 0.395
4 0.390 4 0.400
Avcrage 0.390 Avcrage 0.400
SD 0.004 SD 0.004

TABLE 3.6: Results for the ITydroxylamine assay for Ampicillin trihydrate.
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Using Copper Sulphate Assay
Name of drug - Amoxycillin Trihydrate
Reagents

The rcagents uscd for the assay are the same as thosc used for Ampicillin
Trihydrate. The results using the Lambda 5 Spectrophotometer arce recorded in
table 3.7 a and b . Fig 3.3 shows the calibration curve obtained for the Copper

(11) Sulphatc assay using Lambda 5 spectrophotometer.

From FIG 3.3,the ma&é of active substance were read and recorded as in

table 3.8.

Todometric Assay For Cephalexin

(@) Reagents Reagents used for this assay arc the same as those uscd for the

Ampicillin trihydratc assay.
(M) Preparation of Working Standard and Sample Solutions:
) Wt of standard cephalexin (92.4% w;w taken in 200 ml = (L39AR2p

ii) Wt. of Cephalexin capsules taken in 200 ml = 0.39932g.

(Note: The Solution was then filtered to remove insoluble fillers).
(¢) Procedure for the Assay
The procedure used for Ampicillin trihydrate was also used for
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(a) Standard Amoxycillin trihydrate.
Solution # Wecight 1 g/100 ml Abseorbance
1 0.05620 0.270
2 0.11300 0.571
3 0.20150 0.982
4 0.21420 1.054
Sb 0.03071 SD 0.385

(b) Amoxycillin trihydrate capsulcs.
Solution # Weight 1 g/100 ml Absorbance
| 0.06150 0.320
2 0.09970 0.480.
3 0.10750 0.540

TABLE 3.7: Masses and corvesponding Absorbances for standards and capsulces
containing Amoxvyecillin trihydrate for the Cu(Il)-assay.

.
!
!
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Fig. 3.3. Absorbance vs Mass of Amoxycillin trihydrate using Cu(il}-sulphate assay.
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Solution Weight g/100 mi % Of active substance.
#
| 0.0630 1019
2 0.0980 98.20
3 1.1000 102.3
Avcrage % of Active substance 100.8% 4 3.

TABLE 3.8: Data relating the masses of Capsules taken and the corresponding %
0f Amoxycillin by the copper(IT) method.




(a).

Pure Cephalcxin Blank
(Standard) (standard).
No. of Vol. of No. vol. of
trial Na,5,0,(ml). trial Na,5,0(ml).
I 6.00 I 15.00
2 6.10 2 15.10
3 6.10 3 15.00
Avcrage 6.07 ml Avcerage 15.03 ml
(b).
Cephalexin Blank
(capsulcs) capsules.
No. of Vol. of No. vol. of
trial Na,S,0,(mi). trial Na,S,0,(ml).
1 4.50 1 15.00
2 4.60 2 15.10
3 4.10 3 15.20
Avcrage 4.50 mi Average 15.10 ml

Tahle 3.9. Titres for Cephalexin (a) standard (b) capsules JJodometric assay.
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Ccphalexin. The results for the titrations are

given in table 3.9aand b..

Calculations

Vol.of S,0,” consumed by standard = 15.00 ml - 6.07 ml

= 893 ml

Vol.of S,0,” consumed by sample = 15.10 ml - 4.50 mi

= 10.60 ml

therefore

No. of m moles of 520,'2 consumed by standard = 0.00977 N x R.93
= 0.08725 m moles and
No. of m moles of SZO;2 consumced by sample = 0.00977 N ~ 10.60m/

= 0.10356 m moles.

i
i

Then

H
. 1 .
# of m molcs of 7, consumed according to the equation:

25,07 + I, - >S07 + 1,

For standard = (-"'—"’;ﬁ) = 0.04363 m moles.

For sample i.c. Cephalexin capsules
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_ 0.10356
2

Also

= 0.005178 m moles.

# of m. moles of standard uscd

0.39682

=530

1 3 -3
| X x 10° = 5.7113 x 10
) (200) >

# of moles of samplc used

0.39932 1 3 3
= X x (0° = 5.7 x 10
( 347.40 ) (200) 37473 x 1
therefore
. 1 - 0.04360

Molar ratio of —2— = : = 7.64

STD 57113 x 10?

I .

Molar ratio of : - 00518 _ 44

Sample 57473 x 10°
therefore
% of active substance = 9.00 x 100 = 117"

A

But since the purity of the standard is 924", then s of Active

substance = 117 x 0,924 = 10R £1.0

The cephalexin is known to be hygroscopic. The standard used was

analyzed by the Glaxo Pharmaccuticals in Junc 1990. Although care was
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taken in the storage to keep the container, scaled storage was used in a
refrigerator for scveral months beforc use. And during this time, some
water was tckan up by the samples. Drying to constant weight at room

temperature in a good vaccum in a containcr containing Mg(CIO)2 dessicant

to constant weight, rcvealed a loss of 6.9%.

The data obtained from the analysis were, thercfore, corrected by
applying the factor.
Corrccted % for active substance in capsule
= 108 x 0.93
= 100 1

Cephalexin Hydroxylamine Assay

d)  Reagents The rcagents used for the assay arc the same as that used for

Ampicillin trihydrate.

b)  Preparation of working standard and sample solutions.
i) Mass of Standard ccphalex taken = 0.39682 g / 200 m|

i
ii) Mass of ccphalexin capsules taken = 0.39932 g / 200 mi.

1
1

¢)  Procedure for the assay The same procedure carried out for the Ampicillin

trihydrate was carricd out for Cephalexin. Results arc recorded in table

3.10.
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Pure Cephalcxin

Ccephalexin Capsules.

No. of Absorbance No. of Absorbance
trial trial

| 0.034 | 0.039

2 0.033 2 0.038

3 0.033 3 0.040

Average 0.033 Avcrage 0.039

SD 0.001 SD 0.001

TABLE 3.10 : Results for the Hydroxylamine assay of Cephalexin.




Calculations

A
—=rk x C,=C

. 1hercfore ,
std

_0.039
Coampe = 0,033

x 0.39682g/200ml. = 0.46897g/200ml.

therefore

% of active substance = (0.46897-0.39932) x 100
= 117%

but the % purity of the standard = 92.4%

Then,

®% Active substance = 117.4 x 0.924 = 108 + |%.
Corrected % of active substance = 108 x 0.93 = 101 £ 1%.

(Sce lodometric assay of cephalexin).

The data set out in tables 3.11, 3.12 and 3.12 summarize the results

obtained by the Pharmacapocia methods.
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Assay % of Active SD
substance
fodometric 99 f
Hydroxylamine 99 1
Copper(il)Sulphate 98 i

TABLE 3.11:Summary of dafa for Ampicllin trihydrate determined by
pharmacopoeia methods.

Assay % of Active SD
substance
Todometric 103 i
Hydroxylaminc 102 I
Copper(1)Sulphate 101 |

TABLE 3.12: Summary of data for Amoxycillin trihydrate detcrmined by
pharmacopoeia methods.

- Assay % of Active SD
substance
lodometric 100 |
Hydroxylamine 101 2

P
t

TABLE 3.13: Summary of data for Cephalexin defermined by Pharmacopeia
methods. -
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CHAPTER FOUR

POLAROGRAPHIC METHODS

4.1. Principles

Polarography is a type of voltammetry, first introduced by 1. Heyrovsky in
1922. In this technique, current-versus-voltage is applicd to a cell containing (a)
the solution of interest, (b) a stable reference clectrode, and (c) a small area
working or indicator clectrode . In Polorography, the solution of interest is
prepared in such a way that a diffusion current is measured. In polarography.
the warking clectrode is the dropping mercury clectrode (DME), consisting of a

glass capillary attached to a mercury reservoir, (Fig 4.2) .

Drops of mcrcury fall from the orifice of this capillary at a constant rate.
Each drop scrves as the indicator clectrode while attached to the column of
mercury in the capillary. To distinguish this method from modern variants, it is

sometimes called conventional or DC (Direct Current) Polarography.

Improvements and simplifications in the design of instrumentation with the
growth of solid state clectronics and operational amplifiers fed to versatile
commercial clectrochemical instruments for such techniques as pulse and

stripping mcthods.

Modern polarography is gencrally carried out with three clectrodes: a
dropping mercury clectrode, a reference clectrode and a counter clectrade. The
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N; pur:

Figure 4.2. A dropping mercury electrode and cell: (a)cross-section view; (b) top

view of cap.
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Figure 4.3. Schematic diagram showing the components of a modern, three-

clectrade polaragraph and ccll.
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Figure 4.4. A maodern dropping mercury clectrode with mechanical control of drop

size and time.(Courtesy of EG&G Princcton Applicd Rescarch , Princcton,Nj.)




schematic diagram on Fig. 4.3 shows thc componcnts of a maodern, three-

clectrode polarograph and a cell.

Also, the dropping mercury clectrode (DME) is mechanically controlled

(Fig.4.4).

Quantitative analysis by DC polarography using thc DME is limited to
solutions with concentrations greatcr than about 10°M. This limitation, results
from the non-faradiac current associated with the charging of cach mercury
drop as it forms. Thus, when the ratio of the faradaic current (from the
reduction of the analytc) to nonforadaic approachces unity, large uncertainties in
determining diffusion currents are inevitable. One of the major goals of recent
modifications of the classical mcthod haq been that of increasing the ratio
between the faradaic and nonfaradaic currents by suppressing the latter, thus
permitting the quantitative determination of specics at lower concentrations.

Some of thesec madcern adaptations of the classical method are summarized in fig

4.5.

Polarography has been successfully applicd to both basic research and
practical analysis. One of the most important applications is its use in quality

control in the pharmaccutical industry [7).

4.2. Quantitative Analysis in Organic Polarography

The methods of polarographic analysis of organic substances can be divided

into two main groups: Dircct and Indircct Mcthods [7].
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Fig. 4.5. Somc types of polarography (a) Lincar-scany (b) Current sampled: (c)

Normal-pulse; (d) Differential-pulse.
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(a) Direct methods ;

Dircct mcthods involve dissolution of the sample in an appropriatc
supporting clectrolyte, recording of the currcnt voltage curve, and cvaluation.
These methods anticipate that the substance under study is soluble in the chosen
supporting clectrolyte and that it is clectroactive under conditions cmployed, i.c.
that it gives a measurable wave on the current voltage curve. These methods, of
course, can be used only in those instances where the sample analyzed contains

intcrfcring substances.
(6) Indirect methaods ;

Ihdircct mcthods permit the determination of substances which do nnt
cxhibit a pnlamgréphic wave of practical applicability. Such polarographically
inactive substances may sometimes be transformed by a chemical reaction into
compounds that do cxhibit uscful polarographic waves in an appropriate
supporting clectrolyte. The most frequently used methods are, nitration,
nitrosation, condensation, addition, substitution, oxidation, and complex
formation [7]. Here the methad of complex formation will be described. This
mecthod can be divided into two groups. In the first group, the analyzed

'
suhstaincc is a strong complex forming agent (usually with possibility of
l’orma{inn of chelate compounds) and it reacts stoichiometrically with the
inorganic ion. The wave of the complex ion is then measured under the given
conditions (i.c. the kind of mectal ion and the pH valuc of solution). The
formation of complexes of this type is rather specific, cach complex being

characterized by a given half-wave potential. This mcthod can also be rather
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sclective , and cven allows the determination of complex forming rcagents in
mixtures. For such analysis, the use of scveral metal jons and / or scveral pil
values can be recommendcd for increasing the sclectivity and reliability of these
mcthods. In the sccond group of mcthods, the complex-forming reagents is
added to a suspension of a slightly solublc salt of a heavy metal Ni**,Ci?*, ctc.)
When the cquilibrium between the solid phasc and solution is cstablished owing

to complex formation, the concentration of the mctal ion in the liquid phase is

mcasurcd polarographically.

The remaining part of this chapier is devoted to the cxperimental work
carriced out using the indirect method in quantitative organic polarography as an
assay for the detcrmination of penicillin and cephalosporin drugs, in particular,
Ampicillin  trihydratc and Amoxycillin trihydrate and ccphalexin  in

pharmaccutical formulations.

Experimental

4.3. Differential Pulse Polarographic Determinations Based on the pre-wave of a

nickel (IT) or cobalt (1) complex.

4.3.1. Apparatus
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A Princeton Applicd Rescarch Polarographic Analyzer Maodcl 174A with an
X-Y rccorder, Modcl RE 0074 was uscd with thrce clectrodes, namely a
dropping mcrcury clectrode (DME) with mcchanical control of drop size and
time, a Ag/AgCL rcference clectrode and platinum counter clectrode. The pH
valucs were measured with a pH meter. Wherc controlling of time was needed

and a stop-watch was used.

4.3.2. Reagents - |

Drugs-Ampicillin trihydrate (purc) was obtaincd from and Amoxycillin
trihydratc purc was obtained as a gift from SmithKline Beecham
Pharmaccutivals, Worthing, England. The Ccphalexin was also a gift from
Glaxo Group Rcscarch Ltd, Greenford. England. Ampicillin  trihydrate
capsusles () and Amoxycillin trihydratc capsulcs were obtained from the King
Fahd University of Petrolceum and Mincrals Clinic. All other chemicals uscd

were of analytical reagent grades.

4.3.3.  Study of the Optimum Conditions for the Quantitative Assay of
t

Ampicillin and Amoxycillin.
i

The work danc in the study of the optimum conditions was based on work
donc previously on a ccphalosporin drug [70], namely cephalexin. This was
bccausc.ccphnlnspnrins and pcnci!lins have the same carbon skeleton. The only
difference is that the former have thiazine rings while the latter have thiazolidine
rings attached to the B -lactam group (Fig. 4.7).
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Fig 4.7. Comparative structures of Penicillins and Cephalosporins.
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4.3.3. (a) Effect of pH-

Organic clectrode processes ordinarily involve hydrogen ions, the typical

rcaction being represented by,

R + nH + nc = RH,

Where R and RH, are the oxidized and reduced form of the organic

molccule. Half wave potentials for organic compounds arc thercfore, markedly
pH dependant. Furthermore, alteration of the pH may result in a change in

rcaction product.

In the study of the pH cffect of Ampicillin trihydratc and Amoxycillin
Trihydrate, solutions were prepared in such a way that the final concentration
of Ampicillin trihydrate was 3.50 x 10 M and that of Amoxycillin trihydralc
was 2.64 x 10°M in the Polarographic ccll. Sodium Acctate (final

concentration 1 M) was sclected to be the buffer and the supporting clectrolyte

[70]. Nickel sulphatc salt (final concentration of | x 102 Af ) was uscd as the
complexing recagent [70j. Then 4.00 ml of Ampicillin trihydrate solution or
Ampicillin trihydrate solution, 5 m] of sodium acctate. I mi. of Nickel (1D
solution were transferred to the pt:]nrngraphic cell to give the required final
concentrations. The pH of solution ;\'ns adjusted to be in the range of 5.50 to

R.40. This was done by adding dilute acctic acid or very dilute sodium

hydroxidc..

After 6 minutes, the solution was purged with nitrogen for 4 minutes. Then

the solution was scanned from -0.4 to -1.0V with a madulation amplitude of 25
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pH 8.00
L ]
oH 7.90
pH 7.80
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-A_E- oH 7.40
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APPLIED POTENTIAL, V.

Fig. 4.8. Diffevential polavogram of Amoxycillin triliydrate at a concentation of

2.64 < 10 in I M Sodium acetate and 1 ~ 103\1 Ni(Il) showing the cffect of
pH. o
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No. pH Peak hcight (h)
cm.
I 5.50 0.00
2 5.80 0.00
3 6.00 0.00
4 6.30 0.10
5 6.50 0.20
6 6.95 0.35
7 7.50 ) 0.50
8 7.60 0.55
9 7.90 0.60 |
10 R.00 0.62
11 R.10 0.62
12 R.40 0.6}

Table 4.1: pH and corresponding pcak height for Ampicillin Trihydrate Ni (1I)
complex pre-wave.
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No. pH Pcak hcight (h)
cm.
I 6.00 0.10
2 6.30 0.15
3 6.50 0.30
4 7.20 0.60
5 730 0.80
6 7.60 0.90
7 7.90 0.95
8 R.00 0.95
9 .25 0.95

Table 4.2: p!tl and corresponding peak height for Amoxycillin Trihydrate Ni(lT)
complex pre-wave.
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Fig. 4.9. pl;l vs peak height for Ampicillin trilydrate-Ni(ITy complex pre-wave.
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Fig. 4.10. pH vs peak height for Amaxycillin trilkydrate-Ni(1ly complex pre-wave.
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mV,drop time 0.5s, scan ratc 2 mVs! and scnsitivity of 20 micro A. Fig (4.8)
shows the diffcrential polarogram for Amoxycillin trihydrate-Ni(l1l) complex.
The differential polarogram of Ampicillin trihydrate-Ni(IT) cémplcx Jis similar to
that of Amoxycillin trihydrate-Ni(IT) complex. Then the cffect of pH on peak
heights were recorded for Ampicillin ( Table 4.1 ), and Amoxycillin ( Table 4.2 )
and graghs plotted ,Figures ( 49 4.10 ) for Ampicillin and Amoxycillin
respectively.

4.3.3. (b) Effect of Sodium Acctate Concentration

In this cxperiment, sodium acctate is acting as a buffer as well as a
supporting clectrolyte. A scrics of sodium acctate solutions (from 0.20 - 1.5 M
for an Ampicillin trihydrate final concentration of 6.00 x 10* Af were preparcd
and transferred scparately to a polarographic ccll together with the drug
solution and 1.00x10M Ni(II) solution. The pH of the drug was then adjusted
to pH 8.00. After 6 minutes, the solution was purged with Nitrogen for 4
minutes. Then it was scanned from -0.4 - 1.0 with modulation amplitude of 25
mV.drap time 0.5s, scan rate 2 m¥P’s" and sensitivity of 20 micro A. Here only
the differential polarogram for Ampici‘_llin showing the effect of sodium acetate
on the peak height is give, ( Fig 4.l|§ ). Tables (4.2 . 4.4 ), show the results
obtaincd for Ampiciilin and Amoxycillin respectively. These results were then

plotted as shown in figures ( 4.12 ) for Ampicillin and ( 4.13 ) for Amoxycillin.

4.3.3. (¢) Effect of Temperature and Time
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Fig. 4.11. Differential polarogram of Ampicilfin trikydrate at a cnnccnlratinn. of
6.00 x 10°Af, pH (8.00), and Ni(ID, 1 ~ 10°M showing the cffect of Sodium

acetate solution.
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No. | Sodium Acctatc Pcak hceight (h)
Concentration (M) Cm.
1 " 010 1.40
2 0.15 1.20
3 0.20 1.10
4 0.30 1.20
5 0.40 | 130
6 0.50 1.35
7 1.00 1.50
8 1.50 1. 50

Table 4.3. Sodium Acetate Concentration Vs. peak height for Ampicillin
trihydrate Ni(1l) complex.
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No.| Sodiuvm Acctatc Pcak hcight (h)
Concentration (M) Cm.
1 0.10 0.70
2 0.15 0.85
3 0.30 0.87
4 0.35 0.88
5 0.40 0.89
6 0.50 0.90
7 1.00 0.91
8 1.50 0.89

Table 4.4. Sodium Acctate Concentration Vs. peak height for Amoxycillin

trihydrate Ni(II) complex.
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Fig. 4.12. The cffect of Sodium acctate concentration on peak height for Ampicillin
trikydrate-Ni(IT)y complex.
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Fig. 4.13. The cffect of Sodium acectate concentration on peak height for
Amoxycillin trihydrate-Ni(IT) complex.
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Temperaturc has a remarkable cffect on the Ni (1) complex wave of
Ampicillin trihydratc and Amoxycillin trihydrate when measured as a function

of time.

In this study, the instrumcntal sct up shown in fig. (4.34 ) was uvscd.

Temperatures were measured using a chromel-alumel thermocouple.

For Ampicillin trihydratc, this study was carricd out for solutions at a
concentration of 5.60 x 10° A containing | M sodium acctate and
1.00 x lO”vM Ni(Il). For Amoxycillin trihvdratc thc concentration was
1.32 x 10 M containing 1 M sodium acctatc and 1.00 x 10 A Ni(II). The pH
in all instances was adjusted to '8.00. After 15 minutes, the solutions were

purged with nitrogen for 4 minutes. Then cach solution was canned from -0.4 to

1.00 at (vs Ag/AgCL) with a modulation amplitudc of 25 mV, drop time 0.5s,
scan rate 2 mVs" and sensitivity of 20 micro A. The scanning was repeated at

intervals of time. The temperature range studied was 10-40°C as shown in
figurcs ( 4.14 ) for Ampicillin and ( 4.15 ) for Amoxycillin. Tables ( 4.5.4.6)
give the results obtained for Ampicillin and Amoxycillin respectively . These
results were then plotted as shown in figures ( 4.16 ) for Ampicillin and ( 4.17)

for Amoxyciliin.

The scan at 25 degrees was repeated and in this case the solutions were

purged with nitrogen after 5 minutcs;lo scc the cffect of time [fig ( 4.18 ).

4.3.3. (d) Repraducibility Test
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Footnotes;

1. Reference electrode (Ag/AgCL).

2. Dropping mercury electrode (DME).

3. Counter electrode (Platinum-wire).

4. Polarographic cell.

5. Thermocouple.

6. Vacuum flask containing mixture of ice and distilled water.
7. Water inlet from thermostat.

8. Water outlet to thermostat.

Fig. 4.34. Instrumcntal st up used in the study of fcmpcrafurc effect.
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Fig. 4.14. Differential polarogram of Ampicillin trilhydrate-Ni(IT) complex showing
the effect of temperature with time at 5,10,and 15°C.
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Fig. 4.14. Differential polarogram of Ampicillin triliydrate-Ni(Il)y complex showing
the cffect of tempervature with time at 20,and 25°C. '
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Fig. 4.14. Diffcrential polarogram of Ampicillin !rihydralc-}\'i(”) complex showing
the cffect of temperature with time at 30,and 35°C.
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Fig. 4.14. Differential polarogram of Ampicillin trikydrate-Ni(IT) complex showing
the cffect of temperature with time at 40°C.
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Fig. 4.15. Di.ﬂbrchtial polarogram of Amoxycillin triliydrate-Ni(Il) complex
showing the effect of temperature with time at 15 and 20°C. :
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Fig. 4.15. Differential polarogram of Amoxycillin trikydrate-Ni(1l) complex
showing the cffect of temperature with time at 25 and 30°C.
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Fig. 4.15.. Differential polarogram of Amoxycillin trikydrate-Ni(I) complex
showing the cffect of temperature with time at 35 and 40°C.
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Temp. Time (t) Pcak Temp. time (1) Pecak
Degree min. height Dcgree min. height
Ceclsius - lem. Ceclsius cm.
50 19.0 3.80 10.0 16.0 5.80
50 4.05 210 6.20
30.0 375 26.0 6.10
35.0 3.90 300 5.80
15.0 16.0 10.00 20.0 16.0 14.10
210 10.10 210 13.80
26.0 10.30 270 12.40
32.0 10.80 320 12.10
25.0 -1 150 17.30 30.0 15.0 22.00
20.0 15.80 200 19.60
25.0 2495 25.0 17.20
30.0 14.25 30.0 15.25
35.0 15.0 24.00 40.0 16.0 22.20
20.0 20.30 21.0 1R.10
25.0 17.40 26.0 15.50
30.0 15.40 310 13.50
28.0 11.60
45.0 9.90
50.0 9.40

Table 4.5:Results of the effect of time on peak height for Ampicillin trihydrate-
Ni(I)Complex at diffcrent temperatures.
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Temp. Time (t) |Pcak Temp. time (1) Pcak
Degree min. height Dcegree min. height
Ceclsius cm. Celsius cm.
150 15.0 4.95 200 15.0 7.00
30.0 4.30 24.0 6.60
45.0 4.70 31.0 6.10
45.0 6.10
25.0 15.0 10.85 300 15.0 12.35
25.0 8.90 25.0 10.25
300 8.25 310 9.30
370 8.00 40.0 8.00
450 7.30 45.5 7.30
35.0 15.0 15.90 40.0 16.0 14.55
250 11.60 25.0 1115
300 10.00 30.5 9.60
400 8.10 410 6.0
45.0 7.10 45.0 5.0

Table 4.6:Results of the effect of time on peak height for Amoxycillin trihydrate-
Ni(I1) Complex at different temperatures.
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Fig. 4.16. The cffect of temperature as a function of time on peak height for

Ampicillin trihydrate.
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Fig. 4.17. The cffect of temperature as a function of time on peak height for
Amoxycillin trilydrate.
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Fig. 4.18. flrc cffect of time on peak height for Amoxycillin  and Ampicillin
trihydrate at room temperature (25°C).
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(@) (b)
Trial # Pcak hcight Trial # Pcak height
cm cm
| 7.00 | 1.30
2 7.10 2 1.30
3 6.80 3 1.35
4 7.10 4 1.40
5 7.20 ) 1.40
6 7.20 6 1.40
Mcan = 7.07 Mcan = 1.26
SD = 0.14 SD = 0.04

Table 4.7. Results for the reproducibility tests of (a) Ampicillin trihydrate and (h)
Amoxycillin trihydrate, Ni(Il) complexes.
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In this tcst, solutions of Ampicillin trihydratc at a concentration of
2.18 x 10° M containing 1 M sodium acctate, 1.00 x 102 M and Amoxycillin
trihydrate at a concentration of 6.20 x 10° M were used. The solutions were
purged after waiting 6 minutes with nitrogen for 4 minutes. Then they were
scanncd from -0.4 to -1.0V, with a modulation amplitude of 25 mv , drop time

0.5s, scan rate 2 mVs" and scnsitivity of 20 micro A. These results are tabulated

in table (4.7 ).

4.3.3. (¢) Reversibility Test

The reversibility of the system may be cvaluated from the ratio between the
cathodic and anodic pcak currents and the difference between the pulse
potential applicd and the mecasured pcak potentials [110]. For reversible
polarographic proccsses, the ratio should be unity, and the potential difference

should be the samc as the pulse amplitude dE. Morc over the E, valuc

obtaincd by DC polarography for the cathodic and anodic waves should be the
samec. Figurc§ ( 4.19 4.20 ) show the differential and D.C. polarograms for
Ampicillin trihydrate-Ni(l11) complex as a test for reversibility . The resulis of
the reversibility test ar‘c igivcn in tables ( 4.R,4.10.4.11 ) for Ampicillin and (
49.4.10,4.11 ) for /\mnxyf:illin.

4.4.3 (f): Calculation of Number of Electrons involved in the clectrode reactions.

Jor ampicillin and Amoxycillin Ni(II) complex.
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Fig. 4.19. Diffcrential polarogram for Ampicillin trilydrate-Ni(IT) mmplc\'
showing cathadic and anadic scans as a fest for reversibility.
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Fig. 4.20. Direct current polarogram for Ampicillin trilhydrate-Ni(1l) complex
showing cathodic and anodic scans as a test for reversibility.

101



No. Cathodic Anodic Cathodic/Anodic
pcak ht.cm peak ht.cm

I 340 - 3.30 1.03
2 3.00 3.10 0.97
3 2.70 2.65 1.02
4 2.30 2.40 0.96
5 2.10 2.15 0.9%

mcan = 0.99

SD = 0.03

Table 4.8 Data for the reversibility test of Ampicillin trihydrate Ni(1l) complex,
showing the ratio of peak height of the cathodic and anodic differential scans.
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No. Cathodic Anodic Cathodic/Anodic
pcak ht.cm peak ht.cm

1 1.55 1.55 1.00
2 1.90 1.90 : 1.00
3 1.65 1.70 0.97
4 1.45 1.60 0.91
5 1.40 1.40 1.00
6 1.20 1.30 0.92

mcan = 0.97

SD = 0.04

Tabhle 4.9.Data for the reversibility test of Amoxyecillin trihydrate Ni(Il) complex,
showing the ratio of peak height of the cathodic and anodic differential scans.
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Table 4.10: Data for the reversibility test of (a) Ampicillin frihydrate (b)
Amoxycillin trihydrate Ni(IT) complex , showing the difference in peak potentials
hetween (he cathodic and anodic differential scans using 25 mV madulation or
pulse amplitude. :
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(a)

type of scan : E, (V)

Cathodic scan - 0.806

Anadic Scan - 0.755
Q)]

type of scan E, (V)

Cathodic scan -0.932

Anodic Scan - 0.900

Table 4.11: Data for the reversibility test of (a) Awmpicillin trihydrate (b)
Amoxyecillin trihydrate Ni(IT) complex , showing the E,, values for the cathodic

and anodic Dc-scans.
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According to the ncarest cquation for a totally reversible system,
E, tea= E\ 2~ (0.0591/n) log(i/(i,~ i)).
where,
Eapplicd = potential applied
E,, = Potcntial at half the diffusion current
i = current at the applied potential
cq i sub d = diffusion current
n = number of clectrons involved in the clectroade reaction.

Then a plotof E_ ., vs log(i/(i,— 1)) gives a slope of - 0.0591 / n.

In this test solutions of Ampicillin and Amoxycillin containing | M sodium
acctatc and 1.00 x 10 A Ni(ll), were preparcd. These solutions were scanned
in the DC-Scan modec cathodically from -0.4 to 1.1V at scan rate of 2 mls’
modulation amplitude 10 mV drop time 0.5s and sensitivity of 20 micro A. Here
only the D.C. scan for Amoxycillin is shown ,figure (4.21). The results obtained
from thesc tests arc given in tables (4.12 . 4.13) for Ampicillin and Amoxycillin
respectivelv. From the plots of the results obtained ( Refer to tables 4.12 and
4.13), the slopes for Ampicillin and Amoxvyecillin - NI(I11) complexes were found

to be -0.0443 :ind -0.0600 respectively.

CALCULATIONS

Slope n = - 0.0591 / slopc.
Therefore,
n for Ampicillin = - 0.0591 /- 0.0565 = 1.05
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Fig. 4.21. DC polarogram for Amoxycillin trihydrate-Ni(Il) complex
showing scans with different drop sizes for the calculation of the number
aof clectrons involved in the clectrade reaction.
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i, = 6.40 mm

No - E i (mm) i,—i(mm) log ( ('_Ji") )
1 -0.74 12.80 51.20 -0.60
2 -0.77 26.50 37.50 -0.15
3 -0.79 38.50 25.50 0.18
4 -0.82 55.00 9.00 0.78
5 -0.84 62.00 2.00 1.49

Table 4.12: Data for the plot of log ( —— ) vs E, .., ( V") for Ampicillin Ni(11) complex.

d-)
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i,= 6.40 mm

No | i(mm) | i,—i(mm) log ( (i:-i) )
1 -0.90 0.65 4.25 -0.82
2 -0.92 1.10 3.0 -0.54
3 -0.95 2.50 2.40 0.08
4 -0.97 3.R0 1.10 0.54
5 -1.00 4.30 0.60 0.86
6 -1.20 4.60 0.20 1.IR
|
Table 4.13: Data for the plot of log ( ,i yrs E_ (1) for Amoxycillic Ni(I1T) complex.

d )
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n for Amoxycillin = -0.0591 / -0.0600 = 0.99

4.3.3. (g) Interference test for Ampicillin trikydrate and Amoxycillin trikydrate.

In this test, solutions containing diffcrent ratios of concentrations of the
standard form and capsules were preparcd. The first solutions containing the
standard form and capsules scparately werce scanned. This was then followed by
scanning solutions containing different ratios of standard form to capsules. Then
the cffect of the fillers in the capsules on the standard form solutions were scen.
The test was carricd out in this manner because of the lack of knowledge of the
fillers present in the capsules. The results are tabulated in tables ( 4.14, 4.15)

for Ampicillin and table ( 4.16 ) for Amoxycillin.

CALCULATIONS:
h_ = Pcak hcight of standard alonc

h_ = Pcak hcight of capsulc alonc

>
It

Calculated height for standard

>
I

calculated peak height for capsules.
Total volume = 25.0 ml in all the cascs.
Then for solutions containing 15.0 ml standard and 10 mi capsule.

h, = (150/250)x 1322 = 79.3 mm
h, = (10.0 /25.0) x 145.0 = 5.0 mm.

Total height calculated = 79.3 + 58.0 = 137.3 mm
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Pecak ht. Pcak ht. Pcak ht. Peak ht. Peak ht.
(mm) for (mm) for (mm) for (mm) for (mm) for
Standard capsulcs ISml.std. 10ml.std Smi std.
alonc alone & 10 mi & 15 ml & 20 mi
capsules capsules capsules.
132 145 139 139 141
Table 4.14 Data for the interference test of Ampicillin Trihydrate.
Solution Solution Solution
containing containing containing
I5Smlstd & 10mi std & Smlstd &
10ml caps. 15 ml caps. 20 ml.caps.
Calculated 137 140 142
valuc of
peak hi(mm) ;
Found valuc 139 139 141
(mm)

Table 4.15 Summary of data of inferference fest of Ampicillin trihydrate Ni(ll) complex.
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Solution Solution Solution
containing containing containing
I5mistd & 10mi std & 20mlstd &
10ml caps. I5 ml. caps. 5 ml.caps.
Caiculated 123 19 127
valuc of
pcak ht(mm)
Found valuc 124 119 124
(mm)

Table 4.16 Summary of data of inferference test of Amoxyecillin trihydrate Ni(H) complex.
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Total height found = 139.0 mm

The calculations for the interference test of Amoxycillin trihvdrate was carried

out in the same way as that of Ampicillin trihydrate.

4.3.4. Procedure for Quantitative Assay

All glass-warc (volumctric flasks, funncls, pipcts, burcts, ctc.) and spatulas
were cleanced thoroughly and if necessary with chromic or nitric acids and dricd
before they were used. Where water is mentioned, distilled deionized water is
implicd. Solutions of standard drugs and capsules were prepared fresh cvery

time before use.
a) Ampicillin trikydrate.

Solutions of standard Ampicillin trihydrate, Nickel sulphate and sodium
acctate were prepared in such a way that in the final volume (10ml) in the
polarographic ccll, the solutions had concentrations of Ampicillin trihydrate in
the range 107~ 10" Nickel Sulphate 1.00 ¥ 107 Af and sodium acctate 1 M. For
Ampicillin trihydrate, this was done by first preparing a solution in the 101
range by direct weighing of the solid on a sensitive balance and tr:msfgrring it 1o
a 100 ml volumetric flask using a funncl and filling the flask with water to the
mark. Mixed the contents thoroughly to dissolve ail of the solid. Then solutions
to give the required range were preparcd by dilution. For Nickel suiphalc and
sodium acctate, appropriate masses were weighed to give 0.1M and 2 M in 100

ml respectively.

13




Once that had been done, 4 ml of Ampicillin trihydrate, 5 ml of 2M sodium
acetate and t ml of Nickel sulphate solutions were transferred using pipets to
the polarographic ccll. Then the pH wés rccorded to make surc that it was that
rcquired (pHR). After 6 minutes, nitrogen was bubbled through the solution for
4 minutcs. Then the voltage was scanncd from -0.4 to -1.0V (vs Ag/AgCL)
with a modulation amplitude of 25 mV, drop time 0.5s.scan rate 2 mVs' and
sensitivity of 20 micro A,fig.(4.23). The diffcrential polarogram in fig ( 4.22)
show the nature of the Ampicillin-Ni(Il}) complex wave and the frec Ni(ll) ion

wave.

The sample solutions were treated in the same way as the standards. The
results obtained arc tabulated in table (4.17 ) for the standard (purc) Ampicillin
and table ( 4.18 ) for Ampicillin capsules. Then a graph of log concentration vs
log pcak hcights was plotted to calculate the % of active substance in the

samples, fig.( 4.24 ) and the results thus obtained are summarized in table

(4.19).

CALCULATIONS

From table 4.18, Actual concentration of capsule solutions and the obtained

were:
Sol # 1 - prepared = 2.870 x 10 A

obtained = 2.880 x 10° M

% of active substance =
(2.890 ~ 10%72.870 » 10 x 100
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Fig. 4.22. Nature of Ampicillin triliydrate-Ni(Il) complex and free Ni(Il)
ions differential peak at conc.: Ni(IT) 10°M, sodium acctate 1 M,Ampicillin
() 0(2) 4.00 < 10°(3) 1.50 » 107 (4) 3.20 ~ 105,
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Fig. 4.23. Differential polarogram of, 10°M Ni(Il) in 1.0 M Sodium
acetate.  Ampicillin  trihydrate  concentrations in  the range
1.39 x 107 =347 x 10°M.
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No. | Concentrations(M) Log Conc. Pcak height log h.
x 107 - (h) cm.
1 1.39 -6.86 0.01 -2.00
2 2.77 -6.56 0.05 -1.30
3 6.94 | -6.16 0.10 -1.00
4 13.90 -5.86 0.22 -0.66
5 271.70 -5.56 0.45 -0.35
6 41.60 -5.3R8 0.70 -0.15
7 55.50 -5.26 0.95 -0.02
8 69.40 -5.16 1.19 0.0R
9 83.20 508 1.49 0.17
10 139.0 -4.86 2.20 0.34
i1 347.0 -4.46 6.35 0.80
12 1460.0 -3.33 13.20 1.12

Table 4.17. Concentrations (M) Vs Peak heights (h) cm for Standard Ampicillin Trihydrate
Concentrations in the range of 1.39 107 — 4.65 ~ 1071/,
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Fig. 4.24. Calibration curve for log Ampicillin vs log peak height.
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No. | Actual Concen. (M) Pcak hcight Conc. obtaincd from
prepared. x 107 (cm) fig (4.24) x 107

1 28.70 0.48 28.8

2 42.00 0.71 41.6

3 32.00 0.54 32.1

Table 4.18 Concentrations of Ampicillin Trihydrafe capsules vs. Peak heights cm.

Solution No. % of Active Substance
1 100.3
2 99.0
3 100.4
Mecan = 99.9%
: SD = 0.7

Table 4.19 Summary for the results obtained for calculations of % of acfive substance in
Ampicillin trithydrafe capsules.
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No. | Concentrations(M) Log Conc. Pcak hcight log h.
x 107 : (h) cm.
| 3.09 -6.51 0.05 -0.30
2 6.18 -6.21 0.15 0.1%
3 12.4 -5.91 0.28 0.45
4 18.5 -5.73 0.45 0.65
5 30.9 -5.51 0.85 0.90
6 43.2 -5.36 1.10 1.04
7 55.6 -5.26 1.45 1.16
8 61.8 -5.21 1.70 1.23
9 74.1 -5.13 2.00 1.30
10 92.6 -5.03 2.40 1.3%
1 155.0 43 420 1.63
12 5560.0 -3.38 14.10 2.15

Table 4.20. Concentrations (M) vs Pcak heights (h) cm for Standard Amoxyecillin Trihydrate
Concentrations in the range of 3.09 > 107 — 5.66 ~ 107 Af.

1
1
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Fig. 4.26. Calibration curve for log Amoxycillin vs lag peak hcight.
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No. | Actual Concen. (M)
prepared. x 107

Pcak hceight
(cm)

Conc. obtained from
fig (4.24) x 107

I 36.20 0.97 37.30
2 16.50 0.42 16.85
3 44.20 1.18 45.12

Table 4.21 Concentrations of Amoxycillin Trihydrate Capsules Vs. Peak heights in cm.

Solution No. % of Active Substance
1 103.0
2 102.1
3 102.1
Mcan 102.6 "%
sSD = (.5 ;

Table 4.22 Summary for the results obtained for calculations of % of active substance in
Amoxy. capsules.

123




= 100.0 £0.5.
Similarly for solutions 2 and 3, % of active substance was found to be 99.0%,

100.4% rcspectively.
b) Amoxycillin Trihydrate

The samc'pmccdurc was carricd out as that for the Ampicillin Trihydrate,
i.c., the samc range of concentrations of standard Amoxycillin trihydrate, the
same Nickel, sulphate and sodium acctate concentrations, and other conditions
like pH and instrumental settings, fig (4.25). The results obtained arc given in
tables ( 4.20 ) for the standard Amoxycillin and ( 4.21 ) for the sample solution
(capsules). The plot of the results to obtain the % of active substance in the
capsulcs is shown in fig (4.26).Table (4.22) summarizes the results of % of active

substance in Amoxycillin capsules.

4.4&8& OQuantitative Assay for Amoxycillin based on the 2, 5 diketo piperazine

derivative polarographic peak.

In this assay, 15.0 ml portion of aqucous solution containing between 0.100
and O.le g of standard Amoxycillin was pipetted into a S0 mi standard flask
cnntaininig 2.5 ml of I M sodium hydroxide. Ten minutes later 2.5 ml of | M
hydrochloric acid were added, followed by dilution to volume with pH S citrate

buffer containing 1% formaldchydec.

Samples (capsules) were treated in the same way as the standards. Then the

standard and sample solutions were heated at 100°C for 30 minutces, allowed to
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Fig. 4.27. Diffcrential polarogram of Amoxycillin for the polarographic assay.
haesd on 2,5-dikctopiprazine derivative wave.
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No. Conc. g/50ml. Pcak Height Cm.
1 0.104 3.10
2 0.110 3.50
3 0.123 4.40
4 0.129 4.70
5 0.143 5.50

Table 4.23: Data for standard Amoxycillin concentrations and their corresponding peak heights

for the assay hased on 2,5 dikitopiperazine derivative peak.
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Sample Prepared | Obtained % of Active
pcak ht. conc. conc. substance
cm g/50 ml. g/50 ml
from fig
4.28
5.60 0.140 0.144 103
420 0.113 0.118 104
4.30 0.128 0.129 101
Mcan = 103%
SD = |

Tahle 4.24: Data Summarizing the results obtained for the 2.5 disketo piperazine derivative,

peak based, Amoxycillin assay.
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derivatives.
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cool and then the strongly fluorcscent yellow product thus formed was analyscd
polarogrphically. This was donc by purging thc sample for 10 minutes. Then
scanned from -0.7 to -1.1V (vs Ag/AgCL) at scan ratc of 2 mFs’, drop time 0.5
s , modulation amplitude of 10 mV and scnsitivity 100 micro A, fig (4.27 ). The
results obtained arc given in tables (4.23,4.24). Figurc 4.28 shows the

calibration curve used in calculating the % of active substance in the sample

solutions.

4.8.6: Quantitative Assay of Cephalexin based on Ni(Il) and Co(IT) Complex.

This assay was bascd on work donc on cephalexin [70], in which two scts of
solutions of ccphalexin at a concentration of 6.75 x 107 — 6.17 x 10° M (a)
containing | M sodium acctalec and 1.00 x 107 A7 Ni(ll) (b) containing | M

sodium acctate and 1.00 x 10?2 M Co(ll), were prepared. These solutions were
then analyzed polarographically. This was donc by purging them after 6 minutes
for 4 minutcs, then scanning them from -0.5 to -1.1V for Ni(ll) system and -0.8
to -1.3V for the Co(Il) system at scan ratc of 2 mFs'. drop time 0.5 scc and
modulation amplitude of 25 mV. The differential  polarograms for. the
l
Cephalexin-NI(ID) wave and the Cephalexin-Co(11) wave arc shown in ﬁgu&rc< (
4.29,4.30 ) respectively. The results obtained arc given in tables ( 4.25, 4.56 ).
Figurcs (4.31, 4.32) show calibration curves for the calculations of the % of
active substances in the sample sofutions. But since the purity of standard is

92.4%, then the mean % Of the Cephalexin in the capsules is = 107% *1 and

the Corrected % of active substance = 100% =1 for the Ni (I1) bascd assay
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Fig. 4.29. Differential polarogram of Ni(II) Cephalexin system at different
concentraitons of Cephalexin.
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Fig. 4.30. Differential polarogram of Co(ll) Cephalexin system at  different
concentraitons of Cephalexin.
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No. Conc. (M) Pcak height (cm).
x 107
1 61.70 4.49
2 43.00 2.58
3 34.30 2.35
4 20.60 1.12
5 13.70 0.71
6 6.85 0.40
(b)
No. Conc. (M) Pcak hcight (cm).
x 107
1 61.70 385
2 48.00 2.75
3 34.30 1.41
b4 20.60 0.68
LS 13.70 0.35
6 6.85 0.08

Table 4.25: Data for quantitative assay of cephalexin (a) Ni(I1I) (b) Co(ll) complex systems

showing concentrations and corresponding peak heights.
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No. Sample Prepared Obtained % of Active
pcak ht. conc. conc. from substance
Cm x [0sup-T (M. fig.4.31
x 107 (M).
1 4.49 57.60 67.00 116
2 1.58 21.90 25.70 117
3 3.50 46.00 52.90 IS
Mcan =116%
SD = x|
(b)
No. | Sample Prepared Obtained % of Active
pcak ht. conc. conc. from substance
Cm x 10sup-7 (M). fig.4.32
x 107 (AN).
1 3.95 57.60 65.70 Tid
2 1.16 21.90 25.70 7
3 3.00 46.00 52.00 T3
Mean = 5%
SD =2

Table 4.26: Data for the summary fo cephalex capsules (a) Ni(IT) complex system (h) Co(Il)
complex system.
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Fig. 4.31. Calibration curve of , the concentraiton of Ni(IT-Cephalexin complex vs
peak height.
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and for thc Co(Il) based assay thc mecan % will be, 106% +2 , and the

Corrected % of active substance

99 % 2. (Scc iodometric Assay for

Ccephalcxin - Chapter 3).

44.7. Reversibility test for Co(Il) - Cephalexin Complcx System.

The test was carricd out in thc same manncr as for the Ampicillin Ni(I1)
systems. Figurc (4.33) shows the differential polarogram uscd in carrying out the

reversibility test. The results obtained arc given in table ( 4.27).
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Fig. 4.33. Differential polarogram of Cephalexin Co(ll) system as a reversibility
test.
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No. Pulsc amplitude E, — E, = dE(mV). =

applicd (mV). I,
I 25 10 0.93
2 25 10 1.04
3 10 20 0.80
4 50 41 0.90
Mcan =092
SD = 0.09

Table 4.27. Summary of the results for the Co(1¥) Cephalexin System:yeversibility fest.
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CHAPTER S

DISCUSSION

The polarographic studics on penicillin and cephalosporin antibiotics have
been summarized in chapter two. The present work is based on the study of
cephalexin described by Hernandez Mendez ct al [70] In it an, cxcess of Nickel
(11 is added to a buffered solution of the drug and the polarographic wave
associated with a nickel (I1) complex is made the basis of quantitative analysis.
Another study describes the measurcment of the cquilibrium for the formation
of the nickel (I1) complex with amoxyccllin and mcntions that the complex can
be made the basis of a quantitative method fo analysis without giving details of
the procedure usced. A 1:1 complex with nickel (IT) was formed with nickel (1)
with K=3.3 x103 (log K =3.52). In these studics differential pulse methods were

uscd {73]. '_

1
I

Optimum’ conditions with respect to pH, temperature buffer (and supporting
clectrolyte), reaction time were studicd. When satisfactory working conditions
were cstablished, measurements were made to determine lincarity of calibration
curves, reproducibility, reversibility, number of clectrons involved in the

reduction process and interferences from other constituents in the capsules.
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5.1. pH EFFECT

Below pH 6.0 in | M sodium acetate and 1 x 10-2M Ni(ll), no wave was
observed from a nickel complex with antibiotic present at 10-6M. Maximum
wave height for the nickel complex ivas obscrved at pH 8.0 for Ampicillin and
7.9 for Amox)}cillin. These results suggest that the Amoxycillin complex is
slightly more stable than that of Ampicillin. The pH study could not bhe
cxicnded beyond (pH 8.25) because of the hydrolysis of Ni(Il). The cephalexin
was not studicd because the data was alrcady published. The highest sensitivity

was observed at pH of 8.0 at 1 M sodium acctate [70].

In all of these three antibiotics, there is a primary amino group which can

form the Betaine structure.

This aminc group only becomes available for complex formation with nickel
when the proton is released or otherwise displaced by the metal ion. From
studics with amino acids and transition mctal ions, this vsuaily appears to take
placc at high pH, providing cvidence that the amino group in the antibiotics is

involved in complex formation.

5.2. Effect of Sodium Acetate Concentration.

In addition to acting as buffer, the sodium acetate is also the supporting
clctrolyte. Acetate ion forms weak complexes with Ni(1l) and therefore will he in
competition with antibiotic in metal complex formation. Hence there is a need to

cxaminc the cffect of acctate concentration on sensitivity. The results are

140




rccorded in chapter four tables (4.2,4.40) and thcy show clearly that maximum
sensitivity was obtaincd at 1 M sodium acctate concentration (pH .0 for

Ampicillin and pH 7.9 for Amoxycillin.)

5.3. Effect of Time and Tempcerature

In a diffcrential pulsc polarogram at room temperature, a peak is observed
for the Ni (I1) antibiotic complex at about (-0.84V). It is followed by a large
pcak due to the cxcess Nickel (IT). Obviously in dcaling with thermally unstable
antibiotic the time allowed for reaction and purging of the samples will have to
be taken into account. The data for these studies arc summarized in tables

(4.5,4.6) for Ampicillin and Amoxycillin.

In all the studics, the rcaction mixtures were left 1S minutes before purging
to remove oxygen and starting the polarographic scans. The data shows that
upto 15°C, the pecak heights did not change with time. As the temperature were
taken higher the change in peak height with time becomes more marked. The
peak heights appear to decreasc exponentially with time. This is what would be
expected if the nickel (11) c‘nmplcx is undergoing degradation. Direct evidence
for Chemical tmnsl’ormati(im is abscrved from the appearance of a new

l

polarographic wave approximately (-0.68V). This wave becomes evident above

35°C.

Tests were conducted to establish the origin of the new wave. This was done

by taking a sample of Ampicillin, treating it with sodium hydroxide under
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Fig.5.1: Test for the nature of the new peak appearing at temperatures ahove 357 (. (a)
freated Antibiotic complexed with Ni(Il). (b) uncomplexed Antibiotic.
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conditions lcading to penicilloic or penilloic acid. The pH was adjusted by
addition of acctic acid to 7.0, Nickel (1I) added and polarograms obtained in the
usual way,fig. (5.1). As is scen from figurc 5.1, a ncw wave pcak maximum at
-0.68V was obtaincd. This wave occurs at the samc position as thc waves
developing in the scans at higher temperaturces following the standard procedure.
This results confirm that the nickel antibfotic complcx is transormed to a Ni(ll)
penicilloic acid or Ni(Il) penilloic acid complex. The nickel (1I) is involved in the

formation of the pczik becausce in its absence no peak is obscrved. (Sce fig. 5.1).

The ambicnt temperature around (25°C) is the most convenient for routine
analysis. Therefore, some additional studics were performed at this temperature.
The rcaction was allowed to procced for only five minutes before purging and
scanning. The results (figurc 4.18 ) show that the pcak hcight decreascs steadily
under these conditions particularly in the casc of Amnxy-ciliin. Thercfore, in
order to obtain good reproducibility and minimize the time of analysis, it is
desirable to follow a routinc in whcih timing within  Iminute for cach of the

steps (1) reaction time (2) purging (4 minutes) and (3) scanning.

5.4. Reproducibility Test f

Reproducibility test were performed using the penicillin drugs complexed

with Ni(1l). The results of these studics arc summarized in tabie 5.1
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Drug Concentration.(M) CocfTicicnt No. of
of variation mcasurcments
Ampicillin 2.18 x 10% 2.0 6
Amoxycillin 6.20 x 10 °* 2.9 6

Table 5.1 Summary of Reproducihility Tests.
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It is seen that the cocfficient of variation in cach casc is between 2-3 % and

this is highly satisfactory for polarographic analysis.

5.5. Number of clectrons transferred and checks on the reversibility of clectrode

reactions:

According to Hernandez Mendez ctal {70], from their study of the Ni(ll)
complex of ccphalexin, the clectrode process involves the exchange of two
clectrons per mole of Ni(ll) complex in the clectrode process. In the work
described here, the studies on the Ni(ll) compexes of Ampicillin  and
Amoxycillin both point to the transfer of one clectron per mele. The tests were
performed 4 times for cach system using different drop sizes and the results arc

all consistent with this conclusion .

5.6. Reversibility Studies:

The reversibility studics were perfromed as discussed h‘y Birke ct al {110]
using the differential pulse technique both for cathodic and anodic sweeps. The
ratios of pcak heights obtained in these sweeps are ckwé to unity for the
Ampicillin and Amoxycillin Ni(1I) systems (Refer to tables 4R and 4.9). The test
when applicd to the Co(H) cephalexin system also gave a value close to unity(
Sce table 4.27). The other test for reversible charge lrhncfcr"namcly that of the
difference in the peak potentials for cathodic and anodic sweeps should be equal
to the modulation potential amplitude (25mV) for the Ni(ID) studics). As it is
seen from the table (4.10),the values obtained for Ampicillin and Amoxycillin
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vary considerably and are gencrally less than 25 mV. This is particularly so for
Amoxycillin. The crrors in making this mcasurcments are considerable as is scen
from the standard deviations. Hence the results arc considered to bc ambiguous
and less rcliable than the current ratio test. It is concluded that the clectrode
processes is probably reversible or at worst quazireversible for these Nickel
complexes. The onc clectron processes deduced from the current mcasurements
is at variancc from the study of Hernandez Mendez ct tal for the cephalexin
complex. The rcasons arc not obvious from cxisting data. The test for
reversibility involving differences in the potentials of the peak maxima (DE) in
relation to voltage amplitude arc recorded in tablc (4.10). In this case, the
modulation amplitude was varied from 10 to 50 mV and (3E) mcasured. Again

the valucs are lower than expected and therefore, don’t give a clear result.

DC-Polarographic scans were obtaincd for Ampicillin and Amoxycillin
complexed with Ni(H). The cathodic scan in cach casc tended to give a morce
ncgative valuc for E, , than the corresponding anodic scan. While there is some
uncertainity in locating the E,, From the cxperimental traces, these differnce
would appear to persist. Thus, this test suggest that the clectrade processes while
hecing close to reversibility are not trucly reversible. This test could not he
applicd usclully for the Co(Il) cephalexin system because the waves for the

complex and the cxcess Co(I1) overlap.

5.7. Quantitative Studies

146




Drugs Lincar ranges (M)

Ampicillin 5.00 x 107 — 1.00 % 10°

Amoxycillin 3.98 x 107 — 2.00 x 10°

Table 5.2. Linear concentration ranges for Ampicillin and Amoxyecillin .
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Using thc procedurcs cstablished in chapter 4, Calibretion curves were
prepared for cach of thc two penicillins. Because the concentration ranges
cxtended over scveral orders of magnitude a log-log plot of peak hcight versus
concentration was made in each casc. From these plots the lincar ranges were

rcadily cstablished. -

The table 5.2, lists the ranges for cach antibiotic. For the cephalexin - Ni(lf)
system, it was considered unnccessary to cstablish the data since a detailed
study alrcady cxists [70}. Bcyond thc lower limit, the crror in measuring the

peak hcight is cxaggerated by uncertainity in the position of the basc linc.

At the upper cnd, the calibration,curves down words (concave downwards).
This is probably duc to sccondary reactions occuring at the clectrode surface.
The lincar portions of the calibration curve for these two antibiotics complexed

with Ni(Il) arc plotted scparately and corrclation cocfficients ctc. established

over these ranges.

It has been recorded [73] that the Co(ll) complex of Penicillin and
Ccphalosporin can be used for the assay of these families of drugs. Some
measurements were cnfricd out in the course of the present work on the cobalt
complex of ccphnlcxin,;( Fig.4.30) showing scans for the cobalt(IT) complex as a
function of cephalexin E_conccnlratinn, shows that the polarographic pcak for the
drug complex is close to the peak for the cxcess cobalt (11) than is the casc when
Ni(I) is the complexing agent. Thus the cstablishment of the basc linc for
quantitative work is less satisfactory. This can be scen by comparing fig.4.29

and fig. 4.30.
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The range of mecasurcment is narrowér than for the corresponding Ni(ll)
complcx system. (Sce tables 4.25 a and b). Nevertheless, within the specificd
ranges, the valucs obtaincd using both complexes are comparable as is evident

from these tables.

When penicillin or ccphalosporin drug is treated with 1.0 M sodium
hydroxide at 100°C, it is converted to the corresponding 2,5_dikelopiperazine
(sce chapter onc). If the reaction mixture is buffered with citrate buffer pH 5, it
has been shown [62], that the stated reaction product can be madc the basis of
polarographic mcthods of analysis of Ampicillin and Cephalexin. This analytical
mecthod was cxtended in the present work to Amoxycillin. Within the range
established in the literature [62), for the above mentioned drugs, it was shown
that satisfactory rcsults were obtainable for Amoxycillin. Compared to the
Ni(Il) mcthod, large quantitatives (0.2 - 0.3 g/100 m! of mcasuring solution)
samples arc required. Further more the number of steps is greater and the

procedure, more timc consuming for the preparation of the measurement

solution than for the Ni(Il) svstem.

Quantitative Analysis of Capsules.

Table 5.3 summarizes the results of measurements made by fhe
pharmacopocia and polarographic mcthods developed at the course of the

present work.

149



NO.] Mcthod Technique % of % of % of
(Assay) Amp. Amoxy. | Ccpha-
Trihyd. Trihyd. lexin

1 lodometry Titrimetric 99+ 1 1031 1001

2 | Hydroxylaminc Spectropho 99+1 102+1 101+1
Iron(HI) tomctric

3 | Copper (I1) Spectrophoto 99 +1 101 £1-
Sulphate mctric

4 | Differential Polarography 10011 1031 100 +£1
pulsc Ni(IT)
Complex system

5 | Differential Polarography - --- 99:+2
pulsc Co(ll)
complex system

6 | DiffTcrential Polarography - 103 +1 ---
pulse 2.5
diketo pipe-
razinc
derivative
system.

Table 5.3 Summary of results obtained in chapters 3 and 4

for quantitative measurements in capsutes.
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It is scen that agreement between the different methods is very good. The
pharmacopocia methods are slow, for example, an iodometric assay takes about

45 minutes assuming the reagents arc alrcady prepared.

Furthermore, the iodometric method results in a variablic consumption of
iodine (From 6 to 9 moles of /, per mole of antibiotic). This is a considerabic

weakness of this method.

Preparation of Iron (HI) solution for the hydroxylamine mcthod is very slow
requiring more than onc day to obtain. The actual analysis with hydroxylamine
fron (IH) is quicker than the iodometric mcthod taking about {5 minutes.
Howecver, it is cssential to time the absorbance mcasurement within [0 sccond
for rcproducibility after mixing the rcagents. Thus, it is a highly emperical
procedurce. The copper (IT) method requires the reaction mixture to bhe
haintaincd at 75°C for 30 minutes and then quenched to fnom temperaturce for

absorbance measurcment. Thus, it is not particularly convenient.

The polarographic mcthod based on the Ni(ID complex is more convenicnt
than the pharmacopocia methods for repeatitive analysis.Indeed, it could well
lend itself to automation. Such development has been demonstrated by the
publication of TFTA procedure [67]. It would appear from the measurements that
the clectroade is reversible or close to reversibility. The study with Co(11) compiex
gave similar results with cephalexin as the corresponding Ni(Il) complex.
Preliminary measurements not reported on table (5.3 ) suggest that it could also
be used for the determination of Ampicillin and Amoxycillin. However. the

Ni(Il) complex with cephalexin is more sensitive. A further disadvantage of the
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Co(Il) cephalexin system is that the pcak for thc cobalt complex overlaps
appreciably with the pecak for cxcess cobalt,(Sce fig.4.30). This restricts the
calibration ranges possible. Thercfore, the nickel system is preferred over that of
the coball system. However,this docs not scem to be a problem for Ampicillin

for which the Co(I1) complex and the excess Co(11) peaks arc well scparated.

The diffcrential pulse analysis based on the 2, 5 dikctopiﬁcrazinc derivative
has been reported for the analysis of Ampicillin and ccphalexin [6263]. This
mcthod was cxtended to Amoxycillin in the present work. Although, it appears
to be reliable, the number of steps involved make it slower than the Ni(ll)

mcthod. Morcover, a problem with precipitation can occur on cooling the

alkaline hydrolysis mixture after rcaction at 100°C. This occurs at the higher
concentration levels which it may have onlv a small cffect on the analytical

result. The presence of the precipitate results in contamination of the

polarographic capillary.

5.7. Interference Test:

Pharmaccutical preparations such as capsules mav contain impuritics; or
diluents deliberately added to create bulk. Since the impuritics are unknn;wn
cxcept for the manufacturers, some mcthod of checking for interference in;:m
analytical procedure is desirable. In the prepsent work, this was done by a
dilution proccdure in -\Avhich standard and unknown were mixed in known
proportions and thc analysis performed polarographically using the Ni(ID

complex. The results of such test for Ampicillin_ and  Amoxycillin - arc
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summarized in tables 4.15 & 4.16. They show that no interference was
expericnced in mixing the standard and sample materials. In the present study,
this is to be cxpected since the capsules would appear to be purc penicillin
drugs, (Scc table 5.3). However, if the capsules contained impuritics or

additives that interfered in the analysis, the interference would be expected to

show up in the results.

Conclusions and some suggestions for further work.

The polarographic mcthods have been shown to be considerably more
convinicnt and informative than the pharmacopocia mcthods. They are better
suited for rcpeatitive analysis and to the study of degradation products and
instability of the solutions of the antibiotics. This is particularly true with
rcsp.cct to spectrophotometric mcthods based on clectronic transitions in the
ncar UV and vissible spectral ranges in solutions. There is potential for

automation using polarographic detection in measurments.

{
The polarographic techniques arc considerably more cconomic in their usce

of pure antibiotics used as standards and as pharmaccutical formulations.

Of the polarographic methods studicd , that using Ni(IT1) complex of the
antibiotic was prefered as it gives a better range than the corresponding Co(ll)
complex. However as the preliminary studics showed | it is subject to change
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with temperature and with time. Thercfore further studics could be conducted
on mctal complexes using othcer mctal ions with the aim of increasing the

stability of the resulting complex.

The work showing that the Ni(IT) complcxes of Ampicillin and Amoxycillin
degrade at higher temperatureS cither to Ni(II) penicilloic or Ni(lT) penilloic
acid complexes can be extended. It could be uscful to cstablish which of these
two acids is producde in the form of the Ni(Il) complex. This can be donc by
preparing Ni(11) penicilloic and Ni(IT) penilloic acid complexes and studying the

polarographic bchavior.

The conditions for the degradation of these antibiotics to the corresponding
2,5_diketopiperazine derivatives could be re_cxamined for the time cnvolved and

improving the reproducibility of the process.
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