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SEMISYNTHETIC — BROAD
SPECTRIUM ORAL PENICILLINS

Samina Aynbh and 5. Ayub Al

The Penicillins are a group of antimicro-
bial substances produced in whole or in parn
by the growth of various species of the mould
penicillium in suitable culture-media. Exami-
nation of the structure of the penicillin mole-
cule shows it to contain a fused ring systcm of
unusual design, the B-lactam and thiazolidine
structure. The 5-membered thiazolidine ring
appears in other natural compound. but the 4-
membered B-lactam nng 18 quite unque. The
nature of this ring delayed the clucidation of
the structure of penicillin, but its determination
was reached as a result of a collaborative re-
search programme invalving research groups in
Greal Britain and the United States during the
year 1943.1945 (Clark et al, 1949)

A group of Briish Scientists (Bachelor et
al. 1959} reported the isolation of 6-amino-
penicillanic acid from the culture of p.
Chrysogenum. This compound can be conver-
ted to penicillin by acylation of the &-amino
group. A fuller scope for vanation in the nature
of the penicillin side chain was achieved by
Batchelor et al (1959) with the development
of lermentation methods W produce G-amino-
pemicilhinic acid.  This intermediate, isolated
initially from cultures of p. Chrysogenum
grown on a medium free from side chain pre-
cursors has since becn obtained by enzymatic
deacylavon of pemicilin-G (Rolinson et al,
1960). o-Aminopenicillinic acid is readily
acylated and. as this method of synthesis docs
not carry the hmitation inherent in the “bio-
synthetic approach” a much greater variety of
analogues can be prepared.

The discovery of 6-APA made possible a
vast extension on modified penicillins, and
three main groups of semisynthetic penicilling
of chnical interest emerged as the result of
acylation of 6-APA. These groups are:

1. i".l'rr_q't'u‘ stuble pepicilling which can be
aldmmmerﬁd eg  phenoxymethyl-penicil-
lin, phenosycthyl-penicillin and phenoxy
propylpenicillin as well as several others.
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2. The penicillinase resistant penicilling, e.g
methicillin, oxacillin. cloxacillin and di-
clonacillin, These penicilling are not at-
tacked by the staphylococcal penicillinase,
because they bave a very slow affinity to
the enryme. For this reason they are
active against thc uvrganism i vitro, and
in vitro activity is fully paralleled by tle
efficacy in clinical infections with benzyl
penicillin  resistant staphylococei.  Their
introduction has, in fact brought the peni-
cillinase producing benzyl penicillin resis-
tant staphylococcus under full therapeutic
control — a noticcable advance in bacte-
rial chemotherapy. Methicillin 1s unstable
towards acids and must be given by in-
jection. Oxacillin and cloxacillin are acid
stable and van, therefore be administerrd
orally. Methicillin 15 only about one-sixth
as active in vitro as onacillio and cloxa-
cillin in the absence of serum This ad-
vantage is however offset 10 some extent
by the fact that the anti-bacterial activity
of the latter two is considerably reduced in
the preseace of serum, much more so than
the antibacterial activity of methicillin,

3. Penicilline exhibiting broad antibacterial
specirum. This group includes: Ampicil-
lin, Hectacillin, Metampicillin, Pivampi-
cillin, Epicillin, Cyclocillin, Carbenicillin
and Amaxycillin

Ampicillin

Ampicilhn, a semisynthetic antibacterial
obtained by imteraction of 6-aminopenicillinic
acid and D{ ) aminophenyllacetic acid, was
first prepared by Dovle et al. and made avail-
able in 1961. The introduction of the amino
group in the position of the side-chain confer.
red activity against sclected gram-negative
microorganisms as well as acid stability. Un-
fortunately these modifications of the structure
did not eonfer resistance to hydrolysis by B-
lactamase (Peoicillinase) and thus has been a
prominent defect of this otherwise excellent
wmpound. This is a disadvantage shazed by all
of the new aminopenicillins.

Ampicillin is similar to benzyl-penicillin
in I8 bactericidal action aganst sensitive
organisme during the stage of active multipli-
Gition. It acts through the inhibition of hio-
synthesis of cell wall mucopeptide,

Ampicillin is absorbed well when adminis-
tered orally. and ahsorption is not 1
affected by time of administration with respect
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to meals, although plasma levels arc some-
what reduced when food iz ingested prior (o
administration, Whether (e drug is given
orally or intramuscularly, peak levels usually
occur later than when phenoxymethylpenicillin
(Penicillin V) is administiered by mouth, but
sigmificant levels persist for a longer ume. Fol-
lowing an oral dose of 0.5 or 1 Gm ampicillin
usually achieves a maximum conceoiration ol
about 3 or 6 microgram per ml respectively, in
the plasma mm about 2 to 3 hours and is
detectable for about 4 hours. Intramuscular
injection (of sodium salt) produces higher peak
level in the plasma — approximately 7 or 10
microgram per ml after mjecuon of 0.5 or |
Gm respectively, and the antibiotic is usually
detectable for at least 6 hours (The Umited
State Dispensatory, 1973), i

Ampicilin diffuses readily into all body
tissues and fluids with the exception ol brain
and spinal Hwd except when mininpes are
inflamed. Higher serum levels are obained
following 1 /M njection. Most of the ampi-
cilbn 15 excreted unchanged in the urine and
this excretion can be delayed by concurrent
adomunistration of probencid. The active form
appears in the bile in higher concentration than
found in the serum. Ampicillin 15 one of the
least serum bound of all the penicillins, averag-
ing almost 20% compared to approximately
60" — 90% for other penicillins.

Ampicillin is indicated in the rreatment of
infections duec to susceplible stains of the
following :

Gram-negative ; Shigellae, Salmonellae (includ-
ing S, Typhosae}, M-mfluenzae, E. coli, P.
mirablihs, N. goporthoeae and N-mengitidis.

Gram-pogsitive: Streptococci, D. Pocumoniac
and non- pemicillinase producing staphylo-

LOCC,

Adverse Reactions: As with other penicilling,
it may be expected that reactions will be essen-
tially limited to sensitivity phenomenon. They
are more likely 10 oocur in individuals who
have previoucly demonstrated hypersensitivity
to penicillins and in these with a history of
allergy, asthma, hay fever. or urticaria. The
Wollowing adverse reactions have been reported
as assocmted with the wse of ampicillin (Mar-
tindale 1973),

L. Agranulocyiosis . Agraoulocylosis  occur-
redd in an elderly patieat with nephrolithiasis
and unopury travt infection aflter administration
of ampicillin but resolved on withdrawal of
drug,

i e

2. Allergy and hypersensitivity: (i) middle-
aged woman with Addison's Jiscase developed
an allergic reaction within 10 minutes of the
administration by mouth of 500 mg of ampicil-
lin. She recovered completely after injection
of adrenaline and hydrocorisone.

(it} Of the antibiotics, ampicillin was must
likely to causc skin rashes. These usually ap-
peared S to 14 days after starting treatment and
consisted of a maculopapular, bright, red
mauve rash on the extension aspects of the
limbs and tunk, particulacly over the knees
and elbow.

{iii) of 13,638 patients treated with ampecillin,
383 (2.8%) were repurted (0 have expericneed
gkin reactions. Patients with salmonella infec-
tions often developed rashes alter treatment
with ampicillin,

(iv} A rash was reported in 9.5% of 422
patients treated with ampicillin, i 4.5% of
622 patients treated with other penicillins and
in 1.8% of 2041 patents not receiving these
drugs. The risk of a rash occurring aller ampi-
cillin and other penicilling was 7.7% and 2 7%
respectively., The occurrence of a rash alier
ampicillin was unaffected by the route of admi-
nistrabion, but with other penicillins, a rash
appcarcd more frequently after injection than
after admunistrabion by mouth, There was no
association between the mean daily dose of
ampicillin and the frequency of drug rash, nor
was a rash associated with duration of treat-
ment,

Supra-infection: In 25 patients with urinary
tract infection who were given ampicillin 2 Gm
daily for 10 days, Candida albicans was absent
from the faces of 2 patients, persisted and in-
creased through treatment in 2 and appearcd
during treatment in 21. The intestinal candi-
diasis was symptomless, but 1 patient develop-
ed severe candidal vaginitis.

I'wo paticnts with infections mononucleo-
s1s developed generalised morhilliform erup-
tons after treatment with ampicillin, Patents
with infections mononucleosis  should  not
receive ampicillin,

Hectacillin

Hectacillin is the condensation product of
ampicillin and acetone. The compound is
hydrolysed in the body to ampicillin within 15
minutes of administration so that all of s
activity is due to ampicillin. Careful studies
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(Sutherland and Rolinson, 1967) have not
shown that this agent has any pharmacological
advantage over ampicillin, Blood level are not
higher than with ampicillin and only minimal
prolongation of serum levels has been achieved.
This compound has no advantage over ampi-

cillin.

Metampicillin

Metampicillin is a compound obtained as
the reaction of ampicillin and formaldehyde.
It also iz converted 10 ampicillin following
absorptivn. Blood level studies have failed 1o
gshow any advantage (Sutherland et al, 1972).

Pivampicillin

Pivampicilin i the pivaloyloxymethyl
ester of ampicillin which is stable in agueous
acid but undergoes rapid hydralysis in serum.
blood and tissue to yield ampicillin. At no
time does the concemiration of ester in the
blood exceeds 2% and within 15 minutes more
than 99% of the compound has been converted
to ampicillin. Homan volunteers studies as well
as studies of patients, have demonstrated that
pivampicillin is absorbed more rapidly and
compleiely than ampicillin producing blood
levels three times those alter equimolar doses
of ampicillin (Dachoe et al., 1970),

Epleillin

Epicillin  (D-amino-1, d4-cyclohexadienlyl
methyl penicillin) is a compound in which the
benzene ning has been replaced by a cyclo-
. hexadienyl ning. | he compound is active in its
own nght and is not converted in the body
tn ampicillin. The coral absorplion and serum
binding of cpicilin 15 sumilar to ampicillin.
Epicillin has heen shown to be etfective 1n otlis
media, biunchitis, diarthoacl discases, and
urinary tract infections (Rrogden and Avery,
1973).

Cyelancillin

Cyclaciliin is another aminopemicillin that
12 not converted to ampicillin, but has intrinsic
activity, Cyclacillin has been used in compara-
tive studies with ampicilin to treat ottis media
and urinary tract infections (Hertz, 1973).

Carbenicillin

It 15 a semi-synthetic injeclable pemicilin
dari_v;d from the penicillin nuckas 6-amino-
penicillinic acid {Carboxybenzyl penicillin). It

is bacterial and demonstrates activity aganst
both gram-positive aml gram-negative or-

Carbenicillin sodium is contraindicated in
patients known to be sensitive 1o penicillin
and it should be given with caution to patients
with known histories of allergy. Because of s
sodium contents it should be given cautiously
to patients on a restricted sodium diet.

Adverse Reactions: The lollowing adverse
reactions have been  reported  (Martindale
1973).

The intramuscular infection of carbenicil-
lin had resulted in a rise of SGOT values,
whereas the same dose by intravenous infec-
tion had not., This indicated that muscle da-
mage und not liver damage wag responsible
for the effect.

Elcetrolviic disturbances: Two patients who
received carbenicillin sodium 30 Gm daily by
intravenous infusion developed symptoms of
hypokalemia which responded rapidly to the-
rapy with potassium chloride by mouth,

Haemorrhage: Of 30 patients who received
vai benicillin sodium in doses of 500 to 750 mg
per kg body weight daily, purpura and bleeding
from mucus membrancs occurmed I 6. The
bleeding appeared within 12 hours of starting
thereby and took (moin 3 to 7 days o disappear
after discontinuation of the drug

Amoxyeillin

Amoxycillin is a new semi-synthetic peni-
cilin with a broad spectrum of antibacterial
activity,

Amoxycillin 15 highly active against Gram-
positive cocel including streptococel, phenumo-
eocer and  penicillin | sensitive  staphylococe.
Against streptococcus lacalis, amoxyeillin 15
not active against penicillin resistant staphylo-
vt owing e instability to staphylococcal
penicillinase

Amoxyeillin is highly active againgt hemo-
philus influenzae, most sirains being inhibited
by concentrations of 0.1-0.5 microgram /ml. It
also shows a level of activity similar 1o that of
ampicillin, against the gonococcus and, like
ampicillin, amoxycillin is somewhat more
active than benzyl-penicillin against the peni-
cilhin resistant strains,
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Among the Gram-negative bacili most
strains of Eschenchia coli, proicus mirabilis,
shigclla-sonnci and salmonella species are in
hibatedd by amoxyaillin al a concentration of 3
miciogram /ml.  Against  these  organisms
amoxycillin shows a level of acuvity very simi-
lar w that of ampicillin

Amoxycillin 13 not active against pscudo-
monas aeroginosa, and most sirains of Kleh-
siellajenerobacier, indole-positive  proteus
species and serralia marcescens are also resis-
tanl (Rolinson 1973).

Amoxycillin is stable ip gasiric acd amd
15 readily absorbed from the gastrointestinal
tract. Absorplion 15 more compleie than with
ampicillin and serum levels are generally more
prolonged alter amoxycillin than after ampi-
cilin and mcan peak serum levels of amoxy-
cillin are usually about twice those achieved
after an cquivaleot dosc of ampicillin. The
ahsorption of amoxycillin 15 not appreciably
wnflucnced by the presence ol food. As with
other penicillins. mean peak serum levels ol
amuayeillin are attained later and persists for
longer in mewhorns than in older children or
i adults, and serwm levels are enhanced by
the pnor adounistration of probencid

In patients with renal failure, serum levels
of amoxycillin are higher, auained laer and
persist longer than in patients with normal
renal function. The serum hall-life is about
60 minutes in subjects with normal renal
function and about 6 hours in patems with
renal failure off dialysie. Serum half-hfe is
approximately halved by dialysis in patiems
with end-stage renal failure. In these respects

amoxycilhn resembles ampicillin (Brogden et
ol, 1975).

 Amoxycillin. unlike pivampicillin and hec-
tacillin is not changed o ampicillio in the body,

Studies involving many hundreds of pa-
ticnts have shown amoxycillin to be an effective
anubactenicidal agent in the treatment of infec-
uons of the gemilourinary wact, or the upper
and lower respiratory tract and of skin and
soft tissue, and in gastro-intestinal infections
except shigellogis.

Adverse Keactions

Most commonly reporied side effects are
nausea and diarrhoea, skin rashes, pruritis and
urticaria, less commonly reported side effects
hf"'.' included vaginal or vular irritation, mo-
wibiasis, dizziness stomatitis, bitter taste and
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soreness or numbness of the ongue, Side effects
from oral amoxycillin have geocrally been mo-
derate o mild and have rarely necessitated
withdrawal of the thewapy.

The following adverse scactions have been
reporied.

1) Skin rashes: The overall incidence ol
skin rash and/or urticaria has been 3% al-
though they have occurred in uplo 224 of
paticnts (Fiegel et al, 1973). These skin crup-
tions have gencrally been transient and have
cleared in a few days, somctimes without dis-
wontinving the drug. In some studies, maculo-
papular eruptions have becn reported 10 be
similar to those seen with ampicillin, A few
reports (Dubbh 1973; Mulory 1973} suggest that
in  paticats  with nfections  mononucleosis,
amoxvcillin mayv like ampicilin, produce a ma-
cupapular erythina.

In siudics which have comparcd amoxy-
cillin and ampacilhin in the treatment ol vanous
diseases, the Irequency of skin ciuptions has
been lower with amoxycillin than with amp-
cillin, Skin rash occurred in 1.4 of 348 pa-
tients piven amoxyeillin as compared with 4%
ol 246 patients given ampicillin (Aronovilz
1974},

2) Diarrhoca: Diarrhosa has been repor-
led as a side-effect i just over 2'% of all pa-
ticnts treated with amoxycillin at vanous dos-
age but has been reported 10 upto 13% of cases
(Adachi et al, 1973)

3 Nousca and Vomitinge: Nausca and/
or vomiting has overall occurred m abow 27
ol vascs but has occurred in upio 19% of pa-
tients (Momose et al, 197%)

Amaoxycillin is contra-indicated in patients
with a history ol sensitivity w0 any of the peni-
cilling. On the basis of present evidence. it
would appear wisc not o use amoxycillin in
patienis  with nfecions mononucleosis or
Ivmphatic Jeukaemia because of the high fre-
quency of exanthemia associated in these dis-
ases with the use of ampicillin. (Baker 1978).
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