CHAPTER 1

INTORDUCTLON

General Introduction of Piperacillin

Few develogpmentgin the history of medicine have had such a
prof ound effect upon human' life and society as the development of

power to control inflfections due to microorganisms.

Discovery of penicillin_and many antibacterial agents have
become a substantial part of medical care. These antibiotic included
penicillin and related compounds, aminoglycosides, macrolide group,
tetracycline group, chloramphenicals,; peptide antibiotics and

unclassif ied antibiotics (Kucer ¢4 af., 1979).

Penicidlain is the interesting drug group.— Pericillin G
(benzyl penicillin) was the first natural penicillin to be introduced
for therapeutic purposes, followed by Penicillin V.d{phenoxy methyl
penicillin). Later, fhe scientists were able to isolate the basic
penicillin nucleus (6-amino-penicillianic acid) from penicillin G.
Semi-synthetic penicillins were, prepared by synthesized from the
basic penicillin, nucleus-or by chemical modification off a nutural

penicillin G (Grayson, 1982; Weinstein, 1975).

Both Penicillin (Penicillin G and V) covered gram positive
bacteria included Stheptococcus and Staphyllococcus spp. They were

ineffective against gram negative bacteria such as E. cofdi, Kfebsiella



App. and Salmonella spp. excepted gonocoCcL and Meningococcd (Kucer,

1979).

For the years, there have been the improper use of antibiotics
on a large scale. Bacterial resistance occured rapidly, such in the
case of Staphyllococcus App. which produced enzyme called beta-lactamase,
acting on the part of strueture of penicillin, causing the lost of
antimicrobial activitys(Meyer @4 af., 1980). Drug resistance is the
reason for medicinalgdevelopment. The newer drugs were disco?ered by
changing chemical structure or molecular structure (Grayson, 1982).
Methicillin, cloxacillin, flucleoxacillin were synthesized to cover
gram positive resistance strains, -but not the gram negative bacteria.
-Then ampicillin, epicillin and hetacillin were introduced for broader
spectrum against gram negative and gram positive bacteria (Grayson,

1982).

There are many inféections with underlying severity of illness
suéh as pneumonia;-leukemiay-septi-cemia—and—intraabdominal sepsis
(Lutz and Mogabgabj 1978, Hewitt e af., 1978). The mpst striking
finding is that the majority of these infections were caused by gram
negative rods espiacidily Pseudomonas ‘aeiuginosa and Entercbacteriaceae.
Infections continues te be a major cause of morbidity and mortality
among hospitalized patients. No antibiotics have been entirely
satist ied for.treatment of these ‘infections. |The laminoglycesides
prqvides a broad spectrum activity with nephrotoxicity and appeared to
to be somewhat less effective in compromized host. The penicillins
are less toxic and are the principal choice for these infections.

Carbenicillin is the first member of this drug group. (Bodey and Le



Blanc., 1978), its activity against PAeudomonas aeruginoia is poor in
comparison with its activity against Entercbacterniaceae. Ticarcillin
may be considered to be the modest advance over carbenicillin.
Azlocilliﬁ and mezlocillin are the two-d-amino substitued penicillins
with broad spectrum and antipseudomonald aetivity. Piperacillin is
anoiher member of the structurally related group of penicillin (Wise
et al., 1981; Bodeyrand Le.Blanc ., 1978). It has a broader spectrum
than the others against_all ol the grah negative bacteria (White

et al., 1979; BaiemfandPuppel s, 1979; Shah et al., 1979).

Chemistry

Piperacillin is sodium-=6-[D-(~)a-4 Ethyl-2,3-dioxo-1 piperazinyl
carbonylamine-a-phenylacetamido penicillinate derived from 6-amino
penicillanic acid nucleus “(Eigure 1).
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I Fig. 1 Basie chemical structure of piperacillin

(Fu and Neu,= 1978)

Piperaeillin sedium 1404 gm pis, approximately requivalent sto
1 gm of piperacillin.! [Itiisisoluble in 1 to T.14 of lwater and methyl
alcohol and 1 in 5 ot atcobhol, Its melting point 1= 180°C, Piperacillin
sodium powder will maintain at least 90% of labelled potencf (L.P.)
when stored at controlled room temperature (23C) for 3 years. The

drug is stable in solution at piH range 4.5 to 8.5. Reconstitued



piperacillin sodium has the proveﬁ stability over the concentration
range 0.2% to 40% in various contailner, both glass ans plastic under
various storage conditious. Vial of piperacillin sodium was recon-
stituted with sterile water for injection, bacteriostatic water for
injection, or bactcriostatic sodium chloride injeciton. Each of the
three solutions maintained at least 90% of 1labelled potency (L.P.)
when stored for 24 hourszsatscontrolled room temperature, 1 week under
refrigerated conditions and d month when frozen. The incompatibility

is none among standard’ intravenous. diluents (Reynold, 1982).

Antibacterial activity

Piperacillin like other penieillins and cephalosporins are
susceptible to the action offscme betd-lactamase. It has a broad
spectrum of activity in vitro which included gram positive bacteria
(Entenococci, non-beta-lackamase produding Staphyllococeus aureus
and Staphyllocgelis epidermidis, Streptococcus preumoniae, Streptococcus
pyogenes and other beta hemolytic Streplococcusl, gram negative
bacteria (Acinetobacter spp., Nelsserdla gonorrhoeae included beta
lactamase, Nedssendid menigitidis and Emterobacteriaceae) and anacrobic
bacteria (Bacterodides gragilis, Bacteroddes spp., CLostrhidium difficile,
buwmu'um Apb., Eubacterium spp., Fusobacterium spp., Peptacadcws
App. ,mPeptostreptococcus spp., Veillaonella App.)(Eu and.Neus. 1978;

verbist et af., 1978, Bodey and Le“Blanc, 1978, Lederlle on file).

All gram positive cocci excepted penicillin resistant
S. auwreus were inhibited by 0.78 pg/ml of piperacillin (Bodey and Le

Blanc, 1978). 0.1-0.12 pg/ml Piperacillin inhibited Streptococed but



not the Enterococel. Non B-lactamase producing Staphyllococed and
Enterococel were also inhibited by 2 ug/ml piperacillin (Fg and Neu,
1978; Verbist, 1978). Its activity against Staphyflococcus aureus

is equivalent to mezlocillin and carbenicillin but slightly less than
ampicillin (Fu and Neu, 1978). Strepfe€oeel, particularly St&@p{ococcub
pngumon&ae, show similar high sensitivity rates to piperacillin as to
other newer penicildlins. None of the newer peniecillins had an

advantage over ampi€illin for Enterococed (white @t al., 1979).

? Piperacillin exhibited. a wider spectrum of activity and in
some cases greater potency against gram-negative micro organisms than
otger member of penicillin groups (Dickinson ¢4 al., 1978; Baier and
Puppel, 1980; Shah ef al ., 1979: Mc.Gowan et af., 1979; Barry et af.,
1979). At concentration of 25 pg/ml, Piperacillin inhibited 83% of
Citrnobacten spp., 58% of Klebacella spp., 85% of Enterobacter spp.,
and 50% of Indole positive phodfews, Aeinmefobacter and Paovidencia‘

(Fu and Neu, 1978). Most Proteus spp were extremely susceptible to
piperacillin, over 85% were inhibited by 0.10 Hg/ml (Bodey and Le
Blanc, 1978). As with other pehicillins, pipéraci;liﬁ poésed little
activity against K€ebsiella pneﬁmoniae strains (Shah et af., 1979).
Keebsiella spp | showed a higher sens;tivity to cefoxiéin and cefuroxime
(Baier andsPupple, 1980). HaembphLKuA Linfluenzae was’highly suscep-
tible to all of the penicillins (ampicillin/~ticarcillin, azlecillin,
mezlocillin) (White et al ., 19795. Pseudomonas aeruginosa hHas shwon
greater susceptibility to piperacillin than other penicillin.
Antipseudomonas activity of thi; penicillin could be Aemonstrated as
follows : piperacillin > azlocillin > mezlocillin = ticarcillin >

carbenicillin (White ef al., 1979; wise e£ af., 1974; shah et al.,



1979; Mc Gowan @& af., 1979; Bodey and Le Blanc, 1978).

At concentration of 8 pg/ml or less piperacillin inhibited
90% of most strains of anaerobic bacteria, between 1 and 2 ug/ml
inhibited 50% of Bacteroid fragilis (wise ¢f af., 1978) and 25 pg/ml

inhibited 78% of this speecies (Fu and Newy" 1978).

The minimum iﬁhibitory concentration of piperacillin against
Ps. aeruginosa wastaffeeted by increasing the inoeulum size (Fu and
Neu, 1978). Large'incgease an MBC with large inocula (107 CFU/ml)
showed the inoculumieffect on MIC and MBC in five isolation of five
difference micro-organism (E. cofl, Keebsiella spp., P. mirabilis,

S. marcescens and P3. aeruginosa) (Verbist et af., 1978).

Synergistic activity of “piperacillin was demonstrated when
combined with amikacin, gentamicin and azlocillin against PA.
aeruginosa and member of Entercbacteriacede (Fu and Neu, 1978; White
et al., 1979). 'Combination of piperacillin and tobrgamicin was the
most active penigillin-aminoglycoside combinations tested for
synergism (Shah e{ af., 1979). Synergistic activity of piperacillin
in combination with B-lactamase inhibitors (Clavulenic a and penicil-
linic aci@{sulfensd)] inhibitednvarisusrEntervbacterniaceaesStaphyllo-
coccus awneus ‘and-Bacternodld: fragilis (Neu and=Fu, 1980)." Cefoxitin
combined with piperacillin restlted in an inerease in the MIC jof

piperacillin ((Busch et afl, 1980; Kuch et af_, 1981;"Sander ¢t al_,

1982).

Although piperacillin has some stability to chromosomally
mediated B-lactamases (Leigh and Simon, 1979), it is similar to

mezlocillin in that it is hydrolysed by the plasmid-mediated B-lactanase,



in particular the TEM-1 enzyme (Fu and Neu, 1978, Wise ef af., 1981).
The parallel resistance exist between piperécillin and other anti-

biotics such as ampicillin and carbenicillin. For Carbenicillin, in
isolates Pseudomonas aeruginosa the correlation coefficient of linear

regression was 0.923 (Verbist, 1978).

Pharmacokinetics

1) Absorbtien and serum concentration

Immediately after an intravenous bolus of 4 g piperacillin
mean peak plasma concentratioﬁs in healthy subjects were within the
range of 330 to 412 pg/ml (De Schepper et al., 1982; Tjandra Maga,
1980). The same dose given by @nfusion over 30 minetes to healthy
subjects resulted in a mean peak concentration of 244 ug/ml (Batra
et al., 1979). Slow bolus injéction over 3 minutes of 1,2,4 and 6 g
- produced average peak concentrations from about 70 to 500 ug/ml.
Disproportion ofilow serum levels were found after the low intravenous
doses. Upon deubling the dose‘from 1 to 2 é,:area under the plasma
concentration time curve (AUC) gncreased neariy 3 folds (from 3§_to
102) whilé increasing the dose from 1 to_ 6 é ﬁay associate with.12
folds'increase in AUC (from 36 to 437 ng/ml)." Intramuscular injection
of'O.S, 1 @nd 2 g resulted in 70 to 80% bioavailability of piperacillin
and meaﬁ peak .serum concentration, range £ rom 30 .to 40 ng/ml aftgr
2 g dose in heathy: subjects| and patients. | Averagel peak plasma concen-

tration reached within 45 minutes after 0.5,'1 and 2 g intramuscular

injection were 5, 13 and 30 ug/ml, respectively (Tjandra Maga, 1980).



2) Distribution
The average apparent volume of distribution at steady
state (vd) of piperacillin was 19 L/1.73 m2 after 1 g dose and 16 L/
1.73 m2 after 6 g intravenous bolus dose. bistribution phase hélf
life after 1-6 g intravenous doses of piperaecillin ranged from 0.17

to 0.32 hours (Tjandra-Maga &% al.; 1978).

The concentration of piperacillin in cerebrospinal fluid
(CSF) of infants andiadulits/with meningitis approached one-third of
the ievel maintained in the serum by €ontinuous infusion (Dickinson
et al., 1981; Rubio el al., 1982; Hoogkamp-kérstanje, 1982; Shishido

and Matsumoto, 19795 Decazes ef af ., 1984).

A mean concentration of piperacillin 31.4 pg/ml was
achieved in bronchial secretions 30 to 45 m}nutes af ter intravenous
administration of a 4 g dose and the sputgm/sergm ratio. was approxi-
mately 15%. Penetration into'pleural fluid?in i patient rose from 9
to 26% after 4 and 28 doses of 2g piperaéiilin, whilst a second

patient achieve 47% penctration after 8 doses of paperacillin 2 g

(Marlin et af., 7981).

Concentration of piperacillin was likely 'to'be effective
against most organisms in the uterus, ovary, oviduct, myometrium,
endometrium, portovaginalis and cervix uteri=0.5 to 4 h af ter+intra-~
venous administration.of 1 to 4 g piperacillin (Kusuhara et a£., 1982;
Nakamura 2t af., 1982; Weissenbacher ¢t af., 1982). Penetration into
amniotic fluid has not been reported to belas high as that into.
umbilical cord 71% vs 24% approximately 1 hour af ter an intravenous

dose of 1 g piperacillin (Twasaki and Machihara, 1982).



About 20% of piperacillin dose was excreted through the
biliary tract, producing biliary concentrations up to 40 times compare

to that in serum (Russo e af., 1982).

3) Protein binding
The extent of protein binding of "piperacillin was around
21% (Batra ef af., 1979).which was similar to-the values reported for
mezlocillin, azlocillan and ampicillin but lower than that of other

B-lactamase antibioties.

4) Eliminatdon
In patients witﬁ normal renal function, piperacillin is
eliminated primarily (80%) by glomerular filtration and tubular
secretion. High urinary level, 60 to80% of intravenously administered
doses were recorded unchanged in the urine., These values were higher
than those obtained after intramuscular administration (57% after

1 g dose) (Tjandra-Maga £ al., 1978).

The vaverage half life of piperacillin in healthy volunteers
was dose dependent from 0.6 to 1.05 hours after intravenous adminis-
tration of 1 and 6 g _respectively. Similarly, following intramuscular
administration,; terminal half life were j hour’ af ter 0.5 "gy 1.15 hours

after 1 g and 1.34 hours after 2 g doses (Tjandra-Maga e al., 1978).

Clinical Trial

In clinical studies of piperacillin is known to be effective
in the treatment of aerobic and anaerobic infecctions. Piperacillin

was shown clinically to be sale and cliective antibiotic to treat
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serious infection due to gram negative bacteria. 1t appeared to be
very active against P4. aeruginosa, many of which were carbenicillin

resistance.

Piperacillin given 1 to 18 g daily; was effective in the
treatment of urinary-=tract infection. “Overall clinical response rates
for piperacillin in baectericlogical response wcecre 51 to 83% (Clark

1980, Gooding ¢X af_ ;71982).

Two of the three comparative trials of piperacillin and
carbenicillin, found that theée two antibiétics were similar in
clinical and bacteriological ‘effiicacy (Alf tan and Renkonen, 1982;
Marier @4 af., 1982)./ The remaining study, however, shown the
signif icant superiority of piperacillin against various urinary tract

infections (Kawada ¢t @l ., 1977).

The percentage eradication of. bacterial strains isolated from
patients having<complicated urinary tract infections by piperacillin
varied widely ‘bgtween different gram positive and gram negative

organisms (Tunn, 1980; Hasekawa and Kanda, 1977).

In, patients with respiratory tract infections, including
pneumonia, a lclinical jresponse rate was about 90% in opened studies
of piperacillin (2 to 16 g, daily)(Kato et af., 1977; Machette, 1981;
Pancoast ef @f.,,1981). " “In"addition te being clinically effiective
against S. pneumoniae and H. influenzae, piperacillin was also
effective in a small number of patie¢nts with respiratory tract
infections caused by other Gram-negative bacteria (K. pneumoniae,

E. coli, P. acruginosa, Protews mirabif€is). Piperacillin was more
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effective than ampicillin in cases of bacterial pneumonia and chronic
respiratory tract infections (Nakagawa e{ af., 1978). The overall
clinical efficacy rate was also significantly greater in the pipera-
cillin group for all the different casesiof treated respiratory tract
infection. Piperacillin has been used with imntermediate success in
P. aeruginosa infections.in batients with cystic fibrosis (Agoétini

et al., 1983).

Opened studiesgsucessfull treatment with piperacillin in
various gynaecological dands obstetric infections was about 90% of the
patients (Privitera et af., 1983 Broer, 1980; Cho et af., 1977).
The Initial doses of /2 to 8 g daily were used but now a slightly higher
dose is recommened within the range 4 to'12 g daily. Piperacillin
(4.5 g - 6 g/6 hours) was found ;to be as effective as cefoxitin (2 g
intfavenously/6 hours) 1n patiénts with upper genital tract infection

(sweet et af., 1982).

Patients With-bacteremia-have-responded-to=pipeéracillin
therapy (up to 12 @ daily) with clinical cure/improvement rates of
85 to 95% (Humphreys, 1980; Clark, 1980; Gooding ef af., 1982).
However piperacillin 24 g/day in combination with tobramycin 8 mg/kg/
day failed to cure|infective endocarditis due to Pseudomonas

aeruginoda in 6 of the 8 treatedscases (Reyer and Lerner, 1981).

Single intramuscular injecitons of 2 gipiperacillin yaelded
the cure rate of 95 to 100% (Lancaster et af., 1981; Simpson et af.,
1982). It was as effective as procalne penicillin G. 4.8 million
units in cases of uncomplicated gonorrhoea cause by non-penicillinase

producing organisms (Landis et af., 1981). Cure rates in patients
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patients with penicillinase producing gonorrhoeae ranged from 78 to

96% (Lancaster eX aﬂ., 1981).

Treatment of intra-abdeominal sepsis with piperacillin has
resulted in a satisfactory clinical response in 70 to 90% of cases,
(Clark, 1980; Fredlund % al., 1982; Goeding 2t af., 1982). None of
the patients were treated . prophylactically with piperacillin for 3
to 8 day in an unconteolled stﬁdy of developed post operative

“infection (Jikuya ets@f., 1977). Piperacillin (18 g daily for 7 days)
wés found to be as effective as cefoxitin (8 g daily for 8 days) in

the treatment of Surgical abdominal infections (Najem ef af., 1983).

Immunocompromised patients responded well to various
combinations of piperacillin with moxalactam, amikacin, netilmicin
or cefmetazole as other combinations of ticarcillin with cephalosporins
aminoglycosides (Wade et alw, 1980, winston et af., 1982). Overall
response rates averaged 74% Tor the combinations of piperacillin

with another antibieotiec—(de-dongh—Lt-0Ley—1982)=

Bone and joint infecitons have responded to piperacillin
therapy with clinical cure rate of 84 to 87% (Clark, 1980), and 90-95%
for skinland'sof & tissue “infections| (Cilark, 19805 Gooding, ef al ., 1982;

Humphreys ;i 1980)

A fewmstudics of “piperacillin jalone’ or in combinatlien with
an jaminoglycoside have produced satisfactory responses in a small
number of neonates, children, and adults with gram negative bacillary

meningitis (Hoogkamp-korstaniji, 1982).
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Side Effect

Piperacillin is generally well tolerated, the most commonly
reported side effects are similar to those of other penicillins
including local reactions, gastrointestinaly, haematological, hepatic
or renal effects (Stead}ef aﬁ., 1984 ; M#llewsand Hdiby, 1981; Gooding
et al., 1982; Clark, 19803 Humphrey 1980). Qccasional findings of
the alteration in platelet function (Gentry 2%t afl., 1981) and

hypokalemia have als® beén sweported (Wade et af., 1980).

Dosage and Adminastration (Manufacturer recommendation)

Piperacillin can be administered intravenously or intra-
musculary. For adults with less serious and uncomplicated infections
“the total daily dose range: between 6 and 8 g/day. More complicated
and serious infection require a higher dosage, ranging between 12
and 18 g/day with a maximum around 24 g/day. Less serious infections
in infants can bestreated-with-100-to200-mgrkg/7/day .while severe

infection may require 100 to 300 mg/kg/day .

Aim of the thesis

Insselecting antimicrobial agent for effective therapy in
critically ill patients, these drugs must ~hare essential characteristics
namely in vivo lasiwell as in vitro,effectiveness and lack of |toxicity
(Moellering, 1981). According to the reports of new drug from manu-
facturer or foreign countries mostly revealed the ¢good results.

When using these recommendations for treatment of serious infection

in Thai patients, the drugs did not show effectiveness as reported
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the references. Sometime the clinician was bewildered by multiplicity

of names and the strident claims in the promotional literature.

Piperacillin (T. 1220) was also the néw drug which recently
(1984) introduced by Lederlle Co. Ltdd (Fhailand) for the treatment
of serious infections.in Thai patients.«Piperacillin was semi-
synthetic penicillin that.had favorable im vitro and in vivo effect-
iveness with non-serieus side effects excepted comwon adverse
reactions to penicildins.s At the time of this study begun (1984),
pipecracillin was only ingvitno and elinical trials, although it was

the post marketing sugveillancesfor-manufacturer company.

As there has not been any .reports about piperacillin in our
country yet, thereforec the main aims of this study were to evaluate
the in vitro antibacterial activity of piperacillin against gram
negative bacteria and its therapeutic efficacy in Thai paedriatic
patients with severe infections. These aims were achieved by doing
the following 'studies .-

1) Study_of the in vitro antibacterial activity of
biperacillin against gram-negative bacteria which were clinically
isolated from three héspital centers insBangkok (Ramathibodi, Chula
longkorn, Rajvithi)| and Pseudomonas pseudemalfil from Ubolrajthani

hospital.

20 stdy [oftheseé 1t dal) dndl Bacterioldgicdl Jleffiiciey (6f

1
piperacillin against severe bacterial infections in paedriatic

patients at Ramathibodi hospital.



3) Study of the adverse effect of piperacillin
4) Study of the pharmacokinetics af ter the intravenous

administiation of piperacillir Se - drug level at time 10 min,

% ~ 1, 2-4 and 6 hours af

studied in patients
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