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BE' I 'A- I ,AC' I 'AM ANT' IBIOTICS

(First of 
' I 'wo parts)

( JF .n , r r . r r  R .  I ) oxo r \ . t  r . 2 . .  I \ l . l ) . .
. \N t )  ( ; r 1 r ì . , \ r . t )  L .  \ 1 , \ r . - t ) r . . t . r . .  I \ l  l ) .

f  
' l ' l r as  

l r ce r r  s ; r i r l  t l r ; r t  r . r r r i r ì q  a l l  ( ì í u ì ( . ( . r s  \ v ( )u l c l  : r r l c l  2
r  \  ( ' i ì r s  t '  t l r t '  l i f  ì '  r j x l l c< ' t a f  r ( ' \ '  r 1  , , \ r r r t ' r . i r - ans  l ) u t  t l r Í r r
t l r .  i r r t r r c l u r - t i r r r c I  i r r t i l r i , t i r - s  a r l c l e r l  l 0  r ea rs . r  

' l ' l r c

; ì se r ì t  n ì ( ) s t  r es l ) ( ) r ì s i l ) l c  l ì r r  t h i s  r . r ' r ì ì i r r . kab l r .  t , f l bc t  i s
; l c r r i c i l l i n .  t l r r '  l r r o r o t r  P i <  l r t : t a - l ; r t ' t i ì n ì  i ì r ì t i b i r , i i r . . ' l ' h r :
l r . t a - l a t ' r Í r n r  ? r . t i l r i ' ( i . s  i r r r ' l r r r l r '  P . r r i r : i l l i ' s .  t . t . J r l r a l , -
s lx ) r ' i r ìs .  rnr r ro l l i rc t ; ìnrs .  Íu ì ( l  ( .ar l )a lx ' r ìerns.  r \ l l  l " ror , "  o
beta- lac tarn r i l tg ,  n 'h i t : l r  is  cssent in l  l i r r  ant ibacter ia l
.c t i \ - i t \ .  In  ge 'era l ,  these i rger ì ts  ha 'e  verv  fàr ,orab le
rat ios  r f '  ther : rpcut ic  to  tox ic  c f rbr : ts ,  ar r r l  the newer
agents  h : rv t '  t 'nhanccc l  ant i l la r . ter i : r l  spect rurns or  là-
vora b le  ph arm ac.ok i  r r  e t  i r -  c l r  arac l  er i  s r  i ì -s .

MncrraursM oF Acrror.r

I l t : t : r - [ac tanr  ant ib i ' t i .s  ar ( ,  ] rac t t ' r . i r : ic la l  t recarrsr .
t l r ev  i nh i l r i t  b : r c t . r i a l  t . l l - r v : r l l  s l ' r r r h r : s i s . ' l ' l r r . i r  bas i< .
rncthoc l  o f '  : rc t ion is  t l r t '  i r r ter r . r r l r t ion o f '  the t rar rspept i_
dat i rn  process rhat  l i r rks  thc  inc l i ' idua l  pept ic logh.can
components  o f  the lx rc tcr ia l  r :e l l  wa l l  io  each ' r r ih . . .  I ,
z \ l  t  l r ' r rsh t l re  sJr t ' r ' i  f ì r '  l 'e< ' l r i r ' i s ' rs  i r 'u , . r r ,ed r . r r ra i r r  i ^ -
t 'o rnp lc t t ' l y '  r r r r r l t : rs toor l ,  s t : r .c ra l  l las ic  e lcmcrr ts  i r r  thc
l ) r ( )cess hzrve beerr  c le f  i r rec l .2- t ;  Beta- lac tarn ant ib io t ics
l r i r rc l  t '  : rnr l  i r r : rc f  iva t r :  spt - r : i f ì r '  ta rgets  'n  t l r .  i r r r rer
s r r r { hce ' l '  t hc  ba . t r : r i a l  r r c l l  r n t ' n r l ) r ane ,  t he  pen i c i l l i n -
b i .c l i ' c  pr r t . i rs  l l r l ì l rs ) .1"  

' f -h<,  pRl js  , , r . , i  
" , , rur r r , , ,(- tra'spe'pt idzrses. r:ar b..x'pcptigrases, a.cr t ' 'c lopepti-

c lases)  that  are i ' r ' r l 'ed i '  t [ rg iermi 'a l  s tages , r f 'o r -
semtr l ing the b: rc tcr ia l  ce l l  waì ' i  anc l  in  reshapine the
cel l  n 'a l l  d r r r ins  gr . rv th  ^ r r r r  c r i ' i s i , . .  [ ìe ta- la 'c tanì
co r r rpo r rn r l s  hav t '  r l i l l ì ' r t ' t r t  a f l ì r r i t i t . s  f ì r r  t he ,u . l r r i o r r s
l : J l l t s  ; r r r r l ,  r l r 'P . r r l i r r s  ' r r  r  h .  s l r t ' r - i f  i .  l r l ì 1 ,  l r ' r r r r r l .  l r : r ' r :
c l i l l ì ' r r : n t  t ' l l ì ' < ' t s  on  l ) i r ( . r ( ' r . i Í ì .  r r ) - r  r  ' l ' l r .  

i r r i r i . r i va r i ' l r
r f ' s rn r t '  P l ìPs  (P I l t ' }  l , \ .  l l l s .  2 .  ̂ . c l  3 )  r - ^ i r s . s  ba r : r t , r i -
; r l  < ' t ' l l  r l c i r t l r .  I r r  < ' n r r t r ' ; ì : i r .  o t l r c r . r r r ì l ) s  ( p l ì l r , l ,  i r .  r r r r r l  ( i )
; r r ' ( '  r r r l r  ( . s s ( ' n t i ; r l  l ì r r  l r : r t  r t r  i : r l  r  i ; r l r i l i t r  .  a r , , í  r l , , . i ,  i r , _

I ; r o t r t  t h c  l n t t ' c t i t r u s  [ ) i : c a r c r  l ) i r i s i o n .  l ) c p a r t r r r c n t  6 l  l n t c r n u l  l r l c t l i c i n e .  [ , n i ,r c r s i t r . t  V i r r i n i a  ì \ t r r r i e r r r  ( . c r r r t r .  I ì . 1  . ì f J ! .  ( .  h i r r r ' t r c s r i i l c .  \ ' A  r 2 9 , ì r 1 ,  * h c r c
r c p r i n t  r c q r r c s l r  s h o t r l r l  h r  a r . l t l r c r r c r l  t o  [ ) 1  l ) 1 1 n , , o , 1 ,

r r< ' t iva t ion bv l le ta- l : rc tarn nro lecr r les  is  not  le tha l  to
t l r .  b . r ' r t ' r ia , t l - l t '  ( ) ther  f ìac tors  ; r re  inv ' lvec l  in  the
l ) r ' (x ' ( 's : i  o l '  l r : rc t t ' r . i ; r l  l l ,s is .  I t  is  cur rent ly  theor izec l
thut  l r . r : r - l .c rams b ind ing to  PtsPs inact ivate  endog-
( ' n ( )us  i r r h i b i t o r s  o f '  bac te r i a l  au to l ys i n r . t e -22  16 . "
i r r r t r l v s i ns  can  t hc r r  d i s ru l l t  cova len t  bonds  i n  t he  bac -
t t ' r ia l  cc l l  rva l l  anc l  cause bacter ia l  lys is .  

' l -he 
growth

, f  . r ' r ta i r r  ' rga ' isms that  lack auto lys in ,  .u '  be
i r r l r i l r i t . r l  . Ì r r '  beta- lac tzrnr  ant ib io t ics ,  but  such orsan-
is r r rs  ; r r ( '  . . t  k i l l t '< l  ( the p l renomenon ' f  bacter ia l
I o l c l  l r  r r < ' r ' ) . : l ' l

Mn<;HarursMs oF Bacrnnrar Rnsrsrarucn

I ì ; r< . ter ia l  res is t ; r 'ce  r '  beta- lac tam ant ib io t ics  may
o( ' ( 'u r  a t  Í ìnV o l ' thc  s teps invo lved in  the act iv i ty  o f  the
^ge ' ts .  Beta- lac tam molecu les must  f i rs t  be ab le  to
l )cnet r í ì te  the bacter ia l  ce l l  wal l .  A l though the pept i -
clrglyt:an comp()nenrs of the cel l  wal l  o[ gi"--pori i i ,u.
b.cteria c:an be perìetrated easi ly, the outer cl l l  wal l
of '  granr-ncgative organisms, which consists of l ip_
ir ls, proteins, and polysaccharides, may prevent beta-
la<:tarn a't ibirt ics from reaching their pBp targets.2a
(.thannels- thro, lgh the cel l  wal ls óf g.um_r,egariv; bac_
teria are f irrmed by proteins cal led porins, rt t i . tr  al low
rl i f l ì rsiorr rf-  rnaterials into the interior nf the bacte-
r i ' r r ì .2"  

' [ 'hese 
por i '  channels  may b lock the pa.ssage

rf '  beta-lactÍìm compounds, depending on their siz.-e,
charge, .ncl hvdrophil ic propert ier.zé-ze There are
pathways across the bacter ia l  ce l l  wal l  that  are
rìot Í ìssociated with porins, but they remain i l l  de-
fìned.2e': ìo : I 'he barr iei propert ies of the cel l  wal l  may
represent inherent characterist ics of a given bacte-
r iunr or rnay result fr .m changes in cel l-wall  structure
due to  exposure to  ant ib io t ics .3 l -3a

Alterat ions in the binding characterist ics of pBps
ftrr l lcta-lactam compounds may result in the develop-
me't of 'resista'ce, and such changes have been dem-
onstrated i' Escherichia coli,3s streptococcus faecium,3,
Haerygfhilus infuenlac,37 Streptococcui pnewnoníae,38 and
rrr et h i r:i I I i n -res is tan t S talt hy lococcus auieus,3e -a I

' l 'hc 
nr 'st important mechanism of bacterial resist-

ancc to the beta-lactam antibiot ics is bacterial produc-
t ir '  . f  beta-lactamases, enzymes that hydroiyze the
cyr: l ic amide bond of the beta-lactam ring and render
it  i rr :rct ive.12-46 Beta-lactamases 

"r.  
*ud. by manv

gram-positive and gram-negative organisms and ar!
e'coded either chromosomally or extiachromosomal-
ly by rneans of plasmids or transposons.4T-ss The ease
of'  translcr of the plasmids and transposons plays a
I.adi 'g Jrart in the spread of antibiot ic iesista.rt .  óo.,.
or r t '  l rar : tc r ia l  s t ra in  to  another .

Srnucrunr-FuNcrroN Rnratroxs

st 'r 'cr:r l  cxr:cl lerrt  reviews have outl ined the princi-
pal structure-fìrnct ion relat ions of the beta-íactam
rr . t i l l i ' t i c " . . r r ì - ' r r l ' l 'he  bas ic  beta- lac tam st ructure con-
s is ts  r f 'a  f ì^ r r - rnenrbered beta- lac tam r ing fused to  a
sc.rnd r i .q. l ì iochemical modifìcations have been
nrar l t ' in  a t tempts  to  i r rc rease penet ra t ion through bac-



t c r  i l r l  c c l l  n  r r l l s .  l o  r l c c r r ' ; r s r '  : i u . ì (  r ' l ) t i l r i l i t r  t o  l r ; r r ' l c l  i ; r l
l r t ' t a - l l r c t l r t ì ì i r s ( ' s .  o t  l o  i r r t ' r t ' l r s c  l l i r r r l i r ì q  t r )  l ' l ì l ' s .

l r r  t l r t ' p t ' n i c i l l i r r s .  t l r c  l r t ' t l r - l a r ' t i r r r r  l i r r g  i s  f ì r s t ' r l  t o  a
f ì r ' c - n r c r r r l r c r e r l  t l r i a z o l i c l i n t '  r ' i r r q  ( I " i u .  |  ) .  \ l o r l i l i < ' ; r -
l i o r r s  o f '  t l r r '  pc r r i t - i l l i r r  t r t , r l r ' < ' u l t  t i r k r '  p l l r < ' t '  o r r  t l r t  i r c r  I
s i < l c  c l r a i n  a t t i r t ' i r t ' c l  l o  t l r t '  (  1 , ,  r ' a r l ) o r r  (  R ' ) .  \ l o s t  o l '  t l r c
l ì ( ' \ r ' ( ' r  J l t ' r r i t ' i l l i r r s  l u ' ( '  u t , r < l i l i r - ; r t i o t r s  , , f  ; r r r r l r i c i l l i r r ' ;
( t " i g  l ; r ) .  S r r l r s l i f  t t l i o t r  o f '  ; t  c i t r l r o x r  q t r ) u l )  l i r r  t l r l
i t n r i r r o  r I r ( ) u [ )  o {  a r n y r i c i l l i r r  , n r  l l r t  r r c r  I  s i r l c  c l r ; r i l r  p r , r -
t l r - r c e c l  c a r l r c t r i t ' i l l i r r  a r r r l  t i c a r c ' i l l i n  ( l " i r { .  l l r  a r r r l  l (  ) .
' l ' h r :  

s u l r s t i t t r t i o r r  o l ' t l r i s  a t : i t l i t ' s i t l c  q r o r r p  i n  t h c s r '
( 'onì  lx )ur ì< ls  r lc<: r t ' ; t  s t '< l  l r i  n r l  i  t tu  to  I '  l ì  l )s  o | , \ '  l  rc  p  l  o t  or  t  tu

fàe t ' a l i : ,  t l r t ' r ' r ' l r v  r l t ' r ' r t ' i r s i r ì r I  : ì ( ì l i v i t r '  : r r i ; r i ns l  t l r . s  o r r l a r r -
is r r r .  I {orv( 'v ( ' r ,  t l rc t t '  \ ! ' i ìs  n ì ( ) r r '  : r< ' t iv i tv  ag i r ins l  granì -
r r t -g : r t iv t :  roc ls .  i r r r ' l r r r l ing I 'seur tomonar  nct r t .g i t tora .  gr :u ' l -
1 , " -  becausc  o l '  i t r r : r ease r l  pene t ra t i o r r  o l '  t  h t '  < l r r r g
t l r r o t rgh  t l r e  l r ac t c r i a l  t ' e l l  11 "111 . ' l ' 5 ( t  S r r l r s t i t r r t i o r r  o f
t t r c i d o  g r r n r l ) s  ( - N I I - ( l  ( )  N - R " ì  l ì r r  l l r r  c i r r l r , r x r

s roup  p roc lu r : ec l  t l r c :  u r c i r k r  pe r r i c i l l i n s  - - -  p i p t ' r ac i l l i r r ,
az l oc i l l i n .  anc l  n r cz loc i l l i n  ( l ì i s .  l d )  - -  w 'h i ch  ma in -

, ( ' . 1 | z
2

l - f r
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Figure 2. Chemical Structure of the Cephalosporins.
Position 1, R1, R2, and C, are the sites of potential biochemical

manipulat ion.

trr incd arrrpici l l in 's act ivi ty asainst ,9trep. faecal is and
,\ lrep..fneciun and increased i ts act ivi ty against sram-
r ì ( 'sa t ive bac i l l i  and anaerobes by means of  greater
pcnet ra t ior r  t l r rough bacter ia l  ce l l  wal ls  and sreater
a l l ìn i t1 '  for  I tBPs. r ; r ) '61

In  cep l ra lospor ins ,  the beta- lac tam r ing is  a t tached
to a  s ix -nrembered d ihydroth iaz ine r ing (F ig .  2) .  In
cont rast  to  the penic i l l in  nuc leus,  the cephalospor in
nucleus is inherently more resistant to beta-lacta-
rrì : ìses anrl is rnore activr: against beta-lactamase-pro-
c l r rc ing (penic i l l in - res is tant )  bacter ia ,  inc lud ing Staph.
attreu.î and E. coli. 

'fhe 
cephalosporin molecule also

Jr rov ic lcs  rnore s i tes  lor  potent ia l  manipr r la t ion.  
- l 'hera-

l rcut ica l ly  impor tant  modi f icat ions have been made at
the sulfur atom at posit ion l ,  the acyl eroup attached
to ( )7  (R ' ) ,  (17 i tse l f ,  and the moiety  a t tached to  Clq
11121 . t ;2- t ; r ì

' l 'wo 
c lasscs o f  compounds have s t ructures marked-

Iv cl i f ferent frorn those previously described (Fig. 3).
( . la r l lApenems have a car t ron ins tead of  a  su l fur
on the f ive-menrbered r ing attached to the beta-lac-
tam rins. f 'he small  size and compact structure
of- these asents al low them to pass easi ly through
sram-negative bacterial cel l  wal ls. Imipenem, the only
carbapenem currently avai lable, has a hydroxyethyl
side chaih rather thart the classic acylamino moiety of
penici l l in and the cephalosporins. Marked resistance
to hyrlrolysis l ly bacterial beta-lactamases is provid-
erl  by the trans configuration of '  this group, which
contrasts with the cis configuration of other beta-
l ac tams . r iT

'[ 'he 
monobactams are a novel group of compounds

in which the bicycl ic structure characterist ic of the
otlrer beta-lactams is absent. ' Ihe core configuration is
that of a beta-lactam rins. Since the l-sulf ionic acid
sroup lowers the energy requirements needed for in-
teraction of ' the beta-lactarrr molecule with PBPs, i t  is
s ; i ic l  to  "act ivate  "  the molecu le .6s S ide-chain  subst i tu-
t iorrs art Rl and R2 confer anti l tacterial act ivi ty and
res is tar rce to  Ì re ta- lac tamase,  as they dn in  the c lass ic ,
t rvo- r ingec l  beta- lac tam agents .6 ! t  Azt reonam is  the
onlv rnernbr:r '  of '  this grotrp currentlv avai lable f icr
t he r : r p r ' .

I ì r : t i r - lac tanìase inh i l l i to rs  such as c lavu lan ic  ac id
: r r r t l  su lba( ; tarn  rcseml t le  penic i l l in  s t ructura l ly  and
t 'n l r ; r r r< :e  i l re  in  'u ' i t ro  act iv i ty  o f  cer ta in  beta- lac tam

:.
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Figure 1. Chemical Structure of
Substitutions at the R' site create the

penici l l ins (a to d)
\



a r r t i l r i o t i c s  l x  l r r o t cc t i ng  t h t ' t n  l i o r r r
l l r  < l r , r l r  s i s  l l r  l l r ' l ; t - l ; t c l ; u r t ; t s t ' t i . ì "  i  '
' l  

l r t ' r '  : u r  t t ' r - r r r t ' r l  " s r r i c i r l t '  i r r l r i f r i -
tors"  l recat rs t '  t l rer  l l i r rc l  to : rnr l  i r r : r t ' -
I  i  r ' ; r te lr :rctt .r ' iaI bt ' t :r- I  act:rnra st 's btr r
are  c les t rover ' l  in  the procrss.

Exrnrunno-Sprc'rnu*r

Psurcrr-r-rNs

Antlbacterlal Actlvlty

l l l l ,  \ 1 , \ \  f  ; \ ( ; 1 .  \ \ l )  l (  ) l ' l ì \ , \ 1 .  ( ) l .  I l l ' ; l ) l ( ] l N l

Table 1. In Vitro Activity of Extended-Spectrum Penicillins against
Gram-Positive Cocci.t

( ' \Rr ì r  Ntr  i l  r  rN 
' l  

l<  . tnr  t r  r  r r ' i  Az l - rx  i l - l  lN MEzl  (x  r f  t . tN PtpFRr< t t  r  r r r

i l l l (-qt in pe'ml (Q rtr6in.s .sux eptiblc, l

ì 2 Streptocrrccus sJrcics
[ 'yrrgcncs
Vir idans group
Pncutnoniac
Ììaecal is

o 2 t l (n)  <0 2 f l00) <0.2 00o)
ró (80) 8 (  r00) <0.2 (  r00)
2 i lm) I  ( lm) <0.2 i l00)

128 (0)  r28 (501 4 (90)

<0.2 (100) <0.2 f l00)
<2.0 000) <0.2 (  ru))
<0.2 (100) 0.2 ( l0o)

4 r90) 4 (90)

S .

hemical

l r  u n c l
gr  Í tnt  -

l l ' ea tc r

i reí ì  t  er

iìcÌìccl

2 ) .  I n
spor in
- l ac ta -

rc-Prr)-
,\'toph.
t '  ; r lso
I ' l rera-
a r l e  a t
l ; t  r ' l t  c r l
t o  ( j r

:r  rked -

i e .  l ì ) .
s r r l f ì r r

t a - l : r r ' -
i l c l  r l rc
r ro r rg l r
r t ' o r r l r '
: r  t ' t  l r r  I
i r ' l r  o l
s [? ì r ì ( 'e
r rov i r l -
w  l r i t ' l r
l re t : r -

ro t rnc ls
of '  the
L t  i o n  i s
L t '  i r t ' i r l
f ì r r  i r r -
' s "  i t  i s
l r s t i t r r -
l r  i r r r r l
l i r  s s  i r ' .
i s  t l r r '

l r l c  f i r r

i r  r r t  i t l
l r  ; r t r r l
l i r r  t i t t r r

.|.lrr't:arllrlxv1rc'tti<.il l irrs,t' itt.l lelti-,, ';].i::;,.i;:] ' l iJ::l]i i": '.:[f ' 'J'[T"il,f.l l?:;l.;l l:]l:;;:::l#"

c i l | i r l ( G e o p e r r . P 1 ' r l p e t t ) a r r r | t i < . ; t r - l : : : : : T l ; : l l ' l , , a n t | . 6 4 g g p e r n l i | | i | i t e r f < r r a | | o t h e n . a s t | e t e i n c d

< : i l l i n s ,  f l i l t c r a t : i l l i 1  ( I ' i g l r ' : r < ' i l ) .  : t t t n , r c r l f o r s u s t e p r i h l c \ t r î i n s ( ' f  t h i s ' r g a n i s m

r nez loc i l l i n  ( l \ { ez l i n ) ,  an r l  az l oc i l l i n
(Az l in) ,  are  cor rs ic lerer l  t .x tendec l -spectnr rn  p t 'n ic i | | ins
t recause thev in Ì r ib i t  a  wic lc  var ie ty  o f  aerob ic  sranr-
ttesatir , 'e baci l l i .  inclucl ins It .r .  aent,ginn.rn ( ' l 'ahles I
and 2)  .76-47

" fhe extenc lec l -spect rum peni t : i l l ins  are sr rscept ib le
to  s taphv lococcal  beta- lac tamases and are not  re l iab le
fbr  t reat ins  s taphy lococcal  d isease.  

' [ 'he,v  
are less

act ive than penic i l l in  and ampic i l l in  asa inst  most
gram-pos i t ive  orsanisrns,B2 'B+ ' t l8  except  that  t l re  t r re ido
penici l l ins inhi l l i t  cntcr()(;occi to a r legree cornp:rr:rble
to  that  ach ieved lv i th  anrp ic i l l in . r ì r r - r ì l

c H r

oz  t r e0nom

OH

C q
l ' o
OH

N -  f  ornr imidoyt  th ienomycin  ( lmipenem)

Figure 3. Chemical Structure ol Aztreonam and lmipenem.
These agents are refrresentative of the monobactam and car-
bapenem classes of drugs, respectively, whose chemical struc-

tures ditfer markedly from those of the penicillins
and cephalosporins.

';ff,r_*Hc(

' [ 'here 
are small  dif lerences in the pattern of actrv-

i ty of '  these agents against gram-negative organisms.
' l - icarci l l in 

is two to lour t imes more active than car-
benici l l in aeainst Ps. aeruginosa.TB'82 Piperaci l l in is
rnore potent than ticarcillin against Ps. aeruginord and
klebsiel la, but has activi ty similar to that of t icarci l-
l in against most other gram-negative pathogens. Azlo-
ci l f in is as active as piperaci l l in against Ps. aeruginosa
but is less active against most other gram-negative
organismq.B6'87'Be-el Mezloci l l in is similar to t icarci l-
l in in regard to antimicrobial spectrum, but i t  has
more activi ty against klebsiel la. The extended-spec-
tr irrn l ienici l l insrare often more susceptible to beta-
la(:tamases Jrroduced by gram-negative bacteria than
are the third-generation cephalosporins. Al l  the ex-
tended-spectrum penici l l ins are highly act ive against
anaerobes.79,f l2,9:ì

Pharmacologlc Features
'I'he 

pharmacologic features of the extended-spec-
trum penici l l i ,ns are summarized in Table 3. The dos-
age schedules, peak serum concentrat ions, and serum
half- l ives of the agents are very similar. For the ureido
penici l l ins, bi l iary excretion accounts for 20 to 30 per-
cent ol el imination, al lowing for less adjustment of '
doses in patients with renal fai lure . lrxr ' lol '106

Toxlclty
' [ 'he 

extended-spectrum penici l l ins are relat ively
nontoxic, although hypersensitivity reactions, neu-
tropenia, seizures, and elevations in liver-enzyme
levels have been reported.TB'79'e8' l07-l09 Carbenici l-
lin and ticarcillin induce dose-dependent abnormali-
ties in platelet aggregation involving both primary
and secondary adennsine diphosphate-induced re-
sponses. I  lo- l  l2 T'his phenomenon occurs most often at
dosages higher than 300 mg per kilogram of body
weight per day. Prolongation of bleeding t ime and
abnormali t ies in platelet aggregation have been at-
tr ihuted to the ureido penici l l ins, but the problems
have been quanti tat ively less severe than those noted
rv i th  the carboxy penic i l l ins .  I  l3 ' l  l4 ' Ihe extended-spec-
tnrm penici l l ins may inactivate aminoglycosides in
^ manner that depends on the t ime of exposure
and the concent ra t ion o [  pen ic i l l in . l l5 ' r l ( i  

' fh is  
may



Table 2. In Vitro Activity of Extended-Spectrum Penicillins against Gram-Negative
Organisms and Anaerobes.*

' l ' t {E 
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have yielded poor responses when
used as single agents in compro-
mised hosts. l34'135 Therefore, for
se r i ous  i n [ec t i ons ,  t hese  agen ts
are usually used in combination
with an aminoglycoside. This com-
bination provides in vitro synergy
against 30 to 60 percent of strains
of Pr. aerusinosa and 20 to 50 per-
ccnt  o f '  I ì r r tc ro l racter iaceae anc l  l ras
l lccn Jrrovcrl  el lèct ive in a variety ol '
c l i n i ca l  s i t ua t i ons .6 l , t 36 - l 38  l n  com-
promised hosts ,  espec ia l ly  those
with neutropenia, response rates of
56 to 97 percent have been report-
ed. l3e- la '5  f  n  pat ients  wi th  cyst ic  f i -
bros is  and pu lmonary in fect ion,
cl inical responses are more favor-
able and rates of resistance are low-
er with combination therapy than
u ' i th  therapy wi th  one agent . l46-153
()ther pseudomonas infections that
can be successful ly treated with the
combination o[ an aminoglycoside

c^RBENfcu l - rN Ttcrncrr . r  rN Azr .cr r t - r - tN Mezlcr l l r . lx  prpEnectL l - lx

,Vl('n in ltgiml (a< stain.r ru.v.eptible)
(ì  ram-negniive organisrns

F-. t  ol i
Klchsicl la sprecir- 's
Scrrat ia spccies
Entcrohactcr species
Protcus

I r r<kr lc  pos i t i vc
ln< lo f t . r r t .g l l i v r :

l 's.  t t t ' rugit t t t .stt
Pscudomonas species

Anaerobes

B(t(t(rtid..\

l iugi l i .s (group) l '

Jì agili.t
O I r t.t I r i li um p t, r'li i n g c n,s
Clostr idium species
Pe pt<rcoccusi f(:pto..

streptococci ls
[ìrsobacterium

4 (80)  4  (82)  8  ( f i2 )
fú (8) '64 ( l2l r . f ' }1 (50)
16 176) 16 (t l{)) 64 (ó-5)
1 6  ( 1 0 t  t 6  ( 6 0 )  t 6  ( 6 0 )

8 ( 8r) ) .1 (Í1(l l
I  l l ( X ) )  . l  r  l ( X l r

. ì2  ( r ìo )  t6  ú t5 )
256 (40)  . -64  t40)

64 (  T l l l

I  f  l ( x r )
4 195)

l6  ( f ì 5 )

2  ( 8 5 )
f, t  (80)
{ l  (75}

8 lqo)

2 i l15)
4  (  l ( X ) )

l ó  ( 8 0 )
l6  (90)

2  (85 )
8  (88 )
4  (85 )
I (90)

|  (9Ot
|  (  t ( I l )
4 (95)
4 (97)

ró  (95 )
8 (92)

0.25 (  100)
I  (95)

<0 .25  (75 )

l6 (f ì_5 )
6 4  ( 8 5 )

r )  2 5  ( l ( n )

2  ( 8 1 )
|  (921

. 1 ( ) .  l . ì  (  l ( X ) )

.12 (80) 16 (9())  16 (90)
tu (8-5)  12 (95) tó i l00)

0 .5  ( tq ) )  <0  t3  (  I u ) )  <0 .  t3  (  100)
4  (86 )  ( ) .5  (95 )  |  (95 )
2  (90 )  . -0 .2 .5  (75 )  <0 .25  t95 )

- - - o  l . ì  ( 9 - 5 )  - . 0  t 3  ( 9 5 )  < 0 . [  t 9 5 )  0 . 1 2  ( 9 5 )

n! 'a lues were conrp i led f ronl  rc ferencet  7ó t r r  f l7 .  ln  rnanl  cases.  aî  least  l f )  to  |  5  percent  of  s t ra ins wi ì l  show res is tance to
the agents l i \ tcd:  fhus.  t la t r  on min i rnnl  inh ih i t , rn  . , ,ncenrrat i , ,n ,  reqrr i red r , ì  inh ih i t  growth in  9O pcrcent  of  s t ra ins lMtc,n)
; r r r :  nr r t  hc lnf r r l

i . | h t [ J t u ' t n t , t l l , s l i l g i t i ' r e r r r t l p i n c | t t t | c s R l i . s | t t ' t t n t ' s ' B . | . r u q i l i s ' | l | ) | ' ( l l | l \ ' B . | h e | t t i t t t t t e n t i t r o t t . a n , J

( ) ( ' ( ' u r ' i n  v i t r o  n ' l r c r r  r l  r r r q s  a r ( ' r n i x t ' r l  t o q . t h e r  i r r
t l r .  s r u r r .  l r , r i l l r ' .  r , l '  i r r  r  i r .  i r r  1 r : r t i r . l r r s  r ' i r l r  r . r r : r l  l i r i l -
t r r c  i r r  n ' l r o rn  l r i g l r  < ron t ì c r ì t r a t i ons  o l  pen i t ' i l l i n  r n : r v
l tcc t rnr t r Ie t I r ' .

Cl inical Use
' [ 'he 

t .x te .c led-s1;ect . r rm pt 'n ic ' i l l i r rs  arc  n ìost  r rser ì r l
l i r r  i r r f ì ' r ' t i ' r rs  < :ar rser l  t l r . '  / ) . i .  aerug inoso,  o t l rer .  aero l l i r :
f I t ' í t t ' t ' l - t ìeg i t l i vc  roc ls ,  a t ì ( l  í ì r ì í ìe t '6 l l r .s .  \ \ 'h t ' r r  r rsec l  ; rs  s i r r -
q l r '  ; rqcr r ts .  I l rcsc r l r t rgs  l rav t '  Pror l r r r : r '< l  ovcr .a l I  r .cs IX)r ìs { ,
l i ì t ( ' s  o f '6 ( l  to  t ì0  perccnt  in  J la t i t ' r r ts  r t ' i th  ba<: tcremias.
i r r t r a a l r r l o r n i n a l  i n f ì ' r ' t i o r r s ,  i n f i ' c t i . r r s ' l '  r l r .  l i ' r r r a l t '
gn r i l r r r r r  i r r : r r l  l r ' 1 ì c t ,  l l o r r r '  : u r< l  so f  ì - t i s s r r c  i r r f ì , r ' t i o r r s ,
; t t t r l  l r t t eun ro t t i t t s .T l l ' 7 ( r ' r r r i  

l { } 7 '  l t t r t  l  | 7 -  l : ? r ' l  (  l ' t t t 1 l : t r a t i ' c  t r i -
a ls  l rave shr ln ' r r  r ro  c l i l l i ' r t . r ìces in  e f l ìcac: r '  anror rg  thc
ex t t ' t l r l c r l - sp t ' r ' l  r t t n t  l x ' n i ( ' i l  l i r r s .  l  l ' - l .  l  2  t .  l  : l i .  l  : l r l ' l ' l r t ' r ' : r ' r '

l v i t h  a  s i nq le  aq r : ' r r t  has  l r cc r r  : r ssoc iu t c r : l  r v i l l r  t : o l on i za -
t i . n  l r )  r ' t ' s i s t a r r t . r ' g . r r i s rns  i r r  ( ì  r . 3 f )  l ) r ' r ' ( . c r ' r t  ( ) f
( ' r ì ses , ( r r ì ' l r ) ( l ' l l ( r . l  t r )  s r r l l c r i r r l i - r . ( i o r r  i r r  7  t o  | 2  p t ' r < . c l r t  o l '
, ' Í ì s , ' s . 1 " i  l  ì l  l ' ì : 2  i r r r c l  f Ì r i l t r r c  l o  r ' l i r r r i r r a te  o r . q i u ì i s l l r s ,  ( , \ , c r ì
in  pat icnts  w ' l ro  i rnProre c l i r r ica l l r ' ,  i r r  2 . ' l  to  50 l ) ( ì r .cent
o f '  cases .  l o7 .  I  I  7 .1 : J  l . l : ì 3  I ì x t endcd -sp r ì ( . t r l u l r  l l en i< . i l l i n s

: rnc l  an extended-spect rum penic i l l in  inc lude bactere-
nr ia ,  cndo<:ar r l i l i s ,  ( )s te( ) rnye l i t is ,  mal ignant  o t i t is  ex-
terna, kerati t is, ancl central nervous system infèc-
t i . n S .  

l l l f ì . l 5 l . l 5 5

I ìecause of their act ivi ty against anaerobes, the
extended-spect rum penic i l l ins  have been used in  in-
t raabdominal  and pe lv ic  in fect ions,  as wel l  as  in  mixed
aerobic*anaerobic infect ions of the lung, and have
prodtrced response rates of 70 to 90 percent. lsr ' i -162
' l 'herap,v  

wi th  a  s ing le  agent  has been assoc ia tec l  w i th
recurrences in  up to  20 percent  o f  pat ients ;  combina-
t ion thr : rapy wi th  an aminoglycos ide is  therefore sug-
gestcd. l ( ;o  !Vhen extendec l -spect rum penic i l l ins  are
r rs t 'd  in  pat ients  rv i th  pe lv ic  in f lammatory  d isease,  spe-
r : i f ìc  ant ich lamvcl ia l  therapy wi th  a  te t racyc l ine should
l r c  a r l r l e<1 .  l ' ì ' ì

' l 'he 
ureido perrici l l ins are as effect ive as ampici l l in

agairìst the enterococci in vitro and ha'.re shown syner-
gv r.r, i th aminoglycosicles.{t l  However, because oî the
wi r lc r  exper ier rce wi th  the combinat ion o f  pen ic i l l in  or
arnpici l l in and an amin<lglycoside (gentamicin or
streptomycin), this resimen remains the therapy of

Table 3. Pharmacologic Features of the Extended-spectrum penicillins.*

Peak senrnr concentrat ions lpgrpl ; t
I  dose )

t la l f - l i f ' c  (h r )

Renal e xcrct ion (",{ }

t l cpa t ic  excrc t ion  (? )

Rcnroved bv hernodialvsis

Srxl iunt lnrnrolrg)

C A R B E N I (  | l  I  r N
4(X)- 5ff) mgrkgtdav

1 5 F F r r R t 4 r r R )

271
(.1 g)

t t
95

0

Ycs
4 1

TrcAR( l l . t - tN
2rX)- 3(n mg/kgiday

1 3 . . . 4  g  r . v r n r  4 - 6  F R I

210  , ,
(3 . -5  g t

t . 2
8o
o

Yes

5 . 1

Azl.o('rLLtN
200*3m mg/kg/day

(3-4 g rvnrv 4-6 f lR)

2t4 )
(3  g t

0 . 8
50- 70
20-30

Yes
2 . 1 7

Mrzroclrux
200-300 mgkglday

(3-4 g rvenv 4-6 rr)

263
(3 e)
0 . 8

55
20-30
Yes

l . E 5

PtpenrctLLlx
200-300 mgAg/dey

(3*4 g evnrv 4-6 ur)

. 740
(4 g)

0 .9
10

20-30

Yes
l .E5

rValues were cornpi led f rom 1s;g1.r . . .9( )  and t t .4  t6  l ( )5 .  l )6sages g iven are the maximal  adul t  drxages îAtcr a 3Gminuc intrswnous inhrrim.
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' l ' l l l ,  

N l ' , \ \ '  l ì N ( ; 1 . ; \ N l ) . J ( ) l l R N ' \ 1 .  (  ) l '  \ l E l ) l ( ; l N t .

r ' ho i cc  f ì l r  s c r  i ous  c r ì t c r ( ) ( ' o< ' t ' a l  i n l ì ' r ' t i ons  s r r c l r  as  t r r -
doca rc l i t i s . l r ì l  [ - r r e i do  pcn i c i l l i n s  a re  c f ì ì : r ' t i r ' e  l r r oph r  -
l a r : t i r ' , r ge r ì t s  f i r r  r r se  i r r  pe l v i< . ,  i n t r aa l r r l o r r r i n : r l .  ; r r r , : l
l l i l i a r v  su rq ( ' r \ ' .  Ho rvcv t r ' ,  l l r r . r '  í ì r ' ( '  r ì ( )  l r t ' t ( r ' r  t l r an  r t ' q i -
Ine l ìs  us i t tg  f ì r 's l  -generat ion <:eph: r lospor i r rs .  u , l r  i r : l r  : r rer
l ess  expens i ve .  l r i s - l  7  I

PnNrcrlr-rNs Ar.tD Bnra-[,ncrAMAsE IrurrrnrroRs

( l l av r r l an i c  ac id  i r r  a  f ì xed  comb ina t i on  r , r ' i t l r  t i ca r c i l -
l i n  ( ' l ' i r n t ' r r t i n  - - -  3  g  o I  t i ca r r : i l l i n  anc l  l (X )  r r r g  o f  t . l : r vu -
l ; r r r i < '  a r : i r l )  i nc r r ' : r scs  t l r r '  : r r : l i v i t v  o l '  t i r ' : r r c i l l i r r  asa i r r s l
f i ( )  t o  B0  l t c r< : c r r t  o f '  { i < ' a r t : i l l i n - r cs i s t ; r r r t  s t r i r i l r s  o l '  l , , r r -
tero l lac ter i : r r :eae,  l l t ' t  a  - lac ta l l ìase-pr ( )c l r rc i  ne s  t ra  i  ns  o l '
l { .  inf luen.Tar arrd ,Stoph. aureus,:rrrcl  trar:tcroides sl lecics.
No i r rc re : rsed ; rc t iv i t l  i s  prov i r ìer l  asa inst  I ' s ' .  aeru,g ino-
:o . t 12 -  l 7 : '  ' 1 ' 1 r "  

c r . rmb i r ra t i on .  g i ven  i n t ravenous l v  evc r \ ,
f ì rur  to  s ix  l ror r rs .  is  nr r l re  usef ì r l  than t icarc i l l i r r  l i l r
t reat i r rq  in f t ' r ' t ions i r r  whi r :h  ,Staph.  auteu.s ,  hr : ta- lac la-
nì  Í ìsc-  l )x )c l  r rc i  ne aerob i r :  granr- r ìcgí r t  ivc  l ra  c i  l  l  i .  o r  lx r r : -
tero i r les  spec ies are i rn  p l ic : r  tec l .  |  7 ( i ' t  t 'e

- l ' l r c  
r : o r r r  l r i  r r a  t i on  o l '  r ' l a v r r l ; r  n i c  r r c i< l  a  r r r l  a  n rox  i t . i  l  l  i n

( r \ uq rn r : n t i n  - - -  25 ( )  o r  i r (X )  r r r q  o f  an rox i t ' i l l i r r  l l l r r s  l 2 i r
nrs  o l -  c l : rvu lar r ic  acr id)  prov i r les  an ora l  f ) reparat ior ì
u ' i th  enhzrnccc l  ac t iv i tv  against  l te ta- lac tant : ìsc- l ) ro-
dr rc i r rg  s t ra ins o f '  s ta l thv lococct rs .  Branhame\ |a  catar rha-
l i .r  .  I l  .  inf luen.iae. À'r i .rsrr ia .qonorrhoeae . ancl bzrcter-
oidt 's. I  f ì(  )- |  r ì : ì  i \  I  os t [ leta - lact i ìnì [ ìse- I)rorl  u<.i  rrg sl rai ns of '
I i .  coI i .  I>roteu.s nt irahi l i .s. ancl klebsit ' l la species rvi l l  tre
s u s c r e l l t i l l l e  o r r l ' n ' t ( )  ( ' ( ) r ì ( ' ( ' r ì t r a l i o r r s  o f ' l l r c  < : o r r r l r i r r a t i o r r

l l r t ' se r r t  i r r  r r r i l r r ' .  I  r J  I  (  ) r a l  a r l r r r i r r i s l  r a t  i o r r  . f '  a  r r r ox i< ' i l l  i n
at r r l  < : lavu lan i t '  ac i< l  (evcrv  t ' ig l r t  l ror r rs)  is  t - l ' l ì '< ' t ive  l ì r r '
t r ' c Í r t n ìe r ì t  o f '  h r r r t r a r r -b i t c  i r r f ' c r : t i o r r s  a r r c l  an i r r r a l - l r i t t -
i r r f ì '< ' t io r rs  i r r  w ' l r i r ' l r  l 'o . r lu re l la  t r tu l l tn ' i r la .  s t r t 'p tococt  i ,
s ta l rhr . l<rcoc ' r ' i .  anaero l rcs .  : rnc l  I i i kenc l la  ror r r t r Ìenr  i ì r . ( '
po t t ' r r t i a l  e t i o l og i c  age r ì t s .  l r r i '  l f l r ì

S t r l  l r ac ta  n r  i s  a  sc rn i sv l r  t  h t ' t  i c  l r t ' l  a - l  a r ' t  i ì  n ì  r ì  s ( '  i  r r  l r  i  Ì r i -
t o t  n ' i t h  ; r c t i v i l r  a g ; r i r r s t  : r  l r r o a r l  r Í u t q ( '  o l '  l l c t ; r - l ; r c l : r -
t - l r i ìscs .  i r r r . ' l r rd  ing thosc prod r rcer l  l rv  l ta t ' te ro ic l r -s ,  lu r r ' -
n top l r i  f  t rs .  k lebs i r . ' l  la .  E.  ro1 i .  : rnd, \ '  . ,gon or r l toea ( .7  l '  l  r l7  l  r ì r l

I t  i s  c r r r r t ' r r t l r  i r r , ' a i l a l r l r ' Í ì s  a  l ) i ì r t ' r r l c r ; r l  J ) r ( ' l ) ; u i ì t i o r r  i r r
l ' o r r r l r i n : r t i o r r  r r , i t l r  : r r np i c i l l i r r  (  [ . l n : r s r .  r r  - ,  2  q  o l '  ; r r r r p i -
t ' i l l i r r  ; r nc l  1 .0  g  o f  su lbac tu r r r ) .  ( ì i ven  ( ' \ ' ( ' r ' \ '  s i r  l r o r r r s .
t he  comb i r r : r t i on  l r as  been  s r r< ' r : ess l ì r l  i r r  t h t .  t r ' ( ' ? ì t r ì ì c r ì l
o f '  r r  va r i c f l  o l '  i n f i ' c t i ons ,  i l r < ' l r r t l i r r e  i n tn ra l r r l o r r r i r u r l
; rnc l  J re lv ic  in f ì 'c t io r rs .  i r r f ì ' r ' t ions o l '  t l r t .  sk in ,  so l ì  t issr r r : ,
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