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methoxazcle (smx),r in a: ﬂxed ratio. The drug has been

& ,u‘sed tor the treatnent of unnary tzact and uﬁ& mfac

i a.ufy some of the 1ssues wmch have been: ralsed

v " mhe anu’ ctérial R:operhzs of me d:ﬂg and its’

lcnmpqnents wére assessed in sevetal h\ vitro’ systems.

. Synergy between fg«ﬁ: and SHX, ‘one OF. the main arguments:

' snppox'ung the use of the fiked combmatmn, was examned

by drug dx fusmn in aqur, checkerboatd titra ion, " and

(ATCC 15922) ‘and' aqa inst-a vanety of. bactarial pathogens

i ,;solated from patlénts ith' unnary tx‘act 1nfectmh

cnnstructed fmm qrowth in' druq-supplemented by:ohh an

atleg.t(
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than those ac}nevable in unne followmg usual dxug

dosagg., T.une-kxll curyes’ demcnstxate the bacter.\culal

‘not ma;kedl

detected fo:

patlents showed that TMP. was the ma]ox actwe consntuent.‘ .

Only_ low! levels of blologlcilly achlve SMX ware detected

£a prese:\ted do not support -ihe effmacy of the -

o_comb nat'on in-the

anagenent of urinary-tract

Har
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INTRODUCTION

-sul s lé (TMP-SMX) is.a fixed

combmauon antmiczcbial agent. Under the generic Tname

“co= txuwxazoie, the dx:ug was flrst eleaaeﬂ LnGxeab Britain

. for qeneral thex'apeutib use in 1668, . In 1973, the Pood and

< Dxug Ad.llunistx‘n.ﬂon of the United States granted ppxava].

. for ‘use 4 that country despn:e an earlier ban o f.uged

mmbmatmn anti.mic:ob' ls a, 2) |However , ise of ‘the é:ug

mfectmns, proven Pneumcystls carinii 43 shigello

s.\s, nnd otitis media cansed “by susceptlble strains of

iius inflbenzae ‘or suegtocuccus perum: umoniae (3).

m~sux, in a fixed auo of 1: 5, bas been Hldely used’

as an ozal p;aparation in the treament of urmary*tract

infecf_wns - .. This

has a \ude 1 “of acuvxty

‘against a broad range of het{; Gram positive and Gram negat;ve

=t pa(‘_‘hugen:u: organisms.’ ‘The .agent's principal target is Gram

bacun ‘erobac ﬂrﬂa-\ which are’ respensxble




* Gerhiarat

in t:he chemotherapy of :Lnfectmus dxseases.

ed t)\at the ic actlon of

".on its breakdown'in -the “body" to an inactxve aye and an’

called sulfanlla‘mlde (Flg. l)

Eubstanc

‘.sntx—bactex ial

The’ sulfanilamlde mcuety ‘was found to be act‘ Ve gamst a

vanety of ml_cruargarusms both in v:.tro and, in vive (14)

o Piller (15) ¢ongimed that prontosll wad indeed,

g hydrclyzed in’vive to sulfamlamme. T

2 B 9

N B By varlous subsutunons, almost excluslvel}{ ,on the

,s\ufcmamide 1—NH2 gruup) over 5000 sulfonamde cmhpounds

v have been synthesized in the past 40 years, many: of them

! Being:more acuve and less tuxic than, thie- original campound

(Figl 2_)'

= The earllest sulfcnanude to be }azkecea was sulfa- ;

pyridine in. 1938, 113) Sulf methoxazole (sMx1, the part.ner S




hgure 1. pFoduction ot ‘splfanilamide by. lycholysls
ih vivo of prontosil rubrum.:. The other’sulfonamides.

.are" produced by substituuon in the R] and@ Rp- positwns
(11) .







- of 'évercoming ‘the antlbacterlal effect of sulfunamaes in.
free extracts of Sttegtococcu haemolytlcus. Dther materlals

3 meat extracts, all comio, consntnents cf ciilture medla

*.amount of yeast‘vextta‘cc
.testiorganism.. THis'fact|

Jition- in- enzyme reacciuns whereby substances che‘nucally

‘ar componept (18).

‘,essenual for. bacter
" virtye of its structural sjmlamty

“for the enzyme invulved in'the uexluatxon Of 'PABA by the

.5
Early investigations into the mode of actlon of Bul—
fonamlﬂes revealed that many- mater).als from natural _sources

contained " substances wh:.ch anfagcnxzed or had i:he pxoperty

vxtrn. Stamp- (17) first ohserved thls phenomencn wnh ce11~

“with :mh:.hitory actlvxty 1nc1uded blood, ‘péptones yeast and‘

Woods' (18)-inves igated this phenomenan by tudying the mo,

chemcal and chenucal propertles of an‘antagonist.présent in

‘cell free extracts pfepared frun\ yeast‘ He faund that there

was la, strict quantitaljve: relationship. ! hetween the concent-

ratlon nf sul,funamlde a ed to the célture medium ‘and the

q\ured to perlnit the growth of the
Mas suggestive uf :ompetxtlve Anhib-

related to_the natural substrate can -inhibit -the action of an

i enzyme. Prelnnmazy studles on'‘the biochemical nature of s

the yeast,extxact antdgonist suggesteﬂ o Woods that the

active s paxa—=m ic: ac;.a (PABA) or a'smul- :
7

Wucds proposed that: szn, ar some related substance, e

1 growth and that sulfaniiamide, by

PABA (Fig:.2) competes.

bacterial® cell. Yionds provided support:fos his ihypothesis’

i
|
fibay

e i
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Figure 2.. Chemical =
showing nbn_i:ndmu on
ure of pa:

R
i

'of‘m sul

.

1-NH; group. The struct-
~aminobenzoic acid (Pml 1- included to
-hov h.- u-unuy to :ulfomdel
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‘& A o p:Aminobenzoic acid
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when he showed that a q\xantxtatxve xelatmnsmp earlier . . =
ﬂemcnstrated betweq-n—sulfamlamde and the yeast ex:tact St N

antagonlst was also, true fc: sulfanxlamxde and PABA (ILB 19) -

; Conclu51ve evmem:e that PABA: wag, an essenuax bacéenal

‘ Iacetobutxhcum
- paBA was essentxa

isolated and a more precise role fcr PABA wals, estabh.shed A2

'rh s growth factor was shown +0i have a central P)\BA :esniue




" Figure’3. The chemical structure of
s touctire

X : L isa
——~ ' Of the pteridine portion of the fol







. 5 . . 1
Brown' (23) and. other workers used cell-free bacterial

, o

extracts to show.that preincubation of limiting amomnts

ey v of pteri

e i
e with sulfonamide-inhibited the subsequent : |
!

1ncorpcrat15n of PABA even if the latter vere added in

" “excess. ' More recently, Bock (24) and. his assocn_ates

demonstrated by means of an:is§topically-labelled sulf- : g 2add

‘synthesis of: several cell canstxtuents, e requlred

o0 yitamin £or malm\ils 125)%  Although, PABA 1s riot a metabolite B

“'of mamials, one might-expect the products Of. these pathways

£o reverse énlfnnamide ’activfcy non—compet'itively. Two

factoxs provldQ for: selective tnxlclty and ‘make sulfunanude . h

chelnotherapy posslble.

icannot utilize- =

% Most bacr_eual pathug

prefomed fnllc acid from the host's blun&
': o -infected tissus but mist synthesize it from s

pteridine ‘and PABA, presumably because, ‘the ,'

utuszauon-of exogencus fclate rbquires an

mp dependent tzanspoxt system which’ they
Tk

Dn the other hand, mamm.:lxan célls i

process of evolution have lcst thei: ablllty to

synthesue fol:u: acld and st obtain it from

exogenous gistary: sources (35}




; 5 12 1,
2. Of the several compounds whose biosynthesis
depends on folate, only ‘methionine and the
vitamins are present in body fluids: purines
‘and pyrinidines are synthésized intracellulaily
and do not circulate as frée bases or nucleotides

.. ¢ that can be -utilized by bacteria (26).

The “mode of actxon of tr:unsth rim, _and the mechanlsm

< far its selective tcxlmty, were not established until the
1 : . fole of folic acid as a co-factor in the synthesis of
% "... essential cell components had been elucidated. In 1949,

sauberlich showed. that Leuconostoc citrovorum possessed a

specitic grovth reguifement for the reduced form'of o
dihydrofolic acid (27).  The "citrovorum”factor" was liter -
’identifie‘d as’ 'teixanydrofalic acid (‘faiinic acid) .
Futterman (28); 4in 1957 successfully isolated the ‘enzyme,:
' amymfolace reductase, responsible for the zeductmn of
amydrosohc -acid (PHFA) to fetrahydrofolic acid (THEA).

. ks The {latter form is the ac(:lve molecule for l-carhun t:ansfet .

T i el e

[ to dntermediates in the ‘synthesis’ ‘of ‘amino. agids,’ purine, Y

. /ana’ thym).ne, and ultimately deoxyrlbonucle:.c acid (25). -

Bgents which inhibit the’ reductiﬁn of DHFA tD ‘THFA by dxhydxo—

fclxc reductase Have ‘been texmed "an‘nfolatas
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- The' elucidationy of the PABA-sulfanilamide relationship

stimulated an excsgrive search for antimetabolites capable

of causing specificl "biochemical lesions". As early as
1942, Hitéhings and other researchers at the Burroughs

" Wiqilconé Laboratories in New York began'a methodical invest-

 tigation of possible inhibitors of nﬁcleic acid synthesié el

T e 31). ‘Using Lagtcbacxllus cagei as’a model systeu\ (32),

'tha = workers studxed in turn each of the natural purine and

pyrimidine bases and found’ that essén al%y a11’ derivatives

diami rimidines i s e antxfolate act:.v:.ty (33—

of 2,4 x
35)% Many of these .substances were found to have: antiniro

“'bial act:.v:.ty but, with few excephlnns~, the ‘toxicity of the

antifolates vas as great to the host ias it was to the pathngen.
However, “few" antlfolates are usefu1 therapeutic agents.

P ne afid exaté have: found ‘application in the

treabl\ent of malaria and carciriomas respectlvely (36). A’

igainst bacteria vas eventually found

Nighly specifu: action

. in'the. pynnudme derivative) trm\ethoprun (31,38, 39).

![‘runethoprlm ('I'MF) is'a structural analogue of the

3 pterldlne pornon ‘of.the dmydrozohc acid molecule (Fig. 3).

The drug exérts its action, by 1nhib1ting the reduction of -

g. 4) v catalysed in calls by the enzy—me d).hydr

Ll . ., DHFA to THFA (i
folate zeductase (25, 33 40= 42). Most living cells reqmre

thxs enzyma system ‘but there 15 evxdence that the enzyme

e dlffers from one specles £0 another (43 ~44) . The selective

toxic:.ty of TM.P has been accounted for by 1ts relatlve)y




- p "
:
(Y oo
T !

: olic acia
t(he loci of action'of su
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- SULFONAMIDES
—_—

—=3— dihydropteroate synthetaie

)
Leglutamate .
DIHYDROFOLIC ACiD *
“i o J=F—fl— dihydrotolite reductase .’
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specific ™ action against the dihydrofolate reductase. from

bacteria. THe concentration of TMP required for 50% inhil
ition of‘mamialian ‘enzymes iS. greater:by a factor of 16,500
than, that ‘required £6r a similar inhibition 'of bacterial

enzymes " (44) .

‘Tr im&thopr in-Sul famet le 'in. Combination

Combinations of antinierobial- agents are of‘ce‘n‘ ‘used’

i/ in medical pxacéice. Most frequently combmat ons are.

prescr.lbed to Provide: broa “spectrun povéra e. in senously \

fections or- from whnm an 1n£ectinq

;11 Patients with mixed

: organism has. not i uqlated. prug’ combmatmns have also

‘been used to treat bactenal J.nfectmns caused hy a. s: ngle s

straxns '( 4 5-50)

wnen o, an{:lnucro]ua agents act toqether agamst s

smgle orgamsm their cumhmed effect may be* .

o s et e (a) 1nd1fferent (or addltz.ve) when' the acnvxty of"




¥ AT T - L1

synex:gx.st).c, when the’ combmed effedt of the drugs

i ds slgnlflcantly greater than, the sun of their

independent effects. - A g

Sone thuty sears ago;’ Greenberg and R)cheson repetted

‘that am::.folates potentiuted or enhanceﬂ the antimalaxial

of experm\eﬁtal :

i the

ity of

Plasmodium galllnaceum xnfectwns in ch:.cken ¢s1; 52) i m‘ i

53 Eyles and Colman cenf&rmed these chservat}o 'S when

. they used ombmacion of py:mechamme and suuanamde.

tc treat toxoplasmnsis in mlce (53) Latel: H_ltchings afid-.

.anhby (54) hoted

_bination of sulfadlazi‘ne and ai2;4 ~’aiminopytmsaine,; a

close analogu of -my, aqamst Pxoteus vmgarns.' By 1961

“dt was qenerally accepted that ‘combinations of anufola:es

. and sulfe namldes acted synexg]_stically agamsh a wme range

F B, PR gE bacterlal specles tro and: there was ‘some e dence 7

thiak” e phenomenon vas also perative. in vive™ (54,65)

‘The synezglstic eftest of sulfcnamxde—antxfola(:e com=""

bmac;ons has been explamed by the theory of seqnentlal“

H
1

blcckada £irst proposed by Potter ih 1950ts’ ﬂescr)be the

i S ’effec: of two inh n:oxs actmg on ‘different: enzymes in é

"‘pqrtlon of the samebiosynthetic: pa'thiay (55) .. Using a*

a1 wodel Blark sented. -evid tha{: /synergism

of such séquén: ,11‘, blocked

*'1sa

systems (56). m{é/
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mvestigators. Rubm anﬂ,]us assoclates examned the

enzyme kinetics of sequennal 1nh1bitmn 1n ceu free

syatems in itro and concluded ‘that the response cannot. b

©'synergistié (57)-.  This~conclusion has b_eens_uppﬂrted by

_Webb' (58) yho ‘stated tn’au sequein.-ial blockage'of .a m'.aa_x

zeaction by multiple inhib;tors in the steady state is v

thépretlcally mcapable of pmaucmg an effect greater than

xeductase inl 1b1tcrs te act synexglstlcally

s (60) or. the pctentutmn of TMP by sulfonamdes in a number

,of sulfonama reslstant c:gamsms (61). Us:mg Fadharionis -

colL tlus 'lnvestigatot showegi that several sulfonanu.des act

w:.th “TMP. on’‘the Same enzymie, namely the dlhydrufolate s

» redu:tase, in vxtro Burchall’ (62) and hen (63) have d1

of thess £indiing clamng t;hat the -

R icantration ‘of: sulfonamldes used by Poe’ far exceeded

those achievable ¥n:vivo and. the suggested mechanism would”

vtcoccux‘ 7 S

Althcuqh thi mecham.sm and clinical slgnifi ancd, oF )

. synergy in aniifolate i Foraniae Activity. has mot:

5 hclearly. 'establxshed‘ : & fixed comb ation of TP and sMx

_has'begn widely used since’).ts introduction by qu;uughs

xth sulfonamaes -

. requx:e thnt hacter a concentxate sulfonam;des for. syner ;.sm» +




1 after oral admmstxatmn ini manis smuax ‘o that of TP

- ‘ion ratios vary widely in aifferent tissies and body ‘fluid

. 19
Wellcome Laboratoriés in 1968. Trimethoprim was ‘selected

frum' several 2, 4-diaminopyrimidines becausé of its
superioz fantibacterial act:wlty and relatwely low toxxcity
(38)." Tt is unique in the history of henotherapy ‘that a

compuund,whose efﬁ.cacy as an antibacterial agent. when used

aloneivas largely unknown at ‘the tm\e, s ‘miage ava;lahle

&

only in ination with --antibacte) 131 agent (64

As'ithe sulfomum.de component, SMX was - qhosen ‘for the same -

teasons as tnmethoprnn and because 1ts plasma half llfe

(61, 65, 55). THe latter prope,rty unpllf).es ansmg. The

i i

azole is przscrlbed are not" bactex‘emxas and therefore plasma 1

ratios may not be relevant. (73-75). ;n @ﬂdmtwn,_ ‘concentrat-

Craig and K\min (76) showed that the cuncentxatlo){ of non-,

metabolized SMX

. lwaysv 1cwex t.han_ in*serym Whlle-' n,
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the reverse is true for TMP. In fact it is probable that ;
the theoretically optimal ratio is rarely reached at the

site of the infdctious process. . Therapy of urinary tract - i

\
infections:is the most common application of co-trimoxazole.
Most ‘workers ‘agree-'that TMPiSMX ratio in uriné is close to s

1:1,a proportion ‘at vhich synergistic-activity is unlikely '

Both component.s of TMP sx are 1) hlbitors of bacterxal

synthes;s of tetrahyd):ofo ic ac1a, the metabchcally active

form of fnhc acxd (E‘lg t). i It 1s not surprising:therefore

that certain end prudncts of ' the folate metabchsm present -,

1n many non—deflned culture medjacan enable the nrganlsms =

t:o avoid the . antibac;exial effechs of the drugs. The nucleo— 1 o

THB-SMX activit;

Extremely small amov.mts uf thym)dlne, as

S ttle as 0 OS ug/ml of mednlm can s;xgnif. cantly reduce the

acuv;ty of TMP; smx, oxr the ccmbxnatlon of the two (77)

Mutants which lack “aibydrofolate :eductase. and thus require. S

. exogenous thymme oz thymxdxne r.c survive are intrinisically.

R D S TRy

esistant to, my. ooy 20wl N

_The interference in. VltrO thh the actmn of ~THP and

SMX by thymxdlne raises ether thym].dxne

the question of

. side, thymid.’\.ne, plays a: critical role in mterference with i N \

. &ould; affect the acnvity in vxvo of the ch.anatmn.

Lo ushny (67), a Burrcughs Wellcome 3 S¢sich 3 states ‘that -
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thymidine is rapidly degraded in vivo and would not inter-
fere w}thr the combination TMP-SMX. To ‘support this claim,
experiments were perforiied in which mice vere given doses
of 500 mcj thymidine/kg intraperitoneally, once on' the day |

before :,nduced J_nfectxon wlth P. Vulgarls, ‘twlce on the day,

 of infection, and once 24 ‘hours- after: mfecmon. Survwal

E ,rates fo11owmg treatment with “THP-, snx revealed hat the

nucleosxde had o adyerse effects n the protect on afforded

by .the drug combmacmn. chever, §tokés and: Lacey It

'found that Yevels of thymidipe 5.0 yg/m1 or - greatex: are

inhibitnry to ‘the qrcwth of bactetia in yitro, a factcr

wHich may Have cnntrlbuted to an.lmal survwal in Bushby &

experlments. %

The effect nf thymidine in’ t.\ssue and body flnids on’

TMP-SHX therapy xema.ns controversiali . Se‘veral nvestigators

. have been una' le to aetecc free' thynud:.ne in normal ussue

(78-80" but. recent, evidence suggests that thymidine of' |

thymldine 11ke antagomsts are; pxesent ‘in mfected tissue 3

The evidence comes £rom two observatxons
W nmeasmg rnm\ber of 1solat10ns ‘of thymme-ar .
t}rymidine—requitlnq bacteria frmn clmical

specimensihas heen-repor.t:ed (81-84)". .- Su

mutants ‘die rapidly in vitro in the ‘absence of

‘thynine of £fiynidine, ] The 'eccuxance of these. |

',mutants in’ " human dlseases suggest that devels .-

of thynudme or thymine arepresént in these’




iPatients “in amounts sufficient to support the growth.

of the defective-organxsms i 1nfec:ed,si:e’s‘. T

2. Maskell and associates (82) have shcwn that thymine

or r_hymdine requinng hacterxa can grc An wurine

vfrom mfected :Lndwlduals a-nd suggested that thymlne

V.. vitro study of antimicrobial activity. Some definitions are’

. mic; chlal agent “to 1nh1b1t reversunly the growth of

bactena and can be expressed quanmamvely as tne




Detérmination of Antimictobial Activity of Single/Agents

¢ Mccan‘be determiged in. gqar or:£luid media. " In'the ‘former.

V7 the ant:\mcrcblal agent is adﬂed to. the’ agar: meam and plates

. cnntaxmng d1fferent concentratmns of. r_he antxmcrobxal are

= )surface inoculated w.\th the bacter al Stra;ns to be tested.

when _many. strains are to be tes ed, :the . c ltures e

transferred from }115 in a seed plate w:.th a multxple

'tes: arganlsm. In each syste_m the end-po;nt (mc) is

‘ determinat;on Of M.BO by.subculture of dllutmns show).ng

xm grcmth to prupagatlng mEdL\m appxopnate for the §




In a populan mod;imauon of this methoﬂ, whmh

: has broved useful for screqnxﬂg purpcses, fxlter

even when the orqamsm 15 res:.stant tu each drug
separatelyh }\ntagﬂnlstlc comblnﬂtlons teveal ;
truncated zones of mhxb:.tmn at the ]\mctmn of

the paper’ trips: .The method has the advantaqes of

sxmplxcn:y and ease of reaamg.» Its dlsad\/antages




sach mpregnat;ed w:.t.h. a
different; am:i.nicrovhl snlu cion. . Shadeéd areas. repre-
sents a lawn of b&cter;al g':owt_h and‘the c,leu areas’ -
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< D. ANTAGONISTIC




.2

Plgure 6. Hypothetical®
ke checkerboard“) ‘titration. - The vertical-columns
-epresent ‘files of ‘test:tubes, each contamlng the
ame- concentration 'of TMP, either 16, 8; 4, 251,
‘0.5, or 0 pg/ml. .The horizontal rows represent
z * itest,tubes, each: containing the' same concentration
DA - of 'SMX, either 256,. 128, 64, 32, 16, 8, or.0 pg/ml.
y Aftér inoculation and overmght incubatmn, the
* presence (+): or absencé (=) of growth is recorded.
The bottom horizontal row. reveals the MIC :for TMP
“alone (4 yg/ml -in this example) -and the right-hand
vertical column reveals ‘the MIC.for 'SMX- alone’ (64
ug/ml in this example) .  .The tube in the lower right
‘band corner serves as a'drug-free growth control.
‘A1l other results:are.for various. combinations of
.. the two antimicrobials.. Noté that 16.pg/ml of "SMX
(1/4 MIC).:plus 0.5 yg/ml of TMP.(1/8 MIC). together :
inhibited the hypothetical strain. (The results
demonstrate synergistic activity. ' &

D T SN
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Tsmx MP ( yg/m1) -
(ug/ml) | 16 =1 a5
" 256 = 1= 5 =
128 - e &z &
64 - - - = -
32" 2 - - = +
16 = = = - +
8 5 t % sl
n;i‘ - + + + C-
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i 3 WA ACSREIE B oA 4R COLIMHSBEREENT oF
‘;e_lis containing' varying Eombinat;iéns of the two

drugs in serial dilution, are inotulated with

a standardized suspension of the test'o:gan':\sm‘

(Pig- 6) The presence of gruwth in:each r_u e

wor) well is xecorded after appropriate mcuba ion. -

The MIC of Each antxm}cr sbial: ‘aloneis -thus ‘re-" i

vealeﬂ and. results Wit various combinatlons 1. r

can B p;tottea as ‘an :.sobolagram mamatmg'

additive syhergxsnc, or antagonxst:u: effect

‘-(Fig. )5 Most lnvesti ators accept the cc

o bmatian as synerglstlc 1f one-quarter ai the
T ey I MIC of each drug when used separately produces
,;.nmlutmn of hacter131 growth when they are

combined.” Synergism’ may also be quant)tated

L RS, by detemlnxng bh Fractional Inhlbltorz can= ¥

tion (FIC);indek: ' In each’ row the lowest . - ..

ion of drugs necessary: to inhi]

growth is nuted The. FIC for-each drdg

derlved by i “dlng the’ concentratlon of dmg

_-presen(: at that p(unt,by the _MIC of 'the ozganism'

‘o, that drug ‘alone.’, The FIC index” is. then “the-

sum Jof. these vnlue for'both drugs at that .

- poi £ When the FIC 1nﬂex is less thani1; 0




the graph represents addition
the lower concentrations indiuites synergy-and one
. bowed. ouhurd fxan t..he sf_raxght lx.no :Lndicatas -antac
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indifferént.’ The xatm of dtuq ccncentratlons
" at the lowest FIC valis i considered optimal
o A86, 88) .- Bactenudal a’ctxvxty of comblnatlc_ns

can be determ:l.ned by subculture of tubes ‘or

wells ahuwing no vls:.ble growth. . However,

and: dnes not provxde 1nfutmac;an on the. kmetws

of- ba:terlcxdal acuvu:y

> 'Iune—xill Curves

,'Bactenc;dal or lethal acn ity can be exp:essed

"'as the rate of Ki Ling of a bacter1a1 strai

bY

 fixed concentratmns of each drug alone and in .

one or more combi ‘nn=._ curves are

By plotung “thie!. number : of . survw.mg bacteria at !

various time’ intervals.during incubation of the.

., test: orga’nism in’ tné presence, of the antimicrobial

-'agents sxngly orin combinat:.on. Sémpleé- are

,.decemm the nunlber of ‘viable bacterxa as

colony-fom;ng units (BG) Posslble results

this follcw*—up samplmg complxcates the p:ocgdure 5

4 removed £rom hroth cultures at d.\fier—en ~times-to
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determined by -the time-kill methods.. A and B = synerg-
ism; 'C.and D = antagonism; E and F = indifference (.87).

%. - Pigire 85 fhe eftéct of sntimibrnbial’ coubinationg &.”
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been reported concerning’ the mechanisms involved in the
synergistic activity of the two camponénts. . There has
been furtherweontroyversy with respect to the selection

of a nxed ratio of components suitable for the treat-

“ment Of Anfectxnns in a.variety of body systems. " in

_trimoxazsle haa hee

_urine supplemented byt

North America by far the ccrimoriest” apyllcation of cot

in the treatment of urinary tract

:mfections. The- pxesent work. was ;

laboratory ev:.dence for’ the ‘ff_il:acy of: the nthi\icr‘oﬁia‘l

agent in:the management of urinary tract 1nfect1ons seen

T dinc a.gene;al ~hospital. Se'veral An vltro ‘test systems,

: 'whibl;havé’ been' used to sSupport claims. for. the dxug s

effectlveness in these gllnlcal sltuatlons ‘were

‘subsequentiy. the methods were applied to the

scudy of bacterxal strains lsolated frdm urine speclmens E

submitted t’ the diagonasnc 1aboratury of r.he hospltal.

The actlvxty of the: drug combmatmn and 1ts components

in, unne from co—trhnoxazole—treated patxents and: m 5

additu:m uf kncwn amounts of

‘tne agem:s vas also J.nvestlgated. ¢

mdertaken t6) [Actsitre’

e 2l v
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'MATERIALS AND METHODS ..

Media and Reagents.

3 Mueller Hxnton Bro(:h (MHE) and Wellcotest sensitivity

" Test: Agax (WST) *viere purchased frcm Difco’ Laborato:ies,

£ Detrolt' :and ‘Wellcome Research Laboratones, England rE—

»spectlvely. Thynidine (Now - 9250) vas., purchas a from_

signa Chemical Corpany,; MlssourL Para aminobenzoxc seia

’(PABA) was obtalned from Difco Labor tor

aﬂd MacConkey

. Ag r: Nn 3 frum Ox0id L:.mted, Enqla cL ’I‘rnnethoprim

base pnwder (Lot. 2195) ‘was k:mdly provided by Burroughs
7 Wellcome; ‘fasalie, Guebec and sulfamethoxazole (16t. 'R-2007)

by Hofiman—LaRoche, Vand.reu:ll Quebec.

" mest orgapisms' :

a) " Urinavy isolates’. 'one hundfed ba'c'ter'i'al isolates, vere

chtaxned from patients with' signiflcant bacterlurla




1guis (1), Pseudomonas aeruginosa (9) ., Serratia
ons (5);, " staphyiococcus aureus' “1), and

stregtococcus faecali (3)

s ALL: 1solates vere., mamtamed on heart nfus1on agar. 7

slopes (Dxfcu) and stured at room. temperature

sat random fxnm patlents re eivmg ‘TMP-, sMx The patlents




The - supernates wete: seennzed By, filt’ratlon thrnugh

[0.22:ym porcs:ty membrana Eiltezs (mi Lipore), and dis-

pensed in 10-15'ml portmns. A11 ‘specimens of tlus‘_

group were: prescreened :nz am:hﬁacrobial activity other

Potid, dishes. i‘he ch‘vamesf{az'tni‘s scra,ig{‘.ggainse‘ A,

»' 4 around each disk. weze noteﬂ. The scxeened superna(:es

iontrol SPec EES %Uxine samples from hea].thy un-




_Tetracycline
" Kanamycin

PolymiXin B,
‘Genitamicin r




o et e 1 E gl TN

‘disk, screening using WST agar containing 2 yg/ml of
. «

thymidine.

Antimicrobial Agents:

-Stock solutions wgfe‘ﬁ; pared as Follows:

Lo it ‘hoprim, 2000 ug/mL TP was w.{' fted:£o the’

leuble 1accate by dissolving 200 mg of the base pﬂwder

| T AR ‘ml&\al voliine of 0. IN lactic acid "and hnm;mg

the , soluticn to 100 ml mth aistilled e s
, Sulfamethosazole, 3000 y/ml: 200 mg of SMX powder was

dissolved in a few drops of 0.1N sodium hydroXide and
‘ ] LB . brought to 100 ml with distilled,water.

‘ . ; , Sulfamethoxazole, 10000 ug/ml: as above except that.
% 1000 g, of "the dryg was used.’ E @

. The drug sulutlons vere seerﬁuea by membrane filtrat-

ion. and' stored in appropriate ot tions ‘at 7u°c. ’Woxk-'

thiee vee)cs.. No| 1dss of actxvzty could he demcnsl:rated

dun.ng thxs périod. woxkinq diluupns wex:e prepared

freshly from the Stock fur each experlment.

Siplia \ agex at:ig nethod x modiiz.catl.on of the paper stx‘xp

S method of Lcnan ‘and Fodor (93) was used to- evaluate

ey possxble sy-n 'cf THP- SHX combmatmns agamst a

vanety of Drgan].sms with vazying suscaptibllity to

1ng suppnes were ma1ntained at: 40c for not lnnger than




o accmn nf 'mp and sMX ‘against ‘selected orgax}lsms. ‘The

dn SMx s%utions contaz

. m-nm-lu}oml (&

the individual agents. ' The test organisms wére incor-
‘porated into molten WST agar in a final density of 10°
-CFU/ml. The seeded agar was dixpenned in 20 ml volumes
into 100 mm x 15 mm Petri dishes. Paper strips measur-

mq 4 cn long and 0.9 mm \ude _were cut from Hhatman No A

xltez paper. ‘One Strlp bas soaked 'in the. m scluhon

_containing 1oo ug/ml and four vther strips vere soaked

g '100 500, , 1000, and 2000

vq/ml respe:tively i order tc p:oduca ratios of 1:1;.

¢ ‘:uzsd ,strips, §

: one nontaining IMP. and the othex SMX ‘were placed at

rig}_ﬂ: angles on the agar surface ‘so. that one end of each

strip touched. A separate agar plate vas used for -each
ratio of the m’anti.niémbiu agents. Followirig a pre-
dlffusion tine of 6 hours at 4°C, the plates were incub-
ateﬂ at 35 C for 16 hnurs. v

'checkezimx

-'l‘itx'ation

fxoln waterworﬂl (94), was used to ﬂemonstx:,nte the i

s the P e fomed by multlple com— 4

bmat:.om of the twu antmicrobial agencs in vazyinq

ter-
"




. concentzation) vand 0.5,ml. of the well.n

41
The titration consisted of columns which contain the

same amount of one drug diluted along the x-axis,: and
the rows containing -the same amount.of the “other drug C

diluted dlong the y-axis.. The bottom row and the

rlght—hand column contam dilutions of the 1ndiv1.dua1

druqs only and one "square“ served as. a drug-free con=

Sxroll In the resultipg array, each concentration: iof

the mdwmual deng i tedeéd alohe- and in’every possi-'

'nnwu_hcne el

tions of thei

‘Bther (ng 5) . 'The entire system received & standard .

inoculum: r

In a typical run, six rows of six sterile 12'mm.k 75 mm

test tubes Wergrarranged in'a rack-to form & square:
‘ (Additional tubes were yséd when a wider range of

dilutions was nécessary) ‘The stock inoculum was’ pre-

“pared by add:mg 1 ulof ‘an nvern)qht broth. Sulture of
the test arqanls‘m to 100 ml of MHB. and mlxing well, to
'prmuae an: nuculum densl.ty of "approximately 10"cru/m1.

Tc 6 ml of the seeded broth was added twice the flnal

_mgnest conqentza:l.un of SMX/m1 desued and 0.5 ml uf

“this suspensxon was added to each tube of the fxrst 5t

. row. To r)‘ef remammg 3 ml of ‘the culture sux m:thure

" was’ added 3:m1 of ‘stock inooulum (halving the d¥ug

ixed suspension

was‘adaed' each :ime of 'the. second Tow: This pro

ce ure was continued to “the: f.tfth row.-Each’ tuhe of




. G is
. the sixth (bottom) row received 0.5 ml' of the stock
inoculun only. In the same manner, stock inoculum con-

; taxnmg halving concentrat:ums of /P was added to “five

S .7 columns  Exon 1eft to rlqht. the, aadiuon of the secend

_ jrogulun sexved o Halve the concentratum af ‘each drug

-'s8. as to yi 1d° th de: ‘red 1evel. The sxxth (right=: .~

" The 1ower nght—hand tube Served:as the dxu'

“incubated - at 35“(: ntil qood growth vas cbserved in the
‘dmg-free,contml (usually 16 hours) . The: preserice of
absknce 'of . growth in- each tnh,e was recorded.

‘@)l Time-kill Curves

Time- 1(111 curves;- usmg MHB. a3 diluent, were comstructeéd

‘o evaluate the effect: on’ urznary pathoqens of exposure

- " to “Tmp, _MX and the comhinatmn of concent:atmns
usually found in’the ‘urine' of pauencs bemg treated

w;th TMP=SMX.. . The clinical Jsulat;es were selectgd ‘on

_the 'basis of varying MIC values o the monocomponents of

.. .the combinatior and E. coli ATCC,?25922"was used as &’

" hand) colulnn received 0.5 ml of the stock 1nccu1um only.

Utrol. ‘THe ‘rack Was ‘ Shaken qently to ensure mixing. and g

highly ‘sensitive.control. . Four flasks, .each.containing




ot

¥
ift i
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Two flasks were supplemented -by the addition of

100 pg/ml of TMP and 100 pg/ml SMX. One flask was
supplemented with 100 jig/ml of each drug (1:1 ratio
nsnally found in urine)’ and “the fourth flauk served as

a drug-free control.  The ozgmm- were groinin 4.ml

" .uma for' 18 hoursat 350¢ and apptopriately dzluted to £

yield a final inoculun density of 104 cru/mL: “The

-flasks wera incubateﬂ il

a shamng Hater buth a: 35“::

and viable ccuntn were pexfomad on n “ml: samples

&0, z, 46 nnd 20 hours.: Tlme‘lﬂll curves were . con-!

structed orn mmi logarxthmc papex hy plott).ng C?U/ml e

agan'?u;: tirfel

-Similar time-kill'Curves vere constructed for E. goli

“ATCC’,25922 ‘except that filter-sterilized urine from

healthy unteers-.was usedyas the duuerm

ami a-wideér range of drug concentrations and Fatios
"wexe suploycd. Four ml vnluma: of uune wgre d.l.spensed
= xnto ‘sterile sc:ew—capped tubes and the dzugs were

added naptically in the following concentrations:

-TMP. 3 2.‘5, 10, ].5, 25, 50 100 ug/ml

SMX. o 29,8 10, 15 25. 50, 100 vg/ml

 ThRSEMY sy combinations of cach’of the above

3 cuncenttatinns

1:2 combmatxon: comin:ing of each of the |

" above Mp cancentratians with twice :

‘ concentration’ of sMmx

"



m
1:10 combinations consisting of each of
the above TMP-concentrations with 10 x the
concentration of .SMX.

e, tubes were inbeulated with E. 'éoii Afce 25922 toa

f:mal denslty of 10" CFU/m]. Incubation was - carried uut »

at 35"c “na shaking water bath and v:.able counts wgre-

* Minimal inhibitory concentratisns (MIC) for TMP, SMX,

ach of the: bacterial

and THMP-SMX vere established for &

v.igsmé‘es:t;yv:he agar dilution inéthcd' (90),'_as- follow

Prepatation- of* drug- cnhr_axnlng agar medlum stock

_solitions of each: drug were diluted accoxd.\ng o

< prutoool suggested by Er.\csscm and- sherris. (91) as

shown in Table 2. Teh ml of’ the appropr:.ate congent= -

f rat:.on of eacti- amq, or the coiibination, was added to ' -

"'90 mliof " stenle WST agax held at 50%C so'as to yleld

Z the fouowmg ranqa of cancennatmns-

8.0 "6, 32, 64, 128,200,

and-1000 jg/mls, - i

0 2R, G, b
50,100, ‘and 200 wg/ml |

i
H
{
3
i
|

3
i
I
1o
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THP-SMX: 0.03/0.59, 0.06/1.19, 0.12/2.38,

0.2§/l.75, 0.5/9.5,. 1.0/19, 2/38, 4/76,
8/152, 16/304 and 32/608 ug/ml.

The contents of each, fifsk were well miud 25 m1'amounts

were:  poured Lntu 100 mm'x 15 mm-“Petri dishes, and the -

.medxum waa ulloued to S0, 1d;ty at: room tempenl:u:e cn a

Tevel. surfaue. The plates were placed at 350c for 30

m:u'mtes with “the: 1:Ldz €1pped ‘to. allow ‘the', agar suxface tu

Prepa:ed platea vere used the ‘same day or hem at 4"C

.for riot’ Ionger than 24 hours before use. Plates containing

WST agar without added drugs were prepared for use as

viability control. For testing swarming strains of Proteus.

the medium was pipetted into wells Gf microtitration trays

which provided a barrier against spread from the inocilation
1 sty ;

sites (92).

Standardization of inoculum: The test crganisms and
references strains were each cultired at 0.5 ml of MEB for

4 - 6 hours at 35C. The broth cultures were mixed well and
0:1'ml of each vas gd@éé. to 10 ml MHB to give a éinal'gepsi:y
of 107CRU/nl, Because of the time fnvolved in the ‘preparation

of the standu-dizaﬂ auspensiuns the lattur were held on, ice

A untxl tha inoculu for all 106 c\xlt\ues had been ptepareﬂ.
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_Im‘)culgt.ion: A Steer's replicator (85) was used to
inoculate the agar dilution plates. This device con-
sists of a metal plate to which are affixed 36 inocu-
lat_ing prongs ux:xam_gea in such a manner as to co&esmnd
036 reservolt ivells ina "seed plate. = The latter was
charged by ‘the.addition of 0.5 ml of the appropnate.
stzndardized 1nocu1um to 35 of the 36 wells ' (one well.

received Ind!n ink only and served .as an ori

" marker). . When- the eIts in the “sead plate Haa: bien £,

“fillea the Steer 's replicatof was used to transfer the

respective inocula to the surface of the drug-containing

agar plates. The configuration of inoculum sites on the

agar plates corresponded with that of the seed plate.
Each prong delivers 0.001 to 0.002 ml so that~the final
inoculum at each site was approximately 10%CFU.  Inbcula
of P, mirabilis and P. vulgaris were traniferred with
+1 ¥l loop directly from the }stanﬂaxc;xged suspensions.
The inoculated plates me allowed to stand undisturbed
until the inocula had ahs;rbe‘a into the medium. ;
‘The plates were inverted and incubatéd at 35“ C for
16°~ 18 hours. ‘The MIC was :ecozdad as’ the'lovest
'concentntion Of: antuucrohxal, or comblnation of antx—
: microbials, Festiesig. in comp].eu( inhibition of growth,
lor allowxng nnIy a very fine haze or no more than one '

or. tUO dlscren colonles.

A
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Subseguently the NIC valués were used to evaluate
‘the synergistic activity of the combination by calculating

the Fractional Inhibitory Concentration’ (FIC Index) according

“to the folloying formula:

o ex = MIC of SmMX i% Combination - . .
EIC Ingex = TemmTe of SHK alone A el B

et o

MIC cf TMP in Comblnatlon
MIC of VNP alone

Any value of the FIC" Index that is 1ess than 1 0. i consmered'

by some ‘authors to:indicdte ‘synergy (31). Hcyever, a more
rigid'criterion for synergy requiring -a. FIC “index of 0.7,
(fepresenting a. three:fold reducticn’ in the MIC of each drug)

_'(s5) was used to inteipret the results in this report.

Finally, the MIC values of the test organisms vere

B N fensitive® . - 9i 1ad - i y
categorized as - "fensitive", "intermediate” or "Fesistant"

according ‘to -the breakpoints recomiendéd by’ the National:
Commjttee for Laboratory Standards as:follows:. i .

crobial Sensitive * Intermediate ° Resistant
i ug/ml wg/ml . ug/ml

<100 - .>100.-<350 L 3350°

R S
52/38 - <8/152. ' »8/152
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Reference s\:xaln E, cbll A’I‘CC 25922 was’ J.ncludeﬂ in each

on to ensure contxol of mednun, 1honulml\ standardxzatwn .

and antnn'croblal 9 tiens. ' The- 3 MIC for -

this traln ot 'rm-sux is .0.5/9% s uq/ml csn) X

o i e
Antlbaci:erlal act \uty in grine spemmens £rom’ patients . ~§(

xecew.mg m—sm( ‘for unnary et mfectlons was,

by several approaches 2

Assay of Total Ant1bacter1al Actwity £l

‘Total ant).baccet:l.al aBtJ.vity was ﬂetemlned by . & -

cmon af'a rocedure ox1gl.na11y"

_Schllchter' (97). to evaluabe bacteriCJdal levels in

sekum af pat:ents unde'r treatment for. hactenal

o o ‘endocaxaxns. A rowof. 12, stenle tubes was set up

fnr each of 'd\\urlne samples, - ‘Serial cwe-fom dilutions

O ea-:h spec:unen was preparad in.l1-ml velumes usmg

| 'as the gmwt_h cori€xé1 ‘o each tube was adﬂeﬂ 0! os mi"
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' 105 CFU/ml (Fig. 9 ). More precise initial density was i
fEaa E j

- . established by viable-plate count set up from the

control tube before incubation. The bacteriostatic
endpoint was recorded as the highest dilution at which.
no visible growth- uccurred The‘bactericidal endpoint.

was determined hy spr‘ d_ g ‘0. 1 ml ﬂ‘nm _each” tube

show: ng no. vxsible growth to Macconkey ‘agar plates.

- The plates were mcuhated at 35“0 for 15 hours and ‘the ' i

bactericldal shapoint was nterpteted as the highest

il on producmg camplete ‘or néarly ccmplete (99 9%) :

: 'kllllng of the moculmn

' Time-Kill Curves

.Urine samples from patients teceiving cot:rimoxazule

therapy vere examined for anubaccenal activity by . . T

fdeveloping time-k:.l]. curves ‘against cumon urinary

B pa(:hogens._ In a prelmmary study, 3x2 ml poruons of"

urine spemmens from each of 20 patients were seeded

1y with’ imately. 1.05 CFu/ml E:goli ATCC *

25922 5 0'x 10’* CFU/ml ¥, mirabiiis. (45 )

5.0 % n' CFU/ml Koo xxtoca (#13) ... The latter ks
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| 6, and 24 hours by subculture of 1 ul and 10 ul

volumes to Macconkey agar. plates. For each orqan:.sm,
filter-sterilized urine ‘from untreated—tealthy. volun—

teers was used as.a growth com:r{l. Time—k'ill curves
o~

were constructed by plottlnq logarithms of viable

counts agaznst time.

Mnre detalled t::unE klll curves-vere’ constructed

fox 4, urine specin\ens which'liad been shown by pxelm- :

1naxy study to possess anmbacterxal activity agalnst

Ithe, test organlsms . “The :same bacterxal SEcaine vidre. - X

: Viable counts vere perfomed at 0,12 4,6, 11, and 2.
hours soas to provide a more precxse evaluatlon of the

rate of dethal act1v1ty. S € da s ST Dl iy

‘EEFect of PABA on Antibactbrial Activity in Urine

r.ubes, one tube received 400 ug/ml of PABA to neutzalize SMX

¢ Maccpnkey agax; at ‘0, 2y 4, am_i‘B _hours.
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Bioassay of TMP and SMX in Urine o

Trimethoprim % . E
"Urine samples from co-trimoxazole-treated patients were
‘assa.yed for 'riap éct,ivity against a clinical isolate of

E. cc11 (#14), known to be - sensltlve t0.0.25 ug/ml of .

£ 'rm: and xesxstant o greater than' moo uq/ml of sux~ . No
synexgastlc or addxtlve effect had, been détected yhen'

this xsolate was tested aga:mst various coll\bl.nat.l ns uf

the “two drugs even when large amounts of smx were. employed.
=

Pregaratwh Df Assax Plates.
mented with’ 00 ¥g/mI“of PABA to hengEal

Molten ws, agar

;upple

amde actlvxty w\as seeded w1th 2 ml ‘of l 10 dilution Of

can overn:l.ght MHB culture of" the t st organlsm to yleld

- R f:mal densxty of 10‘ CFU/ml.- Thin aga plates were -

prepareﬁ by dlspensing 12 ml volumes of the seeded agaz

” into 15 mm X 150: mm Petr; dzshes. Followmg sulid1f1cat—

i Si Bl et 1Dn on:a level su:face the assay plates were xefngerated

& viasidue’ to TMP, parallel plates conta;nmg' 200" yig/mi -

i of thynudlne were prepared.

'J.‘hls level of thym&dn.ne was

shcwn to. neutralxze the actxvuy ofwml) \ug/ml TMP.-stand-

o, rlne‘SémtiES'

In o der "o confi:m that ‘the activity detect-,'

H



from standard TMP solutlons (99)

Jal
Standard TP solution

: The stock Solutlon of TMP

was diluted in M/15 phosphate buffer, p 8.0, so as to

provide concentrations.of 400, 200, 100, 50, 25, 12.5,

6.25 and 3.12 ug/ml T e

’ip’ze’garatio‘n axid"aggngatinn of 'disks: . Paper disks)

; x*in dnsmeher, were. chazged

‘uest urine ‘dilution or wikh appropriate stand‘ax’a ™M

sol\xtmn.- All assays were pexiarmed in triplmate.

The chsks were tra.nsferred to seeﬂed dgar plates and %

,gently tapped with forceps to ensure complete ccntact

w1th the aga: The plates were allowed tn stand at .

40c ‘for 2 hours to.permit predxffusmn of the drug
Hardie initxation of growth and then incubated at 35“0

" for 16 hcurs.

Raadl.ng of Zones and" consttuctlon of -standard curve:

‘Follovung 1ncubat10n, dlameters cf J.nhlbltwn zones -

‘were measu:ed w:Lth Vernler cahpezs to ‘the* nearest o

0 1 .. ; Mean zone sizes for each stamiazd TMP solutmn

Awere used to cunstruct a scandard éurve on 3—cycle

.’}sem »loqarlthmxc paper hy plottlng sone’ sxzes on':the
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corr ing drug ration on the ordinate. Re-
sults were expressed as active TMP in ug/ml urine.
Sulfamethoxazole )
sinilarly urine samples.from cotrimsxazoTe-treated 4

- patients were, mcxobiologmauy assayed -for SMX al:t;vxty

bya mod;flcatlon of a'method. described by He1fetz ot

al (100). The test: crganlsm, a strain OfP. mxrabills

(#4), sen51t1ve hD 4 ug/m]. of SMX and reslstan to >200

‘ug/ml;of mp was ' used Ln&the " myo. dimensional
titration ‘oF e ana snx agaxnst ‘this isolate, ‘reve "led

‘synigrgistic acmvlty ‘(Table: 5) But, activity due’ to.SMX

could be identified by using parallel plates containing

200 ‘ag/ml of PABA. per | ml. This 1evel of PABA was showh

tQ\ngutral:Lze ‘the actLV:Lty of. 250 ug/ml SMX standard
solutlon. The standard clirve ‘for SMX was constructed

Jas above By plottmg mean sofie diameters for: standard

‘sulutlons contal ing 250, 125, 100,50, 25, ‘ahd 12 5

’;.g/ml sux against the- respecme druq cnncentrauons. ;

Equlva‘lent urine ccncentrauons oFf ‘SN 'were determ:l.neﬂ

and- :ecorded as fDr TME




. strain of Klebsi

11a’ sp.(1839). The minimal amount of
thymidine required to allow growth of this strain.was. first .

determined bj an ‘agar d_iffusion method as follows: s

'A heavy suspension of the organism from growth on
MacConkey' agar; .a Tomplete medium for the strain, was
prepared in 10 ml of 0.9% NaCl and washed'in saling

* three times by. centnfugatmn in order to remove

\r;es1dua1 L trym

ine] ‘carried over from the medium: " The.

3
washed pellet wa

_mally suspended in 0.9% Nac]. to a.:

: denslty of 0.5 Mcrarlaﬁd standard. One. hindred ml. of v

'cooled ’ molten wsT agar, -a. thymldxne-dehcmnt med:um

2y P (99) ., was seeded Hlth 1 ml of ‘the standardlzed 1nocu1um

to yield loﬁcru/ml.’ The' seeded agar was dxspensed :mto §

15 mm x 100.mm Petri dishes, 35.ml per plate, and

allowed ‘to so11atfy. Wells, 4. mi in dianeter dnd
i= g e approximately 2.5 cnhpart ‘were punched to ‘the bottom

w % t of the Egax wlth a stainless steEl bDre (102) Serial

two—fold d;lutlons of fllter-sterlllze stock solut:on

,°f thymxd:.ne were pxepared and 20 ul of each dilution

s added to ‘the- respectlve wells so, that:the wells

:LnedOOl 003 006 0125 025 0.50,-1.0.and

s 2 0 ug/:nl. The' plates were ancubated at 35%C,in an

5 'upnght pos1t10n and were‘obse ved for gxcwth daily for

The smallest amcunt of thymid:me pem].tt].ng

gre th of \:he Klebslella strain wus noted and the con-' \

rer v g



well was recorded,
‘resting of ux:'ine $pecimens

The f.o].low:.ng urine specimens, were tested in

thymmme-hke actlvity.

as’ descrlbed enzllex 50 samples frmn pat‘ nts A

réce).v:mg 'mp-smx and screened foz lack uf nti-

" as described earlier. . s

Assay was performed as described for thé standard : .

thymi‘dine? so‘lu'tians. “Each. assay plate included o

.,control uells mntalnlng 20 ul of 0. 125 uq/ml and

R B4 N Ilg/ml of thymidine: respectively The plates were

exammea dai y fcr‘ four, days amnd! the presence ‘or

: aEsence oe growth aro\md -each well ‘was, recordec’(. i

“iictobial act;;xuty other, than that ‘due o TMP-SMX. "
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‘Activity of TMP and SMX in Combination
{4) Paper Strip Method ;

Resuits of the paper strip technigue used to detect
B L s L synergy, ‘between m and SMX' actinq against :ep;esenc—

- ative organisms n ratics-6£11 3 PR 5, 1 10 and' 1:20

are shown; in quures 1n =

: nguze 10 demonstrates .the synezgistm 1nteracti.on of |

’ my ami sMx aqainst E. coli ATCC 25922 a r;qntrol strain

sensitive to each arug, my.(mc.'o.zs ug/ml) and SMX

(MIC 16 uq/ml) by agu dilutia;x'. * Synergism is s‘een as

-an increned area. of Lnlubxtmn of gxcwe.h at the pmnt

of juncture of m (vertical strip) and' smx (horizontal
°  strip). Sybérgies vas ‘evident at Seach ratis tested,

ks in-spite of SMX- i‘esxstance seen at ratios of I:

(upper ‘Teft). and 135 (uprper right).

" pigure 11 Aillustrates the,abshnce of synergisi i.e. an

_mdxffe.unt aifect. The' tast erganism (E. coli #14)

¢ ."was inhibited by m Avertical suip) but. .there was “rio

potentxation of ’X'MP acnvn:y by »Mx at any ofthe 'ratios

The! mc for this nzganism was 0.06 yg/ml TMP

and 1000 ug/ml sMx by agar duution.

S
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" ‘Figure '10.° 5ynaxgy between THP (ve:tical sttxp) ‘and
SMX (ho:izcnhal strip)- agulnst E. coli ATCC 25922 at

(Lover. 1e£t) and.1:20 (lcwer right:).

ratips of 1:1 (upper left), 1:5 (upper right), 1: 10
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% Piguxa_ 11.. Indi: ferent effect between TMP (vomca].

. " strip) and SH! (horizontal strip)-against E. coli #1.

5 L at :atiol ‘of 1:1 (upper left), 1:5 {osser xi.gr't), 1
. 3 lower left) ‘and 1:20 (lwar i hc). ) -







F: 12, Indiffuent eftect betwee.n

B -(-:ip) ‘and SMX (horizontal strip) ai.ns
#4, a clihica] isclate from uxin
. This pho  represents:a-







s

Figuxe 13., syne: e 'ee
SMX(horizontal strip): agginst Klebsiel a s

Scies (#3)

at ratics of l:l(upper;left), 135 (upper right),

. (mer left) and 1:20 (lawer rlght) o 5ynergy
‘evident at a1l zatioa
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Figure 12 shows similar lack of synergy between TMP and’.

SMX against P: mirabilis (#4). The.tést organism was
inhibited by SMX- (Hbri'zontal strip) bui: there was no’-

enha’ncemeﬂt

3 actlvlty in the presence of MR (vettlcal

strip) . .This ‘Organism was sens;nve to SMX (Mlc 4 0 ug/

! ml) but )ughly resistant o' TMP (MIC »200 pg/ml) S

\oh Finally 'Fxg\lre 13 111ustrates that synergy can be. detect—

"relat:.vely in’ senstive o |THR (vertical’ 5tr§P)“ The' <

mc values for this oxganlsm ‘was ™, (mc

ug/ml)

ane SMX (MIC >1000 pg/ml) Th:l.s Byne 'thc effect was

demonstrate at THMP: e ratios of 1:1, 1: 5, 1: 10 and .

(8) Two-Dimensional ("Cheokerboard”): Titzation

Results of han—(!" onal titrations. rmed for TR

‘and’ SMX aguxnst selected orqanims re' shown 1n 'Tables

3 whéx'e ‘the. m anhxmleroblals wvere t:es &d aqalnst the’

£t 3. T !l‘ypical synergxstic gespbmsel

TCC 25922 L

Mic va es- £or e

!




"
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Further evidence .of antunicrobial synergy was seen

whien the dxugs vere tested against ariother chm.cal

“isolate, EV culi (#16) {rable 4)

4 MIC values for. T™MP
“and SHX: vere 0:12 ug/ml AHd 20 g/ _respectively when !

f ach drug was present lone.

“In; combmanon (N 3 q/ml

e ckerboar.d t:\.txaticn of TMP




~'Table 3. . Checkerboard titration of- e and smx agalnst E.
cb1i ﬂcc 25922, dmmtramg»synexgy. i

., Sulfaleuamzole el
- ug/ml) -, 0.5

-rxmu:opru (ug/ml) i
5 -°0.12. 0.06 - 0.03 nil
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(uq/ml) \ :

06 0 03 nxl




o titradon.

Tnble Checke:hoard tittation of TMP and, sMx aqa:.nst
‘P. mirabilis: ($4), Although -the organism is highly. -
resIstant- to JMP'. synexgy ca‘; be;demonstrated in the
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3

‘Table"6.: : Chepkerbokid. tibration of SMK And THE against:— 3
Ei coli (014) lhow!.ng an ‘indifferent effect.. The com e

when the 'mp
n n.e MIC.of . the test organism (0.25 g/ml)
£. the J.svel the SMX compunenm

0,1
¥ + + + 5
- - 4 ¥ 7
. = = - + T S JINNOE
e B T R
= = E R | ST S S
% - - R S B o
2 St S & e B, O
H e 3 - Foinl SN
T OO NS
£5, 5 &
e e D
B o]
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syne:qy. 4

“E.. cnli ATCC 25922,

100 ug/ml‘ of each antmxcrobxal agent were used and a bt

&: 75
respectively. Therewas no appreciable reduction in
the MIC of TMP in the pres’ence of as much as 2560 ug/ml

of SMX. Antmlcx‘obul activity appears to be associated

with ‘the' THP campunent of the nixture “an “there is no

'I‘Lme Kill Cnrves 1n M.HB N

Prelm\ nary t:u!\e-k;.ll l:\n:ves showmg the antib ctenul

actz.v.l.ty cf HHB-dlluted TMP, SMX and T

Mx agalnst
(n‘ )

are shown - in Flg. 14 =164 The!apuutxc concentratmns of-

E

i mirahil 5 (#4) . an

ratl.o -was, maxntained fnt the comblnat:l.on The MIC values’ 5

. for’ the test orgam.sms, by agar duution, ‘were'as. follows:

p - THp ( “yig/ml) sMx uq/ml)
513 ATCC 25922 . 50

0.2
mirabilis (£4) ... >200.0
coli (#16) h 0.25-

The bacteriostatlc natute Df SMX. was & dent l.n all

expezlmentsu Growth paralleled thie :ontxol‘ (no

antlmlcrobiéls) for ‘the f.\.rac four hDux‘s and then R

gradually declined to'a bacterwl pnpulatxnn approx-

mately that of the original inoculum. -The . bactericidal




Time-kill curves for: TMP, ‘SMX and TMP-SMX -

ntr: 5 of 100 yg/ml."
Thé test organism is













g qdnéyd:;,;dlj‘ u,é/ml. 5
i test organism is

= Yoo’ ué(n{i_ R
=1003100" ug/ml







—the test, organism was P pirabili

HIC alior for the tast orgamsm,

ed hy the agar dilut;on mathod, were
and 0 12/2 JB uq/m]. of TMP—SMX

10, 5] 25, 50, Foo

dtes “the' results when .

(44, a clinical

activity.

- Bacteriostatic










bm, 5 ﬂg/al
sMX, S sig/aL
P 'm‘.P-s;x, 5‘5 “q/n

Tm’-EMX. -5:10 ug/al

| TS, 550 ug/mL







'I'HP-SHX 10:100 vg/ll

!‘fzee*contml
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FigureM7. e. Time-ki11 curves for TP and SMX singly
and’for TMP-SMX .at ratios of 1:1, 1:2, and 1:10 in urine
|£rom ‘healthy volunteers against.E. coli ATCQy25922.

‘).____ TP, - 25 ig/ml ’ :
S 25 ug/ml e !

TMP-SMX, 25:25 jig/ml
THP-SMX, 25:50  yg/ml
THR-SMX, 25:250 yg/nl -

‘Drug~frée ‘control - .-




o

HOURS '




"I'lglr,_ 5_0 ,yq?ml
SMX, 50 ug/ml







sux,, ;oo
“TMP-SMX, 1
- TMP-SMX, 100‘200
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: 5 gt em
MIC value (Figs.’17e - 17g). A gradual decline'in the. '

bactex‘ial _population. over. the-zu' hour incubation p‘exiud

5« was.seen fox au concentrations of THP. tested alone, ingg= s it

cating hactericidal acta.vmty at levels in 'excess of the

mc. This' actlvity was: nct enhanced by combmatmn wlch

1
i ‘sHx in rat s of 1:1 and 1:2 until the Coficentration of - ii} "
L the TR componen\: ‘reached 25- vo/al ot ﬁ;ghef ‘whén murked : 3,
1' aynergian of the- conbination x 2 vas xl.‘otea (pigs: g <§
. l7g) When the com.binaf_\on was. tésted "1h the ;proportion of o el o 5
‘ o 2 g thgrg,was evidence of synergism at’all cuncentrations i 3
B ek B shcwn by’a sharp declxne in"the bactenal population wi

in the first fn\n: hours of incubatlcn lrig 17a - 179) An. -, %

7 apparent amtagmustm effect was -seen when ‘the m-snx e o 5

compination was tested at 2 ug/ml (Fig. ‘175)

‘ il b7 y™ mdvﬂues' and ﬂc indices for TMP, :SMX, singly. and in

+1:20 comb;natxon agamst clm).cal 1selates and com: ol

strains are shc»m in Table 8. These findans clearly =

d:cate ‘that THP wasg‘mnre actwe ‘than  SMX against the ]

I LT U majority of theclinical isolates, excépt. for Bs. aex‘ug:.nosa. :

e maxkad syn gxst).c act).vlty of. ’l'MP -SMX" is eVJ.dent for *

[* T T § those 'sol.-.t‘;s havmg a FIC index of <0 ('X‘he nc :.ndex

Pt ten “was not: caleulated fo those ezganisms J.th MIC values péve 1T g

ex below the drug concentxanons stuaied) In many 1nstam:es A




&
i
; 3

. ‘HIC ‘of cunicll Lloiltu to 'rMP sH.x and 'ml’-snx (1:20 rnuo) an
FIC indicel.

i -
JTMP (ug/ml) SMX (ug/ml) [ TMP-SMX (ug/ml) $
PRDRGE > (s 4 MIC . W s j
i
e LT 000671019 3
16 Sl 070:12/2.38
>1000, < ¥.>32/608 "
16, & +0.06/1.19 §
1 5 0.12/2.38
L >1000 »32/608 !
e 0.06/1.19 2
16 .03/0.59
8 .0.03/0,59
>1000 #0.25/4.75
>1000 f0.25/4.75
>1000 £ 0.25/4.75)
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8. aureus . -
aTcC 25923

THP (ug/ml)

SMX. (ug/u) m-sux (uq/ml)
c: |

0. 12/2 38
$0.12/2.36
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C-of SMX alon

PIC iy “MIC of SMX dn oonbl.nntinn HIc of 'mP in combinntion "
+ s MIH

alone- i




the antxbactenal actw:.ty Of TMP-SMX aga:nst the test e p
strains -is due to TMP alone (e. g E. coli strams uo, 011,
2, 44, 45,0 46,414, ns). ngamst e

'#12 ﬂlA and Klebsi 11

a'aingle’ organisn’ (. mizahilis #4) the acmucy Gf the.

. : ‘comhznation was due ‘to’SMX dlone: ool N

bility | nt

" some 95% of 37 E. coli isolates were susceptlble to THE

wmle only 76% were susceptxhle s smx (Table 8):e . Maxeaver,-‘

us: ng NCCLS suscepumuty breakpolnc of <2/39 ug/ml fcr

» id TMP-SMX, the flgure for .E. ¢oli suscepbibility was’ aga;n

" 958 of st;ains ‘tested. The NCCLS cutena indlcated that

76i 0£ 17 Klebsiella Lsolates were susceptible to TMP, ¥

whezeas only 47% of these sttains were clearly sensltlve v

to SMX. Bighty-two percent of the Klebsxella we:e sensm;we

1to’ t‘he cambma on, TM.P-sMx réteus sp&ies shnwed gre ater‘

) B reslstsnce fo© bath dxug 4n were: susceptible to TP and et ',

va11 g comparisgn.
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-Time-Kill Curves

)

2 ATCC 25922, as detérmined on &4 urine specimens from 2
patient$ receiving: TMP-SMX, .are SHOWN I Table 10, 4

e L e
Levels 'of antibacterial-activity.against*

% w . s v
Bacteriascatic titres varied over a 'limited  range from

1:64 £6 1:512, with most specimens showing only a
sihate ailution .dlfference. similarly bactericidal

titres were confined to thé range from undildted ro o
1ia, . Betieraliiy,-eahnten showing bactériostatic F
actlvlty greater 'than 1:128 were bactencmal “at’
dllutu)ns of 1:2 or 14, whereas specimens with bac-

teriostatic 1avel§ of 1:128 or less were bactericldal 2

‘only when the sample was undiluted. T

Preliminary Studies

Results of préliminary studies on antibacterial activi- -

‘ty of urine specimens obtained from TMP-SMX: treated

patients are shpwn in'Fig. 18. Most samples: showed
bactericidal activity (0.1% or less sufvival). This
was generally apparent _on‘l‘y after 24 hours inctbation
but”in some’instances bactericidal effects were noted. :

af 6 hours exposure. Significant differences in the -

i
i




; Yl i PRI .,
1le'10. ' The' total antibacterial activity of. urine samples '
obtained .Erom: patients ‘on TMP-SMX therapy against E: coli. : H

725922,

VHacteﬂric,id’al LA

. B‘acéezioéta}:ic 7

: ’htex

e
undiluted’:

140
" undiluted
velsg
. ‘undiluted.’
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" Fidire 19 a.
(Qs)ﬂkaga‘i‘ns‘t E

—='b = 'Drug-£x & e . rabilis’ 35 °
U, Drug-free urine control sxytoca:#13-
‘B cold pTCC 25922 il







v (037) against E

0011 arcc 5922 -

mu:ab} BER: A5

oxytgca, #13 -

“'Figure 19 b, “Time-kill curves of clinical’urine ‘sangle
coli® ATCC 25922 (e T 0.25 ug/ml A 1B

"eoli- RTCL‘ 25922
mirabilis #5

Drug free ur:une control for K. o
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~F1guze 19 c.. Timeski 1 curves:.of clxnical,nrlne sampleé .
(#11) against E. goli ATCC35922 (Mic: TMP. 0.25. we/L:
SMX 16" uq/ml THP-SMX' D . 12/2 38 ug/ml), P.- nirabilis #5
1.0 yig/ml; SMX .8 yg/mi; TMPISMX
ang K. oxytoca 13 ((MIC: THP 0:5:g/ml; SMX 16/ ug/nl;. THE-
sux 0 06/1 15 ug/ml) “The- urine E mfple (ﬂll) was assayed

col A‘I‘CC 25922
mirabilis #5







Tme—-kill cnrves of ¢ 1nica1 e sampls
'mp 0.25 ng{ml, ;

B+ coli ATCC 35922
—— z mirah;lis 5 e







Tablé 11. Concentratien of TMP and SMX “in ‘urin samples ‘
~fron. patients treated with co—»tzimxazale as detemned ¢
by b;oassay. £ Vi, y

(vg/m1)

10(7)*




ummary« o( the %

s 'mp-snx- treated patlents i

’ 'mP
"No. DE
"'Samples’

7 Range of }
Antimicrobial *
‘ug/ml

anqe uf com:antrat).on of )

jassay of 50 uxine samples from.

SMX.

No. ‘of /.. Per ‘Cent
| Samples.' “of
& g - Samples-:~

er

gent of.

ISamp.les




20a -~ 2ox-. ! Génerally, colony

sampl oS bu{: ai

. wag g:eater than in. )

were ‘not’

two houxs (Fxga ZOa -. 2Uf)

oo similarit; e-k:l.ll curves.” ¢

and’ 20h) the untreated shd PAEA ti—eated sampl s

apprecxahle untl.l mcubat:.on hat ccntmued beyond"‘

m tvo, :Lns(:ancas 11‘195. 120g

J.elded

Dnly one of t.hese uz:!ne samples




sayed and ‘found ‘to’.contain
/ml7(Table11) ..

e







igure 20 b

Effect. of PABA on'the antibacteriai
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actiyity ‘of ‘urine from cotrimoxazole- treatea pat
gainst - cali m;cc zsszz Mz *
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] act!.wity of ur;ne fzom cotrimoxazo
lagalnst Eq ccli ATCC 25922 (MIC.

Urine withouf PABA ;
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Figure 20 h
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% DISCUSSION !

initlal therapy\uf serious infectwns befcre the

‘aEtxologma

: susceptibxlity estabhshed,
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comhmanons ‘have’ been, «narkete .- Penici 11:.n-st:aptamycm

& R ("Fottimycm", Ayerst) and ncvubiocin—tetracycl;ne v

("Albamycm T" Upgohn) @re examples.

In 1966 " the United States Food and Drug Ad.trunl traucn

cofmis smnea the Natwnal Acadenyy of smence‘ N& tic na:l.

Reseaxch oouncu (ms-mxc) to revie the clatag ;ox ",

& sinqle agent. 'NL‘ ierm “ c was e that

et the use’ of - ‘ixed-dose! miXx res'prevented ‘the: phys‘icxanf

. ‘from-adjust ng the ratio and ‘timing in which:the compbn—

ents could be’ used ‘and 1 el ‘the choice of: the compo -

-ents; The. NAS-] RC team strongly’ uiged that the manufact-‘

o ure and sale of: fixed nt:uucrubxal combmatmns should

R 'be nn longer suppox:ced. The Pood and Drug Admxn;stratlonv

" acted upon this recomendao;mn and by 1970 many premxxed

% druqs had been blnned (2 115) ‘ Foaniy iy,

and il e ; " ), was for arket—

';'mq _gnd use nited States m 1973, some ﬂve 5

years after




iy

It appears: that.the rew product: possessed the essential-
featire ifiplici€7in ‘the efficacy requirements of ' the U.S.
 Food, .Diug and. Cosmetic Act 'that both' compux_xenté of.a

\cun\hlnatxon mel T

ode, of - etion of: each of the components had already been :

elucidatad,. 1t was pr%pnsed that the ‘drugs in comb nanon

Wwould exert sequential inhibition, of the'fol;c.;czd bio~

ynthe'tid pathway. éf terla and would thus.;act mgire!

eff’ctively in concert (25\ 54 651 A adgitiondl

clalmed Wh.\le each of the; cumponents exhlbited only -

. ﬁam:enestatic activxty separately, thidre: was yidehce that

(3 -‘the comblned effec{:— was bacterlcldal (38)

P IE _g:eater ‘than: wculd be expected fmm e cumulanv effects |

‘of: the ccmponen‘ts the pheno)n nun has” bedn called sy ergy.

for ‘these findmgs (104, 105, ‘o6, 107). More  6b: act).ve

mfumauon has ‘héen der.wed from n'vitro stuﬂies. )

5y rglsm be(:ween ‘TMB and’ SMX has been demonstrated by, *

v ssv zal Btandard methods but there have been dl.ffl.cnltles

111 rep oduciblllty and the zesults may not relate to

3 speciﬁc clmmal El.t’uﬂt].DnE (H, 108 109, 110)




RN T e

solates f!Dm \:rme speclmens subnutted to the chn:cal

laboratories of a general husp:u:al. an addn:mn the antx- N

bactet.\al actlvxty nf‘ urine samplea fx:om patlents recen’ung_.

; -my SMX therapy ‘Has-"Béen evaluated. The, kinetics and

,nature af the antib ctenal ay tlvmty i drug supplemented

_-‘mezu and’ yrine:- from healthy Volunteers vas compared

¢S, w:Lth the act: vity:of the urine obtamed from paf

L cexvlng 'mp smx therapy. i

11: has bedn shown by, several workers that NP is; by e

the Tore actwe agent in the THP- SMX comblnation (7, 69.

70,110). I this study, the actl\uty of ‘the_ com.h:l.nat:wn

;. and; its components against a spectrum of common urinary

; susceptsble ‘to low levels of the mp com~

on :he omer hand, there was poor com-elacion

prevént bacterial growth.. In fact,.f6r the clinical




S 1isolates studied, the susceptlhiuty‘ of ‘the u'xinaxy ‘tract

of the SMX edntents . The’ effect vas an apparent redviction

of MIC values fox SMX"as a tes\)lt pf'lcs comb].nat n with

TMP. Th‘s has been mcerpreted by supporhers of cotzimex-

appea: to make a chnxcauy

" Gases dces the smx r:omponent

-s.\gnxfmant comb' ation. . In one mstance, a txa n of

Fxoteus (#4) malated from a urinary tract mfectwn wasv b

fuund to be. lugh;y res).stum: o, TMP (mc >200 u%/ml) and yet

susceptlble to. luw lgvels of the sulfenamlde (mre ug/ml) .

. Tms was the only case in wlnch SMX was the ajor actlve

) cumponem: of the combmatwn. 3

It has' been’ des;rahle o confiim. clinical’ :m\presslons

¥ of synexgxstxc act.

y demonstratinn a,d quant;tatlan .

“of ‘synergy i

vltxc. Whe the MIC values eporvted here

are subjected’ to analys:ts by datemmxng fract;onal inmbxt-

'Dry cOncentrat.lcnS (FIC) 1nd1css, the earlxer defmed

“criteria for synergiskic acti.v/ivw .can’be 'me:. Hovever, .

thls seties 'K'MP—SMX was used at a ‘ratio of 1z 20 ﬂ\e A

% pxopo:tmp expected in ‘plasma folluw g usual dosaqe and

at which optimal synerg:l.stlc activity in vltrn is antlci-

S pated. Levels of TMP and SMX detected in the 1
L trimox

4 le—treated patxents in the current study dlﬂ not

'approach umz xatio‘ TIn, mnst cases ‘SM¥ levels were 1owe: %

pathoqens to, TMP-SHX appeared fo be' largely: ndependent Y
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MIC values for antlm;crobial agents have been applied -
o the - quiestion ‘of effectlveness in the cllhxcal situation
by referénce to hlood levals achiievable with: frequently used

dose schedules.\ When the recomlnended breakpoint levelé

o | TMPTVEMX , and TMP-SMX are applled, only 6 cf the 100

_one of these 6 i (P mirgbilis M Table B)

be consmexed renstant to tnerapeucm 1evels of

On the other hand, there were 16 isolates reslstant

of e drugs ‘was S ‘vazied over: a wid range: ’syne gy wag not”

dem nstrated when strams hlghly resistan: to 'mp or SHX-




“ S 1'44’ !
The éneckeihoaxd 'tiémtii:x': nethod enabies the MICs of
 the'two. ‘arugs o be' detemmed vhen the agents are present
in'

xtures of varxous proportmns and allows for qnantu.a—

ticn of the. 1ntetaction.

in the pzesenc st\:dy, synergism.

detected againgt’ two bacte al s rams by ‘paper stnp

- method .was : contirmex oy f_he tw

nnens1ona1 titratinn as

was Tack of, synerqy agnmst the sux—resmeant str inof!

'which' fio" ivhergistic) st vlty

could be detec\:ed by the paper strip met_h q Tack of }

Y uther Ho'kers ( 3 1085, 109 llD) Nhe(her

ty wlule the

he bacterlostatlc.

: ccmbin—

" ation. It is cleax frum the: results ‘that' the effect of the =

sul dde. i bagteri stati only‘

’uatn of E.

‘coliy!

eutxc,.levelg. }u: lower

‘has been. presented- -




by con\b:.natlon with sMx whex\ TMP-! sMx was tested 1n a ratio
'atius of 131

|,OF L0 bt e it was not at-

‘recewmg usual dosages of cotrimoxazole. At spentdc i

showed httle var at'on in.

bactermstanc and Bacts rlcldal achvlty, bath of which

i
paralleled apeciflc ™8 and TP~ smx acmn:y as| detemmea i i,
i

by bmassay. Txme i1l studies on these samples agalnst s oy

. three comion urmary tract pachnggns Showed | hactericmal : b

‘ I : acnvity, which; on the hasis of earlier time<kill curves ' i v

: a‘nd speclﬁc Moassay could ‘be accounted Py By, the HE -

content of the spec;\.msns w:.thcut cuntrlb\ltl from the SMX

cb‘ntent.._ This “wa ‘of actxv),tyv




urlnaty tract Jnfsctluns

in spltze of a sound- theureucal )

i sationale’, xnvolvi,ng sequéntial inhi ition of bacterial SR

\/‘{etrah/d}iolate synethesxs, Atiwas not possible to .

b ﬂemonstrate, by hhoratoty methmis, sigmﬁcant synerglstlc L

= “affact which yould perta' generally fo the management of

sy these )nfectwns

hen © Director oﬁ Bureau nf Dzuqa, u. s.

@ Rlchard Cxcut, g

Faoﬂ and* Drng Admmlstra on., cited, in 1973, & fumer PDA

% Cnm1ss:.oner' "Our bas:Lc posltmn, in br1ef, s based on the '

concept :hac a11 drm}s aze, o \somie degree, potentxally

huzardous and ‘should nct be

aken if they are’ not: needed" (2)

Although cotrunqxazoie has been

enerally vell tulerated, ¢

theré have heen reports af 1ncreased t

Sclcity when the com- 2 et

—to

in alokhe (64, uz, 113, 1.

sltes. There are alsb wnsidera.ble dxfferences m ccst.

o 16; ‘over. Eximethopri alnne inthe treatmentiof | l :'

-




.. AYthough'there had ‘Been earlier Eiropean experience, ;-

trifethoprim, for use.as’a single agent a not becorie. ., " - i

avéllable in Bntaln, Unlted States, and C‘anada until

: frecenuy (Ipral from Squlbb, Tz:lmpex oo Redha s st Peb

1ap:m from Burroughs WeIlcame) .. Condlusions dran £

“extensive expenence with .the agent /in thsse counf.nes are'

.awaitad Concarn ‘has.been: about ‘the”

- of x‘aslstant strains (115 e Whether frequent use of
_-x-m alone wul increase ‘the numher of such stnu.ns remains ..

to be determlned.

e

“€han TMP alone in, the treaﬂn nt of chrunic ur)nary ttact

H a‘recent stu;iy, n dxffexences in success rate were ncted

'tzeatea with either TP~ or! TM‘P (118) . Morg clin;cgl

411 be fox:

In t_he meantime, res!ﬂts Qf i‘n vu:ro stuﬁles do nDt provlﬂe

the \:se of the Tixed. ccmbrnat‘xon

pos sible that the‘ ccm\blnation may be iore effectivev"
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