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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
: : ©(PABA) ¢ -




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




13

- 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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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
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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
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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




% i - 5 * R

i N - - - 7 & b ‘. S

M *o3s 038 PR 3 g o Do e e Ve 6 3 * :

H z- Sz0 i stge ST L (saode wods) o7 C L. WL UIE T
3 i - Ugrgty v g7 £ (aAoge~wor3) 0z . - ] T
: : o 15 T foot . iz (eoqe Wox3) 0z, 2 g,

(sA0gE woX3) 09T - 1 L T S
(sa0qe Wox3) 09T. -, < - e
m.gunm WOIF Y 09T:

~on e m o
o
=

o
=
5

L

€

% z
: v, e © L (sAoqewox3). 08LT
R e e ‘oze ; e (3A0qe woi3)’ 0821
) : 08zt

€

. B 1% v 079. e (snoqe woxy). 08ZT
TgEEL e . 08eT e oLty )
o ey (B St e R el
. Zebe uT QT . “ou0)- . = ¥ UOTANTOS TETGOIOTUIIUY
. .3®."ou00’ TRUTH . ®3EeTpOWISIUL R Y i
i Cerben Sy 5 . St Wi i
[T N ey & 55 L (R6), e e
poy3ew HOTINTTD Tebe I; d u3 ‘703 TO00303d | - g eTqEL L




i

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.
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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