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Summary

Combination effects ¢f sulfamethexazole (SMX) and trimethopeim (TMP) against nine gram
pasitive bacterial strains and 43 gram negative bacierial strains which included 40 strains of animal
itiestinal bacteria were sludied in vitro. Minimum jnhibitary cancentrations (M1Cs) of SMX and TMP
alone and 2001 (SMX : TMP) mixture (ST) were investigated by the method recommended by Ad Hac
Committee of the lapan Society of Chemotherapy for the Evaluation of Sensitivity Testing Methods
for Sulfame(boxazole and Trimethoprim. MICs of ST were more potentiated than those of SMX
alone in 8 of 9 gram positive strains and 40 of 43 pram negative strains. Especially, 38 strains of
40 intestinal bacleria showed significant susceptibility to ST as compared to SMX. These resulis
suggest a steong synergistic activity of ST mixture against animal intestinal bacicria. The aclivily was
considered to be comparable 1o those of other current antibiotics.
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Introduction

Sulfonamides has been known to have a highly
synergistic antibacterial aclivity in combination
with a dihydrofolate reductase inhibitor (Bushby
and Hitchings, 1968; Bushby, 1973). The mixture
ot sulfamethoxazole (SMX) and trimethoprim
(TMP) shows synergistic effect by interfering with
the folic acid metabolism in scquential synthetic
pathway of aucleic acid of bacteria; namely, SMX
interferes with dihydrofolic acid synthesis from
p-aminobenzoic acid and dihydropteridine and
TMP has antagonistic effects of dihydrofolic acid
reductase which concerns tetrahydrofolic acid

synthesis from dihydrofolic acid {Hitchings, 1969).

The in  wvitro . effects of the  mixture was
studied against many bacteria isolated from
human patients (Awataguchi et al., 1973; Goto
et al, 1973; Kamiva ct al,, 1973; Kawakami et
al,, [973; Kosakai and Oguri, 1973; Nakazawa
et al., 1973; Yokota, 1973).

In the present study, activity of the mixture
against bacleria isolated [rom animal cases was
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investigated.
Materials and Methods

Bacterial strains

Bacterial strains were mainly originated from
animal cases. Stephylococeuns aurens DA 209-P
and FEscherichia coli NIH] JC-2 were used as
the standard strains.

Drug susceplibility Yest

Susceptibility tests were performed by the agar
plate dilution method rccommended by the Japan
Society of Chemotherapy (Ad Hoc Committee
of the Japan Society of Chemotherapy, 1973).
SMX was first dissolved in a small volume of
I/8N NaOI and brought into water solution.
TMP was dissolved in a small volume of N,
N-Dimethylformamide and also brought into water
solution. Combhinatton of these drugs (ST) was
prepared by mixing 20 parts of SMX with [ part
of TMP. Gentamicin sulfatec (GM: 3546 up gen-
tamicin/mg) was dissolved in water and used as
the reference drug.

Media

Mcdium used for preincubation of bacteria
for drug susceptibility tests against GM was
Trypto-Soya Broth (Nissni) and that against
SMX, TMP and ST was Mueller-Hinton Broth
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TABLE 1. CCMPARISON OF THE ANTIBACTERIAL ACTIVITIES OF SULFAMETHOXAZOLE (SMX), TRIMETHO-
PRM (TMP), SMX-TMP 20:1 MIXTURE (ST} AND GENTAMICIN {GM)

Mimimum inhibitory concentration {ggimh)

_ ()_rgamsm _E_MX ™P ST GM
Bacillus subtilis 6044 313 0.2 0.39 0.2

Bacillus subtilis ATCC 6633 6.25 0.1 0.39 02

Baculus enthracis Pasieur 11 12.5 > 100 12.5 0.39
Staphylceoecus aureus FDA 2069-P 25 0.78 1.56 0.78
Staphylococcus aureus Terajima 25 .0.39 0.1 0.2

Staphyloeoceus aureus Smith SM 25 0.1 0.78 .39
Staphylococeus aurews ATCC 6338P 6.25 (.39 0.78 1.56
Staphylococcus epidermidis ATCC 12228 =100 0.39 1.56 0.2

Micrococeus luteus ATCC 9341 Q.39 0.78 0.2 1.56
Bordetella bronchiseptica ATCC 19398 > 100 > 100 12.5 1.56
Bordetella hronchiseptica ATCC 4617 =100 100 12.9 6.25
Pseudmonas aeruginosa =100 > 100 > 100 1.56
Salmonelia enteritidis 116-54 6.25 0.025 0.025 0.78
Salmonella abortus equi Shure 1.56 0.025 0.5 3.13
Salmoneile oberius equ: 0.39 0! 0.39 313
Salmoneila typhymurium 3173 25 0.025 0.2 0.78
Salmonella typhymurium 6.25 0.2 0.39 1.56
Salmonella cholerae suts 1348 25 (.025 0.2 1.56
Salmoneitn pullcrum L-6013) 12,5 0.1 0.2 [.56
Saimonella pulloram K-18 12.5 0.05 0.2 0.1

Salmonella pullorum 971 12.5 0.05 0.39 6.25
Salmoneila pullorum 1-S8572 > (00 0.2 0.78 1.56
Salmonelin prllorum 9-25 6.25 0.1 0.78 3.3
Salmaneiia typhi Type-O 25 6.25 1.56 0.78
Saimonelia typht T2 12.5 0.1 0.39 Q.78
Salmoneila paratyphi B var java 6.25 0.1 0.39 6.25
Salmonella paratyphi A 1015 0.05 0.025 a.1 02

Salmonrella bovis alpha 1960 6.25 0.025 0.39 313
Saimoneila thompson var berlin 2088 12.5 02 0.39 1.56
Salmaonella gallinarum 416 25 0.1 0.39 1.56
Salmoneila senftenberg 3007 6.25 00s 0.2 .56
Escherichia coli Q-2 25 0.78 0.78 6.25
Escherichia coll O-2 wild > 100 0.2 313 313
Escherichia coli O-2 wild E-71 > 100 01 1.56 3.13
Escherichia coli O-1 25 0.78 4.7 3.03
Escherichin eoli O-1 wild > 100 0.1 313 313
Escherichia coli O-8 6.25 0.39 0.78 313
Escherichia coli O-8 wild 3.13 0.39 0.78 313
Escherichia coli Q-11 6.25 0.39 0.78 6.28
Escherichia colt O-11 wild =100 0.2 313 [.56
Escherichw coli Q-78 6.25 0.1 0.39 6.25
Escherichia coli O-78 wild > 100 0.39 6.25 1.56
Escherichia coli (-6 12.5 0.025 (.39 1.56
Escherichia coli ()-144 6.25 0.025 0.1 313
Escherichia coli NIHI JC-2 6.25 0.025 01 0.39
Escherichua coli 1.56 0.2 039 313
Kinbsiella pneumoniae 8167 NI 313 0.2 .39 1.56
Klebsiella pnewmoniae Kasuya MNU 6.25 07 1.56 t.56
Hlebsiella pneumontae A'TCC 1003 25 02 0.78 1.56
Proteus vulgaris TAM 1203 6.25 33 078 [.56
Proteus morganii Kona .56 0.39 0.39 0.78
Serraiia marcescense 19 ATU 28 625 1.56 1.56
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(Difco). In the susceptibility test, Sensitivily Disk
Agar-N (Nissui) was used; however, 7.5% hemoly-
zed horsc blood was added into the medium
especizlly far tests of SMX, TMP and ST.

Lnoculatian

Bacterial suspension was prepared to be 10°
-105/m!  after cuoltivation for 18 hr at 37C and
used for the test agammst GM. In the tesls
against SMX, TMP and ST, the suspenston was
diluted 100 times for gram positive bacteria and
1,000 times for gram negatives. The suspensions
were spotted onlo the media by using the mul
t-inoculator. Minunum inhibitory concentrations
(MICs) were determined after 18-20 hr cultivation
at 37C.

Results and Discussion

MICs of drugs were shown in table I. MICs
of SMX uand TMP in the standard strains of
Stuphylocaccus aureus FDDA 209-P and Escherichia
coli NIHJ JIC-2 were in the ranges of MICs in
these respective bacterial strains described in the
recommendation of Ad Hoc Committee of 1he
Jupan Society of Chemotherapy for the Evaluation
of Sensitivity Testing Mcthods for Sulfametboxa-
zole and ‘[rimethoprim (Ad Hoc Committee of
the Japan Society of Chemotherapy, 1973). All
the strains tested were susceptible to GM.

MICs of 8T were lower than thosc of SMX
and slightly higher than those of TMP in most
of gram positive bacteria and in Bacillus anthracis
Pasteur U, Staphylococcus aureus Terajima, and
Maicrococcus luteus ATCC 9341, they were lower
than thase of SMX and TMP. The results show
the synergistic effects in 8T mixture against gram
pasitives,

Of gram negative bacteria, although no «ffects
of SMX, TMP and ST were scen in Pseudmonas
aeruginosa, strong synergistic eflects were observed
in Bordetelia branchiseptica.

In almost of intestinal bacteria, MICs of ST
were much lower than those of SMX and same
or stightly higher than those of TMP. For exam-
ple MICs of ST were Jower than those of SMX
and higher than those of TMP in 17 strains of
19 strains of Salmonella tested. In all strains of
15 straing of K. cati tested, MICs of ST were
lower than thase of SMX and those values in
two of these strains were same values of those
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of TMP. MICs of ST were middle between those
of SMX and TMP in Klebsiella pneuwmoniae,
moreover, they werc lower than those of SMX
and TMP in Prateus vuigaris 1AM 1203 and
Serratia marcescense 19 ATU.

These results suggested strong synergistic effects
of ST mixture in intestinal bacteria. ST mixture
may he one of the suitable combination to con-
trol bacteria of the animal intestine.
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