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Clinical isolates of the Bacteroides melaninogenmcus and Bacteroides fraeiis groups were tested for in
vitroand in vivo susceptubility to peniciihin, chindamy ain, and metromidazole. used singly or in combination
with gentamicin. The i vitro tests conssted of determinations of minimal inhibstory concentrations (MiCsy
carried out with or without constant amounts of gentamicin. When used alone. gentamicin had negligible
effects on the bacteria but sigmticantly reduced the MICs of pemicithn. clindamy cin, and metromdazole
against 11, 10, and 3, of the 15 stratns of the B. meluninogenicus group. respectively. The 18 strains of the B.
fragilis group were all B-lactamase producers and were highly resistant to pentetllin or the combination of
penicillin and gentamiain, However. gentamucin reduced the MICs of clindumyan and metronidazole
agaunst 1and 7 strains of this group. respectively. The in vivo tests were carmed out in mice and consisted of
measurements of the etfects of the antimscrobial agents on the sizes and bactenal content of abscenses
induced by subcutancous injection of bactenial suspensions. The results of the in vivo tests were generaliy
consistent with those obtained in vitro with strains of the B, melaninogenicas group. Synergism between
gentamicin and penigillin. chindamy cin, or metromdazole was shown ia 130 100 and 3 strains of this group.
respectively. In vivo synergism was not clearly demonstrated with the strans of the B. fravilis greup.
possibly because clindamyoin and metromdazole used alone were highly efficacious. We suggest that the
syaergistiv effect of gentamicin s due o s aincreased transport into the bactenal cell in the presence of
pencitlin and. possibly. other antimicrobial agents. The newly recognized i vitro and in vivo syvnergism
betw 2en penicillin and other actimicrobial agents and an aminoglycosde in B. meluninogenicies may have
clinical imphications that deserve to be investigated.

Anaerobic bactena of the Bacreroides fravilis and Bucte- This work was prompted by the need to extend the above-
roides melaninogenicus groups are important clinical patho- described observations on drug sy nergism to other antibac-
gens, B fravilis moantra-abdominal abscesses (20 7). B, terial combinations and to strains of the 8. meluninogenicus
melaninovenicus i lung and upper respiratory atections (1), group. We show that. with many strains. gentamicin, which
Since Bacreroides spp. are often recovered from mived by itself has u neghmble inhibitory effect on Bacteroides
infections with aerobic bucteria. pemicilin or a cephaiospo- spp.. s very effective m combmation with penicillin. clinda-
rin is commoniy admimistered for the treatment of infections mycin. or metronazede in reducing the minimal inhibitory
due 0 B. melaninogenicus group bactena. and chluram- concentrations t MICxt of these antimicrobial agents and in -
phenicol. cefoxitin, chndamycin, or metromdazole s given suppressing abscess formation in infected mice.
for B. fragilis group infections. When entenc gram-negaltive (The evpenments conducted herein were carried out in
organisms are suspected in addition o anacrobes, aminogly- accordance with the principles et forth in the Guide for the
cosides are also administered.. Cure und Use of Labewators Animais. Institutes of Labora-

A number of insvestigators have been concerned with the tory Resources, Natwomal Research Council. Department of
possibility of antagonism between antibiotics, which, fortu- Health. Education. and Welture publication no. NIH 74-23 )
nately. has not been encountered with drugs used against
Bacteraides spp. (3, 5,10, 16). A by-product of these studies . .
has been the discovery that some antibiotics act synergisti- MATERIALS AND METHODS
cally against B. fragilis. For example. Fass et al. (5) reported Bacteria. All Bacteroides sirains were recent isolates from
in vitro synergism between clindamycein and the aminogiyeo-  clinical specimens obtained from the Children’s Hospital,
side gentamicin. These results were confirmed by Okuba-  Washington, D.C. or from the Nuval Medical Command. .
deju and Allen (161, who found this combination to be more National Capital Region. Bethesda, Md. They were identi-
effective than clindamycin combined with kanamycin. Busch  fied in this laboratory by standard procedures (8. 19). Of 15
et al. (4) obtained a significant svnergistic effect between  ivolates of the B. melaninogenicus group. 7 were Bacte-

- clindamycin and the antimicrobial agent metronidazoie in 13 roides intermedins. 4 were Bacteroides asaccharolyticus.,
of 17 strains. Ralph and Amatnieks (18) tested six drugs in and 4 were B, meluninogenicus. Of 15 isolates of the B,
combination with metronidazole and found that nalidixic  fraeilis group. 6 were B. fragilis and 3 each were Bucteroides
acid. clindamycin. and rifampin had a synergistic effect on vidgatus. Bactervides ovatus. and Bucteroides thetaiotaomi-
some strains. Thadepalli et al. (20) obtained excellent syner-  cron (see Tables 1 and 21 All sruins were encapsulated as

. gistic activity between cefuroxime and penicillin or carbeni-  confitmed by the Hiss waining method (14 and by electron
cillin in two of three strains. microscopy after stming with ruthemium red (9), Stock

suspensions were swored in skim milk at =70°C. For the

* Corresponding author, expeniments descnibed here. the bacteria were grown anaer-
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obically on blood agar plates with a braun heart infusion base
(Difco Laboratories, Detroit, Mich)) for a total of two or
three passages after isolation.

Animals. Male Swiss alhino mice weighiag 2010 25 g each
were obtatned trom the Naval Medical Research [nsutute
mouse colony. The mice were rased under consentional
condittons.

Antimicrobial agents. The following anumicrobial agents,
obtained trom the indicated sources, were used: penicilhin G,
E. R. Squibb & Sons. Inc.. Pnnceton. N0 chindamycin,
The Upjohn Co.. Kalamazoo, Mich.: metronidazole. G. D.
Searte & Co.. Chicago. Il and gentamicn. Schenng Corp..
Kenilworth, I MICs were determined by the agar dilution
method (19) wath a senes of mine concentrations of each
agent. Each expeniment was repeated twice. For penicillin
G. the concentrutions were 12,6, 3 1.5, .75, 0.2, 0.1, 0.05,
and 0,01 wg ml. except that concentrations of as high as &4
pg ml were used in preliminury tests with strains of the B,
tragilis group. For clindumycin, metromdazole. and genta-
mucin. twofold dilutions were used from 10 0 0.04, 5010 0.1,
and 200 to 0.8 pg ml. respectively. The i vitro synergistic
effect of gentamicin was determined by adding 10 pg of
gentamcin per ml to euch ditution of the antimicrobui ugent
to be tested. The effect was considered synergistic if «f
reduced the MIC of the associated antibactenal agent by
fourtold or more.

@-Lactumase activity was determined tor all microorga-
nisms by use ot a chromogenic cephualosponn substrate (15).

Infection of mice and antimicrobial therapy. Expenments
usually consisted of 130 1o 200 animals tested simultaneous-
Iv. with 6 mice per experimental group. except i) mice were
used tor determination of the levels of untimicrobial agents
in serum and in abscesses. Mice were infected by subcutane-
ous injection into the nght grotn of O.1-ml volumes of
suspensions in saline contaiming 107 bactenia per mb. The
anumicrobal agents. used singly or mixed with gentamicia,
were administered intramuscularly on alternate thighs 2 h
after inoculation and at 8-h intervals for 7 dayvs. The amounts
administered. in terms of a 20-g mouse per injechion. were as
follows: pemicitin G, .67 mg: clindamicin. .27 mg: metro-
midazole. 0.33 mg: and gentamicin, 0.05 mg.

The mice were sacnficed on day 7 by cervical dislocation.
The sizes of the abscesses were estimated from measure-
ments by caliper of two perpendicular drameters. corre-
sponding 1o maximum length and width. The product of
these two measurements, expressed as millimeters squared.
was approumately proportional to the outer surface of the
abscess. For the determination of the bactenal contents of
the abscesses. the abscess matenal was removed aseptically
and homogemzed in an anaerobic glove box in 1 ml of stenile
saline in a ground glass tssue homogenizer. Tenfold senal
dilutions of the homogenates were made in stenle saline. and
0.1-ml volumes of each dilution was spread in triplicate on
brain heart infusion-¢nnched blood agar plates. No attempt
was made to inactivate the antimicrobal agents in the
homogemzed abscess matenal. since a considerable dilution
was achieved before plating. especially with the smaller
abscesses. Colonies were counted after incubation at 37°C in
an anaerobic chamber for 48 h. and the results are presented
as log,n of viable bactena per abscess.

In vivo synergism was defined as a significant reduction (P
< 0.01) in abscess size associated with addition of gentami-
cin to the other antimicrob:al agent. Statistical analyses were
accomplished with the Student 1 test of independent means.

The levels of the antimicrobial agents in sera and abscess-
es were determined in 2 separate group of mice by the

ANTIMICROB. AGENTS CHEMOTHER

following methods: penicithin G and clindamycin. agar diffu-
sion assay (12) with Micrococcus luteus ATCC 9341 tAmeri-
can Type Culture Collection. Rockville, Md. ). metromda-
zole. high-pressure chromatography (21): gentamicin, agar
ditfusion assay with Bucillus subnilis ATCC 6051

RESULTS

In vitro suscentibility of Bacteroides strains. Table 1 shows
the MICs of 15 isolates of the B. meluninogenicas group with
respect to theee antimicrobral agents tested alone or in
combination with 10 pg of gentamicin per ml. Although none
of the ivolates produced B-lactamase. susceptubility to peni-
ciliin varied greatly. requinng MICs ranging from 0.01 1o 6
pg mi. The MICs for S of 6 strains requinng high MICs and
several requinng moderate MICs, a total of 11, were signifi-
cantly reduced by gentamicin. Susceptibility to clindumycin
vaned somewhat Jess, with MICs runging from 0.31 to 2.5
pg ml. Ten of these MICs were reduced by gentamicin. With
metronidazole, the MICs were close to the fower concentra-
tions used in the test. 0.2 to 1.6 ug mi. and the MICs of oaly
three strains were reduced by gentamucin. [t is possible.
however. that the concentrations used were not sutficiently
low to detect all possible instances of synergisin with strains
of the B. melaninogenicus and B. tragilis groups. Gentami-
cin by atself hud htde if any inhibitory effect on strains of
either group (Tubles 1 and 2)

All 15 strains of the B. fragilis group were B-luctamase
producers and highly resistant 10 peniciiha (MICs, =64
ug ml in the presence or absence of gentamicin tdata not
shown). The MICs of clindamycin and metromdazole alone
and in combinastion with gentamicin are shown in Tuble 2.
The MIC of clindamycin ranged from 0.15 to 2.5 pg ml. but
the MIC was reduced by gentamicin for only one strain. from
0.15 to 0.04 ug ml. The MIC of metronidazole ranged from
0.210 6.25 pg mi. The MICs tor seven strains were reduced
1o a mederate extent by eentamicin.

In vivo effect of combined antimicrobial therapy. Th= 30
1solates used in these studies reproducibly elicited abscesses
when injected into the groins of mice. Since these strains
were encapsulated. no virulence-ennancing factor was re-
quired (9). The sizes of these abscesses isee Tables 3 and 4)
are measurements of outer surfaces. as descnbed in Maten-
als and Methods. This tvpe of measurement was used In
preference to volume because the thickness of the abscesses
could not be estimated with accuracy and the abscesses were
rot firm enough to be dissected out and weighed. Without
antimicrobial therapy, the ahxce“c\ achieved a mean outer
surface ~size of about 300 mm®, with relatively small differ-
ences zmong the strains.

The effects of anumicrobial therapy on ubscess formation
of isolates of the B. melaninogenicus group are shown in
Table 3. The abscesses induced by 12 of 15 strains were
reduced to a significant but relatively moderate extent by
penicillin. A substantial further reduction was achieved with
a combination of penicillin and gentamicin with these 12
strains and with one which had not been affected by penicil-
lin administered singly. The results (Table 3) agreed reason-
ably well from those expected from MIC determinations
{Table 1). An unexplained discrepancy is the low MICs of
penicillin for strain B of B. asacchuarolvticus and the lack of
in vivo efficacy. Clindamycin greatly reduced the sizes of all
abscesses. and an even greater reduction was achieved with
nine stratns when the drug was combined with gentamicin.
These results are in good agreement with those shown in
Table 1. Metronidazole pros 2d to be efficacious against all
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TABLE 1. MICs of penicillin. clindamycin. and metronidazole alone and in comb.adtion with gentamicin for isolaies of the B.
meluninogenicus group

MIC (g mb of™:

Isolate” Penilin G Chadamsycin Metrondazole .
- - - R Gentamicin alene
- . - + - .

B. intermedius

7 6 ol 0.62 0.62 84 04 100

12 0.01 0.01 0.62 0.62 a3 0.8 200

7 0.1 0.01° 0.62 0.04' 16 1.6 100

54 3 0.01¢ 2.5 0.62° 08 0.8 100

ss 6 0.01* s 0.6 (R} 0.2 W0

97 1.5 0.01 1.2 0.62 i6 0.2 100

09 1.5 0.01° 2.5 0.0 16 0.2 200
B. asacrhuroivticus

8 0.01 0.01 1.28 0.04 08 0.8 200

14 1.5 0.08 1.28 0.04 04 0.4 200

hg| 6 o.01° 1.28 0.62 938 0.4 100

281 6 0.01* 0.31 0.08¢ N4 0.4 0
B. meluninogenicus

n ‘ 1.5 0.01 0.31 0.31 08 0.2 200

292 1.5 0.0t 0.31 0.04 08 0.8 200

378 0.1 0.1 1.25 0.31 04 0.4 100

6 6 3 0.6 0.0+ 0.2 0.2 100

Synergistic combinations.total 11/15 1018 31s

“ Naval Medical Research Institute number.
® —. Without gentamicin: -. with gentamicin (10 pg/mi).
¢ Synergistic effect as defined in the text.

TABLE _. MICs of clindamycin and metronidazole alone and in strains. However. synergism with gentamicin, apparent in
combination with gentamicin for isolates of the B. fragilis group four strains. did not correlate well with in vitro synergism.
MIC tug mb of™: Gentamicin administered by itself did not result in a reduc-

- tion in the sizes of the abscesses. but surprisingly. in some

rolate Chndamycin - Metronidazole C"::‘)‘:e"'“ cases elicited a significant increase.

e - - As expected, none of the abscesses elicited by the 15
B. frugilis strains of the B. fragiis group were affected by penicillin or a
13 031 031 o8 0 200 combination of penicillin and gentamicin (data not shown).
21 0.15 008 03 0. 200 Similarly. gentamicin was without effect. except that it
38 0.15 004 04 0.2 100 elicited an increase in the sizes of abscesses induced by one
‘:: ?fi g'gl 8'2 gf s% strain (Table 4). As expected from the data shown in Table 2,
181 135 1% 31 11 300 clindamycin and metronidazole were efficacious against all
- h - . - strains. but synergismt with gentamicin was not clearly

B. vulgatus demonstrated in vive.
200 062 125 08 0. 100 The viable counts of the abscesses described in Tables 3
360 0.6 uv6) 08 0. 200 and 4 are shown in Tables § and 6. With strains of the B.
583 1.2 062 03 0. 200 melaninogenicus group (Table 5) the number of CFU in
untreated mice were relatively uniform. with means ranging
B. ovatus . ’ 200 from 10** to 10'°* per abscess. Penicillin administered
108 g:; g?; (1,: (l)g :‘:)() singly 'reduc_cd the uumbcr_ of CFU of all strains. even in
234 015 008 04 02 300 cases in which a therapeutic effect was not demonstrated.

The reduction varied from about 2 to 6 logs. When penicillin
was administered in combination with gentamicin, the viable

B. thetaiv . aomicron e
counts were generally reduced to 10- or less. The four

by 125 062 6.2 L6 100 r

8$ 0.62 0.62 11 1.6 200 exceptions (10°° to 10”7} included the two instances of
176 25 28 31 1.6 200 abscesses which were not reduced in size by chemotherapy.
Clindamycin and metronidazole administered singly greatly

Synergistic v1s 714 reduced the number of CFU. with refatively few means
combinationsitotal exceeding 10° per abscess. Because of the relatively small
@ Naval Medical Research Institute number. number of CFU., a further reduction by combination chemo-

» —, Withou: gentamicin: +. with gentamicin (10 ug/mi). therapy is apparent in only a few cases. Gentamicin adminis-

¢ Synergistic effect as defined in the text. tered singly did not reduce the number of CFU. The possibil-

- o«
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TABLE 3. impacts of treatment with penicillin, chndamycin, and metromdazole aloae and in combinabon with gentamcin on abscess
sizes in mice infected with isolates of the 8. melamnovemeus geoup

Mean = SD abscens aize imme) after treatment with followsng drug dose img kg pes dav s

Iolate” None Pemcithin G (100
tuntreatey
mice) -

B. intermediuns
4

L R 2 26 146 = 127 122 1
12 RAR e 11X - 14 1% =12
Ry T =14 128 = 127 WYy
4 96 = 23 94 - 16" e X
58 hBE BN 108 = 22° KT S
97 2R o= 32 131 = 16° kIR R
S 42 = 82 148 = 24" R AR
B. usuccharolviicus
8 RDE IR 94 = 24 242 = 18
114 RLURERE AR I 246
22 32 - 4 142 = 22 -1
2381 RS = 3K 102 = 16" PRI TS
B. melaninogenicus
172 M2 e 130 = 217 RIS
92 3o =2 132 = 24 14 =¥
s 382 - 24 142 = 16" 6 = X
+H6 At SR ] 265 - 38 194 = 42

Chndamyain 146y Metromdazole 503 Grentamicin alone

T8y

%~ 12 hE S hAIE i 6=~ KU ¥
24012 9=13 KMIE g 1 Wy - 1T
s ¥ I+ Sho= 117 4= % 342 - 39
6 =¥ 46 67 KUY W - 2N
M-8 2.9 18 = 8" 41" REREEI
1R = 107 1% =11 14 = 10 hESE | RET R |
KSR b 4= I Y 282 R0
16 = 127 21 21 b6 24 - 1k
W 2- 0 [ A} 2% -1y
12 -6 14 -6 15 = ¥ [ L] AN =AY
W -4 1= M EEERS 13 -0 WK~ 42
Ix = 12" 23 - - 1% -3 Rht S
RIS 1 - v w®=" N IR 49K - 2K
P o3 42 % 40 - 19 R B
KRRt -8 1% - 12 AR &) 412 -

“ The mice were infected and treated as descnibed i Matenals and Methods. The abscess sizes, determined on dayv 7 postintecthion. are
expressed as the products of two surtace dimensions tmillimeters squaredi und are presented as the means = standird deviahions of iy mice
in each group. - . Without gentamicin: ~. with gentamicin (7.5 mg kg per dav).

" Sigmificant reduction (£ < 0.01) of abscess size by i single antimicrobual agent (without gentamicing.

¢ Significant syvnergistic effect ¢ -0 0,01 with genamicn.
< Sigmiticant increase 1P 0 0011 of abscess size.

ity that in some cases it may have enhanced them cannot be
excluded.

With strains o4 the B. fragilis group (Table 6}, the number
of CFU in the uabscesses of untreated mice were also
relatively uniform. from 10" ® to 10" % and the counts in the
gentamicin-treated mice were approximately the same. Clin-
damycin hud a vunable effect on the number of CFU.
reducing them by about 2 to 8 logs. A further reduction by
this drug in combination with gentamicin 15 not apparent.
The reduction achieved by metronidazole was somew hat
higher., from about 3 to 9.5 logs. In combination with
gentamicin, metromdazoie significantly reduced the number
of CFU in only one instance (B. fragilis 13). The abscesses
elicited by this strain and this drug combination were alvo
reduced to a small but not highly significant extent (Table 4).

The concentrations of the antimicrobial agents in sera and
in the abscesses of mice were checked with only two strains
(B. asacckarolviicus 114 and B. fragilis 13)and only on day 7
after infection {Table 7). It is obvious that sufficient levels
were achieved in both iocations to inhibit the susceptible
strains. It 1s interesting to note (hat the penicillin concentra-
tions in the abscesses were considerably lower in mice
infected with the B. frugilis strains than in those infected
with B. usaccharolyvticus, possibly because the B. fragilis
strains but not the B. asaccharolvticus strains contained B-
lactamase which destroyed penicilhin.

DISCUSSION

In this study. 30 strains of Bacreroides spp. were tested for
their susceptibilities to four antimicrobial agents pius three
antimicrobial agevit combinations by three criteria: MIC.
reduction in sizes of abscesses elicited in mice. and bacterial

content in these abscesses. Often. but not always. tow MICs
correlated well with small abscess sizes and low bactenal
contents. Some of the more obvious discrepancies have
already been noted. In other cases. although the general
trend was the same. there were large differences in the
bactenal content of abscesses of appresvimately equal size
(compare. for example. the etfect of clindamycin in Tables 4
and 6). These discrepancies und qualitative ditferences may
in some cases be due to imperfections of the animal model
and methodology used. However. the mice appeared (o have
toleratzd well the multiple iyjectivns of the antimicrobial
agents. and our limited test of antmicrobial agent content in
sera and abscesses indicated that the dosage was adequate.
Undoubtedly, unrecognized vananons in the physiological
properties of the strains played an important role. Thus. both
in vitro and in vivo results must be taken into conuderaton
before any conclusions are derived from this study .

Previous investigations of the effect on Bacreroides spp. of
antibiotics and antibiotic combinations were primarily con-
cerned with B. fragilis (4—6. 10-13, 16, 18, 20, 22). There is
general agreement that geatamicin by atself a8 aelatively
ineffective (6). The exacerbation of some of the abscesses
seen in this study was posaibly due to interference with the
defense mechanism of the hosts tunpublished observations).

Metromdazole has been recognized as one of the most
effective antimicrobial agents. consistently inhibitory and
bactericidal at achievable in vivo concentrations (22). Be-
cause of this finding. this agent has been most frequently
studied in combination with other anubiotics, such as clinda-
mycin (4. 1%) and sprramycin (11}, which proved to be
synergistic. The combination of clindamycin and gentamicin
has been found to be synergistic by some (5, 16) but not by
all investugators (100,
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TABLE 4. Impacts of treatment with clindamycin and metroadazole alone and in combination with geatamicin on abscess sizes in nuce
intected with nolates of the 8. fraediy group

Mean = S abscess size tmme) atter treatment with following drug dose imig hg per Jav

Laolate None ( INGEE Metrondazole (804 _ .
Luntreated mice) } N ~ N Gentamaan alone & %

R. fravilis

13 KRLIRN R0 < 117 69 = 13 X =y IR - 36

21 KT SRR 68 = 12" 48 = 21 42 = g" 17=12 KO = 21

k1] 96 = 42 8 =14 6 - 14 KL JE hig XK =14 314 - 36

43 X = 2= 42 =12 18 = 117 =1 162 = 42

b KR 16 = ¥° ht IR 12 =10 16 = 1§ KRN

181 =26 bt B =12 b U i 17 =9 11y = 3
B. vuleatin

200 M2 =28 6 = 6" EYRESR REIEI by =20 X4 - 48

kI 42 -0 K= R 63 = 10 6h = 127 [SA=1] RH =0

X3 hat JEIRT 6 = 13" 4 .21 KT i E R 262 =3
B. ovatus

22 KITTIEENE 96 = X" Yh - 1S KR =1 s - 28

108 6 = 16 M T2+ 18 [ I S1 = 1% 312 - 26

hRE KEE BEERX] 16 = 12" 19 - 11 N PRI &) KBRS} ]
B. thetaiotaomic ron

T KLU R6 = 1Y Y - 1S pERE-1 IR = § ETE N

XS 98 = 4 48 = 157 54221 ) = 8" 42 = 18 R R

176 REE IR 62 = 7" 59 - 18 n=r =13 R = 32

“ The mive were infected as desenbed in Matenals and Methods. The abscess sizes. determined on day 7 postinfection. are expressed as the
products of two surtih dimensions imitlimeters squared) and are presented as the means = standard deviations of six mice i each group.
Without gentamicr =, with gentamicin (7.5 mg A per dav).

" Sigmiticant reduction (F < 001 of abscess size By o wingle antimicrobiad agent twithout gentamicing.

C o Sigmiticant icrease tF - 001 of abscess size.

Our in vitro results with strains of the B. fragilis group are to the efficacy of clindamycin und metronidazole used sin-
not surpnsing. The fact that in vitro synergism between gly.
clindamycin or metronidazole and gentamicin was not clear- More significunt are our resufts of in vitro and in vivo
ly reflected in in vivo abscess reduction might be attnbuted svhergism between penicillin and gentamicin against B.

TABLE 5. Impacts of treatment wath pencilha, chindamycin, and metrondazole slone and in combination with gentamicin on CFU in
abscesses of mice infected with solates of the B, melamnovenicus group

Mean = SD log. CFU alter treatment with following drug dose imyg kg per dayv

Isolate None Penscallin G (1t Chndamyain 1 Metrondasole 1340
y - - Q : R
antreated mice? _ . R . B i Gentannin alone 1™ 5

B. intermedins

7 9.7 = 0.6 6% =03 19=-06 12-0R - 1.0 - 1.4 - 1.0 9.7 -k

12 Ky s 1.2 62204 4203 13:04 1.0 1203 10 94l ax

AR} 9.6 = 0.8 N4 206 2002 1X =04 <10 14 20X 1.2 -1a Y4 - 06

hX) 9K = 0.4 4404 12-14 - 1.0 1204 20<11 22-02 Yk - 0x

ss 10,2 =08 44 204 <10 24 06 «1.0 2304 1R =02 1K - 14

97 a8 =08 §2=208 134=06 18=10 <1.0 -~ 1.0 21 -0 02 - 1.0

’ A ) 94 =08 7314 13=t]l 2804 12202 2204 R -04 9N = 1.2
B. arucchurolviicus

. % 9.6 = 0.5 S4 =12 4812 26:06 - 1.0 1o =03 1R -04 R - 12

114 10.0 = 0.8 7.8 = 0.6 1.5=209 1.3+ 10 < 1.0 23 207 1.7 - 04 1t - 04

21 YR =09 65208 1404 1X=204 1.2:04 2108 25-06 1.2 - 1.2

281 10,2 = 0.4 XH=09 15210 2606 1204 1K = 06 <10 96 - OR
B. meluninogenicus

172 Y3 =03 S6 =06 1.5 =0 18 =08 1.0 i =12 1.3 - 1.} 107 « 0K

292 9.8 = 0.6 SH+06 12204 1205 22208 Il =16 1808 98 = R

kYAl 9h =07 7408 6412 32204 22=+034 22208 12-0 94 - 0.6

46 104 = 0.4 7.2=+12 S8R=10 0o=04 1.6 206 1R =06 [+ 06 121 - 1.8

“ Part of experiment presented in Table 3. CFU are expressed as log,, per abscess und are the means = stundard desations of spevimens
denved from mx ance per group. — . Without gentamicn: ~. with gentamicin (7.5 mg kg per day ).
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TABLE 6. Impacts of treatment with clindamycin and metronidazole alone and in combination with gentemicin on CFU in abscesses of
mice infected with isolates of the B. frugilis group

Isolate None

tuntreated mice)

B. fruxilis

13 104 = 0.5 72 =07
2] 9.6 = 0.8 5208
38 10,2 = 1.2 6.4 =12
43 96 = 1.4 42> 14
M 8.6 = 2.0 §2=08
181 104 =16 4.6 = 0.4
B. vulguatus
200 98 = 1.2 42 =06
.80 102 =10 20=1.2
583 9.6 =06 34 =038
B. ovatus
n 10.6 = 0.7 31 =08
108 9.6 = 0.8 43=12
234 10.2 = 0.6 §5=14
B. thetutotaomicron
27 108 = 0.3 20=1.1
8s 96 = 0.4 64 =12
176 88 =08 66 =14

Chndamvyan ()

Pl b alinaleoling
1 da &o ' 10O

A e s
<~

fo A R
- 1 OC

Mean = SD log,, CFU after treatment with following drug duse (mg kg per dayv ).

Metromidazole (50) .
: - Gentamucin alone (7.5)

N
1

.

R 43 =08 1.2=1.0 104 = 0.6
=12 33 =06 26=1.2 10.1 = 1.2
= 0.8 26 =08 J4=14 92 =14
= 0.6 44 =12 42 =08 8.8 = 1.1
= 1.2 §S5=14 4.2 = 0.6 96 = 0.8
= 1.0 317=14 41 =04 102 =16
= 0.8 21 =08 3oz 9.0 = 0.7
=06 39 =07 39 =04 85 =07
= 1.2 3g =12 34208 92 =08
= 0.5 24 =058 31 =058 0.2 = 0.5
= 1.6 2408 24 =04 8.1 =08
=14 44 =12 36 =08 98 = 0.5
IR 1.3=11 1.6 =08 10.9 = 0.5
=14 33« 10 28=1.0 10.2 = 0.4
=12 21 =03 2008 94 =11

¢ Dart of experiment presented in Table 4. CFLU are expressed as log,, per abscess and are the means =

standard deviations of specimens

denved from six mic. per group. —. Without gentamicin: -, with gentamicin (7.5 mg kg per day).

melaninogenicus. Syncrgistic interaction between aminogly-
cosides and penicillins have been noted and studied with
certain aerobic or facultative anaerobic organisms (17). For
example. this combination was found to be effective in the
treatment of cnterococcal and staphylococcal diseases, It
has been postulated that the pemcillins. which inhibit cell
wall synthesis, enhance the penetration of aminoglycosides.
which are capable of interacting with the nbosomes. There s
circumstantial evidence that such a mechanism may prevail
in B. melaninogenicus. Bryan et al. (3) demonstrated that
cell-free amino acid incorporation B. frugilis nbosomes was
inhibited by gentamicin to about the same extent as with
Escherichia coli nbosomes. Furthermore, there was no

TABLE 7. Concertration of antimicrobtal agents in sera and
abrcesses of mice

Mean concn tpg mhb of drug time after last

Aatimicrobtai administravon

d:)as:n(lnl\(gf,al?g!.lb Scnim’ L ._:Ab\‘::“, ﬁ':"d 0.5 hy )
0.5 h Ah B melamno- g itiv
Renicus
Penicillin G 2758282 13631 MO=76 82221
(100)
Clindamycn 89 =34 2408 146=36 134=42
40
Metronidazoh 286 =64 110=26 12234 132=16
150
Gentumicin S4. =22 1204 38218 40=20
(7.9 |

“ Determine 7 days after inoculation.

* B. asaccharolvticus 114.

* B. fragilis 13.

¥ Mean = standard deviation of 10 mice in each group.

evidence of inactivation of the antibiotic by B. fragilis celi
extracts. Whole cells of B. frugeilis. however, did not show
any time-dependent accumulation of the antibiotic. This
failure was attributed to the lack of the proper electron
transport system for the transport of the aminoglycoside.
The mechanism by which penicillin presumably permits tae
transport of aminoglycosides in Bacteroides spp. has not
been investigated.

There is no obvious explanation for the in vitro and in vivo
synergism between clindamycin and gentamicin against B.
melaninogenicus and the less pronounced synergism be-
tween metronidazole and gentamicin against both Bacte-
roides groups. That increased gentamicin transport is also
involved in these synergisms is an attractive hypothesis
worth investigating.

Combinations of antibiotics are continually being studied
in attempts to discover more effectuve therapy for serious
infections. Combined therapy. in addition to its more obvi-
ous effects. might delay emergence of antimicrobial resist-
ance or provide broad coverage for umdecntified pathogens.
Busch et al. (3) suggested that the combination of clindamy-
cin and metronidazole might prove useful in the treatment of
selected infections. such as endocarditis. septic thrombo-
phiebitis. and osteomyehtis, in which B. fragilis is implicated
as a single or primary pathogen. Although drawing clinical
importance from our study. and in particular from results
with the penicillin-gentamicin combination against B. melan-
inogenicus. is premature. the data here presented open the
possibility of a new approach for the treatment of this
infection.
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