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Six antineoplastic antibiotics showed little antibacterial activity against 28
strains of four species of gram-negative enteric bacteria. By using the cellophane
transfer technique, combinations of these agents with 16 antibacterial drugs
usually showed indifference. However, combinations of mitomycin C, especially
with the aminoglycosides, were synergistic on strains ofEscherichia coli, Proteus,
and Klebsiella pneumoniae. Bleomycin, on the other hand, often showed antag-
onism on strains of E. coli and K. pneumoniae with the ,B-lactams, aminoglyco-
sides, and other antibacterial agents. Checkerboard titrations and kinetic killing
curves confirmed these findings.

We have recently described (14) both syner-
gism and antagonism with combinations of each
of six antineoplastic antibiotics and each of
16 antibacterial drugs when tested against 10
strains of Staphylococcus aureus. The present
paper records the bactericidal activity of the
same drug combinations on four species ofgram-
negative bacilli which are commonly implicated
in infections occurring in patients with malig-
nant neoplastic disease (2, 10, 12).

(This work will be submitted to the Hebrew
University of Jerusalem by J. Y. J. in partial
fulfillment of the requirements for a Ph.D. de-
gree.)

MATERIALS AND METHODS
The 28 strains of gram-negative bacilli used were

isolated from blood, urine, and pus samples in the
Department of Clinical Microbiology of the Hadassah
University Hospital and consisted of 6 strains of Esch-
erichia coli, 3 strains ofProteus mirabilis, 2 ofProteus
morganii, 1 of Proteus rettgeri, 6 of Kkbsiella pneu-
moniae and 10 strains of Pseudomonas aeruginosa.
The combinations of antibacterial and antineoplas-

tic agents were initially screened by the cellophane
transfer technique (3-5, 7). Details of this method and
the other methods used to determine minimal inhibi-
tory concentrations and minimal bactericidal concen-
trations (MBCs) and for the quantitative evaluation
of combined activity were described in our previous
paper (14).
The antibacterial drugs, antineoplastic antibiotics,

and the concentrations of the drugs employed to im-
pregnate the test strips used in the cellophane transfer
technique were identical to those described by Jacobs
et al. (14) except for penicillin G (600 tg/ml) and
rifampin (1,000 ,g/ml). The results of cellophane
transfer screening were classified as synergism, indif-
ference, or antagonism by two of the authors indepen-

dently according to published criteria (4, 11). Doubtful
results were duplicated or triplicated.

Checkerboard titrations (14) were used to confirm
the synergistic and antagonistic combinations indi-
cated by the cellophane transfer technique.

Fractional bactericidal concentrations (FBCs) of
each drug were calculated by dividing the MBC of the
drug in combination by the MBC of the drug alone.
The total of the FBCs of the two drugs tested is the
FBC index (XFBC) (14). Kinetic killing curves were
prepared after following the action of the drug com-
bination during 24 h, in examples selected according
to results of the cellophane transfer test and checker-
board titrations.

RESULTS
The antibacterial activity ofthe antineoplastic

antibiotics acting alone, as detected by the cel-
lophane transfer technique, showed that mito-
mycin C was bacteriostatic pn three strains and
bactericidal on three strains of E. coli and bac-
tericidal on two strains of Proteus morganii and
one strain each of P. rettgeri and P. mirabilis;
it was bacteriostatic on two strains and bacteri-
cidal on three strains of K. pneumoniae and
bacteriostatic on seven strains and bactericidal
on one strain of P. aeruginosa. Bleomycin was
bactericidal on all six strains of E. coli and on
five strains of K. pneumoniae and bacteriostatic
on the sixth strain; it was inactive on the strains
ofProteus and P. aeruginosa. Daunorubicin was
bacteriostatic on two strains of E. coli and on
one strain of P. aeruginosa, and its derivative,
doxorubicin, was bacteriostatic on only one
strain of E. coli but inactive on the remaining
strains and species. Dactinomycin and mithra-
mycin showed miniimal or no activity on any of
the 28 strains examined.
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A total of96 combinations ofan antineoplastic
antibiotic with an antibacterial drug were tested
on each of the 28 strains by the cellophane
transfer technique, i.e., 448 combinations for
each antineoplastic antibiotic, a total of 2,688
combinations. Generally, synergism and antag-
onism were infrequent (5.8 and 7.1%, respec-
tively), most of the combinations showing indif-
ference.

Synergism and antagonism were rare with
dactinomycin (1.1 and 1.6% of the combinations,
respectively) and with mithramycin (1.1 and
2.0% respectively). The combination of dactino-
mycin with chloramphenicol was synergistic on
one strain of P. rettgeri, for which dactinomycin
was bactericidal, and one strain of P. mirabilis,
against which it showed no activity. The com-
bination of dactinomycin with tetracycline was
synergistic on one strain of E. coli. Synergism
and antagonism were seen slightly more fre-
quently in combinations of daunorubicin (4.9
and 3.3%) and of doxorubicin (3.3 and 4.2%,
respectively). With daunorubicin, antagonism
was seen with gentamicin on three strains, with
kanamycin on two strains, and with streptomy-
cin on one strain ofK. pneumoniae. Doxorubicin
produced antagonism with gentamicin and with
kanamycin on three strains and with strepto-
mycin on one strain of K. pneumoniae.

Table 1 shows the detailed results of the cel-
lophane transfer technique with combinations of
mitomycin C. Eighty-eight combinations (19.6%)
demonstrated synergism, whereas 31 combina-
tions (6.9%) were antagonistic. Synergism was
frequently seen with carbenicillin (but not with
the other 8i-lactam antibiotics) on strains of E.
coli and P. aeruginosa, and also with the ami-
noglycosides, with chloramphenicol (on E. coli
and Proteus spp.) and with nalidixic acid (except
on P. aeruginosa).
Bleomycin was antagonistic in 112 combina-

tions (25%), and it was rarely synergistic (4.2%).
Table 2 summarizes the results of combinations
of the antibacterial drugs with bleomycin and
shows the synergism and antagonism found on
strains of E. coli and K. pneumoniae. These
combinations almost always showed indifference
on Proteus and on P. aeruginosa and details are
therefore not shown. On E. coli and K. pneu-
moniae bleomycin generally showed antagonism
when combined with the /8-lactam antibiotics,
the aminoglycosides, rifampin, erythromycin
and clindamycin, chloramphenicol and tetracy-
cline, and colistin. It did however show syner-
gism with nalidixic acid on some strains of E.
coli but antagonism on K. pneumoniae. Occa-
sionally, both synergism and antagonism were
seen in the same combination; these phenomena
were concentration dependent. Table 3 shows

the synergism demonstrated by bleomycin with
gentamicin (subinhibitory concentrations of the
aminoglycoside) and antagonism (inhibitory
concentrations of aminoglycoside).
Checkerboard titration results confirmed

those data obtained in the qualitative screening
tests for synergism and antagonism by the cel-
lophane transfer technique. FBCs for synergistic
and antagonistic combinations were calculated
and are shown together with FFBC in Table 3.
Similarly, kinetic studies on selected combina-
tions confirmed the synergism results previously
obtained, although in some quantitative experi-
ments previously demonstrated antagonism
could not be confirmed. With E. coli, a combi-
nation of gentamicin (one fourth MBC) with
mitomycin C (one fourth MBC) was completely
bactericidal within 4 h (see Fig. 1). Figure 2
shows the bactericidal effect of nalidixic acid
(one fourth MBC) in combination with bleo-
mycin (one fourth MBC) on E. coli. With P.
aeruginosa a combination of carbenicillin (one
fourth MBC) with one fourth of mitomycin C
was shown to be synergistic and bactericidal
within 8 h (Fig. 3).

DISCUSSION
We have previously demonstrated (14) that

dactinomycin showed bacteriostatic activity on
all 10 strains of S. aureus tested and that the
combination of this antineoplastic with the bac-
teriostatic drugs chloramphenicol and tetracy-
cline and with erythromycin was frequently syn-
ergistic. In contrast, 27 of the 28 strains of gram-
negative bacilli which we tested were resistant
to dactinomycin and failed to show synergism
with bacteriostatic drugs. With the one strain of
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FIG. 1. Activity of gentamicin and mitomycin C
individualy and in combination on a strain of E.
coli. GE, Gentamicin, 2 pg/mi; MC, mitomycin C (I
pg/ml); GE + MC, gentamicin (2 jg/ml) plus mito-
mycin C (1 pg/ml). (MBC of gentamicin, 8 pg/ml;
MBC ofmitomycin C, 4 pg/mi).
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TABLE 2. Number of strains showing synergism or antagonism in combinations of bleomycin with 16
antibacterial drugsa

Total(%
E. coli (6 strains) K. pneumoniae (6 strains) (28 strains)

Drug
S A S A S A

P 0 3 0 6 0 (O)b 9 (32.1)b
AM 1 4 0 6 1(3.6) 10 (35.7)
CN 0 2 0 4 1 (3.6) 7 (25.0)
ME 0 4 0 4 0 (0) 8 (28.6)
CD 1 4 1 3 2 (7.1) 7 (25.0)
V 0 4 0 4 0 (0) 8 (28.6)

s 0 3 1 1 1 (3.6) 4 (14.3)
K 1 3 0 4 1 (3.6) 7 (25.9)
GE 0 4 1 3 1 (3.6) 8 (28.6)

E 0 2 0 5 0 (0) 7 (25.0)
CL 0 3 0 4 0 (0) 7 (25.0)
C 1 2 0 5 1 (3.6) 7 (25.0)
T 0 3 3 2 3 (10.7) 5 (17.9)

R 0 4 2 3 2 (7.1) 7 (25.0)
CO 2 2 0 5 2 (7.1) 7(25.0)
NA 3 0 0 4 4 (14.3) 4 (14.3)

Total (%) 9 (9.4)C 47 (49)c 8 (8.3)c 63 (65.6)c 19 (4.2)d 112 (25 0)d
a See footnote to Table 1 for key to abbreviations. For the sake of brevity, results for Proteus spp. (six strains)

and P. aeruginosa (10 strains) are not tabulated.
b Numbers in parentheses represent the percentage of 28 combinations.
c Numbers in parentheses represent the percentage of 96 combinations.
dTotals (and percentages) include two cases of synergism (CN, NA) and one of antagonism (GE) with

Proteus species, and one case of synergism (R) and one case of antagonism (CN) with P. aeruginosa.
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FIG. 2. Activity of nalidixic acid and bleomycin
individually and in combination on a strain of E.
coli. NA, Nalidixic acid (2 pg/ml); B, bleomycin (2
pg/ml); NA + B, nalidixic acid (2 pg/ml) plus bleo-
mycin (2 pg/ml). (MBC of nalidixic acid, 8 pg/mi;
MBC of bleomycin, 8 pg/ml).

P. rettgeri for which dactinomycin was bacteri-
cidal, synergism was demonstrated with chlor-
amphenicol. The resistance ofgram-negative ba-
cilli to dactinomycin has been attributed to the
imperneability of the cell wall or cytoplasmic

S
hou rs

FIG. 3. Activity of carbenicillin and mitomycin C
individually and in combination on a strain of P.
aeruginosa. CN, Carbenicillin (32 pg/mi); MC, mito-
mycin C (2 pg/ml); CN + MC, carbenicilin (32 pg/
ml) plus mitomycin C (2 pg/ml). (MBC of carbenicil-
lin, 128 pg/ml; MBC ofmitomycin C, 8 pg/ml).

membrane to the antibiotic (6, 15). Nakajima
and Kawamata (19) demonstrated that dacti-
nomycin inhibited the growth of E. coli in the
presence of subinhibitory concentrations of col-
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TABLE 3. FBC indices of antagonistic and synergistic combinations of antimicrobial and antineoplastic
drugs

MBC (mg/ml) MBC (jAg/ml)
Organism/ Antineoplastic FBC Antimicrobial
strain no. agent Alone In combi- agent Alone In combina-

nation

E. coli
2 Bleomycin 8 >2 0.25 Gentamicin 4 >8 >2 >2.25
2 Bleomycin 8 2 0.25 Gentamicin 4 1 0.25 0.50
2 Bleomycin 8 2 0.25 Nalidixic acid 8 2 0.25 0.50
3 Bleomycin 16 2 0.12 Nalidixic acid 16 4 0.25 0.37
4 Bleomycin 16 2 0.12 Nalidixic acid >32 1 <0.03 <0.15
2 Mitomycin C 4 0.25 0.06 Chloramphen- >125 4 <0.03 <0.09

icol
3 Mitomycin C 4 0.25 0.06 Chloramphen- >500 16 <0.03 <0.09

icol
5 Mitomycin C 8 1 0.12 Chloramphen- 250 16 0.06 0.18

icol
2 Mitomycin C 4 1 0.25 Nalidixic acid 8 2 0.25 0.50
4 Mitomycin C 4 0.5 0.12 Nalidixic acid 16 8 0.50 0.62
2 Mitomycin C 4 0.25 0.06 Gentamicin 4 1 0.25 0.31
3 Mitomycin C 4 1 0.25 Gentamicin 8 1 0.12 0.37
5 Mitomycin C 16 4 0.25 Gentamicin 8 1 0.12 0.37

P. aerugi-
nosa

4 Mitomycin C 8 2 0.25 Carbenicillin 128 32 0.25 0.50
8 Mitomycin C 8 2 0.25 Carbenicillin 128 32 0.25 0.50
9 Mitomycin C 16 4 0.25 Carbenicilhin 64 16 0.25 0.50

K pneumo-
niae

3 Doxorubicin 64 8 0.12 Rifampin >256 32 <0.12 <0.24

istin and suggested that this was due to the
effect of colistin on the bacterial cell surface.
With the cellophane transfer technique, colistin
was bactericidal for 21 of the 28 strains tested
and showed no synergism with dactinomycin on
these strains. With the 7 strains resistant to
colistin we failed to show synergism, in contrast
to our previous findings (14) with staphylococci,
which are inherently resistant to colistin, and in
which 7 of 10 strains showed synergism with the
dactinomycin-colistin combination.
Mitomycin C demonstrated frequent syner-

gism, and this was prominent with the amino-
glycosides in all species. In addition to its inhi-
bition of DNA synthesis, Coles and Gross (9)
observed that mitomycin C inhibited penicillin-
ase synthesis in S. aureus. We have shown (14)
that combinations of ,B-lactam antibiotics with
mitomycin C were often synergistic on S. aureus,
but with the gram-negative bacilli synergism was
mainly noted in combinations with carbenicillin
on E. coli and P. aeruginosa.
Bleomycin rarely showed synergism. Antago-

nism was frequently demonstrated in combina-
tions with chloramphenicol and with rifampin.
This is in accordance with our previous findings
with S. aureus (14). Cohen and I (8) reported

that chloramphenicol, which blocks protein syn-
thesis and relaxes ribonucleic acid synthesis in
stringent strains ofE. coli, significantly inhibited
the lethal action of bleomycin. Bleomycin has
been shown (13) to damage bacterial DNA and
induce production of protein X, an inhibitor of
cell septation and cell division. This induction
can be blocked by either chloramphenicol or
rifampin (13), and Satta and Pardee (20) showed
that rifampin improved the recovery of E. coli
whose deoxyribonucleic acid had been damaged
by treatment with another drug. Bleomycin-gen-
tamicin combinations showed both synergism
and antagonism on E. coli. Such concentration-
dependent synergism-antagonism in the bleo-
mycin-gentamicin combination (and in mithra-
mycin-cephaloridine and mithramycin-methicil-
lin combinations) has also been shown (14) in S.
aureus. This phenomenon has also been de-
scribed in combinations of two antibacterial
antibiotics (17).
The antagonism seen between daunorubicin

and doxorubicin and the aminoglycosides has
also been described by Moody et al. (18), who
observed antagonism on strains of K. pneumo-
niae and P. aeruginosa between daunorubicin
and gentamicin with concentrations equivalent
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to those achievable in the blood. They suggested
that such antagonism might interfere with effec-
tive therapy against K. pneumoniae and that
lack of response to therapy with gentamicin
during concurrent daunorubicin treatment
should lead to re-evaluation of antimicrobial
therapy. Both the anthracyclines showed antag-
onism with carbenicillin on two strains of E. coli
and one strain of P. aeruginosa. Moody et al.
(18), however, found no evidence of antagonism
between daunorubicin and ticarcillin, an analog
of carbenicillin.
The pharmacokinetics of the antineoplastic

antibiotics are incompletely known, but we
found that the MBCs of the antibacterial drugs
required in the combinations tested were in gen-
eral similar to those concentrations attainable in
the serum after therapeutic doses (1), except for
rifampin (16).

Previous work has shown that an in vitro
synergistic bactericidal effect and also antago-
nism occurred in combinations of antineoplastic
antibiotics with antibacterial drugs in S. aureus
(14). The present investigation shows that these
phenomena also occur in four species of gram-
negative bacilli, but the frequency of these re-
actions was lower than those found with S. au-
reus (14).
Although synergism and antagonism between

these groups of drugs do not seem to have oc-
curred in humans (21), the present in vitro find-
ings indicate that the possibility should be con-
sidered.
The clinical significance of these results is not

known, and may be minimal, since the antineo-
plastic drugs are rarely continued after the pa-
tient has developed signs of infection. Moreover,
these drugs are not usually given in multiple
daily dosage at the present time, but this infor-
mation should be available since treatment pro-
tocols may change in the future.

ACKNOWLEDGMENTS
Thanks are due for gifts of drugs to the following compa-

nies: Beecham Research Laboratories (semisynthetic penicil-
lins), Lepetit SpA (rifampin), Eli Lilly & Co. (vancomycin),
Merck Sharp & Dohme Inc. (dactinomycin), Nippon Kayaku
Co. (bleomycin), Nissen Preminger Ltd., Tel Aviv (mithra-
mycin), UCB-Smith SpA (colistin), Upjohn Ltd. (clindamy-
sin), and Winthrop Laboratories (nalidixic acid).

This work was supported in part by a grant from the Joint
Research Fund of the Hebrew University and Hadasah,
Jerusalem. One of the authors (J.Y.J.) is in receipt of a
personal study grant from the Hadassah Medical Organiza-
tion.

LITERATURE CiTED
1. Barker, B. M., and F. Prescott. 1973. Antimicrobial

agents in medicine, p. 152-158. Blackwell Scientific
Publications, Oxford.

2. Bodey, G. P. 1975. Infections in cancer patients. Cancer
Treat. Rev. 2:89-128.

3. Chabbert, Y. A. 1957. Une technique nouvelle d'etude de
l'action bactericide d'antibiotiques: le transfert sur cel-
lophane. Ann. Inst. Pasteur (Paris) 93:289-299.

4. Chabbert, Y. A., and J. C. Patte. 1960. Cellophane
transfer: application to the study of activity of combi-
nations of antibiotics. Appl. Microbiol. 8:193-199.

5. Chabbert, Y. A., and P.M. Waterworth. 1965. Studies
on the "carryover" of antibiotics using the cellophane
transfer technique. J. Clin. Pathol. 318:314-316.

6. Cheng, K.-J., J. W. Costerton, A. P. Singh, and J. M.
Ingram. 1973. Susceptibility of whole cells and spher-
oplasts of Pseudomonas aeruginosa to actinomycin D.
Antimicrob. Agents Chemother. 3:399406.

7. Cluzel, R. R., R. Vaurs, M. Cluzel-Nigay, and M.
Verner. 1960. Une nouvelle technique d'etude du pou-
voir bactericide des associations d'antibiotiques derives
du "transfert sur cellophane": la disposition en croix.
Ann. Inst. Pasteur (Paris) 98:928-932.

8. Cohen, S. S., and J. I. 1976. Synthesis and lethality of
bleomycin in bacteria. Cancer Res. 36:2768-2774.

9. Coles, N. W., and R. Gross. 1965. The effect of mito-
mycin C on the induced synthesis of penicillinase in
Staphylococcus aureus. Biochem. Biophys. Res. Com-
mun. 20:366-371.

10. EORTC International Antimicrobial Therapy Proj-
ect Group. 1978. Three antibiotic regimens in the
treatment of infection in febrile granulocytopenic pa-
tients with cancer. J. Infect. Dis. 137:14-29.

11. Garrod, L. P., and P. ML Waterworth. 1962. Methods
of testing combined antibiotic bactericidal action and
the significance of the results. J. Clin. Pathol. 15:328-
338.

12. Gaya, H. 1975. Antimicrobial therapy in neutropenic pa-
tients with malignant disease, p. 117-225. In J. Klaster-
sky (ed.), Clinical use of combinations of antibiotics.
Hodder & Stoughton, London.

13. Gudas, L J., and A. B. Pardee. 1976. DNA synthesis
inhibition and the induction of protein X in Ewcherichia
coli. J. Mol. Biol. 101:459477.

14. Jabobs, J. Y., J. Michel, and T. Sacks. 1979. Bacteri-
cidal effect of combinations of antimicrobial drugs and
antineoplastic antibiotics againRt Staphylococcus au-
reus. Antimicrob. Agents Chemother. 15:580-586.

15. MacAlister, T. J., J. W. Costerton, and K.-J. Cheng.
1972. Effect of removal of outer cell wall layers on the
actinomycin susceptibility of a gram-negative bacte-
rium. Antimicrob. Agents Chemother. 1:447-449.

16. Mannisto, P. 1977. Absorption of rifampin from various
preparations and pharmaceutic forms. Clin. Pharmacol.
Therap. 21:370-374.

17. Michel, J., J. Y. Jacobs, and T. Sacks. 1977. Bacteri-
cidal effect due to chloramphenicol induced inhibition
of staphylococcal penicillinase. Chemotherapy 23:32-
36.

18. Moody, M. R., and M. J. Morris, V. IL Young, L A.
Moye Hi, S. C. &himpff, and P. H. Wiernik. 1978.
Effect of two cancer chemotherapeutic agents on the
antibacterial activity of three antimicrobial agents.
Antimicrob. Agents Chemother. 14:737-742.

19. Nakajima, K., and J. Kawamata. 1965. Effect of colistin
on actinomycin sensitivity of Escherichia coli. Biken J.
8:115-118.

20. Satta, G. and A. B. Pardee. 1978. Inhibition of Esche-
richia coli division by protein X. J. Bacteriol. 133:1492-
1500.

21. Schimpff, S. C. 1975. Diagnosis of infection in patients
with cancer. Europ. J. Cancer 11(Suppl.):29-38, 95-102.

ANTimICROB. AGENTS CHEMOTHER.


