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BB-K8 is a new semisynthetic aminoglycoside antibiotic that has an
extremely broad spectrum of antimicrobial activity which is due, at least in

part, to the compound's high degree of resistance to aminoglycoside-inactivating
enzymes. The new derivative inhibited 99.7% of 308 clinical isolates of

Enterobacteriaceae, 100% of 97 Staphylococcus aureus strains, and 94.5 %of
110 Pseudomonassp. in in vitro tests at concentrations achievable in serum
following administration of safe doses to humans. Of 23 strains of Pseudomonas
sp. found resistant to gentamicin, 17 were susceptible to BB-K8indicating an

absence of complete cross-resistance between these antibiotics. BB-K8's bac-
tericidal potential, as well as its response to changes in inoculum size and
variations in medium constituents, were similar to those of kanamycin and

gentamicin. As has been reported for gentamicin, combinations of BB-K8 with
carbenicillin give a high incidence of synergistic responses against Pseudomonas
strains. BB-K8was well absorbed by mice when administered by the intramus-
cular route and was less toxic than kanamycin. In experimental infections of
mice, BB-K8was as active as kanamycin in infections caused by kanamycin-

sensitive bacteria. In addition, it was highly efficacious in infections produced
by kanamycin- and/or gentamicin-resistant organisms.

Aminoglycoside antibiotics, principally kanamycin A and gentamicin, have assumed
an important place in the armamentariumof drugs utilized for treatment of serious
gram-negative infections. Kanamycin A, although possessing a relatively low toxicity
potential, is virtually devoid of inhibitory effects for Pseudomonas species and also
has a low degree of activity against some strains of Escherichia colt, Serratia,
Klebsiella-Enterobacter, and Proteus sp.2>21>40>45). Unfortunately, gentamicin, which is
inhibitory for a broader spectrum of microbes (including Pseudomonas sp.), is more
oto- and nephrotoxic than kanamycin7>25>44>70). Furthermore the incidence of gent-

amicin-resistant strains being encountered in the clinic is rising as the antibiotic's

usage increases39>52>55). In view of these therapeutic limitations, a program was

initiated at Bristol Banyu Research Institute in Tokyo, Japan, to prepare new and
potentially superior semisynthetic derivatives of the kanamycins. The most interesting
compoundevolving from this series up to now has been given the designation, BB-
K8. Synthesis of the new antibiotic involves acylation of the 1-amino group of the
2-deoxystreptamine moiety of kanamycin A with l(-)-7-amino-aHxydroxybutyric
acid30). The present report describes results obtained with BB-K8 in laboratory
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siudies that were conducted in order to characterize its in vitro and in vivo antimicro-
bial activities as well as some of its pharmacological properties.

Experimental

Antibiotics.
BB-K8 is a water-soluble aminoglycosidic antibotic whose chemical structure is shown

in Fig. 1. Although most of the studies described in the present report were conducted
with high purity samples of
the base, a lot of the disulfate
salt estimated to be approxi-

mately 70 %pure was utilized
in specified experiments.
Purity adjustments were not

made in all of these cases due
to the belated recognition that

this sample which had been
assumed to be relatively free
of impurities was, in fact,
contaminated with a closely
related isomer of BB-K8 that is virtually devoid of antibacterial activity. Subsequent

testing has revealed that the contaminating isomer had a disproportionately large suppressive
effect on BB-K8's antibacterial potency. In direct comparative tests, pure materials have
been found to possess approximately 2-fold more activity than impure ones, suggesting that
the contaminant mayactually have antagonized the activity of BB-K8,perhaps through
somecompetitive mechanism.

Bulk kanamycin A sulfate (kanamycin) and gentamicin sulfate (gentamicin), the latter
obtained through the courtesy of the Schering Corp., and composed of a mixture of gent-
amicins Cl9 Cla, and C265), were utilized as control compounds for the studies with BB-K8.

In vitro antibacterial activity against clinical isolates.
The comparative minimal inhibitory concentrations (MIC) of these antibiotics were

determined in tests utilizing a large number of gram-positive and gram-negative bacteria
that were predominantly of clinical origin. An agar dilution procedure was used in which
inocula of the appropriate size were added by means of the multiple inoculator apparatus

described by Steers et al.58). Strains of Diplococcus pneumoniae, Listeria monocytogenes,

Streptococcus pyogenes, and all enterococci were tested on plates containing Mueller-Hinton
Medium (Difco) +4 % defibrinated sheep blood with undiluted overnight cultures serving
as the inoculm source. Strains of Haemophilus infiuenzae and Neisseria gonorrhoeae were
plated on GC Base Medium (BBL)+1% Hemoglobin (Difco)+1 % Isovitalex (BBL). The
inoculum for each of the H. infiuenzae strains was a 10"3 dilution of a 48-hour broth
culture. In the case of N. gonorrhoeae, 24-hour broth cultures were adjusted to give an
optical density of 0.3 at 560nm with a Bausch and Lomb Spectronic-20 Colorimeter using
a 13x100mmcuvette. A 10"1 dilution of this standardized suspension was then utilized as
inoculum. All other organisms were tested on plates containing Mueller-Hinton Medium
using 10~2 dilutions of overnight cultures as the inoculum source.

In each case, the MIC, which was considered to be the lowest antibiotic concentration
completely suppressing visible bacterial growth, was determined after overnight incubaction
at 37°C.

BB-K8 activity against enzyme-producing bacteria.
In addition to the agar dilution tests described above, the MICof selected strains of

microorganisms were determined by means of the standard 2-fold dilution technique utilizing
Mueller-Hinton Broth (Difco). Manyof these strains are either known to produce or are

Fig. 1. Chemical structure of BB-K8
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thought to produce aminoglycoside-inactivating enzymes. A 10~4 dilution of each culture

was added to the antibiotic-containing tubes after which incubation was carried out at 37°C
for 18 hours. The MICwas the minimal concentration that completely suppressed develop-
ment of turbidity.

Synergy between BB-K 8 and carbenicillin.
Studies were conducted to determine whether BB-K8 and carbenicillin combinations

behave synergistically against 32 BB-K8- and gentamicin-sensitive strains of Pseudomonas
aeruginosa. A variation of the checkerboard procedure devised by Sabath et al.m was
utilized. Varying concentrations (2-fold dose increments) of BB-K8 or gentamicin were
incorporated into plates of Mueller-Hinton Medium containing 2-fold increments of

disodium carbenicillin (Geopen, Chas. Pfizer & Co.). The antibiotic-containing plates were
inoculated by means of the Steers apparatus with 10"2 dilutions of overnight broth cultures
of the pseudomonal strains and incubated at 37°C for 18 hours. MIC values were determined
and interpreted as follows: strains inhibited by mixtures in which each antibiotic was
present at one-fourth or less its inhibitory concentration whenused alone were considered
to have responded synergistically, while those whose growth was suppressed by one-fourfh
the MICof one of the antibiotics in combination with one-half the MIC of the other
displayed a "greater-than" additive response. In cases where one-half the MICof each
was required, the effect was considered strictly additive.

Response to inoculum size and bactericidal potential.
Inoculum size studies utilized 10~2, 10~4, and 10~6 dilutions of overnight cultures

(standardized prior to dilution so as to contain 1 to 3x108 cells/ml) in tubes of Mueller-
Hinton Broth containing 2-fold serial dilutions of the antibiotics. After 18-hour incuba-

tion at 37°C, MICvalues were recorded.
Minimumbactericidal concentrations (MBC)of the antibiotics were determined for each

of the organisms utilizing tubes that had received 10~4 culture dilutions as inoculum. The
MBC was established by streaking 0.1-ml samples from all tubes that failed to show
grossly visible turbidity onto the surface of plates containing antibiotic-free Mueller-Hinton
Medium. The minimum antibiotic concentration permitting development of 10 or less
colonies/plate after 18-hour incubation at 37°C was considered to be the MBC.

Effect of the test mediumon antibacterial activity.
Five commercially available broth media were used in these studies. They were

Nutrient Broth (Difco), Mueller-Hinton Broth, Antibiotic Assay Broth (BBL), Trypticase
Soy Broth (BBL), and Heart Infusion Broth (Difco). BB-K8 base (potency 940//g/mg) and
gentamicin were tested against 10 susceptible strains each of Escherichia coli and P.

aeruginosa. Kanamycin was evaluated against the E. coli, but not against the P. aeruginosa
strains since the antibiotic is virtually devoid of activity against members of the latter
species. Comparative activity in the different media was determined by means of the
standard 2-fold serial dilution technique in which 10"4 dilutions of overnight cultures were
used as inocula.

Studies were also conducted to establish whether the type of agar utilized in agar
dilution tests has any influence on MICvalues of the aminoglycoside antibiotics. In these
studies the inocula, which were 10~2 dilutions of overnight cultures (10 strains each of E.
coli and P. aeruginosa), were added by means of the Steers multiple inoculator apparatus
to plates containing commercial Mueller-Hinton Medium, Mueller-Hinton Broth +1.5 %
Ionagar (Colab), or Mueller-Hinton Broth+1.5 % Bacto-Agar (Difco). MIC determinations
were madeafter overnight incubation at 37°C. The lowest antibiotic concentration suppres-
sing visible bacterial growth on the agar surface was considered to be the MIC.
Relationship between susceptibility-disc zone sizes and broth and agar dilution MIC

values.

Discs containing 30jug of BB-K8that had been prepared from a lot of the compound
having a base potency of 940/^g/mg were utilized in these studies. After the sizes of the
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zones around these discs were determined for 104 Pseudomonasstrains by the standard
method of Bauer et al.5), they were compared with MICvalues found for these organisms
when they were tested by the broth dilution procedure described by Ericsson and Sherris22).
Zone sizes were also compared with agar dilution MICvalues obtained for 103 Pseudomonas
strains using plates containing Mueller-Hinton Medium. The inoculum used for each

strain was a 10~2 dilution of an overnight culture that was deposited on the agar surface
by means of the Steers multiple inoculator apparatus. The nature of the relationships be-
tween the different test systems was examined by calculating Pearson correlation coefficients.
The levels of significance of these coefficients were then estimated by use of the appropriate,
"significance" tables.

Absorbability in rodents.

Mouseblood level tests were conducted utilizing male Swiss-Webster mice that averaged
20 g in weight. Concentrations of the aminoglycosides in blood were determined at various
times after intramuscular (IM) administration of the drugs by collecting specimens from
orbital sinuses. The procedure used for preparation of compounds, sample collection, and

bioassay were identical to those previously described by Price et al.i8) except that plates of
Antibiotic Assay Agar (BBL) adjusted to pH 8.0 and seeded with Bacillus subtilis ATCC
6633 were used to estimate concentrations of the antibiotics in blood.

The extent of urinary excretion of BB-K8,kanamycin, and gentamicin was measured
during 0~6 and 6~24 hour intervals following IM administration of a single 10mg/kg

dose. Five male Sprague-Dawley rats averaging 200g in weight were utilized for each
compound in each experiment. Individual urine samples were collected over dry ice during
each post-administration time period. Samples were bioassayed in the same manner as

mouse blood specimens except that standard lines were prepared by "spiking" normal urine
with known quantities of the drugs. Urine volumes for each collection period were
recorded and these values used to calculate total urinary excretion. Data were analyzed
for significant differences by analysis of variance.

Therapeutic effectiveness of BB-K8 in experimental infections.
A lot of BB-K8, whose weight was adjusted to account for use of the 70 %pure disul-

fate salt, was compared with kanamycin and gentamicin in experimental bacterial infections
of mice. In each of these studies, male Swiss-Webster mice were challenged via the intra-
peritoneal route with sufficient bacterial cells to kill all non-treated mice within 48 hours.
Challenge doses of all of the organisms with the exception of Klebsiella pneumoniae A 9977
were given as suspensions in 5 %mucin. Antibiotic treatment was administered by the
subcutaneous route at 1 and 4 hours post-challenge or at 0, 2, 4. and 6 hours post-challege.
In all cases, dose-responses were conducted in which 6 ~ 8 different drug dosages were
varied by 2-fold increments with 5 animals being utilized at each of the dose levels. At
the conclusion of the experiments (usually day 4), total number of surviving mice was

recorded and the PD50 (protective dose, 50 %) estimated by means of a log-probit plot.

Results and Discussion
In presenting results of in vitro antibacterial tests, cognizance must be given to

the fact that there are marked differences in the toxicological properties of amino-
glycoside antibiotics that significantly affect the dosage level at which each of the
drugs can safely be administered to patients. Toxicological studies conducted at
Bristol Laboratories2^ indicate that BB-K8's oto- and nephrotoxic liability is less
than that of kanamycin although blood and serum concentrations are essentially
comparable for the 2 antibiotics after parenteral dosing in rodents (see Fig. 6), and

in dog and man12). Thus, if the doses of BB-K8 required for therapeutic success are
no higher than those of kanamycin, treatment with the former antibiotic should
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provide a somewhat greater margin of safety. The kanamycin dosage routinely

employed in man is 7.5mg/kg which produces an average serum level peak of about
20/ug/ml31>36). Gentamicin, on the other hand, because of its greater potential for
producing toxicity, cannot be administered at this high dose level. The usual single
dose of gentamicin is 0.8mg/kg but it is sometimes given at 1.6mg/kg in severe infec-

tions. The latter dose yields a serum level peak in man of about 8/zg/ml7). This
closely approaches the 10jug/ml level which is considered to be the absolute maximum
serum concentration that is safe for manu>24>38,47>. Thus, in designating whether
bacterial strains are "resistant" or "susceptible" to a particular antibiotic, the average

peak level of that compoundattainable in humanserum after an ordinary dose has
been chosen as a guide. Since the serum level peak that would usually be
achieved after kanamycin or BB-K8 administration is 20jug/ml, any strain that is
inhibited in vitro at this concentration can be considered susceptible. On the
other hand, since gentamicin's average peak serum level after a safe dose does

not exceed 8jug/ml, only those microorganisms inhibited at this concentration or lower
can be considered susceptible. A similar basis for selection of kanamycin and gent-
amicin susceptibility end-points has been previously recommended by Kirby and

Standiforb31). However, these authors, who utilized Mueller-Hinton Medium in
their laboratory tests, chose a 5 rather than S^g/ml cut-off point for gentamicin.

Mueller-Hinton Mediumwas also used in the present studies because it has been
designated as the mediumof choice for antibiotic susceptibility testing by both clinical
investigators5>22) and the Food and Drug Administration19).

Table 1 shows the cumulative percentages of a representative group of clinical
isolates from the family Enterobacteriaceae whose growth was inhibited at the

indicated concentrations of kanamycin, gentamicin, and BB-K 8. All compounds were
tested on an equipotency basis.

These results show that each of the aminoglycosides was quite active against the

majority strains from the 9 genera for which data are presented. However, BB-K8
. was found to be significantly more effective than its parent compound, kanamycin.
BB-K8's superiority was particularly striking in tests against E. coli, Serratia marcescens,
and Klebsiella, Enterobacter, and Salmonella sp. where at least 96%of the strains
examined proved to be susceptible to BB-K8, whereas the precentage susceptible to

kanamycin for this group ranged from a low of 81.0 (Klebsiella sp.) to high of 90.3
{Salmonella sp.). Strains considered susceptible were those inhibited by antibiotic

concentrations of 20/^g/ml or less. On the basis of this cut-off point, of 305 strains
tested, only one could be considered resistant to BB-K8 as compared to 30 for

kanamycin. Whenresults obtained with 3 miscellaneous Enterobacteriaceae strains
{Edwardsiella tarda 2, and Arizona hinshawii 1-all of which proved to be susceptible
to BB-K8 and kanamycin) are included, then 307 of 308 or 99.7% of the organisms

tested were susceptible to BB-K8as compared to 278 of 308 or 90.3 % to kanamycin.
Gentamicin's intrinsic activity (effectiveness against wild-type susceptible strains)

against these same organisms was in some cases greater than that of BB-K8or kana-
mycin. However, despite this slightly higher degree of potency, the actual percentage
of strains susceptible to gentamicin (those inhibited by 8^g/ml or less) was appreciably
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less than the percentage found for BB-K8. Overall, 294 of 308 cultures (including

the 3 miscellaneous strains not listed in Table 1) or 95.5% were susceptible to gent-
amicin as compared to 99.7% for BB-K8.

MICdeterminations were also made for 12 additional gram-negative strains of
clinical origin, 10 Alcaligenes faecalis and 2 Aeromonas liquefaciens. An unusually-
high degree of resistance was demonstrated by the A.faecalis strains since 4 of 10

were completely refractory to the action of BB-K8, kanamycin, and gentamicin. The
remaining 6 strains and the 2 A. liquefaciens cultures, however, were fully susceptible
to all 3 antibiotics.

The increase in antibacterial spectrum of kanamycin achieved by modifying it
chemically to yield BB-K8 can be noted not only when one examines strains of

Enterobacteriaceae, but is also strikingly apparent in tests against strains of Pseudo-
monas sp. A summary of results obtained with 110 strains (106 of which were P.
aeruginosa) is presented in Table 2.

Table 1. Susceptibility of 305 Enterobacteriaceae strains to BB-K8, kanamycin and gentamicin

Organism
(No. of strains) Antibiotic

Antibiotic concentration (jug/ml)

0. 32

0. 63
1.25

2.5
10 I 20

Escherichia coli
(90)

BB-K 8
Kanamycin
Gentamicin

88.9
62.2
94.4

95.6
77. 8
95.6

97.8
86.7
95.6

Klebsiella species
(42)

BB-K 8
Kanamycin
Gentamicin

NT
NT
83. 3

97.678. 6
83. 3

Enterobacter
species (27)

BB-K 8
Kanamycin
Gentamicin

Proteus mirabilis
(32)

BB-K 8
Kanamycin
Gentamicin

Proteus species
indol-positive
(32)

BB-K 8
Kanamycin
Gentamicin

Serratia
marcescens
(27)

BB-K 8
Kanamycin
Gentamicin

Salmonella species
(31)

BB-K 8
Kanamycin
Gentamicin

Shigella species
(13)

BB-K 8
Kanamycin
Gentamicin

Providencia species
(6)

BB-K 8
Kanamycin
Gentamicin

Citrobacter
freundii (5)

BB-K 8
Kanamycin
Gentamicin

a Cumulative percentage of strains
b NT=Not tested.

inhibited at indicated antibiotic concentration.

Organisms inhibited by antibiotic concentrations to the left of the bold-faced line are considered susceptible *
those on the right, resistant. Tests conducted on Mueller-Hinton Medium(Difco).
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It can be seen that BB-K8 possesses an antipseudomonal spectrum that is signifi-

cantly better than that of gentamicin since the percentages of strains susceptible to
the 2 antibiotics were 94.5 and 79.1, respectively. Furthermore, the purified BB-K8

preparation used produced a level of antipseudomonal activity that was only slightly

lower (<C2-fold) than that of gentamicin. This is indicated by the fact that inhibition
of 50 % of the strains was achieved with 2.5jug/ml of gentamicin and somewhat less
than 5 /*g/ml of BB-K8. Kanamycin was virtually devoid of activity against pseudo-
monadssince only 6.4 %of the strains were susceptible to a concentration of 20jug/mL

The relative activity of BB-K8, kanamycin, and gentamicin was also determined
for a large number of strains of Staphylococcus aureus, a gram-positive species against

which aminoglycoside antibiotics have significant clinical utility. Results obtained

with 97 strains are presented in Table 3. All 97 strains proved to be susceptible to
BB-K8 and gentamicin as compared to only 91 of 97 or 93.8% for kanamycin. As

had been found with gram-negative organisms, the intrinsic potency of gentamicin
Table 2. Susceptibility of 110 Pseudomonas strainsa to BB-K8, kanamycin and gentamicin

Antibiotic concentration (jug/ml)
Antibiotic - :

0. 63 1. 25 2. 5 5 8 10 20 40 >80

BB-K 8 0. 9b 2. 7 20. 9 66. 4 NTC 90. 0 94. 5d 96. 4 100

Kanamycin 0 0 0 0 NT 2.7 6.4 17.3 ' 100

Gentamicin 1. 8 7. 3 51. 8 76. 4 79. 1 80. 9 83. 6 85. 5 100

a 106 strains were classified as Pseudomonasaeruginosa.
b Cumulative percentage of strains inhibited at indicated antibiotic concentration.
c NT=Not tested.

d Organisms inhibited by antibiotic concentrations to the left of the bold-faced line are considered susceptible ;
those to the right, resistant. Tests conducted on Mueller-Hinton Medium (Difco).

Table 3. Susceptibility of 97 Staphylococcus aureus strains to BB-K8, kanamycin and gentamicin
Antibiotic concentration (/zg/ml)

Antibiotic à"
0. 32 0. 63 1. 25 2. 5 5 8 10 20 40 >80

BB-K8 18. 6a 88.7 96.9 99. 0 100 NTb - - c - -

Kanamycin 43.3 85.6 93.8 93.8 93.8 NT 93.8 93.8 93.8 100

Gentamicin86. 6 100 _ __ __ __ _ _ __ ___

a Cumulative percentage of strains inhibited at indicated antibiotic concentration,
b NT=Not tested.

c Organisms inhibited by antibiotic concentrations to the left of the bold-faced line are considered susceptible ;
those to the right, resistant. Tests conducted on Mueller-Hinton Medium(Difco).

Table 4. Susceptibility of several gram-positive and gram-negative bacterial species to

BB-K8, kanamycin and gentamicin
Percentage strains susceptible at indicated

Organism* Gram-stain antibiotic concentrations
(No. of strains) reaction BB-K8 Kanamycin Gentamicin20 jug/ml 20 /ug/ml 8 yg/ml

Streptococcus pyogenes (20) + 50. 0 25. 0 95
Streptococcus sp. type t> (14) + 14. 3 21.4 35.7

Diplococcus pneumoniae (17) + 76. 5 58. 8 88. 2
Listeria monocytogenes (7) + 100 100 100
Haemophilus influenzae (17) - 100 100 100

Neisseria gonorrhoeae (12) - 83. 3 83. 3 100
* The H.influenzae and N.gonorrhoeae strains were tested on GC Base Medium(BBL)+1 %Hemoglobin (Difco)
+1 %Isovitalex (BBL), while streptococci, L. monocytogenes, and D.pneumoniae were tested on Mueller-Hinton
Medium (Difco)+4 % sheep blood.



716 THE JOURNAL OF ANTIBIOTICS DEC. 1972

was slightly greater than that of the other antibiotics.
Among the remaining species of bacteria subjected to susceptibility testing were

strains of S.pyogenes, type D Streptococcus sp. (enterococci), D.pneumoniae, L. mono-
cytogenes, H. influenzae, and N.gonorrhoeae. Results obtained with these organisms
are summarized in Table 4.

The gram-positive species listed here, with the exception of L. monocytogenes, have
long been knownto possess a low order of susceptibility to aminoglycosidic antibiotics,
and as expected, generally responded poorly to the present test compounds.
All 17 H. influenzae strains were susceptible to each of the antibiotics with genta-

micin being 2- to 4-fold more active than the other compounds. All N.gonorrhoeae
strains were also inhibited by a clinically achievable level (8^g/ml) of gentamicin ;
however, the growth of 2 of 12 strains failed to be suppressed by a 20^g/ml concen-
tration of BB-K8 or kanamycin.

In an effort to help determine the basis for BB-K 8's broad antibacterial spectrum,
a numberof microorganisms with knownor suspected mechanismsof resistance to
one or more of the aminoglycoside antibiotics was selected for in vitro testing. Mini-
muminhibitory concentrations were determined in Mueller-Hinton Broth using a lot
of BB-K8 that was free of contaminating isomers and estimated to have a potency

of 940jugImg as the free base. Results of the study are shown in Table 5.
Kanamycin phosphotransferase is known to react with a number of aminoglyco-

sidic antibiotics to yield biologically-inactive, phosphorylated derivatives16). The site
of enzyme activity, which is mediated by a transferable resistance factor in Entero-

Table 5. Relative activity of BB-K8, kanamycin and gentamicin against bacterial strains
resistant to one or more aminoglycoside antibiotics

Bacterial strain Resistance mechansm*
Geometric mean MIC**

Og/ml)
BB-K8 | Kanamycin Gentamicin

Staphylococcus aureus Smith
S. aureus A20240

None
Kanamycin phosphorylation?

Enterobacter cloacae A 9656
E. cloacae A 20364

None
Kanamycin phosphorylation?

Klebsiella pneumoniae A 9662
K. pneumoniae A 20680

None
Gentamicin adenylylation+
kanamycin phosphorylation

* All strains with a knownmechanismof resistance were obtained through the courtesy of Dr.Julian Davies,
University of Wisconsin.

** MICvalues are geometric means of two independent tests. Values determined in 2-ford serial dilution tests
using Mueller-Hinton Broth Difco).
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bacteriaceae and some P. aeru-

ginosa strains, is the 3r-hydro-
xyl group61), a substituent

present in antibiotics such as

kanamycins A,B, and G (Fig.
2), the neomycins, and gent-
amicin A. These antibiotics
may also be inactivated by
phosphotransferases from P.
aeruginosa strains that act at
this same site but do not appear
to be controlled by a trans-

ferable factor15). Gentamicins
Cx,Cla, and C2 (Fig. 3), 3'-
deoxykanamycin Au), 3', 4'-
dideoxykanamycin B63), and
tobramycin85), as one might
expect, do not serve as
substrates for the phos-
phorylating enzyme since
all lack a hydroxyl group
on the 3'-carbon. BB-K8,
on the other hand, as is

readily evident from results
shown in Table 5, is not
inactivated by kanamycin
phosphotransferase despite
the fact that it possesses a
3;-hydroxyl group. It is

now known that phosphory-
lation of the antibiotic does
not take place (J. Davies,
University of Wisconsin,
personal communication)
due to the blocking effect of the 1-amino group substituent (Fig. 2). This property
of BB-K8 is an extremely important one, since phosphorylation is thought to be the
major mechanism of resistance to kanamycin of P.aeruginosan) and many other
clinically significant organisms17>61).

Another mechanism of kanamycin resistance is also enzymatic in origin62), but

differs from phosphorylation of kanamycin in that it causes only partial inactivation
of susceptible antibiotics and is only rarely found among clinical strains.

This enzyme, which has as its site of attack the 6'-amino group (Figs. 2 and 3),

has been shown to be an R-factor-mediated acetyltransferase46). It acts on antibiotics

Fig. 2. The structures of thekanamycins and BB-K8 are
shown. The sites of attack and substrates of the
kanamycin-gentamicin inactivating enzymes are
identified.

Fig. 3. The structures of the gentamicins are shown. The
sites of attack and substrates of the kanamycin-genta-
micin inactivating enzymes are identified.
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such as kanamycins A and B, neomycin B, gentamicins Gla and C2, and tobramycin,
while kanamycin C, paromomycin, and gentamicins A and Cu which lack a primary
amine at the 6'-carbon, are resistant16). As can be seen in Table 5, E.coli A20664,
the strain that possesses this resistance mechanismis 16-fold less susceptible to kana-
mycin than the parent K-12 strain. However, in the case of BB-K8 and gentamicin,
this strain's degree of sensitivity is about the same as that of the parent which lacks

this enzyme. Nevertheless, it has recently been shown by J. Davies (personal com-
municaton) that BB-K8 is acetylated by E. coli A20664.

Gentamicin adenylate synthetase is another enzyme that antagonizes the activity
of certain aminoglycoside antibiotics. The site of attack of this enzyme, which is
also mediated by a transferable resistance factor6>34), has not been unequivocally

established in the case of gentamicin. However, recent studies43>74), showing that 3',4'-
dideoxykanamycin B is adenylylated at the 2"-hydroxyl group of 3-aminoglucose,
offers a compelling suggestion that adenylylation of gentamicin occurs at the 2fr-

hydroxyl of gentamicin's garosamine moiety. The kanamycins and tobramycin also
appear to be substrates for this enzyme while antibiotics having a pentose in glycosidic
linkage with 2-deoxystreptamine (neomycins, butirosins73), and lividomycins) are not
susceptible. It is apparent from results shown in Table 5 that K.pneumoniae A20680
and E. coli A20683, the latter having received from the former R-factors that mediate
gentamicin adenylylation and kanamycin phosphorylation, are both markedly resistant
to kanamycin and gentamicin, but fully susceptible to BB-K8. Thus, acylation of

kanamycin's 1-amino group with 7-amino-^-hydroxybutyric acid (to give BB-K8)
blocks the adenylylation reaction (J. Davies, personal communication).

A fourth and only recently recognized enzymatic mechanism of aminoglycoside

resistance has been found in P. aeruginosai2). The enzyme produced is an acetyltrans-
ferase and since it affects activity of gentamicins but not kanamycins, it can appro-
priately be designated gentamicin acetyltransferase. Its site of action as indicated in

Fig. 3 is the 3-amino group of 2-deoxystreptamine9). Those aminoglycoside antibiotics
which lack a 4'-hydroxyl group such as gentamicins C^ Cla, and C2 are good substrates
while gentamicin A, kanamycin B, and tobramycin are poor ones. KanamycinA and
EB-K8 do not serve as substrates for this enzyme. MIC data presented in Table 5

for P. aeruginosa A20718 indicate that this strain is resistant to gentamicin and kana-

mycin (the latter probably by virtue of kanamycin phosphotransferase) but is suscep-
tible to BB-K8.

Thus the broad spectrum of BB-K8 can be attributed, at least in part, to its
resistance to bacterial enzymes that cause inactivation of kanamycin and/or genta-
micin. Its activity appears to be virtually fully expressed in MIC tests against
bacterial strains known to produce kanamycin phosphotransferase, kanamycin acetyl-

transferase, gentamicin acetyltransferase, and/or gentamicin adenylate synthetase.
Despite its resistance to inactivating enzymes, one still finds some organisms,

particularly strains of Alcaligenes and Pseudomonas, that are resistant to BB-K8.
Since all of these strains are also resistant to gentamicin, kanamycin, and various
other aminoglycosides, it is possible that resistance mechanisms other than those of
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the enzymic type are operative here. Oneexample of this type of mechanismwould
be that caused by a non-specific reduction in permeability of cells to this class of
antibiotics while still another mechanism which probably involves a somewhat greater
degree of specificity is that attributable to mutants present in the population which
are significantly altered at the ribosomal target site of a particular aminoglycosidic
antibiotic. The latter type of mechanism has been describe^ primarily in strains
that have laboratory-developed antibiotic resistance15). However, Pseudomonas isolates
that contain altered ribosomes endowing them with resistance to gentamicin have

been cultured from burn wounds in patients59)
Since cross-resistance to aminoglycoside antibiotics among strains having altered

ribosomes is usually absent or incomplete, it is apparent that laboratory-induced

resistance may also stem from other mechanisms. For example, recently completed
studies in our laboratories show that all sensitive strains of E. coli, K.pneumoniae,
P. aeruginosa, and S. aureus tested became resistant after 4~5 transfers in sublethal
concentrations of BB-K8, kanamycin, or gentamicin, and that a resistance increase

of approximately the same order (8- to 63-fold) occurred for each strain with derived
resistance to a given antibiotic when tested against the other 2. This finding is in
agreement with that of Weinstein et al.G7) who observed that strains possessing
laboratory-induced gentamicin resistance were completely cross-resistant with other
aminoglycoside antibiotics. These investigators further noted that such strains
"rapidly revert to sensitivity, grow less vigorously, are nutritionally dependent, and

lack virulence". The nature of these strains was in marked contrast to that of

resistant isolates of clinical origin which did not differ from sensitive strains in regard
to the above listed characteristics. They further observed that absolute cross-resistance

between gentamicin and tobramycin did not occur among gentamicin-resistant and

tobramycin-resistant clinical isolates of P. aeruginosa and K.pneumoniae. This is in
agreement with findings made in the present investigation where MIG tests were

conducted with BB-K8 and gentamicin against 110 clinical isolates of Pseudomonas sp.
Among strains found resistant to one or both aminoglycosides, 6 failed to respond to

a 20^g/ml concentration of BB-K8and 23 to an Sjug/ml concentration of gentamicin.
Table 6 shows the distribution of gentamicin and BB-K8 MIGvalues for these resistant

strains. Table 6. Distribution of gentamicin and BB-K8

It isà" apparent from the data in M1Cvalues for Pseudomonasstrains found
_ resistant to one or both aminoglycosides*

this table that cross-resistance occurred Gentamicin
only among 6 of the 23 resistant sJ^ibility ^ MIC^ml £**strains. Seventeen were resistant to status ug/ml 15 20 40 80 >80

gentamicin but not BB-K8, while 2.5 0** 0 1 0 0
,

à" à" o à"æfà" 5 0 0 0 2 3 17

none showed exclusive resistance to sensitive 10 x l o 0 6
BB-K8. Thusitappearsthatgent- 2Q 1 1 ° ° *

amicin-resistant Pseudomonas strains 40 0 1 1 0 0
Resistant 80 0 0 0 0 1 6

maybesensitiveorresistanttoBB- >80 0 0 0 2 1

K 8, while all BB-K 8-resistant Strains * Tests were conductedon Mueller-Hinton Medium.
** Numberof strains having indicated susceptibilityare also gentamicin-resistant. pattern.
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There is an ever-increasing incidence of gentamicin-resistant strains in the hos-
pital environment which is probably directly attributable to the more extensive use
of gentamicin39>52>55>56). It seems likely this problem will become of even greater
magnitude in the future since in several instances13?29*39*72) such strains have been

shownto possess transmissible R-factors that mediate resistance to gentamicin. Thus
the fact that 17 of 23 gentamicin-resistant clinical isolates of Pseudomonas are suscep-
tible to BB-K8suggests that this antibiotic will play a very important therapeutic
role in the future.

One approach presently being evaluated8?32*50*75) in the clinic in an effort to circum-
vent the increasing emergence of gentamicin-resistant P. aeruginosa strains is the use
of this antibiotic in combination with carbenicillin, a semisynthetic penicillin that
possesses antipseudomonal activity1}. These investigations have been prompted by
in vitro studies20*53*57* which have demonstrated a high incidence of synergistic action

between these antibiotics. It was deemed of interest, therefore, to determine whether
similar synergistic effects occurred when BB-K8was utilized in combination with
carbenicillin. Geometric mean MIGvalues obtained with BB-K8-carbenicillin and
gentamicin-carbenicillin combinations for 32 P. aeruginosa strains have been calculated
and are presented in graphic form in Fig. 4.

The straight lines in this isobologram show the theoretical values one would
obtain if the effects of the combinations were strictly additive. However, the signifi-
cant inward bowing observed when
the actual means are plotted indicates

that the responses were muchgreater
than additive. It is readily apparent
that the BB-K8-carbenicillin and the
gentamicin-carbenicillin combinations

produced almost identical effects. Act-
ually in the former case, the response
of 28 of 32 strains met the require-

ments for synergism (inhibition caused
by one-fourth the minimal inhibitory
dosage of each antibiotic), while the
other 4 strains gave a "greater-than"
additive effect. Twenty-nine of 32
strains responded synergistically to the
gentamicin-carbenicillin combination

with the remaining 3 strains all show-
ing a "greater-than" additive response.

Other in vitro studies have been
conducted with a diverse group of
microorganisms in order (i) to investi-

gate the effect of inoculum size on the
MIC and (ii) to determine the relative

Fig. 4. Synergistic antibacterial activity of car-
benicillin and two aminoglycosides against

Pseudomonas aeruginosa strains. Each point
is the geometric mean of the MICvalues
obtained for 32 strains on Mueller-Hinton

Medium.
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Table 7. Studies on inoculum size effects and bactericidal potential of BB-K8,
kanamycin and gentamicin

721

MIC*, (MBC)** in fxgjml at indicated inoculum level-cell/ml

Organism BB-K 8 | Kanamycin
-2X

10'
-2X104

~2X
106-2X102

-2x10*

Gentamicin

-2x10*
~2X

10*

Staphylococcus aureus A 9537
S. aureus A 9606
Escherichia coli A 9675
Ecoli A15119
Klebsiella pneumoniae A 9977
Pseudomonas sp. A 9931

0.5

0.5

0. 25

1

1

2

1 (4)

8 (63)

0,25 (2)

2 (32)

2 (16)

2 (63)

1 (4)

4 (125)

0.25 (2)

2 à" (32)

4 (16)

16 (>250)

0. 25(.25)

0.5 (63)

0.13 (2)

1 (32)

1 (8)

1 (32)

* MIC=minimuminhibitory concentration. Tests conducted in Mueller-Hinton Broth (Difco).
** MBC=minimumbactericidal concentration. Number of surviving cells determined on Mueller-Hinton

Medium (Difco).

bactericidal potential of BB-K8, kanamycin, and gentamicin.
Table 7 shows results obtained when the disulfate salt of BB-K 8 (70 % pure), kana-

mycin, and gentamicin were tested against a representative group of microoganisms.
With the exception of the S. aureus strains, increasing the inoculum size from 2xl02

to 2xl04 cells/ml had only a minimal effect on the MIC of the antibiotics. In the
case of S. aureus A9537, the increase in the MIC of BB-K8 was also minimal (2-fold),,
whereas the MIGof kanamycin and gentamicin at the higher inoculum level was
4- and 8-fold greater, respectively. S.aureus A9606, on the other hand, proved to
be markedly more resistant to all 3 antibiotics whenthe inoculumsize was increased
from 2xlO2 to 2xlO* cells/ml.
Raising the cell concentration in the inoculum still further (from 2xl04 to 2x10®

cells/ml resulted in an MIG for all 3 antibiotics that was on the average some 4-fold
higher against both gram-positive and gram-negative species. Results found for

gentamicin and kanamycin in this study are consistent with those previously reported
by others4>26).

The differences between MBGand MIG for BB-K8, kanamycin, and gentamicin,,
although generally of the same order for all of the antibiotics, varied widely depending
upon the test organism. For example, the ratio between MBGand MIC rarely exce-
eded 8 for any of the antibiotics in tests against S. aureus A9537, E.coli A9675, and
K.pneumoniae A9977. However, this ratio was almost invariably exceeded in tests
against the remaining organisms. This same wide degree of variability in MBG/MIG
ratios has previously been observed for both kanamycin69) and gentamicin3).

In view of the well-known effects that medium composition has antibacterial
activity of aminoglycosidic antibiotics, an experiment was conducted to determine

whether MIGvalues of BB-K8were also influenced by the type of mediumemployed.
This compoundas well as kanamycin and gentamicin were tested against selected
microorganisms in 5 commercially available broth media. Results are summarized in
Table8.

It is apparent that all 3 antibiotics vary widely in their inhibitory action against
bacteria depending on the type of medium utilized. On the basis of MIGvalues, the
media appear to fall into 3 general groups. The first group contains Nutrient Broth,
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Table 8. Influence of the type of test broth on geometric mean MIC values for BB-K8,
kanamycin and gentamicn

" 7 \ ~ ! Geometric mean MIC in /zg/ml and (fold-increase over Nurient
Organism* Broth MIC) in indicated broth medium

(No. of Antibiotic -- Mueller- He^Ft Antibiotic Trypticase "
strams) Nutrient HlNTQN infusion Assay Soy

Escherichia BB-K 8 0. 1 3. 5 (35) 7. 0 (70) 19. 7(197) 14. 9(149)
coli (10) Kanamycin 0. 2 6. 1 (31) 6. 5 (33) 22. 6(226) 16. 0(160)

Gentamictn 0. 03 0. 5 (17) 2. 1 (70) 4. 6(153) 5. 7(190)

Fseudomonas BB-K8 0.08 1.4 (17.5) 1.7 (21.3) 2.8 (35) 4.3(54.3)
aeruginosa Gentamicin 0.06 0.3 (5) 0.6 (10) 0.8 (13.3) 2.5(41.7)

* The inocula utilized were 10~4 dilutions of overnight cultures.

in which the antibiotics act with maximumefficiency ; the second, Mueller-Hinton
and Heart Infusion Broth, where intermediate effectiveness is found ; and the third,
Antibiotic Assay and Trypticase Soy Broths, where activity is even further suppressed.
This same type of ranking has also been observed by Medeiros et al.ix\ who tested
gentamicin and kanamycin against several species of bacteria in Nutrient, Mueller-
Hinton, and Trypticase Soy Broths. In the present study, the fold-increase in MIC
values obtained in the various media relative to that of Nutrient Broth appears very
similar for the 3 antibiotics in tests against E.coli. However, where P.aeruginosa
strains are involved, it is clear that, with the possible exception of Trypticase Soy

Broth, BB-K8's activity relative to that found in Nutrient Broth is affected to a
greater extent than is gentamicin's. Particularly relevant to the present report, where
the bulk of the work has been done in Mueller-Hinton Broth or Mueller-Hinton
Medium, is the finding that the effectiveness of both BB-K8and kanamycin in this
type of medium, relative to that of Nutrient Broth, is reduced to a greater extent
<2- to 3-fold) than that of gentamicin.

It seems probable that the basis for BB-K8's varying responses, as has been shown
for kanamycin and gentamicin, is the level in the medium of metallic cations (parti-
cularly sodium, calcium, and magnesium), the pH and the overall electrolyte concen-

tration23>41). P. aeruginosa presents somewhat of a special case, since its response to
gentamicin, for example, is influenced to a remarkable degree by the cation concen-

tration of the test medium, with the Mg++content playing the most significant role23).
This same high degree of sensitivity of gentamicin to cation content was not seen in

tests with E. coli and S. marcescensll).
The type of agar utilized in susceptibility test media also contributes to the degree

of effectiveness of the aminoglycosides. Waitz and Weinstein65), for example, showed
that zone sizes in disc diffusion tests were significantly larger when highly purified agar
(Ionagar) was used with Nutrient Broth than when commercial Nutrient Agar (con-
taining an agar of lesser purity) was the test medium. Because of this, agar dilution
studies were conducted with BB-K8, kanamycin, and gentamicin to investigate the

relative effect of various agars on antimicrobial activity of these antibiotics. Results
of these experiments indicated that differences in MIG values, while usually small
(<2-fold), were consistently higher in tests utilizing commercial Mueller-Hinton

Mediumthan in those where Mueller-Hinton Broth was supplemented with a
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similar amount of Bacto-Agar
or Ionagar. This was true

for all 3 antibiotics against

both E. coli and P. aeruginosa
strains.

The final in vitro experi-
ments to be reported were
conducted in order to investi-

gate the relationship between
BB-K8 broth and agar dilu-

tion MICvalues for Pseudo-
monas strains and the corre-
sponding zone sizes obtained

by the standardized method of
Bauer et al.5) Studies were conducted
with the hope that the data would
provide guidelines for interpretation
of susceptibility determinations in
the clinical setting. Results are
presented in Figs. 5 and 6.

Examination of Fig. 5, where
BB-K8 tube dilution MIC values

were plotted versus zone sizes pro-
duced by 30jug BB-K8 discs, shows

that there are 2 distinct populations
of Pseudomonas strains within the

group of 104 tested. One population
containing 4 strains had zone sizes

of 12mmor less with all but one of them giving MIGvalues in excess of 20jug/ml.
The other group of 100 strains had zone diameters ranging from 16 to 34 mmand
MICvalues of 20//g/ml or less. Analysis of the relationship of zones sizes to tube
dilution MIGvalues revealed that the correlation coefficient (-0.836) is sufficiently
high to remove all doubt that there is indeed a true relationship (P=<0.001) between
results obtained in the 2 systems against this population of pseudomonads.

This finding contrasts rather sharply with results reported for P. aeruginosa

strains by Traub60) and Weinstein et al.67) who found in tests with gentamicin that
there was a rather poor correlation between tube dilution MIG values and agar

diffusion zone sizes.

The relationship between BB-K8MIGvalues obtained by an agar dilution test
(Steers) and zone sizes was also examined (Fig. 6). Here, it can be seen that the 4
strains designated as resistant by virtue of the fact that their MIG |values were in

excess of 20/zg/ml, all produced zone sizes of <12mm.The 99 sensitive strains tested
(MIG of <20//g/ml) had zone sizes ranging from 16 to 32mm. The clearcut

Fig. 5. Relationship between zone size and broth dilution
MIC values of BB-K8 for 104 strains of Pseudomonas

species.

Fig. 6. Relationship between zone size and agar
dilution MIC values of BB-K8 for 103 strains

of Pseudomonas species.
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relationship observed between these 2 test systems resulted in a correlation coefficient
of -0.845 (P=<0.001).

The slope of the regression line of zone sizes to tube dilution MIGdid not differ
significantly from that found for zone sizes to agar dilution MIC, although MIG
values obtained in the tube dilution test were approximately 2-fold lower than those

found by the agar dilution method. The greater activity of BB-K8in Mueller-
Hinton Broth as compared to Mueller-Hinton Mediumhas also been noted for
gentamicin, presumably as a result of the higher Mg++ content contributed to the

latter medium by the presence of agar23).
On the basis of the above results, the suggested zone diameter for separation of

BB-K 8-susceptible from BB-K8-resistant pseudomonads when 30-jug discs are utilized
is 15mm. It should be pointed out, however, that continuing studies indicate that
10-jug discs may also be satisfatory for evaluating the susceptibility of Pseudomonas

strains if one uses a 13mmcut-off point for susceptibility. In addition, the lower
concentration discs can be utilized for Enterobacteriaceae species with the recommended
susceptibility cut-off point also being 13 mm.

The absorbability of BB-K8 following intramuscular (IM) administration to

mice has been compared with that of kanamycin and gentamicin. In the first experi-
ment, each of the compoundswas administered by the IM route to 8mice. As all
animals were bled at each of the designated time periods, each value shown in Table
9 is the average of 8 individual determinations.

These data show that all 3 aminoglycosides are well absorbed in the mouse after
IM adminstration. The maximumserum level of BB-K8 achieved at the 10mg/kg
dose was slightly higher than kanamycin's, a finding which is in agreement with the
abservations of Kawaguchi et al.30) The concentration of gentamicin in serum at

15minutes post-injecton was found to be still higher than that of BB-K8. However,
blood levels of all 3 drugs appeared to decline from the maximum concentration at
virtually the same rate.

A pair of dose-response experiments was conducted in an effort to determine the
dosages of the aminoglycosides that produce peak blood concentrations in mice
equivalent to those considered to be the maximumacceptable ones in man. These
peaks as previously noted are 8//g/ml for gentamicin and 20#g/ml for kanamycin and
BB-K8 with the estimate for the last compound having been extrapolated from
animal toxicity27) and human absorption12) data.

Fig. 7 shows that the IM dose of BB-K8giving an antibiotic blood concentration
Table 9. Average blood level values found for BB-K8, kanamycin and gentamicin at various

time periods following intramuscular administration of a single 10 mg/kg dose
Average blood levels in #g/ml found at indicated time

in hours post-administration
Antibiotic

0 .25hour 0.5hour

1hour
1.5hours

BB-K8

Kanamycin
Gentamicin1
2. 0(10. 0-13. 4)* ll. 2(10. 0-12. 4)

16. 7(12. 9-21. 5)
ll.6(9.5-14.1)
7. 5(6. 7-8. 4)
ll. 8(8.9-15. 6)

3.1(2.3-4.1)2.6(1.7-4.1)
4.7(2. 9-7.7)

1.3(0.4-3.9)
0.6(0.2-1.9)
1.6(1.2-2.2)

Figures in parentheses represent %%confidence limits of the average value found for 8 mice.
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of 20 joLg/ml at 15 minutes post-
administration (presumed to
be the time where the peak

serum concentration occurs) is
about 19mg/kg. The plot for

kanamycin shows that its peak
levels were somewhat lower
than those of BB-K8 at the

higher doses, and suggests (by
extrapolation) that a 24-mg/kg
dose would give a peak blood
level of 20 jug/ml. Gentamicin,
with still higher peak levels,
reached its maximum accep-
table average blood concen-
tration of 8/zg/ml following
a 5- to6-mg/kg dose. The

estimated peak concentration

achieved in mouse blood with a 5mg/kg gentamicin dose in the present study corre-
sponds precisely with the value previously found for this particular dose65), while the
peak levels of kanamycin and BB-K8obtained after administration of a 20mg/kg
dose were somewhathigher than those reported by other investigators30>70).

If one can extrapolate from results obtained in tests utilizing humanserum, it is
likely that high percentages of all 3 aminoglycosidic antibiotics are present in mouse
blood in unbound form. Laboratory studies employing the ultra filtration method
described by Buck et al.10) indicate that the extent of binding of BB-K8 to human
serum is 20 % or less. This value is consistent with the low degree of binding (about
30 %) reported for gentamicinV1), and with the virtual lack of binding found for
kanamycin by Scholtan and Schmid51).

The excellent absorbability demonstrated for all 3 antibiotics in mice was also
observed in rat studies where 2 separate experiments were conducted to determine the
percentages of BB-K8, kanamycin, and gentamicin recoverable in urine following

administration of single 10mg/kg IM doses. Results are summarized in Table 10.
These data show that the percentages of BB-K8 and kanamycin excreted into

the urine following their IM administration to rats are quite high as has been

reported to be the case whenthey were administered to this species by the subcu-
taneous route30). Recovery of gentamicin after a 10mg/kg IM dose was found to be
lower than that of BB-K8and kanamycin, although all 3 antibiotics behave similarly
in that the bulk of each was present in the 0 to 6-hour specimens. The finding that
the total percentage recovery of gentamicin was significantly lower (P=0.05) than that
of the other 2 compoundsis somewhatin contrast to what one might have expected on
the basis of mouse blood level results where gentamicin gave the highest peak values.
No explanation is available at present to account for this observation.

Fig. 7. Antibiotic levels in mouse blood 15 minutes after
intramuscular administration of the indicated dose
of BB-K8, kanamycin or gentamicin. The value

represented by each symbol is the average of 8
independent determinations.
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Table 10. Percentage recovery of BB-K8, kanamycin and gentamicin from rat urine
following IM administration of a single 10mg/kg dose of each~~ Averagepercentageof antibiotic recoveredduring

. M. . t- à" i indicated time interval in hours post-administration
Antibiotic Experiment number å 

0-6 hr. 6-24 hr. Total (0-24 hr.)

BB-K 8 1 59. 0(52. 1-72. 0)* 1. 8(0. 8-3. 0) 60. 8(52. 9-73. 5)
2 51. 2(36.2-59. 3) 3. 9(2. 8-5. 0) 55. 1(41. 2-62. 1)

Average 55. 1 2. 9 58. 0

Kanamycin 1 53. 1(39. 0-62. 5) 2. 7(0. 7-4. 5) 58. 8(43. 5-64. 7)
2 66. 7(46. 6-81. 1) 2. 6(1.9-3. 3) 69.2(49. 4-84. 3)

Average 59. 9 2. 7 64. 0

Gentamicin 1 43. 8(38. 5-54. 9) 3. 1(0. 7-5. 2) 46. 9(42. 5-58. 4)
2 41. 1(34. 0-55. 3) 3. 4(1. 3-7. 0) 44. 5(41. 0-56. 6)

Average 42. 5 3. 3 45. 7**

* Figures in parentheses represent 95%confidence limits of the average value found for 5 rats.
** The average recovery value for gentamicin is significantly lower(P=0. 05)than those of BB-K8 and kanamycin

as determined by analysis of variance.

Urine specimens were examined in a thin-layer chromatography study in which
plates were developed in a solvent mixture ofCH3OH-NH4OH-CHC13-H2O(4:2 :
1 : 1), then dried, and overlayed with B. subtilis ATCC 6633-seeded Streptomycin Assay

Agar (Difco). After incubation overnight at 37°C, examination of the plates revealed
that the only bioactive substances present were the parent compounds. Average con-
centrations of the antibiotics in the 0 to 6-hour urine samples were similar, with 127,

151, and 134jug/ml, respectively, being found for BB-K 8, kanamycin and gentamicin.
The therapeutic effectiveness of BB-K8 in experimental infections of mice was

compared with that of kanamycin and gentamicin. Organisms used in the in vivo
studies were divided on the basis of their in vitro antibiotic susceptibilities into the
following 4 categories: sensitive to all 3 antibiotics, resistant to kanamycin only,

resistant to gentamicin only, and resistant to both kanamycin and gentamicin. All
strains were considered to be susceptible to BB-K8. The susceptibility end-points

used were the same as those previously employed, i.e., organisms inhibited by 20jugf
ml or less of BB-K8or kanamycin were designated as sensitive to these antibiotics,
while those organisms inhibited by 8jug/ml or less were considered to be susceptible
to gentamicin. Results are summarized in Table ll.

The first group of organisms was susceptible to all 3 of the antibiotics. The

experimental infections produced in mice by these microorganisms responded in near
identical fashion to BB-K8 and kanamycin therapy. There was only one infection
in this first group that was not controlled at doses well below those capable of

producing peak antibiotic concentrations of 20//g/ml in mouse blood. The exception
was the S. marcescens A20019 infection where PD50 values were at least 2-fold in excess
of the BB-K8 (19mg/kg) and kanamycin (24mg/kg) doses required to give the critical
blood level peak. This infection must therefore be considered therapeutically unre-

sponsive to both antibiotics.
Gentamicin, with the exception of its remarkable effectiveness in the S. aureus

A9537 infection, was found to induce a therapeutic response pattern similar to that
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Table ll. Therapeutic efficacy of kanamycin, gentamicin and BB-K8 in

experimental infections of mice
Displays PD50* in mg/kg/treatment

Organism in vitro -- -~-^_
resistance to: Kanamycin Gentamicin BB-K 8

Staphylococcus aureus A 9537 - 2 0. 1 3
S. aureus A9606 - 2 1 2
Klehsiella pneumoniae A 9977 - 4 1 4
Proteus mirabilis A 9900 - 6 2 7
Proteus morganii A 15153 - 3 2 3
Escherichia coli A 15119 - 6 0. 4 3
Serratia marcescens A 20019 - 50 13 46

K. pneumoniae A 20328 Kanamycin >200 0. 8 3
E. coli A 20520 Kanamycin 240 2 4
E. coli A 20682 Kanamycin 200 0. 2 1
Enterobacter sp. A 20364 Kanamycin >400 5 19
Pseudomonas aeruginosa A 9843 Kanamycin 70 15 8
S. marcescens A 20460 Kanamycin >200 2 4

Providencia sp. A 20615 Gentamicin 5 26 10

P. aeruginosa A 20717 Kanamycin & 160 75 16
gentamicin 110*** 44*** 11***

K. pneumoniae A 20680 Kanamycin & >400 14 10
gentamicin

* Organisms for which kanamycin and BB-K8have MICvalues of >20 jug/ml are considered resistant, while
those with gentamicin MIC value of ^>8 jug/ml are considered resistant.

** PD50 is the dose in mg/kg/treatment that protected 50%of the mice. Mice were treated subcutaneously atboth 1 and 4 hours post-challenge.
*** In this experiment, treatments were administered SC at 0,2,4, and 6 hours postchallenge.

of BB-K8 and kanamycin. However, its overall degree of activity against this series
of organisms was about 4 times greater than that of the other antibiotics. As was.

the case with BB-K8 and kanamycin, gentamicin failed to protect mice infected with
Smarcescens A20019 at a therapeutically acceptable dosage. Its PD50 of 13mg/kg/
treatment was at least 2 times higher than the 5 to 6mg/kg dosage previously shown

(Fig. 7) to produce an antibiotic blood level peak of 8/ig/ml, the average peak con-

centration achievable in man after administration of the maximumrecommendeddose.
The failure of all 3 aminoglycosidic antibiotics to control infections produced by

the presumably susceptible strain of S. marcescens was possibly attributable to the
heavy organism challenge utilized in the experimental model.

Generally speaking, PD50 values obtained for gentamicin and kanamycin in this

study against susceptible strains of S1. aureus, E. coli, Klebsiella, and Proteus sp. were
in excellent agreement with those reported by other investigators28>65>70).

The second group of organisms evaluated in mouse protection tests had all
demonstrated in vitro resistance to kanamycin, but were susceptible to BB-K8 and
gentamicin. In general, the in vitro test results accurately predicted in vivo efficacy
since all infections were refractory to kanamycin treatment and fully responsive to

therapy with BB-K 8. Mice infected with species from the Enterobacteriaceae family
were uniformly responsive to gentamicin therapy at doses approximately one-third

those required for BB-K8. On the other hand, the infection produced by P. aeruginosa
strain A9843 failed to respond to therapeutically acceptable doses of gentamicin. This



728 THE JOURNAL OF ANTIBIOTICS DEC. 1972

finding contrasts with results reported by other investigators65*70) who have reported

that infections caused by gentamicin-sensitive P. aeruginosa strains were several-fold
more responsive to gentamicin than was the present P. aeruginosa A9843-induced
infection.

The third group contained only one organism, a strain of Providencia sp. resistant
to gentamicin but sensitive to BB-K8 and kanamycin. In vivo test results were in

complete agreement with the predictions given by in vitro susceptibility tests.
The 2 organisms in the last group displayed in vitro resistance to both kanamycin

and gentamicin, but were susceptible to BB-K8. Mice infected with P. aeruginosa
A20717 were placed on both 2- and 4-dose treatment schedules. Although each
compound was more effecive in terms of the size of the individual dose required

when the 4-dose regimen was used, only BB-K8protected infected mice at doses
likely to be devoid of potential toxic effects. This was true for both 2- and 4-treat-

ment schedules. In contrast, even with the 4-treatment regimen, the individual kana-
mycin and gentamicin doses required for protection were 4 to 6 times higher than
those considered to be safe. The infection produced by the final organism listed,
K.pneumoniae A20680, responded to BB-K8 but not to gentamicin or kanamycin.
These results along with those obtained in the previously-discussed in vivo tests,

indicate that MIC values in Mueller-Hinton Medium of 20/zg/ml for BB-K8 and
kanamycin and 8^g/ml for gentamicin were good choices as susceptibility cut-off

points. Overall, in vitro predictions of therapeutic response were accurate for about
94 % of the experimental infections.
The data in Table ll clearly demonstrate that BB-K8 was efficacious not only in

infections caused by bacterial strains susceptible to other aminoglycosidic antibiotics,
but also in those caused by certain kanamycin- and gentamicin-resistant micro-
organisms. BB-K8would therefore appear to have great potential as a replacement
drug for kanamycin since the percentage of strains currently found resistant to the
latter agent in a given hospital environment may be as high as 20~35% among
Escherichiam, Serratia*5<71), Klebsiella-Enterobacter21), indol-positive Proteus2), and
AlcaligenesU) species. The same situation may ultimately prevail with gentamicin,

although thus far gentamicin-resistant strains have been found in significant numbers
only among species of Providential*13*31*33'68'72), Alcaligenes55\ Klebsiella12\ and Pseudo-
monas*'13'52'55'7^. Nevertheless, in view of the many recent reports13>29>39>42>54>72> which

describe the isolation of clinically-important strains of bacteria possessing transferable
R-factors that mediate gentamicin resistance, there is a strong suggestion that con-
tinued usage of this antibiotic will exert selective pressure of sufficient intensity to
cause a sharp rise in the incidence of infections caused by such resistant strains.

Acknowledgements

Weacknowledge the excellent technical assistance provided by Robert E. Buck, Theresa A.
Pursiano, and Grace E. Wright.



VOL. XXV NO. 12 THE JOURNAL OF ANTIBIOTICS 729

References

Acred, P.; D.M. Brown, E.T. Knudsen, G.M. Rolinson & R. Sutherland: New semi-
synthetic penicillin active against Pseudomonas pyocyanea. Nature 215 : 25-30, 1967

Adler, J.L.; J.P. Burke, D.F. Martin & M. Finland: Proteus infections in a general
hospital. I. Biochemical characteristics and antibiotic susceptibility of the organisms. Ann.

Int. Med. 75 : 517-530, 1971

Auwarter, V. W. & P. Naumann: Untersuchugen in vitro zur antibakteriellen Aktivat von
Gentamycin. Arzneimittel Forsch. 18 : 1115-1123, 1968

Bakker, A. J. & M. F. Michel : In vitro activity of gentamicin against commonpathogenic
bacteria. Chemotherapy 15 : 129-136, 1970

Bauer, A.W.; W.M.M. Kirby, J. C. Sherris & M. Turck : Antibiotic susceptibility testing
by a standardized single disk method. Amer. J. Clin. Path. 45 : 493-496, 1966
Benveniste, R. & J. Davies : R-Factor mediated gentamicin resistance : A new enzyme which

modifies aminoglycoside antibiotics. FEBS Letters 14 : 293-296, 1971

Black, J.; B. Calesnick, D. Williams & M. J. Weinstein : Pharmacology of gentamicin, a
new broad-spectrum antibiotic. Antimicr. Agents & Chemoth. -1963 : 138-147, 1964
Bloom, S. R. : Combined carbenicillin and gentamicin for prophylaxis of post-operative infec-
tion following major abdominal surgery. Post-Grad. Med. J. 45 : 761-766, 1969
Brzezinska, M.; R. Benveniste, J. Davies, P.J.L. Daniels & J, Weinstein : Gentamicin resist-
ance in strains of Pseudomonasaeruginosa mediated by enzymatic N-acetylation of the deoxy-
streptamine moiety. Biochemistry ll : 761-765, 1972
Buck, R. E.; F. Leitner & K.E. Price : BL-S 217, a new semisynthetic cephalosporin. Anti-
micr. Agents & Chemoth. 1 : 67-72, 1972
Bulger, R. J.; S. Sidell & W.M.M. Kirby : Laboratory and clinical studies with gentamicin.
Ann. Int. Med. 59 : 593-604, 1963

Cabana, B. E. & J. G. Taggart : Comparative pharmacokinetics of BB-K 8 and kanamycin in

dog and man. To be published.
Christol, D.; A. Bure, Y. Boussougant & J. Witchitz : Evolution de la resistance a la genta-
mycine. Presse Med. 79 : 467-470, 1971
Cox, C. E. : Gentamicin, a new aminoglycoside antibiotic : Clinical and laboratory studies in

urinary tract infection. J. Infect. Dis. 119 : 486-491, 1969
Davies, J. : Bacterial resistance to aminoglycoside antibiotic. J. Infect. Dis, 124 (Suppl.) :
S7-S10, 1971

Davies, J.; M. Brzezinska & Benveniste : R Factors : Biochemical mechanisms of resistance
to aminoglycoside antibiotics. Ann. N. Y. Acad. Sci. 182 : 226-233, 1971
Doi, 0.; M. Miyamoto, N. Tanaka & H. Umezawa: Inactivation and phosphorylation of kana-

mycin by drug-resistant Staphylococcus aureus. Appl. MicrobioL 16 : 1282-1284, 1968

Doi, O.; M. Ogura, N. Tanaka & H. Umezawa: Inactivation of kanamycin, neomycin and

streptomycin by enzymes obtained in cells of Pseudomonas aeruginosa. Appl. Microbiol. 16 :
1276-1281, 1968
Edwards, C. C. : Antibiotic susceptibility discs. Drug efficacy study implementation, Fed.
Register 36 : 6899-6902, 1971
Eickoff, T. C. : In vitro effects of carbenicillin combined with gentamicin and polymyxin B
against Pseudomonas aeruginosa. Appl. Microbiol. 18 : 469-473, 1969

Eickhoff, T. C.; B. W. Steinhauer & M. Finland : The Klebsiella-Enterohacter-Serratia divi-
sion. Biochemical and serological characteristics and susceptibility to antibiotics. Ann. Int.
Med. 65 : 1163-1179, 1966

Ericson, H. M. & J. C. Sherris : Antibiotic sensitivity testing. Report of an international
collaborative study. Acta Pathol. Microbiol. Scand. 217 (Suppl.) : 64-73, 1971

Garrod, L.P. & P. M. Waterworth : Effect fo mediumcomposition on the apparent sensi-

24)
25)

26)

tivity of Pseudomonas aeruginosa to gentamicin. J. Clin. Pathol. 22 : 534-538, 1969

Gingell, J. C. : Bacteriuria again. Brit. Med. J. 1971-2 : 278, 1971

Hawkins, J. E., Jr.; L. G. Johnson & J. M. Aran : Comparative tests ofgentamicin ototoxicity.
J. Infect. Dis. 119 : 417-426, 1969

Hewitt, W. L. & S. M. Finegold : Laboratory studies with kanamycin. Ann. N. Y. Acad, Sci.
76 : 122-128, 1958



73O THE JOURNAL OF ANTIBIOTICS DEC 1972

Holmes, S.W.; J.C. Reiffenstein, M.E. Bierwagen, J.P. Buyniski & G.H. Hottendorf :

Studies with BB-K8-ototoxicity, nephrotoxicity and cardiovascular safety evaluation. To be
published.

Hunt, G. A. & A. J. Moses : Kanamycin treatment of experimental infections in mice. Ann.
N.Y. Acad. Sci. 76 : 81-87, 1958

Kabins, S. A.; C. R. Nathan & S. Cohen : R-Factor-mediated resistance to gentamicin in a
clinical isolate of Escherichia coli. J. Infect. Dis. 124 (Suppl.) : S65-S69, 1971

Kawaguchi, H.; T. Naito, S. Nakagawa & K. Fujisawa : BB-K8, a new semisynthetic amino-
glycoside antibiotic. J. Antibiotics 25 : 695-708, 1972

Kirby, W.M.M. & H. C. Standiford : Gentamicin : Invitrostudies. J. Infect. Dis. 119 : 361-
363, 1969

Klastersky, J.; R. Cappel & L. Debusscher : Evaluation of gentamicin with carbenicillin in
infections due to gram-negative bacilli. Curr. Ther. Res. 13 : 174-181, 1971

Klein, J. 0.; T. C. Eickhoff & M. F. Finland : Gentamicin : Activity in vitro and observations
in 26 patients. Amer. J. Med. Sci. 248 : 528-535, 1964

Kobayashi, F.; M. Yamaguchi, J. Eda, F. Higashi & S. Mitsuhashi : Enzymatic inactivation
of gentamicin C components by cell-free extract from Klebsiella pneumoniae. J. Antibiotics

24 : 719-721, 1971
Koch, K.F. & J.A. Rhoades : Structure of nebramycin factor 6, a new aminoglycosidic

antibiotic. Antimicr. Agents & Chemoth. -1970 : 309-313, 1971

Kunin, C M..: Absorption, distribution, excretion, and fate of kanamycin. Ann. N. Y. Acad.
Sci. 132 : 811-818, 1966

Litchfield, J. T., Jr. & F. Wilcoxon : A simplified method of evaluating dose-effect experi-
ments. J. Pharm. Exptl. Ther. 96 : 99-113, 1949

Marsden, H.B. & W.A. Hyde : Gentamicin in childhood infections. Curr. Ther. Res. 12:
353-362, 1970

Martin, C. M.; N.S. Ikari, J. Zimmerman & J. A. Waitz : A virulent nosocomial Klebsiella
with a transferable R factor for gentamicin : Emergence and suppression. J. Infect. Dis.
124 (Suppl.) : S24-S29, 1971

McCracken, G. H., Jr. : Chaging pattern of the antimicrobial susceptibilities of Escherichia
coli in neonatal infections. J. Pediatrics 78 : 942-947, 1971

Medeiros, A. A.; T. F. O'Brien, W,E.C. Wacker & N. F. Yulug : Effect of salt concentration
on the apparent in vitro susceptibility of Pseudomonas and other gram-negative bacilli to
gentamicin.. J. Infect. Dis. 124 (Suppl.) : S59-S64, 1971

Mitsuhashi, S.; F. Kobayashi & M. Yamaguchi : Enzymatic inactivation of gentamicin C com-
ponents by cell-free extract from Pseudomonas aeruginosa. J. Antibiotics 24 : 400-401, 1971

Naganawa, H.; M. Yagisawa, S. Kondo, T. Takeuchi & H. Umezawa: The structure deter-
mination of an enzymatic inactivation product of S'^'-dideoxykanamycin B. J. Antibiotics
24 : 913-914, 1971

Nord, N. M.; F. Watanabe, R.H. Parker & P.D. Hoeprich : Comparative acute toxicity of
four drugs. Arch. Int. Med. 119 : 493-502, 1967

Oberhofer, T. R. & R. Hajkowski : Evaluation of non-lactose-fermenting members of the
Klebsiella-Enterobacter-Serratia division. II. Antibiotic susceptibility. Amer. J. Clin. Pathol.
54 : 726-732, 1970

Okanishi, M.; S. Kondo, Y. Suzuki, S. Okamoto & H. Umezawa : Studies on inactivation of
kanamycin and resistance of E. coli. J. Antibiotics, Ser. A 20 : 132-135, 1967
Pines, A.; H. Raafat & K. Plucinski : Gentamicin and colistin in chronic purulent bronchial
infections. Brit. Med. J. 1967-2 : 543-545, 1967
Price, K.E.; J.A. Bach, D.R. Chisholm, M. Misiek & A. Gourevitch : Preliminary micro-
biological and pharmacological evaluation of 6- (R-<^-amino-3-thienylacetamido)penicillanic acid

(BL-P875). J. Antibiotics 22 : 1-ll, 1969

Sabath, L.D.; C. E. McCall, N.H. Steigbigel & M. Finland : Synergistic penicillin com-
binations for treatment of human urinary-tract infections. Antimicr. Agents & Chemoth.
-1966 : 149-155, 1967

Schimpff, S.; W. Satterlee, V. M. Young & A. Serpick : Empiric therapy with carbenicillin
and gentamicin for febrile patients with cancer and granulocytopenia. New Engl. J. Med.
284 : 1061-1065, 1971



VOL. XXV NO. 12 THE JOURNAL OF ANTIBIOTICS 731

Scholtan, W. & J. Schmid : Die Bindung der Antibiotica an die Eiweisskorper des Serums.
Arzneimittel Forsch. 13 : 288-294, 1963

Shulman, J. A.; P. M. Terry & C. E. Hough : Colonization with gentamicin-resistant Pseudo-
monasaeruginosa, pyocine type 5, in a burn unit. J. Infect. Dis. 124 (Suppl.) : S18-S23, 1971
Smith, C.B.; P.E. Dans, J.N. Wilfert & M. Finland : Use of gentamicin in combinations

with other antibiotics. J. Infect. Dis. 119 : 370-377, 1969

Smith, D. H. : R Factors for aminoglycoside antibiotics. J. Infect. Dis. 119 : 378-380, 1969
Snelling, C.F.T.; A. R. Ronald, C. Y. Gates & W. C. Forsythe : Resistance of gram-negative

bacilli to gentamicin. J. Infect. Dis. 124 (Suppl.) : S264-S270, 1971
Snelling, C.F.T.; A.R. Ronald, D.A. Kernahan, W.R. Waters & L.M. Vistner : Topical

gentamicin in burns. Antimicr. Agents & Chemoth. -1969 : 380-385, 1970
Sonne, M. & E. Jawetz : Combined action of carbenicillin and gentamicin on Pseudomonas

aeruginosa in vitro. Appl. Microbiol. 17 : 893-896, 1969

Steers, E.; E. L. Foltz & B. S. Graves : An inocula replicating apparatus for routine testing
of bacterial susceptibility of antibiotics. Antibiot. & Chemoth. 9 : 307-311, 1959
Tanaka, N. : Biochemical studies on gentamicin resistance. J. Antibiotics 23 : 469-471, 1970
Traub, W. H. : Susceptibility of Pseudomonas aeruginosa to gentamicin sulfate in vitro : Lack

of correlation between disc diffusion and broth dilution sensitivity data. Appl. Microbiol.
20 : 98-102, 1970

Umezawa,H. : Progress of fundamental studies on kanamycin. II. Structure activity relation-
ship and mechanism of the

Umezawa, H.; M. Okanishi,

kanamycin inactivated by a
Ser. A 20 : 136-141, 1967

Umezawa, H.; S. Umezawa,
against kanamycin-resistant
485-487, 1971
Umezawa, S.; T. Tsuchiya,

kanamycin effective against
J. Antibiotics 24 : 274-275,

resistance. Asian Med. J. ll : 291-301, 1968
R. Utahaea, K. Maeda & S. Kondo : Isolation and structure of
cell-free system of kanamycin-resistant E. coli. J. Antibiotics,

T. Tsuchiya & Y. Okazaki : 3',4'-Dideoxykanamycin B active
Escherichia coli and Pseudomonas aeruginosa. J. Antibiotics 24 :

R. Muto, Y. Nishimura & H. Umezawa : Synthesis of S'-deoxy-
kanamycin-resistant Escherichia coli and Pseudomonas aeruginosa.

1971

Waitz, J. A. & M. J. Weinstein : Recent microbiological studies with gentamicin. J. Infect.
Dis. 119 : 355-360, 1969

Washington, J. A., II : Antimicrobial susceptibility of Enterohacteriaceae and non-fermenting
gram-negative bacteria. Mayo Clin. Proc. 44 : 811-824, 1969
Weinstein, M. J.; C. G. Drube, E.L. Moss, Jr. & J. A. Waitz : Microbiologic studies related
to bacterial resistance to gentamicin. J. Infect. Dis. 124 (Suppl.) : Sll-S17, 1971
Weiser, T. : Gentamicin. Arzneimittel-Forsch. 19 : 778-780, 1969
Welch, H.; W.W. Wright, H.I. Weinstein & A.W. Staffa : In vitro and pharmacological

studies with kanamycin. Ann. N. Y. Acad. Sci. 76 : 66-80, 1958
Wick, W.E. & J.S. Welles : Nebramycin, a new broad-spectrum antibiotic complex. IV.

In vitro and in vivo laboratory evaluation. Antimicr. Agents & Chemoth. -1967 : 341-348, 1968
Wilbert, J.N.; F. F. Barrett, W.H. Ewing, M. Finland & E.H. Kass : Serratia marcescens :

Biochemical, serological and epidemiological characteristics and antibiotic susceptibility of
strains isolated at Boston City Hospital. Appl. Microbiol. 19 : 345-352, 1970
Witchitz, J. L. & Y. A. Chabbert : Resistance transferable a la gentamicine. II. Transmission

et liaisons du caractere de resistance. Ann. Irist. Pasteur 122 : 367-378, 1972

Woo, P.W.K.; H. W. Dion &Q. R. Bartz : Butirosins A and B, aminoglycoside antibiotics. III.
Structures. Tetrahedron Letters 1971-28 : 2625-2628, 1971

Yagisawa, M.; H. Naganawa, S. Kondo, M. Hamada, T. Takeuchi & H. Umezawa : Adenylyl-
dideoxykanamycin B, a product of the inactivation of dideoxykanamycin B by Escherichia coli

carrying R factor. J. Antibiotics 24 : 911-912, 1971

Young, L. S. : Gentamicin : Clinical use with carbenicillin and in vitro studies with recent
isolates of Pseudomonas aeruginosa. J. Infect. Dis. 124 (Suppl.) : S202-S206, 1971


