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Antibiotic 6640 has an in vitro spectrum similar to gentamicin with a
potency equal to or twice that of gentamicin, particularly against Pseudomonas.
Antibiotic 6640 is more active at an alkaline pH but is little affected by the
presence of serum. MBC values are near MIC values. Antibiotic 6640 has
up to 5 times the activity of gentamicin in therapeutic and prophylactic
antibacterial tests in mice. Serum levels of the two antibiotics are similar
in mice, rats and dogs. Results of comparative ataxia tests in cats are
reported.

Antibiotic 6640 is a new aminoglycoside antibiotic, produced by fermentation of
a new species of the genus Micromonospora, Micromonospora inyoensis, first described

by Weinstein et al.l) These authors presented initial data concerning the biological

activity of antibiotic 6640 and showed it to have broad-spectrum antibacterial activity

in vitro and in vivo. Wagman et al.2) described procedures for isolation and purification

of antibiotic 6640 and this report presents results of additional and more detailed

biological studies with the antibiotic.

Materials and Methods

Antibiotic 6640 and gentamicin, which was employed as a reference material, were
"both used in the form of the sulfate, several lots of which assayed between 600-640
mcg/mg in terms of the base. All doses and tests results are expressed in terms of the
base. In vitro and in vivo test procedures were similar to those described earlier (Waitz

etal.s), Waitz and Weinstein4)). The mice used were albino males of the CF-1 strain
weighing approximately 20 g each; rats were albino CF-E males weighing 200 g; dogs
were adult beagle-type mongrels weighing approximately 10 kg each; cats were mongrel
males weighing 2.6-5.0kg each. For therapeutic test in mice, groups of 7 animals each
at 5 dose levels in addition to 10 controls were used. Mice were infected intraperitoneally

with approximately 107 organisms per mouse. Untreated infected controls died in 18-24
hours with the exception of Klebsiella-iniected mice which died 36-40 hours after
infection. All treated mice were dosed subcutaneously with a volume of 0.1-0.2ml.
Two dose regimens were employed consisting of a single dose one hour after infection

and another in which the total dose was divided into two and given 1/2 hour before and

4

hours after infection. Surviving mice were counted 48 hours after infection and PD50

* Antibiotic 6640 was formerly knownas rickamicin and has nowbeen named sisomicin.
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values were calculated by probit procedures. Serum and urine levels of antibiotic were

determined according to the bioassay procedure described by Weinstein et al.1} Ataxia
studies were done in cats in groups of 5 each dosed subcutaneously 7 days a week until
the cats either died, or were sacrificed in a moribund condition, or at the end of the
experiment (70 days). The animals were weighed daily and also examined daily for
ataxia and righting reflex impairment. In comparative studies antibiotic 6640 and genta-
micin were always run in parallel.

Results

In vitro Studies

Antibiotic 6640 has been shown to have a broad-spectrum of antibacterial activity
with a potency in vitro similar to that of gentamicin. Further studies with an
increased number of recent clinical isolates of Pseudomonas aeruginosa in tryptose
phosphate broth are shown in Table 1. These data are expressed in terms of the

number of the strains sensitive to various concentrations of either gentamicin or
antibiotic 6640. Antibiotic 6640 shows some increased activity against Pseudomonas.

Table 1. In vitro activity of antibiotic 6640 and gentamicin against 27
clinical isolates of Pseudomonas aeruginosa

A n tib iot ic
In cu b a tio n tim e

N o. s tr a in s s e n s itiv e (m cg /m l)
T o ta l N o.

s tr a in s0. 0 3 0. 0 8   0 .3   0. 8   3 .0

A n tib io tic 6 6 4 0
2 4 h rs.

h r s.

50

2 7

2 7

2 7

G e n ta m ic in
2 4 h rs.

4 8 h r s.

2 61 8 2 727 2 7

2 7

Tested in tryptose phosphate broth in a volume of 3ml with an inoculum of 0.05ml of a 1: 1,000 dilution of
an 18-hour broth culture.

Table. 2. Effect of serum on the in vitro activity of antibiotic 6640 and gentamicin

o r g a n i s m    G e n t a m i c i n o % *  2 5 %  5 0 %  1 0 0 %  A n t i b i o t i c 6 6 4 0 0 %  2 5% 50% 100%

E s ch er ic h ia co li l O 5 3 6 0. 2

P s eu d o m o n a s a er u g in o sa 8 7 0 9 0 .2

P s eu d o m o n a s a er u g in o s a 8 6 8 9 0 .3

M I C P r oteu s v u lg a r is 1 2 1 0 .6

Proteus vulgaris 9921staphylococcus aureus 209 Pstaphylococcus aureus l1631streptococcus pyogenes cstreptococcus faecalis 10541

������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������

E sc h h er ich ia co li l O 53 6 > 1 .6 0 .3

P s eu d o m o n a s a er u g in o s a 8 7 0 9 > 1 .6 0 .3

P s eu d o m o n a s a er u g in o sa 8 68 9 > 1 .6 0 .6

M B C P r o teu s v u lg a r is 12 1 0 .6 0 .3

m c g /m l P r oteu s v u lg a r is 9 9 2 1 0 .3s tap h y lo c oc c u s a u r e u s 2 0 9 P 0 .3 0 .60 .3

S tap h y lo c oc cu s a u r e u s l 1 6 3 1 0 .6 0 .6

S tr ep to co cc u s p y og e n e s C > 3 .2 2 .4

S tr ep to co cc u s f a ec a lis l O 5 4 1 1 .2 1 .2

0 . 6 0. 6 0. 6 0. 2 0. 3 0. 3

0 . 6 0 . 6 0. 2 0 . 2 0 . 3 0. 3

1 . 2 1 . 2 > 1 . 6 0 . 3 0 . 6 0 . 3

0 . 3 0. 6 0. 6 0. 3 0. 2 0. 2

0 . 3 0 . 3 0. 6 0. 4 0. 3 0. 6

0 .3  0 . 3 0 . 3 0. 3 0 . 3 0 . 6

0 . 6 0. 6 0. 3 0. 2 0. 3 0. 6

2 . 4 2 . 4 > 3 . 2 2 . 4 1 . 2 1 . 2

1. 2 2 . 4 1. 2 1. 2 0 . 8 0 . 3

* Percent horse serum. Yeast beef broth pH 6.7.
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Table 3. Effect of pH on the in vitro activity of antibiotic 6640 and gentamicin

O r g a n i s m
p H  a n d  M . I .C .  ( m c g / m l )

6 . 7 ¥ 0    7  2         7 6         8 . 0

A n t i b i o t i c

S t a p h y l o c o c c u s  a u r e u s  2 0 9 P 0 . 3 0 . 1 0 . 1 0 . 0 3 0 . 0 2 0 . 0 2 0 . 0 2

S t a p h y lo c o c c u s  a u r e u s  G r a y 0 . 0 3 0 . 0 2 0 . 0 2 0 . 0 1 0.  0 0 5 0.  0 0 5 0.  0 0 5
6 6 4 0 S t r ep to c o c c u s  p y o g e n e s  G 3 . 5 0 . 9 0 . 9 0 . 9 0 . 5 0 . 5 0 . 5

E s c h e r i c h i a  c o l t  1 0 5 3 6 1 . 2 0 . 5 0 . 5 0 . 5 0 . 5 0 . 5 0 . 5

S ta p h y lo c o c c u s  a u r e u s  2 0 9 P   0 .  3 0 . 1 0 . 1    0 . 0 3   0 . 0 3 0 . 3 0 . 0 3

G e n t a m i ci n  S t a p h yl o c o c c u s  a u r e u s  Gr a y s t r e p to c o c c u s  py o g e n e s  c  0 . 0 3 3 . 5 0 . 0 3 0. 01   0 .  0 1    0 .  0 0 5   0 .  0 0 5 0.  0 0 5

0 . 9 0 . 9    0 . 5    0 . 5    0 . 5 0 . 5

E s c h e r i c h i a  c o l t  1 0 5 3 6       0 .  6 0 . 5 0 . 5    0 . 5    0 . 5    0 . 2 0 . 2

Medium : yeast beef broth.

A slight shift in sensitivity
was noted with both anti-
biotics with increased incu-

bation from 24 to 48 hours.
All of the 27 strains were

sensitive to 3 mcg/ml or less

of gentamicin and 1 mcg/mg
or less of antibiotic 6640.

The effect of serum on
the in vitro activity of anti-

biotic 6640 and gentamicin
was studied in yeast beef

broth with varying concen-

Table 4. Effect of inoculum size on in vitro activity
of antibiotic 6640*

O r g a n is m S t r a in
I n o c u lu m

-5 x l O 7

I n o c u l u m

- 5 x l O 6

I n o c u l u m

-5 x l O 5

I n o c u l u m

-5 x l O 4

S ta p h y l o c o c c u s

a u r e u s

2 0 9 P

6 9

3 6 2

5 4 2

0 . 3

1 . 2

1 . 2

9 . 6

0 . 3

1 . 2

1 . 2

2 . 4

0 . 3

0 . 3

0 . 6

0 . 3

0 . 0 8

0 . 3

0 . 6

0 . 3

E s c h e r i c h ia

c o li

8 5 1

3 8 4

4 2 0

4

1 9 . 2

9 . 6

9 . 6

9 . 6

4 . 8

2 . 4

9 . 6

4 . 8

1 . 2

2 . 4

4 . 8

2 . 4

1 . 2

2 . 4

2 . 4
1 . 2

P s e u d o m o n a s

a e r u g m o s a

S c .

4 5 6

6 4 1

6 5 1

9 . 6

1 . 2

1 9 . 2

0 . 6

4 . 8

1 . 2

1 9 . 2

0 . 6

4 . 8

0 . 6

1 9 . 2

0 . 3

1 . 2

0 . 1 5

9 . 6

0 . 3

* Inoculum added to tubes containing 3ml of tryptose phosphate
broth pH 7.2.

trations of added horse serum. Both MIG (minimal inhibitory concentration), and
MBG (minimal bactericidal concentration) values were determined for a group of 9

selected gram-positive and gram-negative organisms. These data are shown in Table
2. Serum had only a minor influence on the in vitro activity of the two antibiotics-

There are some indications that antibiotic 6640 has greater bactericidal activity than
gentamicin in the presence of serum, particularly against strains of Streptococcus>
Pseudomonas and E. colt. The effect of the pH of the medium on the in vitro

activity of antibiotic 6640 was compared with the effect on gentamicin using a small
group of organisms in yeast beef broth at several pH levels. These results are shown

in Table 3 and indicate that antibiotic 6640 like gentamicin is more active at an
alkaline pH than at a pH below neutrality.

The effect of inoculum size was tested by varying the number of organisms
added to 3ml of tryptose phosphate broth for a selected group of strains. The

r

esults (Table 4) suggest a modest effect with several strains.

In vivo Activity

The therapeutic activity of antibiotic 6640 and gentamicin was compared against
a number of experimental bacterial infections in mice. The results of, tests against
a variety of gram-positive and gram-negative bacterial infections are shown in
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Table 5. Therapeutic activity of antibiotic 6640 and gentamicin against gram-positive
infections in mice. All mice were dosed subcutaneously

P D 50 (m g /k g )

Infecting organism Single dose 1 hour afterinfection Total dose divided andgiven 1/2 hour beforeand 4 hours afterinfection G e n ta m ic inp D 50/a n tib io tic6640 PD50

A n t i b i o t i c 6 6 4 0  G e n t a m i c i n  A n t i b i o t i c 6 640
G e n ta m ic in 1 d o s e 2 d o s e s

S tap h y loc oc c u s a u r e u s G r a y    1 . 8 2 . 4        7. 0       7. 5 1. 3 1. 1

S tap h y loc o cc u s a u r e u s S m ith    1 . 0 3. 3 1 0. 0       8. 0 3. 3 1. 3

Staphylococcus a u r eu s W     1 5 . 0 2 0. 0      1 0. 0 1 2. 0 1. 3 0 . 8

S tr ep to c oc cu s p y og e n e s C      6 . 0 1 4. 0      1 0. 0      2 0 . 0 2. 3 2. 0

Streptococcus pyogenes C203Enterococcus sp. 801Enterococcus sp. 804  2 1 . 07. 57. 0 4 6 . 0 4. 0 8 . 0 2 . 2 2 . 0

1 8. 0 5. 8      1 7. 0 2. 4 2 . 9
4 1. 0       5. 8      1 7 . 0 5. 9 2 . 9

Table 6. Therapeutic activity of antibiotic 6640 and gentamicin against gram-negative
infections in mice. All mice were dosed subcutaneously

In f e c tin g o rg a n is m

P D 50 ( m g /k g )

Single dose 1 hourafter infection Total dose divided andgiven 1/2 hour beforeand 4 hours afterinfection G e n ta m ic inp D50 /a n tib io t6640 PD50  ����������������������������������������������������������������������������������������������������������������������

E sc h e r ich ia c o li S c .

E sc h e r ic h ia c o li N o . 1

K leb siella p n eu m on ia e S c .

P r o te u s v u lg a r is 1 2 0 . 4

P r o te u s v u lg a r is N o . 2

P s eu d o m o n a s a er u g in os a S c .

P s eu d o m o n a s a er u g in os a 9 0 2 7

P s eu d o m o n a s a er u g in os a N o . 3

P s eu d om o n a s a er u g in os a N o . 5

JP seu d om o n a s a e ru g in os a N o . 6

P seu d o m o n a s a er u g in os a N o . l l

S a lm on e lla sc h o ttm u eller i S c .

S a lm on e lla s ch o ttm u e ller i N o . 1 3

S e r r a tia s p . A

S e r r a tia s p . B

     ����������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������

3 . 5 1 , 0   1 5 . 0 2 . 5         4. 32.5

1. 1

2 . 5

1 . 1

1 .2

2 .8

3.0>1.0

3.22.21.3

1.21 .2

Tables 5 and 6 using two different treatment regimens. These tables shows the PD50
values in terms of mg/kg of the two antibiotics in parallel tests and the relative
potency of the two antibiotics. The larger the relative activity value, the greater

the activity of antibiotic 6640. In general, antibiotic 6640 was 1~4 times more active
than gentamicin in these protective tests. It should be noted that the high PD50
values of gentamicin against some of the Pseudomonas strains reflect the deliberate

selection of strains with reduced sensitivity to gentamicin in order to determine the
presence or absence of cross-resistance. As with sensitive Pseudomonas strains, anti-
biotic 6640 was more active in vivo against strains with reduced sensitivity to genta-

micin than was gentamicin itself. The two treatment regimens were performed on
separate tests and are not directly comparable due to variation in inocula and mice
between tests.

Serum levels of antibiotic 6640 and gentamicin were determined in groups of rats
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Table 7. Serum levels of antibiotic 6640 and gentamicin in mice and rats

p re p a r a tio n D o s e
R o u te

N o .

R ep li-

c a te s

Average s e ru m le v e ls in m cg /m l a t tim e s

a f te r d o sin g (h o u rs )

1 /4   1/2                  2 4

A n tib io tic 6 6 4 0 5 0 s .c . 2 7 4 4 2 1 3  2 .8       < 0 .0 4  0
G e n ta m ic in 5 0 s .c . 2 6 6 3 5   1 4 2 . 3 < 0 .0 4 0

 A n tib io tic 6 6 4 0
Mi ce G en ta m ic in

2 5

2 5
s .c .

s .c .

3 3 0    1 4    6. 6 0. 1 < 0 .0 4 0

3 2 5 1 4 6. 8 0. 5 < 0 .0 4  0

A n tib io tic 6 6 4 0 5 s .c . 2 6. 5   4. 8   1. 5 0. 1         0
G e n ta m ic in s . c . 2 6. 7 4. 6   1. 0 0. 0 6 0     0

A n tib io tic 6 6 4 0

G e n ta m ic in R a t s

A n tib io t ic 6 6 4 0

G e n ta m ic in

s . c .
s . c .

i. m .

i. m .

1

1

1

17

14 . 5

1 2 . 5

1 3 . 0

1 2. 5 9. 3 3 . 1 < 0 .5

l l. 5 6 . 3 1 . 6 < 0 . 5

l l. 0 5. 0 1 . 9 < 0 . 5

10 . 5 3. 9 1. 4

Table 8. Serum and urine levels of antibiotic 6640
in dogs after a single intramuscular dose

D o s e

m g / k g

S e ru m le v e ls (m c g /m l)

a t tim e a f te r d o s in g (h o u rs )

1 /2               2 -1

4 2 0 6 0

0 3 1. 5

9 5

2 1. 0

1 9 . 4 0 . 16

2 8 0 6 0 1 2 5 4 8 0 . 2 4

2 7 8 6 0 9 2 3 6

0. 7

0 . 2 6

1 9 7 3 0 6 7. 5 1 5 . 2 0 . 0 8

17 1 3 0 6 2. 5 1 0. 4 0. 2 3

2 67 3 0 6 2. 5 1 2. 6 0. 2 3

H E - 6 1 6 3 6. 0 2. 8 0

9 0 1 6 0

0

4 3. 5

2 1. 9

3 4. 5 2 0. 0

1 3. 5

2. 8 0. 5

0. 4

0

1 4 4 15 3 0. 0 3. 7 5 0. 0 4

2 8 6 15 2 6. 3 2 . 9 1 0. 0 4

2 7 7 1 5 2 5. 0 3. 7 5 A

2 9 0 8 1 9. 8 1. 9 0

1 7 8 0 18 .9 18 . 0 10 . 0 0 . 7  0 . 2 0

and mice after single sub-
cutaneous or intramuscular
doses and the results are
shown in Table 7. These data
demonstrate that gentamicin

and antibiotic 6640 produced
quite similar serum levels in
both mice and rats at the

several dose levels studied.
Peak levels were found as

early as one quarter hour
after dosing and declined very
rapidly in both species. Serum

and urine levels of antibiotic

6640 were also determined in
4 dogs after a single intra-

muscular dose of either 8 or
16mg/kg in a volumeof0.5~
1.0ml. The injection was

well tolerated in all dogs.
Assay results (Table 8) showed

that peak serum levels were
produced rapidly and that these quickly declined. Urine levels indicate a recovery

of 55~77% of the dose in 24 hours and a total of 57~83% of the dose in 48 hours.
This is a reflection of the rapid excretion of antibiotic 6640 by the kidneys into the

urine. Serum and urine levels of antibiotic 6640 in dogs are very similar to those
reported for gentamicin at comparable dose levels.

The effect of chronic administration of antibiotic 6640 and gentamicin in cats
was studied in order to compare the relative abilities of the two antibiotics to

produce ataxia. Groups of 5 male cats each were given daily subcutaneous doses of
'20, 40 or 60mg/kg/day, 7 days a week, until the termination of the experiment.

U r i n e  le v e ls

D o g  D o s e m g / k g  2 4 h o u r s m c g / m l  T o t a l m g j e x c r e t e d  I % o f D o s e  2 4 - 4 8 h o u r s

H E - 6   1 6 2 7 4 1 0 3 6 4    1 0     1 . 9    1 . 2

9 0 1 6    5 8 6     1 0 0     6 2 1 4      1 . 9    1 . 2

2 9 0    8 1 3 0      4 4     5 5 1 . 4    1 . 7

1 7        4 2 6     6 2    7 7    3 1     4 .  3    5 .  4
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Table 9. Sub-chronic toxicity tests of antibiotic 6640 and gentamicin in cats
D r u g   D o s e( m g / k g / d a y )  C a t  N o .

I n i t i a l  w e i g h t ( k g )  D a y  a t a x i c  D a y  r i g h t i n g r e f l e x i m p a i r m e n t
D a y  d e a t h

 3 5 8 5

 1 9 6 2 3 2 1 6 0 6

2 0  3 6 1 3

4 . 8  1 6  1 5

4 . 1  2 2  2 2

 2 6  2 5

3 . 5  2 3  2 3

1 7

3 3 5 5

3 6
2 1 4 6 7

M e a n

3 8 4 9

3 . 1 2 7 2 7 4 3

2 2 . 8        2 2 . 4 3 6 . 8

������������������������������� 1 7
5 2 7 2 1 9
3 8 4 4 1 9

A n t ib i o t ic  6 6 4 0 4 0        5 0 6 9 2 7
3 6 0 4 3 . 8        1 5         1 4 1 8

M e a n 1 5 . 0        1 5 . 0 2 0 . 0

 3 5 7 6 3 7 7 4 3 9 3 1

6 0  2 1 6 6 7

 5 3 9 5 M e a n

4 . 5  1 0  l l

4 . 4 3 . 9 3 . 8 3 . 1  1 2 1 0 1 0 1 3  1 3 1 1 1 0 1 0
1 2

1 5

1 3

l l

1 4

l l . 0        l l . 0 1 3 . 0

G e n t a m i c i n

 5 3 9 0  2 1 5 4 9  5 3 8 5

2 0  5 2 9 8

 5 1 3 7  M e a n

5 .1 4. 1 4. 03 .3 2. 6  2 7 3 4

3 5  3 4

 3 5 3 6

6 4

> 7 0

> 7 0

> 7 0
4 0

3 1 . 4       3 1 . 2 > 6 2 . 8

 3 9 2 3 5 2 5 0 3 6 0 2

4 0  5 1 8 8 5 3 1 0

���������������������������������������������� 2 8

> 7 0
1 5

1 6

2 3

M e a n 1 7 . 2       1 6 . 8 > 3 0 . 4

 3 6 9 7  3 4 8 2  5 0 2 1

6 0  5 2 7 3

 3 9 5 5  M e a n

I  I
5 . 0

4 . 1 3 . 9 3 . 53 . 0

1 0 1 0

1 4

1 4

1 3

l l

l l  I 1 4

1 4

1 4

1 2

l l

2 7

2 3

2 4

1 2 . 2        1 2 . 8 1 7 . 4

The results of this study are shown in Table 9. These are given in terms of the
number of days of dosing to produce ataxia, to produce righting reflex impairment,

and to produce death. The experiment was terminated on day 70. A definite dose-
response relationship was seen with both antibiotics in terms of the number of days,

to become ataxic and the number of days to show impairment or righting reflex.
The day of death for the cats was more variable but it appeared to follow the

appearance of ataxia more closely with antibiotic 6640 than with gentamicin. In all
cats receiving both antibiotics at levels of 40 or 60mg/kg/day a slight posterior
muscular weakness was noted after the first and second doses but was not observed

after subsequent doses. Statistical analysis of the results by use of parallel line assay

procedures indicated that antibiotic 6640 is 1.3 times as ataxic as gentamicin in terms.
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of the length of time required to produce ataxia at the selected doses used.

Discussion

Antibiotic 6640 is a new aminoglycoside antibiotic with a spectrum of activity and
potency quite similar to that of gentamicin in vitro and in vivo. The greater bactericidal
activity of antibiotic 6640 relative to gentamicin against some strains of bacteria, particularly
in the presence of serum may account for the better in vivo activity in spite of similar

in vitro activity. The differences seen in effectiveness of treatment by a single dose as
opposed to split dosing are undoubtedly due to variations between tests with particular

regard to inoculum virulence. It is not possible therefore to compare the two treatment
regimens. Since antibiotic 6640 was run in parallel with gentamicin in each test however,

the comparisons between PD50 values of the two antibiotics on a particular test are valid.
Thus, the ratio of the pairs of PD50 values are more appropriate for comparisons than
the actual PD50 values themselves since they take into account between test variations.
While both treatment regimens gave ratios favorable to antibiotic 6640, no consistent
differences were found in the ratios between the two treatment regimens. The acute
toxicity of antibiotic 6640 (Weinstein et al.l)) was approximately twice that of gentamicin
in mice and more nearly resembled the acute toxicity values of neomycin. Chronic
toxicity studies in cats suggest that antibiotic 6640 and gentamicin have similar toxicity,
with antibiotic 6640 being approximately 1.3 times as toxic as gentamicin in terms of the
time required for production of ataxia and impairment of the righting reflex. The

absorption characteristics of antibiotic 6640 after parenteral dosing in mice, rats and dogs
appeared to be quite similar to those of gentamicin.
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