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The efficacy of orally given bicyclomycin on shigellosis was studied in rhesus
monkeys infected with Shigella flexneri 2a. All the animals developed lethal infection
after rectal inoculaticn of the virulent strain 5503. Bicyclomycin and the kanamycin
control were given orally at daily dosage of 40 mg/kg for a period of 5 days beginn-
ing 24 hours after the inoculation. Bicyclomycin compared favorably with kanamycin
in respect to 1) the time required for termination of bloody mucous feces, restoration
of normal feces, and disappearance of Shigella bacilli from feces and 2) the absence
of the bacilli from intestinal tissues at autopsy. This experiment was preceded by
a fundamental study, which revealed satisfactory activity of bicyclomycin against
various Shigella species (MIC: 6.25~25mcg/ml) and good stability and excretion in
feces. These data demonstrate the therapeutic efficacy of bicyclomycin in intestinal
infections.
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efficacy of orally administered bicyclomycin in experimentally induced shigellosis in rhesus

monkeys.

Materials and Methods

1. Bacterial strains

One hundred strains of Shigella bacilli used for determination of MIC were isolated at
the Osaka Municipal Momoyama Hospital and the Hospital of Kobe University. Shigella
flexneri 2a, 5503 used for provoking infection in monkeys was provided by Dr. Honio,
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National Institute of Health, Tokyo. The MICs of bicyclomycin and kanamycin for this
strain were found to be 25 mcg/ml and 12.5 mcg/ml, respectively, by the agar dilution method.
2. Antibiotics

Antibiotics used were: bicyclomycin (Fujisawa Research Laboratories), kanamycin sulfate
(Meiji Seika Co., Ltd.), chloramphenicol (Fujisawa Pharmaceutical Co., Ltd.), tetracycline
hydrochloride (Takeda Chemical Industries, Ltd.), streptomycin sulfate (Meiji Seika Co., Ltd.),
ampicillin (Beecham Research Laboratories) and nalidixic acid (Daiichi Pharmaceutical Co.,
Ltd.).

3. Determination of MIC

One loopful of a test strain that had been incubated at 37°C for 20 hours in Trypticase
soy broth (BBL) was streaked on Heart infusion agar media containing serial twofold dilutions
of antibiotics. Inoculated plates were then incubated at 37°C for 20 hours, and the minimum
concentration required for complete inhibition of visible growth was recorded as the MIC.

4. Bioassay

The concentration of bicyclomycin and kanamycin in specimens was determined by the
disk method using Escherichia coli ATCC 27166 and Bacillus subtilis ATCC 6633, respectively,
as test organisms. The method is detailed in our preceding paper®.

5. Stability in feces

Feces of three healthy volunteers were suspended at a concentration of 359, in sterile
distilled water. A 4.5-ml portion of this suspension was mixed with 0.5ml of a 10,000
mcg/ml bicyclomycin solution, incubated at 37°C for 3 and 8 hours, and diluted to 50 ml.
This mixture was then centrifuged, and the potency of bicyclomycin in the supernatant fluid
was determined.

6. Fecal and urinary excretion

Five healthy rhesus monkeys were fasted for 24 hours and given a single oral dose of
40 mg/kg of bicyclomycin. The urine and feces were collected separately over three periods;
0~24 hours, 24~48 hours, and 48~72 hours. The feces were suspended in distilled water to
a concentration of 20 %;. This suspension was centrifuged, and the quantity of antibiotic in
the supernatant fluid was determined by the disk method. The five monkeys were given
bicyclomycin and kanamycin in a crossover design, and the concentration and recovery of
bicyclomycin in the feces and urine were compared with those of kanamycin.

Three healthy fasted volunteers were given a single dose of 1g of bicyclomycin, and the
0~24 and 24-48 hour urines and feces were assayed in the same manner.

7. Thin-layer chromatography and bioautography of active substance recovered in feces

Healthy volunteers were given 1g of bicyclomycin, and the feces were suspended in
distilled water to give a concentration of 30 2. This suspension was centrifuged, and the
supernatant fluid was spotted on a #6060 Eastman Chromatogram sheets (silica gel). The sheet
was developed with a 5:1 mixture of chloroform and methanol, air-dried, and placed on an
agar plate seeded with E. coli ATCC 27166. After removal of the sheet, the agar plate was
incubated at 37°C for 20 hours, and the Rf values were determined.

8. Shigellosis experimentally induced in rhesus monkeys

The method described by TAKASAKA er al. was used.” Nineteen male rhesus monkeys
weighing 3.0~5.0kg were divided into 7-, 5-, and 7-animal groups, fasted for 48 hours, and
given 10 ml of physiological saline rectally to eliminate the feces. Under general anesthesia
10 ml of physiological saline containing 1X10°/ml of Sh. flexneri 2a, 5503 was infused into
the rectum. Within 24 hours all the animals developed bloody mucous feces typical of
shigellosis.

Over a period of five days beginning 24 hours after challenge, monkeys of the first
7-animal group were given a single dose of 40 mg/kg of bicyclomycin and those of the 5-
animal group the same dose of kanamycin. The remaining 7 animals served as controls and
received physiological saline in place of an antibiotic. The period of observation was 3
weeks, and observation was made on the gross appearance of feces, the count of viable
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Shigella cells in feces, and the sensitivity of isolated Shigella bacilli to the antibiotic.

Autopsy was performed on all the infected animals, and the ileum, cecum, colon, and
rectum were checked for the presence of Shigella bacilli after the tissues had been smeared
on SS agar plates. The isolation and identification of Shigella flexneri 2a, 5503 were conducted
with SS agar and factor sera.

Results

1. Susceptibility of Freshly Isolated Strains of Sk. sonnei and Sh. flexneri to
Bicyclomycin and Six Other Antimicrobial Agents

The susceptibilities of Sk. sonnei and Sh. flexneri (50 strains each) are shown in Table 1.

Table 1. Susceptibility of freshly isolated strains of Sh. sonnei and Sh. flexneri to bicyclomycin
and six other chemotherapeutics.

MIC: mcg/ml
Organism Antibiotic ’ 5
>800 800 {400 200 100 ‘ 50 ‘ 25 |12.56.253.13
Bicyclomycin 213414
Chloramphenicol 471 1 1 i
Streptomycin 7 28|12 1 2
Shigella sonnei
(50 strains) Tetracycline ; 18 | 30 | 1 il
Kanamycin 5 ‘; 11 30 4
| |
Nalidixic acid | 1] 2 | 1 7139
Ampicillin f 5 |45
Bicyclomycin i 6 43 1
Chloramphenicol L8] 99 25
Streptomycin | 611 1 6 |26
Shigella flexneri
(50 strains) Tetracycline ‘ 2114 415 8|17
Kanamycin : 25 |25
Nalidixic acid ‘ ; 3 4|43
Ampicillin 1 ; 2|18 |29

(1) Sh. sonnei

All 50 strains were susceptible to bicyclomycin. Bicyclomycin at concentrations of 12.5
and 25mcg/ml inhibited 48 strains and the remaining 2 strains were inhibited at 50 meg/ml.
Most of the 50 strains were susceptible to kanamycin (MIC:6.25~25 mcg/ml) and nalidixic acid
(MIC:3.13 and 6.25 mcg/ml) but were highly resistant to chloramphenicol (MIC:200~800 mcg
/ml), streptomycin (MIC: >400 mcg/ml), and tetracycline (MIC:200 and 400 mcg/ml). All the
50 strains were susceptible to ampicillin.
(2) Sh. flexneri

All 50 strains of Sh. flexneri were inhibited by 6.25~25mcg/ml of bicyclomycin. MIC
values for chloramphenicol, streptomycin and tetracycline assumed distinct biphasic distribu-
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tions: one from 200 to 800 mcg/ml and the Table 2. Stability of bicyclomycin in suspen-

other 25 mcg/ml or less. The 50 strains were sion of human feces.

susceptible to kanamycin (MIC:3.13~12.5 mcg Residual activity (%
/ml), nalidixic acid (MIC:3.13~12.5 mcg/ml) 0hr. | 3hr. |8 hr
and, except for one strain, to ampicillin (MIC: KK 08 98 94
6.25~25 meg/ml). K.N. 98 98 95
2. Stability of Bicyclomycin in Y.F. 100 98 98
Suspension of Feces Control (P.B) pH 5.4 99 95 90

Feces of three healthy volunteers were
suspended in distilled water and incubated with bicyclomycin at 37°C. After 3 and 8 hours,
bicyclomycin recovery was 94~98 7; indicating high stability in human feces (Table 2).

3. Fecal and Urinary Excretion after Oral Administration to Monkeys
and Healthy Volunteers
(1) Monkeys
The concentration and recovery of bicyclomycin in feces after a single dose of 40 mg/kg
were compared in a crossover design with that of kanamycin in five healthy rhesus monkeys.
The results are shown in Table 3. The concentration in the 72-hour feces ranged from
1,717 to 4,060 mcg/g, i.e. 35.0~75.0 % (mean: 46.2 %) of the given dose was excreted in the

Table 3. Fecal and urinary excretion after a single oral dose of 40mg/kg of bicyclomycin to

monkeys.
0~24 hr. ‘ 24~48 hr. 48~72 hr. Total
Monkey ‘

mcg/g* or mcg/ml‘ % | mcg/g*, mcg/ml % | mcg/g*, mcg/ml % % %
Feces* 2,670 4.8 619 2.1 — — |44.9

No. 707| Urine 34 | 2.6 - - - 2.6 475
Feces - — 1,717 35.2 912 3.9 39.1

No. 737| Urine 66 1.8 = = e ~7 | 1.8 0.9
Feces 4,060 68.7 | 1,150 6.3 — — | 758

Ne. 71| Vrine 57 4.0 | - - - 3¢ [P0
Feces 3,110 15.0 | 1,880 21.8 - 36.8

No. 749 Urine 37 35 - = o = | 3.5 03
Feces - | = 1,880 20.0 1,600 15.0 | 35.0

No. 755 Urine 40 3.5 - - = ~7 | T35 385
Feces 3,280 (n=3) | 42.2 1,450 7.1 1,260 (n=2) | 9.5 | 46.2

Mean | {yrine 47 1 - - - Z7 | 312

feces during this period. The recovery in the 72-hour urine was as little as 1.8~4.0 7%
(mean: 3.1 7%). Bicyclomycin was thus shown to be absorbed poorly from the gastrointestinal
tract and nearly one half the given dose was excreted unchanged in the feces.

Kanamycin was also found to be absorbed poorly from the gastrointestinal tract (Table 4).
The rate of recovery in feces and urines in the 72-hour period averaged 28.9 % (16.8~46.4 %)
and 2.4 % respectively. Fecal concentration varied from 400 to 9,680 mcg/g and were found
to depend on the quantities of excreta. These findings proved that fecal concentrations of
bicyclomycin are high enough to kill sensitive microorganisms.

(2) Healthy volunteers
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Table 4. Fecal and urinary excretion after a single oral dose of 40mg/kg of kanamycin to

monkeys.
0~24 hr. 24~48 hr. 48~72 hr. Total
Monkey

mcg/g*, mcg/ml % | mcg/g*, mcg/ml %  mcg/g*, mcg/ml % % %
Feces* 346 5.1 741 14.2 20 0.3]19.7

No. 707 | Urine 39 21 5.7 0.4 12.6 0.2 | 2.7 [22-4
Feces . - 842 15.4 519 11,3 | 26.7

No. 737| Urine 56,5 1.9 5.3 0.2 12.5 0.5| 2.6 293
Feces 252 4.6 400 1.5 70 0.7 | 16.8

No. 731| Urine 25.5 35 2.7 0.3 = Z | 3. [20-6
Feces 2,600 13.6 - _ 9,680 21.4 | 35.0

No. 749| Urine 49 1.5 7.3 0.2 15.0 0.5| 2573
Feces — — 540 1.1 3,850 45.3 | 46.4

No. 755| Urine 9.9 0.2 1.9 0.2 = Z7 | 0.4 [t6.8
Feces 1,070 7.8 630 10.6 2,830 15.8 | 28.9

Mean | yrine M7 | 18 4.2 0.3 13.4 0.4 | 2.4 P13

Table 5. Fecal excretion after a single oral dose of 1g of bicyclomycin to human volunteers.

0~24 hr. 24~48 hr.
Volunteer (male) Toa}al
mgig | mg | % ( mgig | mg | % 0
T.A. 62 kg 7.26 | 413.8 41.4 306.6 30.7 721
K.N. 72 kg 5 3.93 | 621.1 62.1 156.4 15.6 T7:7
K.K. 63 kg | 5.46 |437.0 | 43.7 | 258.8 | 25.9 69.6
Mean 5.55 | 490.6 49.1 ‘ 240.6 24.1 73.2
A single dose of 1g of bicyclomycin was Fig. 2. Bioautograms of feces of volunteers

given to three healthy male volunteers, and
the concentration and recovery in the 48-
hour feces were determined. The results are
shown in Table 5. The concentration in the
first 24-hour feces averaged 5,550 mcg/g, i.e.
49.1 % (mean) of the given dose was excreted
during this period. The concentration in the
24- to 48-hour feces averaged 1,210 mcg/g,
i.e. 24.1 %5 of the given dose was excreted
during this period. Accordingly, the recovery
in the 48-hour feces totaled 73.2 %5. Thus
a single oral dose of 1g was shown to pro-
duce fecal concentrations high enough to kill
sensitive organisms in man.

The active substance recovered in human

receiving bicyclomycin.

Dose:
Solvent:

Bicyclomycin, 1g/man, p.o.

CHCI;-CH;OH (5:1).

Chromagram sheet:

Eastman silica gel 6060.

E. coli ATCC 27166.

Test organism:

Front

© @

@ o

<

Origin i
O-24hr. 24-48hr. 0-24hr. 24-48hr. 0-24hr. 24-48hr. Standard
T.A. K.N. K..K. {Bicyelos
mycin)

feces was identified as unchanged bicyclomycin, since its bioautogram produced a single inhibi-

tion zone having an Rf value identical with that of authentic bicyclomycin (Fig. 2).

4. Effect on Shigellosis in Monkeys

The effect of bicyclomycin on shigellosis of rhesus monkeys was compared with that of

kanamycin.
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(1) Gross findings of feces

Five of the seven untreated animals died within 11 days. Normal feces in the remaining
2 animals were restored on the 6th and 9th days. As shown in Fig. 3, the 7 animals receiv-
ing bicyclomycin responded satisfactorily to 40 mg/kg of this antibiotic given for 5 days and
survived the 21-day observation period. Excretion of bloody mucous feces in all subjects
terminated in an average of 5+0.7 days, and feces became normal in 8.6+1.1 days.

Of the 5 animals receiving kanamycin, bloody mucus was terminated in the feces of 4
animals in 6.5+1.0 days and the feces returned to normal in 15.3+1.1 days. The remaining
one animal (K-4) died on the 12th day.

Fig. 3. Gross findings of feces.
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These findings suggest superiority of bicyclomycin over kanamycin from the viewpoint of
restoration of normal feces.
(2) Cell count of Sh. flexneri in feces

As Fig. 4 shows, the count of bacilli surviving in the feces varied greatly. The period
required for complete disappearance of the bacilli averaged 7.0:1.1days in the bicyclomycin
group and 9.34+2.7 days in the kanamycin group. In one animal of the kanamycin group
excretion of the bacilli terminated on the 8th day, but returned on the 11th day and conti-
nued for 5 days. Animals receiving bicyclomycin suffered no such relapse.

During and after the 5-day treatment the sensitivity of isolated Sk. flexneri to bicyclomycin
remained the same as the sensitivity at the time of challenge.

3. Isolation of Sk. flexneri from Tissue of Ileum, Cecum, Colon,
and Rectum at Autopsy
Tissues of the ileum, cecum, colon and rectum were examined for the presence of Sh.
flexneri. All the animals were autopsied immediately after death or after sacrifice which was
performed 20 days after challenge. The results are shown in Fig. 5.
Control (7 animals): Sh. flexneri was present in every portion of the intestines of 4

animals and in two or more portions of 2 animals, but was absent in the remaining one
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Fig. 4. Count of viable cell of Sk. flexneri 2a in feces.

Days after challenge
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Fig. 5. Bacteriological findings in intestine of autopsied animals.
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animal that recovered spontaneously.

Bicyclomycin group (7 animals): Sh. flexneri was not detected in any portion of the 7
animals.

Kanamycin group (5 animals): Sh. flexneri was detected in the cecum and rectum of
a surviving animal and in the cecum of a sacrificed animal.

These findings clearly show the efficacy of bicyclomycin on gross fecal findings and
shortening of periods required for elimination of Shigella from the intestine and feces.

Discussion

Animal shigellosis as a model of human shigellosis has been produced by challenging
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Shigella to monkeys by several different routes.®.”.%.® The present authors introduced the
bacilli by rectal infusion according to the method of TAKASAKA et al., because in contrast
with other methods, this procedure generally results in lethal infections in all animals and
facilitates subsequent evaluation of therapeutic efficacy of drugs. In our studies bloody
mucous feces spontaneously terminated in one of the seven control animals and microbiologi-
cally normal feces were restored. This is to be regarded as an experimental variation and
it seems unlikely to preclude the usefulness of this method.

In general, drugs for the treatment of intestinal infections should (1) be stable and attain
high excretion in the intestinal tract, (2) act selectively against causative organisms, and be
inactive on normal intestinal flora, (3) cause no transfer of drug-resistance by R-factor, and
(4) cause no gastrointestinal upset.

Bicyclomycin has a narrow antimicrobial spectrum with activity against Shigella species, E.
coli and Salmonella. All strains of these organisms in this study were shown to be susceptible
to bicyclomycin. When given orally bicyclomycin is excreted in the feces where this antibiotic
is highly stable and present in high concentrations. In addition, bicyclomycin causes no
transfer of drug-resistance by R-factor (unpublished data).

These data suggest the therapeutic efficacy of bicyclomycin in severe intestinal infections.
The effect of repeated administration of bicyclomycin on the normal intestinal flora is now
under investigation.
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