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ON MYCOBACTERIUM TUBERCULOSIS
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In vitro antituberculous action of minocycline hydrochloride was studied using the H3;Rv
strain of Mycobacterium tuberculosis and 23 strains isolated from tuberculous patients. Mino-
cycline inhibited growth of the Hz;Rv strain on the Ogawa egg medium at a concentration
of 2 ug/ml, when small inoculations composed of 18 to 92 viable units were used (Tablel).
Only a streptomycin-resistant strain isolated from the Hz;Rv by ‘one step-selection’ with
1,000 ug of streptomycin per ml tended to show a little higher resistance (Table 1). Mino-
cycline inhibited growth of M. tuberculosis strains isolated from patients at concentrations
of 2.5 to 5 ug/ml (Table 2).

Bactericidal activities of various antituberculous agents were compared with the action
of minocycline. The bactericidal action showed, from the strongest, the following order:
Isoniazid, rifampicin, streptomycin and minocycline (Fig. 1). Bactericidal activity to kill
more than 70% of organisms after contract with agent for 24 hours was 0.1 ug for isoniazid
per ml, 1 ug for rifampicin per ml, 1 ug for streptomycin per ml, respectively. Minocycline
did not show such activity even at a concentration of 10 ug/ml. However, slight bactericidal
activity was shown also in this agent (Fig. 1).

For testing the bactericidal activity of minocycline, both 6-day-old and 14-day-old cultures
were used. The growth phase of these cultures are shown in Fig. 2. No significant difference
was observed between these two cultures as to the bactericidal action of mynocycline.

In conclusion, minocycline showed considerable bacteriostatic activity on M. tuberculosis.
It may be useful for chemotherapy of tuberculosis as an accessory agent.
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Tabie 1. In Vitro Bacteriostatic Activity of Mino-
cycline on Mycobacterium tuberculosis strain
Hi7 Rv and its Drug-Resistant Mutant Strains
Minocycline concentration

Strain (ug/ml)
50403020105 2 10
Parent, H37 Rv - - - - - - =+ +
Streptomycin-resistant - - - — — + + + +
Kanamycin-resistant - - - = = - = ++
Isoniazid-resistant - - = - - =+ ++
p-Aminosalicylate-resistant — — — — — — — + +
Rifampicin-resistant - - - - — - — ++
Quadruply resistant - — = = — — = + +
+ +

Hextuply resistant - - - = = = =

All test strains were cultivated at 37°C for 21 days
on Ogawa egg medium, and from these, bacterial sus-
pensions, 10 mg wet weight/ml, were prepared. The
suspensions were diluted by a 0.1% Tween 80-aqueous
solution until 107°, and diluted suspensions and the
original suspension were inoculated onto Ogawa egg
medium slants containing various concentrations of
the agent by a spiral loop that delivers a 0.02 ml sample.
The media inoculated were stoppered by a gum cap
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with a 3 mm cut-line in its bottom and incubated at

37°C for 21 days. The inhibitory concentration of
minocycline was read in media inoculated by a 10~°
suspension, in which 18 to 92 colonies grew on control
medium without agent (this method of reading the
inhibitory concentration is the ‘Actual count method’
of Tsukamura (Medicine and Biology 49: 87—90, 1958;
Japan J Tuberc, 12: 46—54, 1964). The minocycline
used was minocycline hydrochloride for injection
(Lederle Japan, Tokyo).

Streptomycin-resistant strain was isolated from single
colony of the parent strain that grew on Ogawa egg
medium containing 1,000 ug of streptomycin per ml.
Kanamycin-resistant strain was isolated from single
colony that grew on medium containing 200 ug of
kanamycin per ml, isoniazid-resistant strain from single
colony that grew on medium containing 10 ug of
isoniazid per ml, rifampicin-resistant strain from single
colony that grew on medium containing 100 ug of
rifampicin per ml, quadruple resistant strain from single
colony that grew on medium containing 1,000 ug of
kanamycin per ml, and hextuple resistant strain from
single colony that grew on medium containing 1,000
ug of paromomycin per ml. p-Aminosalicylate-resistant
strain was isolated by ‘two-step-selection’ using the
first 1 ug/ml and the second 100 ug/ml.

Table 2. Sensitivity to Minocycline on Ogawa Egg Medium of Twenty-Three Strains of

Mpycobacterium tuberculosis

Isolated from Patients

Minocycline concentration (ug/ml)

Resistance to antituberculous agents

Strain
10 5 2.5 0 C SM  INH PAS KM TH RFP EB EVM
1 - - + + + + + + + — - - + -
2 - - + + +H + - - - - + + - -
3 - - - - +H + + + - + + + + +
4 — - - — H + — + + - + + + -
5 — - — + + + + + - + + + +H +
6 - - - + + + + + + — - — —
7 - - - + +H + 20 + + 16 11 + + -
8 - - - +H + + - + + + - + +
9 - - + + + + + + + - + + -
10 - - + + H + + + — - - + +
11 - — + + ++ + - - — - - — —
12 - - + + H + - — — - _ —
13 - - - + +H + + + - ++ - + - —
14 - - + + H + + + + + + + +
15 - - + +H +H + + + + — - - —
16 - + H +H + + + + + - + + +
17 - - - H + H+ + - + + + + +
18 + + + +H +H + — . — _ _ - _ _
19 - + + +H H+ + — — - - — - —
20 - - - + + + + + — + + + + +
21 - + + +H +H + - - — - — — -
22 - + + + + + - — - - _
23 — - - + + + + + +H - + + -

4, Confluent growth; +, partially confluent growth or thin membraneous growth; + more than 100 colonies; actual

number indicates the number of colonies.

The growth was observed after incubation at 37°C for 3 weeks.

C, control; SM, Streptomycin, 20 ug/ml; INH, isoniazid, 0.1 ug/ml; PAS, para-aminosalicylate, 1 ug/ml; KM, kanamycin,
100 ug/ml; TH, ethionamide, 40 ug/ml; RFP, rifampicin, 50 ug/ml; EB, ethambutol, 5 ug/ml; EVM, enviomycin, 100

ug/ml.
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Fig. 1. Comparison of bactericidal action of various
antibuterculous agents on Mycobacterium tuberculosis
strain H37 Rv

A bacterial suspension, 10 mg weight/ml, was pre-
pared from a 14-day-old culture of the H37 Rv strain
growing on Ogawa egg medium. One ml of this sus-
pension was inoculated into 100 ml of Dubos liquid
medium placed in an Erlenmyer flask (300 ml). The
medium was cultivated at 37°C for 14 days, and then
10 ml samples of the medium were placed into tubes,
165 by 16.5 mm, respectively. To these media dis-
pensed, a 0.1 ml sample of various concentrations of
antituberculous agent was added to give a final con-
centration desired. The media were incubated at 37°C
for 24 hours. After the 24 hour-contact, the bacteria
of the medium were centrifuged and washed three
times with each 10 ml of a 0.9% NaCl solution and
then were suspended in 10 ml of a 0.1% Tween 80-
aqueous solution. This suspension was diluted with
the same solution until 10™*. From each of these
dilutions, 0.02 ml samples were inoculated onto Ogawa
egg medium slants by a spiral loop. The tubes inoculated
were incubated at 37°C for 21 days and the number
of colonies was counted.

Experiment on the batericidal activity of minocylcine
was carried out not only using a 14-day-old culture
but also using a 6-day-old culture. The growth phases
of these cultures are shown in Fig. 2.

Dubos liquid medium was prepared as follows: 2.4 g

of Difco Bacto TB Broth Base (Difco Laboratories,

Detroit, Michigan, U.S.A.) was dissolved in 180 ml
of distilled water and sterized by autoclaving at 120°
C for 20 minutes. This solution was added with 20 ml
of Bovine serum (Eiken Co., Tokyo).

O——0O Percentages of surviving organisms of a 14-day-
old culture in various concentrations of mino-
cycline

V——V  Percentages of surviving organisms of a 6-day-
old culture in various concentrations of mino-
cycline

ik W8E B TE

@@ Percentages of surviving organisms of a 14-day-
old culture in various concentrations of strepto-
mycin

A——24 Percentages of surviving organisms of a 14-day-
old culture in various concentrations of rifam-
picin

A——A Percentages of surviving organisms of a 14-day-
old culture in various concentrations of isoniazid
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Fig. 2. Growth curves of Mycobacterium tuberculosis
strain H37Rv in Dubos liquid medium

A bacterial suspension, 10 mg wet weight/ml, was
prepared from a 14-day-old culture of M. tuberculosis
strain H37Rv growing on Ogawa egg medium. One
ml sample of this suspension was inoculated to 100 ml
of Dubos liquid medium placed in an Erlenmeyer flask
of 300 ml. The medium was incubated at 37°C, and
at various intervals, 2 ml samples of the medium were
taken and their optical density was measured using
a Leitz photometer (filter 610 mu). The samples were
diluted with a 0.1% Tween 80-aqueous solution until
10-5. One-fiftieth ml samples of each dilution were
inoculated onto Ogawa egg medium slants by a spiral
loop and the tubes inoculated were incubated at 37°C
for 21 days. The number of colonies was then counted,
and the number of viable organisms in a 0.02 ml sample
was plotted.
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