117

Kekkaku Vol. 44, No. 4

~ v 2ADORERHERG I xt3 5 Orotic acid % & U ic
4-Amino-5-imidazolecarboxamide orotate DZhE

® oA H M4 L &
EIAD S 3L

24 M43 % 124178

EFFECT OF OROTIC ACID AND 4-AMINO-5-IMIDAZOLECARBOXAMIDE
OROTATE ON INFECTION OF MICE WITH TUBERCLE BACILLI*

Michio TSUKAMURA and Haruo TOYAMA

(Received for publication December 17, 1968)

Since Schwartz et alV. reported that 6-mercaptopurine suppresses antibody formation, many
papers appeared reporting on inhibition of immune response by purine analogues. In the field
of experimental tuberculosis, Arima et al.? stated that sensitization of rabbits by killed tubercle
bacilli was suppressed by 6-mercaptopurine. In contrast to the above papers reporting effec-
tiveness of purine analogues, Tsukamura et al.® reported that adenine itself is able to modify
infection of mice with tubercle bacilli. It was thus desirable to obtain further informations on
biological effects of nucleic acid precursors. The purpose of the present paper is to report on
the effect of orotic acid and 4-amino-5-imidazolecarboxamide orotate on infection of mice with
tubercle bacilli.

Methods

CF, strain and dd-N strain of mice weighing 22 to 24g were used. Challenge was done
by intravenous injection of M. tuberculosis HyRv or M. bovis Ravenel, which were subcultured
in Dubos TB broth (without tween) at 37°C for 7 days. Amount of challenge was 1 mg moist
weight of the HgRv strain or 0.2mg moist weight of the Ravenel strain. For the purpose of
immunity production, M. bovis BCG, subcultured on Ogawa egg medium for 3 weeks, was
inoculated subcutaneously to mouse in a dose of 0.1mg moist weight.

Grade of infection was observed taking the number of viable challenge organisms recovered
in the lungs and in the spleen of a mouse as indexes. To count the viable numbers, three
mice were killed from each group, and the lungs and the spleens were measured of their
weights. The organs of three mice were combined into one, respectively, and homogenized
with a motor homogenizer adding 5 volumes of distilled water. = The homogenate was then
added with 5 volumes of 29, NaOH and again homogenized. The homogenate was diluted to
give a series of 10° 10! 1072, 10~% and 10~* dilutions. Two-one hundredths m! samples of
each dilution were inoculated with a spiral loop onto Ogawa egg medium and incubated at 37°C.
After four weeks of incubation, the number of colonies was counted, and the number of viable
challenge organisms recovered in a whole organ (lungs or spleen) was calculated.

Orotic acid was administered as orotic acid-dimethylamide (Orotonsan-S ; Ono Pharmaceutical

Co.), which was supplied as a 20mg/ml solution. 4-Amino-5-imidazolecarboxamide orotate
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(Aicamin ; Fujisawa Pharmaceutical Co.) was supplied as a crystal form. This was dissolved
in a 0.067M phosphate buffer (pH7.1) at a concentration of 10mg/mi. Both agents were

administered to mice by sabcutaneous injection.
Results

1. Effect of Ovotic acid-dimethylamide on experimental infection of mice with virulent

tubercle bacilli

The results are shown in Tables 1 and 2. Administration of orotic acid in daily doses of
0.1mg to 2mg for 6 or 8 weeks seemed to lower the infection with tubercle bacilli so far as
viewed from bacteriological viewpoints. The best effect was obtained by daily administration
of 2mg (Table 1). Administration of daily doses 4mg and 10mg caused initial deterioration
but followed later improvement (Table 1).

2. Effect of 4-amino-imidasolecarboxamide orotate on experimental infection of mice with

virulent tubercle bacilli

The results are shown in Table 3. Administration of Aicamin in a daily dose of 0.2mg
or 0.5mg retarded the time of occurrence of maximum increase of challenge organisms (Table
3).

3. Effect of 4-amino-5-imidazolecarboxamide orotate on immunity production in mice by BCG

vaccination

After vaccination with BCG, the mice were divided into three groups. The first received
injection of saline, the second subcutaneous injection of 0.2mg of Aicamin, and the third that
of 0.5mg of Aicamin. The administration was made daily for 4 weeks. After 4 weeks,
challenge was done by intravenous injection of M. tuberculosis HuyRv. Two weeks and four
weeks after challenge, the number of viable challenge organisms recovered in the lungs and the
spleen were counted to observe the effect of vaccination. Post-vaccination administration of
Aicamin in a daily dose of 0.2mg per mouse seemed to give some good effect on production
of immunity, whereas such administration in a dose of 0.5mg per mouse seemed to counteract
the immunity formation (Table 4).

Since orotic acid and Aicamin have practically no inhibitory effect on multiplication of
tubercle bacilli, it is probable that the effects of these agents observed are due to modification
of host tissues. By administration of the agents, the host tissues may become a state unfa-
vorable for multiplication of tubercle bacilli. In case of the BCG vaccination also, modification
of host tissues may concern with modified immunity formation.

Conclusion

Administration of orotic acid-dimethylamide could modify infection of mice with tubercle
bacilli. Daily administration of this agent in doses 0.1mg to 2mg per mouse suppressed
multiplication of tubercle bacilli in mouse organs (lungs and spleen). Administration of 4-
amino-5-imidazolecarboxamide orotate also modified infection of mice with tubercle bacilli and
immunity formation by BCG vaccination.
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Table 1. Effect of Orotic Acid-dimethylamide (Orotonsan-S®) on Infection
of Miceg with Tubercle Bacilli
Viable counts per organ
Treatment after challenge Organ Time after challenge
2 weeks 4 weeks 6 weeks
Control (not treated) Lungs 358, 000 1, 568, 600 358, 050
Spleen 445, 450 379, 250 73,012
Lungs 217 95, 600 64, 960
Orotic acid 2 mg dail !
v g cary Spleen 24,080 94, 080 42,025
Orotic acid 4 mg daily Lungs 2,962, 500 3,417 580
Spleen 7,273, 750 47,190 15,010
104, 030
Orotic acid 10 mg daily Lungs 978, 600 46
Spleen 3, 481, 000 6, 245 57,812

The viable challenge numbers are a mean of three mice.

Each mouse was challenged with 1 mg. moist weight (1.4x10¢ viable organisms) of M. tuberculosis Hy;Rv. The
mice challenged were divided into four groups and received the following post-challenge treatment until the end
of the 6th week : (1) control received injection of saline; (2) administered daily with 2mg of orotic acid; (3)

administered daily with 4 mg of orotic acid ; (4) administered daily with of 10mg of orotic acid.

$ CF, strain.
Table 2. Effect of Orotic Acid-dimethylamide (Orotonsan-S®) on Infection
of Micey with Tubercle Bacilli
Viable counts per organ*
Treatment after challenge Organ Time after challenge a
4 weeks 6 weeks 8 weeks
Lungs 141, 705 7,350, 000 16, 512, 000
Control
Spleen 11, 685 71, 957 56, 240
Lungs 7,344 4,833, 405 68, 340
ti id 0.1 dail
Orotic acid 0.1mg daily Spleen 50, 662 57,855 2,292
Lungs 89, 460 441, 000 3,177
i id 0.5 dail
Orotic acid 0.5mg daily Spleen 5,767 15,375 1,116

* Mean of three mice.

Each mouse was challenged with 0.2 mg moist weight (2.0x10¢ viable organisms) of M. bovis Ravenel. After
challenge, the mice were divided into three groups and received the following post-challenge treatment until
the end of the 8th week : (1) control received injection of saline; (2) administered daily with 0.1mg of orotic
acid ; (3) administered daily with 0.5mg of orotic acid. Administration of orotic acid was made subcutaneou-

sly.
$ CF, strain.
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Table 3.
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Effect of 4-amino-5-imidazolecarboxamide Orotate (Aicamin®) on

Infection of Mice#$ with Tubercle Bacilli

T Viable counts per organ* o o
Tre:‘::r:‘:‘:ner Organ | Time after challenge o
1 week 2 weeks 3 weeks 4 weeks 5 weeks 6 weeks
Control Lungs <31 235 1,545 | 848,700 40,970 <84
Spleen 452 380 3,705 429, 425 33,840 113
: : Lungs <64 148 - 46 45, 980 182, 245 45, 540
Aicamin 0.2mg
Spleen 260 2,822 228 16, 060 18,720 1,054
Aicamin 0.5m Lungs 246 1,011 1, 820 2,544 1,131, 500 12,584
i DSMmE | Spleen 242 1,886 3,260 19, 380 71,910 2,369

* Mean of three n;lce.

Each mouse was challenged with 1 mg molst welght (7.9x10¢ viable organisms) of M. tuberculosis Hy Rv. After
challenge, the mice were divided into three groups and received the following post-challenge treatment: (1)
control received injection of saline ; (2) subcutaneoualy administered daily with 0.2 mg Alcamin® ; (3) subcutane-
ously administered daily with 0.5mg Aicamin®. The treatment was begun on the day of challenge and continued

until the end of the 8th week.
# dd-N strain,

Table 4. Effect of 4-amino-5-imidazolecarboxamide Orotate (Aicamin®) on
Immunity Formation in Mice$

Viable counts per organ® T
Treatment after BCG vaccination Organ Time after challenge
2 weeks l 4 weeks
Control Lungs 10, 465 956
Spleen 63, 825 244
L :
Aicamin 0.2mg ungs 66 I 2,160
Spleen 1,609 965
!
Aicamin 0.5mg Lungs 75, 600 54,495
Spleen 97, 200 835, 000

# dd-N strain of mice.
* Mean of three mice.

Immunity formation against challenge with tubercle bacilli was observed taking the number of viable chal-
lenge organisms recovered in the lungs and the spleen as an index.

Mice (dd-N strain, 22 to 24 g) were vaccinated subcutaneously with 0.1 mg moist weight (1.8x105 viable organ-
isms) of the BCG strain of M. bovis. The mice were then divided into three groups and received the following
post-vaccination treatment for four weeks: (1) control received injection of saline every day; (2) the second
received subcutaneous injection of Aicamin® solution, 0.2 mg daily ; (3) the third received subcutaneous injection
of Aicamin® solution, 0.5mg daily. Four weeks after vaccination, the mice were challenged with intravenous
injection of M. tuberculosis Hy;Rv (1.6x107 viable organisms). Two weeks and four weeks after challenge, the
mice were sacrificed and the number of viable challenge organisms in the lungs and in the spleen were counted.
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