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ABSTRACT 

The resistance to Pseudomonas aeruginosa infection in normal mice was markedly 
enhanced by intra peritoneal administration of streptococcal preparation, OK-432. OK-
432 reduced the mortality and enhanced the in vivo killing activity of peritoneal cells 
against P. aeruginosa infection in immunosuppressed mice treated with high doses of 
dexamethasone. 

A streptococcal preparation, OK-432, devel
oped by 0 kamoto et al. 21), has been known to 
have potent antitumor activities in experimental 
animals11 ' 27l and humans13 ' 21l. Its stimulates 
the host defense mechanism in terms of activa
tion of macrophages11l, lymphocytes13l, granulo
poiesis9l and serum complement components15 ' 

26l, and production of interferon17> and of serum 
antibody33l. It was proved that Mycobacte
rium bovis (BCG)4• 36l, Propionibacterium acnes 
(Corynebacterium parvum)12• 18> and OK-43213• 

20 which are currently being used in cancer 
immunotherapy also enhance the resistance to 
experimental bacterial1• 19, 28 -ao and viral 61io, 14, 16l 
infections in animals. Among these, little is 
known of its enhanced resistance to bacterial 
infections in animals. In the present study, we 
examined the effect of this agent on P. aerugi
nosa infection in normal and dexamethasone
treated mice. 

OK-432 was donated by Chugai Pharmaceu
tical Co., Tokyo. As the challenge inoculum, 
P. aeruginosa PAO 3047 and Escherichia coli 
81 were used in some experiments. These or
ganisms were incubated at 37° C for 24 h in 
heart infusion broth. Bacterial cells were har
vested by centrifugation, washed three times, 
and diluted in saline. Female ddY mice 4 to 
5 weeks old were purchased from the Shizuoka 
Union for Experimental Animals, Shizuoka, Ja
pan. Each animal was given intraperitoneally 

(i. p.) 1 or 5 KE (Klinische Einheit) of OK-
432 suspended in sterile physiological saline. 
Because 1 and 5 KE of OK-432 contain 2, 690 
and 13, 450 units of penicillin G, respectively, 
equivalent amounts were added to each dose of 
saline inoculum administered to the control 
animals also. Ten mice each in the experimen
tal and control groups were challenged i. p. 
with 0. 1 ml of serial 5-fold dilutions of P. 
aeurginosa (2. 8 x 108 /ml) or E. coli 81 (1. 2 x 
107/ml) one day after injection with OK-432. 
The LD50 was determined by the method of 
Reed and Muench23l. Mortality data were rec
orded 7 days after challenge. As shown in 
Fig. 1, LD50 values for P. aeurginosa and E. 
coli increased about 12- and 4-fold, respectively, 
as compared with those in control mice. 

Twenty mice in the experimental and control 
groups were administered i. p. with or without 
1 or 5 KE of OK-432. At various time intervals 
for up to 14 days, mice were infected i. p. with 
0. 1 ml of P. aeruginosa (4. 7-5.6x107 /ml), and 
survival was recorded 7 days after infection. 
As shown in Fig. 2, the enhanced resistance in 
mice was gradually reduced and completely lost 
10 days (1 KE) and 14 days (5 KE) after 
administration of OK-432. However, the re
sistance in both experimental groups to infection 
was significantly enhanced for 5 days thereafter 
(P<O. 05). 

Study was made to determine whether or not 
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Fig. 1. The LD50 by intraperitoneal challenge 
with P. aeruginosa or with E. coli in mice pre
treated with OK-432. 
Mice (n=lO) were injected i. p. with or without 
OK-432 (5 KE) one day before the intraperitoneal 
challenge with P. aerugionsa PAO 3047 (CJ) 
or E. coli 81 ( ~ ). Survivals were recorded on 
day 7 afrer the challenge, and LD50 was deter
mined23>, 

the reduced resistance against P. aeruginosa 
infection in immunosuppessed animals i& en
hanced by OK-432. Mice were daily treated 
i. p. with 0. 2 ml of dexamethasone (0. 2 mg/ml, 
Decadron®, Japan Merck Co., Tokyo) for 3 
days. One day after the last administration of 
dexamethasone, mice were given OK-432 i. p. 
once or three times with or without 2 KE, 
followed by intraperitoneal challenge with P. 
aeruginosa (1. 1 x 106) after 24 h. As shown in 
Fig. 3, the survival rate of dexamethasone in 
treated (infected) mice was 40%, while none 
survived in the dexamethasone-treated (infected) 
mice. This reduced resistance to P. aeruginosa 
infection in dexamethasone-treated mice was 
significantly enhanced by OK-432, and the de-
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Fig. 2. Persistence of resistance against P. aeru
ginosa infection in mice pretreated with OK-432. 
Mice (n=20) were injected i. p. with OK-432 (1 

or 5 KE). At indicated intervals after the injec
tion, mice were challenged i. p. with P. aeruginosa 
(4. 7-5. 6 x 106), and survivals on day 7 were 
recorded. 
* Arrows indicate infection with P. aeruginosa. 
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Fig. 3. Protection of OK-432 in dexamethasone
treated mice against P. aeruginosa infection. 
Mice (n=lO) pretreated with (CJ) or without 
( .. ) dexamethasone were injected once or three 
times with OK-432 (2 KE). One day after the 
injection with OK-432, mice were challenged i. p. 
with P. aeruginosa (1. 1 x 106), and survivals on 
day 7 were recorded. 

gree of enhancement was higher in the three 
dosage groups than in the one dosage group. 

The effect of OK-432 on in vivo killing 
activity of peritoneal cells in dexamethasone-
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treated mice against P. aeruginosa was studied 
as described previously28>. Briefly, dexametha
sone-treated mice were challenged i. p. with P. 
aeruginosa (105) 7 days after i. p. administra
tion of OK-432 (2 KE). Three hours after 
challenge, 2. 5 ml of Hanks' balanced salt solu
tion containing 4 units heparin per ml were 
injected into the peritoneal cavity of mice after 
gently massaging their abdomen, and the peri
toneal fluid was collected. The fluid was sepa
rated into supernatant fluid and cell pellets by 
centrifugation, and the cells were disrupted with 
5 ml of distilled water to release the P. aeru
ginosa. The number of colony-forming units 
(CFU) in the supernatant fluid and the cells 
was determined on nalidixic acid-cetrimide 
(NAC) agar plates. The killing activity was 
calculated by means of the following formula: 
Killing activity (%) = 
Total CFU at 0 time-Total CFU after 3h 

100 Total CFU at 0 time x 

where Total CFU means CFU in supernatant 
fluid and cells. In addition, the number of cells 
in the peritonal fluid before challenge with P. 
aeruginosa was counted with a hemocytometer 
and the peritoneal fluid was smeared, stained 
with Giemsa's solution and analyzed. As shown 
in Fig. 4, the killing activity of peritoneal cells 
from dexamethasone-treated mice against P. ae
ruginosa was lower than that of cells from 
normal mice. The reduced killing activity of 
peritoneal cells from dexamethasone-treated 
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Fig. 4, In vivo killing of P. aeruginosa by peri
toneal cells in normal and dexamethsone-treated 
mice administered with OK-432. 
Mice (n=3) pretreated with or without dexame
thasone were challenged i. p, with P. aeruginosa 
(1 x 105) 7 days after the administration of OK-432 
(2 KE). After 3 h of challenge, the number of 
CFU in the peritoneal fluid was assayed, and the 
killing activity was determined. The details are 
described in the text. 

Table 1. Nember and population of cells in the 
peritoneal fluids in normal and dexamethasone
treated mice administred with OK-432 

Peritoneal or peritoneal exudate cells 

Mice Number of Analysis (%) 

cells Mc,b PMN lymphocyte 

Normal 5,lxl06 58.1 3.4 

5.8 

38.5 

45.1 Dexamethasone- 1. 7x106 49.1 
treated 

+ OK-432 2. 0x107 59.1 10.9 30.0 

Mice pretreated i. p. with dexamethasone (40 µg/ 
day, for 3 days) were injected i. p. with OK-432 
(2 KE). Seven days after injection with OK-432, 
the cells in intraperitoneal fluid of normal and 
experimental mice were counted, and analyzed 
after staining with Giemsa's colution, 

mice was markedly enhanced by the intra peri
toneal administration of QK..,..432. The number 
and the percentage of macrophages and poly
morphounuclear leukocytes (PMN) in peritoneal 
cells from dexamethasone-treated mice increased 
by the administration of OK-432 (Table 1). 

Among the phagocytic cells, PMN plays the 
primary role for protection of the host against 
P. aeruginosa infection8,32>, while macrophages 
also assume an important role for the defense 
mechanism against pseudomonas infection3• 5, 22>. 
It is well known that patients and experimental 
animals treated with corticosteroid become sus
ceptible to opportunistic pathogens. The agent 
mainly suppressed the host cell-mediated im
munity such as mitosis and lysis of lympho
cytes7>, chemotaxis and microbicidal activity of 
monocytes24' 25> and migration, phagocytosis and 
microbicidal activity of macrophages2' 20, 31• 35>. 
In contrast, the migration and microbicidal ac
tivity of PMN are not affected by the agent20' 
25, 34> The resistance to P. aeruginosa infection 
in normal mice was markedly enhanced by 
intraperitoneal injection of OK-432, which also 
reduced the mortality due to P. aeruginosa 
infection in immunosuppressed mice treated 
with a high dose of dexamethasone. The re
duced in vivo killing activity of peritoneal 
cells from the dexamethasone-treated mice was 
enhanced by the administration of OK-432. 
These actions of OK-432 can be explained by 
its enhancing ability of PMN and macrophage 
accumulation in the infection site. Our findings 
suggest that OK-432 may serve not only for 
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cancer treatment, but also for protection against 
the opportunistic infections in immunosup
pressed patients. 

REFERENCES 
1. Adlam, C., Broughton, E. S. and Scott, M. T. 

1972. Enhanced resistance of mice to infection 
with bacteria following pretreatment with Coryne
bacterium parvum. Nature (New Biol.) 235 : 
219-220. 

2. Balow, J.E. and Rosenthal, A. S. 1973. Gluco
corticoid suppression of macrophage migration 
inhibitory factor. J. Exp. Med. 137 : 1031-1040. 

3. Bartell, P. E. and Krikszens, A. S. 1980. In
fluence of antislime glycolipoprotein serum on the 
interaction between Pseudomonas aeruginosa and 
macrophages. Infect. Immun, 27: 777-783. 

4. Bast, R. C., Zbar, B., Borsos, T. and Rapp, 
H.J. 1974. BCG and cancer. N. Eng. J. Med. 
290 : 1413-1420. 

5. Bjornson, A. B. and Michael, J. G. 1972. Con
tribution of humoral and cellular factors to the 
resistance to experimental infection by Pseudo
monas aeruginosa fn mice. II. Opsonic, agglu
tinative, and protective capacities of immunoglo
bulin G anti-pseudomonas antibodies. Infect. Im
mun. 5 : 775-781. 

6. Budzodo, D. B., Casals, J. and Waksman, B. 
H. 1978. Enhanced resistance against Junin vir
us infection induced by Corynebacterium parvum. 
Infect. Immun. 19 : 893-897. 

7. Claman, H. N., Moorhead, J. W. and Benner, 
W. H. 1971. Corticosteroids and lymphoid cells 
in vitro. I. Hydrocortisone lysis of human, guinea 
pig and mouse thymus cells. J. Lab. Clin. Med. 
78 : 499-507. 

8, Finch, J.E. and Brown, M. R. W. 1978. Effect 
of growth environment on Pseudomonas aerugi
nosa killing by rabbit polymorphonuclear leuko
cytes and cationic protein. Infect. Immun. 20 : 
340-346. 

9. Furusawa, S., Hanzawa, S., Enokida, H., Sai
to, K., Hirose, K., Komatsu, H. and Shishido, 
H. 1977. Effect of a streptococcal preparation 
(OK-432) on granulopoiesis. Igaku no Ayumi 
103: 215-217. 

10. Glasgow, L.A., Fischbach, J., Bryant, S. M. 
and Kern, E. R. 1977. Immunomodulation of 
host resistance to experimental viral infections in 
mice: effects of Corynebacterium acnes, Coryne
bacterium parvum, and Bacillus Calmette-Guerin. 
J. Infect. Dis. 135 : 763-770. 

11. Ishii, Y., Yamaoka, H., Toh, K. and Kikuchi, 
K. 1976. Inhibition of tumor growth in vivo 
and in vitro by macrophages from rats treated 
with a streptococcal preparation, OK-432. Gann 
67 : 115-119. 

12, Israel, L., Edelstein, R., Depierre, A. and 
Dimitrov, N. 1975. Daily intravenous infusions 
of Corynebacterium parvum in twenty patients 
with disseminated cancer: a preliminary report on 
clinical and biologic findings. J. Natl. Cancer 
Inst. 55 : 29-33. 

13, Kimura, I., Ohnoshi, T., Yasuhara, S., Sugi
yama, M., Urabe, Y., Fujii, M. and Machida, 
K. 1976. Immunotherapy in human lung cancer 
using streptococcus agent OK-432. Cancer 37 : 
2201-2203. 

14. Kirchnen, H., Scott, M. T., Hirt, H. M. and 
Munk, K. 1978. Protection of mice against viral 
infection by Corynebacterium parvum and Borde
tella partusis. J. Gen. Viral. 41 : 97-104. 

15. Kondo, M., Kato, H., Takemura, S., Yoshika
wa, T ., Y okoe, N ., Ikezake, M. and Imanishi, 
H. 1977. Activation of cellular immunity and 
complement system in immune-deficient aged sub
jects by streptococcal preparation OK-432 (Pici
banil). Japan. J. Clin. Oneal. 7 : 21-26. 

16. Larson, C. L., Ushijima, R. N., Karim, R., Bak
er, M. B. and Baker, R. E. 1972. Herpesvirus 
hominis type 2 infection in rabbits: effect of prior 
immunization with attenuated Mycobacterium 
bovis (BCG) cells. Infect. Immun. 6: 465-468. 

17. Matsubara, H., Suzuki, F. and Ishida, N. 
1979. Induction of immune interferon in mice 
treated with bacterial immunopotentiator, OK-
432. Cancer Immunol. Immunother. 6 : 41-45. 

18. Millman, I., Scott, A. W. and Halbherr, T. 
1977. Antitumor activity of Propionbacterium 
acnes (Corynebacterium parvum) and isolated 
cytoplasmic fractions. Cancer Res. 37 : 4150-4155. 

19. Miyata, H., Nomoto, K. and Takeya, K. 1980. 
Characteristics of resistance to Listeria mono
cytogenes enhanced Corynebacterium parvum in 
mice. Immunology 40 : 33-39. 

20, North, R. J. 1971. The action of cortisone ace
tate on cell-mediated immunity to infection : sup -
pression of host cell proliferation and alteration 
of cellular composition infective foci. J. Exp. Med, 
134 : 1485-1500. 

21. Okamoto, H., Shoin, S., Koshimura, S. and 
Shimizu, R. 1967. Studies on the anticancer 
and streptolysin S-forming abilities of hemolytic 
streptococci. Japan. J. Microbial. 11 : 323-336. 

22. Pennington, J.E. and Kuchmy, D. 1980. 
Mechanism for pulmonary protection by lipo
polysaccharide pseudomonas vaccine. J. Infect. Dis. 
142: 191-198. 

23. Reed, L. J. and Muench, H. 1938. A simple 
method of estimating fifty percent endopoints. 
Am. J. Hyg. 27 : 493-497. 

24. Rinehart, J. J., Balcerzak, S. P., Sagone, A. 
L. and LoBuglio, A. F. 1974. Effects of cor
ticosteroids on human monocyte function. J. Clin. 
Invest. 54 : 1337-1343. 



NOTE 239 

25. Rinehart, J. J., Sagone, A. L., Balcerzak, S. 
P., Ackerman, G. A. and LoBuglio, A. F. 
1975. Effects of corticosderoid therapy on human 
monocyte function. 1975. N. Engl. J. Med. 292 : 
236-241. 

26. Sakai, S., Ryoyama, K., Koshimura, S. and 
Migita, S. 1976. Studies on the properties of a 
streptococcal preparation OK-432 (NSC-B 116209) 
as an immunopotentiator. I. Activation of serum 
complement components and peritoneal exudate 
cells by group A Streptococcus. Japan. J. Exp. 
Med. 46 : 123-133. 

27. Sakurai, Y., Tsukagoshi, S., Satoh, H., Aldba, 
T., Suzuki, S. and Takagaki, Y. 1972. Tumor
inhibitory effect of a streptococcal preparation 
(NSC-B 116209). Cancer Chemother. Rep. 56 : 
9-17. 

28. Saito, H., Watanabe, T. and Horikawa, Y. 
1982. Protective effects of a Lactobacillus-prepa
ration, LC-9018, on the experimental Pseudomonas 
aeruginosa infection in mice. Med. Biol. 104: 
283-287. 

29. Senterfitt, V. C. and Shands, J. W. Jr. 1970. 
Salmonellosis in mice infected with Mycobacte
rium bovis BCG. II. Resistance to infection. In
fect, Immun. 1 : 583-586. 

30, Shiraishi, A., Mikami, Y. and Arai, T. 1979. 
Protective effect of OK-432 (a streptococcal pre
paration) on experimental candidiasis. Microbial. 
Immunol. 23: 549-554. 

31. Stinnett, J. D., Morris, M. J. and Alexander, 

J. W. 1979. Macrophage activation and increased 
resistance to infection in immunosuppressed mice 
treated with Corynebacterium parvum vaccine or 
pyran copolymer. J. Reticuloendother. Soci. 25 : 
525-531. 

32. Tatsukawa, K., Mitsuyama, M., Takeya, K. 
and N omoto, K. 1979. Differing contribution of 
polymorphonuclear cells and macrophages to pro· 
tection of mice against Listeria monocytogenes 
and Pseudomonas aeruginosa. J. Gen. Microbial. 
115: 161-166. 

33, Watanabe, T., Adachi, K., Horikawa, Y., Sato, 
K. and Saito, H. 1981, Enhanced humoral anti
body production in mice against influenza virus 
by streptococcal preparation OK-432. Microbial. 
Immunol. 25: 205-208. 

34. Webel, M. L. Ritts, R. E. Jr., Taswell, H.F., 
Donadio, J. V. Jr. and Woods, J.E. 1974. Cel
lular immunity after intravenous administration 
of methyl predonisolone. J. Lab. Clin. Med. 83 : 
383-392. 

35. Weston, W. L., Claman, H. N. and Krueger, 
G.D. 1973. Site of action of cortisol in cellular 
immunity. J. Immunol. 110 : 880-883. 

36. Zbar, B., Bernstein, I. D., Bartlett, L., Hanna, 
M. G. and Rapp, H.J. 1972. Immunotherapy of 
cancer: regression of intradermal tumors and pre
vention of growth of lymph node metastases after 
intralesional injection of living Mycobacterium 
bovis. J. Natl. Cancer Inst. 49 : 119-130. 


