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INCREASE IN ANTITUBERCULOUS RESISTANCE OF THE
MICE PRETREATED WITH HETEROSATE*

Hikaru NUKADA and Midori OZAWA

(Received for publication November 30, 1967)

The treatment of tuberculosis with certain heterologous bacterial substances was tried for
the first time about forty years ago by Susumu Nukada and his co-workers, experimentally
and clinically.

They demonstrated that the course of experimental tuberculosis in rabbits and guinea pigs
was favorably influenced by subcutaneous injections of very small doses of heated-killed typhoid-
gonococcal vaccine at weekly intervals. Later, the antituberculous resistance of guinea pigs
and mice inoculated with a mixed autolysate of the said bacteria (Heterosate) was found to be
greater than that of the animals vaccinated with the bacteria themselves.

In this study, the method of administration (pretreatment) was investigated with mice,
mainly with regard to the following three points : dose of the autolysate (concentration), route
of inoculation (subcutaneous, intravenous, intraperitoneal), and kind of immunogen (heated
vaccine, autolysate-supernatant, autolysate-sediment).

Cultures of N. gonorrhoeae and S. typhi were separately suspended in sterile distilled water,
killed by heat (heated vaccine), incubated at 37°C for ten days with occasional shaking by
hand. Then the suspension was centrifuged for 30 minutes at 10,000 rpm, and the supernatant
(autolysate) was used for the preparation of “Heterosate”, which was made by mixing 3 volumes
of gonococcal and 1 volume of S. typhi autolysate.

In the present experiments were used this original solution, 10 time diluted, and 100 time
diluted solution, the sediments of each suspension as well as the heated vaccine.

Mice of CF-1 and ddY strains at the 4th week of age were injected with each substance,
three doses being given at intervals of five days. At the 10th day after the third inoculation,
a given amount of M. tuberculosis hominis strain Kurono was injected intravenously.

Studies were made on the survival rate of the mice at the end of the 3rd week after
infection and their survival time in comparison with those of the controls. The results were
summarized as follows :

1. The enhancement of antituberculous resistance was most remarkable in the mice

pretreated with 10 time diluted solution of the autolysate. The defensive power of the mice

4 From The Nukada Institute for Medical and Biological Research, 5-Chome, Inage-Machi,
Chiba-shi, Japan.
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vaccinated with the original solution was less prominent than that of animals treated with 10

time diluted solution, although the vaccinated mice showed longer survival time than the

untreated controls in this experiment (Table 1).

2. Concerning the route of vaccination, the intravenous injection of the autolysate seemed

to give stronger resistance against tuberculous infection than subcutaneous or intraperitoneal

treatment, but the differences among them were not significant (Table 2).

3. The autolysate-supernatant increased antituberculous resistance of mice more markedly

than the heated vaccine of the bacteria.

As to N. gonorrhoeae, not only its autolysate-supernatant but also the sediments showed

the said resistance enhancing action (Table 3).
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Table 1. Protective Effect of Pretreatment with Heterosate in Various Doses on Mice

| " 9% Survivors at days N . . | : e s

21-d ° M 1t Change in the body weight(g)
Materials (Heterosate) gsurvivo:s};No.i after challenge eia: ;:;::‘I'(?)S%lme ~On the day . 10 days after
| challenged | 7 ‘ 4 I 21 ’ confidence limits) l of challenge | challenge
Original solution |  0/9 ' 100 | 88.9 0 '149039—458)14-(&4119y-+(57i38)
Diluted 1. 10 % 5/10 100 | 90.0 | 50.0 |18.7(16.6—20.8) | +(12.3+1.4) +(12.3+1.3)
Diluted 1 : 100 2/9 100 88.9 22.2 16.3(14.1—18.5) | +(11.7i1.4)‘ + (9.6+1.9)

Non-vaccinated i

controls | o8 10, 0 | 0 120 [-+(10.6j:1.2) + (8.5+1.7)

|

* Survival time of survivors on the 2l st day was counted as 21 days.
“* Changes compared with the weight at the start of pretreatment (95% confidence limits).

Table 2. Protective Effect of Heterosate Given through Various Routes
N | 21-day “ %é:l;:ngvcol::]ﬁe;d:ys 'Mean survival time  Change in ;1*;671)0(1)’7 \\';;gAhmt(S)”
Routes survivors,/No. | g ! in days* (95’/,? ~Onthe day . 10 days after

) . challenged i 7 ‘ ljlf’ I 21 !:fmﬁdence limits) ’_of_ challenge Wchg'l_lggg, B
Subcutaneous : 6/10 : 100 ‘ 90.0 ' 60.0 ' 18.5(16. 0—21.0) | + (9.0+3.2' 4(10.4+2.1)

! | |
Intravenous 69 + 100 88.9 66.6 | 19.1(16.7—21.5)  + (6.9+2.5) + (8.0+2.8)
Intraperitoneal ! 4/10 | 100 70.0 40.0 | 16.9(14.2—19.6) | + (9.3+2.4)| + (9.5+1.8)

Non-vaccinated , | | i
controls 0/10 | 100 40.0 0 ! 13.5(13.0—14.0) | + (3.2+2.5 + (4.8+2.7)

* Survival time of survivors on the 2lst day was counted as 21 days.
** Changes compared with the weight at the start of pretreatment (95% confidence limits).

BTERLIYADEFANL21 HE LTHELR)
RS, TOCHLERENBRELOEY X2RRICT
BEXTeole B~V AXEBR L, ERERLYE
Mddlc, EIRE, BESWREWEL =—F L T KB
L, MExEELT, MREIIRE SN Uit 3% & L
®, fifi, B, BOWBWTEXBEL, ATS o Hi®
RO TREEXHE L, & {12 EB 313 torsion
balance ¥ A\ THBER (mg HAD) ZREL,

£ B & R

EEE 1 EBRECOWT, vV A (ddY %, 5 - 9,
CERRBE219TE) #ARECHT, F1BHI~T ey -+
BT, FL2FI~Te¥— 1 10 {SHERKT, H3M
X100 fEFARIE, FTLTEABINBL LTERKDF
RERTERD X 51 0.1ml 53 ERME%R Lico
BRI B®HE COKEOHY, FHEFANK 48X
% Table 1 TRk Lic, TIRRT I & FIEE L TR
FECL T 525, 10 SRR TIIARE 50% O
Dbz TEY, T 100 EHFERBETHEEIEAL,
10 fEARBE L DI D20 B 22.2% DABRY R
LT\%, 10 fEHMEF L WHBBEOLERKIZ 5% UTD
ERETHEREETH DOl FLRERBIEBRRTIINR
BLAULTREELOThHOLD, FIHEFEHLS
RERL T\ 5B,
BEOHBIIE 2D 10 FHRES L HIXAMMND
fHEZRLICH, BREFEINBEL YO LARDOEA
%ﬁ‘bfio

R~y ADMKE, L THORBHRTRTLTRY

e b ORRZEE (NTA . +4) ZRLc), ZHORM
WX B TR ERIX D7,

EE 2 EREERITOVT, ~Tr¥— D 10 {55%
2 KT, #IRAL BRI O 3 BB cHEEL. 1 Fixx
B Lico Thbbey AR 4BcH} (CF-1 %, 5-
Q. ERHBEE 295 L), TOREK X SRIMNEY 3
fT7ev, RSB BHE CTHREL, T0&E% Table 2
s Lice

GHEOHEBIILT LLAERRE FfT L2, LER
EXBEEOBNTIINATe D IZoX h L LcERED,

EBRFBCOWTIRBIRAERE 66.6%, T2 60%,
DWTHEBA 40% OFHNE 525 - L %58, i
SEHEFERIZ TR T EIRAA 17.2 B, ETH 18.9
H, BEA 16.9 BTHH, 3 BEDOAFEEZEEIZIDLA
T hyotz,

EE 3 BEFICOWT, w7 A (ddY &, 5 - 9,
FABE2291E) % 7o, ThrEhRicokfE
RCRIME XTI D Y VEEIX NGy i, 7 AE2
0901 kk#& AV, ~F e —  MEEDRE O IniR(EE
TTERICEZY 2F VL, IBITETDOZLITNA 10 H
BECRIE LR EiF L b, 7 HEt 6 RO R
BRY 6 BEOBmc T Th AV, fbD 1BIIdRBe L
TERBTHILE Lic, o7 L HOCRIAT L B SRk
R EOLTEEY DML, X510 §7YgKC3E
FERCELGEHEL, REOERITEELL L D TH
o WTNOBEIWEERKT 10 HFFHFL, ~v R
DEMETICEH Lico ZHOHEH3BE T TOHRE
DR, FHEFRY 3 BREOABRRLIVER<Y



88

Table 3.
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Protective Effect of Pretreatment Preparation from

N. gonorrhoeae and S. typhi on Mice

| | % survi - Speci
I 21-day |at ds:;svgf(;;i Mean survival bfg‘;’;‘f;é},‘tzgfa Organ weight (mg) Sp%féiﬁgch?{éan
Materials 5“‘,";:‘;“5 ‘_ﬂ'&tég},‘;’;‘on"é"_ys' —_—
‘chailen'ged‘x 7 ! 14 ; 21 den?:e limits) On ﬂ.ff cay lgfizgs ! Lung | Liver |Sp1een‘ Lung 'Liver Spleen
i ! i challenge | challenge ! | - o o
N. gonorrhoeae ’ ! 1 ‘ ! | |
1) Heated- o ol 15.7 +QAL3 |+ (0.4 4 _ 1 _ _
vaccine ~ 0/10 [10090.0°0 113 4737 0) " 10.7))  £0.7) ! | |
' | |
2) Autolysate- . 19.8 | +(14.8 | +(13.4
supernatants 6/10 | 100100 160.0(18_ 2—21.4) +1.2) +1.4) 559 | 1791 | 480 1 3.03 1 8. 95{ 2.69
| | |
3) Autolysate- 16.0 + (6.6 | + (4.1 ‘
sediments 2/9 1001100 i22.2(13. 8—18.2) £1.3) +2.1) 614 | 2464 @ 694 i 2.61 | 10.5 ‘ 3.65
S. typhi ‘ ?
4) Heated- 16.4 + (9.5 + (7.5 |
vaccine 2/9 100{100 22. 2\(14. 1—18.7) +1.9) +£2.6) 567 | 1955 | 522 i 2.84| 9.75 2.6
5) Autolysate- 191 +(14.5 | +(12.5 ! !
supernatants | 5/10 100|90. 050. Ol(w. 9—21.7) 11.6) +1.9) 618 | 2189 | 518 } 2.72 | 9.5 | 2.22
6) Autolysate- o 14.3 | +(12.3 | + (9.6 N
sediments = /8 1°°‘5°~° 0 (12.1-16.5)  +3.1)  +1.6)] — |
Non-vaccinated ‘ 12.0 +(10.6 ; + (8.5 _ _
controls 0/9 1001 0,0 +0.8)] +1.9) - - ! -

* Survival time of survivors on the 2lst day was counted as 21 days.

** Changes compared with the weight at the start of preparation (95% confidence limits).
*** Specific organ weight=organ weight (g)/body weight (g) x100
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