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Table 1. Protective Effect of Constituents of Tubercle Bacilli against Tuberculous Infection in Mice
N Viable count | Number of C : £ Survival ti £ mi £t Per cent§
umber of | VoludHil™ Vmice | Constituent for Srvieal times of mice atter B

12 Acetone soluble fat | 15,19, 20, 21, 22, 23, 23, 25, 25, 25, 28, 32 8
1 2.6 x 10 12 Purified wax 0,0,0,0,0,0,0,0,0, 15, 16, 20 0
12 BCG, living 6,6, 21, 22, 23, 23, 25, 28, 35,37, S, S 33
12 None 19, 20, 21, 21, 21, 22, 22, 22, 22, 23, 29, 35 8
12 Wax A 22,24,24,25,27,27, 28, 28, 28, 45, 46, 57 25
2 18.7 x 108 12 Phosphatide 24, 25,27,31, 31,31, 31, 34, 36, 49, 55, 56 75
12 BCG, living 25, 29, 29, 30, 31, 32, 33, 36, 40, 42, 45, 50 75
12 None 21, 21, 22, 23, 23, 23, 24, 25, 28, 31, 49, 49 25
12 Wax B 26, 26, 27, 28, 29, 30, 31, 33, 40,47, S, S 58
3 8.9 % 10 12 Defatted residue 26, 26, 27, 27, 28, 31, 34, 41, 43, 44, 47,50 58
12 BCG, living 26, 27,27, 27, 28, 28, 28, 33, 38, 43, 53, 57 42
12 None 22,22, 23, 23,24, 24, 27, 27, 28, 29, 29, 34 8

Mice were vaccinated intraperitoneally with 0.5mg of constituent twice at interval of two weeks, or 0.5mg wet

weight of living BCG once.

Four weeks after the first vaccination, mice were challenged by the intravenous

administration of 0.05mg wet weight of bovine tubercle bacilli, Ravenel strain.
S, at the fifth column, indicates that animals were still surviving when the experiment was terminated on the

60th day after challenge infection.
§ S-30, survived 30 days.

BERH LT~y A %A, RIKRTI> B,
T, ThZRETAER X OB R Tt BGED
FEECHBERERTA L LD, $IE~Y AR S
NIEHOKE I B IVE BRI, X bich
PAEBERERCH L, £RBOERIMERLY V5 Ak
EYFA Y —CERF, Y X OKRKIEBE 1%, Bk
DRE 100mg/ml Tith X 5T ERThHEHM,EY — X5
Bk IOWERFARE ML THEELEDD, BREHR
LTxD 0.1ml %/ R L,

REABOAHERTERLDOZEL T, TOFEREN
by AN 52 AEEEETADIX, »wV B,
BIRE R LOBRRET, L2dZhboiEHis BCG 4H
CIIEZE Lo 72 b vR[BHIEN R L0 r v AlLEY
BThotco Klle VB TR GIIC 12ER 9T
PPETEL, Botc 3T RPHENBREL v b EFBEM
o ZOXIRBEIENryOhETH TS5
HHEEEICIBIDEEZ D,

BHOFEIL~ 7 AR DOWTHHICHK S Rl %R A

»

FHETDER1IDOZEL T, $IE~Y ADOMHCET S
BEHOBB IOKREIRLT LA U T, BCG 4
BREDH VVIAFARYER S HERD S 5 EHEK
STRIAETS L XoT, FREBRCEILLDOSD T
ExRBDI. Thhbdb, Y AKIVT ¥ b VA BIE
FFABRTIIRBREA L L S K E W EHAEHED
h20rR LT, BCG REMHTIIEHIVIXL, »rY
B, BIEER JOKBLAEN TIXEHONIWEFE<Y
ADRKBEITHL LTS,

s 5 EWPOHB L LD L, vV B, MIEES
JOBRBLER T BCG RHEHD X 5T~ Y AFD
AEBDD IR DRHWBER TRV, FERRRIC
AVWCRPAEENEEEEBY R coizs 85
LI BEEZBNS,

2. RYPBEZR LI~y AT 3EBRORKRE L HS
REEEOHE

BCG £H, wVBHRIUOKRETLE Lic~y R127.5
x10° A= BEEifr > Ravenel #h¥ Bk HEA LT,



1963448

8,20 kX028 HRCAHIETORK LM BOER
FIVMMOEERE X ER LT,
BEFEEOMINILT L BRCHERMNILEIL T
WS, OERFE D I WAL ERIERE & HBIBIRA
BHEEZOLRDBEDT, BREBELYREHBOIEE
& L?‘Co

R2wmrRT X5, MoEBRTERLEE R B2 THM
Fig. 1. Comparison of the Extent of Lesion in

the Lung of Vaccinated and Non-vaccinated
Mice on the Succumbed Day

Number of mice (per cent)

or
exp. | vaccination 50 100
Acetone N

No. [ Constituent

soluble
at
Purified
wax RRODOTCRIRRAKE,
BCG.living 7] |

None

Wax A
Phosphatide
BCG, living 7] ]

None

Wax B
Defatted

3 residue
BCG, living [ % ]

None

Experimental conditions were the same as table 1.
Assessment of lesions in lung:

Severe macroscopic involvement.

V/////] Moderate macroscopic involvement.
[: Slight macroscopic involvement.

Table 2. Effect of constituents on induction of
skin hypersensitivity and protection to
tuberculous infection in guinea pigs

Consti- | Number |syin reaction to 0.1mg Y4B of
for | died | sizg of ri(::gllﬁ'ation 60 days
vaceina- | before | (a'mm afier dihr.) | 20k
Wax B ‘ 0 of 5 | All were negative | 3 of 5
Defatted | 2§ of 5 ‘ 21x25 3of 5
residue 1 2530
| | 24x32
BCG. 0of 5 | 14x14 40f 5
living 1 13x15
‘ ‘ 16 x 16
18 x 22
i 18x18
None L 0of 5 | All were negative | 0 of 5

§: No visible change was observed in the organs of
dead animals.

Animals were vaccinated subcutaneously with the same
way as table 1, and skin tests were carried out four
weeks after the first vaccination. After recording
the result of skin test, all animals were challenged
subcutaneously with 0.5 mg wet weight of Ravenel
strain of bovine tubercle bacilli.
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Fig. 2. Change of the Weight of the Lung of
Vaccinated and Non-vaccinated Mice
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Conditions were identical with those in table 1,
except that challenge dose was 0.02mg. After
infection each three mice per group were sacrifi-
ced on the 8th, 20th and 28th day.

Figure was shown by mean value of three mice.
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Fig. 3. Change of Viable Count of Tubercle
Bacilli in the Lung of Vaccinated
and Non-vaccinated Mice
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Experimental conditions were shown in figure 2.
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Effects of Constituents of Mycobacteria on the

Resistance of Experimental Animals against
‘Tuberculous Infection

There have been many experiments to induce
tuberculoimmunity with constituents of tubercle
bacilli.

in the review of Crowle, however, there has not

A summary of these results can be found

been coincidence in results derived from these ex-
periments as to whether or not extracted bacillary
<onstituents have such protective properties as living
bacilli in tuberculosis, and it has also become a pro-
blem what difference in mechanism there is between
acquired resistance induced by living bacilli and by
<hemical preparation.

In the present paper, bacterial cells were fractio-
nated according to the method of Asselineau with
some minor modifications and protective activities
of each fraction were measured by the mice survi-
val test. Moreover, the difference in response among
the animals of BCG vaccinated, constituents treated
and of the control following the challenge infection
has been measured by the following procedures :
1) comparing the extent of lesions in the organs ;
2) enumerating the numbers of tubercle bacilli in
the lung.

Fractionation method of bacillary constituents :
Heat-killed BCG were extracted with ether-metha-

nol (1:1), and the extract was fractionated into
acetone soluble fat and acetone insoluble fraction.
From the latter, hot acetone soluble wax A and
insoluble phosphatide were derived. The residue,
extracted with ether-methanol, was fractionated into
chloroform soluble fraction and defatted residue.
From the former, methanol soluble wax B and inso-
luble purified wax were obtained. All soluble frac-
tions were condensed under reduced pressure and
lyophilized, and insoluble fractions were dried in
vacuo.

Protective properties of constituents in mice: Each
constituent was dissolved or suspended in 7 parts
of Bayol F, and then emulsified with 2 parts of
Arlacel A and 1 part of distilled water.

Mice were injected by the intraperitoneal rout
with 0.5 mg. of each constituent in 0.2 ml. of above
BCG vac-

cinated mice were given once 0.5mg. wet weight

mixture twice at intervals of two weeks.

of living BCG in 0.2ml. of saline, and non-vacci-
nated control mice were received adjuvant alone by
the same way. All animals were challenged by
the intravenous injection of 0.05 mg. of virulent bo-
vine tubercle bacilli, Ravenel strain, four weeks after
the first vaccination.

The result presented in table 1 shows that the

resistance of mice against tubercle bacilli has been
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elicited by wax B, phosphatide and defatted residue
in the same degree as that following the vaccination
with BCG, when the acquired resistance is evalu-
ated by the survival time. At the autopsy of suc-
cumbed mice, as shown in figure 1, the number of
mice which have numerous large tubercles in the
lung was more in the groups of wz,lx A, acetone
soluble fat and of the control than those of wax B,
defatted residue and of BCG.

Numbers of tubercle bacilli and lesions in the
organs of sacrificed mice: Three groups of 9 mice
were vaccinated with BCG, wax B and defatted
residue by the above method, and one group was
After the

infection with 0.02mg. of Ravenel strain, each

injected adjuvant alone as the control.

three mice of each group were sacrificed on the
8th, 20th and 28th day, and the weight of the
lung and the spleen, the number of tubercle bacilli
in the lung were determined, and pathological chan-
ge of the lung was observed.

Twenty days after the challenge injection, many
scattered large tubercles with necrosis were seen
in non-vaccinated mice, on the other hand, a small
number of tubercles were observed in BCG vac-
cinated mice, and their size was smaller and nec-
rosis was not visible in all of these mice. In the
mice treated with wax B and defatted residue the
pathological findings were intermediate.  Remar-
kable changes were also seen in the peritoneal cavi-
ty, that is, severe adhesion of peritoneum was obser-
ved in 8 of 9 mice treated with defatted residue.

When the weight of the organs was adopted to
measure the pathological change of the lung or the
spleen, interesting figures were seen. The weight of
the lung of BCG vaccinated mice was the highest on
the 8 th day, and did not increased thereafter. Those
of other three groups were lower than that of BCG
group on the 8 th day, but afterwards increased
gradually. In wax B and defatted residue groups,
the increase of the weight of the lung was ceased
on the 20th day. On the 28th day, the weight
was highest in the control, lowest in the BCG group
and intermediate in the wax B or the defatted resi-
due group. In the case of the spleen, the increase
of the weight was highest in the residue group and
lowest in the control group on the 8 th day, but in
the latter the weight increased gradually until the

experiment terminated. These values in BCG and

" $38E BSE

wax B groups were intermediate on the 8th day
and increased gradually, but this increasing trend
ceased on the 20 th day.

From the above results, the early increase of the
lung weight in BCG group will be ascribed to the
microscopic lesion produced by vaccination, and that
of the spleen in defatted residue group will pro-
bably be due to the toxic effect of the constituent
which was not extracted as cord factor and left in
the residue fraction. The residue fraction displayed
also an allergenicity as will be shown later, however,
it was not yet ascertained that whether or not these
two effects were brought from the same constituent.

The number of tubercle bacilli in the lung was
determined by plating the homogenates of the remo-
ved right lung of sacrificed mice on the Ogawa’s
medium. As seen in figure 3, there was no remar-
kable difference between vaccinated and non-vac-
cinated group in the number of colonies recovered
from mice sacrificed on the 8 th and 20 th day. In
contrast, on the 28 th day the bacterial populations
in mice vaccinated with BCG, wax B and defatted
residue were smaller than those in non-vaccinated
mice.

From these data, it is suggested that the protec-
tive effect of vaccination with bacterial constituents
is also manifested in a retardation of multiplication
of virulent tubercle bacilli in the lung just as in
the case of BCG vaccination.

Allergenicity of constituents in guinea pigs: The
animals were vaccinated by the subcutaneous rout
in the same way as the experiment in mice. Skin
test was carried out four weeks after the first vac-
cination with 0.1 mg. of Protein A (prepared by the
method of Seibert) and the size of induration was
measured after 48 hours.  All animals were chal-
lenged subcutaneously with 0.5 mg. wet weight of
Ravenel strain after skin test. At the time of
death, the extent of gross diseases was estimated.

From the data of survival rate of guinea pigs
(table 2), the best protection was afforded by BCG,
and a little lower resistance was induced by wax
B and defatted residue. Skin test showed that no
appreciable hypersensitivity was developed in the
animals vaccinated with wax B, while nearly the
same level of skin hypersensitivity was induced in
animals by treatment with the defatted residue and

vaccination with BCG.
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In summary, the constituent extracted with neu-
tral organic solvent has been capable of eliciting in
animal a state of increased resistance to tubercu-
lous infection without any toxicity and skin hyper-
sensitivity. The resistance has also been elicited
by the treatment with the residue, however, the
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residue shows both toxicity and allergenicity. Pro-
tective effect of vaccination with bacterial consti-
tuents is chiefly manifested in a retardation of mul-
tiplication of virulent bacilli in the lung just as in
the case of BCG vaccination, with a little inhibi-

tion of the lesion formafion.



