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INTRODUCTION 

Clinical exper色nee shows that metastasis of acute suppurative myositis is 

limited to skeletal muscle, while metastasis of acute infectious osteomyelitis is limited 
to bone四marrow. Since both diseases are caused 同ァ hematogenousstaphylococcal 

infection, it is theoretically possible that one could be a sequela of the other; but 

such case has never be~n reported, and it is still unknown why the two diseases 
do not occur concurrently. Some authors have suggested that these diseases are 

caused by the “myo-strain”or the “osteo-strain”of staphylococci, which have a 
certain affinity for skeletal muscle or bone-marrow. Recently some scholars have 
even advocated a“pluralism of pyogenic staphylococcus”， demonstrating that these 
two strains have separate origins. The purpose of this treatise is to answer the 

following questions by experimental research: Are the origins of these strains 

really different ? Or do they only seem different because of their adaptation to 

their environment ? In short, is the monism well-founded ? 

THE METHOD OF SUBCULTURING THE F. D. A. 209-P STRAIN OF 

STAPHYLOCOCCUS AUREUS IN AN ATTEMPT TO ADAPT IT TO THE 

ENVIRONMENT OF SKELETAL MUSCLE OR BONE-MARROW OF RABBIT, 

AND THE ENZYMOLOGICAL ALTERATIONS IN THESE“ADAPTED STRAINS”． 

It is generally admitted that the nature of the metabolism of micro-organisms 
is determined 同’ their enzyme structure. Since all adaptation phenomena of 
micro-organisms are associated with changes in their metabolism, the change of 
enzyme structure is said to occur in various ways depending on their external and 
internal environment, and this change is believed to be inherited in some instances; 
the variant strains of micro-organisms are, therefore, believed to develop through 
hereditar;,' changes in their em.yme structures. 
If this is true, is there any enz;,,mological difference bet＂’een the “osteo-strain” 
and "myo-strain" and other common strains of staphylococci ? Or is it possible to 
artificially suppl）’ the standard strain with a affinity for bone or muscle, by training 



PATHOGENESIS OF POLYMYOSITIS AND POLYOSTEOMYELITIS 465 

the former ? To clear up this point, the following experiment was performed. 

CHAPTER 1. THE METHOD OF SUBCULTURING THE F. D. A. 209-P 

STRAIN OF STAPHYLOCOCCUS AUREUS IN AN ATTEMPT TO ADAPT IT 

TO THE ENVIRONMENT OF SKELETAL :VIUSCLE OR BONE-MARROW OF 

RABBIT. 

In order to cultivate and develop staphylococci, and to adapt them to the 

environment of the skeletal muscle or bone-marrow of rabbit, two methods are 

available: (I) to provoke inflammation in the skeletal muscle or bone-marrow of 
living rabbits; (2) to culture staphylococci in media containing the tissue extract 

of fresh skeletal muscle or bone-marrow. Although the former method is considered 

to be most desirable, it has the serious defect of making it impossible to estimate 

the influence of various other factors (such as the change of pH in the inflamma-
tory lesion) on the staphylococci. Therefore, I used the latter method. 

1. Mat俳句lsand Methods. 

(I) Broth agar media containing fresh muscle or bone-marrow extract of 

rabbits. Fresh skeletal muscle and bone-marrow were taken from an adult rabbit 

by surgical operation, and to each of these were added the same weight of sea-sand 

and four times the weight of physiological saline solution. These mixtures were 

ground in a mortar until they became homogeneous, and 0.5 cc of clear liquid 
obtained by centrifugation was added to 4.5 cc of three per cent broth agar media 
at 48°C. The solutions were gradually cooled in ice water. These procedures were 
performed aseptically. Another method was also tried: aseptically filtered tissue 
extract was added to broth agar media at the same rate as before. These media 
containing tissue extract were kept in a refrigerator. Before using these media, 
non-contamination was ascertained by keeping them at 37°C for 24 hours. The 
broth used in this study consists of .5.0 g of Pol!pe?tone (TAKEDA), 5.0 g of meat 
infusion (:E王3

broth was neutralized by adding N/10 NaOH solution. Agar powder was added to 
this broth. This was sterilized in an autoclave, at 2 kg/cm’＇ pressure. The pH of 

the tissue-containing media was 7.0, though the tissue extract itself was slightly 
alkaline. 
(2) Standard strain of staphylococcus aureus. Staphylococcus aureus F. D. A. 

209-P, kept in the Microbiological Department of Kyoto University Medical School, 
was employed in this experiment. 

(3) Method. Staphylococcus aureus F. D. A. 209-P was successively subcultured 

on media containing tissue extract every 24 hours at 37JC. This strain was 
subcultured 70 times in the muscle-extract-containing media, and 40 times in the 

media containing bone-marrow extract. The strain trained in the muscle-extract-

containing media was called THE lVIUSCLE-ADAPTEll STRAIN, and the strain 

trained in the media containing bone-marrow extract was called THE BONE-

MARROW-AD人PTED STRλIN. In this experiment the media containing bone-

marrow extract n℃re alwa~·s produced l乃’ thesecond method described in (1). But 

in producing the muscle-extract嗣containingmedia, the first method was employed 
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for the first forty subcultures, and for the subsequent subcultures the second 
method was employed. During this experiment, the colonies were frequently isol-

ated and were examined to determine the absence of contamination. 
2. Results. 

Little difference could be found between these adapted strains and the control 
strains, in shape, colour and size of colonies. Being forced to abandon the experi司
ment during the summer, we left these cultures at room-temperature for two or 
three months. When the）ァ wereagain subcultured in the autumn, the muscle-ada-
pted strain formed plentiful colonies on the muscle-extract-containing media, but 
very scanty colonies on other media; the bone-marrow-adapted strain formed 
plentiful colonies on the media containing bone-marrow extract, but very scanty 
colonies on other media. 

3. Discussion. 

This experiment of adding fresh muscle or bone-marrow extracts to the broth 
agar media was successful. Our special attention is called to the fact that the 
adapted strains kept through the summer formed plentiful colonies on the very 
media where they had been trained. 

CHAPTER 2. THE EFFECT OF MUSCLE EXTRACT ON THE GROWTH OF 
STAPHYLOCOCCUS. 

It was experimentally proved by Tria and Wakayama that the rare occurrence 
of myositis could be ascribed to a bactericidal effect of fresh muscle extract upon 
staphylococcus; that is，句 theexistence of bactericidin, which is said to be destroyed 

by heating for two hours at 60°C. In order to confirm this fact, the following 
supplemental experiment was performed. 
I. Mαterials and lvlethods. 

(I) Muscle extract. The filtering method, described in chapter I, was used in 
preparing this extract. 

(2) Tested strains of staphylococcus aureus. 
a. Control strain. 
b. Muscle-adapted strain. 
c. Myositis strain. This strain was isolated from the pus of a myositis C部ein 
our clinic. 
(3) Broth media. The broth was prepared as described in chapter I, and repe-

atedly filtered till it became quite clear. 4_5 cc of which was placed in test-tubes 
and autoclaved at 2 kg/cm九 Inorder to prevent turbidity, the tops of these test-
tubes were plugged with gauze-covered cotton stoppers. 
( 4) Method. 1.0 cc, o.s cc and 0.2.5 cc of fresh muscle extracts were added to 

4.5 cc of broth media asepticall~·. The quantity of the homogeneously suspended 
living cells in ph>・siological saline solution ＼＼’乱sme加 urcrl by Professor Torikata’s 
precipitometers, and was adjusted to contain o訓＞28cc of living cells per IO cc. 
These homogeneous su日pensionぉofeach strain were added to broth media containing 

fresh muscle extract, and 初 ordinarybroth media, and incubated for 24 hours at 
37°c. The quantity of living cells in these cultures was measured according to 
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electrocolorimetric turbidity. In mcaE>.uring them, therefore, the cultures had to 
be well shaken so as to homogenize the living cells. The increase in turbidity due 
to added muscle extracts was subtracted from the total turbidit¥". The method 
employed here in measuring the quantity of living cell平in clear broth media is 
based on the principle that the turbidity of broth media is proportionate to the 
quantity of living cells as measured by Professor Tor北ata’sprecipitometers. 
2. Results (Table 1). 

In ordinary broth media, the muscle-adapted strain and the control strain 
showed just the same amount of growth, and the myositis strain grew a little 
vigorously. In broth media containing LO cc of muscle extract, the growth of the 
myositis strain was markedly greater than that of the other strains, and the 
muscle-adapted strain was next. When O、Sccof muscle extract was added to 4.5 cc 
of broth media, the growth of the myositis strain and the muscle-adapted strain 
was much accelerated as compared with their growth in ordinary broth media, 
while that of the control strain was inhibited. In broth media containing 0.25 cc 
of muscle extract, the growth of all tested strains was promoted. 

Table 1. The effect of muscle extract on the growch oi staphylococcus. 

~：~t~t~x°t~act added ～ －－－－－－－－＿ ____ strain I M yosi出 I Musel刊 laptedI Co山口I
_ I strain ! strain 1 strain to 4 . 5.~c of broth i:ri~dia ( ~c〕 ............ ～～ l i I 

i.o I i.so ! o羽 I 0.25 
0.5 

0.25 

o.o 

3. Discussio仰．

3.20 

3.49 

2.80 

2.47 

3.24 

2.25 

2.07 

2.46 

2.25 

(mg/cc) 

The activating effect of muscle extract on the growth of the muscle-adapted 
strain was alread:-・ observed in chapter 1, with respect to comparativelJ・oldcultures 
which had been kept for several months. In this experiment, the activating 
effects of muscle extract on the growth of the myositis strain and muscle-adapted 
strain was observed using fresh cultures. The results seem to show the induction 
of a new strain whose growth becomes vigorous when mu:::cle extract is added, 
when staphylococcus aureus F. D. A. 209-P is subcultured on media containing mu-
scle extract. Although no definite relationship could be substantiated, muscle 
extract itself is considered to have a certain bactericidal effect on the growth of 
staphylococcus. 

CHAPTER 3. ON THE PEPTON ASE ACTIVITIES OF THE ADAPTED STRAI-
NS AND CONTROL STRAINS. 

Imaizumi has already reported in detail on the peptonase activity of staphylo-
coccus. The following experiment was performed according to his method. 
I. Materials a仰dMethods. 
(1) Enzyme preparation. Dried cells prepared by the following method were 
employed. Colonies of staphylococcus were gathered and washed with physiological 
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saline solution. The sediment made b~· centrifuging these suspensions was mixed 

with four times as much pure acetone, and the mixture was filtered through a 

funnel, and dried by adding ether. These procedures had to be done within three 

minutes, lest the enzyme should be destroyed. The dried cells were kept in a 

H2S01 desiccator, and, before actually using these, glycerin-water (glycerin Iトdistilled

water 1) was added to these dried cells. This mixture was forcibly ground in a 

mortar for thirty minutes. 
(2) Substrates. Peptone-buffer rnlution (WITTE, TERUUCHI) was employed. The 

solution was adjusted to the desired pH by adding N/10 NaOH solution. 

(3) Buffer solution. SやRENSEN’sphosphate buffer solution was employed. 

(4) The muscle and bone-marrow extracts. These were made by the filtering 

method. 
(5) Strains tested: 

a. Control strain. 

b. The muscle-adapted strain. 

c. Staphylococcus aureus isolated from the pus of a child with acute osteomyelitis 

in our clinic. 
d. Staphylococcus aureus isolated from the pus of a myositis case in our clinic. 

e. Staphylococcus aureus isolated from the pus of a chronic osteomyelitis case 

in our clinic. 
(6) Method. Test mixture: 2 cc of 4% enzyme solution was mixed with 16 cc 

of peptone-buffer solution. The final concentration of peptone was 1.5先.The 

mixture was incubated for 24 hours at 37°C under toluene. The increased acidity 

in 5.0 cc of the digested solution was measured by the method of formoltitration 

with N/10 NaOH solution. The increased acidity in an enzyme buffer mixture 

without substrate, which was incubated under the same conditions, was reduced 

from that of the test mixture. 

2. Results. 
(1) pH-optimum (Table 2). The pH-optimum of the hydrolysis of peptone by 

the dried cells of the control strain was pH 7.5. 

Table 2. pH-optimum. 

pH 6.0 6.5 7.0 7.5 8.0 

Increased acidity. cc (N/10 NaOH) 0.21 0.22 0.57 0.96 0.57 

(2) Peptonase activities in various concentrations of enzyme preparation (Table 

3, Figure 1). 

(3) The influences of muscle extract and bone-marrow extract on the enzymatic 

h;.'drolysis of peptone by the dried cells (Tables 4, 5, 6, 7). Reaction mixture :2 cc 

of enzyme preparation, 18 cc of substrate目buffer solution (final concentration of 

peptone was 1.5'υpH 7.5) and the muscle extract (O.l cc). Mixtures as control : 

glycerinwater in place of the em~叩e preparation, buffer solution in place of the 

peptone-buffer solution, physiological saline solution in place of the muscle extract. 
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Figure 1. Peptonase activities of the control All these mixtures were incubated at 
strain in various concentrations of 
enzyme preparation. 
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37 C and tested as above-mentioned. 

The fresh muscle extract itself sh-

owed no peptonase activity; and it inhi-

bited the enzymatic activity of the dried 

cells of the control strain. The fresh 

muscle extract prepared with distilled 

water inhibited the enzymatic activity 

of the dried cells of the control strain. 

The relation between the inhibitory ef-

fect on the enzymatic activity of the 

dried cells of the control strain and the 

quantity of the muscle extract could not 

be determined. 

Table 3. Peptonase activities of the control strain in various concentrations of 
enzyme prep。ration. 

.I Increase<l a仙 y cc仰川 NaOH)

Concentration (%) Control I I extract I I I tlOne－…w I Muscle extract . ・I uυ 
I added (O.JccJ I added (Q:Jccl 

5 
068uτηL唱inOAaτnrh官AnU

0.60 

0.44 

0.34 

0.28 

0.68 

0.40 

0.34 

0.19 

0.17 

0.38 

0.25 

0.23 

0.17 

Table 4. The inhibitory effect of muscle extract on the pep旬naseactivity 
of the control strain. 

0.61 

0.34 

0.29 

0.16 

0.13 

Increased acidity. cc CN/10 NaOH) 

Spontaneous hydrolysis of peptone 

Hydrolysis of peptone by muscle extract. 

Hydrolysis of p~ptone by muscle extract 
prepared with distilled water. 

Hydrolysis of peptone by enzyme preparation. 

Muscle extract added. 

Muscle extract prepared with distilled water 
added. 

Substrate 

o.o 

0.10 

0.10 

0.77 

0.72 

0.70 

Teruuchi 

0.02 

0.82 

0.35 

Teruuchi 

0.02 

0.23 

0.23 

1.59 

1.53 

1.59 

Witte 

Every muscle extracts prepared by the following methods showed inhibitory 

effects: (i) Muscle extract prepared l>y aseptic procedure using physiological saline 
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solution; (ii) Muscle extract prepared by the filtering method, immediately after 

bleeding a rabbit to death; (iii) Muscle extract prepared by the filtering method, 

using the muscle of a rabbit removed 24 hours after bleeding to death. On the 

other hand, the muscle extracts prepared IJ:v the following methods showed no 

inhibitory effect on the enz~·matic activity of dried cells of the control strain: 
(i) The muscle extract prepared by the filtering method, using stiffened 

muscle of a rabbit; (ii) The muscle extract heated for five minutes in boiling 

Table 5. The effects of muscle extracts in various 
quantities on the peptonase activity of the 
control strain. 

Quantity of muscle extract 

Control (0) 
0.05cc 
O.lOcc 
o.zocc 
0.40cc 

Increased acidity. 
cc (N/10 NaOHJ 

0.69 
0.36 
0.55 
0.58 
0.47 

wa旬r. It was also observed 

that rabbit serum inhibited 

the enzymatic activity of 

dried cells of the control 

strain, but the serum dilu-

ted by adding physiological 

saline solution or distilled 

water had no influence on 

the enzymatic activity of 

dried cells of the control 

strain. 

Table 6. The effects of muscle extracts pr叩aredby various methods. 

Ki凶 ofadded m凶 e山 a市 IIncreased acid均 cc倒／10N訓）
Control －一一 一 ｜ 函

Musel巴山actprepared by s吋山rocedure I 0.58 

瓦一長孟ー云ん…±：；；…i一一一一万戸~ding I -- o.52 

Mus山吋…山ma rabbit left f山加山！ 0.65 
after death 

M凶 e山 actprep町 edfrom sti伽 edm削 e 1 o.1s 

Boiled m刷 e凶 ract J 0.73 

竺土－ ~］一一一 0.58
Control II I 0.78 

Tabie 7. The effects of muscle extract and serum on the peptonase activity of 
control strain. 

Control 
Muscle extract added (O.lcc〕
Hemolytic serum added (O.lcc) 
Clear serum added (O.lcc) 

Increased acidity. cc (N/10 NaOH) 

0.38 
0.27 
0.37 
0.36 

( 4) The peptonase activities of the muscle-adapted strain and the control strain 

(Tables 8 and 9). No special differences could be observed between the peptonase 

activities of these two strains. When 0.1 cc of muscle extract was added旬 both
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of them, however, the peptonase activity of the dried cells of the control strain 

was markedly inhibited, while that of the muscle-adapted strain was slightly 

inhibited. The inhibitory rate was denoted as follows; Inhibitory rate: I. R. 

I. R.＝全子豆×IOO% A : Increased acidity when no muscle extract was add吋・
A B: Increased acidity when muscle extract was added. 

Table 8. The peptonase activities of the muscle-adapted strain and control strain. 

I Incre附 dacid均 cc(N/10 NaOH) 
＝二三一一－Num扇子百f一石bcultureson muscle:I一一一一一｜ー←一一一一l一一一一一

～～、九＼、 xtract-containingmedia i I I 
1 ～一、「『』 I 17 ! 29 I 37 I 46 

Strain ～一＼三｜ ｜ ｜

Adapted strain 

Control strain 

control 

muscle extract added 

inhibitory rate (%) 

control 

muscle extract added 

inhibitory rate (%) 

0.83 

0.74 

10.8 

0.82 

0.47 

42.7 

0.88 

0.82 

6.8 

0.87 

0.59 

32.1 

0.77 

0.67 

13.0 

1.16 

1.07 

7.7 

0.93 I 1.00 

0.76 I 0.84 

18.3 I 16.0 

Table 9. The peptonase activities of the muscle-adapted strain and control strain. 

Adapted strain 

Control strain 

Substrate 

control 

muscle extract added 

inhibitory rate (%) 

control 

muscle extract added 

inhibitory rate (%) 

Increased acidity. cc (N/10 NaOH-) 

Ip… ｜叩epton巴 ICasein I Ge!ati 
（羽Titte) I (Teruuchi)I I 白

0.62 I 0.57 I 0.45 

0.58 I 0.50 I 0.35 

6.4 12.3 15.5 

1.27 0.97 0.61 0.35 

1.08 0.72 0.45 0.22 

15.0 25.8 26.2 37.1 

The increased acidity caused by hydrolysis of casein and gelatine was measured 

in the same way as we measured peptonase. The caseinase and gelatinase activities 

of the muscle-adapted strain and control strain are illustrated in Table 9. (5) The 

enzymatic activities of the dried cells of the tested strain c, d and e (Table 10). 

By adding 0.1 cc of muscle extract, the peptonase activity of the tested strain d 

Table 10. Peptonase activities of the myositis strain and osteomyelitis strain. 

F. D. A. 209司Pstrain 

Myositis strain 

Child-osteomyelitis strain 

Osteomyelitis strain 

」Control

1.36 

1.18 

Increasecl acidity and inhibitory rate 

！と；：：笠樫竺y_\;::j~：.；：；匝I~；ム
i.06 I 9.4% I i.04 i 11.3% 
I -5.6% I 

i.20 I 13.3% I i.31 I 3.9% 

.06 I I I.3% I t.26 I -6.4% 
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was inhibited less than that of the muscle-adapted strain. The peptona~e activity 
of the tested strains c and e were activated by adding 0.1 cc of bone-marrow 
extract, though these were inhibited by adding the same amount of muscle extract. 
As 句 thepeptonase itself, the tested strain c showed the most marked activity, 
as compared with the other strains. 
3. Discussion. 
The inhibitory e古田tof muscle extract on the peptonase activity of staphylo・
coccus seems初 havea connection with the results of the experiment described in 
chapter 2. The serum was diluted, as it contained several times as much soluble 
protein as muscle extract refractometrically measured. It is interesting to note, in 
connection with the results of chapter I and 2, that there is a difference between 
the inhibitory e古田tsof muscle extract on the muscle-adapted strain and control 
strain, and that muscle extract or boneィnarro＼司rextract activates the peptonase 
activity of muscle-and bone-marrow-adapted strains respectively. 

CHAPTER 4. THE PHOSPHATASE ACTIVITIES OF THE ADAPTED STRAINS 
AND CONTROL STRAINS. 

Some authors have indicated it should be prescribed by the very intense phos-
phatase activity of prostate cancer cells that the metastasis of them is often 
confined exclusively to the bone. Are there any similar facts旬 beobserved in 
regard to osteomyelitis ? It has been stated by Boivin and Mesrobeau that stap-
hylococcus aureus possesses two phosphatase systems which exhibit optimal activity 
at pH 7 and IO. This conclusion was based on studies involving the autolytic 
liberation of free phosphate from the complex esters of the cells. This experiment 
was modelled on the joint study of Heard and Wynne, who had investigated the 
phosphatase activity of Clostridium acetobutylicum. 
I. Materials and Methods. 

(I) Enzyme preparation. A bu仔eredsuspension of living cells was employed. 
The quantity of living cells was measured by Professor ToRIKATA’s precipitometers, 
and this suspension was used immediately after preparation. 
(2) Substrates. The glycerophosphates used were“sodium glycerophosphate” 
prepared by the Merck Co. and the Tokyo Kasei Co.; the latter was proven to be a 
β－ester, but whether the former was anα－ester or aβ－ester was uncertain. 
(3) Buffer solution. M/10-glycocoll-N/IO NaOH bu町ersolution was used. 
(4) MgS04 solution. MgS04 was dissolved in distilled water. 
(5) Tested strains of staphylococcus aureus. 
a. Control strain. 
b. Bone-marrow-adapted strain. 
c. Muscle-adapted strain. 
d. Tested strain d. This strain was isolated from the pus of a case with calcaneal 
osteomyelitis. 
e. Tested strain e. This strain was isolated from the bone-marrow of a rabbit 
that died within 24 hours after the intravenous injection of a culture of the tested 
strain c described in chapter 3. 
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f. MgSO,-trained strain and control strain. The solution of :¥TgSO; was diluted by 

3話 brothagar, and the final concentration of ::¥Ig・SO, was 0.05 mol. This mixture 
was divided into test-tubes, and autoclaved at 2 kg/cm・'. The staphylococcus aureus 

F. D. A. 209-P was successivelγsubcultured twenty times on those media, and this 

strain was named”MgS01-TRAINED STK主IN”Thecontrol strain was subcultured 

on 3財 brothagar media. To get the enz；－’me preparation of this strain, it was 
cultivated on both broth and broth agar media, each of which contained 0.1 mol of 
MgS01. 
(6) Method. The reaction mixture was as follows; 1.0 or 2.0 cc of buffered 

suspension of living cells, 5.0 cc of substrate solution, 5.0 cc of buffer solution and 

0.5 cc of toluene. In the control mixture bu首位 solution was used in place of a 

buffered suspension of living cells, and in place of the substrate solution distilled 

water was used. All mixtures were shaken in test-tubes and incubated at 37°C. 
Before and after incubation, 1.0 cc of each mixture was removed ?.nd added to 9 cc 

of trichloracetic acid solution, which was filtered, and 3.0 cc of each filtrate was 
removed with a pipette. The phosphorus Yalues of the filtrates were measured b；－’ 
FisKE-SUBBARow’s method using an electrocolorimeter. Phosphorus values were expres『
sed either as mg% of isolated inorganic phosphorus per mg. of living cells, or as 
mg% of isolated inorganic phosphorus in 1.0 cc of the reaction mixture. The phos-

phorus values of the control mixtures were lower than those of the reaction mixtures. 

2. Results. 
(1) The pH-optimum and the relation of reaction velocity to substrate concent-

ration. All attempts to measure the optimal pH of the hydrolysis of glyceropho-

sphate by living cells having failed, the following experiments were performed at 
pH 10, according to Boivin and Mesrobeau’s study. No definite relation could be 
found between the reaction velocit.）ァ and the substrate concentration. While the 

above experiment was being repeated, however, it was found that a dense solution 

(over 5%) of glycerophosphate could not be fermented by 150 mg. of living cells-
the quantity usuall：，ア employedin this experiment; and 2.5 % glycerophosphate 

solution proved to be the most suitable. 
(2) The effect of magnesium ions (Table 11, Figure 2). The lVIgSO; rnlution 

was added to the reaction mixtures, and the final concentrations of MgSO 1 in these 

Figure 2. The effect of magnesium ions on the alkaline 
phosphatase activity of the control strain. 

soo,t 

mixtures are shown in Table 

11. The mixtures were 

incubated for 24 hours at 

37°C, and the increased 
amount of inorganic phos-

phorus was measured. The 

activating effect of ・mag白－
esium ions on the phospha-

tase activit:,' of living cells 

prepared from the control 

strain is shown in Table 11. 
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Table 11. The e妊ectof magnesium ions on the alkaline phosphat田eactivity of 
control strain. 

Enzyme preparation 一tr山｜叫 ions 1~4 hours (mg%) I I Concentration I C…tration 1IsolatPd P in Activation 
rate (%) 

Aceton-ether-dried cells 8% 

Living cells 2.5% 

Figure 3. The alkaline phosphatase activities 
of the MgS04 trained and the 
control strain. 

守ngl'
0030 

2 .. 令官 hours 

o I 3.7 
0.01 mol ! 18.5 
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(3) The differences between alkaline 

phosphatase activities of the control strain 

and the MgSO,-trained strain (Table 12, 

Figure 3). The MgSO.-trained strain 

showed marked alkaline phosphatase 

activity as compared with the control 

strain. 

( 4) The differences between alkaline 

phosphatase activities of the muscle-

adapted strain and the control strain 

(Table 13, Figure 4). No special differe-

nces could be perceived between them. 

(5) The differences between the alka-

line phosphatase activities of the bone-

marrow-adapted strain and the control 

Table 12. The alkaline phosphatase activities of MgSOdrained strain and control strain. 

Isolated P per mg. of living cells 

Strain MgSOrtrained strain Control strain 

Hours incubated 24 48 24 48 

0.010 0.009 
0.012 0.029 0.008 0.009 
0.026 O.o38 0.011 0.023 
0.020 0.034 0.009 0.005 

strain (Table 14, Figure 5). No special differences could be perceived between 

them. 
(6) The activating effects of magnesium ions on the alkaline phosphatase 

activities of various strains (Table 15). The rate of activation w出 denotedas 

follows: 
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Table 13. The alkaline phosphatase activities of muscle-adapted strain and control strain. 

Isolated P per mg. of liYing cells 

Strain Muscle-adapted strain Control strain 

24 48 24 48 

0.007 0.008 

0.012 0.022 0.011 0.022 

0.005 0.019 0.007 0.019 

Hours incubated 

Figure 4. The alkaline phosphatase activities Figure 5. The alkaline phosphatase activities 
of the muscle-adapted strain and the ]I .; of the bone-marrow-adapted strain 

control strain. £0 ' and the control strain. 
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Table 14. The alkaline phosphatase activities of bone司marrow-adaptedstrain and 
control strain. 

Isolated P per mg. of living cells 

Strain Bone-marrow-adapted strain Control strain 

Hours incubated 24 48 24 

0.014 

0.022 

0.003 

48 

0.011 

0.003 

0.005 

0.012 

0.014 

0.020 

0.014 

0.009 

0.014 

The activating effect of magnesium ions on the alkaline phosphatase activity 

of each strain. 

[MgS…ed strain 一一dapted

I 0.029 
0.021 

Table 15. 
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stram 

d

5

 

0
・u
n

u

l
州

一

－

m

o

a
－

ド

，

耐

HR

一m
h

n
v
z何
千

一

f
t

、・
I

C

E

一
e
ぱ

江

ぽ

一

M

n

．

伊

山

一

r
－

m

一P
K
一
川
以

曙

1
j

－
正

r

E
A
U
－4

一
－

M
M

＋L
V

一

U
J山
一

司

叩

）

－
a

s
一
F

む
1
吐
4

－ME
M
U
一
d

m
閃

－hm
m
u
一
Aα
ぃ

0.014 0.042 

0.015 0.038 

139 

0.05 

94 

0.05 

111 

0.1 



476 日本外科宝函第25巻第5号

A' -B' ?/' A': P increase when Mg" was added. 
Activation rate = ~ァ一一× 100 % 

B' : P increase when Mg" was not added. 

The rate of activation for each strain is illustrated in Table 15. 

(7) The alkaline phosphatase activities of bone-marrow extract, and the inhibi-

tory e百ectson it in adding the bone-marrow-adapted strain and the control strain 

(Table 16, Figure 6). In order to investigate the phosphatase activity of bone-

marrow extract, the following reaction mixtures were prepared : 1.0 cc of加ne-

Fig・ure 6. The alkaline phosphatase activities 
of bone-marrow extract, and the 
inhibitory effects on it in adding 
the bone-marrow-adapted strain 
and the control strain. 
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marrow extract as enzyme source, 5.0 cc 

of 2.5 % substrate solution, 5.0 cc of 
buffer solution and 0.5 cc of toluene. The 

amount of isolated P was measured. The 

bone-marrow extract showed very vigo・

rous phosphatase activity at pH IO. 

When mixtures containing加th1.0 cc of 

bone-marrow extract and staphylococcal 

suspensions were employed as enzyme 

sources, their phosphatase activity was 

weaker than that of bone-marrow extract, 

but far stronger than that of staphyloc・

occi. 

(8) The alkaline phosphatase activi-

ties of the osteomyelitis strains (Table 

17, Figure 7) . These two tested strains 

showed less alkaline phosphatase activity 

than the control strain. 

3. Discussion. 

In this chapter, it has been proved 

that staphylococcus aureus has an alkaline 

Table 16. The alkaline phosphatase activity of bone-marrow extract, and the inhibitory 
effects on it in adding the bone-marrow-adapted strain and the control strain. 

Enzyme sources 

Bone-marrow extract l.Occ 
Bone-marrow extract 1.0cc + 
bone-marrow-adapted strain 146mg 
Bone-marrow extract 1.0cc + 
control strain 146mg 
Bone-marrow-adapted strain 146mg 
Control strain 146mg 

Isolated P (mg%) 

37.55 

18.60 

22.35 

3.60 
5.05 

phosphatase activity 旬 isolate inorganic phosphoric acid from “sodium glycero・ 
phosphate”at pH 10, and that this phosphatase is activated by magnesium ions 
in the ::;ame way as the pho::;phatase of other animals and plant::;. Toluene had no 

effect on this phosphata日eactivity. The phosphatase is said to exhibit no potential 

activit~’ in living cells or in micro-organisms, but is always in a repre~~cd state. 
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Table 17. The alkaline phosphatase activities of the osteomyelitis strains and F. D. A. 
209-P strain. 

一一
F. D. A. 209-P strain 
Child-osteomyelitis strain 
F. D. A. 209・pstrain 
Calcaneal-osteomyelitis strain 

Fig・ure 7. The alkaline phosphatase activities 
of the osteomyelitis strains. 

mgt 

0.027 

QOllf 

002/ 

0.018 

0.01, 
〆－

Isolated P (mg%) 

24 I 48 

0.013 

0.001 

0.013 

0.005 

0.026 

0.014 

0.025 

0.013 

Therefore, the fact that the activating 

rates of magnesium ions for the phosph-

atase activity of each “adapted strain" 
was different, and that the・ difference 

between the phosphatase activities of the 
bone-marrow-adapted strain and control 

strain was less conspicuous than the diff-

erence between those of the mixtures 
0.012 J〆z” containingbone-marrow extract and the 
o.oo守 ／クア bone-marrow-adapted strain or control 
0.0061 / ___ .，，，ぐ／伽in,is presumed旬 bethe manifesta-
0.0叫／－：：：：：二l二一ノ’ tion of some significant changes in the 
0 ~－ －－一片 +8 hours enzymatic structure of“adapted stra!ns”・

The enhanced phosphatase activity in the bone-marrow-adapted strain activated 
by magnesium ions makes it possible to presume that the bone-marrow-adapted 

strain has to do with the formation of osteo-strain; but the result of this experiment 

(8) showed that the osteo-strain revealed weaker phosphatase activity. This 

problem awaits our future study. The phosphatase activity of bone-marrow was 
strongly inhibited by adding bone-marrow-adapted strain, while the addition of a 

control strain revealed weaker inhibition of phosphatase activity. This leads us to 
consider that the apoenzyme of phosphatase of the bone-marrow-adapted strain 

should be more similar to that of the bone-marrow extract, and therefore, tend to 

combine more easily with the coenzyme of phosphatase of the bone-marrow extract, 

than the counterpart of the control strain. 

THE PRODUCTION OF EXPERIMENT AL OSTEOMYELITIS AND MYOS-

ITIS IN RABBITS, AND AN INVESTIGATION INTO THE TISSUE-AFFINITIES 

OF“ADAPTED STRAINS”． 
The bone-marrow-adapted and muscle-adapted strains were artificially produced 

in vitro, and it w拙 provedthat they have peculiar enzymological characteri日tics.
Then, is there an~’ relation between these characteristics of the adapted strains 

and the tissue-a百initicsof the so-called osteo-strain or myo-strain ? To ascertain 

this, the following experiments were performed in vivo. 
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CHAPTER 5. PRODUCTION OF EXPERIMENT AL MYOSITIS IN RABBITS 

WITH THE ADAPTED STRAIN AND A CONTROL STRAIN. 

Young rabbits, fed for several days with okara (bean refuse) and grass, were 

used. Each strain was densely suspended in distilled water. 

Experiment I. Production of experimenbil myositis in rabbits by intramuscular 

injection of each strain (Table 18). The dens巴suspensionof each strain was injected 

into the extensor thigh mu犯lesof rabbits, which were examined by autopsy or 

incision after two or three days. 

Table 18. Production of experimental myositis by intramuscular injection of each strain. 

No. Weight (g) Strain Quantity (mg) Findings 

24 480 ロ1・a-s 1.5 Muscle abscess 

33 700 m-a-s 1.5 Muscle abscess 

40 500 b-m-a-s 1.5 Muscle abscess 

44 500 b-m-a-s 1.5 Muscle abscess 

45 500 c-s 1.5 Muscle abscess 

34 650 m・a-s 0.8 Nil 

35 450 m"a-s 0.4 Nil 

46 500 c-s 1.5 Mus cl巴abscess

m-a-s : muscle-adapted strain, c-s : control strain, b-m-a-s : bone司marrow-adaptedstrain 

Experiment 2. Production of experimental myositis in rabbits by intravenous 

injection of each strain (Table 19). Bacterial suspensions containing 3.0 mg. or 

4.5 mg. of staphylococci were injected into the ear-vein of rabbits. The results are 

illustrated in Table 19. 

'fable 19. Production of experimental myositis by intravenous injection of each strain. 

No. Weight (g) Strain Quantity (mg) Findings 

800 m-a-s 4.5 Myositis, Arthritis 
500 m-a-s 3.0 Myositis, Arthritis 
450 b-m-a-s 3.0 Nil 
600 c-s 3.0 Nil 
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Table 20. Production of experimental myositis by intra-arterial injection of each strain. 

N仏 IWeight (g) I Previous managem削 ofmu山 IStrain IQ国 ntity(m叫 Findings
－一一 I I I I Multiple 
30 I 500 I MgSQ4鈎！.(2.5mol, 0.刷 wasinjec叫叶s I 1.5 [ muscle 

abscesses 
Nil 
Nil 
Nil 
Nil 
Nil 

41 700 ditto 

｜ニ－a-sI 
1.5 

38 600 ditto 1.5 

43 750 ditto 

26 600 3.0 

27 450 c-s 1.!' 
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Experiment 3. Production of experimental myositis in rabbits by intra-arterial 

injection of each strain (Table 20). Bacterial suspensions containing 1.5 mg. of 

each strain were injected into the femoral arteries of rabbits, immediately after 
the injection of 0.5 cc of 2.5 mol MgS04 solution into the extensors of the thighs. 

Rabbit 30 showed serious multiple muscle abscesses in the left thigh, where 0.5 cc 

of 2.5 mol MgSO; solution had been injected. And the other rabbits showed no 
changes macroscopically. 

(§) Addition. Histological findings of the muscle abscess (Figure 8). As in 

Fig・ure 8. Histological findings of the muscle abscess. 
Inflammatory cell infiltrations are observed 
among the muscle fibers. 

Sc RIB A’s description, inflam-
matory cell infiltrations were 
observed among the muscle 

fibers. 
Discussion. 
The muscle-adapted st-

rain inoculated hematogeno-

usly showed special a古inity
for skeletal muscles of rab-

bits as compared with the 

other tested strains. Mart-
inotti isolated a strain of 

staphylococcus from the liv国

er, kidney and spleen of a 
fatal case of senile decay at 

autopsy. He found that 

rabbits always developed 
myositis following intravenous injection of this strain. Therefore he named this 
strain “staphylococcus polymyositicus". Osawa produced experimentally multiple 
muscle abscesses in rabbits by intravenous injection of staphylococci isolated from 

the pus of myositis cases. A recent study of Ishihara shows that the strains of 

staphylococcus isolated from the pus of myositis cases more readily produce myositis 

in rabbits than other strains. The special tissue-affinity of muscle-adapted strains 

indicates the same characteristics in both the muscle-adapted strain and the myo・
strain. 

CHAPTER 6. PRODUCTION OF EXPERIMENT AL OS TEO MYELITIS IN 
RABBITS AND AN INVESTIGATION INTO THE TISSUE-AFFINITIES OF 
“ADAPTED STRAINS’＼ 
Acute infectious osteomyelitis usually arises following a hematogenous infection 

of staphylococci. As to etiology of osteomyelitis, Lexer attached importance to the 

physiological anatomical peculiarity of the epiphysis, and this is still considered 

important. Thompson stated that there were three important factors for the 

experimental production of osteornyelitis in rabbits, i) use of young rabbits, ii) 

use of the osteo-strain, iii) arrangement of experimental condition in such a way 
as to bring about a relatively prolonged type of infection. Hirayama inquired in句
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the fate of bacteria in bone-marrow and found that staphylococci carried to the 

bone-marrow hematogenously, (i. e. through a trophic artery, branches of arteries 

through Havers’s canals, or metaphyァsealarteries), could grow only in the venous 
sinus corresponding to the line of ossification. Shioda obtained the same results in 

his experimental study of osteomyelitis. These facts indicate that the local chemical 
state of the bone-marrow at the line of ossification, must be very significant for 

the further development of staphylococci ¥vhich cause osteomyelitis. Ossification 

begins with the formation of bone-stroma and is completed by the deposition of 

inorganic substances, mainly such as calcium salts. The inorganic matter of bone 

i& said to be as follows, calcium phosphate 85.0%, calcium carbonate 1.5%, alkaline 

salt. 2.0,Yo', magnesium phosphate I.5%, calcium fluorinate 0.3%, and calcium chlo-
ride 0.2ル. The deposition of calcium salts is ~aid to be caused by the phosphatase 
in the line of ossification which hydrolyzes phosphoric esters in the blood and isol-

ates phosphoric acid. This phosphoric acid then combines with calcium and grows 

as an initial germinal cr午前al,and calcium phosphate or carbonate deposits around 
this crystal. Bone, especially growing bone, is rich in phosphomonoesterascs which 

are activated b~· magnesium ions, and skeletal muscle has little or none of that. 

However, it is stated that the skeletal muscle contains a large amount of adenylpy-
rophosphatase which is inhibited by magnesium ions. And phosphomonoesterases 

are‘especially plentiful in the line of ossification of growing bone which is often 
the site of beginning osteomyelitis. 
In order 加 producea chemical milieu where staphylococci can develop suitably, 
magnesium salt diluted so as to cause no lesions was injected into the medullary 
cavity. Then these rabbits were injected hematogenously with the bone-marrow四

adapted strain whose phosphatase activity is enhanced by magnesium ions or加ne-
marrow extract. 
Materials and Methods. 
(1) Rabbits. Young rabbits about 50 days old, weighing 500 g. were used after 

Figure 9. Roentgenogram of rabbit 56, taken on the 6th feeding for several days 
day after injection. Periosteal ossification with okara and grass. 
caused by subperiosteal pus-accumulation is 
observed. 

(2) Management of bo・

ne-marrow before infecti-

on with staphylococci. The 

skin of the inner surfaβe 

of a rabbit’s leg was 
incised and a mandrel-

needle was inserted thr・－

ough the fascia into the 

hone-marrow, and l¥'IgS01 
solution or bacterial suspension was slowly injected. The incised wound was then 

sutured. 

(3) Diagnosis of osteomyelitis. Although local swelling, lameness, leucocytosis 

and rectal temperatures were examined, roentgenograms taken 12-15 days after 
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Figure 11. Roentgenogram of rabbit 16, 
taken on the 97th day after 
injection. Two sequesters are 
still observed. 

PATHOGENESIS OF POLYMYOSITIS AND POLYOSTEOMYELITIS 

Figure IO. Roentgenogram of rabbit 16, 
taken on the 13th day after 
injection. Sequester-formation 
is observed. 
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injection were the most deciding factor in the diagnosis of osteomyelitis. 

Experiment 1. Production of experimental osteomyelitis by hematogenous infections of 

staphy lococcus (Table 21). The rabbits which had had no previous injection into the 

medullary cavities showed no changes. The rabbits which had had their medullary 

cavities injected with 0.5 cc of 2.5 mol MgS01 solution showed marked bone changes. 

'. 
．・
・：．、 ， 
0・・ 一

、・
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Nil 

Nil 

INil 
'Nil 

Osteomyelitis 
Osteomyelitis 

Ostcomyelitis 
Osteomyelitis 

Table 21. Production of experimental osteomyelitis by hematogenous infection of each strain. 

No. Iりあht!Previous man昭 ementof bo叶 marrowlStrain IQ（~出ty I 
39 I 450 I - lb-m-a-s I 3.0 lintra-venous 
36 I 400 I - lb-m-a-s I 1.5 !intra-art巴rial
32 I 500 I - !m-a-s I 3.0 /intra-venous 
42 I 600 I - lc-s I 1.5 lintra-venous 
16 I 750 JMgSO, sol. (2.5mol, 0.5cc) was injectct.!Jb-m aも I1.5 !intra-arterial 
56 I 500 /ditto lb-m-a-s I 2.0 !intra-arterial 
13 I 450 lditto lb-m-a-s I 1.5 lintra-vcnous 
28 I 500 lditto Im』a-s I 1.5 !intra-arterial 

Findings Injection 

Experiment 2. What kind of change occurred following the injection of MgSO, 

solution into medullary cavity・？Rabbit 20, 23 and 49 were injected with 0.5 cc of 
2.5 mol MgS04 solution into the medullary cavities of their tibias, and were roen-
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tgenographed on the 13th day (20), 27th day (49), 38th day (20) and 55th day 

( 49). They showed no bone changes, and there were no pathological changes in the 
histological specimens (Figure 12). 

Figure 12. Ossification line of tibia of rabbit 23. 
No special changes are observed. 

翼与

Experiment 3. The cοnc-

entration of MgSO, solu-

tion relat疋dto the occu-

rrence of experimental 

osteomyelitis (Table 22). 

The most favorable cond-

ition of the bone-marrow 

for the development of 

experimental o叫εomyelitis

can be cοnsidered to be 

produced by the inje氾tion 

of 2.5 mol MgSO, solution 

into the medullary cavity. 

Rabbit 11, 82 and 83 were 

injected with 3.0 mg.(11), 
1.5 mg. (82, 83) respectively of the control strain into the regional femoral art町ies,
釦1dthen 0.5 cc of 1.5 mo!-（凶）， 2.0 moト（82)and 0.5 mol-(11) :¥TgSO, solution were 
injected into their medullary cavities. Among them, only rabbit 82 showed bone 
changes. 

Table 22. The concentration of MgSQ4 solution related to the occurrence of experimental 
osteomyelitis. 

No. I Wei 匂）I附o~solu 

31 I 580 I Z.5mol, 0.5c芯 Ic-s I 1.5 I intra-arterial I Osteomyeliti s 
82 I 500 I Z.Omoし0.5ccI c-s I 1.5 I intra-arterial I Osteomyelitis 
83 I 500 I l.5mol, 0.5cc I c-s I 1.5 I intra-arterial I Nil 
11 I 600 I 0.5mol, 0.5cc I c-s I 3.0 I intra-arterial I Nil 

Experiment 4. Production of experimental osteomyelitis in rabbits by intramedullar 
injection of each strain (Table 23). Rabbit 17 was injected with 3.0 mg. of bone-
marrow-adapted strain into the medullary cavity, and developed osteomyelitis. The 
other rabbits were injected with the same amount of muscle・・adapted strain or 
control strain and they showed no bone changes. Rabbit 14-was injected with both 
3.0 mg. of bone-marrow-adapted stram and 0.5 cc of 2.5 mol :¥JgSO, solution, and 
developed serious tοta! necrosis of the tibia (Figure 13, 14, 15). 

Table 23. Production of experimental osteomyelitis by intramedullar injection of each strain. 

No・ I w帥 t匂） I Strain I Quantity (mg) I Findin邑
r1 I 550 I b-mす sI 3.o i o日teomyel』t
12 I 550 I m”a-s I :1り I Ni I 
75 I 550 I c-s I 3.0 I ~ i I 

i 呂

14 800 b-m-a-s 3.0 + MgSO, 
sol. ( '.2.5mol, 0.5cc) 

Total necrosis of tibia 
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Fi!~·ure 13. Roentgenogram of rabbit 14, 

taken on the 12th <lay after 
injection.「farkedcallus-form-
ation is observed. 

Figure 15. Tibia of rabbit 14. Histological 

sp巴c1men.
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Figure 14. 0日日ificationline of the tibia of rabbit 14. 

Severe inflammation was caused in this 
area. 
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and developed osteomyelitis. 

Table 24. The difference in the pathogenicity 0£ each strain in the production of experimental 
osteomyelitis. 

No. JWG詰川Previousm剖 agem倒 of加n叩町rowJ加
52 I 600 11沼gSO,sol.(2.5mol, 0.5cc) was ir府ctedlb-m-a-sI 0.2 lintr、a-arterial !Ost巴omyelitis 
61 I 650 lditto lm-a-s I 0.2 !intra-arterial O唱teomyelitis
62 I 650 lditto lc-s I 0.2 !intra-arterial IOsteomyelitis 
48 I 450 IMgSO, sol.(l.25mol, 0.5cc)was injectedlb-m-a-s I 1.5 !intra-venous IOsteomyelitis 
69 I 500 '.ditto lm-a-s I 1.5 ¥intra-venous INil 
70 I 500 :ditto lc-s I 1.5 !intra-venous 問ii

Experiment 6. Experiment in immunized rabbits (Table 25). As Table 25 shows, 

young rabbits immunized against staphylococcal infections showed no bone changes, 

though their medullary cavities were treated in the same way as rabbit 16 and 56. 

Table 25. Experiment in immunized rabbits. 

No. r~~ht I Me刷 ofimmuniz竺1監さ1r~~~~立r立竺士ent of I Strain自主自主竺
8 I 600 I intravenous injection I 8 I MgSO, ~ol.(0.5mol, 0.5 lb-m官官｜ 5.0 I Nil 

of 0.3mg. of b-m-a-s I I cc)was injected. I I ! 
9 I 550 I ditto co.2mg.) I a I ditto lc-s I 5.o I Nil 
10 I 550 I ditto (1.5mg.) I 8 I ditto (2.5mol, 0.5cc) lb-m官官｜ 4.6 I Nil 

Experiment 7. What kind of prerequisite for the production of ostemyelitis should 

be given by the intramedullar injection of MgS04 solution ? (Table 26). Rabbit 79 
was injected with 1.5 mg. of the control strain, after the injection of 0.5 cc of 2.5 

mol NaCl solution into its medullary cavity and showed no sign of osteomyelitis in 

roentgenograms. Rabbit 21 was injected with 4.5 mg of control strain into the 

regional femoral artery immediately after crushing of the bone several times with 

a mandrel-needle. Rabbit 50, 53 and 55 received by injection into their femoral 

arteries (53, 55) or ear-vein (50), both 0.5 cc of 2.5 mol J¥IgS04 solution (50, 53) 

or 1.25 mol MgS01 solution (55) and 2.3 mg. of bone-marrow-adapted strain; they 

showed no sign of osteomyelitis in roentgenograms. 

Table 26. What kind of prer巴quisitefor the production of osteomyelitis should be given 
by the intramedullar injection of MgSO, solution ? 

入出竺~I Pr刊叩smanagem 
791 叩50 I N凶 l副（2.5mol,0.5cc)w出 injectedトs I 1.5 -l~長……可 Nil
I i lb-m-a・s2.3 + I I 
50 I 630 I一 IMgSO,sol. (2.5 [intra-venous I Nil 
I I Imo!, o.5c<;) I I 
I I lb-m-a-s 1.0 + I I 
53 I 600 I - IMgSO, sol. (2.5 !intra-arterial I Nil 
I I Imo!, o.5cc) I I 
I I lb-m-a-s I目O+ I I 
55 I 650 I一 IMgSO,sol. (2.5 !intra-arterial I Nil 
I I lrriol, Q.5cc) I I 

21 J 500 J crus 
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Experiment 8. Experiment with osteo-strains (Table 27). These results are 

illustrated in Table 27. 

No I Strain and Quantity I 
I fO向 omyeli出 strainin [ 
!chapter 3. ( c) 35 mg. I 

2ド1tto3.5 mg. 」
3 Idい 5mg. 

4 lditto 0.35 mg. 
-16玩記函元訂訂正百元百18 I , I' haptcr 4. ( d) 
I0.046 mg. 

Discussio札

Table 27. Experiment with osteo・strains.

Injection Course Findings 

intra-venous di巴din 12 hours Small abscesses of 
liver and kidney 

intra-venous died in 20 hours ditto 

intra-venous died in 48 hours 
Bilateral hyJeremia 
of inf. end femur 
and upp. end of tibia 

intra-venous died in 24 hours ::¥l"il 

intramedullar I died on 8th day I Arthritis of knee-
I I joint 

(1) Young rabbits were injected with staphylococcal suspensions hematogenously 

after injection of 2.5 mol ~1gS01 solution into the medullary cavities of their tibias, 

and showed typical signs of osteomyditis in roentgenograms. 

(2) The bone-marrmト adaptedstrain proved to have affinity for bone-marrow. 

(3) The results of experiment 8 seem to accord with the views of Thompson, 

who proved experimentally the existence of an osteo-strain. It is of great impo司

rtance in such experiments to avoid early lethal effects of the osteo-strain. 
(4) Young rabbits were used a日 advocated by Lexer, but the results of expe-

riment 6 should be explained b，＼’ Shioda’s study. 
(5) The most interesting problem raised by these experiments is the mechanism 

whereby the intramedullar infusion of MgS01 solution urges the development of 

osteomyelitis in bone-manプow. Is a functional or organic locus minoris resistentiae 

caused by MgS01 solution ? This question may be answered by the following facts: 
i) lVIgSO 1 solution injected into skeletal muscle where there is little or no phosph・

omonoesterase, could not cause myositis in similar conditions, except in special cases; 

ii) The paralyzing action of MgS01 solution disappears at once in the presence of 

calcium ions; iii) In these cases of experimental osteomyelitis in rabbits, the focus 

of inflammation is always in the epiphysis and the metaphysis, though MgS04 
solution was injected into the cliaphyseal regions; iv) Histological findings revealed 

no changes in bone-marrm九＇ after the injection of MgS04 solution. The contradic-

tion of i) can be resolverl perhaps h’the differences in phosphomonoesterase acti-
vity beb＼’ccn skeletal muscle and bone-marrow. 

CHAPTER 7. SOME SUPPLEMENT ARY EXPERIMENTS COMMENTING ON 
THE PLURALIS~\I OF PYOGENIC STAPHYLOCOCCUS. 

ISHIHARA et al have isolated the various strains of staphylococci from the 

lesions of osteorn;:elitis, myositis, furuncle, carbuncle, mastitis and so on. And they 

have made it clear that there were many distinct biochemical characters between 

these strains, such as the different pH-optimum of coagulase production and va-

rious modified grm九ring states caused by adding phosphoric-, metaphosphoric and 
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pyruvic acid or A. T. P. to the broth media where they developed. Furthermore, 

these strains showed the different affinities for some tissues of rabbit, for example, 
the bone-marrow, skeletal muscle or skin. These biochemical characteristics were 

fixed after one year’s subculturing. From these experimental results they concluded ・ 
the pluralism of pyogenic staph~·Iococcus. 

On the contrary, as above-mentioned, we have shown that staphylococcus 

aureus F. D. A. 209-P can become a so-called osteo-strain or a m~’a-strain under 

the influence of environment. 
To investigate whether these two conflicting results can be reconciled to each 

other or not，回me supplementary experiments were performed. 

』1aterialsand Methods. 

(I) Staphylococcus aurcus strains. 

a. Carbuncle strain. This strain ¥Vas isolated from the lesion of carbuncle on 

the back of an old male admitted to our clinic. 
b. Myositis strain. The same old male who had the large carbunele on his back, 

later developed myositis of right thigh and then of the left thigh !Jy hematogenous 
spread. This strain was isolated from the pus of the muscle abscess. So these 

strains, the carbuncle strain and the myositis strain, were of the same origin. 

c. Osteomyelitis strain. This strain was the test strain d of chapter 4. 

d. Osteomyelitis strain. This strain was the test strain c of chapter 3. 
e. Muscle-adapted strain. 
f. Bone-marrow-adapted strain. 

g. Control strain. 
h. MgSO.i-trained strain. 

(2) Chemical agents. 
a. Meta-phosphoric acid (Nakarai Co.). 

b. KH2P01, chemical pure (Katayama Co.). 
c. Pyruvic acid (Nakarai Co.). 
d. Phosphoric acid (Nakarai Co.). 
e. Adenosine tr匂hosphoricacid (Na1) (vVako Co.). 
(3) Broth media. 

These media were prepared as described in chapter 2, and standardized accor-
ding to the degree of turbidity. 
(4) Blood plasma. 

Citrated blood (1%) from a healthy adult male who had suffered no staphy-
lococcal infection recently, was centrifuged and the clear liquid (plasma) was pipe-
tted off. 

Experiment I. Influences of various chemical agents upon the staphylococcal 
growth in broth media (Table 28). 

Meta-phosphoric acid and KH2P01 were each dissolved in distilled water初

make 10% solutions. Phosphoric acid and P>Tuvic acid were each diluted in broth 
(pH 7.0) as 10% solutions. A. T. P. was dissolved in broth (J)H 7.0) to make a 

1% solution. All these solutions were filtered through Seitz’s sterilizing filter so 



as to be aseptic, and diluted with broth 
句 thedesired concentration under aseptic 
conditions. The media containing chem-
ical agents were incubated at 37°C for 
24 hours to test for contamination. 
To the media containing chemical 
agents, 0.1 cc of a homogeneous suspensi・
on of each testαl strain was added. The 
number of living cells in these cultures 
was measured b.v the method described 
in chapter 2. While being measured the 
media must be shaken vigorously. 
(1) Influence of KH2P04 upon the 
staphylococcal growth. The addition of 
KH2P01 (0.05, 0.1, 0.5, 1.0む）to broth 
media caused marked acceleration of the 
growth of the myositis strain, but the 
growth of the carbuncle strain, which 
had the same origin as the myositis stra・
in, showed no change. The growth of 
the MgSO』・trainedstrain, and muscle-
adapted strain, was the same as that of 
the carbuncle strain, while the growth 
of the bone-marrow-adapted strain and 
the control strain was inhibited by the 
addition of KH2P04・

(2) Influence of meta-phosphoric acid 
upon the staphylococcal growth. In broth 
media containing 0.05＇シ meta-phosphoric
acid the growth of the carbuncle strain, 
the myositis strain and the bone-marrow-
adapted strain was accelerated by 1 70-
340’，. . the growth of the muscle-adapted 
strain was slightly accelerated and the 
growth of the MgS04-trained strain was 
slightly inhibited. 0.1% meta-phosphoric 
acid greatly accelerated the growth of 
the bone-marrow-adapted strain, slightly 

accelerated the growth of muscle-adapted strain, and inhibited the growth of all 

the other strains. 0.5% meta-phosphoric acid inhibited the growth of all tested 

strains except the control strain and the myositis strain. 1.0% meta-phosphoric acid 
inhibited the growth of all tested strains completely. 
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(3) Influence of phosphoric acid upon the staphylococcal growth. When 0.05% 

phosphoric acid was added to the broth media, the growth of the control strain 

was accelerated, but the growth of all other strains was inhibited. When phosph-

oric acid was inversed to 0.1%, the growth of all the strains was completely 

inhibited except for the carbuncle strain, the osteomyelitis strain and the myositis 

strain. At 0.5% or I.0%, the growth of all tested strains was completely inhibit吋．

( 4) Influence of pyruvic acid upon the staphylococcal growth. When 0.05% 

pyruvic acid was added to the broth media, the growth of the control strain was 

greatly accelerated, while the growth of the myositis strain was slightly acceler-

ated; the growth of all the other strains except for the muscle-adapted strain and 

the control strain was inhibited. With 0.1% pyruvic acid, the growth of all tested 

strains except for the myositis strain and the osteomyelitis strain c was inhibited. 

At 0.5% or l.0%, the growth of all tested strains was completely inhibited. 

(5) Influence of A. T. P. upon the staphylococcal growth. When 0.005% A. T. 

P. was added to the broth media, the growth of the control strain, the myositis 

strain, and the osteomyelitis strain was slightly accelerated, while the growth of 

all the other strains showed no change. At 0.01%, the growth of the osteomyel-

itis strain c was greatly accelerated; the growth of the carbuncle strain and the 

control strain was slightly accelerated; the growth of the other strains except for 

the muscle-adapted-strain was not changed. At 0.05%, the growth of all tested 

Control strain 
Muscle-adapted strain 
Bone-marrow-adapted strain 
MgSOdrained strain 
Osteomyelitis strain 
Osteomyelitis strain 
Carbuncle strain 
Myositis strain 

Table 29. Clotting timE>s. 

pH 6.0 

60 

45 

150 

90 

150 

80 

300 

200 

Clotting time 

7.0 8.0 

60 80 

35 60 

45 65 

40 45 

55 65 

40 60 

190 300 

140 160 

minutes 

strains except for the bone-marrow-adapted strain was accelerated. At 0.1？五，the

growth of the myositis strain and the osteomyelitis strain was greatly accelerated; 

the growth of all the other t白tedstrains was slightly accelerated. 

Experiment 2. On the coagulase production of the tested strains (Table 29). 

It is said that staphylococcal coagulase is a characteristic of pathogenic strains. 

This experiment was modelled on Fisk’s and Fisher's studies on the coagulase of 
staphylococcus. Each tested strain was cultivated at 37°C for 24 hours on broth 

media whose pH had been previously adjusted to 6.0, 7.0 and 8.0. Ten drops of 

the broth cultures were added by capillary pipettes to 0.5 cc of blood plasma that 
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had been diluted 1 : 5 in physiological solution. The clotting times were measured 

till the mixtures be~ome jelly-like. The results are illustrated in Table 29. 

Discussion. 
Generally speaking these experimental results accord with those shown by 

ISHIHARA, i. e. the growth of the myositis strain was accelerated by the addition 

of meta-phosphoric acid, A. T. P., and phosphoric acid to the broth media, and 
the pH-optimum for coagulase production by the osteomyelitis strains is 8.3 to 7.7. 

These observations reveal a certain similarity concerned with biochemical charact圃

eristics between the osteom~・elitis strain and the bone-marrow-adapted strain, and 

between the myositis strain and the muscle-adapted strain. Especially we should 

like to emphasize the fact that the carbuncle strain and the myositis strain were 

of the same origin, but they showed distinct altered biochemical characteristics; 

that is, when the carbuncle strain is carr色d加 musclehematogenously and cause 

myositis, its chemical characteristics are completely altered to adapt itself to a new 

environment, and it turns into myositis strain. It is very interesting to note 

that artificially induced muscle-adapted strain and bone-marrow-adapted strain 

showed certain similarities to the myositis strain or the osteomyelitis strain respec-

tively, concerning" biochemical characteristics. These similarities will perhaps be 

exactly explained by future study employing synthetic amino acid media. 

CONCLUSION 

The altered tissue-affinity of staphylococcus induced hァ theformation of ad-
aptive enzymes can be expected to play an important role in the occurrence of 

acute suppurative polymyositis and acute infectious polyosteomyelitis. The questions 

concerning the so-called myo-strain and osteo-strain have been scientifically solved 

to some extent. Furthermore, in the pathogenesis of acute infectious osteomyelitis, 

importance is to be attached to the role of chemical environment of the bone-

marrow favoring the growth of staphylococcus; in other words, it seems that 

Lexer's theory concerning the pathogenesis of osteomyelitis must be reconsidered. 

The author wishes to thank Dr. Korcm IsmoA.Mr, the lecturer of our clinic, for his many 
valuable suggestions and criticisms throughout the present investigation. 
The present investigation was supported in part by a Research Grant from the Department 
of Education Science Research Foundation. 
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和文抄録

多発性筋炎及び骨髄炎の発生原因に関する実験的研究，

特にブドウ球菌の組織環境に対する適応現象に基く組織

親和性の変化ミ骨髄の化学的環境の役割について

京都大学医学部外科学教室第2講座（青柳安誠教授指導）

大学院学生 克

多発性筋炎及び骨髄炎の発生原因において特に起炎

ブドウ球菌の発育組織環境に対する親和性の変化を重

視して実験的吟味を行いp 次の結論に到達した．

黄色ブドウ球菌F.D. A. 209-P株を家兎横紋筋汗又

は骨髄汗を含む培地上に総代培養して得た菌株につい

てP (1) その酵素作用を追求し母菌株と比較した結果

と，（2) 家兎に該菌株を接種してその組織親和性を検

討した結果からP 急性化股性多発性筋炎及び急性感染

性多発性骨髄炎の発生原因にはp 発育組織環境に対す

先敏邦

る適応酵素生成によって誘導される起炎ブドウ球菌の

組織親和性の変化が重要な意義を有することが認めら

れた．

更に家兎における骨髄炎発生の実験結果からp急性

感染性骨髄炎の発生原因にはp ブドウ球菌の発育に好

適な骨髄の化学的環境が甚しく重大な役割を演じてお

り，従来骨髄炎発生に関して唱えられている Lexer

の説は再考されるべきであることを強調するものであ

る．


