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 A bleomycin mixture which contained A2 as the main component and B2

 as the second component was tritiated. The 3H-bleomycin thus prepared was

 subcutaneously injected to mice and the distribution of the bleomycin among

 organs of mice was determined. The results indicated a high concentration
 in skin and peritoneum. The concentrations determined by radioactivity were
 higher than those determined by the antibacterial activity suggesting that

 tissue contains some substance which reduces the bacterial activity against B.
subtilis or inactivates the bleomycin.

Bleomycins contained in organs of mice after injection were determined by the

 cylinder plate method using B. subtilis as the test organism and reported in previous

 papers by Ishizuka et al.l) and Ichikawa et al.2) These authors reported that the

 bleomycins were found in high concentrations in lung and skin. Distribution of

 individual bleomycins Al9 Aa, Aa', A6, Bl5 B2, B4 and B5 was studied by Umezawa et

 al.s) Bleomycin A2, the main component of bleomycin mixtures studied clinically,

 gives a high concentration in skin of mice and the therapeutic effect of bleomycin on

 squamous cell carcinoma in humans is considered to be related to its high distribution

 inskin.

However, the concentration shown by the antibacterial activity may not show the

 real concentration of the antibiotic in the organs. The antibacterial activity gives

 the concentration of the antibiotic in the active form which is extracted from the

 organs. If the antibiotic is not sufficiently extracted from an organ, if an organ

 contains a component which interferes the antibacterial activity, or if the antibiotic

 is inactivated in the organ, then the concentration shown by the antibacterial activity

 does not indicate the real concentration of the antibiotic in organs. The amount of

 the antibiotic taken up by tissues, cells or organs can be found by injecting a radio

active form and determining the radioactivity. The results of measuring the distri

bution of tritiated bleomycin among organs of mice and the relation to the distribu

tion shown by the antibacterial activity are reported in this paper.
Materials and Methods

Copper-containing 3H-bleomycin : Copper-containing bleomycin mixture was tritiated
 by the usual method and after tritiation was purified by CM Sephadex chromatography
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 as reported by Umezawa et al.A) The contents of each bleomycin were determined by the

 same chromatography. It contained ll.8% Al9 48.5% A2, 3.9% A2', 2.0% A5, 3.4% B^
 27.0% B2, 3.4% B4.Determination of concentration of bleomycin in organs of mice: One mg of the

 copper-containing 3H-bleomycin described above and 1.6 mg of cold copper-containing
 bleomycin of similar composition were dissolved in distilled water and the total volume

 was made to 0.65/ml, that is, 4.0mg of bleomycin/ml. From this solution 0.05ml was
 taken and the.radioactivity of 0.1 ml of the 100 times diluted solution was measured by a
 liquid scintillation counter [CPM-200(LS-II) Beckman Instruments, Inc.]. The radioactivity

 of 1.0 mg of the,bleomycin mixture which was injected was 4.75x106 dpm.Distribution of 3H-bleomycin among organs: A half ml of the bleomycin solution

 above described containing 2.0mg of the bleomycin was injected to two mice subcuta

neously. The syringe was washed with distilled water and the water used for washing was
 determined for the radioactivity. The radioactivity which remained in the syringe was
 0.87x106 dpm and therefore the total radioactivity of the bleomycin which was actually
 introduced into two mice was 8.63x106 dpm (9.50x106-0.87x106). One hour after the
 injection, the two mice were sacrificed. Each organ was removed and the same organs

 taken from two mice were combined, cut into pieces and homogenized in 1/10M phosphate
 buffer of pH 6.8. It was centrifuged and the residue was washed with methanol of about

 equal volume and centrifuged. The supernatants of the centrifugation were combined

 and dried. The dried material thus obtained was dissolved in 1/10M pH 6.8 phosphate
 buffer, using a volume about equal to the volume of the organs and the radioactivity

 was assayed. The residue which was obtained by centrifugation of the homogenate was
 heated in 1 N HC1 at 100°C for 16 hours in a sealed tube. The hydrolysate was neutralized

 with sodium hydroxide and the radioactivity of the solution was determined by a liquid

 scintillation counter.

Determination of the antibacterial activity : The extracts of homogenized organs

 obtained as described above were measured for antibacterial activity by the cylinder plate

 method using B. subtilis as the test organism and cold bleomycin as the standard.

Results and Discussion

The data shown in Table 1 indicate the amounts and the concentrations of the

 bleomycin which was extracted with phosphate buffer from homogenized organs.
The radioactivity of the injected bleomycin was 4.75x106 dpm/mg, and using this

 value, the amounts and the concentrations of the bleomycin in each organ was

 calculated. A total of 65% of the injected bleomycin was recovered in the extract

 of organs.The radioactivity which remained in homogenized organs after the extraction was

 determined by testing the radioactivity of an acid hydrolysate. The results are shown

 in Table 2. Only 2.5% of the injected bleomycin remained in the organs after the

 extraction. It indicates that bleomycin in organs can be extracted with phosphate

 buffer from their homogenates.
The total bleomycin which was actually introduced into mice was 1.8 mg and 1.17

 mg was recovered in the supernatant of the homogenate and 0.05 mg was recovered

 in the residue, that is, totally 1.22 mg (68% of the injected amount) was recovered.
Therefore, 32% of the injected bleomycin was not recovered. In this experiment,

 the excreted urine was not collected and therefore, unrecovered bleomycin is thought

 to be excreted in urine.
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Table 1. Distribution of 3H-bleomycin among organs of two mice
d p m /m l o ft h e e x t r a c t( X I O 3) V o l u m e ( m l)o f t h ee x t r a c t T o t a l d p m o ft h e e x t r a c t( X I O 3 ) B l e o m y c in( m e g ) i n t o t a l W e ig h t( m g ) o fe a c h o r g a n B le o m y c in

( m c g ) /g

o f o r g a n

L i v e rs p l e e nK i d n e yT e s t isu r i n a r yb la d d e rs t o m a c hL a r g ei n t e s t i n es m a l li n t e s t i n e

H e a r tL u n g 8 . 01 4 . 1

��������������������������������������������������������������������������������������������������������������������������������������

7 . 01 . 8

1 . 8

1 . 0

0 . 8

1 . 3

3 . 17 . 8

1 . 01 . 2

1 . 80 . 81 4 . 6

4 . 2

1 3 . 8

3 . 0

0 . 9

1 9 . 0

3 . 9

1 . 7

9 7 . 3 2 0 . 4 2 , 7 3 9 7 . 4

1 7 . 3 3 . 6 6 3 8 5 . 6

1 7 0 . 6 3 5 . 9 5 7 7 6 2 . 2

9 . 2 1 . 9 1 3 0 1 4 . 6

1 2 . 8 2 . 6 1 6 1 6 2 : 5

l l . 2 2 . 3 2 9 4 7 . 8

3 7 . 5 7 . 8 1 , 1 1 6 6 . 9

1 9 8 . 1 4 1 . 7 3 , 2 4 5 1 2 . 8

8 . 0 1 . 6 1 5 0 1 0 . 6

1 6 . 9 3 . 5 3 6 7 9 . 5

7 . 6 1 . 6 7 2 4 2 . 2

8 . 4 1 . 7 1 0 3 1 6 . 5

7 4 6 . 0 1 5 7 . 0 6 , 9 4 1 2 2 . 6

4 8 . 7 1 0 . 2 1 , 2 7 0 8 . 0

1 6 5 . 6 3 4 . 8 5 , 7 7 0 6 . 0

9 0 . 3 1 9 . 0 8 9 6 2 1 . 2

5 . 4

6 4 . 6

3 , 7 9 8 . 6

5 5 . 6

1 . 1

1 3 . 67 9 9 . 71 1 . 7

9 5 l l . 5

T o t a lR e c o v e r y 5 , 5 6 9 . 76 4 . 5 . 1 , 1 7 1 . 66 5 . 0 .

The activity of the injected bleomycin: 4.75XlO6 dpm/mg.
Total radioactivity injected: 8.63xl06 dpm, that is, 1.8 mg of bleomycin/2 mice.

Comparing the amount of the bleomycin which remained after the extraction to

 that extracted, the ratio is 47 : 1,172 indicating that the bleomycin in the organ is easily

 extracted with neutral buffer. After extraction with phosphate buffer methanol was

 added to the residue to dissolve the soluble bleomycin, but most of bleomycin was

 found to be extracted with the buffer. As shown in fifth column of Table 2, the

 ratios of the amount remaining in the homogenate after extraction to the total amount

 recovered were in the following order : spleen>lung>muscle>peritoneum>bone>

 kidney>stomach>large intestine>diaphragm > brain>heart > skin > urinary bladder >

 tongue>testis>small intestine. This series does not parallel the concentration in the

 organs. It is uncertain whether these ratios indicate a varying organ affinity for

 bleomycin or are the result of experimental variation.As described above, most of the bleomycin in the organs can be extracted with

 neutral buffer. Therefore, the concentration of bleomycin in each organ shown in

 Table 1 gives the real distribution among organs of mice except in kidney and bladder.
As shown in Table 1, of 1,171.6 mg recovered, 799.7 meg was found in urine. There

fore, even a small amount of urine in kidney and bladder must have a big influence

 on the concentration of bleomycin in these organs. The values in kidney and bladder

 shown in Table 1 do not show the real concentrations of bleomycin in these organs..
The data in Table 1 indicate a high concentration of bleomycin in skin, peritoneum

 and tongue. As reported in a previous paper3), bleomycin A2, the main component
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of the bleomycin employed for the

 present experiment, shows a high

 concentration in skin and peritoneum

 when determined by antibacterial

 activity. As reported in the same

 paper, bleomycin A2 does not give

 as high concentration in lung as a

 bleomycin mixture. The concentra

tion in lung varies with on each

 bleomycin and the 3H-bleomycin

 which contained A2 at 48.5%, B2

 27.0%, Axll.8% and Aa',A5 and B4

 less than 4.0% was found to show

 lower concentration in lung.
Amounts of bleomycin in each

 organ determined by the antibacterial

 activity are shown in Table 3. In

 the same table the amounts deter

mined by radioactivity are shown

 for comparison. It is surprising that

 the amounts shown by the antibac

terial activity were much less than

 those shown by the radioactivity.
The ratios of the amounts determined

T a b le 2 . A m o u n ts o f b le o m y cin s * w h ic h r e m a in ed

in h o m o g en a te s o f o r g a n s a fte r th e e x t ra ct io n

O r g a n s W e iｫ h t(m g )

T o ta l R e s id u a l

L iv er I 2 , 7 3 9 2 .1 0 0 .7 6 0 .0 10

S p le e n 6 3 8 1 .2 0 1 .8 8 0 . 2 50

K id n e y 5 7 7 7 .3 0 1 2 . 6 5 0 . 17 0

T e s tis 1 3 0 0 .0 8 0 . 6 1 0 . 0 40

U r in a ry

b la d d e r
1 6 0 .1 3 8 . 1 2 0 . 0 4 7

S to m a c h 2 9 4 0 . 4 7 1 . 5 9 0 . 1 6 9

L a rg e

in t es tin e
1 , 1 1 6 1 . 4 0 1 . 2 5 0 . 1 5 2

S m a ll

in te stin e
3 , 2 4 5 1 . 6 0 0 . 4 9 0 . 0 3 7

H ea r t 1 5 0 0 . 1 4 0 . 9 3 0 . 0 8 0

L u n g 3 6 7 0 . 9 5 2 .5 8 0 .2 1 3

B r a in 7 2 4 0 .2 0 0 .2 7 0 .1 1 1

T o n g u e 1 0 3 0 .0 8 0 .7 7 0 . 0 4 2

S k in 6 , 9 4 1 1 3 .1 0 l .S 0 . 0 7 8

M u s c le 5 , 7 7 0 1 0 .9 0 1 .8 8 0 .2 12

P e rito n e u m 8 9 6 5 .0 2 5 .6 0 0 . 2 0 9

D ia p h r a g m 9 5 0 .1 6 1 .6 8 0 . 1 2 6

B o n e 1 , 2 7 0 2 .4 6 2 .0 5 0 . 1 9 5

'* Determined by the radioactivity of the acid hydro
lysates of residues homogenates after the extraction.
** The total amount was calculated from the values
 (a) in fifth column of Table 1 and the values (b) in
 the third column as follows; b/a+b.Total amount is that found in extract plus the
 amount remaining in the residue.

by the antibacterial activity to those determined by the radioactivity is shown in fourth

 column of the same table. The ratio was less than 0.06 except for skin (0.283), muscle

 (0.198), lung (0.109) and peritoneum (0.089). Even in urine, the amount determined

 by the antibacterial activity was about 1/3 that determined by the radioactivity. These

 results suggest that all organs contain some substances which reduce the antibacterial

 activity or inactivate the bleomycin. The ratio of the bleomycin in urine determined

 by the antibacterial activity to that determined by the radioactivity in another

 experiment was 0.722. Thus, this ratio is different depending on the experiment and

 is considered to be due to some substance in urine influencing the activity.

Contrary to other organs, the amount of bleomycin in blood shown by antibac

terial activity was higher than that shown by radioactivity. 3H-bleomycin injected

 as described above is a mixture of bleomycins and if a bleomycin such as A5 which

 shows much higher antibacterial activity than A2, as described in a previous paper3),

 is contained in high ratio in the blood, then the amount shown by the antibacterial

 activity becomes higher than that shown by the radioactivity.
The influence of the homogenate on the antibacterial activity was examined in

 another experiment. Two kidneys (weights 577 mg), one half of two livers combined

 (1,000 mg), two lungs (356 mg) and peritonea taken from two mice (760 mg) were homo

genized in 1/10M pH 6.8 phosphate buffer and 2ml of buffer containing 200meg of
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Table 3. The ratios of amount of bleomycin
 determined by antibacterial activity to that
 determined by radioactivity

3H-bleomycin were added and incubated

 for 30 minutes. After centrifugation, the

 radioactivity and the antibacterial activity

 of the supernatants were determined.
The results are shown in Table 4. The

 radioactivity recovery was 77-89 %. The

 recovery of antibacterial activity was

 much less than that of radioactivity except

 in the case of lung. These results indicate

 that liver, kidney and peritoneum contain

 some substances which reduce the anti

bacterial activity or inactivate the bleo

mycins.The data shown above indicate that

 the bleomycin concentrates in skin and

 peritoneum. They also show that the

 amount found by the antibacterial activity
 is less than theactual amount. The smaller

 amount shown by antibacterial activity is

 considered to be due to substances in

 homogenates which reduce the antibac

terial activity or inactivate the bleomycin.This will be clarified by using a single

radioactive bleomycin such as 3H-bleomycin A2, and looking for metabolic products.

Table 4. Recovery of bleomycin in homogenates of various organ in vitro

O r g a n s

B l e o m y c i n

( m e g )  b y

r a d i o a c t i v i t y

B l e o m y c i n

( m e g )  b y

a n t ib a c t e r i a la c t i v i t y
b / a

L i v e r  ( a )2 0 . 3

S p le e n  3 . 6

K i d n e y  3 5 . 5

( b )

< 0 . 5 0

< 0 . l l

1 . 1 0

< 0 .  0 2 4

< 0 .  0 3 0

0 .  0 3 1

T e s t is

U r i n a r y

b l a d d e r

1 . 9

2 . 6

0 . 1 0

0 . 0 7

0 .  0 5 2

0 .  0 2 7

S t o m a c h  2 .  3 < 0 . 0 8 < 0 .  0 3 4

L a r g ei n t e s t in e
< 0 . 2 0 < 0 .  0 2 5

S m a l li n t e s t in e  4 1 . 3
1 . 0 6 0 .  0 2 6

H e a r t 1 . 6 0 . 0 1 0 .  0 0 6

L u n g 3 . 5 0 . 3 8 0 .  1 0 9

B r a i n 1 . 6 < 0 . 1 3 < 0 . 0 8 1

T o n g u e  1 .  8 0 . 0 5 0 .  0 2 8

S k i n  1 5 4 .  8 4 3 .  8 0 0 .  2 8 3

B o n e  1 0 .  1 0 . 4 4 0 .  0 4 4

M u s c l e  4 4 .  5 8 . 8 0 0 .  1 9 8

P e r it o n e u m  1 8 .  9 1 . 6 8 0 .  0 8 9

D i a p h r a g m  1 .  1 < 0 . 0 3 < 0 .  0 2 7

U r i n e  7 9 1 .  3 2 7 3 .  0 0 0 .  3 4 5

F e c e sB l o o d  1 3 .  31 1 .  6 < 1 . 9 0

2 5 . 5

< 0 .  1 4 3

2 . 1 9 8

T o t a l  1 ,  1 7 1 .  6 3 5 5 .  9 9

W e i g h t

i  V o l u m e  o f  t h e  m ix t u r e

o f  t h e  h o m o g e n a t e  a n d
3 H - b l e o m y c in  ( m l )

v o l u m e ( m l)  o f  I  * �" ^ ｱ  * e

t h e  s u p e r n a t a n t  s u p e r n a t a n t  b yr a d i o a c t i v i t y

R e c o v e r y  %  b y

a n t i m i c r o b i a l

a c t i v i t y

K i d n e y 5 7 7 4 . 0 5 3 . 3  8 5 . 0 3 0 . 0

L i v e r

L u n g

1 ,  0 0 03 5 6  4 .  54 .  1
3 . 33 . 3 5  8 5 . 08 3 . 5

3 . 7  8 9 . 0

2 4 . 7

9 2 . 0

P e r it o n e u m

B l e o m y c i n

( 2 0 0  m e g )

7 6 0  4 .  0 3 . 22 .  0  7 7 .  01 0 0 .  0 4 0 . 0

1 0 0 . 0

The mixture of bleomycin and homogenate was incubated at 37°C for 30 minutes.
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