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are maintained under these conditions and 
that f i e  enzyme hence cannot be of hepatic 
origin. 

Our data indicate that the increased serum 
alkaline phosphatase in obstructive jaundice, 
as sin skeletal diseases, is phosphatase I1 
(cyanide-semi tive) and therefore presumably 
not of hepatic cell origin. The results are 
compatible with the view that elevation of 
serum alkaline phosphatase in extra- or in- 
tr&epatic biliary tract obstruction is due 
to retention of serum alkaline phosphatase, 
largely of osseous origin. There is a great 
deal of clinical evidence for this view which 
was summarized e1sewhere.l 

The marked difference in the effects of 
cyanide on serum alkaline phosphatase and on 
liver tissue alkaline phosphatase indicates 
definite differences between these enzymes. 
However, the similarity between serum alka- 
line phosphatase and bone phospha tase with 
respect to cyanide does not prove their iden- 
tity; all that can be said is that in this and 
other respects no significant difference is ap- 
parent. Absolute proof of identity of 2 
enzymes from different sources is not pos- 
sible a t  this time. 

I t  may seem surprising that with so many 
alkaline phosphatases present in so many 

9 Maddock, S., Schmidt, G., and Thannhauser, 
8. J., Fed. Proc., 1942, 1, 181. 
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organs, the enzyme in the plasma should be 
so preponderantly of osseous origin. How- 
ever, not only is the number of osteoblasts in 
the body very large and their alkaline phos- 
phatase production great, but the secretion of 
the enzyme is extracellular for production of 
bone at  the cell surface. In  most cells, phos- 
phatases operate intracellularly, often ap- 
parently within the confines of the nucleus 
to judge from histochemical evidence, and 
probably never reach the extracellular fluids. 

Summary. Cyanide markedly inhibits the 
serum alkaline phosphatase of normal human 
subjects and thle increased levels of patients 
with obstructive jaundice and skeleital dis- 
eases; no essenital differences were observed 
in these 3 categories. The evidence is con- 
sistent with the view that in all 3 categories 
the largest proportion of serum alkaline phos- 
phatase is of ossleous origin since bone phos- 
phatase is inhibited ,by cyanide (Cloetens' 
phosphatase 11) and liver phosphatases are, 
for the most part, cyanide-insensitive (Cloe- 
tens' phosphatase I). The data indicate that 
the rise in serum alkaline phosphatase in ob- 
structive jaundice cannot be of hepatic origin 
but they are compatibl'e with retention of 
serum alkaline phosphatase due to obstruc- 
tion of the excretory biliary channels. 
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17261. Intracellular Distribution of Vitamin B6 in Rat and Mouse Livers 
and Induced Rat Liver Tumors." 
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In  studie+ from this laboratory the intra- termined in normal rat livers, in the livers of 
cellular distribution of riboflavin was de- rats fed various amhoazo dyes, and in liver 

tumors induced by 4-dimethylaminoazoben- 
zene. Riboflavin is of particular interest since 
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high dietary levels of this vitamin delay the 
induction of neoplasms by certain of the amin- 
oazo dyes5 Furthermore, ingestion of any 
one of the various dyes lowers the level of 
riboflavin in the liver to a degree that is 
roughly proportional to its carcinogenic ac- 
tivity.6*7 While the ingestion of 4-dimethyl- 
aminoazobenzene also decreases the lmevel of 
vitamin B6 in the liver this vitamin differs 
from riboflavin in that the various dietary 
changes which enhance or lower the carcino- 
genic activity of this dye do not alter the 
level of hepatic vitamin Bs in a significant 
fashion.' Hence it was desirable to compare 
the intracellular distribution of vitamin Bc; 
with that of riboflavin in the livers of rats 
before and after the administration of 4- 
dimethylaminoazobenzene as well as in hepatic 
tumors induced by this dye. Similar data for 
the liver of the mouse, a species relatively re- 
sistant to the carcinogenic action of this 
dye,*i*S are also presented. 

Methods. The animals were fed a semi- 
synthetic diet (diet 3') containing 1.2 mg 
of riboflavin per kg. Male albino rats$ were 
fed this basal diet with or without 0.06% 4- 
dimethylaminoazobenzene for 4 weeks. Fe- 
male albino mice6 were fed the same diets but 
for 4 months. The animals were killed with 
ether and the livers perfused in situ with 
isotonic saline. The perfusion and all sub- 
sequent steps prior to the analytical procedures 
were carried out a t  0 to 5 ' .  The rat liver 
tumors were obtained from rats fed the 
basal diet plus the dye for 4 to 5 months. 
Xine mouse livers were pooled for fractiona- 
tion No. l and 7 livers were combined for 
fractionation no. 2. Each fractionation of 
rat liver was made on pools from 2 (fraction- 
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search conference on cancer, Washington, 1945, 
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ations no. 3 and 5 )  or 3 (fractionations no. 4 
and 6) animals. Small tumors which were 
grossly non-necrotic were pooled from 9 and 
20 rats for fractionations no. 7 and 8, re- 
spectively. The selection of the tumors, which 
were obtained from non-perfused livers, was 
made as previously described? The pooled 
tumors and livers w,ere forced through a plas- 
tic tissue mincer and homogenized in 0.88 
M sucrose solution as previously describ4.l 

Differential centrifugation was used as de- 
scribed p r e v i o ~ s l y ' ~ ~ - ~  to prepare the nuclear, 
large granule (mitochondria) , small granule 
(microsome), and supernatant fluid fractions. 
The nuclear and large granule fractions were 
washed twice; the small granules were sedi- 
mented at 24,0001 x g (at center of tube) for 
3 hours and were not washed. In experiments 
whlere the small granules were washed the 
nuclear and large granule fractions were sedi- 
meyted in the usual manner, but were washed 
only once. The supernatant fluid and washing 
from the large granules were combined and 
centrifuged for 36 minutes at  120,000 x g 
(at center of tube) in an air-driven ultracen- 
trifuge. The small granules were then re- 
suspended in the sucrose solution and, after 
aliquots had been taken f'or analysis, were 
brought to the volume in which they had pre- 
viously been suspended. After recentrifugation 
under identical conditions the sediment was 
suspended in the sucrose solution for analysis. 

Vitamin BG was determined with Saccharo- 
fnyces rarZsbergensis by the method of Atkin 
et aL9 This yeast responds equally to the 
3 known forms of vitamin B6.l0 The intra- 
cellular distributions of protein, nuclieic acids, 
and riboflavin were also determined as pre- 
viously described.l The intracellular distri- 
butions of these constituents in the fraction- 
ations of the rat tissues agreed well with those 
previously p~bl ished. l*~ 

Results. From Table I i t  is evident that 
most of the vitamin B6 was in the large gran- 
ules and the supernatant fluid in all of the 
tissues studied. Thle large granules con- 

9 Atkin, L., Schultz, A. s., Williams, W. L., and 
Frey, C. N., Ind. and E'ng. Chem., Anal. Ed., 1943, 
15, 141. 
10 Snell, E. E., Physiol. Rev., 1948, 28, 255. 
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TABLE I. 
Intracellular Distribution of Vitamin B6 in Liver and Liver Tumor. 

Mouse livers Rat livers Rat liver tumora 
f 7 - 
Basal Basal diet Basal diet 

Fraction diet + dye Basaldiet + dye 
____- 

Fractionation No. 
1 2 3 4 5 6 T 8 

Whole homogenate 6.0 4.5 6.4 6.4 4.0 4.7 1.8 1.2 
Nuclei 0.5 0.5 0.4 0.2 0.3 0.2 0.2 0.1 
Large granules 2.0 1.4 2.3 2.9 1.6 1.9 0.5 0.4 
Small ' 0.3 0.2 0.3 0.4 0.2 0.2 0.2 0.1 
Supernatant fluid 3.0 2.2 3.0 3.1 1.8 2.1 1.2 0.7 

Recovery 5.8 4.3 6.0 6.6 3.9 4.4 2.1 1.3 

of vitamin B6 per g of fresh tissue 

pg of vitamin B6 per g of protein 
Whole homogenate 46 34 53 50 37 40 15 10 
Nuclei 22 18 26 14 18 11 5 2 
Large granules 57 57 60 73 60 58 46 29 
Small ' 19 16 18 21 17 13 12 9 
Supernatant fluid 60 36 64 62 40 41 26 14 

tained 28 to 45% and the supernatant fluid 
45 to 64% of the total amount of vitamin Bg. 
The ratio of vitamin B6 to protein was higher 
in the large granule and supernatant fluid 
fractions, and lower in the nucllear and small 
granule fractions than it was in the whole 
homogenate. When 4-dimethylaminoazoben- 
zene was included in the diets of either rats 
(fractionations no. 5 and' 6) or mice (frac- 
tionation no. 2 )  the amount of vitamin B6 
in the large granule and supernatant fluid 
fractions was considerably reduced. Since thle 
protein content was also reduced in the large 
granule fraction1j2 the ratio of vitamin to pro- 
tein was unchanged in this fraction. On the 
other hand this ratio was decreased in the 
supernatant fluid since the protein content 
of this fraction remained unchanged.lB2 In 
the h e r  tumor tissue the level of vitamin B6 
in the large granules and supernatant fluid was 
even lower than in the livers of rats fed the 
dye, and] the ratio of the viltamin to protein 
was also much lower. 

The small granules isolated from the livers 
of rats fed the basal diet after centrifuging 
at 120,000 x g for 36 minutes were entirely 
comparable in their contents of pentosenucleic 
acid, riboflavin and vitamin B6 to those iso- 
lated from similar livers at 24,000 x g for 3 
hours. A single washing reduced the level 
of vitamin B6 in these particles by 50 to 8%. 

Thie pentosenucleic acid was reduced by 13 
t'o 28% and in a single experiment no detec- 
table loss of riboflavin occurred on washing. 
These changes are probably attributable in 
part to the removal of some residual super- 
natant fluid from the small granuIes. 

Discussion. -4s in the case of riboflavin14 
the vitamin B6 was found chiefly in the large 
granules and supernatant fluid in all the 
tissues studied. The nuclear fraction of nor- 
mal rat liver contained 3 to 6% of the total 
vitamin Bo whereas this fraction generally 
contains 5 to 9% of the total riboflavin. The 
greatest differences in the distribution of the 
two vitamins was found in the small granules. 
The washed small granulses contained only 
0.8 to 1.9% of the total vitamin B6 but still 
contained 16% of the total riboflavin. It is 
probable that the values for the vitamin BO 
and riboflavin contents of the nuclear fraction 
are too high, since this fraction is contamin- 
ated with some whole cells and large gran- 
ules.lJl 

Claude12 stated that hle found most of the 
transaminase activity of rat and guinea pig 
liver in the supernatant fluid. The t rans-  

llHogeboom, G. H., Schneider, W. C., and Pal- 
lade, G. E., J. Biol. Chem., 1948, 172, 619. 

12 Claude, A., in Moulton, F. R., A.A.A.S. re- 
search conference on cancer, Washington, 1945, 
223. 
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minase activity was relatively low in the large 
granules and was completely absent froin the 
microsome or small granule fraction. Subse- 
quent to these observations it was found that 
vitamin B6 is an integral part of this enzyme 
system.lJ Thus the data presented above sup- 
port those of Claude since the small granules 
contain no transaminase activity and very 
little vitamin B,; while the parts of the liver 
cell that contain transaminase activity are 
particularly rich in vitamin Bs. S o  informa- 
tion is available on the presence or distribu- 
tion in these tissues of other enzymes which 
contain vitamin B,;. 

The hepatic carcinogen 4-dirnethylamino- 
azobenzene reduced the level of ribof-lavin1y2 
anld vitamin BG in the large granules and 
supernatant fluid, but in both cases the re- 
duction of protein in the large granules paral- 
leled the decrease in vitamin content. This 
is probably the result of a reduction of the 
number of large granules in the liver cells.? 

Sz4nznzays, The intracellular distribution 
of vitamin B6 in rat liver tumors induced by 
4-dimethylaminoazobenzene and in the livers 

I:< Wynne. X. N., i n  . l ~ t l t .  B P I . .  o f  J~;odici)~., 

l94ti, 15, 58.  

of rats and mice before and after administra- 
tion of the azo dye was determined after dif- 
ferential centrifugation of the tissue homogen- 
ates in hypertonic sucrose solution. 

Tn all cases vitamin Bo was concentrated in 
the washed large granulses or mitlochondria 
(28 to 457& of total) and in the supernatant 
fluids (45 to 647% of total). The washed nu- 
dear fractions contained 3 to 11% of the 
total vitamin B,; present. The  unwashed small 
granules or microsomes contained 4 to 876 
of the total vitamin B,;: in the case of normal 
rat liver one washing reduced the level to 

The ingestion of the azo dye reduced the 
levels of the vitamin in the large granule and 
supernatant fluid fractions of the livers in 
each species. The decrease in protein con- 
tent of the large granules paralleled the de- 
crease in vitamin Bo content. The large 
granule and supernatant fluid fractions of the 
liver tumors contained even less vitamin B6 
than was found in the corresponding fractions 
from the livers of rats fed the dye and the 
ratio of the vitamin to protein was also much 
lower. 

about 1 4; 7~ . 
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17262. Healing of Tuberculous Pulmonary Cavities by Means of Skin 
Grafts. 
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Giant tuberculous pulmonary cavities con- 
tinue to present one of the most complex 
problems in the surgical treatment of pulmon- 
ary tuberculosis. Various types of collapse 
therapy have resulted in a high percentage 
of failures. Intracavitary drainage in tension 
or biocked cavities, combined with collapse 
therapy, has greatly increased the number of 
good results. 

Intracavitary drainage without collapse 
therapy provides relief from toxicity but is 
of little value in cavity closure. In advanced 
pulmonary disease with multiple cavitation, 
collapse therapy is contraindicated. 

We wish to present a somewhat different 
point of view. Let us consider that a tuber- 
culous pulmonary cavity is a chronic lung 
abscess: The lung surrounding a chronic non- 
specific lung abscess shows little disease. When 
such an abscess is drained, the surrounding 
lung tissues fill in the defect occupied by the 
abscess. In  a tuberculous lung abscess? the 
surrounding lung tissues are usually diseased 
and cannot expand to fill in the space occupied 
by the abscess cavity. Drainage is of cleans- 
ing value in pulmonary tuberculous cavities, 
as in other types of pulmonary abscesses, but 
cavity obliteration does not occur without col- 


