
subcultured every G to 10 weeks. Ten 
months after explantation, the technique 
of subcultivation was changed, since 
more rapid outgrowth of connective tis- 
sue was observed when explants were 
sandwiched between the wall of the roller 
tube and the slice of sponge. This has 
been our technique for growing strain 
D up to the present time. 

The cells grow readily, as a lattice-
work of spindle-shaped cells and collag- 
enous fibers, forming a loose connective 
tissue throughout the sponge interstices. 
They also produce a dense layer of 
spindle-shaped cells on the outer surfaces 
of the sponge. Occasional bizarre, large 
cells have been seen from time to time, 
but the overwhelmingly predominant 
pattern has been one of a differentiated 
connective tissue in which collaeenous u 


fibers are readily produced. Four new 
subcultures may be made every 4 to 6 
weeks from each culture tube. In prac- 
tice, however, cultures are maintained 
for several months without subculture if 
new cultures are not needed for experi- 
mentation. 

No known carcinogens have been 
added to the cultures, although on re- 
peated replenishing of the medium, 
drops of nutrient adherent to the lips of 
the tube were charred on flaming, and 
occasionally fragments of this material 
were seen to drop into the tube as the 
rubber stopper was inserted. When the 
cell strain was 23 months old, one stock 
tube (D-189), a 15th subculture genera- 
tion, which had been planted 4 months 
before, showed a remarkable pattern. 
Many large, bizarre cells were foind ex- 
tending from the edges of the sponge 
onto the adjacent glass wall. During the 
following 2 weeks the growth of pleo-
morphic cells became more extensive. 
The sponge was then removed, part of 
it was fixed in Zenker-formalin for his- 

Fig. 1. Microscopic section of a cellulose 
sponge tissue culture of strain D, in which 
the pattern of growth is that of a normal 
connective tissue. The cells are of uniform 
size and shape and do not appear malig- 
nant. Hematoxylin and eosin stain (X 125). 

Fig. 2. Microscopic section of a culture of 
the spontaneously transformed connective 
tissue, strain D-189 (derived from strain 
D )  in which the cytologic features of a 
malignant tumor are seen. Many cells are 
large and hyperchromatic. The nuclei in 
these are very large, and some are multi- 
lobate. Enormous nucleoli are seen in some 
cells. Hematoxylin and eosin stain (x 125). 

tologic examination, and the remainder 
was subcultured. 

The histologic pattern of the normal- 
appearing strain-D cell (Fig. 1 ) had been 
replaced in many areas on the outer sur- 
face of the sponge by a densely cellular 
tissue that appeared neoplastic. There 
were many large, hyperchromatic cells, 
some with single, large nuclei contain- 
ing enormous nucleoli, others with four 
to six nuclei (Fig. 2) .  Dividing cells 
were numerous, and many of the mitotic 
figures were multipolar. The pattern seen 
in sections of this culture had the criteria 
on which the diagnosis of highly malig- 
nant anaplastic tumor is made. The 
altered tissue (D-189) in its fifth sub- 
culture generation since its recognition 
grows very rapidly. 

The transformation of normal cells 
into malignant ones in tissue culture, 
with or without the addition of known 
carcinogens, has been observed in sev-
eral laboratories in cultures of mouse 
and rat tissues (2-4).  In each instance 
the malignant nature of the transformed 
cells was demonstrated by the production 
of sarcomas when the cultures were in- 
oculated into animals of the same strain 
as the one from which the original cells 
had been obtained. I t  is not unexpected 
that human cells are capable of the 
same kind of transformation in tissue 
culture. In the instance reported here, the 
final ptwf of a malignant transforma- 
tion, transplantation and growth in a 
genetically proper human host, is of 
course impossible. However, the biologic 
behavior of this new strain may be ex- 
amined in animal transplant for a partial 
appraisal of its malignant properties. 

Goldblatt and Cameron (4)  have im- 
plicated anaerobiosis as a common fac- 
tor in the production of malignancy in 

vitro. Since strain-D cells have been 
regularly covered by a blanket of cellu- 
lose sponge and plasma clot 0.5 to 1.0 
mm thick on each subculturing for 13 
months, anaerobiosis could have con-
tributed to the formation of a morpho- 
logically malignant variant. Cellulose 
sponge itself may also be implicated as 
a causal factor, for Oppenheimer (5) 
has found that a variety of polymers in- 
cluding several cellophanes can induce 
sarcomas is the subcutaneous connective 
tissue of the rat. 

Gey (6) has pioneered in the develop- 
ment of cell strains from malignant hu- 
man tumors as well as of isogenic strains 
from normal areas of the same surgical 
specimen. Cell strains of such parallel 
origin may lend themselves to the dis- 
covery of distinctive metabolic prop-
erties of cancer cells. 
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Human Arterial Hypertension: 

a State of Mild Chronic 

Hyperaldosteronism? 


Many efforts in the search for a di-
rect relationship between the adreno-
corticoid hormones and arterial hyper- 
tension in human beings have met so far 
with no success. Chromatographic sepa- 
ration of urinary steroid extracts using 
an aluminum oxide column did not show 
any significant differences between nor-
mal and hypertensive subjects ( I) .  How-
ever, the identification of aldosterone, a 
new adrenal mineralocorticoid hormone, 
by Simpson and Tait (2)  has made it 
possible to restudy the problem with a 
more specific method (3). 

Details of the assay procedure have 
been described previously (4) .  Only the 
main procedures will be outlined. 
Twenty-four hour urine aliquots ad-
justed to pH 1 were immediately ex-
tracted with four successive 1/5 portions 
of chloroform. The remaining urine was 
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reextracted similarly after readjustment 
to pH 4.5 and incubation for 24 hours 
at 37OC with animal B-glucuronidase 
(300 units/ml of urine). After two wash- 
ings with 0.1N NaOH and one with dis- 
tilled water, the combined chloroform 
extract was evaporated to dryness, then 
dissolved in 80-percent methanol and 
chromatographed on Whatman No. 2 
paper in ZaiTaroniYs propylene glycol/ 
toluene system for 96 hours at room 
temperature. The aldosterone-cortisone 
zone obtained was rechromatographed 
in the Bush C system (5) of toluene 90- 
ethylacetate at 10/50 percent aqueous 
methanol. The highly purified aldoster- 
one fraction obtained after this second 
chromatography was eluted, evaporated 
to dryness, and kept in the deep-freeze 
until bioassay. 

For each determination, five groups of 
eight to ten bilaterally adrenalectomized 
albino rats were used. One group served 
as control and received only the solvent 
(0.1 ml of aldehyde free ethanol). Two 
groups were injected with' standard so- 

lutions of aldosterone (0.2 and 0.4 pg, 
respectively), and the last two groups re- 
ceived dilutions of the urinary aldoster- 
one extract--one equivalent to the 
amount of urine excreted in 40 minutes, 
and the other to the output in 20 minutes. 

The concentrations of sodium and po- 
tassium in urine after 4 hours' collection 
in the bladder were analyzed by the 
flame photometer. Aldosterone activity 
was measured both by the decrease in 
sodium excrgtion and reduction of uri- 
nary Na/K ratio relative to the excre- 
tions of the normal group. 

In addition to five normal adult males, 
who served as controls, six patients with 
malignant hypertension and seven with 
severe essential hypertension (one of 
which could also be regarded as of renal 
origin) were studied. The criteria- used 
in the diagnosis of malignant hyperten- 
sion were papilledema, diastolic pressure 
above 130, diminished renal function, 
and poor general condition. Severe, but 
not malignant, cases of essential hyper- 
tension were those with persistent marked 

Table 1. Aldosterone in human urinary extracts. Bioassay results with adrenalectomized 
rats (percentage of control). 

Aldosterone standards Equivalent 

Subjects 0.2 Yg 0.4 ~g 20 min 40 min 

Na Na/K Na Na/K Na Na/K Na Na/K 

A.D. 
E.K. 
P.S. 
. J.G. 

M.G. 

P.E.C. 
G.R. 
G.C. 
M. J. 
A.B. 
G.M. 

W.S. 
J.J. 

J.P. 

S.B. 
T.E.B. 
J.A.D. 
D.R. 

Normal 
31.4 34.7 35.3 39.4 93.1 
31.4 34.7 35.3 39.4 76.5 
43.1 40.7 50.3 55.6 85.6 
63.5 56.3 30.8 31.6 90.6 
( Aldost. 0.1 

124.3 102.8 30.7 19.4 60.2 

Malignant hypertension 
( Aldost. 0.1 ) 
56.2 56.1 26.1 27.8 138 
63.5 56.3 30.8 31.6 47.6 
63.5 56.3 30.8 31.6 69.1 
36.8 25.1 38.1 30.5 57.8 
47.1 42.1 27.4 26 90.6 
40.78 36.34 13.40 28.3 66.48 

Severe essential hypertension 
42.4 66.9 41.1 34.6 87.9 
91 8 2 40 35 125 
(Aldost. 0.1 ) 
56.2 56.1 26.1 27.8 22.2 
(Aldost..O. 1 ) 
56.2 56.1 26.1 27.8 39.8 
43.1 40.7 50.3 55.6 83.8 
88.46 79.3 47.1 39.7 116.34 
45 33 40 20 106 

- 

Table 2. Aldosterone equivalent for each group of patients (micrograms of aldosterone 
per day). 

Group Na retention index Decrease in Na/K ratio 

Severe essential hypertension 7.82 (F.L. 3.52-17.12) 8.45 (F.L. 4.48-15.89) 
Malignant hypertension 7.2 (F.L. 3.74-13.75) 5.47 (F.L. 2.19-13.94) 

Fig. 1. Mean results of the three groups 
studied: five normal subjects, six patients 
with malignant hypertension, and seven 
with severe essential hypertension. 

elevations of systolic and diastolic pres- 
sures, exudates and hemorrhages in the 
fundi, and signs of left ventricular strain. 
Diet was not controlled: the normal sub- 
jects were on their "ordinary" diet and 
the hypertensive patients received the 
regular ward diet. No restriction of so- 
dium intake was made. No patients pre- 
sented any endema. 

Table 1 shows the results of bioassav. 
The mean excretions of aldosterone ob- 
tained with doses equivalent to 20 and 
to 40 minutes of utinary output are 
shown in Fig. 1. With an extract equiva- 
lent to only 20 minutes of urinary output, 
the difference between the normal sub- 
jects and the two groups of hypertensive 
patients was not significant ( p  > 0 .1) .  
However, a difference between the two 
groups became evident and very signifi- 
cant in tests using extracts corresponding 
to 40 minutes of urinary output. The two 
indices of aldosterone activity, decrease 
in total Na excretion and fall in Na/K 
ratio, were quite concordant but un- 
equally sensitive. Statistical analysis of 
the mean difference between normal sub- 
jects and hypertensive patients showed 
a t value of 4.85 ( p  < 0.001) for the 
urinary Na/K ratio and a t value of 
3.27 ( p  < 0.01) for the Na index. The 
aldosterone equivalent (in micrograms 
per day) for each group of was 
calculated (6) with fiducial limits at 
p = 0.05 and is shown in Table 2. 

These results suggest that hypertensive 
patients secrete relatively large amounts 
of aldosterone. Possibly this finding ex- 
plains the abnormalities of sodium me- 
tabolism in these patients and the occur- 
rence of hypertension in cases of adrenal 
hypercorticism. They also suggest that 
the human arterial hypertension could 
be caused by a state of mild and chronic 
hyperaldosteronism (7). 
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Enhancement of Oxidative 
Phosphorylation of Glucose 
by Insulin 

Polis et ul. reported that under suit- 
able conditiolls insulin enhanced oxida- 
tive phosphorylation of glucose by a 
preparation of liver mitochondria ( I) . 
This has been confirmed by us in ex-
periments with rabbit tissue homogen-
ates and extracts. 

Rabbits Tvere killed by stunning fol- 
loired by drcapitation, and the desired 
tissue (~vholc  kidney or liver) bvns 
quickly removed and chilled on cracked 
ice for 2 to 3 minutes. T h e  chilled tissue 
!+as homogenized in an all-gla\s (Pyrex) 
holnogenizer ( 2 )  ~ \ i t h  2 ~ o l u m e s  of 
0.067LVI phosphate buffer (Sorcn\en's) at 
pH 7 7 for 5 to 7 minutes at 0°C.  T h e  
I\ hole holnogcnate thur obtalncd Jva? 
used in the majority of the cxpcrimrntr. 

Table 1. Enhancement of oxidative phos- 
phorylation of glucose by insulin in rabbit 
kidney homogenates and extracts. 

Inorganic P esterlfied (mq)  
Expt. - - - - -

No M'ithout With insulin 
insulin ( 4  units/2 ml) 

IVhole homogencites 
1 0.98 
2 0.53 
3 0.80 
4 0.90 
5 0.96 

D i a l ~ ' r e d  ex tracts  
6 0.82 
7 0.51 
8 0.4.2 
9 0.50 

I11 a few experiments, a dialpzcd kid- 
ney cxtract Tvas used. This \vas prepared 
as follo~vs. M'hole kidneys were homog- 
enized as described in a previous scn-
tcnce ~v i th  2 volulnes of 0.1114 phosphate 
buffer (Sorcnscn's) at j1-I 7.7. T h e  
honiogcnate \vas centrifuged at 2500 
rev,'min for 2 lninutes and the turbid 
supernatant ]\-as dialyzcd for 3 hours in 
a cellophane sack against O.05M phos- 
phate buffer at pH 7.7 and i 0  to 2OC. 

I n  experilnents with !\-hole liomoge- 
nates, I - ~ lportions of the homogenatc 
were added to the main compartments of 
IVarburg vessels that had previously 
been filled ~ r i t h  0.1 ml of 0.5M NaF, 0.2, 
ml of 0.5M sodium succinate and 0.5 ml  
of distilled xrater and standing on crackrd 
ice. T h e  side bulb contained 0.2 ml of 
5-percent glucose. When the effect of in- 
sulin was tested, 0.1 1n1 of a 40-unit/ml 
plain illsulin (Lilly) Ivas added to the 
main colnpartmcnt in the place of 0.1 
ml of distilled !rater. The  insulin Jvas 
al~vays added as the last addition. I n  es-  
perilnents with dialyzed kidney extract?, 
1-ml portiolls of irhich also were used in 
the experiments, the reaction mixtures 
contained, in addltion to the aforc-mcn- 
tloncd compounds, 0.1 ml of 0.51M RfgC1, 
and 0 2 ml of 0 011M adenorine-5-phos- 
phate. 

Inimcdiatcly after the additions 1 ~ a d  
been made, the f lark~ Tvere attached to 
the manomcltcrs and gassed with oxygen 
for 3 minutcr at loom temperature. The\ 
\\-ere then placed in the thermostat 
(38"C),  and after tt-mprrature equili- 
bration ( 7  minutes) the glucose in the 
side arm Jras tipped in and the flasks 
\\-ere shaken in the thermostat for an-
other 20 minutes. T h e  manometerr T\  ere 
then taken out of the thellnortat and 
the flasks Tiere quickly immersed in ice 
T$ ater for a fei+ minutes. The  flask5 \+ere 
then detached, the protein was prccipi- 
tatcd with trichloroacetic acid, and the 
material was filtered. The  filtrates thus 
obtained wcre analyzed for their inor-
ganic P content by the method of Fi~lce 
and SubbaRoir (3)  spcctrophotometri-
rally. T h e  initial P contents of the re-
action mixtures were determined in an- 
other set of flasks arranged and treated 
exactly in the same !ray ac the experi- 
mental ones up to the stage of addition 
of glucose from thc side arm. 

Tablc 1 gives the results of the effect\ 
of i n d i n  on oxidative phosphorylation 
of glucose by kidnry holnogrnatcs and 
extracts. There was a small but definite 
increment in the amount of inorganic P 
csterificd as a result of insulin treatment. 
0xidatii.e phosphorylation by the liver 
liomogenates bvas also enhanced by in-
sulin, and it lvas interesting to note that 
the cnhanccmcnt was more ~ ronounccd  
I\ ith honlogcnates prepared from liver< of 
alloxan-diabetic rabbits than bvith those 

'Table 2. Effect of insulin on ouidrrtivc 
phosphorylation of glucose by rabbit 
(normal and alloxan-diabetic, 4 )  liver 
hornoqenatrs. 

Inorganic P esterified ( m g )  

No. LVithout M'ith ~nsulin 
insulin ( 4  units,'? rnl) 

~ Y o , n i n l  rabbi ts  
1 0.94 
2 0.76 

3 1.oo 

-1 0.97 

3 0.58 
6 0.69 

dlloxcin-dictbetic rabbit^ 
7 0.35 
8 0.64. 
9 0.73 

10 0.64 
11  0.63 

prrp:ircd from the livers of norninl rab- 
bits (Tablc 2 ) .  

In  none of the experiments reported 
hcrc did insulin have any effect on the 
oxygrn consumption by the homo~cn;ltcs 
and extracts. 
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Finding of Silver Positive Reticulum 
in Early Human Tubercles 

IVhilc the importance of silver positive 
rt:tict~lum in the structure of the tubercle 
is accepted, the site and timc of its earli- 
est appearance and ~ v h a t  ultimately hap- 
pens to the reticulum are not entirely 
clear. T h c  literature on the subject, 
(1-3) points to its occurrence, it1 man, 
only in formed tubercles. Experimental 


