
to the prcdicted value of vJ and hcncc 
seerns to bear out the thfory. 

I n  making the plot, only the totals for 
the body-weight classes up to 198 Ib were 
used because the athletes in these classes 
are usually trained down to the listed 
body weight and hrncc. carry very little 
excess weight. I t  is interesting to note 
that the present world-rccord heavy-
weight total of about 1130 lb should be 
within thc ability of a lifter of 232-1b 
body-weight, whereas the present record 
holdcr, Anderson, weighs about 350 Ib. 
The existence of the lincar relationship 
also suggests that it might be desirable 
to break down the present heavyweight 
class into at least two classes to prevent 
lifters who ~vcigh over 300 lb from corn- 
pcting ~v i th  those in, for example, the 
220- to 250-lb range. 

I t  should be emphasized that the total. 
plotted are in no scnse "ultimates" but 
will continue slowly to be improved. 
However, the slope of the line drawn 
through thc points plotted on a log-log 
basis should continue to be approxi-
mately 2/3. A150, the log-log plot can be 
used to determine the best weight liftcr 
at any time, since his total will fall thr, 
farthest above the line d r a ~ t n  by thc 
method of lcast squares through all t h ~  
records. .It the present time, the total 
for the 148-lb body class falls the farth- 
est above the line. IIcnce thc Soviet 
athlete, Kostilev, who holds the record, 
appears to be at present the world's best 
weight lifter. 

hf. H. L1r T7KF 

Oak  Ridge National Laboratory, 
Oak  Ridge,  Tenneqsee 
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Surface Studies Using 
Ion-Exchange Autochromatography 

The heterogeneous exchange between 
the ions on the surface of an ionic crys- 
tal and the ions in a solution has been 
widely used as the basis for a radioactive 
method for determining the "active" sur-
face area of finely divided solids (for re- 
cent summaries, see Paneth, I, and IVahl 
and Bonner, 2 ) .  'Tracers isotopic with 
either the cation or the anion of the 
crystals may be used and should, on the 
basis of simple theory, yield the samc 
calculated surface area. This is, indeed, 
the case in experiments in which labeled, 
saturated PbSO, solutions are shaken 
with PbSO, precipitates, but is not the 
case when saturated solutions containing 
Sr90S350, are shaken trith SrSO, pre-
cipitates ( 3 ) .For the latter, the apparent 
areas, as determined using SrgO ion and 
S350,---, are in the ratio of about 2/1. 
This difference is somewhat unexpected 
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Fig. 1. Elution curve for SF+ and SO1--
using a SrSOl column at 25°C. 

and seems larqc cnough to M arrant fur- 
ther study. 

For this purpose a new mcthod has 
bccn developed, the method of ion-er-
change autoch~ornatography. In a typi-
cal experiment, a Pyrex glass column of 
1.2-cm inside diameter and 30 cm in 
icngth, contained 17.9 g of SrSO, prc-
cipitatc in a length of I1 cm. The free 
volume was 8.75 ml. Fifty nlillilitcrs of 
SrSO, solution, saturated at 25OC and 
labeled with both SrSg ion and Si'O,-- 
was added to the column. The column 
was then eluted with approximately 200 
ml of saturated SrSO,, and 50 succes-
sive 5-ml fractions of the efRucnt wcre 
collected. Suitable rates were obtained by 
applying suction to the bottom of the 
column. The column was jacketed and 
rnaintaincd at constant trmperature. 

The rclatlr e radioactivity of each sam- 
ple was measured for both SrSq ion and 
S3'0,--. Figure 1 is a typical elution 
curve obtained in this work for 25OC. I t  
will be noted that the Srti and SO,-- 
curves are separated and that the SO,-- 
comes out ahead of the Sr--. If a suffi- 
ciently long column were used, the two 
curves could be suficiently displaced to 
make possible a reasonably complete 
separation of the Srgf'and S3504-- ac- 
tivities. Thus, when the chromatographic- 
column technique is applied, small differ- 
ences in surface behavior can be accentu- 
ated (as compared with a single-batch 
experiment) and studied in detail. Fur- 
ther experiments varying the rate of flow 
of fluid, column length, temperature, 
and so on are in progress, and it  is 
thought that the application of this sen- 
sitive new method trill throw light on 
surface-exchange phenomena that are 
little understood at  present. 

By using two separately measurable 
isotopes, isotopic effects in surface ex-
change could also be studied and might 
be expected to be of considerable theo- 
retical (and possibly practical) impor- 
tance. 

RUTHE. KRCHRIEL 
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Influence of Invasiveness, 
Hormones, and Amphenone on 
Steroids in Adrenal Carcinoma 

The study reported here (1) dealt ~vi th 
serial quantitative isolation of individual 
stcroid hormone metabolites during thc 
locali~cd and metastatic phases of a func- 
tional adrenocortical carcinoma. I t  has 
bccn cstablishcd that stcroid production 
by the metastases is unequivocally in-
crcascd by adrcnocorticotrophic hormone 
( 4 C T I I ) ,  probably decreased by ex-
oo,cnous cortisone, and markedly dimin- 
ished by Amphcnone jl,2-bis(p-amino- 
phenyl) 2-mcthyl propanonc-1 dihydro- 
chloride; , 2 ) .This response is in contrast 
to the relative independence from ex-
trinsic influence generally assumed to be 
characteristic of this form of malignancy. 

I n  1951, a 42-year-old Tvoman viaa 
observed at Montefiore Hospital, with 
findings suggestive of adrenal hyperactiv- 
ity, including amenorrhea, hirsutism, 
and hypertension. Isolation of urinary 
steroids ( 3 )  rrvealed (Fig. 1 )  normal 
levels of dehydroisoandrosterone (D)  
and androsterone ( A ) ,  but etiocholano- 
lone ( E )  and the three major 11-oxy- 
penated steroids ( 11= OE, OH-E, and 
OH-A) were greatly elevated, demon- 
strating considerably increased adreno-
cortical holmone production. At surgical 
cxploration, the left adrenal, containing 
an encapsulated tumor that weighed 
140 g, was removed The tumor showed 
bizarre cells and increased mitotic activ- 
ity in focal areas. Postoperatively (Fig. 
1), steroid isolation revealed a low levd 
of hormone production, with the individ- 
ual metabolites in the usual proportion, 
which was consistent with the clinical 
evidence of transient adrenal hypofunc- 
tion. 

In  3955, pronounced clinical evi-
dence of adrenal hyperactivity emerged, 
and biopsy of intra-abdominal metastatic 
lesions showed adrenocortical carcinoma. 
At postmortem examination later, the 
right adrenal gland was normal. The 
urinary steroids were groysly altered com- 
pared with the localized phase (Fig. 1 ) . 
The 11-oxygenated steroids were ele-
vated to approximately 10 times normal 
levels, and the 1I-desoxysteroids had 
changed even more strikinqly. Androster- 
one had increased ten fold; etiocholano- 
lone was approximately 33 times the 
normal level and, most striking of all, de- 
hydroisoandrosterone (87 mg/day) had 
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now become the major urinary steroid. 
Immediately following this control 

study, 20 units .of ACTH per day were 
administered intraveneously for 3 days, 
and there was an immediate and im- 
pressive increase in steroid production 
(Fig. 2). I t  is emphasized that the prompt 
onset and magnitude of this response pre- 
clude the possibility that the contralateral 
adrenal was responsible for the increased 
steroid production. In extended experi- 
ence in these laboratories, a response of 
the a-hydrotysteroids of such magnitude 
has been observed only after prolonged 
treatment with ACTH in normal subjects 
with both adrenals intact. Perhaps the 
most convincing evidence that the me- 
tastases responded to ACTH was the 
50-mg increment in dehydroisoandro- 
sterone, an increase never observed under 
any circumstances in a subject with nor- 
mal adrenal glands. 

Six weeks following the ACTH period 
and 5 weeks after biopsy, a period on 
cortisone administration (62 mg/day 
for 8 days) was studied (Fig. 2). The 
individual steroids were lower than any 
of the control periods in 1955, suggesting 
depression of tumor steroidogenesis. 
Since it was not possible to obtain a con- 
trol study immediately before admiis- 
tration of cortisone, this conclusion is 
tentative. 

Subsequently, the patient received 
treatment with Amphenone (4 g/day for 
10 days) between control intervals before 
and after the administration of thf: drug 
(4). Steroid production fell precipitously 
though somewhat unequally (Fig. 2). 
Androsterone and etiocholanolone were 
decreased significantly but still were 
above normal. The major component, 
dehydroisoandrosterone, fell to a normal 
level, and the 1 I-oxygenated steroids 
dropped to nearly normal limits. 

I t  should be emphasized that these 
values for 1 I-oxygenated compounds 
during Amphenone administration were 
maximal for there was some nonsteroidal 
chromogen in these areas of the chro- 
matogram, and no arbitrary correc- 
tion was made for this. I t  is our impres- 
sion that true values for these compounds 
were very much lower than those re- 
corded. These results clearly prove that 
Amphenone markedly depressed the ster- 
oid production of the tumor. That this 
inhibition was functional rather than 
lethal is evident from the prompt return 
of excessive steroid production after the 
drug was discontinued. 

The major metabolites reported here 
accurately reflect two of the principal 
secretory products of normal as well as 
abnormal adrenals. The demonstration 
that this adrenocortical carcinoma re- 
tained residual capacity to respond to 
both humoral and drug influence bears 
significantly on the problem of endogen- 
ous and exogenous control of function 
of these tumors and lends encouragement 
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Fig. 1 (top). Steroid excretion of a woman (R.42) during three phases of adrenal car- 
cinoma compared with the steroid excretion of a normal woman of the same age. Fig. 2 
(bottom). Steroid excretion of R.42 (metastatic adrenocortical carcinoma) during con- 
trol intervals and while under the influence of ACTH, cortisone, and Amphenone. D, 
dehydroisoandrosterone (36-hydroxy-A-androstene-17-one) ; E, etiocholanolone (Sa-hy- 
droxyetiocholane-1 7-one) ; A, androsterone (3a-hydroxyandrostane-17-one) ; 1 1 = OE, 
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3% 1 1 B-dihydroxyandrostane- 17-one. 
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to rilr. scarih for similar effects writ11 other 
neoplasms and with a broader spectrum 
of chemotherapeutic compounds. 

T. F. GALLAGHER, KAPPAS,ATTALLAIS 
HERTASPENCER,DANIELLASZLO 

Sloan-Kettering Inst i tute  for Cancer 
Research and M o n t e f i o r ~  Horpi fa l ,  
Neru Y o r k  
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Partial Inactivation 
of Lipoprotein Lipase 
by Bacterial "Heparinase" 

Several independent lines of evidence 
have indicated the existence of a rather 
close relationship between lipoprotein 
lipase and heparin. Indeed, the discovery 
of the enzyme derived from the fact that, 
upon the injection of heparin, the lipase 
appears in the blood, where its presence 
is visibly demonstrable in lipemic ani- 
mals ( I ) .  The direct isolation of lipo- 
protein lipase from tissues (heart and 
adipose) of normal animals has been 
reported previously (2 ) .  In  such prep- 
arations, it is possible to demonstrate 
an activation of the enzyme by added 
heparin. Lipoprotein lipase is inhibited 
by protamine. It  can also be inhibited 
by pyrophosphate, and this inhibition, at 
least in the preparations from rat heart, 
can be reversed by heparin. More re-
cently, Robinson ( 3 )  has reported that 
the heat stability of lipoprotein lipase of 
postheparin plasma is decreased by pass- 
ing the plasma over an anion exchange 
resin; the addition of free heparin to 
such a preparation restabilizes the 
enzyme. 

The isolation in this laboratory of a 
Flavobncterium (4)  that is able to usc 

heparin as its sole source of carbon, 
nitrogen, and sulfur, and the preparation 
of bacterial extracts ( 5 )  that possess 
"heparinase" (6)  activity have provided 
another tool for the study of the interre- 
lationship between heparin and lipopm- 
tpin lipasr. 

The data sumrnarizrtl in Table I sho~t  
the results obtained on the incubation of 
lipoprotein lipase with the bacterial ex-
tract. Acetone powders of adapted bac- 
teria were extracted with water and 
dialyzed against 0.005M ethylenediami- 
netetraacetate and then against water 
overnight. The precipitated protein was 
dissolved in 0.025M glycylglycine buffer 
at pH 7.5 and diluted to a protein con- 
centration of 1 mg/ml. The lipoprotein 
lipase was a purified preparation from 
chicken adipose tissue ( 7 )  dissolved in 
0.025M NH, to a protein concentration 
of 5 mg/ml. The bacterial extract and 
lipoprotein lipase (0.2 ml) were prein-
cubated together in a total volume of 
0.4 ml of 0.025M glycylglycine which 
contained 0.005M MgCl, for 15 minutes 
at  24'C. I n  each instance, the proper 
control, without the bacterial extract, 
was run. The vessels were then heated 
at 40°C for 5 minutes to inactivate se- 
lectively the heparinase. Four milliliters 
of 10-percent albumin at pH 8.5, 0.05 
ml of 1M ammonium sulfate, and 0.05 
ml of 2-percent activated coconut oil 
(8) were added to all the vessels, which 
were then incubated at 37OC for 1 hour 
for the determination of lipoprotein 
lipase activity (2 ) .The glycerol that was 
produced was oxidized by periodate to 
formaldehyde, which was then deter-
mined colorimetrically with chromo-
tropic acid. 

Under optimum conditions, the lipase 
can be 60 percent inactivated. The com- 
ponent of the bacterial extract respon-
sible for this inactivation is a nondialyz- 
able, heat labile substance that exhibits 
all of the known properties of the hepa- 
rinase ( 5 ) .  These are ( i )  complete inac- 
tivation when heated for 5 minutes a t  
40°C, (ii)  a requirement for one of sev- 
eral ions for activity (magnesium, am-
monium, phosphate, arsenate, or citrate) , 
and (iii) inactivation when incubated in 
the presence of 0.2M NaCl or phosphate 
buffer. The bacterial extracts have some 

'Table 1. Inactivation of lipoprotein lipasc 
by bacterial heparinase. 

GlycerolAdditions durinq productionpreincuba tion 
(D570) 


None 0.215 
Bacterial extract, 0.01 ml 0.120 
Bacterial cxtract, 0.10 ml 0.080 
Bacterial extract, 0.01 ml 
t 0.2M NaCl 0.220 

Heated* bacterial extract, 
0.01 ml 	 0.210 

Bacterial extract, 0.10 ml; 
no Mgi+ 0.155 -

* Heated at 40°C for 5 minutes. 

slight proteolytic activity, but this shows 
none of the afore-mentioned character- 
istics. Also, extracts of acetone powders 
of bacteria that had not been adapted to 
heparin do not inactivate lipoprotein 
lipase even though they possess equal 
proteolytic activity. On the basis of this 
evidence, it is concluded that the hepa- 
rinase is responsible for the inactivation 
of the lipase and that lipoprotein lipase 
is, most probably, a mucoprotein which 
contains a mucopolysaccharide very simi- 
lar to heparin as an integral part of the 
molecule. 

EDWARDD. KORN 
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Metabol i sm,  National  Hear t  Inst i tute ,  
National  Inst i tutes  of Heal th ,  
Bethesda,  Mary land  
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M a n  is to himself the most wonderful object in  nature; for he cannot conceive what the  
body is, still less what  the  mind is, and least of all how a body should be united to a mind .  
T h i s  ts the consummation of his di@culties, and yet it  is his very being.--B. P A S C A L .Penskes. 
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