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have been reared successfully. The heter- 
omyids are more difficult. The Ord kan- 
garoo rat, Dipodomys ordii, was judged 
to offer the best possibilities as a labora- 
tory animal because of its gentle nature 
and the ease with which it could be main- 
tained in captivity. 

The standard techniques usually em-
ployed for breeding laboratory animals 
have required drastic modification to fit 
the ecological requirements and the spe- 
cific behavior patterns of the kangaroo 
rat. In  nature, each adult rat is thought 
to be solitary in habit and to defend its 
burrow and food caches against intrusion 
by other kangaroo rats and other species 
of rodents. This inherent behavior pat-
tern has been the greatest obstacle to suc- 
cessful matings in captivity. The failure 
of trial-and-error techniques, including 
a number of unsuccessful cage designs, 
led to the study of the rat's behavior. I t  
was obvious that in order to reproduce in 
nature, there must be a period duri~lg 
which the sexes are attractive instead of 
repugnant to each other. I t  \$as judged 
that this behavior would bc associated 
with sex hormonal effects. 

Work initiated in this laboratory by 
William P. Jollie (2)  led to successful 
mating and the rearing of a brood of 
four. Daily vaginal smears, autopsies, and 
histological studies led Jollie to concludc 
that the female estrous cycles wcre of 5 or 
6 days duration and that they occurred 
at least from early February to late Junc 
or early July. More recent studies have. 
shown that some wild-tlapped females 
contained embryos as early as December 
and January, and wild young rats havc 
been found in September and Octobel, 
indicating a more extended polyestrous 
period. Whether or not the male repro- 
ductive pattern is cyclical in rrsponse ha5 
not been established. 

Jollie assumed that the estrum phare of 
the cycle (charactelized by a heavy pre- 
dominance of enucleated, cornified, 
squamous epithelium in the vaginal 
smear) signified the period when attrac- 
tion might replace repugnance in thc 
female. From examination of vaginal 
smears, he made several pairings when 
females were presumed to be receptive 
and was successful in obtaining one litter. 
This and one other litter resulting from 
breeding of a captive pair (3) comprise 
the reported successful attempts of breed- 
ing kangaroo rats in the laboratory. 

Following Jollie's lead, further studies 
were made from 1 January to 1 Octobrr 
1955, in uhich five wild-tlapped female\ 
and five captive-reared females were 
used in studying the breeding procedures. 
They were held singly in separate metal 
mouse cages until they were deemed 
ready for mating. Then each female was 
introduced simultaneously with a male 
into a larger breeding pen (30 by 30 by 
10 in.) in which neithcr had established 
territorial ownershilj. If compatible. they 

were left together for 1 to 5 days, depend- 
inz on observed evidence of cohabitation 
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or copulation, after \vhich they were 
separated and returned to individual 
cages. 

The disadvantages of using the vaginal 
smear technique for determining estrum 
were overcome by associating a charac- 
teristic swelling and inflammation of the 
vulva with the heat period. By this 
method, six of the females (three wild- 
trapped and three captive-reared) pro- 
duced ten litters with a total of 30 young. 
The  number of young in the litters 
ranged from two to four. The postnatal 
mortality rate was low and a good growth 
rate was observed. 

A limited amount of data suggests that 
the gestation period is 29 to 30 days. Thc 
most accurate measurement occurred 
when the presence of \+.hat appeared to 
be a gelatinous plug was evident 20 hours 
after the male and female were paired. 
The animals were immediately sepa-
rated, and 29 days later the female gave 
birth to four young. 

Thus far, captivity has failed to altc.1 
appreciably the behavior patterns ol 
kanyaroo rats born in the laboratoly. 
ow ever, some litter mates have livecl 

harmoniously in a cage for months with- 
out the usual strife and mortality. This 
suggests that the antagonistic behavior 
pattern that has kept production of these 
animals on an experimental level may bt- 
altered by selection of the more gregari- 
ous individuals from successive genera- 
tions. 
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Relation between Weight-Lifting 
Totals and Body Weight 

According to a suggestion of T. F 
Young ( I ) ,  the weight-lifting ability of 
a trained athlete may be expected to be 
proportional to the two-thirds power of 
his body weight. This follows immedi- 
ately from the assumption that the 
length of a limb should be proportional 
to the cube root of the body weight and 
the cross-sectional area proportional to 
fhf two-thirds power of the body weight. 
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Fig. 1. Plot of log W1, (world-record 
weight-lifting total) versus log Bu, (body-
weight class). 

If strength is proportional to the cross-
sectional area of a limb or the torso, 
~veight-lifting ability should be propor- 
tional to the two-thirds power of the 
body weight. Hence 

where TI' is the weight that can be lifted 
in any one or in any combination of 
lifts, a is a constant, and Bia is the body 
weight. In  order to test this relation-
ship, it is convenient to express Eq. 1 in 
logarithmic form 

log W = 3'43 log BU .tlog a ( 2 I 

Then a plot of log M' versus log Bio 
should be linear, with a slope of ap-
proximately 2/3 or 0.67. Implied in .the 
treatment is the assumption of constancy 
of form factor for weight lifters over the 
entire range of body-weight classes. 

Weight-lifting championships are usu- 
ally decided on the basis of the total 
weight lifted by an athlete in three dif- 
ferent lifts: thr press, the snatch, and the 
clean and jerk. Taking the total of the 
three lifts i u  effectively an averaging proc- 
ess, whereby the advantage one lifter 
might have over another because of more 
favorable leverage in one lift is counter- 
balanced in the other lifts. Hence, as 
a test of Eq. 2, the world-record totals 
in the three lifts mentioned should be 
better than the records in any one lift. 
Figure 1 sho\vs a plot of log Wri (wherc 
1 4 ' ~ ~is the world-record total established 
at each body weight i )  against log B,,,. 
As can be seen, the points fall in a straight 
line as predicted. By the method of least 
squares, the best equation describing the 
points was obtained and is given as Eq. 3. 

log W T- 1.458$. 0.6748 log Blo ( 3 )  

The slope of the line, 0.6748, is \cry close 
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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. 
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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. 
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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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