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pears in the medium. growth occurs or growth 
inhibition is observed. However, chromato- 
graphic examination of the 6-MP indicated 
less than 1% contamination with hypoxan- 
thine. The trough of the response curve dis- 
appears after 48 hours incubation, a t  which 
time growth in concentrations up to 150 y,! 
ml is comparable to the control. Inhibition 
of the riboside is also overcome within a 120- 
hour incubation period. .4n alternative es- 
planation for the 6-3IP results is that 6-MP 
over a narrow concentration range serves as 
a purine source (after conversion to hypo- 
xanthine) and thus stimulates growth and 
overcomes to a degree unchanged antagonist 
a t  certain concentrations. Inhibition by low 
levels in the early phase of growth may be 
due in some way to interference with the dc 
novo formation of coenzymes or precursors 
necessary for biosynthesis of nucleic acids. 

The present results require considerable es- 
tension prior to any final conclusion regard- 
ing the possible value of 6-mercaptopurine 
riboside as a chemotherapeutic agent: how- 
ever, to date no evidence has been obtained 
which would suggest any advantage over the 
much more easily prepared 6-mercaptopurine, 

Observation of cross-resistance of 6-mercap- 
topurine-resistant bacterial and neoplastic 
cells to 6-3IP-riboside deletes one theoretical 

explanation of the mechanism of 6-hIP-re- 
sistance-that is, that such resistant cells 
have lost the ability to ribosidate 6-MP. 

Summary. ( 1 ) 6-Mercaptopurine riboside 
has been assayed for inhibitory activity against 
Adenocarcinoma 755 in mice and has been 
found to be of approximately the same activ- 
ity as 6-mercaptopurine. ( 2 )  Lines of S. fae- 
r d i s  resistant to 6-mercaptopurine have been 
found to be cross-resistant to 6-mercaptopur- 
ine riboside. ( 3 )  A line of -4denocarcinoma 
75 5 selected for resistance to 6-mercaptopur- 
ine showed cross-resistance to 6-mercapto- 
purine ri b o d e .  
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Influence of Thiourea on Growth of Cells of Midbrain in Frogs.* (23145) 
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Recent studies demonstrate that thyroid 
hormone affects the differentiation of particu- 
lar cells of the amphibian central nervous sys- 
tem. Following treatment with thyroxine, 
certain cells of the medulla oblongata grow 
(1,2). Cells of the lateral motor column in- 
crease their nuclear size in response to h d h  
direct and indirect thyroxine stimulation (3 1. 
Several independent lines of investigation 
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have shown that the level of differentiation 
attained by cells of the mesencephalic nu- 
cleus of the trigeminal nerve in tadpoles of 
Rana pipiens is directly dependent upon con- 
centration of thyroid hormone available to 
those cells(4). From these studies it is in- 
ferred that blockage of normal metamorpho- 
sis by treatment of tadpoles with thiourea 
might result in termination of growth of the 
cells of the mesencephalic V nucleus. and per- 
haps even in their involution. Moreover, 
treatment of the metamorphosed frog with 
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thiourea might reveal the extent to which 
these specialized midbrain cells are under thy- 
roid hormone control in the postmetamorphic 
period. The present study reports the testing 
of these inferences. 

All animals were 
reared from eggs laid in the laboratory (Xeno- 
pus Zaevis) or in ponds near Iowa City ( R a m  
pipiens). Stock animals were kept in groups 
in aquaria, while experimental and control 
tadpoles were kept in individual bowls in 125 
ml of water. Metamorphosed Xenopus were 
kept individually in covered dishes with 300- 
500 ml of water. Thiourea was added to the 
water of the bowls to attain concentrations of 
either 0.033%(5) or 0.05-0.06% for Rana, 
and 0.25-0.30% for Xenopus larvae and 
adults. In order to permit the initial spurt 
of rapid mesencephalic V nucleus cell growth, 
which occurs late in the larval period(6), 
treatment was deferred until the tadpoles 
were within 5-10 days of the time of ex- 
pected emergence of the forelimbs (7,8). Con- 
trol animals were selected to be about the 
same age, stage and size as the experimental 
animals a t  completion of the thiourea treat- 
ment. On the average the control animals 
were very slightly shorter than the matching 
thiourea treated partners. This discrepancy 
could bias the results only in the sense of de- 
creasing the anticipated differences in cell 
size, since there is a positive correlation be- 
tween body size and mesencephalic V nucleus 
cell size(6). Fixation of the animals, prepa- 
ration of the slides, and selection and meas- 
urement of a t  least 75 cells on one side of 
each animal were carried out as before(4,6). 
The significance of differences between 
treated and control animals was determined 
by the method of paired comparisons (related 
measures). 

Results. Rana. Treatment of 25 tadpoles 
with 0.033% thiourea failed to inhibit meta- 
morphosis. These animals were discarded. 
A similar group immersed in 0.05-0.06% 
thiourea yielded 4 animals in which metamor- 
phosis was completely blocked after 8 or more 
days, and 4 others in which metamorphosis 
was significantly slowed. In the 4 animals 
showing metamorphic stasis, and in 2 of the 

Material and methods. 

TABLE I. Thiourea Treatment Time of B u m  
pipiens, and Stage at Fixation, with Average Sizes 
of Cells and Xuelei, in p2, Compared to Those of 

Soil-Treated Animals. 

4 c 3  -- 
. Z E  .$z Expcrimcntal Control 
3.z .- 1 
3 z Cell" Fucleus" Cell" Nucleus" 

> -  cg $ &  

8 
13 
I7  
17 
23 t 
26 t 
27 t 
32 t 

Arg 20 

XXITI- 184 84 226 103 
X X I I  185 85 219 100 
XXI 235 100 215 97 

232 104 207 95 
XVII+  94 67 168 89 

" 123 78 172 93 
" 151 86 185 96 

XVI+  120 i 3  156 81 

X I X +  166 85 194 06 

9 ,  

* P of cells = .05; of nuclei = .04. 
t Metamorphic stasis obtained. 

others, the sizes of cells and nuclei of the 
mesencephalic V nucleus were smaller than in 
control tadpoles (Table I ) .  

Xenopus. Eight tadpoles were kept in 
0.25-0.30% thiourea for 14-35 days. The 
rate of metamorphosis became progressively 
slower, and finally metamorphic stasis was 
achieved in each case, but only after the 
forelimbs had emerged. The mesencephalic 
V nucleus cells of experimental and control 
groups were compared with respect to maxi- 
mum and average cell sizes, maximum and 
average nuclear sizes, nucleo-cytoplasmic ra- 
tios, and total cell numbers. In only 4 of the 
48 comparisons were the anticipated relation- 
ships between experimental and control 
groups unrealized. Of the 6 sets of paired 
comparisons, only that dealing with cell num- 
bers failed to show significance. Table I1 
shows these relationships. 

Fourteen metamorphosed Xenopus were 
kept in 0.25-0.30% thiourea for 23-32 days 
(avg 29). As in the larval study, 6 sets of 
comparisons with 14 matched control animals 
were made. Maximum and average nuclear 
sizes were significantly reduced. Maximum 
cell sizes were slightly lowered ( 5 7 6  level of 
confidence). The other 3 comparisons failed to 
show significant differences (Table 11). Post- 
metamorphic age may be an important factor 
in thyroid hormone control of cell size, since 
the 7 small juveniles (24-34 mm) showed 
average cell size reductions 4 times as great 
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h v g  cell size 

as those shown by the large ones (43-68 mm ) . 
Suclear differences also varied correspond- 
ingly. 

Discussion. The treatment of Rana pipicns 
larvae with thiourea during the rapid growth 
phase of the cells of the mesencephalic \.’ 
nucleus resulted in reduction of the sizes of 
these cells and their nuclei. This has been 
even more convincingly shown in the more 
completely inhibited series with Senopus lar- 
vae, and extended, in part, into the early post- 
metamorphic period. These results for the 
larval studies were predicted on the basis of 
earlier work on the cells of this nucleus(4.6 ) . 
The realization of the prediction gives added 
support to the conclusion that level of tlif- 
ferentiation of cells of the mesencephalic 1- 
nucleus is continuously influenced hy the con- 
centration of thyroid hormone in the circula- 
tion, in the same sense that cells of the mam- 
malian prostate gland are under the control 
of androgens (9).  A few additional neural 

cells in amphibians have been shown to re- 
spond by either growth or involution( 1,2,10 ) 
to  the addition of thyroid hormone (Jlauth- 
ner‘s cell, other cells in the medulla oblongata, 
lateral motor column cells of the posterior 
trunk segments of the spinal cord), but thus 
far only the mesencephalic V nucleus cells 
have been shown to respond directly to the 
hormone (see references 3, 4, for discussions 
and review). That other hormones influence 
brain cells in other vertebrates is also clearly 
demonstrated by the influence of hormones 
upon behavior ( 1 1 ) . 

1. Tadpoles of Rana pipiens 
and Xenopus l a m i s  in premetamorphic stages 
n-ere placed in solutions of thiourea up to 35 
days. After 8 days or longer significant slow- 
ing of metamorphosis was achieved. Com- 
monly complete arrest of metamorphosis oc- 
curred. 2. Compared to values in control 
animals, the sizes of cells and nuclei of the 
mesencephalic V nucleus were significantly 

Surnmarji. 
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reduced! and the nucleo-cytoplasmic ratio was 
increased, i.e., the changes were toward values 
characterizing younger larval stages. 3. Simi- 
lar treatment of juvenile postmetamorphic 
Xenopus gave comparable but less marked 
changes in cell and nuclear sizes. The 
changes were greatest in smaller animals. 
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Collagen Digestion by Dog Pancreatic Juice.* (23146) 
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Although collagen has long been recognized 
to be resistant, to enzymic hydrolysis, Ssasdi- 
kow( 1)  reported that trypsin-free fractions of 
pancreatic extract partially degrade collagen. 
Weak collagenolytic activity was also found 
in dog pancreatic juice obtained by Pavlov fis- 
tula. Recently Ziffren and Hosie( 2) reported 
degradation of collagen by commercial tryp- 
sin preparations and pancreatic juice, and 
postulated the presence of a heat labile en- 
zyme, collagenase, in pancreatic juice. Banga 
and Balo( 3) noted liberation of carbohydrate 
from collagen during incubation with an en- 
zyme from a pancreatic extract they called 
collagenmucoproteinase. Certain bacteria, 
notably Clostridia, produce collagenase as an 
exoenzyme. 

Because of the uncertainty of the identity 
of the enzyme responsible for collagen degra- 
dation in dog pancreatic juice, the present 
study was undertaken in an attempt to define 
the nature of "collagenase." 

Methods. Collagen was prepared from 
beef achilles tendon by the method of Buech- 
ler ( 4 ) .  Electron microscopyt of the prepara- 

tion revealed that the great majority of par- 
ticles showed the characteristic structure of 
native collagen. Crystalline trypsin, chymo- 
trypsin, and soy-bean inhibitor were obtained 
from U'orthington Biochemical Corp., Free- 
hold, N. J. Carboxypeptidase was obtained 
from Pentex, Inc., Kankakee, Ill. Bacterial 
collagenase from Clostridium histolyticum 
was generously supplied by Dr. R. E. Kallio 
of the Department of Bacteriology. Pancre- 
atic juice was obtained from mongrel dogs by 
the procedures of Ziffren and Hosie( 2) .  Col- 
lagen (50 mg) was suspended in 3 ml of pan- 
creatic juice, enzyme solutions, or buffer solu- 
tions, each a t  p H  8.0. After incubation at 
37" for 24 hours with occasional shaking, 7 
ml of water was added, the suspension was 
shaken well and centrifuged. The residuum 
was saved for further study and a portion of 
supernatant was autoclaved for 3 hours in 6 
N HCl a t  15 lb/sq. in. An aliquot of the hy- 
drolysate was neutralized to p H  4-5 with 6 N 
NaOH and the free hydroxyproline was de- 
termined by the method of Neuman and Lo- 
gan (5) .  Undigested collagen obtained by 
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