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g lycemia  was:  135 =E 8, 98 -4- 2 and  85 ~ 4 nlg/100ml.  
H y p e r t h y r o i d  an ima l s  lost  2 4 %  of t h e i r  body - w e igh t  
d u r i n g  t he  t r e a t m e n t ,  whereas  those  in jec ted  w i t h  ~3~I 
p u t  on  34 %. 

T a caused  an  increase  of t he  c o n t e n t s  and  c o n c e n t r a t i o n  
of N E  in  the  h e a r t  a n d  a decrease  of E c o n c e n t r a t i o n  i n  
t h e  2 o rgans  s tudied .  I n  x3t I - t rea ted  animals ,  t he re  was 
an  increase  of N E  c o n c e n t r a t i o n  and  of E c o n t e n t s  and  
c o n c e n t r a t i o n  in  t h e  s u b m a x i l l a r y  glands,  whereas  E 
c o n c e n t r a t i o n  inc reased  in  m y o c a r d i u m  (Table  I). 

x3xI d id  n o t  a I te r  t h e  glycogen of t h e  o rgans  s tudied .  
A d m i n i s t r a t i o n  of i sopro te reno l  to  con t ro l  r a t s  signifi-  
can t ly  decreased  glycogen b o t h  in t he  s u b m a x i l l a r y  g land  
a n d  t he  h e a r t  30 m i n  a f t e r  be ing  in jec ted ,  w h i c h  effect  
was  no t  obse rved  in h y p o t h y r i o d  an ima l s  sub jec t ed  to  
the  same t r e a t m e n t  (Table  II) .  

Table II. Effects of isoproterenol and 131I on the concentration of 
glycogen of the submaxillary gland and the heart 

Experiment Glycogen Submaxillary gland Heart 
({xg/100 g 4- SEM) ([zg/100 g 2= SEM) 

Control (8) 46.1 -4- 1.8 88.3 • 3.2 
IsoproterenoI (8) 14.5 ~ 1.1 ~ 28.5 4- 0.7 
1~1I (8) 41.9 4- 3.6 104.6 4- 3.9 
lz~I + Isoproterenol (8) 30.5 4- 4.2 98.4 4- 3.7 

(), number of cases; SEM, standard error of the mean. % P < 0.001. 

Discussion. T~ caused  in t he  r a t ' s  s u b m a x i l l a r y  g lands  
a hype rae t lv i s  cha rac t e r i zed  b y  a m a x i m u m  increase  of 

is secre tory  responses  and  h y p e r t r o p h y  no t i ceab le  no t  on ly  
on  accoun t  of t he  increase  in  we igh t  b u t  also owing to t h e  
his to logical  modi f i ca t ions  obse rved  iv. I n  t he  hea r t ,  t he re  
was an  increase  in weight .  T he  fac t  t h a t  t h e  a m o u n t  a n d  
c o n c e n t r a t i o n  of t h e  h e a r t  N E  is increased  would  ind ica t e  
a decrease  of i t s  t u r n - o v e r  a n d  release.  T he  decrease  of E 
c o n c e n t r a t i o n  in b o t h  o rgans  is p a r t l y  to  be  a t t r i b u t e d  to  
t he  h y p e r t r o p h y  obse rved  a n d  to  a h ighe r  release c o i n -  
c iding w i t h  t h e  me tabo l i c  a n d  h e m o d y n a m i c  effects of 
h y p e r t h y r o i d i s m .  

I n  ~3~I-treted a n i m a l s  t h e r e  was  a decrease  in  t h e  
a c t i v i t y  of b o t h  s u b m a x i l l a r y  g l a n d  a n d  hea r t ,  w i t h  a loss 
of weight .  T h e  increase  of N E  c o n c e n t r a t i o n  in t h e  
s u b m a x i l l a r y  g land  m a y  be  a t t r i b u t e d  to t he  modi f i ca t ions  
in  t he  we igh t  of t he  g land  because  t h e  a m o u n t  keeps  
cons t an t .  On t he  o t h e r  h a n d ,  t h e r e  was a m a r k e d  increase  
( concen t r a t i on  a n d  con ten t )  of E wh ich  m i g h t  i nd i ca t e  

t h a t  i t s  release or c a t a b o l i s m  h a v e  decreased.  The  increase  
of E c o n c e n t r a t i o n  in m y o c a r d i u m  - p r o b a b l y  owing to  a 
lower  release or c a t a b o l i s m  - are  in  a g r e e m e n t  w i t h  t h e  
me tabo l i c  a n d  ca rd ioc i r cu la to ry  even t s  of h y p o t h y r o i d i s m .  

Glycogen  in  t he  s u b m a x i l l a r y  g l a n d  a n d  hea r t ,  wh ich  
was n o t  modi f i ed  in  13~I-treated an ima l s  insp i re  of t h e  
v a r i a t i o n s  in  t h e  c o n c e n t r a t i o n  of endogenous  ca techol -  
amines ,  was  a l t e red  b y  a n  exogenous  one, i soproterenol ,  
in  t h e  o rgans  of con t ro l  an imals ,  b u t  t h i s  effect  was  n o t  
no t i ced  in  l a t i - t r e a t ed  animals .  Th i s  suggests  t h a t  t h y r o i d  
h o r m o n e s  could m o d i f y  t h e  s e n s i t i v i t y  of adrenerg ic  
receptors .  

I n  shor t ,  i t  m i g h t  be  sa id  t h a t  t h e  h e t e r o g e n e i t y  of 
opin ions  r e g a r d i n g  t i le  t h y r o i d  a n d  s y m p a t h e t i c  f unc t i on  
m i g h t  der ive  f rom the  d i f fe rent  b e h a v i o r  of t he  severa l  
t issues h a v i n g  t h e i r  own  me tabo l i sm ,  so t h a t  N E  a n d  E 
t u r n - o v e r  would  be  affected accord ing  to  t h e  p r edomi -  
n a n c e  of t h e i r  me tabo l i c  or h e m o d y n a m i c  func t ions .  I t  is 
poss ible  t h a t  t he  ac t ion  of t h y r o i d  h o r m o n e s  oil ca techol -  
amines  opera tes  a t  d i f fe ren t  levels :  mod i f i c a t i on  of 
s torages,  increase  in  t he  s ens i t i v i t y  of r ecep tors  a n d  
i n h i b i t i o n  of t h e i r  ca tabo l i sm.  

Resumen. Se es tudi6  en r a t a s  W i s t a r  macho ,  el efecto 
de la  t r i i o d o t i r o n i n a  y el ~31I sobre  el con t en ido  y con- 
cen t r ac i6n  n o r a d r e n a l i n a  y ad rena l ina ,  en  g lgndu la  sub-  
m a x i l a r  y coraz6n.  Se es tud i6  t a m b i d n ,  el efecto del  
i sopro te reno l  sobre  el gluc6geno de a m b o s  6rganos  en 
an ima le s  cont ro les  e h ipo t i ro ideos  exper imenta les .  Se 
obse rv6  u n  c o m p o r t a m i e n t o  d i fe ren te  en  los dep6si tos  de 
n o r a d r e n a l i n a  y a d r e n a l i n a  en  los 6 rganos  es tudiados .  
La  t r i i odo t i r on ina  p rodu jo  u n a  d i s m i n u c i 6 n  en  la  l ibera-  
ci6n o ca t abo l i smo  de las c a t eco l aminas  y el ~ I  pa rece  
causa r  el efecto opues to  y u n a  d i s m i n u c i 6 n  de la sensibi -  
l idad  de los recp to res  adrendrgicos.  
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T r i i o d o t h y r o n i n e  a n d  T h y r o x i n e :  I n d u c t i o n  o f  M i t o s i s  i n  A d u l t  F r o g s  I 

T r i i o d o t h y r o n i n e  (T,) and  t h y r o x i n e  (T4) are able  to  
induce  m e t a m o r p h o s i s  ill l a rva l  a m p h i b i a  ~. I n  so doing,  
these  hormones ,  as p a r t  of t h e i r  overa l l  effect, i n s t iga te  
m i to t i c  a c t i v i t y  in  a n u m b e r  of t i ssues  3-6. KALTENBACtt 
a n d  HOBBS ~ i nd i ca t ed  t h a t  t h e  ac t ion  of t h y r o x i n e  u p o n  
t adpo l e  ocular  t issue,  such  as re t ina ,  co rnea  a n d  lens, 
m i g h t  be  direct .  W h e n  choles tero l  pe l le ts  c o n t a i n i n g  t h y -  
rox ine  were i n t r o d u c e d  in to  t h e  orbi t ,  mi tos i s  was  s t imu-  
l a t ed  in  t h e  t i ssues  men t ioned .  Whi l e  t he re  are  also r epo r t s  
showing  t h e  i o d i n a t e d  pheno l s  can  t r igger  p ro l i f e ra t ion  in 
a d u l t  m a m m a l i a n  t i ssues  7-9, i t  h a s  n o t  b e e n  cons idered  
l ike ly  t h a t  these  m a t e r i a l s  effect  t he  same p h e n o m e n o n  
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in a d u l t  a m p h i b i a n  t i s sue  ~~ Th i s  op in ion  is incorrec t .  As 
our  ev idence  wil l  show, T 3 a n d  T~ elici t  h y p e r p l a s t i c  
responses  in  a v a r i e t y  of a d u l t  a m p h i b i a n  organs.  

I n  a s epa ra t e  r e p o r t  p u b l i s h e d  e lsewhere  n ,  we showed 
the re  is a seasonal  v a r i a t i o n  in  m i t o t i c  a c t i v i t y  in  t h e  
lenses of frogs. As p a r t  of a n  ef for t  to  d e t e r m i n e  t h e  
cause(s) of t h e  p h e n o m e n o n ,  t h e  effects of h o r m o n e s  on  
mi to t i c  a c t i v i t y  h a v e  been  inves t iga ted .  T he  poss ib i l i ty  
was  cons idered  t h a t  seasonal  v a r i a t i o n  m i g h t  be due  to a 
t r igge r ing  of a c t i v i t y  in  t he  h y p o t h a l a m n s  a n d  p i t u i t a r y ;  
t h e  p r o d u c t s  of t h e  l a t t e r  m i g h t  t h e n  cause  secre t ion  of 
ma te r i a l s  w h i c h  would  af fec t  p ro l i f e ra t ive  a c t i v i t y  in  t he  
lens. A m o n g  t he  h o r m o n e s  w h i c h  we t e s t e d  were T~ a n d  
T 4. B o t h  of these  were found  to ra ise  t h e  m i t o t i c  i n d e x  of 
t h e  lens  in  a d u l t  R a n a  p ip iens  a n d  R a n a  catesbeiana. 

Mater ia ls  and  methods. Frogs  rece ived  da i ly  i.p. injec-  
t ions  of 0.5 [xg/g t r i i o d o t h y r o n i n e  su spended  in 1% Tween  
80. ~H-Thymid ine  was  a d m i n i s t e r e d  v i a  t h e  same  rou te  
a t  a dose of 1.5 ~zc/g (spec. a c t i v i t y  6.0 C i /mM) .  Fo r  expo- 
sure to  3 H - a c t i n o m y c i n  D, t h e  eyes were enuc l ea t ed ;  t h e  
lenses where  t h e n  r e m o v e d  a n d  i n c u b a t e d  for 30 m i n  in 
M e d i u m  A-199 c o n t a i n i n g  t h e  i so tope  a t  a c o n c e n t r a t i o n  of 
3.0 ~c /ml  (spec. a c t i v i t y  8.4 C i /mM) .  To d e t e r m i n e  m i t o t i c  
a n d  i so tope  l abe l l ing  ac t iv i ty ,  lens ep i the l i a l  whole  m o u n t s  
were p r e p a r e d  a n d  a u t o r a d i o g r a p h e d  as has  been  pre-  
v ious ly  descr ibed  ~. All  o t h e r  t i ssues  were  f ixed in  Bou ins  
solut ion,  e m b e d d e d  in  p a r a f f i n  a n d  sec t ioned  a t  10 ~zm. 
Labe l ed  D N A  was e x t r a c t e d  f rom fresh t i ssue  b y  a modi -  
f i ca t ion  of t h e  SCHNEIDER nucleic  acid i so la t ion  tech-  
n ique  ~3 a n d  q u a n t i f i e d  b y  t he  d i p h e n y l a m i n e  r eac t ion  ~*. 
The  3 H - T h y m i d i n e  i n c o r p o r a t i o n  was d e t e r m i n e d  b y  
sc in t i l l a t ion  c o u n t i n g  in a P a c k a r d  Tr i - ca rb  l iqu id  scint i l -  
l a t i on  spec t romete r .  

Results  and discussion. There  is a p o p u l a t i o n  of R a n a  
pipiens ,  o b t a i n a b l e  f r o m  ce r t a in  regions  of S o u t h  D a k o t a  
wh ich  m a n i f e s t  v i r t u a l l y  no  m i t o t i c  a c t i v i t y  in  t h e  ger- 
m i n a t i v e  zone of t h e  lens ep i the l ium.  I n  these  excep t iona l  
an imals ,  i n j ec t ion  of t r i i o d o t h y r o n i n e  for  2 weeks  ra ised  
t he  mi to t i c  c o u n t  to  a p p r o x i m a t e l y  300 figures.  T he  per-  
t i n e n t  d a t a  are  shown  in  F igure  1. Labe l l ing  e x p e r i m e n t s  
w i t h  t r i t i a t e d  t h y m i d i n e  show D N A  syn thes i s  beg ins  
a b o u t  5 days  a f t e r  h o r m o n e  t r e a t m e n t  ha s  been  in i t i a t ed .  
I n  popu l a t i ons  of frogs w h i c h  a l r eady  show m i t o t i c  ac t iv -  
i t y  p r io r  to  h o r m o n e  a d m i n i s t r a t i o n ,  t h e  p re rep l i ca t ive  
per iod  usua l ly  a m o u n t s  to  2 days,  I n  c o n t i n u o u s  labe l l ing  
e x p e r i m e n t s  ( aH-Thymid ine  twice  a d a y  for  6 days) ,  
b e t t e r  t h a n  50% of t h e  lens ep i the l i a l  cells were found  to  
c o n t a i n  isotope.  

I t  d id  n o t  seem l ikely  t h a t  t he  lens would  be  t he  on ly  
o rgan  wh ich  would  be  af fec ted  b y  t h e  presence  of T3. A 
s t u d y  of a v a r i e t y  of o rgans  f rom w i n t e r  ( J a n u a r y - F e b r u -  
ary) S o u t h  D a k o t a  animals ,  i nc lud ing  liver,  k idney ,  sk in  
in tes t ine ,  cornea,  ov iduc t ,  n i c t i t a t i n g  m e m b r a n e  a n d  
spleen,  showed  t h a t  t h e  T~ was also able  to  evoke  D N A  
syn thes i s  a n d  mi tos i s  in  t h e m .  A u t o r a d i o g r a p h i c  a n d  bio- 
chemica l  ana lyses  showed  t h a t  in  all  t h e  t i ssues  inves t i -  
gated,  save  for muscle  a n d  bra in ,  t h e r e  is a s t rong  increase  
in inco rpora t ion .  The  Tab le  revea ls  t h e  a m o u n t  of D N A  

< 2o0 
< 

150 
= 

u IOO 

i 
50  

~ 1 7 6  

./ 

~ . ~ - - 1 .  - I - - ~ . - v "  ! 
t l l l l l l l l l  
0 1 2 3 4 5 6 7 e 9  

DAYS 

5. 

.." ~ '.. 

; . /  ",. 

S" "., 
:" "." 

,'o 
: .  : ' . .  ; 

.." "-..  ,,. 

I I I I I I 
lO II 12 13 14 

Fig. 1. The effect of daily i.p. injections of T 3 (0.5 ~tg/g) on lenticular 
mitotic activity in South Dakota Rana pipiens. Each point represents 
the total number of mitotic figures for a single epithelial whole-mount 
preparation: The dashed line intercepts the mean values. 
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The incorporation of 3H-Thymidine, expressed as counts/min/[zg DNA, into various tissues of T3-treated (experimental) animals and untreated 
controls 

Tissue No. of Experimental Control E/C 
experiments (counts/min][zg DNA) (counts/min/~xg DNA) 

Cornea 2 13.72 a 0.15 a 91.47 
Intestine 2 60.45 ~= 20.84 1.38 ~ 1.25 43.68 
Kidney 2 79.45 -V 49.55 1.21 -4- 0.35 65.66 
Liver 2 22.04 4. 11.45 0.29 ~ 0.24 76.00 
Nicfi~ans 2 26.85 ~ 0.86 ~ 31.11 
Oviduct 2 9.70 4- 0.01 0.40 ~ 0.06 24.48 
Skin 2 49.19 i 2.06 0.67 4. 0.08 73.41 
Spleen 2 71.93 �9 0.53 ~ 136.23 

The treated frogs received daily i.p. injections of T 3 (0.5 [xg/g) for 6 days. 2 h prior to sacrifice both treated and control frogs were injected 
with 8H-Thymidine (1.5 ~Ci/g; spec. activity 6.0 Ci/mM). Each value represents the means of 2 animals ! standard error of the mean. ~In- 
dicates that the sample was pooled. 
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Fig. 2. Autoradiograms of t issuesafter they had been exposed to si.i-Thymidine for 48 h (1.5 txCi/g; spec. activity, 6.0 Ci/mM). The 
treated animals received daily i.p. injections of T 3 (0.5 ~zg/g) for 6 days prior to sacrifice. The control animals received only the 
vehicle (1% Tween 80). a) Whole-mount preparation of the lens epithelium of a treated frog. Note the labeled mitotic figures. 
b) Epithelial whole-mount of a control. Harris t-Iematoxylin. • 500. c) Cryostat section (10 ~zm) ol the small intestine of an experimental 
animal, d) Again, the number of incorporating nuclei is greater in the experimental than in the control. Feulgen. • 500. 
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synthesis  as de te rmined  by  3I t -Thymidine  incorporat ion.  
(The isotope was adminis tered  2 h prior  to sacrifice.) Re-  
mova l  of R N A  did not  decrease the  ra t io  of exper imenta l  
to control  rad ioac t iv i ty .  

I n  F igure  2 rad ioac t ive  nuclei  can be seen in the  ex- 
pe r imen ta l  (2a) bu t  no t  in the  control ;  rad ioac t ive  mi- 
to t ic  figures were also seen more f requent ly  in the  former  
t h a n  in the  lat ter .  

E x p e r i m e n t s  pursued dur ing the  spr ingt ime (March- 
April) on popula t ions  o f  nor thern  Canadian  origin gave 
different  results. These animals  had  a lmost  no mi to t i c  
figures in the i r  lenses when  t h e y  first  ar r ived a t  the  labo- 
ra to ry  bu t  the  mi to t i c  index  began to increase dur ing the  
ensuing weeks. W h e n  the  organisms were g iven Ta only 
the  lens, among  the  organs studied,  displayed more hyper-  
plast ic  ac t iv i ty .  This  result  m a y  be due to a t empera tu re  
change witnessed by  the  animals  in thei r  na t ive  locale or 
in t rans i t  to the  laboratory .  

I n  a previous  report ,  we suggested t h a t  the  increase in 
t empera tu re  occuring dur ing the  spring migh t  cause ante-  
r ior  p i t u i t a ry  outf low media ted  by  hypo tha l amic  releas- 
ing factors  ~5. The  'non-responsive  ~ organisms m a y  have  
a l ready  produced  enough TSI-I to arouse considerable  
mi to t i c  ac t iv i ty  in mos t  tissues so t h a t  addi t ional  T 3 could 
produce no fur ther  increase in the  magn i tude  of the  effect. 
This  possibi l i ty  will  be tes ted  in exper iments  upon hypo-  
physec tomized  and thyro idec tomized  specimens bu t  is, 
in any  event ,  a predic t ion  of the  the rmoendocr ine  hypo-  
thesis we p re sen t ed  elsewhere 15. 

The  quest ion whe ther  the  a m o u n t  of T~ and T ,  admin-  
istered i s  in the  physiological  as opposed to the  pha rma-  
cological rang e has ye t  to be sat isfactor i ly  resolved. The  
frogs do, however ,  have  enough endogenous T 3 and/or  T 4 
to produce the  effects observed.  Thus,  when T S H  (0.002 
U/g) was injected,  mi to t ic  ac t iv i ty  in the  lens increased by  a 
factor  of three.  So far we have  not  s tudied this  response 
in o ther  organs. 

Despi te  much  s tudy  the  mechan i sm of act ion of T 3 and 
T ,  is unclear  ~6. In i t ia l  da t a  we have  secured suggests t h a t  
genomic  ac t iva t ion  m a y  account  for our findings. Wi th in  
an  hour  af ter  T8 adminis t ra t ion ,  the  nuclei  of lens epi the-  
lial cells exposed to 3H-act inomycin  D showed an increas- 

ed level  of b inding of the  antibiot ic .  I t  has been suggested 
t h a t  ac t inomycin  D can be used as a probe for gene acti-  
v a t i o n l L  In  earlier studies of in jured and cul tured frog 
lenses, we have  shown t h a t  increased aH-act inomycin  D 
b inding  takes  place in advance  of he ightened syntheses 
of R N A  ~s-20. W h e t h e r  this will  also p rove  to be the  case 
in the  T 3 s t imula ted  sys tem is a t  present  unknown bu t  
the  m a t t e r  will  be inves t iga ted  shortly.  

On the  basis of the  ini t ial  da t a  i t  seems, the  increase in 
the  number  of divis ion figures takes  place because more 
cells have  entered upon ac t ive  t raverse  of the  genera t ive  
cycle (i.e., the  growth  fract ion has been amplif ied by  the  
hormone).  I n  the  South  D a k o t a  flogs which do no t  possess 
any measurable  mi to t ic  index  in the  lens, this  mus t  be the  
case for a lmost  all the  cells (as de te rmined  by  microspec- 
t r o p h o t o m e t r y  and autoradiography)  exist  in G v As we 
will  show explici t ly,  in a la ter  publ icat ion,  in t roduct ion  
of T 3 shifts m a n y  cells th rough  the  S, G 2 and IV[ states.  

Zusammenfassung. Nachweis,  dass bei adulten,  rei len 
Fr6schen Thyrox in  und Tr i iodothyronin  die mi to t i sche  
Aktivit~it  und die D N S - S y n t h e s e  in verschiedenen Orga- 
hen  (Augenlinse, m i t  Epi thel ,  Niere  Darm,  Lebe r ,  Milz, 
Haut ,  Horn-  und Nickhaut)  Zu s t imulieren vermag.  
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A Comparative Study of the Calorigenic Action of Noradrenaline inthe  Rat and Ground 
Squirrel Adapted to Different Temperatures 

T h e  effect of noradrenal ine  was examined  in rat,  
guinea-pig and mouse  1-4, 5, bu t  in h iberna tors  this  effect 
was not  sys temat ica l ly  studied. Some da ta  on the  seasonal 
changes concern the  sens i t iv i ty  of a h iberna tor  to injected 
noradrenal ine  6. 

Materials and methods. Observat ions  were made  on 
4 groups o1 adul t  albino male  rats  of Wis ta r  s t rain and on 
4 groups of ground squirre ls  weighing 200-260 g, each 
consist ing of 8 to 10 animals.  Ra t s  were adap ted  to 4~ 
30~ or 36~ and the  ground squirrels to 30~ or 36~ 
for about  4 weeks. One group of ground squirrels was 
examined  af ter  being art i f icial ly aroused f rom hiberna t ion  
in October.  Noradrenal ine  (Galenika) was injected i.p. 
in doses of 1.6 mg/kg  of body  wt. Control  groups were 
injected only wi th  physiologica! solution. The oxygen  
consumpt ion  was measured  indiv idual ly  in a gas analyser  7, 
30 min  before the  in jec t ion  of noradrenal ine  and af ter  the  
in ject ion over  the  period of the  dura t ion  of the  effect. 
All  measurements  were realised a t  30 ~ 

Results and discussion. Resul ts  are expressed in calories 
per  m2/24 h and summar ized  in Figures  1 and 2 toge ther  
wi th  the  ini t ial  values obta ined  pr ior  to the  inject ion.  
I n  the  rats  adap ted  to  4 ~ or to 30 ~ a s ignif icant  increase 
in the  hea t  p roduc t ion  was observed 10 min  af ter  the  
in ject ion of noradrenal ine,  being 46% and 30% respec- 
t ively.  Compared  wi th  the  da ta  of some o ther  authors  
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