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ing of the  ho rmone  bu t  Mso par t ic ipa tes  in the  ca ta ly t i c  
func t ion  of the  ho rmone  recep tor  complex.  

I t  has  been  known for some t ime  t h a t  the  response  of 
the  isolated ra t  u te rus  to  neu rohypophysea l  hormones  is 
p o t e n t i a t e d  in the  presence  of magnes ium ions in the  
amb ien t  solution6, 9. However  i t  was d e m o n s t r a t e d  re- 
cent ly  t h a t  this  a u g m e n t a t i o n  of the  oxytocic  ac t iv i ty  
can resul t  no t  only  f rom an increase in ho rmone- recep to r  
affini ty,  bu t  as well f rom an a l te ra t ion  of intr insic  
activityS. Therefore  we inves t iga ted  the  effect  of magne-  
s ium on the  ra t  u te ro ton ic  response  to increasing (cumu- 
lative) doses of [ lysine]-vasopressin.  We found t h a t  
magnes ium at  a concen t ra t ion  of 0 . 5 m M  not  only  
increased the  af f in i ty  of Elysinel-vasopressin for the  ra t  
u ter ine  receptor  (pD 2 7.82-4-0.12) but ,  in addi t ion,  
a l tered the  intr insic  ho rmona l  ac t iv i ty  (~ 0.96 • 0.03~~ 
Figure, I I a  v. I Ib) ;  th is  increase in aff ini ty  and  intr insic  
ac t iv i ty  for [lysine~-vasopressin is s ignif icant ly  grea ter  
t h a n  the  magnes ium- induced  changes  in these  pa rame te r s  
in the  case of oxytoc in  (pDe, 9.87 • 0.08; e 1.07 d: 0.01s; 
Figure, I a v .  Ib)11 

Zusammen/assung .  Ein  der  Rezep to ren theor i e  zugrunde  
l iegender  Vergleich der  Dos is -Wirkungs-Beziehung zwi- 
schen Oxytoc in  und  Lys ine-vasopress in  an der  is01ierten 
R a t t e n g e b ~ r m u t t e r  h a t  gezeigt, dass w/ihrend der  Evo-  
lut ion die Ok tapep t ide  der N e u r o h y p o p h y s e  sowohl ihre 
Affinit/ i t  ffir den Rezep to r  als auch ihre max imale  Akti-  
vit / i t  bei  Abs/ i t t igung des Rezeptors ,  <dntrinsic activity~, 
ver / inder t  haben.  Wei te rh in  wurde  gefunden,  dass  Magne- 
s ium-Ionen  in einer  K o n zen t r a t i o n  von  0.5 m M  nich t  
nur, wie bisber  angenommen ,  die Affini t~t  der  Hormone ,  
sondern  auch ihre max imale  Akt ivi t / i t  bei Abs/ i t t igung 
des Rezep tors  beeinflussen.  
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Regulation of Leucine Incorporation into Cardiac 

W h e n  an increase in mass  of the  hear t ,  cardiac hyper -  
t rophy ,  is induced  in expe r imen ta l  animals  by  raising the  
res is tance to  the  o u t p u t  of the  hear t ,  ne t  increase in 
cellular R N A  and pro te in  occurs L2. Since the  synthes is  of 
messenger  (m) and r ibosomal  (r) R N A  in m a m m a l s  is a 
re la t ively  slow process  3-5, a ques t ion  arises as to how 
rapid ly  a message f rom the  phys ica l  pa rame te r s  of muscle  
con t rac t ion  is realized at  the  chemical  level. There  is a 
growing b o d y  of evidence indica t ing  the  exis tence of a 
control  Of p ro te in  synthes is  a t  the  level of the  ribo- 
somes 6-s. In  o the r  words,  the  synthes is  m a y  be regula ted  
by  mechan i sms  involving the  t rans la t ion  of m R N A ,  
r a the r  t h a n  modu la t ing  m R N A  synthesis .  Therefore,  when  
the  work  load to  the  hea r t  is changed,  factors  such as the  
flux of ionized calcium in the  cell, the  conformat iona l  
change in endoplasmic  re t iculum,  or changes  in the  high 
energy  p h o s p h a t e  po ten t i a l  of c o m p a r t m e n t s  m a y  regu- 
late  the  incorpora t ion  of amino  acids into myocard ia l  
protein .  Indeed,  by  using the  hea r t - lung  p repa ra t ion  of 
rats,  in which  a precise contro l  of h e m o d y n a m i c  para-  
mete rs  is possible, i t  is seen t h a t  cy top lasmic  p ro te in  
syn thes i s  var ies  d i rec t ly  wi th  a change in the  cardiac 
work  level. 

Protein by Work Loads 

R a t s  of Wis ta r  s train,  200-250 g, were anaes the t ized  
wi th  e ther  and  used for the  hea r t - lung  p repa ra t ion  s . 
The circulat ing solut ion consis ted of 25 ml  of donor ' s  
blood and 75 ml  of Ringer -Locke  solut ion conta in ing  
18 amino  acids (0.1 m M  each):  L-arginine, L-aspartic 
acid, L-cystein, L-glutamic acid, glycine, L-histidine, 
hydroxy-L-prol ine ,  DL-isoleucine, L-leucine, L-lysine, L- 
methionine ,  DL-phenylalanine,  L-proline, I)L-serine, L- 
threonine,  L- t ryp tophane ,  L-tyrosine and  L-valine. In  

1 M. BEZNAK, J. Physiol. 716, 74 (1952). 
T. D. NORMAN, Prog. cardiovasc. Dis. d, 439 (1962). 

3 K. L. MANCHESTER, Biochem. J. 90, 5c (1964). 
M. REVEL and H. H. HIATr, Proe. natn. Acad. Sci. USA 51, 810 
(1964). 

5 j .  N. LOEB, R. R. HOWELL and G. M. TOMKINS, Science 149, 1093 
(1965). 
A. FLECK, J. SHEPHERD and H. N. MUNRO, Science 150, 628 (1965). 
M. B. HOAGLAND, O. A. SCORNIK and L. C. PFEFFERKORN, Proe. 
natn. Aead. Sci. USA 57, 1184 (1964). 

8 A. KORNER, J. cell. eomp. Physiol. 66, Suppl. I, 153 (1965). 
9 R. MINELLI and C. CASEELA, Pflfigers Arch. ges. Physiol. 295, 119 

(1967). 



15. 1. 1969 Speeialia 35 

addi t ion,  C-14 labelled leucine (10 [xc) was added  to the  
reservoir .  2 levels of work  load were imposed  on the  hea r t  
for per iods  va ry ing  up to 180 min ;  for a 'h igh '  work  level, 
left  ven t r icu la r  outf low (cardiac o u t p u t  minus  coronary  
flow) was ma in t a ined  a t  36 ml /min  and the  m e a n  ar ter ia l  
pressure  a t  64 m m H g ,  while for a ' low'  work  level, 
15 ml /min  and 32 m m H g ,  respect ively,  were selected 9. 
Inh ib i to r s  of p ro te in  syn thes i s  were admin i s t e red  accord-  
ing to  the  following schema:  ac t inomyc in  D (1 mg/kg) 
was in jec ted  i.p. 1 h pr ior  to  the  exper iment .  Pu romyc in  
was added  to the  reservoir  a t  a concen t ra t ion  of 10 mg  per  
100 m119. Cycloheximide (25 mg/kg) was in jec ted  i.p. 1 h 
pr ior  to expe r imen t ;  in addi t ion,  5 mg of the  same sub- 
s tance  were mixed  wi th  t he  per fusa te  19. At  the  end of 
each exper iment ,  the  coronary  bed was r insed wi th  
Ringer-Locke  solution.  Pieces of t issue f rom the  left  and 
r ight  ventr ic les  were separa te ly  weighed and diges ted  in 
30% KOH.  The pro te in  was  p rec ip i t a t ed  wi th  tr ichloro-  
acetic acid 3 t imes,  and, af ter  hav ing  been dissolved by  
NCS solubilizer (Nuclear Chicago Corp.), was counted.  
Aliquots  were t a k e n  for p ro te in  de t e rmina t i on  n.  Radio-  
ac t iv i ty  in the  perfus ing solut ion was de t e rmined  using 
BRAY'S solution ~. 
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Fig. 1. Leucine incorporation into left ventricular protein. The 
peripheral resistance and the venous pressure in the rat heart-lung 
preparation were adjusted to produce a mean blood pressure of 
64 InmHg and a cardiac output of 36 Inl/min. The perfusate contained 
a mixture of non-labelled anfino acids in addition to leucineJ~C. 
Experiments were terminated at various intervals (abscissa) and left 
ventricular protein was analyzed. The extent of leucine incorporation 
was expressed as [xg leueine/g wet weight of left ventricle. Circles 
represent the experiments without, and dots those with actinomyein 
(1 mg/kg, 1 h prior to the experiments). 

t I e m o d y n a m i c  character is t ics  of the  hea r t  in the  hea r t -  
lung p repa ra t ion  have  previous ly  been publ i shed  9. In  the  
p re sen t  s tudy,  spon taneous  failure, w h e n  judged  by  the  
incidence of p u l m o n a r y  edema,  did no t  occur unt i l  5-6 h 
af ter  the  expe r imen t  had  begun.  The  d r y w e i g h t / w e t -  
we igh t  ra t io  and  pro te in  co n t en t  of the  ventr ic les  did no t  
change  dur ing  the  exper in len ta l  per iod of 3 h, regardless  
of w h e t h e r  or no t  amino  acids were added.  Rad ioac t iv i ty  
in the  s u p e r n a t a n t  of t he  per fusa te  gradual ly  decreased 
dur ing  the  exper iment .  As shown in Figure  1, t he  ra te  of 
incorpora t ion  of leucine-14C into cardiac p ro te in  was  
essent ial ly  l inear a t  a given working  level of t he  ventr ic le .  
The slope was less s teep at  a low work  load. Consequent ly ,  
t he  difference in the  ra te  of incorpora t ion  b e t w een  2 work  
levels selected was s ta t is t ica l ly  s ignif icant  (p < 0.001) 
(Figure 2). P r e t r e a t m e n t  wi th  ac t i nomyc in  D did no t  
inf luence the  leucine incorpora t ion  at  a h igh (Figure 1) or 
a low work  level. On the  o ther  hand ,  a b o u t  95% of sup- 
press ion of p ro te in  synthes is  occurred w h e n  p u r o m y c i n  
was  added  (Table). Similarly, a h igh dose of cyc loheximide  
inh ib i ted  amino acid incorpora t ion  (Table). W i t h  these  
inhibi tors ,  early occurrence of p u l m o n a r y  edema  was 
f requent .  

The hea r t - lung  p repa ra t ion  was used in th is  s t u d y  in 
order  to exclude the  possibi l i ty  t h a t  oxygena t ion  become 
a ra te  l imi t ing fac tor  9,4a. Fu r the rmore ,  in a few experi-  
m e n t s  in which  var ia t ions  in cardiac power  (the p ro duc t  
of mean  ar ter ia l  pressure  and left  ven t r i cu la r  outflow) 
were p roduced  by  d i f ferent  combina t ions  of pressure  and 
flow, the  re la t ionship  be tween  cardiac power  and  leucine 
incorpora t ion  was found to  be s imilar  to  t h a t  obse rved  
under  the  s t an d a rd  condi t ions  descr ibed in methods ,  sug- 
gest ing t h a t  coronary  perfusion per  un i t  mass  of muscle  
is no t  a p r i ma ry  d e t e r m i n a n t  in th is  re la t ionship .  

A fourfold increase in cardiac work  load resul ted  in 50% 
increase in leucine incorpora t ion  (from 0.039 to  0.058 ~g/g 
left  ventr ic le /min)  (Figure 2). A grea te r  difference in pro-  
te in  synthes is  was repor ted  by  using guinea-pig hea r t s  
per fused  wi th  a fort if ied b i ca rbona te  buffer  solut ion 14. 
There,  however,  the  ra te  of incorpora t ion  was  no t  l inear 14. 
At  the  p resen t  t ime,  no s tudy  is avai lable which  deals wi th  
the  changes  in m R N A  or r R N A  in re la t ion to the  cardiac 
work  level, a l though  indirec t  evidence was p re sen ted  to 
suggest  an increase in rRNA,  24 h or more  af ter  aort ic  
cons t r ic t ion  ~5. The p resen t  s tudy  s t rongly  suggests  tha t ,  

Leucine incorporation into cardiac protein (3 h low load) 
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Fig. 2. The rates of leucine incorporation into protein of the left 
ventricle working at 2 different levels of work load. The work levels : 
the mean blood pressure of 64 inmHg and the cardiac output of 
36 nil/rain (high), and 32 mmHg and 15 ml/min (low). The values were 
expressed as nleans • S.E. 10 -s g leucine/g of left ventricle/rain, 
and the number of experiments is in colunms. The difference was 
significant (p < 0.001). 

dpm/mg protein 

Right ventricle Left ventricle 

No inhibitor 37.0 ~ 2.5 31.6 _~ 4.0 
Puromycin (10 rag/100 ml) 0.82 0.56 
Cycloheximide (25 mg/kg) 5.0 5.3 
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a t  a n  ear ly  s tage  in t he  c h a n g i n g  work  level, t h e  r egu la t ion  
of a m i n o  acid i nco rpo ra t i on  in t he  h e a r t  is no t  r e l a t ed  to 
t h e  syn thes i s  of m R N A  or r R N A ,  since t h e  dose a n d  t he  
mode  of a d m i n i s t r a t i o n  of a c t i n o m y c i n  D used in th i s  
s t u d y  is more  t h a n  effect ive  in p r e v e n t i n g  t he  syn thes i s  
of R N A  1~. 

U p o n  t h e  add i t i on  of p u r o m y c i n  a n d  of cycloheximide ,  
t h e  con t ro l  of syn thes i s  was  i n h i b i t e d  (Table).  I t  is the re -  
fore p o s t u l a t e d  t h a t  t he  s i te  r egu la t i ng  a m i n o  acid incor-  
p o r a t i o n  is a t  t he  level  of t he  m e m b r a n e - r i b o s o m e  com- 
plex. Th i s  c o n t e n t i o n  is f u r t h e r  s u p p o r t e d  b y  t he  fac t  
t h a t  t h e r e  was a v e r y  br ief  t i m e  lag for a d e t e c t a b l e  
d i f ference in t he  r a t e  of incorpora t ion .  R e p o r t s  f rom 
var ious  l abora to r i e s  show t h a t  t he  life t i m e  b o t h  of m R N A  
and  of r R N A  a n d  t he  response  t i m e  for nuc lea r  R N A  
po lymerase  are all in  excess of 3 h a-5,17,~s. I n  con t ras t ,  
t he re  ha s  been  ev idence  i nd i ca t i ng  a n  e x t r e m e l y  r ap id  
con t ro l  of p ro t e in  syn thes i s  a t  t he  level  of t r a n s l a t i o n  of 
p r e fo rmed  t e m p l a t e  R N A  in response  to hormones ,  feed- 
ing, pa r t i a l  h e p a t e c t o m y  or s t i m u l a t i o n  of a ske le ta l  
musc le  6-8,~~176 However ,  w h e t h e r  or n o t  t he  con t ro l  
obse rved  in th i s  s t u d y  is a resu l t  of a specific p ro t e in  x~ 

a n  i nh ib i t o r  ~ or some o the r  m e a n s  of regula t ion ,  requi res  
f u r t h e r  e x p e r i m e n t a t i o n  21. 

Zusammenfassung. Die E i n b a u g e s c h w i n d i g k e i t  de r  
Aminos~ture s te ig t  m i t  e r h 6 h t e r  H e r z b e l a s t u n g  an. Bei  
V o r b e h a n d l u n g  m i t  A c t i n o m y c i n  D b l e ib t  dieses Verh/ i l t -  
his  unbee inf luss t ,  P u r o m y c i n  oder  Cyc lohex imid  indessen  
h e m m e n  die P r o t e i n s y n t h e s e .  
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Response of Respiration to Selective Heating of the 

Affe ren t  c o n d u c t i o n  of w a r m t h  s t imul i  app l ied  to  t he  
sp ina l  cord  has  been  p r o v e d  b y  t he  f ind ing  t h a t  t h e r m a l  
p a n t i n g  is evoked  in conscious  dogs b y  se lec t ively  h e a t i n g  
t he  sp ina l  cord 1. P a r t i a l  c o r d o t o m y  invo lv ing  ven t ro -  
l a te ra l  or dorsa l  funicul i  ha s  been  pe r fo rmed  in t he  p r e sen t  
i n v e s t i g a t i o n  in o rder  to  f ind ou t  t he  a f f e r en t  p a t h w a y  
b y  wh ich  sp ina l  t h e r m a l  s t imul i  are c o n d u c t e d  to  t he  
sup ra sp ina l  t h e r m o r e g u l a t o r y  effectors.  

Method. I n  20 ou t  of 26 n e m b u t a l i z e d  rabb i t s ,  p a r t i a l  
c o r d o t o m y  of b o t h  dorsa l  funicul i  was pe r fo rmed  be tween  
t h e  f o u r t h  a n d  e l e v e n t h  thorac ic  s egmen t ;  in  t he  r ema in -  
ing cases t he  v e n t r o l a t e r a l  funicul i  were cu t  on  e i t he r  
side. - H e a t i n g  of t h e  sp ina l  cord  below t h e  t r a n s e c t i o n  
level  was  pe r fo rmed  b y  m e a n s  of a t h e r m o d e  which  h a d  
b~en i m p l a n t e d  in to  t he  pe r idu ra l  space be t w een  t h e  
level  of t r a n s e c t i o n  and  t he  s e v e n t h  l u m b a r  ve r t eb ra .  
The  t h e r m o d e  was per fused  w i t h  h o t  (46-52~ w a t e r  
for 2-10 ra in  a t  c o n s t a n t  a m b i e n t  t e m p e r a t u r e s  be tween  
24-28~ - E l e c t r o m y o g r a m s  were r ecorded  f rom t h e  
lower l u m b a r  dorsa l  t r u n k  muscles  us ing  a pa i r  of needle  
electrodes.  R e s p i r a t o r y  m o v e m e n t s  were recorded  b y  
d i sp lay ing  on  a recorder  t he  changes  of electr ic  res i s tance  
in a n  electrolyte-f i l led,  d i s tens ib le  r u b b e r  tube ,  wh ich  
h a d  been  t i ed  r o u n d  t he  r a b b i t ' s  chest .  T he  t e m p e r a t u r e s  
w i t h i n  t he  r e c t u m  a n d  t he  pe r idura l  space of t he  l u m b a r  
v e r t e b r a l  cana l  a n d  t he  skin  t e m p e r a t u r e  of one ear  were 
m e a s u r e d  b y  the rmocoup les .  Severa l  days  a f te r  t h e  
co rdo tomy,  t he  an ima l s  were sacrificed. T h e  sp ina l  cord  
was f ixed w i t h  lVliiller's solut ion,  and  March i ' s  s t a in  was 

p e r f o r m e d ,  
Results. I n  F igure  1, t he  response  of r e sp i r a t ion  a n d  

m u s c u l a r  a c t i v i t y  to  sp ina l  cord  h e a t i n g  be low t he  level  
of b i l a t e ra l  t r a n s e c t i o n  of b o t h  dorsa l  funicul i  is demon-  
s t ra ted .  P a r t i a l  c o r d o t o m y  h a d  been  pe r fo rmed  a t  t h e  
s i x t h  t h o r a c a l  s eg m en t  as i nd ica t ed  b y  t he  h a t c h e d  p a r t  
of t he  inse t  Figure.  A t  a n  a m b i e n t  a i r  t e m p e r a t u r e  of 
24~ a n d  a r ec ta l  t e m p e r a t u r e  of 38.2~ s l ight  cold 
sh ive r ing  was  obse rved  in th i s  l igh t ly  a n a e s t h e t i z e d  a n i m a l  
before  t he  sp ina l  cord  was h e a t e d  (left side of t he  Figure) .  

Spinal Cord Below Partial Transection 

After  4 min  of sp ina l  cord  h e a t i n g  (middle  par t ) ,  ver-  
t e b r a l  cana l  t e m p e r a t u r e  h a d  r isen to  41.8~ Shiver ing  
h a d  d i sappeared ,  a n d  r e sp i r a to ry  r a t e  h a d  increased  to  
a t a c h y p n o i c  level.  Fu r the r ,  c u t a n e o u s  v a s o d i l a t a t i o n  is 
i nd ica t ed  b y  t he  rise of ear  skin  t e m p e r a t u r e  a t  c o n s t a n t  
a m b i e n t  and  rec ta l  t e m p e r a t u r e s .  Th i s  c o m b i n e d  response  
to  h e a t i n g  - i n h i b i t i o n  of sh iver ing ,  t h e r m a l  t a c h y p n e a  
a n d  c u t a n e o u s  v a s o d i l a t a t i o n  - was abo l i shed  4 min  a f t e r  
t he  end  of sp ina l  cord hea t ing ,  w h e n  v e r t e b r a l  cana l  
t e m p e r a t u r e  h a d  r eached  a n o r m a l  value.  

Six days  a f t e r  t h e  pa r t i a l  co rdo tomy,  t he  a n i m a l  was  
killed, a n d  March i ' s  s t a in  was  pe r fo rmed  of the  sp ina l  
cord. F igure  2 shows a t r a n s v e r s e  sec t ion  of t he  cord, 
2 s egmen t s  ros t r a l  to  t he  t r a n s e c t i o n  level. I n  F igure  2A, 
n u m e r o u s  dark,  sma l l  clots, wh ich  c o r r e s p o n d  to  t h e  
mye l in  of d e g e n e r a t e d  fibers,  cover  t he  a rea  of b o t h  
dorsa l  funiculi .  A few grey spo ts  are in t e r spe r sed  be tween  
t he  degene ra t ed  myel in ,  especial ly  a t  t he  lef t  side media l  
to  t he  e n t r a n c e  of a dorsal  root .  A p p a r e n t l y ,  t h e y  rep-  
r e sen t  i n t a c t  f ibers,  wh ich  h a v e  en te red  t h r o u g h  t h e  
dorsa l  roots  a b o v e  t he  t r ansec t ion .  The  d a r k  clots  are, 
however ,  a l m o s t  lack ing  in t h e  a d j a c e n t  p a r t s  of t h e  
l a te ra l  funiculi .  T h e  his to logical  dif ferences  be tween  these  
i n t a c t  l a te ra l  funicul i  and  t he  degene ra t ed  dorsa l  funicul i  
are  d e m o n s t r a t e d  in de ta i l  in  F igure  2B.  The  clots of 
degene ra t ed  m y e l i n  are s t a ined  in tense ly ,  while  t h e  
mye l in  shea th s  of t h e  i n t a c t  f ibers  are vis ible  as f a in t ly  
s t a ined  a n n u l a r  s t ruc tu res .  

Such  a c o m b i n e d  response  to  spinal  cord h e a t i n g  be low 
the  level  of b i l a t e ra l  t r a n s e c t i o n  of t he  dorsa l  funicul i  
has  been  conf i rmed  in 19 ou t  of 20 i nves t i ga t ed  animals .  
However ,  in  all  cases - up  to  now 6 an ima l s  - in which  
t he  v e n t r o l a t e r a l  funicul i  h a d  been  cu t  b i la tera l ly ,  
a f fe ren t  inf luences  of sp ina l  cord  h e a t i n g  below t r ansec t i on  
on  r e sp i r a t ion  a n d  on  c u t a n e o u s  b lood  flow ot t he  ear  

1 C. JESSEN, Pfltigers Arch. ges. Physiol. 297, 53 (1967). 


