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sa rcomere  l eng ths  are ident ica l ,  a d j a c e n t  sa rcomeres  st i l l  
could  b e h a v e  d i f fe ren t ly  in  response  to  single e lectr ical  
shock.  This  could be  a t t r i b u t e d  to  a d i f ference in t he  
visco-elast ic  Cemen t s .  

For  t he  sake  of conven ience  and  for ease of analys is ,  
muscles  are s tud ied  e i the r  u n d e r  i sotonic  cond i t i on  or 
i sometr ic  condi t ion .  U n d e r  i sotonic  condi t ion ,  ve loc i ty  is 
usuaI ly  expressed  in un i t s  of Lo/sec. Th i s  a t  be s t  m e r e l y  
r ep resen t s  ave rage  ve loc i ty  of sa rcomere  s h o r t e n i n g  in 
un i t s  of sa rcomere  length/sec~L CLOSE is has  e s t i m a t e d  
t he  speed of s h o r t e n i n g  pe r  sa rcomere  b y  d iv id ing  t he  
speed of s h o r t e n i n g  of t he  whole  musc le  b y  t he  ave rage  
n u m b e r  of sa rcomeres  per  muscle  f ibre  w i t h i n  a muscle.  
H i s  e s t ima t ions ,  however ,  a s s u m e d  t h a t ,  a) all t h e  muscle  
f ibres  were o r i e n t a t e d  in t h e  same direct ion,  b) all t h e  muscle  
f ibres were of un i f o r m  length ,  c) each  muscle  f ibre  h a d  a 
un i fo rm  n u m b e r  of sa rcomeres  19, d) eve ry  sa rcomere  
l e n g t h  was un i fo rm,  e) t he  fo rce -genera to r  in each  
sa rcomere  was the  same  a n d  f) t he  visco-elas t ic  p r o p e r t y  
of each  sa rcomere  was  t h e  same.  

17 K. L. ZIERLER, The Structure and Function o/Muscle (Ed. G. H. 
BOURNE; Academic Press, New York 1973), vol. 3. 

is R. I. CLOSE, J. Physiol., Lond. 780, 542 (1965). 
19 W. S. AL-AMOOD and R. PopE, J. Anat. 113, 49 (1972). 
20 A. M:. GORDON, A. F. t-[UXLE'Z and F. J. JULIAN, J. Physiol., 

Lond. 184, 143 (1966). 
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Likewise  in  i somet r ic  m e a s u r e m e n t s ,  even  w i t h  single 
muscle  fibres,  GORDON et  al. ~~ in  t h e i r  s tud ies  on  t h e  
l eng th - t en s ion  cu rves  m u s t  also a s sume  the  v a l i d i t y  of 
c), d), e) and  f). Our  s t u d y  ind ica tes  t h a t  a t  leas t  in t he  
s t r i a t ed  muscle  f ibres  in  t he  horseshoe  crab,  b), c), d), 
e) a n d  f) are  b y  no  m e a n s  sound  a n d  va l id  a s s u m p t i o n s  
all t h e  t ime.  

Zusammenfassung. An B e i n m u s k u l a t u r  des Pfei l-  
s chwanzk rebse s  Tachypleus gigas w u r d e n  w/ ih rend  
isometrisc-hen E i n z e l z u c k u n g e n  die D i s t a n z e n  zwischen  
b e n a c h b a r t e n  Z-Sche iben  u n d  A - B a n d e n  u n t e r  Ver-  
w e n d u n g  e iner  T e l e v i s i o n s a n o r d n u n g  ausgemessen .  I n  
e iner  r u h e n d e n  Einze l fase r  e rwiesen  s ich  die L ~ n g e n  der  
e inze lnen  S a r k o m e r e n  als n i c h t  e inhei t l ich .  W X h r e n d  
e iner  i some t r i s chen  E i n z e l z u c k u n g  ve rk i i r z t en  sich gewisse 
Sarkomere ,  w g h r e n d  ande re  in  die L~nge  gezogen wurden .  
Bei  gle icher  Ruhe l~nge  y o n  b e n a c h b a r t e n  S a r k o m e r e n  
wa r  die Gesehwind igke i t  der  Ve rk i i r zung  in der  Regel  
ungleich.  Dies wi rd  auf  U n t e r s c h i e d e  im v isco-e las t i schen  
V e r h a l t e n  zur i ickgef i ihr t .  Die :Resul ta te  zeigen deut l ich ,  
dass  se lbs t  aus  d e m  V e r h a l t e n  yon  E inze l fase rn  n i c h t  
ohne  wei teres  auf  das  V e r h a l t e n  yon  e inze lnen  Sa rkome-  
t e n  geschlossen werden  darf .  
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E f fec t s  of T e m p e r a t u r e  on  O s m o t i c  R e s p o n s e s  and  o n  T r a n s m e m b r a n e  Ef f lux  of U r e a  a n d  
S o d i u m  in  V a s c u l a r  S m o o t h  M u s c l e  Ce l l s  

I n  p rev ious  s tud ies  of osmot ic  responses  in  s m o o t h  
muscle  of r a t  p o r t a l  vein,  we h a v e  descr ibed  an  i n t i m a t e  
r e l a t ion  be tween  t he  changes  in cell v o l u m e  and  t h e  
s p o n t a n e o u s  e lect r ica l  and  m e c h a n i c a l  a c t i v i t y  1-3. 
An i sosmola r  Solut ions  c o n t a i n i n g  u rea  caused  cha rac t e r -  
ist ic t r a n s i e n t  changes  in ac t iv i ty .  A close cor re la t ion  was 
d e m o n s t r a t e d  b e t w e e n  t he  t i m e  course of these  reponses  
and  t he  r a t e  of p e n e t r a t i o n  of t h e  molecule  t h r o u g h  
t he  cell m e m b r a n e s  as s tud ied  d i rec t ly  b y  14C-ureae. 
The  p r e sen t  r e p o r t  is concerned  w i t h  t he  effects of 

t e m p e r a t u r e  on  such  con t rac t i l e  responses  and  on m e m -  
b r a n e  pe rmeab i l i t y .  

F igure  1 i l lu s t r a t e s  increases  of con t r ac t i l e  a c t i v i t y  
obse rved  in r a t  p o r t a l  ve in  on  r e t u r n  to s t a h d a r d  so lu t ion  

i B. JOHANSSON and O. JoNSSON, Acta physiol, scand. 72, 456 
(1968). 
A. ARVILL, B. JOHANSSON and O. Jo~ssoN, Aeta physiol, scan& 
75, 484 (1969). 

s O. JONSSON, Acta physiol, scand. Suppl. 359, 1 (1970). 
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Fig. 1. Time course of the transient 
increase of contractile activity 
observed in a portal vein prepara- 
tion on return to standard Krebs 
solution (arrows), after previous 

~ " ~ ~ ~  equilibration in a hyperosmotic 
solution with 100 mM urea. The 
duration of the excitatory response 
is markedly increased with de- 
creasing temperature. 
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af ter  previous  equi l ibra t ion  in a hype rosmola r  m e d i u m  
conta in ing  100 m M  urea (for methodolog ica l  detai ls  
see 2). As discussed previous ly  l-a, the  mechanica l  response  
is re la ted  to t he  swelling of the  cells and  to  t he  subsequen t  
r e tu rn  to normal  cell vo lume  dur ing  the  ou tward  diffusion 
of urea. The pro longa t ion  of the  exc i t a to ry  response  wi th  
decreasing t e m p e r a t u r e  in F igure  1 therefore  suggests  
t h a t  cooling grea t ly  reduced  the  ra te  of eff lux of urea. A 
rough e s t ima te  of the  t e m p e r a t u r e  coefficient  f rom the  
t ime  course of the  t e tan ic  force ind ica ted  a Q~0 a round  3.0. 
This  value seemed very  h igh  for the  eff lux of a small  
non-elect ro lyte ,  expec t ed  to  pass  the  cell m e m b r a n e s  by  
s imple diffusion.  We  therefore  decided to  examine  th is  
process more  d i rec t ly  by  s tudy ing  the  wash-ou t  of 
~4C-urea. In  such exper iments ,  t he  resul ts  would  no t  be 
af fec ted  by  changes  in cont rac t i le  ac t iv i ty  or by  ne t  
t r a n s m e m b r a n e  f luxes of water ,  as migh t  poss ibly  occur 
in the  above  mechanica l  exper iments .  We have  included 
in th is  s t u d y  also wash-ou t  of ~4Na, which  depends  for its 
m e m b r a n e  passage on a n u m b e r  of processes including 
ac t ive  t r a n s p o r t  a. 

Por t a l -mesen te r i c  veins,  p r epa red  and  p re - incuba ted  as 
descr ibed previous ly  ~, ~, were t r ans fe r red  to flasks wih t  
s t a n d a r d  Krebs  solut ion con ta in ing  e i ther  ~4C-urea or 
~Na.  The up t ake  per iod in rad ioac t ive  solut ion was 
105 rain a t  37~ plus 15 rain a t  the  t e m p e r a t u r e  of t he  
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Fig. 2. The natural logarithm of the transmembrane efflux rate 
constant. ~., for urea (filled circles) and for sodium (open circles) 
plotted against the reciprocal of the absolute temperature. For 
details see text. 

Results from experiments where the washout of x4C-urea and ~4Na 
was studied at different temperatures 

subsequen t  wash-out .  The efflux of 14C-urea a t  15, 25 and  
37 ~ and  of ~ N a  a t  15 ~ was s tud ied  by  t rans fe r r ing  the  
muscles  t h ro u g h  a series of tes t  tubes  conta in ing  non-  
rad ioac t ive  s t an d a rd  solution.  In  view of its compar t -  
men t a l  complexi ty ,  t he  wash-ou t  of ~4Na a t  37 ~ was too 
fas t  to  be s tud ied  sa t is fac tor i ly  wi th  th is  me thod .  In  th is  
case the  muscles  were placed ins tead  in a b a t h  which  was 
cont inuous ly  per fused  wi th  non- rad ioac t ive  solution.  
The eff luent  was collected in tes t  tubes,  au tomat ica l ly  
changed  by  a t rac t ion  collector.  The rad ioac t iv i ty  of the  
wash-ou t  media  and of the  muscles a t  the  end of t he  
procedure  was de t e rmined  as descr ibed previous ly  5, 8. 

The e l iminat ion  curves showed the  same general  
fea tures  as the  ones ob ta ined  earlier~,% and  t h e y  were 
ana lyzed  in t he  same way.  The resul ts  are summar ized  in 
the  Table.  Here  ~ denotes  the  ra te  co n s t an t  of the  
in t racel lular  c o m p o n e n t  of t he  wash  out  curves. The 
in tersec t ion  of th is  c o m p o n e n t  w i th  the  ordinate ,  Yo, is 
given in uni ts  of ' space '  a f ter  correct ion for the  series- 
coupled extracel lu lar  phase  7. A p lo t  of In ,~ versus  t he  
inverse value of the  absolute  t e m p e r a t u r e  (l/T) according 
to t he  Arrhenius  equa t ion  s is shown in F igure  2. The 
values  for urea can be f i t t ed  by  a s t r a igh t  line and  the  
values for Na fall close to  th is  line. The slope of the  line 
cor responds  to a Ql0 of 2.4 (ac t iva t ion  energy  ~-, 16,000 
cal/mole).  

The resul ts  suppor t  our previous  views on the  correla- 
t ion be tween  the  ra te  of m e m b r a n e  pene t r a t i on  of non-  
e lect rolytes  and the  changes  in electr ical  and  mechanica l  
ac t iv i ty  of t he  s mo o t h  muscle 3, 9. In  view of the  electr ical  
forces ac t ing  on the  sod ium ions and  the  con t r ibu t ion  of 
metabo l ic  processes to  the i r  m e m b r a n e  t r anspor t ,  a Q10 
of 2.4 for ~4Na efflux seems qui te  resonable.  A still  
s o mew h a t  h igher  Q10 for ~4Na eff lux was calcula ted for 
guinea-pig taen ia  coli by  GOODFORD 8. The h igh  t emper -  
a ture  sens i t iv i ty  of the  washou t  of urea was a surpr iz ing 
f inding,  ind ica t ing  t h a t  the  efflux of this  water-soluble,  
smal l  non-e lec t ro ly te  canno t  be descr ibed as simple,  free 
diffusion.  The 'porous  aqueous  p a t h w a y s '  t h ro u g h  which  
urea  m i g h t  pass  by  s imple diffusion seem to  occupy a 
ve ry  smal l  f rac t ion of the  m e m b r a n e  area in s moo th  
muscle  ~ so tha t ,  desp i te  its smal l  o i l /water  pa r t i t i on  
coefficient,  mos t  of t he  urea  will pass  t h ro u g h  the  l ipid 
membrane .  This l a t t e r  t r a n s p o r t  m a y  show a h igh  t empe r -  
a ture  coeff icient  due to chemical  in te rac t ion  be tween  the  
urea molecules and  the  cell m e m b r a n e  or due to  t he rmic  
changes  in the  viscosi ty  or the  molecular  conf igura t ion  
of the  m e m b r a n e  lipids. The p re sen t  resul ts  seem to imply  
t h a t  t he  t e m p e r a t u r e  coefficient  is an unrel iable  indica tor  
of the  t y p e  of mechan i sm involved in cellular t r a n s p o r t  of 
smoo th  muscle.  

n ~ rain-1 Yo ml/100 g wet wt. 

14C urea 15 ~ 7 0.053 4. 0.002 20.5 4. 0.7 

25 ~ 4 0.126 4- 0.005 16.2 -4- 2.3 
37~ 7 0.411 4- 0.020 23.0 4- 2.8 

24Na 15 ~ 8 0.054 -4- 0.001 3.51 -- 0.24 
37 ~ 10 0.398 q- 0.019 3.84 i 0.32 

J. represents the efflux rate constant of the intracellular component 
and iio its intercept with the ordinate (correction has been made for 
the influence of the series-coupled extracellular phase). 

4 A. F. BRADING, Phil. Trans. R. Soe. Loud. ]3. 265, 35 (1973). 
50. JoNssoN, Acta physiol, scan& 87, 528 (1971). 

O. Jo~cssoN, Acta physiol, scand. 81,405 (1971). 
A. F. HUXLEY, in Compartmental Methods o/ Kinetic Analysis 
(Academic Press, New York 1960), vol. 1A, appendix 2, p. 163. 

s p. j .  GOOD~ORD, in Handbook o/Physiology (Williams and Wilkins 
Co, Baltimore 1968), vol. 4, sect. 6, p. 1743. 

9 ]3. JOHANSSON, in Proc. Syrup. Physiol. Pharmacol. Vasc. Neuro- 
effector Systems, Interlaken (Karger, Basel 1971), p. 303. 
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Zusammenfassung. Die Harns to f fpermeabi l i tXt  der  
g la t ten  Muskelzellen der  Por t a lvene  yon  R a t t e n  wurde  im 
Tempera tu rbe re i ch  zwischen 15 nnd  37~ un te r such t .  
Sowohl die 14C-Harnstoff- wie die 24Na+-Elimination 
zeigten einen Q10 yon  e twa 2,4. Akt ive  und  pass ive 

Transpor tprozesse  in der  g la t t en  Gef~ssmuskula tur  
k6nnen wahrscheinl ict l  n ich t  ausschliessl ich durch  die 
B e s t i m m u n g  des Tempera tu rkoef f i z i en ten  un te r sch ieden  
werden.  
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Effect of Stress and Diazepam Treatment During Infancy on the Corticosterone Regulation and 
Androgenic Activity in Adult Male Rats 

Handl ing ,  s tress or d i s tu rbance  of the  mo the r - i n f an t  
re la t ionship  dur ing  infancy  can modi fy  cons iderably  
fu r the r  deve lopmen t  of m a n y  nervous  and somat ic  
functions~-3. Increased  ac t iv i ty  of t he  p i tu i t a ry -ad rena l  
sys tem at  t ime  of s t imulus  ac t ion  m a y  be suspec ted  to be 
involved in some of these  phenomena .  One of the  ap- 
proaches  to an inves t iga t ion  of th is  p rob lem seems to  be a 
pharmacologica l  a l te ra t ion  of the  adrena l  cor tex  regulat-  
ing sys tem respons ivenes  t owards  stress s t imula t ion  
dur ing  infancy.  In  th is  s tudy,  d iazepam t r e a t m e n t  ~ was 
employed  for t h a t  purpose,  while the  s imple i.p. saline 
in jec t ion  procedure  served for t he  p rewean ing  stress 
s t imula t ion  ~-7. The expe r imen t  was comple ted  by  an 
inves t iga t ion  of ACTH- t r ea t ed  animals  s,9 which  were 
expec ted  to reveal  the  effects of max ima l  s t imula t ion  of 
the  adrena l  cortex.  
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Serum corticosterone levels in the 2-day-old rats. Ordinate : Cortico- 
sterone concentration in V1/100 ml of sets. Abscissa: Time after the 
injections in minutes. O, i.p. injection of physiological saline; 
A, i.p. injection of diazepam; �9 i.p. injection of ACTH. Horizontal 
line: untreated animals. (Mean ~- S.E.). P, statistically significant 
difference in comparison to control values (Student's t-test). 

Material and methods. The W i s t a r  s t ra in  ra ts  were used 
in these  exper iments .  The m e t h o d s  of cor t icos terone and  
serum electrolytes  es t imat ions ,  in vi t ro  adrena l  gland 
incuba t ion  and  the  an imal  ma in t enance  schedule were 
descr ibed earlier 10,1~ 

In the  first  shor t - t ime  exper iment ,  the  cor t icos terone  
levels were inves t iga ted  in se rum of 2-day-old animals  

s a m p l e d  wi th in  2 h af ter  i.p. admin i s t r a t i on  of 0.1 ml  of 
saline, or single dose of 10 mg of d i azepam (Faus tan  
Germed) i.p. or single dose of 1 IU  of ACTH (Cortrosyn 
Organon) i.p. per  100 g body  weight .  Pooled samples  
f rom 2-3 animals  were used. 

The delayed af ter-effects  were e s t ima ted  in adul t  ani- 
mals  which  had  been  t r ea t ed  i.p. f rom 2nd to 12th day  
of age once dai ly  by  e i ther  0.1 ml  of saline, d i azepam 
(total  dose 1.3 rag/ ra t  per  10 days),  or by  ACTH (total  
dose 1.6 I U / r a t  per  10 days).  There  was 7-8 an imals  per  
group and t h e y  were inves t iga ted  at  age of 200 days.  The 
resul t  of behaviora l  inves t iga t ion  pe r fo rmed  on these  
animals  a t  age of 90 and  130 days  will be publ i shed  
separa te ly  ~2-14. 

Results and discussion. The sho r t - t e rm  expe r imen t  
showed t h a t  t he  exogenous ACTH, as well as the  stress 
due to the  i.p. in jec t ion  procedure ,  increase the  se rum 
cor t icos terone  levels in the  2-day-old pups. In  t he  diaze- 
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