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INFLUENCE OF AUGMENTATION OF EXCRETORY 
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«-RECEPTOR BLOCKADE
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The effec t o f ren a l function  o f a n  a u g m e n ta tio n  o f th e  ex cre to ry  re n a l m ass w as in ­
v e s tig a ted  in  10 dogs w ith o u t d rug  t r e a tm e n t  a n d  in  10 an im als w ith  а -rec e p to r b lo ck ad e .

In  th e  u n tr e a te d  group, a u g m e n ta tio n  of e x c re to ry  renal m ass b y  t r a n s p la n ta ­
t io n  in to  th e  n eck  of one p a ir  of k id n e y s  iso la ted  from  a n o th e r a n im a l cau sed  th e  
follow ing changes in  th e  k idneys in  situ', m ark e d  e lev a tio n  in  Срдц, s lig h t decrease  
in  Cjnujjn, slig h t d im in u tio n  of u rin e  e x c re tio n  a n d  a p ronounced  fall in  so d iu m  ex cre ­
tio n . The a m o u n t o f  u rine  and so d iu m  e x cre ted  by  th e  fo u r k idneys was id e n tic a l  w ith  
t h a t  p rev iously  e x cre ted  by  th e  tw o  k id n ey s  in  s itu .

In  an im als  w ith  а -receptor b lo ck a d e , a u g m e n ta tio n  of th e  e x c re to ry  re n a l  m ass 
h a d  th e  follow ing consequences in  th e  in  s itu  k id n ey s , CPAH, an d  C|nu|in re m a in e d  
u n ch an g ed  w hile u rin e  and sod ium  e x c re tio n  decreased  to  th e  sam e e x te n t  as in  th e  
u n tre a te d  co n tro l g roup . The a m o u n t o f u rin e  a n d  of sod ium  ex cre ted  b y  th e  fo u r 
k id n ey s  was th e  sam e as th a t  e x c re te d  b y  th e  k id n ey s  in  situ , p rio r to  t r a n s p la n ta t io n  
of iso lated  k id n ey s , i.e. before th e  a u g m e n ta tio n  o f ex cre to ry  ren a l m ass.

I t  seem s t h a t  th e  decrease in  so d iu m  e x c re tio n  of th e  k idneys in  s itu  w as n o t 
due  to  th e  h aem o d y n am ic  changes ev o k ed  b y  th e  lo ad  on th e  c ircu la tio n ; i t  w as ra th e r  
consequence of som e quick, p re su m ab ly  h u m o ra l, reg u la tio n .

The d im in u tio n  of sodium  e x c re tio n  in  th e  k id n ey s in  situ  a f te r  a u g m e n ta t io n  
o f th e  ex cre to ry  re n a l m ass has b een  a sc rib ed  to  a n  increased  u tiliz a tio n  b y  th e  fo u r 
k id n ey s of th e  n a tr iu re tic  facto r(s), i.e. to  a  d im in u tio n  in  th e  p lasm a  lev e l o f th e  
n a tr iu re tic  ho rm o n e.

Unilateral nephrectom y causes an about tw ofold increase in  th e  urine 
and salt excretion o f  the persisting k idneys w ithout any change in  sa lt and 
w ater intake. Thus, even one k idney is capable o f  m aintaining the sa lt and 
w ater equilibrium o f the organism. The polyuria observed in the persisting  
kidney is presum ably due to an alteration  in the function of the nephrons; 
the m echanism  o f the phenom enon, how ever, is not clear.

It has been show n that renal excretion  is regulated by several factors  
beside alterations in glomerular filtra tion  rate (G FR ) and aldosterone secre­
tion . R ecently, increasing attention  has been paid to the role o f th e  so-called  
natriuretic factor(s). Independently o f  the fact w hether or not the h yp oth etic  
natriuretic hormone is renal [23, 26, 31] or extrarenal [13] in origin, th e  dim ­
inution  or augm entation o f the excretory  renal mass will certainly in fluence
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th e  rate o f hormone u tiliza tio n  and, thereby, th e  effect o f the horm one on the  
k idney.

In  previous experim ents [18] we have stu d ied  the influence o f  the aug­
m en ta tion  of secretory renal m ass on the function  o f  the kidneys. A fter trans­
p la n ta tio n  of isolated  k id n eys, i.e. when the excretory  renal inass had been  
augm ented , a defin ite decrease was seen in th e  urine and sodium  excretion  
of th e  kidneys in situ. T hese findings have been  explained by an increased  
u tiliza tion  of the natriuretic factor. T ransplantation  of the isolated kidneys  
(a lteration  of circulatory resistance) was, how ever, accom panied by a decrease 
of th e  P A H  and inulin  clearance of the k idneys in situ. Thus, it could not been  
clarified  to what ex ten t w as the dim inution in diuresis and natriuresis to  be 
ascribed to the altered renal haem odynam ics and to  the increased utilization  
o f th e  natriuretic factor. In  the present experim ents the effect on renal func­
tio n  o f  the augm entation  o f  excretory renal m ass has been studied  after 
а -receptor blockade, an in tervention  excluding or m inim izing the effect o f trans­
p lan ta tion  on renal haem odynam ics.

Materials and M ethods

T h e  ex p erim e n ts  w ere  p e rfo rm ed  on m ongrel dogs o f b o th  sexes u n d e r in tra v e n o u s  
p e n to b a rb ita l  25 m g/kg a n a e s th e s ia . B ody w eight o f th e  d o n o r anim als ran g ed  b e tw ee n  10 
a n d  12 k g , and  th a t  o f th e  p e rfu so rs  betw een 20 and  30 kg .

T h e  anim als w ere d e p riv e d  o f food for 24 h o u rs  p r io r  to  th e  experim en t.
T h e  iso lated  k id n ey s w ere  tra n sp la n te d  on th e  n e ck  of th e  perfusor dogs. T hese  an im als  

w ere d iv id e d  in  tw o groups. O ne g ro u p  served as co n tro l a n d  rece ived  no d rug  tr e a tm e n t  e ith e r 
p r io r  to ,  or during , th e  e x p e r im e n t. The second g ro u p  c o n sis ted  of anim als w h ich  rece ived  
a d a ily  su b cu tan eo u s dose o f 0.75 m g/kg of reserp ine  fo r  th re e  days before th e  ex p e rim e n ts , 
in  o rd e r to  deple te  th e  n o ra d re n a lin e  stores. Then, a t  th e  b eg in n in g  of th e  ex p erim en ts , 15 m g/kg  
of p h e n to la m in e  was g iv en  in  one in jec tion  in tra v e n o u s ly ; du rin g  th e  e x p erim en t p ro p e r 
th e  d ru g  w as a d m in is te red  a t  a  r a te  of 10 //g /kg/m in  in  in tra v e n o u s  infusion.

A fte r  anaesth es ia , th e  p e rfu so r anim als rece ived  R in g e r  so lu tion  of body  te m p e ra tu re , 
in  a n  a m o u n t co rresp o n d in g  to  1 %  of th e ir  bo d y  w e ig h t. T h e re a f te r, th e  fem ora l a r te ry  an d  
v e in  w ere  p rep ared  an d  c a n n u la te d  on b o th  sides. T he b la d d e r  was exposed th ro u g h  in ferio r 
m ed ia n  lap a ra to m y , a n d  p o ly e th y len e  ca th e te rs  w ere in tro d u c e d  in to  th e  u re th e rs  su p ra - 
v e s icu la rly .

T h e  left caro tid  a r te r y  a n d  th e  rig h t ju g u la r v e in  w ere  p re p a re d  from  a m ed ian  cerv ica l 
in c is io n  a n d  c an n u la ted  w ith  g lass cannulae .

P a ra am in o  h ip p u ric  ac id  (P A H ) and inu lin  w ere d isso lv ed  in  40 ml R in g er so lu tio n  of 
b o d y  te m p e ra tu re . As a p r im in g  dose th is  so lu tion  w as in je c te d  in trav en o u s ly  in  such  an  
a m o u n t as to  produce 2 m g /d l a n d  30 mg p lasm a c o n c e n tra tio n s , respectively . T h e  m a in ta in ­
in g  dose  w as infused in tra v e n o u s ly  a t  a ra te  of 0.25 m g /k g /m in . A fter th e  in fusion  we w a ited  
60 m in  fo r th e  eq u ilib riu m  s ta te  to  se t in ; th is was fo llow ed  b y  u rine  collection fo r 3 x 1 0  m in  
c o n tro l periods. A t th e  m id d le  o f  th e  u rine  co llection  p e rio d s , a rte ria l blood sam ples were 
ta k e n  fo r  d e te rm in a tio n  o f p la sm a  P A H  and  inu lin  c o n c e n tra tio n s . B lood sam ples w ere c e n tr i­
fu g ed  im m ed ia te ly ; a f te r  re m o v in g  th e  p lasm a we su sp en d e d  th e  red  corpuscles in  ph y sio lo g ­
ica l sa lin e  an d  re-in fused  th e m  in trav en o u s ly . A rte ria l b lo o d  p ressure  in  one of th e  fem ora l 
a r te r ie s  w as con tin u o u sly  m e a su re d  b y  a m ercury  m a n o m e te r  a n d  recorded  k y m o g rap h ica lly .

B lood c lo ttin g  w as p re v e n te d  b y  th e  in tra v e n o u s  in je c tio n  of 0.1 m g/kg of h e p a rin .
A fte r  th e  co n tro l p e r io d  th e  k idneys of a n o th e r  dog  iso la te d  according to  5 w ere con­

n e c te d  w ith  th e  c ircu la tio n . T h e  d o n o r anim als were a n a e s th e tiz e d  and ev iscerated , th e  su p ra ­
re n a l v e in s  liga ted  a n d  th e  k id n e y s  rem oved to g e th e r w ith  a  p iece of th e  a o rta  a n d  in ferio r 
c av a l v e in . The iso la ted  k id n e y s  w ere  th en  connected  to  th e  c ircu la tio n  of th e  p e rfu so r a n im a l
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RENAL EXCRETORY MASS AND ALPHA-RECEPTOR BLOCKADE 3

th ro u g h  th e  com m on c a ro tid  an d  th e  a o r ta  s tu m p  as well as th e  s tu m p  of th e  in fe rio r  cav a l 
v e in  a n d  th e  e x te rn a l ju g u la r  vein .

T h in  p o ly e th y len e  can n u lae  were in tro d u c e d  in  th e  u re te rs . The d u ra tio n  o f r e n a l a n o x ia  
d u rin g  t ra n s p la n ta t io n  d id  n o t exceed tw o  m in u te s .

A fte r  tra n s p la n ta t io n  of th e  iso la ted  k id n ey s  we w a ited  te n  m in u tes  for th e  new  eq u ilib ­
r iu m  to  se t in , th en  th e  fu n c tio n  of th e  in  s itu  a n d  iso la ted  k id n ey s was in v e s tig a te d  d u rin g  tw o  
co n secu tiv e  10 m in  periods.

T h e re a f te r , 25 m l/k g  R in g er so lu tio n  w as in fu sed  in to  th e  perfuso r a n im a l o v er 60 
m in u te s , d u rin g  w hich th e  changes in th e  p a ra m e te rs  o f  th e  in situ  and  th e  iso la te d  k id n ey s  
w ere fo llow ed for th re e  m ore consecu tive  20 m in  periods.

R en a l blood flow  of th e  iso lated  k id n ey s  (outflow ' from  th e  in ferio r c av a l v e in ) w as 
m easu red  a t  th e  m iddle  o f each  period , u s in g  a  g ra d u a te d  cy linder and  sto p  w a tc h .

P A H  co n ce n tra tio n  in  th e  urine a n d  p lasm a  w as d e te rm in ed  accord ing  to  S m it h  e t  a l. 
[29]; in u lin  accord ing  to  L it t l e  [22 ],so d iu m  a n d  p o ta ss iu m  b y  flam e p h o to m e try , a n d  osm otic 
c o n c e n tra tio n  w ith  F iske 's  osm om eter. T h e  h a e m a to c r it  v a lu e  was d e te rm in ed  b y  m ean s of 
H aw sM ey's  m ic ro h ae m ato c rit, and  p lasm a  p ro te in  c o n ce n tra tio n  w ith  th e  b iu re t  m e th o d .

C learances (С рдц, Cjnuцп) were c a lcu la te d  acco rd in g  to  th e  u sua l fo rm u la . T h e  v a lu es 
g iv en  re fe r  to  ICO g o f k id n ey  w eight, e x c e p t th e  v a sc u la r  resistance  of iso la te d  k id n ey s , 
w hich  w as calcu la ted  fo r k g  of ren a l m ass (Rkidney/kg). f  or s ta tis tic a l analysis e ith e r  th e  one 
ta ile d  or tw o -ta iled  t te s t  w as used .

R esults

R enal param eters were studied in 10 non-treated  (control) dogs and in  
10 anim als w ith а -receptor blockade (in the fo llow ing), these anim als w ill be 
referred to  as blocked dogs.T he first three periods in theT ables show th e  param ­
eters measured in the in situ  k idneys during the three 10 m in urine collec­
tion  periods prior to transplantation o f the isolated  kidneys. In Period 4 and 
Period 5 the function o f the isolated and o f the in situ  kidneys, resp ectively , 
was studied  after transplantation o f the iso lated  kidneys. T hereafter, EC 
hypervolaem ia was augm ented according to  the procedure described in  
M ethods, and the changes in the param eters o f  the kidneys were fo llow ed  for 
three 20 m in periods (Periods 6— 7— 8). The Figures show the m ean va lu es and  
SEM ., the full line the control and th e  broken one the blocked anim als.

Figure 1 and F ig. 2 show th e  param eters o f  the kidneys in situ .
As seen in F ig. 1, mean arterial blood pressure in the control anim als 

was 132 ± 6  mm H g at the beginning w ith no essential change either during, 
or at the end o f the experim ents ( 1 3 7 ± 4  mm H g). In the blocked anim als the  
in itial blood pressure am ounted to  1 0 3 ± 4  mm H g; it did hardly change and 
rem ained sign ificantly  low er than in  th e  control group throughout th e  experi­
m ent (P  <  0.001).

In itia l Сран was 235 ± 1 2  m l/m in  in the control and 231 ± 1 9  m l/m in  
in the blocked anim als. During the three control periods there was no sign ifi­
cant difference betw een the two groups. A fter transplantation o f th e  isolated  
kidneys Сран decreased from 251 ± 1 6  m l/m in to 1 8 6 ± 1 5  m l/m in in the  
control dogs (p < / 0.001) and rem ained at th is low  level throughout th e  experi­
m ent. In  the blocked anim als Срдн did not change during the experim ent.

In itia l Cjnuiin was 7 5 .5 ± 6 .3  m l/m in in the control and 7 9 ± 6 .9  m l/m in  
in the blocked group. A fter transplantation  o f the isolated kidneys th e  va lue
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4 HILDA TOST et al.

n th e  in  situ  k idneys o f  the control animals w as 72.0 ± 6 .3  ml/min and decreased  
to  6 4 .9 ± 1 .9  m l/m in (p <  o .05). Then, w ith  progressive augm entation o f the  
extracellu lar hypervolaem ia i t  began to increase and  reached 84.8 ± 7 .6  m l/m in  
b y  th e  end o f the experim ent. In  the blocked anim als, Cjnuijn o f th e  in situ  
k id n eys did not change after transplantation  o f  th e  isolated k idneys; then , 
upon  th e  effect o f hydration , it  increased to  92 .0  ± 5 .6  m l/kg by the end of 
th e  experim ent.

F igure 2 shows the changes in  urine and sodium  excretion as well as those  
in  th e  osm otic concentration o f  the urine o f  the k idneys in situ.

In itia l urine excretion  w as 1.21 ± 0 .2 1  m l/m in  in the control group and 
1 .5 2 ± 0 .2 7  m l/m in in  the b locked group. The difference was not sign ificant 
s ta tis tica lly  (p 0.60). D uring the third control period the values were 
quasi-identical, being 1 .7 3 ± 0 .3 7  ml/m in and 1 .7 9 ± 0 .3 8  m l/m in, respectively . 
U rine excretion  sligh tly  decreased in both groups after transplantation o f  the  
iso la ted  kidneys, from  1.73 ± 0 .3 7  m l/m in to  1.27 ± 0 .3 0  m l/m in in  the control 
group (p <[ 0.05) and from  1 .7 9 ± 0 .3 8  m l/m in to  1 .2 2 ± 0 .2 4  m l/m in in  the
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F ig . 1 . P a ra m e te rs  of th e  k id n ey s  in  s itu  in  th e  course o f th e  ex p erim en ts . F u ll line  =  co n tro l 
(u n tre a te d );  b ro k e n  line  =  an im als w ith  а -rec e p to r blockade
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1 2 3 4 5 6 7 8 period

F ig. 2. U rine  a n d  so d iu m  ex cre tio n  an d  osm otic  p re ssu re  o f th e  k idneys in  s itu . F o r
ex p lan a tio n  see F ig . 1

blocked group. H ydration  caused an augm entation  in  both groups; b y  the  
end o f the experim ent the values were 4.44 ± 0 .8 5  m l/m in in the control and  
4 .4 4 ± 0 .8 8  m l/m in in  the blocked animals.

Sodium excretion  w as practically the sam e in  both  groups. A fter tran s­
p lantation  o f th e  iso lated  kidneys it  fell from  2 0 6 ± 6 1  |uEq/min to  1 0 4 ± 3 1  
and, later, to 7 8 ± 2 4  juEq/min in the control anim als (p < 0  .01), and from  
1 5 8 ± 4 2  pE q/m in to  7 0 ± 1 8  and 6 0 ± 1 6  ^iEq/min, respectively, in the b locked  
dogs (p <  0.01).

H ydration caused sodium  excretion to  increase to 1 8 0 ± 3 0  /Æ q/m in  
in the control group and to  1 9 5 ± 6 2  /iE q/m in in  the blocked group. A t the  
beginning, to ta l osm olarity  o f the urine am ounted  to  632 ± 3 6  mosm/1 in  
control anim als and to  5 2 5 ± 7 8  mosm/1 in  the blocked group. The difference  
w as not sign ificant statistica lly .

T ransplantation o f the isolated kidneys failed to  cause any change in  
to ta l osm otic a c tiv ity  o f  the urine obtained from  the kidneys in situ.  T hen ,

Acta Physiologica Acadcmiae Scientiarum Hungaricae 59, 1982



6 HILDA TOST et a!.

fo llo w in g  hydration, it  decreased below the osm otic  activ ity  o f  the plasm a in 
b o th  experim ental groups. A t the end o f th e  experim ent, osm otic concentra­
t io n  o f  th e  urine was 2 1 3 ^ 3 0  m o sm /lin th e  control animals and 238 ̂ 9 5  mosm/1 
in  th e  blocked dogs.

Figures 3 and 4 show  th e  changes in  the param eters of the iso lated  k idneys. 
P eriod  4 and Period 5 correspond to  the m ean  values obtained during th e  tw o  
10 m in  periods follow ing transplantation o f th e  isolated  kidneys, w hile Periods 
6 to  8 show  the m ean values during the three 20 min hydration periods.

A s seen in F ig. 4 , renal blood flow  in th e  isolated  kidneys perfused from  
th e  control group w as 4 9 3 ^ 3 5  m l/m in at th e  beginning and 5 1 4 ^ 3 8  m l/m in  
during  th e  second perfusion period. U pon th e  effect of hydration it  exh ib ited  
a s lig h t initial decrease to  4 1 5 ^ 4 5  m l/m in  (N S) and reached th e  va lu e of 
468rh 46  by the end o f hydration. In  anim als perfused from blocked donors 
th e  in itia l R B F  in the iso lated  kidneys w as 5 3 7 ^ 3 9  ml/min, w ith  no further 
ch an ge throughout th e  experim ent.
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F ig . 3. B lood flow , re n a l re sis tan ce  and  P A H  c le a ra n c e  of iso lated  k id n ey s . P e r io d  4 and  
P e r io d  5 show  th e  v a lu es o b ta in e d  du rin g  th e  tw o  u r in e  co llection  periods a f te r  t r a n s p la n ta t io n  
o f  iso la te d  k id neys. P e rio d s  6 — 7 — 8 d e m o n s tra te  th e  re su lts  o b ta ined  a f te r  a u g m e n ta tio n  
o f  th e  E C  h y p e rv o laem ia . F u ll lin e  =  co n tro l; b ro k e n  line  =  p a ram ete rs  o f iso la te d  k id n ey s 

p e rfu sed  from  а -recep to r b lo ck e d  anim als
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isolated kidneys 
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F ig . 4. In u lin  c learance, u r in e  an d  sod ium  e x cre tio n  o f iso lated  k idneys. F o r  e x p la n a tio n
see F ig . 3

A t the beginning o f  perfusion, vascular resistance was 1.59 ± 0 .1 3  in 
the isolated kidneys perfused from control anim als and 1 .2 3 ± 0 .0 5  in  the  
kidneys perfused from th e blocked dogs (p <C 0.02).

Vascular resistance o f  the kidneys perfused from control anim als slightly  
augm ented at the beginning o f hydration; th e  value was 2 .1 6 ± 0 .2 5  and it 
rem ained significantly higher (p < 0  .01) th an  that o f the iso lated  kidneys 
perfused from blocked dogs.

In itia l Сран was 210 ± 1 4  m l/m in in the isolated kidneys perfused from  
control animals and 2 4 6 ± 3 0  m l/m in in those perfused from the b locked  group. 
The values remained practically  unchanged in both groups, th e  difference 
betw een  them  being at the lim its o f m athem atical significance (p =  0.05).

Figure 4 shows th at the С)пицп values o f  the tw o groups w ere in good 
agreem ent, and that th ey  did not undergo any significant alteration during the 
experim ent.

A t the beginning o f  the perfusion, urine excretion was 1 .2 7 ± 0 .6 4  m l/m in  
in the group perfused from control dogs and 1.05 ± 0 .2 5  m l/m in in  th a t per-

Acta Physiologica Acadcmiae Scientiarum Hungaricae 59, 1982



A
cta P

hysiologica A
cadcm

iae Scientiarurn H
ungaricae 59, 1982

00

Table I

Plasm a parameters

Control T ransplantation of 
isolated kidneys

H ydration

1 2 3 4 5 6 7 8

P lasm a N a+ c 143±1.58 144±2 .53 143± 3 .16 142± 2 .84 141±1 .26 142 ± 2 .5 3 1 4 0 ± 1 .26 141± 1 .58

maeq/1 в 147± 3 .16 1 4 6 ± 3 .17 148± 3 .16 148± 3 .10 148±3.48 148± 3 .48 152±3 .16 151± 3 .26

P lasm a K + c 4 .0 6 ± 0 .3 3 3 .88± 0 .25 3 .9 5 ± 0 .3 2 3 .4 8 ± 0 .1 9 3 .4 2 ± 0 .2 3 3 .6 1 ± 0 .1 6 3 .7 0 ± 0 .1 9 3 .7 6 ± 0 .1 6

maeq/1 в 3 .9 2 ± 0 .3 7 3 .57± 0 .31 3 .6 1 ± 0 .2 6 3 .1 5 ± 0 .2 9 3 .2 7 ± 0 .3 0 3 .3 1 ± 0 .2 8 3 .3 9 ± 0 .2 2 3 .5 7 ± 0 .2 5

P lasm a osm. c 3 0 8 ± 6 .0 3 0 6 ± 5 .4 3 0 4 ± 5 .5 307 ± 4 .1 3 1 1 ± 5 .7 3 0 9 ± 3 .5 3 1 0 ± 3 .5 3 U ± 3 .8

mosm/1 в 3 0 9 ± 5 .6 3 1 0 ± 5 .8 3 1 1 ± 4 .2 3 2 0 ± 6 .8 3 1 5 ± 5 .2 3 2 1 ± 4 .2 3 2 4 ± 4 .6 3 2 4 ± 4 .8

H t% c 39± 1 .3 1 3 9 ± 1 .4 6 4 1 ± 1 .3 8 4 4 ± 1 .1 9 4 4 ± 1 .3 8 3 9 ± 1 .1 8 3 7 ± 1 .6 3 3 6 ± 1 .6 7

в 4 1 ± 2 .0 2 4 2 ± 2 .0 2 4 2 ± 2 .0 8 4 2 ± 1 .0 4 4 3 ± 2 .2 7 4 3 ± 1 .6 1 4 0 ± 1 .6 1 3 9 ± 2 .4 7

Plasm a p ro te in  level c 5 .6 0 ± 0 .3 5 5 .7 2 ± 0 .3 6 5 .9 9 ± 0 .2 7 5 .7 3 ± 0 .3 6 5 .5 5 ± 0 .3 4 5 .11± 0 .31 5 .0 0 ± 0 .2 6 4 .7 1 ± 0 .2 8

g/d) в 4.90 ± 0 .1 4 4 .9 4 ± 0 .1 4 4 .9 0 ± 0 .1 6 4 .8 2 ± 0 .1 4 4 .7 0 ± 0 .1 3 4 .3 6 ± 0 .1 2 4 .1 5 ± 0 .1 5 4 .1 0 ± 0 .1 7

X  iS .E .M . C: Control, B: anim als w ith  а -receptor b lockade, n  =  10
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RENAL EXCRETORY MASS AND ALPHA-RECEPTOR BLOCKADE 9

fused from а -receptor blocked animals; the difference was not sign ificat sta tis­
tica lly  (p 0.60). As a rule, hydration augm ented urine excretion  in  both  
groups; at the end o f the experim ent the va lues were 5 .1 5 ± 0 .1 3  m l/m in  in 
the control and 5.04 ± 1 .2 4  m l/m in in the oc-receptor blocked anim als.

A t the beginning o f the perfusion, sodium  excretion  was 133 ± 8 4  /tE q/m in  
in th e  control group and 108 ± 4 7  /tEq/m in in anim als perfused from a-receptor  
blocked donors (N S). H ydration caused an increased sodium excretion  in 
both groups: the corresponding values were 240 ± 7 9  /Æ q/m in and 230 /tE q/m in , 
respectively , at the beginning o f the experim ent.

The changes o f  plasm a param eters are show n in Table I. D isregarding  
the dim inution of the haem atocrit value, hydration  failed to cause an y  signif­
icant alteration in plasm a param eters, neither did the prehydration param eters 
sign ifican tly  differ in the tw o groups.

Discussion

The am ount o f  sodium  and w ater excreted  by the kidneys is g iven  by  
the difference betw een the am ount filtered in th e  glomeruli and th e  am ount 
те-absorbed in the tubuli. D ue to  the glom erulo-tubular equilibrium , changes 
in  G FR  influence on ly  sligh tly  the excreted am ount o f sodium and w ater, 
m uch greater changes are caused by occasional alterations in tubular reabsorp­
tion . Tubular sodium  transport can be influenced b y  1) changes in th e  plasm a  
concentration o f m ineralocorticoids; 2) changes in the sodium concentration  
of the plasm a; 3) changes in  the Starling forces in the peritubular capillaries; 
4) a c tiv ity  o f renal afferent nerves; 5) presence and amount o f occasional 
natriuretic factor(s).

The short duration o f our experim ents m akes it  unlikely that an altera­
tion  o f  the plasm a aldosterone level should be responsible for the changes in 
sodium  excretion observed during perfusion o f the isolated k idneys. H yper- 
natraem ia decreases while hyponatraem ia increases the sodium re-absorption  
in  th e  tubules. Since plasm a sodium  concentration  did not change in  our 
experim ents, neither can th is factor be m ade responsible for the d im inished  
sodium  excretion o f the kidneys in situ  follow ing transplantation o f th e  iso­
lated  kidneys.

Proxim al w ater and sodium  absorption m ay considerably be in fluenced  
by intrarenal physical factors. It is profoundly altered by changes o f  the  
colloid osm otic pressure in the peritubular capillaries; these changes are 
consequences of alterations in plasm a protein concentration [11, 14, 18, 19, 
20, 24]. In  the present investigations, how ever, transplantation o f th e  iso lated  
kidneys w as not follow ed by any change in plasm a protein level; th u s, neither  
this factor can be responsible for the altered sodium  excretion.
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I t  is true th at, in  the control series o f experim ent, the transplantation  of 
the iso la ted  kidneys was follow ed by a sligh t, non-significant decrease in  the  
arterial blood pressure o f the perfusor an im al, and that Срдн and С;пицп 
dim inished sign ificantly  in the kidneys in s itu .  These factors could influence  
urine and sodium excretion  partly by changing th e  hydrostatic pressure in  the  
peritubular capillaries and partly by altering th e  tubular load. The alterations 
o f  urine and sodium  excretion  were, how ever, identical in both the control 
and th e  а -blocked anim als, and no post-transplantation  change occurred in  
th e  ab ove param eters o f th e  latter group after transplantation o f th e  isolated  
k id n eys. It is therefore assum ed that the above-m entioned factors were not 
responsib le for the dim inished sodium excretion .

T he phenom enon o f denervation polyuria and natriuresis has often  been  
in vestiga ted . The m ajority  o f the authors ascribes the phenom enon to  a 
dim inished  water and sodium  excretion in  th e  proxim al tubuli [1, 2, 3, 4, 
10, 28, 30]. The increase o f  sodium absorption in  the proxim al tu b u li after 
stim u lation  o f the renal nerves has recently b een  attributed to  an a-dependent 
m echanism  [10, 28]. I f  th is were the case, sod ium  excretion should have been  
at unchanged Срдн and G FR  augm ented in  our а -receptor blocked anim als. 
This w as, however, not th e  case, so the fin d in g  has probably to  be ascribed 
to  th e  decreased arterial blood pressure o f  th ese  animals. D ecreased arterial 
blood  pressure can nam ely  lead to a d im inution  o f  hydrostatic pressure in  the 
peritubular capillaries. A s a consequence, re-absorption by the sw itch -off of  
th e  adrenergic m echanism s.

T ransplantation o f th e  isolated k idney w as followed by a sign ificant and 
q u a n tita tiv e ly  identical decrease in sodium  excretion  of the k idneys in situ  
in  b oth  the control and th e  а -receptor b locked  groups. Therefore, we do not 
ascribe any significance to  a-m im etic m echanism s in the phenom enon. N ever­
th e less, such m echanism s do influence re-absorption in th e  proxim al 
tu b u li.

K n o x  et al. [16] observed increased sodium  excretion under the effect 
o f  an augm entation  o f blood volum e, w ith ou t any change in either R B F  or 
G F R . This observation is indicative o f th e  existence of such a circulating  
hum oral substance th a t is capable o f augm enting  sodium excretion  w ithout 
a ltering  the renal haem odynam ics. The in vestigation s of K a l o y a n i d e s  and 
A z e r  [15] and o f L i c h a r d u s  and N i z e t  [21] led to a sim ilar conclusion. 
R e c t o r  [25] assum ed the presence of a certain  “ factor” in the plasm a o f dogs 
and rats loaded w ith  physiological saline; th is  factor would decrease sodium  
re-absorption in th e  proxim al tubuli. T he investigations o f G o n i c k  and 
S a l d a n h a  [13] ind icate th a t natriuretic factor(s) m ay be formed not on ly  in 
th e  k idneys but in other organs as well. A ccording to  G o d o n  [12], th e  natriuret­
ic factor can m odify  sodium  transport b o th  in  the kidney and extracel- 
lu larly .
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Though the chem ical structure and the origin o f  the natriuretic factor(s) 
are not y et elucidated, there is no doubt about the ex istence o f  one or more 
substances which can m odify  sodium  excretion w ithout altering renal haem o­
dynam ics; it  is also certain th at neither o f  them  is identical w ith  aldosterone
[6, 7, 8, 9].

The extent o f  inh ib ition  o f  sodium transport in the nephron depends 
on the am ount o f the natriuretic factor.

W hen a pair o f  iso lated  kidneys was connected w ith  th e  circulation of 
th e  perfusor anim als, Срдн decreased in  the kidneys o f  the control animals, 
together w ith a slight dim inution o f the G FR. A t the sam e tim e, there was 
som e decrease in urine excretion  and a fall to  1/2 or 1/3 o f  th e  control value in 
sodium  excretion. P ractically  identical changes were found in  the urine and 
sodium  excretion o f the а -receptor blocked anim als, hut w ith ou t haem odynam ­
ic alterations and no change in  G FR. This finding indicates th a t the decreased 
sodium  excretion o f the k idneys in situ  after transplantation  o f the isolated  
ones is not due to haem odynam ic changes. A t the beginning o f  the perfusion of 
th e  isolated kidneys, their  sodium  excretion fell to  h a lf or one-third o f  the 
original value; at the sam e tim e, the am ount o f  sodium excreted b y  the four 
kidneys (in situ  -f- iso lated) w as the same as the am ount excreted  by two  
kidneys before perfusion. This shows th at sodium  excretion is under a precise 
and flexib le regulation th a t adapts itse lf to  new conditions w ith in  a few  
m inutes. Similar results were obtained from a com parison o f  the present 
findings w ith those obtained in previous experim ents ( T o s t  et al. [32]). In 
the latter study no transplantation  o f isolated kidneys was perform ed and the 
response o f the kidneys in situ  investigated  during an EC hypervolaem ia of 
sim ilar extent (25 m l/kg o f  Ringer solution in travenously over 60 m in). In 
those experim ents sodium  excretion  was 4 0 5 ± 7 7  /rEq/min at th e  beginning of  
hydration; in the present stu d y , the corresponding value w as 1 8 0 ± 7 9  ,uEq/min 
for the kidneys in situ  and 2 4 0 ± 7 9  jiíEq/min for the iso lated  ones. This 
m eans th at the four k idneys together excreted the same am ount o f  sodium  
as did tw o kidneys in previous experim ents performed under otherw ise iden­
tica l conditions.

The results o f  our experim ents can easily be explained in  such a way  
th a t the natriuretic factor is  utilized to a greater exten t b y  four than  by two  
kidneys. The natriuretic factor can nam ely be assum ed to  undergo in activa­
tion  while it affects the perm eability  in the nephron. Thus, w hen four kidneys 
are connected to the circulation, the natriuretic factor w ill he destroyed more 
rapidly, and its plasm a concentration decreases; these even ts w ill then  be 
m anifest in an antinatriuretic action.

Comparison o f the param eters o f isolated kidneys in the tw o experim ental 
groups revealed th at renal blood flow  and Срдн were higher, w hile renal 
resistance was lower in th e  control than in the а -receptor b locked anim als.
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A t th e  sam e time, the inu lin  clearance as well as the urine and sodium  excre­
tio n  o f  th e  isolated k idneys w ere identical in hoth groups. N either urine nor 
sod iu m  excretion was e lev a ted  in  the а -receptor b locked anim als, in  spite of 
th e  h ig h  R B F. This can be exp la ined  by the sign ifican tly  lower blood pressure 
in  th is  group of dogs.

Sum m ing up, it seem s th a t  the dim inution o f sodium  excretion in  the  
k id n ey s  in situ  after au gm en tation  of the functioning renal mass is very likely  
due to  an increased u tiliza tion  b y  the four kidneys o f the natriuretic factor(s).
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EFFECT OF HISTAMINE AND BRADYKININ ON 
LYMPH AND TISSUE FLUID COMPOSITION IN THE 

RABBIT HINDLIMB:
EVIDENCE FOR TWO COMPARTMENTS IN 

TISSUE FLUID*

G. S z a b ó  and  Zs. M a g y a r

NATIONAL IN ST IT U T E  OF TRAUMATOLOGY, BU DA PEST

(R ece iv ed  Ju n e  25, 1981)

I n  th e  ra b b it  h in d leg  ly m p h  and  tissue  f lu id  w ere collected  before  a n d  du ring  
close in tra a r te r ia l  in fusions o f h is tam in e  (2.5 and  10 /tg /m in ) or b ra d y k in in  (0 .4  /tg/m in). 
P ro te in  c o n ce n tra tio n  w as h ig h er in  th e  tissue  flu id  th a n  in  th e  ly m p h . D u rin g  th e  2h 
of th e  e x p erim e n t in  th e  co n tro l an im als p ro te in  c o n ce n tra tio n  in creased  in  th e  lym ph  
and  d ecreased  in  th e  tis su e  flu id . L y m p h  flow  d ecreased  in  th e  co n tro ls  a n d  i t  w as no t 
s ig n ifican tly  in flu en ced  b y  h is tam in e  b u t  was in  th e  m a jo rity  o f an im als  (14 of 20) 
g rossly  au g m en ted  b y  b ra d y k in in . L y m p h a tic  p ro te in  an d  L D H  flu x es w ere increased  
b o th  b y  b ra d y k in in  a n d  h is tam in e . In  an im als w here  th e  v aso ac tiv e  a g en ts  fa iled  to  
a lte r  ly m p h  flow  L D H  co n ce n tra tio n  in  th e  ly m p h  increased  s ig n ific a n tly  w ith o u t 
co m p arab le  changes in  th e  tis su e  flu id . On th e  o th e r  b a n d , in  ex p erim en ts  w here lym ph  
flow  w as increased  ly m p h a tic  L D H  a c tiv ity  d ecreased  b u t  th e  a c t iv ity  in  tissu e  flu id  
rem a in ed  u n ch an g ed . I t  is concluded  th a t  th e  in te r s t i t ia l  flu id  is com p o sed  of tw o 
c o m p a rtm e n ts . O nly th e  p e riv a scu la r  c o m p a rtm e n t of tissue  f lu id  is d ra in e d  d irec tly  
by  th e  ly m p h  vessels a n d  ly m p h  is e ssen tia lly  a re c e n t m ic ro v ascu la r f i l t r a te .  T he second 
c o m p a rtm e n t of th e  in te r s t i t ia l  flu id  is rinsing  th e  cells an d  con n ec tiv e  tissu e  fib res , 
i t  is p a ra lle lly  coup led  a n d  in  exchange w ith  th e  p e riv a scu la r  c o m p a rtm e n t.

R ecently , it has been show n th at there are marked differences between  
the com position o f subcutaneous or muscle tissue flu id  and th at o f  the lym ph  
draining from the sam e region. In dogs and rabbits protein concentration was 
higher in  tissue fluid than  in  lym ph [12] and in  rabbits activ ity  o f  the cellular 
enzym es was also higher in tissue flu id  than in sim ultaneously collected  lym ph  
sam ples [12, 14]. The observations suggested the presence o f tw o com part­
m ents in  tissue flu id .

The above h ypothesis has been corroborated by observations made 
during ischaem ic and burn injury where it w as found that the a c tiv ity  o f the 
enzym es escaping from  the injured cells rise to  much higher levels in tissue 
fluid th an  in the regional lym ph [12, 15]. The procedures led to  widespread 
tissue injury com pounded w ith a lesion o f  the m icrovascular w all. In the 
present investigations the effects o f histam ine and bradykinin, i.e . substances

* S u p p o rted  b y  th e  M in istry  of H e a lth , H u n g a ry , G ra n t N o. 6-080301-1/Sz
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increasing m icrovascular perm eability and form ed or released during local 
tissu e  reactions, were stu d ied  in  rabbits. It  was reported previously th at in  the  
d og  and cat lim b both  histam ine and bradykinin increased lym ph flow  and 
lym p h atic  protein concentration , eventually  leading to  oedem a form ation  
[3, 4 , 5, 6, 10].

Materials and M ethods

R a b b its  of b o th  sexes w ith  a  b o d y  w eight o f 3.5 to  4.0 k g  were a n ae s th e tize d  w ith  an  
in tra v e n o u s  in jec tio n  o f 30 m g /k g  p e n to h a rb ita l. A p la s tic  can n u la  w as in tro d u c e d  in  one of 
th e  a ffe re n t ly m p h  vessels o f th e  p o p lite a l node. T he c a ro tid  a r te ry  was c an n u la te d  fo r m easure­
m e n t  o f a rte ria l p ressu re . I n  som e an im als a can n u la  w ith  a  3 -w ay  stopcock  w as p laced  in  
th e  fem o ra l vein  for b lood flo w  m easu rem en ts . T he v en o u s ou tflo w  was m easu red  before an d  
d u r in g  th e  infusions w ith  a  g ra d e d  cy linder an d  sto p  w a tc h . A fte r a  p re lim in a ry  tissu e  flu id  
sa m p lin g  and  ly m p h  co llec tio n  th e  in fusion  of 10 /ig /m in  or 2.5 /ig /m in  h is tam in e  base or 
0 .4  /ig /m in  b rad y k in in  in  p h y sio lo g ica l saline was s ta r te d  in to  th e  fem ora l a r te ry . The ra te  
o f  f lu id  infusion  was 0.05 or 0.5 m l/m in . The in fusion  w as co n tin u ed  for th e  n e x t  2h. One 
g ro u p  of anim als received  2 m g /k g  p h enoxybenzam ine  in tra v e n o u s ly  30 m in  before  th e  s ta r t  
o f h is ta m in e  infusion. L y m p h  co llec tio n  in  30-m in sam ples w as co n tin u ed  d u rin g  th e  infusion. 
T o  e n su re  a co n stan t flow  of ly m p h  th e  ex trem ities w ere p assiv e ly  m oved  b y  m an u a lly  b en d ­
in g  th e  leg  in  th e  knee jo in t  w ith  a  freq u en cy  of 30/m in. T issue  f lu id  w as co llected  before  and  
d u r in g  th e  infusion. T he f i r s t  sa m p le  w as ob tained  fro m  th e  c o n tra la te ra l  leg d u rin g  th e  hour 
p re c e d in g  th e  infusion  a n d  th e  seco n d  fro m  th e  in fused  leg  in  th e  second h o u r of in fusion . To 
th is  p u rp o se  3 to  4 c o tto n  w icks 4 — 6 cm  long, p rev io u sly  so ak ed  in  physio logical sa line  were 
sew n  in to  th e  subcu taneous tis su e  o f  th e  sh ank  an d  th e  p aw . T he w icks w ere pu lled  o u t a fte r 
1 h  a n d  th e  flu id  expressed  fro m  th e m . U sing th is  m e th o d  a b o u t 0.02 to  0.05 m l o f tis su e  flu id  
c o u ld  b e  gained from  each  reg io n . L y m p h  was collected  in  p rew eighed  h ep arin ized  v ia ls  and 
i ts  a m o u n t  was d e term ined  g ra v im e tr ic a lly . The c ircum ference of th e  legs was m easu red  below 
th e  k n e e  jo in t  a t  th e  b eg in n in g  o f  th e  experim en t an d  a t  i ts  en d . E ach  m ea su re m e n t was 
r e p e a te d  5 tim es and av erag ed .

L a c tic  acid dehy d ro g en ase  (L D H ) was e s tim a ted  in  b lood  p lasm a , ly m p h  a n d  tissue 
f lu id  acco rd in g  to  W r o b lev szk y  a n d  L a D u e  [16], g lu tam ic -o x a lace tic  tran sam in ase  (GOT) 
b y  th e  m e th o d  of R eitm a n  a n d  F r a n k e l  [11] and  to ta l  p ro te in  acco rd ing  to  L o w ry  e t  a l. [7]. 
T h e  re s u lts  p resen ted  in  th e  t e x t  a n d  T ab les are m eans s ta n d a rd  d ev ia tio n  of th e  m eans 
(S .D .). S ta tis t ic a l  ev a lu a tio n  w as m ad e  using  th e  p a ired  t te s t .

Results
L y m p h  flow

T he average lym ph flow  in  the 64 rabbits in th e  first 30 m in after the  
can n u lation  o f the prenodal leg  lym phatic was 7.29;Ъ1-07 m g/m in. In  the  
control group receiving on ly  an intra-arterial infusion o f  0.05 m l/m in p hysiolog­
ical sa line lym ph flow  declined m arkedly during th e  3h observation period. 
In th e  anim als receiving 0.5 m l/m in  saline there was also a sharp decline after 
the fir st 30 min of the experim ent. In the last hour lym ph flow  increased  
again, w ith o u t, however, a tta in in g  the “ control” level, i.e. the flow  rate ob ­
served in  th e  first half hour, before the start o f the infusion. H istam ine 2.5 or 
10 /ig /m in  introduced w ith 0.05 or 0.5 ml/min saline had on ly  negligible effect 
on ly m p h  flo w  rate. A clear-cut evidence for the effect o f  histam ine on lym ph  
flow  w as seen  only in the anim als receiving 2.5 /ig/m in h istam ine in  0.05 m l/m in
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Table I

Effect o f  histam ine and bradykinin on crural lym ph flo w  in  the rabbitto

N Infusion
ml/min

Lym ph flow mg/ Tiin AC
%

AP
mm Hg

—30—0 0—30 30— 60 60—90 90— 120

Control 7 0.05 7.16 4.30 3.17 2.83 3.03 4.25 -  5.0
± S .D . 4.14 2.30 2.14 1.79 1.53 0.53 8.7

H istam ine  2.5 p g/m in 6 0.05 9.31 7.13 6.80 9.52 13.03 5.95 - 1 0 .0

± S .D . 1.28 1.77 0.63 2.33 3.15 0.12 8.7

B radyk in in  0.4 ^tg/min 7 0.05 7.39 10.01 12.10 15.82 18.87 9.95 - 1 2 .2
± S .D . 1.42 5.11 6.45 7.28 5.22 0.28 6.7

Control 8 0.5 8.16 5.82 4.98 6.92 6.87 5.35 -  8.6
± S .D . 3.69 2.79 2.49 4.23 3.12 0.24 9.0

H istam ine 2.5 /tg/m in 7 0.5 8.88 7.09 6.71 6.67 6.67 4.90 - 1 0 .0
± S .D . 2.74 4.72 5.10 4.42 3.74 0.08 5.0

H istam ine 10 /tg/inin 8 0.5 7.54 4.50 5.62 7.29 8.83 - 0 .2 5 - 2 4 .4

± S .D . 3.58 2.87 3.01 4.21 3.82 0.05 10.7

Phenoxybenzam ine -f- H istam ine 8 0.5 9.86 8.13 7.97 7.30 9.03 - 3 2 .2
10 jU g /m in  i S . D . 5.06 5.13 6.53 6.77 7.01 8.7

B rad y k in in  0.4 /tg/m in 6 0.5 5.83 3.72 5.98 5.30 6.95 6.05 - 2 4 .2

± S .D . 1.81 1.93 4.71 3.25 3.41 0.18 9.7

B rad y k in in  0.4 /tg/m in 7 0.5 6.11 8.48 17.37 27.77 33.67 11.35 - 2 6 .7

± S .D . 2.62 6.08 5.21 22.52 29.72 0.58 4.1

AC: Change of th e  circum ference of th e  lim b  during  th e  2h infusion
/IP  Difference betw een  system ic a rte ria l pressures m easured  before th e  s ta r t  and  a t  the  end of infusion
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18 G. SZABÓ and ZS. MAGYAR

sa lin e . H ere in the control group lym ph flow  rate decreased from 7.2 to  3 m g/m in  
w h ile  in  the animals receiv in g  histam ine the flo w  rate, after an initial 
d ecrease, increased from 9 .3  m g/m in in the preinfusion period to  13 m g/m in  
in  th e  la st half hour o f h istam in e infusion (Table I). Pretreatm ent w ith  phen- 
oxyb en zam in e did not in flu en ce  th e  response to  h istam ine. H alf o f the anim als 
(6 o f  13) receiving 0.4 /ig /m in  bradykinin in 0.5 m l/m in saline did not respond  
w ith  an y  appreciable change in  lym ph flow. In the other half of these anim als 
th ere  w as, however, a very  m arked, about 5-fold increase o f flow . The anim als 
rece iv in g  the same b radyk in in  infusion but reacting in a different w ay were 
considered  separately in th e  discussion. The lym ph flow  increased significantly  
(p <  o .05) also in the an im als receiving bradykinin in  0.05 m l/m in saline (from  
7.4  m g/m in  to 18.9 m g/m in).

Lym phatic  and tissue f l u i d  protein concentration

Sim ilarly to previous observations [13, 14] to ta l protein concentration  
w as in  th e  64 animals in th e  control period, i.e. during the first hour o f  the ex ­
p er im en ts , significantly, b y  18.7%  higher in tissue fluid than  in  lym ph. Total 
p ro te in  concentration in  th e  lym ph was 2 4 .5 ± 2 .2  and in  the subcutaneous  
tissu e  flu id  of the shank it  w as 29.1 ± 3 .9  m g/ml. In  the flu id  collected from  the 
p aw  protein  concentration w a s m arkedly higher th an  in th at obtained from  the 
sh an k : 3 8 .7 ± 9 .9  mg/ml (T able II). In all animals including the control groups 
rece iv in g  only saline in fu sion  protein concentration increased in the lym ph  
and decreased in tissue f lu id . Consequently, protein concentration in  the tissue 
flu id  sam pled during the 2n d  hour of infusion was lower than in the sim ulta­
n eo u sly  collected lym ph. T h is is not a consequence o f  the intra-arterial fluid  
in fu sio n  and/or fluid and p rote in  loss from the cannulated  lym ph vessel. In  
6 rab b its two tissue fluid sam p les were obtained, one in the first hour im m e­
d ia te ly  after tying the an im als to  the operating tab le  and the adm inistration  
o f  th e  anaesthetic, and th e  second 2 h later. The anim als did not receive 
in fu sion , the lym phatics w ere not cannulated and the leg was not m oved as 
in  th e  other groups. In th is  group tissue fluid protein concentration decreased  
during  th e  3 h of the exp erim en t by 20% , from 2 6 .0 ± 4 .0  to 2 1 .3 ± 3 .9  m g/m l. 
T his w as probably a consequence o f the dilution o f the extracellular flu id . 
T h e circum ference of the sh an k s increased during 3 h b y  4% corresponding  
to  an about 8% increase o f  vo lu m e. If this is due to  flu id  accum ulation in the 
ex tracellu lar space it corresponds to an about 29%  expansion o f the extra­
cellu lar flu id  as a result o f  anaesthesia  and the im m obilization  of the anim als. 
V isib le  oedem a was formed o n ly  in  animals reacting w ith a significant increase  
in ly m p h  flow . In these tw o  groups the circum ference o f the shank increased  
b y  10 and 11%, respectively . In  the other groups the changes in cirumference 
did n o t differ from those observed  in the controls. The only exception  was
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Table П

Effect o f histamine and bradykinin on total protein concentration in tissue flu id  and lymph (mg/ml)

N Infusion

Lym ph
Tissue fluid

Plasm a
Shank Paw

— 30—0 0— 30 30—60 60—90 90— 120 —60—0 60— 120 60—0 60— 120 — 30 120

minutes minutes minutes

C ontrol 7 0.05 25.5 28.3 28.0 28.8 28.1 23.8 19.4 61.0 56.2
S.D. 3.9 3.1 4.5 6.8 4.4 4.7 2.8 5.0 4.0

H istam ine  2.5 fig /m in 6 0.05 22.0 25.3 27.0 26.7 26.2 29.0 20.7 54.5 50.2
S.D. 0.4 2.8 4.9 2.0 3.0 1.3 1.5 3.5 5.1

B radyk in in  0.4 /<g/mina 7 0.05 21.4 28.5 33.5 33.3 32.6 23.0 25.6 54.1 51.1
S.D. 3.1 7.9 6.6 5.7 5.5 4.1 8.3 5.5 6.5

Control 8 0.5 26.3 29.0 29.4 28.4 28.0 29.0 17.4 66.8 58.4
S.D. 2.0 3.9 5.7 6.9 6.8 5.3 3.7 7.6 7.2

H istam ine 2.5 fig /min 7 0.5 24.6 25.2 29.8 30.5 29.3 34.8 28.1 64.5 55.2
S.D. 4.3 6.3 8.5 7.4 6.2 4.4 9.2 5.7 10.5

H istam ine 10 /tg /m in 8 0.5 21.7 22.0 25.7 28.9 29.2 29.3 25.3 51.8 40.8
S.D. 4.3 4.0 3.0 3.3 3.3 3.1 3.4 4.3 3.1

Phenoxybenzam ine -f- H istam ine 8 0.5 25.5 23.7 24.8 24.8 21.9 30.7 19.3 64.6 55.0
10 /tg /m in , S.D. 4.9 1.7 3.8 4.0 4.1 6.3 3.7 9.8 6.8

B radyk in in  0.4 /tg /m in 6 0.5 26.9 27.6 29.7 31.6 32.4 30.7 23.9 38.8 30.5 59.7 45.3
S.D. 6.1 3.7 2.2 4.4 4.2 5.3 7.2 9.9 11.1 5.8 8.8

B radyk in in  0.4 /zg/m in3 7 0.5 26.9 30.0 35.4 34.4 31.1 31.2 27.0 38.4 28.7 59.7 44.0
S.D. 5.6 5.0 8.7 5.5 6.5 6.0 7.7 9.5 4.5 4.5 6 .0

A naesthesia  -f- supine pos. 6 26.0 21.3 53.2 53.2
S.D. 4.0 3.9 7.8 6.5

64 24.5 29.1 59.6
2.2 3.9 5.2

A nim als w ith  h igh  ly m p h  flow  ra te s
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20 G. SZABÓ and ZS. MAGYAR

Lí> /L 60-120 L p 9 '/*

F ig . 1. A : R e la tio n sh ip  b e tw ee n  ly m p h  an d  tissue f lu id  p ro te in  co n cen tra tio n  d u rin g  h is tam in e  
o r b ra d y k in in  infusion. T h e  p o in ts  rep re sen t th e  m e a n  v a lu e s  for p ro te in  c o n c e n tra tio n  in  
ly m p h  a n d  tis su e  flu id  d u rin g  th e  2 n d  h o u r of in fu sio n  d e r iv e d  from  Table I I .  B : R e la tio n sh ip  
b e tw e e n  ly m p h  and  tis su e  f lu id  p ro te in  co n ce n tra tio n  ch an g es. (C alculated  fro m  th e  m ean

values in  T ab le  I I )

th e  group receiving 10 [ig/m in  histam ine w here leg circumference did not 
increase. Lym phatic protein  concentration w as higher in the anim als receiving  
b radyk in in  or histam ine th a n  in the controls. A t the end of the experim ent 
ly m p h a tic  protein concentration  was augm ented  in  the tw o control groups

Table Ш

Lym phatic  protein  f lu x e s  
(ug/min)

N Infusion
m l/m in

Before infusion D uring infusion

C ontrol 7 0.05 1 8 3 ± 1 2 85» ±  4

H istam ine  2.5 /ig /m in 6 0.05 2 0 4 ± 1 1 240+ ± 7 6

B rad y k in in  0.4 /ig /m in* 7 0.05 1 5 8 ± 1 0 4 5 8 * + ± 7 0

C ontrol 6 0.5 2 1 5 ± 2 8 172* ± 2 1

H istam ine 2.5 /ig /m in 7 0.5 2 1 8 ± 2 5 194 ± 1 1

H istam ine 10 /ig /m in 8 0.5 16 4 ± 1 5 203+ ± 5 6

P henoxybenzam ine +  

H istam ine 10 /ig /m in 8 0.5 2 1 4 ± 2 5 194 ± 1 0

B rad y k in in  0.4 /ig /m in 6 0.5 1 6 0 ± 2 2 1 9 0 * + ± 3 0

B radyk in in  0.4 ^ g /m in a 7 0.5 16 4 ± 1 5 7 1 8 * + ± 1 8 0

62 1 8 6 ± 2 6

* S ignificant change (p <  0.05) com pared to  th e  p re in fu s io n  period 
+  Significant change (p <  0.05) com pared to  th e  c o n tro l group 
» A nim als w ith  h ig h  ly m p h  flow  ra tes
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by 11 and 8% , respectively. In th e  tw o  groups where bradykinin increased  
lym ph flow  lym phatic protein concentration  was raised by 34% and 54% , 
while in the group where it did not influence the flow  the change was on ly  17.5% . 
Finally, in all three groups receiving histam ine infusion protein concentration  
increased by about 22% . No change or a slight decrease o f  lym phatic p rote in  
content was seen on ly  in animals pretreated w ith  phenoxybenzam ine before  
histam ine adm inistration.

The lym phatic protein fluxes which declined in  the controls as a resu lt 
o f dim inished lym ph flow  increased in  alm ost all anim als receiving bradykin in  
or histam ine. Marked changes were seen in the bradykinin infused anim als  
w ith high lym ph flow  rates. In th e  tw o groups lym phatic protein transport 
increased 3 and 5 tim es, respectively. In  previous investigation  under norm al 
conditions and at increased venous pressure and/or hypoproteinaem ia a h igh  
correlation was detected  between tissue flu id  and lym ph protein concentra­
tions. A  similar correlation was detected  also during bradykinin or h istam ine  
infusion. There w as also a strong correlation (r =  0.90) between th e  changes  
o f tissue flu id  and lym ph protein concentration  (F ig . 1).

Enzyme activities in tissue f lu id  and lymph

As it w as established previously [12, 14, 15] L D H  activ ity  is m uch  
higher in  tissue flu id  than in regional lym ph. In  the present study in 64 rabbits  
L D H  a ctiv ity  in the crural lym ph was 181 ^ 4 8  m U /m l and in the tissue flu id  
of the shank 2 8 0 ± 4 0  m U/m l. The tissue flu id  obtained from the paw  o f  th e  
anim als contained 432 m U /m l L D H  (Table IV ). D uring the 3h of the experi­
m ent in the control anim als similar changes could be detected in L D H  a c tiv ­
ities as it  was observed for total protein: a slight increase in lym ph and decrease  
in tissue flu id . D ue to  the decrease in  lym ph flow  rate lym phatic flu xes w ere  
slightly  decreased or unchanged. B oth  h istam ine and bradykinin increased  
lym phatic L D H  transport in all experim ental groups and consequently th e  
release o f  the enzym e from the cells (Table V ). In  the experim ental groups 
where histam ine or bradykinin did not increase significantly lym ph flo w  
lym phatic L D H  concentration increased sign ifican tly  in face of no or on ly  a 
m oderate change in tissue fluid L D H  a ctiv ity . In the tw o  groups w ith greatly  
increased lym ph flow  to ta l LDH transport b y  the lym ph increased about 2 
to 3 tim es while lym phatic  concentrations decreased markedly. This is o b ­
viously  a dilutional effect, because there was a strong negative correlation  
betw een lym ph flow  rate and lym phatic L D H  a c tiv ity  (Fig. 2). The resu lts  
concerning the effect o f  histam ine and bradykinin on GOT activities in plasm a  
and lym ph were inconclusive (Table V I). The on ly  significant change w as th e  
increase in tissue flu id  and lym ph GOT during th e  10 /ig/m in infusion o f h ista ­
mine.
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LDH m p / m l

Lm g /  m in

F ig . 2 . C o rre la tio n  b e tw een  ly m p h  flow  an d  ly m p h  L D H  in  th e  tw o groups of an im a ls  re ac tin g  
w ith  a n  in creased  ly m p h  flo w  ra te  to  b ra d y k in in  in fu s io n . (The p o in ts in  th e  F ig u re  a re  m ean  

v a lu es fo r th e  in d iv id u a l p e rio d s fro m  T ab les I  and  IV)

D iscussion

FH istam ine and occasionally bradykinin  too  failed to increase lym ph  
flo w  and did not lead to  oedem a form ation in  rabbits. In the anim als where 
h istam in e or bradykinin did not increase ly m p h  flow  the circum ference changes 
o f  th e  lim bs were not greater than in the controls. On the other hand, a larger 
dose o f  histam ine produced a sm all, not significant decrease in  hindlim b  
circum ference. In dogs and cats a close arterial infusion o f the tw o  agents  
in to  th e  extrem ities leads to  oedem a form ation , increased lym ph flo w  rate  
and lym phatic  protein concentration [3, 4 , 5, 6, 11]. It has been suggested  
th a t  th ese effects are due to  increased m icrovascular pressure as w ell as to  
a pressure independent action [2]. The la tter  seem s to be the increased micro- 
vascu lar perm eability  [14]. The changes w ere associated w ith  large increases 
in  b lood flow  and sm all vein  pressure. W hen histam ine was in fused  intra­
v en o u sly  in dogs it decreased forelimb vascular pressure and blood flow . Fore- 
liinb  w eight decreased falling well below  control by the end o f th e  4h in ­
fu sion  period [1, 9]. In  the present stu d y  in  rabbits, small doees (2.5 /zg/min) 
o f  h istam ine failed to  influence blood flo w . D uring a 5 —10 m in infusion o f  
10 /zg/m in histam ine fem oral venous flo w  decreased, however, from  5.3 ^ 2 .5  
to  3 .7 ^ 2 .!  m l/m in. System ic arterial pressure dropped in th ese anim als b y
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Table IV
Effect o f histamine and bradykinin on LDH activities in tissue flu id  and lymph (ml’/ml ;S.D.)

N
Infusion 
ml/min

Lym ph
Tissue fluid

Plasma
Shank Paw

—30—0 0— 30 30—60 60—90 90— 120 —60—0 60— 120 —60—0 60— 120 —30 120

minutes minutes minutes

Control 7 0.05 212 259 249 251 258 301 259 48 38

S.D. 115 102 74 95 110 78 92 17 16

H istam ine 2.5 f t " / m in 6 0.05 297 278 298 259 321 395 338 45 36

S.D. 70 70 126 92 101 29 81 27 15

B rad y k in in  0.4 /tg /m in3 7 0.05 172 156 105 94 85 357 378 57 40

S.D. 117 97 43 45 40 247 236 35 14

Control 6 0.5 129 171 150 140 152 250 235 39 23

S.D. 40 65 51 52 50 95 119 9 6

H istam ine  2.5 ^g /m in 7 0.5 153 124 158 203 327 296 292 37 27

S.D. 44 49 38 63 210 102 95 9 10

H istam ine 10 /ig /m in 8 0.5 172 154 284 486
Оо

207 313 29 38

S.D. 82 58 126 229 98 68 105 14 16

Phenoxybenzam ine -f- H istam ine 8 0.5 135 169 175 192 208 271 293 414 387 40 30

S.D. 72 93 93 111 96 130 109 106 203 16 14

B radyk in in  0.4 ftg /m in 6 0.5 239 191 296 345 416 268 284 438 445 44 40

S.D. 156 155 177 184 177 157 158 81 132 20 20

B radyk in in  0.4 //g /m ina 7 0.5 217 189 150 107 130 291 207 426 207 44 40

S.D. 90 95 38 58 108 120 94 81 91 20 20

64 181 280 39

49 40 11

a A nim als w ith  h igh ly m p h  flow  ra tes
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Table V

Lym phatic L D H  f lu x e s  
m U jm in

N Infusion 
m l/m in

— 30—0 90— 120 m in

C ontrol 7 0.05 1 .45± 0 .48 0.78* ± 0 .1 7

H istam in e  2.5 /xg/inin 6 0.05 2 .2 9 ± 0 .0 7 4 .1 7 * * ± 0 .3 0
B rad y k in in  0.4 /xg/mina 7 0.05 1 .3 9 ± 0 .1 7 2 .8 9 * * ± 0 .2 1
C ontrol 6 0.5 0 .9 9 ± 0 .1 5 1.04 ± 0 .1 6
H istam ine  2.5 /xg/min 7 0.5 1 .36± 0 .12 2.18* ± 0 .7 8

H istam ine  10 /xg/min 

Phenoxybenzam ine  ±

8 0.5 1 .30± 0 .29 6 .1 8 * * ± 0 .3 7

H istam ine 10 /xg/min 8 0.5 1 .3 3 ± 0 .3 6 1.88* ± 0 .6 7
B rad y k in in  0.4 /xg/min 6 0.5 1 .27± 0 .28 1.60* ± 0 .6 0

B rad y k in in  0.4 /xg/mina 7 0.5 1 .32± 0 .23 4 .3 7 * * ± 0 .3 2

62 1 .32± 0 .15

Significant changes co m p ared  to  preinfusion  p e rio d  

* Anim als w ith  h igh  ly m p h  flow  ra tes

* p <  0.05
** p  <  0 .0 1 -0 .0 0 1

2 4 .4 ^ 1 0 .7  m m H g and there was no sign ificant change in local vascular resis­
ta n ce . Accordingly, th e  decrease o f flow  w as largely due to the dim inished  
d riv in g  force. H yp oten sion  is usually associated  with an increased reflex  
sym pathoadrenal discharge and histam ine m igh t also cause a direct release o f  
catecholam ines [9]. W hen histam ine w as in fused  sim ultaneously w ith  cate­
cholam ines into the dog brachial artery, oedem a form ation and increased  
ly m p h  flow  were greatly reduced and lym p h atic  protein concentration did not 
increase significantly. Phentolam ine failed to  prevent the antagonism  o f cate­
cholam ines and h istam ine [10]. In the present study sym pathetic «-receptor  
blockade by phenoxybenzam ine did not in fluence the action o f  histam ine. 
T h is is consistent w ith  th e  assum ption th a t  catecholam ines antagonize the  
action  of locally infused histam ine independent of «-receptor a c tiv ity  [10].

Bradykinin infused in to  canine forelim bs perfused at con stan t inflow  
w ith  autologous blood from  haemorrhaged anim als failed to increase lym ph  
p rotein  concentration or to  produce v isib le  signs o f oedem a form ation [8]. 
T h is antagonistic effect w as attributed to  substance(s) in the blood liberated  
b y  haemorrhage w hich antagonized the action  o f bradykinin on th e  micro- 
vascu lar membrane. I t  w as actually show n th a t some vasoactive agents, e.g. 
catecholam ines [14], vasopressin , serotonine, m éthylprednisolone [12] possess 
th e  unique ab ility  to  prevent the increase in  protein efflux b y  bradykinin. 
T h e lack of action o f bradykinin observed in  som e animals sim ilarly as in  the
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Table VI

Effect o f histamine and bradykinin on GOT activities in lymph and tissue flu id

N
Infusion
ml/min

Lym ph
Tissue fluid 

Shank
Plasma

— 30—0 0—30 30—60 60—90 90—120 —60—0 60— 120 —30 120

minutes min min

Control 7 0.05 36 34 36 38 46 20 32 21 26

S.D. 17 12 13 11 16 14 16 12 16

H istam ine  2.5 [ig 6 0.05 23 23 28 29 29 25 36 19 27

S.D. 15 16 15 15 13 13 11 13 16

B rad y k in in  0.4 fig 7 0.05 18 16 16 16 18 19 28 13 16

S.D. 14 6 7 8 9 4 11 4 7

Control 6 0.5 14 16 15 13 15 15 19 9 12

S.D. 9 10 9 5 12 6 6 7 9

H istam ine  2.5 fig 7 0.5 17 12 13 11 16 14 16 12 16

S.D. 10 8 9 9 14 7 8 9 9

H istam ine  10 fig 8 0.5 15 16 16 21 CO О * 16 25* 17 21

S.D. 7 9 10 14 13 8 9 4 7

Phenoxybenzam ine +  H istam ine 10 fig 8 0.5 26 20 27 27 30 21 27 20 26
S.D. 16 13 18 19 17 12 24 15 21

B radyk in in  0.4 fig 6 0.5 33 37 34 32 30 33 37 23 28

S.D. 23 13 19 30 26 26 20 14 18

B rad y k in in  0.4 fig 7 0.5 20 24 24 23 28 31 35 19 25
S.D t 14 20 18 17 23 19 25 15 22

* S ignificant difference (p <  0.05) com pared to  th e  preinfusion  sam ples
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h ista m in e  infusion experim ents m ight be due to  som e o f the above substances  
being lib erated  as a result o f  hypotension  induced by infusion o f  the tw o  
agents.

O n th e  other hand, th e  observations support our previously expressed  
op in ion  th a t  subcutaneous tissu e  flu id  consists at least o f tw o com partm ents. 
U nder norm al conditions the concentration  o f m acrom olecules, both  o f  tissue  
origin  (L D H ) and of those escap ing from the m icrovasculature (plasm a pro­
te in s), is  higher in tissue flu id  th a n  in lym ph. A diffuse tissue injury induced  
b y  isch a em ia  or burning leads to  a m assive release of cellular proteins includ­
ing in tracellu lar enzymes. The best indicator o f  th is process is the change of 
L D H  a c t iv ity  in tissue flu id  and lym ph [18]. After 4 h o f  lim b ischaem ia  
L D H  a c t iv ity  in the regional lym ph increased, e.g. from 2 0 0 + 4 8  to  3900 +  
+  1870 m U /m l, at the same tim e tissue fluid a c tiv ity  increased from  4 0 0 + 4 0  to  
36,300  +  11,500 mU/ml [18]. Therm al or ischaem ic trauma leads also to  v as­
cular in ju ry . This is reflected  b y  the increased protein concentration  both  
in  tissu e  flu id  and lym ph and the disappearance of the difference in  protein  
con cen tra tion  between the tw o  flu ids [17, 18]. In  the present experim ents 
in tra-arteria lly  infused bradykin in  and histam ine failed to  cause diffuse tissue 
in ju ry . T issue fluid LD H  a c tiv ity , w ith  the exception  of a single experim ental 
group, did not change sign ifican tly . On the other hand, in  all 4 experim ents 
w here bradykinin and h istam ine failed to  affect sign ificantly lym ph flow  
th ere  w as a marked increase in  lym phatic L D H . The greatest change was 
ob served  in animals receiving 10 /tg/m in h istam ine. L D H  in the lym ph in­
creased  from  170 to 700 m U /m l and in th is group there was also a m inor in ­
crease in  tissue fluid L D H : from  207 to 303 m U /m l. The release o f  L D H  into  
th e  ly m p h  was markedly augm ented  also in  anim als where bradykinin produced 
an in crease in lymph flow  ra te , however, in  these animals L D H  in  the lym ph  
w as d ilu ted  by the flu id  escaping from the circulation, its concentration  
co n seq u en tly  becoming sign ifican tly  lower th an  before bradykinin adm inistra­
tio n . A t th e  same tim e L D H  in the tissue flu id  samples was not or on ly  m oder­
a te ly  d ilu ted . It is concluded th at the vasoactive agents leaving the micro­
v esse ls  induce a cell injury localized at th e  perivascular in terstitia l space. 
T h e resu lts suggest th at o n ly  this perivascular interstitial flu id  is drained 
d irec tly  b y  the lym ph v esse ls  and that lym ph represents essentia lly  recent 
m icrovascular filtrate. The second com partm ent o f the interstitia l flu id  rinsing 
th e  cells and the connective tissue fibres is parallelly coupled w ith  the first 
an d  seem s to be in exchange w ith  it. This conclusion is supported also b y  the  
o p p o s ite ly  directed changes in  tissue flu id  and lym ph protein concentrations. 
On th e  other hand, the correlation betw een lym phatic and tissue flu id  concen­
tr a tio n  changes suggests a ready exchange betw een the tw o com partm ents. 
T h e in terstitia l m atrix seem s, however, to  offer a substantial resistance to  
b u lk  f lo w  and to m acrom olecular diffusion. This is reflected by the concentra-
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tio n  gradient o f proteins o f  cellular origin w hich m ay be quite considerable if  
their  release is enhanced b y  tissue injury or by the action o f vasoactive  sub­
stances and by the lack o f concentration  equilibrium o f extravascular plasm a  
proteins betw een tissue flu id  and lym ph.
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EFFECT OF SYMPATHOMIMETIC DRUGS 
(EPINEPHRINE, DOPAMINE, ISOPROTERENOL AND 

EPHEDRINE) ON GLUCOSE CONSUMPTION AND 
GLYCOGEN CONTENT OF T E T R A H Y M E N A

Zsuzsa D a r v a s , G. C s a b a  and Valéria L á s z l ó

D EPA R T M E N T O F BIO LO GY , SEM M ELW EIS U N IV ER SITY  M EDICAL SCHOOL, 
BU DA PEST

(R eceived  Ju n e  26, 1981)

E p in ep h rin e , d o p am in e  a n d  iso p ro te ren o l (1 0 -3  M) s tim u la te d  g lucose  consum p­
t io n  of Tetrahym ena  o f  th e  G L s tra in , while ephed rin e  was w ith o u t e ffec t. E p in ep h rin e  
(1 0 -e  M) in creased  g lycogen  c o n te n t in  th e  absence of exogenous g lucose, th e  o th er 
d ru g s  n o t h a v in g  su ch  a n  effect. H ow ever, in  th e  p resence of glucose, g ly co g en  c o n ten t 
w as increased  to  th e  sam e e x te n t  a f te r  a d d itio n  of th e  d rugs w ith  th e  ex cep tio n  of 
ep in ep h rin e , th e  e ffec t o f w hich  w as less p ro n o u n ced .

The protozoon Tetrahym ena  contains several horm ones [1, 14, 16, 17] 
and it  responds to  several other horm ones as well which are present in higher 
organism s only [2, 3]. I ts  glucose m etabolism  is influenced by epinephrine [7] 
and insulin  [6] both o f  which are present in  th is protozoon, the phagocytotic  
ability  is influenced b y  histam ine and serotonin [8], the latter substance being  
present in  cell division is affected by thyroxine and its precursors [10], and 
R N A  synthesis is influenced b y  steroid hormones [11], b y  polypeptide hor­
m ones o f  the hypophysis [12], and b y  various plant horm ones as w ell [13]. 
The ab ility  of the receptors to  select seem s to  be very specific, although over­
lappings do occur. This organism  can differentiate histam ine and serotonin  
from its derivatives w hen assessed by m easuring phagocytosis in d ex  [9] 
and thyroxin  from its precursors as shown by determ ination o f cell d iv ision  [10].

The present experim ents were designed to  study the effect o f epinephrine  
and o f other sym pathom im etic drugs on the glucose m etabolism  o f  Tetra­
hym ena , and to obtain  inform ation about the differentiating ab ility  o f the  
receptors in  this organism .

Materials and Methods

T w o day s-o ld -(ex p o n en tia l phase) Tetrahym ena p y r ifo rm is  cu ltu res  from  th e  G L  s tra in , 
in cu b a ted  in  1 %  try p to n  (D ifco , M ichigan) a n d  l ° /oe y e a s t e x tra c t  a t  28 °C, w ere u se d  in  th e  
e x p erim en ts .

I n  o rd er to  s ta rv e  th e  cu ltu res  th e y  were k e p t in  L osina  physio log ical sa lt  so lu tio n  for 
24 h o u rs  p rio r  to  th e  ex p erim en ts .
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1. D e te c t io n  o f  g lu co se  m e ta b o lism

T e tr a h y m e n a  cell su sp en sio n s w ere  p laced in to  glucose so lu tio n  (final glucose c o n ce n tra ­
tio n :  100 m g  per 100 ml) d ilu te d  b y  L o sin a  so lu tion  in  th e  ab sen ce  (co n tro l) or in  th e  presence 
o f in c re a s in g  co n cen tra tio n s (1 0 ~ 5— 10-4 —10-3  M) of sy m p a th o m im e tic  d ru g s ( tre a te d  
g ro u p s).

T h e  d rugs used w ere as fo llo w s: dopam ine (F h ik a , S w itz e rlan d ); iso p ro teren o l (F lu k a , 
S w itz e r la n d );  ep inephrine  (R ic h te r ,  B u d ap es t) and  e p h ed rin e  (C hinoin , B u d ap es t) .

H o rm o n e  and glucose w ere  a d d e d  sim ultaneusly  fo r 10 m in u te s . T he ex p erim e n ts  were 
c a rr ie d  o u t  in  groups co n sistin g  o f 10 cu ltu res and  th e y  w ere  re p ea te d  fo u r tim es. T h u s 40 
m e a su re m e n ts  were m ade in  a ll e x p e rim e n ta l groups. D e p ro te in iz a tio n  w as carried  o u t by  
p e rc h lo r ic  acid  a fte r ho rm one, o r g lucose  tre a tm e n t an d  th e  glucose c o n te n t o f th e  su p e rn a ta n t 
w as d e te rm in e d  sp e c tro p h o to m e tr ic a lly  b y  the  B oehringer (M an n h eim ) G O D -Perid  m eth o d . 
G lucose co n su m p tio n  was c a lc u la te d  fo r one T e tra h y m e n a .

2. M e a s u r e m e n t  o f  ch an ges in  g ly c o g e n  co n ten t

T h e  experim en ts w ere c a r r ie d  o u t sim ilarly  to  t h a t  d e sc rib ed  above w ith  th e  ex cep tio n  
t h a t  th e re  were alw ays c u ltu re s  in  th e  h o rm o n e-trea ted  g ro u p s  w hich  w e r e  n o t t r e a te d  w ith  
g luco se . I n  these  cu ltu res w e s tu d ie d  th e  effect of th e  h o rm o n es  (in  L osina  so lu tio n ) on  th e  
a m o u n t  o f  PA S positive  m a te r ia l.  A  fu r th e r  difference w as t h a t  horm ones a n d  glucose were 
n o t  a d d e d  a t  th e  same tim e  in  th is  series, b u t  th e  10-m in g lucose  t re a tm e n t  follow ed horm one 
t r e a tm e n t  b y  20 to  30 or 40 m in . T e tr a h y m e n a  were th e re a f te r  w ashed  ou t fro m  th e  so lu tio n , 
th e y  w ere  fix ed  in  Carnoy so lu tio n  a n d  th e  PA S reac tio n  w as ca rried  ou t th e  in te n s ity  o f w hich 
as w ell a s  i ts  am oun t in  th e  cell w a s  d e te rm in ed  b y  a Zeiss A m p liv a l c y to p h o to m e te r a t  434 nm  
in  th e  sc a n n in g  m ode. T h ir ty  T e tr a h y m e n a  were in v e s tig a te d  in  all ex p erim en ta l g roups. The 
r e s u l ts  a re  expressed in  c y to p h o to m e tr ic  (a rb ito iry ) u n its ,  w hich  w as s ta n d a rd  in  th e  whole 
e x p e r im e n ta l  series.

S ta tis t ic a l  significance of th e  re su lts  was e s tim a te d  b y  th e  S tu d e n t’s t  te s t  in  b o th  
e x p e r im e n ta l  series.

R esults and D iscussion

Significant effect on glucose consum ption o f Tetrahym ena  was achieved  
b y  th e  drugs at a concentration  o f 10~3 M (Fig. 1). Lower concentrations of the 
drugs were also effective, but they  were not sta tistica lly  significant (the 
e ffec tiv e  concentration is v ery  high as far as th e  m am m als are concerned, 
h o w ev er , the m am m alian doses are not valid  for the Tetrahymena). After 
epinephrine, dopamine and isoproterenol treatm ent Tetrahym ena  consumed  
8 to  10 tim es more glucose than  under control conditions, while ephedrine 
cau sed  on ly  mild e levation  o f  glucose uptake w hich  did not prove to be sta tis­
t ic a lly  significant. These resu lts agree well w ith  previous data obtained in  
P la n a ria  [4], where epinephrine and dopam ine proved to be the m ost potent 
and ephedrine the less a c tiv e  sym pathom im etic agent. As far as the difference 
b etw een  the action o f epinephrine and ephedrine is concerned, th ey  are similar 
to  th e  sequence observed in  the human [15]. I t  m ay be assum ed th at the 
epinephrine precursor dopam ine is a “ more im portant horm one” than  epi­
nephrine itself on the low  level of phylogenesis. This assum ption has been 
p u t forward in previous experim ents [4].

Glucose consum ption was significantly influenced  by the highest drug 
concentration  only, w hile th e  lowest hormone concentration  (10~ 6 M) exerted  
a sta tistica lly  significant effect on the am ount o f  PA S positive m aterial. The
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Fig. 1. G lucose co n sum ption  o f Tetrahym ena  in  th e  p resence of 10-3  M sy m p a th o m im e tic
drugs

possib ility  exists th at th e  sen sitiv ity  o f  the tw o m ethods differs considerably, 
or also th a t the horm ones in physiological concentration in fluence primarily 
endogenous process rather than  exogenous glucose uptake itself. T his sugges­
tion  is confirm ed b y  the present finding th at the glycogen con ten ts o f  Tetra­
hym ena  incubated in the absence o f  exogenous glucose increased sign ificantly  
after epinephrine treatm ent for 20 m in indicating endogenous g lycogen  syn­
thesis from  endogenous glucose sources (Fig. 2).

p<

Fig. 2. T h e  change of g lycogen c o n te n t o f Tetrahym ena  a f te r  20-m in tre a tm e n t b y  sy m p a th o m i­
m etic  d ru g s  in  th e  presence a n d  ab sence  of exogenous glucose. (The m ean  v a lu e  o f P A S  positive

m a te ria l is expressed  fo r one an im al)
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T h e fact that the e ffec t o f  epinephrine in  vertebrates is opposite is not 
a sto n ish in g  since in T etrah ym en a  the effects o f  epinephrine and insulin  on  
g lu cose  m etabolism  are sim ilar [9].

R em arkably enough d u rin g  the 20-m in trea tm en t, on ly  epinephrine  
in creased  cellular glycogen co n ten t, while the o th er sym pathom im etic anal­
ogu es w ere ineffective. A t th e  sam e tim e, these d erivatives increased intracellular 
g ly c o g e n  content in the presen ce  o f exogenous glucose, although to  a much  
sm aller  ex ten t than ep inephrine, and there was no difference between the effects 
o f  ephedrine and that o f  th e  o th er  drugs.

p<

F ig . 3 . T h e  change of glycogen c o n te n t  o f Tetrahymena  a f te r  3 0 -m in  tre a tm e n t b y  sam p a th o - 
m im e tic  d ru g s  in  th e  presence o r a b se n c e  of exogenous g lucose . (T he  m ean  va lue  of th e  a m o u n t 

of PA S p o s it iv e  m a te ria l is expressed  fo r  one an im al)

P <

F ig . 4 . T h e  change of g lycogen  c o n te n t  o f Tetrahymena  a f te r  40 -m in  tre a tm e n t b y  sy m p a th o ­
m im e tic  d ru g s  in  the  presence o r a b se n c e  of exogenous g lucose . (T he  m ean  value of th e  a m o u n t 

of PA S p o s it iv e  m ate ria l is expressed  fo r  one an im al)
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Since epinephrine is present in the Tetrahym ena  under norm al condi­
tio n s [1, 16] it is possible th a t th is hormone regulates glycogen accum ulation . 
T his means that exogenous epinephrine does not act on the membrane receptors  
o f Tetrahymena but rather penetrates into the cell and increases intracellular  
glycogen  content in such a w ay. However, all other drugs are foreign m aterials  
and th ey  can not exert such an intracellular action , however, th ey  stim ulate  
glucose consum ption (uptake) by interaction w ith  mem brane receptors, which  
leads to an increase o f intracellular glycogen content (epinephrine w as also 
able to stim ulate glucose uptake). This suggestion is confirm ed by th e  present 
fin d in g  that during long (30 to  40 min) treatm ent w ith  epinephrine analogues 
th e  glycogen content increased, while at the sam e tim e such a long lasting  
treatm en t w ith epinephrine caused a decrease o f  glycogen accum ulation  
(F igs 3 and 4). It is possible th a t the analogues, as foreign substances, need  
longer tim e for the stim ulation  o f glycogen synthesis than epinephrine does.

In conclusion the present experim ents dem onstrate th at epinephrine  
stim ulates both glucose consum ption and glycogen accum ulation in th e  T etra­
hym ena. Glucose uptake is stim ulated  only by high hormone concentrations, 
w hile glycogen accum ulation is increased by lower concentrations as w ell.

As far as glucose consum ption is concerned Tetrahym ena  can not differ­
en tia te  betw een epinephrine, dopamine and isopreterenol, but the organism  
is insensitive to ephedrine. H ow ever, there are large differences betw een  the  
effects o f epinephrine and its  analogues as far as the endogenous g lu co se-  
glycogen  transform ation is concerned, th is differences being m uch less pro­
nounced if  exogenous glucose is also present.
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ASSUMED, ROLE OF L-ARGININE IN 
MOBILIZATION OF ENDOGENOUS FORMALDEHYDE

A. C s i b a , 1 L. T r é z l ,2 E. T y i i i á k , 3 H e d v ig  G r ä b e r , 1 É v a  V á r i , 1 G . T é g l á s 4
a n d  I. R u s z n á k 2

M UN ICIPAL H O SPITA L P Ê T E R F Y ,’ D E PA R T M E N T  O F O RGANIC CHEMICAL TECHN O LO GY , 
TECHN ICA L U N IV E R S IT Y  O F B U D A PEST,5 R ESEA R C H  IN ST IT U T E  FOR M EDICINAL P IA N T S , 

BU DA K ALÁSZ’ AND CHEM ICAL W O R K S  G. R IC H T E R  CO., LT D .,' BUDAPEST

(R eceived  M arch  31, 1981)

I t  is a ssum ed  t h a t  th e  n o rm al fo rm ald eh y d e  eq u ilib riu m  in  th e  o r '—wism is 
governed  b y  a  b iological co n tro l m ech an ism , w h ich  is th o u g h t to  be closely  c o n n ec ted  
w ith  1-arginine an d  in d ire c tly  w ith  th e  a rg in ase  enzym e. A rginine r e a c ts  w ith  
fo rm ald eh y d e  in  a sp o n tan eo u s  eq u ilib riu m  re a c tio n  yield ing  m eth y lo l d e r iv a tiv e s , 
th u s  m obilizing! fo rm ald eh y d e . T he m eth y lo l d e r iv a tiv e s  of a rg in ine  w ere fo u n d  in  
se ru m  and  u r in e ; th ey  seem  to  h av e  a n  in h ib ito ry  effect on cell p ro life ra tio n .

In biological system s, N e-m ethylated  lysine derivatives m ay be p resen t 
in free and bound forms [2, 12]. M ethyl groups com e partly from m eth ion in e  
[1, 11]. In  the presence o f m ethionine adenosyl transferase (EC 2 .5 .1 .6 .) and  
A TP, L-m ethionine is transform ed into S-adenosyl-m ethionine w hich  
contains a high energy m ethyl-sulphonium  group. The latter com pound is  
able to  m ethylate lysine in  the presence o f  m ethyltransferases. A t th e  sam e  
tim e, S-adenosyl-m ethionine, after losing a m eth y l group, is transform ed into  
S-adenosyl-liom ocysteine. Though m ethionine p lays a fundam ental role in  
m éth ylation  processes, it  is formed b y  m éthylation  of hom ocysteine. The  
m ethylating  agent in th is reaction is N 5-m ethyl-tetrahydrofolate.

In biological system s a “ pool” o f  Cx m eth y l groups has a basic sign ifi­
cance. N e-m ethyl-lysine-oxidase catalyse the decom position of N £-m onom ethyl- 
L-lysine to L-lysine and form aldehyde. The resulting endogenous form aldehyde, 
i f  it  is in  excess, m ay hyperm ethylate nucleinic acids and histonic proteins  
beside the direct enzym atic transm ethylation . Several concepts are know n in  
connection  o f biological m éthylation  and m alignant cell proliferation [15, 4 , 
9 ]. Form ation o f endogenous form aldehyde, w hich can have a purely chem ical, 
enzym atica lly  not supported, m ethylating  effect, can take place from  nitro- 
sam ines as well. This reaction is catalysed  by N -dem ethylase [16, 3]. E n viron ­
m ental factors like viral infections also have an influence on the form ation  
o f form aldehyde in  vivo  [5].

It seems th a t there ex ists som e m echanism  th at controls the en zym atic  
and chem ical (v ia  form aldehyde) m éthylation  processes so that these rem ain  
w ith in  norm al lim its . H yperm éthylation  can take place because o f  som e defect
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in  th e  controlling system . There seems to  be a m echanism  that prevents the  
accum ulation  o f endogenous form aldehyde. T his mechanism works so th at  
th e  undesirable surplus o f  form aldehyde should react w ith  some form aldehyde- 
acceptor and is elim inated  after having been changed structurally due to  th is  
in teraction . It  is supposed th a t in this respect first arginine and th en  certain

c h 2 o h

n h 2 n h 2 n h - c h 2 o h N  — C H 2 O H

XzII
-o

c = n - c h 2 o h c = n - c h 2 o h c = n - c h 2 o h

L L  H C H ° . N i l  H C H 0 '
1

N H

t C H 2 >3I C H 2 ) 3

1
( C H 2) 3

1
( C H 2 ) 3

H - C - N H 3 H - C - N H 3 H - C - N H 3 
1 J

H - C - N H 3 
1 J

C O O * c o o " c o o " c o o "

1 11 I II IV

F ig . 1. Schem e of th e  h y d ro x y m é th y la tio n  re a c tio n  b e tw e e n  L-arginine an d  fo rm ald eh y d e

m obile com pounds, e .g . cysteine or g lu tath ione containing thiol groups, and  
th e  form aldehyde-reducing ascorbinic acid shou ld  be taken into consideration. 
The guanidino groups o f  arginine react rapid ly  w ith  form aldehyde. The rate o f  
th is  reaction is higher th an  th a t of any other reaction  o f form aldehyde taking  
place in  biological system s. The ability o f  arginine to  bind form aldehyde makes 
it  possible to  m obilize form aldehyde in the form  connected to arginine. The 
product o f th is in teraction  is the m ethylol derivative  o f  arginine. The m eth ylo l 
structure is a w eak chem ical bond, th a t is easily  split by environm ental 
changes to  arginine and form aldehyde [13].

The experim ental section  o f the present paper deals w ith the h yd roxy­
m éth y la tion  reaction betw een  arginine and form aldehyde. The arginine shows 
great affin ity  towards form aldehyde. A general idea o f how this spontaneous 
reaction  takes place is g iven  in  Fig. 1.

W e believe th a t hydroxym éthylation  tak es place first on the im ino  
part o f  the guanidino group and then on the prim ary amino group. The ratio  
o f th e  products depends on pH ; the less it  is, th e  more the equilibrium  shifts 
to  the left. The m eth y lo l structure was proven  by NMR —  spectroscopy. 
The m ethylol derivatives o f  arginine were d etected  from both urine and 
blood [14].

In our experim ents the rate of reaction  was studied under physiologic  
conditions o f pH  and ionic strength, at d ifferent initial concentrations.

The rate constant and the order o f  th e  reaction  were calculated.
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M aterials and Methods

M aterials used :
— L-arginine, a .l t .  (R e a n a l, B u d ap es t)
— fo rm aldehyde , 3 5 %  a q u eo u s  so lu tion  (R ean a l, B u d a p es t)
— Sephadex  G-15 (P h a rm a c ia , U p p sala )
— p h o sp h a te-b u ffe r acco rd in g  to  Sorensen p H  7.34; 1.82 g K H 2P 0 4 d ilu te d  to  1000 ml 

in  9.50 g N a 2H P 0 4 • 2 H 20  d istilled  w ater.
F o rm a tio n  of th e  m e th y lo l d e riv a tiv e s  of a rg in ine  w as s tu d ied  u s in g  th e  d ifferen tia l 

sp e c tro p h o to m etric  m eth o d  w ith  a d e u te riu m  lam p  as l ig h t source a t  a w ave le n g th  of 220 nm . 
T h is m eth o d  was chosen b ecau se  i t  allow ed to  s tu d y  th e  course o f th e  re a c tio n  while o th er 
m eth o d s , w hich d e te rm in e  th e  a m o u n t o f th e  residue, e.g . specific  re ag e n ts  fo r fo rm aldehyde  
or th e  guanid ino  g ro u p , g ive  in d ire c t resu lts .

Results

First, a m ixture o f  m ono, di- and trim ethylol arginine w as prepared. 
3.0 mM arginine was d issolved  in  4.0 ml o f a solution o f 5% form aldehyde and 
95%  buffer and the m ixture w as kept in a closed vessel at 27 °C for 24 hours.

Then 3.0 ml o f  th e  m ixture was applied to  a Sephadex G-15 column 
equilibrated with d istilled  w ater and was eluted w ith  distilled  w ater. 10 ml 
fractions were collected  and analysed spectrophotom etrically. Spectrally  
responsive fractions appeared from 70 m l on. The first com pounds to  come 
dow n from the colum n were tri-, di- and m onom ethylol arginine, w hich have  
m olecular weights greater th an  th at o f arginine. I t  was know n from  preparatory 
tests  th at arginine w as to  appear in the 12th while form aldehyde in  the 17th 
fraction . Thus fractions 7— 11 were com bined and dried at room  tem perature 
to  y ield  a white crystalline m ixture o f mono-, di- and trim eth y lo l arginine.

D ata concerning reaction kinetics o f the hydroxym éthylation o f  arginine

The reaction can be exam ined quantitatively  b y  differential spectro­
photom etry. E xam inations were carried out under physiological conditions 
(pH  7.38; room tem perature). R eaction m ixtures contained form aldehyde in 
excess; the absolute concentration  was 0.5% . As form aldehyde can not be 
characterized spectrally in  th e  U V  range, the first step concerning kinetics 
w as to measure the relative extinction  o f a 1:1 m ixture o f 1.0 mmol/1 arginine 
and 1-0% form aldehyde solutions against a reference arginine solution  o f
0.5 mmol/1 concentration and to  exam ine the change o f  extin ction  during the  
reaction.

The graphs in F ig. 2 suggest that absorbancy is proportional to  concen­
tration  at the wave length  o f  220 nm. As form aldehyde was in excess in the  
system , the rate o f the reaction  can be modelled w ith  first order kinetics.

To determine the rate constant, four reaction m ixtures 4 .0  m l each o f  
different initial concentrations were studied at room tem perature. The initial
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F ig . 2 . S p e c tra l track in g  of th e  fo rm a tio n  of m eth y lo l-arg in ine. C ond itions: ro o m  tem p e ra tu re , 
p H  7 .3 8 ; co n cen tra tio n  of a rg in in e  =  0.5 mmol/1. S pecord  U V —V IS  (Zeiss) ty p e  sp ec tro ­

p h o to m e te r .  1. 4 m in ; 2. 8 m in ; 3. 12 m in; 4. 16 m in ; 5. 20 m in ; 6. 24 m in ; 7. 60 m in

concentrations o f arginine and  form aldehyde were 1.0—-166.7; 0.75— 166.7;
0 .5 0 — 166.7 and 0.25— 166.7 mmol/1, respectively. The value o f  166.7 mmol/1 
corresponds to  0.5% . C oncentrations of arginine in  th e  reference sam ples were 
eq u a l to  the initial concentrations o f arginine in  th e  four reaction m ixtures.

F igure 3 shows th e  change o f  extinction during the reactions correspond­
in g  to  different in itial arginine concentrations.

I t  can be seen from  F ig . 3, that the higher th e  original concentration, 
th e  m ore steeply the curves start. This m eans th a t the rate o f  reaction is 
proportional to the con cen tration  of arginine.

T h e rate constant o f  a fir st order reaction  is g iven  b y  th e  expression,

k =
1

t
In { A ) o  ,

(A )o -  X  ’
(1), where in  our case

к =  rate constant (m in -1 );
(A ) 0 =  initial concentration  o f arginine, mmol/1;

X  =  concentration o f  arginine at “ t ” tim e, mmol/1; 
t =  tim e of the reaction , min.

T he above formula can be transform ed as follow s. I f  E 0 represents the relative  
e x tin c tio n  of the in itia l reaction  m ixture and E œ represents the relative  
e x tin c tio n  when the reaction  is com plete th en  E 0— E œ is proportional to the
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in itia l concentration , i.e . (A ) 0 =  b(E 0— E«,). T his is how much th e  relative  
extinction  changes before the hydroxym éthylation  had reached equilibrium . 
In  the above equation  b =  constant. If, at a particular “ t”  tim e, th e  relative  
extinction  o f th e  solution  is E , then the concentration  of arginine reacted  so 
far can be expressed as: X  =  b(E 0— E).

Substitu ting the above expressions in to  (1) we get

к  =  —  In -E ° ~  Em- ; (2), where
t E —

к =  rate constant (m in-1 );
E 0 =  relative extin ction  at t =  0 (zero in  our case);
E „о =  extinction(s) in  equilibrium;
E  =  extinction(s) a t “ t ”  tim e; 
t =  tim e o f reaction  (m in-1).

On the basis o f  equation (2), reaction rate con stan ts corresponding to  0.25 
and 0.50 mmol/1 concentrations of arginine w ere determ ined graphically from  
curves 1 and 2, o f  F ig. 3 (where equilibrium  is represented b yjh orizon ta lly  
ending curves).

F ig . 3. T im e d ep en d en ce  of h y d ro x y m é th y la tio n  of a rg in in e  a t  d ifferen t in itia l c o n ce n tra tio n s . 
Specord  U V —V IS  (Zeiss) sp ec tro p h o to m ete r. W a v e le n g th :  220 nm . C oncentrations o f  a rg in in e : 

1. 0.25 m mol/1; 2. 0.50 mmol/1; 3. 0.75 m m ol/1; 4. 1.00 mmol/1
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F ig . 4 . D iag ram  used to  d e te rm in e  th e  ra te  c o n s ta n t. D a ta  derived  from  cu rv es 1 a n d  2 of
Fig. 3

In E 0 — — values w ere calculated and p lotted  against tim e to  yield  
E  — E„

stra ig h t line(s). The rate con stan t was determ ined from the slope o f  th e  line(s). 
T he fa c t o f linearity is another evidence o f  th e  first order reaction (F ig . 4).

tg  a  o f  the above line(s) is: t g a  =  —  =  0.035; and the calculated rate constant:
к

к  =  28 .57  m in-1 .

Discussion

Our concept o f  the m echanism  of th e  hydroxym éthylation  o f arginine 
is supported  by the fact th a t its  aqueous solution  is neutral. This is on ly  possible  
i f  th e  tw in  ion form o f the m olecular structure remains unchanged, i.e . there 
is n o  free primary am ine on th e  guanidino group; otherwise the so lu tion  would  
be b asic . The fact th a t th e  a-am ino group rem ained intact was show n us by  
th e  p o s it iv ity  of the n inhydrine test. Form aldehyde, mobilized in  th e  form  o f  
hyd roxym eth y la ted  arginine which is present in  b oth  blood and urine, can  have  
access to  cell com ponents i t  could not a tta in  spontaneously. In th is  respect 
m ethylol-argin ine can be regarded as a form aldehyde donor. The m ethylol- 
d er iv a tiv e  o f arginine can th u s bring form aldehyde into a biologically effective  
s ta te  (biophase) that it  otherw ise could not reach, being hindered b y  various 
barriers. Under given ion ic strength  and pH  conditions, the m ethylo l deriva­
t iv e  is lik ely  to be in equilibrium  with the concentration  of intact arginine and 
free form aldehyde in  th e  system . In our m odel, the endogenous or exogenous  
accu m u lation  of arginine in  a biological system  w ould result in a decrease o f  
the free endogenous form aldehyde concentration  or in an increase o f  the  
m ethylo l-derivative o f  arginine. A decrease o f  arginine would cause th e  am ount
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o f free endogenous form aldehyde to  increase or th a t o f the m ethylol d erivative  
to  decrease. In  another interpretation th is m eans th at the increase o f  endog­
enous form aldehyde due to some exogenous reason w ill lead to  a decrease of 
the free arginine level and thus a sh ift in  the arginine equilibrium . In  th is  
respect arginine, an amino acid that elim inates form aldehyde, can be regarded  
as a defensive agent. I f  the am ount o f arginine m obilized from th e reserves

Table I

Effect o f  different materials on the activity o f  arginase and methionine-adenosyl transferase

Inhib itors Activators Reference

A rginase E . C. 3.5.3.1. L - o r n i t h i n e ;  Zn2+ ; 
H g2+; L - l y s i n e ;  
Ag+ ; c i t r a t e Mn2+ >  Co2+ >  Fe2+ (7)

M ethionine adenosy ltransferase  
E . C. 2.5.1.6. K + ; N H / ;  R b+ Mg2+ >  Mn2+ >  Zn2+ 

>  Co2+ >  N i2+ (8)

is insufficient to elim inate th e  undesirable surplus of form aldehyde, the 
accum ulation o f endogenous form aldehyde w ill result in hyperm éthylation .

Sum m arizing the above find ings, the control o f endogenous arginine can  
ensure a b iological equilibrium , the desirable level o f  endogenous form aldehyde.

As to  over-, and hyperm éthylation , we suppose that its control is lim ited  
to  the control o f  arginine, and indirectly to  th e  control o f arginase enzym e and  
enzym atic transm ethylation  b y  m ethionine adenosyltransferase. T aking th is 
in to  consideration we m ay state that h yperm éthylation  will be avoided i f  the  
tw o enzym es in  question are inhibited.

Som e o f the know n activators and inhibitors o f arginase and m eth ionine  
adenosyltransferase are listed  in Table I.

In in  vivo  system s, inhibition o f enzym atic m éthylation  is not advisable  
because o f  the side effects o f  the inh ib iting m onovalent ions. As t»  arginase, 
excessive am ounts o f  its activators cause the arginine equilibrium  to  shift 
to lower arginine levels. I f  excessive am ounts o f  Mn2+, Co2+, Fe2+ and Mg2 + 
ions reach the organism from foods and flu id s, th ey  m ay increase m éth y la tion  
to  an undesirable ex ten t. The effect can be counterbalanced by Zn2 + , citrate  
ions and lysine.

Thus if  the ratios o f the above ions and the tw o amino acids ly sin e  and  
arginine are unfavourably shifted, the equilibrium  o f the system  will be upset 
and hyperm éthylation  will take place. As the global am ount of m etal ions can  
be decreased b y  com plex forming substances, m oderate dosage o f  certain  
com plex form ing substances m ight help to  restore the equilibrium o f  the  
corresponding m etal ions.
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A nother possible conclusion is th a t an inhibition o f arginase slow s 
dow n ind irectly  the operation o f the orn ith ine decarboxylase shunt w hich  
originates in  the urea cycle. Polyam ines are know n to play a sign ificant role in  
th e  developm ent o f  certain kinds o f tum our [6]. Inhibition of arginase neight 
resu lt in  a decrease o f  the am ount o f these polyam ines.

Form aldehyde which is always present in  blood and urine, w as observed  
to  disappear in the fin a l phase of cancer [10]. T his is probably a consequence  
b u t i f  i t  were a cause, th en  form aldehyde w ould  have access to  th e  organism  
in  th e  form  o f neutral m ethylol-arginine. T aking into consideration the fact 
th a t arginine derivatives are com plem entary substances to  the cell prolifera­
tio n  stim ulating  trim ethyl-lysine, m ethylol-arginines m ay be regarded as 
inh ib itors o f  cell proliferation. It would be worthwhile to study the effect 
o f arginine and its different m ethylol derivatives on malignant cell prolifera­
tion  in  tissue cultures and animal experim ents.
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DISTINCT EFFECT OF CONTRACTION AND ION 
TRANSPORT ON NADH FLUORESCENCE AND 
LACTATE PRODUCTION IN UTERINE SMOOTH

MUSCLE

G. R u b á n y i, A. Tóth and A. G. B . K ovach

EX PE R IM E N T A L  R ESEA R C H  D EPA RTM EN T AND SECOND IN ST IT U T E  OF PHY SIOLOG Y , 
SEM M ELW EIS U N IV ER SITY  M EDICAL SCHOOL, B U D A PEST

(R eceived  Ju ly  13, 1981)

T he p re sen t s tu d ies  were designed to  m o n ito r  m e tab o lic  p e r tu rb a tio n s  follow ­
in g  changes in  c o n tra c tile  a c t iv ity  and  ion  t ra n s p o r t  in  r a t  a n d  ra b b it  m y o m e triu m  b y  
s im u ltan eo u s  m ea su re m e n t o f N A D H  fluorescence, la c ta te  p ro d u c tio n  a n d  iso m etric  
force. S tim u la tio n  (127 mM  K + ) an d  in h ib itio n  (Ca2+ -d e fic ien t so lu tio n ) o f iso m etric  
force d ev elo p m en t in d u ced  a decrease/increase  o f fluo rescence  in te n s ity  co rresp o n d in g  
to  a  m ore o x id ized /red u ced  s ta te  o f tissue  p y rid in e  n u c leo tid es, re sp ec tiv e ly . I f  ten s io n  
d ev e lo p m en t was ab o lish ed  b y  E G T A , fluorescence changes due  to  a lte re d  io n  tra n s p o r t  
cou ld  be m o n ito red . Slow  p rogressive  s tim u la tio n  of th e  so d iu m  p u m p  b y  Ca2++-d efic ien t 
so lu tio n  re su lted  in  a n  o u ab a in  (10 -3  M) sen sitiv e  m o n ophasic  N A D H  o x id a tio n , 
w hich  w as rev ersed  b y  in h ib itio n  of th e  p u m p  b y  iso to n ic  K + so lu tion . If , how ever, 
s tim u la tio n  of th e  p u m p  w as ra p id  and  m ax im al (a d d itio n  o f 30 mM  KC1 to  N a + - 
lo ad ed  tissu es) th e  fluorescence response w as tr ip h a s ic  a n d  o u ab ain  sen sitiv e : i t  co n ­
sis te d  of a n  in it ia l  N A D  re d u c tio n  follow ed b y  a t ra n s ie n t  N A D H  o x id a tio n  a n d  a 
second  slow  N A D  re d u c tio n . T hese fluorescence changes a re  in te rp re te d  in  te rm s  of 
se p a ra te  re d o x  changes in  th e  cy to p lasm  a n d  m ito c h o n d ria . T he o u a b a in  sensitive  
s tim u la tio n  or in h ib itio n  of N a/ К  tra n s p o r t  w as a lw ay s acco m p an ied  b y  p a ra lle l 
changes in  u te rin e  la c ta te  p ro d u c tio n  irresp ec tiv e  o f th e  a c tu a l  c o n trac tile  s ta te  o f th e  
m y o m etriu m . T he p re se n t tre su lts  show  t h a t  1 fluo rescence  tech n iq u e  c an  be ap p lied  
to  m o n ito r  m etab o lic  p e r tu rb a tio n s  in  th e  u te ru s  ev o k ed  b y  changes in  c o n tra c t i­
l i ty  o r io n  tra n s p o r t;  a n d  2 aerob ic  glycolysis a n d  N a/ К  t ra n s p o r t  are t ig h t ly  coup led  
in  th e  m y o m etriu m .

Ion transport and contractile a ctiv ity  are dependent on m etabolic  
energy derived from both  ox id ative and g lycolytic ATP productions in  the rat 
m yom etrium  [17, 24]. Previous observations suggested  that there was a 
difference betw een the sources providing A TP for ion  transport and contrac­
tion in sm ooth m uscle, but the data are controversial. B ueduvg et al. [2] 
argued th at g lycolytica lly  generated ATP is more readily available to  the  
contractile m echanism  in the guinea pig taenia coli. In  contrast, G lück and  
Paul  [12] suggested th a t in  porcine carotid artery aerobic glycolysis is coupled  
to Na/К  transport rather than  to  overall cellular energy dem ands. More 
recently, P aul  et al. [22] presented evidence th at in the porcine coronary 
artery oxygen  consum ption bears little  relation to  N a/К  transport even  though  
it is strongly associated w ith  increases in isom etric force, and that aerobic 
glycolysis and Na/К  transport are tigh tly  coupled in  th is tissue. Studying the
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effect o f  ionic environm ent on 0 2 uptake and lacta te  production in  the rat 
m yom etrium , K roeger  [17] found that the activation  o f the ion  pum p and 
con tractile  m echanisms caused  strictly  parallel changes in  the rate o f  ox idative  
and g lyco ly tic  processes. T hus a distinction  betw een various energy sources 
p rov id in g  ATP for ion transport and contraction in the m yom etrium  rem ained  
to  he elucidated.

I n  vivo  surface flu orom etry  proved to  he a valuable too l for nondestruc­
t iv e  k in etic  readout o f  cytop lasm ic and m itochondrial redox changes follow ing  
variou s m etabolic perturbations in  skeletal [6, 13, 16, 28] and cardiac m uscles 
[9, 25 , 2 9 ], but there are no reports available on the application o f  th is tech ­
n iq u e in  sm ooth m uscle.

T he present experim ents were carried out on the isolated  rat and rabbit 
uteri and metabolic perturbations following changes o f ion transport and 
contractions were m onitored b y  tissue N A D H  fluorescence and sim ultaneously  
b y  la c ta te  production. E xperim ental conditions were chosen w hich allowed  
to  s tu d y  metabolic consequences o f ion transport independently o f contractions. 
T h e present study provided evidences th at aerobic glycolysis and N a /К  trans­
port are tigh tly  coupled in  th e  m yom etrium  and th a t changes in  fluorescence 
are preferentially associated  w ith  contractile energy dem ands. Cellular redox  
ch an ges associated w ith  ion  transport can be detected  only in  th e  absence  
o f  parallel changes in  isom etric  force developm ent.

M aterials and Methods
P rep a ra tio n  o f  tissue

T w e n ty -d a y  p re g n a n t r a t s  o f  th e  W is ta r  s tra in  (n  =  35) a n d  2 5 -day  p re g n a n t w h ite  
N ew  Z ea la n d  ra b b its  (n  =  7) w ere  k illed  b y  a b low  on th e  h ead , th e ir  u te r in e  ho rn s w ere 
re m o v e d , c u t lo n g itu d in a lly  a lo n g  th e  m eso m etria l b o rd e r a n d  th e  p lac en ta e  a n d  fe tuses w ere 
c a re fu lly  rem oved . L o n g itu d in a l u te r in e  strip s  (25 m m  long  a n d  15 m m  w ide) w ere excised  
a n d  in c u b a te d  e ith e r in  n o rm a l K re b s  so lu tio n  fo r 1 h o u r  (fresh  tissues) o r in  K + -free K re b s  
so lu t io n  a t  4 °C for 18 to  24 h o u rs  (N a+ -rich  tissu es) [24].

Iso m etric  force recording

T h e  tissues were m o u n te d  iso m etrica lly  in  a  special w a te r-jac k e te d  a n d  th e rm o s ta te d  
( 3 7 ± 0 .5  °C) m uscle ch am b er w h ic h  allow ed p a ra lle l m ea su re m e n t of iso m etric  fo rce , N A D H  
flu o re sce n ce  and  la c ta te  p ro d u c tio n  (see below ). T he lo n g itu d in a l u te r in e  s tr ip s  w ere fix ed  
on  a U -sh ap e  p lexy  fram e  b y  8 p in s . T he free u p p e r  edge of th e  m uscle w as c o n n ec ted  to  a  force 
t r a n s d u c e r  via  a p la tin u m  h o o k  a n d  chain . T he fram e  w as f ix e d  to  th e  b o tto m  o f th e  ch am b er. 
S p o n ta n e o u s  and evoked c o n tra c tio n s  w ere reco rd ed  b y  a  G rass F T 0 3 C  force d isp lacem en t 
t r a n s d u c e r  connected  to  a n  a m p lif ie r  an d  a n  E stc rlin e  A ngus rec tilin e r. A  re s tin g  ax ia l ten s io n  
o f 1.0 to  1.5 g was ap p lied  to  a ll u te r in e  s trip s.

F luorom etric  measurements

T issue N A D H  flu o rescen ce  m easu rem en ts  w ere m ad e  using  a  f lu o ro m e te r b asica lly  
s im ila r  to  th a t  in tro d u ced  b y  Ch a n c e  e t  al. [7]. E x c ita t io n  l ig h t w as g en era te d  b y  a 100 W  
a ir-c o o le d  DC m ercury  a rc  la m p  (O SR A M  H B O  100 \Y) a n d  th e  366 n m  u ltra v io le t  e x c ita tio n  
w a v e  le n g th  was filte red  b y  a C orn ing  glass f i lte r  (N o. 5874). T he e x c ita tio n  l ig h t  w as gu ided  
on  th e  m uscle  surface b y  m ea n s  o f  one b ra n ch  of a S c h o tt t r ifu rc a te d  q u a r tz  lig h t p ipe, w hich 
w as p la c e d  in to  th e  m uscle c h a m b e r  th ro u g h  a hole in  th e  w ”  1 m m  fro m  th e  m uscle  surface .
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T he lam p  c u rre n t was e le c tr ica lly  stab ilized  an d  o p tica l feed b ack  co n tro l w as ach ieved  by  
a second q u a r tz  l ig h tp ip e  a n d  a v a c u u m  ph o to d io d e  (H a m a m a tsu , R  330). T he s ta b il i ty  o f th e  
e x c ita tio n  lig h t w as b e tte r  th a n  0 .1 %  a t  366 nm . T he slow DC d r if t  o f th e  lam p  w as less th a n  
0 .2 %  p e r h o u r. F luorescence (F ) a n d  re flec ted  (R ) lig h t w ere gu id ed  by  tw o  fu r th e r  b ranches 
of th e  lig h t p ipe  to  end-w indow  p h o to m u ltip lie rs  (E M I 4524 B ) th ro u g h  an  in te rferen ce  (F ) 
(450 n m ) a n d  a second C orning glass f i lte r  (R ) (366 nm ), re sp ec tiv e ly . T he DC o u tp u ts  o f the  
p h o to tu b e s  w ere am p lified  a n d  reco rd ed  b y  a tw o -ch an n e l E ste rlin e  A ngus rec tilin c r . The 
o p tica l d ifference signal (F  — R  =  co rrec ted  fluorescence (C F)) w as p ro d u ced  fro m  F  a n d  R  
signals a f te r  f i ltra tio n  and  a m p lif ic a tio n  b y  an  e lectron ic  d iffe ren tia l c ircu it. T h e  co rrection  
fa c to r  c w as 1. A lth o u g h  th eo re tic a lly  th is  sim ple co rrec tio n  does n o t allow  a to ta l  com pensa­
tio n  of all “ tissue  d e n s ity ”  a n d  “ m o v em e n t”  a r tifac ts  o rig in a tin g  fro m  th e  specia l d isa d v a n ta ­
geous v iscoelastic  p ro p e rtie s  o f th e  u te rin e  sm oo th  m uscle, th e  CF signal re p re se n ted  m etabolic  
changes, since th e  fluorescence responses were e ith e r m ore pro longed  an d /o r h a d  a d ifferen t 
tim e  course  th a n  th e  iso m etric  force  response.

Since th is  o p tica l te c h n iq u e  req u ired  to ta l  d a rk n ess , th e  m uscle ch am b er w as p laced 
in to  a well in su la ted  b lack  b o x  ( 6 0 x 3 0 x 3 0  cm ) p ro v id ed  b y  v a rio u s  con n ec tio n s in  th e  wall, 
w hich  allow ed gas su p p ly , so lu tio n  exchange, d rug  a d m in is tra tio n  an d  b a th  sam p lin g  during  
th e  e x p erim en ts .

T h e  fluorescence in te n s i ty  o b ta in ed  u n d e r b asa l in cu b a tio n  con d itio n s w as d e lib e ra te ly  
chosen as th e  100%  level, a n d  changes w ere expressed  in p e r  cen ts o f th is  v a lu e .

Lactate production m easurem ent

T issue la c ta te  re lease  w as m easu red  in  a liq u o ts  of to ta l  b a th in g  so lu tio n  (20 m l). Sam ples 
(1.5 m l) w ere period ically  w ith d raw n  fro m  th e  b a th  an d  im m e d ia te ly  frozen  ( — 22 °C) u n til 
assayed  fo r lac tic  acid  b y  th e  e n zy m a tic  m eth o d  d escribed  b y  H o h o rST [15]. T he volum e 
w ith d raw n  w as im m ed ia te ly  rep laced . T he d ilu tio n  effect re su ltin g  from  th is  p ro ced u re  (ab o u t 
7 .8% ) a n d  th e  m ix ing  of d ead  vo lum e in  th e  p o ly e th y len e  sam p lin g  can n u la  (a b o u t 65 pi) 
w ere co rrec ted  as described  b y  P e t e r s o n  an d  P aul [23]. T he c o n tr ib u tio n  of b a c te r ia l c o n ta m ­
in a tio n  to  la c ta te  p ro d u c tio n  w as m in im ized  by  b ac te rio s ta s is . B a th in g  so lu tio n  la c ta te  
co n ce n tra tio n  was m easu red  in  to ta l  la c ta te  p ro d u c tio n  (i.e. la c ta te  in  tissu e  p lu s  b a th )  since 
th is  allow ed serial m easu rem en ts  fro m  a single m uscle in  v a rio u s  con d itio n s, a n d  changes of 
la c ta te  re lease  q u a lita tiv e ly  re fle c t changes in  to ta l  la c ta te  p ro d u c tio n  [19, 23]. P re lim in ary  
e x p erim en ts  rep ea led  th a t  follow ing a n  induced  change in  th e  la c ta te  p ro d u c tio n  r a te ,  th e  ra te  
of a p p ea ran c e  of la c ta te  e x te rn a lly  w as c o n s ta n t in less th a n  15 m in  u n d e r th e  g iven  ex p eri­
m en ta l con d itio n s. L a c ta te  p ro d u c tio n  ra te  w as a lw ays ch arac te rized  b y  s te ad y  s ta te  values 
an d  expressed  as /tm oles • g ram  w et w e ig h t-1 • m in u te -1 . C ontro l m easu rem en ts  in d ica ted  
th a t  b ack g ro u n d  la c ta te  p ro d u c tio n  from  all sources w as less th a n  3 %  of tissu e  ra te s .

Solutions

C om position  of th e  n o rm al physio log ical K reb s — R in g er b ica rb o n a te  b u ffe r  (K R B ) 
in m illim oles pe r l ite r  w as as follow s: N aCl 120, N a H C 0 3 24, KC1 4.6, K H 2P 0 4 1.18, M g S 0 4 
1.18, C aC lj 2.5, D-glucosc 5.5, a n d  in su lin  10 m U /m l. Iso to n ic  (127 m M ) KC1 so lu tio n  (K + — 
K R B ) w as p re p a re d  b y  rep lac in g  iS a ' fo r K + on eq u im o lar basis. K + -d e fic ien t so lu tio n  was 
p re p are d  b y  o m m iting  KC1 a n d  rep lac in g  K H 2P 0 4 fo r N a H 2P 0 4. Ca2+-d efic ien t so lu tion  
was m ade  b y  o m m ittin g  CaCl2 a n d  a d d in g  E G T Ä  (0.5 mM ) to  th e  so lu tio n . All so lu tio n s were 
e q u ilib ra ted  w ith  a gas m ix tu re  o f 9 5 %  0 2 -]- 5%  C 0 2 or 9 5 %  N 2 +  5 %  C 0 2 to  give a p H  
of 7.4.

Chemicals

T he follow ing re ag e n ts  w ere used  in  th e  ex p erim en ts : E G T A  (ethy leneg lyco l-b is) 
/9-amino e th y l e th e r  ( -N ,N '- te tra a c e tic  acid) (Sigm a C hem icals Co.), o u a b a in  (S igm a Chem icals 
Co.), la c tic  d eh ydrogenase , h y d ra z in e  b u ffer and  n ico tin am id e  aden ine  d in u cleo tid e  (N A D ) 
(all fro m  B o ehringer M annheim ).

Statistica l analysis

T he m ean  an d  s ta n d a rd  e rro r o f th e  m ean  ( x i S E )  w ere ca lcu la ted  an d  th e  re su lts  were 
expressed  in  these  te rm s un less o therw ise  n o ted . T he s ta tis t ic a l  d ifference b e tw een  sam ples 
was e s tim a te d  b y  th e  p a ire d  a n d  u n p a ire d  S tu d e n t t te s t,  a n d  was reg ard ed  as s ig n ifican t if  
p ^  0.05.
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Results

Incubation  of rat u terine strips in  Ca2+-deficient solution  caused a pro­
gressive decline of the in ten siv e  spontaneous contractile a c tiv ity  w hich finally  
disappeared  within 10 m in (F ig . 1). The cessation o f isom etric force develop­
m en t w as accompanied b y  a considerable increase o f  fluorescence in tensity  
(- |-1 4 % ) and lactate prod u ction  rate (from 0.26 to  0.48 /nnol • g -1  • m in -1 ) 
(F ig . 1). Replacem ent o f  Ca2 + -deficient solution for isotonic K +-K R B  resulted  
in  an  im m ediate increase o f  isom etric force accom panied b y  a rapid decrease 
o f fluorescence in tensity  (—-11.5%  m ax) and a significant suppression o f lactate  
p rod u ction  rate to 0.06 ^ m ol ■ g -1  • m in-1  (F ig. 2).

T he redox changes o f  u terine pyridine nucleotides follow ing alterations 
o f  isom etric  force developm ent agreed well w ith  previous findings in  skeletal 
[16, 28] and cardiac m uscles [ 8 ] .The aerobic g lycolytic  rate was reported to  be 
lin ea r ly  related to isom etric force in  vascular sm ooth  m uscle [21]. In  this 
stu d y , however, lactate production  rate increased when contractions were

R20%b

CF20% '

TOmin
F ig . 1 . E ffe c t of Ca2+-defic ien t K re b s  so la tio n  on sp o n tan eo u s isom etric  force d ev e lo p m en t (T), 
f lu o rescen ce  (F), reflectance (R ) a n d  co rrec ted  fluorescence (GF) (see M ethods) a n d  r a te  of 
l a c ta te  p ro d u c tio n  in u te rin e  s tr ip  iso la te d  from  a 20-day p re g n a n t r a t .  T he tissu e  w as in cu b a ted  
in  n o rm a l  K rebs solution fo r 1 h  w h en  th e  b a th in g  so lu tio n  was rep laced  b y  Ca2+-defic ien t 
m e d iu m  co n ta in ing  0.5 m M  E G T A  (v e rtic a l line) F , R  a n d  GF increase  a re  d e n o te d  b y  an  
u p w a rd  deflection  of th e  re sp e c tiv e  trac e s  in  th is an d  in  a ll su b seq u en t figu res. T he dashed  
a re a  a t  th e  b o tto m  rep resen ts  s te a d y  s ta te  va lue  of la c ta te  p ro d u c tio n  te  u n d e r b a sa l conditions

and in  Ca2+ -defic ient so lu tio n
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F ig. 2. R eco rd  of iso m etric  force (T ), fluorescence (F ), re flec tan ce  (R ) co rrec ted  fluorescence 
(C F) a n d  s te a d y  s ta te  v a lu e  of la c ta te  p ro d u c tio n  (see F ig . 1) in  a  r a t  u te rin e  s tr ip  p reso ak ed  
in  Ca2+-d efic ien t so lu tion  fo r 30 m in  an d  s tim u la ted  b y  iso to n ic  K + -K reb s so lu tion  a t  th e  tim e 
m ark ed  b y  th e  v e rtica l line . T im e course of th e  fluorescence change  is v e ry  fa s t a f te r  th e  sm all 

s tim u lu s a r t i f a c t  due to  exchange o f th e  b a th in g  so lu tion

abolished in Ca2+-deficient solution and it  decreased when isom etric force 
was increased b y  K  + -K R B . These findings suggest th at the tw o ion ic condi­
tions used to  inhibit and activate uterine contraction  m ight induce changes 
(of opposite direction) in  other energy-requiring cellular process(es) w hich  
masked or even reversed th e  effect of isom etric force on aerobic g lyco ly tic  
rate.

Ca2+-deficient solution  was reported to  cause membrane depolarization  
in the rat m yom etrium  due to  the increase in  mem brane ion perm eability  
prim arily for N a + ions [3, 20]. These perm eability changes m ight have acti­
vated  the coupled N a/К  transport in the present experim ents. This assum ption  
was confirm ed by the find ing  th a t the presence o f  ouabain (10-3  M), a well- 
known inhibitor o f the sodium  pum p, prevented th e  stim ulation o f  lactate  
production by Ca2+-deficient solution (Table I). On the other hand, isotonic  
K + solution  was dem onstrated  to  inhibit N a/К  pum p activ ity  in  th e  rat 
uterus [17] and the sign ificant reduction o f lacta te  production rate m ay have  
been its  consequence (see D iscussion).

To clarify the relations betw een lactate production and N a/К  transport 
on the one hand, and betw een N A D H  fluorescence and the sodium pum p on
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Table I

S tea d y  slate values o f  isometric force ( T ) ,  corrected fluorescence changes (A C F ) and lactate production  
rate ( L P R )  in  the fresh  and N a + -loaded rat m yom etrium  under various ionic conditions and auring

anaerobiosis+

F resh

I o n i c  c o n d i t i o n s

T ( g )
J C F

( p e r  c e n t ) +  + L P R ^ m o l  • g ” 1 • m i n ” 1)K + C a * +

( m M )

1 . 5 . 8 2 . 5 3 . 2 ± 0 . 2 * 0 0 . 3 7 2 ± 0 . 0 2 8

2 . 5 . 8 0 n i l . +  1 5 . 6 ± 2 . 1 §§ 0 . 4 6 9 ± 0 . 0 3 2 §

3 . 5 . 8 0 n i l . +  1 4 . 5 ± 2 . 8 § § 0 . 3 2 8 ± 0 . 0 2 2

- ( -  o u a b a i n

4 . 1 2 7 2 . 5 4 . 9 ± 0 . 3 § - 1 6 . 2 ± 1 . 8 §§ 0 . 0 6 0 ± 0 . 0 3 8 § §

n 2 0 . 6 ± 0 . 2 §§ +  3 1 . 8 ± 2 . 5 §§ 1 . 2 4 0 ± 0 . 0 6 5 §

N a + L oaded

K + C a * +
T ( g )

J C F
( p e r  c e n t ) L P R  ( « m o l  • g - 1 • m i n ”

( m M )

1 . 0 0 0 . 4 ± 0 . 2 0 0 . 2 6 6 ± 0 . 0 1 0

2 . 3 0 0 n i l . t r i p h a s i c * * 0 . 6 4 0 ± 0 . 0 5 2 § §

3 . 3 0 0 n i l . 0 0 . 2 9 5 ± 0 . 0 2 3

+  o u a b a i n

4 . 1 2 7 2 . 5 4 . 3 ± 0 . 3 §§ — 1 4 . 8 ± 2 . 1 § § 0 . 0 5 5 ± 0 . 0 2 4 ^

n 2 n i l . +  3 0 . 5 ± 2 . 2 S 1 . 2 7 7 ± 0 . 0 7 2 ' §

+ M e a n ^ S E  of d a ta  fro m  ex p erim en ts  of 12 fresh  a n d  12 N a+ -loaded r a t  u te r in e  s trip s. 
W ith  th e  excep tion  of o u ab ain  t r e a tm e n t  (which was s tu d ied  in  separate  experim en ts) th e  various 
e x p e r im e n ta l conditions w ere u sed  successively in  each  u te rin e  s trip  a t  ap p ro x im a te ly  30 m in 
in te rv a ls

++ C orrected fluorescence in te n s ity  during  b asa l in cu b a tio n  conditions (f irs t  row  in  each 
p a r t  o f th e  Table) was chosen as th e  100%  level an d  changes were expressed as d ifferences from  
i t  in  p e r  cen ts. A n increase/decrease  of CF in te n sity  is n o ted  b y  a  p lus/m inus sign, respec tive ly  

* M ean am plitude  o f th e  spon taneous isom etric  ten s io n  developm ent 
* * T he ch aracteris tic  tr ip h a s ic  fluorescence response is dem o n stra ted  in  F ig u re  4 
S ta tis tic a l differences b e tw ee n  b asa l (firs t row ) an d  all o ther ex p erim en ta l co n d itions: 

§ p <  0.05; §§ p  <  0.001

th e  o th er  hand, the m etabolism  o f the m yom etrium  was studied  under condi­
tio n s  w hich allowed to  alter the ion transport independently  o f contractile  
a c tiv ity .

Ca2 +-deficient so lu tion  did not alter isom etric force developm ent in  the  
2 5 -d a y  pregnant rabbit m yom etrium , since in  th is muscle spontaneous contrac­
tio n s  are lacking due to  th e  suppressive action  o f the progesterone block [9]. 
T h e rem oval of external Ca2+ induced an increase in lactate production rate 
in  th is  tissue as well (from  0.31 to 0.49 pm ol ■ g -1  • m in -1 ), but caused a de-
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crease o f  fluorescence in ten sity  (— 14.5% ) (F ig. 3). I f  the sodium pum p was then  
inhibited by K + -K R B , w hich did not increase th e  isom etric force due to  the  
absence o f  external Ca2+ and the presence o f  EGTA, m etabolic changes were 
of opposite direction: fluorescence in ten sity  increased and lactate  production  
dropped to  a low  leve l (F ig. 3).

Further experim ental confirm ation o f th e  relationship betw een  ion  
transport and m etabolism  w as achieved by studying  the effect o f  various ionic 
conditions in N a +-loaded tissues. The addition o f  30 mM KC1 to the K + - and 
Ca2+-free K rebs su lotion  (in which N a +-rich rat uterine strips were incubated  
at 37 °C for 1 hour, produced a significant increase in  lactate production  rate 
(from 0.24 to  0.69 /im ol • g -1  • m in -1 ), a transient relaxation and a triphasic  
fluorescence response consisting o f  an in itia l N A D  reduction fo llow ed by a 
transient N A D H  oxidation  and a second slow  N A D  reduction (F ig . 4). These 
changes were m ost probably due to  the stim ulation  o f N a/К  transport since 
rouabain (10- 3 M) prevented  them  (Table I).

The existence o f  the Pasteur effect in  th is tissue was dem onstrated  by  
endcring the m uscle h yp ox ic  b y  equilibrating th e  bath w ith a gas m ixture o f

Fig. 3. R ecord  of iso m etric  ten s io n  (T), fluorescence (F ), re flec tan ce  (R ), co rrec ted  fluo rescence  
(C F) a n d  la c ta te  p ro d u c tio n  (see F ig . 1) in  a 25-day p re g n a n t  ra b b it  u te rin e  s tr ip  d u rin g  a se­
quence of v a rio u s ion ic  co n d itio n s . D ue to  th e  effec tive  p ro g esterone  b lock , sp o n ta n eo u s  
co n trac tile  a c t iv ity  is lack in g . T h e  progressive decrease  o f fluorescence in te n s i ty  in  Ca2+- 
d e fic ien t so lu tio n  (f irs t v e r tic a l  line), co rresponding  to  a m ore  oxid ized  s ta te  of p y rid in e  nucleo ­
tid e s , w as ra p id ly  rev ersed  on rep lac in g  th e  b a th in g  so lu tio n  fo r iso ton ic  K + -K re b s  so lu tion  
co n ta in in g  no Ca2+ a n d  0.5 mM  E G T A  (second v e r tic a l line). T he s ign ifican t s t im u la tio n  of 
la c ta te  p ro d u c tio n  w as in h ib ite d  b y  K + -K reb s so lu tion . N o te  t h a t  all these  m e ta b o lic  changes 

d ev e lo p ed  in  th e  absence of isom etric  force d ev elopm en t
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F ig . 4 . R ecord  of isom etric  fo rce  (T ), fluorescence (F ), re fle c ta n ce  (R ), co rrec ted  fluorescence 
(C F ) a n d  s tead y  sta te  v a lu e  o f  l a c ta te  p ro d u c tio n  r a te  (see leg en d  to  F ig . 1) in  a  N a + -loaded 
r a t  u te r in e  strip  in cu b a ted  in  K + -free  K rebs so lu tio n  a t  4 °C fo r 22 h  an d  su b seq u e n tly  in  
K + -free  a n d  Ca2+-defic ien t K re b s  so lu tio n  a t  37 °C fo r 1 h . A naerobiosis (N a-h y p o x ia  fo r 10 
m in )  in creased  fluorescence in te n s i ty  an d  sign ifican tly  s t im u la te d  th e  la c ta te  p ro d u c tio n  ra te  
(4 .6 -fo ld  increase). S tim u la tio n  o f  th e  N a/К  pum p by  th e  a d d it io n  of 30 mM KC1 to  th e  so lu tio n  
( v e r t ic a l  line) caused a  t r a n s ie n t  s l ig h t  re lax a tio n  of th e  m uscle , in d u ced  a tr ip h a s ic  fluorescence 

resp o n se  a n d  a n  increase of la c ta te  p ro d u c tio n  ra te

95%  N 2 +  5% C 0 2 for 10 m in , which resulted in  an aerobic-anaerobic transi­
t io n  o f  fluorescence and a significant 4.6-fold increase in  lactate production  
(F ig . 4).

Table I sum m arizes th e  mean steady sta te  values o f isom etric force, 
corrected  fluorescence and lactate  production rate in various experim ental 
con d ition s in the fresh and  N a +-loaded rat m yom etrium . B asal isom etric  
force  developm ent and la c ta te  production rate were sign ificantly  higher 
(p <  0.01) in the fresh th a n  in the N a +-rich uteri. Ca2+-deficient solution  
in d u ced  a significant in crease o f lactate production  in  the fresh m yom etrium . 
T h is effect лгав to ta lly  p reven ted  by the presence o f  ouabain (1 0 -3  M), while 
th e  increase in fluorescence following cessation  o f  spontaneous contractions 
w as n o t influenced b y  ou ab ain . The addition o f  30 mM KC1 induced a com plex  
fluorescence response (see F ig . 4) and a sign ifican tly  increased lacta te  produc­
t io n  rate in N a +-rich t issu e s , both of w hich proved to be ouabain-sensitive. 
E quim olar replacement o f  N a + for K + in the K rebs solution evoked an increase
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in isom etric force and a significant decrease fluorescence intensity and la cta te  
production rate below  unstim ulated levels in  b oth  tissues. N 2-hypoxia  caused  
a sign ificant increase o f  lactate production in  th e  fresh (3.3-fold) and  N a +- 
rich tissues (4.8-fold), w ith  a parallel aerobic—anaerobic fluorescence tran sition  
of I 31.8 and + 3 0 .5 % , respectively.

Discussion

The present results showed that: 1) pyrid ine nucleotide fluorescence  
reflects changes in the cellular redox state associated  with altered contractile  
a ctiv ity  in the m yom etrium , similar to those observed in  skeletal and cardiac  
m uscle; 2) m etabolic perturbations following changes o f  ion transport induce  
specific com plex N A D H  fluorescence responses on ly  in  the absence o f  parallel 
changes in isom etric force; and 3) stim ulation and inhibition o f N a/К  transport 
is alw ays accom panied b y  parallel changes in  uterine lactate production irre­
spective o f the direction and extent of changes in  contractile activ ity .

P yrid in e  nucleotide fluorescence

I t  is generally accepted that when a tissu e is exposed to  UY lig h t o f  
366 nm , the fluorescence em ission around 450 nm  provides an index  o f  the  
oxidation—reduction state o f  the nicotinam ide-adenine dinucleotides. N A D H  
is fluorescent and N A D + is not, so that a decrease o f  the fluorescent ligh t  
in ten sity  corresponds to  a more oxidized sta te  o f  the coenzym e, w hile an  
increase corresponds to  a more reduced state . Fluorescence techniques have  
been applied to  the m easurem ent o f the redox sta te  o f pyridine nucleotides  
in a num ber o f in tact tissue preparations. In  sp ite o f  the fact th at sk eleta l 
muscle was am ong the first tissues in w hich th is m ethod was successfu lly  
applied [6] and intensive fluorom etric studies helped to  elucidate the energy  
m etabolism  o f the heart m uscle [9, 25, 29], there are no reports on the ap p lica­
tion  o f  the m ethod on sm ooth muscle. The present results dem onstrate th a t  
in spite o f  the d isadvantageous viscoelastic properties and relative low  m ito ­
chondrial y ield  [11] o f the uterus, the technique allowed to monitor reproduc­
ible and consistent N A D H  fluorescence changes during a series of m etabolic  
transitions im posed successively on the m yom etrium .

Contractile a c tiv ity  is the main energy-consum ing physiological even t  
in sm ooth muscle [21]. M etabolic perturbations follow ing activation and in­
hibition  o f  isom etric force developm ent o f the m yom etrium  induced m arked  
changes in the m yom etrium  o f the rat and rabbit. Sustained force d eve lop ­
m ent b y  high K + w as accom panied by a rapid change o f the pyridine n u cleo ­
tides tow ard a more oxid ized  state (Fig. 2) which is rem iniscent of the changes
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produced  b y  tw itches in  excised  skeletal [6, 16] and heart m uscles [8]. In  
an alogy  w ith  studies on respiratory control in  isolated m itochondria [5], 
th e  conclusion  can be reached th at these changes were due to  stim u lation  of 
m itochondria l respiration b y  A D P  and phosphate released during th e  m uscle  
con traction  (State 4 to  3 transition). This suggestion  was confirm ed b y  the  
fin d in g  th a t inhibition o f spontaneous contractions by Ca2+-deficient solution  
in d u ced  opposite changes in fluorescence in ten s ity  (i.e. NAD reduction) (State  
3 to  4 transition) (Fig. 1).

Our findings concerning the changes o f  fluorescence in ten sity  b y  ionic 
con d ition s which alter the coupled N a/К  transport, were more com plex. 
I f  ion ic  conditions were able to  alter ion transport and isom etric force sim ul­
ta n eo u sly , N A D H  fluorescence changes reflected  on ly  alterations in  contractile  
a c t iv ity  (see above). If, how ever, experim ental conditions were chosen which  
allow ed to  induce changes in  N a/К  transport independent or in  the absence of 
con traction s, N A D H  fluorescence responses due to  altered N a/К  pum p activ ­
ity  cou ld  be m onitored. W hen the stim u lation  o f ion transport developed  
slow ly  (as in  the case of th e  25-day pregnant rabbit uterus soaked in  Ca2+- 
d efic ien t solution; F ig. 3), th e  fluorescence in ten sity  decreased progressively, 
m ost probably due to  the stim ulation  o f m itochondrial respiration b y  A D P  
and phosphate released during activation  o f  th e  transport A TPase (S tate 4 
to  3 transition). This assum ption was supported b y  the rapid reversal o f  flu o ­
rescence changes w hen the pum p activ ity  w as inhibited  by isotonic K.+ solu­
tio n . T hese fluorom etric observations correspond to the previous dem onstra­
tio n  o f  increase/decrease o f  uterine 0 2 u p tak e b y  stim ulation/inhibition  of 
th e  coupled  N a/К  transport in  the rat m yom etrium  [17].

If, how ever, stim u lation  o f the sod ium  pum p by 30 mM K + in  the  
N a +-loaded  tissue was rapid and m axim al [1, 4 ,1 7 ] ,  the accom panying fluores­
cence response was triphasic (F ig. 4). These com p lex  changes o f  the fluorescence  
are in terpreted  in term s o f separate responses o f  th e  pyridine nucleotides in  the  
cy top lasm ic  and m itochondrial spaces, w ith  th e  in itial increase o f fluorescence  
corresponding to an increase o f  cytoplasm ic N A D H  and the subsequent flu o ­
rescence decrease being due to  an oxidation  o f  the m itochondrial com ponent. 
T he th ird  phase m ay be attributed to in teraction(s) between the tw o  spaces 
eith er  b y  the operation o f a shuttle m echanism  v ia  the m alate-aspartate cycle 
[30] (the existence of w hich has not y et been  proved in the m yom etrium ), 
or due to  the stim ulation  o f the m itochondrial tricarboxylic cycle producing  
N A D H  at a slower rate [13].

T he previous [17] and the present find ings showing that the stim ulation  
o f  N a /К  transport is alw ays accom panied b y  an  increased lactate  production  
rate in  the m yom etrium  (see below) indicate th a t  the flux through th e  g lyco ly tic  
p a th w a y  is greatly enhanced under these conditions. These results support 
th e  rapid  accum ulation o f cytoplasm ic reduced pyridine nucleotides b y  glycer-
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aldehyde-3-P-dehydrogenase, similarly as th a t observed in the heart m uscle  
after epipnephrine-induced stim ulation o f glycogenolysis [29] or after Ca2 + 
activation  o f the m etabolism  [25]. The absence o f  th e  initial increase o f  flu ores­
cence in the rabbit m yom etrium  m ay be exp la ined  by the lack o f an in itia l 
very rapid and m axim al flu x  through the g lyco ly tic  pathw ay w hich results 
in a less o f  an im balance betw een the rate o f cytoplasm ic N A D H  production  
and its rem oval (i.e. reoxidation  by cytoplasm ic enzym es or b y  a sh u ttle  
m echanism ). The fact th a t these fluorom etric changes were ouabain-sensitive  
indicate th at they  were really  evoked by changes o f  th e  N a/К  transport m ech­
anism s. This effect o f  ouabain proved to be specific, since fluorescence  
changes due to  altered contractile activ ity  were not sensitive to  ouabain  
(Table I).

Further experim ental confirm ation of th e  distinction betw een redox  
changes in  the cytoplasm ic and m itochondrial spaces can be expected  from  
future studies using specific  m etabolic inhibitors and various exogenous sub­
strates other than glucose.

Lactate production

Aerobic g lycolysis and consequent la cta te  production under norm oxic  
conditions have been reported in vascular [22, 23 ], intestinal [4, 26] and uterine  
sm ooth m uscle [17]. The present results obtained  in  the rat and rabbit m y o ­
m etrium  support th ese earlier observations. The cause of aerobic g lycolysis  
is unclear. Tissue h yp oxia , insufficient capacity  to  oxidative phosphorylation  
and high levels o f glucose in  experim ents in  v itro  were all ruled out as possible  
explanations o f its occurrence in vascular sm ooth  muscle [21] and th ey  can  
be ruled out on the sam e basis for the m yom etrium  as well. The concept th a t  
aerobic glycolysis indicates a defect in the P asteur effect [18] can also be ruled  
out since anaerobiosis was accom panied b y  a sign ificant severalfold increase  
o f lactate production (see Table I). The p ossib ility  that aerobic g lycolysis  
exists due to its firm  coupling to ion transport [22], which is of superior im por­
tance in the sm ooth m uscle, was supported b y  the present data on uterine  
sm ooth m uscle.

The rate of aerobic lactate  transport was reported to be related to iso ­
m etric force in vascular sm ooth muscle [12, 14, 23]. These findings were 
confirm ed for the uterus as well, since the spontaneously active rat m yo­
metrium produced sign ificantly  more lactate (0 .3 7 2 ^ 0 .0 2 8  pm o\ • g -1  • m in -1 ) 
than the inactive 25-d ay  pregnant rabbit uterus (0 .278^ 0 .022  /m iol • g -1  • 
• m in-1 , p <  0.05), under the same incubation conditions.

E xceptions to  the concept that aerobic la c ta te  production is dependent 
on isom etric force developm ent were presented in  the porcine carotid  [12] 
and coronary artery [22], and in the rat m yom etrium  earlier by K r o e g e r  [ 1 7 1
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and  n o w  in  the present s tu d y  (Fig. 2 and T able I). In  these cases la c ta te  pro­
d u c tio n  did not increase w ith  enhanced isom etric force (stim ulated b y  isotonic  
K + solution) but rather rem ained unchanged or even decreased b elow  the  
u n stim u la ted  level. This d ifferential effect o f  h igh K + on lactate production  
m a y  b e explained by th e  suggestion  th at aerobic glycolysis is coupled  to  an  
energy-requiring process w hich  is inhibited  b y  isotonic K +-Krebs solution . 
T h is cellular m echanism  m a y  be the coupled N a/К  transport w hich  was 
rep orted  to  be inhibited b y  th e  tota l replacem ent o f  N a + for K + in arteries [22], 
in  th e  intestine [4] and in  th e  m yom etrium  [17].

A n  alternative exp lan ation  suggests a direct inhibition of aerobic g lycol­
y s is  b y  high K + . G lycolytic enzym es could be inhib ited  by intracellular changes 
in d u ced  b y  isotonic K + m edium . There is , how ever, no direct evidence to  
su p p ort this m echanism .

T he findings for N a  + -rich tissues helped to  elucidate the relation  be­
tw e e n  lactate production and N a/К  transport in  the m yom etrium . In  the  
ab sen ce o f external K + , th e  sodium potassium  pump is inh ib ited  [4, 24] 
and th is  led to a s ign ifican tly  lower lacta te  production rate (Table I). As 
ob served  by K roeger [17] and Casteels and W uytack [4], th is  low  rate 
w as sign ificantly stim u lated  by the addition  o f  30 mM K + to th e  К +-free 
so lu tio n , which was show n to  stim ulate m axim ally  N a/К  transport in  th e  N a +- 
lo a d ed  tissues [1]. Since ouabain  abolished th is effect (Table I), the stim ulation  
o f  la c ta te  production b y  30 mM K + w as certain ly  due to the activa tion  o f  
N a /К  transport under th e  present experim ental conditions as w ell. These 
f in d in g s  strongly suggest th a t  like in the vascular sm ooth muscle [22], aerobic 
g ly co ly s is  and Na/К  transport are tig h tly  coupled in the rat m yom etrium .

R a t and rabbit u teri produced more lacta te  in Ca2+-deficient solution  
th a n  in  the presence o f  ex tern a l Ca2+ (F igs 1 and 3; Table I). Sim ilar observa­
tio n s  w ere made by K r o e g e r  in the rat m yom etrium  [17], but C a s t e e l s  and  
W u y t a c k  [4] found no difference in anaerobic lactate production b y  the  
gu in ea  p ig taenia coli in cu b ated  in the presence or absence of ex tern a l Ca2 + . 
T he difference m ay be explained  by th e  anaerobic conditions used  in  the  
la tte r  stu d y  or m ay be attrib u ted  to tissu e differences. Another exp lanation  
can  be related to the fa c t  th a t rem oval o f  external Ca2+ m ay induce several 
cellu lar processes, w hich in fluence tissue m etabolism  in different directions. 
T h e lack  of external Ca2+ increases m em brane ion perm ability in  th e  m yo­
m etriu m  [3, 20], w hich m a y  stim ulate th e  sodium  pump. On the other hand, 
th e  energy-requiring Ca pum p is inhibited under these ionic conditions [17]. 
T h e th ird  mechanism is related  to the fact th a t th e  presence of Ca2+ is needed  
to  th e  activation o f glycogenolysis b y  th e  phosphorylase system  [10].

The observed sign ifican t increase o f  la cta te  production in Ca2 +-deficient 
so lu tio n  indicates th at in  sp ite  o f  the opposite effects of the tw o m echanism s, 
stim u la tio n  of N a/К  transport determ ined the rate of aerobic g lyco lysis. The
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assum ption th a t N a/К  transport was accelerated in Ca2+-deficient solution  
was supported b y  the find ing  th at ouabain abolished the lactate production  
stim ulating effect o f  the Ca2+-deficient solution  (Table I).

A lthough the exact nature of the relationship between aerobic g lycolysis 
and N a/К  transport is not known, coupling o f  th e  tw o events via  m em brane- 
bound g lycolytic enzym es would appear to be a plausible model [22, 27].

F inally , the present results indicate th a t th e  tight coupling betw een  ion 
transport and aerobic g lycolysis m ay be a property of sm ooth m uscles in  
general, and also th a t sm ooth muscle can be a good experim ental m odel for 
a further elucidation o f intracellular com partm entalization of energy produc­
ing m etabolic processes and for the distinction  betw een the sources providing  
ATP for various energy-requiring cellular m echanism s.
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(R eceived Ju n e  29, 1981)

S easonal fu n c tio n  of th e  gonads, th y ro id  g lan d , ad ren a l co rtex  h a v e  b een  in v e s ti­
g a ted  in  m ale  a n d  fem ale  rooks, co llected  in  th e ir  n a tu ra l  b io top  d u rin g  th e  c h a ra c te r ­
is tic  periods o f th e ir  life cycle. In  m ales, p la sm a  te s to s te ro n e  c o n c e n tra tio n  w as fo u n d  
to  increase  fa s te r  t h a n  te s tic u la r  w e igh t a t  th e  beg in n in g  of couple fo rm a tio n . The 
th y ro x in e  lev e l in creased  sim u ltan eo u sly  w ith  te s to s te ro n e  co n cen tra tio n . T h e  p lasm a  
co rtico s tero n e  c o n te n t  increased  w ith  a  p h ase  d e la y , a b o u t one m o n th  la te r .  A t th e  end 
of th e  re p ro d u c tiv e  p eriod , te s tic u la r  w e igh t decreased  considerab ly  w ith  a  d e la y  of 
a  h a lf  m o n th . B efore an d  du rin g  p re n u p tia l  m o u lt, h igh  tr iio d o th y ro n in e , th y ro x in e  
a n d  co rtico s tero n e  levels were d e tec ted . D u rin g  th e  re s tin g  period  in  a u tu m  a n d  w in te r  
th e  p lasm a  sex u a l s te ro id , th y ro x in e  a n d  g lycocortico id  co n cen tra tio n s w ere  low . In  
fem ales, w h ite  a n d  sm all yellow  follicles w ere in  a n  increasing  du rin g  th e  n e s tin g -n e s t­
re p a rin g  p e rio d . D u rin g  th is  period  th e  p ro g este ro n e , a n  in  a sm aller deg ree  oestrone  
an d  te s to s te ro n e  levels increased . S im u ltan eo u s ly , th y ro x in e  an d  co rtico s te ro n e  levels 
in creased  c o n sid e rab ly . D uring  m atin g , th e  o v a rie s  w ere ch aracte rized  b y  la rg e  yellow  
follicles. P la sm a  p ro g esterone  an d  te s to s te ro n e  co n cen tra tio n s  decreased , w hile  t h a t  o f 
th e  o estrogens fa iled  to  change. T he p lasm a  th y ro x in e  and  co rtico s tero n e  c o n te n ts  
decreased  m a rk e d ly  w hile th e  tr iio d o th y ro n in e  level increased  in  a  sm a lle r  degree. 
D u rin g  egg-lay ing  (p e rio v u la tio n  p h ase ), th e  increase  in  p rogesterone  a n d  o estrone  
levels w as acco m p an ied  b y  an  increase  in  th e  th y ro x in e  an d  co rtico s te ro n e  levels. 
D u rin g  h a tc h in g , th e  p lasm a  co n ce n tra tio n  o f a ll th e  sexual stero ids, th y ro id  ho rm o n es 
a n d  c o rtico s te ro n e  show ed a decrease. T he ov aries  regressed ra p id ly  d u r in g  p e rio d  
before an d  d u rin g  p o s tn u p tia l  m ou lt, th e  q u a n ti ty  o f sexual stero ids d ec reased  fu r th e r , 
while th e  th y ro x in e  a n d  corticosterone c o n te n ts  in creased  considerab ly . I n  m ales, th e  
th y reo -a d ren o c o rtic a l synergism , while in  fem ales, th e  progesterone — co rtico s te ro n e  
a n d  th e  th y ro x in e -co rtico s te ro n e  synerg ism s a p p e a r  to  p lay  a fu n d a m e n ta l ro le  in  th e  
re g u la tio n  of th e  ho rm o n e  levels c h a ra c te ris tic  o f th e  d ifferen t phases o f  th e  seaso n al 
cycle.

There is little  inform ation on the seasonal endocrine cycle o f  birds. 
Most o f them  were performed in  dom esticated  or captive birds. Seasonal 
variations o f sexual steroids have been in vestigated  in the drake [1, 4 , 7, 9, 10], 
the dom estic hen [8, 31], in male dom estic p igeon [11], in m ale ring dove  
[6, 15] and in  the canary [17]. Am ong male birds held in captiv ity , th e  gonadal 
cycle of the sparrow [5], the teal [13, 16], th e  starling [33] and th e  A gelaius 
[14] has been described. On the other hand, there are few eco-physiological 
data on the seasonal cycle o f gonads o f non-dom esticated  populations. Seasonal 
variations o f  the sexual steroid concentration  in  the blood plasm a has been  
investigated  b y  W in g f ie l d  and F a r n e r  in  Zonotrichia  [35] and b y  P é c z e l y  
and P e t h e s  [22] in  th e  collared dove.
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T h e seasonal cycle o f  thyroid  function and glycocorticoid production  
is k n ow n  o n ly  in  few  species. Seasonal changes o f  th e  thyroxine level and its  
con n ection  to  testicular function  were in vestigated  in  the dom estic duck [2, 
3, 12] and  th e  teal [13].

S eason al cycle o f  th yroxin e and triiodothyronine has been described  
in  th e  sparrow  and Zonotrichia  [32] as w ell as in  th e  collared dove [25].

S eason al variations in adrenocortical fu n ction  have been in vestigated  
in  th e  drake [2], in m ale and fem ale Passeriform es [18], in Zonotrichia  [34] 
and in  th e  collared dove [25].

In  th e  present work, th e  function o f  gonads, thyroids and adrenal 
cortex  o f  th e  rook has been analysed in free-living populations. Comparing the  
seasonal changes ensuing in  th e  plasma horm one concentration, conclusions 
have b een  drawn concerning th e  possible role o f  horm onal interactions in  the  
regu lation  o f  the seasonal functions.

M aterials and M ethods

I n  th e  p eriod  1978 — 1980, 130 m a tu re  and  y o u n g  m ale  a n d  fem ale rooks w ere co llected  
in  th e i r  n a tu r a l  b io to p  in  C o u n ty  P e s t.  T he p o in t o f tim e  o f co llection  was chosen  acco rd in g  
to  th e  life  cycle o f th e  an im als . A ccord ing ly , sexually  in a c tiv e  b ird s were co llected  b e tw een  
th e  m id d le  o f O ctober an d  th e  m id d le  of M arch a n d  se x u a lly  ac tiv e  rooks b e tw een  th e  end  
of M a rch  a n d  th e  end of A pril w hile  o th ers  w ere sh o t a f te r  h a tc h in g , as well as before a n d  a f te r  
m o u lt  (e n d  o f M ay, Ju ly ) .

T h e  b ird s  were sh o t b e tw een  10 a n d  13 o’clock. B lo o d  w as ta k e n  from  th e  sh o t  b ird s  
a n d  w as s to re d  in  cooled (6 — 8 °€ ) h ep ariz in ed  cen trifu g e  tu b e s  fo r 2 —4 h o u rs . W o u n d ed  
b ird s  w e re  n o t  u sed . T he b lood  w as th e n  cen trifuged  a t  3000 rp m , an d  u n til analysis, th e  p lasm a  
w as s to re d  in  p o ly e th y len e  tu b e s  a t  —20 °C.

T h e  s ta te  o f th e  gonads w as co n tro lled  b y  d issec tio n . T h e  w eigh t of th e  g o n ad s , th y ro id s  
a n d  a d re n a ls  w as d e te rm in ed  w ith  a n  accu racy  of 0.2 m g.

A m o n g  th e  sexual ste ro id s , th e  frac tio n  of p ro g e ste ro n e  (P R O G ), te s to s te ro n e  (T E S T ), 
o e s tro n e  (E j)  a n d  17 /j-ocstrad io l ( E 2) w as d e te rm in ed  fro m  th e  d ie th y le th e r e x tra c tio n  o f th e  
p la sm a , a p p ly in g  S ephadex  L H -2 0  co lu m n  c h ro m a to g ra p h y  [28]. T he horm ones w ere d e te r ­
m in ed  b y  th e  use  o f th e  R IA  m e th o d s  described p re v io u s ly  [24].

T h e  p la sm a  th y ro x in e  (T 4) a n d  tr iio d o th y ro n in e  (T 3) c o n te n ts  were d e te rm in e d  w ith  
d ire c t R I A  m e th o d s  ap p lied  w ith o u t e x tra c tio n  a n d  s e p a ra t io n  [26, 27].

T h e  p la sm a  co rtico s tero n e  c o n te n t was d e te rm in e d  fro m  th e  d ich lo rm eth an e  e x tr a c t  
a p p ly in g  d ire c t  R IA  m eth o d  w ith o u t  p rev ious se p a ra tio n .

I n t r a -  a n d  in te ras sa y  accu rac ies  o f th e  ra d io im m u n o lo g ica l m ethods ap p lied  h a v e  been  
fo u n d  to  be  a p p ro p ria te  (2 —10%  expressed  in  v a r ia tio n  coeffic ien ts). F o r ev a lu a tio n , v a r ia ­
tio n  a n a ly s is  w as applied .

Results

I. Seasonal cycle o f  gonadal function  

a) F em ale birds

W eigh t of ovaries and the plasma sexual steroid concentration were 
found  to  be the same in you n g and sexually  in active  birds. In adult rooks 
collected  in the autum n—w inter period, the p lasm a oestrogene concentration  
proved  to  be higher.
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A t the beginning o f  th e  reproductive period, couples had form ed: w ithin  
the population th is resulted in a loosening o f  the groups. Courting and agressive  
behaviour appeared. The groups retired to the nesting area the couples began  
to  repare the nests and to  build new ones. D uring th is period, the w eigh t o f  the 
ovaries was found to  be quadrupled: the w hite follicles were enlarged and small 
yellow  follicles were also form ed. The plasm a PR O G  level was trip led , and the 
E j and E 2 levels also increased to  a sm aller degree.

Table I

Seasonal cycle o f  ovarian fu n c tio n

Young
Sexually
inactive

Increasing
follicle

Large
follicle

Periovu­
lation Hatching

Feeding 
of young 

birds

Postnup­
tial

moulting

PR O G a b C d
X 695 699 2300 1502 2293 943 970 777

± S D 275 359 880 548 633 428 324 280
n 6 21 8 8 10 11 6 5

T E S T e f
X 343 462 757 284 390 264 293 472

± S D 195 209 293 110 238 141 124 136
n 6 21 8 8 10 11 6 5

Ex В h d i
X 198 286 513 480 727 398 340 186

± S D 59 99 250 168 279 114 120 36
n 6 21 8 8 10 11 6 5

E j
X 206 312 294 292 151 106 170 368

± S D 112 110 128 104 79 33 81 181
n 6 21 8 8 10 11 6 5

O v arian  w eight a j к i
X 47 53 237 2860 3774 494 430 292

± S D 18 16 126 517 1359 270 180 85
n 6 21 8 8 10 11 6 5

A b b rev ia tio n s: PR O G  — p ro g esterone , T E S T  — tes to s te ro n e , E j — oestrone, E 2 — 17/3 — 
oestradio l

All sexual s te ro id  values are g iven  in  pg/m l 
a  =  p  <  0.001 v .s. sex u a lly  in ac tiv e  
b  =  p  <  0.05 v .s. in creas in g  follicle 
c =  p  <  0.05 v .s. larg e  follicle 
d  =  p  <  0.01 v .s. p e rio v u la tio n  
e =  p  <  0.05 v .s. sex u a lly  in ac tiv e  
f  =  p  <  0.01 v .s. in creas in g  follicle 
g =  p  <  0.02 v .s. sex u a lly  in ac tiv e  
h  =  p  <  0.05 v .s. large follicle 
i =  p  <  0.05 v .s. feeding o f  y o u n g  birds 
j  =  p  <  0.001 v .s. increasing  follicle 
к  =  p  <  0.001 v .s. p erio v u la tio n
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Ju st before h atch in g , nuptial flight in  pairs w as observed and adherence 
o f  th e  couples to the n est w as more expressed. W here m ating took  place, 
large yellow  follicles d om in ated  in the ovaries: th eir  w eight was ten  tim es that 
m easured  in the previous period. The plasm a PR O G  and TEST levels de­
creased , but E x and E 2 lev e ls  failed to show  an y  change. Thus the relative  
concentration  of oestrogens increased as com pared to that o f  PR O G .

During egg-laying, th e  fem ales stayed in th e  nest throughout the day: 
th e y  le ft it to collect food  o n ly  for short periods in  the morning and afternoon. 
O varian  weight increased further, the tertian  yellow  follicles w ith  stalk  were 
characteristic. Eggs w ere frequently  found in  th e  w holly developed oviduct. 
In  th is  periovulating p h ase , the increase o f  p lasm a PROG and E j concentra­
tio n s  w as characteristic w h ile  E 2 level decreased.

During hatching, th e  fem ales left the n est on ly  for short periods. The 
h a tch in g  female could freq u en tly  be seen to  be fed  b y  the male. A t the begin­
n in g  o f  this period, th e  characteristic hatching sp ot developed w ithin  one-two  
d a y s. The weight o f th e  ovaries decreased to  one eight: th ey  were characterized  
b y  calices and degenerating secondary follicles in  the w hite follicles showed 
no change in number and size . The plasma concentration  of the sexual steroids 
decreased during hatch in g: th e  decrease reached th e  highest degree in the case 
o f  PR O G  and Ej.

In  the first tw o —th ree weeks after h a tch in g , the young birds remained  
in  th e  nest and were fed  b y  both parents. In  th is  period, the hatch ing spot 
sta rted  to  regress, th en  it  disappeared. O varian weight did not show any 
sign ifican t change, th o u g h  calices could not be observed any more. The con­
cen tration  of sexual stero id s did not differ from  th a t detected in the hatching  
birds. After taking f lig h t , th e  groups spent th e  days in larger grasslands and 
returned  to  the nests o n ly  for the night. A t th is  tim e, about a m onth after 
th e  hatching, postn u p tia l m oult started. T his period was characterized by  
a further decrease o f  ovarian  weight: the yellow  follicles disappeared com plete­
ly  and  the number and size o f the white fo llicles decreased. The plasm a con­
cen tration  of PROG and  especially that o f  E x decreased, while the TEST  
and E 2 levels increased. T h is was the only period, w hen the oestrogen sprectum  
w as characterized b y  th e  dom ination of E 2 (Table I).

b) M ale birds

The weight o f  th e  testic le s  of young m ale birds collected in  the autum n- 
w in ter  period was about h a lf  o f  those of adult m ale rooks collected in  the same 
period . Differences could  also he observed in  their  spectrum  o f sexual steroids. In 
y o u n g  birds, the E x +  E 2 va lu e  was higher th an  th a t o f  TEST. In contrast, the 
to ta l concentration o f  oestrogens was the sam e as the TEST lev e l in  adult, 
sex u a lly  inactive birds. T he PRO G  level was som ew hat higher in you n g rooks. As
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regards the sexually in active male and fem ale birds, all the steroids investi­
gated occurred in identical concentration in their plasm a and there was no 
difference betw een the tw o sexes.

A t the beginning o f the reproductive cycle, aggressive behaviour o f the  
m ales could he observed in the course o f m ate selection. D uring this early  
period, the w eight o f  the testis  increased therefold but the vas deferens showed  
on ly  little  change in th ickness. A rapid increase o f  the plasm a TEST concentra­
tion  was characteristic: it  was four tim es higher than  in inactive, winter 
anim als.

Table I I

Seasonal cycle o f  testicular fu n c tio n

J Y oung Sexually
inactive

Courting Mating After
hatching

Postnuptial
moulting

PR O G
X 940 744 840 1061 790 677

± S D 374 349 230 363 174 81
n 6 24 6 6 5 8

T E S T a b c d
X 440 535 2010 4484 1318 699

± S D 230 242 331 2066 415 271
11 6 24 6 6 5 8

Ex
X 132 239 230 202 243 214

± S D 74 132 143 119 102 95
n 6 24 6 6 5 8

E s e c d
X 430 258 114 32 178 288

± S D 256 187 36 23 87 98
n 6 24 6 6 5 8

T estis  w eight
(™g) f g h i
X 20 43 147 3038 2610 165

± S D 6 15 68 1367 875 82
n 6 24 6 6 5 8

A b b rev ia tions as in  Table I

All th e  sexual stero id  values g iven  in  pg /m l 
a  =  p <  0.001 v .s. sex u a lly  inac tive  
b  =  p  <  0.05 v .s. co u rtin g  
c =  p <  0.01 v .s. m a tin g  
d  =  p  <  0.05 v .s. a f te r  b a tch in g  
e =  p <  0.01 v.s. co u rtin g  
f  =  p  <  0.01 v.s. young  
g =  p  <  0.02 v.s. sexually  in ac tive  
h  =  p  <  0.001 v .s. co u rtin g  
i =  p  <  0.001 v .s. a f te r  h a tch in g
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In  the days o f the nu p tia l fligh t and m ating, th e  w eight o f  the testes  
increased  eighty  tim es, to  th a t m easured in  the resting period while th e  plasm a  
T E ST  concentration to  double previous level. This m eans th a t th e  phase of 
rapid  increase in the TEST lev e l preceded the increase in  testicu lar weight 
accom panying  the gam etogenesis. A  decrease o f the oestrogen level m ainly  
o f  E 2 w as characteristic o f th e  m ating period.

D uring hatching, the fem ales were fed by the m ales, and the m ales went 
to  co llect food together w ith  the sexually  im m ature rooks hatched  in  the  
previous year. After hatch ing, th e  m ales took part in  the feeding o f  the young  
birds. In  th is period, the fem ales hatched in the previous year and now  becom ­
ing  sex u a lly  mature, took  up w ith  older males. These m ale birds had presum ­
ab ly  no m ate. During the h atch in g  period and especially  at its end, th e  plasm a  
T E ST  concentration decreased, m arkedly though the w eight o f the testicles 
sh ow ed  little  change. In  som e birds the testes regressed only  in  a sm all degree, 
b u t th e  TE ST  level did not differ from th at of inactive birds.

A fter hatching, the colonies including the you n g birds w ent together  
to  co llect food. Behavioural patterns characteristic o f the reproductive cycle 
w ere n ow  followed b y  social behaviour patterns (indication o f food or enem y, 
alarm , collective m ovem ent, co llective spending o f  n ight, etc.). The w eight of 
th e  testic les decreased considerably, and the sexual steroid spectrum  was 
characteristic o f inactive birds. M oult o f the m ales took  place in  th is period 
(T able II).

I I . Seasonal cycle o f  thyroid function  

a) F em ale birds

T hyroid weight as w ell as T 3 and T 4 levels showed the sam e values in 
yo u n g  and sexually in active birds. In  the period o f follicle growth, a decreas­
in g  ten d en cy  of the plasm a T 3 concentration was detected , while th e  T 4 level 
increased  considerably and thyroid  w eight rem ained unchanged.

D uring the developm ent o f  large follicles, the T 3 level increased and that 
o f  T 4 decreased m arkedly w hile the w eight o f the thyroid  gland rem ained  
unchanged . During the periovulatory phase, the w eight o f the thyroid  gland 
b egan  to  decrease, w ith an unchanged T3, and a m arkedly increased T 4 level. 
D u rin g  hatching, the w eight o f  th e  thyroid increased due to  the increase in 
its  collo id  content. A t the sam e tim e, the T3 and T 4 levels decreased.

Before and during th e  m oulting period in summer, thyroid  weight 
w as characterized by a further decrease, but beside an unchanged T 3 level 
a rem arkable increase in  T 4 could be detected.

In  three young fem ale birds being in  the sta te  o f praenuptial m oult in 
spring, a three-tim es higher T 4 level (4.73;b0.36 ng/m l) was found than  in
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Tabic III

Seasonal cycle o f  thyroid fu n c tio n  in  fem a le  rooks

Young
Sexually
inactive

I d creasing 
follicle

Large
follicle

Periovu- i 
lation Hatching 1

Feeding 
of young 

birds

Postnup­
tial

moulting

T 3 a b
X 0.67 0.67 0.45 0.48 0.63 0.36 0.40 0.45
SD 0.16 0.61 0.26 0.29 0.14 0.23 0.27 0.24
n 6 21 8 8 10 11 6 5

T 4 C <1 e b f
X 1.53 1.49 4.35 1.35 2.97 1.80 2.05 5.93
± S D 0.94 0.64 1.79 0.40 1.27 0.97 0.99 1.46

n 6 21 8 8 10 11 6 5

T h y ro id  w eigh t
(m g) g
X 41 49 46 45 40 61 58 55

± S D 11 10 13 17 18 10 12 13
11 6 21 8 8 10 11 6 5

A b b rev ia tio n s : T 3 — triio d o th y ro n in e , T 4 — th y ro x in e

T h y ro id  horm one values are g iven  in  m g/m l 
a  =  p  <  0.05 v.s. increasing  follicle 
b  =  p  <  0.05 v .s. p e rio v u la tio n  
c =  p  <  0.001 v.s. sexually  in ac tiv e  
d =  p  <  0.001 v.s. increasing  follicle 
e =  p <  0.01 v.s. large follicle 
f  =  p  <  0.001 v .s. feeding of young  birds 
g =  p  <  0.01 v .s. pe rio v u la tio n

non-m oulting young birds coll ected in  the same period. Plasm a T3 concentra­
tio n  and thyroid w eight did not differ from the values in non-m oulting birds 
(Table III).

h) M ale birds

Thyroid weight as well as plasm a T3 and T 4 concentrations were id en tica l 
in  young and sexually in active birds.

D uring the courting and m ate-selecting periods, the T3 level decreased , 
w hile th a t o f T 4 exhibited an increasing tendency. Thyroid w eight fa iled  to  
change. In m ating male birds w ith m axim um  testicular w eight, a considerable  
increase occurred in the T 4 level while T 3 concentration and thyroid  w eigh t  
rem ained unchanged.

D uring and after the hatching period, the T 4 level increased further, and  
th e  plasm a T 3 concentration and thyroid  w eight also increased.

Sim ilarly as in the fem ales, a three-tim es higher T 4 level (4 .8 4 ^ 0 .9 7  ng/m l) 
w as found in  four young m ale rooks in the sta te  o f praenuptial m ou lt as
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Table IV

Seasonal cycle o f  thyroid fu n c tio n  in  male rooks

Young Sexually
inactive

Courting Mating After
hatching

Postnuptial
moulting

T 3 a b
X 0 .4 1 0 .6 9 0 .3 0 0 .3 2 0 .5 8 1 .4 0

± S D 0 .2 1 0 .3 2 0 .2 2 0 .1 8 0 .2 7 0 .3 8
n 6 2 4 6 6 5 8

T 4 c
X 1 .5 6 1 .8 3 5 .3 9 4 .7 5 5 .7 0 6 .4 0

± S D 0 .7 3 0 .9 0 1.51 1 .9 3 2 .1 0 0 .4 5
n 6 2 4 6 6 5 8

T h y ro id  w eight
( m g ) d
X 49 55 54 61 74 108

± S D 13 25 20 31 22 42
n 6 2 4 6 6 5 8

A b b rev ia tio n s : as in  T ab le  I I

T h y ro id  horm one values a re  g iv en  in  mg/ml 
a =  p  <  0.05 v .s. s e x u a lly  inactive 
b  =  p  <  0.001 v .s. a f te r  h a tc h in g  
c =  p  <  0.001 v .s. s e x u a lly  inactive 
d  =  p  <  0.05 v .s. a f te r  h a tc h in g

Table V

Seasonal cycle o f  adrenocortical fu n c tio n  in  fem ale  rooks

Young
S exually
inactive

Increasing
follicle

Large
follicle

Periovu-
lation Hatching

Feeding 
of young 

birds

Post­
nuptial

moulting

C R T
X 4.88 3.15

a
9.25

b
4.00

C
5.95 4.71

d
8.10

e
14.59

± S D 2.77 1.88 3.18 1.25 0.88 2.10 3.80 1.77
n 6 21 8 8 10 11 6 5

A d re n a l weight 
(m g)
X 46 45 50 55 58 62 64 73

± S D 7 9 8 6 7 6 8 19
n 6 21 8 8 10 11 6 5

A b b rev ia tio n : CRT — co rtico s te ro n e

C orticosterone values are  g iv en  in  ng/ml
a =  p  <  0.001 v .s. s e x u a lly  inactive 
b  =  p <  0.001 v .s . in c re as in g  follicle 
c =  p <  0.05 v .s . la rg e  follicle 
d  =  p <  0.01 v .s . h a tc h in g  
e =  p  <  0.001 v .s . fe ed in g  of young birds
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com pared to  non-m oulting birds. The w eight o f  th e  thyroid gland and p lasm a  
T 3 concentration did not, how ever, differ from  th ose o f  non-m oulting anim als  
(Table IV).

III . Seasonal cycle o f  adrenocortical function  

a) Female birds

In young and sexually  inactive birds, adrenal weight and plasm a CRT 
concentration were essentia lly  similar.

In the growing phase o f  the follicles, CRT level increased threefold  
beside an unchanged adrenal w eight. Refore egg-laying (dominance o f large 
follicles) and during egg-laying (periovulation phase), adrenal weight increased  
gradually. At the sam e tim e, the plasm a CRT con ten t decreased considerably: 
its value was sim ilar in both  periods.

In hatching birds, the CRT level was low , and adrenal weight decreased.
After hatching, in the sum m er period both  adrenal weight and p lasm a  

CRT concentration increased (Table V).

b) M ale birds

Adrenal w eight and plasm a CRT concentration  were identical in  y o u n g  
and sexually inactive  birds.

A t the beginning o f th e  reproductive period in  th e  spring, adrenal w eight 
displayed an increasing ten d en cy , while the CRT leve l did not change. D uring

Table VI

Seasonal cycle o f  adrenocortical fu n c tio n  in  male birds rooks

Young Sexually
inactive

Courting M ating A fter
hatching

P ostnup tia l
m oulting

CRT
X 3.61 2.72 1.94

a
6.79 6.90

b
14.25

± S D 1.28 1.20 0.78 2.23 1.80 4.09
n 6 24 6 6 5 8

A drenal w eight
(m g)
X 48 49 56 54 59 62

± S D 10 11 5 12 8 10
n 6 24 6 6 5 8

A b b rev ia tion : as in  T ab le  V 
C orticosterone va lues^are  given in  ng/m l 

a =  p  <  0.001 v .s . co u rtin g  
b  =  p  <  0.001 v .s . a f te r  h a tch in g
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th e  m atin g  period, adrenal w eight did not change, but the CRT leve l increased  
th reefo ld .

D uring and after hatch ing , adrenal w eight and CRT leve l increased  
fu rth er, m axim um  values w ere measured in  sum m er in the postn u p tia l moult 
(T ab le V I).

D iscussion

R ooks are typ ica l m onocyclic birds, hatch ing  once a year. T he gonadal 
cy c le  o f  the male birds is sim ilar hut more expressed, than th at o f th e  smaller 
Passeriform es  hatching u su a lly  tw ice [18, 35]. The testes function  actively  
from  th e  third part o f  March to  the m iddle o f M ay: th is is a one m onth  longer 
period  th an  that o f  gonadal function  of the fem ales. This postponem ent m ight 
be due to  the fact, th a t th e  you n g  fem ales hatch ed  in the last year and reach­
in g  sex u a l m aturity w ith  a d elay  o f about a m onth , w ill frequently m ate w ith  
older m ales which presum ably have rem ained alone. During sexual m atura­
tio n , th e  TEST level increased to  eight tim es, sim ilarly as in the collared dove
[22]. I t  was also characteristic th at the increase in  weight o f  th e  testes  and 
o f  the T E ST  level did not run parallel. The increase in testicular fu n ction  was 
fo llow ed  w ith a certain d elay  b y  the increase o f  their weight. This w as pre­
su m a b ly  due to the effect o f  T E ST  upon sperm atogenesis and by its stim ulatory  
in flu en ce  upon sexual behaviour (sexual behaviour affects sexual m aturation). 
T he considerable increase in  E 2 level appearing together w ith the h igh  TEST  
con cen tration  shows th a t during sexual m aturation  there are qualitative  
ch an ges in  biosynthesis and or m etabolism  o f  the sexual steroids. T hus, the  
endocrine background o f th e  sexual behavioural patterns appears to  be the  
increased  TEST level and th e  sim ultaneously  decreased E 2 concentration. 
In  th e  la st quarter o f the reproductive cycle, a gradual decrease in  T E ST  level 
h ad  begun: this was fo llow ed b y  a regression o f the testes w ith a d elay  o f  a half 
m o n th  the opposite o f  th e  process observed in  spring.

In  male rooks, the seasonal cycle o f  thyroid  function differs from  that  
ty p e  described by A s t i e r  et al. [3] and b y  A s s e n m a c h e r  et al. [2] in  th e  drake, 
as w ell as by J a l l a g e a s  e t al. [13] in the m ale teal, since in  th e  rooks the  
an tagon istic  function o f th e  testis and the thyroid  cannot be show n at the  
b eg in n in g  of the reproductive period. In  the rook, the plasm a T E ST  and T 4 
c o n ten t increased sim ultaneously  during th e  period o f m ate choosing and 
m a tin g , though the rate o f  T 4 increase was slower than that o f T E ST  a similar 
phenom enon  was observed in  male collared doves [25]. The sim ultaneous  
in crease o f both horm ones in  the spring could  be explained b y  the fact that  
th y ro id  function is stim u lated  by the prolongation  of day ligh t. This results 
in  an  increased T 4 level in  doves and rooks, in  spite of the inh ib itory  effect o f  
T E S T . This hypothesis appears to  be supported b y  our observation, according
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to  w hich the plasm a T 4 level o f p h otostim u lated , castrated Japanese quails 
was higher than  th a t o f  short-day castrated  birds [20]. After hatch ing, and 
before and during m oult, a further increase in the T 4 level could he detected  
also in rooks, parallel with the m arked decrease o f TEST concentration . It 
resulted in  the sum m er m axim um  o f the T 4 level. Thus, the reciprocal changes 
o f TEST and T 4 can he found also at the end o f the reproductive cycle o f  th is 
species.

The low T 4 level o f  birds collected in  w inter shows th at in rooks the per­
m anently  high plasm a T 4 concentration fails to  p lay a role in  the adaptation  
to  cold.

The plasm a CRT content o f m ale rooks did not change in  the period  
o f TEST increase, but was considerably enhanced during the further part o f  
the reproductive cycle. Similar changes w ere found in the collared dove [25]: 
in  th is bird the increase in TEST level w as accom panied first b y  a decrease 
then  w ith  an increase o f  the CRT level. T hus, adrenal function o f  free-living  
birds shows th at under natural circum stances o f life there is no antagonism  
betw een the testis and the adrenal cortex  [19, 21] evoked b y  experim ental 
in terventions such as castration or TE ST  adm inistration. The sim ultaneous  
increase in  the TE ST  and CRT levels observed in  spring m ight have exogenous  
and endogenous causes. Adrenocortical secretion  is sim ulated by th e  prolonga­
tion  o f  day ligh t [23] and CRT secretion is increased by thyroid horm ones [19, 
21, 23]. It m ay therefore he supposed th a t the plasm a T 4 concentration  in ­
creasing gradually in  spring and the sum m er m ight play a role in  the sim ul­
taneous increase o f the glycocorticoid level.

Through central m echanism s, a c tiv ity  o f  the adrenal cortex  could  
presum ably also be stim ulated by sexual behaviour and also b y  th e  increased  
aggressiv ity  characteristic o f  th is period.

The CRT m axim um  detectable after th e  reproductive cycle in  sum m er  
can also be found in the collared dove [25] and in  several Passeriform es [18]. 
The thyreo-adrenal synergism  m ight have an im portant role in the appearance  
o f th is CRT m axim um . Roth T 4 and CRT levels were found to  be enhanced  
further b y  the decrease of the TEST concentration  ensuing during regression  
o f the testes, and in  th is w ay the characteristic high plasma concentration  
o f  both horm ones appears when the rooks enter the period preceding their  
postnuptia l m oulting.

Comparing the function o f the testes, thyroid  gland and adrenal cortex  
o f the rook and o f  the collared dove, one m ay conclude that the increase in T 4 
plasm a concentration plays a fundam ental role in  evoking the postnuptia l 
m oult. This is accom panied by a low  T E ST  and a high CRT leve l in  both  
species. Praenuptial m oult of young rooks could also be observed. M oulting  
birds were collected w hen the feathers o f you n g age had becom e brown and  
those around the bill were lost.
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A ccordingly, it  was the first phase o f the entire process, when the feathers  
o f m eta llic  lustre appearing during sexual m atu rity  could not yet be observed. 
D uring th is  m oulting period, the high plasm a T 4 concentration was accom pa­
nied b y  a low  TEST and CRT level. Fem ale rooks in  th e  state o f prae-, and p o st­
nu p tia l m oult were also characterized by horm onal changes similar to  th ose  
d etected  in  m ales. The horm onal background o f th e  post hatching m oulting  
o f  fem ales seem s to  he the high T 4 and CRT leve ls , while in the first part o f  
p raen u p tia l m oulting, on ly  T 4 appears to  have a fundam ental role.

A ccording to  data in  the literature, T 4 p lays a fundam ental role in  
evok in g  th e  postnuptia l m oult in  Passeriform es [32] and in the dom estic  
duck and tea l [3, 13], while CRT has no such a general role. In the drake, the  
seasonal peak  o f the CRT lev e l was found in  early spring, while th a t o f  T E ST  
one m o n th  earlier [2]. In  both  male and fem ale Zonotrichia, the CRT m axim um  
recurred in  sum m er, during th e  second hatch ing  [34]. A t the tim e o f  p ostn u p ­
t ia l m ou ltin g , the glucocorticoid level was found to  be low  in drakes and Zono­
trichia.

T he cycle o f gonadal a c tiv ity  has characteristic periods also in  fem ale rooks. 
Com paring the growing period of the follicles and th e  phase of the large follicles, 
sim ilarly  as in the collared dove [22] the sm all and yellow  follicles produce 
m ore P R O G  than the secondary and tertiary  follicles. This m eans th a t in  
th ese birds, a high PRO G  leve l appears during m aturation, in contrast w ith  
th e  fo llicu lar oestrogen phase characteristic o f  m am m als. In the collared  
dove th e  oestrogen shows a peak in the period o f the large follicles, i.e. after  
the P R O G  phase. In  rooks, their concentration is identical in the grow ing  
ovaries and in those w ith  large follicles. In  th is species, all the sexual steroids 
show ed a m axim um  during the period o f w hite and yellow  follicles. B ecause  
o f th e  decrease in PRO G  level, in rooks the h ighest value of the oestrogen/ 
progesterone ratio was found in  the next period o f  ovarian developm ent. As 
to  th e  q u alitive distribution o f sexual steroids, in  the sexually m ature fem ale  
rook th e  E x concentration exceeded th at o f  E 2, in  contrast with the Japanese  
quail [24], th e  dom estic hen [30, 31] and th e  collared dove [22]. Sim ilar obser­
v a tio n  has been described in  Zonotrichia  [34]. Further investigations are needed  
to  decide w hether E x dom inancy was characteristic o f other species o f P a sseri­
form es.

A s to  TE ST , its concentration was found to  reach a m axim um  in  both  
the fem ale collared dove [22] and the rook during the growing period o f  the  
fo llic les. This shows that T E ST  plays an im portant role in the m aturation  o f  
the ov id u ct starting in  th is period and also, in  th e  aggressive behaviour o f  
th e  birds.

The second PRO G  peak appearing in  the periovulation  phase underlines 
th e  role o f  th is steroid in the regulation o f ovu la tion , described in every species 
of birds so far investigated .
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During hatching, the plasm a sexual steroids concentration  exhibited  
a sudden decrease and ovaries quickly regressed, presum ably in  consequence  
o f the antigonadotropic effect o f  prolactin produced in large quantities.

In  the reproductive period, the low T 4 level characteristic o f  young  
and sexually  inactive fem ale birds showed a significant increase. Sim ilarly as 
in the collared dove [25], parallel changes in the PR O G  and T 4 levels could 
be observed during the phases o f  this period. In adult Japanese quails [24] 
lay in g  eggs continuously the plasm a T 4 concentration was decreased, thus an 
ovary  thyroid antagonism  occurred. On the other hand, w hen sexual steroids 
were adm inistered to ovariectom ized quails the plasm a T 4 concentration  
decreased following TEST and oestrogen treatm ent while it  increased after 
PR O G  adm inistration [29]. Thus, the com m on inhibitory effect o f oestrogens 
and T E ST  dom inates in  th e  periovulatory phase o f  quails, w hile in the collared 
dove and the rook, in w hich the sexual steroid level increases m uch less, a 
relative dom inancy of PR O G  could be observed. I t  seem s th a t in  fem ale birds, 
the character o f the ovary—thyroid  connection depends on the quantitative  
relations of the sexual steroid spectrum.

Sim ilarly as in the collared dove [25], in  rooks the T 4 level decreased 
during hatching. The phenom enon m ight be due to  the presum ably inhibitory  
effect o f prolactin and to  the significant decrease o f  the PR O G  level.

In  female birds, a peak T 4 level could be detected  during postnuptial 
m oult in summer. In fem ales, in which the decrease in the sexual steroid level 
appeared considerably earlier than in m ales, the increase in T 4 after hatching  
could hardly be explained b y  its  interaction w ith  the sexual steroids. The 
change could be evoked rather b y  the posthatching increase o f th e  plasma 
CRT concentration. The effect o f  CRT to  increase the T 4 level has been shown  
in  both  female and m ale Japanese quails [21]. The effect o f T 4 to  stim ulate  
m oulting appears to  be supported by the fact that the plasm a T 4 concentra­
tion  in young birds at the beginning of praenuptial m oulting was found to  be 
threefold that o f  non-m oulting birds o f similar age.

During the reproductive period, the plasm a CRT concentration  showed 
seasonal changes parallel w ith  the alterations detected  in  the oestrogen, 
PR O G  and T 4 levels. This suggests the stim ulatory effect o f these hormones 
found in  Japanese quail under laboratory circum stances [23].

During hatching, the CRT level exhibited  a decreasing ten d en cy , similar 
to th a t described in Zonotrichia  [34] and the collared dove [25]. The decrease 
o f CRT could be connected w hite the sim ultaneous decrease o f  sexual steroids 
and thyroid horm ones. On the basis o f the seasonal m axim um  o f CRT at 
the tim e o f praenuptial m oulting, one m ay conclude th at also in the rook, the 
thyroid  adrenocortical synergism  m ight p lay an im portant role in  the hor­
m onal regulation o f m oulting.

The present findings and the few oecopliysiological investigations show
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th a t  th e  seasonal cycles in  horm one secretion should he interpreted on the  
b asis o f  their interactions. In  addition, th ey  em phasize th a t the system atical 
p o s it io n  o f  birds, and differences in  their w ay o f  life m ight result in  differ­
ences in  the realization o f horm onal interactions.
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ELECTROPHYSIOLOGICAL INVESTIGATION OF 
CHEMORECEPTORS OF THE MAXILLARY PALPS 
OF L O C U S T A  M I G R A T O R I A  M I G R A T O R I O I D E S  R.

ET F.
I. G E N E R A L  CHARACTERISTICS OF R EC EPTO R  R E SP O N SE S  

E V O K E D  B Y  NaCl STIM ULATIO N

I. V a r a n k a

BIOLOGICAL R E S E A R C H  IN ST ITU TE, H U N G A RIA N  ACADEMY O F SCIENCES,
TIH A N Y , HUNGARY

(Received August 8, 1981)

Following stim ula tion  w ith NaCl of different concentrations, responses from  one, 
tw o  or three recep tor cells of the sensillae could be recorded, one of th em  being always 
“ dom inant” . The o ther one or two secondary cells showed a lower frequency and a faster 
adap ta tion . The responses of the dom inant cells proved to  be variable, even to  repeated 
stim ulations using th e  sam e concentration of the sam e substance. Increasing the con­
centration  from  0.01 mol/1 to  1.0 mol/1, the in itia l frequency m ay increase or decrease, 
however, frequency m inim um  or m axim um  m ay also occur a t an in term ed ia te  concentra­
tion . These findings ind icate  a  less specialized stage of th e  receptor cells. The individual 
characteristics of the  recep tor cells m ay be surpassed when averaging the responses 
of sufficiently high num ber of cells.

On the dom e o f each m axillary palp about 370 sensillae can be found, 
the m ajority (93% ) w ith  an open end on th em  [3]. To each sensilla 6 —10 
neurones belong, the dendrites o f which term inate in  the v ic in ity  o f  th e  orifice 
o f the sensillae [6]. On the basis of both the m orphological and electrophysiolog- 
ical characteristics o f  th e  sensillae it  has been suggested th a t their  function  
m ight be chem oreception [9, 10].

According to H ask ell  and Schoonhoven [11], a phase-tonic concentra­
tion  dependent (0.01— 1.0 mol/1) response could be registered follow ing the  
stim ulation  of the sensillae w ith  NaCl, saccharose and other substances. In 
the course of these experim ents, the frequency o f the responses w as found to 
increase parallel w ith  th e  increase of the concentration. According to  the results 
of the above authors, one, rarely more cell(s) per sensilla responded to  the 
stim ulation , while generally  tw o or three, rarely one or more th an  three active  
receptor cells were found b y  B laney  [4, 5]. B l a n e y ’s in vestigation s [4, 5] 
supported the form er authors’ finding [11], nam ely , different responses of 
the sensillae could be registered following id en tica l stim ulation . Furtherm ore, 
it  was also shown b y  B l a n e y  [4, 5], that different responses could be obtained  
from a sensilla even  applying the same (10 m in) stim ulation  in tervals.
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Specific salt, sugar an d  ‘neem ’ receptors have been distinguished by  
S c h o o n h o v e n  [15], and an interaction  betw een th em  have been established. 
T h is la tter  has been exp la in ed  b y  others suggesting adaptation , and the  
e x is ten ce  of specific receptor cells being sensitive on ly  to  one substance has 
b een  questioned [4, 5]. A ccording to  B l a n e y  [4], th e  concentration dependence 
o f  th e  frequency of the sen silla  responses is also different, since b y  increasing  
th e  concentration (0.01— 0.5 mol/1) increased as w ell as decreased responses 
occurred , furthermore at in term ediate concentrations responses w ith frequency  
m a x im u m  also occurred.

Sensillae capable o f  recognizing different substances or different groups 
o f substances have never b een  found, for all o f  th e  sensillae could respond  
to  m a n y  substances in  som e w ay  [4]. H ow ever, ‘neutral’, ‘sa lt’ and ‘sugar’ 
se n s it iv e  sensillae have b een  distinguished by “ cross-fibre analysis”  and so, 
“ . . . th e  specificity could rath er  be found to  a sensillary than to a neuronal 
le v e l”  [5]. The in vestiga tion s m entioned above, w ith  one exception  [11], 
h a v e  b een  performed on 3— 5. stage larvae and the results appear to  be rather 
contrad ictory . Therefore, th e  first aim of our investigations was to  clear up 
th e  fundam ental characteristics (frequency, concentration dependence, 
s ta b ility , etc.) of the e x c ita b ility  of chem oreceptor cells in  adult locusts. On 
th e  o th er  hand, we a ttem p ted  to  obtain new data concerning the m echanism  
of fo o d  discrim ination on th e  basis o f the supposed taste  discrim ination ability  
o f  m ax illary  palps.

M aterials and Methods

E xperim ents were perform ed on adu lt (2 —7-days) fem ales of Locusta m igratoria migra- 
lorio ides  R . et F., from our own b reed . The last jo in t of th e  m axillary  palps were cu t and, in 
o rder to  avoid drying, they  were p laced in to  a glass capillary  filled w ith H o y l e ’s [14] phys­
iological solution containing also 15.84 g/1 glucose. A sim ilar p repara tion , b u t w ith m ore joints 
was u sed  b y  H a sk ell  and S c h o o n h o v e n  [11].

F ig . 1. Schematic rep resen ta tio n  of the stim ulation  and  reg is tra tio n  procedure
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For eiectrophysiological recordings the slightly m odified technique of H o d g so n  e t al. 
[13] and  B l a n e y  [4] was applied. To record electrical a c tiv ity  of the sensillae Ag/AgCl elec­
trodes were used extracellu larly . The indifferent electrode was grounded, while the  d ifferent 
electrode was connected th rough  a coinpensing c ircu it to  the amplifier. The com pensing 
circuit served for the com pensation of the chemical p o ten tia l difference between th e  sensilla 
tip  and the capillary containing the stim ulating solu tion  and the registrating electrode, as 
well as to  dim inish th e  artefacts arising during touching th e  sensillae w ith the electrode (Fig. 
1). Compensation was always performed on a neighbouring sensilla.

Glass capillaries w ith  a tip  of about 15 /rai and  containing the stim ulating  solution 
and the Ag/AgCl electrode were applied as stim ulating/recording electrodes. The electrode was 
connected to an am plifier used in  asym m etrical operation  mode and possessing a DC in p u t 
and variable low-pass filters (1000 Hz) [19]. E lectrical ac tiv ity  was recorded w ith  a D ISA  
51 В 02 oscilloscope and  stored by  a TEÁC R-200c m agnetic  tape recorder. Stored d a ta  were 
either directly photographed by  a COSSOR cam era or analyzed w ith a K F K I N TA  512B 
1024-channel analyzer. A fter measuring the interspike in tervals, sequential h istogram s were 
made and shown on a msec scale and a frequency scale, or histogram s were photographed from 
the display of the analyzer.

In  order to  avoid th e  graduation  of the solution in  the  tip  of the stim ulating/recording 
electrode, an injection syringe was connected to  the cap illary , through which a drop of solution 
was expressed from  th e  capillary before touching the  sensilla w ith the tip of the  capillary . 
The dropping out of the solution preceded, by 2 — 5 sec, the  mechanical contact. T hus all 
stim ulations were perform ed w ith  the actual concen tra tion  of the solutions. The solutions 
were diluted from analy tical pure stock substances using bi-distilled water.

Results

The first in vestigation  was performed to  determ ine the number o f recep­
tor cells o f the sensillae responding to the stim ulation . Following m echanical 
stim ulation, 70%  of the sensillae responding also to chemical stim uli were 
found to  be active. This response could be evok ed  b y  the displacem ent o f  the  
tip  o f  the recording electrode, causing bending o f  the sensilla.

Stim ulating th e  sensillae w ith NaCl so lu tion , a phase-tonic response  
could be recorded, in which the activ ity  o f m axim um  3 receptor cells could  be 
distinguished on the basis o f the size o f am plitudes, the regularity o f in terspike  
intervals and the degree o f  adaptation (Figs 2, 3). O nly one neurone was found  
to be active in  47%  o f the sensillae analyzed, w hile 40%  contained tw o  and  
13% three active receptor cells. However, th e  m ajority of the obtained  re­
sponses originated alw ays from  one receptor cell (“ dom inant cell” ). T hus, the  
num ber of potentia ls originating from the o th er cell (1 —2 secondary cells) 
were alw ays few  and their frequency was found  to be considerably low er. 
W ithin the response o f a sensilla the a c tiv ity  o f  the secondary cells ceased  
generally soon (w ith in  1—-5 sec). O ccasionally, their activ ity  could also be 
recorded even 1 0 —30 sec after the beginning o f  the stim ulation, though w ith  
a very low  frequency (0.2— 0.5 cps). E ven tu a lly , the activ ity  of the secondary  
cells appeared only  10—30 sec after starting th e  stim ulation. In this case, the  
frequency o f the spikes was found to  be higher, reaching 5 10 cps, and could
surpass th at o f  the “ dom inant” cells fairly adapted  at this tim e. The spike 
series o f the dom inant cells proved to  be more regular than that of the second­
ary cells.
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T h e adaptation o f th e  active receptor cells during stim ulation  o f  the  
in d iv id u a l sensillae has also been in vestigated . A n example for th is  is  show n  
in  F ig . 4 , where the response o f  three cells is  recorded from one sensilla. W hen  
a p p ly in g  stim uli at every 10 sec, on ly  one secondary cell w as found to  he 
a c tiv e , in  addition to  the dom inant cell, fo llow ing the second stim ulus (F ig . 4b).

1 sec
I-------------------- 1

F ig . 2. Responses of sensillae containing one (a) or two (b) receptor cells

1 sect---------- H

F ig . 3 . Response of th ree recep tor cells. The ad ap ta tio n  of potentials w ith  high and  sm all 
am plitudes is faster. C ontinuous recording
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F ig . 4. A daptation  of th ree recep tor cells of a sensilla during repeated  stim ulation  w ith  0.5 mol/1 
NaCl for 10 sec. Responses given to  the first (a), second (b) and th ird  (c) stim ula tion  are 
shown. L ast potentials of th e  receptor cells are indicated by  arrows. Abscissa: sequence of

interspike intervals

This secondary cell exh ib ited  a faster adaptation than  after the first stim ula­
tion . The number o f p otentia ls present in its response decreased further on 
the third stim ulation (F ig. 4c), and it failed to  give any response follow ing  
the fifth  stim ulation. The responses failed to reappear after a long, even  an 
hour long, resting period. W hen applying the sam e concentration o f th e  tested  
substance during th e  rest o f  th e  experim ent, there was not a single case in 
which the number o f  receptor cells would have increased com pared to  that 
observed at the first stim ulus.

A nalyzing the response o f m any sensillae, m edium  am plitudes proved  
to  be the m ost stable am ong the three categories o f am plitudes. I t  did not 
cease either during an experim ent lasting for hours (4— 8 hr), i f  the stim uli 
were sufficiently rarely repeated.

D eterm ination o f th e  num ber o f active receptor cells during stim ulation  
of the sensillae w ith  NaCl o f  different concentrations revealed th a t decrease 
o f these receptor cells occurred in only some o f the sensillae. This w as probably  
due to  the adaptation to  th e  successive stim uli rather, than  being th e  result 
o f the concentration change. In  contrast, Fig. 5 shows a sequential histogram  
in  which only one receptor cell was activated at a NaCl concentration  range 
o f 0.01— 0.05 mol/1, w hile at 0.1 mol/1 tw o, and at 0.5 and 1.0 mol/1 three cells. 
Thus, the number o f the receptor cells on this sensilla increased w ith  increasing  
concentration. H ow ever, th e  cells appearing later in the response exh ib ited  
a considerably lower frequency and faster adaptation , com paring to  the  
dom inant cell being active at all the concentrations applied. In another case 
m ost o f  the cells gave a response at an interm ediary concentration. Apart 
from  the above exam ples, several other variations have also been observed, 
nevertheless, a concentration  dependence in the num ber of active cells could  
not he established. W hen increasing the concentration, the am plitude increased
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F ig . 5. Changes in  th e  a c t iv i ty  o f  th e  recep tor cells o f  a  sensilla  s tim u la te d  w ith  N aC l of 
d iffe re n t co n cen tra tio n s . Sym bols as in  F ig . 4

in. a ll cells and this w as fou n d  also to be va lid  for the potentials o f responses 
ev o k ed  b y  mechanical stim u lation .

T he above results in d ica te  that it was n ot possib le to  find  any connection  
b etw een  the number o f receptor cells responding to  the stim ulation  o f the  
sen sillae  and the concentration  o f NaCl applied for stim ulation . Therefore, the  
resp on ses of the dom inant cells were only analyzed  in  the subsequent experi­
m en ts .

(1) Adaptation o f  the responses

A  typical exam ple o f  th e  phase-tonic response o f the dom inant cells is 
sh o w n  in  Fig. 6, fo llow ing stim ulation w ith 0.01 mol/1 NaCl. The in itia l fre­
q u en cy  o f the phasic part is 75 cps, which q u ick ly  decreased to  about 35 cps. 
T hereafter the adaptation  w as slower and regular, and after a stim ulation  with  
22 sec  th e  frequency o f  th e  response was about 20 cps. Sim ultaneously w ith  the  
in crease  of the duration o f  interspike intervals, th e  deviation  o f th e  durations 
a lso  increased. The in itia l frequency of the receptor cells was found to  be 17—  
160 cps, and the shortest period during w hich th e  response was m aintained
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Fig. 6. T ypical p h ase -to n ic  response  of a d o m in an t cell g iv en  to  s tim u la tio n  w ith  0.01 mol/1
NaCl. T o ta l re g is tra tio n  tim e : 22 m in

attained 1.5 sec. The short responses exhibited a low  initial frequency which  
could not, how ever, been interpreted as the in itia l frequency being by all 
m eans responsible for tbe fast adaptation. The duration o f the responses was 
not analyzed in all receptor cells, however, in som e cases the response failed  
to appear even after continuous stim ulation for 5 m in.

(2) Stability o f  the responses

The inter-stim uli in terval dependence o f  th e  dom inant cell responses 
evoked by repeated stim ulations has heen in vestigated . An exam ple is show n  
in  F ig. 7, where the use o f  10 sec intervals during th e  stim ulation  with 0.1 mol/1 
NaCl, resulted in  a slight increase o f the in itia l frequency o f the response, 
while its adaptation  decreased. A t the next stim ulation  20 min later, the

m sec c p s  rn sec c p s  m s e r cps

100 10
■

50- -20 .

r s o  . -
10 ; •v*.... •• •' ...
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F ig . 7. R esponses o f a d o m in a n t recep to r cell to  re p ea te d  s tim u la tio n  w ith  0.1 mol/1 N aC l; 
a ) f i r s t  s tim u la tio n , b )  second s tim u la tio n  a f te r  10 sec, c) th ir d  s tim u la tio n  a f te r  20 m in . 

A bscissa: sequence of in te rsp ik e  in te rv a ls
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Table I

Change o f  in itia l frequency o f  the dom inan t receptor cells on stim ulation with N aC l, using variable
in terstim ulus intervals

Concentra­
tion of NaCl 

solution, 
mol/1

In terstim ulus
in terval,

sec

Change of initial frequency

no change,
%

increased,
%

decreased,
0//о

0.01 5 83 17 0

0.05 5 25 0 75

10 0 72 28

20 67 33 0

30 0 66 34

0.1 5 11 44 45

10 17 66 17

0.5 5 33 26 41

10 17 0 83

1.0 5 0 80 20

in it ia l frequency was a lm ost identical w ith  that o f  the control and its adapta­
tio n  increased. H owever, such  cases also occurred when the frequency o f the  
response increased follow ing stim ulation  30 or 60 min later.

T able I shows the changes o f the in itia l frequency o f the responses o f  
differen t sensillae follow ing stim ulation  w ith  NaCl of different concentrations  
and u sin g  different stim u lation  intervals. On the basis o f the data  presented  
here it  is obvious th at the ten d en cy  o f the changes is independent o f  the stim u­
la tio n  intervals applied.

(3) Concentration dependence o f  the responses

T he concentration dependence o f the frequency o f responses o f  the dom i­
n an t cells was investigated  at NaCl concentrations o f 0.01 0.05, 0 .1 , 0.5 and 
1.0 mol/1. The threshold concentration  o f  NaCl was found to be below  0.01 
mol/1 in  the m ajoiity  o f th e  receptor cells (90% ), and m ost o f  them  (70%) 
responded  also to the concentration  o f 1.0 mol/1. The sequential histogram  o f  
th e  interspike intervals o f  a cell obtained at different NaCl concentrations is 
sh ow n  in  Fig. 8. A more m arked response w ith higher frequency w as evident 
at low er concentrations. A t a concentration o f 1 mol/1, not on ly  the initial 
freq u en cy  appeared to  be sm aller but also the frequency decrease in the re­
sp on se  w as more expressed.

Furthermore, the in itia l frequency o f the responses o f 19 receptor cells 
(ca lcu la ted  on the basis o f  th e  tim e interval betw een the two first potentials)
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F ig . 10. A verage of th e  in it ia l  freq u e n c y  of the resp o n ses a rra n g e d  according to  th e  ap p lied  
INaCl c o n ce n tra tio n s . V ertical h a rs: s t a n d a r d  e rro r of m ean

cps

F ig . 11. F re q u e n cy  decrease  of re c e p to r  cell responses u p  to  th e  3 0 th  spike w hen using  d iffe re n t 
N aCI co n ce n tra tio n s . T he in d iv id u a l va lues rep re sen t th e  m ea n s  of th e  responses of th e  sam e

19 cells. V ertical bars: s ta n d a r d  e rro r  o f m ean
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was analyzed when applying NaCl solutions o f  0.01 mol/1 and 1.0 mol/1 con­
centrations.T he low est in itia l frequency was found to  be about 20 cps (betw een  
17 and 23 cps), and it could be observed w ith all concentrations tested . The 
highest initial frequency w as uniform ly 160 cps, w ith the excep tion  o f the 
concentration of 0.5 mol/1, at which this value w as 106 cps. The concentration  
dependence of the responses o f  individual receptor cells exh ib ited  marked 
heterogeneity (Fig. 9). Four basic patterns o f  responses could, how ever, been 
distinguished. W ith increasing concentration, the initial frequency increased  
in 15%  o f the cells, while in  30% it decreased; in a further 30%  a frequency  
m axim um  and in 25%  a frequency m inim um  was found at an in term ediary  
concentration. As regards th e  concentrations, 26%  and 26%  o f  th e  cells 
investigated  showed an in itia l frequency m axim um  at 0.01 mol/1 and 0.05 mol/1, 
respectively , while in 20%  o f  the cells this value was found to  be at 0.1 mol/1, 
and in  14% and 14% at 0.5 and 1.0 mol/1, respectively.

The mean value o f  the initial frequency o f the responses recorded from  
the above receptor cells is show n in Fig. 10, follow ing stim ulation w ith  differ­
ent NaCl concentrations betw een  0.01 and 1.0 mol/1. There was no sign ificant 
difference between the m eans o f  initial frequencies o f the responses obtained  
w ith  varying concentrations.

As it has already been  m entioned, the receptor cell responses evoked  
by chem ical stim ulation exhibited  a phase-tonic character. The frequency  
changes o f  the responses o f  the above cells were analyzed on the basis o f  the 
first 30 interspike intervals. The mean frequency values calculated at the 1st, 
10th, 20th and 30th interspike intervals are show n in the Fig. 11, follow ing  
the application o f different NaCl concentrations. All the concentrations tested  
the m ost marked decrease o f  frequency was ev id en t during the first 10 p oten ­
tials o f  the responses.

Discussion

Since there are tw o tracheae sacs in the dom e o f the palps preparation  
used b y  us it  is rather d ifficu lt to make an electric contact betw een th e  p h y s­
iological solution o f the indifferent electrode and the solution o f th e  different 
electrode [11]. D epending on the feed, the term inal pore o f the sensilla is 
opened or closed [2], and th is process is regulated through the suboesophageal 
ganglion by the hormone o f  the corpora cardiaca [1]. The advantage o f  the 
present isolated preparation in the elim ination o f th is regulation.

On the dome o f the m axillary palps o f  the locust m ost o f  the sensillae  
are connected to 6 or 10 neurones, 6 neurones being more general. The dendrite  
o f  one o f  the neurones contains m any m icrotubules and shows branching  
pattern in the region o f the receptor-lym phatic cavity . In  the locu st, it  has 
not y e t  been established w hether th is dendrite containing the tubu les term i-
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liâ tes a t the basis o f the sensilla  or runs further up to  the tip  [6]. Such a m orpho­
log ica l appearance is u su a lly  associated w ith  m echanoreceptor functions [17], 
and such  dendrites term in ate  at the basis o f  th e  sensilla.

W hen stim ulating th e  sensillae of the m axillary  palps, the response of 
m axim u m  4 neurones could  be distinguished from  that o f 6— 10 ones. The 
response of one o f these 4 neurones could be evoked  b y  m echanical stim ulation  
and in  each case it  sho/wed th e  highest am plitude and was detectable in  the  
m ajority  (70%) o f the sensillae responding to chem ical stim ulation. M cchano- 
responses could be elicited  from  all dome receptors by H askell and Schoon- 
h o v e n  [11], while on ly  from  47%  of the sensillae b y  B laney  [4].

I t  is generally accep ted  th a t impulses o f different or constant am plitudes 
orig inate from different neurones, though it does not mean at all th at im pulses 
o f  th e  sam e size are derived  from  the same neurones [7, 8, 12].

Owing to the sm all am plitude of the receptor potentials the signal/noise  
ratio  rem ains below th e  lev e l encountered in extracellular recordings. Thus 
a difference of 15— 20%  could  also be observed betw een  the potentials originat­
in g  from  one cell. In such case , the number o f active  cells could rather precisely  
be determ ined by considering the am plitude and interspike interval values, 
provided  that one or m ore active cells possess su ffic ien tly  regular frequency. 
B y  th is  m ethod the response o f maxim um  3 cells could sim ultaneously be 
distinguished  during stim u la tion  with NaCl and th is attained 13% of the  
sensillae investigated. In  40%  of the sensillae tw o  receptor cells and in  47%  
o n ly  a single receptor cell responded to the stim ulation . W ith NaCl stim ulation  
th e  response of only 1 neurone / sensilla / adult in sect and isolated palp prepara­
tio n  w as recorded b y  H a sk e l l  and Schoonhoven  [11], while generally the 
response of 2 or 3, rarely 1 or more than 3 neurones (larval stage and intact 
an im als) was observed b y  B laney  [4, 5]. S ince th ese investigations were per­
form ed on locusts being in  different developm ental stage and on different 
preparations, any a ttem p t to  explain the inconsistency  of these findings 
w ou ld  be speculative. I t  seem s also im possible to  provide satisfactory exp lana­
tio n  for the finding th a t m axim um  3 of th e  6 receptor cells present in  the  
sensillae responded to  th e  stim ulation , since all o f  them  appear m orphologically  
to  be determined for chem oreception [6]. The existence o f specific chemo- 
receptor cells not responding to  stim ulation w ith NaCl can be excluded on the 
basis o f  the present fin d in gs and of data o f others [18]. It has, how ever, been  
show n th at the num ber o f receptor cells responding during repeated stim ulation  
o f  a sensilla decreased from  3 or 2 to 1, and a t identical stim uli w e never 
observed  the activation  o f a new cell being earlier silent. N evertheless, the 
num ber of active receptor cells could be altered during the stim ulation  of 
a sensilla  with NaCl so lu tion s o f different concentrations. According to B laney

[4], th e  individual sensillae exhib it similar d istribution  o f am plitude categories 
at each concentration, th ou gh  a considerable variab ility  in  the am plitude
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values them selves has been found. It is not clear from his paper, w hether the 
cells belonging to  the sensilla showed any difference in  adaptation. W e also 
failed to observe a correlation between the applied concentration and the 
number o f active cells. R em arkably, in the present study the spike num ber and 
the frequency o f the secondary cells were a lw ays found to  be considerably  
smaller, than  that o f  th e  dom inant cell. It is conceivable that this phenom enon  
was due to  the receptor cells being alternatively  active. Thus, while one cell 
is active, i.e. it is in the dom inant or m ost sen sitive  state , the others are silent 
or unresponsive, even tu a lly  th ey  only show a partial response w ith  a faster  
adaptation and lower frequency, characteristic for the so-called secondary  
cells. Since we failed to  find specific receptor cells responding oidy to a single 
specific substance w hen testin g  a wide range o f  substances [18], it seem s un ­
likely th at the application  o f an inadequate stim ulus would have been the rea­
son for the silence o f  th e  cells.

Sim ilarly to larvae, the chem oreceptors o f  the m axillary palps o f  adult 
locusts would also respond w ith different frequency to  identical sequential 
stim uli [4, 5, 16]. This is true also when stable and sufficiently high stim ulus 
intervals are applied. Thus th is pattern does not seem  to be due to  the adap­
tation  or facilitation  o f  the receptor cells, since the frequency changes o f  the 
cells appear to be accidental w ithout any ten d en cy  for regularity.

Consequently, a close correlation betw een the initial frequency o f the  
dom inant cells and th e  concentration o f the applied substance cannot be 
expected. As we have show n, with increasing concentration 15% o f the cells 
exhibited an increasing, and 30%  a decreasing in itia l frequency, while at 30%  
a frequency m axim um  and at 25% a frequency m inim um  occurred w hen one 
o f the interm ediate concentrations was applied. In the tw o latter groups 
it frequently occurred th a t th ey  responded w ith  identical initial frequency to 
two concentrations being m arkedly different. In  adult locusts, so far on ly  the  
increasing response to  rising concentration has so far been described [11], 
while the response pattern  characterized b y  a frequency m inim um  at an 
interm ediary concentration  is also unknown in larvae [4].

On sum m ation and averaging o f the responses o f  more cells, the variab il­
ity  o f the responses o f  the receptor cells as w ell as the dependence o f  their  
characteristics on the applied concentration were m utually com pensated for 
and marked. These m echanism s might be im portant in the process o f  taste  
discrim ination and food selection.

Our findings clearly show  that the receptor cells o f the dom e sensillae  
of the m axillary palps can be stim ulated by chem ical substance (NaCl). A given  
receptor cell is capable o f  responding at different tim e intervals and with  
different frequency to  a g iven concentration o f th e  substance and th is response 
is independent from adaptation  or facilitation . D ifferent receptor cells m ay  
respond with different frequency to  the sam e concentration and also, w ith
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th e  sa m e  frequency to d ifferent concentrations. W hen increasing the concentra­
t io n , th e  frequency m ay increase or decrease, how ever, frequency m axim a or 
m in im a  m ay  also occur at in term ediate concentrations. In the case o f  NaCl, 
th e  th resh o ld  concentration o f  the m ajority o f  the receptor cells w as below
0.01 mol/1 and the m ajority o f  the cells responded even to a concentration  as 
h igh  as 1.0  mol/1. These fea tu res indicate th a t the receptor cells o f  th e  dome 
sen silla e  are not specialized to  chem ical substances, and they are sensitive  
to a w id e range of substances.
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T h e  effects of lith o ch o lic  acid  (LCA), chenodeoxycholic  acid  (C D C A ), deoxy- 
cholic  acid  (DOCA), cholic acid  (CA) a n d  dehy d ro ch o lic  acid  (D H C A ) on  th e  b ilia ry  
ex c re tio n  of a m a ra n th  (AM) in  ra ts  an d  on th e  re sp ira tio n  of iso lated  liver m ito c h o n d ria  
w ere in v es tig a ted . Bile acids d im in ished  th e  b ilia ry  ex cre tio n  of AM, an d  in  vitro  th e y  
e n h an ced  th e  s ta te  4 m ito c h o n d ria l re sp ira tio n  a n d  in h ib ited  D N P- a n d  A D P -stim - 
u la te d  oxygen con su m p tio n . T he ID 50 v a lu es (^tm ol/kg i.v .)  and  I 50 c o n c e n tra tio n s  
(X lO ~ 5 M) of th e  bile acid s fo r in h ib itin g  AM ex c re tio n  an d  A D P -s tim u la te d  m ito ­
ch o n d ria l re sp ira tio n , re sp ec tiv e ly , w ere as follow s: fo r LCA 16 an d  3.3, fo r  CDCA 
160 a n d  24, for DOCA 230 a n d  31, for CA 680 an d  105, an d  for D H C A  700 a n d  260. 
LCA, CDCA and  DOCA in h ib ite d  th e  b ilia ry  ex cre tio n  of AM u n c o m p e titiv e ly .

I t  is concluded t h a t  th e  to x ic  effect o f LCA, CDCA an d  DOCA on m ito c h o n d ria  
m ig h t p la y  a role in  th e ir  in h ib ito ry  a c tio n  on th e  b ilia ry  tra n s p o r t  o f AM .

Bile acids can exert both a stim ulatory and an inhibitory effect on the  
biliary excretion of cholephilic organic anions. I t  appears that cholic acid is 
in vo lved  in  the regulation o f the biliary excretion o f rose bengal, indocyanine  
green, sulfobrom ophthalein, hromcresol green and eosine, since their excretion  
rates are increased by sim ultaneous adm inistration o f taurocholate [10, 31, 
32] and decreased by experim ental bile acid depletion [13]. The transport of 
other organic acids, nam ely sulfobrom ophthalein glutathione and am aranth  
in to  bile, however, seems insensitive to  bile acid deficiency [14] and their  
excretion  can not be stim ulated by taurocholate. Moreover, high doses o f  th is  
bile acid depress their biliary excretion [10].

The present investigation  was designed to study the inhibitory action  
of som e unconjugated bile acids, nam ely lithocholic acid (LCA), chenode­
oxycholic  acid (CDCA), deoxycholic acid (DOCA), cholic acid (CA), and de­
hydrocholic acid (DHCA) on the biliary excretion o f AM. Since b ile  acids 
uncouple oxidative phosphorylation in isolated liver m itochondria [26] and 
biliary excretory rates of cholephils seem  to be affected by inhibition o f  hepatic  
m itochondrial function [2, 12], it was of interest to determ ine if  any parallelism  
ex isted  betw een their effects on m itochondrial and hepatic excretory functions.

AM is a nonm etabolized organic anion [20] excreted m ainly in  b ile [29] 
at a high m axim um  excretory rate. It does not have a cholestatic effect or

Acta Physiologica Academiae Scientiarum Hungaricae 59, 1982



9 0 Z. G R E C U S  e t  al.

in h ib it hepatic m itochondria l respiration [12]. In  order to m inim ize a possible 
in teraction  betw een endogenous and injected  bile acids, bile acid-depleted  
ra ts  were used in the present experim ents.

Materials and M ethods
M a ter ia ls

L ithocholic  acid  a n d  ch o lic  acid  were p u rc h ase d  fro m  M erck L td ., D a rm s ta d t;  cheno- 
d eo x y ch o lic  acid fro m  S ig m a In c . ,  S t. Louis; so d iu m  s a l t  o f deoxycholic  acid  a n d  dehydro - 
ch o lic  acid  from  R e an a l, B u d a p e s t;  a m a ran th  (A z o ru b in  S) from  Searle Co. (H o p k in  a n d  
W illiam s), C hadw ellhea th ; c h o le sty ram in e  from  S e rv a  Co., H eidelberg .

A n im a l  experiments

T h e  experim en ts w ere  p e rfo rm e d  on fem ale S p rag u e -D aw ley  ra ts  w eighing 160 — 200 g. 
T h e  a n im a ls  were p re tr e a te d  w ith  cho lesty ram ine (1.0 g /k g  p .o .) as described  elsew here [14]. 
F o u r  h o u rs  a fte r c h o le s ty ra m in e  a d m in is tra tio n  th e  r a t s  w ere a n es th e tized  w ith  u re th a n e  
(1 .2  g /k g  i.p .)  and th e  b ile  d u c t  w as can n u la ted  w ith  p o ly e th y len e  tu b in g  (P E -10). The b o d y  
te m p e ra tu re  of th e  ra ts  w as m a in ta in e d  a t 37 °C b y  m e a n s  of a h e a t lam p . AM w as in jec ted  
in to  th e  fem oral ve in , th e n  20 m in  la te r  th e  bile acid s w ere  ad m in iste red  b y  th e  sam e ro u te . 
L C A  w as dissolved in  p ro p y le n e  g lyco l, th e  o th er b ile  ac id s , a s  sod ium  sa lts , in  sa line . P ro p y len e  
g ly co l ad m in iste red  in  th e  h ig h e s t  volum e (2.5 m l/kg  i .v .)  d id  n o t  in fluence th e  b ilia ry  ex cre tio n  
o f  A M . Bile was co llected  fo r  20 m in  a fte r a d m in is tra tio n  o f th e  bile acids. T he vo lum e of bile 
w as m easu red  w ith  a  g r a d u a te d  p ip e t. The c o n c e n tra tio n  of AM in  th e  bile w as d e te rm in ed  
sp e c tro p h o to m e tric a lly  a t  525 n m . The b iliary  e x c re tio n  r a te  of AM w as c a lcu la ted  as th e  
p ro d u c t  of b ilia ry  flow  a n d  b ilia ry  concen tra tion .

M itochondria l respiration

R a t  liver m ito c h o n d ria  w ere  p repared  b y  th e  m e th o d  of H ogeboom  [17]. T he p ro te in  
c o n c e n tra tio n  of th e  m ito c h o n d r ia l  suspension w as d e te rm in e d  b y  th e  b iu re t^ m e th o d  [9]. 
O x y g e n  consum ption  of th e  m ito c h o n d ria  was m ea su re d  w ith  a  ClarkLelectrode a t  37 °C a n d  
p H  7.4 in  1.4 ml of a n  in c u b a t io n  m edium  consisting  o f 80 mM  KC1, 20 mM  T ris , 1 mM E G T A  
a n d  5 m M  K H 2P 0 4. A  m ito c h o n d r ia l  suspension (c o n ta in in g  2 m g of p ro te in ) , 1.5 p m ol m a la te  
a n d  6.5 /(mol g lu ta m a te  w ere  a d d e d  to  th e  reac tio n  m ix tu re  (s ta te  4 re sp ira tio n ). T he oxygen  
c o n su m p tio n  was s tim u la te d  b y  a d d in g  1.5 /(mol A D P  o r 50 nm ol D A P . T he re sp ira to ry  co n tro l 
in d e x  o f m ito ch o n d ria  w as 10 — 12. The bile acids in v e s tig a te d  were ad d ed  to  th e  in c u b a tio n  
m ix tu re  60 sec a fte r  a d d it io n  o f g lu tam ate  an d  m a la te  o r 30 sec a f te r  a d d itio n  of A D P  or 
D N P . LCA was d issolved in  p ro p y len e  glycol, th e  o th e r  b ile  acids, as sod ium  sa lts , in  th e  in ­
c u b a t io n  m edium . P ro p y le n e  g lyco l applied in  th e  h ig h e s t vo lum e (20 (A) d id  n o t  in fluence  
m ito c h o n d ria l re sp ira tio n . T h e  r a te  of oxygen c o n su m p tio n  a f te r  ad d itio n  of a bile acid  w as 
r e la te d  to  th e  oxygen c o n su m p tio n  m easured  before d e liv e ry  of th e  bile acid.

S ta tis tics

S tu d e n t’s t te s t  w as u se d  fo r s ta tis tica l a n a ly s is . T h e  lines for L in ew eav er-B u rk  p lo ts  
w e re  d e te rm in ed  b y  lin e a r  reg ress io n .

Results

E ffect o f  bile acids on the b iliary excretion o f  am aranth

The effect of three different doses o f bile acids on the biliary excretion  
o f AM is presented in T ab le I. All bile acids in vestigated  inhibited the excretion  
o f  AM into the bile. T he approxim ate ID 50 values for the bile acids are as
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follow s: LCA, 16, CDCA 160, DOCA 230, CA 680 and DHCA 700 /xmol/kg
i.v . LCA decreased, DOCA did not influence, CDCA, CA and D H C A  increased  
the Lile flow . The concentration o f AM in  th e  bile was considerably reduced  
b y  th e  adm inistration o f all bile acids excep t LCA.

The m ode o f inhibition  the bile acids exerted on AM transport was 
different as dem onstrated b y  the L inew eaver-Burk plots (Fig. 1). LCA, CDCA 
and DOCA inhibited the biliary excretion o f AM in an uncom petitive fashion. 
H ow ever, CA and D H C A  produced com p etitive rather than an uncom petitive  
ty p e  o f inhibition.

l / V  К 1 0 ' 4

F ig . 1. In h ib itio n  of th e  b ilia ry  ex cre tio n  of a m a ra n th  (AM ) b y  bile acids. B ile  ac id s were 
in je c te d  20 m in  a f te r  th e  a d m in is tra tio n  of AM (200, 300, 450, 600 //m ol/kg i.v .), a n d  th e  b ilia ry  
e x c re tio n  ra te  of AM w as d e te rm in e d  in  th e  su b seq u e n t 20 m in  period . Doses o f b ile  acids in  
fimol/kg ; LCA 20, CDCA a n d  DO CA 200, CA and  D H C A  500. V =  b ilia ry  e x c re tio n  r a te  of
AM  (nm ol/kg  • m in ), S =  dose of AM (/m iol/kg i.v .) ,  О------О =  th e  ex cre tio n  r a te  o f AM
w ith o u t b ile  acid  a d m in is tra tio n . • ------•  =  th e  e x c re tio n  ra te  of AM follow ing  b ile  acid

a d m in is tra tio n . E a c h  open  or solid circle re p re se n ts  th e  m ean  va lue  of 4 —6 ra ts
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E ffects o f  bile acids on m itochondrial respiration

T h e  effect of various unconjugated bile acids on respiration o f iso lated  
rat l iv e r  mitochondria is sh ow n  in  Table II . T he m itochondrial o x y g en  con­
su m p tio n  measured in  th e  presence o f glutam ate and m alate was enhanced  
b y  LCA, CDCA, DOCA, and CA and it was not affected  by DHCA. The stim u la­
to r y  e ffec t of the bile acids increased w ith  increasing concentrations, and 
after  h av in g  reached a m axim u m , it  decreased. The stim ulatory effect in ­
creased  in  the following order: LCA >  CDCA >  DOCA >• CA.

T h e m itochondrial resp iration  stim ulated b y  DNP or ADP was inh ib ited  
b y  th e  b ile acids. The approxim ate I50 concentrations of the bile sa lts for the  
A D P -stim u la ted  respiration o f  the m itochondria were as follows: LCA 3.3 X 
X lO -5 M CDCA 2.4x 10-4 M, DOCA 3.1xlO ~4M CA 1 .0 5 x l0 -3M, DHCA 
2 .6 x lO - 3M.

Table I

Effect o f  bile acids on the biliary excretion o f  amarantha

Bile acids
D ose

jumol/kg
i.v .

Bile flow 
yfzl/kg • m in

Concentration 
o f AM in bile 

jumol/ml

B iliary excretion 
o f  AM

^m ol/kg  • m in

— — 6 7 ±  3.8 5 0 .7 ± 2 .0 3 .4 0 ± 0 .1 8 9

L ith o c h o lic  acid 6.2 6 6 ±  3.2 4 1 .2 ± 2 .8 2 .7 5 ± 0 .0 8 2

12.5 40 ±  9.6b 5 0 .0 ± 1 .1 6 2.00dz0.315c

25.0 2 1 ±  3.0d 5 7 .0 ± 1 .0 5 b 1 .2 0 ± 0 .0 8 9 d

C henodeoxycho lic  acid 50 8 6 ±  1.2b 3 6 .1 ± 3 .5 b 3 .1 1 ± 0 .2 4 5

100 9 3 ±  6.8b 2 2 .0 ± 4 .4 d 2 .0 5 ± 0 .3 2 6 c

200 1 1 4 ±  5.4d 1 4 .9 ± 0 .9 d 1 .7 1 ± 0 .1 3 0 d

D e o x y ch o lic  acid 100 8 0 ±  9.8 3 7 .9 ± 1 .0 6 d 3 .0 3 ± 0 .2 0 9

200 7 4 ±  8.4 2 4 .2 ± 2 .8 6 d 1 .7 9 ± 0 .3 6 6 c

300 6 3 ±  7.7 2 0 .0 ± 1 .1 9 d 1 .2 6 ± 0 .3 0 0 d

C holic  acid 250 1 3 5 ±  3.7d 2 2 .9 ± 1 .4 3 d 3 .0 9 ± 0 .1 0 3

500 1 4 4 ±  9.9d 15 .2 ± 1 .6 8 d 2 .1 8 ± 0 .1 5 0 d

750 1 8 7 ± 1 2 d 8 .6 ± 0 .9 d 1 .6 1 ± 0 .1 5 5 d

D e h y d ro ch o lic  acid 300 1 8 5 ± 1 6 d 1 4 .3 ± 0 .9 d 2 .6 4 ± 0 .1 5 1 c

600 1 8 1 ± 1 4 d 1 0 .5 ± 0 .6 d 1 .9 0 ± 0 .1 2 5 d

1200 1 7 8 ± 4 .8 d 6 .1 ± 0 .8 d 1 .0 9 ± 0 .1 1 7 d

a B ile acids were in je c te d  in trav en o u s ly  20 m in  a f te r  th e  ad m in istra tio n  of a m a ra n th  
(A M ; 300 /zmol/kg i.v.) th e n  b ile  w as collected for 20 m in . T he values are th e  m eans ^ S E  ob­
ta in e d  in  4 —6 ra ts

b p  <  0.05; c p <  0.01; d p  <  0.001
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Table П

Effect o f  bile acids on the respiration o f  isolated liver mitochondria*

Bile acid Concentration 
X lO -»M

R elative ac tiv ity  {%) of oxygen 
consum ption1* stim ulated  by

glu-m al D NP A D P

L ithocholic acid 1.66 225 79 75
3.33 930 47 54
5.00 720 14 36
6 .6 6 360 6 18

10.0 95 1 9

Chenodeoxycholic acid  3.33 183 96 94

8.33 467 77 8 6

16.6 1210 41 57
33.3 820 6 49
50.0 280 1 27
6 6 .6 173 0 9

Deoxycholic acid ! 3.33 100 90 95
8.33 247 63 8 6

16.6 1060 38 6 8

33.3 1150 16 55
50.0 416 4 32
6 6 .6 250 1 19

Cholic acid j  33.3 240 77 91
6 6 .6 1290 65 6 8

100 1000 48 59
133 863 33 36
200 555 5 23
266 353 1 16

D ehydrocholic acid  66.6 120 75 90
133 95 66 67
200 100 i 49 56
266 113 39 47
400 73 22 39

T he values are th e  m eans of th ree  determ inations
„  , . . . O , con su m p tio n  afte r th e  ad d itio n  of bile acidsK elative  a c tiv ity  =  — ------------- —  ------—---------------------;--------------------------  . Ю0

О 2 co n su m p tio n  before th e  a d d itio n  of bile acids
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Discussion

B ile acids are kn ow n  to  inhibit various a ctive  transport processes. For 
ex a m p le , bile acids have b een  show n to inhibit h exose  [4, la ,  30] am ino acid [4] 
and  ion ic  transport [28] in  th e  intestine, ion ic transport in  gastric mucosa
[23] and  hippurate and iod ipam ide uptake in  th e  kidney, uvea and chorid 
p le x u s  [1]. These in h ib ito ry  effects are nonspecific  [1, 4]. T rihydroxy bile 
acid s are less potent in h ib itors than the m ono- and dihydroxy bile salts [1, 
1 5 ]. T he latter are kn ow n  to  produce cholestasis [7, 8, 21, 25] and cirrhosis 
[18, 19].

The excretion properties o f  AM perm itted a selective in vestigation  of the  
in h ib ito ry  effects o f b ile acids on the hepatobiliary transport. The present 
s tu d y  has shown th at b ile acids are also able to  inhibit this active transport 
p rocess (Table I). The in h ib ito ry  potencies o f bile sa lts, however, differ consider­
a b ly  from  each other. I f  th e  inhibitory p o ten cy  o f  the synthetic triketo  bile 
acid  D H C A  is taken as u n ity , then the corresponding value for th e  m ono­
h y d r o x y  bile acid LCA w ill be 44, for the d ih yd roxy  bile acids GDGA and 
D O C A  4.4 and 3, resp ectiv e ly , whereas for the tr ih yd roxy  bile acid GA approx­
im a te ly  1. This ind icates th a t  hydroxylation o f  th e  steroid nucleus in  the bile 
a c id  molecule reduces its  inh ib itory  effect on hepatobiliary transport.

The bile acids in v e stig a te d  also affected th e  respiration o f iso lated  liver  
m itochondria (Table II ) . T h e  results presented here are com patible w ith  the  
o b servation  that bile sa lts  in h ib it electron transport and, w ith  th e  exception  
o f  D H C A , uncouple o x id a tiv e  phosphorylation in  m itochondria [26]. It is 
in terestin g  to note th a t th e  sequence of bile acids as stim ulants o f the state  
4  respiration or as in h ib itors of D N P- or A D P -stim ulated  m itochondrial 
resp iration , directly correlates to  their in h ib ition  of biliary AM excretion. It  
is  d ifficu lt to determ ine i f  th e  effect bile acids h a v e  on hepatic m itochondrial 
fu n ctio n  is responsible for th e  decrease in b iliary transport o f organic anions. 
Sulfobrom ophthalein, a p o te n t inhibitor o f m itochondrial respiration [3, 22, 
24] strongly inhibits in  an  uncom petitive fash ion  the biliary excretion  of its  
glu tath ion e conjugate [11]. The maximal b iliary excretion  rates o f  several non- 
m etabolized  cholephilic organic anions are in verse ly  correlated to  their tox ic  
p o ten cies for m itochondria [12]. In addition, th e  cholephilic organic acids 
th a t  are toxic to m itochondria  are more p o ten t inhibitors o f the biliary excre­
t io n  o f  AM than those ex er tin g  only a negligible effect on m itochondrial func­
tio n s  (unpublished o b servation  by the authors). The uncoupler dinitrophenol 
depresses the biliary excre tio n  of bilirubin b y  th e  isolated  perfused liver [2]. 
T h e inhibitory effect o f  b ile  acids on transport o f  sugars b y  the in testin e has 
also  been suggested to  be due to  their effect on  ox id ative  phosphorylation  [5]. 
B ile  acids have been sh o w n  to  jdecrease o x y g en  consum ption o f intestinal 
m u cosa l hom ogenizates [5] (and jejunal strips [28] as well as tissue ATP
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levels [5]. All these observations support th e  concept that the deleterious  
effect of bile acids on liver m itochondria m ay p la y  a part in their inh ib ition  
o f the hepatic transport o f AM. It is in teresting  to  note that despite som e 
confbcting results [5, 16] bile acids are believed  to  decrease the a c tiv ity  o f  
N a +-K +-activated  A TPase in different preparations. Moreover, th e  con ­
centrations of bile acids (I50) that found to  in h ib it N a +- K +-M g+ + -acti- 
vated  ATPase o f hepatic microsom al membranes [27] are similar to those show n  
here for A D P -stim ulated  m itochondrial respiration. Therefore, i t  appears th a t  
the inhibitory effect o f  bile salts on m itochondrial respiration can be re­
garded as a part o f their  general effect on m em branes.

Since bile acids and AM are higly cholephilic substances, a com p etitive  
inhibition o f AM transport in to  the bile b y  bile sa lts could also be anticipated . 
As shown in Fig. 1, th is probably occurred on ly  w ith  CA and DH CA, w hereas 
mono- and d ihydroxy bile salts exhibited u n com petitive inhibition.

In conclusion, it  appears th at the inhibition  o f  the hepatobiliary transport 
of AM b y  LCA, CDCA and DOCA is due, at lea st in  part, to the in h ib itory  
effect of these bile acids on m itochondrial fu n ction s. In contrast, th e  effect 
th at CA and DH CA have on mitochondria does not seem to m anifest itse lf  
in vivo. The inhibitory effect these bile salts h ave on the biliary excretion  o f  
AM m ay result from  a com petition  for the transport system  rather th an  a to x ic  
depression o f the hepatobiliary transport. In  addition , the high p oten cy  o f  
LCA to interfere w ith  m itochondrial functions m ay  also play a role in  its  
cholestatic effect.
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Recensiones

H . A u tr u m  (E d .)

Vision in  Invertebrates. B.

Invertebrate Visual Centers and Behaviour I.

H a n d b o o k  of Sensory  P h y sio lo g y . Vol. V II/6B .

S p rin g e r V erlag, B erlin  — H eidelberg  —N ew  Y o rk  1981. 629 pages w ith  319 F ig u re s  an d  10 
T ab les , p rice  DM 2 70 ,— ; a p p ro x . U S $ 159.30

T his volum e is th e  second  one of a  series o f  th ree . I ts  four c h ap te rs  a re ,
1. N eu ro arch itec tu re s  serv ing  co m pound  ey es o f C rustacea an d  In se c ts  (N . J .  Stra u ss- 

f e l d  a n d  D . R . N ä ssel).
2. N eu ral p rincip les in  p e rip h e ra l v isu a l sy s tem s of In v e rte b ra te s  (S . L a u g h lin ).
3. P o la riza tio n  se n s it iv ity  (T. H . W a t e r m a n ).
4. O ptics an d  v is io n  in  In v e rte b ra te s  (M. F . L a n d ).
T he f irs t  c h ap te r  su m m arizes th e  basic  p rin c ip les  o f nerve cell o rg a n iz a tio n  in  c ru stacean  

a n d  in se c t op tic  lobes. I t  describes th e  b asic  a rra n g e m e n ts  of single cells in  th e  th re e  m ain 
sy n a p tic  regions (th e  lam in a  m edu lla  a n d  lo b u la  co m p lex , illu stra tes  species d iffe ren ces of cell 
re la tio n sh ip  an d  shows t h a t  a  lim ite d  n u m b er of n e u ro n  ty p es  is involved in  sp e c if ic  geom etries. 
T h e  use  o f co b a lt im p re g n a tio n  m akes th e  s tru c tu re  o f  th e  op tic  lobes lo o k  m o re  sim p le  th an  
h a s  b een  described  p rev io u sly . I t  is show n ho w  single nerve cell p o p u la tio n s  c o n tr ib u te  to 
sim ple  a rran g em en ts  o f p a ra lle l re tin o to p ic  p a th w a y s  an d  how  these a re  so r te d  o u t  to  specific 
reg io n s o f th e  la te ra l m id b ra in  a n d  th en ce  to  d e scen d in g  p a thw ays. T he s t ru c tu ra l- fu n c tio n a l  
co rre la te s  o f th e  n eu ro n s, to o , a re  sum m arized .

T he second c h a p te r  deals w ith  n e u ra l p rin c ip les , concerning th e  o rg a n iz a tio n  o f cellular 
co m p o n en ts  th a t  assim ila te  a n d  process o p tica l in fo rm a tio n  from  th e  e n v iro n m e n t,  to  help 
th e  a n im a l to  m ain ta in  a  fav o u ra b le  p o sitio n  w ith in  i ts  su rround ing . T he g e n e ra tio n  o f v isua lly  
m ed ia te d  beh av io u r is an a ly zed , su m m ariz in g  th e  d a ta  concerning th e  a d a p ta t io n  o f s tru c tu re  
to  fu n c tio n  in  th e  v isu a l sy s te m  of in v e rte b ra te s . I t  is concluded th a t  th e  n e u ra l  p rincip les 
o f in v e r te b ra te  v isua l sy s tem s are  indeed  th e  p rin c ip les  of v ision in  gen era l.

T h e  th ird  c h ap te r  describes th e  se n s it iv ity  o f  in v e rteb ra te s  to  th e  p o la r iz a t io n  o f light. 
T h is p h en om enon  is still im p e rfec tly  kn o w n , b u t  th e  a u th o r  gives a d e f in i t io n  a n d  exac t 
d e sc rip tio n  as well as a n  ex am p le  o f th is  k in d  o f se n sitiv ity . The p o la r iz a tio n  se n s it iv itv  of 
c ru s tac ea n s , insects, a rac h n id s  a n d  cephalopod  m olluscs is discussed a n d  a  c o m p ariso n  is 
m ade  w ith  th e  sam e sense of v e rte b ra te s .

T he fo u rth  c h ap te r  co m pares v a rio u s ty p e s  o f o p tica l system s a n d  d esc rib e s  th e ir 
e v o lu tio n . H ere th e  v a rio u s p h y sica l fac to rs  t h a t  d e te rm in e  an d  lim it th e  p e rfo rm a n c e  of eyes 
a re  a lso  d iscussed.

In  th e  book a u th o r  a n d  su b jec t in d ex es a re  g iven . The q u d i ty  o f th e  p r in t in g  includ ­
ing  m icropho tos, d raw ings, e tc . is ex ce llen t. S p ec ia lis ts  in  physiology, b io p h y sics , b io ch em is try , 
b e h av io u ra l physiology, g enetics, o r zoology will u n d o u b te d ly  find  th e  b o o k  im p o r ta n t  and 
useful. I t  is h ighly  reco m m en d ed  to  u n iv e rs ity  d e p a r tm e n ts  o f physics a n d  b io lo g y .

K . S .-R ózsa
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IOC RECENSIONES

H . B o t h e  and  A. T b e b e t  (E d s)

Biology o f  Inorganic Nitrogen and Sulfur

S p r in g e r  V erlag , B erlin—H e id e lb e rg  — N ew  Y ork 1981. 384 p a g e s  w ith  144 F igures, p ri«e
D M  89 , — ; approx. U S $ 46.80

N itro g e n  and su lp h u r  c o m p o u n d s  are continously  s y n th e tiz e d , degraded  and  co n v erted  
in to  o th e r  fo rm s in  n a tu re . T h e re  a re  m an y  sim ilarities in  th e  p rin c ip a l problem s a n d  b as ic  
m e c h a n ism s  of th e  biology of th e s e  m ate ria ls . M any d e ta ils  a re  n o t  y e t  understood  a n d  h en ce  
fo rm  th e  su b jec t of ac tive  in v e s tig a tio n s  all over th e  w orld .

T h e  book  contains th e  m o s t  in te re s tin g  results o f b o th  th e  n itro g en  and  su lp h u r cycle 
g e n e tic s  a n d  ecology of d in itro g e n  f ix a tio n , of a ss im ila to ry  a n d  d issim ila to ry  n i tra te  a n d  
s u lp h a te  re d u c tio n  and  of a m m o n ia  a n d  sulphide o x id a tio n . W e  c a n  f in d  all th e  c o n tr ib u tio n s  
to  th e  conference held in  M ay  1980 in  Bochum , GFK, t h a t  d isc u sse d  a  research  p ro g ram m e on 
th e  m e ta b o lism  of in o rgan ic  n i tro g e n  an d  sulphur co m p o u n d s , su p p o rte d  by  th e  D e u tsch e  
F  o rsch u n g sg em ein sch aft.

A m o n g  o thers, th e  fo llo w in g  im p o r ta n t chap ters  a re  to  b e  fo u n d  in  th e  book.
M icroorganism s in v o lv e d  in  th e  nitrogen and su lp h u r  cycles , n itrogen  m etab o lism  in  

p la n ts ,  th e  assim ila to ry  r e d u c t io n  o f n itra te , d issim ila to ry  n i t r a te  red u ctio n  of d in itro g e n  
f ix a t io n  in c lud ing  some a sp e c ts  o f  th e  physiology of d in itro g e n  f ix a t io n  and  its  b io ch em is try , 
p a th w a y  a n d  regu la to ry  a sp e c ts  o f  N 2 an d  N H 4+ a ss im ila tio n  in  N 2-fix ing  bac teria  an d  o th e r  
o rg a n ism s . A ssim ilato ry  su lp h a te  re d u c tio n , ecology a n d  p h y s io lo g y  of some anaerob ic  b a c te r ia  
f ro m  th e  m icrobial su lp h u r c y c le ; su lp h a te  up tak e  a c t iv a t io n  a n d  d issim ila to ry  su lp h a te  
re d u c t io n .  E n zy m atic  m ec h an ism s a n d  th e  regu lation  of th e s e  m etab o lism s; in  vitro  asso c ia ­
t io n  b e tw e e n  nonlegum ens a n d  R h izo b iu m ;  the  role of th io re d o x in  fo r enzym e re g u la tio n  in  
C yanobacteria , etc.

F ig u re s  and graphs c o m p le te  th e  te x t and m ake i t  i l lu s t ra tiv e .  F o r in stance  in  one of 
th e  f ig u re s  a po lyacry lam ide  gel e lectro p h o resis of gene p ro d u c ts  in  show n encoded b y  w ild - 
ty p e  a n d  m utagenized  f ra g m e n ts , in  an o th er we can  see iso la te d  m em brane frag m e n ts  o f  
N itrobacter  cells w ith  h ig h , lo w  a n d  no  n itr ite  oxidase a c t iv i ty ,  in  o th ers  there  are som e new  
m e ta b o lism  pa th w ay s, e tc .

T h e  book  p resen ts th e  l a te s t  re su lts  and know ledge a b o u t  th e  above e lem ents o f p la n t  
life ; a n d  fo r th is  reason  i t  is  a  s ig n if ic a n t handbook in  p la n t  p h y sio lo g y .

G. Ver zá r - P e t r i

T . S zabó  and  G. Cz é h  (E d s)

Advances in  PhysiologicaF Sciences. Vol. 31.

Sensory P h y s io lo g y  of Aquatic L ow er Vertebrates

Pergam or P r e s s —A k a d é m ia i K iadó, B u d a p es t[1 9 8 1 , p p . 1 —285.

This volum e is one o f th e  se rie s  containing th e  p ro c ee d in g s  of th e  28th In te rn a tio n a l  
P h y s io lo g ica l Congress; th e  p a p e r s  w ere discussed a t  a  S a te l l ite  Sym posium  organ ized  in  
K e s z th e ly  (H ungary ) 21 — 22 J u ly ,  1980. The program m e o f th e  sym posium  was focussed  on 
th e  e lec tro sen so ry  and  e le c tro m o to r  system s in fish. T h e  p a p e rs  cover a  wide range  of k n o w l­
ed g e  f ro m  an ato m y  to  e th o lo g y  in  th is  com paratively  n ew  b r a n c h  of neurobiology.

T h e  reader will f in d  p a p e rs  d ea lin g  w ith m o rp ho log ical, d ev elo p m en ta l a n d  p h y sio lo g ­
ica l a sp e c ts  of e lectro recep to rs a s  w e ll as w ith  certain  h is to c h e m ic a l a n d  functional p ro b lem s of 
th e  C N S of Teleosts. T he t r a n s m i t te r  profile betw een se n so ry  cells an d  afferen t nerve  f ib re s  
a n d  in  th e  optic  tec tu m  of Teleost species is also d iscussed .

S ev eral papers d e m o n s tra te  n e w  details of the  m e d u lla ry  p a ce m a k e r nuclei w hich co n tro l 
th e  e le c tr ic  organ d ischarge, p ro v in g  w ith  H R P  labelling  th e  e x is te n ce  of pacem aker an d  re la y  
cells . A  larg e  v a ria tio n  in  th e  o rg a n iz a tio n  of the  e le c tro m o to r  sy s te m  in  d ifferen t species is 
d e sc rib e d . Two papers d eal w i th  so c ia l behaviour of s tro n g ly  e le c tr ic  fish.

I n  a  whole th e  v o lu m e  g iv es  usefu l in fo rm ation  in  th e  sen so ry  physiology of a q u a tic  
lo w er v e r te b ra te s . I t  can  be  re co m m e n d e d  for the  la b o ra to r ie s  d ea lin g  w ith  th e  above to p ic , 
b u t  w ill a lso  be useful fo r u n iv e rs it ie s  teaching sensory  p h y sio lo g y .

K . S .-R ózsa

Acta Physiologica Academiae Scientiarum Hungaricae 59, 1982
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РЕЗЮМЕ

ВЛИЯНИЕ УВЕЛИЧЕНИЯ ВЫДЕЛЯЮЩЕЙ ПОЧЕЧНОЙ МАССЫ НА 
ДЕЯТЕЛЬНОСТЬ ПОЧЕК В УСЛОВИЯХ БЛОКИРОВАНИЯ АЛЬФА РЕЦЕПТОРОВ

X. ТОСТ, Р. ХЕРЦЕГ и ДЬ. КЁВЕР

В экспериментах на наркотизированных собаках мы изучали влияние увеличения 
почечной массы, принимающей участие в процессах выделения, на деятельность почек. 
10 экспериментальных животных не получали никаких фармакологических препаратов, 
другим 10 животным вводили препараты, блокирующие альфа-рецепторы.

В группе без лекарственных средств увеличение выделяющей почечной массы 
(трансплантация пары изолированных почек, происходящих от другого животного, на 
шею экспериментального животного), в почках in situ сопровождалось выраженным увели­
чением клиренса ПАГ и небольшим уменьшением клиренса инулина, и в то же время не­
значительным снижением выделения мочи и значительным уменьшением выделения 
натрия. Диурез и натриурез четырех почек соответствовали количествам мочи и натрия, 
выделяемых прежде двумя почками in situ.

В группе животных с блокированными альфа-рецепторами после увеличения по­
чечной массы клиренсы ПАГ и инулина в почках in situ не изменились, уменьшение выделе­
ния мочи и натрия было таким же, как в предыдущей экспериментальной группе. Диурез 
и натриурез четырех почек и в данном случае соответствовали количествам мочи и натрия, 
выделяемых почками in situ до увеличения выделяющей почечной массы.

На основании результатов наших экспериментов создается впечатление, что, наблю­
даемое при увеличении выделяющей почечной массы, уменьшение выделения в почках 
in situ натрия не есть следствие гемодинамических изменений, наступающих вследствие 
нагрузки на кровообращение, а является результатом какой-то быстрой, предположи­
тельно гуморальной, регуляции.

Мы считаем, что за уменьшение выделения натрия, наблюдаемого в почках in situ 
при возрастании выделяющей почечной массы, ответственным является повышенное — бла­
годаря четырем почкам — потребление т. н. натриуретического фактора(-ов), что приводит 
к снижению уровня натриуретического гормона.

ВЛИЯНИЕ ГИСТАМИНА И БРАДИКИНИНА НА СОСТАВ ТКАНЕВОЙ ЖИДКОСТИ 
И ЛИМФЫ В ЗАДНИХ КОНЕЧНОСТЯХ КРОЛИКА; АРГУМЕНТ В ПОЛЬЗУ ' 

СУЩЕСТВОВАНИЯ ДВУХ ПРОСТРАНСТВ В ТКАНЕВОЙ ЖИДКОСТИ

ДЬ. САБО и Ж . МАДЬЯР

Собирали лимфу и тканевую жидкость задней лапы кролика, до и после внутривен­
ной инфузии гистамина (2,5 мкг/кг/мин и 10 мкг/кг/мин) и брадикинина (0,4 мкг/кг/мин). 
Перед инфузией концентрация белка была выше в тканевой жидкости, чем в лимфе. У конт­
рольных животных, за двухчасовой экспериментальный период, концентрация белка в 
лимфе увеличилась, а в тканевой жидкости уменьшилась. В контрольных опытах лимфо- 
ток снизился, не изменился он достоверно также после введения гистамина, брадикинин 
ж е у большинства животных (у 14 из 20) вызвал значительное увеличение лимфотока. Как



гистамин, так и брадикинин существенно увеличили количество белка и молчно-кислой 
дегидрогенезы (LDH), переносимых лимфой. У тех животных, у которых вазоактивные ве­
щества не оказывали влияния на лимфообращение, значительно возросла активност LDH 
в лимфе, но в тканевой жидкости активность лактат-дегидрогеназы существенно не изме­
нилась. В тех случаях, когда параллельно снижению лимфотока, уменьшалась актив­
ность лимфатической LDH, в тканевой жидкости это не сопровождалось соответствующими 
изменениями. На основании результатов настоящих экспериментов можно сделать вывод, 
что интерстициальное пространство состоит из двух отделов (compartment). Лимфатиче­
ские сосуды непосредственно дренируют только периваскулярный отдел, и лифа по сути 
является вновь образованным микроваскулярным фильтратом. Второй отдел межклеточ­
ной жидкости окружает клетки и соединительнотканные волокна и параллельно соединен 
с первым отделом.

ВЛИЯНИЕ АДРЕНАЛИНА И РОДСТВЕННЫХ СОЕДИНЕНИЙ (ДОФАМИН, 
ИЗОПРОТЕРЕНОЛ, ЭФЕДРИН) НА ПОТРЕБЛЕНИЕ САХАРА ОДНОКЛЕТОЧНЫМ 

ОРГАНИЗМОМ TE T R A H Y  MEN А И СОДЕРЖАНИЕ ГЛИКОГЕНА

Ж. ДАРВАШ, ДЬ. ЧАБА и В. ЛАСЛО

Особи штамма GL Tetrahymena pyriformis, под влиянием 10~3 М адреналина, дофа­
мина или изопротеренола повышают потребление сахара, тогда как под воздействием 
эфедрина потребление ими сахара не изменяется. Уровень гликогена под влиянием 10~6 М 
адреналина повышается и без добавления экзогенного сахара, но у родственных эфедрину 
соединений этот эффект отсутствует. В то же время в присутствии экзогенного сахара все 
три родственных соединения в одинаковой степени повышают уровень гликогена, хотя это 
действие у адреналина является более слабым.

ПРЕДПОЛАГАЕМАЯ РОЛЬ L-АРГИНИНА В МОБИЛИЗАЦИИ ЭНДОГЕННОГО
ФОРМАЛЬДЕГИДА

А. ЧИБА, Л . ТРЕЙ ЗЛ , Э. ВАРИ, ДБ. ТЕЙГЛАШ и X. ГРАБЕР

Авторы считают, что желаемое количество эндогенного формальдегида внутри ор­
ганизма обеспечивается деятельностью биологического регуляционного механизма. По 
пихмнению, регулирование связано с L-аргинином, непосредственно с энзимом аргиназой. 
Аргинин спонтанно реагирует в реакции равновесия с формальдегидом, во время образо­
вания производного гидроксиметила, и таким образом способен на мобилизирование фор­
мальдегида в желаемом направлении. Авторы предполагают, что метилоловое производ­
ное аргинина обладает способностью тормозить клеточное деление.

РАЗНЫЙ ЭФФЕКТ ИЗМЕНЕНИЙ СОКРАТИТЕЛЬНОЙ АКТИВНОСТИ 
И АКТИВНОГО ИОННОГО ТРАНСПОРТА НА NADH-ФЛУОРЕСЦЕНТНОСТЬ 

И ПРОДУКЦИЮ ЛАКТАТА В ГЛАДКОЙ МУСКУЛАТУРЕ МАТКИ

Г. РУБАНИ, А. ТОТ и А. КОВАЧ

Целью экспериментов было выяснить, какое влияние оказывают изменения сокра­
тительной активности и активного ионного транспорта на флуоресцентность NADH, про­
дукцию молочной кислоты и изометрическое напряжение изолированной матки крысы и 
кролика. Повышение (127 мМ К +) или торможение (раствор без Са2+) сократительной ак­
тивности снижало (окисление NADH) или соответственно, увеличивало (редукция NADH) 
интенсивность тканевой флуоресцентности. Стимулирование натриево-калиевого насоса 
путем удаления Са2+ вызывает в свежей мышце или нагруженной натрием (предваритель­
ным введением 30 мМ KCI) мышце окисление NADH, которое можно было ингибировать 
оуабаином (10~3М). Активирование или ингибирование натриево- калиевого насоса все­



гда вызывали параллельно либо повышение продукции молочной кислоты, либо ее пони­
жение, независимо от актуального сократительного состояния. Результаты экспериментов 
показывают, что I. поверхностная NADH-флуоресцентность является методом, пригодным 
для прослеживания изменений обмена веществ в матке, и 2. аэробный гликолиз и натриево­
калиевой транспорт тесно связанные друг с другом процессы в миометрии.

СЕЗОННЫЙ ЦИКЛ ФУНКЦИОНИРОВАНИЯ ГОНАД, ЩИТОВИДНОЙ ЖЕЛЕЗЫ  
И НАДПОЧЕЧНИКОВ У ГРАЧЕЙ (CORVUS FRUGILEGUS)

П. ПЕЦЕИ и ДЬ. ПЕТЕШ

Мы изучали сезонную деятельность половых желез, щитовидной железы и надпочеч­
ников у самцов и самок грачей, собирая птиц в природных местах обитания, в характерные 
периоды их жизненного цикла. В период формирования пар возрастание концентрации 
тестостерона в плазме у самцов вначале отражало увеличение веса семенников. Одновре­
менно с тестостероном повышался также уровень тироксина. Содержание празменного 
кортикостерона увеличивается с «фазовым запозданием» — спустя один месяц. В конце 
воспроизводительного цикла сначала наступает сильное снижение уровня тестостерона, а 
затем, с полумесячным запозданием, уменьшение веса семенников. Перед послебрачной 
линьки и во время нее в плазме наблюдается высокий уровень трийодтиронина и тирокси­
на, а также кортикостерона. В осенне-зимний период покоя концентрация половых стеро­
идных гормонов, гормонов щитовидной железы и уровень глюкокортикостероидов в плазме 
показывают низкие значения. У самок в период устройствапочинки гнезда фолликулы 
находятся в фазе роста (белые и маленькие желтые фолликулы), в плазме в первую очередь 
возрастает уровень прогестерона и, в меньшей степени, эстрона и тестостерона. Одновре­
менно сильно повышается также уровень тироксина и кортикостерона. В период спарива­
ния яичники характеризует наличие крупных желтых фолликулов. Концентрация про­
гестерона и тестостерона в плазме уменьшается, уровень эстрогена, однако, не изменяется. 
Значительно уменьшается содержание тироксина и кортикостерона, в то же время кон­
центрация трийодтиронина в небольшой степени повышается. В период кладки яиц (пе- 
риовуляционная фаза) повышение уровня прогестерона и эстрона сопровождается по­
вышением уровня тироксина и кортикостерона. В период высиживания птенцов кон­
центрация всех половых стероидов, гормонов щитовидной железы и концентрация кор­
тикостерона в плазме снижаются. Наблюдается быстрая инволюция яичника. Дои во время 
послебрачной линьки количество половых стероидов продолжает уменьшаться, в то же 
время сильно возрастает содержание тироксина и кортикостерона. Основным моментом, 
обусловливающим формирование уровней гормонов, характерных для отдельных фаз се­
зонного цикла, у самцов кажется тирео-адренокортикальный синергизм, а у самок синер­
гизм следующих пар гормонов: прогестерон — тироксин, прогестерон кортикостерон 
и тироксин — кортикостерон.

ЭЛЕКТРОФИЗИОЛОГИЧЕСКОЕ ИССЛЕДОВАНИЕ, ВЫПОЛНЕННОЕ НА МАК- 
СИЛЛЯРНЫХ ЩУПИКАХ СТРАНСТВУЮЩЕЙ САРАНЧИ.

I. ОБЩИЕ ОСОБЕННОСТИ РЕЦЕПТОРНЫХ ОТВЕТОВ 
НА РАЗДРАЖЕНИЕ ХЛОРИСТЫМ НАТРИЕМ

И. БАРАНКА

Было показано, что, на раздражение хлористым натрием в растворах различной 
концентрации, отвечают 1, 2 или 3 рецепторные клетки сензилл, среди которых, однако, 
одна клетка всегда «доминирующая». Частота 1 или 2 второстепенных клеток ниже, адап­
тация более быстрая. Реакции доминирующих клеток на повторение раздражения даже тем 
же веществом, в той же самой концентрации очень изменчивы. При повышении концентра­
ции с 0,01 моля в литре до 1,0 моля в литре начальная частота может увеличиваться или 
уменьшаться, но и при промежуточной концентрации частота тоже может быть максималь­
ной или минимальной. Все это указывает на слабую специализацию рецепторных клеток. 
Индивидуальные особенности рецепторных клеток затушевываются при усреднении 
ответов достаточного числа клеток, индивидуальные отклонения уравниваются.



ДЕЙСТВИЕ ЖЕЛЧНЫХ КИСЛОТ НА БИЛИАРНУЮ ЭКСКРЕЦИЮ АМАРАНТА 
И НА ПРОЦЕСС ДЫХАНИЯ В МИТОХОНДРИЯХ ПЕЧЕНИ

3. ГРЕГУШ, Ф. ВАРГА и Э. ФИШЕР

Нами исследовалось влияние желчных кислот — литохолевой, хенодеоксихолевой, 
деоксихолевой, холевой и дегидрохолевой — на билиарную экскрецию амаранта и дыха­
ние изолированных митохондрий печени в экспериментах на крысах. Желчные кислоты 
снижали билиарную экскрецию амаранта, усиливали в условиях in  vitro  дыхание мито­
хондрий, измеренное в присутствии глютамат-малата, и подавляли потребление кислорода, 
стимулированное DNP и ADP. Ю50 значения (мкмоль/кг, внутривенно) торможения, от­
носящиеся к секреции амаранта, и Ш 50 концентрации торможения (х 10'5 М), относящиеся 
К стимулированному ADP митохондриальному дыханию, были следующими для разных 
желчных кислот: литохолевая кислота: 16 и 3,3, хенодеоксихолевая кислота: 160 и 24, 
деоксихолевая кислота: 230 и 31, холевая кислота: 680 и 105, дегидрохолевая кислота: 
700 и 260. Литохолевая, хенодоксихолевая и деоксихолевая кислоты затормаживали не 
компетитивным образом билиарную экскрецию амаранта.

Результаты настоящих экспериментов указывают на то, что токсическое действие на 
митохондрии литохолевой, хенодеоксихолевой и деоксихолевой кислот может играть 
роль в том, что эти желчные кислоты оказывают тормозящее влияние на билиарную секре­
цию амаранта.
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Ph ysiologia— Pathophysiologia
ISOLATION, PROPERTIES AND P CONTENT OF 

THE HUMAN BRAIN MYOSIN
by

S. Fazekas ,* I. Óv á r y ,** Eszter H orváth ,** Vilma Székessy-H er m a n n*
and P. J uhász**

IN ST ITU TE OF BIO CHEM ISTRY * AND PSY CH IA TRIC  CLIN IC**, SEM M ELW EIS U N IV ER SITY  
MEDICAL SCHOOL, B U D A PEST

(R eceived D ecem ber 24, 1980)

(A ccepted  N o v em b er 18, 1981)

KC1-, and  N aC l-m yosins were p re p a re d  fro m  d ifferen t p a rts  o f th e  c en tra l 
n ervous sy s tem  (CNS). T h ro u g h o u t these  e x p e rim e n ts  P  and lipid co n ten ts  w ere h igher 
in  N aC l-m yosins th a n  in  K C l-p repara tions. B o th  KC1-. an d  N aC l-m yosins hav e  in creased  
lip id  an d  P  c o n te n ts  co m pared  w ith  sk e le ta l m uscle  m yosins.

W hen  th e  specim ens were se p a ra ted  b y  a  m olecular sieve, i t  w as fo u n d  by  
c h ro m a to g rap h ic  tech n iq u e  on Sepharose 4B  c o lu m n  th a t  th e  cerebral an d  cerebellar 
m yosins w ere com posed  of tw o  frac tions o f d iffe re n t m olecular m ass while th e  b ra in  
s tem  and  sp in a l cord  m yosins revealed  only a single  peak .

T he m yosin  frac tio n s’ C a-A TPase a c t iv ity  cou ld  be au g m en ted  b y  ra b b it  m uscle 
ac tin . T he m yosin  p re p a ra tio n s  developed f ila m en to u s  system s and  aggregates w hich 
could  be show n b y  scann ing  electron  m icroscopy .

All th e  C N S-m yosin  p rep ara tio n s  cou ld  be pho sp h o ry la  ted ; how ever, th e y  were 
sa tu ra te d  to  a d iffe ren t degree and  were in f lu en ced  by  th e  presence or absence  of 
sero ton in .

The k in e tic  s tu d ies  revealed  th a t  th e  p h o sp h a te  sa tu ra tio n  of th e  b ra in  stem , 
cerebellar a n d  cereb ra l m yosins depended  on  th e  A T P  co n cen tra tio n  an d  in cu b a tio n  
tim e .

The a lka line  h y d ro ly sa te s  of lip id-free h u m a n  b ra in  m yosin p re p a ra tio n s  con­
ta in e d  am ino  acid  p h o sp h a tes . P-A rg, P -L ys a n d  P -H is  in  d ifferen t am o u n ts  dep en d in g  
on th e ir  sources. In  response to  a p h o sp h o ry la tin g  m ix tu re  only th e  a m o u n t o f P -A rg  
w as e lev ated  in  th e  cereb ral m yosins, P -A rg  a n d  P -H is  in th e  b ra in  stem  p re p a ra tio n s , 
a n d  P-A rg, P -H is  an d  th e  am o u n ts  o f u n id e n tif ie d  com pounds in  th e  cerebellar ones.

An actom yosin-like com plex from m am m alian brain was first isolated  
b y  P uszkin  et al. 120]. The com plex show ed superprecipitation w ith m agne­
sium ions and ATP. The protein com plex con stitu ted  approxim ately 1 to  2%  
of the total rat or cat brain protein. Subsequently , P uszkin et al. [21], B erl 
et al. [2] have shown that actom yosin is present in the synaptosom al fractions 
and as shown b y  P uszkin  and K ochiwa [22], brain actin is enriched in the 
synaptosom al mem brane fraction, while m yosin  molecules have been found  
m ainly in synaptic vesicles. B urridge and B ray  [5] identified in the brain 
o f 12 to  14-day-ohl chick embryos h eavy chains o f  m yosin w ith a m olecular 
weight o f about 200 000 dalton: and light com ponents of 17 000, 20 000 and 
23 000 dalton. The h eavy chains show m ajor differences compared w ith  
those derived from skeletal, cardiac, p latelet, and adult brain m yosins.

1 Acta Physiologica Academiae Scientiarum Hungaricae 59, 1982
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T h e m yosin  molecules from  all sources including the brain are m orpholog­
ica lly  indistinguishable as show n by E lliott e t al. [9]. T hey all have tw o  
globular heads attached to a ta il th e  length  o f  which does not differ b y  m ore 
than  10 nm  from species to species.

R o is e n  et al. [23] have dem onstrated  b y  the double antibody im m uno- 
flu orescen t m ethod in cultured neuronal and glial cell lines that the cells have  
a three-d im ensional surface netw ork  and an array o f parallel filam ents aligned  
w ith  th e  m ajor cellular axis. T he m yosin-rich filam ents are found in the region  
o f th e  actin  filam ent system  netw ork . They have suggested th at these proteins  
are cap ab le  o f interacting to  generate the m otive force for the intracellular  
m o vem en ts.

A sh  [1] described the properties of m yosin isolated from cultured glial 
cells o f  th e  rat brain. Therefore, it is beyond any doubt that the glial cells 
con ta in  m yosin  and actin, too . T he h eavy  subunit o f glial m yosin has a m olecu­
lar w e ig h t o f approxim ately 200 000 dalton while the light chain com ponents  
have a m olecular w eight of 17 000 and 19 000 dalton; 0.2 mg m yosin is gained  
from  5 g o f  cultured cells.

T he aim  of these experim ents is to obtain  sufficient am ounts o f  m yosin  
from  th e  hum an cerebral cortex  and from other parts o f the central nervous 
sy stem  (CNS) with an extraction  solution containing KC1 or NaCl and su it­
able for analytical com parison. Since it  has been found th at the m yosin  from  
rabb it sk eleta l muscle has h igher a P  content when NaCl is applied in  the  
process o f  extraction and purification  ( F a z e k a s  et al. [10]) we have m ade 
a d istin c tio n  between K C l-m yosin (w ith a low er P content) and N aC l-m yosin  
(w ith  h igher P content).

M aterials and M ethods

T h e  h u m a n  b ra in  was c lean ed  fro m  th e  m en inges an d  vessels a t  0 -4° a n d  d issec ted  
in to  d if fe re n t  p a rts . The b ra in  w as m in ced  a n d  w eighed . (The m a jo rity  of b lood  vessels a n d  
n e rv es  r e m a in  inro lled  on th e  sp in d le  o f th e  m incing -m ach ine .)

P re p a ra t iv e  w ork  was do n e  a t  0—4 °C. H u m a n  b ra in  m yosin (H B M ) w as e x tra c te d  
fro m  f re s h  m in ced  b ra in , essen tia lly  b y  th e  m eth o d  of B u h r id g e  and  B ra y  [5]. T he m a te ria ls  
w ere h o m o g en ized  e ither in  b u ffer A  (0.6 M NaCl, 8 mM  N a H C 0 3, p H  ab o u t 8.7, 1.5 mM  
2 -m e rc a p to e th a n o l)  o r in b u ffe r  В (0 .6  M KC1, 8 mM K H C 0 3, 1 mM d ith io tre ito l, p H  a b o u t 8.6). 
W e u se d  th e  buffers A or В to  c o m p a re  th e  effect o f N a + or K + on th e  P  co n te n t o f m y o sin  
(F a z e k a s  e t  al. [10]). B uffers c o n ta in in g  p h o sp h a tes  w ere av o ided , sim ilarly  th e  p re c ip ita tio n  
b y  a m m o n iu m  su lp h a te  was o m itte d . T he h o m o g en a te  w as s to red  for 30 m in, th e n  c en trifu g ed  
a t  16 000 g fo r 30 m in; th e  e x tra c t io n  w as re p ea te d  (3 ho u rs) and  th e  e x tra c t w as c e n trifu g e d  
ag a in .

T h e  su p e rn a ta n ts  were co m b in ed  a n d  th e  c ru d e  m yosin  was flo cu lla ted  b y  d ia ly sis 
a g a in s t  d is til le d  w a ter changed tw ice , th e n  follow ed b y  fu r th e r  d ialysis ag a in st 40 m M  N aC l 
or KC1 w h ils t  th e  p H  was m a in ta in e d  a t  a b o u t 7.2 w ith  3 mM  N a H C 0 3 or K H C 0 3. T h e  p re ­
c ip i ta te  w as pooled  by  c en trifu g a tio n  a t  16 000 g fo r 20 m in  (in th e  second p a r t  o f th e  s tu d y  
150 000 g fo r 150 m in was used  to  en h an c e  effectiveness), follow ed b y  w ashing, th e  m a te ria l  
w as re su sp e n d e d  in  20 vol of 40 m M  N aC l or KC1 a n d  sed im en ted  b y  cen trifu g a tio n  a g a in  as 
b e fo re . T h e  m yosin  p rec ip ita te  w as d isso lved  in  a sm all volum e of 2 M NaCl or KC1, an d  
2 m M  2 -m ercap to e th an o l. The p H  w as a d ju s te d  to  7.6 w ith  N a H C 0 3 or K H C 0 3, w hile th e
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sa lt  c o n ce n tra tio n  to  0.6 M NaCl or KC1. T h e  opalescen t so lu tion  was th e n  c en tr ifu g e d  a t  
16 000 g for 30 m in.

T he s u p e rn a ta n t  so lu tion  was p re c ip ita te d  again  b y  dialysis and th e  p re c ip ita tio n  was 
d isso lved  to  a su itab le  volum e as described  ab o v e. Since b ra in  m yosin c o n ta in s  m ore lip id  
a n d  nucle ic  acid th a n  skeletal m uscle m yo sin , these  were rem oved  by t re a tm e n t  w ith  D E A E - 
cellulose (D E 32, 0.2 g suspended  in  10 m l of 5 mM T ris-H C l buffer, pH  7, a d d in g  0.1 m l sus­
p ension  to  1 m l m yosin ), follow ed by  c e n tr ifu g a tio n  a t  16 000 g for 30 m in. T h e  su p e rn a ta n t  
w as th e n  u ltra ce n trifu g e d  ag a in  a t  150 000 g for 90 m in  to  rem ove ac tin  c o n ta m in a tio n  (uc- 
m yosin). T h is s u p e rn a ta n t  so lu tion  (3 -5  m l c o n ta in in g  m ax im u m  70 mg p ro te in )  w as tra s fe rre d  
to  a co lum n (1 .8 X 7 0  cm) of S epharose  4B  e q u ilib ra ted  an d  e lu ted  w ith  b u ffe r  A or B. T he 
flow  r a te  w as ap p ro x im a te ly  15—18 m l/h .

The protein content was determ ined b y  the biuret micro m ethod (G oa and  S can  [14]), 
and b y  absorption measured at 225 and 260 nm , and the dry weight o f salt- and  lipid-free  
protein  was m easured gravim etrically a t the end of the procedure and after protein  dehydra­
tion  a t 105 °C for 5 -6  h.

The R N A  contam ination was traced in  gel-filtrated sam ples on the basis o f their ribose  
content determ ined b y  the orcinol m ethod o f S c h n e id e r  [24], while the lip id -P , P  conten t in  
lipid-free sam ples, and the tota l P content were determ ined in  the inorganic residue gained  
b y  com bustion w ith  cc H N 0 3, using the m ethod of F isk e  and Su bbabo w  [12], ex cep t th a t  
the fina l reduction w as reached by the addition  of ascorbic acid according to  L o w r y  et al. [17].

T he H BM  m a y  be p h o sp h o ry la te d  w ith  a p h o sp h o ry la tin g  m ix tu re  c o n ta in in g  0.1— 
0.3 m g m yosin  in 1.5 ml final vo lum e, 25 m M  T ris-H C l, p H  7.28, 6 M MgCl2, 0 .1  m M  A T P , 
10 fiM  C aC l2 and  60 mM  NaCl or KC1 d ep en d in g  u p o n  th e  n a tu re  of th e  m y o sin  p re p a ra te .

P h o sp h o ry la tio n  was s ta r te d  w ith  M g-A TP m ix tu re  an d  te rm in a ted  w ith  2 -3  vol of 
ice-cooled acetone in  p ro p er tim e . T he m y o sin  w as th e n  allow ed to  flo cu lla te  a n d  w as pooled  
b y  cen trifu g a tio n . N o n -co v alen tly  b o u n d  P  a n d  A T P w as rem oved  by w ash ing  s ix  tim e s  w ith  
a  m ix tu re  co n ta in in g  20 mM KC1, 20 m M  N aC l, 2 mM M gC l2, 0.1 mM CaCl2, 8 m M  N a H C 0 3, 
1 mM  E G T A , app lied  in  2 vol e th a n o l a n d  f in a lly  w ith o u t e th an o l, followed b y  lip id  e x tra c tio n  
tw ice  (Chi M eO H , 2:1 by  vo lum e), an d  th e n  th e  P  c o n te n t was de term ined  in  th e  sam ples 
a n d  th e  co n tro l ag ain .

T he p ro p e rtie s  o f co v alen tly  b o u n d  P  w ere s tu d ied  in  th e  h y d ro ly sa te s  o f lip id -free  
m y o sin . T he f a t ty  acid s and d é riv â te s  o f cho lin  a n d  e th an o lam in e  p h o sp h a tes  in te rfe re  w ith  
th e  c h ro m a to g ra p h ic  sep a ra tio n  of am in o  acid  p h o sp h a tes . The a lk a li-s tab le  a m in o  acid  
p h o sp h a te s  w ere o b ta in e d  by  a p ro ced u re  o f h y d ro ly sis  in  3 M K O H , a t  105 °C fo r a b o u t  10 h  
in  sea led  “ P y re x ”  g lass tu bes. T he d e ta ils  o f th e  te c h n iq u es  an d  an aly tical m e th o d s  n ecessa ry  
fo r th e  e lim in a tio n  o f S i-background  d isso lved  fro m  th e  am pulles have b een  p u b lish ed  in 
a  p rev io u s co m m u n ica tio n  (F a zek a s  e t  al. [11]). T he a lk a li-s tab le  am ino  ac id  p h o sp h a te s  
w ere se p a ra te d  on a  co lu m n  (0.9 X 8 cm ) of D ow ex 1 X 8 b y  a m ethod  of lin ea r g ra d ie n t  c h ro ­
m a to g ra p h ic  e lu tio n . T h e  h y d ro ly sa te  w as lo ad e d  o n to  th e  colum n a t a low  c o n c e n tra t io n  of 
K O H  (0.01 M), an d  e lu tio n  was p e rfo rm ed  u sin g  a stepw ise  lin ea r K H C 0 3 g ra d ie n t u p  to  1 M. 
T o d e te rm in e  th e  P  c o n te n t o f th e  frac tio n s , 0.5 m l of e fflu e n t from  each  f ra c tio n  w as a d d ed  
to  a re a c tio n  m ix tu re  co n ta in in g  0.5 m l a m m o n iu m  m o lib d a te  reag en t, 1.25 m l d is til le d  w a te r , 
0.25 m l o f 1 %  asco rb ic  acid, th e  H 2S 0 4 c o n ce n tra tio n  being  1 N. The in o rg an ic  P  re a c ts  
im m e d ia te ly , while co v a len tly  b o u n d  P s a f te r  release in  th e ir  hy d ro ly tic  seq u en ce  o f P -A rg , 
P -H is , an d  th e ir  seco n d ary  h y d ro ly tic  p ro d u c ts  develop blue colour a fte r  h y d ro ly s is , to o . 
T h e  in te n s i ty  o f th e  b lu e  colour is read  a t  720 n m  a t  a p ro p er tim e sim ilarly  to  th e i r  s ta n d a rd  
curves.

T he specific  re ac tio n s  w ere ap p lied  fo r th e  trac e  of basic am ino acids in th e  co llected  
frac tio n s . T he co lo rim etric  m eth o d  of G il b o e  [13] for a rg in in e , th a t  of H o r in is h i e t  al. [16] 
fo r h is tid in e  a n d  t h a t  o f Ch in a rd  [6] fo r ly sine  w ere app lied ; m oreover th e ir  p resen ce  in  freeze- 
d ried  sam ples was check ed  by p ap er- an d  T LC  sh ee ts  as described  in our p rev ious r e p o r t  [11 ].

R esu lts

During the isolation o f our first preparations, we had to be careful not to  
m ake the sam e m istakes that had been made during the isolation o f  m uscle  
m yosins. N am ely, w e supposed the ex istence o f  a single individual m yosin  
in CNS. Moreover, th e  yield o f m yosin th at was obtained by the K C l-contain-
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in g  so lu tion  was less th a n  th e  preparations o f  NaC l-m yosin independently  
o f  w h eth er it  had been  derived  from the hem isphere or other parts o f  CNS. 
N everth eless, the preparations still had a higher P  content than th e  skeletal 
m uscle m yosin [10].

T he yield of m yosin  and  their P content from  several brain preparations 
are dem onstrated  in T ab le  I .

Table I

The y ie ld  o f  m y o sin  preparations fr o m  the h u m a n  brain

Sub

age

ect

sex
Material*

Mince
(g)

Myosin
preparations

Yield of 
purified 

myosin** 
(mg)

P content 
(mol/mol)

Ribose
content

(mol/mol)

K C l-rm fosin

76 $ lob. fro n t, a n d  occip . 150 non-gel-filtr.
m yosin 6 .8 45

8 6 rig h t cerebr. u c -cen tr. 37 29
hem isphere 505 gel-filtr. 12 50

65 hem isphere 830 u c-cen tr. 18.5 31 4.6
gel-filtr. 10 51 trace

54 hem isphere 750 uc-cen tr. 16.9 29 12.5
gel-filtr. 6.5 62 3

N aC l-n lyosin

33 $ hem isphere 849 uc-cen tr.*** 44 67 15
gel-filtr. 10.5 89 3

67 hem isphere 1050 uc-cen tr. 31 90 35
gel-filtr. 15 158 5

82 ? left cerebr. g ra y  m a t. 239 uc-cen tr. 12 95 12
gel-filtr. 3.8 130 2

* The m ajo rity  o f m y o sin  orig inated  from  th e  g ra y  m a tte r , since th e  process was tr ie d  
f ro m  w hite  m atte r an d  a n  in s ig n ific an t m yosin w as o n ly  y ielded .

* * The d a ta  are re la te d  to  d ry  weight o f sa lt- , a n d  lip id -free  proteins.
*** Using K C l/N aC l in  m ol/m ol ra tio  in  th e  e x tra c t in g  solution.

I t  is obvious from  th ese  data that th e  H B M s have a higher P  content 
th a n  skeletal m uscle m yosin . The R N A  contam ination  m ay be reduced to  
a m inim um  by D E A E -cellu lose  treatm ent and gel filtration.

There is also a h igher lipid and P -lip id  co n ten t in HBMs derived from  
d ifferent parts o f th e  CN S compared w ith  th e  m uscle myosin; the highest 
P -lip id  values were fou n d  in  the N aCl-m yosin, th ese  are pooled and dem on­
stra ted  in Table II  A , B .

The myosin seem s to  be heterogeneous in  th e  preparations m ade of the  
cerebral cortex and cerabellum , since th e y  ex h ib ited  a double peak on exclu ­
sion  chrom atogram s on Sepharose 4B gel (F igs 1 and 2).

However, a single m yosin  peak was gained from  the m aterial obtained  
from  the brain stem  and spinal cord (F igs 3 and 4). The double peak w as
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cerebra l  myosin
cerebel lar  myosin

F ig . 1. Gel f iltra tio n  of h u m a n  cereb ral m yosin on S epharose  4B  co lum n ( 2 .3 x 6 3  cm ). The 
co lum n was eq u ilib ra ted  a n d  e lu a ted  w ith  0.5 M N aC l, 8 mM  N a H C 0 3; 3.2 m l w ere collected 
in to  each  tub e . T he tu b es  o f th e  f ir s t  frac tio n  w ere co llected  as m yosin  se p a ra te ly  b y  their

p eak s in to  tw o  p a r ts  as I  a n d  I I
Fig. 2. Gel f i ltra tio n  of cereb ella r m yosin  on th e  sam e co lu m n s as in  F ig. 1, e x c e p t th a t  3.65 nd 
w ere collected in to  th e  tu b e s . F u r th e r  de ta ils  o f th e  legend  are  th e  sam e as desc rib ed  in  F ig. 1

s p i n a l  co r d  m y o s i n

b r a i n s t e m  m y o s i n

F ig . 3. Gel f i ltra tio n  of h u m a n  b ra in  stem  N aC l-m yosin  on th e  sam e co lum n as cereb ral one.
4.7 ml frac tio n s  w ere co llected . T ubes Nos 16 —19 w ere co llected  as m y o sin  

Fig. 4. Gel f i ltra tio n  of h u m a n  sp ina l cord N aC l-m yosin  on th e  sam e co lum n as th e  cerebral 
a n d  b ra in  stem  m yosins. 4.65 ml frac tions were co llected . T ubes Nos 16-19 w ere pooled as

m yosin



106 S . F A Z E K A S  e t  a l.

regarded  as a m ixture o f  tw o d istin ct m yosins, therefore tw o separate fractions 
(I and II )  were collected.

T ab le  II  shows th a t fraction  I  has a higher P  content than fraction  II  
in  cerebral preparations. T he question  arises w heather the appearence o f  the 
double peak  is a consequence o f  different m olecular m asses due to  differences 
in  c o v a len tly  bound P , or lip id  or P-lipid contents, or in all three com ponents 
co llec tiv e ly .

Table II

A

Y ie ld  and properties o f  N a C l-m yosin  from  different p a rts  o f  CNS o f  two subjects
( A  and В )

M ince
(g)

Yield of 
purified 
protein 

(™g)

T otal
P  content*

P  content 
of lipid-free

myosin*
Lipid-P*

Ribose
content

(mol/mol)

H em isp h ere 665 37 289 265 42 2.4
C erebellum 90 5.6 89 86 10 1.2
B ra in  s te m 48 6.9 35 25 8 1.7

В

Mince
(g)

Gel-filtr . 
fractions**

Yield o f gel-filtr. 
myosin*

(m g)

P content of 
lipid-free 
myosin* 

(mol/mol)

Lipid P 
(mol/mol)

L eft c e re b ra l grey  m ateria l 240 I 30 130 14
и 19.6 83 19

C erebellum 110 I 6 109 46
i l 5.5 154 53

B ra in  s te m 69 3.8 116 20
S p in a l co rd 23 3.6 65.5 40

* D a ta  are given m ol P /m o l o f  m yosin  and re la ted  to  d ry  w eight o f sa lt- a n d  lip id -free  
m y o sin  p rep ara tio n s.

** I  a n d  I I :  see Figs 1 an d  2; th e  tu b es  of ge l-filtra ted  m yosin  a re  collected in to  “ sep a ra te ”  
fra c tio n s .

A ll gel-filtrated m yosins are able to form filam entous system s as it is 
show n b y  a sample of cerebellar myosins (Figs 5 and 6).

T h e ultrafine section w as made from a sm all part o f the filam entous  
aggregate sectioned from a part o f filam ents em bedded in D urcupane. The 
section  shows the double heads and groups of heads, m oreover the ta il parts 
o f m y o sin  (Fig. 7). I t  seem s th a t shrinking o f the filam ents m ay be avoided  
b y  th is  technique.

Ca-dependent A TPase a c tiv ity  in the sam ples o f a high ionic strength  
m ed iu m  (0.5 M KC1, pH  7.2) is between 4.18 and 6.0 nkat. m g -1 , i.e. 0 .2 5 -
0 .36 /« n ő i Pi. m g-1 , m in -1  sim ilar to the results o f  B u r r i d g e  and B r a y  [5].
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F ig. 5. SEM  (scan n in g  e lec tro n  m icroscopic) fig u res o f th e  filam entous a g g reg a te s  o f gel- 
f i l t r a te d  cerebellar m yosin . T he fo rm atio n  of f i la m e n to u s  system s was in d u ced  b y  0.2 mM 
K [A u (C N ),] so lu tio n  s to red  a t  0 -4  C°, and  p o s tc o n tra s te d  w ith  A u -trea tm e n t. M agnification

X 3500
Fig. 6. SEM figures o f cerebellar m yosin aggregates fro m  fine s tru c tu ra l fila m en ts  to  illu stra te  
th e  fu r th e r  d e ta ils  o f th e  filam en to u s  system . T he p re p a ra tio n  was p o s tc o n tra s te d  w ith  Au-

tre a tm e n t. M agnification  X 9450

F ig. 7. Т Е М  (tran sm iss io n  e lec tro n  m icroscopic) s tru c tu re  of a segm ent o f th e  filam en to u s 
sy s tem  of the  ce reb ra l c o rte x  m yosin p rep ared  fro m  K [A u(C N ) ,]-induced a g g reg a te s . The 
u l tra  fine sec tion  w as m ade of D u rcu p an e -em b ed d ed  filam en ts, p o s tc o n tra s te d  w ith 
A u -trea tm e n t. N o te  th e  d o ub le  heads, groups of som e head s and  rod p a r ts  o f m y o sin . F inal

m agnification  X 165 000
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(n k at =  nanokatal =  nm ol. s -1  by SI). The a c tiv ity  of HBM s m ay be 
en h an ced  about to tw o or te n  tim es by rabbit m uscle actin depending on the  
n atu re  o f  m yosin preparations.

In  th e  further part o f our study the chem ical properties of P -conta in ing  
com p ou n d s in myosin were in vestigated . In v iew  o f  our previous observation  
th a t  th e  phosphate contents o f  skeletal m uscle m yosin  can be increased w ith  
A T P  under suitable circum stances a similar phosphorylation process was 
perform ed w ith the respective brain m yosins. O nly KCl-m yosins were prepared  
from  th ree  different parts o f  the brain (cerebral cortex, cerebellum , brain  
stem ) o f  tw o subjects sim ultaneously  and th e  phosphate incorporation was 
in v e stig a te d  in preparations to  obtain more inform ation about the ex isten ce  
o f th e  three types of m yosin. The samples w ere incubated in phosphorylating  
m ix tu re , and also in the presence o f serotonin (m olar ratio serotonin: m yosin  =  
=  1000 /1) .

D u e to  its relatively high concentration in th e  brain stem  and h yp o th a l­
am u s [19, 26, 27], and to its specific effect on synaptosom al preparations o f  the

Table III
P hosphorylation and effect o f  serotonin on the phosphorylation o f  hum an brain m yosin  

(d a ta  a re  re la ted  to mol P /m ol m yosin)

T ype of sample

Samples of gel-filtrated 
preparations before 

phosphorylation

Samples incubated

w ithout
Mg-ATP
(control)

in phosphor­
ylating 
mixture

in phosphor­
y la ting  
m ix tu re  

4- serotoninto ta l P** lipid-P*

K C l-m y o sin
1. h em isp h e re 41.8 5 24 122 —
2. h em isp h e re 45.5ng 4.5 25 155 168
3. h em isp h e re  a + 30.7 4.5 16 83 102

b + 50 8 33 94 168
N aC l-m y o sin

4. h e m isp h e re 516 47.6 220 575 571
5. h em isp h e re 391 30.7 268 645 495
6a) c e re b ra l

c o r te x  1 315 14 130 330 566
и 83 19 55 47 72.5

b )  ce reb e llu m  I 109 42.6 105 405 480
II 154 50 175 365 220

c) b r a in  stem 116 19.8 47 9 237
d ) sp in a l cord 71 40.5 10 108 255

7a) c e re b ra l
c o r te x 194 30.9 142 206 216

b ) cereb ellu m 89 23.9 68 305 350
c) b ra in  stem 117 52 56 22.5 30.7

n g , non-gel-filtra ted  (only u ltracen trifu g ed  sam ple)
a + a n d  b~ show two paralle l p re p ara tio n s  w ith m in o r m odification  in e x tra c tio n  so lu tio n  

of a  f a d ju s te d  the  pH  to  6.6
* rem oved  by Chl-MeOH m ix tu re  from  acetone p re c ip ita te d  samples 

** th e  sam ples con tain  th e  lip id  con ten t, too, show ing  th e  efficiency of the  in cu b a tio n  
a n d  w a sh in g  solution in the  con tro ls
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Fig. 8. E ffec t of A T P  c o n cen tra tio n  on th e  p h o sp h a te  sa tu ra tio n  of g e l-f iltra ted  h u m a n  b rain  
m yosins. T he sam ples were in cu b a ted  in  th e  p resence of increasing  a m o u n ts  o f  A T P  in the  
sam e m edium  th a t  w as app lied  for in c u b a tio n  of th e  specim ens in  Table I I I .  In c u b a tio n  was 
pe rfo rm ed  a t  30 °C and  s ta r te d  w ith  th e  a d d itio n  of m yosin  sam ples a n d  te rm in a te d  w ith  
ice-cooled ace tone  a t  m ax im um  p h o sp h a te  sa tu ra t io n  (see Fig. 9). The p h o sp h a te  s a tu ra tio n
of e ach  specim en  is rep resen ted  in  m ol P /m o l m yosin  versus A T P c o n c e n t r a t io n . -------- -
b ra in  s tem , x — x cerebellar, о  — О cereb ra l m yosin . G, gel f iltra te d , C con tro l in c u b a te d  w ith o u t

A T P

brain cortex [7] it was supposed th a t serotonin might have an effect on phos­
phorylation. The results are shown in Table I I I . This table show s th at the P  
contents o f  N aCl-m yosin preparations is higher than that o f K C l-m yosins.

All CNS preparations can be phosphorylated (except for th e  brain stem  
NaCl-m yosin) in  the presence o f a phosphorylating solution, even  i f  th is con­
ta ins ten  tim es lower ATP than used for the phosphorylation o f skeleta l muscle 
m yosin [10]. The data can be properly evaluated only if  th ey  are related  to  
the controls since the incubation and the washing procedure further decrease 
the P  contents o f  the gel-filtrated sam ples. The highest loss in P w as found in 
the spinal cord m yosin sam ple w hen it was incubated w ithout A TP.

The data show th a t serotonin has an influence on the P  preservation  
of m ost specim ens.

The heterogeneity o f  the degree o f  phosphorylation in  th e  KC1-, and 
N aCl-m yosin preparations and the effect o f serotonin have not been clarified, 
y e t. The variety  might depend on th e  origin o f the KC1-, and N aC l-m yosin  
preparations, furtherm ore on the subjects.

For a com parative analytical and kinetic study o f phosphorylation  
higher am ounts o f  HBMs preparations were required. At well defined stages
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incubation t ime (min)

F ig . 9. E ffec t of in cu b a tio n  tim e  on  th e  p h o sphate  in c o rp o ra tio n  o f gel filtra te d  h u m a n  b ra in  
m y o sin s in  th e  presence of 0.75 m M  A T P  in  th e  in c u b a tio n  m ed iu m . T he in cu b a tio n  was s ta r te d  
w ith  th e  ad d itio n  of M g -A T P  m ix tu re  and te rm in a ted  a t  in creas in g  incu b a tio n  in te rv a ls . T he 
sam e sym bols are used fo r th e  in d iv id u a l specim ens as in  F ig . 8. T he phosphate  s a tu ra tio n  is 

designed and  re p re se n te d  in  mol P/m ol m yosin  v e rsu s  th e  incu b a tio n  tim e

o f th e  procedure a sign ifican t observation w as m ade. The yield o f  m yosin  
could  be increased by about three tim es (show n com pared with the am ounts 
in T ables I —III) if  th e  flocu llous precipitate o f  the first dialysate was sedi­
m en ted  b y  ultracentrifugation  (150 000 g, 150 m in; see M ethod). The efficiency  
o f th e  m odification is exp la in ed  by the higher num ber and diversity o f polar 
groups o f  HBM s related to  th e  respective skeleta l m uscle m yosins. As a con­
sequence, th ey  have h igher solutib ility  resulting in  finer precipitation which  
la tter  rem ains in solution  m ostly  in rather dispersed form ations.

Several pilot studies have shown th a t phosphate incorporation depends 
on th e  concentration o f A T P  in phsophorylating m ixture and on th e  incuba­
tio n  tim e. The results o f th e  dependence o f phosphorylation  upon ATP con­
centration  are shown in F ig. 8. Incubation was term inated  at different intervals 
(see F ig. 9). The obtained curves reveal very d istin ct deviations in phosphate  
saturation  and ATP sen sit iv ity  depending on th e  origin of the preparations. 
T he h ighest sen sitiv ity  for ATP concentration is show n by cerebral m yosin. 
T his preparation incorporates phosphate already at 1 0 _ 6 M, while th a t of the
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fraction number ( 3.8 m l / f r a c t i o n  )

F ig. 10. E lu tio n  p rofile  o f s y n th e tic  a lkali stab le  am in o  acid  pho sp h a tes . T h e  so lu tio n  of 
4 jtemol sam ples was ap p lied  on  D ow ex 1 X8 ion ex change  co lum n (200-400 m esh , 0.9 X 6 cm) 
in 0.005 M K O II so lu tion  a n d  se p a ra te d  w ith  a lin ea r s te p  g ra d ie n t m ethod  of ch ro m a to g rap h ic  
tech n iq u e . T he ch ro m a to g ra m  w as designed by  th e  P  c o n te n t of th e  tu b es h a v in g  th e  ph o sp h a te  
d e te rm in ed  in  an  a liq u o t o f each  tu b e . The e lu tio n  p rofile  was g rap h ed  on th e  b asis o f the 
ch ro m a to g rap h ic  se p a ra tio n  of each  P -co n ta in in g  co m p o u n d  se p a ra te ly , th e n  on t h a t  o f the

m ix tu re  of sy n th e tic  specim ens

brain stem  at a concentration  o f 10- 4 M ATP. The highest incorporation was 
attained  in cerebral m yosin  having the m ost phosphate binding sites. The 
findings in Figs 8 and 9 relate to  preparations o f patient N o. 8. Sim ilar results 
were obtained, w ith  som e differences, from parallelly investigated  prepara­
tions (from patient N o. 9).

W hen the incubation tim es were studied , differences were found  again. 
The saturation o f the brain stem  preparation required the shortest incubation  
tim e. The phosphate saturation  o f this m yosin term inated w ith in  30 s, while 
the incorporation lasted  in the cerebellar preparation about 1 m in and in the 
cerebral cortex m yosin about 2 min in the presence o f 0.75 mM A TP (F ig. 9).

I t  was found th a t in the phosphorylated sam ples the h ighest am ount 
of phosphate could be preserved when the incubation was term inated  b y  ice- 
cooled acetone at m axim um  saturation. This provides a possib ility  for th e  study  
of incorporated phosphate in comparison w ith  gel-filtrated sam ples (see Figs 
8 and 9).

Further on an a ttem p t was made to establish  which type o f  am ino acids 
the phosphoryl groups were connected w ith . For this special purpose the 
m yosin samples were hydrolyzed, liberating the amino acid phosphates from 
peptid  bonds by alkaline hydrolysis.

The alkaline hydrolysis sim ultaneously releases the free am ino acids 
and alkali stable am ino acid phosphates. N aturally , this procedure makes 
a possib ility  o f secondary reactions as a sm all am ount o f secondary products 
is form ed together w ith  other hydrolytic derivatives. The elution  profile of
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F ig . 11. S e p a ra tio n  of th e  a lk a li s ta b le  am ino acid p h o sp h a te  from  th e  h y d ro ly sa te  o f phosphor- 
y la te d  b ra in  stem  m yosin . T h e  h y d ro ly sa te  was o b ta in e d  fro m  p h o sp h o ry la te d  an d  lip id-free 
p ro te in  p a r t  (in 3 M K O H ,  105 °C , 10 h) in  a sealed “ P y re x  glass”  am pule , th a n  d ilu te d  to  
0.01 M K O H  co n cen tra tio n  a n d  t ra n s fe r re d  onto D ow ex I X 8  co lum n, 0.9 X 6 cm . T he se p a ra ­
t io n  is p e rfo rm ed  w ith  a lin ea r s te p  g ra d ie n t c h ro m a to g rap h ic  tech n iq u e  using  a m ix er ch am b er 
w ith  a  c a p a c ity  of 160 cm 3 filled  w ith  0.02 M K H C 0 3 a n d  th e  reservo ir w ith  120 m l of 0.2 M 
K H C O 3 so lu tio n  operated  w ith  a n  e lectrom agnetic  m ix e r in  th e  course of e lu tio n . T h en  th e  
K H C O 3 co n cen tra tio n  was in c re a se d  to  0.75 M and  1 M as in d ic a te d  by  th e  a rrow s. F ina lly , 
1 M K H C O 3 was applied d irec tly  w i th o u t  m ixing m ark ed  as D an d  2 M К  Cl for th e  reg en e ra tio n  
of co lu m n . T he d e te rm in a tio n  of P  c o n te n t in e ffluen t tu b e s  w as u n d e rta k e n  on th e  basis of 
th e  sp ec if ic  m olybdate  te s t  fo r p h o sp h a te  considering th e  p resence  of S i-background  (see [11]). 
T h e  p e a k s  a re  rep resen ted  by  th e  P  co n te n t of tu b es in  /rniol pe r frac tio n  ap p ly in g  th e  sam e 
n u m b e r in g  fo r peaks as in  T ab le  IV . T he b ra in  stem  m y o sin  show s th e  lea s t p h o sp h o ry la ted  

com pounds re la te d  to  cerebellar an d  ce re b ra l p rep ara tio n s

fraction number (£ . £5ml / f r )

F ig . 12. E lu tio n  profile of a m in o  a c id  phosphates o f p h o sp h o ry la te d  cerebellar K C l-m yosin. 
T h e  h y d ro ly sa te  was o b ta in e d  fro m  th e  lipid-free p ro te in  p a r t  sim ilar to  b ra in  s te m  m yosin . 
F o r  th e  r e s t  of legends see F igs 10 a n d  11. The m ost p h o sp h o ry la te d  com pounds w ere se p a ra ted  
fro m  th e  cerebellar p re p a ra tio n  co n firm ed  by a c o n c u rre n tly  in v es tig a te d  m yosin  of p a tie n t

No. 9

sy n th e tic  amino acid phosphates and inorganic P  are shown for the identifica­
tio n  o f  phosphorylated am ino acids of m yosin on one of the chrom atogram s 
(F ig . 10).
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fraction number ( 5 . 5 m l / f r )

F ig. 13. E lu tio n  profiles o f am ino  acid  p h o sp h a tes  o f cerebral p h o sp h o ry la te d  (a ) an d  unphos- 
p h o ry la ted  co n tro l (b) specim ens. T he co n tro l sam ple  is rep resen ted  b y  a d iffe re n t scale com­
p a red  w ith  th e  p h o sp h o ry la te d  one (a). T he m o st of ph o sp h a te  w as in c o rp o ra te d  in P -A rg  

of cereb ral g e l-filtra ted  m yosin  (see T ab le  IV). F o r th e  re s t of th e  legends see F ig s 10 and  11

The chrom atogram  o f the individual amino acid phosphates w as designed 
and constructed from those tubes which developed a blue colour w ith  ammo­
nium  m olybdate reagent (see M ethod).

The chrom atographic profile o f  amino acid phosphates separated from 
the hydrolysate o f brain stem  m yosin is shown in Fig. 11, furtherm ore the one 
obtained from  one o f the cerebellar sam ples is dem onstrated in F ig. 12.

The hydrolysate o f cerebral cortex m yosin and its unphosphorylated  
sam ple are shown using different scales for the sake o f com parison (Fig. 13).

Table IV sum m arizes the distribution o f the phosphorylated compounds 
found in the hydrolysate o f phosphorylated HBM s. N ine phosphorylated  
com pounds were observed altogether so far in the myosins derived from muscle 
and non-m uscle sources. This num bering is used in the table for peaks in order 
o f elution, disregarding w hether th ey  have been identified or n ot, w ith  the aim 
o f sum m arizing the to ta l P -contain ing com pounds which have been observed 
in m yosin up till now.

On the basis o f experience gained at phosphorylation studies it might 
be assum ed that probably more than  9 phosphorylated com pounds ex ist as the 
hydrolytic and decarboxylated products N os 1 and 2, resp ectively , are minor
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Table IV

D istribution o f  am ino acid  phosphates in hydrolysates o f  phosphorylated 
h u m a n  brain  KC1 -myosin

No. sam ple

Brain stem  
(phosphoryl).

Cerebellar
(phsophorylated)

Cerebral cortex

(phosphoryl.) (control)

/anol % /tm ol % ^umol % /imol %

l  ? _ — 0.804 21.00 t r 0.045 6.95

2 ? — — 0.228 6.00 0.028 1.34 0.034 5.90

3 P -A rg 3.650 49.6 1.163 30.50 1.770 85.00 0.353 54.50

4 P i — — 0.232 6.06 0.017 0.84 0.029 4.50
5 P -L y s — — 0.093 2.44 0.014 0.66 tr

6 ? 0.757 16.20 0.113 2.96 0.075 3.60 tr

7 N ” -P -H is 1.632 22.9 0.588 14.60 0.103 4.95 0.153 23.40
8 N " -P -H is 1.106 16.1 0.214 5.60 0.115 5.35 0.019 2.92

9 ? t r 0.414 10.80 0.032 1.49 0.050 7.70

com p on en ts. In phosphorylated sam ples they are usu a lly  covered by fresh  
N os 1 an d  2 of higher am ounts, w hich appear under th e  effect of phosphoryla­
tion  in som e m yosins, from severa l sources.

Discussion

E xperim ents presented in  th is paper show th a t  there m ight be three 
ty p es o f  HBM s with distinct properties prepared from  different parts of the  
CNS sim ilarly  to myosins o f sk e le ta l muscle varying according to  their sources. 
M yosin heterogeneity has been  revealed in exam inations o f B r a y  [3] in  
cultured  developing chicken neuronal myosin preparations. H e has found that  
actin  is about 8% and m yosin o n ly  0.5%  of the to ta l protein  content o f cultured  
n eu rocytes. Similarly, a rather low  quantity o f m yosin  has been found in adult 
tissu es. Further myosin preparations have been iso la ted  from other specific 
nervous sources: D r e n k e n h a h n  et al. [8] from peripheral nerves, H e s k e t h  

et al. [15] from bovine retina, S c o r d i l i s  et al. [25] from  murine astrocytes, 
and M i l l e r  and K u e h l  [18] from  rat glioma and cultured neuroblastom a  
derived  from  brain. Their sh ap e, size and enzym e a c tiv ity  have been similar 
to  m uscle m yosin, while the lig h t chains of neuronal m yosin  were rather similar 
to  th a t  o f  sm ooth muscle m yosin s. However, there are som e differences in  
the am ino acid sequence o f h e a v y  chains that result in altered aggregative 
behaviour [4].
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Our findings agree w ith  those of W ellington  et al. [28], i.e. the prepara­
tion o f  hrain m yosins contain  an abundance o f lip ids. W e also found a higher 
lipid quantity  in HBM s particularly in cerebral cortex m yosin. C onsequently, 
480 000 dalton refers to  the right molecular mass, and the com bined m olecular 
mass would he a fictitiou s value. A significant P-lipid part is closely adsorbed  
in gel-filtrated preparations, and for this reason it is supposed that an adequate  
lipid am ount is an in tegrated  part o f the m yosin m olecule.

I t  has been experienced throughout these investigations that N a + has 
a specific influence on th e  preservation of P as it  w as found in the case o f  the  
skeletal muscle m yosins [10]. M yosin was obtained w ith  a higher P  content 
from CNS in the presence o f  NaCl-containing solutions as compared to  KC1- 
containing ones.

M yosins (including H B M , muscle and non-m uscle m yosins) m ay he 
induced by K [A u(CN)4] to  form  a filam entous aggregate system . A ctin never  
produces the above-m entioned phenom enon.

It cannot he decided w hether myosin in cerebral cortex and cerebellum  
is heterogeneous or there are tw o different types o f  it  particularly in NaCl- 
preparations. Only the d istin ctly  different P content seem s to confirm  this 
assum ption. System atic studies are required for the solution of this problem , 
since the myosin m ight have been derived from at least tw o different sources 
(brain cells and blood vessels).

H ow ever, the ex isten ce  o f  three distinct m yosins in human brain are 
confirm ed by the phosphate saturation studies depending on the ATP con­
centration and incubation  tim e (see Figs 8 and 9). The cerebral m yosin is 
able to  incorporate an enorm ous am ount of phosphate from  ATP, w hich could  
he preserved when the incubation  was term inated b y  ice-cooled acetone ap­
proxim ately at m axim um  saturation which presented the intram olecular 
m ovem ents of phosphate groups. This m yosin incorporates the phosphate  
from a relatively  low A T P concentration com pared w ith  cerebellar and brain 
stem ones.

A lkaline hydrolysis releases only an insign ificant am ount o f phosphate  
from N—P bonds. A larger am ount o f inorganic phosphate can be released from  
the ester-type bonds.

M aking a com parison betw een the unphosphorylated and phosphorylated  
HBM s a significant variance is seen in the phosphate incorporation depending  
on the sources o f preparations. W hile the cerebral K Cl-m yosin incorporates 
the phosphate into the P —Arg in the greatest proportion (see Table IY ), the  
cerebellar KCl-myosin incorporates it into P—Arg, P—H is and into the uniden­
tified  sam ples Nos 1, 2 and 9, w hile the brain stem  one into P -A rg, P—H is 
and com pound No. 6.

The results support the existence o f ind ividual m yosins in the CNS 
and the possibility o f further m yosin varieties in nervous tissues. N evertheless,
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it  m u st be considered th a t a ll the m yosins are the final products o f  a given  
procedure and, therefore, the real internal P  content and com position  o f m yosin  
is n o t reflected. It is thus suggested th at the term  “ preparative m yosin” 
be u sed  [10].

W e think finally  th a t data  shown in Figs 8 and 9 referring to  the higher 
A T P  concentration and the longer incubation tim e confirm the m ovem ents of 
p h osp h ate  groups in the H B M s and also the existence of the phosphate burst.

On the basis o f these results it  m ay be supposed th at the cytokinetic  
m ovem en ts in brain (neural) cells are perform ed at the cost o f the high-energy- 
p o ten tia l amino acid phosphates. Therefore, it  is im portant th a t P  m ovem ent 
ta k es p lace rather rapidly and it  is an inherent characteristic w ith  brain m yosins 
depending on their sources; th is  fast m echanism  coincides w ith  th e  working 
process o f brain cells. W e assum e th is to  be one o f the principal m echanism s 
o f in ternal m ovem ents.
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EFFECT OF INDOMETHACIN ON RENAL 
FUNCTION DURING DIFFERENT LEVELS OF 

SURGICAL STRESS

G . K ö v é r , K a t a l i n  S z e m e r é d i  and  H i l d a  T o s t

D EPARTM ENT O F PH Y SIO LO G Y , SEM M ELW EIS U N IV ERSITY  M EDICAL SCHO O L,
BU D A PEST, H UN G ARY

(R ece iv ed  A u g u st 26, 1981)

To de term ine  w h e th e r  re n a l p ro s ta g la n d in s  p a r tic ip a te  in  th e  re g u la tio n  of 
ren al b lood  flow , so d iu m  an d  w a te r  e x cre tio n  du rin g  “ stress s i tu a t io n ” , re n a l  fu n c tio n  

as in v es tig a ted  in  tw o  g ro u p s of a n ae sth e tize d  dogs, su b jected  to  m in o r  a n d  to  more 
severe surgical stre ss  u n d e r  co n tro l con d itio n s, and  follow ing th e  a d m in is t r a t io n  of 
4 m g/kg in d o m e th ac in  i.v .

In  th e  co n tro l s tu d ies , th e  re n a l h aem o d y n am ic  p a ra m e te rs  (С р д н , Qnulin)» 
u rine  o u tp u t  and  so d iu m  e x c re tio n  w ere n o t d iffe ren t in  those  a n im a ls  in  w h ich  the 
surgical t ra u m a tiz a t io n  w as m ore severe fro m  d a ta  o b ta ined  in  s im ila r ly  a n ae s th e tize d  
dogs.

E x tra ce llu la r  vo lu m e ex p an s io n  in d u c e d  w ith  i.v. in fusion  o f R in g e r  so lu tion  
en h an ced  sodium  a n d  w a te r  e x c re tio n  in  b o th  groups, how ever, th e  in c re a se  o f  sodium  
ex cre tio n  was less in  th e  dogs su b je c ted  to  m ore severe stress.

D uring  in d o m e th ac in  in fu sio n  g lo m eru lar f i ltra tio n  d id  n o t c h a n g e  in  e ither 
g roups; CFAH decreased  b y  2 0 -2 5 %  in  th e  an ae sth e tize d  an im als a n d  3 5 -4 0 %  in  dogs 
in  w hich  th e  surg ical stre ss  w as m ore severe . In  th is  group th e  to ta l  r e n a l  b lo o d  flow 
was red u ced  by  4 0 %  sim u ltan eo u s ly  w ith  th e  h aem odynam ic  ch an g e s ; so d iu m  and 
w a te r  ex cre tio n  fell in  b o th  groups.

A fte r in d o m e th ac in  in fu sio n  th e  d iu re tic  response of th e  k id n ey s to  e x tra c e llu la r  
vo lum e expansion  w as m ark e d ly  red u ced  in  th e  an aesth e tized  dogs, th e  d iu re tic  and 
n a tr iu re t ic  effects be ing  a lm o st co m ple te ly  in h ib ite d  in  th e  an im als s u b je c te d  to  more
severe stress.

These d a ta  su g g est t h a t  in  th e  a n ae s th e tize d  dog en d o genous p ro s ta g la n d in s  
m ay  serve to  m a in ta in  ren a l b lood  flow  b u t  n o t th e  g lom eru lar f i l t r a t io n  r a te .  In h i­
b itio n  of p ro s ta g la n d in  sy n th esis  d u rin g  m ore severe  stress re su lts  in  in c re a s e d  renal 
v a sc u la r  resistance  an d  red u ced  re n a l blood flow . A ccordingly, th e  d a ta  p ro v id e  evi­
dence th a t  renal p ro s ta g la n d in s  c o u n te rac t in  th e  k id n ey  th e  v a so c o n s tr ic to r  m echanism s 
a c tiv a te d  during  m ore severe  surg ical tra u m a tiz a t io n .

T he d a ta  do n o t su p p o rt th e  d irec t physio log ica l role of p ro s ta g la n d in s  in  re g u la t­
ing tu b u la r  fu n c tio n .

D ata  from several laboratories have recently dem onstrated  th a t  the 
regulation o f renal blood flo w  is based on a com plex interplay o f vasoconstrictor  
and vasodilator factors. In particular, prostaglandins are known to  be in volved  
in renal blood flow  control in  a variety  o f conditions in which th e  ren in-angio­
tensin  or the sym pathetic nervous system  is activated .

A lthough inhibition o f  prostaglandin synthesis has little  or no effect upon 
renal blood flow  in conscious, chronically instrum ented dogs [20, 2 1 ], it  m ay  
elicit or augm ent the reduction o f renal blood flow  that occurs in th e  an aesth et­
ized anim al.

These divergent results can be explained as follows. Renal v asocon str ic­
tors such as epinephrine or norepinephrine [16], angiotensin I [15], angiotensin
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I I  [1 4 ], renal nerve s t im u la tio n  [17], and renal ischaem ia [7, 14] increase 
renal prostaglandin release. A ctiva tion  of any o f  th ese  stim ulatory pathw ays  
during  an experim ental procedure would be ex p ected  to  potentiate the in ­
h ib ito ry  actions of p rostag lan d in  synthetase in h ib itors b y  augm enting the  
le v e l o f  renal synthesis o f  prostaglandins. If  prostagland in  synthesis is inhibited , 
th e  in fluence of vasocon strictors is accentuated.

W hereas conscious dogs increase renal sod ium  excretion  after inhibition  
o f  prostaglandin syn th etase [8 ] , we have shown th a t  indom ethacin, a p otent 
in h ib ito r  of prostaglandin syn th etase , decreases sod iu m  and water excretion  
in  anaesthetized  dogs [9, 1 0 ]. The antidiuretic and  antinatriuretic effect o f 
in d om eth acin  is probably secondary to renal vasoconstriction .

T he purpose o f th e  p resen t study was to  determ ine whether the surgical 
stress per se affected th e  k id n ey  function during prostaglandin synthesis  
in h ib itio n  or not.

T he experiments w ere carried out in tw o groups of anaesthetized dogs 
in  w h ich  the degree o f  su rg ica l stress was d ifferent. In  the first series surgical 
stress w as less while in th e  secon d  one surgical trau m atization  was more severe. 
Sim ultaneous m easurem ents o f  the renal param eters were performed under 
co n tro l conditions and fo llo w in g  the adm inistration o f  the inhibitor o f prosta­
g la n d in  synthesis.

Methods

T h e  e x p e r im e n ts  w e re  p e r f o r m e d  on  m ongrel d o g s  o f  e i t h e r  se x  w eig h in g  12 to  25 k g . 
F o r  2 4  h o u r s  p r io r  to  th e  e x p e r i m e n t  th e  an im als  w ere  k e p t  o n  w a te r  on ly . A n a e s th e s ia  w as 
i n d u c e d  w i th  so d iu m  p e n t o b a r b i t a l  (2 5  m g/kg  i .v .)  a n d  m a in t a in e d  w ith  r e p e a te d  a d d i t io n a l  
d o s e s .  A f te r  th e  a n a e s th e s ia  e a c h  a n im a l  rece iv ed  a n  in f u s io n  o f  R in g e r  so lu tio n  e q u a l  to  1 %  
o f  t h e  b o d y  w e ig h t c o n ta in in g  p a ra - a m in o h ip p u r ic  a c id  ( P A H )  a n d  in u lin  e n su rin g  a  p la s m a  
c o n c e n t r a t i o n  o f 2 m g a n d  30  m g  p e r  100 m l, re s p e c tiv e ly , fo llo w e d  b y  a  su s ta in in g  in fu s io n  
o f  0 .2 5  m l/k g  p e r  m in  fo r  t h e  r e s t  o f  th e  ex p e rim e n t.

B o th  fem o ra l a r te r ie s  a n d  v e in s  w ere  c a n n u la te d  in  a l l  a n im a ls ,  fo r  a r te r ia l  b lo o d  c o llec ­
t i o n s  a n d  in fu s io n s . M e a n  a r t e r i a l  b lo o d  p ressu re  w as m e a s u r e d  b y  a  S ta th a m  s tra in -g a u g e  
t r a n s d u c e r  c o n n ec ted  to  a  p o ly e th y le n e  c a th e te r  in  th e  l e f t  f e m o ra l  a r t e ry  a n d  r e c o rd e d  on  
a  R A D E L K I S  re c o rd e r.

F ro m  a low  a b d o m in a l  m id l in e  inc ision  th e  b la d d e r  w a s  e x p o se d  a n d  th e  u r e te r s  w e re  
c a t h e t e r i z e d  su p ra v e s ic a lly  u s in g  f i n e  p o ly e th y le n e  c a n n u la s .

I n  a n o th e r  series o f  e x p e r im e n t s ,  th e  le ft re n a l h i lu m  w a s  d is s e c te d  th ro u g h  a  le f t  f la n k  
in c is io n  a n d  r e t ro p e r i to n e a l  d i s s e c t io n ,  fo llow ing c a n n u la t io n  o f  th e  u re te rs ,  fe m o ra l a r te r ie s  
a n d  v e in s .

T h e  le f t  re n a l v e in  w a s  c o n n e c te d  to  th e  le f t  e x t e r n a l  ju g u la r  v e in  w ith  a  s ilic o n iz e d  
r u b b e r  tu b e .  A  T -e x te n s io n  o f  t h e  t u b e  p e rm itte d  d ir e c t  m e a s u re m e n t  o f  re n a l v e n o u s  o u tf lo w . 
P r i o r  t o  e s ta b lis h m e n t o f  t h e  a n a s to m o s is ,  0.1 m l (500  I .U . )  p e r  k g  b o d y  w e ig h t o f  h e p a r in  
w a s  g iv e n  in tra v e n o u s ly .

I n  th is  g ro u p , t e r m e d  c a n n u la te d  g ro u p  th e  s u rg ic a l  s t r e s s  w a s  m o re  sev ere  t h a n  in  th e  
a n im a l s  w ith o u t  f la n k  in c is io n ,  t e r m e d  n o n -ca n n u la ted  g r o u p .

A f te r  s ta r t in g  th e  in f u s io n ,  60  m in  w ere le f t  fo r  a t t a i n i n g  a n  e q u ilib r iu m , th e n  u r in e  
w a s  s e p a ra te ly  co llec ted  f ro m  t h e  k id n e y s  in  2 0 -m in  p e r io d s .  R lo o d  w as w ith d ra w n  a t  th e  
m id p o i n t  o f  each  c le a ra n c e  p e r io d .  A f te r  c e n tr ifu g a tio n  o f  t h e  b lo o d  sa m p le s  th e  s u p e r n a ta n t  
p l a s m a  w a s  k e p t  fo r a n a ly s is  a n d  t h e  e ry th ro c y te s  w e re  r e in fu s e d  in  R in g e r  so lu tio n . I n  th e  
c a n n u la te d  g ro u p  re n a l b lo o d  f lo w  w a s  e s t im a te d  tw ice  i n  t h e  m id d le  o f  e a c h  p e r io d  b y  m e a s u r ­
in g  v e n o u s  o u tflo w  ( R B F dir) i n d i c a t e d  b y  th e  tim e  n e c e s s a ry  f o r  25 m l b lood  to  b e  c o lle c te d .

Acta Physiologica Acaderniae Scientiarum Hungaricae 59, 1982



INDOMETHACIN AND SURGICAL STRESS 121

I n  th e  p r e s e n t  p a p e r  w e d e m o n s tr a te  th e  r e s u l t s  o f  4 e x p e r im e n ta l  se rie s . I n  G ro u p s  
1 a n d  2 (n o n -c a n n u la te d  a n d  c a n n u la te d  dog s) th e  in d o m e th a c in  so lv e n t (50 m l 0 .1  M p h o s p h a te -  
h u f fc r  d i lu te d  4 -fo ld  w i th  R in g e r  so lu tio n , p H  8 .0 ) w a s  in fu se d  i .v . fo r  10 m in  a f t e r  t h e  c o n tro l  
p e r io d  (P e r io d  1).

T h e  e f fe c ts  o f  th e  s o lv e n t o n  k id n e y  fu n c t io n  w e re  e x a m in e d  d u r in g  th e  s e c o n d  p e r io d  
(P e r io d  2).

I n  th e s e  e x p e r im e n ts  th e  e ffe c t o f a  la r g e r  v o lu m e  e x p a n s io n  w as a lso  s tu d ie d  o n  k id n e y  
fu n c t io n .  R in g e r  so lu t io n , 25 m l p e r  k g  b o d y  w e ig h t  p re w a rm e d  to  b o d y  t e m p e r a tu r e ,  w as 
in fu se d  fo r  60 m in  (P e r io d s  3, 4 , 5), a n d  a t  th e  e n d  o f  h y d r a t io n ,  v o lu m e  e x p a n s io n  wya s  a s su m e d  
to  b e  5 %  o f b o d y  w e ig h t. F o llo w in g  v o lu m e  e x p a n s io n  3 p o s te x p a n s io n  2 0 -m in  u r in e  c o lle c tio n  
p e r io d s  w ere  m a d e  (P e r io d s  6, 7, 8).

I n  G ro u p s  N o s  3 a n d  4 ( n o n -c a n n u la te d  a n d  c a n n u la te d  d o g s) 4 m g /k g  in d o m e th a c in  
d is so lv e d  in  50 m l o f  4 -fo ld  d i lu te d  0.1 M  p h o s p h a te -b u f f e r  so lu tio n  w as in fu se d  i .v .  f o r  10 m in  
a f t e r  t h e  c o n tro l  p e r io d  (P e r io d  1); o th e rw ise  t h e  e x p e r im e n ta l  p ro to c o l w a s  t h e  sa m e  as 
p re v io u s ly  d e s c r ib e d .

P A H  c o n c e n t r a t io n  in  th e  u r in e  a n d  p la s m a  w a s  d e te rm in e d  b y  th e  m e th o d  o f Sm ith  
e t  a l. [1 9 ], t h a t  o f  in u l in  b y  th e  m e th o d  o f  L it t l e  [1 3 ]. U r in a ry  so d iu m  c o n c e n t r a t io n  w as 
m e a s u re d  b y  f la m e  p h o to m e t r y .  O s m o la lity  o f  th e  u r in e  w a s  m e a s u re d  b y  th e  m e th o d  o f fre e z ­
in g  p o in t  d e p re ss io n  u s in g  a n  A d v a n c e  o sm o m eter .

H a e m a to c r i t  w a s  d e te rm in e d  b y  m e a n s  o f  a  H a w k s le y  m ic ro h a e m a to c r i t  c e n tr ifu g e , 
p la s m a  p r o te in  c o n c e n t r a t io n  b y  th e  b iu r e t  m e th o d .

T h e  c le a ra n c e  o f  P A H  (С р д н ) a n d  th e  c le a ra n c e  o f  in u l in  (С |пицп) w ere  d e te r m in e d  b y  
th e  u s u a l  f o rm u la s . A ll d a ta  w ere  r e fe rre d  to  100 g k id n e y  tis s u e  w ith  th e  e x c e p t io n  o f  to ta l  
r e n a l  v a s c u la r  r e s is ta n c e ,  w h ic h  w as  c a lc u la te d  p e r  k g  o f  k id n e y  t is su e .

S ta t i s t ic a l  s ig n if ic a n c e  o f  th e  d a t a  w as d e te r m in e d  b y  p a ire d  a n d  u n p a i r e d  a n a ly s is , 
u s in g  S tu d e n t ’s t t e s t .  A  p  v a lu e  o f less t h a n  0 .05  w a s  c o n s id e re d  s ig n if ic a n t.

Results

Figure 1 show s th a t in the control anim als (non-cannulated grou p , 13 
anim als; cannulated group, 10 animals) there was no significant change in 
arterial blood pressure follow ing the adm inistration o f the indom ethacin  
solvent.

On the figures on ly  the param eters o f  th e  left cannulated  k id n ey  will 
he presented since m ean values for all param eters in the right k idney  w ere the  
sam e as in the le ft one, the m agnitude o f changes being also the sam e. For the  
sake o f com parison variables referring to th e  right kidney will be g iven  in the  
tex t.

The Сран in  the first period in the non-cannulated  dogs w as 237—f—13 
m l/m in, and in the left k idney of the cannulated  dogs 260-f-24 m l/m in, w hile in  
the right in tact k idney  it attained 2 6 1 ^ 2 2  m l/m in; at the end of the hydration  
(Period 5) corresponding figures were 2 1 6 ^ 1 6  ml/m in, 2 3 3 ^ 1 2  and 237—f- 
^ 1 1  m l/m in, respectively .

Mean value for Cjnuljn failed to change in the course of the experim ent 
and was the sam e in both series. It is reasonable to  assume that during extra­
cellular volum e expansion the glomerular filtration  rate (G FR) rem ained  
constant. Mean value for С|пицп at the end o f  hydration (Period 5) in th e  non- 
cannulated  anim als was 8 1 ^ 8  ml/min and 8 6 ^ 8  ml/min in the le ft k id n ey  of 
the cannulated  group.
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F ig .  1 .  M e a n  a r te r ia l  p re s s u re , c le a r a n c e  o f  РАН (Срдн) a n d  in u lin  (Cjnu|jn) in  t h e  c o n tro l  
a n im a ls  ( n o n -c a n n u la te d  g ro u p  a n d  c a n n u la te d  g ro u p ) . O n  th e  ab sc issa  t h e  n u m b e r  o f  e a c h  

p e r io d  is  g iv e n  ( tim e  o f  t h e  p e r io d s  w as 20 m in ) . R e s u l t s  a re  g iv e n  as m e a n  i S E M

U rine output (Fig. 2) w as 2 .1 5 ^ 0 .4 0  m l/m in  in  the non-cannulated  and  
2 .0 3 ^ 0 .4 5  ml/min in the cannulated  animals a t th e  start o f the experim ents. 
The so lv en t o f the indom ethacin  did not affect urine excretion.

D u rin g  hydration urine ou tput increased m arkedly. A t the end o f hydra­
tion  (P eriod  5) urine volum e w as 6 .5 7 ^ 0 .7 3  m l/m in in Group 1, and 5.40-f- 
^ 0 .5 4  m l/m in in the left k id n ey  of Group 2 , w hile 5 .4 0 ^ 0 .4 0  m l/m in in the  
righ t, in ta c t kidney.

Sodium  excretion during the control periods was 249J^54 ,uEq/mm in 
G roup 1, 2 2 3 ^ 4 7  pEq/m in and 2 1 2 ^ 5 2  /Æ q/m in in Group 2. H ydration  caused  
a s te a d y  increase in sodium  ou tp u t from 2 4 9 ^ 5 4  ^Eq/m in to  4 0 5 ^ 7 7  juEq/min 
in  th e  non-cannulated  anim als (p < / 0.001), and did not change in the cannulated  
group. U rine osm olality decreased in both groups and during the extracellular  
h yp ervo laem ia  the urine becam e hypoosm otic as compared to the plasm a  
(2 1 6 ^ 3 2  mosm/1, 1 7 4 ^ 1 0  mosm/1 and 1 9 4 ^ 2 0  mosm/1).

O sm olality  of the p lasm a was 3 1 5 ^ 3  mosm/1. There was no sign ificant 
change in  plasm a osm olality  in  any group o f  experim ents.
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x t  S E M  

m l /  m i n

s o l v e n t 25 m l /k g  
R i n g e r  i .v.

non cannulated 
n«13

cannulated
n=10

F ig . 2. U rine  o u tp u t, so d iu m  ex cre tio n , urine osm o la lity  in  th e  non-cannulated  a n d  cannulated
contro l an im als

Figure 3 represents the data obtained after indom ethacin in fusion .
Indom ethacin , 4 m g/kg i.v ., caused a rise in arterial blood pressure in 

both groups.
Mean value for Срдн was 2 3 5 ^ 1 7  ral/min in the non-cannulated  animals 

(Group 3) and 2 3 8 ^ 1 8  m l/m in in the cannulated  dogs (Group 4) at the start 
of the experim ent (Period 1). Following indom ethacin infusion, Срдн de­
creased to 2 1 6 ^ 1 7  m l/m in in Group 3 (p << 0.01 as compared w ith  th e  control 
value) and to 1 4 5 ^ 1 9  m l/m in in Group 4, 1 3 2 ^ 2 2  ml/min being recorded in 
the right kidney (p <  0.001 as compared w ith  the control va lue).

The i.v . infusion o f indom ethacin resulted in a greater drop in Срдн in 
the cannulated  anim als than  in non-cannulated dogs during Period 5 (p <[ 0.01).

The GFR was 8 2 ^ 7  ml/min in Group 3, 8 4 ^ 1 0  m l/m in in Group 4, 
and it  failed to show an y  significant change.

Follow ing indom ethacin  infusion urine ou tput decreased in  b o th  groups 
(Fig. 4), in the non-cannulated  dogs from 2.344^0.60 ml/m in to  1.494-0.40  
m l/m in (p < 0  .001) and in the cannulated anim als from 1 .714 i0 .36  m l/m in to
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x ± S E M
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F ig . 3. M ean  a rte ria l b lood  p re s su re , Срдц, С;тШП in  th e  non-cannulated  an d  cannula ted ,
in dom ethac in . trea te d  dogs

0 .6 0 ^ 0 .1 3  ml/min in the le ft , and  from 1 .9 8 ^ 0 .3 6  m l/m in  to  0 .4 9 ^ 0 .1 2  m l/m in  
in  th e  right kidney (p < 0 . 0 1 ) .

In  Group 3 urine ex cretion  increased to 4 .2 1 -|-0 .9 0  ml/min during hydra­
tio n , how ever, this increase w as smaller than  th a t  observed in th e  control 
k id n ey s. A t the end o f h yd ration  (Period 5), urine output in Group 4 was 
1.36-I-0-44 ml/min and 1 .2 6 ^ 0 .4 3  ml/min in the le ft  and right k idney, respec­
t iv e ly , indicating th at in th e se  animals indom ethacin  inhibited the diuretic 
effect o f  extracellular v o lu m e expansion.

A fter indom ethacin in fu sion , sodium excretion  fell from 2 8 2 ^ 9 5  /Æ q/m in  
to  2 3 6 ^ 8 0  pEq/min (p <  0 .001) in the non-cannulated  animals, from  190J;; 
3^53 pE q/m in to 5 5 ^ 2 6  p E q /m in  (p <  0.001) in  th e  cannulated group.

D uring perfusion w ith  R inger solution sod ium  excretion rose stead ily  
in th e  non-cannulated group to  3 7 1 ^ 1 0 0  pE q/m in in  Period 5, while rem ained  
c o n sta n t in the cannulated  k id n eys.

T he infusion of in d om eth acin  inhibited th e  natriuretic effect o f  extra­
cellu lar volum e expansion.
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X t-  S E M  

m l / m i n

I n d o m e t h
2 5  m l / k g  

R i n g e r  i .v

n o n  c a n n u l a t e d  

n=.13
c a n n u l a t e d  

n  =11

1 2 2 ^  5 6 7 8
m osm /l

F ig . 4. U rine o u tp u t, so d iu m  ex cre tio n , u rine  osm o la lity  in  th e  co n tro l p e rio d  a n d  following 
th e  in fusion  of 4 m g/kg  in d o m e th ac in  i.v . in th e  non-cannulated  an d  cannulated  an im als

Urine osm olality  changed according to  urine and sodium  output, its 
va lu e remaining higher than plasm a osm olality .

Figure 5 represents the haem odynam ic param eters o f  th e  cannulated 
kidneys. In the control anim als the to ta l vascular resistance o f  the kidney  
(R k id n e y /k g )  showed little  change throughout the study. Follow ing th e  infusion  
of indom ethacin it increased from 1 .1 6 ^ 0 .0 8  to  2 .4 6 ± 0 .2 4 , then rose steadily  
atta in ing  3 .4 1 ± 0 .3 9  at the end o f the experim ent (Period 8).

Renal blood flow  (R B F dir) was 5 2 8 ± 2 5  m l/m in in Group 3, and remained 
constant. A dm inistration o f indom ethacin (Group 4) decreased R B F dir from  
5 1 0 ± 2 1  ml/min to  3 3 2 ± 3 4  ml/min (p <  0.001) a value o f 2 7 4 ± 3 8  ml/min 
h avin g  been attained at the end of the study.

H aem atocrit w as 3 8 ± 1 .2 %  in the untreated control dogs and 34—|— 
± 0 .9 %  in those treated  w ith  indom ethacin; these values show ed little  change 
throughout the study.

The plasma protein concentration w as the same in the tw o series at the 
beginning of the experim ent, 4 .9 6 ± 0 .1 9  g/100 ml and 4 .8 0 ± 0 .1 0  g/100 ml, 
being decreased during hydration in both groups to 3 .8 4 ± 0 .1 6  g/100 ml and 
4 .1 0 ± 0 .1 0  g/100 m l, respectively.
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ml / m i n

F ig . 5. R e n a l haem odynam ic  p a ra m e te rs  in  th e  cannulated  an im a ls . T he solid lines re p re se n t 
d a ta  o b ta in e d  in  th e  con tro l a n im a ls , th e  d o tte d  lines show  th o se  of th e  in d o m e th ac in  tre a te d  

group . D a ta  p o in ts  rep resen t m ean  ^  SEM

Discussion

In  the present work it  has been shown that the antidiuretic and an ti­
natr iu retic  effect of indom ethacin  is considerably increased in those anim als 
in w h ich  surgical traum atization  was more severe (cannulated  anim als).

T h e values for С р д н  w ere not sign ificantly different in the control 
anim als (F ig. 1), and no d ifference was measured in  G FR  between the non- 
cannulated  and cannulated groups, which means th a t renal blood flow  was 
m ain ta in ed  during the more severe stress. These results are in agreem ent w ith  
th e  d a ta  obtained by others in anaesthetized dogs [3, 12]. The absence of 
renal vasoconstriction during th e  acute reduction o f cardiac output is n o te­
w o rth y  since arterial plasm a renin activ ity  and arterial plasm a concentration  
o f norepinephrine have been fou n d  to be elevated  in response to  thoracic caval 
con str iction  and because angiotensin  II and norepinephrine are both potent 
renal vasoconstrictors [18].
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Since prostaglandins have intrinsic renal vasodilator action  [14], it is 
likely  th a t they m ight atten u ate the renal vascular effects o f norepinephrin  
and angiotensin II  by d irectly  acting upon the vascular sm ooth m uscle cells. 
Support for this in terpretation  m ay be derived from  studies in d icatin g  that 
the renal vasoconstrictor effects o f exogenous angiotensin II [5], norepinephrine  
[11], and renal nerve stim ulation  [4] enhance th e  production o f renal prosta­
glandins. B iosynthesis o f  P G E 2 has been dem onstrated in vascular endothelial 
and sm ooth muscle cells [1, 6], as well as in renal in terstitial cells [22]. 
The m echanism (s) w hereby th e  prostaglandins atten u ate renal vasoconstrictor  
processes remains to  be determ ined.

In  th e  present stu d y  Срдн was lowered b y  20—2 5 %  in the non-cannulated  
group and by 35—4 0 %  in th e  cannulated dogs follow ing indom ethacin  infusion, 
and renal blood flos (R B F d ir)  decreased b y  4 0 %  in Group 4 . D esp ite  th e  signif­
icant decrease in renal plasm a flow  induced b y  inhibition o f prostaglandin  
synthesis, glomerular filtration  did not change in our experim ents. This fin d ­
ing is in agreement w ith  other studies in w hich inhibition o f prostaglandins 
reduced renal blood flow  but had no effect on glomerular filtra tion  rate [9, 
1 0 ]. The present stu d y  dem onstrates th at th e  vasoconstriction  occuring in the 
k id n ey after the adm inistration  o f indom ethacin was augm ented during the  
more severe stress in th e  k idney  o f the cannulated  group.

These data suggest th a t the renal prostaglandins were counteracting  
the vasoconstrictor m echanism s activated during more severe surgical traum ati­
zation  and that after inhibition  of renal prostaglandin synthesis th e  effect 
of th e  vasoconstrictor m echanism s was more expressed on renal circulation.

As shown in F ig. 4 , urine output and the sodium  excreation  decreased  
in both  groups, after indom ethacin  infusion, how ever, the fall w as more pro­
nounced in  the cannulated  anim als. In th is la tter  group indom ethacin  alm ost 
com pletely  inhibited th e  natriuretic and diuretic effects o f isosm otic  extra­
cellular volum e expansion.

The data o f the present study are also consistent w ith resu lts obtained  
in an other series o f experim ents in which the antagonism  of furosem ide and 
indom ethacin was investigated  [9].

The fact th at w ater and sodium excretion  decreased fo llow ing indo­
m ethacin infusion in sp ite o f unchanged G FR m ay be explained by an increased  
w ater and sodium reabsorption in the proxim al tubules [9, 10]. Indom ethacin  
m ay certainly influence th e  factors (haem atocrit, peritubular capillary pressure, 
postglom erular plasm a protein concentration, etc.) increasing proxim al tubular  
sodium  and water reabsorption, and therefore a sm aller part o f the glomerular 
filtrate  is reaching the d ista l part of the nephron.

In our experim ents indom ethacin produced an increase in renal vascular 
resistance which was m ore m arked in the cannulated  group during the more 
severe stress, follow ed b y  a marked drop in urine and sodium  excretion .

Acta Physiologica Academiae Scientiarum Hungaricae 5 9 , 1982



1 2 8 G. KÖVÉR et al.

T hese results m ay be in terpreted  as follow s. The larger fall in renal blood  
f lo w  resu lts in more m arked changes in the Starling forces around the proxim al 
co n v o lu tio n , resulting in a substantia l increase o f  proxim al tubular reabsorp­
t io n  and a decrease in urine and sodium excretion .

T hese data are co n sisten t with the concept th at intrarenal P G ’s p lay  
a ro le in  the adjustm ent o f  renal vascular resistance, and support their role in 
th e  regu lation  of salt and w ater  excretion. These results do not provide any  
ev id en ce  for a primary role o f  the PG -system  in the regulation o f tubular  
fu n ctio n .

In  th e  dogs treated  w ith  indom ethacin m edullary blood flow  was lower 
th a n  in  th e  control anim als suggesting that the renal prostaglandins are partic­
ip a tin g  in  the regulation o f  renal medullary b lood flow  [2]. The decrease o f  
m ed u lla ry  blood flow causes an increase of the m edullary solute concentra­
t io n , resu lting in enhanced w ater reabsorption in the collecting ducts.

In  our experim ents n o  attem pt was m ade to  investigate the effects of 
in d om eth acin  on m edullary flow .

T heoretically, the ren al m edullary vasoconstriction  that follow ed indo­
m eth a c in  infusion could h a v e  a supplem entary intrarenal osm otic effect increas­
in g  w ater  reabsorption and decreasing urine ou tp u t.

R E F E R E N C E S

1. A l e x a n d e r , R. W ., Gim b r o n e , M. A .: S tim ula tion  o f p ro s ta g la n d in  E  sy n th esis in  cu ltu red
h u m a n  um bilical v e in  sm o o th  m uscle cells. P ro c . N a th .  A cad . Sei. U .S .A . 73, 1617— 
1620 (1976).

2. B a r t h a , J .:  E ffect of in d o m e th a c in  on ren al fu n c tio n  in  an aesth e tized  dogs. I n t .  U rol.
N ep h ro l. 9, 8 1 - 9 0  (1977).

3. B e r n e , R . M., L ev y , M. N . : E ffec te d  of acu te  d e d u c tio n  o f card iac  o u tp u t  on  th e  ren a l
c ircu la tio n  of th e  dog. J .  c lin . In v est. 29, 444—454 (1950).

4 . D u n h a m , E . W ., Zim m e r m a n , B . G.: Release o f  p ro s tag lan d in -lik e  m a te ria l f ro m  dog
k id n e y  during ne rv e  s t im u la tio n . Am. J .  P h y sio l. 219 , 1279 —1285 (1970).

5 . D u n n , M. J .,  L ia r d , J .  F .,  D r a y , F .:  B asal a n d  s t im u la te d  ra te s  o f re n a l sec re tio n  an d
e x c re tio n  of p ro s ta g la n d in s  E „, F j  and  13, 14 -dyhidro-15  k e to  F  in  th e  dog. K id n e y  In t .  
13 , 1 3 6 -1 4 3  (1978).

6 . G im b r o n e , M. A., Al e x a n d e r , R . W .: A ngiotensin I I  s t im u la tio n  of p ro s ta g la n d in  p ro d u c ­
t io n  in  cu ltu red  h u m a n  v a sc u la r  endothelium . Sc ience  189, 219 — 220 (1975).

7. J a f f e , B . M., P a ck er , C. W ., Ma rsch a ll , G. R ., N e e d l e m a n , P .: R en al co n cen tra tio n s
o f  p rostag lan d in  E  in  a c u te  a n d  chronic ren al isch em ia . B iochem . B iophys. R es. C om m un. 
4 9 , 7 9 9 -8 0 5  (1972).

8. K ir s c h e n b a u m , M. A ., St e i n , J .  H .:  The effect o f in h ib i t io n  of p ro s ta g la n d in  sy n th esis
o n  u r in a ry  sodium  e x c re tio n  in  th e  conscious dog. J .  c lin . In v e st. 57, 517 — 521 (1976).

9. K ö v ér , G., T ost, H.: The e ffe c t o f indom ethacin on k id n ey  function: indom ethacin  and
fu rosem ide an tag o n ism . P flü g e rs  Arch. 372, 215 — 220 (1977).

10. K ö v é r , G.: The effect o f in d o m e th a c in  on ren a l fu n c tio n , A c ta  physiol. A cad . Sei. hu n g .
55 , 2 8 3 -2 9 8  (1980).

11. L e v in e , L ., Ma o sk o w itz , M . A .: a  and ^ -ad ren e rg ic  s tim u la tio n  of a rach id o n ic  acid
m etab o lism  in cells in  c u ltu re .  Proc. N eth . A cad . Sei. U .S .A . 76, 6632 — 6636 (1979).

12. L e v y , M. N ., B e r n e , R. M.: E ffects  o f acute reduction o f  cardiac output upon the m echa­
n ism s of sodium  e x c re tio n  in  th e  dog. Am . J .  P h y s io l. 166, 262—268 (1951).

13. L it t l e , J. M.: Modified d iphenylam ine procedure for the determ ination o f inulin. J. hiol.
C hem . 180, 7 4 7 - 7 5 4  (1949).

Acta Physiologica Acaderniae Scientiarum Hunguricac 59, 1982



IN D O M E T H A C IN  A N D  S U R G IC A L  S T R E S S 12У

14. M cG i f f , J .  C., Cr o w sh a w , K ., T e r r a g n o , N. A., L o n ig ro , A. J . :  R en al p ro s ta g la n d in s :
possib le reg u la to rs  o f  th e  ren a l actions o f p resso r horm ones. N a tu re  227 , 1255 — 1257 
(1970).

15. N e e d l e m a n , P ., K a u f f m a n , A. H ., D o uglas , J .  R ., J oun son , E . M., Ma r s c h a l l , G. R .:
Specific  s tim u la tio n  a n d  in h ib itio n  o f ren a l p ro s tag lan d in  release by  a n g io te n s in  analogs. 
A m . J .  Physio l. 224, 1 4 1 5 -1 4 1 9  (1973).

16. N e e d l e m a n , P ., D o u g l e s , J .  R ., J a k s c h ik , B ., St o e c h l e in , P . B ., J o h n s o n , E . M.:
R elease  of re n a l p ro s ta g la n d in s  b y  catheco lam in es: R ela tionsh ip  to  re n a l  endocrine 
fu n c tio n . J .  P h a rm aco l, exp . T h erap . 188, 453 — 460 (1974).

17. N e e d l e m a n , P ., Ma r sc h a ll , G. R ., J o h n so n , E . M.: D e te rm in an ts  an d  m o d ifica tio n  of
ad ren arg ic  an d  v a sc u la r  re sistan ce  in  th e  k id n ey . A m . J .  Physio l. 227, 665 — 669 (1974).

18. Ol iv e r , J .  A., S ciacca , R . R ., P in t s , J . ,  Ca n n o n , P . J . :  P a rtic ip a tio n  of th e  p ro s ta g la n d in s
in  th e  con tro l o f re n a l a b lood  flow  d u rin g  acu te  red u ctio n  of card iac  o u tp u t  in  th e  dog. 
J .  clin. In v est. 67, 2 2 9 - 2 3 7  (1981).

19. Sm it h , H . W ., F in k e l s t e in , N ., A lim in o s a , L ., Cr a w fo r d , B ., Gr ä b e r , M .: T h e  renal
c learan ces of su b s ti tu d e d  h ip p u ric  acid  d é riv â te s  an d  o th er a ro m a tic  ac id s in dog 
a n d  m an . J .  clin. In v e s t. 24, 388 — 404 (1945).

20. Sw a in , J .  A., H e y n d r ic k s , G. R ., B o e t t c h e r , D . H ., Va t n e r , S. F . :  P ro s ta g lan d in
co n tro l of ren a l c ircu la tio n  in  th e  u n a n ae s th e tize d  dog and  bab o o n . A m . J .  Physiol. 
229, 8 2 6 - 8 3 0  (1975).

21. Z in s , G. F .: R en al p ro s tag lan d in s . A m . J .  M ed. 58, 14—24 (1975).
22. Zu s m a n , R . M., K e is e r , H . R .: P ro s ta g lan d in  b iosyn thesis by  r a b b it  re n o m ed u lla ry

in te rs t i tia l  cells in  tissu e  cu ltu re . S tim u la tio n  b y  ang io tensin  I I ,  b ra d y k in in  a n d  arg in in  
v asopressin . J .  clin. In v e s t.  60, 215 — 223 (1977).

G. K ö v é r , K atalin S z e m e r é m  and H ilda T o s t  
D epartm ent of P hysio logy ,
Sem m elw eis U niversity Medical School 
H -1088 B udapest, Puskin  u. 9, H ungary

A da  Physiologica Acadcmiae Scienliarum Ilungaricae 59, 1982





Acta Physiologien Academiae Scientiarum Hungaricae, Tomus 59 (2), pp. 131 —139 (1982)

STUDY OF THE INDOMETHACIN AND 
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(R eceived  O ctober 17, 1981)

To de term ine  th e  p ro s ta g la n d in  d e p en d e n t an d  in d ep e n d en t e ffec ts  o f brady- 
k in in  in  th e  k id n ey , b ra d y k in in  (0.05 /xg/m in/kg b o d y  w eight) w as in fu se d  in to  th e  left 
ren a l a rte ry  d u rin g  in h ib itio n  of p ro s ta g la n d in  syn thesis b y  in d o m e th a c in .

In d o m eth ac in , 0.1 m g /m in /k g  bod y  w eigh t i.v . p roduced  a m a rk e d  fa ll in  urine 
o u tp u t  and  sod ium  ex c re tio n  in  a n ae sth e tize d  dogs. R enal v a scu la r re s is ta n c e  increased  
a n d  ren a l blood flow  (RBFdjr) decreased  b y  30% .

W hen d u rin g  th e  i.v . in fu sio n  of in d o m e th ac in  b ra d y k in in  w as in fu se d  in to  the 
le f t  ren a l a rte ry , RBF,jjr, u rin e  flow  a n d  so d iu m  excre tion  in creased  to  th e  contro l 
v a lu es in  the  left k id n ey  w hile rem ain ed  low er in  th e  r ig h t k idney .

The resu lts  su g g est t h a t  b ra d y k in in  increases renal blood flow  b y  a n  action  
w hich  does no t req u ire  th e  m ed ia tio n  of p ro stag lan d in s.

A decrease in  re n a l b lood  flow , w hich  w as a co n stan t fea tu re  d u rin g  i.v . indo­
m e th a c in  infusion , is p ro b a b ly  responsib le  fo r th e  decrease in u rin e  f lo w  a n d  sodium  
ex cre tio n .

The fa ilu re  o f in d o m e th ac in  to  in h ib it  th e  n a tr iu re tic  a n d  d iu re t ic  effec ts of 
b ra d y k in in  suggests t h a t  th e  p ro s ta g la n d in s  a re  n o t im p o rta n t d e te rm in a n ts  o f these 
responses.

R enal arterial infusion o f prostaglandins [13, 23] or stim ulation  o f intra- 
renal synthesis of prostaglandins b y  renal arterial infusion o f arachidonic acid 
[29] increase renal blood flow  and the excretion  o f sodium chloride and water. 
There is evidence to  suggest th a t prostaglandins (PG’s) syn th etized  and liber­
ated in th e  kidney function  as local horm ones participating in th e  regulation  
of renal blood flow  and its intrarenal distribution [4, 24, 16].

Treatm ent w ith  indom ethacin , a potent inhibitor of renal PG  bio­
synthesis in vitro [6] and in  vivo  [20], reduces renal blood flow  [11, 18], affect­
ing sim ilarly urine and sodium  excretion  [9, 18].

The vasodilator and natriuretic effects o f  bradykinin in th e  k id n ey  are 
well established [17]. R enal arterial infusion o f bradykinin increases prosta­
glandins in the renal venous blood and in urine [8, 12], presum ably b y  activa­
tion  o f  a phospholipase A 2 [15].

The similar effects o f  bradykinin and prostaglandins on renal function  
and the ab ility  o f bradykinin to  stim ulate prostaglandin syn th esis suggest 
th a t prostaglandins m ay m ediate the actions o f bradykinin in th e  k id n ey .
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T h e present study w as undertaken to in v estig a te  the effects o f brady- 
kin in  on  renal blood flow , urine output, and sod ium  excretion  during prosta­
g lan d in  synthesis inhibition , in  an attem pt to  determ ine to  w hat ex ten t the  
b rad yk in in  effects are m ed ia ted  by prostaglandins.

Methods

T h e  experim ents were p e rfo rm e d  on mongrel dogs of e ith e r  sex w eighing b e tw een  2 0 -  
30 k g . F o r  24 hours prior to  th e  e x p e r im e n t the anim als w ere  k e p t  on w a te r  only. A naesth esia  
w as in d u c e d  w ith  sodium  p e n to b a rb ita l  (25 mg/kg i.v .) a n d  m a in ta in e d  w ith  periodic ad d itio n a l 
doses. A f te r  anaesthesia  each  a n im a l rece iv ed  an in fusion  o f R in g e r  so lu tio n  a t  bod y  te m p e ra ­
tu re  e q u a l  to  1%  of the  bod y  w e ig h t, con ta in ing  p a ra -a m in o h ip p u ric  acid  (PA H ) a n d  in u lin  
e n su r in g  a  p lasm a c o n cen tra tio n  o f  2 m g and 30 m g p e r 100 m l, re spec tive ly , follow ed by  
a  s u s ta in in g  infusion of 0.25 m l/k g /m in  for the  rem ain d er o f th e  ex p erim en t.

C a n n u la tio n  of th e  fe m o ra l a rte r ie s  and veins on  b o th  sides were perform ed in  all 
a n im a ls , fo r  a rte ria l blood co llec tio n s a n d  infusions. M ean a r te r ia l  b lood pressure was m easu red  
b y  a  S ta th a m  strain-gauge t r a n s d u c e r  connected  to  a p o ly e th y le n e  c a th e te r  p laced in  th e  le ft 
fe m o ra l a r te ry ,  and recorded on  a  R A D E L K IS  recorder.

F r o m  a lower m idline in c is io n  th e  b ladder was ex p o sed  a n d  th e  u re te rs  were c a th e te r-  
ized  su p ra v es ica lly  using fine p o ly e th y le n e  cannulas.

T h ro u g h  a left flan k  in c is io n  a n d  re tro p erito n ea l d isse c tio n , th e  left renal h ilu m  was 
ex p o se d . T h e  left renal vein  w as c o n n e c te d  to  the left e x te rn a l  ju g u la r  vein  w ith  a siliconized 
ru b b e r  tu b e .  A T-extension  of th e  tu b e  p e rm itted  th e  d ire c t m easu rem en t of re n a l v enous 
o u tf lo w . P r io r  to  anastom osis 0.1 m l (500 I.U .)/kg b o d y  w e ig h t o f h ep arin  was g iven  in t r a ­
v e n o u s ly .

A f te r  s ta rtin g  the  in fu sio n , 60 m in  were allowed fo r e q u ilib r iu m , th e  u rine  was se p a ra te ly  
co lle c ted  fro m  the  k idneys in  2 su ccess iv e  10-min periods. B lood  w as ta k e n  a t th e  m id p o in t 
o f  e a c h  c learan ce  period. In  all in s ta n c e s  a rte ria l and  re n a l v e in  b lood  sam ples were o b ta in ed  
s im u lta n e o u s ly . After c e n tr ifu g a tio n , th e  su p e rn a tan t p la sm a  w as rem o v ed  and  th e  e ry th ro ­
c y te s  w e re  reinfused in R inger so lu tio n .

I n  th e  m iddle of each c le a ra n c e  period  renal b lood  f lo w  w as e s tim a te d  tw ice fro m  th e  
v e n o u s  o u tflo w  (RBF^j,.) by  m e a su r in g  th e  tim e necessary  fo r a n  o u tp u t  o f 25 ml b lood. V alues 
o b ta in e d  in  these  two periods se rv e d  as controls.

Fo llow ing  the tw o co n tro l p e r io d s , indom ethacin  0.1 m g /k g  b o d y  w eigh t/m in , dissolved 
in  1 m l 4 -fo ld  dilu ted  0.1 M p h o sp h a te -b u ffe r  so lu tion  (p H  8.0) w as infused i.v.

T e n  m in  were left for e q u il ib r iu m , th en  the  effec ts o f in d o m e th ac in  on ren a l fu n c tio n  
w ere  s tu d ie d  in  two successive 1 0 -m in  periods. S u b seq u en tly  to  th e  i.v . c o n s tan t in d o m e th ac in  
in fu s io n  0.05 ^g/kg/m in  of b r a d y k in in  (SANDOZ) w as in fu se d  d irec tly  in to  th e  le ft ren a l 
a r te r y  in  a  volum e 0.5 m l/m in  p h y sio lo g ica l saline.

F iv e  m inutes la te r  v a r ia b le s  o f  ren al function  w ere a g a in  d e te rm in ed  in  2 successive 
10-m in  p e rio d s .

P A H  concen tra tion  in  u r in e  a n d  plasm a was d e te rm in e d  b y  th e  m ethod  of S m ith  e t 
al. [26 ], t h a t  of inulin  by  th e  m e th o d  of L itt le  [21]. T h e  u r in a r y  sod ium  c o n cen tra tio n  was 
m e a su re d  b y  flam e p h o to m e try . H a e m a to c r i t  was d e te rm in e d  b y  m eans of H aw ksley  m icro- 
h a e m a to c r i t  centrifuge.

T h e  clearance of Р А Н  (С р д н )’ clearance of in u lin  (Cjnuijn), th e  e x tra c tio n  of P A H  
(E Pa h ) a n d  inu lin  (EinUjjn) w ere d e te rm in e d  by the  u su a l fo rm u la s .

A ll d a ta  were referred  to  100 g k id n ey  tissue w ith  th e  e x ce p tio n  of to ta l  ren a l v a scu la r 
re s is ta n c e  w hich  was ca lcu la ted  p e r  k g  k idney  tissue, u s in g  th e  e q u a tio n

T> A rte ria l  blood p ressu re  (m m  H g)
kidney/kg =  R B F ^ irim l)  x k g -1 k id n ey  w e ig h t X sec” 1 *

F o r  m ath em atical a n a ly s is , S tu d e n t’s paired i- te s t  w as used .
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Results

Changes observed in  the parameters o f  th e  left kidney in 10 dogs are 
presented in Fig. 1. A ll values are mean J^SD. In  each anim al th e  average of 
th e  tw o  clearance periods was used for calculation  o f the m ean o f  th e  group.

During indom ethacin infusion mean arterial pressure increased steadily  
from  1 2 4 ^ 1 0  mm H g to  1 3 5 ^ 1 1  mm H g, and then to 1 4 2 ^ 1 0  m m  H g.

The intravenous indom ethacin infusion resulted in a sign ificant increase 
of renal vascular resistance ( R k i d n e y / k g )  from 1 .6 1 ^ 0 .2 6  in the control period 
to  2 .69J;1 .03  during indom ethacin  infusion. W hen during th e  i .v . infusion  
o f indom ethacin bradykinin  was infused into  the left renal artery  Rkidney/kg 

decreased to 2 .0 0 ^ 0 .6 9 . RBFdir decreased from  4 7 6 ^ 8 9  m l/m in to  337-1-99 
m l/m in during indom ethacin  infusion, and increased to 4 5 1 ^ 9 9  m l/m in  under 
th e  jo in t effect of indom ethacin  and bradykinin.

D uring indom ethacin  infusion Срдн decreased in the le ft k id n ey  from  
2 1 1 ^ 4 4  ml/min to  1 0 8 ^ 4 0  ml/min and in the right kidney from  222-1-29 
m l/m in to  1 1 5 ^ 3 5  m l/m in. Comparing the indom ethacin periods to  th e  values

xtSD
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mmHg
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ml/min/100g left kidney
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F i g .  1 .  E ffe c t  o f  tr e a tm e n t w ith  in d o m eth a c in  on  th e  resp o n se  to  in fu sion  o f  b r a d y k in in  in to  
th e  le f t  ren al artery in  b lo o d  pressu re , to ta l renal v a sc u la r  resistan ce (Rkldney/kg)> an(l  renal 

b lo o d  f lo w  (R B F,jjr) in  th e  le f t  k id n ey
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o b ta in ed  during indom ethacin  plus bradykinin, Срдн increased in th e  left  
k id n ey  to  200^110 m l/m in w h ile  remained low er in  th e  right kidney at 104— 
^ 5 4  m l/m in  (Fig. 2). Under th e  effect of indom ethacin  Cjnuljn was lowered in the  
le ft  k id n ey  from 77J^11 m l/m in  to  5 1 ^ 1 8  m l/m in w hile in the right one from  
8 0 ^ 2 7  m l/m in to 5 6 ^ 1 2  m l/m in . The bradykinin infusion into the le ft renal 
artery  augm ented the gom erular filtration rate in  th e  left kidney to  75—(—27 
m l/m in  w hile did not in flu en ce it  in the right k id n ey  (6 0 ^ 3 5  m l/m in).

In  th e  left kidney in fu sion  of indom ethacin increased Ердн sign ifican tly  
from  0.72^0.09 to 0.82^0.08 (p <  0.001), Einulin from  0.27^0.05 to  0.36-1- 
^ 0 .0 8  (p < / 0.001) w hile bradykin in  infusion low ered both values (Ердн to  
0 .70^ 0 .14 , and Einulin to  0.32±0.08).

Indom ethacin  adm in istration  resulted in  a considerable drop o f urine 
o u tp u t and sodium excretion  (F ig . 3). In the le ft k id n ey  urine output decreased  
from  2.83^1.97 ml/min to  0.80^0.76 ml/min and in  the right k idney from  
2.47J^1.27 ml/min to  0 .52^ 0 .34  ml/min. D uring th e  infusion of bradykinin,

X ±SD 
n=10

210 ml/min

140
X
á

о  70

---------  left kidney
---------  right kidney

90 ml/min

60

30

contr.
I  indo. 

indo. +brady.

F ig . 2. E ffe c t of tre a tm e n t w ith  in d o m e th ac in  on th e  re sp o n se  to  in fusion  of b ra d y k in in  in to  
th e  le f t  re n a l  a rte ry  in  Срдн, С;пицп in  th e  left k id n ey  (so lid  line) an d  in  th e  r ig h tj jd d n e y  

(broken  lin e ), a n d  Е рдн , Einulin in  th e  le f t  k id n ey
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F ig . 3. E ffec ts  of t r e a tm e n t w ith  in d o m e th ac in  on  th e  response  to  in fusion  o f  b ra d y k in in  
in to  th e  le f t  re n a l a r te ry  in  u rin e  flow  a n d  sod ium  ex c re tio n  in  th e  left k id n e y  (so lid  line)

an d  in  th e  r ig h t  k id n ey  (b ro k en  line)

urine volum e increased in  the left k idney to  2 .504-0 .95  ml/min and decreased  
in the right kidney to  0 .2 2 ^ 0 .2 1  m l/m in.

Sodium  excretion from  the left k idney w as 3 7 2 ^ 2 4 0  /Æ q/m in and from  
th e  right k idney it  w as 4094-132  /Æ q/m in during the control p eriods, w hile  
these va lu es decreased follow ing indom ethacin infusion to 1 9 5 ^ 1 9 0  /Æ q/m in  
and 1 1 9 + 8 8  /Æ q/m in, respectively . Under th e  jo in t effect o f in d om eth acin  
and bradykinin sodium  excretion increased from the left k id n ey  to  3504-  
Æ 223 juE q/m in while it  fell from  the right k idney to 254^20 /Æ q/m in .

Discussion

R esu lts o f the present stu d y  show in accordance w ith earlier fin d in gs [11, 
16] th a t th e  infusion o f indom ethacin, an inhibitor o f prostaglandin syn th esis , 
decreases renal blood flow , urine flow  rate, and sodium excretion.

The observation th a t indom ethacin decreased renal blood flo w  is consis­
ten t w ith  the findings o f  Lonigro e t al. [22] and A ik en  and Va n e  [1] who  
m easured R B P  w ith  electrom agnetic flow m eters in anaesthetized dogs. The
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m arked  decrease in  renal p lasm a flow in th is  s tu d y  measured by P A H  clear­
an ce, a technique w hich  w o u ld  not be expected  to  adversely affect the k idney  
or interfere with the renal nerves, is rem arkably sim ilar to the decrease re­
p orted  b y  L o n i g r o  et al. [22] and supports th e  hypothesis that in the anaes­
th e tiz e d  dog renal b lood  f lo w  m ay be dependent on  prostaglandin synthesis.

W e have previously  show n that indom ethacin  treatm ent does not affect 
glom erular filtration rate  [1 8 ]. These findings agree w ith  those o f A n d e r s o n  
et al. [2] and suggest th a t  m aintenance of G F R  is not dependent on prosta­
g lan d in  synthesis. H o w ev er , th e  present results sh ow  th at the CjnU|jn m ay fall 
during indom ethacin in fu sion .

T he apparent co n flic t in  these results m a y  b e resolved b y  considering  
th e  v e r y  low urine o u tp u t (0 .8 0 ^ 0 .7 6  m l/m in) w hich  m ight have caused in  
accuracies owing to  th e  “ d ead  space” . The d irect clearance of inulin (R P F  X 
Ejnuiin) remained co n sta n t, proving that G FR  did n o t decrease under the effect 
o f  indom ethacin in sp ite  o f  th e  low R B Fdir.

R esults of the p resen t investigation dem on strate that 10 m in after the  
adm inistration  of in d om eth acin  there was a m arked decrease in  urine flow  
and  sodium  excretion. T h e  results of the p resen t stu d y  are consistent both  
w ith  data of A t t a l a h  an d  L e e  [3] and w ith  our previous observations [19], 
su ggestin g  that a single e ffec t of prostaglandin synthesis inhibition is re­
sponsib le  for both changes. R enal vasoconstriction  w as indicated in  our ex ­
perim ents by the reported  increase in renal vascu lar  resistance and decreased  
renal blood flow. In  a d d itio n , filtration fraction  (E inulin) was m arkedly ele­
v a te d . These two findings w ou ld  be expected to  decrease peritubular hydrostatic  
pressure and increase p eritubu lar oncotic forces in  th e  proxim al tubules, w hich  
w ou ld  lead to increased sodium  and w ater reabsorption in this part o f the  
nephron.

K i r s c h e n b a u m  e t al. [16] have dem onstrated  a relative shift o f intrarenal 
blood  flow  to outer co r tica l regions of the k id n ey  during adm inistration of 
indom ethacin . It is p ossib le  th a t  such a shift in  b lood  flow  resulted in increased  
P A H  extraction (Ердн) th rou gh  passive m eans in  th e  present experim ents, too.

In  detailed stud ies o f  renal blood flow  b y  th e  radioactive microsphere 
tech n iq u e it has been sh ow n  that the renal co r tex  can be divided into three 
areas o f  regional flow : [1] superficial nephrons, [2] m id-cortical nephrons, 
and  [3] juxtam edullary nephrons [27]. Studies o f  th e  effect o f bradykinin on 
th e  distribution o f b lood  flo w  to these three regions showed th at bradykinin  
increased  flow  to  m id- an d  innercortical zones w ith o u t a change in flow  to  
th e  outer cortical zone [2 8 ]. In  our previous s tu d y  bradykinin infusion into the  
renal artery m arkedly increased  renal blood flo w  and significantly decreased  
P A H  extraction in d ica tin g  th a t an increase in  b lood  flow  to innercortical or 
ju xtam ed u llary  nephrons is probably associated w ith  an increase in m edullary  
or non-cortical blood flo w .
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The response o f renal plasm a flow  (R B F ) to bradykinin during indom etha- 
cin infusion observed in th e  present stu d y  and assessed b y  th e  changes in 
E pahj nam ely an increase in cortical and non-cortical plasm a flo w , represents 
a patterns of distribution o f flow  similar to  th at observed in th e  stud ies cited 
above.

The rise of renal blood flow  after bradykinin infusion w ith  indom ethacin  
pretreatm ent suggest a non-prostaglandin m echanism .

Micropuncture studies indicate th at bradykinin affects n eith er nephron  
filtration  fraction [27] nor proxim al tubular sodium  reabsorption in  superficial 
cortical nephrons [5, 25, 27 ], and these findings suggest th a t th e  observed  
decrease in whole k idney  filtration  fraction (E inulin) m ust be lim ited  to  deeper 
cortical nephrons such as th e  m id-cortical and juxtam edullary ones.

The results of B r o u h a r d  et al. [7] suggest that bradykinin  increases 
cortical plasm a flow  b y  stim ulation  o f prostaglandin synthesis, w hile non- 
cortical plasm a flow  and sodium  excretion b y  an action w hich does n o t require 
th e  m ediation of prostaglandins.

I f  prostaglandins participate in the renal vasodilator action  o f brady­
k in in , one m ight anticipate th a t prostaglandin synthesis in h ib ition  would 
reduce the response to  bradykinin. Since the response to  bradykinin  w as not 
reduced, our data indicate th a t in the canine renal vascular bed th e  effects of 
bradykinin are probably not dependent on the release o f vasod ila tor prosta­
glandins.

Injection o f bradykinin into the artery produced sim ilar vasodilation  
b oth  before and after indom ethacin , indicating th at in the canine coronary 
vasculature bradykinin fa iled  to  release significant am ounts o f  d ilator prosta­
glandins, or also the released prostaglandins were not sign ifican tly  involved  
in the vasodilator action o f bradykinin [14].

Because of the large num ber of conflicting data concerning th e  role of 
prostaglandins in the vasod ilator activ ity  o f bradykinin, it ap p ea ls th a t the 
relationship between these vasoactive horm ones has yet to  be elu cid ated  [10].

Based largely on our experim ental data [18, 19], we have concluded  that 
sodium  chloride transport in the canine nephron is neither in h ib ited  nor 
stim ulated  by the renal P G ’s. The antidiuretic and antinatriuretic effects of 
prostaglandin synthesis inh ib ition  by indom ethacin in our stud ies w ere con­
sidered to  he to secondary to  the decrease o f renal blood flow .

The dogs treated  w ith  indom ethacin responded to bradykinin  w ith  an 
increase in renal blood flow , urine and sodium  excretion. The increase in renal 
blood flow  that follow ed bradykinin infusion m ight have been responsible for 
th e  natriuresis and the enhancem ent of urine form ation by the sam e m echa­
n ism  as proposed above to  explain  the antidiuretic and antinatriuretic effects 
o f  indom ethacin.
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THE EFFECT OF ANTIDIURETIC HORMONE ON 
INTRARENAL MICROSPHERE DISTRIBUTION
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(R eceived  O ctober 10, 1981)

T he aim  of th e  p re sen t s tu d y  w as to  reex am in e  th e  effect of a n tid iu re t ic  h o rm o n e  
on in tra ren a l blood flow  d is tr ib u tio n  b y  th e  m icrosphere  tech n iq u e  in  a n a e s th e tiz e d  
ra ts .  The a d m in is tra tio n  of 3, 6 o r 60 m U /k g /h  o f arg in ine-vasopressin  (V P ) w as accom ­
p a n ie d  b y  a d o se-dependen t a n tid iu res is . G lom eru lar f i lt ra tio n  ra te  in c re a sed  o n ly  a t  th e  
dose level of 60 m U /k g /h  a n d  w as n o t  s ig n ifican tly  a lte red  b y  th e  lo w er doses. T o ta l 
re n a l blood flow w as n o t  s ig n ifican tly  in flu en ced  b y  an y  of th e  doses o f  V P . T h e  tw o 
sm all doses caused no change in  in tra c o r tic a l m icrosphere  d is tr ib u tio n  b u t  th e re  was 
a sign ifican t decrease in  th e  ra tio  o f o u te r  to  in n er co rtica l blood flow  w h en  60 m U /k g /h  
of V P  was infused.

The resu lts in d ic a te  t h a t  physio log ica l doses o f V P  do n o t a lte r  th e  d is tr ib u tio n  
of in tra ren a l blood flow  a n d  show  th a t  th e  a n tid iu re tic  effect of V P  is in d e p e n d e n t  of 
changes in renal haem o d y n am ics .

An unresolved controversy ex ists concerning the intrarenal haem od yn am ­
ic effects of antidiuretic horm one (A D H ). Since it is w ell accepted  th a t the  
concentrating ability o f the k idney is critically dependent on m edullary blood  
flow  it was hypothetized th at the antidiuretic effect o f AD H  m ight, in  part, be 
m ediated  by a reduction in m edullary blood flow  [13, 24]. H ow ever, when  
th is hypothesis was tested  experim entally , contradictory results w ere obtained. 
Studies claim ing redistribution o f blood flow  toward the superficial cortex  
[4, 6, 13, 21, 24] or tow ard the deep cortex or medulla [1, 12, 15, 16] as w ell 
as no redistribution at all [2, 9, 11, 22, 25] have been reported fo llow ing the  
adm inistration of A D H . Such d iversity  o f the results could not be explained  
b y  the diversity of the m ethods used to  measure intrarenal haem odynam ics  
since studies utilizing sim ilar or even  the sam e m ethod, e.g. the m icrosphere  
m ethod, are conflicting [1, 4, 9, 15, 16]. There were, however, great differences 
betw een the various studies in the state o f hydration and, con seq u en tly , in 
endogenous A D H  levels and furtherm ore, doses o f exogenous A D H  ranging  
from  1.5 to 96 m U/kg/h have been em ployed [1, 2, 4, 9, 11, 15, 16, 22 ]. In  
order to  overcome these difficulties, in the present study the dose-response  
relationship between A D H  and intracortical microsphere d istribution  was 
investigated  during stead y-sta te  w ater diuresis in rats.
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Materials and M ethods

M ale CFY ra ts  (24 0 -3 0 0  g) m ain ta in ed  on a s ta n d a r d  la b o ra to ry  chow w ere a n a e s th e t­
ized  w  i th  In a c tin ®  100 m g /k g  b o d y  weight, i.p . a n d  trac h eo to m iz e d . The le ft ju g u la r  vein 
w as c an n u la te d  w ith  a P E -5 0  tu b in g  and  an  in fu sio n  of 77 mM/1 NaCl so lu tio n  co n ta in in g  
3H -m e th o x y in u lm  was s ta r te d  a t  a  ra te  of 1 m l/m in /k g . A  s tre tc h ed  P E -50  tu b in g  was 
p la c e d  in to  th e  left fem ora l a r te r y  a n d  a  P E  —10 tu b in g  w as  in se rted  in to  th e  r ig h t fem ora l 
a r te r y  a n d  advanced  in to  th e  th o rac ic  ao rta . B o th  u re te r s  were can n u la te d  w ith  u n ­
s t r e tc h e d  PE -10 tu b in g . W h e  u r in e  flow ra te  h a d  s ta b iliz e d , u sua lly  tw o ho u rs  a f te r  
s ta r t in g  th e  in trav en o u s in fu s io n , a  con tro l clearance p e r io d  w as o b ta ined . R ad io ac tiv e  m ic ro ­
sp h e re s  tag g ed  w ith  85Sr or 141Ce ( 1 5 - 1 .5  //. 5 M Co.) w ere th e n  adm in iste red  in to  th e  th o rac ic  
a o r ta .  12 000-15 000 m ic ro sp h e res  (suspended in  0 .4  m l o f 154 mM  NaCl co n ta in in g  0 .02%  
T w een -8 0 ) were in jec ted  o v e r a  p e r io d  of 15-20 sec. S im u lta n eo u s ly , a reference b lood  sam ple 
w as o b ta in e d  from  the  le f t  fe m o ra l a r te ry  a t  a ra te  of 0 .4  m l/m in . B lood w ith d raw al w as s ta r te d  
se v e ra l seconds before th e  s t a r t  o f  th e  in jection  an d  w as c o n tin u e d  fo r 10 sec a f te r  fin ish in g  i t .  
A f te r  th is  a  second co n tro l u r in e  co llection  was m ade . T h is  w as follow ed b y  th e  a d m in is tra tio n  
o f V P  (S y n th e tic  a rg in ine  v a so p re ss in , grade V I, S igm a; 3, 6 a n d  60 m U /kg/h , respec tiv e ly ) 
fo r  30 m in . A second b o lus o f m ic ro sp h eres was in je c te d  20 m in  a f te r  s ta r tin g  th e  V P  in fusion . 
T w o  u rin e  collections w ere m a d e  d u rin g  th e  in fusion  of V P , one p reced ing  an d  one follow ing 
th e  m icrosphere  in jec tion . A ll u r in e  collection periods la s te d  10 m in  and  a rte ria l b lood  sam ples 
w e re  o b ta in e d  before a n d  a f te r  e a c h  collection p e rio d . M ean  a r te r ia l  pressure  was m o n ito red  
w ith  a  S ta th a m  23 dB  s t ra in -g a u g e .

A t  th e  te rm in a tio n  o f th e  ex p erim en ts th e  k id n e y s  w ere  excised , w eighed, a n d  fix ed  in  
1 0 %  fo rm aldehyde . On th e  n e x t  d a y  th e  renal c o rte x  w as d iv id e d  in to  o u ter an d  in n e r  zones. 
G a m m a  ra d io a c tiv ity  o f th e  sa m p le s  was d e term ined  b y  a  B e ck m an  B iogam m a S p ec tro m ete r 
a n d  lo ca l blood flow w as c a lc u la te d  using the  follow ing fo rm u la  [20]:

local b lo o d  f lo w  ra te  o f re fe ren ce  flow
a c tiv ity  in  th e  sam ple  a c t iv ity  in  re fe ren ce  blood *

3H -rad io ac tiv ity  o f th e  p la s m a  and urine sam p les w as d e te rm in e d  by  a B eck m an  LS-250 
liq u id  sc in tilla tio n  c o u n te r  a n d  o sm otic  co n ce n tra tio n  b y  freez ing  p o in t depression . V alues 
o b ta in e d  in  th e  tw o co n tro l a n d  tw o  experim ental p e r io d s  w ere  veraged. The d a ta  w ere s ta tis ­
t ic a l ly  ev a lu a ted  b y  S tu d e n t’s t - te s t  for paired  v a lues.

iesults

VP-induced changes in  urinary osm otic  concentration and in renal 
haem odynam ics are sum m arized in Table I . A s expected , VP adm inistration  
w as accompanied b y  a significant, dose-dependent antidiuresis. The three 
different doses of V P (3, 6 and 60 m U/kg/h) e leva ted  urine osm olality b y  136, 
219 and 412% , resp ectiv e ly . Mean arterial pressure was not sign ificantly  
in fluenced  by 3 m U /kg/h  o f  V P but with a dose o f  6 m U /kg/h there w as a sm all 
b u t statistically  sign ifican t increase in th is param eter and 60 m U /kg/h o f VP  
increased mean arterial pressure by 12 mm H g. T his dose of VP caused a 24%  
increase in GFR. T ota l renal blood flow  w as n o t significantly influenced by  
a n y  o f the doses o f V P . T here was a tendency for filtration  fraction to  increase 
b u t th is change did n o t reach statistical s ign ificance. The two lower doses of 
V P  w hich are com parable w ith  endogenous secretion  rates during m oderate 
w a ter  deprivation and can thus be regarded as physiological doses, caused no
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Table I

The effect o f  arginine vasopressin on urinary osmotic concentration and renal haemodynamics in  the rat

V
m l/min

Uoemol
//osmol/ml

MAP
mmHg

GFR
ml/min

RBF
ml/min F F ОСДС

Control
V P

3 m 'U /kg/h
0 . 1 0 2 + 0 . 0 1 0
0.082+0.014*

3 m U /kg/h  V P, 
8 3 + 4

196+29***

n = 9  
120 +  5 
1 2 2 + 5

0 .8 5 + 0 .0 8
0 .8 7 + 0 .0 8

5.86 +  1.02 
5 .64+ 0 .41

0 .27+0.035  
0.27 +  0.039

5 .1 1 + 1 .1 9
5 .03+ 0 .81

Control
V P

6 m U /k g A  V P  
0 .116+0.012  
0 .074+0.013*

6 m U /kg/h  V P, 
8 9 +  7 

294+ 30***

n = 8
1 2 2 + 4
1 2 7 + 3 *

0 .8 6 + 0 .0 5
0 .90+ 0 .06

5 .7 3 + 1 .1 4
5 .62+ 0 .61

0 .2 7 + 0 .0 4
0 .2 8 + 0 .0 2

5 .0 7 + 0 .9 1
4 .2 9 + 0 .6 8

Control
V P

60 m ljykg/h  
0.109 +  0.008 
0.069 +  0.006**

60 m U /kg/h  V P, 
8 7 +  8 

445 +  18***

n = 9
1 2 2 + 4
134 + 5 * *

0.91 +  0.05 
1 .13+0.03**

5 .8 4 + 1 .1 0
5 .7 1 + 0 .9 0

0.28 +  0.06 
0 .33+ 0 .05

4 .9 7 + 0 .8 7
3.74+0.59***

V alues are m eans + S E .  V, u rine  flow  ra te ;  U osmoj, u r in a ry  osm otic concen tra tion ; M AP, m ean  a rte ria l pressure; G F R , glom erular 
f iltra tio n  ra te ;  R B F , to ta l  renal blood flow ; F F , f i ltra tio n  frac tio n ; OC/IC, ra tio  o f o u ter to  inner cortical blood flow ; V , G F R  an d  R B F

are  re ferred  to  1 g k id n ey  w eight. * p  <  0.05; ** p  <  0.01; *** p  <  0.001
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change in intracortical m icrosphere d istribution. The dose of 60 m U /kg/h, 
how ever, elicited a sm all b u t statistically  sign ifican t decrease in the ratio of 
outer to  inner cortical b lood  flow . No correlation could  be detected betw een VP- 
induced  changes in urine osm olality  and changes in  renal haem odynam ics.

Discussion

The values reported for the biological half-life  o f AD H  in the rat are 
in  th e  range of 1.0 to 3.7 m in [17]. The volum e d istribution  of VP is 25—50 m l/kg  
[7, 8] and its concentration  in the blood after 24 h o f water deprivation is 
15—20 pU /m l [8, 19]. T h u s, th e  calculated V P secretion  rate in mild hydropenia  
is b etw een  50-500 juU/kg/min. This calculated secretion  rate is com parable to  
th e  tw o  sm all doses o f  V P  used  in this study and can be regarded as “ physio­
lo g ic”  i f  it  is assum ed th a t endogenous V P  secretion  rates were adequate­
ly  suppressed. The assum ption , however, seem s to  be justified even w ithout 
blood  V P  determ inations since all animals had control urine osm olalities be­
low  100 m osm ol/kgH 20  w h ich  indicates a neglig ib le endogenous secretion.

The present d ata  c learly  show that p h ysio logica l doses of V P have no 
m easurable effect on in trarenal microsphere d istribution , while after a pharm a­
cologica l amount o f V P  intracortical blood flo w  distribution is shifted toward  
th e  inner cortex. A lthough  in  previous studies dose response relationships have 
n ot been  reported the present results agree w ith  m ost previous reports in that 
th e y  showed no changes o f  intrarenal haem odynam ics following the infusion  
of low  or moderate doses o f  V P [2, 9, 11, 25] and an increase in inner cortical 
or outer m edullary perfusion following treatm en t w ith  higher doses [15, 16]. 
Several reports have cla im ed  a VP-induced reduction  in m edullary flow  [13, 
14, 21 , 24]. These resu lts are, however, d ifficu lt to  interpret in v iew  o f the 
criticism  that has been advanced  against the m eth od s used to measure m edul­
lary  flow  [5]. The results o f  B anks [4] are, how ever, not so easy to  dism iss. 
H e found  that in rats and dogs with diabetes insip idus VP caused a decrease 
in th e  ratio of inner to  outer cortical m icrosphere distribution. The reason for 
th e  contradiction w ith  th e  present results is n o t readily  apparent. One possi­
b ility  is that diabetes insip idu s in itself leads to  an altered VP responsiveness. 
I t  is also possible th a t th e  controversy m ay be due to  difficulties related to  the  
m icrosphere technique [3]. Furthermore, it  should  be noted that V P  m ay  
cause com plex changes in  th e  activity of th e  local hormone system s o f the  
k id n ey , for instance, it  has been shown to increase renal prostaglandin synthesis  
[18, 27] and to increase kallikrein secretion [10 ], and it  is known to  decrease 
renin  secretion [23, 2 6 ]. T hese complex changes in  the activ ity  of vasoactive  
renal hormones m ay in d irectly  cause intrarenal haem odynam ic effects which  
m ay be different from  th e  direct effect of V P .
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In sum m ary, the present results failed to  support the concept th at phys­
iological doses o f  У Р alter the distribution o f intrarenal blood flow , and they  
indicate that the antidiuretic effect o f Y P is independent o f  the changes of 
renal haem odynam ics.
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PHARMACOLOGIC ASSESSMENT OF THE 
FUNCTIONAL STATE IN STENOSED CORONARY 

CIRCULATION OF THE DOG

V i o l e t t a  K é k e s i  an d  A. J u h á s z - N a g y

RESEA R C H  U N IT , D EPA RTM EN T OF VASCULAR AND CARDIAC S U R G ER Y ,
SEM M ELW EIS U N IV ER SITY  M EDICAL SCHOOL, BU DA PEST

(R eceived  O ctober 16, 1981)

In  open  c h es t dogs u n d e r  sod ium  p e n to b a rb ita l  an aesth es ia  th e  in te ra c tio n  of 
m echan ical co n s tr ic tio n  on a large  co ro n ary  b ra n c h  an d  a u to re g u la to ry  c ap a c ity  of 
th e  re le v an t sm all re sis tan ce  vessels w as an a ly zed . C oronary  b lood  flo w  (C B F) was 
m easu red  w ith  a n  e lec tro m ag n e tic  flo w m eter. S tep -b y -step  m ech an ica l co n stric tio n  
g ra d u a lly  ab o lished  ad enosine-induced  co ro n ary  v a so d ila tio n , w hereas th e  re s tin g  level 
of m ean  C B F rem a in ed  u n a lte re d . A t th is  p o in t v e rap a m il (0.2 m g/kg  i.v .) , a  v a so d ila to r 
w ith  a s tro n g  p o ten c y  of b lock ing  adenosine  ac tio n , ev en tu a lly  decreased  C B F and 
increased  co ro n ary  resis tan ce . S im ilar re su lts  w ere o b ta in ed  w ith  th ese  d rugs in jec ted  
d irec tly  in to  a b y p a ss  estab lish ed  be tw een  th e  ca ro tid  an d  le ft co m m o n  coronary  
a rte rie s . T he re su lts  suggest th a t  (i) adenosine  affec ts th e  sam e c o ro n ary  segm ents 
w hich  accom plish  c o m p en sa to ry  a u to re g u la tio n  (ii); w ith  c ritica l s tenosis ve rap am il 
au g m en ts  in d ire c tly  co ro n ary  resistance  b y  in h ib itin g  a n  “ in tr in s ic ”  adenosine  effect 
(iii); th e  fu n c tio n a l s ta te  of stenosed  coronaries can  be  assessed w ith  th e  a id  of these 
pharm aco log ic  te s ts .

W hen m yocardial blood supply is com prom ised b y  coronary stenosis 
resting level o f blood flow  m ay remain unaltered still the consequences of 
m echanical constriction exhaust m etabolic autoregulatory capacity  [3]. 
In  fact, sm all vessel reactions mask the effect o f stenosis on flow . I t  should  
be o f  considerable interest to  know w hether th is interplay could be unm asked  
b y  pharm acologic m eans. W ith this in m ind, we have exam ined the effect 
of verapam il since according to  our previous studies [4] th is drug exerts a highly  
selective depressant action  on m etabolic coronary autoregulation.

Methods

Dogs w eighing 14—23 k g 'w e re  a n aesth e tized  w ith  p e n to b a rb ita l  (30 m g/kg) and] m ain ­
ta in e d  on a rtif ic ia l re sp ira tio n . T he chest was opened in  th e  fo u r th  in te rco s ta l space an d  th e  
h e a r t  w as suspended  in  a  p e rica rd iac  crad le . B lood p ressu re  w as m easu red  in  th e  fem o ra l a rte ry  
w ith  a  S ta th a m  P23  D b  gau g e , w hereas a S ta th a m  S P  2202 e lec tro m ag n e tic  f lo w m ete r was 
used  fo r th e  d e te rm in a tio n  of co ro n ary  blood flow . T he dogs w ere g rouped  in to  tw o  exp erim en ­
ta l  series. In  Series I  (6 dogs) th e  flow  of th e  le f t a n te r io r  descending  (L A D ) co ro n ary  a r te ry  
w as m easu red . T o allow  co n s tr ic tio n  of th e  a r te ry  a snare  occluder w ith  a specia l screw  was 
p laced  d is ta l to  th e  flow  p ro b e . In  Series I I  (6 dogs) th e  le f t com m on c o ro n ary  a r te ry  was 
c an n u la te d  a t  i ts  o rig in  w ith  a n  E ck s te in  can n u la  [2] in tro d u c e d  th ro u g h  th e  le f t  su b c lav ian  
a r te ry . T he in flow  side of th e  can n u la  w as connected  b y  m ean s of a 30 cm  lo n g  th ick -w alled  
in e la stic  ru b b e r  tu b in g  (o .d . 7 m m , i.d . 4 m m ) to  th e  c a n n u la te d  s tu m p  o f th e  le ft com m on 
c a ro tid  a r te ry . In  th is  series, th e  flow  probe was po sitio n ed  on th e  c a ro tid  a r te ry  p ro x im a l to  
th e  can n u la . M echanical co n str ic tio n  of th e  a rtific ia l c irc u it w as effected  b y  a  screw  clam p on
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th e  r u b b e r  tu b in g . E ffective c o ro n a ry  p e rfu s io n  p ressure  w as m o n ito re d  w ith  a n o th e r  S ta th a m  
g au g e  d is ta l  to  th e  clam p.

S tu d ie s  were con d u cted  as fo llow s: I n  b o th  series th e  a b ili ty  o f th e  co ro n ary  b ed  to  
v a s o d i la te  w as tes ted  w ith  bo lus in je c tio n s  o f adenosine. I n  Series 1 th is  was m ad e  b y  in je c tin g  
250 fig  o f  adenosine  th ro u g h  a  c a th e te r  a d v an ced  in to  th e  le f t  v e n tr ic u la r  c a v ity : in  Series I I  
5 -1 0  fig  o f  adenosine was in je c te d  d ire c tly  in to  th e  ru b b e r  tu b in g . T h ere a fte r, a r te r ia l  co ro n ary  
in flo w  w a s  restric ted  m ech an ica lly  in  a  s tep -b y -step  w ay , w hile  th e  adenosine  e ffec t w as 
e lic ite d  a t  ev ery  step of th e  c o n s tr ic tio n . The c rite rio n  fo r su ffic ien t co n str ic tio n  w as th e  
r e d u c t io n  o f th e  adenosine-induced  flo w  increase  to  less th a n  2 0 %  of i ts  co n tro l v a lu e . T h is 
s ta g e  w a s  a rb itra r ily  considered  th e  s ta r tin g  p o in t of th e  v e ra p a m il- te s t:  th e  d ru g  w as in je c te d  
in  a  d o se  o f 0.2 m g/kg i.v . (Series I )  o r in  a  dose of ^  8 ftg/100 m l/m in  co ro n ary  b lood  flow  
in tra c o ro n a r ia l ly  (Series I I ) .  A f te rw a rd s , th e  co n stric tio n  w as rem o v ed  and  th e  p re p a ra tio n  
w as a llo w e d  to  regain  c ircu la to ry  e q u ilib r iu m  for a t  le a s t 90 m in . A t th e  end in g  p o in t o f th is  
p e r io d  ad en o s in e  sen sitiv ity  a n d  v e ra p a m il- te s ts  were p e rfo rm ed  on th e  u n re s tr ic te d  vessels 
w i th  t h e  sam e  dose of drugs (n o rm a l c o n tro l) . In  every  second an im a l o f each  series th e  p ro to co l 
w as p e rfo rm e d  in  th e  reversed  se q u e n ce : v e rap am il was f i r s t  te s te d  in  th e  n o rm al s ta te  a n d  i t  
w as r e p e a te d  in  the  co n stric ted  s ta te  90 m in  th e re a f te r . C o n seq u en tly , b o th  ty p e s  o f p ro to co l 
a re  r e p re s e n te d  b y  th ree  dogs in  e a c h  series, an d  th e  d a ta  o b ta in e d  in  th e  6 dogs w ere pooled . 
I n  a d d i t io n  to  th e  above e x p e rim e n ts , 3 dogs were used  to  in v es tig a te  th e  effect o f i.v . v e rap a m il 
on  ad en o s in e -in d u ced  co ro n ary  v a so d ila t io n  (see D iscussion). S tu d e n t’s i- te s t fo r p a ire d  d a ta  
w as u t i l iz e d  fo r exam ining v e ra p a m il  effects. N orm al an d  c o n s tr ic te d  s ta te s  w ere com p ared  
b y  u s in g  th e  t-te st for u n p a ire d  d a ta .  A ll values are m ean  +  S .E .M .

Results

E xperim en ta l series I  (non-cannulated  vessels, 6 dogs)
B y  constricting the L A D  artery in a step-by-step  w ay, drastic reductions 

o f  th e  coronary vasodilating ca p a city  can be achieved w ithout affecting m ean  
blood  flo w  and arterial pressure. Figure 1 illustrates the effect o f m echanical 
con str iction  on the adenosine-induced increase o f coronary flow  and calculated  
v a scu la r  conductance. A ccording to  the experim ental protocol described in 
M eth od s, the effect of the Ca an tagon ist verapam il was tested  both in unrestricted  
(norm al) and in constricted  (“ adenosine-resistant” ) states of the coronary  
c ircu la tion  (Table I). The predom inant feature o f the results was the apparent

Table I

Effect o f  verapam il (  0 .2  mg/kg i.v .) on the coronary circulation*

Arterial blood pressure 
(kPa)***

Coronary blood flow** 
(ml/min)

Vascular conductance 
(%)

Control V erapam il Control V erapam il Control V erapam il

A  N o rm a l 
v esse ls 17.0 +  1.2 14.6 +  0 .7“ 2 8 .6 + 4 .1 37.1 +  6.8° 100 + 0 146.5 +  7.3°

В  C o n str ic te d  
v esse ls 1.6.8 + 1 .6 13.3 +  1.2° 26.8 +  3.3 15.8 +  1.9° 9 8 .0 + 4 .7 76.1 +  11.2°

P A -B N.S. N .S . N.S. 0.02 N.S. 0.001

* M ean + S .E .,  n =  6.
** L eft an terior descending  a r te ry .

*** 1 k P a  ^  7.52 m m H g.
° Significant difference co m p ared  to  contro l (p <  0.05).
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vasoconstrictor action  o f the drug on stenosed coronaries. This is best envisaged  
b y  the last colum n o f Table I. (To facilitate com parison, vascular conductance  
w as expressed in percent, 100% being the va lu e recorded before verapam il 
under normal conditions irrespective o f the sequence of protocol.) The flow  
response to  verapam il in the normal state was consisten t w ith the w ell-know n  
vasodilator potency  o f  the drug. This vasod ila tion  as contrasted w ith  the  
decline o f flow  and vascular conductance in th e  stenosed coronaries after 
verapam il renders th e  difference between the tw o  states highly sign ificant. 
On the other hand, control values o f all haem odynam ic variables and blood  
pressure responses to  verapam il were similar in  both  states.

200

CBF
ml/min

О с
о

CBF
ml/min

0

BP 20
kPa 0

....
i r i  11^1  1^1

^-constrict coronary 

30 sec

t t  t t
CBFml/min 48 98 50 88 50 82 53 73
CBFml/min 2.25 5.27 2.21 4.41 2.21 3.81 2.22 3.43
BF kPa +1347. +1007. +727. +557.

t  250pg adenosine 
51 60 

2.13 2.65 
+ 247.

F ig . 1. Change of th e  aden o sin e  effec t (250 fig, left v e n tr ic le )  d u rin g  coronary  co n s tr ic tio n  A ,  
co n tro l; B  — E ,  g rad u a l m ech an ica l co n stric tio n  of th e  L A D  a r te ry . F rom  to p  to  b o tto m : 
p h asic  a n d  m ean  reco rd s o f co ro n ary  blood flow , b lood p re ssu re , num erical va lues fo r m ea n  
L A D  flow  an d  v ascu la r co n d u c tan ce  (flow /pressure), p e rc e n t increases of vascu la r co n d u c tan c e

E xperim ental series I I  (cannulated vessels, 6 dogs)

Similar results were obtained when the w hole left coronary hed w as 
perfused through a bypass w ith  the aid of an E ckstein  cannula. F igure 2 
depicts a typical experim ent. As shown by the va lu es for vascular conductance  
calculated using post-stenotic  pressure (upper b lock), reversal of the vasodilator  
effect o f verapam il in the constricted state w as n o t due to  the increase o f  th e  
pressure drop through the m echanical stenosis. Statistical analysis o f all 
experim ents is shown in Table II . In this series a som ew hat reduced propen­
sity  for autoregulation could be deduced from the m oderate flow  decline during  
m echanical constriction. This was probably caused b y  the more “ unphysiolog- 
ic” w ay o f m yocardial blood supply v ia  the cannulated  artery. N ontheless, 
only the flow  changes after verapam il were consisten t enough to reveal a sign if­
icant difference betw een the normal and stenosed  states.
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CPP
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-constric t bypass

201

C BF ЮО i l  
ml/min nJ 

CBF ЮО-i * 
ml/min gj

l /V W I " constricted

BP
kPa

201
0J

CBFml/min 
CPP kPa 
CBF ml/min 
CPP kPa

t5(jgA.t5gigA. 
117 145 105 110 
16.3 14.8 12.6 TI.8 
7.2 9.8 8.3 93

CPP 201
kPa

ol

CBF
ml/min 7
CBF 1001-

ml/min ol

BP 2 0 ]-
kPa 0J

CBFml/min 
CPP kPa 
CBF ml/min
CPP kPa

103
12.2
8.4

_f|00pg Verapamil 
80 
11.8
6.8 / -21% /

normal

30s ec 0.5s ec

5pg adenosine^— 
88 130 88
13.7 12.2 13.7
6.4 10.7 6.4

-^I00pg Verapamil 
118 
12.6
04 / + 47%/

F ig . 2 . E ffec ts  of adenosine (A) a n d  v e rap am il in  co n str ic ted  (above) an d  n o rm a l (below ) 
s ta te s  o f  co ro n ary  c ircu la tion . P e rfu s io n  of th e  w hole le f t  coronary  bed  was e ffec ted  fro m  th e  
c a ro tid  th ro u g h  an  E ck ste in  c a n n u la , C P P , co ro n ary  p e rfusion  pressure  (p ressu re  h e ad  d ista l 

to  th e  stenosis). O th er sy m b o ls see in  Fig. 1

Table I I

E ffec t o f  verapamil (8  fig/100 m l/m in  C B F , i .c .)  o n flo w  through coronary bypass*

A rterial blood pressure 
(kPa)***

Coronary blood flow** 
(ml/min)

V ascular conductance 
(%)

Control V erapam il Control V erapam il Control V erapam il

A  IN o rm a i 
В  C o n str ic ted

17 .4+ 1 .1
1 6 .0 + 1 .4

16.4 +  1.0" 
15.1 +  1.5"

6 7 .3 +  6.9 
5 6 .9 + 1 0 .1

97.8 +  17.5" 
4 4 .9 +  7.8

100 +  0 
92 .9 + 1 0 .6

1 5 1 .6 + 1 4 .5 “ 
7 8 .4 +  9.2

P a-b N.S. N .S. N.S. 0.05 N.S. 0.01

* M ean + S .E .,  n = 6.
** L eft com m on co ro n ary  a rte ry .

*** 1 k P a  n»; 7.52 m m H g.
“ S ign ifican t difference co m p ared  to  co n tro l (p <  0.05).
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Discussion

Verapam il, a vasodilator drug w ith a v ery  marked coronary action , was 
found in th is stu d y  to constrict rather than  relax  the resistance vesse ls o f  the 
critically stenosed coronary circulation. T he possible explanation o f  this 
pharm acologic puzzle is best illustrated b y  th e  experim ent shown in F ig . 3. 
Coronary vessels w hich were fu lly  dilated under the influence o f  adenosine  
becam e less d ilated  after the subsequent adm inistration  o f verapam il. W hen  
view ed from the control (pre-adenosine) sta te  o f  the circulation, the coronaries 
are still relaxed after verapam il, a condition to  be considered self-exp lanatory  
regarding the w ell-know n vasoactive effects o f  both drugs. H ow ever, when  
view ed from the phase o f  the fu lly  developed adenosine action, the coronary  
bed is constricted. It has been shown in previous experim ents [4] th a t Ca-an- 
tagonists, although having a coronary d ilator activ ity  of their ow n, inhibit 
coronary vasodilation  produced b y  both exogenous adenosine and m etabolic  
coronary autoregulation, the latter phenom enon being probably associated  
w ith  endogenous adenosine release from th e  heart muscle [1]. A n y  ty p e  of 
m yocardial flow  reduction enhances adenosine release thus prom oting flow  
recovery, and th is intrinsic feedback loop is notoriously resistant to  pharm a­
cologic in terventions [5]. In  contrast to m ethylxanth ines (e.g. am inophylline) 
which block exogenous but not endogenous adenosine effects [6], th e  Ca-an- 
tagonists have the unique potency o f inh ib iting both phenom ena sim u ltan e­
ously which render them  useful in vestigative too ls for suppressing m etabolic  
coronary autoregulation as needed. Suppression o f m etabolic autoregulation  
is obviously potentiated  by the verapam il-induced decline of the cardiac 0 2

200
-60pg/kg/m in adenosine-

CBF
ml/min A A A I /V/VA
CBF 100 ] 
ml/min g | '

CBF ml/min 
BP kPa 

CBF ml/min 
BP kPa

C hanges in 
vascular 

conductance

2.41

3.44
I__

6.75

10.65

% 2m g/kg  verapamil i.v.
3.60 m ean

5.14 la te  d ias to lic  

--------------------------► +49*/.
' -47% m ean

+49%, ,_52o/olate diastolic

Fig. 3. V erapam il decreases v a scu la r conductance  on c o ro n a ry  vessels d ila ted  w ith  c o n tin u o u s  
adenosine  in fu sio n  (left h e a rt) . Sym bols as in  F ig . 1. F o r ex p lan atio n  see t e x t
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d em a n d  and consequent adenosine release. T hese conclusions are sum m arized  
sch em a tica lly  in Fig. 4.

A s far as we know , th is  strikingly d ifferential action of C a-antagonists  
on n orm al and stenosed coronaries has not been reported previously. H ow ever, 
an analogous reversal o f  coronary reactive hyperaem ia has recently  been  
described: W alinsky and his co-workers observed  the actual decrease o f  flow  
fo llo w in g  a m om entary coronary occlusion w ith  severe m echanical stenosis  
on th e  artery [7]. The authors hypothesized th a t  this paradoxic reaction  was 
cau sed  b y  the hydrodynam ic increase o f th e  stenotic resistance, i.e . th ey  
p o stu la ted  a B e r n o u l l i  effect in the collapsib le stenosed coronary branch. 
A lth o u g h  some increases o f  m echanical resistance cannot be excluded  w ith  
cer ta in ly  in our study either, three lines of ev id en ce indicate th at its contribu­
tio n , i f  any, was not o f  decisive im portance:

(a) In contrast w ith  th e  reported stu d y  [7], drastic and abrupt changes 
o f th e  intralum inal d istending pressure, such as those occurring during reactive  
h yp eraem ia  were carefully avoided.

(b) The verapam il effect in the stenosed coronaries, a response character­
is t ic a lly  slow in onset, was never preceded b y  vasodilation  which m ight have  
led  to  d istal coronary pressure reduction.

(c) F inally, the pharm acologic effects obtained w ith the collapsible  
coron ary  artery (Series I), could  be reproduced, w ith  identical results, using  
a th ick -w alled , non-collapsible rubber tubing inserted  into the coronary circuit 
(Series II).

W e believe, therefore, th a t our results w ere due to the peculiar pharm a­
co lo g ic  reactiv ity  o f th e  sm all coronary resistance vessels. I f  so, the described  
te s t  m igh t be useful to  d istinguish  reactive coronary vessels from th e corona­
ry  circu lation  com prom ised b y  atherosclerotic plaque formation.

F ig . 4 . S ch em atic  re p re se n ta tio n  o f th e  proposed e x p la n a tio n  for v e rap am il a c tio n  on  s tenosed
coronaries
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The minimal hazard th at m ight be involved  in the adverse vascular  
actions o f  verapam il during this procedure, is am ply counterbalanced b y  the 
w ell-know n “ protective”  (antiarrhythm ic and antiischaem ic) effects o f  the 
drug exe ited  on the cardiac m yocytes them selves. It seems w orth em phasizing, 
how ever, that prior to  th e  application o f such a test in hum ans, its  safety  
margins will need to  be docum ented using very  small doses.
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NICKEL INDUCES VASOCONSTRICTION IN THE 
ISOLATED CANINE CORONARY ARTERY BY A 

TONIC Ca2+-ACTIVATION MECHANISM
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N ickel chloride  (N iC l2) a t  low  co n ce n tra tio n  (1 /А1) in d u ced  iso m e tric  force 
dev elo p m en t in  iso la ted  can ine  co ro n ary  a r te ry  s tr ip s . T he N i2+-a c tio n  w as linearly  
d ep en d en t on  e x tra ce llu la r  Ca2+-c o n cen tra tio n  in  th e  range  of 0 to  5.0 m M . V erapam il 
(1 0 -6—10_ 3 M) d id  n o t  p re v e n t or abo lish  N i2+-induced  co ro n ary  c o n tra c tio n , b u t 
n itro p ru ssid e  sod ium  e v en  a t  low  co n ce n tra tio n  (1 0 -8  M) a n tag o n ized  th e  to n ic  force 
developm en t. T he re su lts  in d ic a te  th a t  th e  s tim u la tio n  of force d e v e lo p m en t b y  trace  
am o u n ts  o f N iC l2 in  iso la te d  can ine co ronary  a r te ry  s tr ip s  is d e p en d e n t o n  tra n sm e m ­
b ra n e  Ca2+-in flu x  w hich  is m ed ia ted  by  tb e  T -sy stem  of Ca2+-a c tiv a tio n .

N ickel ions at low  concentrations (10 -8—1 0 ~ ’ m ol/l)-induced coronary 
vasoconstriction in the dog heart in situ  and in the isolated perfused rat heart 
[6]. The Ni2+-action in the rat heart was shown to  depend on extracellular  
Ca2+-concentration [6] and the coronary vasoconstriction induced b y  the trace 
m etal could be abolished b y  the selective C a-antagonist verapam il in  both the 
dog and the rat heart [6]. Since changes in Ca2+-concentration, and the use of 
C a-antagonists were found to  considerably influence m yocardial function  
and m etabolism  [2, 5], these earlier experim ents did not allow to  differentiate  
betw een the direct action o f N i2+ on the coronary vessels and th e  secondary  
consequences o f altered heart function and m etabolism .

In  order to study the direct vascular action of nickel ions and th eC a2+- 
activation  m echanism  o f N i2+-induced vasoconstriction , experim ents were 
carried out on isolated canine coronary artery strips. The effect on Ni2+- 
induced coronary vasoconstriction  o f changes in extracellular Ca2 +-concentra­
tion  and the presence o f  various Ca2+-antagonists was studied.

M aterials and Methods

M ongrel dogs of e ith e r sex w eighing 14 to  18 kg  w ere an ae sth e tize d  w ith  p e n to b a rb ita l 
sod ium  (50 m g/kg; i.v .). T he h e a r t  was rap id ly  excised a n d  p laced  in  ice-cold sa lin e  solu tion . 
T h e  le ft an te rio r descending  (L A D ) co ronary  a r te ry  w as carefu lly  d issec ted  fro m  th e  free 
w all o f th e  left v en tric le  an d  p laced  in m am m alian  K reb s R in g er b ic a rb o n a te  (K R B ) solu­
tio n  of th e  follow ing co m p o sitio n  (mM/1): NaCl, 116; KC1, 4.6; CaCl2, 2 .5 ; M g S 0 4, 1.2; 
K H 2P 0 4, 1.2; N a H C 0 3, 25; d e x tro se , 10. In  some ex p erim en ts  th e  Ca2+-c o n c e n tra tio n  of the  
so lu tio n  was a lte red . T he so lu tio n  w as bu b b led  by  a 9 5 %  0 2 -f- 5%  C 0 2 gas m ix tu re  to  give 
a  p H  of 7.4.
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F ro m  th e  coronary  a r te r y  se g m e n t (o.d. 1 -1 .5  m m ) h e lica l s tr ip s  w ere c u t in  a  c o u n te r­
c lo ck w ise  fashion a t  an  ang le  o f 45°; th e y  were a p p ro x im a te ly  1.5 m m  w ide a n d  15 m m  long. 
T h e  s t r ip  w as suspended v e r t ic a l ly  in  a  w ater-jack eted  th e rm o s ta te d  (37 °C) glass cham be 
c o n ta in in g  20 ml of K R B . T h e  d is ta l  en d  of th e  strip  was a n ch o re d  to  th e  b o tto m  of th e  cham ber 
b y  a  s ta in le ss  steel hook a n d  th e  p ro x im a l end w as a tta c h e d  to  a  force tra n sd u c e r  (G R A SS 
F T 0 3 C )  to  m easure isom etric  fo rce  developm en t. Iso m e tric  te n s io n  w as reco rd ed  on a  R adelk is 
re c o rd e r  (T ype OH-814/1). T h e  s t r ip  w as m oun ted  b e tw ee n  tw o  p la tin u m  r in g  electrodes 
im m e rse d  5 cm  a p art in to  th e  K R B  so lu tion . The e lectrodes se rv ed  fo r e lectrica l fie ld  s tim u la ­
t io n ;  su b m ax im a l stim uli (10 to  15 V /5 cm ; 50 H z a.c ., fo r 7 sec) w ere g en era ted  b y  a  s tim u la to r 
p ro v id e d  w ith  an  a u to m a tic  t im e r  device.

Results

A s shown in Fig. 1, n ick e l chloride (NiCl2) at 1 /гМ-concentration produced  
to n ic  contraction in the iso la ted  canine coronary artery (Fig. 1A), w hich was 
n o t in fluenced  by the p resence of 10-3M verapam il (Verpam il®, Orion) 
(F ig . IB ). Removal o f  ex tern a l calcium (Ca2+-free K rebs solution) abolished  
te n s io n  developm ent in b o th  strips. In contrast, phasic contractions evoked  
b y  electrical field stim u la tio n  were sign ificantly  depressed b y  verapam il 
(F ig . IB ).

T he original recording in  F ig. 2 illustrates th e  dependence on the extra­
cellu lar  Ca2+-concentration o f  the electrically stim u lated  and 1 juM NiCl2- 
in d u ced  isometric tension  developm ent. In Ca2+-free Krebs solution  neither 
fie ld  stim ulation  nor N iC l2 cau sed  an increase in isom etric tension. The stepwise  
e le v a tio n  of the external Ca2+-concentration from  0.63 to  5.0 mM increased  
th e  am plitude of both th e  electrica lly  stim ulated  phasic and the N i-induced  
to n ic  contractions.

T he tonic contraction evok ed  by NiCl2 was n o t abolished or even  depress­
ed  b y  verapam il, but the verapam il-resistant activa tion  o f the coronary artery  
cou ld  be antagonized b y  sod iu m  nitroprusside a t low  concentration (1 0 _ 8 M) 
(F ig . 3).

Discussion

T he results showed th a t  n ickel ions produce tension  developm ent in the 
coron ary  artery by a d irect action  on vascular sm ooth  m uscle. N i-activation  
w as sen sitive  to calcium  dep rivation , and the N i-induced  stim ulation o f trans- 
m em brane calcium in flu x  w a s resistant to verapam il but could be blocked by  
sod iu m  nitroprusside.

A  satisfactory in terp reta tion  o f the results is possible on the basis o f the 
“ tw o  calcium  activation sy s te m ” theory o f  G o l e n h o f e n  [3]. It is assum ed  
th a t  tw o  chemically d ifferen t system s for calcium  activation  ex ist in the 
m em brane of the sm ooth m u scle  cell; they  are called  P- and T -system s. I t  is 
essen tia l that both system s are dependent on transm em brane Ca2 + -fluxes [3].
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Fig. 1. A. E ffec t o f N iC l2 (1 fiM ) on basal tone  a n d  e lec tr ica lly  s tim u la ted  iso m etric  c o n trac tio n s  
in  th e  iso la ted  can ine  co ro n ary  a rte ry . B. E ffec t o f v e ra p a m il (10-3  M) on e lec trica lly  s tim u la te d  
phasic  an d  N i2+-in d u ced  to n ic  isom etric  ten s io n  d e v e lo p m en t in  an  iso la ted  can in e  co ro n ary  

a r te ry  s tr ip . N o te  th e  rap id  decline o f te n s io n  in  Ca2"' -free K rebs so lu tio n

The P -system  is used for producing phasic a c tiv ity , the T-system  preferentially  
for tonic a c tiv ity . The P-system  can he blocked by verapam il, D -600 and 
nifedipine, w hile th e  T -system  is resistant to  these P-antagonists. In  some 
sm ooth m uscles, nitroprusside sodium proved  to  be a selective T -antagonist.

The present data suggest the ex istence o f  both the P -a n d  T -system s of 
Ca2+-activation  in  the membrane o f th e  canine coronary vascular sm ooth  
m uscle. Phasic contractions evoked b y  electrical stim ulation were dependent 
on extracellular Ca2+-concentration and th e y  were significantly depressed  
by verapam il. In  contrast, the tonic contraction  induced by NiCl2 w as resistant 
to pretreatm ent or aftertreatm ent w ith  verapam il, but was inhibited  b y  the  
T -antagonist nitroprusside Na. A similar coexistence o f the T-and P -system s  
was dem onstrated in the guinea-pig uterus [3]. The present find ings are 
consistent w ith  the theory of G o l e n h o f e n  since the T-system  activation  by  
Ni2+ was also dependent on extracellular Ca2 +-concentration (F ig . 2). It  
was rapidly abolished in Ca2+-free solution (F ig . 1) and Ni2+ failed to  stim ulate  
tension developm ent in the absence of extracellu lar Ca2+ (Fig. 2). These results
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F ig . 2. E f fe c t  o f stepwise e lev a tio n  o f ex trace llu la r Ca2+-c o n ce n tra tio n  on e le c tr ica lly -s tim u ­
la te d  p h a s ic  an d  Ni2+-induced  to n ic  co n trac tio n  in  a n  iso la te d  canine coronary  a r te ry

|o.5pMNiCl2 10min

F ig. 3. E ffe c t  o f v e rap am il an d  n itro p ru ss id e -N a  on n ick e l-in d u ced  to n ic  tension  d e v e lo p m en t 
in  a n  iso la te d  canine co ronary  a r te ry  s tr ip
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indicate that activation  o f the T -system  b y  nickel ions depends on th e  trans- 
membrane Ca2+-in flux  in the large canine coronary arteries. N i2+ influences 
the P -system  o f the coronary artery as w ell, since the electrically stim ulated  
phasic contractions were potentiated  even before the tonic contraction  had 
started to develop (F ig. 1A). This suggestion  is substantiated b y  previous 
findings in that N i2+-induced coronary vasoconstriction  was to ta lly  prevented  
b y  verapam il in the dog heart in situ, and in th e  isolated perfused rat heart [6]. 
E levation  of coronary resistance by Ni2+ in these preparations w as assum ed  
to  be the consequence o f  N i2 + -action on sm all arterioles rather th an  on large 
conductive coronary arteries. The activation  o f  sm ooth muscle in  th e  coronary  
resistance vessels (arterioles) by N i2+ is m ost probably m ediated  b y  the 
P -system , which explaines the effectiv ity  o f  verapam il and confirm s th e  sub­
stantia l functional differences between large and small coronary artery pro­
posed b y  others [1, 4].

In conclusion, the action of N i2+ on iso la ted  large canine coronary artery  
is dependent on transm em brane Ca2+-in flu x , and it is m ediated b y  the 
T -system  o f Ca2+-activation .
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THE ROLE OF ADRENERGIC RECEPTORS IN
Ni2+-INDUCED

CORONARY VASOCONSTRICTION

G . R u b á n y i , K risztina H a j d ú , T. P a t a k i  and Mária B a k o s

EXPERIMENTAL RESEARCH DEPARTMENT AND SECOND PHYSIOLOGICAL INSTITUTE, 
SEMMELWEIS UNIVERSITY MEDICAL SCHOOL, BUDAPEST

(R eceived  O c to b er 26, 1981)

T he possible in v o lv em en t of ad ren e rg ic  recep to rs  in  nickel io n  (N i2+)-induccd 
co ronary  v aso co n stric tio n  w as s tu d ied  on iso la te d  perfused  r a t  h e a r ts  a n d  on  iso lated  
canine co ronary  a r te ry  strip s .

T he ex p erim en ts  on b o th  m odels show ed t h a t  (i) a lfa -ad renerg ic  b lo ck ad e  by 
p h en o x ybenzam ine  or p h en th o lam in e  cau sed  on ly  p a r tia l  depression  o f N i2+-induced 
co ro n ary  v aso co n stric tio n ; (ii) b e ta -ad ren erg ic  re c e p to r  blockade b y  p ro p ran o lo l to ta lly  
p re v en ted  N i2+-ac tio n , an d  (iii) Ni2+ (1 /(M) cau sed  significant in h ib itio n  o f co ronary  
v a so d ila ta tio n  in d u ced  b y  isopro tereno l.

T he e x p erim en ta l re su lts  in d ica te  t h a t  a lfa -ad renocep to rs p la y  m in o r role 
( if  an y ) in  th e  co ro n ary  ac tio n  m echan ism  of N i2+ b u t  i t  m ay  be m e d ia te d  b y  be ta - 
ad renerg ic  m echanism s. N ickel was fo u n d  to  a lte r  th e  re a c tiv ity  o f co ro n a ry  be ta - 
ad ren o cep to rs suggesting  a possible m o d u la to ry  ro le of th is  trace  m e ta l in  co ronary  
ad renerg ic  m echanism s.

The essential trace m etal nickel ion (N i2+) was found to  be a potent 
endogenous vasoactive agent [12], w hich induces coronary vasoconstriction  
in very  low concentrations [9—14]. Its ex a ct m echanism  of action  is unclear 
but there are data to  suggest that adrenergic receptors in the coronary vessels 
m ay be involved in the action.

N ickel enhances Ca2+ influx into coronary vascular sm ooth  muscle 
cells [13], sim ilarly to  alpha-adrenergic receptor stim ulation [19].

A recent study revealed a close relationship between N i2+-induced  
coronary vasoconstriction and inhibition o f  the N a +, K +-pum p [14]. In 
m ost vascular preparations, inhibition o f  the pump activ ity-induced  vaso­
constriction by stim ulating norepinephrine release from intramural sym pathetic  
postganglionic nerve endings [18]. The possib ility  thus exists th a t N i2 + -action  
is connected w ith stim ulation of neurotransm itter release and consequently  
w ith  th at o f adrenergic receptors.

N ickel ions inhibit hypoxic/ischaem ic coronary vasodilatation  in the 
dog heart in situ  [10, 11] and th ey  abolish exogenous adenosine induced coro­
nary vasodilatation  in the isolated perfused rat heart [11]. B eside adenosine  
the stim ulation o f coronary beta-adrenergic receptors by catecholam ines 
released from the hypoxic m yocardium  [15] m ay also contribute to  the isch- 
aem ic/hypoxic changes o f coronary resistance.
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In  order to  analyse the nature o f  Ni2+-induced coronary vasoconstriction  
and th a t  o f  the inhibition o f ischaem ic coronary vasodilatation , the relationship  
betw een  N i2+ and coronary adrenergic m echanism  has been studied.

M ateria ls  and  M ethods

Isolated p e r fu sed  rat heart

W h ite  W is ta r  ra ts  o f e ith e r  sex  w eighing 200 to  300 g w ere  d ecap ita ted  b y  a g u illo tin e  
a f te r  a n  in tra p e r i to n e a l  in je c tio n  of h e p a rin  (5 IU  p e r g b o d y  w e ig h t). The h e a rts  w ere  ra p id ly  
rem o v ed  a n d  th e  ao rtic  s tu m p  c a n n u la te d  to  allow re tro g ra d e  co ronary  perfusion  (m o d ified  
L a n g e n d o rf f  tech n iq u e) b y  K reb s-H en se le it b ica rb o n a te  b u ffe r  so lu tion  (K H B ) c o n ta in in g  
10 mM  g lucose  a n d  10 m U /m l in su lin . T he h e a rts  w ere p e rfu sed  b y  a co n stan t flow  p e r is ta l tic  
p u m p  (W atso n -M arlo w ) v ia  b a b b le - tra p , th e rm o sta te  (37 °C) a n d  filte r [9].

M e a n  pe rfu s io n  p ressu re  (P P )  w as m easu red  ju s t  a b o v e  th e  h e a rt. All p a ra m e te rs  w ere 
reco rd ed  on  a  H a rv a rd  T ype  490 p o ly g rap h . T o ta l co ro n ary  re sis tan ce  (TCR) w as ca lcu la te d .

Isolated ca n in e  coronary artery strips

M o n g re l dogs of e ith e r sex  w eigh ing  14 to  18 kg  w ere an ae sth e tize d  w ith  p e n to b a rb ita l  
so d iu m  (50 m g /k g ; i.v .). T he h e a r t  w as ra p id ly  excised a n d  p lac ed  in  ice-cold sa line  so lu tio n . 
T he le f t  a n te r io r  descending (L A D ) co ro n ary  a r te ry  w as ca re fu lly  dissected from  th e  free  w all 
of th e  le f t  v e n tr ic le  and  p laced  in  m am m alian  K reb s-R in g er b ica rb o n a te  (K R B ) so lu tio n  of 
th e  fo llo w in g  com position  (m M /1): N aC l, 116; KC1 4.6; C aC l2, 2.5; M g S 0 4, 1.2; K H 2P 0 4, 
1.2; N a H C 0 3, 25; dex tro se , 10.

T h e  so lu tio n  was a e ra te d  b y  a  95%  0 2 +  5%  C 0 2 gas m ix tu re  to  give a p H  of 7.4.
H e lic a l s tr ip s  were c u t fro m  th e  co ronary  a r te ry  se g m en t (o.d. 1—1.5 m m ). T he s tr ip s  

w ere c u t  in  a  counterclockw ise  fa sh io n  a t  a n  angle o f 45°; th e y  were ap p ro x im ate ly  1.5 m m  
w ide a n d  15 m m  long. T he s tr ip  w as su spended  v e rtic a lly  in  a  w a ter-jack eted , th e rm o s ta te d  
(37 °C) g lass  ch am b er co n ta in in g  20 m l of K R B . T he d is ta l  e n d  of th e  s trip  was a n ch o re d  to  
th e  b o t to m  o f th e  ch am ber b y  a s ta in less  steel hook a n d  th e  p rox im al end w as a tta c h e d  to  
a force tr a n s d u c e r  (G R A SS F T 0 3 C ) to  m easu re  isom etric  force developm en t. Iso m e tric  ten s io n  
w as re c o rd e d  b y  a R adelk is re co rd e r (T ype O H -814/1).

Chemicals

N o re p in ep h rin e  (N o ra d ren a lin ; G edeon R ich te r), iso p ro te ren o l (Isu p re l1̂ , W in th ro p ); 
p h e n o x y b en z am in e  (S m ith , F ren ch  a n d  K line); p h en to lam in e  ( Regit ine 'L  C IBA ), p ro p ran o lo l 
In d e ra lR , IC I) .

S ta tistica l a n a lys is

T h e  m ea n s  an d  s ta n d a rd  e rro r of th e  m ean  (X  i  SE M ) of g rouped ex p erim en ta l d a ta  
w ere c a lc u la te d . T he s ta tis t ic a l  d ifference be tw een  m ean s w as e s tim a te d  b y  p a ire d  a n d  u n ­
p a ire d  S tu d e n t ’s t te s t.

R esults

Isolated perfu sed  rat heart

Increasing concentrations (0.01—100 ,иМ/1) o f  NiCl2 in the perfusate  
caused a significant rise of TCR (Fig. 1, control curve). The m axim um  effect 
was in d u ced  b y  1 fiM, and a half-m axim um  effect b y  0.032 /Æ  NiCl2. P retreat-
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F ig . 1. E ffec t o f p h en o x y b en zam in e  (10_ 5 M) (n  - 6 )  a n d  p roprano lo l (1 0 - 7 g /m l) (ri — 6) 
on b asa l co ro n ary  resis tan ce  (C’) an d  on N i2+-induced  c o ro n a ry  v aso co n stric tio n  (co n tro l 10 

h e a r ts )  in  th e  iso lated  perfused  r a t  h e a r t  ( x ^ S .E .)

F ig . 2. In h ib itio n  of iso p ro teren o l induced  co ro n ary  v a so d ila ta tio n  in  th e  presence of p h e n to l 
am ine (10~ B g /m l) b y  1 //M /l N iC l2 in  iso la ted  p e rfu sed  r a t  h ea rts  (n  =  5) ( id :S .E .)

m ent o f the hearts b y  phenoxybenzam ine (PBZ) (10-5 M) 30 min prior to 
N i2 +-adm inistration caused no change in basal coronary resistance but shifted  
the Ni2+-response curve to  the right and depressed the m axim um  action  
significantly (p <C 0.05). The presence of 1 0 ~ 7 g/m l propranolol caused a signif­
icant rise o f TCR and to ta lly  prevented Ni2+-induced coronary vasoconstric­
tion .

Stim ulation o f beta-adrenergic receptors in the presence o f the alpha- 
receptor blocker phentolam ine caused a dose-dependent increase in coronary  
conductance, w hich w as to ta lly  abolished b y  1 pM NiCl, in the perfusate

(Fig- 2).
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F ig . 3. O rig in al record of th e  e ffec t o f a lp h a-ad ren erg ic  b lo ck ad e  on N i2+-in d u ced  isom etric  
fo rce  d ev e lo p m en t in  iso la ted  c an in e  coronary  a r te ry  s tr ip s . T op trac in g : p re tr e a tm e n t  b y  
p h e n o x y b en z am in e  (1 0 "5 M). L o w er trac in g : effect o f in creas in g  doses of p h e n to la m in e  on  
N i2+- in d u c e d  coronary  c o n tra c tio n . Force d ev elo p m en t w as abolished b y  n itro p ru ss id e -N a  

(10 ~5 a n d  10 ~ 4 M, resp ec tive ly ) in  b o th  strips

-*■

Propranolol
(10"7 g /ml)

F ig . 4. E ffe c t of p re tre a tm e n t (u p p e r  trac in g ) and  p o s t t r e a tm e n t  (lower trac in g ) b y  p ro p ran o lo l 
on  N i2+-induced  isom etric  te n s io n  d ev elo p m en t in  tw o  iso la te d  canine co ro n ary  a r te ry  s tr ip s . 
N o te  th e  to ta l  p rev en tio n  of N i2+-a c tio n  a f te r  p re tre a tm e n t,  b u t  th e  in effectiveness o f p o s t­

t r e a tm e n t  b y  th e  b e ta -rec ep to r b lo ck in g  agen t

Iso la ted  canine coronary artery

Pretreatm ent o f th e  coronary artery strips b y  PBZ did n o t influence  
th e  developm ent of N i2+-elic ited  isometric contraction (Fig. 3, upper tracing). 
A dm inistration  of phentolam ine at the peak o f isom etric contraction evoked  
b y  1 /<M NiCl2 caused on ly  m ild attenuation o f the response and on ly  in the  
h ig h est concentration (1 0 -5 M) of the alpha-receptor blocking drug (F ig. 3, 
low er tracing). Isom etric force developm ent could he abolished in both cases 
b y  nitroprusside sodium , th e  selective antagonist of tonic Ca2+-activation  
m echanism  [13].
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F ig. 5. E ffec t o f increasing  c o n ce n tra tio n s  of iso p ro teren o l on  K + -co n trac tio n  (30 mM  KC1) 
o f an  iso la ted  can ine co ro n ary  a r te ry  s trip , in  th e  absence  an d  presence of 1 //M N iC l2

Pretreatm ent of the iso lated  strips w ith  th e  beta-adrenergic blocking  
agent propranolol (10 -7 g/m l) to ta lly  prevented the developm ent o f N i2+- 
induced coronary vasoconstriction  (Fig. 4, upper tracing). In  contrast, ad­
m inistration o f the blocking agent at the peak o f isom etric force developm ent 
was ineffective, even in th e  highest concentration (1 0 - e g/ml) used (F ig. 4, 
lower tracing).

Beta-adrenergic receptor stim ulation by increasing doses o f isoproterenol 
of coronary arteries contracted b y  elevation of К  +-concentration in the m edium  
(30 mM), caused a dose-dependent sm ooth muscle relaxation, which was alm ost 
to ta lly  abolished by 1 ,ыМ N iC l2 (Fig. 5).

D iscussion

The present experim ents on isolated perfused rat hearts and isolated  
canine coronary arteries show ed that (1) alpha-adrenergic blockade caused  
only partial inhibition of N i2+-induced coronary vasoconstriction; (2) beta- 
adrenergic receptor blockade to ta lly  inhibitied N i2+-action; and (3) N i2 + 
caused a significant inhibition o f  coronary vasodilatation  induced b y  beta- 
adrenergic receptor stim ulation . These results suggest th at adrenergic m echa­
nisms are involved  in the action  o f Ni2+ on coronary vessels. The stim ulation  of 
coronary alpha-adrenergic receptors was reported to  induce coronary vaso ­
constriction in both the in tact heart [6, 7] and th e  isolated coronary arteries 
[19]. Since N i2+-induced coronary vasoconstriction is also dependent on extra­
cellular Ca2 + -concentration and transm em brane Ca-fluxes [9, 11, 12, 13], 
the possibility was raised th a t N i2+ acts by stim ulation  of alpha-receptors by  
any o f the follow ing three m echanism s: (1) direct interaction w ith  the receptor;
(2) sensitization o f the receptors to  circulating catecholam ines, and (3) stim ula­
tion  o f norepinephrine release from intram ural nerve endings. The present 
findings that alpha-adrenergic receptor blockade causes only mild attenuation
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o f N i2+-induced coronary vasoconstriction  indicates th at alpha-receptor  
m ech an ism s play a minor role i f  any in the action m echanism  o f N i2 + .

In  contrast, N i2+-induced coronary vasoconstriction  was to ta lly  in ­
h ib ited  b y  propranolol, and N i2+ inhibited the effect o f isoproterenol. These 
fin d in g s suggest that (1) N i2+-induced coronary vasoconstriction is m ediated  
b y  beta-adrenergic m echanism s in the isolated  rat heart and isolated  canine 
coron ary  arteries, and (2) N i2+ alters the reactiv ity  o f coronary beta-adreno­
receptors.

U nder physiological conditions, catecholam ines increase coronary blood  
f lo w  [1, 20] and th ey  induce coronary vasorelaxation  b y  stim ulating coronary 
beta-adrenoreceptors [2]. T hese previous observations have been confirm ed  
b y  th e  present finding th a t propranolol caused a significant elevation  o f coro­
n a ry  resistance (Fig. 1), m ost probably b y  antagonizing the effect o f catechol­
am ines released from the heart [15].

T here are, however, several reports in the literature which describe beta- 
adrenoreceptor m ediated coronary vasoconstriction under certain pathological 
con d ition s. In conscious dogs w ith  acute coronary occlusion, propranolol 
trea tm en t has been show n to  decrease coronary flow  in the non-ischaem ic  
m yocard ium  and to augm ent perfusion in ischaem ic zones [1, 20]. B orda 
e t al. dem onstrated th a t a sudden elevation  o f К  +-concentration [3] and 
h y p o x ia  [4] elicited sustained  contractions in  isolated  canine coronary arteries 
w h ich  w ere inhibited b y  propranolol. Szen tiv á n y i et al. [5, 16] described th at 
norepinephrine evoked contractions in aorta strips isolated from diabetic rats, 
w h ich  could be antagonized b y  various beta-receptor blocking agents.

T he mechanisms m ed iatin g  these responses to  beta-adrenergic stim ula­
tio n  h a v e  not been clarified. The hypoxic/ischaem ic or diabetic a lteration  of 
beta-recep tor reactiv ity  m a y  be explained on the basis o f profound changes 
in  v ascu lar  smooth m uscle m etabolism , w hich were shown to  determ ine the  
in terconversion  of adrenoreceptors [8] b y  in fluencing the synthesis o f  m odula­
to r  substances [17]. H ow ever, w hatever the m echanism  o f altered beta- 
recep tor  activ ity , the present find ing  that N i2+ alters beta-adrenergic reactiv ity  
in coronary vessels is o f  u tm o st im portance, since significant endogenous Ni2+- 
release w as reported from  th e  ischaem ic-hypoxic m yocardium  [11, 12]. The 
p o ssib ility  thus exists th a t endogenous Ni2+ m ay p lay some role in  th e  isch- 
aem ic/h yp oxic  m odulation o f  coronary beta-adrenoreceptors.
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DEPENDENCE OF NICKEL-INDUCED CORONARY 
VASOCONSTRICTION ON THE ACTIVITY, OF THE 

ELECTROGENIC Na+, K+-PUMP

G. R u b á n y i , Mária B a k o s , K risztina H a j d ú  and T. P a t a k i

EX PE R IM E N T A L  R ESEA RCH  D EPARTM ENT AND SECOND PHYSIOLOGICAL IN ST IT U T E , 
SEM M ELW EIS U N IV ERSITY  M ED ICAL SCHOOL, BUDAPEST

(R eceived O c to b er 16, 1981)

T h e  possible in te rac tio n s  be tw een  th e  v a so a c tiv e  trace  m eta l n ick e l io n  (N i2+) 
a n d  m em b ran e  N a — К -A T Pase in  th e  iso la te d  p e rfu sed  r a t  h e a r t a n d  in  th e  iso la ted  
can ine co ro n ary  a r te ry  h av e  been  s tu d ied . T h e  c h a rac te ris tic  fe a tu res  o f 1 p M  N i2+- 
in d u ced  c o n trac tile  response  in  th e  can ine  c o ro n a ry  a r te ry  strip  w ere s im ila r to  those 
evoked  b y  th e  in h ib itio n  of N a  —К -A T Pase. In h ib it io n  of th e  pum p a c t iv ity  b y  o uabain  
(1 0 - 4 M) or b y  K + -d efic ien t K rebs so lu tio n  p re v e n te d  Ni2+-action  b o th  in  th e  canine 
co ro n ary  a r te ry  s tr ip  a n d  in  th e  perfused  r a t  h e a r t ,  in d ica tin g  th a t  w h e n  N i2+ causes 
co ro n ary  v a so co n stric tio n  th e  N a, К -exchange  is in fluenced . F u r th e r  s tu d ie s  a re  needed 
to  c larify  w h e th er N i2+ a c ts  d irec tly  on th e  e n zy m e , or th e  vascu lar a c tio n  of th is  trace  
m e ta l d epends on  th e  ionic  g rad ien ts m a in ta in e d  b y  th e  electrogenic N a  — K -p u m -

Trace am ounts ( lO ^ - lO “ 7 M) o f exogenous nickel chloride (N iC l2) 
induce coronary vasoconstriction in the anaesthetized  open-chest dog [16], 
in  th e  isolated perfused rat heart [15] and in  the isolated canine coronary  
artery [17]. Vascular action o f Ni2+ is dependent on extracellular Ca2+-con- 
centration  [15, 16] and Ni2+ enhances C a-influx into vascular sm ooth  muscle 
cells [15, 16, 17]. A m ong a number o f possible mechanism s, the stim ulation  
o f C a-influx b y  N i2 + seem s to  be m ediated b y  inhibition of m em brane N a /K -  
A T P ase, since previous studies showed th a t inhibition  of the N a—K -pum p by  
cardiac glycosides induced vasoconstriction [25] by stim ulating C a-influx  
[2, 25].

The present stu d y  was therefore designed to  analyse the possib le in vo lve­
m en t o f  Na—К -A T P ase inhibition in th e  action  mechanism o f N i-induced  
coronary vasoconstriction in the isolated perfused rat heart and in th e  isolated  
canine coronary artery.

Materials and M ethods

Isolated perfused  rat heart

W h ite  W is ta r  ra ts  o f e ith e r sex w eighing 200 to  300 g were d e cap ita ted  b y  a gu illo tine  
a f te r  in tra p e rito n e a l in je c tio n  of h ep arin  (5 IU  p e r g b o d y  w eigh t). H earts  were ra p id ly  rem o v ed  
a n d  th e  ao rtic  s tu m p  c an n u la te d  to  allow re tro g ra d e  c o ro n ary  perfusion (m o d ified  L angen- 
d o rff  te c h n iq u e ) b y  K reb s-H en se le it b ica rb o n a te  b u ffe r  so lu tio n  (K H B ) c o n ta in in g  10 mM 
glucose a n d  10 m U /m l in su lin . T he h ea rts  w ere p e rfu sed  b y  a co n stan t flow  p e r is ta l t ic  pu m p  
(W a tso n —M arlow ) v ia  b u b b le - tra p , th e rm o s ta t  (37 °C) a n d  filte r  [15].

M ean perfusion  pressu re  (P P )  was m easu red  ju s t  ab ove  th e  h eart. All p a ra m e te rs  were 
reco rd ed  b y  a H a rv a rd  T ype  490 po ly g rap h . T o ta l c o ro n a ry  resistance (T C R ) w as ca lcu la te d .

Acta Physiologica Academiae Scientiarum Hungaricae 59, 1982



1 7 0 G. R U B Â N Y I e t  a l.

Iso la ted  can ine  coronary artery str ip s

M o ngre l dogs of e ith e r  sex  w eighing 14 to  18 k g  w ere  a n aesth e tized  w ith  p e n to b a rb ita l  
so d iu m  (50 m g/kg; i.v .). T h e  h e a r t  w as ra p id ly  excised  a n d  p laced  in  ice-cold sa line  so lu tio n . 
T he le f t  a n te r io r  descend ing  (L A D ) co ro n ary  a r te ry  w as ca re fu lly  dissected fro m  th e  free 
w all o f th e  le f t  v en tric le  a n d  p lac ed  in  m am m alian  K re b s-R in g e r  b ica rb o n ate  (K R B ) so lu tio n  
o f th e  fo llow ing  co m position  (mM/1): NaCl, 116; KC1, 4 .6 ; C aC l2, 2 .5 ; M g S 0 4, 1.2; K H 2P 0 4, 
1.2; N a H C 0 3, 25; d ex tro se , 10.

T h e  so lu tio n  w as a e ra te d  b y  a 95%  0 2 +  5 %  C 0 2 gas m ix tu re  to  give a p H  of 7.4.
H e lic a l s tr ip s  were c u t  fro m  th e  coronary  a r te ry  se g m e n t (o .d . 1-1.5 m m ) in  a c o u n te r ­

c lockw ise  fa sh io n  a t  a n  ang le  o f 45°; th e y  were a p p ro x im a te ly  1.5 m m  wide a n d  15 m m  long . 
T h e  s t r ip  w as su spended  v e r tic a l ly  in  a w a te r-jac k e te d  th e rm o s ta te d  (37 °C) g lass c h am b er 
c o n ta in in g  20 m l of K R B . T h e  d is ta l  end of th e  s trip  w as a n c h o re d  a t  th e  b o tto m  of th e  c h am b er 
b y  a  s ta in le ss  steel h o o k  a n d  th e  p rox im al en d  w as a tta c h e d  to  a  force tra n s d u c e r  
(G ra ss  F T 0 3 C )  to  m easu re  iso m etrice  force develo p m en t. I so m e tr ic  tension  w as re co rd e d  b y  
a  R a d e lk is  reco rd er (T ype O H -814/1).

T h e  s tr ip  was m o u n te d  b e tw ee n  tw o  p la tin u m  r in g  e lec tro d es im m ersed in to  th e  K R B  
so lu tio n  5 cm  a p a rt .  T hese  e lec tro d es served  for e lec tr ica l f ie ld  s tim u la tio n  of th e  v a sc u la r  
s tr ip s . S u b m a x im a l stim u li (10 to  15 У/5 cm ; 50 H z a .c ., fo r  7 sec) w ere generated  b y  a s tim u la to r  
p ro v id e d  w ith  a n  a u to m a tic  t im e r  device.J

S ta tistica l analysis

T h e  m ea n  and  s ta n d a rd  e r ro r  o f th e  m ean  (x ± S E M )  o f g ro u p ed  ex p erim en ta l d a ta  w ere 
c a lc u la te d . T he s ta tis tic a l d ifferen ce  be tw een  m eans w as e s tim a te d  by  S tu d e n t’s p a ire d  an d  
u n p a ire d  t- te s t .

Results

Characteristic features o f  N i2 + -action in isolated canine coronary artery

T he typ ica l original recording in Fig. 1 dem onstrates some of th e  charac­
ter istic  features of the contractile response induced b y  1 /iM NiCl2 in th e  canine 
coronary artery strip. These are, potentiation  o f  electrically-stim ulated iso ­
m etric force developm ent; induction of slow ly rising tension developm ent 
w ith o u t stim ulation  after a long latency period; and the interruption o f force 
d evelop m en t b y  Ca2+-free solution.

F ig . 1. E ffe c t o f N iC l2 (1 /tM /1) on  iso la ted  canine c o ro n ary  a r te ry .  The ty p ica l o rig in a l re c o rd ­
in g  d e m o n s tra te s  th a t  N i2+ p o te n tia te s  e lec tr ica lly -s tim u la ted  phasic  co n tractions a n d  evokes 

to n ic  c o n tra c tu re  w ith o u t s tim u la tio n , w hich is ab o lish ed  b y  Ca2+ -free K reb s so lu tio n
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Effect o f  Na—K —A T P ase inhibitors on N i2+-induced coronary vasoconstriction

Increasing concentrations (0.01—100 pM/1) o f NiCl2 in th e  perfusate 
induced a significant TCR elevation  (F ig. 2) in the isolated rat h eart. M aximum  
effect was reached after the addition o f 1 juM NiCl2 while a half-m axim um  
TCR increase w as achieved by  a N i2+concentration  as low as 0.032 ,uM/l. Addi­
tion  o f 10~4 M ouabain (Strophanthin G; Calbiochem) induced an almost 
100%  increase in coronary resistance and the subsequent adm inistration  of 
N iC l2 was ineffective. R eplacem ent of the norm al perfusate w ith  K +-deficient 
K R B  (K + : 1.2 mM), also increased coronary resistance by ap p roxim ately  35%. 
N ickel caused a further increase o f TCR in K +-deficient K R B , b u t its m axi­
m um  effect was sign ificantly  (p <  0.05) depressed.

Ouabain (1 0 - 4 M) caused isom etric force developm ent in th e  isolated  
canine coronary artery strip after a long la ten cy  period (Fig. 3). A ddition  of 
1 ЦM NiCl2 to  the m uscle bath at the peak o f the ouabain-contraction did 
n ot evoke any further force developm ent. R epeated adm inistration o f NiCl2 
after 60 m in incubation of the strip in ouabain-free solution induced contrac­
tion  similar to  th a t observed under control conditions (see F ig. 1).

NiCt2 (pM /l)

F ig . 2. E ffec t of o u ab ain  (10-4  M) a n d  K + -d efic ien t (1.2 mM ) K rebs so lu tio n  o n  N i2+-induced  
e lev a tio n  of to ta l  co ro n ary  resis tan ce  (T C R ) in  th e  iso la ted  perfused  r a t  h e a r t  ( x ± S .E .)

mg 4 lti,
1  iNiCL

t ___ iw t___ .
Ouabain NiClj
(10'4M1 (IpM)

F ig .r 3 . E ffect o f o u ab a in  (1 0 -4 M) on  b asa l to n e  a n d  N i2+ -ac tio n  in  iso la ted  c a n in e  co ro n ary
a r te ry
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Discussion

T he active transport o f  N sA  and K + across th e  cell membrane is linked  
to  th e  enzym e Na- К —A T P ase, which is inh ib ited  b y  cardiac glycosides and 
K +-free and N a +-free so lu tio n s [19]. A ctivation  o f  N a- К —ATPase in iso lated  
blood  vesse ls causes re la x a tio n  which has been a tr ib u ted  to  hyperpolarization  
o f th e  cell membrane [5, 6 , 9 , 22, 26], while in h ib ition  of the pum p causes 
vasoconstriction  m ost p ro b a b ly  as a consequence o f  membrane depolariza­
tio n  [1, 20, 21] and increase o f  Ca-influx [2]. The present study confirm ed the  
vasocon strictive property o f  ouabain and K +-d efic ien t solution in the canine 
and rat coronary artery.

Experim ental ev idences suggest that the N a—K —A TPase plays im portant 
role in  th e  action m echanism  o f  N i2+-induced coronary vasoconstriction. The first 
(ind irect) evidence is based on  th e  finding that the characteristic features o f  Na— 
K -p u m p  inhibition and N i2+-induced coronary-vasoconstriction are very similar.

Cardiac glycosides w ere found to p o ten tia te  electrically-stim ulated  
vascu lar  contractions [7, 13] and after some d e la y  induced tension w ithout 
stim u la tion  in various iso la ted  blood vessels [3, 4 , 7, 8, 24]. The ouabain- 
in d u ced  contraction o f th e  rabbit aorta [8, 24] and  canine coronary artery  
is accom panied by an increase in Ca2 +-uptake, and  both  the contraction and  
th e  stim ulated  C a-influx w ere abolished b y  se lective  Ca-antagonists or b y  
rem ova l o f external Ca2 + . T h ese properties o f  ouabain  show a striking sim ilar­
i ty  to  those of Ni2+-induced  coronary vasoconstriction  (see Fig. 1).

The possible in v o lv em en t o f Na—K-pump in h ib ition  in the action m echa­
n ism  o f N i2+ is further su b stan tia ted  by the fact th a t  ouabain to ta lly  prevented  
N i2+-induced coronary vasoconstriction  both in th e  isolated  perfused rat heart 
(F ig . 2) and in the iso la ted  canine coronary artery (F ig. 3). These results are 
con sisten t w ith the in terp retation  that when N i2 + causes constriction o f coro­
n ary  vascular smooth m uscle  cells, th e N a +, K + exchanges are involved. Further  
stu d ies are needed to  c larify  w hether Ni2+ acts d irectly  on the enzym e and/or 
th e  vascular action o f th is  trace metal depends on the ionic gradients m ain­
ta in e d  b y  the electrogenic N a—K-pump [1].

Several observations ind icate that m ost o f  th e  contractile effects elicited  
b y  inhibition  of Na—K —A T P ase are neurogenic in  origin, since these contrac­
tio n s are abolished b y  alpha-adrenergic blockade and chemical denervation [6, 
12, 2 4 ]. In addition, B o n a c c o r si et al. [6] show ed a close correlation betw een  
th e  tim e course of d e la y ed  contraction and zero K +-induced release of 
3Fl-labelled  norepinephrine from  the nerve endings o f the rat tail artery. The 
p ossib ility  thus exists th a t N i2+-induced and N a -K -p u m p  dependent coronary  
vasoconstriction  is m ed ia ted  by neurotransm itter (catecholam ine) release 
and therefore by stim u lation  o f the vascular adrenergic receptors. This problem  
■was analysed in a recent s tu d y  [10].
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In the saphenous vein  and basilar artery o f  the dog [11] and in  the rat 
portal vein  [18], unlike in the canine femoral [11] and coronary artery [15—17], 
nickel ions have no stim ulatory action but th ey  rather reduce the basal tone  
and depress electrically-stim ulated  contractions [11, 18]. The present study  
suggests th at the vasoconstrictor effect of N i2 + depends on the a ctiv ity  o f the 
electrogenic N a-K -p u m p  and variations in the functional im portance o f this  
mem brane process [23] could provide an explanation  for the heterogeneous 
responses to Ni2+ o f blood vessels of different origin.

R E F E R E N C E S

1. A n d e r so n , D . K .:  Cell p o te n tia l  an d  so d iu m -p o tass iu m  p u m p  in  v a scu la r sm o o th  m uscle.
F e d . P roc. 35, 1 2 9 4 -1 2 9 7  (1976).

2. B e l a r d in e e l i, L ., H a r d e r , D ., Sp e r e l a k is , N ., R u b io , R ., B e r n e , R . M .: C ardiac glyco­
side s tim u la tio n  of in w o rd  Ca2+ cu rren t in  v a sc u la r  sm o o th  m uscle o f can in e  coronary  
a r te ry . J .  P h a rm ac o l, exp . T her. 209, 62 — 66 (1979).

3. B e a u s t e in , M. P .: S o d iu m  ions, calcium  ions, b lood  p ressu re  re g u la tio n  a n d  hyperten sio n :
a  reassessm en t a n d  a hy p o th esis . A m er. J .  P h y sio l. 232, C165 — C173 (1977).

4. B o h r , D. F ., Se id e l , C., S o b ie s k i, J . :  Possible ro ie  o f  sod ium -calc ium  p u m p s in  tension
dev elo p m en t o f v a sc u la r  sm oo th  m uscle. C ircu lâ t. R es. 32, 335 — 343 (1973).

5. B o h r , D. F ., W e b b , R . C.: L ow ering  of a c tiv a to r  calc ium  c o n cen tra tio n  in  th e  re lax a tio n
o f v a scu la r sm o o th  m uscle. In :  M echanism  o f V a so d ila ta tio n . E d s: P . M. V a m h a u tt , 
I. Ce u s e n , S. K a r g e r , B asel, pp . 3 7 —47, 1978.

6 . B ona cco rsi, A ., H e r m s m e y e r , K ., Sm ith , C .D ., B o h r , D. F .: N o rep in ep h rin e  release in
iso la ted  a rte rie s  in d u ced  b y  К -free so lu tion . A m er. J .  Physio l. 232, H 140 — H145 
(1977).

7. B r e n d e r , D ., V a n h o u t t e , P . M., Sh e p h e r d , J .  T .: P o te n tia tio n  of ad ren erg ic  ven o m o to r
responses in  dogs b y  ca rd iac  glycoside. C ircu lâ t. R es. 25, 597 — 608 (1969).

8 . B r ig g s , A. H ., Sh ib a t a , S.: Ca a n d  o uabain  in te ra c tio n  on  v ascu la r  sm o o th  m uscle. Proc.
Soc. exp. B iol. (N . Y .) 121, 2 7 4 -2 7 8  (1966).

9. H a d d y , F . J . :  T h e  m ech an ism  of p o tassium  v a so d ila ta tio n . See R ef. 5.
10. H a jd ú , K ., R u b á n y i, G ., P a t a k i, T .: T he ro le o f  ad ren erg ic  recep to rs  in  N i2 + -induced

coro n ary  v a so co n stric tio n . A c ta  physiol. A cad . Sei. hung . 59, 161- 167 (1982).
11. K a la b a y , L ., R u b á n y i, G .: C om parison o f n ickel a c tio n  on  v a rio u s  iso la ted  b lood vessels

o f th e  dog. A c ta  physio l. A cad . Sei. hung . In  press.
12. K a r a k i, H ., Oz a k i, H ., U h ak a w a , N .: E ffec ts  o f  o u ab a in  an d  p o tassiu m -free  so lu tion

on  th e  c o n tra c tio n  o f iso la ted  blood vessels. E u r . J .  P h arm aco l. 48, 439 — 443 (1978).
13. L e o n a r d , E .: A lte ra tio n  o f co n trac tile  response o f a r te ry  s tr ip s  b y  a K + -free  so lu tion ,

card iac  g lycosides a n d  changes in  s tim u la tio n  freq u en cy . A m er. J .  Physio l. 189, 185 — 
190 (1957).

14. M a t t h e w s , E . K-, Su l t e r , M. C.: O uabain -induced  changes in  th e  co n trac tile  an d  electrical
a c tiv ity , p o tass iu m  c o n te n t a n d  response to  d ru g s  o f sm o o th  m uscle cells. C anad. J .  
Physio l. P h a rm aco l. 45, 509 — 520 (1967).

15. R u b á n y i, G., K ová ch , A. G. B .: C ard iovascu lar ac tio n s o f n ickel ions. A c ta  physiol.
A cad . Sei. h u n g . 55, 345 — 353 (1980).

16. R u b á n y i, G., L ig e t i , L ., K o l l e r , Á ., B akos, M ., Ge r g e l y , A .: Physio log ica l a n d  p a th o lo g ­
ica l significance o f  n ickel ions in  th e  re g u la tio n  o f  co ro n ary  v ascu la r  to n e . In :  F ac to rs  
In flu en c in g  A dren erg ic  M echanism s in  th e  H e a r t .  E d s: M. Sz e n t iv á n y i, A. J uhász- 
N a g y . P e rg am o n  P ress , A kadém iai K iadó  B u d a p es t 1981, p p . 133 — 154.

17. R u b á n y i, G ., K a la b a y , L ., P a ta k i, T ., H a jd ű , К . :  N ickel s tim u la te s  iso la ted  canine
co ro n ary  a r te ry  c o n tra c tio n  b y  a  ton ic  calcium  a c tiv a tio n  m echan ism . A c ta  physiol. 
A cad . Sei. h u n g . 59, 1 5 5 -1 5 9  (1982).

18. R u b á n y i, G., I n o v a y , J . :  E ffec t o f nickel ions on  sp o n tan eo u s  a n d  e lec trica lly  s tim u la ted
c o n trac tio n s  in  th e  r a t  p o rta l  vein . A cta  physio l. A cad . Sei. hung . 59, 181 —186 (1982).

19. S ch w a rtz , A ., L in d e m e y e r , G. E ., Al l e n , J .  C.: T h e  so d iu m -p o tass iu m  adenosine  trip h o s­
p h a ta se . P h arm aco lo g ica l, physiological and  b iochem ical a spects. P h a rm aco l. í le v . 27, 
3 - 1 3 4  (1975).

Ada Physiologica Academiae Scienliarum Hungaricae 59t 1982



174 G. RUBÁNYI et al.

20. Sh e p h e r d , J .  T ., Va n h o u t t e , P .  M.: V eins an d  th e ir  co n tro l. W . B . S au n d ers Со., P h ila ­
d e lp h ia  1975, pp . 1 —416.

21. S o m l y ó , A. P ., Somlyó , A. V .: V a sc u la r  sm o o th  m uscle  I. N o rm al s tru c tu re , p a th o lo g y ,
b io ch e m is try  an d  b ioph y sics . P h a rm aco l. R ev . 20, 197 — 272 (1968).

22. T o d a , N .: R espensiveness to  p o ta s s iu m  an d  calcium  io n s  o f iso la ted  c e reb ra l a rte rie s .
A m er. J .  Physio l. 227, 1206 — 1211 (1974).

23. T o d a , N .: M echanism s of o u ab a in -in d u c e d  a rte ria l m uscle  co n tra c tio n . A m er. J .  P h y sio l.
239 , H 1 9 9 -H 2 0 5  (1980).

24. V a n  B r e e m e n , C., F a r in a s , B .,  G e r b e , P ., W u y t a c k , F . ,  D e t h , R .:  F a c to rs  co n tro llin g
cy to p la sm ic  Ca2+-c o n ce n tra tio n . P h il. T ran s , ro y . Soc. Ser. 265, 57 —71 (1973).

25. V a n  B r e e m e n , C., Aa r o n so n , P . ,  L o u t z e n h e im e r , R .:  Sod ium -calcium  in te ra c tio n s  in
m am m alian  sm oo th  m uscle . P h a rm ac o l. R ev. 30, 167 — 208 (1979).

26. V a n h o u t t e , P . M., V e r b e u r e n , T . J . ,  L o ren tz , R . R . : E ffec ts  o f  p o tass iu m  io n s o n  nerve
en d in g s  an d  effector cells in  ad ren e rg ica lly  in n e rv a te d  v a sc u la r  sm o o th  m uscle . Colloqu. 
IN S E R M S O : 4 2 5 - 4 4 2  (1975).

G. R u b á n y i , Mária B akos, K risztina H a jd ú  and T. P ataki 
E xp erim en ta l Research D epartm ent and Second D epartm ent o f P hysio logy  
Sem m elw eis U niversity M edical School 
H -1082 B udapest, Ü llői út 78 /a , H ungary

Acta Physiologica Academiae Scientiarum Hungaricae 59, 1982



Acta Physiologica Academiae Scientiarum Hungaricae, Tomus 59 (2 ), pp. 175—180 (1982)

EFFECT OF Ni2+, Co2+, Zn2+, Fe2k+, Cd2+, Hg2+, Cu2+ 
AND Y 03-  ON CORONARY VASCULAR 

RESISTANCE TN THE ISOLATED PERFUSED 
RAT HEART

M. B akos and G. R ubányi

EXPERIMENTAL RESEARCH DEPARTMENT AND SECOND INSTITUTE OF PHYSIOLOGY, 
SEMMELWEIS UNIVERSITY MEDICAL SCHOOL, BUDAPEST

(R eceived  O c to b er 16, 1981)

T he c o ro n ary  v ascu la r effect of v a rio u s  d iv a len t ca tio n s a n d  o f sod ium -m eta- 
v a n a d a te  w as co m p ared  in  iso la ted  p e rfu sed  r a t  h e a rts . T heir o rd e r o f a c t iv ity  was as 
follow s ( th e  c o n ce n tra tio n s  («M) evok ing  a  h a lf-m ax im u m  in crease  o f co ro n ary  resis­
ta n c e  are  in d ic a te d  (in  pa ren th eses): N i2+ (0.03) >  Co2+ (0.1) >  H g 2+ (0.16) >  VO7 
(0.2) >  Cu2+ (15) >  Z n (50). I ro n  (Fe2+) a n d  cad m iu m  (Cd2+) w ere in effective . The 
o rd e r o f co ro n ary  v aso co n stric to r p o ten c y  of these  m eta l ions d iffers fro m  th e  order 
o f th e ir  o th e r  physico -chem ical p ro p e rtie s  in d ic a tin g  th a t  th e ir  co ro n a ry  a c tio n  can n o t 
he  ex p la in ed  as be ing  singly  a  consequence of ion -m em brane  in te ra c t io n . I n  co n tra s t 
to  N i2+ , th e  e ffec t o f H g2+ w as to ta l ly  in h ib ite d  b y  p h e n o x y b en zam in e  (1 0 - 5 M) 
in d ic a tin g  th a t  co ro n ary  v a so co n stric tio n  in d u ced  b y  m ercu ry  io n s is  m ed ia ted  by  
a lp h a -rec ep to rs . C oronary  v aso co n str ic tio n  in d u ced  by  so d iu m -m e ta -v a n ad a te  was 
re s is ta n t  to  v e rap a m il while rem o v a l o f e x te rn a l Ca2+ p o te n tia te d  i ts  effect.

T hese d a ta  suggest th a t  in  c o n tra s t  to  N i2+ an d  H g 2+, v a n a d a te  increases 
c o ro n ary  re sis tan ce  by  m obilizing in tra c e llu la r  Ca2+ in  v a scu la r  sm o o th  m uscle cells.

R u b á n y i et al. [5] showed th at N iC l2 in very low  (m icrom olar) concen­
tration  constricts coronary artezies o f the isolated  perfused rat heart. Vanadate 
(V 0 3- ) [8] and m ercury [2] ions in m icrom olar concentrations also elevate  
the coronary resistance in the isolated rat heart. Prolonged adm inistration of  
CdCl2 causes hypertension in rats and rabbits and cardiovascular lesions were 
observed in hum ans after exposition to  Cd [7]. The effect o f  other trace ele­
m ents on coronary circulation is not know n.

N i ions easily  form com plexes w ith  various ligands occurring on the 
surface o f biological membranes [2]. W e assum e th at its b iological effect is due 
to  the ion-m em brane interaction o f unknow n origin. To clarify th is  hypothesis 
we com pared the effect o f N i2+ on coronary circulation w ith  th a t o f  the other 
trace elem ents belonging to  the transition  group: cobalt (Co), copper (Cu), 
zinc (Zn), cadm ium  (Cd), iron (Fe), vanadium  (as vanadate anion V 0 3~) 
and m ercury (H g). Furtherm ore, the coronary vascular action  o f N i2+ was 
com pared to  th a t o f  the w ell-known SH -reagent Hg2+ [1] and o f the Na, 
K -ATPase inhibitor vanadate [4] in the presence of the selective Ca-antagonist 
verapam il and the alpha-blocker com pound phenoxybenzam ine (PBZ), and 
also in the absence o f  extracellular Ca2+.
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Methods

W h ite  la b o ia to ry  ra ts  o f e i th e r  sex  w eighing 200 to  300 g w ere d e ca p ita te d  a f te r  i .p . 
in je c tio n  o f  h e p arin  (5 lU /g  b .w .). A f te r  ra p id  rem oval o f th e  h e a r t  th e  co ronary  sy s te m  w as 
p e rfu se d  th ro u g h  th e  c an n u la ted  a o r ta  (m odified  L an g en d o rff te c h n iq u e )  w ith  K reb s—H en se le it 
b ic a rb o n a te  so lu tion  (pH  =  7 .3 -7 .4 ) c o n ta in in g  10 mM  glucose a n d  10 m U /m l in su lin  [5].

T h e  h e a r t  was perfused  b y  a  c o n s ta n t flow  p e ris ta ltic  p u m p  (H a rv a rd , T ype  1210) 
v ia  a  b u b b le - t ra p  and a f i lte r  a t  ro o m  tem p e ra tu re . M ean p e rfu s io n  p ressu re  w as m easu red  
b y  a  p re ssu re - tra n sd u c e r  (S a n b o rn , T y p e  267BC) an d  co ro n a ry  flow  was d e te rm in ed  b y  
a  sy r in g e  u n d e r  th e  h ea rt. P re ssu re  w as recorded  co n tin u o u sly  (H a rv a rd  p o ly g rap h , T y p e  
490). T o ta l  co ronary  resistance  w as c a lcu la te d . The T C R -elev a tin g  effec t of th e  ions s tu d ie d  
w as c o m p a re d  according to  th e ir  c o n c e n tra tio n  in  th e  p e rfu sa te  (,umol/l) w hich e lic ited  h a lf ­
m a x im u m  v aso co nstric tion . T h is v a lu e  w as called E D 50.

T h  I chem ic ; : : used in  th e  e x p e rim e n ts  were v e rap am il (V e rp am il® , O rion) an d  p h e n -  
o x y b e n z a m in e  (Sm ith  K line a n d  F re n c h ) .  V alues g iven  are  th e  m ean s ^ tS E M . D a ta  w ere 
a n a ly se d  fo r  s ta tis tica l significance b y  S tu d e n t’s l-te st.

Results

T h e  action of the stu d ied  elem ents on coronary resistance in the iso lated  
rat h eart is summarized in  F ig . 1. The following ions caused an elevation  o f  
TCR: N i2+, Co2+, Hg2 + , V 0 3~ , Cu2+ and Zn2+, w hile Fe2+ and Cd2+ did not 
induce an y  change. The sequence o f  activ ity  of the elem ents calculated on the  
basis o f  E D S0 was, N i2+ (0 .03 /xmol/L) >  Co2+ (0.1) j> H g2+ (0.16 j > V 0 3-
0.2) ]>  Cu2 + (15) > Z n 2+ (50). T he N i2+-induced rise o f TCR was com pletely

F ig . 1 . E ffe c t  of increasing  doses (0 .0 1 -1 0 0  /imol/1) o f N iC l2 ( n —8), CoCl2 ( n = 5 ) ,  H gC l2 ( n = 8), 
C uC l2 ( n = 4 ) ,  N aV 0 3 ( n = 4 ) ,  Z n S 0 4 ( n = 5 ) ,  CdCl2 ( n = 4 ) ,  F e C l2 ( n = 4 )  on to ta l  c o ro n ary  

re s is ta n c e  (TCR) expressed  in  p e r  cen ts  o f th e  con tro l in  th e  iso la te d  perfused  r a t  h e a r t
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F ig . 2. E ffect o f v e ra p a m il ( n = 4 ) ,  P B Z  ( n = 5 )  a n d  G a-deficient m e d iu m ^ (n = 4 )  on  N ia*- 
in d u ce d  T C R  e lev atio n  in  th e  iso la ted  r a t  h e a r t

F ig . 3. E ffect o f v e ra p a m il ( n = 5 ) ,  P B Z  ( n = 5 )  a n d  C a-deficien t m ed iu m  ( n = 5 )  on H g 2+ 
in d u ce d  T C R  e lev atio n  in  th e  iso la ted  p e rfused  r a t  h e a r t
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F ig . 4 . E ffe c t  of verapam il (n =  5), P B Z  (n  — 5) an d  C a-deficient m ed iu m  ( n = 4 )  on  V 0 3~- 
induced  T C R  e le v a tio n  in  th e  iso la ted  r a t  h e a r t

in h ib ited  in  the Ca-deficient m edium  as w ell as after treatm ent w ith  verapam il 
(1 0 -2  МД). PBZ (10~5 M/l) sh ifted  the dose-response curve to  the right and  
depressed  th e  maxim um  effect sign ificantly , ind icating a partial inh ib ition  of 
the N i2 + -action (Fig. 2). H gC l2 also failed to  cause coronary vasoconstriction  
in C a-deficient medium but verapam il treatm ent on ly  partia lly  inh ibited  the 
coronary effect (Fig. 3). A fter treatm en t w ith  PB Z , coronary vasoconstriction  
w as com p lete ly  abolished.

V an ad ate  ion caused a linear rise of TCR in the 0.01—10 /лпо1/1 concentra­
tio n  range (Fig. 4). N either verapam il, nor PBZ did alter this response, while 
in  C a-deficient buffer there w as a significant enhancem ent o f the TCR-increas- 
in g  a c tio n  o f V 0 3".

D iscussion

C om parative study show ed th a t like N i2+, the d ivalent cations Co2+, 
H g2+, V 0 3~ , Cu2+, Zn2+ also e leva te  TCR in the iso lated  perfused rat heart. 
Iron an d  cadm ium  ions in  th e  applied concentration range (0.01—100 ym ol/l) 
did n o t change TCR. The ob ta in ed  values o f E D S0 indicate the follow ing or­
der o f  a c tiv ity : Ni2+ > -C o2+ }> H g2-1- > V 0 3~ > C u 2+ > Z n 2+, w hich differs 
m ark ed ly  from any other order o f  chem ical a ctiv ity  (see Table I).

B er s  and Langer [3] found that in the cardiac sarcolem m a the Ca- 
disp lacin g  activ ity  of d ivalent uncoupling ions increases w ith  the ionic radius.
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Table I

C om parison o f  coronary vasoconstrictor potency w ith  the order o f  several chemical 
properties o f  the metal ions studied

C oronary  vasoconstric to r 
a c tiv ity N i > C o > H g > V 0 3> C u > Z n

A tom ic  nu m b er C o > N i> C u > Z n > C d > H g

S o lu b ility  co n stan t (—SH)* H g > C u > C d > N i> Z n

S ta b ility  co n stan t 
(ligand — N H 3)* H g > C u > Z n > N i> C d > C o

Ionic  rad ius* H g > C d  > Z n  > C o  =  Cu > N i

A ccording to  Â rhem  [1].

In contrast, the coronary vasoconstrictor p o ten cy  of the studied m eta l ions 
differed fundam entally  from the sequence o f  th e  ionic radii and other chem ical 
properties listed  in Table I. These experim ents thus suggest that th e  coronary  
vasoconstrictor effect is not a simple consequence o f ion-m em brane inter­
action.

The effect o f nickel is to ta lly  abolished in Ca-deficient m edium  and by  
verapam il, confirm ing earlier results [6] show ing that Ni2+ increases Ca- 
in flux into the coronary vascular sm ooth m uscle cells. One of th e  possible 
m echanism s o f such an enhancem ent o f Ca-transport m ay be the activation  
of alpha-receptors in the coronary vessels [9]. PBZ-pretreatm ent o f th e  isolated  
heart inh ib ited  the vasoconstrictive effect o f  N i2+ only partially, indicating  
that other m echanism s are also involved.

Sim ilarly to  th a t o f nickel, the coronary vasoconstrictor action  o f the  
m ercury ion closely depends on the presence o f extracellular Ca2 + . A t the  
same tim e, verapam il inhibited on ly  partia lly  th e  action o f Hg2+. The finding  
suggests th a t the action o f H g2+-action on th e  coronary vessels depends only  
partly on th e  activation  o f verapam il-sensitive Ca-channels. The fin d in g  that 
PBZ to ta lly  abolished the action o f H g z+  ind icates that H g2+-induced coronary  
vasoconstriction  in  the rat heart is m ediated  b y  alpha adrenergic receptors.

The characteristic features o f  vanadate-induced coronary vasoconstric­
tion  differ basically  from  those elicited b y  N i2+ and H g2+. V erapam il and 
P B Z -treatm ent did not influence TCR changes induced b y  V 0 3~ . In  addition, 
rem oval o f  extracellular Ca2+ sign ificantly poten tiated  its effect. I t  is assum ed  
that V 0 3~ activates coronary vascular sm ooth  m uscle contraction b y  a m obili­
zation o f intracellular Ca2 + .

The difference o f the coronary action o f  these three ions ind icates th at 
the N i2+-effect cannot be explained on ly  b y  an interaction w ith  SH -groups 
or wûth N a, K—A T Pase in the isolated rat heart.
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EFFECT OF NICKEL IONS ON SPONTANEOUS, 
ELECTRICALLY AND NOREPINEPHRINE 

STIMULATED ISOMETRIC CONTRACTIONS IN THE 
ISOLATED PORTAL VEIN OF THE RAT
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The effect of low concentrations (1—10 p M )  of nickel (Ni2+) was studied  on the 
spontaneous contractile  activ ity  of isolated r a t  portal vein preparations. To distinguish 
between presynaptic and postsynaptic actions, Ni2+-induced changes of isometric 
force developm ent evoked either by electrical field  stim ulation (80V/5 cm; 1 msec; 
1-32 Hz) or by exogenous norepinephrine (N E ) were compared.

Ni2+ inh ib ited  spontaneous isom etric force development, decreased basal tone 
bu t significantly increased the frequency of contractions. The experim ental findings 
th a t  inhibition  of the effect of selective stim ula tion  of adrenergic nerves was signifi­
cantly  more pronounced than  the depression of contractions evoked b y  exogenous 
norepinephrine indicate th a t in addition to  postsynaptic actions, Ni2+ influences 
presynaptic mechanism s (i.e. NE-release) in  th is vessel preparation.

Acta Physiologien Academiae Scientiorurn Hungaricae, Tomus 59 (2), pp. 181 — 186 (1982)

Nickel ions (N i2+) are potent endogenous vasoactive agents [10] which  
induce coronary vasoconstriction in the iso lated  rat heart [8], in th e  in situ  
dog heart [9] and in the isolated canine coronary artery [11]. The last m entioned  
preparation is m ost suitable for analysis o f  the direct action o f N i2 + on 
vascular sm ooth m uscle cells w ith certain lim itations. The m ost im portant 
factor in this respect is the fact that the sm ooth  muscle o f large “ W indkessel” 
and conduit arteries (which are prim arily su ited  for this type o f  stu d y  for 
technical reasons) differ in several functional characteristics from th e sm ooth  
m usculature o f  the haem odynam ically m ore im portant small peripheral 
resistance vessels [3]. In  fact, previous stud ies have revealed several differ­
ences between N i2+-induced elevation  o f  coronary resistance in th e  in tact 
heart and coronary vasoconstriction in th e  isolated large coronary artery  
strips [11].

The portal vein proved to be a valuable m odel for studying the character­
istics of peripheral circulation where the vessels are less accessible to  direct 
investigations [7]. The present study w as therefore designed to  investigate  
th e  effect o f low  concentrations (1 and 10 /iM/1) o f nickel ions on various 
param eters o f th e  spontaneous contractile a ctiv ity  o f the isolated  rat portal 
vein . To distinguish betw een presynaptic neurotransm itter release and p ost­
synaptic sm ooth m uscle actions o f this trace m etal Ni2+-induced changes of 
isom etric force developm ent evoked either b y  selective electrical fie ld  stim ula­
tion  or by exogenous norepinephrine (postsynaptic) stim ulation were com pared.
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Methods

E x p erim en ts  were perform ed on 10 portal vein prepara tions from rats of th e  W ista r 
stra in  w eighing 200-300 g. The anim als were decapita ted  b y  guillotine, exsanguinated, the 
po rta l v e in s dissected, removed w ith in  2 min after decap ita tion  and placed into oxygenated 
K reb s-R in g e r bicarbonate solution (K R B ) of the following composition (mM/1): NaCI: 116; 
KC1: 4 .6 ; CaCl2: 2.5; K H 2P 0 4: 1.2; M gS 04: 1.2; N aH C 0 3: 25 and glucose 10. The solu tion  
was b u b b led  w ith  a gas m ixture of 95%  0 2 and 5%  C 0 2 to  give a pH  of 7.4.

T he  15—20 mm long vascular segm ents were suspended vertically in  a w ater-jacketed  
th e rm o sta te d  (3 7 ^ 0 .2  °C) plexy cham ber containing 20 ml of K R B . The mechanical a c tiv ity  
of th e  lo n g itud ina l m usculature of th e  po rta l vein was recorded isometrically w ith a force — 
d isp lacem en t transducer (Grass F T 03C ) operating an  inkw riting  recorder (Esterline Angus). 
The pass ive  tension applied to  th e  m uscle varied betw een 800 and 1000 mg. The m uscle a t 
this passive  tension was allowed to  recover for about 1 h  in  the bath .

N erve  responses were obtained  by selective ac tiva tion  of the in tram ural adrenergic 
nerve p lex u s by  means of tran sm ura l electrical field stim ulation . A Grass S-48 s tim ula to r 
prov ided  square  wave impulses of supram axim al am plitude (80 Y) and 1 msec du ra tio n  to  
p la tin u m  rin g  electrode m ounted in  th e  w’all of the muscle cham ber 5 cm apart.

Experim ental protocol

Frequency-response relationships were obtained b y  field stim uli of 2, 4, 8, 16 and  
32 H Z  frequency  lasting for 1 min a t  3 m in intervals. A fter stim ulation, when the baseline 
had com ple te ly  returned to  the resting  level, exogenous norepinephrine (NE) was in jected  
into th e  b a th  to  give a final concentration  of 10-7 g/ml. A fterw ards N E was washed o u t and 
15 m in  la te r  NiCl2 was injected in to  th e  b a th  to give a final concentration of 1 //МД. A fter 
the N iz+  effect had became stable (~ 3 0  min), the electrical and N E stim ulations were rep ea t­
ed. T he effect of 10 //МД NiCl2 was sim ilarly  studied on th e  sam e  preparation.

T he  m ean  and standard error o f th e  m ean (x + S .E ) of grouped experimental da ta  were 
ca lcu la ted . Comparison of mean values was performed by S tu d en t’s t-test.

Results

T h e  typ ica l original recordings in F ig. 1 dem onstrate the rhythm ic  
sp on tan eou s contractile a c tiv ity  and the frequency-response relationship  
induced  b y  transmural field stim ulation  in an iso lated  rat portal vein prepara­
tion  u n d er  control conditions and in the presence o f 1 and 10 /xM/1 N iC l2. 
B asal to n e  (i.e. tension m easured in  the relaxed sta te  of the muscle) and the  
am p litu d e o f  spontaneous phasic contractions w ere significantly reduced b y  
1 pM N iC l2 (Fig. 2) hut there w as a significant increase observed in th e  fre­
q u en cy  o f  spontaneous contractions (Fig. 2). E levation  o f N i2 +-concentration  
from  1 to  10 //М/l caused no sign ificant changes in any of these param eters. 
The m ean  values of transm ural field-stim ulation-induced frequency-response 
rela tion sh ip s are illustrated in F ig . 3. Electrical field-stim ulation  caused a steep  
rise o f  ten sion  in the low frequency range (2—8 EIz) which was follow ed by  
a m u ch  slow er increase at h igher frequencies (16 and 32 Hz) under control 
con d ition s. N iC l2 in 1 /xM concentration  caused a significant depression o f the  
curve a t  every  frequency va lu e studied, and th e  presence of 10 /xM N iC l2 
in th e  h a th  caused a further sign ificant inhibition. Exogenous norepinephrine
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Control

Hz: 2

1pM NiClj

250
mg'W r w ^

Hz: 2 

10pM NiCl2

16

250mg

Hz: 2 ___i U 8
1min

Field stim.:80V/5cmi1ms;1min

16

F ig .  1 .  S p o n ta n e o u s  a n d  e le c tr ic a l ly -s t im u la te d  is o m e tr ic  c o n t r a c t io n s  o f  a n  iso la te d  ra t  
p o r ta l  v e in  p r e p a ra t io n .  N o te  t h e  s ig n if ic a n t  in h ib i t io n  o f m e c h a n ic a l  a c t iv i ty  b y  1 a n d  10 //M/1

N iQ .

Spontaneous contractile 
Basal tone activity

Amplitude Frequency

F ig . 2 .  E ffe c t  o f  1 a n d  10 / / M l N iC l2 o n  b a s a l  to n e  a n d  a m p l i tu d e  a n d  f re q u e n c y  o f  s p o n ta n e o u s  
c o n t r a c t io n s  o f  r a t  p o r ta l  v e in s  (n  =  10) ( x ^ S - E . )

in a concentration o f 1 0 “ 7 g/m l, caused isom etric force developm ent (Fig. 4), 
the m agnitude o f w hich w as approxim ately equivalent to  th at seen after 32 Hz 
electrical stim ulation (F ig. 3). Addition o f 1 /íM N iC l2 to  the m uscle bath  
depressed the N E  response as well, but the ex ten t o f  inhibition (15-20% ) 
was significantly less pronounced than that observed in the case o f 16 and 
32 Hz electrical stim ulation  (60-65% ).
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Electric field stimulation

F ig .  3 .  E f f e c t  o f  1 a n d  10 /iM/1 N iC l2 o n  th e  f re q u e n c y -re s p o n se  r e la t io n s h ip  e v o k e d  b y  e le c tr ic a l 
f ie ld  s t im u la t io n  in  r a t  p o r ta l  v e in  ( n = 1 0  ((x  S. I'..)

Control 1pM NiCl2

F ig . 4 . I s o m e tr ic  c o n tra c tio n s  in d u c e d  b y  e x o g e n o u s  n o re p in e p h rin e  (10  7 g /m l)  in  r a t  p o r ta l  
v e in  p r e p a ra t io n  in  t h e  a b s e n c e  (c o n tro l)  a n d  p re se n c e  o f  1 fiM /l  N iC l2

Discussion

T he present study on th e  spontaneously active isolated  rat portal vein  
sh ow ed  th at nickel ions in low  concentrations (1 and 10 //МД) inhibited  both  
th e  spontaneous and electrica lly  — as well as exogenous norepinephrine — 
stim u la ted  isometric contractions. These actions are opposite to  the vaso­
con str iction  induced b y  N i2+ in  the isolated canine coronary [11] and femoral 
arteries [5] but th ey  are sim ilar to  the N i2+-induced inhibition  o f  contractile
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a ctiv ity  in the isolated canine basilar artery and saphenous vein  [5]. The 
exact nature o f these basically different actions o f  the same trace m etal in 
various blood vessels is unexplained hut confirm s earlier findings [2] in that  
functional characteristics o f vascular sm ooth m uscle in blood vessels o f  different 
anatom ical origin are heterogenous. Thus, th e  future analysis o f  th e  action  
m echanism  of N i2+ m ay help to elucidate th e  functional h eterogeneity  of 
vascular sm ooth m uscle as well.

K o h l h a h d t  et al. [6 ] have recently suggested , on the basis o f  experi­
m ents w ith tension recording and Ca2+-flux data  in isolated guinea-pig ventric­
ular strip preparations, th at the Ni2+-induced inhibition of cardiac contrac­
t il ity  operates b y  an antagonism  between nickel and calcium ions on superficial 
binding sites. This is o f interest w ith regard to  the present observations on the  
portal vein where the inhibitory response to  n ickel ions resembles in its  m echan­
ical com ponents the activ ity  changes produced b y  lowering the Ca2+-con- 
ccntration in the m edium  [1]: reduction o f th e  Ca2+-concentration to  0.5— 
0.6 mM caused a decrease o f  both the basal ton e and the am plitude o f  sponta­
neous contractions w ith  a parallel significant increase of the frequency of 
contractions (see also Figs 1 and 2). These data suggest that Ni2 + acts as a Ca2+- 
antagonist in the isolated rat portal vein.

The present find ing th at the Ni2+-induced inhibition of contractions  
evoked b y  selective stim ulation  o f intram ural adrenergic nerves w as sign ifi­
can tly  more pronounced (Figs 1 and 3) than  th e  depression o f contractions  
stim ulated  by exogenous norepinephrine (F ig . 4) indicate that in ad d ition  to 
its postsynaptic actions (i.e. on the vascular sm ooth  muscle cell m em brane) 
N i2 f influences a presynaptic m echanism, i.e. N E-release from the sym p ath etic  
nerve endings. I t  is proposed that Ni2+ inh ib its NE-release from th e  nerves 
b y  antagonizing Ca2+-in flux , but other m echanism  m ay also be in vo lved . 
More detailed studies are required to clarify th e  possible role o f  n ickel ions 
in adrenergic neurotransm ission. The finding th a t the response to  N E  was 
more insensitive to  N i2+ than  were spontaneous contractions, m ay be explained  
b y  the fact th at N E  induces contraction in the portal vein by m obilizing  
intracellular Ca2+ [4], w hile spontaneous contractions depend prim arily on the  
in flux o f extracellular Ca2+ into sm ooth m uscle cells [1].
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INHIBITION OF MYOCARDIAL REACTIVE 
HYPERAEMIA BUT NOT OF HYPOXIC CORONARY 

VASODILATATION BY CONSTANT VERAPAMIL 
INFUSION IN THE IN SITU DOG HEART

Á . K o l l e r , G. R u b á n y i , L .  L i g e t i  a n d  A. G. B .  K o v a c h

EX PE R IM E N T A L  R ESEA R C H  D EPA R T M E N T AND SECOND PHYSIOLOGICAL IN S T IT U T E , 
SEM M ELW EIS U N IV E R S IT Y  M EDICAL SCHOOL, BUDAPEST

(R e c e iv e d  N o v e m b e r  3 , 1981)

T h e  p u rp o s e  o f  t h e  p r e s e n t  s tu d y  w as  to  in v e s t ig a te  th e  c h a n g e s  o f  c h a r a c te r i s t i c  
p a r a m e te r s  o f  m y o c a rd ia l  r e a c t iv e  h y p e ra e m ia  t h a t  fo llow  c o ro n a ry  a r t e r y  o c c lu s io n  
fo r  10 sec a n d  o f  th e  c o ro n a ry  v a s c u la r  re sp o n se  t o  h y p o x ia  d u r in g  c o n s t a n t  v e r a p a m il  
in fu s io n  (0 .01  m g . k g - 1 , m in -1 ) in  a n a e s th e t iz e d  o p e n -c h e s t  dogs. R e a c t iv e  h y p e r a e m ia  
w a s  s ig n if ic a n t ly  r e d u c e d  b y  th e  sp e c if ic  C a -a n ta g o n is t  v e ra p a m il , w h ile  a u g m e n ta t io n  
o f  c o ro n a ry  b lo o d  f lo w  b y  1 0 0 %  N 2 in h a la t io n  fo r  30  sec  w as n o t  s ig n if ic a n t ly  in f lu e n c e d  
b y  th e  d ru g . T h e  e x p e r im e n ta l  r e s u l t s  in d ic a te  t h a t ,  s im ila r  to  m y o c a rd ia l  c e lls , v e r a ­
p a m il  re d u c e s  th e  o x y g e n  r e q u i r e m e n t  o f  v a s c u la r  s m o o th  m u sc le  cells a s  w e ll. T h e  p o ss i­
b i l i ty  e x is t  t h a t  v e r a p a m il  e x c lu d e s  f a c to r ( s )  re sp o n s ib le  fo r  th e  d i s p r o p o r t io n a l  o v e r ­
p a y m e n t  o f  f lo w  d e b t .

Num erous studies on coronary circulation have indicated th a t  local 
factors w ithin the heart are o f  prim ary im portance in changing the basal tone  
and thereby adjusting coronary blood flow  (CBF) to  meet the o x y g en  require­
m ent o f the m yocardium  [2]. R eactive hyperaem ia (RH) o f th e  coronary  
vessels follow ing m echanical occlusion o f various duration has b een  proved  
to  be a valuable experim ental m odel for the stu d y  o f local regulation  o f CBF  
[10]. Previous studies have revealed  th a t R H  in the heart is a com plex  response  
h avin g  both physical and chem ical determ inants (e.g. locally produced vasod i-  
la tory  m etabolites, vascular sm ooth muscle oxygen  deprivation and loss of  
m yogenic tone during coronary occlusion) [10]. Adenosine was proposed  as a 
k ey  factor in the m etabolic regulation o f CBF [3] and has been d em on strated  
to  be released from  the norm ally oxygen ated  heart [9, 11].

The dem onstration th a t adenosine is released from the heart in  response  
to  increased m yocardial oxygen  dem and [3, 8] support the assum ption  th a t  
adenosine plays a key role in  the coupling of m yocardial m etabolism  to  CBF. 
Num erous studies have show n th at organic Ca-antagonists (e.g. verapam il) 
decrease m yocardial oxygen  dem and [5], thus, investigation  of th e  effects o f  
verapam il on the R H  o f coronary vessels m ay provide additional ev id en ce for 
the role o f m etabolism -dependent adenosine accum ulation in determ ining  
R H . Besides ischaem ia and increased oxygen dem and arteiial h y p o x ia  has 
also been reported to  be an intensive stim ulus for cardiac adenosine release [12, 
14]. A  significant parallelism  has been dem onstrated between coronary flow
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and tissu e  adenosine co n ten t on one hand and th e  rate o f adenosine release on 
th e  o th er from isolated  guinea-pig hearts su b jected  to  varying degrees o f  
h y p o x ia  [12]. In con trast to  R H  following m echanical occlusion, coronary  
v ascu lar  responses during severe hypoxia in th e  in  situ heart are subjected  
n o t o n ly  to  local, but also to  neurohumoral factors activated  by arterial oxygen  
d efic ien cy  [13].

The purpose o f th e  present study w as to  in vestigate the q u antitative  
asp ects o f the R H  fo llow in g  coronary occlusion for 10 sec and of the hypoxic  
coronary vascular response during constant verap am il infusion in anaesthetized  
op en -ch est dogs. To d istin gu ish  between local and  rem ote regulatory factors, 
variou s haem odynam ic param eters were recorded sim idtaneously.

M aterials and M ethods

M o n g re l dogs o f  e i t h e r  s e x  w e ig h in g  16 to  33 k g  w e re  a n a e s th e tiz e d  b y  g lu c o c h lo ra lo se  
(1 0 0  m g . k g -1  b o d y  w e ig h t)  w i th  a d d i t io n a l  a n a e s th e t ic  g iv e n  a s  n e e d e d  to  m a in ta in  a  c o n s ta n t  
le v e l  o f  a n a e s th e s ia .  T h e  a n im a ls  w e re  im m o b iliz ed  b y  f l a x e d y l  (2 m g . k g -1 ) a n d  p u lm o n a r y  
v e n t i l a t i o n  w as a c c o m p lis h e d  b y  a  p o s itiv e  p re s s u re  r e s p i r a t o r  ( H a rv a rd )  w ith  r o o m  a ir  e n ­
r i c h e d  b y  1 0 0 %  o x y g e n . B lo o d  g ases  a n d  p H  w e re  m o n i to r e d  (R a d io m e te r  C o p e n h a g e n , 
T y p e  A B L  1) a n d  th e y  w e re  k e p t  w ith in  a c c e p ta b le  r a n g e s .  A  fe m o ra l a r te ry  a n d  v e in  w ere  
c a n n u l a t e d  fo r  c o n tin u o u s  m o n i to r in g  o f  m e a n  a r te r i a l  b lo o d  p re s s u re  (M A B P ) v ia  a  S ta th a m  
P 2 3 H C  p re ss u re  t r a n s d u c e r ,  a n d  f o r  in tra v e n o u s  a d m in i s t r a t i o n  o f  f lu id s  a n d  d ru g s  (F ig . 1). 
T h e  h e a r t  w as a p p r o a c h e d  t h r o u g h  a  m id s te rn a l in c is io n .  A n  e le c tro m a g n e tic  f lo w  p ro b e  
( S t a th a m  S p2202) w as p la c e d  a r o u n d  th e  a sc e n d in g  a o r t a  t o  m e a su re  c a rd ia c  o u t p u t  (C O ), 
a n d  a r o u n d  th e  le f t  a n te r io r  d e s c e n d in g  (L A D ) c o ro n a r y  a r t e r y  fo r  m o n ito rin g  c o r o n a r y  b lo o d  
f lo w  (C B F ) . F lo w  ra te s  w e re  m e a s u re d  b y  a  S ta th a m  f lo w  m e te r .  T h e  f lo w  p ro b e s  w e re  c a li­
b r a t e d  i n  s i tu  b y  c a n n u la t in g  t h e  a r t e r y  a n d  p u m p in g  t h e  d o g ’s o w n  b lood  th ro u g h  i t  a t  v a r io u s  
k n o w n  r a t e s  b y  a  c o n s ta n t  p e r i s t a l t i c  p u m p  ( H a rv a rd ) .

C o n v e n tio n a l ( le a d  I I )  a n d  e p ic a rd ia l E C G  w e re  m o n i to r e d  a n d  s p o n ta n e o u s  h e a r t  r a te  
w a s  c o n t in u o u s ly  r e c o rd e d  b y  a n  in te g r a to r  fed  b y  th e  R - w a v e  s ig n a l o f  th e  E C G . L e f t  v e n t r i c ­
u l a r  p r e s s u re  (L V P ) w a s  m e a s u r e d  b y  a  s ta in le s s  s te e l  n e e d le  in s e r te d  in to  th e  l e f t  v e n tr ic le  
a n d  f ix e d  b y  a t r a u m a t ic  s u tu r e s  t o  th e  e p ic a rd iu m , v ia  a  S ta th a m  P 2 3 H C  t r a n s d u c e r .  T h e  
d p / d t  w a s  c o n tin u o u s ly  r e c o r d e d  b y  a  d e r iv a tiv e  c i r c u i t  f e d  b y  th e  v e n tr ic u la r  p r e s s u re  s ig n a l. 
A ll  t h e  a b o v e  p a ra m e te r s  w e re  r e c o rd e d  on  a 1 2 -c h a n n e l G ra s s  T y p e  7D  p o ly g ra p h . T h e  fo llo w ­
in g  p a r a m e te r s  w ere  c a lc u la te d  f r o m  th e  p o s to c c lu s io n  r e a c t iv e  h y p e ra e m ic  ( R H )  re sp o n s e  
( F ig .  2 ) : b a s a l  c o n d u c ta n c e  (B C  =  m e a n  c o ro n a ry  b lo o d  f lo w /m e a n  c o ro n a ry  p e r fu s io n  p re s s u re ) ;  
m a x im a l  c o n d u c ta n c e  (M C ), p e a k  c o n d u c ta n c e  (P C  =  M C -B C ); v a sc u la r  r e a c t iv i t y  (R  =  
=  P C /B C ) , th e  a re a  o f  f lo w  d e b t  (A ,)  a n d  th a t  o f  R H ( A 2), a n d  th e  r a t io  o f  th e m , i .e .  t h e  r e p a y ­
m e n t  ( R p  =  A 2/A j ). T h e  m a g n i tu d e  o f  A t a n d  A 2 w a s  e s t im a te d  b y  m e a su rin g  th e  w e ig h t  o f 
t h e  p a p e r  p iece  c o r re s p o n d in g  t o  f lo w  d e b t (A ,) a n d  p o s to c c lu s io n  flow  in c re a se s  ( A 2).

E x p e r im e n ta l

H a e m o d y n a m ic  a n d  c o r o n a r y  flo w  d a ta  w e re  o b t a in e d  in  8 a n im a ls  30 m in  a f t e r  th e  
s t a r t  o f  re c o rd in g  w h e n  a ll  p a r a m e te r s  re a c h e d  s ta b le  l e v e l .  A  10-sec m e c h a n ic a l o c c lu s io n  o f  
L A D  a n d  30-sec 1 0 0 %  N 2- i n h a l a t io n  w ere r e p e a te d  tw ic e  ( w i th  15 m in  in te rv a ls )  to  o b ta in  
c o n t r o l  d a ta  fo r  p o s to c c lu s io n  r e a c t iv e  h y p e ra e m ia  ( R H )  a n d  h y p o x ic  c o ro n a ry  v a s o d i la ta t io n .  
V e r a p a m i l  (V e rp a m il® , O r io n )  w a s  th e n  g iv e n  a s  a  b o lu s  in je c t io n  o f 0.2 m g . k g -1  i n t r a ­
v e n o u s ly ,  o v e r  a  p e r io d  o f  2 t o  3 m in . T h is  w as fo llo w e d  b y  a  c o n s ta n t  in fu s io n  o f  th e  d ru g  b y  
a  H a r v a r d  p u m p  to  d e l iv e r  0 .0 1  m g. k g “ 1, m in -1  f o r  a  p e r io d  o f 60 m in . L A D  o cc lu s io n  
a n d  N 2- in h a la t io n  w e re  r e p e a t e d  tw ice  a f te r  th e  e f fe c t  o f  v e ra p a m il  in fu s io n  h a d  b e c a m e  
s t a b le  ( ~ 3 0  m in ).

S ta t is t ic a l  a n a l y s i s : T h e  m e a n s  a n d  s ta n d a r d  e r r o r  o f  th e  m e a n  (x  ; 5  EM ) w e re  c a lc u l­
a t e d  a n d  th e  re su lts  w e re  e x p r e s s e d  in  th ese  te r m s .  S t a t i s t i c a l  d iffe ren ce  b e tw e e n  m e a n s  w as 
e s t im a t e d  b y  S tu d e n t ’s t - te s t .
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Results

The original recording in Fig. 3 illustrates the effects o f  continuous 
verapam il infusion (0.01 mg. k g -1 , m in -1 ) on coronary blood flow  and 
various cardiac and haem odynam ic param eters during postocclusion (10 sec) 
reactive hyperaem ia (R H ) and arterial hyp oxia  (30 sec). V erapam il induced 
a transient increase in CBF and CO, and decreased M ABP, H R , LVP and 
dp/dt m ax. R H  w as sign ificantly  depressed 30 m in after the start o f  verapamil 
infusion hut the increase o f  hypoxic coronary blood flow  w as n o t considerably  
influenced by the drug in the 50th min o f  perfusion. Table I  dem onstrates 
m ean values o f haem odynam ic and cardiac variables before (control) and 
15 min after verapam il infusion.

Cardiac ou tput decreased slightly during verapam il in fusion , however, 
the difference was not sta tistica lly  significant. There was a significant (p <  0.05) 
drop o f mean arterial blood pressure (M A BP). Verapam il caused moderate 
reduction of to ta l peripherial resistance (T P R ). H eart rate (H R ), dp/dt max 
and dp/dt min were sign ificantly  depressed b y  the drug. Verapam il failed 
to  cause significant changes in mean coronary blood flow  under the present 
experim ental conditions.

A t m o s p h e r e

F ig .  1 . E x p e r im e n ta l  m o d e l i l lu s t r a t in g  th e  m e a s u re m e n t  o f  v a r io u s  c a rd ia c  a n d  h a e m o d y n a m ic
p a r a m e te r s  in  o p e n -c h e s t d o g s
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T able  I

H a e m o d y n a m ic  c h a n g e s  d u r in g  v e r a p a m il  in fu s io n *

V ariable Control Verapam il % P**

C .O . (m l.  m i n - 1 ) 14 6 3  +  133 1 2 9 7 + 1 9 3 8 7 .8 + 8 .7 N .S .

M A B P  ( m m H g ) 110  +  7 .6 86.2 +  5.1 78.6 +  5.0 0.05

T P R  ( m m H g . m l - 1 , m in -1 ) 0 .0 7 4 + 0 .0 0 7 0.066 +  0.008 87.9 +  5.9 N .S.

H R  ( b e a t s ,  m i n -1 ) 1 8 3 .5 + 6 .0 154.9 +  8.2 8 4 .6 + 4 .6 0.05

d p /d t  m a x  (m m H g , sec- 1 ) 2 8 8 8 + 2 3 5 2212 +  217 7 9 .2 + 7 .8 0.05

d p /d t  m in  (m m H g , sec- 1 ) 2 6 2 5  +  182 1 9 6 9 + 2 1 3 76.9  +  8.9 0.05

C B F  (m l. m i n “ 1) 2 7 .8  +  3 .8 26.7  +  5.7 90.0  +  10.9 N .S .

* m e a n  + S E M ; n = 8 .
** N .S .  =  n o t  s ig n if ican t.

С
[tnl/min/mmHg]

F ig .  2 .  S c h e m a t ic  d ia g ra m s i l l u s t r a t i n g  v a r io u s  c a lc u la te d  p a r a m e te r s  o f  p o s to c c lu s io n  m y o ­
c a r d ia l  r e a c t iv e  h y p e ra e m ia

M yo ca rd ia l reactive hyperaem ia

T h e effect of verapam il on  various parameters o f  R H  (see also F ig. 2) is 
sum m arized  in Table II . The decrease of basal coronary conductance (BC) 
was n o t statistica lly  significant b u t all the obtained param eters of postocclusion  
reactive  hyperaem ia were sign ifica n tly  reduced by verapam il. M axim al conduc­
tan ce (MC) was diminished to  82%  of control w hile peak conductance (PC) 
and vascu lar  reactivity (R) w ere reduced b y  approxim ately  40% . The m ost 
pronounced  inhibition was observed  in the area o f  postocclusion blood flow
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Table II

Effect o f  verapam il on various parameters o f  reactive hyperaemia  
fo llow ing 10-sec coronary occlusion*

Variable Control V erapam il % P**

BC 0.261 +  0.04 0 .2 9 6 + 0 .0 5 113.6 +  10.8 N .S.

MC 0 .6 6 9 + 0 .1 3 0.553 +  0.100 8 1 .8 +  7.8 0.05

PC 0 .4 0 8 + 0 .1 0 0 .2 3 4 + 0 .0 7 61.2 +  12.8 0.02

R 1 .5 2 8 + 0 .2 7 0 .8 3 8 + 0 .2 5 58.2 +  12.5 0.02

A 2 11.31 ± 2 .2 2.68 ± 1 .0 9 29.9 +  10.1 0.001

R p 4.48 + 1 .0 2 1.00 + 0 .3 39.0 +  11.3 0.001

* m ean  + S E M ; n = 8 .
** N .S. =  no t sign ifican t.

$ Dog.2£kg

MABP 200
( m m H g )  1 0 0

0

C O N T R O L
Occlusion  Hypoxia 

20‘

HR 240-1
( b e a t s  m m ' 1) 1 6 0

8 0

EC G A „ -,
( e p i c a r d )  1 0  m V  J

ART. 200 
PRESS. ] oo
( m m H g ) 0
LVR 200_
( m m H g )  1 0 0  

0
d p / d t  * 3 0 0 0 - |  

( m m H g  s e c ' 1 ) g ,

- 3 0 0 0

V E R A P A M I L
( 0.2 mg - kg'11 0.01 mg-kg"1- min-1 )

Occlusion Hypoxia 
3 0 '  2 0 '

ш  M

ш и т i ^ i
F ig . 3. O rig inal reco rd in g  d e m o n s tra tin g  th e  effect o f v e ra p a m il on va rio u s ca rd iac  a n d  1 
d y n am ic  p a ram ete rs  a n d  on postocclusion  m y o card ia l reac tiv e  h y p eraem ia  a n d  N 2-ii

a r te r ia l  hyp o x ia  in  an ae sth e tize d  dog
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change (A 2) and of flow  rep aym en t (R p).T he 4- to  5-fold overpaym ent o f  flow  
debt under control conditions w as totally  abolished b y  the Ca-antagonist: 
postocclu sion  increase o f  b lood  flow  was equal to  flow  debt (i.e. repaym ent 
w as e x a c tly  1.00).

A rte r ia l hypoxia

In  sharp contrast to  th e  significant suppression o f postocclusion reactive  
h yp eraem ia , 0.01 mg. k g - 1 , m in -1  verapam il infusion did not influence  
m axim al conductance, peak  conductance and vascular reactiv ity  during  
h y p o x ic  coronary vasod ilation  induced by 30 sec 100%  N 2-inhalation (Table 
I I I ) . W hile the 10-sec coronary occlusion caused no significant change in the

Table Ш

Effect o f  verapam il on  variables o f  hypoxic coronary vasodilatation

Variables Control Verapamil % P**

BC 0.216 +  0.034 0 .226+0.025 1 1 1 .5 +  9.1 N .S.

MC 0.316 +  0.038 0.326+0.025 1 1 2 .5 +  9.6 N .S.

PC 0.100 +  0.016 0 .100+0.027 104.6 +  23.4 N .S.

R 0 .5 5 3 + 0 .1 3 4 0.468+0.109 81.4 +  20.1 N .S.

* m ea n  + S E M ; n = 8. 
** N .S . =  no t significant.

haem odynam ic and cardiac param eters, ind icating the activation  o f local 
factors on ly , N 2-inhalation for 30 sec induced sign ificant elevations o f M A BP, 
CO, L V D P , dp/dt m ax and d p /d t min and reduction o f H R  (Fig. 3) pointing  
to  th e  activation o f rem ote, i.e . neuro-humoral factors.

Discussion

T h e results o f the present study have show n th a t characteristic param ­
eters o f  reactive hyperaem ia o f  the coronary vessels follow ing a 10-sec 
m ech an ical occlusion can be sign ificantly  reduced, although to various extent, 
b y  th e  specific C a-antagonist verapam il in open-chest anaesthetized dogs. 
In  con trast, augm entation o f  CBF by 100% N 2-inhalation for 30 sec w as not 
sign ifica n tly  influenced b y  th e  drug under the present experim ental condi­
tion s.
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The possible m echanism  by which verapam il m ight have reduced R H  
are best considered in relation to  its pharm acological properties. There are 
numerous data available to  suggest th at th e  prim ary action o f the drug is 
selective inhibition o f the m ovem ent o f the calcium  ion across th e  mem brane 
of excitable tissues [5]. Since calcium ions have been reported to  p lay  a key  
role in both excitation-contraction  coupling and pacemaker function  in  the  
heart th is action  o f  the drug has been p ostu lated  to  be responsible for its 
negative inotropic and chronotropic actions in  cardiac muscle [5]. The present 
finding o f sign ificantly  reduced spontaneous heart rate and left ventricular  
dp/dt m ax during verapam il infusion are in good agreement w ith  these pre­
vious reports.

In addition, it has been shown that under the influence of Ca-antagonist 
com pounds the sp litting o f  ATP, the contractile energy expenditure and oxygen  
requirem ent o f the beating heart are lowered [5]. Although no a ttem p t were 
m ade in the present stu d y  to measure either A TP splitting or 0 2 u ptake in 
the m yocardium , the find ing that verapam il significantly reduced all major 
determ inants o f  cardiac 0 2 consum ption [15] (i.e. MABP (afterload), H R , 
and dp/dt m ax), it can be assumed th at, in parallel with cardiac function , 
m yocardial energy and 0 2-requirements were significantly depressed as well.

I f  we accept the concept th at R H  is caused by the accum ulation o f vaso­
dilatator m etabolite(s) (adenosine) during ischaem ia [10], it is clear th a t a 
decline of m etabolic rate in the presence o f verapam il would reduce th e  produc­
tion  and consequent accum ulation of m etabolites and the m agnitude o f  RH. 
H ow ever, other factors m ay also be involved . Increased rate o f  adenosine  
w ashout, degradation or reuptake m ay all contribute to  the depression o f  RH . 
A ltough these processes are not likely  to  be altered b y  verapamil, th e y  should  
be checked in  th e  future.

Two further alternative m echanism s h ave been suggested to  be respon­
sible (at least in part) for R H , which m ay also be influenced b y  verapam il. 
The first is based on th e  hypothesis th at R H  is due to  the m etabolic conse­
quences o f hypoxia  w ithin  the coronary vessels them selves [1]. Our results 
could have been explained also b y  this concept i f  we assume th a t sim ilar to  
m yocardial cells verapam il reduces the oxygen  requirem ent of vascular sm ooth  
muscle cells as w ell.

R eactive hyperaem ia has also been atributed  to m yogenic relaxation  
of the coronary sm ooth muscle cells during th e  period of arterial occlusion. 
A fter release o f  the occlusion m yogenic tone is though to be stim u lated  by  
the distending force exerted  by increased intralum inal pressure. This m echa­
nism  called autoregulation probably reflects th e  contractile state o f  th e  vascular  
sm ooth muscle prior to  the change in pressure [2, 10]. Verapamil was reported  
to inhibit E—C coupling and pacemaker a c tiv ity  o f isolated coronary arteries 
and, as a result, acts as a powerful coronary vascular smooth m uscle relaxant
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[5]. I t  has been shown th a t sm ooth m uscle contraction follow ing stretch, 
sim ilar to  th at seen during autoregulation, is critically dependent on inward  
Ca2 + -m ovem en t across the sm ooth m uscle cell membrane. Thus verapam il 
m a y  reduce RH  by inhib iting this m yogenic m echanism.

T h e possibility also ex ists that the response o f  coronary vessels to  a given  
in te n s ity  o f  stimulus (like adenosine) m ay be altered b y  verapam il. This 
p o ssib ility  is confirmed by a previous finding th a t adenosine-induced coronary  
v a so d ila ta tio n  in the dog is antagonized b y  lanthanium  [7]. Studies on isolated  
helica l coronary artery strips revealed th at adenosine, similarly to verapam il, 
in h ib its  Ca2 +-influx into vascular sm ooth m uscle strips [6]. A possible exp lan a­
tio n  o f  th is  paradox finding is based on th e  dual role of Ca2+ in vascular  
sm ooth  m uscle cells, i.e. activation  o f contraction  and membrane stab iliza­
tio n  [4 ]. I t  is possible th at adenosine enhances the binding of Ca2+ on sm ooth  
m uscle m em brane, resulting in  a decreased ex c ita b ility  and relaxation , w hich  
is a b o lish ed  b y  verapam il through reduction o f  th e  amount of Ca2+ adjacent 
to  th e  cell membrane. These hypotheses should  be tested experim entally  in 
the fu tu re .

S in ce postocclusion reactive hyperaem ia in  the heart is a com plex  
response [10], one m ay speculate th at verapam il eventually  antagonizes one 
(or m ore) factors while other m echanism (s) rem ain intact. This hypothesis  
m ay h e em pirically substantiated  by the fin d in g  th a t the significant overpay­
m ent (448% ) of flow  debt under control conditions was reduced to  a m ean of 
100%  (i.e . no overpaym ent a t all) b y  the drug.

T h e possib ility  exists th a t  verapam il antagonizes factor(s) th a t are, at 
least h yp oth etica lly , responsible for the disproportional overpaym ent o f  flow  
debt [10] and thus the drug m ay  he a valuable to o l to  study the possible cause(s) 
of overp aym en t of both flow  and oxygen debt [10].

I t  is likely  that hypoxia-induced increase o f  coronary perfusion pressure 
(M A B P) and aortic flow , and the possible coronary dilating action o f released  
catech o lam in es, counterbalance the verapam il induced inhibition o f  effects  
of lo ca l factors (i.e. hypoxia  and/or increased adenosine release) induced b y  
cardiac a c tiv ity  under the present experim ental conditions. The present 
fin d in g  is consistent w ith previous data th a t m ajor determ inants o f  CBF  
changes during arterial oxygen  deficiency are th e  extracardiac neuro-hum oral 
factors a ctiva ted  by hypoxia [13].
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РЕЗЮМЕ

ИЗОЛИРОВАНИЕ МИОЗИНОВ ИЗ ЧЕЛОВЕЧЕСКОГО МОЗГА, ИХ СВОЙСТВА И 
СОДЕРЖАНИЕ В НИХ.ФОСФОРА

Ш. ФАЗЕКАШ, И. ОВАРИ, Ф. ХОРВАТ, В. СЕКЕШШИ-ГЕРМАНН и П. ЮХАС

В наших экспериментах мы изолировали KCI- и NaCI-миозин из разных отделов 
центральной нервной системы человека. На протяжении всех опытов содержание фосфора 
и липидов было выше в NaCl-миозине, чем в препаратах с хлористым калием. Однако, кон­
центрация фосфора и липидов в КС1- и NaCl-миозинах тоже было выше, чем в миозинах 
скелетных мышц.

Когда мы изолировали образцы миозинов на колонке 4В Сефарозы с помощью техни­
ки молекулярной фильтрации, то обнаружили, что миозины мозжечка и коры головного 
мозга составлены из двух фракций и различной молярной массой, тогда как миозины мозго­
вого ствола и спинного мозга выделяются только как простой и единственный пик.

Миозиновые препараты располагают Са-АТРазной активностью и эту активность 
усиливает актин поперечно-полосатой мышцы кролика.

Филаментарные системы и агрегаты препаратов миозина обладают способностью к 
развитию, что можно показать на электронномикроскопических снимках.

Миозиновые препараты центральной нервной сисмы могли фосфорилировать, раз 
личные миозины в разной степени, присутствие серотонина (или отсутствие в инкубацион­
ной среде) оказывало влияние на прием препаратами фосфата.

Изучение кинетики показало, что насыщение фосфатом миозинов ствола мозга, моз­
жечка и коры головного мозга зависит от продолжительности инкубирования и от кон­
центрации АТР в инкубационной среде.

Щелочные гидролизаты безлипидных миозинов головного мозга человека содержат 
фосфаты аминокислот (Р—Arg, P —Lys и Р His), количество и пропорция которых отли­
чаются, в зависимости от места происхождения миозиновых препаратов. Под влиянием 
фосфорилирующей смеси в церебральном миозине возрастает только количество Р—Arg, 
в препаратах ствола мозга Только Р -  Arg и Р —His, в мозжечковых миозинах Р—Arg, 
Р—His и количество не отождествленного фосфорилированного компонента.

ВЛИЯНИЕ ИНДОМЕТАЦИНА НА ФУНКЦИЮ ПОЧЕК НА НАРКОТИЗИРОВАННЫХ 
СОБАКАХ ПРИ ПОВЫШЕННОМ ОПЕРАЦИОННОМ СТРЕССЕ

Д. КЭВЕР, КАТАЛИН СЕМЕРЕДИ, ХИЛДА ТОСТ

Функция почек наркотизированных собак изучалось при лёгком и тяжёлом опера­
ционном стрессе, когда интравенозным введением раствора Рингера вызывалось увеличение 
внеклеточного объёма меньшей или большей степени, далее у собак, синтез простаглан- 
дина которых был ингибирован интравенозно 4 мг/кг индометацином.

Наблюдалось, что гемодинамические параметры (Ср а н , Синулин) при Тяжёлом опе­
рационном стрессе соответствуют параметрам, зарегистрированные при легком операцион­
ном стрессе и Также не отличается выделение воды и натрия почками при незначительном 
увеличении внеклеточного объёма.



При увеличении экстрацелюлярного объёма, у животных, находившихся в более 
тяжёлом операционном стрессе, усиление выделения натрия значительно, усиление выде­
ления воды в меньшей степени отстают по сравнению с изменением, наблюдаемое на жи­
вотных при легком операционном стрессе.

Индометацин уменьшал выделение мочи и натрия почками в обоих группах при 
неизменной клубочковой филтрации. Ср а н  снизилась на 20 25% при легком, и на 35 — 40% 
при тяжёлом операционном стрессе. В последней группе количество протекающей через 
почки крови (RBFdir) снижалось на 40% после введения индометацина по сравнению с 
контрольным периодом опыта. При легком операционном стрессе степень повышающегося 
выделения натрия, наблюдаемое во время увеличенного внеклеточного объёма после вве­
дения индометацина, была одинакова с величиной контрольной группы, но мочеотделение 
и выделение натрия не усиливались.

Интравенозное введение одинаковой дозы индометацина вызывает более выражен­
ное снижение выделения натрия и воды при тяжёлом операционном стрессе. Объясняя 
этот феномен придаётся значение гемодинамическим изменениям почек.Так, более выражен­
ное уменьшение кровянного тока почек значительно усиливает реабсорбцию воды и натрия 
на проксимальных канальцах. В наших опытах нет необходимости предпологать специфи­
ческого действия простагландинов на функции тубулярных клеток.

ИССЛЕДОВАНИЯ АНТАГОНИЗМА ИНДОМЕТАЦИНА И БРАДИКИНИНА НА 
НАРКОТИЗИРОВАННЫХ СОБАКАХ

ХИЛДА ТОСТ, П. КЭВЕР, КАТАЛИН СЕМЕРЕДИ

С целью изучения влияния брадикинина на функцию почек, в том числе и в зависи­
мости от простагландина, проводили инфузию брадикинина в количестве 0,05 мкг/кг в мин. 
в левую почечную артерию подопытных животных, синтез простагландина которых был 
ингибирован индомеТацином.

Интравенозная инфузия индометацина в количестве 0,1 мг/кг в мин. вызывала 
значительное уменьшение выделения натрия и мочи у наркотизированных животных. 
Сопротивление почечных сосудов увеличивалось, количество крови, протекающей через 
почки (RBFdir) снижалось на 30%.

Когда вводился брадикинин в левую почечную артерию при продолжительной 
интравенозной инфузии индометацина, Тогда количество протекающей крови через левую 
почку и выделение мочи и натрия левой почкой возвращались на уровень контроля, а в 
правой, не инфунднрованной почке оставались и в дальнейшем низким.

Результаты указывают на то, что брадикинин увеличивает количество крови, про­
текающей через почки независимо от простагландинов.

В результате инфузии индометацином в каждом случае уменьшается RBF, которое 
и обясняет наблюдаемое уменьшение выделения мочи и натрия под влиянием индоме­
тацина.

Действие брадикинина на сосудистую систему почек по видимому непосредственное, 
а влияние, оказываемое на выделение мочи и натрия является, как предпологается, по­
средственным.

Так как индометацин не тормозит диуретическое и натриуретическое действие 
брадикинина, предпологается, что в этом простагландины не играют существенную роль

ВЛИЯНИЕ АНТИДИУРЕТИЧЕСКОГО ГОРМОНА НА РАСПРЕДЕЛЕНИЕ 
ВНУТРИПОЧЕЧНЫХ МИКРОСФЕР

Г. ФЕЙЕШ-ТОТ, Т. ЗАХАЙСКИ, Й. ФИЛЕП

Целью настоящих экспериментов являлась изучение влияния антидиуретического 
гормона на распределение внутрипочечного кровообращения у наркотизированных крыс с 
применением техники микросфер. Введением аргинин-вазопрессина (ВП) в зависимости от 
доз (3,6,60 m il на кг в час) вызывалось антидиурез. Клубочковая фильтрация усиливалась 
только от введения ВГ1 60ти/кг в час, а при низких доз не изменились. Инфузия ВП в ма­
леньких дозах не приводила к изменению распределения внутрикорковых микросфер, нр



под влиянием инфузии ВП бОпШ/кг в час соотношение внешнего и внутреннего коркового 
кровотока стало меньше.

Результаты указывают на то, что физиологический уровень ВП не изменяет распре­
деление внутриренального кровотока и антидиуретическое дейстие ВП не зависит от ге­
модинамических изменений почек.

ФАРМАКОЛОГИЧЕСКОЕ ИССЛЕДОВАНИЕ ФУНКЦИОНАЛЬНОГО СОСТОЯНИЯ 
В СТЕНОЗИРОВАННОМ КОРОНАРНОМ СОСУДЕ

В. КЕЙКЕШИ и А. ЮХАС-НАДЬ

В экспериментах на собаках с открытой грудной клеткой, находящихся под пенто- 
барбиТаловым наркозом, авторы изучали действие механического сужения одной из вет­
вей большого коронарного сосуда на способность к авторегулированию, относящихся к 
тому сосуду маленьких сосудов сопротивления.

Коронарный кровоток определяли электромагнитным измерителем кровотока. 
Ступенчатое механическое сужение большой ветви постепенно уменьшало вызванное 
аденозином расширение коронарного сосуда, тогда как уровень покоя коронарного крово­
тока оставался неизменным. В этой фазе верапамил, располагающий собственным вазо- 
дилататорным действием, но сильно блокирующий эффект аденозина/будучи введен вну­
тривенно, в дозе 0 ,2  мг/кг/, уменьшал коронарный кровоток и повышал сосудистое сопро­
тивление венечных сосудов. Подобные результаты получили также при непосредственном 
введении этих препаратов в анастомоз, осуществленный между сонной артерией и общей 
левой коронарной артерией.

Результаты экспериментов показывают, что
1. аденозин воздействует на те же самые коронарные сегменты, которые принимают 

участие в компенсирующей авторегуляции;
2 . в случае коронарного стеноза критического уровня верапамил увеличивает со­

судистое сопротивление коронарных сосудов, через ингибирование «внутреннего» адено; 
зинового действия;

3. функциональное состояние суженных коронарных сосудов можно оценить 
помощью описанного фармакологического теста.

ВЫЗВАННАЯ НИКЕЛЕМ ВАЗОКОНСТРИКЦИЯ ИЗОЛИРОВАННОЙ 
КОРОНАРНОЙ АРТЕРИИ СОБАКИ НА ОСНОВЕ МЕХАНИЗМА ТОНИЧЕСКОГО 

АКТИВИРОВАНИЯ ИОНОВ КАЛЬЦИЯ

Г. РУБАНИ, Л. КАЛАБАИ, Т. ПАТАКИ и К. ХАЙДУ

Хлористый никель в низкой концентрации (1 мкМ) вызывает увеличение изометри­
ческого напряжения в полоске изолированной коронарной артерии собаки. Эффект Ni2+ 
является функцией концентрации внеклеточного кальция (0—5 мМ). Верапамил (Ш~6— 
Ю~® М) не подавляя эффект, вызываемый ионами никеля, однако натропруссид натрия 
(ЮМ) эффективно антагонизировал сокращение коронарной артерии, вызванное Ni2+.

Результаты экспериментов показывают, что повышение изометрического напряже­
ния изолированной коронарной артерии собаки под действием ионов никеля связано с 
вхождением в клетку ионов кальция, что осуществляется посредством активации Са2+ 
через Т-систему.

РОЛЬ АДРЕНЕРГИЧЕСКИХ РЕЦЕПТОРОВ В ВЫЗВАННОЙ ИОНАМИ НИКЕЛЯ 
КОРОНАРНОЙ ВАЗОКОНСТРУКЦИИ

Г. РУБАНИ, к. ХАЙДУ, Т. ПАТАКИ и М. БАКОШ

Авторы настоящей статьи на изолированной коронарной артерии собаки и изолиро­
ванном перфузируемом сердце крысы изучали возможную роль адренергических рецеп­
торов в механизме коронарного стеноза, вызванного ионами никеля. Эксперименты, выпол­
ненные на двух моделях, привели к нижеследующим однозначным выводам:



( 1) ингибирование феноксибензамином или фентоламином альфа-адренергических 
рецепторов лишь частично подавляло действие ионов никеля;

(2 ) пропранолол, блокирующий бета-адренергические рецепторы, полностью пред­
отвращал действие никеля;

(3) Ni2+ (1 мкМ) достоверно тормозил расширение коронарных сосудов, вызванное 
раздражением (изопротеренол) беТа-рецепторов.

Экспериментальные результаты показывают, что роль альфа-рецепторов ничтожна, 
однако можно предположить, что действие ионов никеля осуществляется посредством 
бета-рецепторного механизма. Ni2+ изменяет реактивность бета-рецепторов коронарных 
сосудов, что указывает на участие микроэлемента в модулировании адренергических ме­
ханизмов.

КОРОНАРНАЯ ВАЗОКОНСТРИКЦИЯ, ВЫЗВАННАЯ НИКЕЛЕМ, ЗАВИСИТ ОТ 
АКТИВНОСТИ ЭЛЕКТРОГЕННОГО НАТРИЕВО-КАЛИЕВОГО НАСОСА

Г. РУБАНИ, М. БАКОШ, К. ХАЙДУ и Т. ПАТАКИ

Целью настоящих экспериментов являлось исследование взаимодействия ионов 
никеля (Ni2+) и Na- К АТРазы на изолированном перфузируемом сердце крысы и коро­
нарной артерии собаки.

Особенности повышения изометрического напряжения, вызванного ионами никеля в 
опытах с изолированной коронарной артерией, согласуются с механическим ответом, 
вызванным ингибированием Na—К АТРазы. Ингибирование активности насоса оуабаи- 
ном (10-4  М) и лишенным К+ раствором Кребса затормаживало проявление эффекта ни­
келя в обоих препаратах. Результаты экспериментов указывают на то, что, в ходе сужения 
коронарных артерий, вызванного ионами никеля, возникает N a+—К + обмен. Необходимо 
продолжить опыты, чтобы выяснить, непосредственно ли влияет ион никеля на энзим 
и является ли его действие только функцией ионного градиента, поддерживаемого элек- 
лрогенным Na—К насосом.

ВЛИЯНИЕ КАТИОНОВ (Ni, Zn, Fe, Со, Hg, Cu) И МЕТАВАНАДАТА НА 
КОРОНАРНОЕ СОСУДИСТОЕ СОПРОТИВЛЕНИЕ В ИЗОЛИРОВАННОМ 

ПЕРФУЗИРУЕМОМ СЕРДЦЕ КРЫСЫ

М. БАКОШ и Г. РУБАНИ

Авторы исследовали влияние, оказываемое двувалентными катионами и метавана- 
датом на сопротивление коронарных сосудов в изолированном перфузируемом сердце 
крысы. На основании активности элементы расположились в следующем порядке (в скоб­
ках приводится концентрация катиона в мкМ, вызывающая 50% сужение коронарных со­
судов): Ni2+ (0,03) >  Со2+ (0,1) >  Hg2+ (0,16) >  VO-3  (0,2) >  Cu2+ (15) >  Zn2+ (50). Ионы 
железа (Fe2+) и меди (Си2+) оказались неэффективными в примененных концентрациях 
(0,01— 100 мкМ). Приведенный ряд активности отличается от любого другого ряда, осно­
ванного на физико-химических свойствах элементов, и это показывает, что коронарный 
вазоконстрикторный эффект катионов нельзя объяснить исключительно взаимодействием 
между мембраной и ионом металла. Феноксибензамин полностью предотв ращал действие 
ртути (в противоположность действию никеля), и это доказывает, что вазоконстриктор­
ный эффект на венечные сосуды Hg2+ осуществляет через альфа-адренергический механизм. 
В противоположность катионам никеля и ртути, действие VOj не ингибировалось верапа- 
милом. Последнее наблюдение указывает на то, что ванадат оказывает свой эффект посред­
ством мобилизации внутриклеточного кальция.



ВЛИЯНИЕ ИОНОВ НИКЕЛЯ НАСПОНТАННЫЕ, ВЫЗВАННЫЕ ЭЛЕКТРИЧЕСКИМ 
РАЗДРАЖЕНИЕМ И СТИМУЛИРОВАННЫЕ НОРАДРЕНАЛИНОМ 

ИЗОМЕРИЧЕСКИЕ СОКРАЩЕНИЯ ИЗОЛИРОВАННОЙ ПОРТАЛЬНОЙ ВЕНЫ
КРЫСЫ

Г. РУБАНИ и И. ИНОВАИ

Мы изучали влияние ионов никеля (1 -10 мкМ) на спонтанную сократительную 
активность препарата изолированной портальной вены крысы, а также на усиление изо­
метрического напряжения, вызыванного электрическим пространственным раздражением 
(80 В/5 см, 1 мсек, 1 - 3 2  Гц) или примененным наружно норадреналином.

Ni2+ тормозил спонтанное повышение напряжения, снижал основной тонус, но 
увеличивал частоту спонтанных сокращений. Ионы инкеля гораздо более выраженно 
тормозили повышение напряжения, вызыванное электрическим раздражением, чем норад­
реналином, что указывает как на пресинаптическое (освобождение норадреналина из 
нервных окончаний), так и на постсинаптическое действие ионов никеля на этом сосудистом 
препарате.

ТОРМОЖЕНИЕ РЕАКТИВНОЙ ГИПЕРЕМИИ МИОКАРДА НЕ ГИПОКСИЧЕСКОЙ
КОРОНАРНОЙ ВАЗОКОНСТРИКЦИЕЙ, А ПОСТОЯННОЙ ИНФУЗИЕЙ 

ВЕРАПАМИЛА В СЕРДЦЕ IN SITU

А. КОЛЛЕР, Г. РУБАНИ, Л. ЛИГЕТИ, А. Г. Б. КОВАЧ

Изучено изменение характерных параметров реактивной гиперемии миокарда и 
гипоксической ответной реакции коронарных сосудов, вызванное механическим сжатием 
в течение 10 сек. под действием постоянной инфузии верапамила (0,01 мг/кг в мин.) в 
опытах на собаках с открытой грудной клеткой.

Верапамил со специфическим калциевым антагонизмом достоверно уменьшил реак­
тивную гиперемию, но увеличение кровотока в коронарных сосудах, вызванное ингаляцией 
N2 в течение 30 сек. было незначительно. Экспериментальные данные указывают на то, что 
верапамил также уменьшает потребность кислорода гладких мышц сосудов, как и клеток 
миокарда. Предпологается, что некоторые факторы, ответственные за значительное распла- 
чивание кровоточного долга в последствие окклюзии, элиминируется верапамилом





«A c ta  P h y sio lo g ica l)  публкуют трактаты из области экспериментальной медицин­
ской науки на русском и английском языка.

«A c ta  P h y s io lo g ic a »  выходят отдельными выпусками разного объема. Несколько 
выпусков составляют один том.

Предназначенные для публикации рукописи следует направлять по адресу

A c ta  P h y s io lo g ic a , Н - 1 4 4 5  B u d a p e s t  8 . P f .  2 9 4 .

По этому же адресу направлять всякую корреспонденцию для редакции и адми­
нистрации.

Заказы принимает предприятие по внешней торговле «K u l tú r a » (Н -1 3 8 9  Budapest 
62, Р.О.В. 149. Текущий счет № 218-10990) или его заграничные г редставительства 
исполномоченные.



Periodicals of the Hungarian Academy of Sciences are obtainable 
at the following addresses:

AUSTRALIA
C .B .D . LIBR A R Y  A N D  SU B SC R IPT IO N  SERVICE 
Box 4886, G .P.O ., Sydney N .S . W. 2001 
C O SM O S BOOKSHOP, 145 A ckland Street 
St. Kilda (Melbourne) ,  Victoria 3182

A U STR IA
G LO B U S, H öchstädtplatz 3, 1206 Wien X X  

BEL G IU M
O F F IC E  IN T E R N A T IO N A L  DE LIBRAIRIE 
30 A venue M arnix, 1050 Bruxelles 
L IB R A IR IE  D U  M O N D E  E N T IE R  
162 rue du Midi, 1000 Bruxelles

BULGARIA
H E M U S , Bulvár Ruszki 6, Sofia  

CANADA
P A N N Ó N IA  BOOKS, P.O. Box 1017 
Postal S tation  “ B”, Toronto, Ontario M 5T  2T8

CH IN A
C N P IC O R , Periodical D epartm ent, P.O. Box 50 
Peking

CZE CH O SL O V A K IA
M A D ’A R SK Á  K U L T Ú R A , N árodn í tfida 22 
115 66 Praha
PNS D O V O Z  T ISK U , V inohradská 46, Praha 2 
PNS D O V O Z T L A ÍE , Bratislava 2

D EN M A RK
E JN A R  M U N K S G A A R D , N orregade 6 
1165 Copenhagen К
FE D ER A L REPUBLIC O F  GERM ANY 
K U N S T  U N D  W ISSEN E R IC H  BIEBER
Postfach 46, 7000 S tuttgart 1
FIN LA N D
A K A T E E M IN E N  K IR JA K A U P P A , P.O. Box 128 
SF-00101 H elsinki 10
FRANCE
D A W SO N -FR A N C E  S. А., В. P. 40, 91121 Palaiseau 
E U R O P É R IO D IQ U E S  S. A ., 31 Avenue de Ver­
sailles, 78170 La Celle St. Cloud  
O F F IC E  IN T E R N A T IO N A L  D E D O CU M EN T A ­
T IO N  E T  LIBR A IR IE , 48 rue Gay-Lussac 
75240 Paris Cedex 05

G ER M A N  D EM O CRA TIC  REPU B LIC  
H A U S D E R  U N G A R IS C H E N  K U L T U R  
Karl Liebknecht-Straße 9, DDR-102 Berlin 
D E U T SC H E  POST Z E IT U N G SV E R T R IEB SA M T 
Sraße der Pariser K om m üne 3-4 , DDR-104 Berlin
G REA T BRITAIN
B LA C K W E LL’S PE R IO D IC A L S D IV ISIO N
H ythe Bridge Street, O xford 0 X 1  2ET
B U M PU S, H A L D A N E A N D  M AXW ELL LTD.
C ow per W orks, Olney, Bucks M K 46 4BN
C O L L E T ’S H O LD IN G S L T D ., D enington Estate
Wellingborough, Nor t hant s N N 8 2Q T
W M . D A W SO N  A N D  SONS LT D ., C annon House
Folk stone, Kent CT19 SEE
H. K . LEW IS A N D  CO ., 136 G ow er Street
London W C 1E 6B S
G R EEC E
K O ST A R A K IS B RO T H ER S IN T E R N A T IO N A L  
BO O K SELL ER S, 2 H ippokra tous Street, Athens-143 
H O L L A N D
M E U L E N H O F F-B R U N A  B.V., Beulingstraat 2, 
Am sterdam
M A R T IN U S  N IJH O F F  B.V.
Lange V oorhout 9-11, Den Haag

SW ETS SU BSCRIPTIO N  SERVICE 
347b Heereweg, Lisse

IN DIA
A LL IE D  PU B LISH IN G  PRIVATE LT D ., 13/14 
A saf Ali Road, New Delhi 110001 
150 B-6 M ount R oad, M adras 600002 
IN T E R N A T IO N A L  BOOK H OUSE PVT. LT D . 
M adam e Cam a Road, Bombay 400039 
T H E  STATE T R A D IN G  C O R P O R A T IO N  O F 
IN D IA  LTD., Books Im port Division, C handralok  
36 Janpath , New Delhi 110001

ITALY
IN T ER SC IEN T IA , Via M azzé 28, 10149 Torino 
L IBR E RIA  C O M M ISSIO N A RIA  SANSONI, Via 
L am arm ora 45, 50121 Firenze 
SA N TO  VANASIA, Via M. M acchi 58 
20124 Milano
D . E. A., Via Lima 28, 00198 Roma 

JA P A N
K IN O K U N IY A  B O OK -STO RE CO. LTD.
17-7 Shinjuku 3 chôm e, Shinjuku-ku, Tokyo 160-91 
M A R U Z E N  C O M PA N Y  LTD ., Book D epartm ent, 
P.O. Box 5050 Tokyo International, Tokyo 100-31 
N A U K A  LTD. IM P O R T  D E PA R T M E N T  
2-30-19 Minami Ikebukuro , Toshima-ku, Tokyo 171

KOREA
C H U L PA N M U L , Phenjan 

N ORW AY
T A N U M -T ID SK R IFT -SE N T R A L E N  A.S., K arl 
Johansgatan  41-43, 1000 Oslo

PO LAN D
W ÇG IER SK I IN ST Y TU T K U LT U R Y , M arszal-
kow ska 80, 00-517 Warszawa
C K P  I W, ul. Towarowa 28, 00-958 Warszawa

ROUM ANIA
D . E. P., Bucureçti
IL E X IM , Calea Grivitei 64-66, Bucureçti 

S O V IE T  UNION
SO JU ZPE CH A T -  IM PO R T , Moscow 
and  the post offices in each town 
M E Z H D U N A R O D N A Y A  K N IG A , Moscow G-200

SP A IN
D IA Z  DE SANTOS, Lagasca 95, Madrid 6 

SW ED EN
A LM Q V IST AND W IK SELL, Gamla Brogatan 26
101 20 Stockholm
G U M P E R T S U N IV ER SITETSB O K H A N D EL AB 
Box 346, 401 25 Göteborg 1

SW ITZERLA ND
K A R G E R  LIBRI AG , Petersgraben 31, 4011 Óasel 

USA
EBSCO  SU BSCRIPTIO N  SERVICES 
P.O . Box 1943, Birmingham , Alabama 35201 
F . W. FA X O N  C O M PA N Y , INC.
15 Southwest Park, Westwood Mass. 02090 
T H E  M OO RE-CO TTRELL SU BSCRIPTIO N  
A G EN C IES , North Cohocton, N. Y. 14868 
R E A D -M O R E  PU B LICA TIO N S, INC.
140 C edar Street, New York , N. Y. 10006 
ST E C H ER T-M A C M ILLA N , IN C.
7250 Westfield Avenue, Pennsauken N. J. 08110

YUGOSLAVIA
JUG O SLO V EN SK A  K N JIG A , Terazije 27, Beograd 
FO R U M , Vojvode MiSiéa 1, 21000 Novi Sad

I n d e x :  26.023 HU ISSN 0001-6756



ACTA
PHYSIOLOGIC A
A C A D E M I A E  S C I E N T I A R U M  

H U N G A R I C A E

C O N S I L I U M  R E D A C T I O N X S :

G. ÁDÁM, SZ. DONHOFFER, O. FEHÉR, A. FONYŐ, T. GÁTI, E. GRASTYÁN, 
L. HÁRSING, J. KNOLL, A. G. B. KOVÁCH, S. KOVÁCS, G. KÖVÉR,

К. LISSÁK (praeses consilii), F. OBÁL, J. SALÁNKI, G. TELEGDY, E. VARGA

R E D I G I T

P . B Á L IN T

S E C R B T A R I U S  R E D A C T I O N I S

J . B A R T H A

TO M US L IX F A SC IC U L U S  3

Ш

ffl

AKADÉMIAI KIADÓ. BUDAPEST 

1982

ACTA PH Y S IO L. HU N G . APACAB 59(3) 1 9 7 -2 9 5  (198a)



ACTA PHYSIOLOGIC A
A  M A G Y A R  T U D O M Á N Y O S  A K A D É M I A  

K ÍS É R L E T E S  O R V O ST U D O M Á N Y I K Ö Z L E M É N Y E I

SZERK ESZTŐ SÉG : 1088 B U D A P E S T , P U S K IN  U . 9. 

K IA D Ó H IV A TA L: 1054 B U D A P E S T , ALKOTM ÁNY U . 21.

Főszerkesztő:

B Á L IN T  P É T E R  
akadém ikus

Technikai szerkesztő:

BA R TH A  JE N Ő

A z A c ta  P h y s io lo g ic a  angol v ag y  orosz  n y e lv en  közö l é rtek ezések e t a  k ísérle tes orvos- 
tu d o m á n y o k  körébő l.

A z A c ta  P h y s io lo g ic a  v á lto zó  te rjed e lm ű  fü z e tek b e n  je len ik  m eg: tö b b  fü z e t a lk o t egy 
k ö te te t.

A közlésre  s z á n t k é z ira to k  a  k ö v e tk ező  c ím re  k ü ld en d ő k :

A c ta  P h y s io lo g ic a , H -1 4 4 5  B u d a p e s t  8 ,  P f .  2 9 4 .

U g y an erre  a c ím re  k ü ld en d ő  m in d en  szerkesz tőség i levelezés.
A  fo ly ó ira t szerzői t is z te le td íj fe jéb en  c ik k e n k é n t 150 k ü lö n le n y o m a to t b iz to s ít a  sze r­

zők részére.
M egrendelhető  a  b e lfö ld  szám ára  az A k a d ém ia i K iad ó n á l (1363 B u d a p e s t P f. 24. B a n k ­

szám la 215-11488), a  k ü lfö ld  szám ára  ped ig  a  „ K u l tú r a ”  K ü lk eresk ed e lm i V á lla la tn á l (1389 
B u d a p es t 62, P .O .B . 149. B an k szám la  218-10990) v a g y  a n n a k  kü lfö ld i képviselete inél.

T h e  A c ta  P h y s io lo g ic a  p u b lish  p a p e rs  on  ex p e rim e n ta l m edical science in  E n g lish  
o r R ussian .

T h e  A c ta  P h y s io lo g ic a  a p p e a r  in  p a r ts  o f v a ry in g  size, m ak in g  u p  volum es.
M an u sc rip ts  sh o u ld  be  ad dressed  to :

A c ta  P h y s io lo g ic a , H - 1 4 4 5  B u d a p e s t  8 ,  P .O .B .  2 9 4 .

C orrespondence w ith  th e  ed ito rs sh o u ld  be  s e n t  to  th e  sam e address.
O rd ers m a y  b e  p lac ed  w ith  “ K u ltu ra ”  F o re ig n  T ra d e  C om pany  (H -1389 B u d a p es t 62. 

P .O .B . 149. A cco u n t N o. 218-10990) o r i ts  r e p re se n ta tiv e s  a b ro ad .



Acta Physiologica Academiae Scientiarum Hungaricae, Tomus 59 (3), pp. 197— 202 (1982)

Physiologia—Pathophysiologia

EFFECT OF ISOPROTERENOL ON RENAL FUNCTION
By

T . Z a h a js z k y , G . F e j e s -T ó t h  and J. F il e p

D EPA RTM EN T O F PH Y SIO LO G Y , SEM M ELW EIS U N IV E R S IT Y  MEDICAL SCHOOL, B U D A PEST

(R eceived J u n e  12, 1981)

T he e ffec ts  on re n a l function  of iso p ro te re n o l an d  vasopressin  w ere co m p ared  in 
conscious h y d ra te d  dogs.

In  response  to  isop ro tereno l in fusion  (12 //g  kg /h) urine flow, so d iu m  a n d  p o tas­
sium  e x cre tio n , free  w a te r  clearance d ro p p e d  m ark e d ly  w hereas g lo m e ru la r  f i ltra tio n  
ra te , blood flow , a n d  th e  d is trib u tio n  o f c o r tic a l blood flow  rem ain ed  p ra c tic a lly  u n ­
affected .

V asopressin  in fu sio n  (2 m U /kg/h) p ro d u c e d  a n  an tid iu resis c o m p a rab le  to  th a t  
a f te r  iso p ro teren o l in fusion , b u t sod ium  a n d  p o tass iu m  excre tion  w as co n sid erab ly  
enhanced .

Since iso p ro te ren o l and  vasopressin  a re  k n o w n  to  ex ert opposing  e ffec ts  on ion 
ex cre tio n , i t  is su g g ested  th a t  th e  increased  se c re tio n  of vasopressin  c a n n o t p la y  an  ex ­
clusive ro le in  th e  d ev elo p m en t of changes o f  re n a l fu n c tio n  induced  b y  isop ro teren o l.

Infusion o f beta-adrenergic isoproterenol into the renal artery produces 
an increase in  renal blood flow  [14] and ex erts  a moderate diuretic effect [8]. 
On the other hand, intravenous infusion o f  th e  drug causes a m arked decrease 
in urine flow  [6, 11, 12]. The mechanism o f  th is  antidiuretic effect has not been 
clarified. In som e stud ies the antidiuresis w as accompanied by a decrease in 
sodium  excretion [9, 10] w hile in others, th e  e lectro ly te  excretion were unaltered
[2 ] . L ittle  is know n about the renal haem odynam ic action o f isoproterenol 
adm inistered in traven ou sly . The drug has been  shown to enhance renal blood  
flow  in the anaesthetized  dog [9] and to  increase the clearance o f  P A H  in man
[3 ] . A w idely accepted view  attributes an im portant role to vasopressin  release 
m ediated by beta-adrenergic stim ulation  [16]. W e have, therefore, compared  
the renal effects o f  isoproterenol and vasopressin  infusion producing an anti­
diuretic action o f the sam e m agnitude. In  add ition , we have studied  th e  effect 
o f intravenously adm inistered isoproterenol on  w ater and electrolyte excretion  
and intrarenal haem odynam ics.

Methods

E x p erim en ts  w ere p e rfo rm ed  on conscious fem a le  m ongrel dogs w eighing 10-21 kg. In  
one group  of th e  a n im a ls  tw o  weeks before th e  e x p e rim e n ts  perineo tom y was m ad e  u n d e r  p en ­
to b a rb ita l  a n ae s th es ia  a n d  a c a th e te r  was im p la n te d  in to  th e  r ig h t caro tid  a r te ry  u p  to  th e  left 
v e n tric le , th e  la c a tio n  was confirm ed  by p ressure  tra c in g . Food was w ithheld  18 h  before  th e  
ex p erim en ts  b u t  a n im a ls  h a d  free access to  w a te r . Im m e d ia te ly  before b eg in n in g  th e  ex p eri­
m en t u n d e r local an ae s th es ia  a ca th e te r  was in se r te d  in to  th e  ab dom inal a o r ta  v ia  th e  r ig h t
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sa p h e n o u s  a r te r y  for m onito ring  b lood  p re ssu re , and  m easu rin g  reference blood flow , a n d  a n o th ­
er c a th e te r  w a s  in se rted  in to  th e  sa p h e n o u s  v e in  for th e  in fu sio n s. T hen  th e  dogs w ere h y d ra te d  
w ith  3 .5 %  b o d y  w eight ta p  w a te r v ia  a  g a s tr ic  tu b e . A fte r  30 m in  th e  h y d ra tio n  w as re p e a te d . 
W a te r  lo ss  b y  u rin e  was su b s titu te d  in  frac tio n s  of 200 m l. A fte r  an  eq u ilib ra tio n  p e rio d  of a t  
lea s t 2 h  tw o  c o n tro l urine collecting  p e rio d s  were o b ta in e d . U rin e  was collected th ro u g h  a self- 
r e ta in in g  b la d d e r  ca th e te r. M ean a r te r ia l  b lood pressu re  w as recorded  by  a n  e lectric  m a n o ­
m ete r. C a rd ia c  o u tp u t, ren al blood f lo w  a n d  ren a l c o rtica l b lo o d  flow  d istr ib u tio n  w ere d e te r ­
m ined  w i th  u se  of rad io ac tiv e  m ic ro sp h e res tag g ed  w ith  85Sr or MICe (13.2 ±  0.9 f im  a n d  
13.9 -j- 1 .0  Цm  in  size respec tive ly , 3M C orp .) in jec ted  in to  th e  le f t  v en tric le  th ro u g h  th e  c a ro tid  
c a th e te r .  F i f te e n  m in  a fte r th e  f ir s t  m ic ro sp h e re  in je c tio n  iso p ro teren o l (Isup re l, W in th ro p )  a t  
a dose o f  12 ,ag/kg/h  was ad ded  to  th e  n o rm al saline in fu se d  co n tin u o u sly  from  th e  b eg in n in g  
of th e  e x p e r im e n t  a t  a ra te  of 15 m l/h . O ne h o u r a fte r  th e  o n se t o f th e  infusion  th e  second  m ic ­
ro sp h e re  in je c t io n  was given. B o th  m ic ro sp h e re  in jec tio n s  w ere  p receded and  follow ed b y  15- 
m in  u r in e  co llec tio n  periods. A rte ria l b lo o d  sam ples w ere o b ta in e d  a t  th e  m id p o in t o f th e se  
perio d s . A n o th e r  group of dogs w as su b je c te d  to  sim ilar e x p e rim e n ts  excep t th a t  a f te r  c o n tro l 
pe rio d s a n  in fu s io n  of vasopressin  (sy n th e tic  a rg in ine  v a so p re ss in , grade V, Sigm a) w as s ta r te d  
a t  a dose  o f  2 m U /kg /h . In  these  e x p e rim e n ts  no  m ic ro sp h ere  w as given. In u lin  w as m ea su re d  
b y  th e  m e th o d  of F ü h r  [7 ] . U rine  a n d  p la sm a  sam ples w ere  a n a ly zed  for sodium  a n d  p o ta s s iu m  
by  f la m e  p h o to m e try . O sm otic c o n c e n tra tio n  was d e te rm in e d  b y  freezing-po in t dep ress io n .

V a lu e s  o b ta in ed  in  th e  tw o  c o n tro l an d  tw o  e x p e rim e n ta l periods were av erag ed . T h e  
d a ta  w e re  s ta tis t ic a l ly  ev a lu a ted  b y  S tu d e n t’s t te s t fo r p a ire d  values.

Results

E f f e c t  o f  i s o p r o t e r e n o l

T h e haem odynam ic param eters are g iven  in  T able I. The heart rate w as 
a ccelera ted  from 129 +  9/m in to  167 +  7/m in b y  isoproterenol and th is was 
accom p an ied  by a marked increase in cardiac ou tp u t. Arterial blood pressure 
was d ep ressed  m oderately b u t sign ificantly . T ota l peripherial resistance d e­
creased considerably. The changes in total renal resistance and renal blood flow  
were n o t sta tistica lly  sign ifican t. Glomerular filtra tio n  rate and filtration  frac­
tion  w ere  practically unaffected .

Table I

Effect o f  isoproterenol on systemic and renal haemodynamics

n  =  8
MAP

mmHg
CO

ml/min

T P R
m m H g

ml/s

RBF
ml/min

T R R
m m H g

ml/s

GFR
ml/min

F F

C ontrol 110 ±  4 192 ±  22 38.4 ±  5.6 415 ±  25 1.64 ±  0.14 87 ±  7 0.35 ±  0.02

Iso p ro te re n o l 99 ±  4 309 ±  16 19.6 ±  1.3 493 ±  30 1.43 ±  0.11 95 ±  10 0.39 ±  0.05

p  < 0.01 0.001 0.01 NS NS NS NS

D a ta  a re  m eans +  SE . A b b rev ia tio n s : n , num ber o f observations; MAP, m ean  a r te r ia l  
p ressu re ; CO, card iac  o u tp u t; T P R , to ta l  peripheral re s is tan ce ; R B F , renal blood flow ; T R R , 
to ta l  r e n a l  re s is tan ce ; G FR , g lom eru lar f i ltra tio n  ra te ; F F , f i l t r a tio n  fraction . R B F  an d  G F R  are  
c a lcu la ted  fo r  100 g k idney w t. T P R , T R R  and  CO are  re fe rred  to  1 kg body w eight. N S , n o t  
s ig n ifican t.
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Table II

Effect o f  isoproterenol on ivaler and  electrolyte excretion

n =  7
V

ml/min
UoRinnl

jtzosmol ml C|H.9ml/min
u N»v

/ieq/inin
u Kv

/teq/min

C ontrol 9 .2  ±  1.0 6 2  ±  3 7 .2  ±  0 .8 82 ±  20 5 4  ±  6

Isoproterenol 4 .4  ±  0 .8 102 ±  15 2 .9  ±  0 .7 34 ±  10 34  ±  6
p < 0.01 0 .0 5 0 .01 0 .0 5 0 .0 5

V alues are m eans i  SE . V, urine flow ra te ;  U osmo|, u rin a ry  osm otic c o n ce n tra tio n ; Сц2о> 
free w a te r  c learance; l \ aV. u rin ary  sodium  e x cre tio n ; U ^V , u rin ary  p o tassiu m  ex cre tio n ; n, 
n u m b er o f observations. V , CHs0, U n3V and  U KV  a re  re ferred  to  100 g k id n ey  w t.

Values for w ater and electrolyte excretion  are given in Table II . A marked 
reduction  o f the urine flow  was accom panied by the increase o f  th e  urinary 
osm otic concentration  leading to a decrease o f  the free water clearance. During  
th is antidiuresis, sodium  and potassium  excretions were considerably decreased.

D ata  for intracortical blood flo w  d istribution  are show n in T able III. 
Zonal perfusion rates and thus the in tracortical blood flow  d istribution  were 
not affected b y  isoproterenol.

Table III

E ffect o f  isoproterenol on intracortical blood flo w  distribution

n  =  8
Z o n a l c o rt ic a l  b lood flow  

m l • m in -1 • g _1

C ontrol

Isop ro tereno l

P  <

Z ,

7.80 ±  0.35 

7.54 ±  0.70 

NS

z 2
6.51 ±  0.53 

8.13 ±  0.85 

NS

z,
4.44 ±  0.44 

5.10 ±  0.49 

NS

z ,

2.40 ±  0.29 

2.24 ±  0.14 

NS

n  =  8 P e rc e n t  d is t r ib u t io n  o f  in tra co rtic a l blood flow

z, Z 2 z 3 z ,
C ontrol 37 ±  2.4 31 ±  1.2 21 ±  1.0 11 ±  0.8

Isopro tereno l 33 ±  1.5 35 ±  1.1 22 ±  1.5 10 ±  0.6

p  < NS NS NS NS

V alues are m eans ±  SE. A bbrev iations: Z ,— Z 4, rep resen t cortical zones Z, being  the 
o u te rm o st and  Z , th e  in n erm o st zone.
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Table IV

Effect o f  vasopressin on renal fu n c tio n

n  =  6
GFR

m l/m in
V

m l/m in
Uoemol

/xosm ol/m l
Ch,o

m l/m in
Un.v

jxeq/m  in
U KV

/xeq/m in

C ontro l 50 ±  4.0 8.8 ±  1.2 37 ±  1 7.6 ±  1.0 93.8 ±  24.4 10.9 ±  2.2

V aso p ress in 50 ±  4.2 5.0 ±  0.9 112 ±  15 3.2 ±  0.8 169.3 ±  29.8 20.6 ±  4.3

P  < NS 0.01 0.001 0.001 0.05 0.05

V alues are m eans i  SE . A b b rev ia tio n s: see legend fo r T ables I and II. G F R , V , cHs0, 
U NaV  a n d  U KV are referred  to  100 g k idney  w t.

E ffect o f  vasopressin

V alu es for renal effects o f  vasopressin are g iven  in Table IV. Glom erular 
filtra tio n  rate was not changed. The reduction o f  urine flow , the increase of 
the urinary  osm otic concentration  and the decrease o f  the free water clearance  
w ere sim ila r  to changes that occurred during isoproterenol infusion. The sodium  
and p otassium  excretions w ere, however, considerably enhanced by vasopressin .

Discussion

Isoproterenol infused intravenously produces antidiuresis [2, 3, 10, 13, 
15, 16] w hile its adm inistration  in to  the renal artery  causes diuresis [8, 16]. 
In th e  form er effect the con com itan t release o f  vasopressin  seems to p lay  an 
im p ortan t role. Isoproterenol failed to elicit antid iuresis in hypophysectom ized  
dogs [1 6 ]. Isoproterenol in fused  to  patients w ith  untreated  diabetes insipidus  
w as in effective  in a dose w hich  is known to  produce antidiuresis in w ater- 
loaded  volunteers [3]. R ecen tly  it  was found th a t th e  plasm a vasopressin con ­
cen tra tion  was elevated  in conscious dogs after subcutaneous injection o f iso ­
p roteren ol [15].

Isoproterenol infusion in to  the carotid artery did not alter the urine flow  
rate in  anaesthetised  dogs [2], therefore a direct action  on the neurohypophysis  
seem s unlikely . Som e indirect effect producing vasopressin  release m ight be 
probable. The fact th a t carotid  sinus and aortic arch denervation prevents the  
an tid iu retic  action o f isoproterenol indicates the im portance of the barorecep- 
tors [2 ]. The adm inistration  o f the angiotensin II-receptor antagonist (Sar2, 
Ala8)-angiotensin  II into the third ventricle o f  the brain in  conscious dogs could  
p reven t the isoproterenol-induced vasopressin release [15] suggesting th e  in ­
v o lv em en t o f the renin-angiotensin  system .

A ccording to som e stu d ies, isoproterenol-induced antidiuresis m ay occur 
in  certa in  instances w ithout vasopressin release. N am ely , when antidiuresis
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was produced by the in travenous infusion o f  isoproterenol in conscious dogs, 
no increase in the antid iuretic a ctiv ity  o f  the jugular plasm a could he observed  
[10]. In  Brattleboro rats intravenous isoproterenol caused an tid iu resis [13].

The question thus arises w hether the isoproterenol induced changes in 
renal function can he attributed  exclusively  to  vasopressin release. Comparison  
o f the electrolyte excretion  m ight help to  solve the problem. I t  is w ell known 
th a t vasopressin increases sodium  and potassium  excretion [cf. 4 ] , hut the 
scant reports on the effect o f  isoproterenol adm inistered in traven ou sly  on 
electrolyte excretion are controversial, w ith both decrease and increase [9, 10] 
being reported. H ow ever, B e r l  [2] has found no change in urinary sodium  and 
potassium  excretion.

In order further to  elucidate the problem , one group o f conscious water- 
loaded dogs were infused intravenously w ith  isoproterenol w hereas th e  other 
group was treated w ith  vasopressin at a dose producing antid iuresis o f the 
sam e m agnitude as did the isoproterenol. After vasopressin trea tm en t th e  diu­
resis was associated w ith  an increased sodium  and potassium  ex cretion  as had 
been expected whereas in  response to isoproterenol the antidiuresis w as accom ­
panied by a marked reduction in sodium and potassium  excretion . T h u s, even  
i f  vasopressin  does p lay a role in the renal effect o f  the in travenously  adm inist­
rated  isoproterenol, under the present experim ental conditions it  could not 
be exclusive.

The intracortical distribution  of radioactive microspheres after th e  intra­
venous infusion o f isoproterenol has also been analysed. The m icrosphere tech­
nique has recently  been strongly criticized (cf. 1). In the k n ow led ge o f the 
microsphere distribution  pattern  one cannot draw conclusions concerning the 
intracortical blood flow  distribution w ith ou t risking serious m istak es. This 
m ethod should be restricted  to  those instances w hen the unchanged  distribu­
tion  o f microspheres is associated  w ith  an unchanged tota l renal resistance 
ind icating an unchanged blood flow  distribution . Since in the p resen t study  
neither glomerular filtra tion  rate and renal blood flow  nor th e  microsphere 
distribution  pattern changed sign ificantly , alterations in w ater and  electrolyte  
excretion  seem to be independent of changes in renal haem odynam ics.

Our results appear to  suggest that under the present exp erim en ta l con­
ditions: 1. The isoproterenol-induced antidiuresis is associated w ith  reduced 
sodium  and potassium  excretion . 2. The responses developed ca n n o t be attri­
buted exclusively  to  vasopressin  release. 3. These effects o f isoproterenol on 
renal function seem s to  be independent o f  changes in renal haem odynam ics.
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ELEVATION OF THERMOREGULATORY 
VASODILATATION THRESHOLD IN THE RAT 

AFTER CAPSAICIN TREATMENT*

F. O b á l  jr., F . B a r i , G. B e n e d e k  and F. O b á l

DEPARTMENT OF PHYSIOLOGY, UNIVERSITY MEDICAL SCHOOL, SZEGED, HUNGARY 

(R eceived  Ju n e  29, 1981)

In  co n tro l a n d  c ap sa ic in -trea ted  (300 m g/kg) ra ts  ta il sk in  v a so d ila ta tio n  was 
s tud ied  while th e  b o d y  te m p e ra tu re  was ra ised  to  38 °C, 39 °C or 40 °C a n d  held a t 
these  levels. In  th e  c ap sa ic in -trea te d  ra ts , a t  38 °C v a so d ila ta tio n  w as w eak e r th a n  in 
th e  contro ls h u t a t  te m p e ra tu re s  of 39 °C a n d  40 °C a delayed increase  in  ta i l  vasodila­
ta tio n  occurred to  th e  level observed in th e  co n tro ls . I t  is concluded  t h a t  th e  threshold  
of v a so d ila ta tio n  response  to  h e a t is e lev ated  a f te r  capsaicin  t r e a tm e n t.

Repeated capsaicin treatm ent results in  a severe im pairm ent o f  rat ther­
m olysis: the anim als becom e hypertherm ic in  a warm environm ent [7, 8], 
w hile saliva secretion and groom ing decrease [2, 10]. All authors [6, 10, 11, 12, 
13] hut one [2] reported a loss o f behavioural therm oregulation. The reflex 
vasodilatation  to heat is also im paired, though in response to ex ten siv e  thermal 
stim ulation  some increase in ta il tem perature was noted [10].

The aim o f the present experim ents was to  determ ine to w h at ex ten t vaso­
d ilatation  could be a ctiva ted  in capsaicin-treated thus desensitized  [8] animals. 
Considering the close correlation between ta il skin tem perature and local blood 
flow  [9] the tem perature o f  the ta il skin was regarded as an in d icator o f vaso- 
dilatatory response to  heat.

Methods

T w en ty -tw o  co n tro l a n d  22 desensitized  m ale C FY  ra ts  were used . D e se n s itiz a tio n  was 
pe rfo rm ed  a t th e  age of 1 m o n th  w ith  a to ta l dose o f 300 m g/kg capsaicin . T h e  d ru g  was adm i­
n is te red  su b cu tan eo u sly  in  frac tio n s  o f 10, 20, 20, 50, 100 and  100 m g/kg d a ily . T h e  experim ents 
s ta r te d  tw o  m on ths a f te r  th is  t r e a tm e n t.  The ra ts  w ere confined in  a w ire m esh  re s tra in  cage 
inside  a te s t  ch am b er o f 24 -2 6  °C. R a d ia n t h e a t was used  to  w arm  th e  b o d y : a n  in fra red  bulb 
of 62.5 W  was p laced  a t  a d is tan c e  of 30 cm  on each  side o f th e  r a t .  The ta i l  w as sh ie lded  from 
th e  bu lbs. Colon te m p e ra tu re  (T c) w as tak e n  by  a p la tin u m  resistance p ro b e  in se r te d  6.5 cm 
in to  th e  colon. A d isk  th e rm is to r  w as tap ed  to  th e  d o rsa l surface of th e  ta i l  a t  tw o - th ird s  of its 
len g th  to  record ta il sk in  te m p e ra tu re  (T ,). R o th  T c an d  T ( were ta k e n  a t  1 -m in  intervals.

A fter an  a d a p ta t io n  p e rio d  of 60-90 m in, base line  tem p e ra tu re s  w ere reco rd ed  for 15 
m in . T he ra ts  w ere th e n  w arm ed  to  c ith e r 38 °C, 39 °C or 40 °C, and  T c w as h e ld  a t  th is  level 
fo r 45 m in. H eatin g  was co n tro lled  by  th e  colonic th e rm o m ete r: by  m eans o f a re g u la tin g  cir­
c u it, a dev ia tio n  of i O . l  °C fro m  th e  preselected  T c v a lu e  sw itched th e  b u lb s  on  or off. The 
sequence of th e  h e a t challenges w as 39 °C, 38 °C a n d  40 °C for each  r a t ,  a t  in te rv a ls  o f a t  least 
1 m o n th . M ean ^ S E M  b o d y  w eigh t o f th e  an im als a t  th e  tim e  of th e  te s ts  w as 39 °C: 449 ±  13

* S u p ported  by  th e  S c ien tific  R esearch  C ouncil, H u n g arian  M in istry  o f  H e a lth , 4-05' 
0303-03-2/0.
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g (c o n tro ls )  a n d  446 ±  12 g (d e se n s itiz e d ) ;  38 °C: 465 ±  9 g  (c o n tro ls )  and  464 ±  H g (desen ­
s it iz e d );  40  °C: 473 ^  10 g (c o n tro ls )  a n d  472 12 g (d esen s itized ). I n  th e  38 °C te s t  on ly  those
a n im a ls  w e re  used  whose in it ia l  T c w a s  low er th an  38 °C; th u s ,  fro m  th e  22-m em ber g roups 
on ly  15 c o n tro l  and 19 d esen sitiz ed  r a t s  were involved.

Results

T h e  mean Tc +  SEM for each  rat and test in  th e  m inute prior to  heating  
was 3 7 .2  +  0-2 °C for the co n tro ls  and 36.5 +  0.2 °C for the capsaicin-treated  
rats, w ith  a significant d ifferen ce between them  (S tu d en t’s г-test). No differ-

37 38 39 40
Colon tem peratu re  , °C

F ig. 1. C o lo n  tem p era tu re  a n d  t a i l  s k in  tem p era tu re  d u rin g  e le v a tio n  of colonic te m p e ra tu re  
in c o n tro l  (a )  an d  desensitized (b) r a t s .  A sterisks denote  s ig n if ic a n t d ifferences o f a t  lea s t

p  <  0.05 (S tu d en t’s t- te s t)

ence w as found in the Tt va lu e  (F ig . 1): It am ounted to  27.1 +  0.3 °C in both  
groups. N eith er  did the tw o groups differ in the tim e required to elevate their 
tem p eratu re to the preselected  T c.

T h e relationship b etw een  b o d y  temperature and vasodilatation  during 
the tra n s ien t period of Tc e le v a tio n  was characterized as described earlier [11]: 
The T c va lu es were grouped in to  classes spanning 0.5 °C intervals, and the 
mean T , for each rat and for th e  three tests was ca lcu la ted  for each Tc class 
(F ig. 1). A t a Tc of 37 °C no d ifference in Tt was observed  betw een the control 
and capsaicin-treated  an im als. W ith  continued h ea tin g  T, increased together  
w ith  T c in  the control an im als. In  the desensitized rats, however, practically  
no v a so d ila ta tio n  was noted  up  to  a Tc of 39 °C. A b ove  th is tem perature the  
increase in  T, was obvious; th e  difference between th e  tw o groups w'as h ighly  
sig n ifica n t throughout the period  o f  body tem perature elevation .
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W hile Tc was m aintained at a hypertherm ic level, the course o f  T, de­
pended on the exten t o f hypertherm ia (F ig . 2). In the 38 °C te s t , in  the control 
rats vasodilatation  reached the m axim um  10 —12 m inutes after the Tc of 
38 °C had been established. W hen Tc was m aintained at either 39 °C or 40 °C,

°c

1 5  1 0  15 1 1 5  2 5  3 5  4 5  m i n

P r e w a r m i n g  H y p e r t h e r m i c

p e r i o d  pe r i o d

F ig . 2. T ail sk in  tem p e ra tu re  in co n tro l (b lack  circles) and  desensitized (open c irc les) ra ts  d u r­
ing  th e  p rew arm ing  period an d  w ith  body  te m p e ra tu re s  of 38 °C, 39 °C an d  40 °C. C ontinuous 
lines ab o v e  each p a ir of cu rves in d ic a te  th e  period  d u rin g  w hich ta il te m p e ra tu re  d iffe red  signi­

fican tly  in  th e  tw o  groups (S tu d e n t’s f-tes t, a t  least p <  0.05)

vasod ilatation  was com plete during the transient period o f b od y tem perature  
elevation . The maximum increase in Tt developed in the desensitized  rats long 
after the steady hypertherm ia had been established. An im portant difference 
w as, how ever, observed as regards the effects o f  the three h eat challenges:
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in  th e  38 °C test the v a so d ila ta tio n  was slight and rem ained sign ificantly weaker 
th a n  th a t of the controls throughout the experim ent, while in the 39 °C and 
40 °C te sts  T, in the d esen sitized  rats eventually  reached the same level as in 
th e  controls.

Discussion

The findings supported  th e  earlier observation o f  an impaired vasodilata­
tio n  in  capsaicin-desensitized  rats. V asodilatation w as not sim ply im paired, 
b u t a defin ite Tc threshold  could  he determined: under 39 °C the response of 
th e  capsaicin-treated rats w as significantly w eaker th a n  th at of the controls, 
w h ile  above 39 °C the d esen sitized  rats behaved like th e  controls, only the tim e  
necessary  for developm ent o f  th e  maximum reaction  w as different. The sign i­
fica n ce  o f  this late v a so d ila ta tio n  in preventing severe hypertherm ia is unclear. 
The h eat challenge was ex cessiv e : both central and peripheral therm oreceptors 
w ere stim ulated  for a long  t im e , while therm oregulation  was not allowed to  be 
effec tiv e . Still the ex isten ce  o f  such elevated thresholds m ay contribute to  an 
understanding of some earlier observations. P rev io u sly , in  desensitized rats a 
general impairment o f all th crm olytic  reactions w as suggested . The thresholds 
for activatin g  different therm oregulatory m echanism s b y  heat are, how ever, 
differen t even in the norm al anim al [4]. A ccordingly, after capsaicin treatm ent, 
certa in  responses elicited  a t a high threshold in  th e  norm al rat are abolished, 
w h ile  responses of or ig in ally  low er threshold can be — though at a higher T c — 
a c tiv a ted . This m ay be one o f  th e  reasons for the controversia l results found in 
stu d ies o f the various form s o f behavioural therm oregulation  in capsaicin- 
trea ted  rats [2, 3, 6, 10, 11, 1 2 ], and this m ay exp la in  w h y  the desensitized rats 
dem onstrated  an increased sleep ing time in a w arm  environm ent whereas the  
controls were active in groom ing and trying to  escap e [1].
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EFFECT OF PROGESTERONE, TESTOSTERONE AND 
OESTROGENS ON THE PLASMA CORTICOSTERONE 

AND THYROID HORMONE CONCENTRATIONS IN THE 
FEMALE JAPANESE QUAIL
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(R eceived  J u ly  2, 1981)

P lasm a  c o n c e n tra tio n  of th y ro x in e , tr iid o th y ro n in e  an d  co rtico s tero n e  has 
been d e te rm in ed  by  rad io im m u n o assay  in  sh o r t-d a y  (6L  —18 D) fem ale  J a p a n e se  quails. 
In  th e  f irs t  e x p e rim e n ta l g roup  S ilastic  capsu les co n ta in in g  p ro g este ro n e , tes to s te ro n e , 
oestrone an d  17-/?-oestradiol, alone or in  co m b in a tio n  were im p la n te d  su b cu tan eo u sly  
in to  ovariectom ized  b ird s. As co m pared  to  th e  ovariectom ized  g ro u p , p la sm a  th y rox ine  
co n cen tra tio n  s lig h tly  in creased  follow ing p rogestero n e  a d m in is tra tio n , w hile  i t  decreased 
a f te r  te s to s te ro n e , o estro n e  an d  17-jS-oestradiol t r e a tm e n t.

B o th  th y ro x in e  a n d  triio d o th y ro n in e  levels show ed a  decrease  a f te r  th e  sim ul­
tan eo u s ap p lic a tio n  o f th e  fo u r sexual s te ro ids. P la sm a  co rtico s tero n e  c o n c e n tra tio n  was 
considerab ly  in creased  b y  progesterone  a n d  17-/?-oestradiol a d m in is tra tio n , w hile  oestrone 
caused an  increase  o f sm alle r degree.

In  th e  second  ex p e rim e n ta l g roup , th e  sam e horm o n al t r e a tm e n ts  w ere perform ed 
follow ing o v a riec to m y  a n d  sim u ltan eo u s su rg ical th y ro id ec to m y . P la sm a  co rticosterone 
co n ce n tra tio n  w as fo u n d  to  be  increased  by  th e  se p a ra te  or s im u lta n eo u s  ap p lica tio n  of 
th e  sexual s te ro id s , to  th e  level observed in  th e  in ta c t  co n tro l an im a ls . A ccording to  
our find ings, p lasm a  co rtico s tero n e  c o n e n tra tio n  in  th e  Ja p a n ese  q u a il is increased  by 
p rogesterone  b o th  d ire c tly  an d  via th e  en h an c em e n t of th e  p lasm a  th y ro x in e  concent­
ra tio n , while i t  is d ire c tly  increased  b y  oestrone  an d  oestradio l.

Earlier it has been show n [7] that corticosterone concentration  of the 
blood plasma decreased follow ing ovariectom y. Thus, an adrenocortical stim u­
la tory  effect o f the ovarian  sexual steroids had to  be supposed to  occur in 
fem ale birds. This was in  contrast w ith  the find ing in m ale Jap an ese quails 
where the corticosterone level was decreased b y  testosterone and increased by 
castration [5], an observation  supported b y  h istological data [1, 2, 4, 13].

The aim o f th e  present investigation  w as to determ ine w hether the 
plasma corticosterone leve l was increased b y  each o f the ovarian  sexual ste­
roids or only b y  their com bination and to observe w hether their  effect was 
directly realized at th e  adrenocortical level or indirectly by increasing thyroid 
secretion.

Material and Methods

F o u r weeks old fem ale  Ja p a n ese  quails were k e p t  in a sh o rt-d a y  (6L  — 18D , s ta r t  of 
illu m in a tio n  a t  0 9 :0 0 ) e x p e rim e n ta l room  for 2 w eeks. T he b ird s were fed  w ith  fow l feed and 
w a te r was allow ed ad lib itu m . T he in te n s ity  o f illu m in a tio n  was 70 L u x /m 2.

A t th e  age of 6 w eeks, ov ariecto m y  or o v a riec to m y  -f- th y ro id e c to m y  w ere perform ed. 
A fte r th e  in te rv en tio n , p ro g estero n e , te s to s te ro n e , o estrone  an d  17 -ß -oestrad io l alone were 
im p lan ted  under th e  sk in , a n d  in  a fu rth e r ex p e rim e n ta l g roup , th e  fo u r h o rm o n es  were im-
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p la n te d  sim u ltan eo u s ly . The q u a n t i ty  o f  th e  im p lan ted  h o rm o n e(s )  w as reg u la ted  b y  th e  len g th  
of th e  im p la n te d  capsule, i.e. p ro g e s te ro n e  — 18 mm, te s to s te ro n e  — 6 m m , oesterone — 6 m m , 
1 7 -/?-o estrad io l — 8 mm.

O n  th e  14th day th e  b ird s  w e re  b led  by  d e ca p ita tio n  b e tw een  08:00 an d  09:00 hours.
B lo o d  w as collected in to  h e p a r in iz e d  p lastic  c en trifu g e  tu b e s  an d  im m ed ia te ly  c e n tr i­

fu g ed  a t  3000 rp m . The p lasm a  w as s to re d  in  po lyethy lene  tu b e s  a t  —20 °C u n til  use.
T h e  e ffec t of th e  o p e ra tio n  w a s  checked  a t  d issection . O n ly  th e  p lasm a of b ird s in  w hich 

no in d ic a t io n  of a histological re g e n e ra t io n  could be fo u n d  w as u sed .
F o llo w in g  ex trac tio n  of th e  p la s m a  b y  d ie th y le th er (1 : 10), th e  frac tio n s were se p a ra ted  

b y  S e p h a d e x  LH -20 c h ro m a to g ra p h y  [11], and p rogesterone , te s to s te ro n e , oestrone a n d  17-/3- 
o e s tra d io l w ere  determ ined b y  R I A  [6 ]. T riio do thyron ine  a n d  th y ro x in e  were d e te rm in e d  by  
d ire c t R I A  [9, 10]. To e s tim a te  c o r tic o s te ro n e , the  p lasm a  w as e x tra c te d  b y  d ich lo rm eth an e , 
th e n  i t s  co rtico s tero n e  c o n te n t w as  d e te rm in e d  by R IA  w ith o u t  p rev io u s ch ro m a to g ra p h y . 
T he b in d in g  cap a c ity  of th e  a n tib o d y  d ilu te d  to  1 : 2000 w as 3 5 % ; i ts  c ross-reac tio n s w ere, 
c o r tiso l, <  1 .9 % ; progesterone, -< 1 .8 % ; cortexolene, < 1 .1 % ;  o es tro n e , < 0 .0 0 4 % ; d e x am e th a - 
sone, < 0 .0 0 2 % .

F o r  e v a lu a tio n  of th e  re su lts ,  v a r ia n c e  analysis w as a p p lie d .

Result

In  th e  f ir s t series o f  experim en ts , in the ovariectom ized  Silastic im plan­
ted  b ird s, sexual steroid lev e ls  near to those characteristic  of adult long-day  
quails w ere found (Table I).

T h yro id  hormones. In  se x u a lly  inactive Japanese quails, the plasm a th y ­
roxine concentration failed to  change following ovariectom y, while the triiodo­
th y ro n in e  level increased s ig n ifica n tly . In ovariectom ized birds, the thyroxine  
lev e l increased  after progesterone adm inistration, w hile it  showed a significant 
decrease after testosterone, oestron e and, first o f a ll, 17-/J-oestradiol treatm ent.

A ll  these hormonal in terven tion s failed, how ever, to affect the plasm a  
tr iiod oth yron in e concentration. Compared w ith  ovariectom ized  control birds, 
the th y r o x in e  and triiod oth yron in e levels were sign ifican tly  decreased b y  the  
sim u ltan eou s adm inistration o f  th e  four sexual stero ids. The plasm a triiodo­
th y ro n in e  level returned to th e  control value (Table II).

Corticosterone. O variectom y caused a sign ifican t decrease in the plasm a  
corticosteron e content. P rogesteron e and 17-/3-oestradiol strongly, w hile oest­
rone s lig h t ly  increased the corticosterone level in  th e  ovariectom ized quails. 
T esto stero n e  implants had no e ffec t on the corticosterone level, which increased  
con sid erab ly  after the sim u ltan eou s application o f all the sexual steroids. 
Their e ffec t , however, w as n o t additive (Table III ) .

In  th e  second series o f  experim ents, the effect o f  the individual sexual ste ­
roids w as investigated in ovariectom ized  and thyroidectom ized  quails. In  the 
case o f  im plants applied one b y  one, the steroid concentrations were higher  
th an  in  ovariectom ized birds trea ted  with steroids. On com bined adm inistra­
tion  o f  th e  four steroids, h o w ev er , the individual horm one levels were practi­
ca lly  sim ilar  (Table IV).

Corticosterone. F ollow in g sim ultaneous ovariectom y and thyroidectom y  
the p lasm a  corticosterone con cen tration  decreased sign ifican tly  while it  was 
s ig n ific a n tly  enhanced b y  progesterone, testosteron e, oestrone and 17-/1-

Acta Physiologien Academiae Scientiarum Hungaricae 59, 1982



E F F E C T  O F  S T E R O ID S  O N  C O R T IC O S T E K O N E  A N D  T H Y R O I D  H O R M O N E S IN  T H E  Q U A IL 211

Table I

Effect o f  sexual steroid im plants on the sexual steroid levels in ovariectomized quails

18L 6L
OVx O V x+ PROG OVx +  TEST OVx +  E, OVx -j- E 3 OVx +  4 sex.

control s te r .

PR O G

X 1402 40 9 30 0 1547 — — — 1 3 0 0

± S I ) 21 34 49 222 — — — 272

n 8 8 6 6 — — — 8

T E ST

X 360 70 52 — 8 0 2 — — 4 9 0

± S D 79 11 14 — 4 1 9 — — 112

11 8 8 6 — 6 — — 8

E.

X 2 30 112 62 4 0 4 3 9 6

± S D 47 38 8 — — 170 — 137

11 8 8 6 — — 7 — 8

E o

X 645 83 73 605 5 6 3

± s n 120 19 19 - — - 116 211

n 8 8 6 — — — 6 8

OVx, ovariectom y; OVx +  PR O G , ovariectom y -f- progesterone im p la n ta tio n  in  18 mm 
Silastic  capsule; OVx +  T E S T , ovariectom y te s to s te ro n e  im p lan ta tio n  in  6 m m  capsule; 
OVx -f- К j. ovariectom y •- oesterone im p lan ta tio n  in  6 m m  capsule; OVx +  E 2, ovariec to m iz­
ed 17-/î-oe St rati i ol im p la n ta tio n  in 8 m m  capsule; O V x - j 4 sex. ster., ov ariecto m y  +  PR O G , 
T E S T , E ,, E ,  in  4 S ilastic  capsules of size as given a b o v e ; 18L, 18 h illum ination ; 6L , 6 h  illum i­
n a tio n .

oestradiol treatm ent. A fter their sim ultaneous adm inistration, th e  plasm a  
corticosterone level reached that o f  the control birds (Table Y).

Discussion

In ovariectom ized quails the plasm a corticosterone concentration  was 
considerably increased b y  the high sexual steroid  level produced b y  hormone 
im plants and characteristic o f adult birds. This observation is in agreem ent with 
our earlier data, according to which the plasm a corticosterone content decreased  
follow ing rem oval o f  the ovary [7]. Progesterone and 17-/l-oestradiol could be
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Table II

E ffe c t o f  sexual steroid im plan ts o n  the plasma thyroid horm one content in ovariectomized quails

ng/ml
6L

control OVx OVx -f- PROG OVx +  TEST OVx -f Et OVx + E, OVx -f 4 sex. 
ster.

T ,
X 0.91 2.22“ 2.92 2.40 2.84 2.74 0.87b

± S D 0.31 0.84 0.74 0.83 1.75 0.76 0.41

n 12 11 9 12 6 6 8

T<
X 13.28 11.45 15.75° 8.14° 8.18b 3.01b 8.13°
± S D 2.82 3.32 1.36 3.97 2.11 3.01 3.03

11 12 11 9 12 6 6 8

A b b rev a tio n s  as in T ab le  I .  a p  <  0.01 vs 6L  c o n tro l, b p  <  0.01 vs OV x, c p  <  0.05 
v s O V x.

resp o n sib le  together for th e  effect o f ovarian sex u a l steroids exerted on the  
p la sm a  corticosterone lev e l. Our findings are in  agreement w ith th o se  of 
R a m e l e y  [12] who found a decreased plasm a corticosterone level in ovar iecto ­
m ized  ra ts , while the lev e l increased  when 17-/9-oestradiol was given follow ing  
o v a r iec to m y . Taking into consideration  the effect o f  sexual steroids on th e  cor­
t ico stero n e  secretion rate [8 ], corticosterone secretion  seems to be stim u lated  
b y  progesterone and 17-/?-oestradiol first o f a ll through the hypothalam o-cor- 
t ic o tr o p ic  system , and th e  p la sm a  glycocorticoid  concentration is enhanced  
b y  th e  tw o  sexual steroids. P la sm a  thyroxine concentration  is in flu en ced  also 
b y  in d iv id u a l sexual stero id s: it  increased after progesterone and oestrogen  
ad m in istra tio n . Plasm a th y ro x in e  concentration w as found to be decreased if

Table I I I

E ffe c t o f  sexual steroid im p la n ts  on the plasma corticosterone in  ovariectomized quails

ng/ml 6L
control OVx OVx -f PROG OVx +  TEST OVx +  Et OVx +  E,

OVx -f 4 sex. 
ster.

C R T

X 8.61 4.35“ 10.89b 6.75 8.28° 14.80b 12.60b
± S D 2.16 2.27 4.77 4.23 1.32 5.55 2.37
n 8 6 8 7 7 6 8

A b b re v a tio n s  as in  T ab le  a p  <  0.01 vs co n tro l, b p <  0.01 vs OVx, c p  <  0.05 
vs O V x.
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Table IV

Effect o f  sexual steroid im plan ts on the sexual steroid concentration in  ovariectomized and thyroidec-
tomized quails

Pg/ml
18L 6L

OVx + Tx
OVx 
+ Tx 

+ PROG

OVx 
+ Tx 

+ TEST
OVx + Tx -f- Ej OVx + Tx + E, OVx + Tx + 4

control sex. »ter.

PR O G

X 1402 409 260 2137 — — — 979

± S D 21 34 27 320 — — — 310
11 8 8 8 6 — — — 8

T E S T

X 360 70 47 — 1221 — — 690

± s n 79 11 10 — 210 — — 273

n 8 8 8 — 9 — — 8

E i
X 230 112 68 1370 750

± S 1 ) 47 38 23 — — 205 — 291

n 8 8 8 — — 6 — »

E ,

X 645 83 70 — — — 895 710

± S D 120 19 27 — — — 178 244

n 8 8 8 — — — 6 8

A bbrev iations as in  T ab le  I. T x , thyro idectom y.

Table V

Effect o f  sexual steroid im plan ts on the plasm a corticosterone (C R T )  content in  ovariectomized and
thyroidectomized quails

ng/ml 6L
control OVx +  Tx

OVx +  Tx +  
+  PROG

OVx Tx +  
+  TEST OVx + T x  + E, OVx + T x + Е г

ÓV» + T x 1 4 
sex. ster.

CRT

X 9.83 4.76" 8.57b 9.67" 9.13" 7.43" 8 .6 l"
± S D 3.89 1.15 2.89 2.31 2.26 1.91 2.01
n 7 8 6 9 6 6 6

A bbrevations as in  T able  IV. “ p <  0.01 vs co n tro l, b p  <  0.01 vs OVx +  Tx.
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sim u ltan eou sly  the level o f  ovarian sexual steroids increased [6]. Since the 
plasm a corticosterone concentration  increased when thyroxine was g iven to  
sex u a lly  inactive fem ale birds [PÉCZELY and P eth es , 7], there is a possib i­
l i t y  th a t the corticosterone le v e l was influenced by progesterone through a 
stim u la tio n  of thyroxine secretion . In m am m als, where glycocorticoid  produc­
tio n  is enhanced first o f all b y  17-/3-oestradiol, the effect o f oestrogen on adreno­
cortica l function depends on the actual functional state o f  th e  thyroid  
glan d  [3].

In  ovariectom ized and thyroidectom ized  anim als the ovarian sexual 
stero ids both  ind ividually  and in  com bination were found to  increase the 
p lasm a corticosterone level. T his find ing can be interpreted to ind icate th at in 
in ta c t  anim als the plasm a corticosterone concentration was increased by pro­
gesterone both directly through  the hypothalam ocorticotropic system  and also 
b y  increasing the thyroid fu n ction . In the case o f 17-/3-oestradiol, the stim ula­
tion  is direct in character, m anifesting itse lf in spite o f the decrease o f  the th y ­
rox in e  level.

In  ovariectom ized birds, testosterone adm inistration failed to  influence  
the p lasm a concentration, w h ile  in sim ultaneously  ovariectom ized and thyroid­
ectom ized  quails it caused a considerable increase in the corticosterone level. 
As to  th e  effect o f testosterone on adrenocortical function , the presence or lack  
o f th y ro id  hormones was found to  be of decisive im portance also in m ale birds 
[5]. In  hypothyroid  quails, th e  plasm a corticosterone level is increased by tes­
to stero n e  in both male and fem ale birds.

T h u s, it can he stated  th a t in  fem ale quails both the plasm a tr iiod oth yro­
n ine and thyroxine concentration  decreased following the sim ultaneous adm i­
n istra tio n  of ovarian sexual steroids in a dose m aintaining the physiological 
sta te . T his effect develops as a result o f the slig h tly  stim idating effect o f pro­
gesterone and of the inh ib itory effect o f testosterone, oestrone and 17-/?-oestra- 
dio l. T he basis o f the p ositive  ovarian-adrecocortical connection is partly  the  
direct effect of progesterone, oestrone and 17-/?-oestradiol and p a rtly  the 
in d irect effect o f progesterone, realized through the stim ulation  o f thyroid  
fu n ction .
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EFFECT OF INDOMETHACIN ON INTRARENAL 
CIRCULATION AND SODIUM AND WATER EXCRETION 

IN ANAESTHETISED RATS WITH OR WITHOUT 
ACUTE VOLUME EXPANSION

J. B a r t h  a  and Csilla H a b l y

DEPARTM ENT OF PH Y SIO LO G Y , SEM M ELW EIS U N IV ER SITY  M EDICAL SCHOOL, BU DA PEST 

(R eceived  A ugust 1, 1981)

E ffec ts o f  th e  p ro s ta g la n d in  syn thesis in h ib i to r  in d o m e th ac in  (4 m g/kg) were 
stud ied  on th e  in tr a re n a l  c ircu la tio n  of a n ae sth e tise d  (p e n to th a l 50 m g /k g  i.p .) ra ts  in  
norm ovolem ia or su b je c ted  to  acu te  e x tra ce llu la r  vo lum e ex p an sio n  ( in tra v en o u s  in fu ­
sion of 0 .9%  N aC l a t  a dose of 50 m l/kg) using  S a p irs te in ’s 86R b  in d ic a to r  d ilu tio n  tech ­
nique. C ircu la to ry  p a ra m e te rs  were de te rm in ed  one h o u r a f te r  in d o m e th a c in  tre a tm e n t. 
The follow ing conclusions were d raw n:

1. In  no rm o v o lem ic  ra ts  th e  renal, co rtica l an d  m ed u lla ry  b lood  flow rem ained  
u n a lte red . No ch an g es occurred  in regional v a sc u la r  re sistan ces of th e  k id n ey  or in the 
d is tr ib u tio n  p a t te rn  o f in tra re n a l blood flow . W a te r  o u tp u t was m o d era te ly  reduced 
while sod ium  e x c re tio n  rem ain ed  unaffected .

2. In  ra ts  su b je c ted  to  acu te  ex trace llu la r vo lu m e ex p an sio n  re n a l co rtica l blood 
flow was s lig h tly  au g m e n ted , m edu llary  p e rfusion  r a te  declined ; th e  in tra re n a l blood 
flow d is tr ib u tio n  w as sh if ted  to w ard s th e  co rtex . T he v ascu la r re sis tan ce  in  the  co rtex  
did no t change  w hereas t h a t  in th e  m edulla  w as s lig h tly  a u g m en ted . U n d e r these  con­
d itio n s in d o m e th ac in  d id  n o t influence sa lt an d  w a te r  excre tion .

O ur re su lts  p ro v id e  fu r th e r  evidence t h a t  u n lik e  in  a n a e s th e tise d  dog, in the 
an aesth e tised  r a t  en d o g en o u s p ro stag lan d in s p ro b a b ly  do n o t  p lay  a decisive  role in the 
con tro l o f ren a l b lood flow , in tra re n a l c ircu la tio n  an d  sa lt an d  w a te r  ex cre tio n .

Prostaglandins (PG s) have been suggested  to  be in volved  as local hor' 
mones in the control o f  renal blood flow  and in the regulation o f renal sa lt and 
w ater excretion [3, 7, 12, 15, 17, 18]. Most o f  the conclusions concerning the 
role o f prostaglandins have been drawn from experim ents using indom ethacin  
as the specific inh ib itor o f  PG synthesis. The reduction  o f renal blood flow , the 
antidiuretic and antinatriuretic effects o f indom ethacin  in  the anaesthetised  
dog are w ell know n [3, 7, 14, 16, 18]. In such  dogs subjected  to isosm otic 
extracellu lar h yp ervo lem ia  indom ethacin suppresses the d iuretic and natri­
uretic effect o f vo lu m e expansion [24]. H ow ever, in the anaesthetised  rabbit 
indom ethacin exerts d ifferentia l effects, viz. it produces antidiuresis in hydro- 
penia, whereas it  m arkedly  enhances the diuretic action  o f  extracellular 
volum e expansion  [16, 19].

It appears th a t  during anaesthesia the inh ib ition  o f endogenous PG 
production results in renal responses varying according to species and the state  
of hydration.

The purpose o f  the present stu d y  was to further elucidate th e  above phe­
nom enon. The effects o f  indom ethacin  on renal function  were studied in the 
anaesthetised  rat w ith  or w ith ou t acute ex tra ce llu la r  volum e expansion.
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M aterial and Methods

F e m a le  albino ra ts  (C FY ) w e ig h in g  200-240 g were u sed . N orm al sy n th e tic  food and 
w a te r  w e re  n o t  restric ted  p rio r to  t h e  s tu d ies . U nder p e n to th a l  an aesth es ia  (50 m g/kg  i.p.) 
in d o m e th a c in  (4 m g/kg) was in je c te d  v ia  one of the  ta il veins. T h e  in d o m e th ac in  w as dissolved 
in  p h y s io lo g ic  saline con tain ing  N a 2H P 0 4 (1 mg in d o m e th ac in  -f- 1 m g N a 2H P 0 4/ l  m l 0 .9%  
N aC l). T h e re a f te r  th e  necessary su rg ic a l p rocedures were u n d e r ta k e n . T h ro u g h  a low er a b d o ­
m in a l in c is io n  a cath e te r was in se r te d  in to  th e  u rin ary  b lad d er. A  c a th e te r  was ad v an c ed  in to  
th e  r ig h t  v e n tr ic le  via th e  r ig h t ju g u la r  v e in . The left com m on c a ro tid  a r te ry  w as c an n u la te d  
an d  c o n n e c te d  to  a T -tub ing  fo r m o n ito r in g  th e  m ean  a r te r ia l  b lood pressu re  a n d  collecting  
a r te r ia l  b lo o d  sam ples a t th e  f in a l p e r io d  o f studies.

S u rg e ry  lasted  for ab o u t 15 m in . C ard iac  o u tp u t and  p a ra m e te rs  fo r ren a l h a e m o d y n a ­
m ics w e re  d e te rm in e d  60 m in a f te r  th e  in je c tio n  of in d o m e th ac in  o r so lv en t (co n tro l).

T h e  s tu d ie s  were perfo rm ed  in  fo u r groups.

1. S tu d ie s  on  normovolemic rats

N o  in fu s io n  was given to  th e  an im a ls  in  these g roups
1.1 . C o n tro l group (n =  17)
1.2. In d o m eth ac in  group  (n  =  17)

2. S tu d ie s  o n  hypervolemic rats

F o r t y  m in  prior to  the  c o m m e n c e m e n t of the  c irc u la to ry  s tu d y  an im als w ere infused 
w ith  p re w a rm e d  physiologic sa line  (5 0  m l/k g ) in to  th e  ex te rn a l ju g u la r  ve in  fo r 10 m in . A fter 
c o m p le tio n  o f th e  infusion urine  h a d  b e e n  collected for 2 x 1 5  m in  periods and  ca rd iac  o u tp u t 
an d  p a r a m e te r s  for renal c irc u la tio n  w ere  subseq u en tly  e s tim a te d .

2 .1 . C o n tro l group (n 15)
2 .2 . In d o m eth ac in  group  (n =  12)

3. E s tim a tio n  o f  circulatory param eters

T h e  an im a ls  received 86R b C O ;{ (0 .6  — 0.7 M Bq) in 0.2 m l physio log ic  saline as a single 
b o lu s in je c te d  in to  the rig h t v e n tr ic le  v ia  th e  ju g u la r c a th e te r . A rte ria l blood sam p les were 
co llec ted  a t  in te rv a ls  of 0.75 s fo r 15 s. A n im als  were killed w ith  i .v . a e th e r  90 s a f te r  th e  iso tope 
t r e a tm e n t .  K id n ey s  were rem o v ed , d e c a p su la te d  and specim ens w ere excised from  th e  co rtex  
an d  m e d u lla . These and th e  re s t  o f th e  k id n ey s were w eighed a n d  d isso lved  in  c o n c e n tra te d  
H N 0 3. R a d io a c tiv ity  in blood a n d  t is s u e  specim ens were d e te rm in e d  in  a gam m a sc in tilla tio n  
c o u n te r  (B e c k m a n  R ad io im m u n o -A n aly se r). C ardiac o u tp u t w as d e te rm in ed  on th e  basis of 
St e w a r t ’s p rin c ip le  [22], reg ional r e n a l  b lood  flow by  Sa p ir s t e in ’s m eth o d  [20] a d a p te d  for 
th e  k id n e y  b y  H ársing  and  P e l l e  y  [11].

C a rd ia c  o u tp u t (CO), re n a l b lo o d  flow  (R B F ), cortica l b lood  flow' (C B F) an d  m ed u lla ry  
b lood f lo w  (M B F ) were calcu la ted  a c c o rd in g  to  the  fo rm ula

B F  = 60 xQ
t
f Ca d t

Ó

w here Q is  th e  ac tiv ity  in jec ted  ( fo r  ca lcu la tio n  of card iac  o u tp u t,  CO), an d  th e  a c t iv ity  
c a lc u la te d  fo r  100 g of k idney , c o r te x  a n d  m edulla  (for ca lcu la tio n  of R B F . C B F a n d  M B F).

re sp e c tiv e ly . T he denom inator j C a d t  rep re se n ted  th e  a rea  below  th e  a rte ria l d ilu tio n  curve
Ö

th e  d u r in g  f i r s t  circulation.
T h e  p e rcen tag e  d is tr ib u tio n  o f  in tr a re n a l  c ircu la tion  w as ca lcu la ted  from  reg io n a l flow 

v a lu es p e r  u n i t  m ass assum ing t h a t  th e  c o rte x  represen ted  6 4 %  a n d  th e  m edulla  3 6 %  of the  
to ta l  k id n e y  m ass. The k idney  f r a c t io n  of cardiac  o u tp u t w as c a lcu la ted  as a q u o tie n t  of 
tis su e  a c t i v i t y  per injected a c t iv ity .

U r in a r y  sodium  and p o ta s s iu m  co n cen tra tio n s  were d e te rm in e d  b y  flam e p h o to m e try  
(D ig ita l F la m e  Photom eter. OM SZÖV). H a em a to c rit was d e te rm in e d  using  a H aw sk ley  m icro- 
h a e m i.to c r i t  cen trifuge.

E x p e r im e n ta l  da ta  were a n a ly se d  fo r significance by S tu d e n t’s p a ired  t te s t.
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Result»

Since there was no preferential la tera lity  in the circulatory parameters 
betw een the right and the left kidney in a n y  o f  the studies, their averages were 
used. Table I presents means S.D . ca lcu la ted  from data o f  b o th  kidneys.

1. Effect o f  indomethacin in normovolemic ( N  V) rats

In response to  indom ethacin trea tm en t both mean arterial blood pres­
sure (p <[ 0.001) and to ta l peripheral resistance (p << 0.01) rose w ith ou t any 
appreciable change in  cardiac output. T o ta l renal and regional blood flow  
and resistance were not affected by in d om eth acin . Fractional renal blood flow  
and the pattern o f intrarenal blood flo w  distribution were also unchanged  
(Table I).

Urine flow  (Vcontrol: 1.52 ±  0.49; V ,nd0: 1.09 +  0.28 p l/m in /g , p <  0.05) 
was m oderatelv reduced by indom ethacin , whereas sodium excretion  was not 
altered (Table II).

Table 1

Effect o f  indomethacin on intrarenal c ircula tion  in  normo- and hypervolem ia

Normovolemia Hyperv olemia

control 
n =  15

indom ethacin  
it =  17

control 
n =  15

indom ethacin 
n =  12

Blood pressure, m m H g 123 ±  9.9 144 - b  7.92*** 125 ±  15.8 148 ±  14.2***
C ardiac o u tp u t, m l/m in/100 g 23.9 ±  5.9 22.6 ±  4.04 20.7 ±  4.13 22.2 ±  4.07
T P R , m m H g • m l-1 • s - k g “ 1 32.2 ±  6.57 39.0 ±  6.83** 37.8 ±  8.84 41.1 ±  7.13

R enal blood flow.
m l/m in/100 g 

C ortical blood flow,
367 ±  118 369 ±  84 494 ±  113+ + 558 ±  89

m l/m in/100 g 
M edullary blood flow ,

402 ±  133 391 ±  69 554 ±  132+ + 619 ±  96

m l/m in/100 g

R esistance

233 ±  86 235 ±  53 281 ±  68 258 ±  61

^kidney
m m H g • m l-1 • s • k g -1 2.18 ±  0.60 2.46 ±  0.55 1.63 ±  0.500 1.65 ±  0.358

cortex
m m H g • m l-1 • s • k g -1 

^medulla
2.00 ±  0.56 2.28 ±  0.35 1.46 ±  0.455++ 1.48 ±  0.311

m m H g • m l-1 • s • k g -1 3.64 ±  1.43 3.89 ±  1.01 2.86 ±  0.813 3.68 ±  1.06*

K id n ey  frac tio n . % 11.8 ±  2.10 13.3 ±  2.66 15.9 ±  3.00- + 16.8 ±  2.38

D is tr ib u tio n  of R B F
C ortex. % 78.3 ±  3.20 78.2 ±  2.86 80.2 ±  2.25 83.1 ±  1.90**
M edulla, % 21.7 ±  3.15 21.8 ±  2.92 19.8 ±  2.26 16.9 ±  1.90**

* Significance as com pared  w ith the  in it ia l  va lues.
+ Significance be tw een  the norm o- an d  h y p erv o lem ic  control groups, 

p  <  0.05 : p  <  0.01 ***: p <  0.001.
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Table II

E ffe c t o f  indomethacin on water and  sodium  excretion in  normo- and hypervolemia

Normovolemia Hypervolemia

con tro l 
n  =  15

indom ethacin 
n =  12

control
n =  13

indom ethacin 
u =  11

D iuresis, /d /m in /g  kidney 1.52 ±  0.49 1.09 ±  0.28* 18.4 ±  8.64+++ 18.9 ±  1.65
U Na, ytanol/ml 105 ±  25.6 185 ±  43.8*** 232 ±  28.8+++ 241 ±  14.1

U NaV , /<mol N a/m in/g  k idney 0.16 ±  0.06 0.20 ±  0.054 4.24 ±  2.03+++ 5.37 ±  4.11

* S ign ificance  as com pared w ith  in it ia l  values.
+ S ign ificance  betw een th e  n o rm o - an d  hypervo lem ic c o n tro l groups. 
*: p  <  0.05 *$*: p <  0.001.

2. Effect o f indom ethacin in hypervolem ic rats ( H V )

A c u te  volum e expansion per se did not in flu en ce either arterial b lood  
pressure or cardiac output recorded 30 min after the term ination of the in fusion  
period. H ow ever, it did considerably  (35% ) increase renal perfusion rate  
(R B F nv 367 : 118, R B F HV 494 +  113 m l/m in/100 g , p <  0.01). Cortical b lood  
flow  w as augm ented by 38% com pared w ith  norm ovolem ic controls (C B F NV: 
402 +  133 , C B FHV: 554 132 m l/m in/100 g, p <  0.01), whereas m edullary
blood f lo w  w as enhanced on ly  b y  20%  (NS). O wing to  these changes the d istri-

CD
X
E
E

• ---------- •  C o n t r o l  ( n  = 1 3 )  * ---------- x  I n d o m e t h a c i n  ( n  =11 ) * p < 0 . 0 2  *  P < 0 . 0 1

B l o o d  p r e s s u r e  D i u r e s i s  X - S ;

S o d i u m  e x c r e t i o n W a t e r  r e j e c t i o n

Fig. 1. A r te r ia l  blood pressure an d  s a l t  a n d  w ater ex c re tio n  in  r a ts  w ith  acute e x tra c e llu la r
vo lum e e x p a n s io n  under con tro l c o n d itio n s  ( • -------- • )  a n d  a f te r  th e  infusion of in d o m e th ac in

(X --------- X)
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F ig . 2. In te rre la tio n sh ip  be tw een  re n a l m ed u lla ry  a n d  co rtica l blood flow  in  a n ae sth e tise d
ra ts  w ith  norm ovo lem ia  or hyp erv o lem ia  u n d e r  co n tro l co n d itions ( • -------- • )  a n d  a f te r  the

in fu sio n  of in d o m e th ac in  (X--------- X)

hution  o f intrarenal blood flow  tended to sh ift (NS) toward the cortex . Fractio­
nal renal hlood flow  was increased from 11.8 +  2.1%  to 15.9 +  3.0%  (p <
<  0.001) due to  the acute volum e expansion .

Indom ethacin  did not affect cardiac output in  rats w ith acute volum e  
expansion  either, but it raised the arterial blood pressure (p <  0.001) ju st  like 
in norm ovolem ic rats (Table I and F ig . 1). Renal and renal cortical vascular  
resistance was not augm ented by in d om ethacin  but the drug did m oderately  
increase the resistance o f the m edullary vessels (R meduiia h v  =  2 .86 +  0.81, 
^medulla H V  + indo =  3.68 +  1.06 R; p <  0.05). Cortical blood flow  tended  to  
increase, m edullary blood flow  tended to  decrease but changes were not 
sta tistica lly  significant. Percentage distribution  o f intrarenal hlood flow  shifted  
tow ard  the cortex, i.e. it  increased from 80.2 +  2.25%  to 83.1 +  1.9%  (p <
<  0.01), whereas the same param eters in the m edulla decreased from  19.8 +  
+  2.26%  to 16.9 +  1.90%  (p <  0.01) under the effect o f indom ethacin .
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F igure 2 presents changes in intrarenal b lood  flow  distribution, m ed­
ullary b lood flow  being p lo tted  against cortical b lood flow . In norm ovolem ic  
anim als th e  regression lines for both param eters w ere alm ost indentical. In the  
volum e-expanded  rats th e  regression line for th e  indom ethacin-treated  rats 
w as sh ifted  downward ind icating  that after indom ethacin  treatm ent an y  
given  cortical flow  va lu e w as associated w ith  low er m edullary flow  value  
than  in controls.

In  rats w ith acute vo lum e expansion indom ethacin  failed to  influence  
urine f lo w , sodium  ou tput and fluid excretion as expressed in per cent o f the  
vo lu m e o f fluid adm inistered (Fig. 1).

Discussion

In  th e  anaesthetised dog the renal vasoconstrictor effect of indom ethacin  
has rep eated ly  been confirm ed. In the anaesthetised  and operated norm ovole­
mic dog indom ethacin  treatm en t results in p otent renal vasoconstriction [3, 7, 
15, 17, 18, 23]. The indom ethacin-induced renal vasoconstriction  is also observ­
ed in  anaesthetised  dogs subjected  to isosm otic extracellu lar volum e expansion  
and at th e  same tim e th e  enhancem ent of sa lt and w ater excretion due to the  
h ypervolem ia  is suppressed [24]. There is a linear relationship betw een the  
red u ction  o f renal blood flow  and the release o f  P G E , from the kidney in dogs 
[18, 23 ]. Therefore, it is suggested  th at the continuous basal PG secretion m ight 
play  a role in the control o f renal blood flow .

On the basis o f these findings it  appears th a t in the anaesthetised dog  
the on set o f  the indom ethacin-induced renal vasoconstriction  is independent o f  
th e  s ta te  o f  hydration. The aim  of the present in vestigation  was to stu d y  the  
action s o f  indom ethacin in  rats w ith  or w ith ou t acute volum e expansion.

In  the anaesthetised norm ovolem ic rat —in  contrast to the dog under 
sim ilar cond itions— there w as no change in renal and intrarenal circulation in ­
cluding m edullary flow  after indom ethacin treatm en t. This finding is in good  
agreem ent w ith data o f  G a n g u l y  et al. [9] who found no changes in the plasm a  
flow  o f  th e  papilla after indom ethacin adm inistiation , and also w ith  those o f  
D Ü SIN G  e t al. [6] who observed unaltered G FR  and renal plasma flow  as m easu­
red b y  135I hippurane after indom ethacin  treatm en t in rats on a norm al salt d iet. 
On th e  other hand, our resu lts are not in line w ith  th ose  o f S o l e z  et al. [21] who 
reported  on a marked reduction  o f m edullary p lasm a flow  measured by the  
125I-a lb u m in  m ethod 30—45 m in after in traperitoneally  injected indom ethacin. 
A ccording to  their results to ta l renal blood flow  w as reestablished one hour 
fo llow ing indom ethacin treatm en t despite the in h ib ition  of PG synthesis w hich  
p ersisted  for one and a ha lf hour posttreatm ent. According to S o l e z  et al. [21]
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th e  effect o f indom ethacin adm inistered into the renal arteries is relatively  
short-lived . We gave indom ethacin  in travenously  and found no change in 
renal haem odynam ics one hour postinjection. H u c k e r  et al. [ 1 3 ]  found that 
the plasm a half-life o f indom ethanic adm inistered i.v . was 4 h, therefore the 
PG producing cells were supposed to he under the effect o f  indom ethacin  
throughout the whole observation  period o f the present study. This presum p­
tion is supported by the fact th a t under norm ovolem ic conditions b o th  arterial 
blood pressure and to ta l peripheral resistance were potently increased b y  indo­
m ethacin. Previous results from this laboratory have shown th a t th e  enhance­
m ent in T PR  is caused b y  a preferential increase o f  vascular resistan ce in  the 
skin and skeletal m uscle [4].

On the hasis o f the present results and the above data we su ggest that in 
anaesthetised norm ovolem ic rats the rate o f  the basal prostaglandin  secretion  
is low , therefore it should not p lay an im portant role in the control o f  renal and 
intrarenal blood flow . It appears, however, th at th e  state of hyd ration  and/or 
the exten t of sodium load can m odulate the responses o f intrarenal haem ody­
nam ics to indom ethacin treatm ent even in rats.

The diuretic and natriuretic effects o f prostaglandins o f th e  E and A 
series after their infusion in to  the renal arteries are w7ell known [2, 10, 25]. I f  the 
endogenous prostaglandins played a role in the volum e regulation as natriuretic  
factors, their secretion w ould he expected to enhance during acu te isosm otic 
extracellular volum e expansion. W e tested the v a lid ity  of this presum ption in 
rats w ith hypervolemia. In  hypervolem ia rats follow ing treatm ent w ith  the 
prostaglandin synthesis inh ib itor indom ethacin cortical blood flow  w as moder­
ate ly  increased whereas m edullary flow  was sligh tly  reduced despite th e  e levat­
ed blood pressure. These changes, however were not sta tistica lly  sign ifican t. On 
the other hand, vascular resistance in the m edulla sign ificantly increased after 
indom ethacin  treatm ent (m edullary blood flow  sligh tly  decreased in  association  
w ith  the elevation o f blood pressure), however, its biological im portance remains 
doubtful. Thus, indom ethacin  failed to induce marked renal vasoconstriction  
in anaesthetised rats even  during hypervolem ia, which is in contrast to  results 
described for anaesthetised and operated dogs under similar cond itions.

In the present stu d y  indom ethacin in hypervolem ic rats caused  a shift 
in intrarenal blood flow  distribution toward the cortex, just op p osite  to  the 
changes observed in rats w ith  norm ovolem ia. This finding is sim ilar to that 
found in anaesthetised dogs [3, 15]. The m echanism s o f redistribution  in the 
tw o species are, however, d ifferent. In the dog the cause of the outw ard redistri­
bution  after indom ethacin treatm ent is th at the vasoconstriction  in  the outer 
cortex is sm aller in m agnitude than  in the juxtam edullary cortex  or in the 
m edulla [3, 15]. Based on our present results the cause of the red istribution  in 
the rat is that the m oderately reduced m edullary perfusion is associated  w ith a 
slightly  enhanced cortical flow .
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R esu lts also show ed th a t  the endogenous prostaglandin secretion did 
n ot appear to play a decisive role in the control o f  cortical blood flow  in  anaes­
th e tise d  rats either w ith  or w ith o u t acute vo lu m e expansion. The indom etha- 
cin -in d u ced  responses in th e  m edullary vessels depended  on the state o f hydra­
tio n . In  normovolemia due to  the presum ably low  endogenous PG secretion  
th e  further reduction o f PG s did not cause the m edullary flow  to decline, in 
rats w ith  acute volum e ex p an sion , however, th e  suppression o f the enhanced  
p rostagland in  production m ig h t have caused a sligh t increase in the resistance  
o f  m ed u llary  vessel inducing  a moderate reduction  o f  flow  through th is zone. 
N ev erth e less , the ch aracteristic  changes in renal haem odynam ics induced by  
in d om eth acin  in the a n aesth etised  dog failed to occur under similar conditions  
in  ra ts  w ith  or w ithout a cu te  volum e expansion. Our results provide further 
ev id en ce  for the differential vascu lar effects o f  prostaglandins in the k idney of 
th e  tw o  species.

T he endogenous p rostag lan d in s might m odulate sodium and w ater ex ­
cretion  through the control o f  renal haem odynam ics and/or o f tubular func­
tio n s . Indom ethacin did n o t a lte r  sodium output in rats either in norm ovolem ia  
or hypervolem ia. Urine f lo w  in  norm ovolem ia w as reduced by 29% after indo­
m eth a c in  treatm ent, h ow ever, no such effect w as observed in rats subjected  
to  v o lu m e  expansion (Table I I ) . These findings shou ld  not be ascribed to hae­
m od yn am ic changes (Table I) but can be read ily  interpreted in term s o f the  
op p o sin g  actions of A D H  and PG E on the en zym e adenylate cyclase: vaso­
p ressin  facilitates whereas P G E  inhibits ad en yla te  cyclase. The vasopressin  
p o ten tia tin g  effect o f in d om eth acin  is well know n in  the anaesthetised dog 
[1, 8 ] . PG E suppresses th e  vasopressin-induced increase o f adenylate cyclase  
a c t iv ity  and of cAMP con cen tration  in the m edulla  o f the rat k idney [5]. 
In  norm ovolem ia we also fou n d  reduced w ater o u tp u t and increased urinary  
sod iu m  concentration (T able I I ) . Therefore, th e  indom ethacin-induced reduc­
tio n  in  w ater output observed  in  normovolemic rats appears to be th e  result of 
a predom inance of the e ffec t o f  vasopressin ow ing to  the suppression o f endo­
gen ou s prostaglandin prod u ction .

On the other hand, in  hypervolem ia urine f lo w  was not dim inished by 
in d om eth acin . This does n o t appear to be in con flic t w ith  our explanation  based  
on th e  vasopressin-prostaglandin  antagonism. A part from plasm a osm olality , 
h yp ervo lem ia  is the m ost p o te n t  inhibitor o f vasopressin  synthesis. D ata  for 
urinary  excretions in T able I I  are derived from  th e la st 15-min collection  period 
prior to  the haem odynam ic stu d y . Thus by th a t tim e already 30 and 45 min 
h ad  elapsed  from the on set o f  hypervolem ia and indom ethacin in jection , res­
p e c tiv e ly . Accordingly, th e  secretion  of vasopressin  m ust have been suppressed  
to  su ch  a degree that w ith  th e  plasm a T 1/2 =  18 m in for the horm one, indom e­
th a c in  (i.e. the lack o f prostaglandins) could n o t p oten tia te  the effect o f vaso­
p ressin .
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Our results provide further evidence th a t in the anaesthetised rat the 
endogenous prostaglandins probably do not p lay  such a decisive role in  the 
control of renal blood flow , interarenal circu lation  and in the salt and water 
excretion as in the anaesthetised dog. The renal actions o f the prostaglandin  
synthesis inhibitor indom ethacin  thus vary according to  species and the experi­
m ental conditions applied.
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T h e  e f fe c t  o f  1 to  6 -w eek  l im b  im m o b iliz a t io n  b y  p la s te r  f ix a t io n  a n d  t h e  r e s u l t ­
in g  sk e le ta l  m u sc le  i n a c t iv i ty - a t r o p h y  w as s tu d ie d  b y  a n a ly s in g  i s o ta c h o p h o re t ic a l ly  
th e  A T P , A D P , A M P. C rP , N A D  + a n d  P j c o n te n t  o f  th e  s lo w -o x id a tiv e  s o le u s , a n d  th e  
f a s t -g ly c o ly t ic  g a s tro c n e m iu s  m u sc le  o f  th e  r a b b i t .

A T P  a n d  C rP  lev e ls  w ere  h ig h e r  in  th e  g ly c o ly tic  w hile  N A D  + c o n te n t  w as 
h ig h e r  in  th e  o x id a tiv e  sk e le ta l m u sc le  u n d e r  n o rm a l  c o n d itio n s . E n e rg y  h o m e o s ta s is  
o f  th e  m u sc le s  d is tu rb e d  d u r in g  th e  f i r s t  w eek  o f  im m o b iliz a tio n , a n d  s u b s e q u e n t ly  i t  is 
a d a p te d  to  th e  in a c t iv i ty  b y  re a c h in g  a  n ew  s te a d y  s ta te  a t  lo w er e n e rg y  le v e ls . T h is  
n e w  lev e l a s  c h a ra c te r iz e d  b y  th e  h ig h  e n e rg y  p h o s p h a te  c o n te n t  sh o w s n o  s ig n if ic a n t  
d if fe re n c e  b e tw e e n  th e  tw o  m u sc le  ty p e s .

E xperim ental inhibition o f  skeletal m uscle activ ity  induces considerable  
ultrastructural aíid biochem ical changes in th is  tissue. These changes are, 
how ever, reversible depending on the typ e o f  the muscle. E lim in ation  o f the 
activ ity -b lock in g  factor leads to regeneration o f the muscle. Limb im m obiliza­
tion  by plaster fixation  gives rise to  typ ica l in activ ity  atrophy in sk eleta l m usc­
les i f  it is sustained for a su ffic ien tly  long period [1, 2]. M orphological and bio­
chem ical background o f th is process has been studied in detail [2—5, 7, 10-13] 
due to its m edical and social reh ab ilitation  im portance.

A lthough the changes in the energy stores o f  mammalian sk eleta l muscle 
during various pathological conditions have been w ell defined [6, 8 , 9 ], the  
alterations in energy m etabolism  follow ing im m obilization and during the con­
sequent m uscle atrophy have not been clarified yet.

Materials and Methods

T issu e  sam ples and preparation
M u scle  s a m p le s  o f  40 to  70 m g  w e t w e ig h t w ere  e x c is e d  fro m  m ale  N e w -Z e a lu m l r a b b i t s  

(2 2 .5  k g  b o d y  w e ig h t)  (n  23), a n a e s th e t iz e d  b y  N e m b u ta l .  T h e  excised  s a m p le s  w e re  p la c e d
im m e d ia te ly  in to  l iq u id  n itro g e n , fo llo w ed  b y  e x t r a c t io n  in  3 m l 5 0 %  m e th a n o l  ( p H  =  7 .6) 
c o n ta in in g  1 .25  m M  K D T A , a t  30 °C fo r  96 h o u rs . W e t  w eig h t o f th e  sa m p le s  w a s  m e a s u re d  
im m e d ia te ly  a f te r  f in is h in g  e x t r a c t io n .  M e th a n o l w as re m o v e d  f ro m  th e  e x t r a c t  in  v a c u u m  a t  
0 °C . T h e  s o lu tio n s  w ere  th e r e a f te r  t r a n s f e r re d  in to  p re c o o le d  5 m l K im h l-v ia ls , f ro z e n  a t  — 30 °C 
a n d  s to r e d  a t  20 °C u n t i l  f u r th e r  a n a ly s is .  L io p h y liz e d  e x t r a c ts  w ere d is s o lv e d  in  d is til le d

* D e p a r tm e n t  o f  E N T , U n iv e r s i ty  M e d ica l S c h o o l, Szeged , H u n g a ry
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w a te r  (3  m l)  a t  4 °C b e fo re  is o ta c h o p h o re t ic  a n a ly s is ,  a n d  b a c te r i a  a n d  f i la m e n ts  w ere  re m o v e d  
b y  a  S a r to r iu s  (SM  11324) m e m b r a n e  f ilte r .

D eterm ination  o f A T P , A D P , A M P ,  CrP, /', and  Л /1 /I  content o f  muscle extracts by isotacho- 
phoresis

T e n  m ic ro li te r  ( //1) p o r t io n s  o f  sam p les s to re d  a n d  t r e a t e d  a s  d esc rib ed  a b o v e  w ere  a n a ­
ly s e d  b y  a n  С К В  c a p i l la ry  a n a ly t i c a l  is o ta c h o p h o re tic  e q u ip m e n t  (L K B  T a c h o p h o r  2127).

T h e  fo llo w in g  c r i te r ia  w e re  m e t  d u r in g  a n a ly s is :  l e n g t h  o f  th e  c a p illa ry , 230 m m ; in n e r  
d ia m e te r ,  0 .5  m m ; le a d in g  e le c t r o ly te ,  5 m M  C l-  ( S u p r a p u r e ,  M e rck ) -f- b e ta - a la n in  (S e rv a )  
( p H :  3 .9 9 ) +  0 .4 %  H P M C  (D o w  C hem . Co.) (h y d ro x y p ro p y lm e th y lc e l lu lo s e ) ;  te r m in a t in g  
e le c t r o ly te ,  5 m M  c a p ro ic  a c id  ( B D H ) ;  te m p e r a tu re ,  20 °C ; c u r r e n t  in te n s i ty ,  65 /i.A; v o l ta g e , 
8 — 12 k V ; re c o rd in g , U V  2 5 4  n m ;  p a p e r  speed , 6 c m /m in ;  a n a ly s is  t im e , 12 m in .

T h e  v a lu e s  w ere  e x p r e s s e d  a s  a r i th m e tic  m e a n s  ^  S D . S ta t i s t ic a l  a n a ly s is  o f  th e  d a t a  
w as  e x p re s s e d  u s in g  S t u d e n t ’s t t e s t .

Results

The concentration o f  m etabolites was com pared in  the two m uscle typ es  
under control untreated conditions (Fig. 1). T he differences betw een N A D +, 
CrP and ATP content o f  th e  tw o muscle ty p es  in  the normal state was sta tis t i­
ca lly  sign ificant (p <  0.05). H igh-energy ph osp h ate ester content (in the form  
of CrP and ATP) o f the fa st m uscle (m. gastrocnem ius) was higher by 70%  than  
th a t o f  the slow m uscle (m . soleus). In contrast, N A D + content was higher in 
the slow  muscle.

Figures 2 and 3 illu stra te  the relationships betw een ATP, A D P , AMP, 
CrP, Pj and N A D + co n ten t and the tim e o f im m obilization  in soleus muscle 
(o x id a tiv e  type). Peak changes o f ATP, AM P, P ( and N A D + content o f the  
slow  m uscle occurred in  th e  first week o f im m obilization .

F ig . 1. A T P , A D P , A M P , C rP ,  P j a n d  N A D + c o n te n t  o f  m e th a n o l  e x tr a c ts  o f  so le u s  a n d  
g a s t ro c n e m iu s  m usc le  u n d e r  n o r m a l  c o n d itio n s . R e s id u a l  h ig h -e n e rg y  p h o s p h a te  c o n te n t  

d e te rm in e d  e n z y m a t ic a l ly  [1 5 ] w as as fo llo w s: A T P ,  5 0 % , A D P  a n d  C rP , 3 0 %
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/jmol/g m.soleus

F i g .  2 .  C h an g es o f  A T P , A D P , A M P  a n d  N A D + lev e ls  in  th e  so leu s m u sc le  a s  t h e  fu n c t io n  o f
im m o b iliz a tio n  t im e

j-imol/g m.soleus

F ig .  3.  C hanges o f  C rP  a n d  Pj c o n te n t  o f  th e  so leu s m u sc le  d u r in g  im m o b iliz a t io n
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In  the first w eek o f  im m obilization  ATP con ten t reached a m inim um  
(48 A°/0), while AMP and N A D + levels reached a m axim um  (1010 A°/0 and 
270  /1% , respectively) (F ig . 2). In  contrast, CrP con ten t reached a m inim um  
(66 A % )  on the second w eek , and ADP and P s leve ls  on the fourth week  
(68 A % )  (Fig. 3).

T he curves describing th e  relationship betw een  ATP, AMP, CrP and Pj 
le v e ls  and the tim e o f im m ob ilization  were sim ilar in  the case o f the g lycolytic

jumol/g m.gastrocnemius

F ig . 4 . C hanges of A T P, A D P , A M P  an d  N A D + levels in  th e  gastro cn em iu s m uscle as th e
fu n c tio n  of im m obilization  tim e

m u scle  (F igs 4 and 5). A t th e  sam e tim e the change o f  A D P  content reached its 
m axim u m  on the first w eek  and NAD + con ten t rem ained unaltered during 
im m ob iliza tion . The changes o f  the individual param eters (with the exception  
o f  CrP, the change o f w h ich  w as not significant) w ere sta tistica lly  significant 
o n ly  in  the first week o f im m obilization  in both  m uscles.

Figure 6 dem onstrates th e  variations in  th e  to ta l adenine nucleotide 
p h o sp h a te  content as the fu n ction  of im m obilization  tim e in the two muscle 
ty p e s . T ota l nucleotide p h osp h ate  level increased gradually  during im m obiliza­
tio n  in  th e  soleus muscle and i t  stabilized in the 4th  to  6th week. In the g ly co ­
ly t ic  gastrocnem ius m uscle th e  nucleotide phosphate lev e l decreased gradually  
after  th e  initial rapid increase observed in the first w eek and returned to con­
trol le v e l in the fourth w eek  o f  im m obilization.
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F ig . 5. Changes o f C rP  a n d  P j c o n te n t of th e  g a s tro cn em iu s  m uscle during  im m o b iliza tio n . 
T he ex p erim en ta l re su lts  d e m o n s tra ted  in  Figs 2 -5  w ere  n o t s ta tis tica lly  s ig n ifican t

pmol/g 5  adenin nucleotid P

Fig. 6. T he change of to ta l  ad en in e  nucleo tide  p h o sp h a te  c o n te n t in  th e  soleus a n d  g as tro cn e ­
m ius m uscles du rin g  im m o b iliza tio n
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Discussion

So far no data have b een  available about th e  energetic sequelae o f  im m o­
b iliza tio n  and consequent a tro p h y  in m am m alian m uscles.

According to th e  p resen t results im m obilization  induces considerable 
ch an ges in  both the fast and slow  skeletal m uscles. The sign ificant decrease of 
A T P , Pj and CrP content in  th e  first and second w eek o f im m obilization  was 
str ik in g . The changes m ay h a v e  been the resu lt o f  several m echanism s, the 
m ost im portant o f which m a y  he the w ashout o f  inorganic phosphate from  the 
tis su e , accum ulating and  released  from the cy top lasm  due to A T P and CrP

Table I

E ffec t o f  immobilization on the A T P , A D P , A M P , C rP , P j and  N A D + content o f  the soleus and 
gastrocnemius muscles ( the values are expressed in  fimol/g muscle wet w eight)

ATP ADP AMP NAD + CrP Pi

M. soleus

n o rm al 1.29+0.19 0.061 +  0.011 0.068 +  0.014 0.42 +  0.097 3 .6 ± 1 .9 7.25 +  1.14

1 w eek 0.68 0.302 0.755 1.56 3.37 2.51

2 w eeks 0 .78+0.41 0.39 +  0.198 0.41 +  0.202 0 .6 6 ± 0 .4 7 1 .23+1.01 2 .7 6 + 1 .0 2

4 w eeks

ГОо-Hоо
0 .5 +  0.29 0 .5 3 ± 0 .2 7 0.39 +  0.21 2.42 +  1.73 2 .3 6 + 1 .2 1

6 w eeks 1 .04+0.28 0.37 +  0.06 0 .6 1 ± 0 .1 2 0 .4 7 + 0 .1 7 2.68 +  1.65 4.27 +  2.605

M. g a s tro -

cn em iu s
n o rm a l 1 .9±0 .15 0.074 +  0.034 0 .082±0 .030 0.225 +  0.053 5.47 +  3.4 7.09 +  1.23

1 w eek 0.93 0.49 1.55 0.26 4.1 2.28

2 w eeks 1.35+0.40 0.19 +  0.06 0 .9+ 1 .21 0 .3 7 + 0 .2 3 1 .71+ 0 .16 4.7 +  1.67

4 w eeks 1 .31±0.16 0.13 +  0.09 0.55 +  0.33 0.14 +  0.08 1.87 +  0.08 6.12 +  2.21

6 w eeks 1.425±0.101 0.17 +  0.11 0 .8 2 ± 0 .2 7 0 .2 7 ± 0 .0 7 4.23 +  1.603 6 .9 8 + 0 .2 0

b reak d ow n  as a consequence o f  reduced energy requirem ents in  the im m obilized  
m u scle . This probably leads to  deficiency in  th e  am ount of substrate for the 
sy n th es is  o f high energy p h osp h ates in subsequent periods of im m obilization .

T he ratio o f ATP/Pj rem ained constant during im m obilization  in  both  
m u scle  typ es (Table II). T he ratio o f ATP/A D P -(- P ;, which is in versely  related  
to  th e  rate of adenine n u cleotid e phosphate syn th esis , decreases gradually. 
T he ra tio  o f total adenine nucleotide phosphate pool and inorganic phosphate  
in creases reaching its m axim u m  (4-fold increase) during the first w eek  o f im ­
m ob iliza tion  in the soleus m uscle  and rem aining on this level until th e  6th im ­
m ob iliza tion  week. In th e  gastrocnem ius m uscle th e  increase during the first 
w eek  (also a 4-fold e lev a tio n ) is follow ed b y  a continuous drop reaching the
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Table II

Changes o f  characteristic quotients o f  the energy su p p ly  in  the skeletal muscles during d ifferen t periods
o f  im m obilization

CrP/ATP A TP/A DP f  AMP ATP/P,
Total adenine 

nucl.-P  1*,

M. soleus

norm al 2.79 10 0.17 0.195

1 week 4.95 0.64 0.27 0.69

2 weeks 1.57 0.975 0.28 0.57

4 weeks 2.42 0.97 0.42 0.86

6 weeks 2.57 1.06 0.24 0.47

M. gastrocnem ius

norm al 2.87 12.12 0.26 0.29

1 week 2.45 0.45 0.40 1.3

2 weeks 1.26 1.23 0.28 0.52

4 weeks 1.42 1.92 0.21 0.32

6 weeks 2.96 1.44 0.20 0.34

control value in the fourth im m obilization  w eek. These changes in d icate that 
there is an increased adenine mono- and diphosphate synthesis during im m obi­
liza tion  in the soleus muscle.

Our data suggest th at the muscle is able to adapt to changes in  the phy­
sio logical condition , i.e. to im m obilization  atta in ing  a new stead y  sta te  at a 
low er energy level. A lthough the concentration  o f h igh energy m etabolites  
ATP and CrP does not reach the norm al value the energy supp ly  o f the 
m uscle im proves considerably by the 4 th  to  6th  week of im m obilization , the 
m echanism  o f w hich is com pletely  unexp la ined  yet.

This adaptation , however, leads to  successive abolition  o f  the specific  
differences in the ATP, CrP, N A D  + and to ta l adenine nucleotide lev e ls  betw een  
slow -oxidative and fast-g lycolytic skeletal m uscles, since the difference between  
the tw o muscle typ es in th is respect w as sign ifican tly  less pronounced after 
the 6th  week o f im m obilization  than under control conditions.

This “ ded ifferentiation” effect o f  im m obilization in various types of  
skeletal muscle has already been described w ith respect to energy  supplying  
enzym es [10], contractile properties [14] and structural proteins [11—13].
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MYOCARDIAL INFARCTION
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G. P. L e s z k o v s z k y , B. B a l á z s  a n d  Csilla K iss
PHARMACEUTICAL WORKS CHINOIN, DEPARTMENT OF PHARMACOLOGY, BUDAPEST 

(R ece iv ed  S ep tem ber 9, 1981)

Solutions of KCl (1 % , 10%  and  31 .2% ) adm in iste red  in to  th e  p e r ic a rd ia l  fluid 
or app lied  on to  th e  su rface  of th e  h e a rt evoked a dom e-like change of th e  E C G  in  dogs, 
r a ts  and  guinea-pigs a n d  led  to  m yocard ia l in fa rc tio n  in  3 — 5 d ays. B o th  th e  acute 
changes in  ECG an d  th e  in fa rc tio n  itse lf could  be p rev en ted  by  th e  a p p lic a t io n  of peri­
card ia l flu id  sam ples a n d  b y  a d m in is tra tio n  of th re e  sy n th e tic  com pounds o n to  th e  heart 
su rface . The sam e su b s ta n c es  a lso in h ib ited  th e  develo p m en t of ECG c h a n g e s  elicited  
b y  general hypox ia  due  to  s to p p in g  artific ia l re sp ira tio n . The ex is ten ce  o f a pecu liar 
m y ocard ia l space b eg in n in g  w ith  o u ter pores a n d  reach in g  the  m y o card ia l cells th ro u g h  
connective  tissue  p a th w a y s  is p o stu la te d .

E arlier s tu d ies  show ed  th a t  125I-labelled  a lb u m in  applied  to  th e  e p ic a rd ia l  surface 
th ro u g h  a f i lte r  p a p e r  re ac h ed  th e  en d o m y o card iu m  th ro u g h  som e in tra m y o c a rd ia l  
p a th w a y s  beg inn ing  w ith  e p ica rd ia l pores.

In  th e  p re sen t e x p e rim e n ts  in tra p e ric a rd ia l a p p lica tio n  of In d ia  in k  led  to  ob­
s tru c tio n  of these pores a n d  th u s  p rev en ted  th e  in fa rc tio n  elicited by  in tra p e r ic a rd ia l  ad m i­
n is tra tio n  of К  Cl so lu tio n s . T h is space, being d is tin c t f ro m  th a t  accessible f ro m  th e  coro­
n a ry  arte rie s , se rves fo r tra n s fe r  of various su b s tan ces in to  th e  m y o c a rd iu m , while 
o th e r com pounds (e.g. n o ra d re n a lin e ) are n o t effec tive  th ro u g h  th is  p a th w a y . Oxygen 
reach in g  th is  space fro m  th e  ep icard ia l surface p ro te c ts  th e  m y o card iu m  fro m  th e  d am ag ­
ing  effects of h y p o x ia  a n d  K Cl.

Ten years ago we reported on the existence o f peculiar pores localized  
in th e  visceral pericardium [8]. Their detection  had been based on  th e  finding  
th a t a lm ost 10% of the a c tiv ity  o f 125I-labelled album in applied on  th e  surface 
of th e  heart through a filter  paper could be detected in the en d ocard iu m  and 
endom yocardium . From  th is  unexpected result it  was concluded  th a t the 
iod inated  album in had to  reach the endocardium  from  the epicardium  b y  some 
unknow n pathw ays, since the size of the album in molecule exclu d ed  th e  possi­
b ility  o f diffusion. A ltern atively , as a possible route for the transport o f  labelled  
protein into the endocardium  and its surroundings, the existence o f  preformed  
epicardial pores and som e as y e t  unidentified  connective tissue passages have 
been postulated , which could  function  as alternative channels to  b yp ass the 
high coronary flow .

It seem ed, therefore, o f  interest to stu d y  th is non-coronary space and its 
possible role in pathological processes.
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Dog № 3  12 kg < /
C o n tro l 16" post KCIconc i.peric .

F ig . 1. E ffec ts  of KCl a d m in is te re d  in to  the p e ricard ia l f lu id  (u p p er p a rt) . A 0.05 ml sam ple  
o f p e r ic a rd ia l  fluid in h ib its  th e  S T -e le v a tio n  54 s after th e  in je c tio n  of KC1 (lower p a r t) . A bscissa: 

t im e  in  s. O rdinate (fro m  a b o v e ) :  ECG lead II , d P /d t ,  a o r tic  p ressure , left v e n tr icu la r
pressure

Methods

I n  th e  investiga tions 22 d o g s , 234 ra ts and 44 g u in ea -p ig s  of b o th  sexes were used.
E xperim ents in dogs. S o lu tio n s  o f  KC1 (1% , 10%  a n d  3 1 .2 % ) were in jec ted  in to  th e  p e r i­

c a rd ia l  sac . E lectro card io g ram  (lea d  I I ) ,  blood pressure, le f t  v e n tr ic u la r  pressure , end -d iasto lic  
p re ssu re  a n d  the  first d e r iv a tiv e  o f  th e  left ven tricu lar p re ssu re  w ere reg istered  on a n  E le m a -  
S c h ö n a n d e r  M ingograph T y p e  81. I n  som e experim ents th e  KC1 so lu tions were app lied  th ro u g h  
a w in d o w  cu t on the  p e r ic a rd iu m  d irec tly  onto th e  e p ie a rd iu m  b y  m eans of a piece of 
f i lte r  p a p e r  18-22 m m  in  d ia m e te r  previously soaked  in  th e  KC1 so lu tion . D uring  th e  
e x p e r im e n ts  pericardial f lu id  sa m p le s  were taken  and  te s te d  on  th e  h ea rts  of dogs, r a ts  and 
g u in e a -p ig s  (for details see be low ).

I t  seem ed to  be im p o r ta n t  to  s tu d y  a possible ro le  o f o x y g en atio n  th ro u g h  th e  coro­
n a ry  p ace . To stu d y  such a l ik e ly h o o d  a th in  needle w as p a sse d  in to  the  p e ricard ia l sac  to  
in tro d u c e  pu re  oxygen fro m  a f la s k ,  w h ile  a som ew hat th ic k e r  need le  was used to  lead  th e  o x y ­
gen o u t ,  en su rin g  th u s a s ta n d a r d  in tra p e ric a rd ia l (i.p e ric .)  p re ssu re  du ring  s te ad y  inflow  of 
2 0 -2 5  l i t r e /h  of oxygen, m o n ito re d  b y  a ro tam eter.

I n  experim en ts s tu d y in g  th e  e ffe c t of epicardial a p p lic a t io n  of KC1 (filte r p a p e r soaked  
in  К  Cl so lu tio n ), oxygen w as led  d ir e c tly  onto the surface  o f th e  h e a r t  v ia a needle f i t te d  w ith
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2" p o s t KCIconc i.peric.

16
8
0
|H

Fig. 2. The vagus-like e ffec t o f 31 .2 %  KC1 so lu tion . T rac ings as in  F ig . 1. N o te : in  th e  m ajor 
i ty  of cases th e  changes in blood pressu re  were less m ark ed

a m u ltip ly  p e rfo ra ted  nozzle 6 m m  in d iam eter. T he effect o f e p ica rd ia l o x y g en a tio n  was 
s tu d ied  du ring  general h y p o x ia  due to  s topp ing  a rtif ic ia l re sp ira tio n  or d u rin g  c lam p in g  of the 
an te rio r  descendent (L A D ) or c ircum flex  b ranch  (LC) of th e  left co ro n ary  a r te ry  fo r 1 to  2 min.

E xperim ents in rats a n d  gu inea-p igs. In  these  species i.peric . a d m in is tra t io n  of KC1 and 
o th er so lu tions (0.05 m l) w as carried  ou t b y  th o rac o to m y  or by  p ierc ing  th e  in je c tio n  needle 
th ro u g h  th e  d iap h rag m  in to  th e  p ericard ia l sac a f te r  open ing  th e  ab d o m in a l w all ju s t  below 
th e  xyp h o id  process. EC G  (lead II)  was recorded  b y  an E le m a — S ch ö n an d er M ingograph 
T ype  81. The effect of KC1 a n d  its  b lockade by  p e ricard ia l flu id  sam ples w ere investiga ted . 
Since th e  possib ility  o f tra n s fe r  o f som e p ro tec tiv e  su b s tan ces b o th  fro m  th e  p e rica rd ia l space 
to  th e  m yocard ia l cells a n d  vice versa  could he supposed , pieces o f th e  p a r ie ta l  pericard ium  
were cu t ou t of dogs, r a ts  an d  guinea-p igs and in cu b a ted  in  K rebs so lu tio n  fo r 1 h to  1-2 days. 
These in cu b a ted  so lu tio n s w ere th e n  ad m in istered  to  th e  h e a rts  of th e  re sp ec tiv e  species and the 
possib le p ro tec tio n  a ffo rd ed  ag a in s t th e  influence of К  Cl was stu d ied .

An a tte m p t was m ade  to  o b s tru c t th e  p o stu la ted  pores by  In d ia  in k . th e re b y  p reven ting  
К  Cl to  p en e tra te  these  pores.

In a d d itio n , som e s y n th e tic  com pounds (su b stan ces X , Y a n d  Z*) w ere te s te d  for their 
effect on the  ac tio n  of К Cl. F u rth e rm o re , th e  tim e-course  of in fa rc tio n  w as in v es tig a te d  by 
s ta in in g  m yocardial sec tio n s w ith  hae,m atoxylin-eosin. F o r th e  d e tec tio n  of h y p o x ic  sp o ts, Vér­
t e s i t  a n d  S zen tiv án y i’s 19] specia l sta in in g  was app lied . F o r s ta tis t ic a l  e v a lu a tio n  of paired 
and  u n p a ired  sam ples S tu d e n t’s f-tes ts were used.

* X , Y and Z d e n o te  s y n th e tic  substances. X : H istoacril b lau  (B ra u n  M elsungen). Y and 
Z: m eth y l an d  a e th y l e s te rs  o f acrilic  acid, respec tive ly .
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Results

E xperim en ts in dogs

a. F ig . 1. shows th at i. peric. adm inistration o f concentrated (31.2% ) 
KC1 so lu tio n  evoked a d om e-lik e change o f ECG, characteristic o f  m yo­
cardial infarction. The ch an ge appeared some seconds after the in jec­
tion  and  lasted  for 20 to  35 m in . Injection o f more d ilute solutions o f  KC1 
(1%  and 10% ) brought about a sim ilar ECG effect o f  shorter duration. Local 
ap p lica tio n  o f KC1 to the surface o f  the heart led to  sim ilar changes indicating  
th at su ch  a local action o f KC1 m ig h t occur also in circum script m anifestations 
ch aracteristic  of human h y p o x ic  heart disease. KC1 applied  either intrapericar- 
d ia lly  or locally  was e ffective  in  the vast m ajority o f  cases in evoking a 
m onophasic  ECG change (in a lm o st 100%).

Dog №  3 12kg o’* 

Control 76" post KCLconc. i-peric.

F ig. 3. E f fe c t  o f a sy n th e tic  su b s ta n c e  (S u b s tan ce  X ) on th e  rise  in  S T -segm ent evoked  b y  KC1. 
U p p e r  p a r t :  i.peric . ad m in is tra tio n  o f  K C lconc. Lower p a r t:  43 s a f te r  th e  in jec tio n  of sub stan ce  

X  ST -segm ent has n o rm a lize d  a n d  blood pressure  rises. T rac in g s  as in  F ig . 1
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l>. As a next step , we were interested  to  know if  the pericardial fluid  
contained any substance that could inhib it the effect o f KC1. F ig . 1. dem onst­
rates th a t pericardial flu id  sam ples prevented the KCl-induced changes. As 
show n in Fig. 2, blood pressure could also be lowered. In m ost cases such 
changes were negligible.

c. The synthetic  substances X , Y  and Z provided sim ilar protection  as 
did the natural constituents o f the pericardial fluid (Fig. 3).

d. Another series o f  experim ents was aim ed at studying w h eth er a spe­
cial space of m yocardial fibres thought to  be approached via th e  epicardial 
pores was responsible for the observed effects o f KC1. An attem pt w as m ade to 
in fluence the effect o f KC1 by oxygen  introduced through the pericardial space. 
Thus, there m ay ex ist a peculiar effect o f  oxygen  characteristic o f  th is  space 
on ly . Figure 4 shows that the m onophasic action  potential evok ed  b y  KC1

Dog №  17 9.5kg a* 
C ontrol 66 "p o st KCIconc i.au ric le

F ig. 4. S urface  o x y g en atio n  of th e  ep icard ium . U p p e r  p a r t:  ST-elevation  a f te r  KC1 (dom e). 
L ow er p a r t :  R educed  ST -elevation  a f te r  oxygen  a d m in is tra tio n  fo r 109 s. T rac in g s  a s  in  Fig. 

1. KC1 an d  oxygen  were ap p lie d  to  th e  left auricle
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was norm alized  shortly  after the pericardial in trod u ction  of oxygen. The rise  
in b lood  pressure induced b y  general hypoxia cou ld  also be prevented by adm i­
n istration  o f  oxygen  to  the surface o f the heart (F ig . 5). Figure 6 dem onstrates 
th a t after adm inistration  o f oxygen  to the epicardial surface the increase in  
end-d iastolic  pressure evoked b y  hypoxia and KC1 adm inistration was reduced  
and after the term ination  o f oxygen  treatm ent th e  end-diastolic pressure rose 
again. F lence, oxygen  is active in  the above-m entioned  space by counteracting  
the effect o f  hypoxia  and KC1.

T h e sam e applies to  lo ca l hypoxia induced b y  clam ping one o f the coro­
nary arteries. As show n b y  F ig . 7, clamping o f th e  coronary circulation caused  
a depression  o f the ST-segm ent, an effect opposite to  th at of i. peric. ad m in ist­
ration o f  KC1.

Dog № 16 10 kg j

8 7 "p o st re sp ira to ry  a r r e s t  /1.5m in /

Fig. 5. E f fe c t  o f o x y g en atio n  of th e  ep icard ia l surface on  th e  a u g m e n ta tio n  of th e  le ft v e n tr i ­
cu la r p re ssu re  a n d  en d -d iasto lic  p re ssu re  evoked b y  g en era l h y p o x ia  (asphyxia). T rac ings (fro m  
a b o v e): E C G  lead  I I ,  le f t  v e n tr ic u la r  end-d iasto lic  p re ssu re , d P /d t ,  left v e n tricu la r  p re ssu re . 
T im e 1 s. U p p e r  p a r t:  in creased  en d -d ia sto lic  p ressure  a n d  v e n tr ic u la r  pressure a f te r  1.5 m in  
r e s p ira to ry  a rre s t .  Low er p a r t :  d u r in g  oxygenation  of th e  h e a r t  surface no rise in  e n d -d ia s to lic  

p ressu re  a n d  v e n tr icu la r  p ressure  c an  be observed
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These results are sum m arized in Tables I to 111. It can be seen  that the 
substances applied had practically  no effect o f  their own on th e  circulation  
(Table I), while the b iological and synthetic  substances applied reduced the 
T/2 values o f the KC1 effect (Table II). The rise in blood pressure caused by 
asphyxia  was dim inished by surface oxygenation  o f the heart (Table III).

The finding th a t substances such as noradrenaline adm inistered into the 
epicardial space failed to  influence the circulation indicates su b stan tia l differ­
ences in effects elicitable from  epicardial pores and other spaces, e .g . th a t o f  the 
coronaries.

Dog N£16 10 kg j  
Control Post KCIconc local ,--------- C^—

F ig . 6. E ffec t of o x y g en a tio n  o f th e  ep icard ia l su rface  on th e  changes in  ECG  a n d  le f t v en tric  
u la r  end-d iasto lic  p ressu re  ev o k ed  b y  successive a p p lic a tio n  of h y p o x ia  a n d  KC1. Signs 
fro m  above: ECG  lead  I I ,  le f t v e n tr ic u la r  end-d iasto lic  p ressu re , d P /d t, a o rtic  p re ssu re . In  the 
low er p a r t  o f th e  F igure  th e  la s t  tra c in g  rep resen ts le ft v e n tr icu la r  p ressu re . T im e : 1 s. F irst 
co lu m n : con tro l. Second c o lu m n : 39 s a f te r  local a d m in is tra tio n  of KClconc S T -e lev a tio n (d o m e). 
T h ird  colum n: en d -d iasto lic  p re ssu re  decreases d u rin g  surface  oxy g en atio n  a n d  th e  dom e dis­
ap p ea rs . Low er p a r t:  th e  in crease  in  th e  left v e n tricu la r  en d -d iasto lic  p ressu re  re -a p p e a rs  after 
d isco n tin u in g  surface o x y g e n a tio n  (firs t and  second co lum ns). KC1 causes a g a in  dom e ECG

(th ird  colum n)
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A s show n by Fig. 8, th e  effects of hypoxia and KC1 could be antagonized  
b y  ap p lica tio n  of the sam e su b stan ce. It can be seen  th a t 19 s after respira­
to ry  arrest blood pressure sh o w s an immense e leva tion . E ighty-three s after 
th e  arrest an ST-elevation ta k e s  place. The i. peric. adm inistration of substance  
X  in h ib its  the hypoxic ch an ges both  in blood pressure and ECG 4 s and 52 s 
after respiratory arrest. T he ECG remains norm al and blood pressure fails 
to  in crease . The site of action  o f  KC1 and hypoxia  is, therefore, the sam e.

E xp erim en ts  in rats and g u in ea -p igs

T o  learn if  the changes observed  are only o f  short duration or represent 
th e  begin n in g  of chronic p ath o log ica l processes, hearts o f control and KC1-

Dog № 18 9kg j

Control 1 'clam ping of LAD

1mvJ
kPa

' 'JkPa secH 8 
5 0 0 т

o::
-500--

kPa
16" 

8 ■ 
0*

F jg .  7. C om parison of th e  e ffec ts  o f  co ro n ary  clam ping a n d  KC1. A  fa ll of blood p ressu re  can  
o n ly  b e  seen  afte r co ronary  c la m p in g . ST-elevation (low er p a r t )  can  be seen on ly  a f te r  KC1 
a d m in is t r a t io n  as opposed to  a  d e c lin e  of ST afte r c lam p in g  of L A D . T racings: EC G  lead  II , 

aortic  p re ssu re , d P /d t ,  left v en tricu la r  p re ssu re . T im e: 1 s
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treated rats were subjected  to histological investigation  days or w eeks after the 
experim ent. Follow ing the acute effects o f  KC1 after 3 -5  days an infarction  
developed; the acute appearance o f the m onophasic action p oten tia l was the 
triggering process (F igs 9 and 10).

The special sta in ing  used for detection  o f hypoxia show ed a marked 
reaction im m ediately after the adm inistration o f KC1. B y  days 4—5 following 
infarction developm ent the staining becam e weaker but the hyp oxic  area 
showed a more diffuse distribution.

Dog № 7  9.5kg a*

Control 19" post respiratory a r r e s t /Im in /

kPa
1mV]

24
16

8
0

---------VK------ kt*~*— 1

83мpost respiratory a rre s t/1 min/

A"post re sp ira to ry  a r r e s t  /1m in / 52*'

а Д—»»«»мл!». *...

F ig. 8. H ypoxia  and K C l-b lock ing  agen ts. Control p e rio d ; 19 s and 83 s a f te r  th e  e n d  o f h y pox ia , 
resp ec tiv e ly ; 228 s follow ing th e  i.peric . a d m in is tra tio n  of sub stan ce  X ; 4 s a f te r  th e  end  of the 
re p ea te d  re sp ira to ry  a rre s t;  52 s a f te r  the  end of th e  second  re sp ira to ry  a rre s t. T rac in g s : ECO 
lead I I .  ao rtic  p ressu re , d P /d t .  In  th e  lower p a r t ih e  la s t  record  is the  left v e n tr ic u la r  p ressure. 
G eneral hypoxia  (a sp h y x ia )  in  th e  open-chest an im al w as induced  by  sw itch in g  o ff  th e  resp i­
ra to r .  E lev a tio n  of blood p ressu re  an d  of ST -segm ent w as p reven ted  by  th e  a d m in is tra t io n  of 

su b s tan ce  X  (tw o low est reco rd s). T im e: 1 s
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Fig. 9. L arge infarction of the r igh t ven tricu lar wall. H aem atoxylin-eosin staining. M agnifica­
tion X 250. (In fa rc ts were placed mainly in  th e  left ventricle)

Table I
Effect o f  various substances on dogs’ circulation

C hanges in  B P

S u b s ta n c e systo lic diasto lic

n k P a % k P a %

KCl (3 1 .2 % ) 15 i 0 . 4 4 i 0 . 4 9 +  1 .1 7 ± 2 .9 5 - 0 .1 3 ± 0 .6 0 - 2 .6 3 ± 4 .4 8

KC1 (3 1 .2 % ) (vagal — 7 — 5 .2 6 ± 0 .5 7 - 3 0 . 7 7 i l . 6 6 — 5 .6 6 ± 0 .8 5 - 4 3 .8 4 i 3 .7 3

e x c ita t io n ) *** *** *** ***

KCl (1 0 % ) 5 - 0 . 6 4 i l . 0 0 - 4 .5 9 i 6 . 3 9 — 0 .6 1 ± 1 .1 7 — 5 .4 4 ± 8 .9 3

S y n th , su b s t.  X 6 +  0 .1 8 ± 0 .6 0 i l . 9 0 i 3 . 1 7 +  0 .4 0 ± 0 .6 4 -j - 4.14 4-4.74

O x y g e n a tio n 4 +  0 .8 7 ± 0 .7 2 +  7 .3 9 ± 6 .0 6 +  0 .7 7 ± 0 .7 3 +  8 .9 0 ± 8 .4 0

S u b s tan c e
C hanges in LVP C hanges ir d P /d t

n k P a % k P a  s - 1 %

KCl (3 1 .2 % ) 14 iO .6 3 iO .4 2 + 2 .4 4 ± 2 .6 4 - 8 .7 9 ± 2 2 .4 1 +  2 .6 4 ± 3 .8 7

KCl (3 1 .2 % ) (vagal - 4 — 5 .4 3 ± 0 .3 8 - 3 2 .0 3 i 0 .9 8 — 205.004:46.60 — 3 8 .9 0 ± 5 .7 0

e x c ita t io n ) * * * *** ** * * *

KCl (1 0 % ) 5 - 0 . 0 8 i 0 . 6 9 - 0 . 8 3 i 4 . 3 0 +  12 .30±33 .44 - 0 . 1 7 i 6 . 5 4

S y n th , su b s t.  X 6 - 0 .0 9 i 0 . 5 6 + 0 .2 2 ± 2 .9 3 —10.25±25.25 - 0 . 7 1 i 5 . 0 3

O x y g e n a tio n 3 +  1 .6 9 ± 1 .2 0 +  1 2 .3 ± 9 .7 4 + 4 7 .8 3 ± 8 0 .5 7 - 0 . 9 5 i 4 . 4 5
I

**: p <  0.01 (paired f-test).
***: p <  0.001 (paired i-test).
O xygen was led from an oxygen-flask through a needle introduced into the pericardial 

sac paralle l to  the myocardial surface. Thick needles served to  let the gas out of the pericardial 
sac. In  o ther cases pieces of filter paper 18-22 mm in d iam eter were soaked in solutions con­
tain ing  th e  substance to  be studied and applied on the epicardial surface of the heart. In  such 
cases oxygen was applied to the sam e surface area. Vagal excita tion  was indicated by the deve­
lopm ent of a negative inotropic effect together with a decreased heart rate.
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Fig. 10. P a r t  of th e  in fa rc te d  area  show n in  Fig. 9. M agnification  X 600

The KCl-trigger m anifests itse lf in a th ickening of the cardiac vascu­
lature. Figure 11 dem onstrates th at in the hearts o f anim als 4—5 days after 
KC1 adm inistration the hlood vessel index becam e elevated and in  som e ani­
m als hypertension also developed. The blood vessel index was sh ifted  to 
higher diam eter values. This again means th a t a phenom enon form erly thought 
to he m ainly o f coronary origin can he e lic ited  from  the space beginning by the 
epicardial pores.

Table II

D uration o f  KCl-evoked ST-elevation (dome) after adm in istra tion  o f  varios substances in  the dog

Substance Mode of 
adm inistration

11
T/2 (tim e elapsed un til the reduction  

o f ST-elevation by 50%)

s A%

KCl (31.2% ) i. peric. 10 262.5 ± 8 4 .5 —

local 13 1 4 6 .2 ± 3 2 .6 —
KCI (10% ) i. peric. 4 11 5 .0 ± 4 9 .2 -

local 3 1 1 5 .7± 52 .5 —
Pericard . sam ples follow ing KCl (31.2% ) 

Syn th . S ubstance X

8 3 2 .0 ±  8.1 - 7 8 .2 8 ±  7.57***

follow ing KCl (31.2% ) 6 2 4 .8 ±  8.7 -6 8 .6 7 ± 1 2 .0 7 * *

**: p <  0.01 (pa ired  (-test).
***: p <  0.001 (pa ired  t-te st).
T/2 values m easured  a f te r  KC1 a d m in is tra tio n  a n d  th e  effects o f n a tu ra l su b s tan ces  and 

of sy n th e tic  substance  X  are  show n. The tim e (in  s) n ecessary  to  reduce by  50%  th e  p eak  value 
of th e  change was ta k e n  as T /2. W ith  in h ib ito ry  su b stan ces , th e  tim e  elapsed u n til  th e  fall of 
ST -elevation  to  50%  of th e  value  evoked by  KC1 was m easu red . T he inh ib ito ry  su b stan ces b rough t 
ab o u t a significant red u ctio n  of th e  T/2 values. The — v a lu es rep resen t the m ean v a lu es o f T/2 
of ST -elevation  evoked b y  KC1 com pared to  th a t  ap p ea rin g  a f te r  ad m in istra tio n  of a n  in h ib ito ry  
substance  m easured  in th e  sam e ex p erim en t. N ote: in  som e ex p erim en ts th e  p ro tec tin g  substance  
was g iven p rio r to  KC1: in  these  cases th e  ch arac te ris tic  E C G -effect o f KC1 could n o t be observed.
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F ig . 11. C h an g es in vascu lar in d e x  fo llow ing  KCl a d m in is tra t io n ;  h e a rt. A bscissa: v a lu e s  о 
t h e  vascu la r index. O rd in a te :  p e rce n t incidence o f th e  v a scu la r in d ex  v a lu es.

. th ickness o f  th e  m edia
V ascu lar index — ——---------- ---------------------------------------- :—z----- :— z-----:-------

d is ta n c e  be tw een  th e  tw o  e x te rn a l e lastic  lam inae

Table I I I

E ffe c t o f  oxygenation on the increase in  blood pressure evoked by general hypoxia ( a sp h yx ia )

n
Increase in  systolic blood pressure

kP a %

1. W ith o u t  oxygen 4 9 .2 0 ± 1 .7 9 * 51 .85±10 .49*

2. D u rin g  oxygenation 4 2 .8 7 ± 0 .5 8 * 16.47±  3.57*

D ifferen ce  (2 1) 4 - 6 .3 3 ± 1 .3 3 * - 3 5 .3 8 ±  7.86*

n
Increase in diastolic blood pressure

kP a 0 /
/О

1. W ith o u t oxygen 4 4 .6 0 ± 1 .1 9 * 2 9 .07± 10 .36

2. D u rin g  oxygenation 4 1 .6 0 ± 0 .6 5 1 1 .4 9 ±  4.66

D ifference  (2 — 1) 4 - 3 .0 0 ± 0 .5 6 * - 1 7 .5 8 ±  6.75

n

Increase in le ft ventricular 
pressure

kP a %

1. W ith o u t oxygen 4 9.32 ± 1 .7 2 * 53 .96±12 .24*

2. D u rin g  oxygenation 4 2 .8 7 ± 0 .6 4 * 1 6 .6 4 ±  3.59*

D ifference (2 — 1) 4 - 6 .4 5 ± 1 .1 0 * * - 3 7 .3 1 ±  8.76*

*: p  <  0.05 (paired i- te s t) .
**: p  <  0.01 (paired  i- te s t) .
G en era l hypoxia was in d u ced  in  open-chest dogs b y  sw itch ing  off th e  re sp ira to r. O xygena­

t io n  w a s  carried  out by  i. peric . o r d irec t epicardial ap p lic a tio n . In  b o th  cases, oxygen  reduced  
th e  d e g ree  of blood pressure e le v a tio n  caused by genera l h y p o x ia .
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The appearance o f  infarction in rats depended on the mode o f  adm inistra­
tion o f  KC1. I f  KCI was adm inistered in to  the apical region intrapericardially , 
the incidence o f  infarction in anim als sacrificed up to day 9 and after day 
28 was 45.5%  and 55% (n =  46 and 21), respectively. In the case o f  basal
i. peric. adm inistration the incidence proved to be 89% (n =  9).

The incidence of infarction grew to  90%  if  KCI adm inistration  w as carried 
out after thoracotom y, w ithout artificial respiration thus in d icatin g  that in 
th is  case the initial effect o f  KCI and o f  hypoxia  were add itive (n =  6).

Guinea-pig 241g

о

Q1sec

15"

.Íaí-^KKK

0.05 ml KCIconc.i peric.

r

hAhh
2

h h J \
и 6'

8' 10' \ 2

a!-*'—>4 —̂—*i —*

16'

F ig. 12. E ffec t o f 31 .2%  KCI so lu tio n  in  a gu inea-pig  (ECG lead  I I )

A cute influence o f KCI on the ECG w as essentia lly  the sam e in  rats and 
guinea-pigs as in dogs. The developm ent o f  m onophasic action p o ten tia l in 
guinea-pigs is similar to th at observed in dogs (F ig. 12). In th is case th e  ECG 
change disappeared after 16 m inutes. The sam e result was observed in  rats.

N o such change could be observed after the injection o f concentrated  
glucose solution  or after Ca2+ or N a + adm inistration , a lthough in  th e  latter  
case a reduction in am plitude o f  the R -w ave cou ld  be observed. An intravenous  
in jection  o f KCI evoked the w ell-know n ECG changes o f flutter and fib rilla tion .

As in dogs, also in rats and guinea-pigs som e protecting substances appear­
ing in the pericardial flu id  prevented the acute effect o f KCI; the dom e-shaped  
ST-segm ent disappeared som e seconds or m inutes after the ad m in istration  of 
pericardial flu id . Figure 13 shows th at in rats i . peric. adm inistration  o f dog 
pericardial flu id  inhibited  the developm ent o f  the dome-shaped ST -segm ent.

Figure 14 dem onstrates the changes in height o f the ST -segm ent evoked  
by KCI in the rat heart and the sta tistica lly  sign ifican t inhibition o f  th is  change  
caused by i. peric. adm inistration o f dog pericardial fluid. This m eans th a t the  
pericardial flu id  has a protective effect also in  the rat heart.
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1mV

0.1sec

RAT 190 g d*

0.05ml KCIconc i.penc. 0.05ml dog pericardial fluid i.peric.

66" 2'

. U j j .

10' 14' 18'

F ig . 13. R a t  ECG. Changes ev o k ed  b y  KCl have n o rm alized  4 m in  a f te r  i.peric. a d m in is tra tio n
o f dog pericard ia l f lu id

2.5 Second upward peak a fte r  R 
[rat]

6'n=24;15"n=36, 
30"n=32;1' n=31; 

- f  •• Q05ml KCIconc 4'n=27;2',6' n=26 
 ̂ Q05ml pericardium fluid(dog)+ 

0.05ml KCIconc n=4(30"n=3)
—1{»“ 0.05ml pericardium fluid(doq) + 

t-Q05ml KClconc n=6(15"n=5)

Jfil Ain.

10 min

F ig . 14. H e ig h t (m m ) of S T -seg m en t a fte r  KC1 and  th e  in flu e n ce  of dog p ericard ia l f lu id . D o ts  
a n d  sq u a re s  rep re sen t tw o  d iffe re n t groups of an im als . I n  th e  f ir s t  group (squares) th e  effec t 
o f th e  p e ricard ia l f lu id  w as n o t  m ark ed  as i t  was d e m o n s tra te d  on o th er p a r ts  o f th e  EC G  
cu rv e  (n o t show n in  th e  F ig u re ). D o ts  rep resen t a g ro u p  w h ere  a  m ax im um  n o rm a liza tio n  of 
a ll E C G  w aves could be o b se rv ed . T he tw o sm aller cu rv es , in  th e  m iddle of th e  F ig u re , v isualize  
th e  m o st freq u en t changes in  th e  EC G  curve a fte r  KC1 th e  m ag n itu d e  of w hich re p re se n t th e

basis of th is d raw in g
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A d ilate (1% ) solution o f KC1 exh ib ited  a similar protection  against the 
noxious effect o f  concentrated KC1 so lu tion , thus indicating th a t a small 
am ount of KC1 m ight release the same p rotective  substance w hich  is contained  
in the pericardial flu id .

The syn th etic  substances X , Y  and Z had the same effect in rats and 
guinea-pigs as in  dogs. As shown in F ig . 15, substance Z a lm ost com pletely  
norm alized the KCl-evoked ECG changes som e 90 sec after its  application, 
while 10 min later the ECG was quite sim ilar as the control curve.

JlmV

Msec

RAT 292 g a*

Q05ml synthetic, substance Z i.peric. 0.05ml KCIconc i.peric.

15" 30" 90" 3'

um 10'

U
I

16' 18'

F ig. 15. P ro te c tiv e  effect o f sub stan ce  Z. EC G  dom e d isap p ears  4 m in a f te r  i .p e ric . a d m in is t­
ra tio n  of su b s ta n c e  Z

N ex t it  w as studied whether an in h ib ition  o f the acute K C l-induced ECG 
changes m ay prevent ensuing infarction. To th is end, some anim als acutely  
injected  w ith  KC1 were sutured after operation  and sacrificed 1 to  28 days 
later. A nother group o f  anim als was treated  not only w ith KC1 b u t also w ith  
either b iological or synthetic protecting substances. H istological in vestigation  
showed that these substances reduced th e  incidence of infarction caused by 
KC1 from  52.4%  to  7.14% . In other w ords, the infarction elic iting  effect of 
KC1 was inhibited.

Provided th at the above-m entioned space through which KC1 application  
and hypoxia  even tu a lly  cause infarction in  fact begins with pores, the physical 
obstruction  o f these pores should prevent the KC1 effect. In th e  experim ent 
show n in Fig. 16 th e  pores were obstructed  by means of India in k . I t  can be 
seen th at KC1 was m uch less effective th an  otherwise: the usual dom e-shaped  
ECG change was m issing and Mithin 5 m in the ECG became norm al. The same 
phenom enon could be observed in the dogs, too .
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T ab le  IV  dem onstrates the sta tistica l eva lu ation  o f these data. The m axi­
mum effec t w as achieved after 31.2%  KC1 so lu tion . T h e effect of more d ilute  
(10% and 1% ) KC1 solutions w as sign ifican tly  low er. Follow ing India ink ad­
m in istration , the changes in  S and T w aves evoked b y  31.2%  KC1 becam e sig n i­
fica n tly  (unpaired i-test) sm aller, indicating th a t the obstruction  of the assum ed  
pores p reven ted  the developm ent o f KC1 evoked changes. A dm inistration o f  
pericardial flu id  also prevented the effect o f concentrated  KC1 solution.

RAT 324g

|1mV

0.1sec

15" AO"

0.05mi india ink i.peric.

6"

î
Q05ml KCIconc i.peric.

15" Г 2'

5' Iff 17' 24'
fc-v̂4—

F ig . 16. A fte r  o b s tru c tin g  th e  e p ica rd ia l pores w ith  In d ia  in k  (i.peric . a d m in is tra tio n ) K C J
fails to  affec t th e  E C G

Table TV

M a x im u m  changes (A°/0) in  am plitude o f  ECG waves after i. peric. adm inistration o f  d ifferent sub­
stances in  0.05 ml volume in  rats

F irs t m inim um  after the R -peak (S) F irs t upw ard peak after the R -peak (T)

n A% P n A% P

KClconc (3 1 .2 % ) 24 — 363.98% 24.64 36 % 441.36% 76.63

К Cl (1 0 % ) 6 - 177.33%33.18 < 0 .0 1 5 % 123.34% 52.27 < 0 .0 1

KC1 (1 % ) 11 — 72.26% 16.93 < 0 .0 0 1 11 % 49.25%22.71 < 0 .0 0 1

In d ia  in k  -f- K C lconc 5 ~141 .40% 31.35 < 0 .0 0 1 5 % 113.00% 37.67 < 0 .0 0 1

P e rica rd . sam ples +  KClconc 3 -1 7 4 .3 3 % 1 6 .7 3 < 0 .0 2 3 % 64.43%  9.87 < 0 .0 0 1

p d e n o te s  th e  significance level of differences fro m  v a lu es m easured a fte r 31 .2%  KC1 
a d m in is tra t io n  (u npaired  (-test).

T h e  effec t of KC1 in  ra ts  is th e  sam e as in  dogs a n d  can  be inh ib ited  sim ilarly  w ith  n a tu ra l  
an d  s y n th e tic  substances. In  these  ex p erim en ts  th e  p ro tec tiv e  su b stan ces were adm in istered  p rio r 
to  KC1 a d m in is tra tio n , in trap erica rd ia lly , and  the  changes in  S an d  T waves were m easu red .

T h e  effec t of KC1 has been g iven  in  changes of th e  S a n d  T  w aves as com pared to  th e  c o n t­
ro l v a lu es before  KC1 a d m in is tra tio n .
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D iscussion

The present studies have show n th a t the infarction and its accom panying  
changes m ay originate in a special space o f the heart, since i. peric. injection  
o f KC1 produced a m onophasic action  p otentia l similar to th a t observed in 
hum an infarction and 3 -5  days later an infarction really ensued. T his m yocar­
dial space is probably d istinct from  th a t supplied by the coronary blood vessels, 
since intravenous K + adm inistration  leads to the well-known phenom ena of 
flu tter  and fibrillation, while KC1 introduced into the pericardial space produces 
a m onophasic potential in the ECG characteristic o f infarction. The fact that 
the la tter  ECG change could be evoked by K + applied lo ca lly  to  a sm all 
epicardial surface indicates th a t a sim ilarity  ex ists between the above-m ention­
ed experim ents and hum an infarction-genesis. In both cases in farction  may 
develop in a circum script area.

Epicardial application o f KC1 m ay result also in th ickening o f the coro­
nary vessels after some days. This find ing points to  the ab ility  o f  excess KC1 
acting in  the epicardial space to induce changes in the coronary arteries them ­
selves. N evertheless, in the m ajority o f  cases infarction developed w ith ou t any 
changes in the coronary tree. H ence, the thickening o f these arteries is the result 
o f the chain of events eliciting infarction rather than its cause.

There are several lines o f  evidence in favour of the concept th a t KC1 
evoked  th e  ECG changes characteristic o f  hum an infarction through an effect 
exerted  in a separate m yocardial space. KC1 exerted different effects depending  
on the mode of its adm inistration. T ypical infarction-like ECG record could he 
elicited  through the epicardial space, while i.v . KC1 elicited on ly  the well-know n  
flu tter  and fibrillation. Som e agents such as noradrenaline do not act on the 
heart through the epicardial pores. C onversely, natural and syn th etic  substances 
w hen given  into this space afforded protection against the K C l-induced ST- 
elevation  and later infarction. T hat th is  space begins w ith pores, could  be infer­
red from  the finding that alm ost 10% o f the 125I-labelled album in applied to a 
sm all epicardial area could be found in the endocardium  and in the m yocardial 
fibres beneath  it [8]. B y  obstruction o f these pores by m eans o f  India ink, 
a prevention  o f the above-m entioned effects of i. peric. KC1 cou ld  he 
achieved.

The fact th at some natural substances protecting against infarction  could 
he found in the pericardial flu id  underlines the im portance o f the pericardial 
space where the lack of these substances m ay lead to infarction. The effective­
ness o f these substances m ight also ind icate the presence o f receptor-like struc­
tures in th is area.

Successful oxygenation o f the m yocardium  via this space fits  in  w ell with  
the described phenom ena. Rises in b lood  pressure and alterations o f ECG 
and o f cnd-diastolic pressure produced either by general hypoxia  or by coro­
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nary clam ping could be prevented  by oxygen applied  loca lly  on the surface of 
the heart or introduced in to  th e  pericardial sac.

N either the effect o f  oxygen  nor that seen after KC1 adm inistration can 
be exp la ined  by d iffusion  in to  the m yocardium , th is m echanism  of transport 
being m uch slower th an  th e  tim e-course o f th e  observed  changes. The high  
coronary blood flow  and m yocardial lym ph circu lation  would elim inate the  
so lu tion  before reaching th e  m yocardium , i f  th e  transport o f substances from  
the pericardial space did not occur in a space d istin ct from  the former tw o cir­
cu la tory  channels. Earlier experim ents showed th e  ab ility  o f 125I-labelled albu­
m in to  accum ulate at an endocardial area opposite to  the site o f its pericardial 
application  [8]. This fa c t  exclu d es a sideward d iffusion  and supports the ex ist­
ence o f  preformed p ath w ays inside the heart, perpendicular to the endocar­
dium . This assum ption w as further strenghtened b y  th e  present results obtained  
after occluding these pores w ith  India ink.

These considerations m ake it unlikely th a t oxygen  applied to a sm all 
epicardial area m ight increase the oxygen content o f  the hypoxic arterial blood  
perfusing the heart. U n til th e  results o f our experim ents now in progress w ill 
be a v a ila b le , the m ost feasib le  explanation m ay be the oxygenation of some 
reducible substrates during hypoxia.

The similar role o f  KC1 and hypoxia in e lic itin g  the circulatory changes 
and alterations in the m em branes are supported b y  other facts as well. Accord­
in g ly , К  Cl adm inistration  evokes hypoxia and the hypoxia  leads to an increase 
in  К  Cl concentration. This correlation is ind icated  b y  the finding that the same 
p ro tectiv e  agent is capable o f  inhibiting the ECG effect o f both К  Cl and h yp ox­
ia. I t  should be po in ted  out that K C l and hypoxia evoke infarction from  a special 
space o f  the m yocardial cells. This space begins w ith  pores at the epicardial sur­
face and reaches m yocardial cells accross special pa th w ays o f connective tissue 
(F ig . 17).

The efficacy  o f th is  sy stem  is shown b y  th e  alm ost 100% incidence o f  
ST -elevation  after adm inistration  o f KCl. Since th e  pericardial flu id  was shown 
to  con ta in  b iologica lly  p o ten t substances, a branching of the intram yocardial 
canalicu lar system  tow ards th e  surface of the heart has been supposed. A ctive  
substances m ay in fluence th e  m yocardial cells either v ia  the epicardial pores 
or th rou gh  the coronary circulation . Figure 17 also dem onstrates that an excess 
of K + evoked by h yp o x ia  m ay re-enter the pores, aggravating thereby the  
ex istin g  hypoxia w hich , in  tu rn , leads to a further accum ulation of K + . This 
K + — hypoxia  feed-back m echanism  finally  resu lts in  infarction. A lthough in  
our experim ents K + had a triggering role, the sam e situ ation  after hypoxia m ay  
also be assum ed. The la tter  cause-effect relationship  is supported by our fin d ­
ing th a t  when KCl w as adm inistered after opening th e  chest (rats), hypoxia  
was added to the K + effect, th u s, the incidence o f  infarction reached 90% . 
The site  o f  KCl in jection  also influenced the incidence o f infarction; injection
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at the base and at the apex resulted in infarction  in 89% and 50% , respectively . 
In hum ans, too, infarctions are more frequent at the hase th an  around the 
apex o f the heart.

The separation o f the two spaces seen in F ig. 17 does not m ean th a t the 
epicardial space is supplied w ith  oxygen from  a system  other th an  th e  coro­
naries; but the epicardial space m ay represent a supplem entary or alternative  
route for oxygen in the case o f hypoxia. F ig. 17 shows further th a t substances 
adm inistered into the pericardial fluid u ltim ately  reach the extracellu lar space.

Epicardial space

Pore Epicard

This is supported by a num ber o f data. W e is s  and Sc h ie n e  [10] fou n d  that 
during m yocardial ischaem ia K + accum ulates in  the extracellular space. A c­
cording to W ieg a n d  et a l . [11] after clam ping o f the coronary artery extracel­
lular K + concentration increases from  3.2 m m ol/litre to 11.3 m m ol/litre. Sim i­
lar resu lts  have been obtained by H ill  and G e t t e s  [6], H ir c h e  et al. [7], 
H a r r is  et al. [4,5] as w ell as by D e n n is  and M oore  [2].

I t  should be em phasized th at the ECG changes observed in th e  present 
experim ents are very sim ilar to  those known to  develop in man in th e  course 
o f infarction. The in itia l rise o f  the ST-segm ent, disappearing during infarction , 
m ay re-appear at la ter stages as observed also b y  D i e t r i c h  and S c h w i e g e  [1]. 
Inhalation  of hypoxic gas m ixtures led to re-appearance o f ST -elevation  as did 
exercise ( H a u s n e r  and S c h e r f , [1]). Release o f  K + was observed also b y  F r a n z  
and B ö s [3] during m yocardial ischaem ia. Thus, the m ajority o f data availab le  
are not in contradiction w ith  our theory o f th e  developm ent o f  m yocardial 
in farction .
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THE EFFECT OF DEOXYCORTICOSTERONE ON THE 
INTERSTITIAL FLUID PRESSURE IN NORMAL RATS

B y

Magda G i l á n y i , Zsuzsa S i m o n  and A . G . B. K o v a c h

E X PE R IM E N T A L  RESEA RCH  D EPA R T M E N T AND SECOND IN ST IT U T E  OF PH Y SIO LO G Y  A ND F IR ST  
D EPA R T M E N T OF PE D IA T R IC S, SEM M ELW EIS U N IV E R S IT Y  MEDICAL SCHOOL, B U D A PEST

(R eceived  S ep tem b er 16, 1981)

In te r s ti t ia l  f lu id  p ressu re  was m easu red  b y  G u y to n ’s cap su la r m e th o d  in  th e  
su b c u tan e o u s  tissue  o f ra ts  a f te r  a  single DOC i.p . in jec tio n . R egardless o f th e  dose of 
DO C, th e  p ressu re -tim e  cu rve  show ed th re e  p h a se s : la ten cy , decrease a n d  recovery . 
T he m ax im u m  drop  in  p ressu re  an d  th e  reco v e ry  tim e  were dose-d ep en d en t. M ax im um  
decrease  in  in te r s t i t ia l  f lu id  p ressure  a f te r  0 .25; 0 .50; 0.75; 1.00 m g/100 g b o d y  w t of 
DOC was 3.2; 7.1; 9.2 a n d  10.6 m m H g, re sp ec tiv e ly . I t  was found  th a t  th e  reco rded  
p ressu re  response is n o t  exclusively  caused  b y  S ta r lin g  forces. A c o rre la tio n  w as found  
b e tw een  th e  p ressu re  decrease  an d  th e  e x tra c e llu la r  p o tass iu m  loss. T he ro le  o f p o ta s ­
s iu m  in  th e  D O C -induced pressu re  response w as v e rified  b y  a d m in is tra tio n  o f th e  sp e ­
cific  p o tass iu m  ionophore, v a lin o m y cin . D ue to  th e  effec t of v a lin o m y cin , p o tass iu m  
ion  tra n s p o r t  an d , as a consequence, th e  in te r s t i t ia l  p ressu re  response, w ere acce le ra ted .

G u y t o n  [6] reported th a t in terstitia l hydrostatic  pressure in the subcu­
taneous space w as norm ally  subatm ospheric w hen measured w ith chronically  
im planted  capsules. Som e studies [6, 7, 8, 13] supported that the in terstitia l 
flu id  pressure was norm ally negative in certain soft tissues. In all these experi­
m ents alterations in in terstitia l hydrostatic pressure were induced b y  changing  
the hydrostatic pressure in the capillary or th e  colloid  osm otic pressure of 
plasm a, and the measured interstitia l pressure changes corresponded to those  
predicted by S t a r l i n g ’s la w  [11].

R ecen tly , in  the developm ent o f  negative capsular pressure more im port­
ance has been attributed  in  addition to th e  S t a r l i n g  forces to the physical 
and chem ical properties o f  the com ponents o f  the interstitial space [2, 5]. 
In terstitia l proteoglycans are thought to  generate an absorption pressure pri­
m arily because o f  the D onnán osm otic pressure o f  the cations entrapped by  
these polyelectro ly tes and because o f the electrostatic  repulsion betw een  the  
n egative charges on the proteoglycan m olecules them selves. These pressures 
represent ionization-dependent com ponents o f  the m atrix’s (capsular) pressure.

Thus it  m ight be expected  th at the in terstitia l pressure m ay alter due to 
electrostatic repulsion if  the ionic balance and thereby the degree o f  ion ization  
are in fluenced. It is known that aldosterone and 11-deoxycorticosterone have  
marked effects on sodium  and potassium  d istr ib u tio n  in the body. The aim of 
the present stu d y  was to check w hether the changes in ionic balance induced  
by DOC adm inistration do or do not in fluence the in terstitia l (capsular) pres­
sure.
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M ateria ls  and  M ethods

E x p e r im e n ts  were pe rfo rm ed  on fem ale  ra ts  w eigh ing  200-250 g. The a n im a ls  h a d  free 
access t o  fo o d  a n d  w ater p rio r to  s tu d y  an d  were m a in ta in e d  u n d e r cond itions o f co n tro lled  
lig h tin g  ( f ro m  6 a .m . to  6 p .m .) a n d  te m p e ra tu re  (26 ^  2 °C). A naeshtesia  was in d u c e d  b y  i.p . 
in je c tio n  o f so d iu m  p e n to b a rb ita l 5 m g/100 g bod y  w t d u r in g  m easurem ents. S u p p le m e n ta l 
doses o f  s o d iu m  p e n to b a rb ita l w ere g iv en  as req u ired  to  m a in ta in  anaesthesia .

In te r s tit ia i  f lu id  pressure m easurem ent. The in te r s t i t ia l  f lu id  pressure w as d e te rm in e d  
b y  Gu y t o n ’s m e th o d  [6]. A cy lin d rica l p las tic  tu b e  5 m m  in  d iam e te r and 15 m m  lo n g , closed 
a t  b o th  e n d s  a n d  p e rfo ra ted  b y  n u m ero u s  1 m m  holes w as im p la n te d  su b c u tan e o u s ly  in  th e  
b a ck  o f  r a t s  4 -6  weeks before th e  e x p e rim e n ts . The a c tu a l  p re ssu re  p revailing  in  th e  in n e r  space 
of th e  c a p s u le  w as m easured  b y  a 26 gauge syringe needle in se r te d  th ro u g h  th e  sk in , a n d  th ro u g h  
one o f  th e  h o les  in to  th e  c av ity  o f th e  capsu le . The needle w as connected  to  a S ta th a m  tr a n s ­
d u cer ( P  23 D b ) b y  po lyv iny l tu b e . T he w hole sy s tem  was p rev io u sly  filled w ith  n o rm a l saline 
so lu tio n .

A n a ly tic a l methods. Sam ples o f b lood  from  a c a ro tid  a r te ry  an d  of in te r s t i t ia l  f lu id  from  
th e  c a p su le  w ere collected in  h e p a rin iz e d  tu b es a n d  cen trifu g e d  im m ed ia te ly  th e re a f te r . 
S o d iu m  a n d  p o tass iu m  c o n ce n tra tio n s  w ere d e te rm in ed  b y  f lam e  p h o to m e try  (F la p h o  4, Zeiss). 
T o ta l p r o te in  c o n cen tra tio n  w as m ea su re d  by  th e  b iu re t m e th o d , using  bovine se ru m  a lb u m in  
as s t a n d a r d .  F ree  f a t ty  acids w ere a ssa y ed  b y  th e  D o le  a n d  M e in e r t z  m eth o d  [3] a n d  glucose 
by  D u b o w s k i’s m ethod  [4]. All th e se  m easu rem en ts  w ere p e rfo rm ed  in  b o th  p lasm a  a n d  in te r ­
s t i t ia l  f lu id  sam ples collected s im u ltan eo u s ly .

Other determ inations. M ean a r te r ia l  blood p ressu re  w as m easured  by  a c a th e te r  in se r te d  
in to  th e  c a ro t id  a r te ry  and  co n n ec ted  to  a  m ercu ry  m a n o m e te r. A rteria l h a e m a to c rit  w as m eas­
u red  u s in g  a  m icro m ethod . In  a ll e x p erim en ts  m ea su re m e n ts  o f a rte ria l p H , p C 0 2 a n d  p 0 2 
w ere c a r r ie d  o u t using  a “ IL ”  213-227 d ig ita l p H /b lo o d  gas analyser.

D ru g s. A  single in jec tio n  o f d eso x y co rto n e  a c e ta te  in  oil (D ecosteron, R ic h te r)  o r w ater- 
so lu b le  d e so x y co rto n e  glucoside (P e rc o r te n , C IB A ) w as g iv en  in tra p e rito n e a lly  in  doses of 
0 .25 ; 0 .5 0 ; 0 .75; and 1.00 m g/100 g b o d y  w t.

S ta tis tica l analysis. All e x p e rim e n ta l d a ta  a re  p re se n te d  as m eans i S .E .M .  S ta tis t ic a l  
s ig n if ic a n c e  w as de te rm in ed  b y  S tu d e n t’s 1-te s t; p <  0.05 w as considered s ig n ifican t.

R esults

a) Effect o f  DOC on ionic balance, blood pressure, p H ,  blood gases, pro te in ,  
glucose and F  FA

T he well-known effects o f  m ineralocorticoid  excess were d etected  fol­
lo w in g  adm inistration  o f 1 m g/100  g body w t DOC. The relative sodium  con­
cen tra tio n  was sign ificantly  increased in both plasm a and capsular flu id . W hile 
red u ctio n  o f  the relative p otassium  concentration  in the plasm a w as pronounc­
ed, in  capsular fluid it was sligh t (Fig. 1). An io n  sh ift between plasm a and cap­
sular f lu id  was not observed in  th e  control an im als (Table I).

B esid es hypernatraem ia and hypokalaem ia, hypertension and com pen­
sa ted  m etabolic alkalosis (see T able II) were also observed.

T he tota l protein concentration  was higher than  the control in  b oth  plas­
m a and capsular flu id . The increase in plasm a free fa tty  acids (FFA ) and glu­
cose concentrations pointed  to  some glucocorticoid  activ ity  o f desoxycortone  
g lu cosid e  (Table III).

T ab le  IV shows the d ifference betw een the in terstitia l and plasm a protein  
con cen tration  (called osm otica lly  effective protein  concentration). The effec­
t iv e  p rote in  concentration reflects only the direction  of changes o f  the colloid
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1 mg Percorten/  100 g body wt

F ig . 1. Sodium  an d  p o ta s s iu m  c o n cen tra tio n s  in  p lasm a  and capsu lar f lu id  fo llow ing  i.p. 
a d m in is tra t io n  of 1 m g/100 g of d eso x ycortone  g lucoside  expressed in p e rc e n ts  o f control. 

E ach  p o in t is th e  m ean  ^ S .E .M . fo r 8—10 d ifferen t an im als

Table I

Control sodium , potassium  and prote in  concentrations ( means i  S. E. M .)  in  p lasm a and  capsular 
f lu i d  im m ediately and 8  h after anaesthesia

P aram eter C ontrol I Control II p , I  V S II

plasm a 143 -h  1 141 ±  1 N . S.
Sodium  concen tra tion (n  7) (n 7)

m m ol/1 capsule 145 ±  1 144 ±  2 N . S.
(n  =  7) (n 7)

p, p lasm a vs capsule N . S. N. S.

p lasm a 4.9 ±  0.3 5.2 ±  0.2 N . S.
P o ta ss iu m  concen tra tion (n  =  7) (n =  7)

m m ol/1 capsule 5.4 ±  0.2 5.7 ±  0.2 N . S.
(n  7) (n =  6)

p , p lasm a vs capsule N . S. N. S.

p lasm a 67.94 ±  1.74 64.58 ±  2.72 N . S.
P ro te in  concentra tion , g/1 (n  =  7) (n — 7)

capsule 41.13 ±  1.79 41.70 ±  1.46 N . S.
(n  =  6) (n =  8)

p , p lasm a vs capsule < 0.001 < 0.001

C ontrol I: im m ediately  a f te r  an aesthesia .
C ontrol I I :  8 hours a fte r  anaesth es ia .
p , I vs I I :  significance of differences betw een C ontro l I  an d  Control II.
p , p lasm a vs capsule: significance of d ifferences be tw een  p lasm a and capsular ( in te r s t i t ia l)  fluid.
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Table II

M e a n  v a lu e s  ±  S . E . M . o f  b lo o d  p r e s s u r e ,  p H ,  p C 0 2, p O .,  a n d  h a e m a io c r it  f o r  a r te r ia l b lo o d  a f te r  
a  1 m g j 1 0 0  g  dose o f  d eso x yco rto n e  g lu c o s id e

P aram ete r Control
Hours after in jection  o f 1 m g /100 g of desoxycortone glucoside

4 8 12

B lood  p ressu re  
m m H g

119 ±  3 
(n  =  8 )

1 1 4 ± 4  
(n =  4)

136 ±  5* 
(n  =  4)

145 ±  5* 
(n =  6 )

p H 7.28 ±  0.02 7.32 ±  0.04 7.32 ±  0.02 7.37 ±  0.03
(n  =  8 ) (n =  7) (n  =  8) (n =  8)

p C 0 2 m m H g 45.4 ±  1.8 43.2 ±  2.3 38.2 ±  1.2* 40.1 ±  1.7
kPa 6.04 ±  0 .24 5.75 ±  0.31 5.08 ±  0.16* 5.33 ±  0.23

(n =  8) (n 6) (n  8) (n =  8)

p 0 2 m m H g 88.3 ±  8.2 84.3 ±  2.5 88.2 ±  2.8 86.2 ±  1.3
kP a 11.74 ±  1.09 11.21 ±  0.33 11.73 ±  0.37 11.46 ±  0.17

(n 8) (n - 7) (n  8) (n =  8)

H a e m a to c r i t 44 ±  0.4 44 ±  1.0 44 ±  0.8 45 ±  0.9
(n  15) (n 13) (n  15) (n 10)

*: p <  0.01, significantly d ifferen t from controls.

osm otic  pressure. The ch an ge in  this gradient referring to  the control sta te  
— cpl) follows the p lasm a osmotic pressure sh ift after DOC in jection . 

From  th e third colum n o f  T ab le  IV it can be seen  th a t  the d(c, — cpl) was u n ­
ch an ged , except in the 4 th  an d  6th h of the exp er im en t when it was increased.

Table III

P la s m a  p r o te in , F F  A  a n d  g lu c o s e  co n cen tra tio n  (m e a n s  ±  S . E . M . )  a fter  a d m in is tr a t io n  o f
1 m g /1 0 0  g  desoxycorton e g lu c o s id e

Param eter Control
8 h  a f te r  injection of 

1 mg/100 g desoxycortone 
glucoside

P

Protein , g/1
plasm a 65.3 ±  1.5 

(n = 9)
84.1 ±  2.0 

(n =  9)
<0.01

capsule 42.2 =  1.3 
(n =  9)

54.0 ±  3.6 
(n =  9)

<0.01

F F A , mrnol/1 plasm a 1.01 ± 0 .1 6  
(n =  9)

2.22 ±  0.33 
(n =  9)

<0.01

Glucose, minol/1 plasm a 7.10 ±  0.33 
(n 9)

8.60 ±  0.22 
(n =  9)

<0.05

p : significantly different from  controls.
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Tabic IV

E ffe c tiv e  p ro te in  co n cen tra tio n  b e tw een  ca p su le  a n d  p la s m a  a fte r  a 1 m g /1 0 0  g  d o se  o f  desoxycorlon e
g lu co s id e

Hours «< — Cpl
K/l

> 'S
£

 1 £ P

0 — 25.8 ±  2.8 0
2 -2 1 .6  ±  8.0 +  4.2 N. S.
4 -1 3 .8  ±  2.5 +  12.0 <0.05
6 -1 1 .9  ±  1.3 +  13.9 <0.02
8 -3 1 .3  ±  5.0 - 5 .5 N. S.

10 -30.8 ±  0.4 - 5 .0 N. S.
12 21.4 ±  4.4 +  4.4 N. S.
13 16.5 ±  4.2 +  9.3 N. S.

с,-: to ta l  p ro te in  c o n c e n tra t io n  in  in te r s t i t ia l  (c a p su la r)  f lu id  (n  =  5). 
Cpt : to ta l  p ro te in  c o n c e n tra t io n  in  p la sm a  (n  5).
- :H<-| cpi) = (ci cpi) DOC (fi cpl)controe

P la sm a  a n d  c a p su la r  f lu id  w ere  co llec ted  f ro m  th e  sa m e a n im a l. 
p :  s ig n if ic a n tly  d if fe re n t  f ro m  c o n tro l.

b) Effect o f  DOC on capsular pressure

In Fig. 2 the changes in in terstitia l flu id  pressure fo llow ing an injection  
o f 1 m g/100 g body w t o f  desoxycortone glucoside is represented b y  a typical 
curve. The control pressure was —4.7 m m H g. A fter desoxycortone glucoside 
adm inistration  a la ten cy  period o f 3 h occurred then  the pressure started to 
fa ll progressively and su bsequently  it  returned to  the control va lu e . The shape 
o f  the pressure curve rem ained the sam e irrespective o f the dose o f  DOC, 
i.e . the 2—3 h la ten t period and the slope o f pressure decrease w ere a lm ost iden-

1 m g  P e r c o r t e n /  1 0 0 g  b o d y  w t

1 2 3  £ 5 6 7  8 9 1 0  11 12  13 14  h o u r s

F ig .  2 .  E ffe c t  o f  1 m g /100  g b o d y  w t  o f  d e so x y c o r to n e  g lu c o s id e  on  in t e r s t i t i a l  f lu id  p re ssu re
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tica l. T h e maxim um  in terstitia l flu id  pressure and recovery tim e were, how ­
ever, dose-dependent.

In  F ig . 3 the m axim um  decrease in in terstitia l flu id  pressure is p lotted  as 
a fu n c tio n  o f the DOC dose. T h e  drop in interstitia l flu id  pressure after 0.25;

00C  /1 0 0  g body wt

F ig .  3 .  E f f e c t  o f  DOC in  d i f f e r e n t  d o s e s  o n  th e  m a x im u m  i n t e r s t i t i a l  f lu id  p re s s u re  re sp o n se  
E a c h  p o in t  is  t h e  m e a n  v a lu e  ; tS .E .M . fo r  5 d i f f e r e n t  a n im a ls

0.50; 0 .75  and 1.00 m g/100 g o f  DOC was 3.2 +  0.2 (n =  5), 7.1 0.2 (u =  5),
9.2 +  0.2 (n =  5) and 10.6 +  0.3 mmHg (n =  5), resp ectively .

F igu re 4 shows the e ffec t o f  the potassium  ionophore valinom ycin  on the  
co n tro l pressure and the D O C -induced interstitial flu id  pressure response in a 
ty p ic a l experim ent. A d m in istra tion  of 10 pg va lin o m y cin  into the capsule 
re su lte d  in  a slight increase o f  interstitial flu id  pressure above the control 
le v e l. T he addition o f va lin om ycin ,a ltered  the DO C-induced in terstitia l fluid  
pressure response in th a t th e  la ten cy  period w as shortened and the pressure 
d ecrease accelerated, but th e  lo w est value of the pressure rem ained unchanged.

0  1 2  3  4  5  6  7  8  9  1 0  11 1 2  13  1 4  h o u r s

F ig .  4 .  E f f e c t  o f v a lin o m y c in  o n  t h e  c o n tro l  a n d  th e  D O C -in d u c e d  in t e r s t i t i a l  f lu id  p re ssu re
changes
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Discussion

We found sign ifican t changes in in terstitia l flu id  pressure after a single 
DOC i.p . injection. In order to  ascertain the exact origin o f  the observed inter­
stitia l fluid pressure response, the influence o f  volum etric, osm otic and other 
possible factors operating in  the interstitial space had to be analysed .

In the experim ents, the fluid volum e was not measured d irectly .T he haem- 
atocrit and the sodium  concentration allow ed to  draw som e conclusions on 
the possible changes in  extracellu lar volum e. The increased sodium  reabsorp­
tion  in the k idney caused by DOC led to a rise in  extracellular sodium  concent­
ration. Due to  the raised osm otic pressure w ater had to  m ove in to  th e  extra­
cellu lar space. B ecause no w ater intake was allow ed during the m easurem ents, 
the relative lack  o f  w ater in  the extracellular f lu id  could be com pensated  only 
at the expense o f  in tracellu lar flu id .

In the first 8 h period the volum e o f p lasm a was probably better preserved 
than that o f  the in terstitia l f lu id . This was supported  by the practica lly  con­
sta n t plasm a sodium  concentration  and by the constant haem atocrit value. 
As a resu lt there w as an increase in in terstitia l flu id  volum e at th e  expense of 
intracellu lar flu id .

In the 8-13  h period, the volum e o f  in terstitia l flu id  increased at the 
expense o f both in tracellu lar flu id  and plasm a. This hypothesis is supported  
by (i) the significant increase in  sodium  concentration  both in p lasm a and inter­
stitia l fluid; (ii) the increase in plasm a protein concentration, and (iii) the 
con stan t haem atocrit as a result o f two opposite effects: the decrease o f  plasma  
volum e and the increase o f  extracellular osm olarity .

There seem s to  be a contradiction betw een the increased protein  concent­
ration o f the in terstitia l flu id  and the increased interstitia l fluid volum e.T he  
increased protein concentration  follow ing DOC injection  was not caused by 
dehydration, because the protein concentration in  both  plasm a and capsular 
flu id  remained unchanged in  the control anim als during the 0 —8 h period of 
anaesthesia. This fin d in g  therefore is considered as a resu lt o f  DOC adm inist­
ration , w ithout know ing its  exact m echanism .

The elevated b lood pressure despite the decreased plasm a vo lu m e in the 
8th  and 12th h m ay be a consequence of an increase in endogenous aldosterone  
secretion via the renin-angiotensin  system . V asopressin  secretion m ay  also in­
crease due to the increased effective  plasm a osm otic pressure. B oth  m echanism s 
result in retention o f w ater, consequently a decrease in  urine volum e. In fact, 
m icturition was never observed during the 13 h experim ental period.

Comparing the possib le  changes in volum e o f  the interstitia l flu id  with 
the measured trends in in terstitia l pressure, it  can be seen th a t w hen the inter­
stitia l flu id  volum e was increased (in the first 12 h period after DOC adm inist­
ration), the pressure w as con stan t or it decreased. On the other hand, w hen the
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pressure returned to its control va lue (in the 12th h after DOC adm inistration) 
the f lu id  volum e was still augm ented .

I t  is concluded th at th e  vo lu m e change m ay contribute to the observed  
changes in  interstitial flu id  pressure but this pressure change is not so lely  a 
v o lu m e effect.

In  order to analyse th e  o sm otic  influence on th e  interstitial flu id  pressure, 
th e  fo llow in g  factors were ta k e n  in to  consideration. W e analysed th e  equilib­
rium  b etw een  plasma and capsular fluid, assum ing th at the com position  of 
in terstitia l and capsular flu id  w as identical [1, 12]; and we calculated the osm o­
tic pressure change due to  th e  alteration in protein concentration.

In  th e  first 10 h period, th e  colloid osm otic gradient was unchanged or 
increased  in the 4th and 6 th  hours.T h is contradicts th e  sim ultaneous continuous 
d ecline o f  interstitial flu id  pressure. No sign ificant change was seen in this 
grad ien t during the n ext 10 — 13 h period, when th e  pressure increased. So the 
trend  o f  interstitial flu id  pressure change cannot be interpreted by the osm otic  
effect o f  proteins.

T he insufficiency o f  S t a r l i n g  forces in th e  interpretation o f the DOC- 
in d u ced  pressure decrease a llow ed  to assume th a t th e  pressure change m ay be 
rela ted  to  the interstitial ion ic  equilibrium , above all to the losses o f  potassium  
ion . W ith  decreasing p otassiu m  concentration th e  am ount o f entrapped potas­
sium  ion s, consequently th e  num ber of negative charges on the proteoglycan  
m olecu les, and according to  th is , the electrostatic repulsion increases. Inter­
s tit ia l pressure changes are related  to the num ber o f  entrapped cations. Thus it 
is n o t necessary for the pressure decrease to coincide d irectly w ith  th e  decrease 
in to ta l  (entrapped plus free) extracellular p otassium  concentration. As direct 
m easurem ents could not be done it was assum ed th at the fall o f  interstitial 
flu id  pressure was correlated w ith  the in terstitia l losses o f potassium  ion. The 
h y p o th esis  seems to be su p p orted  by the effect o f  valinom ycin  [9, 10]. Valino- 
m y cin  increases the p o tassiu m  perm eability o f  m em branes and so th a t o f the 
m em brane around the cap su le . Therefore, due to  th e  effect o f va linom ycin  the 
p ota ssiu m  ion transport an d , as a consequence, th e  in terstitial flu id  pressure 
response is accelerated as it  has been observed in  th e  present study.
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BETANINURIA: A GENETIC TRAIT?

G. F o RRAI, G. BÁNKÖVI and D . VÁGÚJFALVI

POLICLINIC FOR CHILDREN, COMPUTING CENTRE OF THE NATIONAL PLANNING OFFICE, INSTITUTE OF 
PLANT PHYSIOLOGY OF THE EÖTVÖS LORÁND UNIVERSITY, BUDAPEST

(R eceived  S ep tem b er 22, 1981)

A to ta l  of 58 MZ a n d  41 DZ H u n g a rian  a d u lt  like-sexed tw in  p a irs  w ere  stud ied  
for th e  p resence of b e ta n in  in  u rine  (called be ta n in u ria )  a fte r th e  in g es tio n  of a s ta n ­
dard ized  b e e tro o t ju ic e . B y  m eans of a se m i-q u a n tita tiv e  tech n iq u e , b e ta n in u ria  values 
o f all te s t persons w ere d e te rm in ed . Several m a th e m a tic a l m odels w ere te s te d  to  find  
a p ro b a b ility  d is tr ib u tio n  f i t t in g  well to  th e  em p irica l d a ta .

The h e re d ita ry  c h a ra c te r  of th e  in te n s i ty  o f b e tan in u ria  c a n n o t d e fin ite ly  be 
accep ted  a lth o u g h  som e c ircum stances p o in te d  to  th e  effect of g en etic  fa c to rs  on the  
phenom enon.

A llison  and McW h ir t e r  [1] described tw o new traits for w h ich  human  
individuals have been suggested  to differ. The first trait is th a t after eating 
asparagus some people excrete m ethyl m ercaptan, a com pound o f unpleasant 
sm ell, while others do not; the gas can be identified  in urine by transform ing it 
to  silver m ercaptide. The second trait is characterized by the urinary excretion  
of a violet-red pigm ent a few hours after consum ing beetroot b y  som e o f the 
people. The pigm ent was identified  as the alkaloid betanin, a betacyan in  of 
reddish-violet colour. Its  structure was clarified by Mabry  et al. [16] (F ig. 1).

The presence o f betanin  is often confused  w ith haem aturia, thus the 
phenom enon has a practical im portance. E arly  authors, Z in d l e r  and Colovos 
[26] attributed the presence o f  betanin in urine to  food allergy w h ile  A llison  
and McW h ir t e r  [1] supposed th at betaninuria  (abbr.: BU ) w as genetica lly  
controlled and that in h ea lth y  populations there were excretors and  non-excre- 
tors, strongly suggesting th a t the character w as transm itted b y  a single, auto­
som al recessive gene. F am ily  data were in accordance w ith  their hypothesis, 
but it must be noted th a t their m ethod was too  sim ple: the presence or absence 
o f the pigm ent was registered by a simple inspection  o f the urine. T h ey  found 
th a t am ong 104 persons 10 were excretors; and since their fam ily  data  seemed  
to confirm  the results, the authors supposed th a t the phenom enon m igh t have 
played a role in hum an selection  to the advantage o f heterozygotes. A n E dito­
rial o f  the British M edical Journal  [3] supported the hypothesis, b u t shortly  
thereafter it was r ig id ly  refused by P en r o se  [18] in the colum ns o f  th e  same 
periodical, judging the theory as an “ inaccurate im pression’’. Later Sald a n h a  
et al. [20, 21, 22] confirm ed the results o f A lliso n  and McW h ir t e r  not only  
by em phasizing the va lid ity  o f the genetic th eory , but also b y  fin d in g  ethnic
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d ifferences in B U  among C aucasian, Japanese and N egro populations liv in g  in 
B razil. T heir method, h ow ever, was rather p rim itive, excretion  or non-excre­
tion  w a s judged hy visual criteria . Another h yp oth esis , introduced by W a t s o n  
et al. [24, 25] and L u k e  and W a t s o n  [15], supposed th a t urinary excretion  of 
b eta n in  depended on the degree o f  intestinal absorption  and not on the excre­
tio n  ty p e  o f  the individual, in flu en ced  by sufficient or insufficient dénaturation  
o f th e  com pound, as it  w as assum ed hy A l l i s o n  and M cW h i r t e r  [1].

C om plete rejection o f th e  genetic theory was expressed by G e l d m a c h e r — 
V. M a l l i n c k r o d t  et al. [12, 13] who investigated  B U  b y  column chrom ato­
grap h y . I t  m ust, how ever, be m entioned that beetroot ingestion in their cases 
w as n o t  controlled reliably. T h e y  concluded th at none o f  the hitherto expressed

h y p o th e s e s  could be a c c e p te d . A ccording to  th e m , ev e ry o n e  m ay  he re g a rd e d  
as a b e ta n in  excretor, i t  o n ly  d ep en d s on th e  a m o u n t o f  th e  b ee tro o t in g ested  
an d  th e  m ethod  app lied .

T h e  g rea t u n c e r ta in ty  in  th e  li te ra tu re  co n c e rn in g  th e  d e tec tio n  o f  B U  
on  th e  o n e  hand  and th e  a e tio lo g ic a l in te rp re ta tio n  o f  th e  resu lts  on th e  o th e r , 
h a d  le d  u s  to  e lab o ra te  a n ew  m eth o d  [6, 7]. I n  a n  e x p e rim en t p e rfo rm ed  in  
244 k in d e rg a r te n  ch ild ren  3 to  6 years of age, th e  ju ic e  o f  cooked b e e tro o t was 
o ffe re d  as a d rink  in s te a d  o f  feed in g  whole b e e tro o t  w ith  a v a riab le  p ig m en t 
c o n te n t .  T he urine sam p les  w e re  exam ined b y  a P u lfr ic li  p h o to m ete r to  allow  
a q u a n t i t a t i v e  c h a ra c te r i za t io n  o f  BU.

A s to  th e  in d iv id u a l v a r ia b i l i ty  of BU (F o r r a i e t al. [8, 9]), c e r ta in  re g u ­
l a r i ty  w a s  found: th e re  w ere  p eo p le  who ex cre ted  c o n s is te n tly  m ore, an d  o th e rs  
w h o  e x c re te d  co n sis ten tly  le ss  b e ta n in  th a n  th e  a v e rag e . A s tu d y  (F o r r a i e t 
a l. [10 , 11]), w as th e n  u n d e r ta k e n  to  check  th e  s ta te m e n t o f W atson  e t  al.
[24] a n d  T u n n essen  a n d  Sm it h  [23] who fo u n d  a  co n n ec tio n  betw een  th e  de­
g ree  o f  B U  and iron d e fic ie n c y ; th is  could n o t be  v e rif ie d  by  our re su lts .
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Materials and Methods

A study was undertaken at the D epartm ent o f Physical A nthropology  
of the E ötvös Loránd U niversity , B udapest, in 58 MZ and 41 like-sexed  DZ 
Hungarian adult tw in  pairs.

The zy g o sity  d iagnosis w as m ain ly  based on b lood  group  d e te rm in a tio n s  (acco rd in g  to  
R e x -K iss  e t  al. [19]), w ith  3 red  blood cell m em b ran e  sy s tem s and  2 serum  p ro te in  system s). 
O n th e  basis of th is  sero logical screening ab o u t 9 3 %  o f th e  DZ pairs could be d e te c te d . In  o r­
de r to  sep a ra te  th e  re m a in in g  DZ pairs h id d en  in  th e  o rig ina l MZ group , m o rpho log ical fea­
tu re s , an th ro p o m e tric  m easu rem en ts , d e rm ato g ly p h ic  p a tte rn s , PTC tas te  s e n s it iv ity  e tc . were 
also  ta k e n  in to  acco u n t; e.g . 6 p a irs  were left ou t o f  th e  o rig ina l se t of MZ tw ins, th e ir  zygosity  
being  regarded  as am b ig u o u s on th e  basis of th e ir  PT C  se n sitiv ity .

The test persons were asked to vo id  urine before drinking 250 ml of 
beetroot ju ice, and then th ey  were allowed no food or fluid for tw o and a half 
hours, when collection o f  the urine sam ples took  place. As to the preparation  
o f beetroot juice see F o r r a i  et al. [6].

Since the betanin  could not be extracted  from  urine by means o f  solvents
[6], B U  was estim ated indirectly  by determ ining the extinction  at tw o  w ave­
lengths; at 530 nm  (yellow  colour o f urine together w ith  violet colour o f  betanin) 
and at 660 nm (yellow  colour of urine alone, where betanin practically  ceases 
to absorb light). B y  substracting the latter from  the former value, th e  result 
Л Е  =  E 530 — E eeo was used to  characterize th e  B U  o f a test person. In  the fol­
low ing the 103X /IE  quantities (having no dim ension) will be called sim ply  
B U  values.

In each pair one o f  the tw ins was denoted random ly by A w hile th e  other 
one by B. It w ill not on ly  be dealt w ith  MZ and DZ pairs, but a lso  w ith  the 
subpopulations o f individuals: MZ/A, MZ/В , D Z/A  and DZ/B. The frequency  
distributions o f  the sam pled B U  values are seen  in  Table I. In order to  com pare 
our earlier results obtained in kindergarten children w ith  those for m em bers of 
adult tw in  pairs, the form er data will be referred to as Children.

Mathematical investigation o f  the B U  values

On the basis o f  inspection  the urine sam ples can be classified in to  a few 
discrete categories. In virtue o f the m ethod o f  evaluation  applied by us the 
obtained B U  values can be regarded as resu lts o f a sam pling from  a n y  conti­
nuous probability  distribution . Therefore the sta tistica l treatm ent o f  th e  sam ­
pled data consists m ainly o f a search for th e  “ best fittin g ” theoretica l distri­
bution .

The frequency distributions belonging to  a ll populations in vestiga ted  by  
us suggest th at the theoretical distribution  m ight have an unimodal, skew 
density function  (see Table I). The fact o f skew ness is beyond dispute w hile the 
distinction  betw een unim odality  and m u ltim od ality  leads to more d ifficult 
problem s discussed later.
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Table I

Frequency d istributions o f B U  values ( measured in  10л х Л Е  u n its ) fo r  the M Z  and D Z  tw ins

BU values MZ/A MZ/B MZ DZ/A DZ/B DZ

О<M1о

l 2 3 2 l 3
21 -40 4 6 10 2 3 5
41—60 10 8 18 7 12 19
61 — 80 13 19 32 6 9 15
81 — 100 7 4 11 7 3 10

101-120 13 7 20 3 4 7
121-140 2 5 7 3 2 5
141-160 2 1 3 4 2 6
161-180 2 2 4 2 2 4
181-200 1 1 2 3 2 5
201-220 1 2 3 2 — 2
221-240 1 1 2 — — —

241-260 1 — 1 — — —

261-280 
281 — — — - —

1 1

Total 58 58 116 41 41 82

A  tr ia l to fit a normal d istribution  to th e  B U  values of Children popula­
tio n  w as performed earlier (F orrai et al. [6], [7]); it  was found th at the norm al 
d istr ib u tio n  failed to f it  the frequency distribution.

In  th e  present paper we in vestigate the f it t in g  o f models connected w ith  
the logn orm al distribution.

A  ra n d o m  v ariab le  is lo g n o rm a lly  d is tr ib u te d , i f  i t s  lo g a rith m  has a n o rm al d is tr ib u ­
tio n . A  n o rm a lly  d is tr ib u ted  ra n d o m  v a riab le  is o ften  in te rp re te d  as a su m  of a large  n u m b e r 
o f r e la t iv e ly  sm all, in d ep en d en t r a n d o m  flu c tu a tio n s . I n  a  sim ilar w ay, a  lo g n o rm al ra n d o m  
v a r ia b le  m a y  be regarded  as a p ro d u c t  o f a large  n u m b er o f in d ep en d en t ra n d o m  f lu c tu a tio n s . 
F o r  th e  lo g n o rm a l d is tr ib u tio n  see e .g . th e  book  of A i t c h i s o n  an d  B r o w n  [2].

T h e choice of the lognorm al distribution provides a good f it  to the em pir­
ical d a ta ; besides this choice is supported b y  th e  analytical properties o f  the  
d istr ib u tio n , in particular by the possib ility  o f  treatm ent of the tw o-d im ension­
al case  applied to m odelling the distribution o f  B U  values o f  the tw in  pairs.

In  order to characterize the distribution o f the BU values the fo llow ing  
m od els w ere studied:

1. T h e two-param etric lognorm al d istribution . The obtained results 
could  be regarded as fairly good at the first approxim ation. Several facts sug­
g ested , how ever, that the use o f  models conta in ing  three or more param eters 
m igh t provide a better description of the phenom enon.
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2. The three-param etric lognorm al distribution .
3. A superposition o f  the two-param etric lognorm al distribution and a 

normal distribution w ith  expectation  zero and constant variance; by the latter  
distribution the m easuring errors and/or the individual flu ctu ation s o f  BU  
values are m odelled.

4. A generalization o f Model 3, by tak ing the variance o f  the “ true” BU  
values. This assum ption was indicated by som e num erical results contained in 
papers [8], [9]; nam ely , in  a sm all population  o f kindergarten children tested  
repeated ly  ten  tim es, intraindividual variances seem ed to  be correlated with  
th e  average B U  va lu es.

In the fo llow ing, first the m athem atical m odels and the statistica l esti­
m ating procedures w ill be described,* then the analysis o f the num erical results 
and a com parison o f the m odels.

Model 1

a) Univariate case. The investigated  population  consists o f  N persons. 
The B U  value for any person is supposed to  be a random  variab le  f  having a 
lognorm al distribution w ith  parameters (p, a2), i.e . a density  function

1 (111
/ ( * )  =  - = = -----e ** ( ( ) < * < +<ж>). (1)

\ 2 n  ax

The B U  values belonging to different persons are assum ed to  be independent.
Betw een the m om ents and the param eters** o f this d istribution  the fol­

low ing connection exists:

E (|* ) =  f V / ( * ) d * :  
Ó

км
(к =  1, 2, . . .); ( 2)

consequently the param eters can be evaluated when any tw o m om ents o f the  
distribution are know n. Let us introduce the notation

m k  =  - j j r  J g * ?  ( k —  1 , 2 , . . . ) ,  ( 3 )

where x t denotes the observed B U  value belonging to the z'-th person and m k is 
called the fc-th em pirical m om ent. On the basis o f the sam ple th e  value of 
E(£/l) can be estim ated by m k (k =  1, 2, . . .), and in th is w ay an estim ate

* In  th is  p a p e r th e  e s tim a tio n  m eth o d , called the method o f  m om ents, w as used . A com ­
p rehensive  tre a tm e n t o f m u ltim o d a lity  prob lem s can  be fo u n d  in  th e  book  o f M e d g y e ss y  [17].

** fi and  a" a re  th e  e x p ec ted  v a lu e  and  th e  v a rian ce  of In f ,  re sp ec tiv e ly .
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(fи*, a * 2) o f  (jti, a2) can be g iven . E .g . the use o f the first tw o m om ents leads to 
the eq u a tio n s

a*2
" * + - r

(4)
m, =  e

the so lu tio n  yields the estim ates

m 2 =  e 

* * *

,2//* + 2<r**.

ju* =  2 In raL — — In m 2,
(5)

a*2 =  In 2 In m , .

b) Bivariate case. In  th is  case the investigated  population  consists o f  N  
tw in  pairs. The BU values for th e  members o f any pair are supposed to  be a 
random  vector variable ( | (9. ^ ) having a bivariate lognorm al distribution  
w ith  param eters (p, a2, r) i.e . a d en sity  function

h (x ,y )  = exp
2 лег2 ]j 1 r2 x y

2 r ( ln x  /x) (Iny  — [л) +  (In у -- ц)2]

---- Г(1п X —  и)2
2сг2(1 -  г2)

( 6 )

(О <  ж <  +  ° ° ,  0 < у <  +  в о ) .

The param eter г characterizes th e  w ithin-pair correlation* while the B U  values 
b e lo n g in g  to  members o f  d ifferent pairs are regarded to  be independent. The 
p aram eter r appears in  the expressions of the product m om ents o f distribution  
(6), e .g .

-  OO - j-  CO

E ( |< 9 |( 2)) =  J  J  x y h ( x , y ) d x d y  =  e2lt+°'+ra\ ( ? )

W h en  the BU data o f  th e  tw in  pairs are denoted by (xt, y ,)  (i =  1 , 2 , . . . ,  N), 
the em p irica l mom ents m ay b e w ritten  in the form :

I "m k(x) =  - xfj, m k(y)
™  1 =  1

1
N ~ y "

1
(m k(x) +  mk(y)) (k - 1 , 2 , . . . ) , ( 8)

m(r) 1 £

B y  attaching the eq u ation

m(r) = e2>‘'+°"+r'°" (9)
*** O f course, th e  p a ra m e te rs  c an  be e s tim a ted  in a m ore n a tu ra l  w ay b y  using  th e  m o­

m e n ts  o f  th e  d is trib u tio n  of In  £; th e  p re se n t m ethod  was ap p lied  to  allow  co m p ariso n  w ith  th e  
o th e r  m od els .
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to the equation system  (4) and calculating th e  values of m l and m., on the hasis 
o f (8) instead  o f (3), the solution for g* and a*~ is given hy (5), w hile the value  
of r* can he obtained  from  equation (9):

(In m(r) — 2 In т Л  . ( 10)

The correlation coefficien t R  o f the random  variables  
expressed as

R
era* — 1 

еаг -  1

and can he

This quantity  can be estim ated  from  the sam ple hy

or

m (r)
m 2 m \

er*°"  - 1
1 (И )

The num erical resu lts obtained by the use o f  Model 1 are listed  in  Table II. 
The results related  to  the Children population  originated from grouped data

Table II

N um erical results obtained on the basis o f  Model 1

Population N M’ СГ*2 r* R*

C hildren 244 4.2572 0.1787 0.423 - —

MZ/A 58 4.4058 0.2399 0.490 - —
MZ/B 58 4.3577 0.2540 0.504 - —
MZ p a irs 58 4.3716 0.2574 0.507 0.4077 0.3758
DZ/A 41 4.5053 0.2482 0.498 — —
DZ/B 41 4.3280 0.3049 0.552 — —
DZ pairs 41 4.4183 0.2276 0.477 0.4883 0.4537

(the sam e refers to  th e  subsequent Tables); th e  results could  not, how ever, be 
biased by this fact to  a considerable ex ten t becau se the class intervals in the  
grouping were sm all (10 units long).

Model 2

a) Univariate case. T his model differs from  Model 1 in fittin g  a three- 
param etric lognorm al distribution to the d ata  instead o f a tw o-param etric  
one; i.e . the B U  value for any individual is a random  variable

* r is nam ely  th e  c o rre la tio n  coefficient of In {(*) a n d  In  £(*'.
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s ( t ) =  I  +  T ,

w here |  is  th e  random variable considered in M odel 1 and т is a constant (the  
third p aram eter o f the d istribution). The B U  va lu es belonging to d ifferent per­
sons are supposed  to be independent and id en tica lly  distributed w ith a density- 
fu n ction

l _  ( l n ( x - 1 ) - / l ) ’
/т ( * ) = - Т 7 = ——  “ Г « 20> ( T < X < + o o ) .  (12)

\l 2л  d(x t)

T h e  m om ents of the d istr ib u tio n  o f £(r) can he expressed by th ose  o f  |  
(cf. (2)) in  a sim ple way:

E (!(t)) =  E ( í ) + t ,

E (« (T)) =  E ( í 2) +  2tE (|)  +  t2, (13)

Е ( |3(т)) =  E (£ 3) +  З т Е ( |2) +  3 t2E ( |)  +  r3 .

S u b stitu tin g  the q u an tities E ( f fc(r)) by th e  em pirical m om ents m k (k =  
— 1, 2 , 3) from  formula (3), an  equation system  is obtained for the estim ates  
(fj*, <7*2, T*) o f the param eters (/.i, a2, t); by in troducing the notations

Q ea' \  P  =  e"*,

m 3 — m, m2 (14)
/V  - -----------------------------  —  1  M l] ,

m , mi2

th is  eq u a tio n  system  can be w ritten  in  the form

Q \Q  +  3) =  4 +  -  K i  2 ,
zn2 — mj

pa =  ma -  (15)
0 ( Q  1) ’

t* =  Mi] -  P Q 1/2.

I t  is  easy to see that th e  first equation o f  (15) has one and on ly  one such  
a ro o t in  respect of the variab le  Q w hich is greater than 1. After th is eq uation  
has b een  solved, the va lues for P  and r*  can  be calculated from (15) w hile  
a *2 =  ln  Q, ft* =  In P  are ob ta ined  from (14).

b) Bivariate case. The B U  values belonging to  any tw in  pair are regarded  
as a ran d om  vector variable £(2*(t)), where

I (') ( t )  =  £ (') +  t  ( i = l ,  2 ) ,
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and the density funetion o f the jo in t d istribution  o f £*2*) is g iv en  by (6). 
In th is case the em pirical m om ents are calculated  on the basis o f  (8), while the 
param eters p*, a*2, t* are evaluated from  the equation system  (15). The pro­
duct m om ent o f the variables £*'*(r) and £*2*(т) can be expressed as

E ( | ‘1)(r)í<2»(r)) =  +  t (E (!< ‘>) +  E(£<2>)) +  r2 ,

and thus — by the aid o f  the em pirical product moment m(r), u sin g  our former 
notations and considering (15)—the equation

m(r) -  m\  =  P 2Q(er'a" -  1)

can he deduced; hence

r* =  ^ - - l n ( R * ( Q - l ) + l ) ,  (16)
a*1

where*
R * =  m(r) — m \

m 2 — m\

is the estim ate o f the correlation coeffic ien t R  o f  the variables |^ ( r )  and £*2*(t).
The num erical results obtained b y  th e  application of M odel 2 are seen in 

T able III.
Table III

Num erical results obtained on the basis o f  Model 2

Population N Г* O'** (T* r> R*

C hildren 244 - 8 4 .3 9 5.0635 0.0433 0.208 — ___

MZ/A 58 —35.62 4.7858 0.1322 0.364 — —

MZ/B 58 - 4 5 .0 9 4.8361 0.1196 0.346 — —
MZ p a irs 58 - 4 0 .4 7 4.8121 0.1257 0.355 0.3907 0.3758

DZ/A 41 -2 0 9 .1 5 5.7266 0.0299 0.173 — —
D Z/B 41 - 3 5 .7 1 4.7369 0.1663 0.408 — —
D Z p a irs 41 - 8 7 .9 1 5.1692 0.0833 0.289 0.4635 0.4537

Model 3

a) Univariate case. The in vestiga ted  population  consists o f  N  persons; 
the B U  value belonging to  any person is a random  variable f ,  w h ich  can be 
expressed as a sum  of tw o independent random  variables:

C = £  +  v  (17)

* T he form ula  (16) is valid  in  th e  case o f M odel 1 too , m erely th e  c a lc u la te d  va lue  of 
Q is d iffe re n t; th e  va lue  of R* is, how ever, th e  sam e as in  Model 1.
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w here |  has a lognorm al d istribution  w ith param eters (/x, a2) (i.e. its d en sity  
fu n ction  is given by (1)), w h ile  r\ is norm ally d istr ib u ted  with param eters (0, 
A2), i .e . having a density  function

g(*) =  -^ j=  . e ^  ( ° ° < z < + ° ° ) .  (18)
\  2n  A

The B U  values belonging to  different persons are assum ed to be independent.
T he estim ation o f the param eters fi, a2, A 2 can  be based on the equation  

system  obtained by expressing the first three m om ents o f  the distribution o f £:

E(£) =  E (!)  =  e" + ^ ,

E(£2) =  E (£2) +  E (yf) =  e2" + 2a2 +  A 2, (19)
9 a2

E(£3) =  E ( |3) +  3E(£)  E(ij2) =  e ß + 2 '  ̂ +  ЪА2е + ~2 .

N am ely , according to  th e  assum ption of independence o f  the variables £ and  
7), th e  equalities

E (rj) =  0, E(tj3) =  0, E ( |q ) =  E (£) Е (Ч) =  0 ,

E (|2r î)  =  E(£2) Eft) =  0, E (ft2) =  E (|) Eft2)
hold true.

Substitu tin g  th e  m om ents E(CA:) of the d istrib u tion  by the em pirical 
m om ents m k (к — 1, 2, 3) g iven  in (3), a non-linear equation  system  is obtained  
for th e  estim ates /х*, <r*2 and zl*2 o f the param eters g , a2 and A2, respectively , 
w hich can  be transform ed in  the following w ay:

Q(Q2 -  3) =
m T ill .

In I

A*2 =  m 2 — Qml ,

( 2.0 )

where Q e°* . The first eq u ation  of the system  (20) is a third-order algebraic  
one; on th e  basis o f its so lu tio n  the unknown q u an tities can easily be evaluated:  
n am ely  cr*2 =  ln Q (of course only the root Q >  1 is acceptable), w h ile g* 
and zl*2 can be ca lcu lated  from  the second and th ird  equation of (20).

b) Bivariate case. I t is assum ed that the B U  va lu es belonging to any tw in  
pair can  be characterized b y  a random vector variab le  (£0), £(2))5 where

£(l) =  +  r){l) (i = 1 , 2 ) ;

the d en sity  function o f the jo in t distribution o f |0 )  an(j |(2) is h(x, y )  (see (6)); 
r/1) and rf® are independent o f  each other and o f  the variables and £*2f
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Table IV
N um erical results obtained on the basis o f  Moc el 3

Population N M* tr** tr* A** A* Г * R*

C hildren 244 4.2842 0.1248 0.353 372.93 19.31 — ___

MZ/A 58 4.4233 0.2049 0.453 374.81 19.36 — —

MZ/B 58 4.3806 0.2082 0.456 452.29 21.27 — —

MZ pairs 58 4.4021 0.2067 0.455 415.96 20.40 0.4857 0.4590
DZ/A 41 4.5560 0.1470 0.383 1296.80 36.01 — —

DZ/B 41 4.3508 0.2577 0.508 475.53 21.81 — —

DZ pairs 41 4.4556 0.2042 0.452 859.57 29.32 0.6659 0.6430

and their density function  is g(z) (see (18)); B U  va lu es, belonging to different 
tw in  pairs are a lso  considered to be independent.

In th is case the m ethod o f evaluation  o f  th e  estim ates p*, a*2 and Zl*2 
is the sam e as above (i.e . it  consists o f  so lv in g  the equation system  (20)), 
except th at the m om ents are to be determ ined b y  considering b oth  mem bers of 
the tw in  pairs (see (8)). The estim ates r* and R* are evaluated — as in Model 1 
— according to the form ulas (10) and (11), resp ectiv e ly .

N um erical va lues o f  the param eters, estim ated  by applying Model 3, 
are shown in tw o T ables: the populations in T able IV are the sam e as in  Tables 
II and I I I , while T able V con ta in s results for subpopulations grouped according  
to sexes.

Table V

Numerical results obtained on the basis o f  Model 3, related to populations consisting o f  persons o f
the same sex

Population N P* cr*» a* A *2 A * r* R*

MZ/А  m ales 27 4.4997 0.1177 0.343 706.69 26.58 — —

MZ/В  m ales 27 4.3723 0.1759 0.419 384.34 19.60 — —

MZ pairs m ales 27 4.4371 0.1482 0.385 545.91 23.36 0.5965 0.5818

MZ/А  females 31 4.3637 0.2625 0.512 272.16 16.50 — —

MZ/B fem ales 31 4.3927 0.2256 0.475 580.57 24.10 — —
MZ p a irs  females 31 4.3778 0.2449 0.495 418.47 20.46 0.4479 0.4179

DZ/A males 18 4.6789 0.1019 0.319 1124.28 33.53 — —

DZ/B males 18 4.3499 0.1830 0.428 409.31 20.23 — —
DZ p a irs  m ales 18 4.5215 0.1489 0.386 804.37 28.36 0.2872 0.2710

DZ/A females 23 4.4445 0.1974 0.444 1226.08 35.02 — —
DZ/B females 23 4.3659 0.2879 0.537 730.12 27.02 —

DZ pairs fem ales 23 4.4035 0.2463 0.496 935.27 30.58 0.8563 0.8407
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M odel 4

T h is model is a generalization  of Model 3, nam ely the random  variable

C =  I +  v(£)

is con sid ered , where for an y  fix e d  value f  =  x  (0 <  x  <  +  oo), x) is assum ed  
to  be a random  variable h a v in g  a density  function

1 ____?!__
g(oc,ß,x;z) =  —-  . ___ e 2(« + 0x) ( — о о < г < Г  + » = )

У 2 тг(а +  ßx )

(i.e. th e  variance o f the “ random  error” tj(£) is assum ed to be a linear function  
o f th e  “ place of observation”  !)* .

In  th is  model four param eters ( f t ,  a 2, а ,  /1) are to be estim ated  (in the  
b iv a r ia te  case an additional param eter r is considered). On the analogy o f Model 
3, in  th is  case four em pirical m om ents m ust be eva lu ated  and the so lu tion  of 
th e  eq u ation  system  ob ta in ed  leads to that o f  a seventh-order algebraic equa­
tio n  fo r  th e  variable Q. T he d eta ils w ill not be d iscussed here.

T h e  numerical resu lts are listed  in Table V I.

Table VI

Numerical results obtained on the basis o f  M odel 4 ( /t*  =  (a* ß *m t) 4 - )

P o p u la tio n N O'*2 lT* a* 0* A* r* F*

C h ild ren 244 4.2852 0.1227 0.350 355.76 0.4155 19.69 — —

M Z/A 58 4.4311 0.1892 0.435 158.91 4.1067 23.20 — —

M Z/B 58 4.3899 0.1898 0.436 214.78 4.6791 25.09 — —

MZ p a ir s 58 4.4106 0.1897 0.436 190.26 4.3701 24.20 0.5279 0.5045

D Z /A 41 4.5661 0.1266 0.356 971.40 5.5608 39.26 — ~

D Z /B 41 4.4213 0.2265 0.476 2.06 9.0358 28.28 — -

D Z p a ir s 41 4.4687 0.1780 0.422 459.68 7.2092 33.87 0.7638 0.7474

C om parative  tests of the models. Analysis  o f  the numerical results

In  the case of M odel 1 and  Model 2 the goodness of fit of the estim ated  
d istr ib u tio n s to the em pirical data was tested . For this purpose th e  / 2-test 
w as app lied : the dom ain o f  m easurem ent w as divided into fiv e  parts being

* T h is  assum ption  w as su g g e ste d  b y  an  earlie r ex p erien ce , nam ely  w hen  th e  in d iv id u a l 
v a r ia b i l i ty  of 16 k in d e rg a rte n  c h ild re n  was te s ted . T he in tra iu d iv id u a l v a rian ce  o f th e  BU 
v a lu e s  seem ed  to  depend on  th e  a v e ra g e  value  be lo n g in g  to  th e  te s t  person (see F o r r a i  e t al. 
[8 ], [9 ]).
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equally probable in respect o f some h ypothetica l distribution (one o f the 
estim ated  distributions); consequently, according to the null h yp oth esis , each 
part was expected to  contain  about 20% o f the empirical data. T he dividing 
points were given by th e  corresponding fractiles o f the d istribution , i.e. by 
those values xp for w hich the equations

and

( 21)

( 22)

hold for Model 1 and M odel 2, resp ectively , w ith  p  =  0.2, 0 .4 , 0.6  and 0.8 
(Ф(х) denotes the d istribution  function o f  th e  standard norm al distribution). 
The solutions of the equations (21) and (22) are given by

x p —
and

xp =  е°,ф~'Ш е'  +  T* 5

respectively . The ^ -v a lu es  obtained (w ith 4 degrees of freedom) are contained  
in Table V II. In the fiv e  populations considered no significant d ifferences could 
be observed. Comparing th e  tw o m odels, the results for Model 2 show ed smaller 
fluctuations.

In the case o f M odel 3, evaluation  o f the fractiles o f  the d istr ib u tion  func­
tions would have required a great am ount o f  com putations; in stea d  o f these 
calculations, a simulation experiment was perform ed concerning th e  popidation  
MZ/А . An “ artificial sam p le” o f B U  values belonging to 100 “ fic t iv e  te s t  per­
sons”  was taken by generating random  num bers w ith  the prescribed distribu-

ТаЫе V II

y ̂ va lues fo r  the test o f  f i t  o f  M odel 1 and Model 2 
(P (Zf >  7.78) =  0.1)

Population N M odel 1 Model 2

C hildren 244 5.45 1.25
MZ/Л 58 1.17 1.31
MZ/B 58 0.28 3.21
DZ/A 41 7.17 3.02
DZ/B 41 1.07 4.24
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F ig . 2a. S im u la ted  frequency  d is t r ib u t io n  of BU values o f  100 “ f ic tiv e  persons” . (The a rtific ia l 
sam p le  w as ta k e n  according to  M odel 3, i.e. f  =  £ (log n o rm al) +  77 (norm al), w ith  p a ram e te rs  

fi =  4 .423, о  =  0.4527, A =  19.36, E (rj) =  0)

F ig . 2b. S im u la ted  freq u en cy  d is t r ib u t io n  of th e  “ lo g n o rm a l p a r t ”  (£) ind icá ted  in  F ig . 2a

tion .*  T he frequency d istr ib u tion  o f the generated random  quantities is shown  
in F ig . 2a , while Fig. 2b in d ica tes  the frequency d istribution  corresponding  
o n ly  to  th e  “ filtered p art” |  o f  the random variable £ = !  +  »?•

T h e  freq u en cy  d is tr ib u tio n  i l lu s t r a te d  by  F igure 2a  m a y  be considered an  in te re s tin g  
c o n tr ib u t io n  to  tes tin g  th e  p ro b le m  o f  u n im o d a lity  of p ro b a b il i ty  d is tr ib u tio n s . I f  th e  freq u en cy  
d is t r ib u t io n  in d ica ted  by  th e  F ig u re  h a d  been obtained fro m  re a l  o b servations, th e  th e o re tic a l 
d is t r ib u t io n  m ig h t be sup p o sed  to  b e  trim o d a l. This a r ti f ic ia l  sam ple  is, how ever, k n o w n  to  
h a v e  b e e n  gen era ted  from  a u n im o d a l d is trib u tio n . C o n se q u e n tly , on th e  basis of a re la tiv e ly  
sm a ll sa m p le  size i t  can  be r a th e r  v a g u e ly  judged  if  th e  n e a r  loca l peaks of th e  freq u en cy  
d is t r ib u t io n  orig inated  fro m  m u lt im o d a lity  of the  th e o re tic a l d is tr ib u tio n  or th ey  could  be  r e ­
g a rd ed  a s  th e  resu lts  of ra n d o m  f lu c tu a tio n s .

For the standard d ev ia tio n s o f  the estim ated param eters o f the tw o-para­
m etric lognorm al d istribution  th e  approxim ation form ulas

D(/i*) ~  ( N - 2 ) ~ * a * ,

D (ct*2) ** 2*(1V -  2 )~*о*2

* F o r  sim ulation  m e th o d s  see  e.g . th e  book of H a m m e b s l e y  an d  H andscom b  [14].
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can be given (in the bivariate case (iV — 2) m ust be substitu ted  b y  (2N  — 3)). 
For exam ple, by considering the data o f  Table II , the values ^  0.0655,
D (* « )  -  0 .0453 are belonging to the population  MZ/A.

Since it follows from  formula (2) th at the parameters o f th e  tw o-param et- 
ric lognorm al distribution  can be estim ated  on the basis o f any tw o  m om ents of 
the distribution, the goodness o f  f it  was tested  in another w a y  too: namely, 
th e  third and fourth em pirical m om ents were also calculated and th e  parame­
ters were estim ated b y  applying different com binations o f the m om en ts. From 
these investigations the follow ing conclusions could be drawn:

1. The estim ates o f  the param eters, obtained by considering various com­
binations o f m om ents, did not differ sign ificantly: this fact in d ica ted  th at the 
tw o-param etric lognorm al d istribution fitted  w ell to the em pirical data  at the 
first approach.

2. The estim ated values o f the param eters did not flu ctu ate  random ly but 
fi* show ed an increasing tendency while a*2 show ed a decreasing one for each 
population  tested , w hen the estim ates were based on higher order m om ents. 
This fact suggested th a t tw o param eters m ight be not enough to  give an 
exact characterization o f the distribution o f  the BU values.

Comparing the data o f Tables II  and I I I , it  can be said th a t  th e  corres­
ponding (/t*, a*2) values are rather different in  the case of M odel 1 and Model 
2, and the differences are to  be considered sta tistica lly  sign ifican t or nearly 
sign ificant.

The differences betw een the data o f  T ables II and IV  seem  to  be much 
sm aller. N evertheless, the differences in respect o f the Children population  is 
rem arkable, considering th a t in th is case th e  va lue of N is re la tiv e ly  large and 
thus the param eters can be estim ated more precisely (D(/x*) 0 .0272 , D(er*2) ^
я« 0.0163). A lthough Model 3 has not been fu lly  verified by sta tistica l analysis, 
it  seem s to have a real background; nam ely  the existence o f a m easurem ent 
error can be assum ed and the results obtained for the value o f A (20— 30 units) 
have com e up to the prelim inary expectations.

In  spite of the differences o f  the estim ated  values of the param eters, the 
curves o f the various d en sity  functions were rather near to  each  other (see 
F ig. 3*).

Model 3 was applied to  investigate populations consisting o f  m ales and 
fem ales separately. The results contained in  Table Y showed th a t  the a*2 
values o f the d istributions fitted  to populations consisting o f  m ales were, 
although not sign ifican tly , sm aller i.e. the distributions of the B U  va lu es were 
slig h tly  more concentrated for males than  for fem ales. The average B U  values 
w ere, how ever, alm ost the sam e for both sexes. Therefore, even i f  th e  distribu-

* As th e  ra n d o m  v a ria b le  t  defined  in  M odel 3 is concerned, only i ts  “ f i lte re d  p a r t” 
(i.e. th e  lognorm al d is tr ib u tio n  of | )  was illu s tra te d , th e  d e n s ity  function  of t  w o u ld  be  sligh tly  
f la t te n e d , owing to  th e  “ sm o o th in g  effec t”  of rj.
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I O N  t  ( x l

F ig . 3. E s t im a te d  frequency  c u rv e s  fo r  several f itte d  d is tr ib u tio n s  in  th e  case of p o p u la tio n  
M Z/А  (cf. T ab le  I). The cu rves in d ic a te  th e  values of y  =  10 N  f ( x ) ,  w h e re /( a) is th e  co rres­
p o n d in g  e s tim a te d  lognorm al d e n s i ty  function  (N  =  58): ----------  Model 1, и * =  4.4058,
a * 2 =  0 .2 3 9 9 ; ----------- M odel 2, fi*  =  4.7858, a*2 =  0 .1322, r*  =  —35.62; — • — • M odel 3,

(only th e  lo g n o rm a l p a rt) , fi* =  4 .4233 , a * 2 =  0.2049

t io n  o f  th e  B U  values for a m ixed  population cou ld  be characterized th eoreti­
ca lly  b y  a bim odal d istr ib u tion , the bim odality w ou ld  hardly originate from  the  
in h om ogen eity  of the sam ple in  respect to sex .

T he results obtained b y  applying Model 4 h a v e  some discouraging fea­
tu res; nam ely

1. th e  values of cr*2 d iffer only slightly from  th e  corresponding ones of 
M odel 3,

2 . the values of ß *  are q u ite  different in  ch ildren  than  in adults,
3. the values o f  a* are strongly fluctuating .
D esp ite  these facts, th e  estim ated ß *  va lu es m u st refer to the ex istence  

o f  a s lig h tly  increasing te n d e n c y  in the variance o f  th e  observations (an exact  
s ta t is t ic a l test for significaince does not seem to  be easily  constructed).

T he intra-pair corre la tion  o f the BU va lu es proved  to be positive b oth  in  
MZ and  DZ twins and fo r  a ll th e  models considered.* The connection betw een  
th e  m em bers of twin pairs w as not found to be closer for the MZ twins (even  the  
estim a ted  values were in  som e cases smaller in  MZ tw ins than in DZ tw ins).

Differences found b e tw een  the MZ and DZ characters in respect to  the  
d istrib u tion s o f B U  v a lu es belonging to th e  populations consisting o f  the  
m em bers o f MZ and DZ tw in  pairs are not greater th a n  between the subpopu­
la tio n s  DZ/A and D Z /B .

I n  a d d itio n  to  th e  c o m p a riso n s  described above, se v e ra l o th e r  facto rs w hich m ig h t e v en ­
tu a l ly  h a v e  some influence on  th e  phenom enon of B U  w ere  a lso  exam ined .

1. Is  th ere  a closer c o n n e c tio n  betw een  the  B U  v a lu e s  o f  tw in  pa irs living to g e th e r  th a n  
o f th o se  liv in g  ap art?  A n e g a tiv e  an sw er was ob ta in ed .

2. Does age in fluence th e  B U  values or the  in tr a -p a ir  d e v ia tio n s  of BU valu es?  T he re ­
su lts  o b ta in e d  for MZ and  D Z  p a ir s  w ere ra th e r d iffe ren t. O w in g  to  th e  sm all n u m b er o f sam ple  
e le m e n ts  no  definite  te n d e n c y  c o u ld  be sta ted .

* A t-te st was used  fo r  th e  v a lu e  of r*.
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3. Does the preference or refusal of beetroot have an influence on the BU value of a 
person? As the g reat m ajo rity  of the persons were fond of beetroot, no sta tistical analysis 
could be performed.

Discussion

The earlier stud ies o f B U  were generally based on visual evaluation  o f the  
urine. This technique is on ly  capable to form q u alitative categories i.e. the test  
persons can he grouped into a few (m ostly tw o) classes.

O bviously, the fact that instrum ental m easurem ents give exact num eri­
cal values instead o f  a qualitative classification , can be regarded as a great 
advance in the in vestiga tion  o f the phenom enon. Furtherm ore, th ey  m ake the 
exam inations more objective, the arbitrariness o f  the a priori  determ ination  
o f the qualitative categories can be elim inated , and increase the exactitude of 
the m easurem ents. The quantitative data allow  a probabilistic treatm ent of 
the phenom enon.

The present tw in  studies have been perform ed in  order to furnish new  
data on the hereditary character of the B U . On the basis o f  the results the fol­
low ing facts weaken th e  hypothesis o f genetic origin (or at least the Mendelian  
tw o-allele mode o f inheritance).

1. It can be expected  from  the theory o f  tw in  studies th at the intra-pair 
concordance o f the MZ pairs is much higher for a hereditary character than  that 
of the DZ pairs; our num erical results did not satisfy  th is condition.

2. The frequency distribution o f the B U  va lu es can w ell he approxim ated  
by distributions having unim odal density functions. According to the generally  
prevailing view , u n im odality  is indicating th a t no sim ple M endelian mode of 
inheritance can be retained , but a strong environm ental influence or the role 
o f more genes (or both) m ust be supposed.

The influence o f  genetic factors in the in ten sity  o f  B U , how ever, cannot 
be excluded, as

1. the intra-pair correlation differs sign ifican tly  from zero both in the 
MZ and the DZ pairs;

2. the b im odality  cannot com pletely be excluded although such an ob­
vious m ultim odality  o f  the distribution o f the B U  values cannot be expected  
as it  was found e.g. in  the cases of the PTC ta ste  sen sitiv ity  and the acetone  
sm elling ab ility  (see [4], [5]);

3. there was no rem arkable difference in  the distribution  o f the B U  values 
o f tw ins liv ing together and o f those liv in g  apart; this is not in accordance 
w ith  the effects o f  th e  environm ent.

Our investigations have thus made more conceivable the conflicting stand­
points in  the literature referring to the ex isten ce  o f  a genetic background of 
B U . In addition to th e  m ethodological w eaknesses m entioned, m any authors 
have based their opinion on a sm all sam ple size th a t sharply reduced the relia­
b ility  o f  their findings.
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T h u s, on the basis o f the resu lts , the hereditary character o f the in ten isty  
of b eta n in u ria  cannot su ffic ien tly  he verified , and to answer reliably th e  ques­
tio n  o f  inheritance, BU studies on  m uch greater population  sam ples are needed.
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T he d im eth y lg ly o x im  cy to ch em ica l m e th o d  w as used for d e te c tin g  en d o g en o u s 
n ickel (INi) in  th e  canine and  h u m an  m y o ca rd iu m . E lectrondense deposits  w ere observed  
in  th e  m y o ca rd ia l cells an d  th e  w all an d  lu m e n  o f cap illa ries of th e  dog h e a r t  w h en  a f te r  
СО-in to x ic a tio n  th e  blood СОНЬ level ex ceed ed  3 0 % . E nergy-d ispersive  m ic ro an a ly sis  
p ro v ed  th e  p resence of N i in  th e  re ac tio n  p ro d u c t.

D e tec tio n  of th e  N i-reac tio n  p ro d u c t in  th e  m y o card iu m  of h u m a n  c a d a v e rs  m ay 
be of fo rensic  im p o rta n ce , since th e  re a c tio n  is r e s is ta n t  to  p o st m o rte m  a u to ly s is  and 
m ay  help  to  id e n tify  th e  cause of d e a th .

A cytochem ical m ethod has been w orked out for the v isu a liza tion  of 
subcellular n ickel d istribution in the iso la ted  rat heart [2, 6]. The hypoxic- 
tox ic  u ltrastructural alterations fo llow ing carbon monoxide poisoning [1, 7] 
were m itigated  by sim ultaneous perfusion o f n ickel chloride [4]. The stu d y  was 
designed to  analyse the subcellular localization  o f nickel in the dog heart after 
acute СО-inhalation or in the m yocardium  o f  CO intoxicated hum an cadavers. 
The la tter  analysis was carried out to  in vestiga te  the effect o f  p ost m ortem  
autolysis on th e  stab ility  of the n ickel-d im ethylg lyoxim  complex.

Materials and M ethods

C arb o n  m on o x id e  in h a la tio n  was p e rfo rm ed  in  16 p e n to b a rb ita l-a n a e s th e tiz e d  open 
ch est dogs. T issue sam ples were excised fro m  th e  le f t  m y o card iu m  a t d iffe ren t t im e s  a f te r  
СО-in h a la tio n  w ith  p a ra lle l sp ec tro p h o to in e tric  e s t im a tio n  of th e  blood c a rb o x y h aem o g lo b in  
(C O H b) levels. T h e  sam ples were fixed  in  2 .5 %  g lu ta ra ld e h y d e  and th e n  in c u b a te d  in  0 .1%  
d im e th y lg ly o x im  (R ean a l, B u d a p es t)  so lu ted  in  7 0 %  e th a n o l  for 5 m in u tes . O ne p e r  cen t 
0 s 0 4 w as used  fo r p o s tf ix a tio n . T he h u m an  m y o ca rd ia l specim ens were t r e a te d  s im ila rly . 
U l tra s tru c tu ra l  e x a m in a tio n  was p e rfo rm ed  b y  a  J E O L  100B e lectronm icroscope a n d  tb c  
chem ica l co m p o sitio n  of th e  reac tio n  p ro d u c t w as a n a ly se d  by  an  en ergy-d ispersive  sp e c tro ­
m ete r (O R T E C ) [6].

R esults

Characteristic n ickel-d im ethylglyoxim  electrondense deposits w ere d etec t­
ed in  th e  canine m yocardial cells (F ig. 1) and in  the lum en and w all o f  capillaries 
(F ig. 2) when after an acute СО-in tox ication  th e  blood COHb le v e l exceeded  
30 relative percents. A t higher COHb concentrations the reaction  product was
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present in the m itochondria as well (Fig. 3). Intracellular oedem a characteristic  
o f СО-intoxication could also be observed (F igs 4 -6 ) and the num ber o f Ni- 
-particles was high in the oedem atous regions.

N ickel-d im ethylglyoxim  particles were present in the hu m an  myocardial 
cells (Figs 7 and 8).

The energy-spectrum  obtained by energy-dispersive m icroanalysis (Fig. 9) 
show ed a distinct peak at 7.5 keV (specific N i-peak) and several other peaks 
w hich  could be attributed to the technique used; these were copper (Cu) peaks 
due to  the use of copper grids and a d im eth y lg lyox im  (D) peak due to  its pre­
sence in the m aterial.

D iscussion

The present experim ents show ed th a t besides the lo ca liza tion  o f  exoge­
nous N i, the d im ethylg lyoxim  cytochem ical m ethod is a good to o l for the detec­
tion  o f  endogenous N i in  the m yocardium  after СО-inhalation (acu te  dog expe­
rim ents) or of the endogenous N i-accum ulation  and/or release after post mortem  
autolysis (human cadavers). U nder norm oxic conditions, no endogenous Ni 
could  be detected in the m yocardium .

After acute СО-inhalation , N i-deposits could only be d etected  in the 
lum en  o f capillaries o f  the severely  hypoxic heart muscle i f  th e  b lood  COHb 
lev e l exceeded 30% .

The fact th at p ost m ortem  au to lysis did not influence th e  d etectab ility  
o f th e  N i-d im ethylglyoxim  com plex is o f  particular im portance in  forensic 
m edicine since a p ositive reaction m ay ind icate a СО-in toxication  as a possible 
cause o f death.
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F ig . 7 8. N i-d im eth y lg ly o x im  d ep o sits  in  h u m a n  m y o card iu m  (post m o r te m  analy sis)
F ig . 9. E n erg y  sp ec tru m  o f th e  re ac tio n  p ro d u c t o b ta in e d  b y  en ergy-d ispersive  m icroanalysis 

(N i-p eak : 7.5 keV; Cu: co p p er; D : d im ethy lg lyox im )
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EFFECT OF VERAPAMIL AND PHENOXYBENZAMINE 
ON NICKEL-INDUCED CORONARY 

VASOCONSTRICTION IN THE ANAESTHETIZED DOG
A. K o l l e r , G. R u b á n y i , L. L i g e t i  and A. G. B. K o v a c h

EX PER IM EN TA L RESEA R C H  D EPA RTM EN T AND SECOND IN ST IT U T E  OF PHY SIOLOG Y , SEM M ELW EIS 
U N IV ERSITY  MEDICAL SCHOOL, BU DA PEST

(R eceived O ctober 17, 1981)

N i-induced  co ro n a ry  v a so co n stric tio n  h as b een  s tu d ied  in  th e  dog h e a r t  in  s itu  
in  th e  presence o f th e  se lective  C a-an tag o n sit v e ra p a m il, an d  a fte r  b lo ck in g  th e  a lpha- 
recep to rs w ith  p h en o x y b en zam in e  (PB Z).

V erapam il to ta l ly  abolished the  co ro n ary  b lood  flow' (C B F) a n d  b asa l c o n d u c t­
ance (BC) d ecreas in g  e ffec t of low1 doses o f N i2+ (0 .0 2 -0 .2  m g /k g -1 ). T he e ffec t o f h igher 
doses o f N i2+ (2 .0 -2 0 .0  m g /k g -1 ) was rev ersed  b y  v e rap am il, i.e. h ig h  doses o f exo­
genous N iCL in c reased  C B F an d  BC in th e  p resen ce  of ve rap am il. T he C B F  decreasing  
effect of nickel w as n o t  sig n ifican tly  in flu en ced  b y  P B Z  p re tre a tm e n t.

T he re su lts  in d ic a te  th a t  trace  a m o u n ts  o f exogenous N iCL in d u ce  co ro n ary  
v aso co n stric tio n  in  th e  dog h e a r t  in  s itu  by  e n h a n c in g  Ca2+ -in flux  in to  v a sc u la r  sm oo th  
m uscle cells, w hich  is n o t m ed ia ted  by  a lp h a -rec ep to rs .

Studies on iso la ted  rat hearts [4] and canine coronary artery strips [5] 
showed th at n ickel ions at low concentration (1 0 -8—10-7 M) induce vasocon­
striction hy enhancing Ca2+-influx into coronary  vascular sm ooth m uscle cells. 
Correlation o f haem odynam ic and coronary b lood  flow  changes after i. v. 
injection o f various doses o f exogenous NiCL, in  anaesthetized  dogs show ed that 
the reduction o f coronary blood flow  (CBF) by trace am ounts o f  n ickel m ay be 
regarded as a local action  of th is trace elem ent on coronary vessels [2, 3].

The role o f Ca2+ in N i-induced coronary vasoconstriction  in  the dog heart 
in situ  is still unknow n. V a n  B r e e m e n  et al. [6 ]  found th at stim u lation  of 
coronary alpha-receptors enhances Ca2+ in flu x  in to  vascular sm ooth  muscle 
cells. The possib ility  thus exists for the N i2+ action  o f being m ediated b y  alpha- 
receptors in the coronary vessels. In order to  gain more inform ation about the  
possible physiological and/or pathological sign ificance o f  nickel ions, it was 
m andatory to stu d y  th e  possible action m echanism  o f N i-induced coronary  
vasoconstriction  in th e  open chest dog heart in  situ  in the presence o f  the selec­
tive Ca antagonist verapam il, and in the case w hen the alpha-receptors were 
blocked by p henoxybenzam ine (PBZ).

M aterials and  M ethods

M ongrel clogs of e ith e r  sex w eighing 16 to  33 k g  w ere  an aesth e tized  b y  g lucochloralose 
(100 m g /k g “ 1 body w e ig h t) w ith  ad d itio n a l a n ae s th e tic  g iv en  as needed to  m a in ta in  a c o n s tan t 
level o f anaesth es ia . T he a n im a ls  were im m obilized b y  f la x e d y l (2 mg • k g “ 1) a n d  p u lm o n a ry  
v e n tila tio n  was m a in ta in ed  b y  a p o sitive  pressure re sp ira to r  (H a rv a rd )  w ith  ro o m  a ir  enriched
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b y  1 0 0 %  oxygen . Blood gases a n d  p H  w ere m o n ito red  (R a d io m e te r  C openhagen T y p e  A B L  1) 
a n d  k e p t  w ith in  acceptable ran g es . A  fem o ra l a r te ry  a n d  v e in  w ere can n u la ted  fo r  c o n tin u o u s  
m o n ito r in g  of m ean a rte ria l b lo o d  p re ssu re  (M A B P) a n d  fo r  in tra v en o u s  a d m in is tra t io n  of 
f lu id s  a n d  d ru g s. The h e a r t w as a p p ro a c h e d  th ro u g h  a m id s te rn a l incision. A n e le c tro m ag n e tic  
flow  p ro b e  (S ta th a m  Sp 2022) w as p la c e d  a ro u n d  th e  a scen d in g  a o r ta  to  m easure  c a rd ia c  o u tp u t  
(C O ), a n d  a ro u n d  the  left a n te r io r  d e scen d in g  (LA D ) co ro n a ry  a r te ry  for m o n ito rin g  co ro n ary  
b lo o d  f lo w  (C B F). C onventional ( le a d  L I )  a n d  ep icard ia l E C G  w ere m on ito red  a n d  sp o n ta n eo u s  
h e a r t  r a t e  (H R ) was con tin u o u sly  re c o rd e d  b y  an  in te g ra to r  fed  b y  th e  R -w ave s ig n a l o f ECG. 
A  s ta in le s s  stee l needle was in se r te d  in to  th e  left ven tric le  a n d  d p /d t  was co n tin u o u sly  reco rd ed  
b y  a  d e r iv a tiv e  c ircu it fed b y  th e  v e n tr ic u la r  pressure  signal. R ecord ing  of all p a ra m e te rs  was 
c a r r ie d  o u t  on  a 12-channel G rass p o ly g ra p h  (M odel 7PCM  12). B asal co ro n ary  c o n d u c tan c e  
(B C ) w a s  calcu la ted .

H aem o d y n am ic , c ard iac  a n d  c o ro n a ry  flow d a ta  w ere o b ta in ed  in  7 an im als  30 m in u te s  
a f te r  th e  s t a r t  o f recording w h en  a ll  p a ram e te rs  h a d  re ac h ed  a stab le  level. V e ra p a m il (Ver-

p a m i l® ;  O rio n ) was given as a b o lu s  in je c tio n  (0.2 m g k g -1 ) in trav en o u s ly  over a p e rio d  of 2 
to  3 m in . T h is  was followed b y  a  c o n s ta n t  in fusion  of th e  d ru g  using  a H a rv a rd  p u m p  se t to  
d e liv e r  0 .01  m g k g - 1m in -1 . A fte r  th e  e ffec t of v e rap am il in fu s io n  h ad  becom e s ta b le  (30 m in) 
in c re a s in g  doses of AiCl2 (0 .0 2 ; 0 .2 ; 2 .0 ; 20.0 m g /k g -1 ) w ere a d m in is tra te d  in tra v e n o u s ly  a t  
20 m in  in te rv a ls  in a cu m u la tiv e  m a n n e r . In  th e  second series (n  =  7) of th e  e x p e rim e n ts , 
p h e n o x y b e n z a m in e  (PB Z ) (S m ith , K lin e  an d  French) (1 m g k g -1 ) was ad m in iste red  i.v . 18 hours 
b e fo re  b eg in n in g  th e  ex p erim en ts .

T h e  m ean  and s ta n d a rd  e r ro r  o f th e  m ean (x  ±  SE M ) of g rouped e x p e rim e n ta l d a ta  
w as c a lc u la te d .  The s ta tis tica l d iffe re n ce  betw een  m eans w as e s tim a te d  by  th e  p a ire d  a n d  u n ­
p a ire d  S tu d e n t ’s t tests.

Results

T h e effect of various d o ses  o f  N i2+ on cardiac output (CO), m ean arterial 
b lood  pressure (M ABP), le ft  ventricular con tractility  (dp/dt m ax) and heart 
rate (H R ) in the absence and presence of verapam il or PBZ are sum m arized in  
F ig . 1. L ow  doses of exogen ou s N iC l2 (0.02 — 0.2 m g /k g -1 ) did not change any  
o f th e  haem odynam ic or cardiac param eters stud ied . The presence o f  verapam il 
w as in e ffec tiv e  and PBZ p retreatm en t potentiated  th e  N i action in  th e  case of 
M A B P  on ly: NiCL caused a sign ifican t reduction o f M ABP in the presence o f  
P B Z . H igh er doses of N iC l2 (2.0 — 20.0 m g/k g-1 ) caused a decrease o f  CO, 
M A B P  and dp/dt m ax w hich  w as not influenced b y  either verapam il or PBZ. 
In  th e  presence of verapam il th e  highest N iC l2 dose caused a sign ificant reduc­
tio n  o f  H R .

In  sharp contrast, th e  effect o f various doses o f Ni2+ on coronary blood  
f lo w  (C B F) and basal coronary  conductance (BC) w as sign ificantly  altered in 
th e  presen ce  of verapam il or w hen the alpha-receptors had been blocked by  
P B Z  (F ig . 2). Vferapamil to ta l ly  abolished th e  coronary blood flow  and basal 
con d u ctan ce  decreasing e ffec t o f low er doses o f  N i2+ (0.02—0.2 m g /k g -1 ). 
T he e ffec ts  o f higher doses o f  N i2+ (2 .0-20.0  m g /k g -1 ) were not on ly  prevented  
b u t reversed  by verapam il, i .e . h igh  doses o f exogenous NiCl2 increased CBF  
and BC in  the presence o f  th e  selective C a-antagonist. The CBF decreasing  
e ffec t o f  nickel was not s ig n ifica n tly  influenced b y  PBZ pretreatm ent. The BC 
d ecrease b y  the lower N i2+ d oses was, how ever, to ta lly  abolished, but the  
effect o f  higher Ni doses w as n o t sign ificantly  a ltered  by the drug.
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F ig . 1. E ffec t o f in creas in g  doses of N iC l, (0 .0 2 -2 0 .0  m g k g -1 ) on card iac  o u tp u t  (CO) m ean 
a r te r ia l  blood pressu re  (M A B P), left v e n tricu la r  c o n tra c t i l i ty  (d p /d t m ax ) a n d  sp o n tan eo u s 
h e a r t  r a te  (H R ) in  th e  absence  (con tro l) and in  th e  p resence  of v e rap am il or P B Z  (x  ±  S. E .).

A sterisks re p re se n t s ta tis t ic a lly  s ig n ifican t d ifferences from  con tro l v a lu es

D iscussion

The present results showed th at a con stan t verapam il infusion to ta lly  
abolished the coronary vasoconstriction induced by low Ni2+ doses (0.02 and 0.2 
m g/k g-1 ). These data clearly indicate th a t  trace am ounts o f  exogenous NiCl2 
induce coronary vasoconstriction  by enhancing Ca-influx into vascu lar sm ooth  
m uscle cells o f the dog heart in situ as also observed in the iso lated  rat heart
[4] and isolated  canine coronary artery [5]. The fact th at verapam il not only 
prevented but also reversed the coronary action  o f higher Ni doses suggests 
th a t N iC l2 induces an increase o f coronary conductance if  the dom inating vaso­
constrictor action is elim inated. The exact nature o f th is dual action  o f Ni2 + 
on the coronary vessels o f the dog heart in situ  needs further investigations. 
The finding that PBZ caused only partial inhibition  o f  N i-induced coronary  
vasoconstriction  has confirm ed earlier results concerning the iso lated  perfused 
rat heart [1] and indicates that beside stim ulation  o f alpha-receptors the action  
o f Ni on coronary vessels in vo lves other m echanism s as well.
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*  = p < O . 0 5  

»  *  - p  < 0 . 0 1C B F

Fig. 2. E f fe c t  o f increasing  doses o f N iC l2 (0 .02-20.0 m g k g -1 ) on co ro n ary  blood flow  (C B F ) 
a n d  b a s a l  c o ro n a ry  conductance  (В С ) in  th e  absence (c o n tro l)  a n d  in  the  presence of v e rap a m il 
or P B Z  (x  - -  S. E .). A sterisks re p re se n t s ta tis tic a lly  s ig n ific a n t difference fro m  co n tro l v a lu es
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Recensicnes

A. G. B r o w n  an d  M. R é t h e l y i  (E ds)

Spinal Cord Sensation, Sensory processing in the Dorsal Horn

S co ttish  A cadem ic P ress , E d in b u rg h  1981. 341 pages. Price L 15.00

D u rin g  th e  p as t tw o  d ecades a s ig n ifican t a m o u n t of new in fo rm a tio n  h a s  accu m u la ted  
a b o u t th e  s tru c tu re  an d  fu n c tio n  of th e  d o rsa l h o rn  of th e  sp inal cord. T he e x c it in g  advances 
in  th is  field  are sum m arized  in  th is  book , th e  p roceed ings of a S a te llite  S y m p o s iu m  of the 
2 8 th  In te rn a tio n a l C ongress of Physio log ica l Sciences, B u dapest 1980.

M ost o f th e  pap ers  a re  concerned  w ith  th e  m o rpho logy  of the  d o rsa l h o rn  a n d  p h a rm a ­
cology of sy n ap tic  tran sm iss io n  in  th is  p a r t  o f th e  sp in a l cord. Am ong o th e rs  g e o m e try , signi­
ficance  of lam in ar a rra n g e m e n ts , sy n a p tic  o rg a n iza tio n , p las tic ity , p r im a ry  a f fe re n t  in p u t, 
p ro jec tio n  p a tte rn s  o f p e rip h e ra l sensory  nerves, so m a to to p ic  o rg an izatio n  o f c u ta n e o u s  p ro ­
je c tio n s , sp inal te rm in a tio n s  o f su b cu tan eo u s  h ig h -th re sh o ld  m ech an o recep to rs , su b s ta n tia  
g e la tin ö se  in te rn eu ro n es, u l tra s tru c tu re  of fu n c tio n a lly  iden tified  n eu rones, d e n d r it ic  trees 
o f d o rsa l h o rn  cells, L issau er’s t r a c t  ascend ing  p a th w a y s  fro m  th e  dorsal h o rn , c o lla te ra l  b ran ch ­
ing of ascend ing  an d  descend ing  sp ina l tr a c ts ,  p e p tid e rg ic  m echanism s, se ro to n in /e n k ep h a lin  
in te ra c tio n s , effect of GA BA , re ac tio n s  of th e  su b s ta n tia  gelatinosa to  in ju ry  of pe rip h eral 
senso ry  axons and  a lte ra tio n s  a f te r  d e a ffe re n ta tio n  are  discussed. In  a d d it io n , b r ie f  reports 

. o f W o rk in g  P a rtie s  of th e  S ym p o siu m  on te rm in o lo g y , tra n s m itte rs  in th e  d o rsa l h o rn  a n d  plas­
t ic i ty  a re  in c luded .

T he book is an  im p o r ta n t  source of u p - to -d a te  in fo rm atio n  a b o u t re se a rc h  b e in g  done 
on th e  d o rsa l horn . I t  shou ld  be of in te re s t  to  all resea rch ers  w orking in n eu ro sc ien ce , i.e. to 
n eu ro an a to m is ts , neu roph y sio lo g ists , n eu ro ch em ists , n eu ropharm aco log is ts . B u t  i t  can  be 
reco m m en d ed  also to  c lin ic ians, p rim a rily  to  n eu ro lo g ists  and  to  all those  w ho  w ish  to  learn 
a b o u t  th e  recen t ad v an ces in  know ledge on th e  d o rsa l h o rn  of the  sp inal co rd .

B .  H a l á s z

J .  H i d e g  an d  O. G a z e n k o  (E ds)

Gravitational Physiology

A dvances in  Physio logical Sciences, Vol. 19. P e rg a m o n  Press, O xford an d  A k a d é m ia i K iadó.
B u d ap es t 1981. 315 pages

On th e  in itia tiv e  of th e  In te rn a tio n a l U n ion  o f Physiological Sciences ( IU P S )  th e  Second 
G ra v ita tio n a l Sym posium  to o k  p lace  a t  th e  28 th  IU P S  Congress organized in  B u d a p e s t  in  Ju ly , 
1980.

On S ep tem ber 25, 1979, a b o ard  a n  u n m a n n e d  spacecraft (COSMOS 1129) lau n ch ed  by 
the  Sov ie t U nion a v a r ie ty  of b io logical e x p e rim e n ts  were carried  ou t. T he p r im a ry  ta sk  was 
to  in v es tig a te  how organ ism s a d a p t  to  h y p o g ra v ity  and  th en  re ad a p t to  th e  g r a v ity  of the 
E a r th  follow ing spacefligh t. M ost o f th e  p ap ers  p re sen te d  in  th is volum e d eal w ith  th e  resu lts 
o f th e  above jo in t U S SR /U S A  space f lig h t ex p erim e n ts .
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B j U R S T E D T ,  th e  f ir s t  c h a irm a n  of th e  Com m ission o f G ra v ita tio n a l Physio logy in  a n  
in tro d u c to ry  lec tu re  gave a  b r ie f  s u m m a ry  of the  d e v e lo p m en t o f  g ra v ita tio n a l physio logy  a n d  
th e  a d a p t iv e  reac tio n s d ev e lo p in g  in  physiological sy s tem s in  resp o n se  to  space flig h t.

B esides th e  p rob lem s o f a d a p ta t io n  to  changed  g r a v i ty  m an y  lectures deal w ith  th e  
fu n c tio n a l , biochem ical a n d  m o rp h o lo g ic a l changes o f g ra v ity -d e p e n d e n t  system s: th e  v e s t i ­
b u la r  sy s te m , bone, sk e le ta l m u sc le  a n d  m ineral m etab o lism .

M en tio n  has also b een  m a d e  o f  new  models, m a in ly  h y p o k in es is  an d  o rthostasis , w h ich  
seem  to  be  a d eq u a te  m eth o d s fo r  s im u la tin g  th e  changes e lic ite d  b y  long-te rm  space flig h ts .

N ew  m easures h a v e  b e e n  d esc rib ed  ab o u t th e  m in im u m  v a lu e  of cen trip e ta l fo rces 
re q u ire d  to  m ain ta in  good h e a l th  co n d itio n s  aboard  space  c ra f ts  d u rin g  long te rm  fligh ts.

T h is  volum e m ay  a t t r a c t  a t t e n t io n  of b o th  p h y sio lo g is ts  a n d  b iochem ists dealing  w ith  
a d a p ta t io n a l  problem s of liv in g  o rg an ism s.

A .  G .  B .  K o v a c h

T h a d d e u s  M a n n  and  Cecilia L u t w a k -M a n n

Male R eproductive Function and Sem en

Springer V e rlag , B erlin , H eidelberg , N ew  Y o rk  1981.

T h e  a u th o rs ’ a c t iv ity  is w ell k n o w n  in the  sc ien tific  w o rld  o f th e ir  special line. Since 
th e  p u b lic a tio n  of th e ir  w o rk  “ T h e  B iochem istry  o f S em en  a n d  of th e  Male R e p ro d u c tiv e  
T r a c t”  in  1964, th e ir  field  o f re se a rc h  h as  been ex ten d ed . R e c e n t  in fo rm a tio n  carefully  h a rm o ­
n ized  w ith  fo rm er know ledge c an  b e  fo u n d  in  th e ir new  b o o k  o f  n e a rly  500 pages, co n ta in in g  
10 c h a p te rs ,  n early  3500 re fe ren ces  a n d  a detailed an d  w ell a r ra n g e d  index .

C h a p te r  I  is a guide of g e n e ra l ch arac te r con cern in g  th e  physio log ical basis of sem in a l 
p o w er a n d  com position  of th e  sem en .

C h ap te rs  I I  and  I I I  d ea l w i th  m ethodological p ro b lem s.
C h a p te rs  IV to  V II  d iscu ss th e  endocrine  and ex ocrine  fu n c tio n  of th e  tes tis , th e  fu n c tio n  

of th e  e p id id y m is  and  of th e  d u c tu s  deferens, and in v e s tig a te  th e  ro le of sp e rm ary , p ro s ta te  
a n d  accesso ry  sexual g lands in  th e  fo rm a tio n  of th e  f in a l  co m p o s itio n  of th e  e jacu la te .

C h ap te rs  V I I I  an d  I X  d ea ls  w i th  th e  b io ch em istry  o f  sem en .
C h a p te r  X  discusses th e  p o s i t iv e  an d  negative p h a rm a co lo g ica l factors in fluencing  fe r­

t i l i ty ,  a n d  th e  role of fu r th e r  fa c to rs .
T h e  bo o k  in v es tig a te s  in  a  p a r tic u la r ly  deta iled  m a n n e r  th e  q u estion  of sem inal p o w er, 

a n d  b e y o n d  th e  h u m an  p o in ts  o f  v ie w , i t  analyses th e  in d iv id u a l  p rob lem s in  a general b io lo ­
g ica l sense . T he stud ies p e rfo rm e d  in  d iffe ren t species a re  m e a n s  to  e stim a te  th e  q u estio n s of 
h u m a n  sem inal pow er fro m  a w id e r a sp e c t.

T h e  a u th o r’s in te n tio n  h a s  b e e n  to  provide a conscise h a n d b o o k . T hey discuss th e  la ­
te s t  re s u lts  a n d  also th e  sc ien tif ic  p ro g re ss  of the  field  o f  re se a rc h  w ith  g rea t h isto rical f id e li ty , 
also  p re se n tin g  th e  la te s t  sc ien tif ic  t re n d s . This w ork  of en cy c lo p a e d ic  ch arac te r will becom e 
a fu n d a m e n ta l  source for a n d ro lo g is ts  as well as zoologists. T h e  b o o k  is a m ust fo r th e  l ib ra ry  
of all e x p e r ts  of th e  su b jec t.

F . B a l o g h  and  G. C o r r a d i

F . O b ä l  an d  G. B e n e d e k  (E d s .)

Environm ental Physiology

A d v a n ce s  in  Physio logical Sciences, V ol. 18. Pergam on P re ss  O x fo rd  an d  A kadém iai K ia d ó ,
B u d a p e s t  1981. 371 p ag es

E n v iro n m e n ta l p h y sio lo g y  com prises an  e x tre m e ly  w id e  fie ld  of research  of a p p lied  
p h y sio lo g y , a n d  i t  is a lm o st im p o ssib le  to  sum m arize e v e ry  p ro b le m  in  a single section  of a 
co n gress , be  i t  as big as th e  2 8 th  I U P S  Congress was in  B u d a p e s t  1981. The m ost c u rre n t p ro b ­
lem s o f e n v iro n m en ta l p h y sio lo g y  h a v e  been sum m arized  in  th is  vo lum e.

J .  A s c h o f f , one of th e  in v ite d  lec tu rers, spoke a b o u t  th e  re g u la to ry  m echanism s of 
c irc a d ia n  sy s te m  p ro p erties . H e  d iscu ssed  th e  role a n d  m u lt ip lic ity  o f b o th  th e  cen tra l a n d  
th e  se lf-su sta in in g  oscilla to rs a t  th e  p e rip h ery .
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A n o th er in v ite d  lec tu re  held by  К . H e l l o n  a n a ly se d  th e  recent adv an ces o f new  te c h ­
n iques in stu d y in g  th e rm o re g u la tio n  and em phasized  th e  role of th erm osensitive  sy s tem s o u t­
side th e  CNS in th e  o verall th erm o reg u la tio n  of th e  o rg an ism .

O th er m ain  su b sy m p o s ia  were: ‘‘O sm o reg u la tio n ”  in which em phasis w as la id  upon  
o u tlin in g  th e  role of n e u ra l n e tw o rk s: “ R eg u la tio n  o f  th e  sleep-w aking sy s te m ”  w here  the  
m echan ism  of ac tio n  o f th e  m ost im p o rta n t n eu ro g en ic  su bstances was d iscu ssed ; “ S p o rt 
physio logy” , w here a t te n tio n  was d irec ted  to w ard  th e  p ro b lem s of horm onal (h y p o th a lam ic , 
p i tu i ta ry  and a d ren a l sy s te m s an d  anabolic  p re p a ra tio n s  and  pharm acolog ical re g u la to ry  
m echanism s, w ith  spec ia l em p h asis  on be ta  b lock ing  a g en ts ) . O ther sym posia o f in te re s t  were 
held u n d e r  th e  tit le s  “ M am m alian  nervous sy s tem  u n d e r  p ressu re”  and “ P h y sio logy  of s ta tic  
e ffe rt” .

T his volum e will a t t r a c t  the  a tte n tio n  of p h y sio lo g is ts  w orking in  th e  fie ld  o f app lied  
physio logy  and of re la te d  sciences.

A. G. B .  K o v a c h

S c h u b e r t , E.

Grundriss der Physiologie des Menschen

V erlag  Volk u n d  G e su n d h e it, B erlin , 1981. 176 p ag es , 70 figures, 17 tab les. P rice  12,90 M

T he in tro d u c tio n  of physio logy  in th e  G D R  m ed ica l h ighschool p rogram m e as a sep a ra te  
su b jec t necessita ted  th e  p u b lic a tio n  of th is  book. T he a u th o r  is th e  head of th e  Physio log ical 
D e p a rtm en t of H u m b o ld t U n iv e rs ity , B erlin.

T he tex tb o o k  in c lu d es th e  functional view s on h e a l th y  liv ing  and the  lea rn in g  o f fu n c tio ­
nal d iseases. The te x t  is b a sed  u p o n  th e  know ledge of th e  s tu d e n t  a fte r the  8th g rad e . I t  s ta te s  
fac ts  w ith o u t ex p la in in g  th e m  in  deta il b u t  does co n v ey  th e ir  app lication  in p rac tice .

In  the  te x t  only th e  S I sy s tem  is used and  it  is ex p la in ed  how to  co n v ert th e  old u n its  
in to  th o se  of th e  S i-sy s te m .

F irs t  su b jec ts  to  be d e a lt  w ith  are su rv ey ed  fo llow ed  by  a ch ap ter on en erg y  ba lan ce  
and  m etabo lism . T his c h a p te r  discusses re sp ira tio n , d ig es tio n  and ab so rp tion , haem ato lo g ica l 
fu n c tio n s and  also in te rm e d ia ry  m etabolism .

T he c h ap te r  “ E x ch a n g e  of in fo rm a tio n ”  in c lu d es th e  function  of ex c itab le  tis su e , the  
physio logy  of sense organs a n d  th e  cen tra l n e rvous sy s te m .

T he m echan ism s re g u la tin g  hom eostasis, e n e rg y  m etab o lism , endocrine fu n c tio n s  and 
acc lim atiza tio n  are su m m arized  in  a ch ap ter e n title d  “ Physio log ica l reg u la tio n ” .

T he las t c h a p te r  co n siders physiological changes fro m  th e  em bryo  stage u p  to  old age.
T he tex tb o o k  is a concise sum m ary  of phy sio lo g y . T he q u a lity  of th e  t e x t  m ak es it 

recom m endable  for h ighschool a n d  college s tu d e n ts  o f h e a lth .
I É v a  Szőcs

Colin J .  S c h w a r t z ,  N icholas T. W e r t h e s s e n  a n d  S t e w a r t  W o l f  (E d s)

Structure and Function o f the Circulation

Vol. 3. P lenum  P re ss , N ew  Y ork and  L ondon  1981. 551 pages w ith  148 figu res

A com prehensive  series of books on th e  s t ru c tu re  a n d  fu n c tio n  of th e  c irc u la tio n  of 
blood an d  ly m p h  ev o lved  b asica lly  from  th e  sc ien tific  sessions of th ree  in te rd isc ip lin a ry  in te r ­
n a tio n a l conferences held  in  L in d au  in  1970, in  H e id e lb erg  in  1973, and  in T o tts  G ap , P e n n sy l­
van ia  in  1976. T his th ird  v o lu m e of th e  series re p re se n ts  a co llection  of essays co v erin g  a b ro ad  
area  of v ascu la r bio logy. T h e  to p ics included are a r te r ia l  h is to ch em is try , p ro teo g ly can s  o f th e  
vessel w all, cell m em b ran e  su rface  s tru c tu re , in te g r i ty ,  re ce p to r  p roperties a n d  c o n tra c tile  
p ro te ins o f vascu lar e n d o th e liu m , as well as rigorous m a th e m a tic a l  m odels of p ro te in  t ra n s p o r t .  
O th e r im p o rta n t c o n tr ib u tio n s  to  th e  biology of a r te r ia l  sm o o th  muscle included  in to  th e  vo ­
lum e cover d iffe re n ta tio n  a n d  p h en o ty p ic  m o d u la tio n , c o n tra c tio n  and in n e rv a tio n  of m uscle 
cells in cu ltu re  and  th e  e lectrophysio logy  of m uscle c o n tra c tio n .

T he carefu lly  se lec ted  essays w ritten  by  o u ts ta n d in g  ex p erts  from  a ro u n d  th e  w orld 
will serve as a useful source  of references for s tu d e n ts  a n d  researchers of v ascu la r b io logy  and  
diseases.

E . M o n o s
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H . G. S c h w e i g e r  (E d .)

International Cell Biology 1980— 1981

S p rin g e r  V e rlag , B erlin —H eidelberg  — N ew  Y o rk  1980. 1033 pages, 595 figures. P ric e : a p p ro x .
U S $ 61.00

T h is  la rg e  book, w hich on i ts  co v er s ta te s  p ro u d ly  t h a t  “ th is book will re m a in  a usefu l 
so u rce  o f  in fo rm a tio n  to  b io log ists, m ed ical resea rch ers  a n d  b iochem ists for y ears  to  com e” , 
c o n ta in s  th e  sc ien tific  m ate ria l o f  th e  lec tu re s  p re sen te d  a t  th e  Second In te rn a tio n a l C ongress 
of Cell B io lo g y  in  W est-B erlin  in  S e p te m b e r, 1980. T h e  s ta te m e n t  on th e  cover w ill p ro v e  r ig h t. 
T h ere  a re  se v e ra l papers in  th e  v o lu m e  w hich  m ay  b e g in  new  fields in research , th e re  a re  new  
n a m e s in tro d u c e d  w hich are n o t  y e t  genera lly  a cc ep te d  b u t  will soon becom e w ell kn o w n . 
T h e  v o lu m e  does n o t cover th e  w ho le  field  o f cell b io lo g y , b u t  i ts  co n ten t is v e ry  th o u g h t-  
-p ro v o k in g  a n d  provides m uch  new  in fo rm a tio n  w hich  o th erw ise  could be co llected  o n ly  w ith  
th e  a s s is ta n c e  of a whole l ite ra tu re  m o n ito rin g  staff.

T h e  c o n te n ts  are d iv ided  in to  s ix  ch ap te rs , w h ich  are  as follows: genom e a n d  g en e-ex ­
p re ss io n , c y to sk e le to n , c y to p a th o lo g y  a n d  pa th o g en esis , d iffe re n tia tio n  an d  d e v e lo p m en t, 
m e m b ra n e  a n d  cell surface, an d  fu n c tio n a l  o rg an iza tio n .

I t  w o u ld  be very  d ifficu lt to  d iscuss only one of i t  (o r one or tw o ou t of th e  111 lec tu re s)  
in  th e  f ra m e w o rk  of th is review . I t  sh o u ld , how ever, be  s ta te d  th a t  th e  m ajo rity  o f th e  a u th o rs  
h as p re s e n te d  new  ex p erim en ta l d a ta  based  on w ell-designed  an d  proper e x p e rim e n ts . Som e 
of th e  p a p e r s  give a survey  of th e  l i te r a tu r e  in  a concise fo rm .

A s th e  e x te n t of the  v o lu m e in d ic a te s , th e  m a te ria l  p resen ted  a t  th e  congress w as v e ry  
large  a n d  th e  p a r tic ip a n ts  could  n o t  lis te n  to  all o f th e  p a p e rs  presen ted . So we m ay  sa y  th a t  
i t  is v e ry  im p o r ta n t  th a t  th is  b o o k  sh o u ld  reach  all re sea rc h e rs  w orking in th e  field  o f  bio logy. 
T h is is in d isp e n sa b le  in  our e ra  w h e n  th e  d ev elo p m en t o f  cell biology is ex trem ely  ra p id ,  p u b ­
lic a tio n s  p ro tr a c te d ,  and th e  p laces o f p u b lica tio n  are  v e ry  sca tte re d .

T h e  fig u res in  th e  vo lum e a re  d em o n s tra tiv e  a n d  o f good q u a lity . The t e x t  o f th e  
le c tu re s  is fo llow ed by  specific re fe ren ce  lists . T here  is a n  in d ex  in  the  book, w hich m ak e s  o rien ­
ta t io n  e a sy .

G y. C s a b a

L u tz  V o l r a t h

The Pineal Organ

H a n d b u c h  der m ik ro sk o p isch en  A natom ie  des M enschen, \o lu m e  V I/7

T h is  new  volum e of th e  series h a s  been  d ev o ted  to  th e  m em ory  of P rofessor W olfgang  
B a r g m a n n  a n d  Professor Sir F ra n c is  K n o w l e s . I t  is a com prehensive  survey  of th e  re sea rch  
c o n c e rn in g  th e  p ineal gland.

T h e  b o o k  is in tro d u ced  b y  h ig h lig h tin g  tw o im p o r ta n t  even ts of p ineal g lan d  resea rch . 
T h e  f i r s t  w a s  th e  discovery th a t  th is  o rg a n  p roduces a  h o rm o n e-lik e  indolam ine su b s ta n c e  te rm ­
ed m e la to n in .  The second a n d  e v e n  m ore im p o r ta n t  e v e n t was the  recogn ition  o f th e  fa c t 
t h a t  u n l ik e  o th e r  endocrine g lan d s th e  p inea l o rgan  is u n d e r  th e  d irec t in fluence o f e n v iro n ­
m e n ta l  f a c to r s  am ong w hich p h o tic  s tim u li  ap p ea r to  p la y  a lead ing  role. In  th e  a u th o r ’s op i­
n io n , in te r p r e ta t io n  of th e  p in ea l g la n d  as a n eu ro en d o crin e  tran sd u ce r  sim ilar to  th e  a n te r io r  
a n d  p o s te r io r  p i tu i ta ry  and  a d re n a l m ed u lla  is accep tab le .

A ll th e  problem s conn ec ted  w ith  th e  p inea l o rg a n  are  discussed func tio n ally  a n d  a n u m ­
ber o f  c o m p a ra t iv e  phylogenetic  d a ta  are also p re sen te d . T h ere  is clear evidence th a t  in  low er 
v e r te b r a te s  th e  p ineal organ d iffe rs  f ro m  t h a t  in  h ig h er v e r te b ra te s ;  while in fish , a m p h ib ia n s  
a n d  r e p ti le s  th e  epiphyseal co m p lex  co n ta in s  p h o to re c e p to r  cells sim ilar to  those  in  th e  la te ra l  
eyes. I t  is  c ap a b le  of respond ing  to  l ig h t  d irec tly ; b u t  th e  p in ea l in  birds and m am m als  is la c k ­
ing  ty p ic a l  p h o to recep to rs  an d  is o n ly  in d ire c tly  lig h t-se n s itiv e .

I t  h a s  recen tly  been  sh o w n  t h a t  th e  m am m alian  p in ea l possesses recep to rs fo r sex  s te ­
ro id s  a n d  t h a t  these and o th e r  h o rm o n es  secre ted  b y  th e  ad ren a l m edulla d u rin g  s tre ss  in ­
f lu e n c e  p in e a l  function . These o b se rv a tio n s  have led  to  th e  view  th a t  th e  p inea l g la n d  is an  
e n d o c rin e -e n d o c rin e  tran sd u cer.

A lth o u g h  the  m ain  logic o f  th e  book  is th e  m o rp h o lo g y  of the  p ineal g land , b io ch em ica l, 
p h a rm a c o lo g ic a l and physio log ical d a ta  h av e  also b een  in co rp o ra te d . The m am m alian  p ineal
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rg an  show s biochem ical in d iv id u a lity :  th e  m am m alian  p inea locy tes p a r tic u la r ly  a c tiv e  in 
m onoam ine  b iosyn thesis , resem ble neu ro n al and  re tin a l cells. T h ey  have tw o s tr ik in g  fea tu res : 
th e  sy n a p tic  r ib b o n s  a n d  th e  cy to p la sm ic  processes; th e  fo rm er m ay re la te  to  p h o tic  stim u li, 
th e  long  c y to p la sm ic  processes hav e  b u lbous ends w ith  e lec tro n -lu cen t and d ense-co re  vesicles.

T h e  book  considers in  five  m ain  ch ap te rs  th e  p in ea l o rg an  of m am m als, la m p re y s , fish, 
a m p h ib ia n s , re p tile s  an d  b irds. T he lis t o f re ferences co n ta in s  nearly  3000 p a p e rs  inc lu d in g  
44 rev iew  artic les . I t  concludes w ith  indexes o f a u th o rs  an d  su b jec ts . D escrip tions a re  i l lu s t ra t ­
ed b y  190 p h o to g rap h s  and  d raw ings. In  p a r tic u la r  th e  tran sm iss io n  and  sc a n n in g  e lec tro n  
m icroscop ic  p ic tu re s  a re  of h igh  q u a lity . T he e x p la n a to ry  schem atic  d iag ram s a re  d id ac tic , 
e asy  to  u n d e rs ta n d .

T h e  book  is w rit te n  in  a concise, read ab le  s ty le  w hich  m akes it a useful a n d  in te re s tin g  
w ork  n o t only for th e  specia list b u t  fo r all s tu d e n ts  o f n eu ro h o rm o n a l reg u la tio n .

T e ré z  T ömbül

W .  W u t t k e  and  R . H o r o w s k i  (E ds)

Gonadal Steroids and Brain Function

S p rin g er V erlag. B erlin  — H eidelberg  — New Y o rk  1981. 373 pages, w ith  136 figures a n d  10 tab les

T he book co n ta in s 25 p ap ers  an d  18 a b s tra c ts  o f p o ste rs  p resen ted  a t  a n  IP U S -S a te ll ite  
S y m p o siu m  in  B erlin , Ju ly  1981. T he p ap ers  cover v a rio u s  aspects of in te ra c tio n s  be tw een  
g o n ad a l s te ro id s and  b ra in  fu n c tio n . These include  feed -b ack  circuits (M. М о т т а  e t a l.. К . 
B a u e r  e t al.. R . K n u p p e n , J .  M e i t e s  e t a l., B. T . D o n o v a n  and  B. G l e d h i l l , H . B r e u e r  
e t a l.), s te ro id  recep to rs  ( P .  W . J u n g b l u t  e t a l., B. M c E w e n ) ,  n e u ro tra n sm itte rs  (W . E. 
S t u m p  e t a l.. M. S a r  an d  W . E . S t u m p f , W. W u t t k e  an d  T. M a n s k y .  S. M. M c C a n n  e t al.), 
sexual m a tu ra t io n  (F . D o c k e , G .  D ü r n e r , F . N e u m a n n  a n d  W .  E l g e r ) and  a d e ta ile d  a n a ly ­
sis o f n e u ra l co n tro l o f h y p o th a la m u s-h y p o p h y sea l-g o n ad a l fu n c tio n  (R . A .  G o r s k i  a n d  M. 
Y a n a s e , L. M. K o w  and  I). W . P f a f f , M. K a w a k a m i  an d  J .  A r i t a , M. J .  K e l l y  e t  a l., D. 
B e c k e r  et al.). In  C. II . S a w y e r ’s  “ C oncluding re m a rk s  on  gonadal stero ids a n d  b ra in  fu n c­
tio n ”  th e  la te s t  developm en ts o f these  su b jec ts  are  em phasized .

T h e  book  w ill p rove a v a lu ab le  source of in fo rm a tio n  to  those in te res ted  in  re p ro d u c tiv e  
u eu ro en d o crin o lo g y , to  endocrino log ists , gynaeco log ists , physio logists as well a s  sc ien tis ts  
w ork ing  in  th is  field .

M a r ie tta  V é r t e s

7* Acta Physiologica Academiae Scientiarum Hungaricae 59 , 1982
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РЕЗЮМЕ

ВЛИЯНИЕ И30ПР0ТЕРЕН0ЛА НА ПОЧЕЧНУЮ ДЕЯТЕЛЬНОСТЬ
Т. ЗАХАЙСКИ, Г. ФЕЙЕШ-ТОТ и Я .  ФИЛЕЙ

В экспериментах на бодрствующих собаках, получивших водную нагрузку, мы 
сравнивали действие, оказываемое изопротеренолом и вазопрессином на деятельность 
почек.

Под влиянием введения изопротеренола (12 мкг/кг/час) значительно уменьшились 
минутный диурез, выделение натрия и калия, а также клиренс свободной воды, в то же 
время практически не изменились: клубочковая фильтрация, количество протекающей 
через почку крови, а также распределение в корковых слоях протекающей через почеч­
ную кору крови.

В ответ на введение вазопрессина (2 ИЕ/кг/час) возник антидиурез, подобный Тако­
вому после введения изопротеренола, но выделение натрия и калия значительно возросло.

Поскольку изопротеренол и вазопрессин оказывают противоположное действие на 
выделение ионов натрия и калия, можно сделать вывод, что в изменениях почечной дея­
тельности, вызванных изопротеренолом, стимулирование секреции вазопрессина не может 
играть исключительной роли.

ПОВЫШЕНИЕ ПОРОГА ТЕРМОРЕГУЛЯЦИОННОИ ВАЗОДИЛАТАЦИИ У КРЫС 
ПОСЛЕ ВВЕДЕНИЯ КАПСАИЦИНА 

Ф. ОБАЛ МЛ., Ф. БАРИ, Г. БЕ Н Е Д Е К  и Ф. ОБАЛ

В экспериментах на крысах мы исследовали расширение сосудов в коже хвоста 
животных, как у контрольных, Так и предварительно получивших капсаицин, при изме­
нении окружающей температуры (38°С, 39°С и 40°С). При 38°С вазодилатация у предвари­
тельно получавших капсаицин крыс была меньше выражена, чем у контрольных живот­
ных, тогда как при 40 °С вазодилятация была примерно такой же степени, но наступала 
с запозданием. Мы приходим к выводу, что, после введения капсаицина, порог термо­
регуляционной периферической вазодилатации повышается.

ДЕЙСТВИЕ ГОРМОНОВ ПРОГЕСТЕРОНА, ТЕСТОСТЕРОНА И ЭСТРОГЕНА НА 
КОНЦЕНТРАЦИЮ ГОРМОНА ЩИТОВИДНОЙ ЖЕЛЕЗЫ И КОРТИКОСТЕРОИД 

В ПЛАЗМЕ ЯПОНСКОЙ ПЕРЕПЕЛКИ
ПЕТЕШ и ПЕЦЕЛИ

У самок короткодневных (6L— 180) японских перепелов радиоиммунологическим 
методом определяли концентрацию в плазме крови трийодтиронина, тироксина и корти- 
костерона. В отдельных подгруппах первой экспериментальной группы после овариэкто-



мии птицам имплантировали капсулы Silastic , содержавшие прогестерон, тестостерон, 
эстрон и 17/S — эстрадиол или все четыре половых стероида сразу. В этих экспериментах 
прогестерон незначительно повышал концентрацию тироксина в плазме, тогда как тесто­
стерон, эстрон и 17/? — эстрадиол снижали уровень плазменного Тироксина, по сравнению 
с овариэктомизированной группой. Одновременное применение четырех половых стерои­
дов снижало уровень как тироксина, таки трийодтиронина. Прогестерон и 17/5 — эстрадиол 
значительно, тогда как эстрон на небольшой степени увеличивают концентрацию кортико- 
стерона в плазме. Во второй серии экспериментов, после овариэктомии и произведенной од­
новременно оперативной тиреоидектомии, производились те же вмешательства. Будучи 
применены вместе и по отдельности половые стероиды повышали концентрацию кортико­
стероидов плазмы до уровня у интактных животных. Как показывают результаты проведен­
ных экспериментов, прогестерон повышает концентрацию кортикостерона в плазме крови 
у японских перепелок отчасти прямым путем, отчасти же путем увеличения концентрации 
в плазме тироксина, тогда как эстрон и эстрадиол непосредственно повышают уровень 
плзаменного кортикостерона.

ВЛИЯНИЕ ИНДОМЕТАЦИНА НА ВНУТРИПОЧЕЧНОЕ КРОВООБРАЩЕНИЕ И 
ВЫ ДЕЛЕНИЕ НАТРИЯ И ВОДЫ У АНЕСТЕЗИРОВАННЫХ КРЫС В СОСТОЯНИИ

НОРМО- И ГИПЕРБОЛ ЕМИИ
Й. БАРТА и Ч. ХАБЛИ

Мы изучали влияние индометацина (4 мг/кг), ингибирующего синтез простагланди- 
нов, на интраренальное кровообращение у наркотизированных пентоталом (50 мг/кг, 
интраперитонеально) крыс с нормоволемией или экстрацеллюлярной гиперволенией 
(после внутривенной инфузии 50 мл/кг 0,9% раствора хлористого натрия) методом Сапир- 
штейна с индикаторной аккумулицией 86Rb.

Определение параметров кровообращения производили через 1 час после введения 
индометацина.

Были получены следующие результаты:
1. В состоянии нормоволемии кровоток в почке, в ее корковом и мозговом слоях не 

изменяется. Не изменяются также значения регионарного сосудистого сопротивления в 
почке, а также процентное распределение интраренального кровообращения. Умеренно 
снижается выделение воды, выделение натрия не изменяется.

2. При экстрацеллюлярной гиперволемии умеренно возрастает кровоток в корковом 
слое и уменьшается в мозговом слое почек; процентное распределение кровотока внутри 
почки смещается в направлении коркового слоя. Корковое сосудистое сопротивление не 
изменяется, мозговое увеличивается в небольшой степени. В этом состоянии индометацин 
не оказывал влияния на диурез соли и воды.

Результаты настоящих экспериментов, проведенных на крысах, дают дальнейшие 
данные относительно того, что эндогенные простагландины не играют здесь такой решаю­
щей роли в интраренальном кровообращении, выделении натрия и воды, как у анестези­
рованных собак.

ВЛИЯНИЕ ИММОБИЛИЗАЦИИ ГИПСОВОЙ ПОВЯЗКОЙ НА УРОВЕНЬ 
МЕТАБОЛИТОВ В СКЕЛЕТНОЙ МЫШЦЕ, СВЯЗАННЫХ С ЭНЕРГЕТИЧЕСКИМ

ОБМЕНОМ
И. СИКЛАИ и Й. ГРОФ

В динамике развития инактивационной атрофии скелетной мышцы, развивавшейся 
при 1 -  6-недельной иммобилизации конечности наложением гипсовой повязки, мы опре­
деляли с помощью методики изотахофореза содержание АТР, ADP, AMP, CrP, NAD+ и Pi 
В медленной ( т .  soleus) и гликолитической, быстрой мышце ( т . gastrocnem ius).

Содержание АТР и СгР в гликолитической мышце было достоверно выше, а содер­
жание N A D + в оксидативной мышце было достоверно выше в нормальном состоянии. 
Энергетическое хозяйство мышц в первую неделю иммобилизации нарушается, но к шес­
той неделе, при формировании нового состояния равновесия, на более низком энергети­
ческом уровне, мышцы приспосабливаются к лишению движения. Новые энергетически 
уровни, характеризующиеся содержанием макроэнергетических метаболитов, не обнару­
живают достоверную и существенную разницу, специфическую для разных типов мышц.



НОВАЯ ТЕОРИЯ ВОЗНИКНОВЕНИЯ МИОКАРДИАЛЬНОГО ИНФАРКТА
М. СЕНТИВАНИ, Ч. ВЕТЕШИ, А. ПААЛ, М. ПЕНЗЕШ и ДЬ. ЛЕСКОВСКИ

Введение хлорситого калия (1%, 10%, 31,2%) в перикардиальную жидкость или 
воздействие на сердце наложением на его поверхность пропитанной КС1 фильтровальной 
бумаги вызывает у собаки, морской свинки и крысы появление типичной для инфаркта 
т. н. dome-подобной Э К Г . Через 2 3 дня после острого опыта развивается инфаркт. Как 
dome-Э К Г , так и следующий за ней инфаркт можно предотвратить взятой из перикарда 
жидкостью, а также тремя синтетическими веществами. Те же защитные вещества, кото­
рые предотвращают эффект хлористого калия, предотвращают общую гипоксию организма, 
вызывающую появление dome-Э К Г. Речь идет об особом пространстве, которое начина­
ется порами и, вероятно, через соединительнотканные щели достигает миокардиальные 
клет клетки.

В своих предыдущих исследованиях мы показали, что при наложении на эпикардий 
фильтровальной бумаги, пропитанной 1125-альбумином, последний проникает в эпикар- 
диальные щели сердца. Интраперикардиальное введение туши, вследствие физической 
закупорки пор, препятствует возникновению интраперикардиального эффекта хлористого 
калия вызываемого этим инфаркта. Это пространство иное, нежели пространство, которое 
можно достигнуть со стороны коронарных сосудов. Некоторые соединения, так, например 
норадреналин, не оказывают воздействия через это пространство, другие же вещества по­
падают в него. Поверхностная оксигенизация эпикардия, воздействуя на пространство, 
предотвращает воздействие хлористого калия и гипоксии.

ДЕЙСТВИЕ ДЕЗОКСИКОРТИКОСТЕРОНА НА ИНТЕРСТИЦИАЛЬНОЕ 
ДАВЛЕНИЕ У НОРМАЛЬНЫХ КРЫС

М. ГИЛАНИ, Ш. ШИМОН и А. ДЬ. Б. КОВАЧ

С помощью методики, разработанной Guyton, мы определяли изменени интерсти­
циального давления в соединительной ткани спины у крыс, которые наступали в ответ на 
однократное интраперитонеальное введение дезоксикортикостерона (ДОК). В изменениях 
межтканевого давления во времени, независимо от введенной дозы ДОК, можно выделить 
три периода: латентный период, затем период снижения давления и, наконец, период 
возвращения давления к его контрольному значению. Величина наибольшего снижения 
давления и время возвращения его к исходному уровню, однако, являются дозозависи­
мыми. В ответ на введение дезоксикортикостерона в дозах: 0,25;0,50;0,75; и 1,00мг на 100г 
веса тела интерстициальное давление снижалось соответственно на: 3,2; 7,1; 9,6 и 10,6 мм 
рт. ст. Исследуя причину изменения давления под действием дезоксикортикостерона, мы 
пришли к выводу, что это явление нельзя приписать исключительно только т. н. силам 
Старлинга, по-видимому, здесь играет роль также потеря внеклеточного калия. Эту гипо­
тезу подтверждает также тот экспериментальный факт, что валиномицин, который спе­
цифически ускоряет калиевый транспорт, не оказывает влияния на величину изменений 
интерстициального давления в ответ на введение дезоксикортекостерона, но в то же время 
значительно укорачивает время протекания изменений.

БЕТАНУРИЯ: ГЕНЕТИЧЕСКОЕ ЯВЛЕНИЕ?
ДЬ. БАНКЁВИ, ДЬ. ФОРРАИ и Д. ВАГУЙФАЛВИ

На 58 однояйцевых и 41 двуяйцевых одного пола близнецах авторы провели опре­
деление в моче пигмента бетанина (они назвали это бетанинурией) после приема свеколь­
ного сока, имеющего стандартную концентрацию. С помощью введенного ими полуколи- 
чественного метода определили значения бетанурии у всех исследуемых лиц. Исследовали 
несколько математических моделей, чтобы найти такое распределение вероятности, кото­
рое хорошо подходит к опытным данным.

Результаты анализов показывают, что наследуемый характер интенсивности бета­
нурии нельзя принять с полной надежностью, хотя некоторые признаки указывают на то, 
что генетические факторы могут влиять на это явление. По мнению авторов, более опреде­
ленная точка зрения в связи с этим явлением может базироваться только на исследовании 
популяции с большим числом элементов.

(



ЦИТОХИМИЧЕСКОЕ ИССЛЕДОВАНИЕ ИОНОВ НИКЕЛЯ В СЕРДЕЧНОЙ МЫШЦЕ 
ПРИ ОСТРОМ ОТРАВЛЕНИИ ОКИСЬЮ УГЛЕРОДА

Я. БАЛОГ, Г. РУБАНИ, Г. ПОГАЧА и М. ОБЕРНА

Субделлюлярную цитохимическую локализацию никеля авторы изучали с помощью 
метода деметилгликоксима; локализацию никеля определяли в миокарде собак вслед за 
двыханием окиси углерода (СО), а также в сердечной мышце людей, умерших вследствие 
отравления окисью углерода. Показали, что реакция с никелем пригодна не только для 
обнаружения следов элемента, попавшего в ткань извне, но и в тех случаях, когда элемент, 
под влиянием какого-либо патологического процесса (острое отравление окисью углерода), 
аккумулируется в сердечной мышце или освобождается и выходит из нее.

Наши исследования, выполненные с помощью энергия-дисперсионного микроанализа, 
единогласно подтверждают наличие никеля в продуктах реакции.

ВЛИЯНИЕ ВЕРАПАМИЛА И ФЕНОКСИБЕНЗАМИНА НА КОРОНАРНУЮ 
ВАЗОКОНСТРИКЦИЮ, ВЫЗВАННУЮ ИОНАМИ НИКЕЛЯ У 

НАРКОТИЗИРОВАННЫХ СОБАК
А. КОЛЛЕР, Г. РУБАНИ, Л. ЛИГЕТИ и А. Д Ь. Б . КОВАЧ

В настоящих экспериментах мы исследовали возможный механизм действия коро­
нарной вазоконстрикции, возникающей в сердце собаки in situ под влиянием ионов никеля: 
1. в присутствии селективного антагониста кальция верапамила и 2. в условиях блокиро­
вания альфа-адренергических рецепторов феноксибензамином (PBZ).

Верапамил полностью прекращал снижающее коронарный кровоток и базальную 
кондуктанцию действие низких доз (0,02— 0,2 мг/кг) ионов никеля.

Действие более высоких доз (2,0—20,0 мг/кг) ионов никеля верапамил не только 
прекратил, но и извратил, то-есть, при наружном введении высоких доз NiCl2, в присут­
ствии селективного антагониста кальция, наблюдалось увеличение коронарного крово­
тока и повышени базальной кондуктанции.

Предварительная обработка феноксибензамином не оказывала достоверного влия­
ния на эффект ионов никеля, проявляющийся в уменьшении коронарного кровотока.

Результаты экспериментов указывают на то, что вазоконстрикция, вызываемая в 
сердце собаки in situ добавлением во внешнюю среду микроколичеств хлористого никеля, 
наступает вследствие увеличивающегося поступления кальция в галдкомышечные клетки 
сосудов, которое передается не через посредство альфа-адренергических рецепторов.
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ELECTRIC SIGN OF THE ACTIVITY 
OF THE SINUS NODE IN THE DOG HEART

F . S o l t i , A. J u h á s z - N a g y  and E . C z a k ó

D EPARTM ENT O F CARDIOVASCULAR SURG ERY . SEM M ELW EIS U N IV ER SITY  M EDICAL SCHO O L,
BUDAPEST

(R eceived S ep tem b er 15, 1981)

T he p o ss ib ility  o f  local reco rd ing  of th e  e le c tr ic a l a c tiv ity  of th e  s in u s  n o d e  was 
in v es tig a te d  on  22 dogs. U sing a sm all u n ip o la r  e lec tro d e  positioned  a t  th e  p ro x im ity  
o f th e  sinus node  a n d  a p p ly in g  a 2 -4-fo ld  e le c tr ic  am p lif ic a tio n , an  early , slow  a n d  low- 
am p litu d e  w ave co u ld  be  reco rded  20-40  m s b e fo re  th e  P  w ave. T his e a r ly  w av e  g ra d u ­
ally  d ecreased  w h en  th e  e lectrode was m o v ed  a w a y  fro m  th e  sinus n o d e  a n d  fin a lly  
fused  in to  th e  loca l P  w ave. T em p o rary  a r re s t  o f  sin u s node a c tiv ity  b y  in je c tio n  of 
adenosine in to  th e  sin u s node a r te ry , e lec trica l s t im u la tio n  of th e  v ag a l n e rv e  b y  in ­
f i ltra tio n  jw ith  p h en o l o f th e  sinus node reg io n  m ad e  th e  local P  w ave to  d isap p ea r. 
S im ilarly , n o  e a r ly  a c tio n  before th e  P  w ave co u ld  b e  seen if  th e  sinus no d e  w as d riv en  
e lectrica lly . T h e  e a r ly  w ave  reco rded  in th e  p ro x im ity  o f th e  sinus n o d e  re p re se n ts  
th e  d e p o la riza tio n  of th e  sinus node, an d  i t  is su i ta b le  to  s tu d y  th e  p a c e m a k e r  a c t iv ity  
o f th e  sinus no d e  to g e th e r  w ith  s in o au ricu la r c o n d u c tio n .

The sinus node is the driver, the pacem aker o f  cardiac rhythm . T he cardiac 
cycle begins w ith  the im pulse originating in  th e  sinus node. The a c tiv ity  of  
the sinus node has no electric sign in  the ECG record. The first sign  is th e  P  
w ave that already m eans the spreading o f  th e  stim ulus over th e  auricular 
m uscle. In  order to  obtain  more exact in form ation  on impulse generation  and 
conduction in  th e  heart, it  would be o f great im portance to record th e  electrical 
a ctiv ity  o f th e  sinus node or of the region adjacent to  the node. The action  
potential generated in  the sinus node cells is how ever too low for ECG record­
ing. Still, in  the last decade it  has becom e possib le to  record the electric sign 
of the His bundle appropriately am plifying th e  local electrogram.

In the present experim ents it was stu d ied  whether or not th e  electric 
sign o f sinus node a c tiv ity  could be recognized in  the proxim ity o f  th e  sinus 
node and w hether there was any electric sign  around the sinus node before 
the onset o f  the P w ave.

M aterials and M ethods

T he ex p erim e n ts  w ere perform ed on 22 m o n g re l dogs of b o th  sexes w eig h in g  15 to  
25 kg . U nder so d iu m  p e n to b a rb ita l  (30 m g/kg i.v .)  a n ae s th es ia  and  a rtific ia l re sp ira t io n  th e  
ch est was opened  b y  tra n se c tio n  of th e  s te rn u m  b e tw e e n  th e  second a n d  th i r d  r ib s . A fter 
open ing  th e  p e r ic a rd iu m  th e  h e a r t  was opened w id e ly  to  b rin g  in to  sigh t th e  r ig h t  a u ric le , th e  
a u ricu la r p a r t  o f th e  su p e rio r  ven a  cava  as well as th e  r ig h t  a tr iu m .

1 Acta Phyeiologica Academiae Scientiarum Hungaricae 59, 1982
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I n  p ilo t ex p erim en ts  fo u r  u n ip o la r  th ic k  c irc u la r  c lam p  electrodes w ere p lac ed  a t  th e  
p r o x im i ty  o f th e  sinus node , tw o  a t  i ts  b o rd er an d  tw o  a t  th e  r ig h t auricle. T h e re a f te r  a  u n ip o la r 
e le c tro d e  w as sewed to  th e  p e a k  o f  th e  r ig h t auric le  a n d  a n o th e r  one to  th e  le f t  a u ric le . ECG 
tr a c in g s  w ere recorded  w ith  a  H e ilig e  E K  26 th re e -c h a n n e l d irec t w riting  re c o rd e r  a n d  w ith  
a  H e ilig e  6-channel m u ltisc r ip to r . A  H is p ream p lifie r w ith  h igh  am p lificatio n  w as a lso  used  
a t  a  f re q u e n c y  range below  15 H z .

R eco rd in g  o f  the electrical a c tiv ity  o f  the sin u s node

T h e  experim ents w ere p e rfo rm e d  on 15 dogs. T w o  e lectrodes of 8 -12  m m 2 su rface  w ere 
se w e d  w i th  a tra u m a tic  need le  to  th e  n e ighbourhood  o f  th e  sinus node. F o u r fu r th e r  e lectro d es 
w ere  a p p lie d , one near th e  s in u s  n o d e  on th e  r ig h t a u r ic le , one m ore rem o te ly , th e  th i r d  one 
on  th e  le f t  auricle , and  th e  f o u r th  one on th e  e p ic a rd ia c  surface  of th e  r ig h t v e n tr ic le . T he 
E C G  w a s reco rded  b y  a H eilige  m u ltisc r ip to r  a t  2 -4 -fo ld  am p lificatio n  (1 m V  =  2 0 -4 0  m m ) 
a n d  50—100 m m /s p ap er speed . T h e  a c t iv ity  of th e  s in u s n o d e  was arrested  b y  th e  in je c tio n

F ig . 1 . R eco rd in g  of th e  e lec tr ica l a c t iv ity  o f th e  s in u s n o d e  in  th e  dog. T he th re e  e lec tro d es 
f ix e d  to  th e  neighbourhood  o f th e  s in u s  node serve t o  re c o rd  th e  local early  w ave t h a t  follow s 
s in u s  n o d e  a c tiv ity . The e lec tro d es  sew ed in  th e  le ft a tr iu m  a n d  rig h t ven tricle  serve  to  reco rd  

th e  ep icard ia l e le c tro g ra m  of th e  le ft a tr iu m  a n d  rig h t ven tricle .

o f a d e n o s in e  (100-200 fig) in to  s in u s  node a r te ry  in  sev en  dogs. In  five fu r th e r  an im a ls  sinus 
a r re s t  w a s  e lic ited  b y  e lec trica l s t im u la tio n  of th e  v a g a l n e rv e  (20 H z, 1 m s, 6 У ) a n d , in  
th re e  f u r th e r  dogs, by  in je c tin g  1 0 %  p h en o l in to  th e  re g io n  o f  th e  sinus node. A rtif ic ia l a tr ia l  
p a c e m a k e r  d riv in g  was p ro d u c ed  in  s ix  ex p erim en ts b y  m ea n s  of quick  e lectrical s t im u la tio n  
o f th e  r i g h t  o r th e  left a tr iu m . T h e  ex p erim en ta l a r ra n g e m e n t is show n in  F ig . 1.

Results

In  th e  pilot experim ents a small w ave th a t followed the sinus node  
a c t iv ity  could he recorded before the P w ave in  th e  neighbourhood o f  the  
sinus n o d e , in the region o f  th e  right auricle and o f the right atrium . The 
early w a v e  was slow and sm all, and it preceded b y  20—40 ms the beginning  
o f th e  P  w ave, i.e. the local r ig h t atrial P  w ave. The w ave was m ostly p ositive  
ex cep t th e  electrogram recorded in  the v ic in ity  o f  th e  insertion o f the superior
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ven a cava, where m ainly a sm all negative w ave was seen. M oving aw ay from  
the proxim ity  of the sinus node the early local w ave becam e sm aller and sm aller 
u n til it  gradually merged in to  the local P w ave. N o early w ave could he recorded  
from  th e region of the left atrium  and auricle. The early local w ave preceding  
th e  P  w ave could perm anently be recorded b y  m eans o f the electrodes fixed  
to  th e  proxim ity o f the sinus node (Fig. 2).

F ig . 2. R ecord ing  of th e  local a c t iv ity  o f th e  sinus node from  a reg ion  n e a r  th e  s in u s node. 
P a p e r  reco rd in g  speed: 100 m m /s; 1 m V  =  20 m m . E p ic a rd ia l e lec tro g ram s: to p  lin e  =  left 
v e n tr ic le ; second line =  r ig h t  a tr iu m ; th ir d  line =  r ig h t a u ric u la r  reg ion  n e a r  th e  sin u s node; 
b o tto m  (fo u rth ) line =  im m e d ia te  p ro x im ity  o f th e  sinus node. In  th e  re g io n  n e a r  th e  sinus 
node  a n  e a rly  w ave, in d ica tiv e  o f i t s  a c t iv ity  could  be seen 20-40  m s before th e  a tr ia l  P  w ave 

(y ''). The r ig h t a tr ia l  P  w ave som ew hat p reced ed  th e  le ft a tr ia l  P  w ave

W hen impulse generation in  the sinus node was suppressed and th e  right 
atrium  was driven electrically , no local early w ave appeared before the P  
w ave th at followed the artificial spike o f electric stim ulation  (F ig . 3).

Im pulse in itiation  in  the sinus node could transiently be abolished by  
vagal stim ulation or by injection  o f adenosine into the artery lead ing  to  the 
sinus node. W hen the sinus node a ctiv ity  ceased the accom panying local early 
w ave disappeared (F ig. 4).

Sim ilarly, disappearance o f  the local early w ave and deform ation o f the 
P  w ave were observed after phenol in filtration , stim ulus generation  then  
seem ed to  originate from  the right atrium  instead o f the sinus node.
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F ig . 3. E ffe c t of electric s t im u la t io n  o f th e  sinus node on  th e  lo ca l e a rly  w ave. P a p e r  reco rd ing  
sp e e d : 100 m m /s; 1 mV =  25 m m . E p ic a rd ia l e lec tro g ram s: u p p e r  line  =  r ig h t au ric le ; b o tto m  
lin e  =  p ro x im ity  of th e  sin u s n o d e . D u rin g  th e  a c t iv ity  o f th e  sinus node, a n  e a rly  w ave 0  
c o u ld  b e  reco rded  from  its  p ro x im i ty .  D uring  e lectrica l s t im u la tio n  of th e  r ig h t a tr iu m  (th ird  
b e a t )  n o  e a r ly  wave can  be seen  p r io r  to  th e  P  w ave; th e  sp ik e  (S) is im m ed ia te ly  follow ed b y

th e  P  w av e  and  th en  b y  th e  R  w ave

F ig . 4. A lte ra tio n  of th e  loca l e a r ly  w av e  of th e  sinus node  a f te r  loca l ap p lic a tio n  of adenosine . 
P a p e r  re co rd in g  speed: 10Э m m /s ; 1 mV =  20 m m . E p ic a rd ia l  e lec tro g ram s: u p p e r  line  =s 
le f t  a t r iu m ;  m iddle line =  im m e d ia te  p ro x im ity  of th e  s in u s n o d e ; b o tto m  line =  r ig h t  auric le . 
T h e  re c o rd  on  the  left w is ta k e n  d u r in g  th e  a c tiv ity  o f th e  s in u s  node: a  well v isib le  ea rly  
w av e  a p p e a rs  in  th e  m iddle lin e  ( re c o rd  fro m  a region n e a r  th e  s in u s  node). R ecord  on  th e  r ig h t 
w as t a k e n  a f te r  in jecting  a d en o s in e : as a n  effect, m ark ed  b ra d y c a rd ia  a n d  ju n c tio n a l rh y th m  

appear. N o e a r ly  lo ca l w ave can  be seen  b e fo re  th e  P  w ave

Discussion

Recording of sinus node depolarization w ould  greatly  prom ote the study  
o f cardiac arrhythmias. R ecord ing  of the a c tiv ity  o f  the sinus node or o f  its 
surroundings would allow  to  distinguish a sinoatria l block from a sinus 
arrest due to  the lack o f  im p u lse  initiation in  th e  sinus node. It w ould also
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allow to  differentiate betw een a tachycardia originating in the sinus node and 
in  the atrium . A  sinus node re-entry tachycardia  would also be recognized. 
Recording o f the early w ave preceding the P  w ave and indicative o f  th e  activ ity  
o f  the sinus node allows the exact m easurem ent o f the sinoauricular conduc­
tion  tim e. Up to  now the conduction tim e from  sinus node to atrium  has been  
m easured in  an indirect w ay, b y  applying an early atrial stim ulus (N arula  
et al. [ И ] ;  Str a u ss  et al. [13]). N either o f  these m ethods is reliable, and the  
application o f early atrial stim ulus is n ot even  theoretically appropriate to  
m easure the real sinoatrial conduction tim e (L u  et al. [10]; B o n k e  et al. [3]; 
B oum an  et al. [4]; A n d e r so n  et al. [1]).

Several different attem pts have been  m ade to  record the a c tiv ity  of 
the sinus node. The first procedure consisted  in  recording the action  potential 
o f  the sinus node in perfused sinus node — right atrium preparation (B onke 
et al. [3]; B ouman et al. [4]; D orticos e t al. [7]) The m ethod is technically  
difficu lt and has the drawback th at it  does n o t allow recording on th e  beating  
heart.

For the analysis o f arrhythm ias one or several electrodes are introduced  
in to  th e  right atrium . The electrodes are directed towards and fix ed  to  the 
corner o f the superior vena cava and th e  right atrium ; under such conditions, 
th e  atrial ECG can be led from the im m ediate proxim ity o f the sinus node. 
B y  appropriate am plification, several authors succeeded in recording a wave 
accom panying early sinus node a ctiv ity  and appearing before th e  P  wave 
(Ca stillo  et al. [5]; H ombach  et al. [9 ]; H a rim a n  et al. [8]; B e t h g e  et al. 
[2]; P a sa pia  et al. [12]). It is rather d ifficu lt to  place and fix  th e  electrode 
near the sinus node; therefore, the m easurem ents are not alw ays reliable and 
not alw ays reproducible.

The third m ethod consists in sew ing th e  electrodes in  the neighbourhood  
o f the sinus node and recording the local, early, waves. Cram er  et al. [6] 
m ainly  used bipolar electrodes in their dog experim ents, overbridging thereby  
the territory o f  the sinus node. T hey could record a local a c tiv ity  before the 
P  w ave sim ilarly to  the early w ave recorded in our present experim ents.

The present results together w ith  th e  m entioned data in  th e  literature  
show ed th at w ith  an appropriate techn ique a local early w ave corresponding 
to  the activ ity  o f  the sinus node can be recorded in  its proxim ity . This wave  
is a reliable indicator o f the electrical a c tiv ity  o f the sinus node. Arrest o f the 
sinus node a ctiv ity  b y  adenosine, vaga l stim ulation or phenol infiltration  
leads to  disappearance o f the early w ave. Sim ilarly, no early w ave can be 
recorded w hen the atrium  is driven electrically .

M oving aw ay from the sinus node th e  early wave becom es less and less 
recordable; fin a lly , it  disappears, i.e. m erges into the P w ave (F ig . 5). The 
sinoauricular conduction tim e is short in  the dog, about 20—40 ms under 
norm al conditions. System atic recording o f  the close local a c tiv ity  o f  the sinus
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node and im provem ent o f th e  technique o f  such recording will allow an ex a ct  
stu d y  o f  b oth  the pacem aker a c tiv ity  and the auricular stim ulus conduction  
o f  th e  sinus node.

F ig . 5. T h e  change  of th e  p o sitio n  o f  th e  loca l early  w ave o f  th e  sinus node. P a p e r  re co rd in g  
speed : 100 m m /s; 1 mV =  20 m m . E p ic a rd ia l  e lec tro g ram s: to p  line =  left a tr iu m ; m id d le  
line  =  im m e d ia te  p ro x im ity  of th e  s in u s node; b o tto m  lin e  =  r ig h t a tr iu m , 6 cm  fro m  th e  
sinus n o d e  reg io n . E a rly  w ave { ) / )  c an  be d e tec ted  before th e  a tr ia l  P  wave in  th e  s in u s n o d e  
reg ion . T h e  e a r ly  w ave will be m e lted  in to  th e  lo ca l—r ig h t  a tr ia l  —P  w ave b y  m o v in g  a w ay

fro m  th e  sinus node region]
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THE ROLE OF THE MYOCARDIAL WATER 
CONTENT IN HEART FUNCTION

G. P o g á t s a , Mária Zsófia K o i / t a i  a n d  G. Grósz

RESEARCH UNIT, NATIONAL INSTITUTE OF CARDIOLOGY, BUDAPEST

(R e c e iv e d  O c to b e r  2 6 , 1981)

I n  p re v io u s  e x p e r im e n ts  a  c o n s id e ra b le  in t e r s t i t i a l  o ed em a  d e v e lo p e d  a f te r  
m y o c a rd ia l  in f a r c t io n  fo llo w ed  b y  th e  in fu s io n  o f  6 m m o l/k g /m in  n o re p in e p h r in e  la s t in g  
fo r  10 m in  in  t h e  2 n d  a n d  4 8 th  h o u rs  as w e ll a s  a f t e r  a  60 m in  p e r io d  o f  v e n t r ic u la r  
f ib r i l la t io n  d u r in g  c a rd io p u lm o n a ry  b y p a s s . O n  th e  o th e r  h a n d  m y o c a rd ia l  d e h y d r a t io n  
w a s  in d u c e d  b y  h y p e ro s m o la l i ty  o f  3 2 0 -4 7 0  m O sm /1  c a u se d  b y  m a n n i to l  o r  g lucose  
a f t e r  p a n c r e a te c to m y .  A  close b il in e a r  c o r r e la t io n  w a s  fo u n d  b e tw e e n  th e  m y o c a rd ia l  
w a te r  c o n te n t  a n d  th e  in c re a se  o f  v e n t r ic u la r  d ia s to l ic  s tif fn e ss . I t  w as f u r t h e r  e s ta b ­
lish e d  t h a t  t h e  in c re a se  o f  v e n t r ic u la r  s t if fn e s s  is  fo llo w e d  b y  a d e c re a se  o f  t h e  c a rd ia c  
o u tp u t  in d e x  m e a s u re d  d u r in g  le f t  v e n t r i c u la r  a f te r lo a d .  T h e  c a rd ia c  o u t p u t  in d e x  
w a s  lo w e r  a f t e r  m y o c a rd ia l  in f a rc t io n  a n d  p a n c r e a te c to m y  th a n  d u r in g  c a rd io p u lm o ­
n a r y  b y p a s s  o r  m a n n i to l - t r e a tm e n t .  O f c l in ic a l  im p o r ta n c e  is th e  f a c t  t h a t  v e n t r ic u la r  
p e r fo rm a n c e  d e c re a s e s  w h e n  m y o c a rd ia l  w a te r  c o n te n t  e x cee d s  o r d o es  n o t  r e a c h  th e  
v a lu e  o f  7 6 0 -7 9 0  g  w a te r  p e r  1000 g m y o c a rd iu m .

E levated diastolic stiffness of the ventricular -wall plays an im portant 
role in a num ber o f heart diseases such as asym m etric septum  hypertrophy  
[8, 9 ], diabetic cardiom yopathy [11, 18], angina pectoris [1] and m yocardial 
infarction [2, 3, 5, 10]. R ecently  we have show n th at left ventricular diastolic  
stiffness is elevated  in  m yocardial oedem a [12, 13, 14] and m yocardial dehydra­
tion  [15, 16, 17]. The aim o f the present stu d y  was therefore to dem onstrate  
a universally valid  correlation betw een tissu e  w ater content and diastolic  
stiffness in the m yocardium  as well as betw een  the latter and ventriculai 
performance.

Methods

I n  th e  s tu d y  45 m o n g re l do g s o f  b o th  se x e s  w e ig h in g  1 0 -2 5  k g  w ere  u s e d . M y o c a rd ia l  
d e h y d r a t io n  w as  in d u c e d  b y  11 m m o l/k g  g lu co se  g iv e n  in  2 o r 3 c o n s e c u tiv e  in tr a v e n o u s  
in je c t io n s  in  6 p a n c re a te c to m iz e d  a n im a ls . T h is  d o se  o f  g lu co se  in d u c e d  a  h y p e r o s m o la l i ty  
r a n g in g  b e tw e e n  3 2 0 -4 7 0  m O sm /1 . S ince  in s u l in  in f lu e n c e s  th e  d e h y d ra t in g  e f fe c t  o f  g lu co se , 
[16] p a n c r e a te c to m y  w a s  p e r fo rm e d  in  th e s e  (n  =  10) a n im a ls .  H a e m o d y n a m ic  in v e s tig a t io n s  
w e re  c a r r ie d  o u t  h a l f  a n  h o u r  a f te r  p a n c r e a te c to m y . I n  a n o th e r  g ro u p  o f  a n im a ls  h y p e ro s ­
m o la l i ty  o f  3 2 0 -4 7 0  m O sm /1  w as  in d u c e d  b y  2 .7 4 5 -5 .4 9  m m o l/k g  o f  m a n n i to l  [1 6 ]. M y o c a rd ia l  
o e d e m a  w as in d u c e d  p a r t l y  b y  i .v . in fu s io n  o f  6 n m o l/m in /k g  n o re p in e p h r in e  fo r  10 m in , 
p e r fo rm e d  2 o r  48 h o u r s  a f t e r  l ig a t io n  o f  th e  le f t  a n te r io r  d e sc e n d in g  c o ro n a ry  a r t e r y  in  7 a n d  6 
a n im a ls ,  re s p e c tiv e ly , a n d  p a r t l y  b y  e m p ty  b e a t in g  o r  f ib r i l la t in g  h e a r ts  dm ring  c a rd io p u lm o ­
n a r y  b y p a s s  fo r  60 m in  in  17 a n im a ls . T h e  d a t a  f ro m  8 in t a c t  a n im a ls  s e rv e d  a s  c o n tro ls .

M y o c a rd ic a l  w a te r  c o n te n t  w as d e te rm in e d  b y  d r y in g  th e  tis s u e  to  c o n s t a n t  w e ig h t 
a n d  e x p re s s e d  a s  a  p e r c e n ta g e  o f  th e  to t a l  w e t w e ig h t .  T h e  d ia s to lic  s tif fn e ss  o f th e  l e f t  v e n t r ic ­
u la r  w a ll w as c h a r a c te r iz e d  b y  th e  v a lu e  fo r  t h e  l e f t  v e n t r ic u la r  p ass iv e  e la s t ic  m o d u lu s ,
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w h ic h  w a s  c a lc u la te d  b y  th e  m o d if ie d  m e th o d  o f D ia m o n d  a n d  F o r r e s t e r  [2 ]. T h is  m o d i­
f i c a t i o n  b y  g r a d u a l  b lo c k in g  o f  t h e  f lo w  in  th e  d e s c e n d in g  a o r ta  b y  a  s te p -b y - s te p  i n f la te d  
e m b o le c to m y  c a th e te r  in t ro d u c e d  th r o u g h  th e  fe m o ra l  a r t e r y  a llo w ed  to  m e a s u re  t h e  c o r re la ­
t i o n  o f  z d P /d V  a n d  th e  m e a n  i n t r a v e n t r i c u l a r  d ia s to lic  p r e s s u re  in  a  w id e  r a n g e  [6 ]. S in c e  th e  
p r e s s u r e - v o lu m e  r e la t io n s h ip  is  n o t  e x p o n e n t ia l  a t  lo w  p re s s u re ,  d a t a  o b ta in e d  a t  a  p r e s s u re  
o f  le s s  t h a n  333 P a  w ere  n e g le c te d . P re s s u re s  w ere  m e a s u re d  w ith  S ta th a m  g a u g e s  (p 2 3 D b )  
t h r o u g h  r ig id  c a th e te r s  in t ro d u c e d  in t o  th e  a s c e n d in g  a o r t a  a n d  th e  le f t  v e n t r i c u la r  a p e x .  
C a rd ia c  o u t p u t  w as m e a s u re d  b y  t h e  th e r m o d ilu t io n  m e th o d  [4 ]. T h e  c a lc u la t io n s  w e re  c a r r ie d  
o u t  u s in g  l in e a r  a n d  b il in e a r  r e g re s s io n  a n a ly s is . T h e  l a t t e r  w as  c a lc u la te d  b y  t h e  m e th o d  o f  
K u b in y i  a n d  K e h r h a h n  [7].

Results

Com paring the data o f  anim als w ith m yocardial oedema to  those o f  the  
co n tro ls, a close linear correlation (y  =  0.0358л: — 2.6939; г =  0.6247; n =  41) 
w as fo u n d  between the passive elastic m odulus and the m yocardial w ater  
c o n te n t in  the left ventricular w all. Thus the increase of the m yocardial w ater  
c o n ten t is followed b y  a proportional elevation  o f the value o f th e  passive  
e la stic  m odulus. On the other hand, by pooling th e  data obtained in m yocardial 
d eh y d ra tio n  and in the control sta te , an inverse linear correlation (у  =  0.0448л: 
-)- 3 .5 5 0 2 ; r =  0.9405; n =  24) could be dem onstrated betw een th e  above  
p aram eters. The decrease in m yocardial w ater content increased the values  
o f th e  le ft  ventricular passive elastic m odulus. Considering the diverse a ltera­
tion s o f  m yocardial water con ten t, a close bilinear correlation was observed  
b etw een  th e  tissue water con ten t and the passive elastic modulus (F ig . 1). 
This phenom enon is referring to  the dependence o f  myocardial diastolic e la stic i­
t y  on  th e  m yocardial w ater con ten t. As show n in  F ig. 1, the sm allest d iastolic  
stiffn ess o f  the m yocardial w all coincides w ith  a normal tissue water content 
and m yocardial diastolic stiffness, characterized b y  the values o f  passive  
elastic  m odulus, increases im m ediately  when th e  tissue water content deviates  
from  th e  normal level.

T he functional state  o f  th e  m yocardium  was characterized in  all e x ­
p erim en ta l groups by the cardiac output index m easured during left ventricular  
after load , i.e . when the flow  w as blocked by m eans o f  an inflated em bolectom y  
ca th eter  (Table I). Left ventricular performance was significantly decreased  
in  all experim ental groups excep t in the anim als w ith  em pty beating heart 
during cardiopulm onary bypass. This could be explained b y  the fact th a t  
their m yocardial contractility  w as damaged to  a lesser extent and the in tersti­
tia l oed em a was slight in  th ese  cases. The correlation between the passive  
elastic  m odulus, characteristic o f  left ventricular diastolic stiffness, and the  
cardiac ou tp u t index during le ft ventricular afterload dem onstrated th a t the  
cardiac ou tp u t index always dim inished w hen th e  left ventricular d iastolic  
stiffn ess increased (Fig. 2). As show n in Fig. 2, tw o curves for correlation— 
b oth  in clu d in g  the control dogs — had to be ta k en  separately am ong th e  ex ­
p erim en ta l animals. Several groups (two w ith  m yocardial infarction and the
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ml"'

F ig .  1 . B il in e a r  c o r re la tio n  b e tw e e n  t is s u e  w a te r  c o n te n t  a n d  p a s s iv e  e la s t ic  m o d u lu s  in  th e  
l e f t  v e n t r ic u la r  m y o c a rd iu m . О  c o n tro l  a n im a ls ; □  a n im a ls  w i th  g lu c o s e - in d u c e d  h y p e r -  
o s m o la l i ty  a f t e r  p a n c r e a te c to m y ;  ■  a n im a ls  w i th  m a n n i to l - in d u c e d  h y p e ro s m o la l i ty ;  О  a n i ­
m a ls  t r e a t e d  w i th  n o re p in e p h r in e  2 h o u rs  a f te r  c o ro n a ry  a r t e r y  lig a tio n ;  #  a n im a ls  t r e a t e d  
w i th  n o re p in e p h r in e  48 h o u r s  a f t e r  c o ro n a ry  a r t e r y  l ig a t io n ;  Д  a n im a ls  w i th  e m p ty  b e a t in g  
h e a r t s  d u r in g  c a rd io p u lm o n a ry  b y p a s s ;  ▲ a n im a ls  w i th  e m p ty  f ib r i l la t in g  h e a r t s  d u r in g

c a rd io p u lm o n a ry  b y p a s s

ml.min"', kg'*

F ig .  2 .  In f lu e n c e  o f v e n t r i c u la r  d ia s to lic  s tif fn e ss  o n  th e  c a rd ia c  o u tp u t  in d e x  d u r in g  le f t  
v e n t r i c u la r  a f te r lo a d . L e g e n d s  se e  in  F ig . 1
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Table I

C a rd ia c  o u tp u t  in d e x  f r o m  a ll  e x p e r im e n ta l g r o u p s  o f  the s tu d y

Groups

Cardiac o u tpu t 
index during le ft 

ventricular 
afterload

n

o 153 ±  9b 8

□ 46 ±  7b 6

■ 57 ±  8b 10

о 70 ±  3b 7

• 94 ±  10“ 6

Д 126 ±  14b 8
A 73 ±  4b 9

n  =  n u m b e r  o f  a n im a ls
T h e  sign ificance  r e la t iv e  t o  c o n tro l  v a lu e s  is  in d ic a te d  b y  a : p  <  0 .0 1 ; b :  p  <  0.001 

S y m b o ls  see  in  F ig . 1

pancreatectom ized  one w ith  glucose-induced hyperosm olality) show ed a lower 
card iac output index th an  did the rem aining groups. According to  th e  figure, 
no difference in cardiac o u tp u t index was found between the tw o coronary  
in fa rctio n  groups, independently  of the fact th at norepinephrine w as adm in­
istered  2 or 48 hours after th e  ligation.

D iscussion

I t  is a common feature o f  biological phenom ena that the optim um  func­
tio n  o f  an organ is ensured so le ly  when im portant characteristics do not deviate  
from  th e ir  normal levels. This kind o f correlation could also be dem onstrated  
in  our observation betw een tissue w ater con ten t and m yocardial diastolic  
stiffn ess .

Our earlier investigations [12, 13, 14, 15, 16, 17] have confirm ed the  
o b servation  of S k e l t o n  [19] and have shown th at m yocardial w ater content 
n orm ally  ranges between ex trem ely  close lim its and 100 g of w et m yocardium  
con ta in s under normal circum stances 77.8 +  1.0 g water. This ind icates that 
the n orm al tissue water con ten t is m aintained in the myocardium  b y  a very  
sen sitiv e  regulatory m echanism . According to  our findings the va lue o f  left 
ven tr icu lar  passive elastic m odulus increases and accordingly the com pliance  
o f th e  le ft  ventricular w all decreases w hen the myocardial w ater content 
exceed s or does not reach th e  values o f 760—790 g in  1000 g m yocardium , 
in d ep en d en tly  of how an elevation  o f the left ventricular diastolic stiffness 
could  b e reached. We determ ined only the w ater content of the m yocardium , 
and in  th is  w ay only the fact o f  oedem a could be observed, w ithout an y  pos­
s ib ility  to  judge whether the different in terventions on the extra- or in tra­
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cellular space exerted their effects predom inantly. This phenom enon is o f  clin­
ical importance since ventricular performance, i.e . the cardiac output index  
has been found to  decrease when the m yocardial w ater content was higher or 
lower than its norm al level. In  such conditions nam ely the values o f  the  
passive elastic m odulus are elevated  [11, 13, 14, 15, 16, 17].
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COMPARATIVE STUDY OF TRANSITION 
TEMPERATURE IN ADULT AND NEWRORN 

HUMAN RED BLOOD CELLS

S. I m r e , B . Sá r i , I .  T ö rök  a n d  É v a  D vorácsek

DEPARTMENT OF PATHOPHYSIOLOGY, SECOND DEPARTMENT OF MEDICINE 
AND DEPARTMENT OF OBSTETRICS AND GYNAECOLOGY, UNIVERSITY MEDICAL SCHOOL,

DEBRECEN

(R e c e iv e d  N o v e m b e r  10, 1981)

H y p o to n ic  h a e m o ly s is  o f  n e w b o rn  a n d  a d u l t  h u m a n  re d  b lo o d  ce lls  (R B C )  is 
m o re  in te n s iv e  a t  4 t h a n  a t  37 °C. N e w b o rn  R B C  a re  m o re  r e s is ta n t  t o  t h e  d e c re a se  
o f  t e m p e r a tu r e  t h a n  a d u l t  R B C . T ra n s i t io n  t e m p e r a tu r e  o f  th e  R B C  m e m b r a n e  c a n  
w ell b e  d e te rm in e d  b y  i l lu s t r a t in g  o sm o tic  h a e m o ly s is  a s  a  fu n c t io n  o f  t e m p e r a tu r e .  
T h is  p a r a m e te r  c h a ra c te r iz e s  w ell t h e  m ic ro v is c o s ity  o f  th e  m e m b ra n e . T h e  in c l in a t io n  
p o in t  o f  A r rh e n iu s  c u rv e s  r e p re s e n t in g  t r a n s i t io n  te m p e r a tu r e  o c c u r re d  a lw a y s  a t  
25 °C b o th  in  th e  case o f  a d u l t  a n d  n e w b o rn  R B C . T h e  s im ila r i ty  o f  t h e  t r a n s i t i o n  
t e m p e r a tu r e  in d ic a te s  th e  s im i la r i ty  o f  m e m b ra n e  m ic ro v is c o s ity  o f  n e w b o r n  a n d  
a d u l t  h u m a n  R B C .

Surface com ponents o f the adult hum an red blood cell (RBC) m em brane  
are practically  im m obile in the plane o f the membrane [9]. A ntibodies and 
lectins bind to  the surface receptors o f  the normal RBC, but in contrast to  
other cells, th ey  do not induce redistribution or endocytosis o f  th ese recep­
tors [3].

The properties of hum an RBC are different in  the newborn. E n d ocytosis  
can be provoked in  newborn RBC b y  antibodies specific for blood group “ A ” 
[2]. This find ing agrees w ell w ith  th a t o f  Sch ek m a n  and Sin g e r  w ho found  
th a t lateral m obility of certain receptors and antigens is higher in  th e  new born  
than  in  th e  adult cell [11].

The question arises w hat can be the cause o f  these differences found in  
the lateral m obility o f the receptors. One possible explanation is th e  lower 
v iscosity  o f  the lipid layer in  the newborn cell membrane. The tem perature  
dependence o f the osm otic resistance o f  RBC was studied in one o f  our previous 
works [7]. The illustration o f osm otic haem olysis as the function o f tem perature  
m ade th e  determ ination o f transition  tem perature possible. M icroviscosity  
o f the mem brane can be well characterized b y  this param eter. T he lower 
v iscosity  o f  the young ca lf RBC mem brane compared to adult ca ttle  RBC  
could be verified by this m ethod.

The present experim ents were designed to stu d y  the transition  tem pera­
ture o f  hum an RBC in newborns and adults b y  analysing th e  tem perature  
dependence o f  the osm otic resistance o f  RBC.
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M aterials an d  M ethods

R e d  b lo o d  ce lls (R B G s )  r e m o v e d  f ro m  10 h e a l th y  n e w b o rn  b a b ie s  a n d  15 a d u l t  m e n  
a n d  w o m e n  (20 to  60 y e a r s  o ld )  w ere  w a sh e d  [5] a n d  0.1 m l p o r t io n s  o f  t h e i r  30% s o lu tio n  
w e re  a d d e d  to  a  se ries  o f  h y p o to n ic  so lu tio n , 4 m l e a c h .  H y p o to n ic  so lu tio n s  o f  210, 190, 170, 
150, 130 a n d  110 im O sm  o s m o t ic  s t r e n g th  w ere  p r e p a r e d  f ro m  a  N aC l so lu t io n  c o n ta in in g  
10 m M  V e ro n a l N a  — HG1 b u f f e r  ( p H  7.4). I n c u b a t io n  w a s  c a r r ie d  o u t  fo r  15 min a t  4, 9, 16, 
25, 30 a n d  37 °C. A f te r  i n c u b a t i o n  th e  m ix tu re  w a s  c e n t r i f u g e d  a t  1000 g  fo r  3 m in  a t  0-4  °C, 
a n d  t h e  h a e m o g lo b in  c o n t e n t  o f  th e  s u p e r n a ta n t  w a s  d e te r m in e d  b y  a  s p e c t ro p h o to m e te r  
a t  540 n m . T h e  e x te n t  o f  h a e m o ly s is  w as e x p re s s e d  a s  p e r  c e n t  o f  t o t a l  h a e m o ly s is  o b ta in e d  
a f t e r  t r e a t m e n t  o f  th e  R B G  su s p e n s io n  b y  T r i to n  X -100 (0.3 m g /m l).

R esults

H ypotonic haem olysis of both the new born and adult RBCs was more 
pronounced at 4 th an  at 37 °C (Figs 1 and 2). The shape o f the haem olysis 
cu rve was very sim ilar in  newborns and adu lts, w hich  was obvious also from

F ig .  1 .  O sm o tic  h a e m o ly s is  o f  n e w b o rn  h u m a n  r e d  b lo o d  ce lls  a t  4  a n d  37 °C. H a e m o ly s is  
e x p r e s s e d  a s  p e r  c e n t  o f  t o t a l  h a e m o ly s is  a n d  i l l u s t r a t e d  a s  t h e  fu n c t io n  o f  o s m o tic  s t r e n g th

o f th e  N aC l s o lu t io n

[imOsm]

F ig .  2 .  O s m o tic  h a e m o ly s is  o f  a d u l t  re d  b lo o d  ce lls a t  4 a n d  37 °C. H a e m o ly s is  e x p re s s e d  a s  
p e r  c e n t  o f  to t a l  h a e m o ly s is  a n d  i l lu s t r a te d  a s  th e  f u n c t io n  o f  o sm o tic  s t r e n g th  o f  t h e  N aC l

so lu tio n
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the fact that there w as no great difference betw een  the haem olysis value at 
4 and 37 °C at both  ends o f  the curve (i.e. at 210 and 110 im O sm  osm otic  
strength). In  other words the effect o f  tem perature was negligible at m inim um  
and m axim um  haem olytic rates.

Analysing the interm ediate part o f the curve (150 imOsm) it  is essential 
to  note that the difference betw een the haem olytic rates at 4 and 37 °C was 
significantly more pronounced in adult RBC (F ig . 3). This difference could 
be explained b y  the fact th a t newborn RBCs w ere more resistant to  the de­
crease o f  tem perature during hypotonic haem olysis than  adult R BC .

Illustrating the haem olytic rate as the function  o f tem perature in  150 
imOsm NaCl solution, Arrhenius lines could be constructed  (F ig. 4). Inflection  
points o f these lines occurred at 25 °C both in  th e  case o f newborn and adult 
RBC.

F ig .  3 . H a e m o ly s is 'o f  n e w b o rn  a n d  a d u l t  h u m a n  r e d  b lo o d  ce lls  a t  4 a n d  37 °C in  150 im O sm  
N a d  so lu t io n . H a e m o ly s is  e x p re sse d  a s  p e r  c e n t  o f  t o t a l  h a e m o ly s is

---------1-------- 1------ 1------------ 1___1________ I I I I I_____________

£ 0  3 6  3 2  2 8  2U  2 0  1 6  12  8  U 0 T  ° C

F ig .  4 . E ffe c t o f  t e m p e r a tu r e  o n  o sm o tic  h a e m o ly s is  o f  n e w b o rn  a n d  a d u l t  h u m a n  r e d  b lo o d  
ce lls  in  150 im O sm  N a C l s o lu t io n .  H a e m o ly s is  e x p re s s e d  a s  p e r  c e n t  o f  t o t a l  h a e m o ly s is  a n d  

a s  a  f u n c t io n  o f  in c u b a t io n  t e m p e r a tu r e
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Discussion

T he greater m o b ility  o f  membrane receptors and antigens suggest 
low er m icroviscosity o f  th e  new born RBC m em brane. Previous studies revealed  
a low er transition tem perature o f  calf RBCs th an  o f adult cattle  R BC s [7]. 
L ow er transition tem perature indicates reduced m icroviscosity.

K ehry  et al. [8] com pared the m icroviscosity  o f the new born and 
a d u lt RBC membranes b y  fluorescence polarization technique. Their experi­
m en ts  showed negative resu lts , i.e. there w as no difference in  th e  micro­
v isc o s ity  o f the tw o m em branes. Our results are not in contradiction  with  
th o se  o f  K eh ry  et al. A lth ou gh  the higher osm otic resistance o f  newborn  
R B C s a t low  tem perature in d ica tes increased mem brane flu id ity , th e  transi­
t io n  tem perature—characterizing m icroviscosity—was similar in the newborn  
and ad u lt RBCs.

A l o n i et al. [1] found  w ith  the same technique that transition  tem pera­
tu re o f  adult RBCs w as 25 °C; th ey  did not stu d y  newborn RBCs.

I t  is very difficult to  exp la in  that the m icroviscosity, m easured either 
b y  fluorescence or by osm otic  resistance technique, was not different in  the 
cases o f  newborn and ad u lt RBC s.

K e h r y  et al. criticized  their own m ethod. According to  their opinion  
th e  fluorescence probe b y  perylene gives inform ation only about th e  state  of 
th e  in terior hydrocarbon la y er  and it is not su itab le for the m easurem ent 
o f  m icroviscosity o f the w h ole membrane and especially o f  its  surface 
layers.

In  contrast to the o ld  concept explaining m icroviscosity on ly  on the 
b asis o f  the lipid com position  o f membranes, th e  new  concept in vo lves the 
fo llo w in g  factors as well: lip id  com position, lip id—protein interactions, phos­
p h ory la tion  state and conform ation  of A T P-dependent mem brane proteins 
and th e  presence of d iva len t cations [12].

Sim ilar to A l o n i  we a lso  believe that the analysis o f the tem perature  
dep en d en ce of osm otic resistan ce  provides va luab le inform ation about the  
m icrov iscosity  of the protein—lipid boundary region rather than  a b o u t that 
o f  th e  inner lipid layer. In  th is  case cellular A T P content and Mg/Ca ratio 
are o f  particular im portance [12]. The 10 tim es higher ATP content [6] and 
th e  h igh er Mg2+ concentration  [5] o f  the new born ca lf RBC m ay exp la in  the 
low er m icroviscosity o f  th e  protein—lipid boundary region [7]. Such a great 
difference in  ATP or Mg co n ten t o f newborn and adult hum an RBCs has not 
been  fou n d  so far [10, 4].

T his fact m ay explain  th a t , w ithout further developm ent o f  th e  tech ­
n ique, no difference w ill be fou n d  between the transition  tem perature, i.e. 
m icrov iscosity  of the lipid—protein  boundary region, o f adult and newborn  
R B C s.
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COMPABATFVE STUDY ON THE ACUTE 
EFFECTS OF BFNZENE, TOLUENE AND 

m-XYLENE IN THE[ BAT

K atalin  Á . P a k s y , J. M o i n á b , M. N a e a y  and G yöngyi B a e c z a

NATIONAL INSTITUTE OF OCCUPATIONAL HEALTH, BUDAPEST, HUNGARY

(R e c e iv e d  N o v e m b e r  17, 1981)

S o lv e n ts  -were te s te d  fo r  tb e i r  in f lu e n c e  o n  m o t iv a t io n a l  s t a te ,  a s  w ell a s  fo r  
t h e i r  s e d a t iv e  e f fe c ts , a f t e r  in t r a p e r i to n e a l  a d m in is t r a t io n .  T h e  fo llo w in g  te s ts  w ere  
n s e d :  o p e n  f ie ld  ( e x p lo ra to ry  a c t iv i ty ,  lo c o m o tio n ) , a c t iv i ty  w h ee l ( ru n n in g  a c t iv i ty ) ,  
tu b e  t e s t  a n d  t i l t e d  p la n e  (m u sc le  w e a k n e ss , in c o o rd in a t io n ) .

T h e  a g e n ts  p ro v e d  t o  b e  s im ila r  in  c a u s in g  m u sc le  w e a k n e ss  a n d  a t a x y  a lr e a d y  
a t  lo w  d o se  le v e ls . B e n z e n e  w as th e  m o s t  p o te D t in  th is  r e s p e c t .  T h e  th r e e  so lv e n ts , 
h o w e v e r , c o n t r a s te d  s t ro n g ly  in  in f lu e n c in g  m o to r  a c t iv i ty .  W h ile  b e n z e n e  a n d  e sp e c ia lly  
to lu e n e  e x e r te d  C N S  s t im u la t io n ,  n o  su c h  e f fe c t  c o u ld  h e  d e te c te d  fo llo w in g  m -x y le n e  
t r e a tm e n t .  O n  th e  b a s is  o f  h u m a n  e x p e r ie n c e s  w ith  th e s e  su b s ta n c e s  i t  m a y  b e  su g g e s te d  
t h a t  th e  sc re e n in g  p ro c e d u re  a p p lie d  in  r a t s  m ig h t  b e  u se fu l fo r  p r e d ic t in g  a c u te  a d v e rse  
e f fe c ts  in  m a n .

A t the tim e being industrial so lvents are generally know n as central 
nervous system  depressants. D epending upon the level o f exposure, however, 
there are certain differences in the CNS profile o f the substances. This fact 
m ight he o f great im portance not on ly  concerning the hygienic aspects but 
also the increasing abuse o f these agents (“ glue sniffing” ). Inhalation  o f toluene  
preceding narcosis is know n to  cause euphoria, exhilaration, excitem en t and 
drunkenness [9, 10, 2 ], w hile no such experiences are available w ith  xylene  
exposure.

A  revision o f  our know ledge about the CNS effects o f so lvents is required 
and there is a need to  find  suitable m ethods to  differentiate am ong solvents  
regarding their acute effects in anim als. Taking into consideration th a t the  
acute effects o f  organic solvents are transitory ow ing to  their rapid élimina tien , 
a test b attery was developed in our laboratory for rats vdiich allows the anal­
ysis o f m otivational states as well as the assessm ent o f certain sedative effects, 
such as incoordination and muscle w eakness, w ith in  a very  short tim e. The 
screening battery  consists o f  several sim ple tasks possible to  com plete w ithout 
training procedure. The va lid ity  o f the m ethod was proved b y  three com m only  
used arom atic so lvents, applied intraperitoneally.

Methods

A n im a l s .  C F Y  m a le  w h ite  r a t s  o b ta in e d  f ro m  th e  L Á T I  (G ö d ö llő , H u n g a r y )  b re e d in g  
c o lo n y  w ere  h o u se d  in  g ro u p s  o f  t e n  in  w ire  m e sh  c a g e s  o f  3 6 x 3 0 x 5 0  c m . A  s ta n d a r d  r a t  
d ie t  in  p e lle ts  a n d  t a p  w a te r  w ere  a v a ila b le  a d  l i b i tu m .  E x p e r im e n ts  w e re  p e r fo rm e d  in  a n i-
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m a is  r e a c h in g  a n  age  o f  8 w e e k s  a n d  w e ig h in g  a b o u t  200 g . R a ts  w ere  t r a n s f e r r e d  t o  th e  
l a b o r a t o r y  30 m in  b e fo re  th e  e x p e r im e n ts ,  a lw a y s  b e tw e e n  8 .3 0  a n d  11.30 a .m .

M a te r ia l s ,  dosage . B e n z e n e  ( B io g a l ,  H u n g a ry ) ,  to lu e n e  (B io g a l) ,  a n d  m -x y le n e  (R e a c h im , 
U S S R )  w i th  d e c la re d  h ig h  a n a ly t i c a l  p u r i t y  w a s  u se d . T h e  a g e n ts  w ere  d i lu te d  w i th  s u n ­
f lo w e r  o i l  a n d  in je c te d  in t r a p e r i t o n e a l ly  30 m in  p r io r  to  t h e  e x p e r im e n ta l  se ss io n . C o n tro l  
a n im a ls  r e c e iv e d  th e  v e h ic le  a lo n e . A t  le a s t  f iv e  d o se  le v e ls  f o r  e a c h  c o m p o u n d  w e re  t e s te d .  
S t a t i s t i c a l  e v a lu a t io n  w as p e r fo r m e d  w i th  S tu d e n t ’s t  t e s t .

T h e  t e s t s  a p p lie d  w ere  a s  fo llo w s :
M o d i f i e d  o p en  f ie ld .  T h e  a p p a r a t u s  c o n s is te d  o f  a  c i r c u la r  f l a t  a r e a  (45 c m  in  d ia m e te r )  

e n c lo s e d  w i th  a  c a rd b o a rd  w a ll (2 5  c m  h ig h ) , w h e re  t h e  a n im a l  c o u ld  m o v e  f re e ly  o n  th e  
p e r ip h e r y  b u t  w as p re v e n te d  f ro m  c ro s s in g  th e  m id d le  p a r t  o f  th e  f ie ld  b y  a  c e n t r a l ly  p la c e d  
c y l in d e r  (1 5  c m  in  d ia m e te r  a n d  25 c m  h ig h ) . T h e  f lo o r  b e tw e e n  th e  in n e r  a n d  o u te r  w a ll  w as  
d iv id e d  i n t o  8 se g m e n ts , a n d  th e  w h o le  a r e a  w a s  i l lu m in a te d  b y  a  100 W  la m p  100 c m  a b o v e  
t h e  f lo o r .  T h e  a p p a r a tu s  w as  lo c a te d  i n  a  q u ie t  r o o m  a n d  th e  r a t s  w ere  w a tc h e d  b y  m e a n s  
o f  m i r r o r s .  T h e  tw o  p a r a m e te r s  r e g i s te r e d  in  th e  f iv e  m in u te  t e s t  p e r io d  w e re : a m b u la t io n  
i n d i c a t in g  lo c o m o to r  a c t iv i ty  ( th e  n u m b e r  o f  se g m e n ts  c ro sse d ), a n d  r e a r in g  in d ic a t in g  v e r t ic a l  
o r i e n t a t io n .

A c t i v i t y  w h eel. T h e  w h e e l w a s  m a d e  o f  p e r fo r a te d  P le x ig la s s  (28 c m  in  d ia m e te r  a n d  
5 c m  w id e ) .  R e v o lu tio n s  w ere  c o u n te d  b y  a  m e c h a n ic a l  s y s te m  fo r  30 m in .

T i l t e d  p la n e  ( 1 ) .  R a ts  w ere  p la c e d  o n to  th e  ro u g h  s u r fa c e  o f  a  w o o d e n  p la n e  (45  X 70 cm ) 
in c l in e d  a t  a n  an g le  o f  30 d e g re e s . T h e  p la n e  w as t i l t e d  c o n t in u o u s ly  u n t i l  th e  r a t  s lid  d o w n . 
T h e  a n g le  o f  t h e  t i l t e d  p la n e  w a s  r e g i s te r e d .  T h e  m e a n  v a lu e  o f  th r e e  t r ia l s  w as g iv e n .

T u b e  te s t.  A  r a t  w as m a d e  w a lk  in s id e  a  tu b e  (a  d a r k ,  r o u n d  b o x ,  13 c m  lo n g  a n d  7 .4  c m  
in  d i a m e te r )  in  h o r iz o n ta l p o s i t io n . T h e n  th e  tu b e  w as q u ic k ly  tu r n e d  in to  v e r t ic a l  d i r e c t io n  
w i th  t h e  r a t ’s h e a d  u p s id e  d o w n . A n  u n t r e a t e d  r a t  c o r re c te d  i t s  u n u s u a l  p o s it io n  3—5 s . M a x i­
m u m  w a i t i n g  t im e :  20 s.

Results

D o se—response curves for th e  three solvents obtained by the different 
te sts  are presented in Figs 1 through  5.

O pen-field behaviour ( F ig s 1 and 2 ) .  There was a striking difference 
am ong th e  action o f drugs te s ted . D epending on the dose applied to luene  
exerted  tw o  opposite effects. In  a certain dose range a dose-dependent increase

F ig .  1 .  O p e n  f ie ld , a m b u la to ry  a c t i v i t y .  C o n tro l, 1 0 0 % . T h e  d a t a  r e p re s e n t  th e  m e a n  v a lu e s  
o f t e n  r a t s ,  о b e n z e n e , Q to lu e n e , д  m -x y le n e .  L ev e l o f  s ig n if ic a n c e  : a ,  p  <  0 .0 5 ; b ,  p  <  0 .0 1 ;

c , p  <  0 .001
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F ig . 2 . O p e n  f ie ld , r e a r in g  a c t iv i ty .  C o n tro l, 1 0 0 % . S ym bols a s  in  F ig .  1

in  locom otor activ ity  could be recorded and a t lower dose lev e ls  rearing 
a ctiv ity  was also enhanced. Higher doses caused depression in  b o th  tests. 
On th e other hand, depression was the on ly  effect which could be detected  
after the adm inistration o f benzene and m -xylene.

Wheel-running a c tiv ity  (F ig . 3 ) .  Under the influence o f  to lu en e the 
increased open-field am bulation  was accom panied b y  increased w h eel running.

F ig .  3 . P e r fo rm a n c e  o n  th e  a c t iv i ty  w h ee l. C o n tro l ,  1 0 0 % . S y m b o ls  a s  i n  F ig .  1
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F i g .  4 . P e rfo rm a n c e  o n  t h e  t i l t e d  p lan e . C o n tro l, 1 0 0 % . S y m b o ls  as in  F ig .  1

B en zen e  also increased w h eel running up to a certa in  degree, while m -xylene  
h ad  n o  effect at all.

T ilted  plane and tube te s t (F ig s  4 and 5 ) .  A ll th e  three solvents caused  
m u scu lar  weakness, a ta x y  an d  incoordination in terfering w ith  the perform ance 
o f  th e  anim als in both te s ts . T he angle of the t ilte d  plane at w hich rats slid 
d ow n  as w ell as the tim e required  for rats to  correct their inverse position  in 
th e  tu b e  changed in a dose-dependent manner.

W h ile  the relative p o te n c y  o f solvents can h e assessed in Figs 1 through  
5, in  T ab le  I the low est d ose ranges evoking sign ifican t changes in  th e  test

F i g .  5 . P e rfo rm a n c e  in  t h e  t u b e  t e s t .  C o n tro l, 1 0 0 % . S y m b o ls  as in  F ig . 1
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Table I

M in im u m  effec tiv e  d ose  ra n g es  d e te rm in ed  b y  the te s t b a tte ry  3 0  m in  a fte r  th e  a d m in is tr a t io n  o f  so lven ts

Minimum effective doee ranges (mM/kg)
Acute LDt0 values 

(95% confidence 
intervals)

Test

Solvent

Open field, 
ambulation

Open field, 
rearing Tube test Tilted plane Activity wheel

B en zen e 1.7—3.6** 1 1.7—3.6** 1 3 .6—5.2** J 1.7—2.8** \ 1.7 —3.6* t 23.15
(19.35-27.74)

T o lu e n e to 1 О • 5 .8—8.3** 1 2 .7—4.0** \

*COei11—
1 

rH 1.1—2.7* f 24  4Q
(20.49-25.57)

m -X y le n e 5 .6 —8.4** 1 2 .5—3.7** \ 5 .6 —8.4** \ 2 .5 —3.7** 1 n o  e ffe c t 21.06
(18.87-23.49)

T h e  u p p e r  l im it  v a lu e s  o f  th e  m in im u m  e ffe c tiv e  dose ra n g e s  re p re se n t  s ig n if ic a n t d iffe ren ces f ro m  th e  c o n tro ls ; *p <  0 .05 ; **p <  0.01; 
t in c re a se d  a c t iv i ty ;  \  d e c reased  a c t iv i ty
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perform ances can be com pared w ith  the L D 50 values also determ ined in  our 
la b o ra to ry  (unpublished data).

D iscussion

W ith  the aid o f the te stin g  procedure we succeeded in fin d in g  som e 
fea tu res o f  the three substances in vestigated  being in common, as w ell as 
fea tu res o f  com pletely different character.

B en zen e , toluene, as w ell as m -xylene caused muscular w eakness and  
eq u ilib riu m  disturbances. T hese common sym ptom s associated w ith  the  
w ell-k n ow n  sedative effects o f  industrial so lven ts were detected b y  sensory- 
m otor m ethods, such as tilted  plane, tube te st  and at the same doses b y  the  
o p en -fie ld  rearing activ ity . In  th is respect benzene was the m ost p o ten t, 
p rob ab ly  because the in ten sive trem or appearing as a special sym ptom  fo llow ­
ing its  in jections might have influenced the te s t  performance.

C onsidering m otivational sta tes, how ever, to lu en e differed from  th e  other  
so lv en ts  q u alitatively  and q u an tita tive ly  as w ell. Toluene seems to be a central 
nervous system  stim ulant. This stim ulatory action  can be observed already  
at sm all doses and in a w ide range in the open fie ld  am bulation and in  the  
a c t iv ity  w h eel. Benzene also enhanced wheel running activ ity  up to  a certain  
degree, th e  intensive trem or, how ever, m ight h ave suppressed the m an ifesta ­
tion  o f  th e  CNS excitation  in  the wheel. N o sign o f excitation  fo llow ing  
m -xy len e  treatm ent could be detected , the decreased test performances re flec t­
ed th e  predom inance o f a CNS depressant effect.

C oncerning the effects o f  to luene, how ever, we have to  stress th a t the  
ex c item en t measured in the w heel and in  the open fie ld  at low doses is a p h en om ­
enon d ifferen t from the m arked activities at high doses. W hile at low er  
doses a c t iv ity  reflects a stim u lated  exploration  (increased am bulation and  
rearing), th e  increased locom otor activ ity  at higher doses and the absence o f  
vertica l orientation  (rearing) probably  represents stereotypy. This assum ption  
can be confirm ed  by the w heel-running behaviour at high doses, where anim als  
w ith  a h ig h  degree o f a taxy  and muscular w eakness were able to  run th e  
w heel n ea r ly  non-stop w ith  a m axim um  speed. This high activ ity  does not  
represent m uscular strength (w heels are easy  to  drive), on the contrary, 
while in  th e  activ ity  w heel a drive o f  m axim um  speed can be recorded, th e  
perform ance on the tilted  p lane or in  the tu b e m ight be rather poor. This 
type o f  drug action is not new; e .g . Cook  et al. [4] found th at pentobarbital 
stim u la ted  m otor activ ity  even  follow ing doses th a t produced marked a tax ia .

A lth o u g h  extrapolation o f  anim al experim entation  to predictability  in  
man m u st be done carefully, w e assume th at th e  analysis o f the unlearned  
behaviour under the effect o f arom atics m ight be useful for the classification  
of so lv en ts  in  respect o f their acu te adverse effects in  man. The presence or

Acta Physiologica Academiae Scientiarum Hungaricae 59, 1982



A C U T E  E F F E C T S  O F  O R G A N IC  S O L V E N T S 323

absence o f the excita tory  com ponent in the actions seem s to be decisive in  
the assessm ent.

Thus, m -xylene exerted  no stim ulatory effect on the CNS in the rats. 
Sim ilarly, data for an exc ita tory  action in hum ans are also lacking [6]. Benzene, 
and especially toluene produced CNS stim ulation  in experim ental anim als. 
This was in accord w ith  the expectations, since b oth  solvents are know n to  
cause euphoria in m an [3, 6, 7]. Moreover, the pronounced excitatory  effect 
o f  toluene in  the rat resem bles th at of psychom im etics. According to  H orváth 
and F rantik  [8], substances increasing spontaneous m otor a ctiv ity  in  lower 
and medium concentrations and depressing it  on ly  in  very high ones evoke  
euphoria in  man. D amstra  [5] classified toluene as a hallucinogen and Japa­
nese authors [11] stu d y in g  the changes in  the E E G  com ponents after toluene  
exposure suggest th a t th e  persistence o f the rhythm ical hippocam pal w aves 
m ay have some com m on bearings w ith the psychom im etic effect o f  toluene  
in  cats. Toluene was stud ied  b y  W eiss et al. [12] for its capacity  to  m aintain  
self-adm inistration o f  m onkeys in the same w ay as drugs o f abuse.

The test battery  capable o f measuring d ifferent levels o f  excita tion  
and/or depression proved to  be appropriate for screening the acute effects 
o f  solvents following their intraperitoneal adm inistration . The sen sitiv ity  o f  
th e  m ethod can be ju d ged  from the data presented in  Table I. There are 
about five  to tenfold  differences in the m inim al effective doses and L D 50 
values. It is reasonable to  suppose th at sim ilar actions as w ell as similar 
differences in doses (concentrations) are to  be exp ected  in  inhalation  studies. 
T his is, however, going to  be the topic o f a su b seq u en t study.
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UTERO-INHIBIN: A NEW SUBSTANCE 
INHIBITING UTERINE CONTRACTION, 

ISOLATED FROM AMNIOTIC FLUID
A. P a j o r , J . G r ó f , M . I d e i , J. M e n y h á r t  a n d  B . Z s o l n a i

SECOND D EPA RTM EN T O F OBSTETRICS AND GYNAECOLOGY, SEM M ELW EIS U N IV ER SITY  
MEDICAL SCHOOL A ND U N IT E D  RESEA RCH  ORGA N IZA TIO N  O F T H E  H UNGARIAN ACADEMY 

O F SCIEN CIES A N D  O F SEM M ELW EIS U N IV ER SITY  M ED ICA L SCHOOL, BU DA PEST

(R e c e iv e d  N o v e m b e r  23 , 1 981)

A m n io tic  f lu id  w a s  c o lle c te d  f ro m  w o m e n  i n  t h e  2 n d  t r im e s te r  o f  th e i r  g r a v id i ty  
b y  a m n io c e n te s is  a n d  i t s  e f fe c t  o n  th e  is o la te d  p r e g n a n t  r a t  u te r in e  p r e p a r a t io n  in v e s t i ­
g a te d . I t  w as d e m o n s t r a te d  t h a t  som e o f  th e  a m n io t i c  f lu id  c o m p o n e n ts  p a r t i a l ly  
p u r if ie d  b y  u s in g  th e  c o m b in a t io n  o f  v a r io u s  s e p a r a t i o n  te c h n iq u e s  s t im u la te d ,  w h ile  
o th e r s  in h ib i te d  t h e  c o n t r a c t io n s  o f  th e  iso la te d  r a t  u te r in e  p r e p a r a t io n .  T h e  in h ib i to r y  
c o m p o n e n t,  c a lle d  u te r o - in h ib in  a lso  in h ib i te d  t h e  sp o n ta n e o u s  c o n t r a c t io n s  a s  w ell 
a s  th e  b a s a l  to n e  o f  th e  iso la te d  r a t  in te s t in a l  p r e p a r a t io n  a n d  th o se  o f  th e  is o la te d  
h u m a n  p r e g n a n t  m y o m e tr iu m  p re p a ra t io n .  I t  is  s p e c u la te d  t h a t  th e  i n h ib i to r y  f a c to r  
m ig h t p la y  a  p h y s io lo g ic a l  ro le  in  m a in ta n in ig  t h e  r e s t in g  s t a te  o f  h u m a n  u te r u s  d u r in g  
p re g n a n c y .

K nowledge concerning the factors controlling hum an m yom étrial fu n c­
tion  during pregnancy and parturition is incom plete  in spite o f  num erous 
experim ental observations. Experim ents in rats and rabbits indicated  the  
existence o f  a factor different from progesterone, inhibiting uterine m otility  
during pregnancy [3, 6, 7]. The physiological and pathological significance  
as well as the physico-chem ical and chem ical nature of this (these) factor(s) 
have not been clarified.

The present stu d y  was aimed at clarifying the presence o f a factor in  
hum an pregnancy capable o f inhibiting uterine m otility .

Materials and M ethods

C o llec tio n  a n d  sto ra g e  o f  s p e c im e n s

A m n io tic  f lu id  w as  o b ta in e d  b y  a m n io c e n te s is  f r o m  h e a l th y  1 6 -2 2  w eek s  p r e g n a n t  
p a t ie n ts  (n  7). T h e  sp e c im e n s  w ere  im m e d ia te ly  c e n t r i f u g e d  a t  4000 r p m  fo r  20 m in  a t  
ro o m  te m p e r a tu re .  T h e  s u p e r n a t a n t s  w ere  s to r e d  a t  — 20  “C a n d  a  p o o l w as p r e p a r e d  f ro m  
th e m  im m e d ia te ly  b e fo re  a n a ly s is .

P h y s ic o -c h e m ic a l a n a ly s i s

a )  S e p h a d e x  G -25 f in e  (S G -25) gel c h r o m a to g ra p h y .  C o lu m n : 1 .6 x 4 0  c m ; e lu e n t :  
K re b s  s o lu tio n ;  f lo w  r a t e :  0 .5  m l m in - 1 ; ro o m  te m p e r a tu r e ;  s a m p le  v o lu m e : 5 .0  m l; t r a n s ­
m i t ta n c e :  d e te c te d  a t  2 5 4  a m ;  c a l ib r a t io n  o f  th e  c o lu m n :  b lu e  d e x t r a n  (V 0) a n d  a c e to n e  ( V eff).

b )  C M -S e p h a d e x  C -25 (C M -SC -25) io n  e x c h a n g e  c h r o m a to g ra p h y .  C o lu m n : 1 .6 x 3 6  c m ; 
e lu e n ts :  144 m l 0 .05  a n d  144 m l 0 .1 M HC1; ro o m  t e m p e r a tu r e .  T h e  f ra c tio n  e lu te d  b y  0 .1  M  
HC1 w as e v a p o r a te d  t o  d r y n e s s  a t  40 °C u n d e r  r e d u c e d  p re s s u re  a n d  d is so lv e d  in  d is t i l le d  
w a te r .

c )  T h is  f r a c tio n  w a s  f u r th e r  s e p a ra te d  b y  o n e -d im e n s io n  p a p e r  c h r o m a to g ra p h y .  
W h a tm a n  3M  p a p e r ;  b u ta n o l  : p y r id in e  : g la c ia l a c e t i c  a c id  : w a te r  =  30 : 40  : 6 : 15 v /v .
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B io lo g ic a l  a n a ly s is

B io lo g ic a l a c t iv i t ie s  o f  t h e  n a t iv e  a n d  f r a c t io n a te d  a m n io tic  f lu id s  w e re  t e s t e d  on  s t r ip s  
o f  r a t  u te r in e  h o rn  re m o v e d  in  t h e  2 0 th  d a y  o f  p r e g n a n c y  a n d  o f  h u m a n  m y o m e t r iu m  ex c ised  
i n  t h e  4 0 th  w eek  o f  p r e g n a n c y  b y  C a e sa re a n  s e c t io n , a n d  o n  in  v i tr o  p r e p a r a t io n s  o f  r a t  d u o ­
d e n u m ,  i le u m , co lo n  a s c e n d e n s  a s  w ell as e le c tr ic a l ly  d r iv e n  ( im p u lses  o f  2 .2  m se c  d u r a t io n ,  
70  V  a m p l i tu d e ,  a t  12 s in t e r v a l s )  m o u se  v a s  d e fe re n s .

T h e  e x p e r im e n ta l  c o n d i t io n s  w ere  as fo llo w s.
1. S u p e rfu s io n  s y s te m  ( b a t h  v o lu m e : 1.2 m l;  f lo w  r a t e :  0 .5  m l m in - 1 ; m e d iu m :  K re b s  

s o lu t io n ;  e q u i l ib ra tio n  p e r io d :  90  m in ;  p r e te n s io n :  2 .0  g ; o rg a n  p r e p a r a t io n :  r a t  u te ru s ) .
2 . P e r fu s io n  s y s te m  ( b a t h  v o lu m e : 4 .6  m l;  m e d iu m : K re b s  s o lu t io n ;  t e m p e r a tu r e :  

3 7  °C  b u t  th e  m o u se  v a s  d e f e r e n s  w h e re  30 °C ; p r e te n s io n :  a t  r a t  a n d  h u m a n  u te r in e  s t r ip s  
2 .0  g , a t  r a t  in te s t in e  p r e p a r a t io n s  0 .5 g a n d  a t  m o u se  v a s  d e fe re n s  0 .3  g ; e q u i l ib r a t io n  p e r io d :  
a t  u t e r i n e  s t r ip s  90 m in  a n d  a t  a l l  o th e r  p r e p a r a t io n s  30 m in ) . C o n tin u o u s  b u b b l in g  w ith  a 
m i x t u r e  o f  95 p e r  c e n t  o x y g e n  a n d  5 p e r  c e n t  c a r b o n  d io x id e  a n d  iso m e tr ic  r e c o r d in g  (B io -  
f o r c e m e te r  B F S  8) w ere  u s e d  i n  b o th  sy s te m s .

C h e m ic a l  a n a ly s is

P e p t id e  c o n c e n tr a t io n  o f  t h e  n a t iv e  a n d  f r a c t io n a te d  a m n io tic  f lu id s  w a s  d e te rm in e d  
b y  t h e  m o d if ie d  L o w ry  m e th o d  [5].

Results

0.1 to 0.5 ml pooled  hum an am niotic fluid (peptide concentration: 
5.43 x l 0 ~ 3 g m l-1 ) obta ined  in  the 16-22nd  w eek o f pregnancy increased the 
freq u en cy  and basal ton e b u t decreased th e  am plitude o f spontaneous contrac­
tio n s o f  the in vitro superfused pregnant rat uterine strip.

N ative  am niotic flu id  could be separated by SG-25 chrom atography  
in to  3 fractions w ith effect on pregnant rat uterine strip. These fractions were 
characterized  w ith the K av values (K av =  ( Ve— V0)(V t— ko)-1 » w here Ve — 
e lu tio n  volum e of in d iv id u al fractions, V0 =  exclusion volum e o f  th e  gel 
co lu m n , V t == tota l vo lu m e o f the gel colum n on the basis o f  geom etrical 
param eters) determ ined at th e  m axim um  o f biological activ ity . The first one 
o f  th em  (K av =  0.63) in h ib ited  the spontaneous contractions, the second one 
increased  the frequency o f  contraction and basal tone (K av =  0 .82), th e  third  
one ( K av =  0.93) reduced th e  am plitude o f  contractions (Fig. 1). T hese frac­
tion s contained Folin p o sitiv e  m aterials and absorbed light at 254 nm  w ave­
len g th . The K av =  0.63 fraction  was eluted  w ithin  the effective separation  
v o lu m e ( V eff) o f the gel colum n.

T he subfraction o f th e  K av — 0.63 fraction eluted by 0.1 M HC1 on 
CM-SC-25 cation exchange resin, inhibited  spontaneous contractions and 
decreased  the hasal tone o f  th e  in vitro  pregnant rat as well as hum an m yo­
m etriu m  in a dose-dependent m anner, in  the range o f 1.5 to 7.2 X 1 0 -7 g m l-1 
b a th  peptide concentration (F ig. 2).

T his subfraction decreased the basal tone and am plitude o f  th e  contrac­
tio n s o f  the isolated rat duodenum , ileum  and colon preparations as w ell as 
th a t o f  th e  electrically driven mouse vas deferens in the above dose range.

According to the paper chrom atography th is subfraction contained  4 
ninhydrin-positive substances o f which on ly  one (R f =  0.08) possessed  inhibi-
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elution volume

F ig .  1 . T r a n s m i tta n c e  ( u p p e r  p a r t )  a n d  in  v itr o  b io lo g ic a l a c t i v i t y  (low er p a r t )  w e re  s im u lta n e ­
o u s ly  re c o rd e d  d u r in g  th e  c h r o m a to g ra p h y  o f  5 .0  m l p o o le d  h u m a n  m id -p r e g n a n c y  a m n io tic  
f lu id  o n  SG -25 gel c o lu m n . B io lo g ic a l a c t iv i ty  w as d e te c te d  o n  a  ( s p o n ta n e o u s ly  c o n tr a c t in g )  
p r e g n a n t  r a t  u te r in e  s t r ip ,  im m e d ia te ly  su p e rfu se d  w i th  t h e  e lu te d  so lu tio n . A r ro w s  u n d e r  th e  

m o t i l i ty  r e c o r d in g  in d ic a te  th e  b io lo g ic a lly  a c tiv e  f ra c tio n s

20 min 
I-------------1

t î î  Î Î
A, W W A2 W

F ig .  2 . E ffe c t o n  th e  in  v i t r o  s p o n ta n e o u s  c o n t r a c t io n s  o f  h u m a n  p r e g n a n t  m y o m é tr ia l  s tr ip , 
o f  a m n io tic  f lu id  f r a c t io n  ( A )  t h a t  w as s e p a ra te d  b y  c o m b in in g  th e  S G -25  a n d  CM -SC-25 

c h ro m a to g ra p h y . A x =  3 .6  X 1 0 -7  g m l -1  a n d  А г =  7 .2  X  1 0 -7  g m l -1  p e p t id e  i n  th e  b a th ;
W  =  w a sh  o u t
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to r y  effect on spontaneous contractions o f the in  vitro  uterine strip  o f  preg­
n a n t rat.

Discussion

E ffect on uterine m o tility  o f the native am niotic flu id  obtained in  
h u m an  m id-pregnancy has already been studied , the results are, how ever, 
con trad ictory  [1, 8 ]. T he present investigation  indicates th a t th e  hum an  
am n io tic  fluid possesses b o th  stim ulatory and inhibitory effects on the in  
vitro  spontaneous contractions o f  pregnant rat uterine strip.

According to the present knowledge, there are several factors in  the  
b o d y  flu id s involved in  th e  regulation o f con tractility  and m o tility  o f  the 
m yom etriu m  in pregnancy. T hese factors have different chem ical as w ell as 
physico-chem ical and b io logica l characters [2, 4 ] . In  spite o f  the available 
d ata , th e  exact control o f  th e  m echanical function  o f the uterus during preg­
n a n cy  has not satisfactorily  b een  clarified. The present investigation  has shown  
th a t  am niotic fluid contains a factor, not id en tified  so far th at is capable o f  
in h ib itin g  the in vitro con traction s of the pregnant rat and hum an m yom et­
rium . I ts  inhibitory effect is dose-dependent. On the basis o f the described  
p roperties, this substance, p artia lly  purified seem s to  be non-specific and 
differen t from other endogenous substances w ith  relaxing effect on the uterus 
(progesterone, relaxin, epinephrine etc.).

B y  the results presented  above a tten tion  should be focused on that 
an endogenous factor n ot d iscovered  so far m ight be involved in  controlling  
th e  qu iescence of the uterus in  hum an pregnancy. This substance, called utero- 
in h ib in  belongs to the so-ca lled  middle m olecular w eight con stitu en ts o f  
p ep tid ic  character, nom inal m olecular mass o f  w hich ranges betw een  500 and 
5000 D a lton .
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THE FATE OF PANCREATIC SECRETORY 
PROTEINS IN THE BLOOD CIRCULATION 

OF DOGS AND RATS

M. P a p p , G. V a r g a , G. F o l l y  and V e ro n ik a  T ö r c s v á r i

INSTITUTE OF EXPERIMENTAL MEDICINE, HUNGARIAN ACADEMY OF SCIENCES, BUDAPEST 

(R e c e iv e d  D e c e m b e r  2 , 1981)

T o  fo llow  th e  f a te  o f  in t r a v a s c u la r  p a n c r e a t ic  s e c re to ry  p ro te in s  f r e s h  p a n c r e a t ic  
ju ic e  w as c o lle c te d  f ro m  a n a e s th e t iz e d  d o n o r  d o g s  a n d  r a t s  fo llo w in g  s t im u la t io n  o f 
t h e  p ra n c re a s  b y  4  U /k g  b . w . o f  s e c re tin  -f- C C K -P Z . P ro te in  lev e l, l ip a s e  a n d  a m y l­
a se  a c t iv i ty  o f  th e  ju ic e  w e re  d e te rm in e d , t h e n  th e  ju ic e  w as in je c te d  in t o  t h e  b lo o d  
s t r e a m  o f  a n a e s th e t iz e d  a n im a ls  o f  th e  sa m e  sp e c ie s . S p a c e  o f  d i s t r ib u t io n ,  b io lo g ic a l 
h a lf - life , e x c re tio n  in  u r in e  a n d  b ile , s e c re tio n  in  p a n c r e a t i c  ju ic e  a n d  a c t i v i t y  in  th o ra c ic  
d u c t  ly m p h  o f  th e  in je c te d  p a n c r e a t ic  s e c re to ry  p r o te in s  w ere  d e te r m in e d .  P la s m a  
v o lu m e  o f  th e  r e c ip ie n t  a n im a ls  w as a lso  d e te rm in e d .

T h e  sp a ce  o f  d i s t r ib u t io n  o f  b o th  lip a se  a n d  a m y la s e  a n d  t h a t  o f  l ip a s e  i n  dogs 
w a s  r e s t r ic te d  to  p la s m a  v o lu m e . I n  d o g s th e  b io lo g ic a l h a lf - life  o f  a m y la s e  w a s  lo n g e r  
t h a n  t h a t  o f l ip a se . T h e  e x c r e t io n  o f  e n z y m e s  in  t h e  b ile  o f  do g s a n d  r a t s  w a s  fo u n d  
n eg lig ib le , w hile  in  t h e  u r in e  o f  r a t s  i t  r e a c h e d  10 p e r  c e n t  o f  th e  in je c te d  a m o u n t .  P a n c r e ­
a t i c  ju ic e  in je c te d  in to  t h e  b lo o d  s t r e a m  in c re a se d  b o th  lip a se  a n d  a m y la s e  a c t iv i t i e s  in  
th e  p a n c re a t ic  ju ic e  o f  d o g s , a n d  th e  p r o te in  le v e l  a n d  o u tp u t  in  th e  p a n c r e a t i c  ju ic e  
o f  b o th  dogs a n d  r a t s .  A  p a r t  o f  th e  e n z y m e s  w h ic h  h a d  le f t  b lo o d  c i r c u la t io n  is re ­
c irc u la te d  b y  th e  th o r a c ic  d u c t  ly m p h  in to  th e  b lo o d .

An unresolved problem  o f pancreatic physiology is what happens with  
the pancreatic secretory proteins after th ey  have entered the b lood circula­
tion: are th ey  excreted from  the blood or get in to  the pancreas and influence  
exocrine pancreatic secretion?

The aim of our stu d y  is to  follow  the fate o f  pancreatic secretory proteins 
in the blood by determ ining their biological half-life, space o f  distribution, 
excretion  rate and their probable reuse [9] b y  th e  gland. F inally , th e  recircula­
tio n  o f pancreatic enzym es w hich had left the blood circulation was exam ined  
in  thoracic duct lym ph.

On the basis o f  data  an attem pt was m ade to  establish how  long can 
the increase o f d igestive enzym e activ ity  be dem onstrated in the b lood plasma 
in  acute pancreatitis, further, are the pancreatic digestive enzym es protected  
by some conservation m echanism  [5] in favour o f  their reuse by th e  organism.

M aterials and Methods

G ro u p  1 . P a n c r e a t ic  ju ic e  w as  c o lle c te d  f ro m  5 m a le  d o n o r  d o g s  a n a e s th e t i z e d  w ith  
c h lo ra lo se  a n d  36 m a le  C F Y  d o n o r  r a t s  a n a e s th e t iz e d  w ith  n e m b u ta l .  E x o c r in e  p a n c re a t ic  
f u n c t io n  w as s t im u la te d  b y  4 U /k g  b .w . o f  s e c re tin  C C K -P Z  (G IH  L a b . ,  S to c k h o lm )  g iv en  
in to  th e  b lo o d  s t r e a m . T h e  a c t i v i t y  o f  l ip a se  a n d  a m y la s e , a n d  th e  p r o te in  le v e l  in  th e  ju ic e  
w e re  d e te rm in e d . T h e  ju ic e  w a s  in je c te d  a s  a  b o lu s  in to  t h e  fe m o ra l  v e in  o f  a n im a ls  o f  th e  sa m e
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s p e c ie s ,  i .e .  in to  th e  b lo o d  o f  6 r e c ip ie n t  do g s (13 .5  ±  0 .8  k g  b .w .)  (m e a n  ±  S E M ) a n d  o f  12 
r e c i p i e n t  r a t s  (295 ±  11 g  b .w .) .  T h e  re c ip ie n t  a n im a ls  w e re  a n a e s th e t iz e d  in  t h e  sa m e  w a y  
a s  t h e  d o n o r s .  A f te r  th e  i n t r a v e n o u s  in je c tio n  o f  p a n c r e a t i c  ju ic e  a r te r ia l  b lo o d  s a m p le s  w ere  
t a k e n  i n  c o n s e c u tiv e  p e r io d s  f o r  9 0  m in . T h e  e x p e r im e n ta l  d e s ig n  is sh o w n  in  F ig . 1. E x c re t io n  
o f  b o t h  e n z y m e s  w as m e a s u re d  in  t h e  u r in e  a n d  f ro m  t h e  c a n n u la te d  co m m o n  b ile  d u c t  o f  
r e c i p i e n t  d o g s  d u r in g  th is  p e r io d .  L ip a s e  a c t iv i ty  w a s  m e a s u re d  by th e  m e th o d  o f  Webeb [10] 
u s in g  s u n f lo w e r  oil a s  s u b s t r a t e ,  a m y la s e  a c t iv i ty  w a s  m e a s u re d  by th e  m e th o d  o f  Bebnfield

Collection of blood samples:

a . Group of 12 recipient rats (each point •  represents 3 rats) 

Inj. of pancreatic  juice 

Blood sam p les :
0. 30. 40.

b. Group oT -6 recipient dogs 

Inj. of pancreatic  juice 

Blood sam ples : ^

60. 90. min

0. 30. 45. 60. 75. 90. min

F ig .  1 . E x p e r im e n ta l  d e s ig n  o f  G ro u p  1

I. Group of 9  d o g s  (Pylorus ligation, gas tric  fis tu la) 

1 U /kg b.w. of se c re tin  

Inj. of pancreatic juice

Blood s a m p le s  :
0 . 30. 60. 90. 120. 150. min

Juice sam ples :
0 . 30. 60. 90. 120. 150. min

II. Group of 9 control dogs (Pylorus ligation, g a s tric  fistula)

1 U/kg b.w. of sec re tin

Blood sam ples :

Inj of saline

5 . 30. 60. 90. 120. 150. min

Juice sam ples:
0 . 30. 60. 90. 120. 150. min

F ig .  2 .  E x p e r im e n ta l  d es ig n  o f  G ro u p  2

[2 ] u s in g  M e rc k  s ta rc h  as s u b s t r a t e .  T h e  en zy m e  a c t iv i t ie s  m e a s u re d  in  p la s m a  s a m p le s  w e re  
e x t r a p o l a t e d  t o  0 m in . T h e  s p a c e  o f  d is t r ib u t io n  o f  l ip a s e  a n d  a m y la se  w as  d e te rm in e d  b y  
u s in g  t h e  fo rm u la :

s p a c e  o f  e n z y m e  d i s t r ib u t io n  =

_ in je c te d  a m o u n t  o f  e n z y m e  — e x c re te d  a m o u n t  o f  e n z y m e
e n z y m e  a c t iv i ty  e x t r a p o l a t e d  to  0 m in  — b a s a l  e n z y m e  a c t iv i ty  in  p la s m a

I n  b o t h  sp e c ie s  p la sm a  v o lu m e  w a s  d e te rm in e d  b y  in t r a v e n o u s ly  in je c te d  1 %  E v a n s  b lu e  
s o lu t io n .
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G r o u p  2 .  P a n c r e a t ic  ju ic e  w a s  c o lle c te d  f ro m  d o n o r  m a le  do g s a n a e s th e t iz e d  b y  ch lo - 
ra lo se  a n d  f ro m  d o n o r  r a t s  a n a e s th e t iz e d  b y  u r e th a n e  b y  s t im u la t in g  th e  e x o c r in e  p a n c r e a t ic  
s e c re tio n  w ith  in t r a v e n o u s  4 U /k g  b .w . o f  s e c re tin  - f  C C K -P Z  (G ÏH  L a b . S to c k h o lm ). T h e  
c o lle c te d  ju ic e  w a s  w e ig h e d , l ip a se  a n d  a m ly a s e  a c t i v i t y  a n d  p r o te in  lev e l [11] w ere  d e te rm in e d .  
18 r e c ip ie n t  d o g s  w ere  la p a r o tc m iz e d ,  th e  p y lo ru s  w a s  l ig a te d  a n d  a  g a s tr ic  f i s tu la  w a s  p r e p a r e d .  
A  p o ly e th y le n e  c a n n u la  w as in tro d u c e d  in to  S a n to r in i ’s d u c t  a n d  th e  sm a ll p a n c r e a t ic  d u c t  
w a s  l ig a te d .  P a n c r e a t ic  ju ic e  w as c o lle c te d  fo r  150 m in  in  30 m in  p e r io d s  b y  s t im u la t in g  th e  
e x o c r in e  p a n c r e a t ic  s e c re tio n  w ith  1 U /k g  b .w . o f  s e c re tin  (G 1 H  L a b .,  S to c k h o lm )  g iv e n  in to  
t h e  fe m o ra l  v e in  fo r  150 m in  w ith  a  H a r v a r d  in fu s io n  p u m p . A r te r ia l  b lo o d  sa m p le s  w ere  
t a k e n  a t  0 m in  a n d  su b s e q u e n t ly  e v e ry  30 m in . A f te r  th e  se c o n d  co lle c tio n  p e r io d  o f  th e  ju ic e  
— t h a t  is in  th e  6 1 s t m in  — 2.8  ±  0 .7  m l/к  g b .w . f re sh  p a n c r e a t ic  ju ic e  w a s  g iv e n  i n t r a ­
v e n o u s ly  to  9 d o g s  (18  i  1 k g  b .w .)  a s  a  b o lu s . F u r t h e r  9 d o g s  (18 ±  2 k g  b .w .)  s e rv e d  as 
c o n tro l  re c e iv in g  p h y s io lo g ic a l s r l ir .e  in s te a d  o f  p a n c r e a t ic  ju ic e . T h e  e x p e r im e n ta l  d e s ig n  
is  sh o w n  in  F ig . 2.

T w e n ty  r e c ip ie n t  m a le  C F Y  r a t s  (300  g  b .w .)  w ere  s u b je c te d  to  l a p a r o to m y .  T h e  c o m ­
m o n  b ile  d u c t  w a s  l ig a te d  a t  th e  h e p a t ic  h i lu m  a n d  a  p o ly e th y le n e  c a n n u la  w a s  in tro d u c e d  
in to  t h e  d u c t  c lose to  th e  d u o d e n u m  fo r  c o lle c tin g  p a n c re a t ic  ju ic e . T e n  o f  th e  r a t s  re c e iv e d  
f re s h  p a n c r e a t ic  ju ic e  (1 m l/k g  b .w . =  48  m g  p ro te in /k g  b .w .)  a t  0 m in  a s  a  b o lu s  in to  th e  
f e m o ra l  v e in . T e n  u n t r e a te d  r a t s  se rv e d  a s  c o n tro ls .  P a n c r e a t ic  ju ic e  w as c o lle c te d  fo r  60  m in . 
E a c h  r a t  w as  e x s a n g u in a te d  f ro m  th e  a b d o m in a l  a o r ta  in  t h e  6 0 th  m in . V o lu m e , l ip a se  [10], 
a m y la s e  [2] a c t iv i ty  a n d  p ro te in  [11] le v e l o f  p a n c r e a t ic  ju ic e  sa m p le s  o f  r e c ip ie n t  d o g s , f u r th e r ­
m o re , l ip a se  a n d  a m y la s e  a c t iv i ty  in  t h e i r  p la s m a  w ere  m e a s u re d . V o lu m e , a m y la s e  a c t iv i ty  
a n d  p r o te in  le v e l w ere  m e a s u re d  in  th e  p a n c r e a t i c  ju ic e  o f  d o n o r  a n d  r e c ip ie n t  r a t s ,  a n d  th e  
a c t i v i t y  o f  a m y la s e  w a s  m e a s u re d  in  th e  p la s m a  o f  r e c ip ie n t  r a t s .

G r o u p  3 .  F ro m  m a le  C F Y  d o n o r  r a t s  p a n c r e a t ic  ju ic e  w a s  c o lle c te d  d u r in g  s t im u la t io n  
o f  e x o c r in e  p a n c r e a t ic  s e c re tio n  b y  4 U /k g  b .w . o f  s e c re tin  -f- C C K -P Z  (G 1H  L a b .,  S to c k h o lm )  
g iv e n  in to  th e  f e m o ra l  v e in . V o lu m e  o f  t h e  ju ic e ,  l ip a se  a n d  a m y la se  a c t iv i ty  a n d  th e  p ro te in  
le v e l w e re  m e a s u re d . T h e  p a n c r e a t ic  ju ic e  w a s  in je c te d  in to  th e  f e m o ra l v e in  o f  30 m a le  C F Y  
r e c ip ie n t  r a t s .  F iv e  g ro u p s  w ere  c o m p o se d  f ro m  th e s e  r a t s  e a c h  c o n s is tin g  o f 6 r a t s .  T h e  th o ra c ic  
d u c t  ly m p h  w as c o lle c te d  fo r 30 , 4 5 , 6 0 , 90  a n d  120 m in  p e r io d s  a n d  a f te r  th e  c o l le c t io n  h a d  
b e e n  f in is h e d  th e  r a t s  w ere  e x s a n g u in a te d  f ro m  th e  a b d o m in a l  a o r ta .  A n o th e r  g ro u p  (c o n tro l)  
c o n s is t in g  o f  6 r a t s  d id  n o t  re c e iv e  p a n c r e a t i c  ju ic e . I n  a  f u r th e r  g ro u p  c o n s is t in g  a lso  o f  
6 r a t s  th e  c o m m o n  b ile  d u c t  w a s  l ig a te d ,  th e  p a n c r e a t ic  f u n c t io n  w a s  s t im u la te d  b y  4 U /k g  
b .w . o f  s e c re tin  4 - C C K -P Z  (G 1 H  L a b .,  S to c k h o lm )  a n d  th o r a c ic  d u c t  ly m p h  w a s  co lle c te d  
fo r  150 m in . T h e  r a t e  o f  th e  l a t t e r  tw o  g ro u p s  w e re  a lso  e x s a n g u in a te d  f ro m  th e  a b d o m in a l  a o r ta .

I n  e a c h  o f  th e s e  g ro u p s  p la s m a  sa m p le s  o r p la s m a  a n d  ly m p h  sa m p le s  w e re  a n a ly z e d  fo r  
lip a se  [10] a n d  a m y la s e  [2] a c t iv i ty .

T h e  m a th e m a t ic a l - s ta t i s t ic a l  a n a ly s is  o f  g ro u p s  1 - 3  w as p e r fo rm e d  b v [  S tu d e n t ’« 
t - te s t  o r  a f t e r  a n a ly s is  o f  v a r ia n c e  b y  D u N N E T T  [4 ]  a n d  D u n n  [ 3 ]  c o n tra s ts .

Results

Group 1. The disappearance o f  pancreatic lipase and am ylase from  
th e  blood stream  o f dogs is shown in F ig . 3. In dogs the space o f  lipase nearly  
corresponded to  the plasma volum e (5% of b .w .), th at o f am ylase being about 
tw ice o f it (10% ) (p <  0.01). The biological half-life o f lipase (80 m in) was 
shorter (p <  0.01) than th at o f am ylase (434 m in) (Table I).

The disappearance o f  pancreatic lipase and am ylase from  th e  blood  
circulation o f rats is shown in F ig. 4. In rats the space o f b oth  lipase and 
am ylase nearly corresponded to  the plasm a volum e (4% o f b .w .).

The biological half-life o f lipase (72 m in), sim ilarly as in dogs, w as also 
shorter than  that o f am ylase (87 min) (Table II).  W hen expressed in  per cent 
o f the injected  enzym e am ount, lipase and am ylase excretion w as negligible  
in  the urine o f  dogs and rats, w hile excreted enzym e activ ity  rose to  about 
10%  in urine o f rats during 90 m in (Table III).
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Table I

CO
COto

P la s m a  vo lu m e , sp a c e  o f  d is tr ib u tio n  a n d  b io lo g ica l h a lf- life  o f  l ip a s e  a n d  a m y la se  in  dogs

Body
weight
(b.w.)

kg

Plasm a volume Volume o f distribution of
t  1/2, m in In jected  to ta l  a c tiv ity  of

lip ise am ylase
litre %  b.w. lipase amylase lipase

I.U .
amylase

S.U .litre % b.w. litre %  b.w .

N o . o f  dogs 5 5 5 5 5 5 5 5 5 5 5

M ean 13.5 0.73 5.40 0.84 6.2 1.35* 10.1* 79.6 434.0 4651.5 60 437.7

±  SE M 0 .8 0.06 0.26 0.13 1.0 0.12 0.9 6.7 81.2

p  <  0.01
I .U . =  I n te rn a t io n a l  U n i t  
S .U . =  S o m o g y i U n i t  
* ^  n л ,  ,  p la sm a  v o lu m e

^  • v s <( v o ] 0j  jigtj-ij}. o f  lip ase

S

Table II

P la s m a  vo lu m e , sp a c e  o f  d is tr ib u tio n  a n d  b io lo g ica l h a lf- life  o f  l ip a s e  a n d  a m y la se  in  ra ts

Body
weight
(b.w.)

g

Plasm a volume Body
weight
(b.w.)

g

Volume of distribution of
t  1/2, min Injected to ta l ac tiv ity  of

lipase am dase
ml %  b.w. lipase am ylase lipase

I.U .
am ylase

S.U.ml %  b.w. ml %  b.w.

N o . o f  r a t s 15 15 15 18 3 3 3 3 3 3 3 3

M ean 313.3 12.9 4.3 286.0 13.1 4 .6 11.8 4.1 72.2 86.5 39.7 658.6

± S E M 18.1 0.6 0.3 — — — — — ' — — — —

I .U . =  I n te rn a t io n a l  U n i t  
S .U . =  S om o g y i U n i t

P
A

P
P

 et aL
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- 6 5 0 0  

- 6 0 0 0  

- 5 5 0 0  

0 5  4 * 5 0 0 0  

- < 5 0 0  

- 4 0  0 0

O  TIо
S ri4 «  ao-

». >
II
° c Q. C
- ■ <  7 .5-

3 5 0 0

- 3 0 0 0

- 2 5 0 0

-2000

a m y l a s * :  r = - 0 . 9 8 4 *
(5 )  y = - 0 .0 0 1 7 8  x . 6 6 3 0 3 4 * *

r = - 0 .9 9 5  *
y = - 0 . 0 0 9 1 3 x  . 8 . 7 6 6 6 5 * *

4 -

4 .

■b

- 1 5 0 0  *  = c o r r e l a t i o n  c o e f f i c i e n t  ( ) n u m b e r  o f  d o g s
# #  = c o m m o n  r e g r e s s i o n  l i n e  J  m e a n  ± S E M  o f  In  a c t i v i t y

I J J J J J J J

10 2 0  3 0  4 0  5 0  6 0  7 0  8 0  9 0  m in

0 .  m i n :  i n j e c t i o n  o f  c a n i n e  p a n c r e a t i c  j u i c e  i n to  t h e  f e m o r a l  v e i n

F ig .  3 .  D is a p p e a ra n c e  o f  p a n c r e a t i c  lip a se  a n d  a m y la s e  f ro m  th e  b lo o d  c ir c u la t io n  o f  dogs

Group 2. In  recip ient dogs injection o f pancreatic juice raised lipase  
and am ylase a ctiv ity  in blood plasma, while not affecting the volum e o f pan­
creatic juice (F ig. 5), or enzym e output in the ju ice (Figs 6, 7), however, the  
injection  o f juice induced a tendency to  increase both  lipase (Fig. 8) and 
am ylase (Fig. 9) a c tiv ity  in  the juice. It increased both  the protein level and 
output in  juice (F igs 10—11) o f recipient dogs as com pared to  the corresponding 
control values.

Table Ш

E x c re tio n  o f  l ip a s e  a n d  a m ly a s e  in  u r in e  a n d  b ile  o f  d o g s  a n d  r a ts  a f te r  in tra v e n o u s  in je c tio n  o f
h om ologou s p a n c r e a t ic  ju ic e

E xcreted  lipase 
activ ity  

I.U.

Excreted am ylase 
ac tiv ity  

S.U.

Injected total 
ac tiv ity

urine bOe urine bile
lipase
I.U.

amylase
s.u.

I n  dogs 65.4 (7) 6.1 (7) 1019 (7) 108.4 (7) 5567 (7) 8498 (7)

%  o f th e  in je c te d
1 0 0a c t iv i ty 0.9 0 .2 1.3 0.2 1 0 0

I n  r a ts 2.5 (5) 0.1( 5) 66.8 (5) 2.1 (5) 22.6 (5) 506.5 (5)

°/0  o f th e  in je c te d
a c t iv i ty 11 0.5 13 0.4 1 0 0 1 0 0

N u m b e r  o f  a n im a ls  in  b ra c k e ts
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O.min: injection of ra t pancreatic juice into th e  femoral

F ig .  4 . D isa p p e a ra n c e  o f  l ip a s e  a n d  a m y la s e  f ro m  th e  b lo o d  c i r c u la t io n  o f  r a t s

In  recipient rats in jection  o f pancreatic juice did not affect the volum e, 
th e  en zym e activ ity  and o u tp u t o f  pancreatic ju ice, while increasing the  
p rotein  leve l (control, 14.6 g/1 protein; injected group, 20 g/1 protein) (p <  0.05) 
and o u tp u t (control, 1 m g/60 m in; injected group, 1.5 m g/60 min) (p <  0.05).

______1 U/kg b.w. secretin infused into
the femoral vein

inj. of pancreatic juice

F ig . 5 . V o lu m e  o f  p a n c re a t ic  ju ic e  o f  r e c ip ie n t  d o g s  a f te r  in t r a v e n o u s  in je c t io n  o f  c a n in e
p a n c r e a t i c  ju ic e

Acta Physiologica Academiae Scientiarum Hungaricae 5 9 , 1982
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1 U / k g  b .w . s e c r e t i n  i n f u s e d

<j) m e a n  £ S E M  

( ) n u m b e r  o f  d o g s

*  P /N /0 .1  v s  c o r r e s p .
c o n t r o l  v a l u e  

■  i n j .  o f  p a n c r e a t i c  
”  j u i c e

in j. o f  s a l i n e

F ig . 6. L ip a se  o u tp u t  in  p a n c r e a t i c  ju ic e  o f  r e c ip ie n t  d o g s  a f t e r  in t r a v e n o u s  in je c t io n  o f
c a n in e  p a n c re a t ic  ju ic e

D ue to the in jection  o f pancreatic ju ice, a ctiv ity  o f lipase and amylase 
increased in plasm a and lym ph; arterial lipase and am ylase a c tiv ity  started  
to  decrease from the 30th  min after the injection , the a ctiv ity  o f  enzym es in 
lym ph remained constant from  the 45th  min after the injection  (F igs 12, 13).

<j> m e a n  £  5 E M

( ) n u m b e r  o f  d o g s

♦ in i .  o f  p a n c r e a t i c  
j u i c e

Q  in j. o f  s a l i n e

F ig .  7 . A m ly ase  o u tp u t  in  p a n c r e a t ic  ju ic e  o f  r e c ip ie n t  d o g s  a f t e r  in t r a v e n o u s  in je c t io n  of
c a n in e  p a n c re a t ic  ju ic e
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F ig .  8 .  L ip a s e  a c t iv i ty  o f  p a n c r e a t i c  ju ic e  o f re c ip ie n t  d o g s  a f t e r  in t r a v e n o u s  in je c t io n  o f
c a n in e  p a n c re a tic  ju ic e

In  th e  150th  min, in rats th e  pancreatic duct o f  w hich had been ligated  and 
the exocr in e  pancreas was stim u la ted  sim ultaneously, the activ ity  o f enzym es 
in  b lo o d  plasm a and lym ph w as about the same as in  rats in to  which pancreatic 
ju ice  h ad  been injected.

1 U / k g  b . w .  s e c r e t i n  i n f u s e d  in to  

t h e  f e m o r a l  v e in

m e a n  £ S E M

n u m b e r  o f  d o g s

P <  0 .0 5  v s  c o r r e s p  
c o n t r o l  v a l u e

j n j . o f  p a n c r e a t i c  j u i c e  

in j .  o f  s a l i n e

F ig . 9 . A m y la s e  a c t iv i ty  o f p a n c r e a t i c  ju ic e  o f  re c ip ie n t  d o g s  a f t e r  in t r a v e n o u s  in je c t io n  o f
c a n in e  p a n c re a t ic  ju ic e
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H I / k g  b .w .  s e c r e t i n  i n f u s e d

m e a n  t  S E M

( ) n u m b e r  o f  d o g s

*  P <  0 . 0 5  v s  3 0 . ' - 6 0 :  
c o n t r o l  p e r i o d

A  i n j .  o f  p a n c r e a t i c  
j u i c e

in j .  o f  s a l i n e

F ig . 10. P ro te in  level of p a n c re a tic  ju ice  of recip ien t dogs a f te r  in tra v en o u s  in je c tio n  of
can ine  pan crea tic  juice

D iscussion

I t  is surprising th a t in  dogs and rats the biological half-life o f  am ylase 
is longer than that o f lipase w hile in humans th is is regarded as reversed. 
I t  should be m entioned th a t lipase and am ylase in  pancreatic ju ice o f  dogs 
and rats did not change in  vitro  when incubated w ith  hom ologous plasm a or 
saline at 37 °C for 90 m in. T hus, digestive enzym e a ctiv ity  in  blood plasma 
o f these species is not in fluenced  b y  other com ponents (e.g. enzym es) o f  the 
plasm a (Papp, unpublished data). The fact th at the lipase-space corresponds

m e a n  i  S E M

( ) n u m b e r  o f  d o g s

* *  P < 0 . 0 1  v s  c o r r e s p .  
c o n t r o l  v a l u e

*  p  <  0.05 v s  o:-3o: 
c o n t r o l  p e r i o d

♦ i n j .  o f  p a n c r e a t i c  
j u i c e

Q  in j. o f  s a l i n e

Gig. 11. P ro te in  o u tp u t of p a n c re a t ic  ju ice  of rec ip ien t dogs a f te r  in tra v en o u s  in je c tio n  of
can in e  p an creatic  ju ice
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* *  P < 0 .0 1 '1  v s  c o r r e s p .
*  P < 0 . 0 5 J  3 0  m in  v a l u e
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F ig . 12. L ipase  a c tiv ity  o f th o ra c ic  d u c t  lym ph an d  a r te r ia l  b lood p lasm a  of r a ts  a f te r  in tra ­
v en o u s  in je c tio n  of r a t  p a n c re a tic  ju ice

to  p lasm a volume indicates th a t  lipase in the blood is hound to  plasm a pro­
te in s . T he biological half-life o f  labelled rat pancreatic proteins was found to  
be 17 m in [8] which is shorter than  that o f lipase and am ylase in rats. A p p e r t  
e t a l. found that the b io logica l half-life o f b o th  lipase and am ylase was 3 h 
in  dogs [1]. Their findings and our data cannot be com pared, how ever, since 
th ese  authors did not p u b lish  the enzyme a c tiv ity  extrapolated  to  0 m in and 
th e  disappearance rate o f  th e  enzym es from th e blood.
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* *  P < 0 . 0 1 1  v s  c o r r e s p .

*  P < 0 . 0 5 j  3 0  m in  v a l u e

30 6 0 9 0 1 2 0  m in

F ig . 13 . A m ylase  a c tiv ity  o f th o ra c ic  d u c t ly m p h  a n d  a r te r ia l  b lood p lasm a  o f ra ts  a fte r  
in tra v e n o u s  in jec tio n  of r a t  p a n c re a tic  ju ice
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The m echanism  o f the stim ulating effect o f  intravascular pancreatic  
proteins on the protein secretion in  pancreatic ju ice has remained uncleared. 
It is not know n w hether the intravascular pancreatic proteins are excreted  
b y  the pancreas, or the intravascular proteins stim ulate the secretion  o f  the 
pooled intra-acinar secretory proteins. It is beyon d  doubt that this phenom enon  
occurs on ly  after a delay. Consequently, it is not due to  certain peptides which  
m ay have been secreted into the juice. From  a biological point o f  v iew  this 
m echanism  does not seem  to be very effective: in rats calculation revealed  
th a t about 3% o f the in jected  secretory proteins were secreted in to  th e  juice 
b y  the pancreas during the 60 min period follow ing the in jection  [9]. The 
f lu x  o f  pancreatic proteins into the acinar cells m ay take place accross baso- 
lateral m em branes from  the interstitium  [6, 7 ]. Clearly, the best m ethod  to  
elucidate the m echanism  of secretion o f intravascular pancreatic proteins 
in to  the juice w ould be the use o f radioactive labelled pancreatic en zym es and 
to  follow  their pathw ay in to  the acinar cells and afterwards into th e  secretion. 
So far a sufficient am ount o f these enzym es is not available, thus our results 
presented in th is paper should be regarded as a convincing h yp oth esis as to  
the re-use o f  the intravascular pancreatic proteins by the organism .
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EFFECT OF MAZINDOL ON FEEDING 
BEHAVIOUR AND ON NORADRENERGIC 
FUNCTION OF VARIOUS PARTS OF THE 

RAT BRAIN
L. H a lm y , C. N yakas und Ju d it W alter

KORVIN ОГТО H O SPITA L AND T H E  POSTGRADUATE M EDICAL SCHOOL, B U D A PE ST  

(R e c e iv e d  J a n u a r y  11 , 1982)

T h e  e f fe c t o f  m a z in d o l  on  feed in g  b e h a v io u r  w as in v e s tig a te d  in  r a t s  f a s te d  fo r 
24 h o u rs . T h e y  w e re  t h e n  g iv e n  m a z in d o l i .p .  a n d  p la c e d  in  a  n ew  e n v i r o n m e n t .  T he 
e ffe c t o f  th e  d r u g  o n  th e  d is a p p e a ra n c e  o f  3H - n o ra d re n a l in e  (3H -N A )  f r o m  v a r io u s  
p a r t s  o f  th e  b r a in  a f t e r  in je c t io n  in to  th e  c e r e b ra l  v e n tr ic le s  w as a ls o  in v e s tig a te d .  
M a zin d o l w as m o re  p o t e n t  in  su p p re s s in g  fe e d in g  b e h a v io u r  t h a n  i n  r e d u c in g  food 
in ta k e ,  in d ic a t in g  t h a t  a  n u m b e r  o f  a sp e c ts  o f  fe e d in g  b e h a v io u r  m a y  b e  m o re  se n s itiv e  
in d ic e s  o f  th e  a n o r e c t ic  e f fe c t  o f  a  d ru g  t h a n  fo o d  in ta k e  p e r  se . M a z in d o l, in  a  d o se  o f 
30 m g /k g , a c c e le ra te d  t h e  d is a p p e a ra n c e  o f  3H -N A  f ro m  th e  m e d ia l h y p o th a l a m u s  b u t  
n o t  f ro m  o th e r  a r e a s  o f  th e  b r a in ,  su g g e s tin g  t h a t  th e  d ru g  h a s  a  lo c u s -s p e c if ic  a c tio n  
o n  c e re b ra l n o ra d re n a l in e  m e ta b o lism .

Mazindol (5-p-chlorophenyl-2,3-dihydro-5H -im idazo [2,1-a] isoindol- 
-5-ol) is a potent anorectic [7] which has been  used successfully in  th e  treat­
m ent o f  obesity. An interesting com ponent o f  the action o f m azindol is its 
effect on extrahypothalam ic structures. G o g e r t y  et al. [7] found th a t lesion 
o f the pellucid septum  reduced the suppressant effect o f m azindol on  mouse­
killing behaviour in rats. The view  that behavioural adaptation  to  stress and 
feeding behaviour are in tim ately  related is based on the observation  that 
stress induces overfeeding in  rats [2, 16] and possibly also in  m an [12, 20]. 
These findings ind icate th e  im portance o f  extrahypothalam ic structures in 
th e  regulation o f feed ing behaviour, and it  is possible th a t th e  beneficial 
effect o f  mazindol is p artly  due to these extrahypothalam ic effects. In  order 
to  test this hypothesis, we investigated  the effect o f m azindol on  th e  feeding 
behaviour o f fasted rats in  a new environm ent, i.e. in a stressfu l situation, 
w hich activates the brain structures involved  in the behavioural response to 
stress under such circum stances, food-seeking behaviour m otivated  b y  hunger 
conflicts w ith exploratory activ ity  evoked b y  external stim uli.

Pursuing a different line o f investigation , other authors have shown 
th a t mazindol alters th e  function o f m onoam inergic neurones, w hich are 
thought to  be closely in volved  in the regulation  o f feeding behaviour and 
food intake. Mazindol is a potent inhibitor o f  noradrenaline (N A ) uptake 
in  vitro, and also inh ib its dopamine and serotonin uptake [10]. Likewise it 
inhibits NA uptake in  vivo  [5, 17, 21]. I t  has also been estab lished  th at NA
inhibits food intake in  rats [1, 8]. In  the present study, experim ents were

•
t
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carried  ou t to investigate th e  effect of m azindol on the disappearance from  
th e  m edia l and lateral hyp oth a lam i and from  various extrahypothalam ic  
stru ctu res o f 3H -NA in jected  in to  the cerebral ventricles.

Methods

L ab o ra to ry  anim als and m azindol a d m in istra tion

M ale  ra ts  of a W is ta r-d e r iv e d  in b red  s tra in , 180-200  g b o d y  w eight w ere u sed . T h e y  
w ere  s ta r v e d  for 24 h  before th e  b e h a v io u ra l te s t, b u t  w a te r  w as prov ided  ad  lib itu m . One 
h o u r  b e fo re  th e  behav ioural t e s t  0 .6 2 5 -5 .0  m g/kg b o d y  w e ig h t m azindol*  an d  fo r th e  n eu ro ­
c h e m ic a l s tu d ies , doses o f 10-30  m g /k g  were in jec ted  i .p . o f m az in d o l so lu tion  p re p a re d  by  
d isso lv in g  th e  com pound in  0.5 N  HC1, n eu tra lis ing  th e  so lu tio n  a n d  d ilu tin g  i t  w ith  physio log ­
ica l sa lin e . C ontrol anim als w ere g iv e n  in jec tions o f th e  so lv e n t. A fte r  a d m in is tra tio n  o f m az in ­
do l th e  r a t s  were re tu rn e d  to  t h e i r  u su a l cage and  o b se rv ed  fo r gross b eh av io u ra l e ffec ts ,
i.e . s te r e o ty p e d  m ovem ents.

B eh a v io u ra l test

A fte r  a  fa st of 24 h , th e  r a ts  w e re  p u t  in  sep ara te  b o x es  m easu rin g  30 X 30 X 30 cm , w ith  
a  t r a n s p a r e n t  fro n t wall, th ro u g h  w h ic h  th ey  were i llu m in a te d . T he base o f each  b o x  was 
d iv id e d  in to  4 squares. A d ish  o f fo o d  pe lle ts (Gödöllő, H u n g a ry )  w as p laced in  th e  m idd le  o f 
e ach  b o x . T h e  anim als were o b se rv e d  fo r  10 m inu tes f ro m  th e  m o m en t th e y  w ere p u t  in to  
th e  b o x , a n d  th e  following v a r ia b le s  w ere  recorded:

1. feed in g  la tency : th e  t im e  ( in  s) elapsing u n til  a n im a ls  h a d  b egun  to  feed, i.e . p ick in g  
u p  a  p iece  o f food and chew ing i t

2 . feed in g  tim e (in s)
3. e x p lo ra tio n : th e  n u m b er o f  t im e s  th e  anim al crossed  th e  lines, th e  n u m b er o f rea rin g s  

a n d  th e  t im e  th e  anim al sp en t in  th e  u p r ig h t  position  w ere n o te d  a n d  ad ded  to  give a co m b in ed  
score.

F o o d  in ta k e  in  g/100 g b o d y  w e ig h t was m easured  a t  th e  e n d  of th e  10 m in  o b se rv a tio n  
p e rio d  a n d  a g a in  a fte r 60 m in . I n  a n o th e r  experim ent th e  b e h av io u ra l e x c ita to ry  a c tio n  o f  
m a z in d o l w as te s te d  by  m easu rin g  e x p lo ra tio n  in  th e  e x p e r im e n ta l  box  described  a b o v e . In  
th is  e x p e r im e n t  th e  ra ts  w ere n o t  d e p r iv e d  of food an d  w ere co n sid ered  sa tia te d . F u r th e rm o re ,  
no  fo o d  w as p resen t during  th e  t e s t in g  exp lo ra to ry  a c t iv ity .

sH -n o ra d ren a lin e  adm inistration

A n  indw elling  po lye th y len e  c a n n u la  (inside d iam e te r 0 .35 m m , ou tside  d iam e te r 0.8 m m ) 
w as im p la n te d  in to  a la te ra l v e n tr ic le  o f  th e  b ra in  u n d e r  e th e r  a n aesth es ia  4 days befo re  th e  
in je c tio n  o f  3H -N A . The s te re o ta x ic  co o rd in a tes  of th e  t ip  o f th e  can n u la , acco rd ing  to  D e  
Gb o o t ’s A tla s  [4] were as fo llow s: A  5 .8 , L  1.3, D 2.8. On th e  te s t  d ay  1 fiCi of 3H -N A  (1-, 
7-3H -n o ra d re n a lin e , 5.8 C i/m m ol, A m e rsh a m ) in  a volum e o f 30 /Л w as in jec ted  in to  th e  cer­
e b ra l v e n tr ic le .  The NA was d isso lv ed  in  physiological sa lin e  co n ta in in g  0 .1%  (w /v) asco rb ic  
acid  a s  a n  a n tio x id a n t and  a d ju s te d  t o  p H  7.0 im m ed ia te ly  b e fo re  a d m in is tra tio n . O ne h o u r 
a f te r  th e  in je c tio n  of 3H -N A , m az in d o l w as in jected  i.p . in  doses o f 10 or 30 m g/kg b o d y  w eigh t. 
T he a n im a ls  w ere d e cap ita ted  4 h  a f te r  th e  in jec tion  o f m az in d o l. T he b ra in  w as rem o v ed  
a t  once  a n d  cooled on ice w hile th e  fo llow ing s tru c tu re s  w ere  d issec ted  ou t: (i) th e  m ed ia l 
h y p o th a la m u s  including th e  m e d ia n  em inence and th e  a rc u a te ,  v en tro m ed ia l a n d  do rso - 
m ed ia l n u c le i;  (ii) th e  la te ra l h y p o th a la m u s  ad jacen t to  th e  a n te r io r  an d  m edial h y p o th a la m u s ; 
(iii) th e  h ip p o ca m p u s; (iv) th e  lo cu s coeru leus and (v) th e  re m a in in g  p a r ts  of th e  p o n s  a n d  
th e  m e d u lla  oblonga. The locus c o e ru le u s  w as dissected o u t f ro m  th e  pons as desc rib ed  b y  
Se g a l  a n d  K u c zen sk i [18]. T h e  3H -N A  c o n ten t of th ese  re g io n s  o f th e  b ra in  was e x tra c te d  
b y  th e  a lu m in iu m  abso rp tio n  te c h n iq u e  and  estim a ted  b y  liq u id  sc in tilla tio n  c o u n tin g  as- 
d e sc rib e d  e a r lie r  [3].

* K in d ly  supplied b y  S an d o z  L td . ,  Basel, S w itzerlan d .
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R esults

Effect o f  m azindol on feeding behaviour

Changes in feeding la ten cy , the tim e spent feeding, exploratory a c tiv ity  
and food intake under th e  effect o f increasing doses o f mazindol are show n  
in  F ig. 1. E ven  the low est dose (0.625 mg/kg) o f  m azindol produced a signif-

O)
О
О

\cn

D o s e s  o f  m a z i n d o l  ( m g / k g )

F ig . 1. E ffec t o f m azindo l on  la te n c y  of in itia tio n  of feed in g , on feeding tim e a n d  e x p lo ra tio n  
(in  m ed ians), an d  on food in ta k e  (m ean  i  S .E .M .) o f 24 h  fasted  ra ts  su b jec ted  to  a  novel 
e n v iro n m en t. Food in ta k e  w as m easu red  du ring  th e  f i r s t  10 m in  b eh av io u ra l o b se rv a tio n  
period  a n d  in  th e  su b seq u e n t 50 m in  period . T he n u m b e r o f  an im als v a ried  fro m  6 to  8 per

g ro u p , p <  0.05, p <  0.01
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ic a n t  (p <  0.05, M ann-W hitney test) change in  all behavioural variables. 
T h e increase in la tency , decrease in feeding tim e and increase in  exploratory  
b eh aviou r were more pronounced after 1.25 and 2.5 mg/kg doses. A  dose of 
5 m g/k g  abolished feed ing  com pletely and induced  stereotyped m ovem ents  
su ch  as increased locom otor activ ity , rep etitive rearings and head turnings 
w ith  sniffing during th e  postin jection  period and behavioural te s t . T he thresh­
o ld  dose causing a change in  food intake was higher than th a t causing a 
ch an ge  in feeding behaviour. The lowest doses reducing food consum ption  in 
th e  fir st 10 min and in th e  subsequent 50 m in period were 1.25 m g/kg and

F ig . 2 . E ffe c t of m azindol on  e x p lo ra to ry  a c tiv ity  o f  s a t ia te d  ra ts . N um ber a n d  d u ra tio n  of 
re a r in g s  a n d  num ber of crossings w ere  scored (N ). S ix r a ts  w ere used  in  each  g ro u p , p  <  0.05

2.5 m g/k g , respectively. E xp loratory  activ ity  was also measured in  th e  satiated  
rats after  injection of the drug. The lowest dose causing an increm ent in  explora­
to r y  a c t iv ity  under these cond itions was 2.5 m g/kg (F ig. 2).

Table I

E ffec t o f  mazindol on the disappearance o f  3H -noradrenaline ( N A )  in  several bra in  areas

•H -NE conten t in  /iCi/g tissue

Groups
Medial

hyop tha lam us
Lateral

hypothalam us
Locus

coeruleus
Hippocampus M edulla 

an d  pons

S aline 199 ±  23 35.4 ±  3.1 33.4 ±  3.3 18.8 ±  2.2 20.9 ±  2.8
M azin d o l 10 m g/kg 170 ±  16 28.3 ±  4.2 34.4 ±  2.6 22.9 ±  3.7 27.6 ±  3.4
M az in d o l 30 m g/kg 108 ±  10» 38.3 ±  4.3 33.6 ±  3.0 21.7 ±  2.8 22.6 ±  3.1

V a lu es  are means ± S .E .M .
6 r a t s  per group were used
a  =  p  <  0.01 vs. saline c o n tro l group  (S tu d en t’s t te s t)
M azindo l was in jected  1 h  a f te r  th e  in tra v en tricu la r  in jec tio n  of 1 ,uCi 3H -N A  
D e ca p ita tio n  occurred 4 h o u rs  a f te r  th e  m azindol in je c tio n
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E ffect o f  m azindol on brain noradrenergic function

The effect o f mazindol on disappearance o f  3H -N A  from various parts 
o f  the brain was investigated . Labelled N A  and one hour later m azindol was 
in jected  into the cerebral ventricle. Four hours later the concentration  o f  
3H -N A  was unchanged (Table I) in  all regions except the m edial h yp oth a la ­
m us. Disappearance o f  3H -N A  from the m edial hypothalam us w as increased  
only  b y  30 m g/kg of m azindol and th is resulted in  a lower 3H -N A  tissu e  con­
centration .

Discussion

W hen rats are placed in a new environm ent, external stim u li evoke  
in tense exploration w hich norm ally inhibits certain types o f spontaneous  
behaviour including feeding. Thus a m odel o f  th is type would be ex p ected  to  
provide a sensitive index o f anorectic efficacy. The tests carried w ith  m azindol 
have confirm ed this assum ption. In  a dose as low  as 0.6 m g/kg, m azindol 
increased the feeding laten cy , reduced tim e spent feeding and increased loco­
m otor a ctiv ity  in  rats w hich had been fasted  for 24 hours. The increase in  
exploration  was accounted for b y  the reduced feeding tim e, since in  satiated  
rats an increase in exploratory a ctiv ity  was observed only after a m azindol 
dose o f  2 .5  mg/kg. Our findings confirm  those o f  G o g e r t y  et al. [7 ]  indicating  
th a t, up to  a certain dose level, m azindol exerts its anorectic effect w ithout 
increasing locom otor a ctiv ity  or stim ulating behavioural responses to  a new  
environm ent. The variables related to  feeding behaviour m entioned  above, 
i.e . feeding latency , tim e spent feeding and exploratory activ ity , p roved  to  be 
more sensitive indices o f  the appetite-suppressing effect o f  m azindol than  
food intake whether m easured in  the initial 10 min or over a longer 50 min 
observation  period. Low doses o f  m azindol, w ith  marked effects on  feeding  
behaviour, did not reduce food intake. The inhibitory role o f the m edial and 
the facilitatory role o f  the lateral hypothalam ic structures in th e  regulation  
o f food intake is well docum ented (for review  see G r o s s m a n  [9]). I t  is also 
know n th at some extrahypothalam ic structures such as parts o f  th e  fore- 
brain-lim bic midbrain system  [14] affect food intake. Among these structures 
the septal area is involved in  the regulation o f food intake [13, 15, 19].

M azindol is known to  affect the septum , since lesions in th is area abolish  
th e  suppressive effect o f  m azindol on m ouse-killing behaviour [7]. Since the 
septum  is o f  crucial im portance in  behavioural adaptation to  stress, and since 
stress m ay, under certain circum stances, increase food intake [2 , 16] the 
effect o f  m azindol on th is area o f the brain merits further in v estiga tion  to  
establish  its precise m echanism  o f action. The ventral noradrenergic bundle  
(V N A B ) inhibits food in take, an effect w hich is probably m ediated  b y  the
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la tera l hypothalam us [1, 8 , 11]. H yperphagia induced  by lesion o f the ventro­
m edial hypothalam us is associated  w ith a decrease in  NA turnover in  the  
la tera l hypothalam us [3 ]. A lthough hyperphagia induced in this w ay is due to  
a num ber o f factors b esid es the decreased noradrenergic function [11], it  is 
possib le th at the im pairm ent o f noradrenergic fu n ction  in the hypothalam us  
m ay have some role to  p la y  in the developm ent o f hypothalam ic obesity . 
A norectic agents such as m azindol, am phetam ine and other phenyl-ethylam ine  
derivatives affect cerebral N A  m etabolism [6]. T he anorectic effect o f am phet­
am ine is weakened b y  lesion s o f the V N A B [1]. M azindol is a potent inhibitor  
o f N A  uptake through th e  presynaptic m em brane [5, 10, 17, 21], an effect 
w h ich  is probably in v o lv ed  in  its anorectic action . After the adm inistration  
o f 30 m g/kg mazindol i.p . w e  found that 3H -N A  disappearance was faster in  
th e  m edial hypothalam us th a n  in other areas o f  th e  brain investigated , i.e. 
th e  lateral hypothalam us, locus coeruleus, p on s, medulla oblongata and 
hippocam pus. In sim ilar experim ents a dose o f  25 m g/kg mazindol adm inistered  
orally  did not affect th e  disappearance and m etabolism  o f 3H -N A  how ever, in  
th ese oral studies th e  w h ole  brain was analysed  [5]. Thus it appears that 
m azindol might have a locus-specific effect on cerebral NA m etabolism  by  
its e ffect on the m edial hypothalam us. The m edial hypothalam us has a m ono­
syn ap tic  connection w ith  th e  amygdaloid nucleus through the stria term inális, 
but is connected o ligosyn ap tica lly  w ith all th e  extrahypothalam ic structures 
in v o lv ed  in the regulation o f  food intake [14]. W hether the effect o f m azindol 
on  N A  m etabolism  in  th e  m edial hypothalam us w as a direct one or a result 
o f  th e  drug’s extrahypothalam ic action is not know n. It should be borne in  
m ind th a t mazindol affects cerebral noradrenergic function only in m assive  
doses, hence this effect is n o t a primary com ponent o f the anorectic effect 
o f  m azindol.
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PARTIAL PURIFICATION FROM BOVINE 
PULMONARY TISSUE OF A PROTEIN 

CAPABLE OF INHIBITING I N  V I V O  DNA 
SYNTHESIS IN MOUSE PULMONARY CELLS

Z . M a r c s e k  a n d  J .  M e n y h á r t

D EPA R T M E N T OF C E IL  BIOLOGY, I M I F E  R ESEA R C H  ORGANIZATION OF T H E  H U N G A R IA N  
ACADEMY OF SCIENCES AND T H E  SEM M ELW EIS U N IV E R SIT Y  MEDICAL SCHOOL, B U D A P E S T

(R eceived  F e b ru a ry  11, 1982)

T h is p a p e r  re p o rts  on p a r tia l  p u rif ic a tio n  an d  ch a ra c te riz a tio n  o f a  n a tu ra l 
(endogenous) fa c to r cap ab le  of in h ib itin g  in  v i v o  DI4A  synthesis in  m ouse  p n eu m o cy tes  
in  a tissue-specific  m an n e r. B y  u sin g  a co m b in a tio n  of u l tra f i lt ra t io n  a n d  various 
ch ro m a to g ra p h ic  tech n iq u es, th e  a c tiv e  a g e n t h a s  been  p a rtia lly  p u rif ied  fro m  aqueous 
e x tra c ts  of b o th  bovine a n d  ra t  p u lm o n a ry  tis su e . T h e  fac to r responsib le fo r  th e  observed 
effec t w as fo u n d  to  be a h e a t lab ile  co m p o u n d , m o st likely  a p ro te in  o f a p p ro x . 40 000 
m o lecu la r w eigh t. I ts  chem ical an d  physico ch em ica l p roperties d e te rm in e d  so far, 
a n d  also  th e  m an n e r o f i ts  biological a c tio n  im plies th a t  th is lung  tis su e  d e r iv e d  agen t 
m ig h t be  a n  endogenous p ro life ra tio n  in h ib ito r  w ith  a  chalone-like c h a ra c te r  o p e ra tin g  
in  th e  p u lm o n a ry  ep ith e lia l cells .

The experiences accum ulated during the past few years h a v e  favoured  
th e  idea th at specific endogenous substances capable o f stim u la tin g  [1, 2] 
and inhibiting [3, 4] in vivo  and in  vitro  cell proliferation m ight p la y  a decisive 
role in th e  control of tissue m itotic hom eostasis in m am m alian organism s. 
Their theoretical significance and th e  chance o f  their clinical applicability  
[5, 6, 7] lends a particular significance to  a m uch debated and still controversial 
group o f endogenous substances, called chalones, w ith  the assum ed capability  
o f inh ib iting cell proliferation in  a tissu e or cell-line specific m anner [8, 9, 
10, 11].

As to  the endogenous proliferation inhibitors of the pulm onary cells, 
it  w as S i m n e t t  and co-workers [18] w ho first dem onstrated in  short-teim  
lung expiants the tissue-specific proliferation inhibitor cap acity  o f  crude 
aqueous extracts o f bovine p u lm onaiy  tissue. A  few years later H o u c k  [19] 
show ed th a t 30 000—50 000 D alton  ultrafiltrates prepared from  an acetone 
dry powder o f bovine pulm onary tissu e , cell-line specifically in h ib ited  the 
in  vitro  proliferation o f cultured bronchial cancer cells.

In  th e  present report we describe a factor p iobably o f protein  character 
th at has partially been purified from the aqueous extract of b ov in e  pulm onary  
tissu e , w hich tissue-, and seem ingly also cell-line specifically in h ib its  in  vivo 
D N A  synthesis in some o f the m ouse pulm onary cells, first o f  all in  type  
2 pneum ocytes.
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Methods
P rep a ra tio n  o f  tissue extract

J! j T h e  p u lm o n a ry  tis su e  (o rd in a r i ly  4 kg), fresh ly  re m o v e d  fro m  s lau g h te red  c a t t le  w as 
p lac ed  in  a  pre-cooled (4 °C) c o n ta in e r  an d  tran s fe rre d  q u ic k ly  in to  th e  la b o ra to ry . O n each  
occasio n , p rocessing  of th e  t is su e  w as s ta r te d  un d er c a re fu lly  coo led  conditions (2 -4  °C) w ith in  
40 m in  fo llow ing slau g h te r  o f  th e  an im als .

I n  o rd e r to  increase  i t s  e f fe c tiv ity , tissue  e x tr a c t io n  w as carried  o u t in  sev e ra l s tep s. 
A fte r  ro u g h  chopping , th e  t is su e  w as w ashed in  ice co ld  n o rm a l saline so lu tion  a n d  g ro u n d  
tw ice  w ith  an  electric  g r in d e r  p la c e d  in  a  re frig e ra to r. T h e  g ro u n d  tissue  was su sp en d ed  in  a 
te n fo ld  v o lu m e  of ice cold d is til le d  w a te r  follow ed b y  2 m in  m incing  in  1500 m l p o r tio n s  b y  
m ean s o f  a  w aring  b len d er (20 000 rp m ). T he susp en sio n  w as th e re a f te r  son icated  (o u tp u t  =  
70 W ) in  a  re fr ig e ra to r fo r 1 0 x 2  m in  an d  allow ed to  s ta n d  o v e rn ig h t a t  2 °C.

.N e x t m orn ing , th e  su sp e n s io n  was filte red  th ro u g h  4 la y e rs  of gauze fo llow ed b y  a d d i­
t io n  o f a  tris -H C l buffer (p H  5 .5) in  0.1 mol/1 fin a l c o n c e n tra t io n . T he bu ffered  f i l t r a te  was 
se d im e n te d  a t  2 °C fo r 30 m in  in  th e  zonal ro to r of a  B e c k m a n  J  21 В ty p e  cen trifu g e . T he 
r e su ltin g  s u p e rn a ta n t  was u se d  fo r  f rac tio n a tio n .

F ra ctiona tion  o f  the extract

7 a ) U ltrafiltra tion  : th e  su sp en s io n  o b ta ined  as p re v io u s ly  described  was f ilte re d  th ro u g h  
a c a p il la ry  m em brane  f i l t r a t io n  u n i t  (A m icon H 1P100; n o m in a l c u t-o ff lim it, 100 000 D a lto n s) 
o p e ra te d  a s  a re c ircu la tio n  sy s te m . I n  order to  en su re  e x te n s iv e  f i ltra tio n , th e  re s id u e  w as 
e x h a u s tiv e ly  filte red  th ro u g h  th e  sam e  system  by  c o n tin u o u s  a d d itio n  of te n  v o lu m es of a  
tr is -H C l b u ffe r  (0.1 mol/1; p H  5.5). T h e  f i ltra te  was c o n c e n tra te d  on a cap illa ry  m em b ran e  
f i l t r a t io n  u n i t  (A m icon H 1 P 1 0 ; n o m in a l cu t-o ff l im it, 10 000 D a lto n s) o p era ted  as a  pe rio d ic  
sy s te m . T h e  hydrogen  io n  c o n c e n tra t io n  of th e  re ta in e d  m a te r ia l  was occasionally  a d ju s te d  
to  p H  8 b y  ex tensive  d ia ly sis  a g a in s t  a tris-H C l b u ffer so lu t io n  (0.1 mol/1; p H  8). T h e  use of 
th e  tw o  c ap illa ry  m em b ran e  f i l t r a t io n  u n its  w ith  d iffe re n t c u t-o f f  lim its  as spec ified  above 
a llow ed  to  o b ta in  a  fin a l r e te n ta te  co n ta in in g  so lu tes w i th  n o m in a lly  less th a n  100 000 b u t  
m ore  th a n  10 000 D a lto n  m o le c u la r  m ass.

b )  C olum n chrom atography : th e )  re te n ta te  p re p a re d  as d escribed  in  th e  p rev io u s  p a ra ­
g ra p h  w as c h ro m a to g rap h ed  on  a  D E A E  Sephadex A -50 gel c o lu m n  (5 X 85 cm ) b y  u sin g  th e  
f ra c tio n a l g ra d ie n t e lu tio n  te c h n iq u e . E lu tio n  was s ta r te d  w ith  a  tris-H C l b u ffer (0 .1  mol/1, 
p H  5.5) a n d  proceeded, w hen  th e  f i r s t  p eak  ap p eared , w ith  a  N aC l g rad ien t a t  a  flo w  r a te  o f
0.65 m l/m in . E lu tio n  b u ffers w i th  th e  follow ing co m p o s itio n  w ere app lied : (a) 1100 m l tr is -  
H C l (p H  8 .0); (b) 900 m l tr is -H C l co n ta in in g  NaCl in  a  c o n c e n tra t io n  of 0.05 mol/1, (p H  7.3); 
(c) 1100 m l tris -H C l co n ta in in g  N aC l in  a c o n ce n tra tio n  o f  0.1 mol/1 (p H  7.0); (d) 900 m l tr is  
c o n ta in in g  N aC l in  a c o n c e n tra tio n  o f 0.35 mol/1 (p H  6.0). T h e  o p tica l a c tiv ity  o f th e  e lu a te  
w as m o n ito re d  con tin u o u sly  a t  280 nm . The e lu ted  f lu id  w as pooled  in  four f ra c tio n s  a n d  
ly o p h ilized .

T h e  on ly  D E A E -S e p h ad e x  f ra c tio n  th a t  d isclosed  b io lo g ica l a c tiv ity  was fu r th e r  p u r i­
fied  on  a  CM Sephadex  G-25 c o lu m n  (2.5 X 100 cm ) p re v io u s ly  eq u ilib ra ted  w ith  a  tr is -H C l 
b u ffe r  (0 .1  mol/1, p H  5.5). F ra c tio n a l  e lu tio n  was c a rried  o u t  w i th  buffers o f d iffe ren t com posi­
t io n  in  w h ich , besides NaCl o f  sp e c if ied  co n cen tra tio n , t r is  w as a lso  included  in  0.1 mol/1 f in a l 
c o n c e n tra tio n . The p H  of th e  l a t t e r  w as occasionally a d ju s te d  to  th e  desired  va lue  w ith  ace tic  
acid . E lu t io n  a t  a flow  ra te  o f 0.8 m l/m in  was u n d e rta k e n  w ith  th e  follow ing so lu tions: (a ) 300 
m l t r is -a c e ta te  (p H  5.5); (b ) 250 m l NaCl (0.025 mol/1, p H  5 .7 ); (c) 250 m l NaCl (0.05 mol/1, 
p H  6 .0); (d ) 250 ml NaCl (0.075 mol/1, p H  6.25); (e) 300 m l N aC l (0.1 mol/1, p H  6.5); (f) 500 m l 
N aC l (0.3 mol/1, p H  7.5). O p tic a l a c t iv i ty  a t  230 n m  w as c o n tin u o u s ly  recorded . T h e  e lu a te  
w as p o o led  in  fo u r f rac tio n s  fo llo w ed  b y  ly o p h iliza tion .

T h e  frac tio n  disclosing  b io lo g ical a c tiv ity  was f u r th e r  p u rif ie d  on a  S ep h ad ex  G-75 
co lu m n  ( 2 .6 x 2 0 0  cm) p re v io u s ly  e q u ilib ra ted  w ith  P B S . E lu t io n  was done in  th is  case w ith  
P B S  a t  a  flo w  ra te  of 0.44 m l/m in  a n d  th e  280 nm  o p tica l a c t iv i ty  w as m onito red  co n tin u o u sly . 
T he c o lu m n  was ca lib ra ted  w ith  ja lb u m in  frac tio n  V (M w  =  6.5 X 104) an d  c y to ch ro m e  C 
(M w = '1 .2 6  X 104).

M olecular weight determ ination

D e te rm in a tio n  of th e  a p p ro x im a te  m olecular w e ig h t o f  so lu tes included  in  th e  on ly  
b io log ically  ac tiv e  CM S e p h a d ex  G-25 frac tio n  was c a rr ie d  o u t  on  a  Sephadex  G-75 co lu m n  
p re p a re d  a n d  ca lib ra ted  as d e sc rib e d  above, as well as b y  u ltra c e n tr ifu g a tio n  b y  u s in g  th e  
s e d im e n ta t io n  ra te  tech n iq u e  re fe r re d  to  an  a lb u m in  s ta n d a r d  [14].
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Chemical analysis

P ro te in  was d e te rm in ed  w ith  L o w r y ’s m ethod  b y  u s in g  bovine  a lb u m in  a s  s ta n d a rd  
[16]. D N A  c o n ten t was assessed  b y  B u r to n ’s p rocedure  [6 ].

M easurem ent o f  biological ac tiv ity

In  o rd er to  ensure re m o v a l o f u n d esired  low m o lecu la r w eigh t co m p o n en ts  f ro m  th e  
e lu a tes , all ch ro m ato g rap h ic  f ra c tio n s  w ere ex tensively  d ia ly zed  ag a in s t P B S  p rio r  to  te s tin g  
of th e ir  b iological a c tiv ity .

1. I n  vivo screening lest. B io log ical a c tiv ity  of D E A E  S ep h a d ex  frac tio n s , w h ich  were 
reg ard ed  as only s lig h tly  p u rif ie d , w as te s te d  on groups o f a n im a ls  consisting  o f 30 m ice 
(25 zh 3 g) each, by  in tra p e r i to n e a l  a d m in is tra tio n  of ly o p h ilized  a n d  red isso lved  c h ro m a to ­
g rap h ic  frac tio n s co n ta in in g  id e n tic a l a m o u n ts  of p ro te in . S ingle doses am o u n te d  to  12.5 m g 
p ro te in /k g  bod y  w eight, w h ich  w ere  re p e a te d  four tim es a t  1.5 h  in te rv a ls . T h u s, th e  fu ll dose 
ad m in is te re d  in  6 h  am o u n te d  to  50 m g p ro te in /kg  b o d y  w e ig h t. In  th e  5 th  h  a f te r  th e  f irs t 
dose , 3H -T d R  was a d m in is te red  in tra p e r ito n e a lly  (0.5 m C i/kg b o d y  w eight). T he c o n tro ls  were 
t r e a te d  w ith  P B S  un d er id en tica l con d itio n s. The mice w ere d e c a p ita te d  1.5 h  a f te r  th e  a d m in ­
is t ra t io n  of th e  label. Id e n tic a l  p u lm o n a ry  lobes w ere re m o v e d  fro m  each  a n im a l, th e ir  
w e ig h t assessed w ith  0.5 m g a cc u rac y , a n d  p laced  su b seq u e n tly  in  sc in tilla tio n  v ia ls  co n ta in in g  
1 m l o f a  so lubilizing a g en t (So luene-100, P ack ard ). In  o rd e r to  p ro m o te  d isso lu tio n  of th e  
tis su e , th e  v ials were sh a k e n  o v e rn ig h t a t  room  te m p e ra tu re  w ith  150 m in -1  freq u en cy . 
Fo llow ing  com plete  so lu b iliza tio n  10 m l o f a to lu en e -b ased  sc in tilla tio n  f lu id  co n ta in in g  
P P O -P O P O P  was p ip e tte d  in to  th e  v ia ls. A fter allow ing 4 h  fo r s tan d in g , th e  ra d io a c tiv ity  
w as d e te rm in ed  b y  using  a  P a c k a rd  2110 liqu id  sc in tilla tio n  sp e c tro m e te r. F o r assessing  ef­
fic iency  o f in d iv id u a l m ea su re m e n ts , d e te rm in a tio n  of ra d io a c tiv ity  was carried  o u t  b y  a u to ­
m a tic  e x te rn a l s ta n d a rd iz a tio n . R e su lts  were expressed as d p m /m g  tissue  w et w e igh t.

2. I n  vivo measurem ent o f  3H -T d R  incorporation , in to  D N A .  T he in  vivo  b io log ical 
a c t iv ity  a n d  occasionally  also  t is su e  spec ific ity  o f th e  m ore e x te n siv e ly  p u rified  CM S ephadex  
G-25 frac tio n s  was te s te d  b y  assessing  ra d io a c tiv ity  in c o rp o ra te d  in to  a u n it  q u a n t i t i ty  of 
D N A  iso la ted  fro m  th e  in v e s tig a te d  tissu es. The te s t  w as p e rfo rm ed  on g roups o f an im als 
com prising  20 m ice each. T e s t su b s ta n c es  were a d m in is te re d  as described  in  th e  p rev ious 
p a ra g ra p h  w ith  th e  only d ifference  th a t ,  in  these  ex p erim en ts , single doses a m o u n te d  to  7.5 m g 
p ro te in /k g  body  w eight a n d  th u s ,  th e  fu ll dose ad m in is te re d  am o u n te d  to  30 m g  p ro te in /k g  
b o d y  w eight. C ontrol an im als  rece iv ed  P B S  un d er id e n tic a l co n d itio n s. A fte r d e c a p ita tio n , 
tw o  id en tica l p u lm o n a ry  lobes w ere rem o v ed  and  p rocessed  se p a ra te ly  fo r p a ra lle l  m easu re ­
m en ts . T he rem oved  lobes w ere hom ogen ized  in  3 ml ice cold  TC A  (7 % ). T he re su ltin g  p re c ip i­
ta te  w as cen trifuged , th e  p e l le t t  w ashed  tw ice w ith  7 %  T C A , th e n  re su sp en d ed  in  a 3 : 1  
m ix tu re  o f e th a n o l-e th e r  a n d  f in a lly  in  e th e r. The resid u e  o b ta in e d  a f te r  e th e r  e x tra c tio n  
w as h y d ro lyzed  w ith  H C 104 (1.5 moi/1) in  boiling w a te r fo r 30 m in . Follow ing f i l t r a t io n  and  
ad d itio n  of 5 ml sc in tilla tio n  f lu id , th e  ra d io a c tiv ity  in  1.5 m l p o rtio n s  o f th e  f i l t r a te s  was 
d e te rm in ed  as described p re v io u s ly . D N A  d e te rm in a tio n  w as s im u ltan eo u s ly  p e rfo rm e d  from  
a liq u o ts  o f th is  sam e f i l t r a te .  R e su lts  w ere expressed  as d p m /fig  D N A .

3. I n  vitro test system . F ra c tio n s  disclosing in  vivo  b io log ical a c t iv ity  w ere te s te d  u n d e r 
in  vitro  conditions as well. I n  vitro  t e s t  system s included  th y m o c y te  (5 X 10® cells/m l) a n d  bone 
m arro w  cells (3x10® cells/m l) c u ltu re d  a t  37 °C in  a P a rk e r  TC  199 m ed iu m  as w ell as sh o rt 
te rm  lu n g  organ  cu ltu res . In  th e  la t t e r  case, Sim n e t t ’s o rig in a l m eth o d  [12] w as u sed  and 
th e  te s t  perform ed on 48 h  lu n g  e x p ia n ts . I n  vitro b io log ical a c t iv i ty  o f th e  f ra c tio n s  te s ted  
w as assessed b y  m easu ring  th e  r a te  o f 3H -T d R  in co rp o ra tio n  in to  D N A  of cells o f th e  d iffe ren t 
te s t  sy s tem s.

A utoradiography

In  o rder to  get som e in s ig h t in to  th e  d is tr ib u tio n  o f  th e  in  vivo a d m in is te re d  label 
am ong  cell p opu lations o f th e  lu n g  tis su e , a u to ra d io g ra p h y  w as occasionally  p e rfo rm ed  on 
a  few  p u lm o n a ry  tissue sam p les. T h e  tech n iq u e  included  th e  u se  o f a n  Ilfo rd  K 6 em u lsio n , an  
exposure  tim e  of 3-5  w eeks, a n d  a  m eth y lg reen -p y ro n in  s ta in in g  p rocedure .
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Results

T h e  DEAE Sephadex A -50 chrom atographic pattern o f th e  ultrafiltered  
crude extract proved to  be h ig h ly  reproducible. B y  m onitoring optica l activity  
o f  th e  eluate at 280 nm , th e  extract could be resolved into 9, more or less 
sep a ra ted  elution peaks (F ig . 1). Substances represented b y  th ese peaks were 
c o lle c te d  in  four pooled fraction s indicated as D x, D 2, D 3 and D 4, in  th e  figure. 
B io lo g ica l activity o f the ind iv id u al fractions w as tested  under in  vivo  con­
d itio n s  as described in M ethods. Presuming th a t te st  substances w ere absorbed 
in  to to  from  the peritoneal ca v ity  and d istributed primarily in  th e  extra-

F ig . 1. D E A E  Sephadex A-50 c h ro m a to g ra m  of a 10 000 -1 0 0  000 D a lto n  u l tr a f i l t r a te  p rep ared  
fro m  a q u e o u s  e x tra c t of b o v in e  p u lm o n a ry  tissue. D o tte d  a n d  b ro k en  lines in d ic a te  sa lt  and 
p H  g r a d ie n t ,  respectively . L e f t-s id e  o rd in a te : OD 280; r ig h t-s id e  o rd in a te : sa lt  co n ce n tra tio n  
( in n e r  s id e )  a n d  p H  (ou ter side), o f  th e  e lu tio n  buffer. A b scissa: n u m b er o f f rac tio n s . D 2- D 4 

in d ic a te  pooled D E A E  S e p h a d e x  fractions u sed  in  b io logical te s t  sy s tem s

cellu lar space, the in  vivo  extracellu lar concentration  could be estim ated  as 
50 Цg protein /m l after th e  f ir s t  dose, and 200 fig  protein/m l after the full 
dose. I t  should be noted th a t  single doses, even  i f  th ey  were repeated , failed  
to  e lic it  a biological action.

T a b le  I summarizes resu lts  o f  the in vivo  screening tests. Substances in 
th e  p o o led  fractions D 4, D 2 an d  D 4 were found essentia lly  ineffective. On the 
other h a n d , intraperitoneal adm inistration  o f substances in fraction  D 3 regu­
larly  depressed  incorporation o f  the label, b y  cca. 35% .

F ra ctio n  D 3, the on ly  on e  th a t disclosed a sign ificant b iological activ ity  
in  th e  in  vivo  screening te s t  w as further purified on a CM Sephadex C-25 
co lu m n  an d  yielded 13 e lu tion  peaks as dem onstrated in  F ig. 2. The substances 
rep resen ted  b y  these peaks w ere  pooled in four separate portions indicated
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in the figure as fractions C4, C2, C3 and C4. Their biological a ctiv ity  w as tested  
individually. Provided th a t the conditions m entioned in connection  w ith  
fraction D 3 were m et, th e  extracellular concentration  of the tested  m aterial 
could be estim ated at 30 /ig protein/m l after the first dose, and at 120 цg 
protein/m l after th e  full one. Results o f  b iological testing are com piled  in 
Table II. The data clearly dem onstrate ineffectiveness of the substances in 
fractions C2, C3 and C4. On the contrary, adm inistration  of fraction C4 which, 
as it  is shown in F ig . 2, also included a com ponent that was ev id en tly  excluded  
from the gel bed (eluted  practically at V 0), resulted in a marked inhibition  
o f labeled precursor incorporation into ex tracted  lung D N A . I t  w as also

Fig. 2. CM S ep h ad ex  G-25 c h ro m a to g ram  of th e  b io lo g ica lly  active  D 3 fra c tio n  in d ic a te d  in  
F ig . 1. D o tte d  a n d  b ro k e n  lines as well as co o rd in a te s  co rrespond  to  those  in d ic a te d  in  F ig . 1. 

C j-C 4 re p re se n t poo led  CM Sephadex  f ra c tio n s  u sed  in biological te s t  sy s te m s

Table I

E ffect o f  in  vivo adm inistered D E A E  Sephadex fra c tio n s  (50 mg protein/kg body w eight) 
on precursor incorporation into lung tissue  as measured by the screening test

F ra c tio n
dpm /m g w e t 

w eight
D e v ia tio n  

f ro m  th e  co n tro l 
(%)

P

C ontrol 114 ±  30.9 — —

D , 96 ±  41.4 — 16 p >  0.05

d 2 93 ±  27.1 — 18 p >  0.05

D 3 75 ±  15.1 - 3 4 p <  0.05

92 ±  23.9 - 1 9 p >  0.05
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Table II

E ffe c t o f  in  vivo administered C M  Sephadex frac tions (3 0  mg protein/kg body weight) 
on  precusor incorporation in to  D N A  o f  lung and p a rtly  o f  spleen and kidney tissues

Target
organ F raction dpm//xg DNA

D evia tion  
from  the control 

(%)
p

L ung co n tro l 116 ± 3 2 .2 — —

Cl 58 ±  17.3 - 5 0 p <  0.05

C 2 107 ±  28.2 — 08 p >  0.05

C3 123 ±  36.4 + 0 6 p >  0.05

C4 93 ±  21.6 - 2 0 p >  0.05

Spleen co n tro l 137 ±  44.2 — —

Cx 124 ±  42.7 - 0 9 p >  0.05

K idney co n tro l 86 ±  18.8 — —

Cl 84 ±  17.6 - 0 3 p >  0.05

ob viou s th a t  fraction Gx, w hile strongly  inh ib itory in  the lung, rem ained essen ­
tia lly  in effective  in the spleen and kidney, in d icatin g  its tissue-specific action  
(T able I I I ) .

T issu e  specificity o f  the action  of fraction Cx applied in two con cen tra­
tion s w as dem onstrated under in  vitro  conditions as well (Table III). F raction  
Сг in h ib ited  labeled precursor incorporation in to  D N A  of the lung ex p ia n ts

Table III

E ffe c t o f  two doses (100 and 500 fig protein/m l) o f  C4 fra c tio n  on labeled precursor 
incorporation into D N A  o f  different in  vitro culture systems

Target culture Fraction
Dose

[Ag protein/m l dpm/jug DNA
Deviation 

from the control
(%)

p

L u n g control — 513 ±  67.1 — —

C i 100 380 ±  41.8 - 2 6 p <  0.05

C i 500 293 ±  37.1 - 4 3 p  <  0.05

T h y m o c y te control — 3471 ±  363 — —

C i 100 3799 ±  309 + 0 9 p  > -  0.05

C l 500 3518 ±  254 + 0 1 p  > •  0.05

B o n e  m a r r o w control — 4947 ±  580 — —

C i 100 5247 ±  709 + 0 6 p  > -  0.05

C i 500 4983 ±  484 + 0 1 p  > •  0.05
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in  a dose-dependent manner. On the other hand, the same fraction w as com ­
p lete ly  ineffective in both  doses, and in both o f  the remaining cultures.

A utoradiography revealed  th at incorporation o f the labeled th ym id in e  
w as alm ost exclusively confined to  the nuclei o f  cells covering th e  surface 
o f  the alveoli (not shown). C onsequently, th e  effect o f the active  agent(s) 
responsible for the inhibition  o f  thym idine incorporation m ight thus be directed  
o n ly  to  these cells.

F ig . 3. S ephadex  G-75 c h ro m a to g ra m  o f th e  b io logically  active  C, f ra c tio n  in d ic a te d  in  
F ig. 2. O rd in a te : O D 280; abscissa: n u m b er o f frac tio n s

The finding th at com ponents included in  the biologically active  fraction  
C x could hardly be separated on a Sephadex G-75 colum n m ight be interpreted  
b y  assum ing that the m olecular w eight o f  its com ponents (F ig. 3) falls, by  
and large, into an identical range. Substances represented b y  th e  poorly  sep­
arated A and В fractions had an approxim ate m olecular weight o f  30 000—50 000 
D altons as measured on a calibrated Sephadex G-75 column. M olecular weight 
o f the com ponents scattered around 40 000 D alton  as determ ined b y  u ltra­
centrifugation.

As to the chem istry o f the active ingredient(s) in fraction Cj, th e  follow ­
ing observations argue th a t it  m ight have been a protein: (a) so lu tes in  the 
active fraction had a m olecular w eight o f  certainly more th an  10 000 and 
less th an  100 000 D alton  (ultrafiltration), w ith  40 000 D alton  as th e  m ost 
lik e ly  molecular mass (Sephadex G-75 chrom atography and ultracentrifuga­
tion); (b) fraction Gx was found to  be largely com posed o f F o lin  positive  
com ponents; (c) the U V  absorption spectrum  o f ingredients in  th e  active  
fraction  was observed to  be typ ica l for proteins w ith  a 280 to  260 nm  optical 
a c tiv ity  ratio o f  1 :4 ;  (d) fraction  Cx left standing accidentally at room  tern-
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perature for 24 h had lo s t  its  biological a c tiv ity ;  (e) heating o f th e  active  
fraction  at 60 °C for 20 m in  resulted in precip itation  o f a significant proportion  
o f  its  protein content w ith  a concom itant loss o f  its  biological a c tiv ity .

Discussion

Our present know ledge is uncertain and rather lim ited in regard o f  the  
m echanism  o f action, and especially  the ch em istry  o f  the molecules in vo lved  
in  th e  intricate process o f  regulation  of cell proliferation  in pulm onary tissue. 
T he enorm ous differences kn ow n  to  exist in th e  rate  o f  proliferation in  various 
exp an d in g  and renew ing ce ll populations in  m am m alian organism s [17] 
in d ica te  the selective n ature o f  the underlying regulatory process. This is also 
su pported  by the know n feature of induced D N A  synthesis and subsequent 
cell proliferation, v iz . th a t  th e y  are restricted a lm ost exclusively  to th e  cells 
o f  a single cell population  [1 8 ]. This, on the other hand, implies th at th e  re­
sp ectiv e  mediator m olecules m ust possess som e special properties enabling  
th em  to  act in a tissue and/or cell-line specific m anner or, at least, to  induce  
or con tro l tissue and/or cell-line specific regu latory  processes. The latter m ay  
be accom plished by specific  interactions operating betw een  the m ediator m ole­
c u le ^ ) and some special m em brane structure, probably  receptors o f  th e  elec- 
t iv e ly  reacting cell p op u lation s [19, 20].

I t  should be stressed  th a t, unlike in  experim ents hitherto published  
[12, 1 3 ], the in vivo  e ffectiven ess of an endogenous agent capable o f inh ib iting  
D N A  synthesis in pu lm onary cells in a tissue sp ecific  manner has been dem on­
stra ted  in  this paper. R esu lts  obtained in  our in  vivo  experim ents have been  
confirm ed  in in vitro  te s t  sy stem s as well. N everth eless, the question concern­
ing  th e  reacting cell p o p u la tion  within the pu lm onary tissue o f heterogeneous 
cellu lar com position is d ifficu lt to answer at p resen t. According to  the ad m it­
te d ly  prelim inary data o f  our autoradiographic analysis, D N A  synthesis o f  
an y  sign ificant ex ten t could on ly  be observed in  cells situated  on the surface 
o f  th e  alveoli. Since h isto log ica l procedures b y  w hich  different cell typ es  
could  have been reliably distinguished were not applied  in the present experi­
m en ts, the different ty p es  o f  pneum ocytes as w ell as the m acrophages, all 
situ a ted  on the surface o f  th e  alveoli, had to  be eq u ally  considered as target 
cells. T he effect on m acrophages could be sorted ou t b y  reasoning th at, despite  
th e  large number o f m acrophages present in  b o th  th e  splenic and bone m ar­
row  tissu es, none o f  th em  responded to the agent (Tables II  and III). Conse­
q u en tly , only type 1 and 2 pneum ocytes rem ained as possible target cells o f 
th e  a c tiv e  agent. H ow ever, according to literary d ata , rate o f D N A  synthesis, 
and consequently cell proliferation  in typ e 1 pneum ocytes can hardly be 
m easured  and lags considerab ly  behind th a t o f  ty p e  2 alveolar cells [21].
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T hus it  seem s very probable th at the observed effect was d irected prim arily  
to  typ e 2 cells which synthesize D N A  at a substantially  higher rate. This 
assum ption  is supported b y  our prelim inary autoradiographic fin d in gs as well. 
In view  o f the dem onstrated tissue sp ecific ity  o f  the in vivo  e ffect, together  
w ith  th e  in  vitro  ineffectiveness on bone marrow cell and th y m o cy te  cultures 
o f  even  large doses o f the agent, a tox ic  etio logy  o f  the observed action  seem s 
to  be h igh ly  im probable. W e are entirely aware o f  the pitfalls resid ing in  the 
use o f 3H -TdR  incorporation in to  D N A  as a proliferation test [22]. H ow ever, 
m ost o f  these pitfalls can be disregarded in th e  ligh t o f the in  vivo  effectiven ess  
o f  the active agent and o f  its  tissue specific action  dem onstrated under both  
in  vivo  and in  vitro conditions.

On the basis o f  th e  observations presented in  this paper, it  appears 
ju stified  to  presume th a t aqueous lung tissu e extracts contain  a factor(s) 
probably o f protein character the in  vivo  D N A  synthesis in h ib itin g  effect of 
w hich  is not tox ic  and lung tissue specific w hile, w ith  regard to  ty p e  2 pneum o­
cy tes , it  is cell line specific . Several features o f  the active agent (dom ain of 
its  m olecular weight, its tissue specific action, its protein-like character, etc.) 
ind icate th at it might represent a more ex ten siv e ly  purified v a r ie ty  o f  the 
agent th a t carried the b iological a ctiv ity  in  the crude u ltrafiltrate used  in  
H o u c k ’s in  vitro  experim ent [13]. Further characterization o f  th e  active  
com ponent by the application  o f im proved separation procedures and new ly  
developed  techniques aim ed at isolating the active agent in a ch em ica lly  pure 
form , a prerequisite o f  its  full chem ical characterization, are in  progress in 
our laboratory.
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RESPONSES OF SUECLA\]AN EARORECEFTCRS 
OF THE DOG TO CHANGES OF STATIC 

PRESSURE*

A. U. K a d ir i

D EPA RTM EN T OF PHY SIOLOG Y , U N IV ER SITY  O F B E N IN , B EN IN  CITY, N IG E R IA  

(R eceived  F e b ru a ry  12, 1982)

T he p re ssu re -d ep en d en t changes in  a ffe re n t a c tiv ity  in  th e  r ig h t  a o r tic  and 
v ag a l nerves w ere s tu d ied  in  45 dogs a n a e s th e tiz e d  w ith  ehloralose. S ta tic  perfusion  
p ressu res  o f 0 -200  m m H g  w ere ap p lied  in  s tep s o f 10 m m H g. Single fu n c tio n a l fibre 
p re p a ra tio n s  w ere em ployed . R esu lts  w ere a n a ly ze d  using  a D igita l P D P -1 2  co m p u te r. 
T h e  th re sh o ld  pressu re  fo r s te a d y  d ischarge  w as 67 i  3 (SE) m m H g  (ran g e , 40-92). 
T h e  m ea n  s a tu ra tio n  p ressu re  w as 145 i  4 m m H g  (range, 112-117). T h e  stim u lus- 
response  curve re la tin g  th e  p o u ch  p ressu re  to  im p u lse  frequency  w as sig m o id  in  shape. 
T h e  se n s itiv ity  o f th ese  re ce p to rs  w as 0 .2 0 -0 .7  im pu lses/s per m m H g. T h u s , th e  sub­
c lav ian  b a ro recep to rs  of th e  dog hav e  c h a ra c te ris tic s  w hich are n o t s ig n ific a n tly  dif­
fe re n t fro m  those  of th e  a o rtic  a rch  an d  c a ro tid  sin u s b a ro recep to rs. T h e  e ffec ts  o f pe r­
fusing  su b c lav ian  b a ro recep to rs  w ith  v en o u s b lood  w as tes ted  on 10 f ib re s  o f  n ine  dogs 
d u rin g  th e  ap p lic a tio n  of co n tro lled  s ta tic  p re ssu re s  to  an  iso lated  p o u ch  c o n ta in in g  th is 
re c e p to r  a rea . W hen  com p ared  a t  th e  sam e p o u ch  pressu res and  a c tio n  p o te n tia ls , no 
d ifferences in  im pulse  a c tiv itie s  were fo u n d  d u rin g  perfusion  w ith  e ith e r  b lood .

I t  is com m on know ledge th at baroreceptors exist at the b ifurcation  of 
th e  right innom inate artery in  cats, rabbits, and dogs [2]. H ow ever, detailed  
electrophysiological studies involving th e  baroreceptors in this area have not 
been undertaken yet.

A ngell-J ames [1] carried out electrophysiological stu d ies on the 
aortic arch baroreceptors, and to  a lesser ex ten t, on subclavian baroreceptors 
o f th e  rabbit, and failed to notice difference in th e  impulse frequencies recorded 
from  th e right and left aortic nerves. The author, therefore, extrap olated  his 
results obtained from the left aortic nerve, w hich innervated th e  bifurcation  
o f th e  innom inate artery. The recorded m ean threshold pressure was 50.8 
(range 0—118) m m H g, w ith  a m ean threshold frequency o f 35 (range 0.13—59) 
im pulses/s. The m ean saturation pressure w as 116 (range 63—158) m m Hg, 
w ith  a m ean saturation frequency o f 77 (range 35—118) im pulses/s. H ow ever, 
in related  studies, during w hich perfusion o f the subclavian baroreceptor areas 
was undertaken, U e d a  et al. [21] and Tang  [19], reported threshold  pressures 
o f 20 8 and 60 m m H g, respectively , for th e  subclavian baroreceptors of
rabbits. There have been no such studies in  the dog. The purpose o f  th is  study  
was to  undertake discrete perfusion o f th e  subclavian baroreceptors w ith  static  
pressures while recording electrical a c tiv ity  from single strips o f  the right 
aortic nerve or right vagus nerve.

* T his in v es tig a tio n  w as u n d e r ta k e n  w hile th e  a u th o r  was on s tu d y  leav e  a t  th e  D e p a rt­
m e n t o f C ard io v ascu la r S tud ies , U n iv e rsity  o f L eeds, L eeds, U K

Acta Physiologica Academiae Scientiarum Hungaricae 59, 1982



360 A. U. KADIRI

Methods

F o r ty - f iv e  dogs (1 6 -2 2  kg ) w ere an ae sth e tize d  w ith  ch loralose  (80 m g/kg) g iv en  in t r a ­
v e n o u s ly  th ro u g h  th e  sa p h e n o u s  v e in , a f te r  in tra m u s c u la r  p rem ed ica tio n  w ith  m o rp h in e  
s u lp h a te  (0 .5  m g/kg). S u p p le m e n ta ry  doses of ch loralose  w ere  g iven  reg u la rly  th ro u g h o u t th e  
e x p e r im e n t to  m ain ta in  a n  e v en  lev e l o f an aesthesia .

T h e  tra c h e a  w as c a n n u la te d , an d  a rtific ia l re sp ira t io n  w as induced , w ith  a  m ix tu re  o f 
4 0 %  o x y g e n  in  a ir  de liv e red  b y  a  m odified  S ta rlin g  Id e a l  p u m p  a t  a ra te  o f a p p ro x im a te ly  
18 jb re a th s /m in . T he th o ra x  w as o p en ed  in  th e  m id line , a n d  positive-p ressu re  b re a th in g  w as 
in d u c e d  b y  a d ju s tin g  a  3 cm  re sp ira to ry  resistance. T h e  a b d o m e n  was opened, a n d  th e  a d re n a l 
g lan d s  w ere  id en tified  a n d  lig a te d . H y d rocortisone  (50 m g) w as g iven  in trav en o u s ly . T h e  an sae  
su b c lav iae  w ere  exposed a n d  c ru sh ed , an d  th e  vag i w ere c e n tra l ly  ligated .

S u b c la v ia n  pouch prepara tion

A  d ia g ra m  of th e  p e rfu s io n  sy s te m  as well as th e  iso la tio n  of th e  subclav ian  b a ro re c e p to r  
a rea  is sh o w n  in  Fig. 1. A  c a n n u la  in  th e  r ig h t c a ro tid  a r te r y  reco rded  pouch  p ressu res . T h is 
c a n n u la  a lso  d ra in ed  b lood  fro m  th e  p ouch  in to  a n o th e r  c a n n u la  re tu rn in g  b lood  to  th e  dog 
v ia  th e  e x te rn a l  ju g u la r  v e in . B ran ch es  o f th e  r ig h t su b c la v ia n  a r te ry  were lig a te d , a n d  th e  
c irc u it  w a s  co m ple ted  b y  l ig a tin g  th e  b rach iocephalic  a r te r y  n e a r  i ts  ju n c tio n  w ith  th e  a scen d ­
in g  a o r ta .

Schemo of Preporation

Recording
electrodes

R. vagus nerve

R. subclavian 
artery

Stimulating
electrodes

Stellate
gangtion

From pressure 
j k _  reservoir

From femoral 
artery

L. subclavian 
artery

F ig . 1. Schem e of p re p a ra tio n
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H aem odynam ic  measurements

A fem ora l a r te ry  was c a n n u la te d ; th e  c an n u la  w as connected  to  a  t r a n s d u c e r ,  th e  
p ressu res  fro m  w hich were d isp lay ed  on  a d o u b le -b eam  oscilloscope. The s tra in  g au g e  m an o m ­
e te rs  w ere ca lib ra ted  in  a  stepw ise  m an n e r  w ith  sa line  a n d  m ercu ry  m a n o m e te rs , a n d  th e  
zero  p ressu re  for each  m an o m e te r w as reco rd ed  p o s tm o rte m  as th e  p ressu re  a t  th e  t ip  o f th e  
c a n n u la  free in  a ir.

H e a r t  ra te  w as m o n ito red  b y  a c a rd io ta c h o m e te r  d riv en  by  th e  signal f ro m  th e  am p lifie r 
u sed  fo r reco rd in g  fem oral p ressu re  a n d  th e  e lec tro ca rd io g ram . The la t te r  w as re c o rd e d  fro m  
e lec tro d es ap p lied  to  th e  r ig h t foreleg , le f t h in d leg , a n d  body .

T he p H , p C 0 2, and  p 0 2 were m easu red  u sin g  e lectro d e  system s (E le c tro n ic  In d u s tr ie s  
L td . ,  R ich m o n d , S urrey ), a n d  th e  re su lts  o f b lood  gas analyses were e v a lu a te d  a cc o rd in g  to  
th e  schem e of K a ppa go d a  e t  a l. [11].

Recording o f  action potentials

Single s tr ip s  o f th e  r ig h t  cerv ica l v ag a l ne rv e  or th e  r ig h t ao rtic  n e rv e , b a th e d  in  w arm  
(38 °C) m in era l oil, were iso la ted , silver-s ilver ch lo ride  reco rd in g  electrodes w ere  a p p lie d  u n d e r  
a d issec tin g  m icroscope ( X 10-20). A c tio n  p o te n tia ls  w ere  recorded  on u l tra v io le t  p a p e r  and  
w ere  a lso passed  th ro u g h  a n  a m p litu d e  d isc rim in a to r, th e  o u tp u t of w hich w as a p p lie d  to  a 
P D P -1 2  d ig ita l co m p u te r fo r on-line a n d  off-line an alysis.

R esults

Spontaneous discharge patterns

The pattern o f a ctiv ity  recorded from the subclavian baroreceptors of 
the dog was similar to  th a t already reported for the aortic arch and carotid  
sinus baroreceptors. These activ ities were associated w ith each cardiac cycle  
and were always pulse-synchronous. The bursts in single fibres h ad  a rate o f  
4—10 im pulses per cardiac cycle and were in  phase w ith the subclavian  pressure 
pulse, the rate and number o f action potentia ls depending upon th e  configura­
tio n  o f  the pressure pulse. The first im pulse in each burst occurred early  
during the rising phase o f  the pressure w ave in  the subclavian artery.

As the pressure rose, the num ber o f action  potentials increased and 
reached a m axim um  w hen the pressure w ave reached the systo lic  peak, i.e . 
the in terval betw een action  potentia ls dim inished. Thereafter, th e  in terval 
increased as the blood pressure dropped from  its systolic peak, so th a t there 
were very few or no im pulses at all during the diastolic phase o f  th e  pressure 
w ave (F ig. 2). During d iastole the im pulse discharges ceased at b lood pressures 
th a t were com paratively higher than  the blood pressure levels during systole  
w hen im pulses were being discharged.

A dapta tion  time o f subclavian baroreceptors

The activ ity  of the receptors during th e  upstroke of the pressure w ave  
w as, o f  course, heavily  dependent upon the rate o f  rise o f the pressure, w hich  
w as not controlled precisely during the present experim ent. N everth eless it 
was im portant to  define the tim e course o f  adaptation  to applied pressures so 
th a t m easurem ents o f stead y-sta te  frequencies could be m ade.
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Subclavian baroreceptor fibres took 30—50 s to  adapt to applied sta tic  
pressures. A daptation  w as defined as the tim e necessary for the in itia l high  
frequencies o f action  p oten tia ls , which occurred im m ediately  after th e  appli­
ca tion  o f pressures, to  fa ll to  a lower and stea d y  level that was m aintained
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F ig . 2. S p o n ta n e o u s  discharge of su b c la v ia n  ba ro recep to rs
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F ig . 3. A d a p ta tio n  of a ty p ic a l  su b c lav ian  b a ro re c ep to r  p e rfu sed  a t  63, 126 an d  167 m m H g

thereafter. The ad ap tation  tim e varied from one fibre to  another nevertheless 
ad ap tation  was generally  accom plished in  shorter tim e periods for lower  
pressures than  for higher pressures; about 30 s were required for pressures 
around 60 m m H g and 50 s for pressures around 140 m m H g (Fig. 3).

To standardize th e  resu lts of the present experim ents, the stead y-sta te  
discharges after ad ap tation  were used for eva lu ation  of the results. Sub­
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clavian  baroreceptors had steady discharges after the first 60 s during the  
application o f any level o f  pressure, i.e. their ad ap tation  was com plete w ith in  
th is tim e regardless o f  pouch pressures. C onsequently, the m ean discharge 
frequencies were calculated  after this tim e for all levels o f pressure.

D eterm ination o f the threshold and saturation pressures

The threshold pressures were determ ined in  tw o ways, and each m ethod  
was repeated on every fibre exam ined. First, th e  pouch pressures were increased  
in  steps o f  5 m m H g from  zero, and each step  w as m aintained for 2—3 m in.

F ig . 4 . D e te rm in a tio n  o f th re s h o ld  pressure by  s te a d ily  in creas in g  th e  p o u ch  p re ssu re  by
ap p ro x im ate ly  1 m m H g /s

The pressure at w hich the first m aintained im pulse occurred was noted . Second, 
the pouch pressures were increased steadily at rates o f  approxim ately 1 m m H g/s  
and th e  pressure at w hich th e  first m aintained im pulses occurred w as recorded. 
Figure 4 illustrates a ty p ica l experim ent u sin g  th is  m ethod. A s th e  pouch  
pressure rose to 80 m m H g the first m aintained im pulse occurred.

Values obtained b y  th ese two m ethods w ere close to  one another. The 
overall calculated m ean sta tic  threshold pressures were the m ean values  
obtained from the tw o  m ethods above. S ev en ty  subclavian baroreceptor  
fibres had a m ean threshold  pressure o f 67 +  3 (SE) m m Hg (range, 40—92). 
The m ean static threshold  discharge frequency w as 16 +  1.5 (SE) im pulses/s  
(range, 10—30). F igure 5 is a histogram illu stratin g  the distribution o f  the  
threshold pressures; th e  m ode is about 68 m m H g.

The pouch pressures were further increased in  steps of 10 m m H g until 
a pouch pressure was reached at which there w as no further increase in  im pulse 
frequencies. Figure 6 illustrates the results ob ta in ed  from one experim ent in
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F ig . 5 . M ean  frequency h is to g ra m  show ing th re sh o ld  p ressu re  of 70 fib res  f ro m  th e  r ig h t
ao rtic  nerve

w h ich  th e  perfusion pressure was raised from  0 to  150 m m H g. F rom  0 to  
60 m m H g , no activ ity  could  be recorded from  th e fibre. A t 70 m m H g, there 
w as a brief burst o f a c t iv ity  which adapted rapidly and returned to  zero. 
A b o v e  th is  pressure, the discharges were m aintained  and increased w ith  increas­
in g  pressures until a pressure o f  130 m m Hg w as reached. Beyond th is  pressure, 
th ere  w as no further increase in  the rate o f  im pulses despite increases in  pouch  
p ressure. The lowest pressure at which th is occurred was regarded as the  
sa tu ra tio n  pressure. The m ean saturation pressure was 145 +  4  m m H g  
(ran ge, 112-177). The corresponding m ean saturation frequency w as 42 
im p u lses /s  (range, 30—48).
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F ig .  6 . E ffe c ts  of a lte ring  p o u c h  p re ssu re  in  steps o f  10 m m H g  from  zero on s u b c la v ia n  baro-
re c e p to r  im pulse a c t iv i ty
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Stim ulus—response curves were constructed for each subclavian baro- 
receptor fibre and the curves obtained from four typ ica l fibres are shown in 
Fig. 7. Decreases in  discharge frequencies were never obtained beyond the  
saturation  pressures. Therefore, the shape o f  th e  stim ulus—response curve 
beyond the saturation  pressure was a plateau. D uring the application o f low  
sta tic  pressures, ju st above threshold, the frequency increased little  for each 
unit o f increased pressure, while further increases induced progressively  
larger values for the relative changes in frequency and pouch pressure. This

I------------------1----------------- 1------------------1 I
40 80 120 160 200

Pouch Pressures (mmHg)

F ig . 7. G raphs show ing  re la tio n sh ip  be tw een  im pu lse  a c t iv i ty  a n d  p o u ch  p ressures fo r 4 
re p re se n ta tiv e  subc lav ian  b a ro re c e p to r  fib res

ratio reached a m axim um  (m axim al sen sitiv ity ), and then  declined until the  
saturation pressure w as reached. Curves were drawn b y  the eye and were 
sigm oid in  shape.

The effects o f  perfusing subclavian baroreceptors w ith blood of very low  
oxygen  content were tested  on 10 fibres o f  nine dogs. The m ethod used for 
perfusing the pouch w ith  arterial blood has been  described above. The m odi­
fication  was the ad d ition  o f  a second reservoir. One o f the reservoirs received  
oxygenated blood from  a femoral artery w hile the other received venous 
blood from the fem oral ve in  o f the same dog. B oth  reservoirs were connected  
to  the same air pressure in let while the drainage from  the reservoir was through  
the same outlet cannula , thereby perm itting a sw itch  from one reservoir to  
another at the sam e pouch pressure. A ny m inor variations in  the pressures 
on changing from one reservoir to another were corrected for b y  adjusting the  
level o f the reservoir.
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B lood  from either reservoir w as passed through the pouch, and recordings 
o f  im p u lse  activity using single  functional units were m ade only  w hen the  
o u tflo w  cannula was filled  w ith  arterial or venous blood. The p H , p C 0 2, and 
p 0 2 o f  th e  blood from th e ou tflo w  cannula in the right com m on carotid  artery
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0 J
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0 1 2  3 mins

В C
F ig . 8 . H is to g ra m s illu s tra tin g  m e a n  d isch arg e  frequencies from  a ty p ic a l su b c lav ian  b a ro recep - 

t o r  p e rfu sed  w ith  b o th  a r te r ia l  a n d  v en o u s blood a t  a  m ea n  p ressu re  o f 62 m m H g

F ig . 9 . H is to g ra m s show ing d isc h a rg e  frequencies d u rin g  p e rfu s io n  w ith  a r te r ia l  a n d  v e n o u s  
b lo o d  a t  a  m ea n  p ressu re  o f 125 m m H g

w ere continuously determ ined before, during, and after changes from  one 
reservoir to  another. In a few  experim ents, the oxygen  content o f  th e  venous 
b lood  w as further reduced b y  equilibrating it w ith  a m ixture o f  40%  nitrogen  
in  air. A s in the previous experim ents, com parisons were based on steady- 
s ta te  discharges of single subclavian  baroreceptor fibres only. The range o f
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Tabic I

E ffects o f  perfusions with arterial and venous blood

Expt
No.

Pouch
pressure
mmHg

Blood Frequencies
impulses/s

pO,
m m H g

pCO.
m m Hg pH

l 60 ±  1 A rte ria l 11 ±  2 180 35 7.30
V enous 11 ±  2 34 42 7.22

90 ±  1.5 A rte ria l 15 ±  1 177 33 7.31
V enous 15 ±  2 37 44 7.28

130 ±  2 A rte ria l 33 ±  3 185 36 7.32
V enous 33 ±  2 42 45 7.21

140 ±  2 A rte ria l 38 ±  2 181 38 7.33
V enous 38 ±  2 45 49 7.27

2 62 ±  1 A rte ria l 14 ± 1 .5 185 33 7.32
V enous 14 ±  2 36 45 7.27

80 ±  1.5 A rte ria l 19 ±  2 179 34.6 7.32
V enous 18 ±  2 46.2 44 7.34

125 ±  2 A rte ria l 24 ±  3 180 34.4 7.33
V enous 24 ± 2 44.8 50 7.27

145 ±  2 A rte ria l 36 ±  2 182 34.2 7.32
V enous 35 ±  2 35.5 47 7.23

3 75 ± 1 A rte ria l 12 ±  1 185 36 7.32
V enous 12 ±  2 44 42 7.24

96 ±  1.5 A rte ria l 26 ± 2 192 35 7.31
V enous 26 ±  2 43 45 7.23

120 ±  2 A rte ria l 36 ±  2 188 34 7.31
V enous 36 ±  2 42 45 7.27

150 ±  2 A rte ria l 43 ± 3 186 35 7.31
V enous 43 ±  2 44 47 7.26

V alues for pouch p ressu re  a n d  frequencies are m ean  i  SE

pouch pressures was above threshold pressure but below satu ration  pressure. 
The p 0 2 level of the venous blood varied from 30 to  50 m m H g over th e  pressure 
range.

Figure 8 illustrates a typ ical mean frequency histogram  for a fibre 
perfused at a pouch pressure o f  62 m m Hg. The pH  o f the arterial blood was 
7.32 and o f the venous b lood was 7.27. The p 0 2 o f the arterial b lood  was 185 
m m H g and o f the ven ou s blood was 36 m m H g. The corresponding p C 02 
values were 33 and 45 m m H g. It should be noted  th at despite th e  difference
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o f  149 m m H g in the p 0 2 v a lu e s , the discharge frequencies were the sam e w ith  
b o th  arterial and venous b lo o d . In  Fig. 9, the pou ch  pressure w as raised to  
125 m m H g . The p C 02 v a lu es w ere 34.9 and 50 m m H g for arterial and venous 
b lo o d , respectively, w hile th e ir  respective pH  va lu es were 7.33 and 7.27. 
H ere a ga in  the discharge frequencies were the sam e for th e  tw o blood perfusions. 
T ab le  I  illustrates the frequencies of discharge o f  the baroreceptor fibres 
during  perfusion w ith arteria l and venous b lood. There were no significant 
d ifféren cies in the frequencies o f  action potentials.

Discussion

In  response to a ltera tio n  in  static pressures, subclavian baroreceptor 
d isch arges occurred w hen th e  threshold of the in d iv id u al baroreceptor fibres 
w as reach ed . The mean th resh o ld  pressure for all th e  fibres exam ined in the  
p resen t stu d y  was 67 +  3 m m H g  (range, 40-92). The com parable figures from  
p rev iou s studies on the ca ro tid  sinus was 50 m m H g (range, 40—120) [4, 5, 
10, 1 4 ]. For the aortic arch baroreceptors, m ean threshold pressures of 95 
m m H g  h ave been reported for th e  dog [16], and 50 .8  m m H g has been reported  
for th e  rabb it [1]. The va lu es in  the present experim ent were not considerably  
d ifferen t from  those reported  b y  previous in vestigators for the aortic arch and 
caro tid  sinus. The minor d ifferences between the present results and previous 
resu lts  on  the carotid sinus an d  aortic arch baroreceptors m ay lie in  the differ­
en t preparations used. In  th e  present series, th e  possible influences on the  
b aroreceptors, either th ro u g h  efferent autom atic nerves or hum oral sub­
sta n ces  [7, 14, 15], were e lim in ated . These procedures have h itherto been  
ign ored .

T h e  mean threshold d ischarge frequency recorded in the present study  
w as 16 +  1 impulses/s (range, 20-40 ) [1, 4, 5, 8 ]. H ere, again, the differences 
b etw een  th e  present resu lts and  previous studies w ere not significant, and 
th ese  differences m ay also b e  explained on th e  basis o f  the different prep­
ara tion s.

T h e mean saturation pressure in the present stu d y  was 145 +  3 m m H g  
(range, 112—177). Saturation pressures ranging from  100 to 120 m m H g have  
been  reported  for the carotid  sinus and aortic arch baroreceptor areas [1, 10, 
14]. T h e  m ean discharge freq u en cy  at saturation in  th e  present study was 
45 im p u lses/s  (range, 38—4 8 ). The comparable v a lu e  obtained by previous 
in v estig a to rs  was 55 im p u lses/s (range 40-70) [1, 8 ] . These overlapping values  
in d ica te  th a t there are p rob ab ly  no structural differences betw een the baro­
recep tor  elem ents th em selves.

T h e sensitivity o f  th e  subclavian  baroreceptors was calculated in the  
linear range (i.e., above th resh o ld  and below saturation), and the value ranged 
from  0 .2  to  0.7 im pulses/s per m m H g. Static sen sitiv ities have been calculated
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for the carotid sinus baroreceptor units and w as found to  range from  0.29 to  
0.50 im pulses/s per m m H g [4, 5, 10, 14]. S ta tic  sensitiv ities ranging from 0.4 
to  1.8 im pulses/s per m m H g have been reported for the aortic arch baro­
receptor units [1, 8 ]. T hese values overlap, providing further support for the 
hypothesis that there are probably no basic differences betw een th e  receptors 
per se. The sen sitiv ity  recorded from any experim ent depends to  a large 
ex ten t on the nature o f  th e  preparation and th e  size o f  step changes in  pressure 
from one experim ent to  another.

The change in nerve activ ity  from threshold  frequency to  saturation  
frequency in the present series of experim ents was 120% for m ean pouch 
pressure changes from 40 to  170 m m H g. Changes o f 114% have been reported 
for pressure changes from  75 to 175 m m H g [12]. Other investigators have 
reported changes o f  250%  [18]; 564% [13]; and 683% [20], for multifibre 
preparations of the carotid  sinus. The value obtained in the present study was 
in  agreement w ith  th a t o f  K oushanpour  and K elso [12] w ho em ployed  
single fibres in their recordings, as in the present study. The large precentage 
changes reported b y  th e  other authors could he due to  recruitm ent and sum­
m ation o f nervous activ ities  in their m ultifibre preparations.

A  curve relating pouch pressure and subclavian baroreceptor impulse 
a ctiv ity  showed a linear relation over the pressure range o f 50—150 mmHg, 
w ith  the greatest slope around 110 m m H g. The slope o f the curve declined 
rapidly to zero beyond th e  saturation pressure. The exten t to  w hich  a vessel 
stretches depends to  a large extent on the geom etry o f th e  vesse l wall (i.e. 
its internal radius and w all thickness), and on th e  stiffness and tissu e compo­
sition  o f  the vessel w all. These factors w ere not evaluated  in  the present 
stu d y . H owever, pressure-deform ation and deform ation-nerve a c tiv ity  rela­
tions have been determ ined for the carotid sinus and aortic arch baroreceptor 
areas [6, 12, 17]. These investigators noted  th a t nerve a ctiv ity  varied linearly  
w ith  deform ation betw een  pressures o f 75 and 175 m m H g, w ith  th e  slope of 
the curve rapidly a tta in in g  zero above 200 m m H g. The shape o f  the curve 
relating subclavian pouch  pressures and m ean nervous a c tiv ity  in  the present 
stu d y  resembles th e  pressure-volum e curves o f  H allock and B enso n  [6]. 
The saturation pressure occurred at points w here the volum es or circumference 
ceased to increase linearly  w ith  applied pressure. I f  the receptors are assumed 
to respond predom inantly to  circum ferential strain o f the w all [12] there will 
be less and less nerve a c tiv ity  as the wall strain becom es sm aller and smaller 
near the saturation pressure. Beyond the saturation  point no further increase 
in the wall strain and nerve activ ity  occurs. A lternatively , th e  saturation  
m ay sim ply be the property  o f  the receptors per se. It is also possible that 
saturation is a consequence o f both m echanism s.

The conclusion th a t can be drawn from  the results in vo lv in g  venous 
perfusions is that subclavian  baroreceptors (and probably all other baro-
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recep tors) are insensitive to  th e  oxygen  tension o f  th e  blood perfusing them . 
T his cou ld  also further su p p ort th e  assum ption th a t baroreceptors m onitor  
o n ly  th e  changes in pressure and not the changes th a t occur in  th e  chem ical 
c o m p o sitio n  o f blood, th ereb y  allow ing them  th e rem arkable cap acity  to  send  
accu ra te  inform ation to th e  cardiovascular centre about th e  level o f  pressure 
w ith in  th e  arteries. This con clu sion  is consistent w ith  th at o f  B ronk  and 
St e l l a  [3] who could not d e te c t  any differences in  im pulse a c tiv ity  while 
p erfu sin g  the isolated carotid  sinus w ith either arterial or deoxygen ated  
b lood . T he apparatus for rep ortin g  the chem ical com position  o f  blood is prob­
a b ly  d ifferen t from baroreceptors; this function probably resides in  chem o- 
recep tors [4]. Furthermore, th e  results have also show n th a t any other factors 
p resen t in  the venous blood do n ot influence the response o f  the baroreceptors 
to  th e  application o f sta tic  pressures. Therefore, th e  reduction in  a c t iv ity  o f  
baroreceptors during sy m p a th etic  nerve stim ulation  cannot be attributed  to  the  
an o x ia  o f  th e  receptor term inals [9]. It might also be added th at even  in  disease  
and a t v e r y  high altitudes, baroreceptors can be exp ected  to function norm ally.
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(R eceived S ep tem b er 29, 1981)

T he m ech an ism  o f th e  positive  in o tro p ic  e ffe c t o f  d an tro len e , a  sk e le ta l  m uscle 
re la x a n t, was a n a ly sed  b y  m eans of in tra c e llu la r  m icroelectrode  tech n iq u e  a n d  iso ton ic  
force tra n sd u c e r  in  iso la te d  e lectrica lly  d r iv e n  le f t  a tr ia l  p rep ara tio n s  o f  g u in ea  pigs. 
D an tro lene  h a d  a t im e -d ep e n d en t d u a l e ffec t. F i r s t  i t  increased  th e  a m p li tu d e  o f con­
trac tio n s  a n d  p ro lo n g ed  th e  ac tio n  p o te n tia l  d u ra tio n . T his effect was h ig h ly  d e p en d e n t 
on  th e  s tim u la tio n  freq u en cy . Mn2+ was cap ab le  o f  n o t  on ly  p re v en tin g  b u t  a lso  ab o lish ­
ing  p ositive  in o tro p ic  ac tio n . A fter M n -induced  sh o rten in g  of th e  a c t io n  p o te n tia l  
d u ra tio n  d a n tro len e  m ark e d ly  increased  i t ,  h o w ev er th e  co n trac tile  a c t iv i ty  w as h a rd ly  
re sto red  suggesting  t h a t  th e  d ru g  decreased  th e  rep o la riz in g  o u tw a rd  K +  c u rre n t. 
In  th e  K -depo larized  m y o ca rd iu m  d an tro len e  in d u ce d  slow ac tio n  p o te n tia ls  accom ­
p an ied  b y  c o n tra c tio n s . In  th e  la te r  phase  o f a c tio n  th e  d ru g  successively  decreased  
th e  am p litu d e  o f c o n tra c tio n s  and  sh o rten ed  th e  a c tio n  p o ten tia l d u ra tio n , a n d  induced  
c o n tra c tu re . T he tw o  la t te r  phenom ena w ere  n o t  observed in  M n2+- t r e a te d  a tr ia .

T he re su lts  su g g est th a t  d an tro len e  a c t iv a te s  th e  slow in w ard  Ca2+ c u r re n t  by  
decreasing  th e  o u tw a rd  K + c u rre n t. T he la te  n eg ativ e  effect of th e  d ru g  cou ld  be 
re su lted  fro m  a se c o n d ary  in h ib itio n  of th e  slow  in w ard  Ca2+ c u rre n t b y  in creas in g  
th e  in tra ce llu la r  free  Ca2+ concen tra tion .

D antrolene, a direct acting skeletal m uscle relaxant, was syn th esized  by  
Sn y d e r  and со workers [43]. The drug has been successfully applied  in  the 
treatm ent o f  sp astic ity  [6]. Dantrolene in h ib its the excitation—contraction  
coupling o f  skeletal m uscle w ithout changing either neurom uscular transm is­
sion [1 1 ,1 2 , 29, 47] or th e  electrical properties o f  surface and tubular membrane 
[9, 17, 41]. This unique property o f dantrolene m ay be due to  at least two  
m echanism s b y  w hich th e  drug exerts its inh ib itory action: 1. in h ib ition  of 
calcium  release from the sarcoplasmic reticulum ; 2. m odification o f  th e  charge 
m ovem ent at the triadic junction [3, 11, 16, 35, 36, 44]. B r o c k l e h u r s t ’s 
results [3] indicate th a t dantrolene has no effect on the sen sitiv ity  to  calcium  
o f the m yofibrils and on the calcium  uptake o f  the sarcoplasmic reticu lum . It 
has been shown b y  D e s m e d t  and H a in a u t  [7] that in fibres m icro-injected  
w ith  45Ca the calcium  efflu x  was reversibly decreased by dantrolene.

Several observations indicate th a t dantrolene has on ly  a negligible  
effect on both cardiac and sm ooth muscle [4, 10, 12, 14, 36]. Ca m e r in o  and
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cow ork ers [5] dem onstrated th a t  dantrolene caused  a dose-dependent increase  
in  th e  to n e  o f the urinary b ladder detrusor m uscle, which could be antagonized  
b y  verap am il. On the other han d , it has been show n th at dantrolene decreases 
th e  con tractile  force o f  iso la ted  rat and guinea p ig heart, while the heart rate 
rem ain s unchanged [2, 34]. In  earlier papers [32, 33] we have dem onstrated  
a m ark ed  positive inotropic e ffec t induced b y  h igh  concentrations o f  dantrolene  
in  gu in ea  pig atrial m yocardium . Similar resu lt w as obtained by others [17].

T h e  aim of the present s tu d y  was to an a lyse th e  m echanism  o f th e  posi­
t iv e  in otrop ic effect induced  b y  З х Ю -4 M dantrolene in the atrial m yocar­
d ium  o f  th e  guinea pig.

M ethods

T h e  ex p erim en ts w ere c a r r ie d  o u t on iso la ted , e le c tr ica lly  d riv en  a tr ia l  p re p a ra tio n s  
o f th e  g u in e a  pig.

T ra n sm em b ra n e  potential recording

T h e  re s tin g  and  a c tio n  p o te n t ia ls  o f th e  a tr ia l  m u sc le  p rep ara tio n s  w ere re co rd e d  b y  
m e a n s  o f  co n v en tio n al 3 M K C l-filled  glass m icroelectrodes o f  5-15  M il resistance. T h e  m icro- 
e le c tro d e  w as coupled to  th e  in p u t  o f  a  M IK I-1623 ca th o d e-fo llo w er am plifier and  th e  reco rd ed  
p o te n t i a l  w as disp layed an d  p h o to g ra p h e d  on an  EM G -1555 oscilloscope [25, 33]. T h e  m ax i­
m u m  r a t e  o f rise (Vmax) of ac tio n  p o te n tia ls  was o b ta in e d  b y  a n  e lectronic d if fe re n tia to r  [24, 
33]. T h e  p re p a ra tio n s  were p aced  b y  2 H z re c tan g u la r  p u lse s  o f 1 m s, double th re sh o ld  v o lta g e , 
th r o u g h  a n  iso la ting  tra n s fo rm e r a n d  b ipo lar p la tin u m  e lec tro d e . In  som e e x p e rim e n ts  th e  
s t im u la t io n  frequency  was v a r ie d  b e tw e e n  0.3 H z a n d  5.0 H z  to  de term ine  th e  d ep en d en ce  of 
th e  e f fe c t  o f  d an tro lene  on  f re q u e n c y . I n  o th er e x p e r im e n ts , d an tro len e  w as te s te d  fo r i ts  
e ffe c ts  o n  th e  fa s t N a+ ch an n e l in  a tr ia  in  w hich th e  slow  Ca2+ channel was b lo ck ed  by  
5 m M  M n 2+ .

I n  a n o th e r  set of e x p e rim e n ts  i t  w as in v es tig a te d  w h e th e r  d an tro lene  (3 X 10 ~4 M ) h a d  
th e  a b i l i ty  to  induce a slow re sp o n se  in  a tr ia  in  w hich  th e  fa ts  N a+  channel h a d  b e en  v o ltag e  
in a c t iv a te d  b y  using e lev a ted  K + (26 mM ) K rebs so lu t io n  (isosm olar su b s ti tu tio n  o f K + 
fo r N a + ) [23, 30, 33, 39, 40, 42]. U n d e r  such co n d itions th e  m y o card iu m  becam e in e x c ita b le  
d e sp ite  in te n s e  electrical s t im u la tio n . T he K + -depo larized  p re p a ra tio n s  were paced  a t  a ra te  
o f 0 .3  H z . T h e  s tim u la tio n  v o lta g e  w a s  increased  up  to  10 tim e s  th e  n o rm al th resh o ld .

C ontractile  fo rce  recording

T h e  tw itc h  co n trac tio n s o f  th e  a tr ia l  m y o ca rd iu m  w ere  m easured  b y  a n  iso m etric  
fo rce  t r a n s d u c e r .  The c o n tra c tio n s  w ere  m on ito red  a n d  p h o to g ra p h e d  on an  oscilloscope or 
re c o rd e d  o n  a n  ink -w riting  re co rd e r. T h e  re s tin g  ten s io n  w as d e te rm in e d  a t  w hich th e  m e c h a n i­
cal re sp o n se s  reached th e  m a x im u m  v a lu e . The s t im u la tio n  p a ram ete rs  were th e  sam e as 
d e sc rib e d  a b o v e .

S o lu tio n s

T h e  p re p a ra tio n s  w ere a llo w ed  to  eq u ilib ra te  in  K re b s  so lu tio n  for 30 m in. T h e  c o m p o ­
s it io n  o f  t h e  n o rm al K rebs so lu tio n  ( in  mM ) was as fe llo w s: N aC l, 118; KC1, 4.7; CaCl, 2 .5; 
N a H 2P 0 4, 1 .0; MgCl2, 1.2; N a H C 0 3, 24.9; glucose, 11.5, a e ra te d  con tinuously  w ith  a  gas 
m ix tu re  o f  9 5 %  0 2 and  5 %  C 0 2; p H  w as 7.4 an d  te m p e ra tu re  was m ain ta in ed  a t  37 °C.

D a n tro le n e  (N o rw ich -E a to n , N ew  Y ork) was d isso lv ed  in  20 per cen t p ro p y len e  glycol 
to  p re p a re  a  s to ck  solu tion  of 10 ~ 2 M . T h e  substance  re m a in e d  d issolved only in  w a rm  so lu tio n . 
T he f in a l  c o n ce n tra tio n  of th e  d ru g  w as  achieved b y  q u ick ly  d ilu tin g  th e  w arm  s to ck  so lu tio n . 
D e ta ils  o f  th e  procedure hav e  b e en  desc rib ed  p rev io u sly  [33]. T he chem ical s tru c tu re  o f th e  
d ru g  is  sh o w n  in  Fig. 1.

D ru g s  used ; M nCl2 (R ean a l, B u d a p e s t,  H u n g ary ) a n d  iso p ro teren o l ( Iso le v in ® , C hilag- 
C hem ie A G , Schaffhausen , S w itz e rlan d ).
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C h O C I c H = N  — N---- ^

N.Na -3 V2 H20

Dantrolene sodium

( p-nitrophenyl-furfurytidene-amino-hydantoin sodium hydrate) 

F ig  .1. Chem ical s tru c tu re  o f d a n tro len e

A ll values p re sen te d  a re  m ean s ^  S .E .M . T he s ta tis t ic a l  significance of d ifferences from  
th e  co n tro l w as e s tim a te d  u s in g  S tu d e n t’s (-test. A p  v a lu e  of less th a n  0.05 w as considered 
s ig n ifican t.

R esults

Effect o f  dantrolene on the normal action po ten tia l and contractility

The effects o f  dantrolene ( 3 x l 0 ~ 4 M) on th e  electrical and m echanical 
properties o f the guinea pig atria were in vestiga ted  in relation to  tim e. The 
results o f  these experim ents are illustrated in  F ig . 2. A t this concentration  the 
drug exerted a tim e-dependent dual effect on either tw itch  contraction am plitude  
or action potentia l param eters. In the first phase o f  action, th e  drug caused  
a strong positive inotropic effect. The am plitude o f  tw itches was increased up 
to  three tim es the control value within 5—15 m in (Fig. 2, lower panel). This
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]50mV

[200 V/s 
AOms

jíjOOmg

6 20 AO 60 80 100 120 1A0 min
t Dantrolene

F ig . 2. T im e course o f 3 X 10 “ * M d an tro len e-in d u ced  ch an g es in  co n trac tile  fo rce  a n d  tra n s ­
m em b ran e  a c tio n  p o te n tia l  c h a rac te ris tic s . U p p er p a n e ls : in tra ce llu la r  m ic ro electro d e  reco rd ­
ings. T races fro m  to p  to  b o tto m : zero p o ten tia l leve l; a c tio n  p o ten tia l; m a x im u m  ra te  of 
rise  (Vmax). L ow er p a n e l: c o n tra c tio n s  of left a tr ia l  p re p a ra tio n  reco rded  a t  a  slow  sweep 
speed . T he le tte rs  in d ic a te  th e  tim e  of re g is tra tio n  of a c tio n  p o ten tia ls  d e m o n s tra te d  in  th e  

u p p e r panels. A : co n tro l; В, C, D : effect o f d a n tro le n e  in  re la tio n  to  tim e
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in crem en t o f  twitches w as accom panied  by th e  lengthening o f the action  poten­
tia l d u ration  (by about 30% , at 50% repolarization). D antrolene sligh tly  

d ecreased  th e  Vmax o f action  p oten tia l w ithout affecting the resting m em brane 
p o te n tia l (F ig . 2, upper p an els). After dantrolene-induced increase o f  tw itches  
had reach ed  a m axim um , th e y  started to  decrease gradually and a slow  
co n tra ctu re  also developed (second  phase o f  action). This negative inotropic  
e ffec t w a s associated w ith  a shorten ing o f action  potentia l duration (Table I).

T h e  solvent propylene g lyco l had no effect in  itse lf  on the con tractility  
and e lectr ica l properties o f  th e  atrial m yocardium .

A B C D E

F ig . 3. In f lu e n c e  of 5 mM M n2+ o n  th e  t im e  course o f  3 X 10 ~ 4 M d an tro len e -in d u ce d  change  
in  c o n tr a c t i le  force and a c tio n  p o te n t ia l  ch a ra c te ris tic s . U p p e r  panels: in tra c e l lu la r  m ic ro  
e le c tro d e  reco rd in g s. Lower p a n e l: c o n tra c tio n s  o f a tr ia l  p re p a ra tio n . A: c o n tro l; B : effec t 
o f 5 m M  M n2+ ; C, D, E : effect o f  3 X 1 0 -4  M d a n tro len e  in  re la tio n  to  tim e. M n w as p re se n tin g

th ro u g h o u t  th e  e x p erim e n t

Influence o f  M n2+ on the action o f  dantrolene

In  th e  first series o f  th ese  experim ents, th e  effect o f  3 X 10~4 M dantrolene  
was stu d ie d  in atrial m yocardium  in which th e  slow  Ca2+ channel h ad  p revi­
ou sly  b een  blocked by 5 mM Mn2 + . Mn2+ caused electrom echanical uncoup­
ling; th e  m echanical a c tiv ity  w as abolished com p letely  and only  electrical 
responses could be recorded (F ig . 3). Under such circum stances, th e  earlier 
rep o larization  (at 20%) o f th e  action  potential w as accelerated w hile th e  la te  

rep o larization  (at 90%) w as prolonged and no change was observed in  V raax 
or restin g  potential. After ad d itio n  o f  З х Ю " 4 M dantrolene, the action  p o ten ­
tia l d u ra tio n  (at 50%) was prolonged  to  165% o f  th e  M n-control va lu e , w hile  
c o n tr a c tility  was restored h a rd ly  from  the M n-blockade. Dantrolene fa iled  to  
produce contracture and sh orten in g  o f the action  potentia l duration in  Mn- 
treated  a tr ia , i.e. in the absence o f  freely available slow  Ca2+ channel (F ig . 3 
and T a b le  II).
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Table I
o> E ffe c t o f  3 x 1 0  * M  d a n tro len e  o n  the tra n sm em b ra n e  a c tio n  p o te n tia ls  in  iso la ted  le f t a tr ia l  p r e p a r a t io n s  o f  th e g u in e a  p ig .  M e a n  +  S .E .M .  o f

5  ex p e r im e n ts

T re a tm e n t
R P

(mV)
os

(mV)
Vmax
(V/8)

A ction  p o te n tia l  d u ra t io n  a t  rep o la riza tio n  (me)

20% 50% 90%

C ontrol - 8 1 .3  ±  0.7 + 2 1 .4  ±  1.3 165.2 ±  2.4 19.3 ±  0.7 38.6 ±  0.9 66.1 ±  0.8

D antro lene 5-15 m in - 8 1 .5  ±  1.6 + 2 1 .8  ±  1.7 142.2 ±  2.7* 27.3 ±  0.6* 52.4 ±  0.7* 78.0 ±  0.5*

25—50 m in - 8 0 .7  ±  1.2 + 2 0 .7 + 1 .8 131.0 ±  1.3* 20.1 ±  1.6 39.2 ±  1.5 67.5 ±  1.7

80—120 m in - 7 3 .8  ±  2.1* +  12.5 +  1.7* 124.8 ±  1.5* 5.9 ±  1.2* 14.6 ±  1.4* 34.9 ±  1.3*

* S ta tis tica lly  significant difference from  contro l (p  <  0.05)
R P  =  restin g  p o ten tia l, OS =  overshoot, V max =  m ax im um  ra te  o f rise o f th e  ac tio n  p o ten tia l

Table II

E ffec t o f  3 X 10~* M  d a n tro len e  o n  the tra n sm em b ra n e  a c tio n  p o te n tia ls  o f  g u in e a  p ig  le f t  a tr ia  p re tre a te d  w ith  5  m M  M n C l2. M e a n  +  S .E .M .  o f
5  ex p er im en ts

T re a tm e n t
R P

(mV)
O S

(mV) îï

A ctio n  p o te n tia l  d u ra t io n  a t  rep o la riza tio n  (me)

20% 50% 90%

Control - 7 9 .1  ±  1.3 +  23.2 ±  1.4 182.4 ±  0.6 18.2 +  0.5 32.5 ±  0.8 52.1 ±  0.5

M nCl2 - 8 0 .3  ±  0.8 + 2 0 .7  +  0.1* 181.7 +  0.9 6.3 ±  0.7* 28.3 ±  0.4* 58.3 ±  0.7*

+ D a n tro le n e  15-25 min —80.5 ±  0.9 +  20.5 ±  0.7* 155.2 ±  0.8* 17.2 ±  1.4 41.7 ±  1.2* 75.0 ±  0.3*

35-50 m in - 8 0 .7  ±  1.5 +  20.9 ±  0.3* 143.0 ±  1.2* 18.0 ±  1.5 50.6 ±  0.9* 8 3 .2 +  1.1*

90—120 m in - 7 8 .2  ±  1.9 + 2 0 .8  ±  0.7* 136.1 ±  1.5* 12.8 ±  1.7* 47.3 ±  1.7* 87.6 ±  1.9*

140-160 m in - 7 5 ,3  ±  1.4* +  19.7 ±  0.4* 127.9 ±  0.7* 10.5 ±  1.6* 32.3 ±  0.5 71.3 ±  1.4*

* S ta tis tica lly  significant difference from  contro l (p <  0.05)
R P  =  restin g  p o ten tia l, OS =  overshoot, V max =  m axim um  ra te  of rise o f th e  action  po ten tia l
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I n  th e  second series o f  experim ents, 5 mM Mn2+ was able to  antagonise  
c o m p le te ly  the positive inotrop ic effect caused b y  dantrolene (F ig. 4 ).

In d u ctio n  o f  slow action p o ten tia ls  by dantrolene

I t  is  generally accepted th a t drugs w hich  inhibit the repolarizing ou t­
ward K + current, e.g. Ba2+ and TEA  (tetraethylam m onium ), can produce  
slow  a c tio n  potentials in  К + -depolarized m yocardial fibres [8, 39, 4 0 ]. We

F ig . 4. E f fe c t  o f 5 mVI oa th e  З х Ю * 1 VI d a n tro len e -in d u ced  p ositive  in o tro p ic  effec
in  le f t  a t r i a l  p re p ara tio n s  (n =  5) o f  th e  g iin e a  pig. V alues are given as m eans i  S .E .M  
(v e r t ic a l  b a rs ) . Lines th rn ag h  th> p o in ts  were d raw n  b y  th e  eye. D an tro len e  w as a d d e d  a

0 tim e

stu d ied  w hether dantrolene ( З х Ю -4 M) had th e  ab ility  to induce slow  action  
p o ten tia ls  in  atria in which th e  fa st N a + channel w as vo ltage-inactivated  w ith  
K +-rich  (26  mM) Krebs so lu tion . Under such  conditions the atria becam e  
in ex c ita b le  despite intense electrical stim ulation , i.e . both  electrical and m ech an ­
ical resp on ses were abolished, and only resting potentials (about —45 mV) 
could b e  recorded (Fig. 5, В , B ’). In  9 o f  the 12 preparations, the ad d ition  o f  
dantrolene ( З х Ю -4 M) resu lted  in slow response action potentia ls accom ­
panied b y  contraction w ithin  5—15 m in (Fig. 5, G, C’). These slow ly rising action  

p oten tia ls  had  a mean V max o f  11.5 +  1.6 Y /s, overshoot o f 9.7 d; 1.3 mV, 
and d u ra tio n  (at 50% repolarization) o f  36.6 +  4.1 ms. The am p litu d e o f  
con traction s was nearly equal to  th at o f  contractions recorded in  norm al 
Krebs so lu tio n . Addition o f  3 mM Mn2+ abolished rapidly (w ithin 2—3 min) 
the dantrolene-induced  slow action  potentials and  contractions (F ig. 5, D , D ’).
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A

Control

в
к*

С
26 mM-----

DS

D

Зх10'4М--------
Mn*» ЗтМ

|40mV

l200V/s(norm.) 
|20V/s(slow) 
АО ms

40ms
F ig . 5. In d u c tio n  of slow  response a c tio n  p o te n tia l  a n d  co n tra c tio n  by  d a n tro len e  in  iso la ted  
gu inea  p ig  le ft a tr ia l  p re p a ra tio n  whose fa s t N a + c h a n n e l h a d  been vo ltage in a c t iv a te d  by  
e le v a te d  K + . A ,A ’: n o rm al ac tio n  p o te n tia l a n d  tw i tc h  c o n tra c tio n  in  4.7 m M  K + K reb s 
so lu tio n . B ,B ’: a p p lic a tio n  of 26 mM K + K reb s so lu tio n  depolarized  th e  cells to  a b o u t  —45 
m V a n d  th e  p re p a ra tio n  becam e in ex c itab le . C,C’: 3 X  10 M d an tro lene-induced  slow  response  
a c tio n  p o te n tia l  a n d  co n tra c tio n . D ,D ’: 3 mM M n2+ co m p le te ly  abolished th e  slow  responses

Effect o f  dantrolene in  relation to frequency

In  order to  obtain  further inform ation on the mechanism o f  dantrolene  
action , we exam ined the increase in dantrolene-induced tw itch con traction s at 
different stim ulation  frequencies (from 1 H z to  5 H z), as well as the dependence  
o f dantrolene-induced slow response action  potentials and con traction s on 
stim u lation  frequency. Figure 5 shows force-frequency relationships for the 
positive inotropic effect o f З х Ю -4 M dantrolene. A t each freq u en cy , the  
action  o f dantrolene was determ ined in  5 experim ents. The increase in  the  
am plitude o f  contraction was the m ost pronounced at low stim u la tion  fre­
quencies (320.5 +  26.0%  of control, at 1 H z). I t  decreased w ith increasing  fre­
quency o f  stim ulation , and finally , the p o sitiv e  inotropic effect could  n o t be 
observed at 5 H z. The increase o f frequency also enhanced th e  contractile  
force b y  itse lf  (F ig. 6, inserts), therefore th e  am plitude o f steady s ta te  contrac­
tions under control conditions were considered as 100% at each  frequency.

In  three experim ents, the dependence on stim ulation rate o f  th e  dan­
trolene-induced slow responses was in vestiga ted . The control slow  responses 
were recorded at a stim ulation  rate o f  0.3 H z (F ig. 7, A, A ’), and  th e n  the  
frequency was increased gradually. W hen th e  increasing frequency o f  stim u ­
lation  reached a value o f 2.4 H z, the slow  responses disappeared (F ig . 7, 
D , D ’).

Com parison o f  dantrolene with isoproterenol and M n2+

Since dantrolene exerted a tim e-dependent dual effect on th e  electrical 
and m echanical properties o f the guinea p ig atrial m yocardium , its  earlier 
p ositive  inotropic effect was com pared w ith  th a t o f isoproterenol, and  the

6 * Acta Phytiologica Academiae Scientiarum Hungaricae 5 9 , 1982
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1 Hz

Stimulation frequency (Hz)

F ig . 6. E ffec t o f 3 X 10 “ 4 M d a n tro len e  on th e  c o n tra c tile  fo rce  o f guinea pig left a tr ia  in  re la tio n  
to  f re q u e n c y . T he a m p litu d e  of s te ad y  s ta te  c o n tra c tio n s  u n d e r  contro l con d itio n s w as con­
s id e red  a s  100%  a t  e ach  freq u e n c y  of s tim u la tio n . V a lu es  a re  m eans of 7 experim en ts  i  S .E .M . 
T h e  d a n tro len e -in d u ce d  changes in  th e  size of tw itc h e s  a re  show n on th e  in se rts . C: c o n tro l.  

C a lib ra tio n s: V ertical: 250 m g , H o r iz o n ta l:  20 ms

la te  n egative  effect o f  the drug compared w ith  th e  Mn-induced n egative  in o­
trop ic e ffect. As expected , isoproterenol ( 5 x  1 0 -7  M) induced a strong p o sitiv e  
in otrop ic  effect; th e  contractile force w as increased by about 250% , th e  
tim e to  peak tension w as shortened by about 18% , the relaxation w as accel­
erated . Isoproterenol increased the Vmax (b y  ab ou t 10%) and enhanced th e  
h eigh t o f  plateau o f the action  potential. The duration of action p oten tia l 
w as prolonged b y  42%  (at 20% repolarization), while it was shortened  b y

B 0.6 Hz C 1.2 Hz D 2.4 Hz

]40mV

]10V/s

F ig . 7. D ep en d en ce  of d a n tro len e  induced  slow re sp o n ses  on  frequency. A,A’ : c o n tro l slow  
re sp o n se  a c t io n  p o te n tia l  a n d  c o n tra c tio n  induced  b y  d a n tro le n e  ( 3 x l 0 -4 M) in  K + -d ep o l­
a rized  a t r ia l  m y o ca rd iu m  o f th e  g u in ea  pig. B ,B ’ a n d  C,C’ a n d  D ,D ’: effect o f in c re a s in g  fre ­
q u e n c y  o f s tim u la tio n  on  th e  slow  responses. R eco rd s  in  В  th ro u g h  D are  f ro m  a s ing le

im p a lem en t
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Isoproterenol Dantrolene

F ig .  8 .  C om parison of 3 X 10 M d an tro len e-in d u ced  a lte ra tio n s  in  ac tio n  p o te n tia l  ch a rac te r­
is tic s  an d  co n trac tile  force in  th e  f ir s t  phase  o f i ts  a c tio n  (r ig h t pan els) w ith  th e  effect of 
iso p ro te ren o l (5 X 10-7 M ), a  w ell know n  p ositive  in o tro p ic  a g en t (left p a n e ls ) . C: control

16% at 90% repolarization in  5 experim ents (F ig. 8, Table I I I ) . Under the 
effect o f dantrolene, th e  contractile force w as increased, the tim e to  peak 
tension  increased sligh tly  i f  a t all, while the whole repolarization o f  th e  action  

potentia l was prolonged and Vmax decreased b y  about 20%  (F ig . 8, right 
panels).

In  the other experim ents we compared the effects o f  dantrolene with  
th a t o f  m anganese. Mn2+ (5 mM) caused the w ell-know n slow  Ca2 + channel 
block accom panied b y  uncoupling o f the excita tion —contraction  process. The 
action potentials recorded under these conditions were characterised by a

Table Ш

E ffec t o f  e x l O -7  M  iso p ro te re n o l ( I P R )  on  th e tra n sm e m b ra n e  a c tio n  p o te n t ia ls  
o f  g u in e a  p i g  le f t a tr ia .  M e a n  +  S .E .M .  o f  5  e x p r im e n ts

T reatm ent
R P

(mV)
OS

(mV) r

Control

IP R

- 8 3 .5  ±  1.4 

- 8 6 .1  ±  1.9

+  22.4 ±  1.3 

+  28.7 ±  1.6*

215.8 ±  2.7 

236.3 ±  2.1*

Treatm ent
Action potential du ra tion  a t  repolarization (ms)

20% 50% 90%

Control

IP R

19.2 ±  0.8 

27.7 ±  0.9*

34.3 ±  0.5 

40.5 ±  0.7*

72.5 ±  0.6 

61.4 ±  0.5*

* S ta tistica lly  s ig n ifican t difference from  con tro l (p <  0.05). R P  =  re s tin g  po tential 
OS =  overshoot, Vmax =  m ax im u m  ra te  o f rise o f th e  ac tio n  p o ten tia l
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sh o rten ed  plateau and prolonged  late repolarization , while no change was 

o b serv ed  in  the Vmax (F ig . 9 , left panels). A fter a long lasting treatm ent, 
d a n tro len e ( З х Ю -4 M) in d u ced  contracture. The con tractility  was dim inished  
or com p lete ly  abolished, w h ile  the whole repolarization  o f action  potential 
w as shortened, the Vmax low ered  and the m em brane sligh tly  depolarized (by  
a b o u t 4 —6 mV) (Fig. 9, r ig h t panels).

50 mV 

200V/S

500mg

40 ms

F ig . 9 . C om parison  of 3 x 1 0 -4  M d an tro len e-in d u ced  a lte ra t io n s  in  ac tio n  p o te n tia l  c h a ra c ­
te r is t ic s  a n d  contractile  force  in  t h e  second  phase of i ts  a c t io n  (r ig h t p anels) w ith  th e  effect 

o f  M n 2+ (5 mM), a  d ire c t a c t in g  slow  Ca2+ channel b lo ck e r ( le ft panels). C: co n tro l

Discussion

T h e results of the p resen t experiments show  th a t dantrolene at a con­
cen tra tio n  o f З х Ю  ~4 M has a tim e-dependent dual effect on the contractile  
force a n d  electrical properties o f  the guinea p ig  atrial m yocardium .

T h e results so far p u b lish ed  are inconsistent regarding the effect o f  
d an tro len e on cardiac m uscle. Several authors reported  th at dantrolene had  
o n ly  a negligible effect on card iac muscle [4, 10, 14, 36]. On the other hand, 
a n e g a tiv e  inotropic effect w a s obsered when h igh  concentrations w ere used  
[2, 3 4 ] . More recently, s im ilarly  to  other investigators [17], we dem onstrated  
th a t h ig h  concentrations (1 0 -5  M and above) o f  dantrolene exerted  a strong  
p o sit iv e  inotropic effect on th e  guinea pig atrial m yocardium , w hich was inde­
p en d en t o f  beta-adrenoreceptors and histam ine receptors [32, 33]. The dis­
crep a n cy  between the resu lts obta ined  in the present stu d y  and th e  observa­
tion s b y  others may be ex p la in ed  b y  the fact th a t th e y  applied dantrolene at 
con cen tration s o f less th an  1 0 - s  M, whereas we u sed  a higher and probably  
to x ic  concentration ( З х Ю ~ 4 M).

W e suppose that the in it ia l transient positive inotropic effect o f dantrolene 
m igh t be due to the s t im u la tio n  of the transm em brane slow inward Ca2 +
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current flowing during th e  plateau phase o f  norm al action p oten tia l rather 
than  to  any other intracellular event. This con cep t is supported b y  the fact 
th a t Mnu  was able to  com p lete ly  antagonize th is effect. Mn2+ is a w ell known  
selective blocker o f  the slow  Ca2 + channels [15, 26 , 37, 45]. M oreover, dantro­
lene itse lf induced slow  response action potentia ls and contractions in  partially  
depolarized atrial preparations. It has been show n th at drugs inducing  slow  
responses stim ulate th e  transm em brane slow  inw ard current carried m ainly  
b y  calcium  ion3 [18, 23 , 30, 39, 40, 42, 46]. Furtherm ore, the dantrolene- 
induced slow responses as w ell as the positive ionotropic effect were found to  
be highly  sensitive to  th e  frequency of stim u lation , i.e. the lower th e  rate of 
stim ulation , the greater th e  degree of positive action . This phenom enon could 
have resulted from a re la tive ly  high tim e con stan t for recovery o f  the slow  
inward calcium  system  from  inactivation  [13, 27].

According to P a ppa n o ’s suggestion [39], there are tw o d ifferent m echa­
nism s for the activation  o f  slow  Ca2+ channels b y  w hich drugs (e.g . isoprote­
renol or Ba2+) m ay induced  slow  responses: (i) increase o f an ion conductance  
th a t carries inward current, (ii) decrease o f  an ion  conductance th a t carries 
outw ard current. In  th e  case o f dantrolene induced  slow responses, th e  latter  
m echanism  seems to  be va lidated  by the fact th a t dantrolene m arkedly pro­
longed the duration o f action  potential w ith ou t restoration o f the m echanical 
a ctiv ity  in  atria in  w hich  th e  slow Ca2+ channel and con tractility  had pre­
v iou sly  been depressed b y  Mn2+. E hara and I nazaw a  [8] dem onstrated  that 
Ba ions intensified the slow  Ca2+ current by decreasing the m em brane shunt­
ing conductance occurring in  K + depolarized m yocardium  [31]. F igure 8 shows 
th e  effect o f dantrolene in  com parison w ith  th a t o f  isoproterenol as a ‘direct’ 
(v ia  cyclic AMP) stim ulator o f  the slow inw ard Ca2+ current. Isoproterenol 
increased the height o f  p lateau  and accelerated th e  late repolarization o f the 
normal action potentia l (see also in  [38]). R ecent voltage clam p experim ents 
indicate th at an excitation-related  sudden increase in  [Ca2 + ]| enhances the 
outw ard K + current [1, 19, 20, 22].

The late negative inotropic effect o f  dantrolene could be conceived  as 
a consequence o f its earlier positive inotropic effect, if  we suppose th a t the  
drug, besides activatin g  slow  Ca2+ channel, in h ib ited  the Ca2+-efflu x  from the 
atrial m yocardial cells. D esm edt  and H a in a u t  [7] have dem onstrated  that 
45Ca-efflux from barnacle m uscle fibres is decreased by dantrolene, whereas 
45Ca-infIux is unchanged. In  th is w ay, dantrolene successively increases the  
[Ca2 + ]| and, consequently , decreases the transm em brane calcium  concentra­
tion  gradient, leading to  a lessening o f  the driving force for ca lcium  ions. 
A  similar explanation w as g iven by K ohlhardt  and coworkers [28] for the 
biphasic effect o f caffeine on transm em brane Ca2+ current in ca t papillary  
m uscle. This hypothesis is supported by the find ing  o f  the short action  potentia l 
duration and o f the contracture. It has also been  dem onstrated th a t  action
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p o te n tia l duration is con tro lled  by the [Ca2 + ]| [1, 19, 20, 21, 22]. A s show n  
in  F ig . 9 , the dantrolene-induced indirect in h ib ition  o f  the slow inw ard Ca2+ 
cu rren t flow ing during th e  p lateau  phase o f  norm al action p oten tia l differs 
from  its  Mn-induced direct inh ib ition .

In  conclusion, dan tro len e depresses th e  excitation-related  outward  
m o v e m e n t o f both p otassiu m  and calcium ions. This com m on effect o f  dantro­
len e  m a y  account for its  earlier positive and la te  negative inotropic effects.
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ACTA PH YSIO LO G ICA

ТОМ 59-В Ы П . 4

РЕЗЮМЕ

ЭЛЕКТРИЧЕСКИЕ СИГ НАЛЫ АКТИВНОСТИ СИНУСНОГО УЗЛА У СОБАКИ
Ф. ШОЛТИ, Ш. ЮХАС-НАДЬ и А. ЧАКО

В экспериментах на собаках (22 животных) авторы занимались местной регистра­
цией активности синусного узла. С помошью маленького униполярного электрода, распо­
ложенного вблизи синусного узла, и пользуясь большим электрическим усилением, авторы 
смогли зарегистрировать раннюю, медленную, маленькую волну, появляющуюся за 20— 40 
сек перед волной Р. При удалении от синусного узла эта ранняя волна становится все 
меньше и, наконец, растворяется в локальной волне Р. Местная волна Р. исчезает при вре­
менном прекращении деятельности синусного узла, что может быть достигнуто введением 
аденозина в артерию синусного узла, раздражением блуждающего нерва и инфильтрацией 
фенолом области синусного узла. Если задавать ритм синусному узлу, раздражая электри­
ческим током предсердие, то ранняя волна тоже не появляется перед волной Р. Зарегистри­
рованная вблизи синусного узла, ранняя волна в самом деле указывает на деполяризацию 
синусного узла, и является подходящим объектом для изучения роли синусного узла как 
водителя ритма, а также синоаурикулярной проводимости возбуждений.

РОЛЬ СОДЕРЖАНИЯ МИОКАРДИАЛЬНОЙ ЖИДКОСТИ ДЛЯ ДЕЯТЕЛЬНОСТИ
СЕРДЦА

Г. ПОГАЧ, М. КОЛТАИ и ДЬ. ГРОС

В своих предыдущих исследованиях мы показали, что через 2 и 48 час после наступ­
ления инфаркта миокарда, вызванного инфузией норадреналина (6 нмоль/кг в мин) в тече­
ние 10 мин, а также во время фибрилляции желудочков, продолжительностью 60 мин, 
при экстракорпоральном кровообращении, развивается значительный интерстициальный 
отек. С другой стороны, мы вызывали дегидратацию сердечной мышцы, если, после инфузии 
маннита или панкреатэктомии, вводили глюкозу до тех пор, пока осмотическое давление не 
достигало 320— 470 мОсм/литр. Удалось показать тесную дву линейную корреляцию между 
диастолическим напряжением левого желудочка и содержанием жидкости в сердечной 
мышце. Далее, мы показали, что возрастание диастолического напряжения сердечных 
желудочков влечет за собой уменьшение минутного объема сердца, особенно заметного 
при нагрузке. Минутный объем сердца бывает существенно уменьшенным при инфаркте 
миокарда и после панкреатэктомии, вслед за проведением экстракорпорального кровооб­
ращения и во время введения маннита.

Клиническое значение имеет наблюдение, согласно которому производительность 
сердца уменьшается во всех случаях, когда содержание жидкости в тканях миокарда либо 
не достигает, либо превышает значение 760— 790 г в расчете на 1000 г сердечной мышцы.

СРАВНИТЕЛЬНОЕ ИССЛЕДОВАНИЕ СВЯЗИ МЕЖДУ ОСМОТИЧЕСКИМ 
ГЕМОЛИЗОМ И ТЕМПЕРАТУРОЙ, ВЫПОЛНЕННОЕ С ЭРИТРОЦИТАМИ 

ВЗРОСЛЫХ ЛЮДЕЙ И НОВОРОЖДЕННЫХ ДЕТЕЙ 
Ш. ИМРЕ, Б. ШАРИ, И. ТЁРЁК И Э. ДВОРАЧЕК

Гипотонический гемолиз эритроцитов, как новорожденных детей, так и взрослых 
людей, более сильно выражен при 4°С, чем при 37°С. В связи с гипотоническим гемолизом 
эритроциты новорожденных более резистентны по отношению к снижению температуры,



чем эритроциты взрослых людей, подвергнутые такой же обработке. При изображении 
осмотического гемолиза клеток в зависимости от изменений температуры, имеется воз­
можность определить транзиторную температуру мембраны красных кровяных клеток, 
благодаря чему можно охарактеризовать микровязкость мембраны. Изображая с зависи­
мости от температуры гемолиз, происходящий при помещении эритроцитов в раствор 
хлористого натрия с осмотическим давлением 150 мОсм, мы нашли, что показатель прелом­
ления, представляющий транзиторную температуру на прямой функции Аррениуса, на­
ходится при 25°С, как в случае эритроцитов новорожденных, так и взрослых людей. Тож­
дественность транзиторной температуры указывает на схожесть микровязкости мембраны 
эритроцитов новорожденных и взрослых людей.

СРАВНИТЕЛЬНОЕ ИССЛЕДОВАНИЕ ДЕЙСТВИЯ БЕНЗОЛА, ТОЛУОЛА И 
m-КСИЛОЛА В ЭКСПЕРИМЕНТАХ НА КРЫСАХ
К. А. ПАКШИ, Й. МОЛНАР, М. НАРАИ и Д Ь. БАРЦА

В опытах на крысах авторы изучали седативное действие, а также влияние на мо­
тивационное поведение трех растворителей (бензол, толуол и ш-ксилол), которые вводились 
интраперитонеально. Применялись следующие тесты: open f ie ld  (эксплоративная деятель­
ность, локомоция), колесо для измерения двигательной активности (активность бега), 
трубочный тест и тест с наклонной пластинкой (мышечная слабость, нарушения координа­
ции).

Уже в малых концентрациях все три вещества вызывали мышечную слабость и 
атаксию. В этом отношении бензол вызывал самый сильный эффект. Действие же всех трех 
растворителей на двигательную активность было очень разным. Если бензол и особенно 
толуол вызывали возбуждение центральной нервной системы, то у m-ксилола такого дей­
ствия не отмечали. Зная из человеческой практики о том, как действуют эти вещества, 
можно сделать вывод, что система исследований, применяемая у крыс, может оказаться 
полезной для своевременной сигнализации таких острых вредных влияний, какие ожида­
ются у человека.

УТЕРО-ИНГИБИН -  ВЫДЕЛЕННЫЙ ИЗ ПЛОДНОЙ ЖИДКОСТИ ФАКТОР, 
ИНГИБИРУЮЩИЙ СОКРАЩЕНИЯ МАТКИ

А. ПАЙОР, Й. ГРОФ, М. ИДЕИ, Я. МЕНЬХАРТ и Б . ЖОЛНАИ

Авторы изучали действие смеси проб околоплодной жидкости, полученных амнио- 
центезом во втором триместре беременности, в условиях in  vitro  на препарате изолированной 
беременной матки крыс. Установили, что околоплодная жидкость имеет одновременно как 
стимулирующую, так и тормозящую активность. С помощью хроматографии (на геле Сефа- 
декс G-25, ионообменной СМ-Сефадекс G-25 и бумажной) удалось выделить и очистить 
компонент плодных вод, ответственный за ингибирование маточных сокращений. Фракция, 
содержащее дейтсвующее вещество (утеро-ингибин), тормозит сокращения миометрия 
беременной матки человека, препарата кишки крысы, а также вызванные электрическим 
раздражением сокращения in  vitro  препаратов vas deferens мыши и снижает их базальный 
тонус.

Можно предположить, что, в обеспечении состояния покоя матки в период беремен­
ности, играет роль какой-то, до сих пор не известный, эндогенный фактор.

СУДЬБА СЕКРЕТОРНЫХ БЕЛКОВ ПАНКРЕАТИЧЕСКОГО ПРОИСХОЖДЕНИЯ В 
КРОВЯНОМ РУСЛЕ У СОБАК И КРЫС

М. ПАПП, Г. ВАРГА, Г. ФОЛЛИ и В. ТЁРЧВАРИ

Авторы собирали свежий панкреатический сок у животных-доноров (собак и крыс), 
предварительно стимулируя деятельность поджелудочной железы у них внутривенным 
введением секретина и панкреозимина (4 Е/кг веса тела). После определения в панкреати­



ческом соке уровня белка и активности липазы и амилазы, его вводили в кровяное русло 
животного-реципиента того же вида. Определяли пространство распределения, время био­
логического полураспада и выведение с мочой и желчью секреторных белков, повторное их 
выделение с панкреатической жидкостью и возвращение из межтканевого пространства 
через грудной лимфатический проток. Фроме того, определяли объем плазмы у реципиен- 
тов-животных.

Пространство распределения как липазы, так и амилазы у крыс совпало с объемом 
плазмы. У собак биологическое время полураспада амилазы было продолжительнее, чем 
липазы. Если в моче и желчи у собак количество выделенных энзимов было ничтожно мало, 
то количество энзимов в моче крыс достигло 10% от введенного количества. У  собак, введен­
ные в кровоток, липаза и амилаза повысили уровень липазы и амилазы в панкреатической 
жидкости, и как у крыс, так и у собак уровень и количество белков в панкреатической 
жидкости. Часть энзимов, покинувших кровяное русло, возвращается в кровообращение 
через грудной лимфатический проток.

ВЛИЯНИЕ МАЗИНДОЛА НА ПИЩЕВОЕ ПОВЕДЕНИЕ И НА ФУНКЦИЮ 
НОРАДРЕНАЛИНА В РАЗЛИЧНЫХ УЧАСТКАХ ГОЛОВНОГО МОЗГА У КРЫС

Л. ХАЛМИ, Ч. НЯКАШ и Ю. ВАЛЬТЕР

На крысах, помещенных в новые условия и не получавших пищу в течение 24 часов, 
мы изучали влияние интраперитонеально введенного мазиндола на пищевое поведение 
животных, а также на исчезновение 3Н-норадреналина из разных областей головного моз­
га. В последнем случае мазиндол вводился интрацеребровентрикулярно.

Мазиндол сильнее подавлял пищевое поведение, чем прием пищи. Это означает, что 
пищевое поведение более чувствительно указывает на понижающее аппетит действие лекар­
ства, чем прием пищи. В дозе 30 мг/кг мазиндол повышал исчезновение 3Н-норадреналина из 
медиального гипоталамуса, но не оказывал действия на обмен норадреналина в других 
областях мозга.

Результаты настоящих экспериментов указывают на то, что действие мазиндола на 
обмен 3Н-норадреналина является разным в различных участках мозга.

ЧАСТИЧНОЕ ОЧИЩЕНИЕ ИЗ ЛЕГОЧНОЙ ТКАНИ КРУПНОГО РОГАТОГО СКОТА 
БЕЛКА, СПОСОБНОГО ИНГИБИРОВАТЬ I N  V I V O  СИНТЕЗ ДНК В ЛЕГОЧНЫХ

КЛЕТКАХ МЫШИ 
3. МАРЧЕК и Я. МЕНЬХАРТ

Настоящее сообщение знакомит с частичным очищением и характеристикой эндо­
генного фактора, который тканеспецифически ингибирует в условиях i n  v ivo  синтез ДНК 
в клетках легочкой ткани мышей.

Данное активное вещество очищали из водного экстракта легочной ткани крупного 
рогатого скота и крыс, применяя комбинацию ультрафильтрации и различной хромато­
графической техники.

Вещество, ответственное за отмеченный эффект, термолабильно и, вероятно, являет­
ся белком с молекулярнУм весом около 40 000. На основании определенных до настоя­
щего времени химических и физических свойств, а также биологического действия, вы­
деленное из легких вещество, по-видимому, является эндогенной пролиферационной инги­
биторной молекулой, которая оказывает действие на легочные эпителиальные клетки. Эта 
молекула имеет халоноподобные свойства.

ОТВЕТЫ С БАРОРЕЦЕПТОРОВ ПОДКЛЮЧИЧНОЙ АРТЕРИИ НА ИЗМЕНЕНИЯ 
СТАТИЧЕСКОГО ДАВЛЕНИЯ У СОБАКИ

А. У. КАДИРИ

В экспериментах, проведенных на 45 наркотизированных собаках, изучали изме­
нения афферентной активности блуждающего нерва и правого аортального нерва в зави­
симости от давления. Статическое перфузионное давление повышали ступенеобразно на



10 мм рт. ст., в пределах от 0 до 200 мм рт. ст. Применяли функциональный препарат на 
изолированном нервном волокне. Результаты анализировали с помощью дигитального 
компьютера PDP-12. Постоянная импульсная активность начиналась при пороговом 
давлении, равном 67 +  3 (SE) мм рт. ст. (в области давлений от 40 до 92 мм рт. ст). Среднее 
сатурационное давление было 145 ±  4 мм рт. ст. (между 112—117 мм рт. ст.) Сравнивая 
давление в мешке, образованном из подключичной артерии, с частотой импульсов, получили 
кривую раздражениеответ сигмовидной формы. Чувствительность рецепторов была 0,2— 
0,7 имп/сек/мм рт. ст.

Таким образом, барорецепторы подключичной артерии у собаки не отличаются су­
щественно от барорецепторов дуги аорты и каротидного синуса.

На 10 нервных волокнах у 9 собак изучали действие перфузируемых венозной кровь- 
ю барорецепторов подключичной артерии на частоту возникновения импульсов, применяя 
контролируемое статическое давление и изменяя давление в содержащем рецепторное поле 
изолированном мешке подключичной артерии. Перфузию артериальной и венозной крови 
сравнивали с давлением в мешке, и регистрировали эффект на изолированных волокнах 
правого аортального нерва. Разницы между значениями среднего давления в мешке, при 
перфузии артериальной или венозной кровью, не наблюдали.

МЕХАНИЗМ, ЛЕЖАЩИЙ В ОСНОВЕ ПОЛОЖИТЕЛЬНОГО ИНОТРОПНОГО 
ДЕЙСТВИЯ ДАНТРОЛЕНА НА МЫШЦУ ПРЕДСЕРДИЯ СЕРДЦА 

МОРСКОЙСВИНКИ 
Я. МЕЙСАРОШ, В. КЕЧКЕМЕТИ и Й. СЭГИ

Мы изучали механизм положительного инотропного действия мышечного релаксан­
та дантролена на препарате изолированной мышцупредсердия морской свинки. Исследо­
вания производились техникой внутриклеточных микроэлектродов и с помощью измерения 
изометрических сокращений. Дантролен оказывает время-зависимое двойственное действие. 
В первой фазе действия препарат увеличивает амплитуду сокращений и продолжитель­
ность потенциалов действия. Этот эффект очень чувствителен по отношению к  частоте 
раздражения и к ионам магния. Вызванное дантроленом удлинение продолжительности 
потенциалов действия наблюдалось и в присутствии ионов магния. В миокарде, деполя­
ризованном ионами калия, дантролен вызывал появление медленных потенциалов дейст­
вия. В поздней фазе действия дантролена амплитуда сокращений постепенно снижается 
и развивается медленная контрактура, которая сопровождается сильным укорочением 
продолжительности потенциалов действия.

На основании полученных результатов мы приходим к  выводу, что дантролен ак­
тивизирует медленное течение ионов кальция и увеличивает внутриклеточную концентра­
цию свободного калция.
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