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T he role o f m em b ran e  processes in  th e  a c tiv a tio n  of sk e le ta l m usc le  f ib e rs  has 
b een  in v es tig a ted  in  d e ta ils  recen tly . I t  seem s v e ry  p robable  th a t  th e  in tra m e m b ra n e  
charge m o v em en t is th e  p o te n tia l  sensitive  s tep  o f th e  ex c ita tio n -c o n trac tio n  coupling. 
C onsiderable e ffo rts were m ade  to  m o n ito r  th e  sub seq u en t step s (S R  fu n c tio n , Ca 
release) using  o p tic a l m eth o d s. E x p e rim en ta l d a ta  w ere p resen ted  a b o u t  th e  re la tio n s 
ex is ting  be tw een  charge m o v em en t p rocess , Ca release and  c o n tra c tio n  th resh o ld .

The action potentials o f the surface membrane propagate along the 
transverse (T)-tubules in a regenerative m anner. The T-tubule depolarization  
gives rise to  calcium  release from the sarcoplasm ic reticulum (SR ). The increase 
of intracellular Ca concentration rem oving the troponin inhib ition  leads to 
m uscle contraction. The research of the mem brane processes and especially  
the excitation-contraction  coupling was facilitated  by applying new  m ethods, 
for exam ple optical m easurem ents on in tact fibres, and by the great progress 
in electronics, m aking easier the signal and data processing.

As it is w idely accepted, the m em brane potential dependent changes 
of the sodium  and potassium  conductances underlie action potentia ls proceed­
ing on the membrane o f skeletal muscle fibres. The properties of th ese channels 
have been investigated  in  detail. Here I in tend to  refer to  the im portance 
of chem icals in studying membrane processes. Their application can m odify  
the excitab ility  or perm eability o f the channels. In the presence o f  veratrum  
alkaloids D a n k ó  and V a r g a  described a T T X  sensitive, rhythm ical oscillation  
o f mem brane potential on frog sartorius m uscle [18]. The pacem aker-like  
a c tiv ity  lasting for hours has a half to one m inute long repetition  tim e with  
am plitudes of 30— 60 mV. These param eters and the raising or fa llin g  phases 
of individual waves were sign ificantly  m odified  by phlorrhizin and mono- 
iodoacetic acid treatm ent. From these results som e connection betw een  the 
chem ically  m odified channels and the intracellular m etabolism  was sug­
gested [17].

* R eview  lec tu re  given a t  th e  M eeting o f th e  H u n g arian  Physio log ical Socie ty  a t 
Szeged on 6 — 8 Sep tem ber, 1979.
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2 L. KOVÁCS

B esid es the potential sen sitive  ionic conductances, the m echanical activ a ­
tion  o f  m uscle fibres also has a steep mem brane p oten tia l dependence. Con­
traction  can  be evoked b y  different types of depolarization , not only b y  action  
p oten tia ls . A pplying Ringer solution  with increased potassium  concentration , 
H o d g k i n  and H o r o w ic z  m easured the m echanical m ovem ent of single fibres 
[24]. T he contraction threshold  was reached w hen th e  membrane had depolar­
ized to  — 50 mV. The peak tension  of the fibres w as related to the m em brane 
p oten tia l b y  a steep sigm oid curve. A d r i a n  et al. studied the k inetics o f  
m echanical activation  by voltage-clam p depolarizing pulses [3]. The strength- 
duration  curves for m echanical threshold ob ta in ed  in the presence o f T T X  
were su itab le  for q u antitative analysis.

In  th e  last few  years great advances h ave been  made in the know ledge  
of v o lta g e  dependence. Charge displacem ent currents were succesfully recorded  
w hich m igh t reflect the m ovem ent of charged particles related to  th e  opening  
of sod iu m  channels due to  depolarization [6, 26]. The intram em brane charge 
m ovem en t observed in skeletal m uscle fibres b y  S c h n e i d e r  and Ch a n d l e r  [40] 
had a m uch slower tim e course, so it may not be linked  to  a gating o f sodium  
channels. Its kinetic properties and voltage dependence make it probable th at  
it  is stro n g ly  related to  the depolarization-contraction coupling [2, 15]. Per­
m anent dipoles or charged particles would m ove reversibly between tw o d if­
ferent s ite s , at least according to  the changes o f  membrane potential. The  
charge d isplacem ent current m ay reflect such m ovem ents.

I t  is suggested th at th is  dipole m ovem ent in  the T-tubule m em brane  
w ould connect the T -tubule w ith  the adjacent b u t separate SR. There is a gap 
betw een  th e  T-tubule and the term inal cisternae o f  th e  SR, and sm all projec­
tions (th e  electrodense feet) ex ten d  between th em  [19]. The estim ated density  
of charged groups and the feet is about the sam e. I t  is suggested that the in tra­
m em brane charged groups or dipoles might be th e  vo ltage  sensor of the ex c ita ­
tion -con traction  coupling and their m ovem ent could  determ ine the subsequent 
steps lead in g  to the Ca release.

E xam in ation  o f the relations of charge m ovem en t to contractile activ a ­
tion  w as severely lim ited  by the use of internal m icroelectrodes for vo ltage  
clam ping the fibres. To avoid  the fibre dam age on ly  threshold m ovem ents  
were allow ed  or contraction w as blocked by h yp erton ic solutions or by te tra ­
caine. S c h n e i d e r  and H o r o w ic z  [41] have therefore recorded charge d isp lace­
m ent currents during depolarizing pulses to  and w ell beyond contraction  
thresholds using the sim ple gap m ethod introduced b y  K ovács  and S c h n e i d e r  
[29]. T his procedure does not require in ternal microelectrodes during  
m easurem ent, thus allow ing th e  m ovem ent o f  the vo ltage clamped term inated  
fibre segm en t. In th is w ay the critical durations necessary to  reach the m echan­
ical threshold  were determ ined at different m em brane potential levels. The 
am ount o f charge m oving during the critical duration  was found essen tia lly
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MEMBRANE PROCESSES IN MUSCLE FUNCTION 3

the sam e (10 nC/^uF) at all membrane poten tia l values. The results indicate  
th a t the threshold qu an tity  of charge has to  m ove to reach the contraction  
threshold, independently of the tim e course or amplitude of the charge dis­
placem ent current.

The significance o f the threshold charge m ovem ent was confirm ed by 
experim ents in which the effect o f sub-rheobasic prepulses were stu d ied  [42]. 
Charge m ovem ent and critical durations were determ ined for te s t  pulses alone 
and for test pulses preceded by a 50 ms prepulse to a m em brane potential 
value below rheobase for m echanical activation . The prepulses, w h ich  moved  
a certain am ount of charge, decreased th e  charge m ovem ent during th e  follow ­
ing test pulses. The tota l am ount o f charge w hich moved during each prepulse 
plus the critical duration o f test pulse was about equal to the threshold  am ount 
of charge m oved during the critical duration o f the same te s t  pu lse alone. 
These results indicate th at for reaching the m echanical threshold a certain  
am ount o f charge has to  m ove independently  o f the way it had m oved .

The charge displacem ent current has a com plex tim e course in  skeletal 
m uscle. This indicates th at there m ay be several species of m obile charge which 
w ould m ove during depolarization. A t present it is not possible to  verify  
w hether these kinds o f charges m ove independently and control separate 
mem brane processes or their m ovem ents are sequential and related  to one 
process [1, 5]. Considerable efforts were m ade to relate the m ovem en t of 
a certain species o f charge to  certain process.

A d r i a n  and P e r e s  [4] have suggested  that one species o f  charge (QY) 
m ay be connected with gating o f the potassium  current. This hypothesis  
reveals several problems. The gating currents of the sodium channels were 
separated on the basis of their tim e course by V e r g a r a  and Ca h a l a n  [46]. 
Th ese authors found th at th is current was partially im m obilized b y  sodium  
in activation  and had a m axim um  value w hich did not am ount to  10%  of the  
tota l charge displacem ent current.

In spite o f the above m entioned com p lex ity  of charge m ovem en t in 
m uscle fibres it is generally accepted th a t m ost of it is related to  contractile  
activation . To confirm this hypothesis, direct comparisons of charge m ovem ent 
and the subsequent steps in the activation  process (SR function , Ca-release) 
are essential.

The internal mem brane system  o f m uscle fibres, T -tubules and SR , are 
topologically  inaccessible to m icroelectrode penetration. In the last few  years 
intrinsic and extrinsic optical m ethods were used to study the changes in  their 
electrical properties during activation . These investigations were facilitated  
b y  the favourable results obtained on axon m em brane. Changes in  ligh t scat­
tering or birefringence [16] and in extrinsic fluorescence [43] o f  axons were 
found during the action potentials. Later it was dem onstrated th a t these
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op tica l changes are linear functions of the m em brane potential, therefore th ey  
are con ven ien t for recording th e  changes of th e  m em brane potential.

T hese m ethods seem  to  be specially con ven ien t in  case of the T -tubules  
or SR  because th ey  have large membrane areas. The surface area o f the T- 
sy stem  is 8— 10 tim es, th a t o f  the SR, 100— 200 tim es greater than th e  sur­
face m em brane [32, 36]. For th is  reason the ob ta in ed  optical signals are rela­
t iv e ly  large and easily  d etectab le . On the other hand, the contractile a ctiv ity  
can cause m any difficu lties as it  is changing the op tica l properties of the fibre 
to  a great extent.

There are strong ev idences that the fluorescence [30, 44] and absorbance
[33] signals obtained b y  th e  relatively im perm eant dye, m erocyanine, 
orig inate from the surface mem brane and the T -system . The shape o f  these  
signals is sim ilar to the surface action potentia l b u t its  tim e course is slower. 
A fter détubulation the tim e course becom es faster  and the am plitude is 
decreased by a factor o f ten . The first com ponent o f  the birefringence signal 
can be attributed m ain ly  to  th e  surface action p oten tia ls and less to  the T- 
system  [11].

There are optical signals which occur at ab ou t the tim e of la ten cy  re­
la xa tion , th at is th ey  follow  th e  action potentials but precede the contraction. 
T hey m ay be intrinsic as th e  transparency [8, 21, 22] or the second com ponent 
of birefringence changes [11, 12] and extrinsic as th e  fluorescence signals which  
are ob ta in ed  by penetrating d yes, like Nile blue A  [13], or indodicarbocyanine
[34 ] . These optical tran sien ts have a similar shape and their tim e course is 
m uch slow er than that o f  th e  previous signals. T he transparency [28] and the  
N ile b lue A  signal [45] were analysed with the v o lta g e  clam p technique as M ell.

The tim e and vo ltage  dependence of the transparency increase has been  
stu d ied  b y  K ovács  and S c h n e i d e r  [28] on voltage-clam ped  cut m uscle fibres. 
A  decrease in  latency tim e o f the signal and an increase in the m axim um  rate 
o f rise were found on increasing the am plitude o f depolarizing pulses. The 
m inim um  latency observed w as 6— 10 ms. The peak  values of transparency  
changes were approxim ately th e  same for pulses o f  different durations w ith  
am plitudes 1— 2 mV low er than  that necessary to  reach the m echanical 
threshold . In the case o f  long  pulses, the relation  o f the peak values o f the  
transparency signal to  th e  m em brane potential was characterized by a sigm oid  
curve. This relation was sim ilar to the voltage dependence of the m echanical 
activ a tio n  measured b y  potassium  contractures on single fibres [24].

The kinetic analysis o f  N ile blue A fluorescence signals by V e r g a r a  
et al. [45] gave sim ilar resu lts in  many respects b u t an exact com parison was 
not possib le because of differences in experim ental conditions. It seem s th at  
these optical signals m ay all m onitor the sam e even ts most probably the  
vo ltage changes across th e  SR  during activation . A lternatively, th ey  m ay  
originate from the m yofilam en t changes preceding th e  mechanical a c tiv ity ,
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MEMBRANE PROCESSES IN MUSCLE FUNCTION 5

especially if  the la tency  relaxation originates in the m yofilam ents and not in 
the SR [20, 23]. W e cannot exclude the possib ility  that some optical changes 
are elicited  by the increase in m yoplasm ic Ca concestrotion  and not those  
processes are m onitored by the optical changes which lead to Ca release. In  
this respect a direct com parison o f the optical and the m yaplasm ic calcium  
signals w ould help to  get more inform ation concerning the m echanism  [9].

The m echanical tension  is regulated directly  by the changes o f  m yo­
plasm ic calcium  concentration (zJCa). Therefore, exact m easurem ent o f  th is  
/ICa signal is very im portant to know the relation between the different steps 
of the excitation-contraction  coupling. E ssen tia lly , tw o types o f indicators  
have been used to m easure ZlCa: the biolum inescence protein aequorin and 
the m étallochrom ie indicator dyes such as m urexide, arsenazo III , and anti- 
pyrylazo III . N ot penetrating the surface and SR membrane th ey  are con­
venient to  measure ACa after being taken in to  the intracellular space.

U sing aequorin, A s h l e y  and R i d g w a y  [7] have measured ZlCa on giant 
barnacle m uscle fibres. Later single fibres o f the frogs were m icroinjected with  
aequorin by R u d e l  and T a y l o r  [38], B l i n k s  et al. [14] and the zlCa signal 
was recorded during tw itch es, tetan i and potassium  contractures. The use of 
aequorin is lim ited by th e  known difficulties: the relation betw een Ca con­
centration and light in ten sity  is not linear, the kinetics o f the lum inescence  
reaction is slow , etc., but its application can be favourable for exam ple to  
record ZÎCa signals and m echanical activ ity  sim ultaneously.

The m étallochrom ie indicator dyes becam e increasingly popular in  the  
last few years. They change their colour on Ca binding, therefore the changes 
in the absorbance of th e  fibre have to be m easured to record ACu signals. 
These dyes differ from one another in their su itab le differential w ave length , 
relaxation tim e, dissociation constant, extin ction  coefficient, etc. [39].

Though its se lectiv ity  and response tim e are excellent, m urexide is rela­
tive ly  unfavourable because o f its low sen sitiv ity  to  Ca. In spite of the problem  
JÖBSis and O ’Co n n o r  [25] on some occasions were succesful to m easure zlCa 
by m urexide on frog m uscle fibres. The features o f arsenazo III  are more 
advantageous. It has a high affin ity  to Ca resulting in large absorbance changes  
owing to  sm all Ca concentration  changes. On the other hand, its se lec tiv ity  
and response tim e are relatively  poor which can cause some difficulties. M i l e d i  
et al. [31], B a y l o r  et al. [10], P a l a d e  [35] have injected arsenazo I I I  into  
the fibre by ionophoresis. ACa signals were m easured in consequence o f action  
potentials and depolarizing pulses. The antipyrylazo III  (AP III) is a m iddle  
range Ca indicator presenting features which are betw een those of m urexide  
and those o f arsenazo I I I  [39]. The sen sitiv ity , se lectiv ity  and response tim e  
of A P III  are very convenient to  measure ACa signals in muscle fibres.

U sing A P III , S c h n e i d e r , K ovács  and R io s  have studied the tim e and  
voltage dependence o f ZlCa and its relation to  the charge m ovem ent. The
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exp erim en ta l procedure was sim ilar to  the one developed for cut fibre prepara­
tion s [29]. Segm ents o f single fibres were cu t at both ends and m ounted  in 
a double vaseline gap cham ber. The A P III  con ta in in g  a relaxing solution  was 
applied  to  the tw o cut end pools and the dye w as left to enter the m yoplasm ic  
space b y  diffusion. The disturbing effect o f contractile  activ ity  was m inim ized  
b y  stretch in g  the fibres, so the absorbance changes at 720 nm w ave length  
w ere ta k en  to  be proportional to  the ACa. T he internal and external solutions 
w ere designed to block all ionic conductances w ith ou t changing the excitation- 
con traction  coupling. In th is w ay, sim ultaneous measurem ents of ZlCa and 
charge m ovem ent were possible.

I t  was found th a t during a long depolarizing pulse the ACa transients  
increased  to a peak after a la tency  period o f som e ms and then declined toward  
a s te a d y  level. On increasing the am plitude o f  depolarizing pulses, the latency  
tim e decreased and the rate o f rise increased.

For quantitative analysis and in terpretation , ZlCa signals were fitted  
w ith  exponentia l functions. During depolarization , after a transition  tim e  
(S o n ) each signal could closely  be approxim ated b y  the sum of two exponentia l 
fu n ctio n s o f tim e plus a constant. During repolarization after a transition  tim e  
(S o f f ) th e  signal declined along a single exp on en tia l tim e course. A ll th e  rate 
coeffic ien ts determ ined by th e  fitting procedure and the Son transition  tim es 
h a v e  show n mem brane potentia l dependence ( K ovács  et al. [27]).

T his formal m athem atical description can be interpreted by a closed  
three-com partm ent system . The m yoplasm  constitutes one com partm ent 
w here th e  ACa transients are measured b y  th e  dye, the other tw o com part­
m en ts are the release and uptake pools o f  th e  SR. After the Son? th e  ACa 
tim e course is consistent w ith  Ca red istribution  between the three com part­
m en ts w ith  mem brane potentia l dependent rate coefficients w hich do not 
ch an ge in tim e. A t a g iven  membrane p oten tia l, 98%  of the charge has m oved  
during the Son ( R io s  et al. [37]).

T hese data support th e  hypothesis th a t  charge m ovem ent controls the 
rate coefficien ts for Ca m ovem ent across th e  SR  membrane. During depolariza­
tio n  th e  rate coefficients could not attain  their  steady levels, characteristic  
o f th e  g iven  mem brane potentia l, until th e  charge m ovem ent had been com ­
p leted .

The role of charge m ovem ent in controlling  Ca m ovem ent was further  
confirm ed  by S c h n e i d e r  et al. who have stu d ied  the effect o f subrheobasic  
prepulses on ACa transients (unpublished observations). 50 ms prepulses, caus­
in g  neglig ib le ZlCa, did not change the tim e course of ZlCa during th e  im m edi­
a te ly  follow ing test pulse, but caused it  to  occur earlier. As described previ­
o u sly  [42], the prepulses have m oved a sign ifican t amount of charge, the tim e  
course o f the charge m ovem ent during th e  test-p u lse was about the sam e w ith  
or w ith ou t prepulse, but w ith  prepulse it  occurred earlier. The final level,
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characteristic o f  the given mem brane potential, was atta ined  sooner with 
prepulse. The tim e shift of zlCa and charge m ovem ent due to  the prepulses, 
measured on the sam e fibre, was found to  he about the sam e.

In conclusion it m ay be said th a t depolarization o f th e  surface and of 
the T-tubule m em brane results in the charge m ovem ent w hich  w ill control 
the Ca release. C onsequently, the intram em brane charge m ovem en t might 
he the potential sensitive step of the excitation-contraction  coupling in the 
skeletal muscle fibres.
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T he tra n se p ith e lia l  tra n s p o r t  o f sod ium , ru b id iu m  an d  w a ter was s tu d ie d  in  the  
fro g  skin  in  th e  p resence of th e  cyclic en d o p ero x id ase  in h ib ito r  in d o m e th ac in . Sodium  
tra n s p o r t  w as s tu d ied  b y  m easu rin g  sh o rt c irc u it c u r re n t  an d  by  24N a ra d io a c tiv e  iso­
to p e  m eth o d ; w a te r  t r a n s p o r t  w as ex am ined  u s in g  th e  frog  skin  sac te c h n iq u e . In d o ­
m e th a c in  p ro d u ced  th e  follow ing changes.

1. T he tran sep ith e lia l p o te n tia l  difference a n d  th e  in te n sity  of sh o rt c irc u it  cu r­
re n t  were decreased , w hile  th e  resistan ce  a n d  co n d u c tan c e  of th e  sk in  re m a in e d  u n ­
a lte red .

2. Pass iv e  tran sep ith e lia l sodium  tra n s p o r t  fro m  th e  in n er to th e  o u te r  side was 
enhanced .

3. N e ith e r osm otic  w a te r  t ra n s p o r t  nor p assiv e  ru b id iu m  tran sp o rt w ere  ch an g ed . 
Conclusions:
a )  In d o m eth ac in  causes a  selective increase o f so d iu m  p e rm eab ility  in th e  fro g  sk in ;
b) T h e  p re sen t re su lts  are  in  ag reem en t w ith  th e  v iew  th a t  th e  in d o m e th ac in  m ay  
in fluence th e  ra te  o f sodium  tra n s p o r t  in  som e tissu es.

Indom ethacin (IM) is the m ost w idely used  cyclic  endoperoxidase in h ib i­
tor, its renal effects in the anaesthetised dog (depressed renal hlood flow , the  
shift of intrarenal blood flow  distribution tow ard th e  cortex, antidiuretic and 
antinatriuretic action) are well known [1, 2, 7, 9, 13, 14, 16, 18, 20, e tc .] . As 
repeatedly shown, the decrease of sa lt and wrater excretion is associated w ith  
unaltered glomerular filtration  [2, 5, 6, 8, 15].

B ased on these findings it seems reasonable to  assume that indom ethacin  
m ay affect cellular sodium  transport and thus saline output also b y  m echa­
nism s independent of haem odynam ic changes. C onsistent w ith th is v iew  is our 
earlier observation dem onstrating th at indom ethacin  enhanced the 24N a-efflu x  
from kidney cortex slices saturated with 24Na ( B a r t h a , [3]).

The present experim ents were designed to  further elucidate the effect 
on sodium  transport of indom ethacin. In order to  circumvene the problem  
of interfering haem odynam ic changes, the frog skin  was chosen as an exp eri­
m ental m odel in w hich active unidirectional sodium  transport is known to  take  
place in tw o stages (outer side passive, inner side active) just as in th e  renal 
tubules [11, 21]. W ater and rubidium transport characteristics w ere also  
studied in an attem p t to  reveal an eventual specific  action of indom ethacin  
on sodium  transport.
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Method

A b d o m in a l and  th ig h  sk in  sam ples were used , re m o v e d  from  frogs o f b o th  sexes w eigh­
in g  30 — 50 g. Frogs were k e p t  in  a  b a th  w ith  co n tin u o u s  w a te r  exchange w ith o u t food  added . 
A ll s tu d ie s  w ere carried  o u t  a t  ro o m  tem p era tu re .

1. S tu d y  o f water transport (n  =  15)

T h e  skin  from  th e  h in d  lim b s  was rem oved  a n d  fro m  th e  th ig h  skin sacs w ere  form ed 
b y  lig a tu re s . Two sacs w ere fo rm ed  from  th e  skin re m o v e d  fro m  each frog; one sac  co n ta in ed  
1 m l R in g e r’s solu tion , w hile  th e  o th er co n ta ined  100 jug (n  =  15) or 1 m g IM  (n  =  20) in 
1 m l R in g e r’s m edium . Sacs w ere weighed on an  a n a ly t ic a l  scale and  in cu b a ted  fo r 6 h  a t 
ro o m  te m p e ra tu re  in ten fo ld  d ilu te d  R in g er’s so lu tio n  p e rm an en tly  gassed  w ith  oxygen 
th ro u g h o u t  th e  stud ies. S k in  sacs were re-w eighed a t  h o u rly  in te rv als , an d  th e  r a te  o f th e  
o sm o tic  g ra d ie n t d e p en d en t, i.e. o u te r  to in n er w a te r  t r a n s p o r t  was ca lcu la ted  on  th e  basis 
o f  th e  w e ig h t in crem en t o f sacs a n d  expressed  in fi\  w a te r/h /g  w et skin.

A f te r  te rm in a tio n  o f th e  s tu d ies  th e  skin sam p le s  w ere dried  a t  105 °C u n t i l  w eight 
c o n s ta n c y , th e re a fte r  d ig es ted  in  6 5 %  n itr ic  acid, a n d  so d iu m  and p o tassium  c o n te n ts  were 
e s t im a te d  b y  flam e p h o to m e try  (C arl Zeiss. Jen a ).

2. Study o f  ionic transport

2.1 . S tu d y  o f  sodium  transport by short circuit current technique

2 .1 .1 . C o n tro l group (n =  15)
A n  abdom inal sk in  lobe w as form ed, rinsed  w ith  R in g er’s so lu tion  a n d  m o u n te d  over 

a  h o le  b e tw ee n  two p lexig lass cham b ers . B o th  ch am b ers  co n ta in ed  10 m l of R in g e r’s so lu tion . 
T h e  v o lta g e  developing b e tw een  th e  two sides o f th e  sk in  lobe was reco rded  u s in g  calom el 
e le c tro d e s  im m ersed in to  3 M KC1 and a tta c h e d  to  a  v o ltm e te r  (R adelk is, T y p e  08-208). 
E le c tr ic  connection  b e tw een  th e  KC1 so lu tion  a n d  th e  cham bers was e s tab lish e d  by  
a g a r -a g a r  b ridge. The r a te  o f sod ium  tra n sp o r t  w as m ea su re d  b y  th e  sh o rt c irc u it  cu rre n t 
te c h n iq u e , i.e. th e  n eg ative  pole o f a D.C. pow er su p p ly  u n i t  was connected  to  th e  e lec tro ly te  
so lu t io n  be ing  in c o n ta n t w ith  th e  in n er (positive) su rface  o f th e  skin lobe, w h e reas th e  posi­
t iv e  po le  w as connected  to  th e  ch am ber flu id  b e in g  on  th e  o u ter (negative) side . V oltage 
g e n e ra te d  b y  th e  sk in  a n d  th e  in te n s ity  o f sh o rt c irc u it  c u rre n t was reco rded  e v e ry  10 m in. 
D u r in g  th e  course of th e  s tu d ies  th e  D.C. sh o rt c irc u it  p ow er supply  u n it  w as sw itc h ed  on  a t  
each  reco rd in g  and  v a lu es re co rd e d  a fte r  30 sec w ere  considered  as th e  in te n s i ty  o f sh o rt 
c irc u it  c u rre n t. M easu rem en ts w ere  s ta r te d  follow ing a 40 m in  p re in cu b atio n  p e rio d  a n d  con­
tin u e d  u n t i l  180 m in.

2 .1 .2 . In d o m e th ac in  group  (n  =  14)
E x p e rim en ta l p ro to co l w as th e  sam e as in  th e  co n tro l group w ith  th e  e x ce p tio n  th a t  

a t  th e  e n d  of th e  p re in c u b a tio n  period  th e  R inger’s so lu tio n  being in c o n ta c t w ith  th e  in n er 
su rfa ce  o f th e  skin lobe w as rep laced  for a R inger’s m e d iu m  contain ing  4 /ig /m l IM  too.

Sod ium  tran sp o rt w as ca lcu la ted  from  C oulom b a n d  A vogadro v a lu es a n d  expressed  
as th e  a m o u n t of ions tra n s p o r te d  th ro u g h  1 cm2 o f sk in  w ith in  1 sec (nm ole N a + • s -1  • c m “ 2).

2.2. S tu d y  o f  sodium and ru b id iu m  transport using radioactive isotopes (2iN a  and  8GR b ) .

I n  th is  series o f s tu d ies  d iffe ren t ex p erim en ta l m odels were used to  ex am in e  th e  active  
( to w a rd  th e  inner surface) a n d  passive  (tow ard  th e  o u te r  surface) tran sep ith e lia l t ra n s p o r t  
p ro cesses.

2 .2 .1 . S tu d y  of the  active  t ra n s p o r t
T h e  ex p erim en tal m odel w as the  sam e as d e sc rib ed  in  2.1.1., i.e. R in g er’s so lu tio n  was 

p u t  a t  b o th  sides of th e  sk in  lob e , how ever th e  o u te r  f lu id  con ta ined  0.2 —0.3 M B q  24N a, and 
th e  a m o u n t 24N a tra n s p o r te d  fro m  the o u te r  to  th e  in n e r  side was estim ated .

2 .2 .2 . S tu d y  of passive t ra n s p o r t
T h e  experim en ta l se tu p  w as iden tica l w ith  t h a t  described  in 2.1.1. w ith  th e  excep tion  

t h a t  th e  f lu id  in co n tac t w ith  th e  o u ter surface o f th e  sk in  lobe was tenfo ld  d ilu te d  R in g er’s

A d a  Physiologica Academiae Scientiarum Hungaricae 57, 1981



SODIUM AND WATER TRANSPORT IN FROG SKIN: EFFECT OF INDOMETHACIN 11

so lu tio n . B a th in g  f lu id  a t  th e  opposite  (inner) side  con ta in ed  24Na (0.2 —0.3 M B q) or 86R b 
(0.5 M B q) in  no rm al R in g er’s m edium  and  th e  r a te  o f dow nhill t ra n s p o r t  w as estim a ted  
b y  m easu ring  th e  a m o u n t o f 24N a and  8r’R b  in  th e  o u te r  surface fluid.

T he ra te  o f io n  tra n s p o r t  in b o th  s tu d ies  (2 .2 .1 . an d  2.2.2.) was ex p ressed  as p e rc e n t  
o f  ra d io a c tiv ity  t ra n s p o r te d  from  one side to  th e  o th e r  w ith in  a given tim e. I n  th e  IM  study  
th e  R in g er’s so lu tion  a t  th e  in n er side also c o n ta in e d  4 (Jg/ml IM. The n u m b er o f  obse rv a tio n s 
w as: (2 .2 .1 .) co n tro l, n  =  13; IM stud ies, n  13; (2 .2 .2 .) 24N a contro l, n =  15; IM  tre a tm e n t, 
n  =  14; 8*Rb co n tro l, n  23: IM tre a tm e n t, n  =  13.

S ta tis tic a l e v a lu a tio n  o f d a ta  was done b y  S tu d e n t’s t tes t.

Results

1. Effect o f  indom ethacin on water transport and ionic content o f  the skin

Indom ethacin , even  in  very high concentration  (100 ftg per m l, or 1 mg 
per m l), failed to  influence the transepithelia l osm otic water transport in  the 
frog skin (Fig. 1). W ater, sodium  and potassium  contents o f th e  sk in  also 
rem ained unaltered (Table I).

CT1
0
1
3.

Ol
О
X

3

X±S

X Indomethacin (n = 15) 
100 pg /m l

•  Control ( n = 15)

t — I------------1-------------1-------------
0 120 240 360 min

-

300 -

о I -  
0

•  Control (n = 20)

X Indomethacin (n= 20) 
1.0 mg/ml

----1--------1-------- i-------- 1--------
120 240 360 min

F ig. 1. R a te  o f tran sep ith e lia l osm otic  w a te r  t r a n s p o r t  in  frog skin as a fu n c tio n  o f  tim e in 
th e  p resence o f various co n cen tra tio n s of in d o m e th ac in . F rog skin sac c o n ta in ed  R in g er’s 
so lu tio n , e x te rn a l m edium  w as tenfo ld  d ilu ted  R in g e r’s so lu tion . A cu m u la tiv e  p lo t,  i.e. the 

a m o u n t o f w a te r  passing  across 1 g sk in  u n til  a given tim e is p lo tte d
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12 J. BARTHA and CSILLA HABLY

Tabic I

S o d iu m , po tassium  and water content o f  frog  sk in  in  the presence o f indom ethacin

Control 
n =  15

Indom ethacin  
100 //g/m l 

n =  15
Control
n = 2 0

Indom ethacin  
1 m g/m l 
n  =  20

W a te r  c o n te n t ,  % 79.2 ±  1.62 79.3 ±  2.00 79.2 ±  4.79 79.7 ±  6.05

S o d ium , /m icl/g w et skin 53 .6 ±  12.4 5 4 .5 ±  12.4 62 .6±10 .3° 6 0 .9 ± 1 1 .4

jtimol/g w et skin 258 ± 6 0 .4 256 ± 4 2 .7 315 ± 6 4 .5 b 323 ± 9 0 .7 U

P o ta ss iu m , fa n ol/g w et skin 19.9 ±  5.21 19.6 ±  4.48 2 1 .5± 2 .87 18.3 ±  3.0

iUmol/g w et skin 9 5 .8 ± 2 0 .9 9 5 .3 ± 2 0 .9 105 .7±19 .6 9 8 .3 ± 3 7 .9

a’ b : significance b e tw een  c o n tro l groups: a: p < 0 .0 5 ;  b :  p < 0 .0 2 . 
u : sign ificance be tw een  in d o m e th ac in  groups; u :  p < 0 .0 2 .
D a ta  a re  m eans ± S .D .

2. Effect o f  indomethacin on ion  transport

2.1. E ffect on sodium transport

In  th e  control studies th e  voltage betw een  the two sides of th e  skin  
lobe and th e  rate of sodium  transport were slig h tly  elevated during the  
3-hour observation period. In  th e  presence o f indom ethacin  no such increase  
occurred, moreover, the poten tia l difference as well as the am ount of 
tran sp orted  sodium were m arkedly decreased, th e  form er from 25.00 ^  5.70 mV  
to  9 .04  ±  0.89 mV (p <  0.001), the la tter  from 0.37 ±  0.06 nMol 
N a 1 • s~  1 • cm -2  to 0.059 i  0.009 nMol Na • s 1 • cm 2 (p <  0.001) u n til the  
end o f  th e  studies. On the other hand, indom ethacin  did not influence either  
th e  e lectr ic  resistance or conductance of the sk in  (F ig. 2).

S tu d ies w ith 24Na y ielded  similar results. In  th e  presence of indom ethacin  
the am ou n t of 24Na transported  from the outer to  inner side was considerably  
decreased  w ith  Ringer’s m edium  of identical concentration on both  sides  
(F ig . 3).

H ow ever, the am ount o f 24Na transported from  the inner to outer side 
was appreciab ly  enhanced w hen a chemical concentration  difference w as pro­
duced betw een  the tw o ep ithelia l surfaces, b y  u sin g  Ringer’s solution on the  
inner sid e  and tenfold d ilu ted  Ringer’s m edium  on the outer side (F ig . 4).

2 .2 . E ffect on rubidium transport

In  contrast to the effect on sodium transport, indom ethacin did not 
in flu en ce the amount of rubidium  transported from  the inner to the outer side
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• — •  Control ( n = 13)
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F ig . 2. V alues for tran sep ith e lia l p o te n tia l d ifference, sod ium  tran sp o rt, re s is tan c e  a n d  con­
d u c ta n ce  in  th e  frog skin in con tro l s tu d y  and  in  th e  presence of indom ethac in  (4 //g  pe r ml)

even  w ith  R inger’s solution on the inner and diluted Ringer’s m edium  on the 
outer side. As to passive sodium  and rubidium  transport, indom ethacin  in­
creased the transport of sodium  while not altering rubidium transport (F ig. 5).

inner side ou ter side 
skin

Fig. 3. A ctive  tran sep ith e lia l tra n sp o r t  o f  N a + in frog  sk in  in  th e  presence of in d o m e th ac in . 
F igu re  d e m o n s tra te s  percen tage  of 24N a tra n s p o r t  from  o u te r  to  inner side w ith in  a g iv en  tim e
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inner side outer side
skin X±Sx

F ig. 4. P a ss iv e  tran sep ith e lia l t r a n s p o r t  of sodium  in frog  sk in  in  th e  presence of in d o m e th ac in . 
In n e r  side  con ta ined  R in g er’s so lu tio n  w ith  24N a a d d ed , o n  th e  o u ter side ten fo ld  d ilu ted  
R in g e r’s so lu tion  was th e  m ed iu m . F igure  shows p e rcen tag e  o f 24N a  tran sp o rted  from  th e  in n e r  

to  th e  o u te r  side down to  th e  c o n c e n tra tio n  g rad ien t

inner side outer side 
skin

Ringer1
♦Indo
.86Rb,

0.1-Ringer

X±Sv

F ig . 5. P a ss iv e  tran sep ith e lia l t ra n s p o r t  o f rub id ium  in  fro g  sk in  in  th e  p resence o f in d o - 
m e th a c in . In n e r side c o n ta in ed  R in g er’s solution w ith  8eR b  ad d ed , o u ter b a th in g  f lu id  w as 
ten fo ld  d ilu te d  R inger’s m ed iu m . F igure d em o n stra tes  p e rce n ta g e  of 86R b  tra n s p o r te d  from  

th e  in n er to  th e  o u te r  co m p artm en t along th e  co n ce n tra tio n  g rad ien t

Discussion

The m echanism  o f th e  potential difference established between the tw o  
sides o f  the frog skin has been widely studied [10, 11]. According to  the pres­
en tly  accepted view  th e  epithelial cells on the inner side are capable o f active  
sodium  transport th ereb y  generating the p o ten tia l gradient. O pposite to  th is  
inw ard directed active N a transport is the p assive Na m ovem ent lim ited
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by the sodium  concentration difference betw een the inner and outer side and 
by the perm eability o f the skin epithelium . The biological sign ificance o f the 
active N a transport is evident: the reaccum ulation of sodium lost through  
passive transport.

In the present study indom ethacin decreased the p oten tia l gradient 
betw een the tw o epithelial sides, th e  rate o f inward sodium transport cal­
culated on the basis o f short circuit current (Fig. 2). The sam e effect could 
also be shown by an isotope m ethod (F ig. 3). Theoretically, the drop o f poten­
tia l difference and the decrease o f net sodium  influx m ight result from

a )  decreased active inward sodium  transport and/or
b) the enhanced passive efflux from the inner to the outer side.
The first m echanism  seem s to  be less probable in view  o f th e  fact that 

indom ethacin exerts no effect on the a ctiv ity  of К -Na dependent ATPase 
which plays a key role in active transport [5]. However, D ü s i n g ’s [5] studies 
were conducted in a different species and tissue (rat renal cortex and m edulla). 
A TPase activ ity  was not measured in our stu d y , still we suggest th a t  i f  indo­
m ethacin had inhibited the active sodium  transport then th is should have  
caused a change of epithelial ion content (elevation of sodium  concentration  
associated w ith  potassium  loss). D ata  in Table I, however, appear to  dem on­
strate that indom ethacin in a dose o f  100 /ig/m l exerted no in fluence on epi­
thelial ion or water content and even  w ith a very high dose (1 m g per ml) 
only a tendency (not significant sta tistica lly ) of potassium  loss and sodium  
accum ulation was noted. Thus, the decrease o f potential difference and sodium  
transport can not accounted for b y  the inhibition  of active sodium  transport.

I f  we accept that indom ethacin exerts no influence on a c tiv e  sodium  
transport in a dose of 4 /ig/m l, then  its action to decrease poten tia l difference 
and short circuit current can only be explained by an enhancem ent o f  epithelial 
perm eability . The increased transepithelial sodium perm eability from  inner 
to  outer side m ight counteract active sodium  transport, thus net sodium  flux  
will drop.

Consistent w ith th is view  is our result that passive 24N a flu x  from  inner 
to  outer side was augm ented in response to  indom ethacin, using a m odel w ith  
tenfold  difference in in itia l sodium  concentrations between the tw o sides. This 
appears to  support the presum ption o f enhanced downhill transport o f  sodium . 
In contrast to the aforem entioned th e  passive transport of rubidium  from  the 
inner to  the outer side under sim ilar conditions was not enhanced b y  indo­
m ethacin (Fig. 5). The rate o f osm otic w ater transport also rem ained unaltered  
(Fig. 1). These findings suggest th a t the increasing effect o f indom ethacin  
on perm eability is sodium specific.

The radii o f sodium  and rubidium  ions are different (0 .095 nm  and
0.148 nm respectively). It is w ell know n th at the perm eability o f  biological 
m em branes to various ions does not correlate w ith ionic d iam eters. A larger
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size ion  might more rap id ly  penetrate the pores th an  a smaller one. This 
paradox behaviour can be explained by the d ifferent rate of hydratation  of 
various ions. The sm aller sodium  ion has a h igher hydratation energy  
(— 388 kJ • m ol-1 ) th an  th e  larger rubidium  ion (— 280 kJ • m ol-1 ) [19]. 
T h u s, th e  size of sodium  ion  w ith  its hydrate shell is larger than th at o f the 
rubidium  ion w ith its h yd rate  shell, i.e. th e  p erm eability  of the mem brane 
to  sod ium  ion is less th an  to  rubidium  ion. In  th e  present study indom ethacin  
enhanced  the perm eability  o f  the membrane to  sodium , a solute w ith  larger 
d iam eter ions, while it  exerted  no influence on th e  perm eability of 86Rb and 
w ater w ith  smaller ion ic  s ize . This also suggests a selective action, possibly  
the opening of the sp ecific  sodium  channel.

A  further p ossib ility  for the decrease o f  poten tia l difference is the  
enhancem ent of chloride ions due to electrostatic attraction  resulting in dim in­
ish ed  polarity betw een th e  tw o  sides of the m em brane. Chloride transport 
w as not studied in th is  series of investigations, th u s the possibility o f such 
a m echanism  can not be ru led  out, however, th is is independent of the enhanc­
ing  effect o f indom ethacin on  passive sodium transport.

I t  remains to be estab lished  whether indom ethacin  exerted its effect 
th rough  the inhibition o f endogenous PG -synthesis or by other m echanism . 
The present data are n ot su fficien t to provide an answer to th is question. 
E xogen ou s PG EX decreases the potential d ifference betw een the tw o sides 
of th e  frog skin, increasing a t the same tim e th e  in ten sity  of the short circuit 
current [17]. Changes observed  in the frog skin  under the effect o f in d o­
m eth acin  are not, how ever, sim ply  reversal o f responses induced by exogenous 
P G E r  Thus it appears reasonable to suggest th a t th is  effect of indom ethacin,
i.e . enhancem ent of sod ium  perm eability, is independent of the inhibition  
o f PG  production.

The results of th e  present findings experim ents are consistent w ith  our 
previous devoted to  24N a efflu x  in kidney cortex  slices (B a r t h a  [3]) and 
provide further evidence for an effect of indom ethacin  on sodium transport 
independent of its haem odynam ics action.
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EFFECT OF PROGESTERONE ON THE POST PARTUM
RAT UTERUS

B y

A. B e r n a r d *
D E PA R T M E N T  OF OBSTETRICS AND GYNECOLOGY, W A SHIN G TO N  U N IV E R S IT Y  SCHOOL 

OF M ED IC IN E , ST. L O U IS , MISSOUR I

(R eceived M arch  26, 1980)

T he re a c tiv ity  o f th e  u te ru s  to  e s trad io l ( E 2) an d  progesterone  (P ) h a s  been 
ex am in ed  in  44 p o st p a rtu m  ra ts . H o rm o n e  tre a tm e n t w as in itia te d  a f te r  surgical 
d e livery  a t  ~  24 hours before th e  e x p ec ted  o n se t o f lab o r in  10 an im als a n d  im m ed ia te ly  
a f te r  sp o n tan eo u s  lab o r in  34 ra ts . A t th e  tim e  of ste ro id  tre a tm e n t each  a n im a l w as 
eq u ip p ed  w ith  a p ressu re  sensor for th e  se q u e n tia l recording of in tra u te r in e  p ressu re  
( IU P ) before  an d  a fte r  th e  ox y to c in  te s t.

D a ily  m easu rem en ts  du rin g  one w eek  show ed th a t  p o st p a r tu m  th e  IU P  in ­
creases sig n ifican tly  in  all an im als n o t t r e a te d  w ith  P . T he com bined a d m in is tra tio n  
o f E 2 +  P  s ign ifican tly  reduces th e  m a x im u m  IU P  (IU P m ) i f  t r e a tm e n t  is in itia te d  
~  24 h o u rs  before  th e  spon tan eo u s o n se t o f lab o r. P  tre a tm e n t a lone, in it ia te d  a fte r 
sp o n tan eo u s de livery , is ineffective, b u t  i t  suppresses IU P m  sig n ifican tly  if  g iven  in 
co m b in a tio n  w ith  E 2 and  du ring  3 d ay s  o r longer. A p p a ren tly , sh o rtly  before  an d  
d u rin g  lab o r  th e  re a c tiv ity  o f th e  r a t  u te ru s  to  P  changes m ark ed ly , a  p rocess w hich 
is in a d e q u a te ly  understood .

P o r t e r  and Ch a l l is  [1] reported th a t 7 days post partum spontaneous 
m yom étrial a ctiv ity  is not dim inished in th e  rat w ithin 24 hours after pro­
gesterone (P) treatm ent, despite the high concentration of P  in peripheral 
plasm a and uterine tissue. This interesting observation led them  to  conclude  
that “ in the rat, as in the guinea pig [2], progesterone m ay not be a m yo- 
m etrial-inhibiting factor” . Recognizing th e  paradox between their conclusion  
and the w ell docum ented indispensab ility  o f  P  in pregnant rats [3, 4] they  
proposed th at th e  P effect is m ediated by: lia )  an action inhibiting th e  release 
of oxytocic  substances, e.g., neurohypophyseal hormones from m other or 
fetus; and b)  a k ey  role in m aintaining the v iab ility  o f the conceptus which  
in turn inhib its m yom étrial a ctiv ity  through an unknown m echanism .”  
H ow ever, th is  interpretation does not exp la in  the paradox. In the rat P  treat­
m ent predictably prohibits parturition, not on ly  when the fetuses are alive  
but even  after prolonged pregnancy w hen th e y  die in utero [5]. P o r t e r  and 
Ch a l l is  considered [1] that the rat uterus is “ sensitive to progesterone during 
pregnancy but becom es refractory follow ing parturition” , and noted th e  m arked  
changes in the concentration of P receptors at around parturition [6] but

* L alo r Fellow . P re se n t address: Second Clinic o f O b ste tric s  a n d  G ynecology, Sem m elw eis 
U n iv e rs ity  M edical School, B u d ap est, H u n g a ry . T h is  in v es tig a tio n  was su p p o rte d  by  th e  

^Agency for In te rn a tio n a l  D evelopm ent, D e p a r tm e n t o f S ta te , C o n trac t No. A ID /pha-C -1193 .
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rejected  th e  former and were uncertain about th e  im plications of the la tter. 
T hus, th e  paradox rem ained unexplained.

In  designing the present experim ents we relied on the evidence th a t in  
th e  rat P  is indispensable for th e  m aintenance o f pregnancy, since recent 
m eth od s, w hich provoked P w ithdraw al (Pw) w ith ou t the side effects o f ovari­
ec to m y , unequivocally  established this ind ispensab ility  [7— 9]. For exam ple, 
trea tm en t w ith  anti-P  serum (which binds P  w ith  im m unological specificity) 
term in ates pregnancy w henever it drastically reduces biologically active  
P [7]. T he P synthesis inhibitor: Isoaxazol also term inates pregnancy [8] and 
induces labor [9] w henever it  provokes a rapid Pw  of critical degree. The 
ad d ition a l dem onstration th a t th e  prevention o f P w  by P treatm ent prevents 
th ese  actions of the anti-Ps [7— 9], provides ind isputab le evidence th at it  is 
Pw  and not some unrecognized side effect o f th e  experim ental procedure w hich  
in tercep ts pregnancy. These observations [3— 9] and the additional find ing  
th a t P w  suspendes and P-replacem ent sustains th e  suppression of m yom étrial 
a c t iv ity  in  pregnant rats [10] firm ly established th e  critical role of P  in  the  
control o f m yom étrial function  in  pregnant rats. Assigning a similar role to  
other endogenous horm ones would require substantiation  by com parable 
ev id en ce.

T he present stu d y  was prom pted by the recent observation in the rat 
th a t , w h ile  P  treatm ent predictably prevents parturition  if  in itiated  24 hours 
before th e  expected onset o f  labor, delayed P  treatm ent fails to prevent 
norm al delivery despite the excessive elevation  o f plasm a and uterine tissu e  
P  leve ls  [11]. These and the additional find ing th a t a few hours before the  
on set o f  labor the rat uterus is depleted in P  receptors [6, 12], suggests th a t  
near term  the m yom etrium  m ay lose its ab ility  to  “ decode” the in h ib ito ry  
sign al o f  P. A pparently, the concentration and biological action of P cannot 
be eq u ated  w henever the decoding of the P  signal is curtailed [11]. I f  so, P  m ay  
n ot suppress uterine a c tiv ity  post partum  u n til th e  decoding m echanism  is 
restored  b y  prolonged horm one treatm ent. The present experim ents exam ined  
th e  v a lid ity  of th is premise.

Material and m ethods

Г”  A  to ta l  of 44 S p rag u e-D aw ly  r a ts  w ere s tu d ied . W h en  18 days p re g n an t (d ay  of m a tin g : 
d a y  0), th e  an im als w ere sh ip p ed  to  th e  lab o ra to ry , w h ere  p a lp a tio n  excluded  those  r a ts  w h ich  
w ere  n o n -p re g n a n t o r h a d  low  l i t te r  size. T he 44 a n im a ls  se lec ted  were k e p t in  in d iv id u a l 
cages a t  c o n s ta n t  te m p e ra tu re  (22 °C), exposed to  14 h o u rs  o f lig h t and  10 hours o f d a rk n ess  
a n d  fed  P u r in a  diet.

A ll ex p erim en ts  b eg u n  im m e d ia te ly  p o st p a r tu m  b u t  on ly  34 ra ts  were a llow ed  to  
d e liv e r  sp o n tan eo u s ly , w hile  in  10 th e  u te rin e  co n ten ts  w ere  de livered  by  h y ste ro to m y  24 h o u rs  
b e fo re  th e  ex p ec ted  o nse t o f  lab o r. In  e th e r  an esth esia  a n d  u n d e r  s tr ic tly  asep tic  p re c a u tio n  
a ll 44 a n im a ls  were lap a ra to m iz e d . T h ro u g h  a sm all in c is io n  n ea r th e  u te ro tu b a l ju n c tio n  
o f  b o th  h o rn s  th e  u te rin e  c o n te n ts  w ere  rem oved  fro m  th e  10 p re g n a n t ra ts . O nly one incision  
w as m a d e  in  th e  34 p o st p a r tu m  an im als . Before c losing  th e  incision b y  tobacco  su tu re s , 
a  b a llo o n - tip p e d  c a th e te r  h a s  been  in se rte d  in to  t h a t  u te r in e  h o rn  w hich  h a d  a t  le a s t  4 im ­
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p la n ta tio n  s ites . Before in se rtio n  th e  a ir  free  ru b b e r balloon  of 5.5 m l c a p a c ity  (w hen u n ­
s tre tc h e d )  w as connected  to  a  flex ib le  p o ly e th y len e  tu b e  (O .d. =  1.5 n u n ). A f te r  th e  place­
m en t o f th e  p ressu re  sensor th e  e x tra u te r in e  en d  of th e  c a th e te r  was tu n n e lled  u n d e r  th e  skin 
to  e x it a t  th e  dorsal end of th e  n eck . T h e  ba lloon  w as th e n  filled to  (5.5 m l) c ap a c ity , the  
c a th e te r  sea led  b y  h ea t and th e  a b d o m e n  closed b y  su tu re .

In  all 44 anim als the  in tra u te r in e  p ressu re  ( IU P ) h as  been se q u en tia lly  reco rd ed , once 
da ily  fo r a  w eek , s ta rtin g  24 h o u rs  a f te r  su rg ery . A t th e  tim e of surgery  th e  a n im a ls  were 
d iv id ed  in to  6 groups accord ing  to  th e ir  t r e a tm e n t  schedule (Table I). T h e  s te ro id s  were 
ad m in is te re d  ev ery  day  in 0.1 m l oil, i .m ., s ta r tin g  on  th e  d ay  of su rgery . F o r  th e  o xy tocin  
te s t  (О Т) 5 m U  oxytocin  was a d m in is te re d  in tra p e rito n ea lly  in 0.1 ml saline.

Table I

The Treatm ent Schedule o f  the A n im a ls

(n) P R E G N A N T

(3) E stra d io l 5 //g /D ay

(Î) E s tra d io l 5 //g and  Progesterone 5 m g/D ay

PO ST PA RTU M

(4) V ehicle C ontrol

(5) P ro g este ro n e  5 m g/D ay

(8) E s tra d io l 5 /ig /D ay

(17) E s trad io l 5 //g and  Progesterone 5 m g/D ay

A t 24 h o u rs  afte r the p lac em e n t o f th e  reco rd ing  system  and  a t  each  co n secu tiv e  day , 
th e  an im als  w ere anesthetized  b y  10 m g v e te r in a ry  D ia b u ta l (sodium  p e n to b a rb ita l)  and 
p laced  in  a re s tra in  cage, to  m in im ize m o v e m e n t-a r tifa c ts  on  th e  IU P  trac ings. I n  e ach  anim al 
sp o n tan eo u s  u te r in e  activ ity  h as b een  reco rd ed  fo r ~  45 m in u te s  a n d  su b s e q u e n tly  th e  re ­
sponse to  5 m U  oxy tocin  for ~  60 m in u te s . F ro m  th a t  10 m inu tes p o rtio n  o f  e ach  trac in g  
w here IU P  w as m ax im al the  m a x im u m  IU P  w as ca lcu la ted  by  m easuring  e ac h  in d iv id u a l 
p ressure  cycle (in  m m  Hg) a n d  b y  d iv id in g  th e ir  sum  w ith  th e  nu m b er o f c o n tra c tio n s . In  
each  g ro u p  th e  M ean ±  S.E. o f th e  m a x im u m  IU P  (IU P m ) was ca lcu la ted  a t  consecu tive  
d ay s  a n d  d ifferences am ong these  v a lu e s  w ere ana ly zed  by  th e  S tu d e n t’s l te s t  fo r  sign ifican t 
d ifferences.

Results

Figure 1 presents ttvo ty p ica l sets o f original tracings o f tw o rats which  
were surgically  delivered 24 hours before their expected onset o f labor. From  
the day o f surgery animal A received  estradiol (E 2) while В received E., +  pro­
gesterone (P ). It is apparent th a t in the E 2 rat m axim um  IU P  (IU P m ) gradu­
ally increases throughout th e  one week observation period while in  th e  E 2 -f- P  
rat it is suppressed during th e  period o f P -treatm ent. It should be noted  also, 
that here and elsewhere the IU P  is m axim al and regular during th e  oxytocin  
test (ОТ) and, therefore, in th e  present study IU P m  is measured during the 
h< ight o f oxytocin  stim ulation. In  contrast, spontaneous activ ity  is variable,
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frequently  showing long in terva ls w ithout cyclic  a ctiv ity . In the Figures 
therefore, those portions o f  th e  (45 m inutes) tracin gs are presented where 
spontaneous activ ity  is m axim al.

Figure 2 presents tw o  sets of typical IU P  tracin gs, obtained after spon­
taneous delivery in tw o p ost partum  rats. One anim al (A) is a vehicle control, 
w hile th e  other (B) is a P -trea ted  rat. Figure 2 show s th a t P-treatm ent (w ith­
out E 2) does not appreciab ly  suppress the IU P m .

mmHg Oxytocin 5mll

F ig. 1. T he effects of e s tra d io l a n d  estrad io l +  p ro g este ro n e  on  th e  in tra u te r in e  p ressure  
o f tw o  p o s t p a rtu m  ra ts  w h ic h  w ere  surgically delivered  a t  ~  24 hours before th e  expected  

o n se t o f  lab o r . F o r deta iled  d e sc rip tio n  see te x t
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50
mmHg Oxytocin SmU 
Day 1 - Р Ж ?

"Post PdrtarfT

F ig . 2. T he effects o f  veh ic le  a n d  progesterone (w ith o u t e strad io l) on th e  in tra u te r in e  p ressu re  
o f tw o p o s t p a r tu m  ra ts  w hich  delivered  sp o n ta n eo u s ly  a t  term . F or d e ta iled  d esc rip tion

see te x t

Figure 3 presents tw o sets of typ ica l tracings, obtained after spontane­
ous delivery in tw o post partum  rats. One anim al (A) is an E 2, w hile the other 
(B) an E 2 -f- P rat. Figure 3 shows th at P m oderately suppresses IU P m , 
an effect which is suspended by the d iscontinuation  of P treatm ent.

Table II sum m arizes the results obtained in 44 post partum rats, 10 after 
surgical and 34 after spontaneous delivery. T he analysis shows th a t in  those
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F ig . 3. T h e  effects of e strad io l a n d  e strad io l +  p rogestero n e  on  th e  in tra u te rin e  p re ssu re  
o f tw o  p o s t  p a r tu m  ra ts  w hich  d e liv e re d  sp on taneously  a t  te rm . For deta iled  d esc rip tio n

see tex t

rats, w h ich  after their surgical delivery ~ 2 4  hours before term received E 2 
during consecutive post partu m  days, the IU P m  gradually increases during  
th e  one w eek observation period . In contrast, in  th ose rats which received  
d a ily  E., - f  P the IU P m  decreases during th e  period of P treatm ent. The 
difference in  IUPm betw een  th ese  tw o groups o f anim als is already sign ificant 
at d a y  3 (P < 0 .0 1 ). A pparently , if E „ P treatm ent is initiated as la te  in
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pregnancy as ~ 2 4  hours before the onset o f  labor, but before spontaneous 
delivery, then  P is an effective suppressor o f  IU P m  despite the surgical delivery  
of the u terine contents.

Table II

E ffects o f  estradiol a n d  progesterone on m a x im u m  intrauterine pressure  
in  post p a rtu m  rats

(■■) Schedule of treatm ent
IU P  m m  Hg a t post partum  days

1 2 3 4 5 6

Surgical delivery  24 h o u rs  before term

(3) 5 fig  E 2/d ay 1 2 ± 3 1 4 ± 4 1 4 ± 3 1 6 ± 2 1 8 ± 1 2 4 ± 8

(?) 5 fig  E 2 |-5 mg P /d ay 1 1 ± 3 1 0 ± 2 6 ± l i V 7 ± 2 1 2 ± 1 1 7 ± 2

S pontaneous d e livery

(4) V ehicle control 1 5 ± 1 1 5 ± 1 19 T  2 2 3 ± 2 * 2 9 ± 4 3 1 ± 5

(5) 5 m g P /d ay 1 5 ± 2 1 8 ± 3 2 1 ± 1 2 2 ± 1 2 3 ± 2 3 0 ± 4 *

( 8 ) 5 fig  E 2/day 1 8 ± 2 20 ± 2 2 3 ± 2 2 5 ± 4 2 7 ±  1* 3 0 ± 2 *

(17) 5 fig  E 2+ 5  mg P /d ay 1 6 ± 1 1 6 ± 1 16 ± 1 V 14±1V 1 2 ± 1 * V 13 ± 1 V

All v a lu e s  are M eans ±  S .E . 1 1’ off. T he m ax im u m  in trau te rin e  p re ssu re  ( IU P m )
of th e  E 2 a n d  E , P  ra ts  is sig n ifican tly  d iffe ren t: xp P c O .O l.  The IU P m  w ith in  th e  sam e 
group  o f an im a ls  is sign ifican tly  d iffe ren t from  th e  in itia l value: * ; P c O .O l

Fig. 4. T h e  effec ts  o f estrad io l a n d  estrad iu i , p ro g este ro n e  on th e  in tra u te r in e  p re ssu re  
o f 10 p o st p a r tu m  ra ts  w hich w ere  surg ically  delivere  24 h o u rs  before th e  e x p e c te d  o n se t 

of lab o r. F o r  d e ta iled  d e sc rip tio n  see te x t

Acla Physiologica Acadcmiae Scientiarum Hungaricae 57, 1981



26 A. BERNARD

F ig. 5. T h e  effects o f vehicle, p ro g este ro n e , estrad io l a n d  e s trad io l +  p rogesterone on  th e  
in tr a u te r in e  p ressure  o f 33 p o s t p a r tu m  ra ts  w hich d e liv e re d  spontaneously  a t  te rm . F o r

d e ta ile d  descrip tion  see t e x t

T h e analysis also show s th at in those post partum  rats which received  
d a ily  treatm en t after spontaneous delivery, th e  IU P m  increases gradually  
during th e  one week observation  period regardless of whether th ey  were 
treated  w ith  vehicle, E 2 or P  (w ithout E 2). The difference in IU P m  at day  
1 and 3 to  6 in these three groups of animals is sign ificant (P < T .01). In  con­
tra st, th e  IU P m  is suppressed in  the E 2 -f- P  rats during the period o f P  trea t­
m en t. In  th is group the difference in IU Pm  at d a y  1 and day 5 is sign ificant 
( P < 0 .0 1 )  and so is the difference in IU Pm  b etw een  the E 2 and E„ P rats 
at d a y  3 (P<^0.01).

F igure 4 graphically illustrates the results obtained in those 10 post 
partum  rats, which were surgically  delivered and treated 24 hours before 
term . I t  show s, as does T able II , that while IU P m  gradually increases in  the  
E 2 ra ts , it  is suppressed in th e  E , +  P rats u n til P  treatm ent is discontinued.

F igure 5 graphically illustrates the results obtained in those 34 post 
partum  rats, which were treated  after spontaneous delivery at term . I t  shows 
th at during the one week observation period IU P m  steadily increases in  the  
veh ic le  controls, the E 2 and the P rats. A p p aren tly , by itself (w ithout E 2) 
P does n o t sign ificantly suppress IUPm  if  th e  treatm ent is in itia ted  after 
sp on tan eou s delivery. H ow ever, if  in addition to  P  the rats also receive E 2, 
th eir  IU P m  not only fails to  increase (in com parison w ith E., rats) but is
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suppressed after 3 days treatm ent. This finding indicates, that the post partum  
rat uterus can “ decode”  the P signal and respond to  it i f  the anim al is repeat­
ed ly  exposed to e ffective  E 2 -f- P  treatm ent.

.Discussion

The present stu d y  show s, that if  24 hours before the expected  onset of 
labor surgically delivered rats are treated w ith  estradiol (E 2) -)- progesterone 
(P ), their m axim um  IU P  (IU P m ) is suppressed during the period o f P treat­
m ent. This observation com plem ents the dem onstration  th at P  treatm ent, 
in itiated  24 hours before term , predictably prevents th e  onset of labor [11]. 
The present study also show s that if  P treatm ent is in itia ted  after spontaneous 
delivery it does not sign ifican tly  suppress IU P m , unless it is com bined w ith  
E 2 treatm ent. Furtherm ore, post partum the E 2 P treatm ent has to  be 
repeated for several days before its effect m anifests. This observation com ple­
m ents the dem onstration [11] that if  P treatm ent is delayed until ~ 1 2  hours 
or less before the exp ected  onset of labor, it does not prevent parturition  
despite the m assive elevation  o f plasma and uterine tissue P -levels. These 
findings indicate th at shortly  before and during labor the rat uterus loses 
its ab ility  to decode th e  P  signal. They also com plem ent the observation [6], 
that the preparatory action  o f estrogen is a prerequisite of the P  effect.

Since the b iological action o f P near term  is sharply dependent on the  
TIM ING  of P -treatm en t, it is apparent that the concentration  and action o f P 
cannot be equated [11]. E v id en tly , a few hours before th e  onset of labor the rat 
uterus (a classic m odel for the dem onstration o f P  action [3— 11], undergoes 
a variety  of b iologically sign ificant changes which are incom pletely understood. 
A lterations in receptors for progesterone [6, 12], o xy toc in  [13] and prostaglan­
din [14] and in gap ju nctions [15], have been proposed as preparatory for the  
onset o f labor. H ow ever, these premises were not substantiated  by evidence  
that the concentration o f these receptors and u terine function change in  a 
sim ilar manner, for exam ple when the onset o f labor is predictably prevented  
by P treatm ent. The respective effects of E., and P on oxytocin  receptors and 
on uterine function were on ly  exam ined in the rabbit [16].

In view  of these persistent uncertainties, regarding the biological m ean­
ing o f  those subcellular constituents and events w hich are im plicated in the  
control of pregnancy and labor, the changing reactiv ity  of the rat uterus to  P 
at term cannot be adequately  explained. Thus, in good agreem ent w ith earlier 
observations [11], the present study merely shows th at at term  the ab ility  
of the rat uterus to decode the P signal is drastically  reduced —  hereby its 
sen sitiv ity  against oxy tocin  is increased —  and th at post parturn th is organ 
requires several days long E 2 -)- P treatm ent to partly  recover its reactiv ity
to  P .

Acta Physiologien Academiae Scientiarum Hungaricae 57, 1981



2 8 A. BERN A RD

A cknow ledgem ents

T h e  a u th o r  is g ra te fu l to  P ro fe sso r A. I .  Csapó , M .D ., fo r suggesting  th is  e x p erim e n t 
a n d  fo r  h is  in te re s t  and  en co u ra g em e n t th ro u g h o u t i ts  co n d u ct. The d e d ic a te d  tech n ica l 
a ss is ta n ce  o f  G abriele Salau  is g ra te fu lly  acknow ledged .

R E F E R E N C E S

1. P o r t e r , D . J . ,  Ch a l lis , J .  R . G .: F a ilu re  o f h igh  u te r in e  c o n ce n tra tio n s  o f  p ro g estero n e
to  in h ib i t  m y o m étria l a c t iv i ty  in  vivo  in  th e  p o s t-p a r tu m  R a t. J .  R e p ró d . F e rtil. 
3 9 , 157 — 162 (1974).

2. P o r t e r , D . G .: T he fa ilu re  o f p ro g e ste ro n e  to  a ffec t m y o m étria l a c t iv ity  in  th e  guinea-
p ig . J .  E ndocrin . 46, 425 — 428 (1970).

3. R o t h c h il d , I ., Me y e r , R . K . : M a in te n a n c e  of p reg n an cy  in  c a s tra te d  ra ts  b y  m eans
o f  p ro g esterone . Proc. Soc. E x p . Biol. Med. 44, 4 0 2 —406 (1940).

4. Cs a p ó , A . I .,  Csapó , E . F . : O v a riec to m y  induced  p lacen ta l h y p e rtro p h y . P ro s ta g lan d in s
4 , 189 — 192 (1973).

5. M o o r e , H . C .: In tra -u te r in e  fo e ta l  d e a th  during  p ro longed  p reg n an cy  in r a ts  receiv ing
p ro g este ro n e : The effect of o v a riec to m y  an d  oestrogens. J .  O bst. G ynaecol. B rit. 
C w lth . 70, 1 5 1 -1 5 4  (1963).

6. D a v ie s , J . ,  R y a n , K . J . :  T h e  u p ta k e  of p rogesterone  b y  th e  u te ru s  o f th e  p re g n a n t r a t
in  v ivo  and  its  re la tio n sh ip  to  cy to p lasm ic  p rogestero n e-b in d in g  p ro te in . E n d o crin . 
90 , 5 0 7 - 5 1 5  (1972).

7. Cs a p ó , A. I ., E rdős, T . : P re v e n tio n  of th e  a b o rtifac ien t action  of an ti-p ro g es te ro n e
se ru m  b y  progesterone. A m . J .  O b ste t. G ynecol. 128, 212 — 215 (1977).

8. Cs a p ó , A. I .,  R esch , B. A ., Csa p ó , E . F .,  Sa lau , G .: E ffec ts  of an tip ro g es te ro n e  on  p reg ­
n a n c y . I. M idpregnancy. A m . J .  O b ste t. G ynecol. 133, 176 — 183 (1979).

9. Cs a p ó , A . I .,  R esc h , B. A .: In d u c tio n  of p re te rm  lab o r in  th e  r a t  b y  an tip ro g es te ro n e .
A m . J .  O bstet. Gynecol. 134, 8 2 3 - 8 2 8  (1979).

10. Cs a p ó , A . I .:  The u te ru s : A m o d e l fo r m edical co n sid era tio n s. In :  C o n trac tile  P ro te in s
a n d  M uscles, L a k i, К . (ed .), M arcel D ekker, In c ., N ew  Y o rk , p . 4 1 3 —425, 1971.

11. Cs a p ó , A . I ., E skola , J . ,  R u t t n e r , Z .: T he b iological m ean ing  of p ro g este ro n e  levels.
I n  p re ss : P ro s tag lan d in s

12. Y u  H a i , M. T ., L ogeât , F ., M il g r o m , E .: P ro g este ro n e  R ecep to rs  in  th e  R a t  U te ru s :
V a r ia tio n s  in  Cytosol a n d  N u c le i D uring  th e  O estrous Cycle an d  P re g n a n cy . J .  E n d o cr. 
76 , 43 — 48 (1978).

13. S o l o f f , M. S., A l e x a n d r o v a , M ., F er n str o m , M. J . :  O xy to c in  recep to rs : T riggers for
p a r tu r i t io n  and  la c ta tio n ?  Science 204, 1313 —1315 (1979).

14. W a k e l in g , A. E ., W y n g a r d e n , L . J . :  P ro s ta g lan d in  recep to rs  in  th e  h u m a n , m onkey
a n d  h am ste r  u terus. J .  E n d o c r . 95, 55 — 58 (1974).

15. Ga r f ie l d , R . E ., Sim s , S., D a n ie l , E . E .: G ap ju n c tio n s : T h eir p resence a n d  necessity
in  m y o m etriu m  durin g  p a r tu r i t io n .  Science 198, 958 — 960 (1977)

16. N o s s e n s o n , R ., F lo u h e t , G., H e c h t e r , O.: O pposing effects o f e s trad io l a n d  proge­
s te ro n e  on oxytocin  re ce p to rs  in  ra b b it  u te ru s . P roc. N a tl. A cad . Sei. 75 , 2044 — 
2048 (1978).

Artur B e r n a r d

Second  Clinic of Obstetrics and G ynecology, Sem m elweis U niversity  
M edical School
H -1082 Budapest, Üllői tit 78/a , H ungary.

Acta Physiologica Ac ulemiae Scientit !m Hungaricae 57 1981



Acta Physiologica Academiae Scicntiarum Hungaricae, Tomus 57 (1), pp. 29 35 (1981)

THE EFFECT OF ZINC IONS (Zn2+) 
ON THE PROCOAGULANT ACTIVITY 

OF PMN LEUKOCYTES

liy

E. G a z d y , H. Cs e h n y á n s z k y  and T. S zil á g y i
IN S T IT U T E  OF PA T H O PH Y SIO L O G Y , U N IV E R S IT Y  M ED IC A L SCHOOL, D EBRECEN  

(R eceived A pril 21, 1980)

T he effects o f  Z n2+, Mg2+ and Mn2+ in  vitro  w ere  stu d ied  on th e  p ro co ag u lan t 
a c t iv ity  o f p e rito n ea l PAIN leukocy tes derived  fro m  e n d o to x in  trea te d  ra b b its . T h e  cells 
co llected  from  th e  a b d o m in a l cav ity  were in c u b a te d  in  th e  presence of these  d iv a le n t 
ca tio n s  a t  37° in H a n k ’s so lu tion  followed by  d e te rm in a tio n  of th e  c lo ttin g  a c t iv ity  
o f th e ir  su p e rn a ta n ts  in  c itra te  trea te d  ra b b it  p la sm a . W h en  th e  cells w ere in c u b a te d  
in  th e  presence of 50 /(M /l ZnC l2 the  p ro co ag u lan t a c t iv ity  o f th e ir s u p e rn a ta n ts  de ­
creased  b y  30% . U p o n  th e  ap p licatio n  of 100 /<M/I Z n C l2 a  50 — 60%  increase  in  c lo ttin g  
tim e  w as observed. Z inc  io n s  in h ib ited  in a c o n c e n tra tio n  dep en d en t m an n er th e  re lease  
o f p ro co ag u lan t m a te ria l  from  leukocytes. N e ith e r o f  th e  o th e r  cations used  as con tro ls  
h as influenced  c lo ttin g  tim e  if  assayed in  a sim ila r s y s te m .

I t  has been e s tab lish e d  th a t  zinc ions in h ib i te d  th e  lib e ra tio n  o f tissu e  fa c to r 
from  end o to x in  t r e a te d  PM N  leukocytes. T he in h ib ito ry  effect was dose d e p en d e n t 
a n d  increased  from  5 / /M/1 to 250 /Ш/1 ex p o n en tia lly .

T he in h ib ito ry  e ffec t o f zinc ions on  tissue  fa c to r  lib e ra tio n  m ig h t be ex p la in ed  
b y  m em b ran e  s ta b iliz a tio n .

In the suggested pathom echanisin o f en d otox in  induced dissem inated  
intravascular coagulation great im portance lias been attributed to the neutro­
phil leukocytes [6, 13]. In a previous study [18] we have been dealing w ith  
the generalized Shw artzm an reaction which is a ty p ica l form of d issem inated  
intravascular coagulation. In  the state o f granulocytopenia induced by n itro­
gen-m ustard treatm ent o f  rabbits, the generalized Shwartzm an phenom enon  
cannot be triggered by en d otox in  [12] while it was possible to elicit th is reac­
tion  w ith  throm bin even  in  leukopenic anim als [5]. I t  was also show n th at, 
follow ing endotoxin trea tm en t, peritoneal leu k ocytes o f  rabbits acquired high  
procoagulant activ ity  [16]. Leukocytes increasingly produce and release a pro­
coagulant material of tissu e  factor nature upon th e  effect o f endotoxin [10, 15]. 
The production of tissue factor can he inhibited  b y  cyclohexim ide and puro- 
m ycin, therefore, it is regarded as being the product of active protein sy n ­
thesis [17]. It is released from  the cells in the presence o f Ca ions [14].

R ecently  a num ber o f  publications have p o in ted  to a possible interrela­
tions betw een zinc ions and biological m em branes. M ost of the authors have  
found th at zinc ions in concentrations higher than th e  physiological range show  
mem brane stabilizing properties and inhibit the release of certain b iologically  
active m aterials [7, 8, 9, 19].
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W e know  little  about th e  exact nature o f  th is  process. Based on th e  above  
data i t  seem ed worth stu d yin g  w hether zinc ions are capable of in h ib itin g  the  
in vi tro  th e  release of tissue factor from  polym orphonuclear leu k ocytes (PM N  
leu k o cy tes).

Materials and methods

C hem icals used in  the experim ents
C asein  according to  H a m m e rs te n  (R ean a l, H u n g a ry ), B acto  L y p o p o ly sacch arid e  W .E . 

coli 0 5 5 :B ä con tro l 630903 (D ifco L ab o ra to rie s), Z nC l2, M gCl2, MnCl2 (M erck) T ry p a n  b lue, 
silicone so lu tio n  (Serva). M odified  H a n k ’s so lu tio n  w as p rep ared  in our la b o ra to ry  b y  o m ittin g
M g S 0 4 x H 20 .

M ale albino rabbits o f 2000 — 2500 g b o d y  w e ig h t w ere used  th ro u g h o u t th e  ex p erim e n ts .
P la sm a  was o b ta in ed  b y  d raw in g  b lood  fro m  th e  ear vein  of u n tre a te d  ra b b its .  A 3 .8%  

so lu tio n  o f  sodium  c itra te  a n d  b lo o d  w ere m ix e d  1 : 9, th e n  centrifuged a t  4 °C b y  2000 X g 
fo r 20 m in . P lasm a  was su ck ed  o ff w ith  a siliconized  P a s te u r  capillary  a n d  s to re d  u n til  use  
in  p o ly e th y le n e  tu b es a t  room  te m p e ra tu re . F o r  each  ex p erim en t fresh  p lasm a  w as o b ta in ed .

The p rep a ra tio n  o f P M N  leukocytes
F o llo w in g  food w ith d raw a l fo r 24 h rs , a 7 %  (w /w) casein solution in  40 m l o f iso ton ic  

sa lin e  (p H  =  7.4) an d  100 /tg /k g  e n d o to x in  d isso lved  in  saline were given to  th e  r a b b i t s  in tra -  
p e r ito n e a lly . A fter 18 h rs , th e  r a b b its  were k illed  a n d  a f te r  rinsing  th e  p e r ito n e a l c a v ity  w ith  
80 m l o f c itra te  con ta in ing  sa line  (3 .8 %  sod ium  c itra te  a n d  0 .9%  sodium  c h lo rid e , 1 : 4) th e  
e x u d a te  w as collected q u a n ti ta t iv e ly . A fte r f ilte r in g  i t  th ro u g h  4 layers o f g au ze , th e  ex u d ate  
w as c en tr ifu g e d  a t  300 g fo r 5 m in . S u p e rn a ta n t  w as d iscard ed  and  th e  se d im e n t w as w ashed 
tw ice . A ll s tep s o f cell se p a ra tio n  w ere carried  o u t a t  4 °C. V iab ility  w as d e te c te d  b y  try p a n  
b lu e  u p ta k e .  A t th e  end of cell p re p a ra tio n , 5 — 10%  o f th e  cells have ta k e n  u p  th e  dye. B y 
re p e a tin g  t ry p a n  b lu e  u p ta k e  a f te r  in cu b a tio n , th e  p ro p o rtio n  of s ta in e d  cells 10 —15% . 
T o s tu d y  th e  ex u d ate  cells m orpho log ically , sm ears w ere p rep ared  a n d  s ta in e d  according 
to  P a p p e n h e im , th en  v iew ed a t  a  m ag n ifica tio n  o f 1000. U p  to  100%  of cells w ere  leukocy tes 
w i th  n o  d e te c ta b le  m orpho log ical a b n o rm a lity . A  c o n s ta n t num ber of cells 1 0 '/m l w as in ­
c u b a te d  w ith  d ifferen t a m o u n ts  o f  zinc, m ag n esiu m  or m anganese  co n ta in in g  H a n k ’s so lu tion  
a t  37° fo r  1 h , app ly ing  g en tle  a g ita tio n  ev ery  5 m in . In  th e  contro ls th e  in c u b a tio n  w as car­
r ie d  o u t  in  th e  absence of m e ta l ion s, w hile in  a n o th e r  se t o f  contro ls th e  z inc  io n s w ere added  
to  th e  cells a t  th e  end of in cu b a tio n .

T h e  cellular suspensions w ere cen trifu g ed  a t  1500g fo r 15 m in, a t  4 °C a n d  th e  su p e r­
n a t a n t  w as carefully  rem o v ed  w ith  siliconized  P a s te u r  cap illaries and  s to red  u n t i l  use  a t  4 °C.

T h e  c lo ttin g  p o te n tia l  o f  th e  su p e rn a ta n ts  w as d e te rm in ed  by  a C lo tek  (H y la n d )  coag- 
u lo m e te r :  0.1 m l o f ra b b it  c itra te  p lasm a  w as p re in c u b a te d  and  0.1 m l o f s u p e rn a ta n t  ad d ed , 
fo llo w ed  b y  reca lc ination  o f th e  sy s te m  w ith  p re in c u b a te d  0.05 M/l CaCl2 so lu tio n  a f te r  s ta n d ­
in g  fo r  2 m in . In  con tro l e x p e rim e n ts  Zn2+, Mg2+, o r M n2+ co n ta in ing  H a n k ’s so lu tio n  was 
g iv en  to  th e  p re in cu b a ted  p lasm a  in s te a d  o f th e  su p e rn a ta n ts  an d  c lo tting  t im e s  w ere  m easu red  
a f te r  reca lc in a tio n . F o r s ta t is t ic a l  e v a lu a tio n  of th e  re su lts  S tu d e n t’s l te s t  w as u sed .

Results

T able I shows c lo ttin g  tim es obtained from individual experim ents in 
secon d s. Since even suparnatants o f control cells incubated w ith ou t m etal ions 
sh ow ed  marked scattering o f the values (5 7 .2 ^  14.4 sec), for th e  purpose of 
a b e tter  evaluation  the inh ib itory  effect o f  zinc ions was expressd as per cent 
changes in  Fig. 1.

Figure 1 shows th a t, b y  applying a 50 fxM/l final concentration  of ZnCl2, 
c lo ttin g  could be increased sign ificantly . In th e  presence of 100 /тМ/l of ZnCl2
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T a b le  I

The clotting potential o f  leukocyte supernatants incubated in  the presence o f  Z n C l2, measured on norm al rabbit plasm a ind iv idual
values in  seconds

Treatm ent Clotting times in seconds Significance

Control 92.0 55.0 55.4 35.1 53.4 101.7 46.1 34.6 65.2 33.5
ZnCl2 50 /(Mel

Before in cu b a tio n 121.9 64.4 67.8 43.7 71.1 116.3 71.2 42.7 105.2 42.5 1X 0.001
ZnCl2 100 /гМо1

Before in cu b a tio n 159.7 83.3 83.1 48.8 78.6 129.8 88.4 55.2 125.7 44.3 p < 0 .0 0 1
A fter in cu b a tio n 90.5 54.2 57.1 34.3 55.3 104.6 — — p > 0 .2
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F ig . i.The clotting potential of leukocyte supernatants incubated in the presence of ZnCl2, 
MgCl2 and MnCl2 measured on normal rabbit plasma, expressed as per cent of the controls

concentration of ZnCl2

F ig . 2. The clotting potential of leukocyte supernatants incubated with different concentrations 
of ZnCl2 measured on normal rabbit plasma, expressed as per cent of the controls

on the other hand, the procoagulant activity showed a marked decrease (values 
are averages of 10 independent experiments). In the experiments where 
100 juM/l ZnCl2 were added a fte r  incubation, clotting times were not different 
from the controls.

In subsequent experiments the changes in procoagulant activity i.e. the 
increase of clotting tim e, were studied in the same incubation system  as
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Table II

The clotting potential o f  leukocyte supernatants incubated in  the presence o f  M g C l,  and МпС1г
( in d iv idua l values in  seconds)

T reatm ent Clotting times in  seconds Significance

Control 46.1 34.6 65.2 33.5

200 //Mol 45.5 34.9 68.4 33.2 p > 0 .1
MgCl,

401 //Mol 47.3 33.8 66.0 34.5 p > 0 .2

86 //Mol
MnC.1, r

50.3 35.9 70.1 34.1 p > 0 .0 5
173 /xMol 46.2 37.3 71.8 36.0 p > 0 .0 5

a function  of Zn2+ concentration. As shown in Fig. 2, c lo ttin g  tim es increased 
exponentia lly  w ith increasing Zn2+ concentration, 25 цШЦ ZnCl2 already result­
ing in a 20%  inhib ition  o f  clotting.

In another set o f experim ents we studied the effects o f  Mg2+ and Mn2+. 
The final concentration o f the above ions was chosen in a w ay th a t the number 
of m etal ions was equal to  th at of zinc ions in the previous tests .

Table II and F ig. 1 show  th at, in the applied concentrations, neither 
Mg2+ nor Mn2+ have influenced the procoagulant activ ity . The differences were 
not significant sta tistica lly  means of 4 experim ents.

In control experim ents —  in a cell-free system  —  the effects o f Zn2+, 
Mg2+ and Mn2+ were studied  on recalcification tim es. None o f th ese m etal ions 
influenced the process o f clotting.

Discussion

The peritoneal leukocytes of endotoxin pretreated rabbits possess signif­
icant procoagulant a c tiv ity  w hich is due to  increased production o f tissue 
factor b y  the neutrophils [10, 15, 16]. In  the course of incubation  o f citrate 
treated whole blood w ith  endotoxin , the procoagulant a c tiv ity  develops in 
vitro w ith in  a few hours. The role of neutrophils is evident also in  v iew  of the 
observation that upon incubation  w ith endotoxin  the whole b lood o f a patient 
suffering from drug-induced granulocytopenia failed to exh ib it procoagulant 
activ ity  [11].

M u h l f e l d e r  et al. [14] found that tissue factor is released from the cells 
in the presence o f Ca2+ and other divalent cations (Co, Mn, Zn) w ould not 
substitu te  for Ca2+. In our experim ents the effect o f a few d iva len t cations 
was studied on the liberation o f tissue factor in the presence o f  Ca2+. The 
present results show th a t  zinc ions inhibited th is process already in a con­
centration o f 25 p.M/1 while tw o other cations, Mg2+ and Mn2+, were ineffective.
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T his observation  allows the con clu sion  to he m ade th a t the inhibition is due 
sp ec if ica lly  to  the presence o f  z in c . The increase of c lo ttin g  tim e was not caused  
b y  a p H  sh ift toward ac id ity  sin ce  in control experim ents, where ZnCl2 was 
added after  incubation to  th e  cellular suspensions, th e  obtained values were 
sim ilar to  those found in zin c-free supernatants. M u h l f e l d e r  et al. [14] were 
also u n ab le  to  find any s ig n ifica n t change in clottin g  tim e  when studying the 
e ffects  o f  pH  shift actually  n o t  exceeding a few ten th s o f  a unit. It is to  be 
assu m ed  th a t tissue factor is released into the surrounding media by destruc­
tio n  o f  th e  leukocytes. A fter incubation , repeated tryp an  blue exclusion tests 
rev ea led  a cellular death rate o f  on ly  5— 10% at all zinc concentrations applied, 
th erefore, it  is unlikely th a t th e  dose dependent effect w ould  have been a con­
seq u en ce  o f  cellular destruction .

T h e procoagulant in h ib ito ry  effect of zinc ions can be explained by their 
sta b iliz in g  effect exerted on b io logica l membranes. Ch v a p i l  [2], in his review  
artic le , theorized that th is  m em brane stabilization m ight be due to  binding  
of Zn2~ to  the free SH groups o f  membrane proteins, thus form ing m ercaptides. 
It h a s been  also shown to  in h ib it  the haem olysis o f hum an erythrocytes by  
S trep to ly s in  0, while the e ffec ts  o f Yibriolysin and T riton  X -100 are not inter­
fered w ith  [19]. Zn2+ in h ib its also the histam ine release from  m ast cells [7-—9]. 
T he aggregation of th rom b ocytes and their serotonin  release is dim inished  
on th e  action  of Zn2+ [4]. C h v a p i l  and co-workers [3] found that Zn2+ in ­
h ib ited  in  a dose-dependent m anner the oxygen consum ption  of leukocytes, 
th e ir  phagocytic activ ity  and  property of killing E. coli. There are relat­
iv e ly  few  data in the literatu re  on the in vivo action  o f  zinc in pathological 
sy s te m s . Cho  et al. [1] a llow ed  sensitized guinea pigs to  inhale Z n S 0 4 solu­
tio n  in  a form of spray and  found that Zn2i in h ib ited  in vivo histam ine  
release  from  mast cells.

In  view  of these resu lts  and other data pub lished  in the literature it  
appears th a t the role of z in c  ions in membrane processes is well established, 
h o w ev er  in vitro to clarify th e ir  role in vivo further experim ents, are required.
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EFFECT OF CHOLECYSTOKININ OCTAPEPTIDE 
SULPHATE ESTER ON BRAIN MONOAMINES 

IN THE RAT
B y

M. F e k e t e , Mária V á r s z e g i , T. K á d á r , B . P e n k e , К . K ovács  and G. T e l e g d y
IN S T IT U T E  OF PA TH O PH Y SIO LO G Y  AND M ED ICA L CH EM ISTRY , U N IV E R S IT Y  M ED ICAL 

SCHOOL, SZEG ED , H UN G ARY

(R eceived J u n e  12, 1980)

T he effect o f d ifferen t doses o f in trace re b ro -v e n tric u la rly  a d m in is te re d  chole- 
cy stok in in  o c ta p ep tid e  su lp h a te  este r (C C K -8-SE) w as s tu d ied  on  d o p am in e  (DA), 
no rep in ep h rin e  (N E ) an d  sero ton in  (5 -H T ) c o n te n ts  in  th e  h y p o th a la m u s , m esencepha­
lon , am y g d a la , se p tu m  and  s tr ia tu m , 10, 20 an d  60 m in  follow ing a d m in is tra tio n .

T he D A  a n d  N E  c o n ten t in creased  a n d  th e  5-H T c o n ten t decreased  in  th e  h y p o ­
th a la m u s  an d  m esencephalon . A b ip h asic  a c tio n  was observed  in  th e  a m y g d a la  o f DA, 
N E  and  5-H T  d epend ing  up o n  th e  tim e  a n d  doses used . S im ilar a c tio n  was seen on 
D A  and  N E  in  th e  sep tum .

In  th e  s tr ia tu m , th e  DA a n d  5 -H T  c o n te n t decreased  while th e  N E  level f irs t 
increased  an d  th e n  decreased.

T he d a ta  in d ica te  th a t  th e  C C K -8-SE  is able to  m odify  th e  a c t iv ity  o f DA, 
N E  and  5-H T  in  d ifferen t b ra in  regions in  a  tim e  and  dose -d ep en d en t m an n e r, w ith  
a local specific action .

The presence o f cholecystokinin-like activ ity  in the brain has been 
dem onstrated by V a n d e r h a e c h e n  et al. [26, 27] , D o c k r a y  [3, 4 ] ,  M u l l e r  
et al. [16],  R e h f e l d  |1 9 ,  20, 21] , H ö k f e l t  et al. [10], H o l m q u is t  et al. [9], 
L a r s s o n  and R e h f e l d  [13], and L ő r é n  et al. [15]. Chemical identification  
of the peptide was carried out by D o c k r a y  [3], D o c k r a y  e t al. [5, 6], 
R e h f e l d  [19, 20, 21 ] ,  and R e h f e l d  and G o l t e r m a n n  [23], in  the brain 
and the CSF in hum ans ( R e h f e l d  and K r u s e -L a r s e n  [22]).

The physiological significance of cholecystokinin  in the brain is incom ­
p letely  understood ( L o o n e n  and S o u d i j n  [14];  H ö k f e l t  et al. [11]) .  The 
effects o f cholecystokin in  octapeptide su lphate ester (CCK-8-SE) (8 nmole) 
on brain m onoam ines following intracerebroventricular adm inistration  have 
been reported earlier (T e l e g d y  et al. [25]) .

In the present paper the effect o f different doses of CCK-8-SE was 
studied on the dopam ine (D A ), norepinephrine (NE) and serotonin  (5-HT) 
content in the hypothalam us, m esencephalon, am ygdala, septum  and stria­
tum , follow ing intracerebroventricular adm inistration in conscious, freely  
m oving rats.
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Methods

F o r  th e  ex p erim en ts  CFY a d u lt  m ale  ra ts  w eighing 200 — 250 g were used. T he an im a ls  
w ere k e p t  u n d e r  artific ia l lig h t sch ed u le  (12 h  ligh t and  12 h  d a rk ), s ta r tin g  th e  lig h t p e rio d  
a t  6 a .m . F o o d  a n d  w a te r  w as g iv en  ad libitum .

T h e  te s t  m ate ria l w as g iven  v ia  a  chronic sta in le ss-s tee l cannu la  im p lan ted  in to  th e  
la te ra l  c e re b ra l v en tric le  by  a su rg ica l p rocedure  ( F if k o v á  a n d  Marsala  [7]). T he p ro p e r 
p o sitio n  o f  th e  cannu la  w as checked  b y  dissection  o f th e  b ra in . E x p erim en ts  were b eg an  one 
w eek fo llo w in g  th e  operation .

T h e  te s t  m a te ria l used  w as C C K -8-SE  sy n th e tized  b y  P e n k e  e t al. [17]. The m a te ria l  
w as d isso lv e d  in  0 .9%  saline an d  th e  c o n cen tra tio n  g iven  in  th e  T ables w as a d m in is te red  
in  5 /Л v o lu m e  to  freely m oving a n im a ls . T he con tro l a n im a ls  rece ived  th e  sam e v o lu m e of 
0 .9 %  sa lin e . T h e  anim als were k illed  b y  d eca p ita tio n  a t 0. 10, 20 and  60 m in  a fte r  th e  in je c ­
tio n . T h e  b r a in  w as rap id ly  rem o v ed , fro zen , and  th e  h y p o th a la m u s , m esencephalon, a m y g d a la , 
se p tu m  a n d  s tr ia tu m  were d issec ted  acco rd ing  to B a u m g a r t e n  e t al. [1]. D opam ine (D A ), 
n o re p in e p h r in e  (N E ) an d  se ro to n in  (5 -H T ) co n ten t w ere m ea su re d  by th e  sp e c tro flu o rim e tric  
m e th o d  o f  S h e l l e n b e r g e r  and  G o r d o n  [24].

E a c h  g ro u p  consisted  of 8 — 16 an im als.
T h e  re su lts  were ev a lu a te d  s ta tis t ic a lly  by  analysis o f v a rian ce . In  th e  T ables m ean  

v a lu es a n d  s ta n d a rd  erro r of th e  m ea n s  are  given.

Table I

E ffects o f  d ifferen t doses o f  cholecystokinin octapeptide su lphate ester on m onoam ine contents
(pg/g  tissu e ) o f  the hypotha lam us

Group 0 m in 10 min 20 min 60 m in

DA

1. C o n tro l

2. C C K -8-S E  80 fmole

1 .6 3 ± 0 .1 1 0.91 ± 0 .1 0  

1 .1 7 ± 0 .1 8

0 .7 2 ± 0 .0 6

1 .0 0 ± 0 .0 7 b

0 .7 4 ± 0 .1 0

1 .0 4 ± 0 .0 8

3. C C K -8-S E  800 fmole 1 .3 5 ± 0 .1 7 1 .3 6 ± 0 .1 4 a 1 .2 2 ± 0 .1 3

4. C C K -8-S E  80 pinole 2 .8 7 ± 0 .2 2 c 1 .9 0 ± 0 .1 8 c 1 .7 6 ± 0 .2 3 c

5. C C K -8-S E  8 nmole 1 .6 6 ± 0 .1 5 b 1 .8 0 ± 0 .3 4 b 1 .6 5 ± 0 .2 8 b

N E

1. C o n tro l

2. C C K -8-S E  80 fmole

2 .2 5 ± 0 .0 8 1 .7 9 ± 0 .1 7

1 .2 5 ± 0 .1 3

1.26 zb 0.11

1.42±0.1S

1 .2 2 ± 0 .0 9

1 .1 8 ± 0 .1 2

3. C C K -8-S E  800 fmole 1 .5 8 ± 0 .1 4 1 .5 2 ± 0 .1 0 1 .4 0 ± 0 .1 1

4. C C K -8-S E  80 pinole 2 .1 0 ± 0 .0 7 1 .6 1 ± 0 .1 3 1 .6 0 ± 0 .0 5 c

5. C C K -8-S E  8 nmole 2 .1 4 ± 0 .1 8 1 .89± 0 .17 1 .8 3 ± 0 .1 9 b

5-H T

1. C o n tro l

2. C C K -8-S E  80 fmole

1 .6 3 ± 0 .0 8 1 .3 6 ± 0 .1 0

1 .2 8 ± 0 .1 3

I.1 6 ± 0 .0 9  

1.12 ± 0 .1 0

1 .6 3 ± 0 .0 7  

1.51 ±  0.14

3. C C K -8-S E  800 fmole 1 .5 3 ± 0 .1 1 1 .3 9 ^0 .1 3 1 .5 4 ± 0 .1 1

4. C C K -8-S E  80 pinole 1 .5 7 ± 0 .1 7 1 .24± 0 .10 1 .1 9 ± 0 .0 7

5. C C K -8-S E  8 nmole 0 .9 8 ± 0 .0 8 0 .9 4 ± 0 .1 0 0 .9 9 ± 0 .0 7 c

A b b re v ia tio n s : a =  p < 0 .0 5 ;  b =  p c O .O l; c — p c O .0 0 1  versus contro l
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Results

The effect o f different doses of CCK-8-SE on monoamine co n ten ts  in the 
hypothalam us is show n in Tahié I.

For D A , the m ost effective dose was 80 pinole, which increased the DA 
content over the control level in 10 m in; b y  60 min the effect gradually de­
creased. All doses increased at 20 min, w hile at 60 min only 80 pm ole and 8 
nm ole were effective.

The N E  content increased follow ing 80 pmole and 8 nm ole versus the 
control at 60 min fo llow ing injection.

On 5-HT content on ly  the dose of 8 nm ole was effective b y  decreasing 
the level at 60 min.

In the m esencephalon (Table II) 80 pm ole increased the D A  content in 
each tim e interval, w hile on the NE content a similar action w as observed  
from 800 fm ole. The 5-H T content decreased following 8 nm ole at every  point 
of tim e.

Table II

E ffects o f  different doses o f  cholecyslokinin octapeptide sulphate ester on m on o a m in e  contents
(Hg/g tissue) o f the mesencephalon

Group 0 min 10 min 20 min 60 min

DA

1. Control 0 .4 7 ± 0 .0 3 0.56 ± 0 .0 7 0 .4 5 ± 0 .0 5 0 .4 9 ± 0 .0 5

2. CCK-8-SE 80 fm ole 0 .6 7 ± 0 .0 6 0.67 ± 0 .0 7 " 0 .6 5 ± 0 .0 5

3. CCK-8-SE 800 fm ole 0.61 ± 0 .0 6 0 .5 4 ± 0 .0 7 0 .5 9 ± 0 .0 6

4. CCK-8-SE 80 pm ole О ^ ^ О .О б 11 0 .8 1 ± 0 .0 8 c 1 .1 0 ± 0 .1 6 b

5. CCK-8-SE 8 nm ole 0 .7 8 ± 0 .1 4 0 .6 9 ± 0 .1 4 0.52 ± 0 .09

N E

1. Control 0.49 ± 0 .0 2 0 .4 4 ± 0 .0 2 0 .4 4 ± 0 .0 4 0 .4 2 ± 0 .0 3

2. CCK-8-SE 80 fmole 0.36 ± 0 .0 6 0 .3 4 ± 0 .0 6 0.33 ± 0 .0 3

3. CCK-8-SE 800 fm ole 0.60 ± 0 .0 6 ° 0.53 ± 0 .0 5 “ 0.57 ± 0 .0 5 c

4. CCK-8-SE 80 pm ole 0.39 ± 0 .0 4 0 .3 9 ± 0 .0 4 0.40 ± 0 ,0 3

5. CCK-8-SE 8 nm ole 0 .5 0 ± 0 .0 3 0.51 ± 0 .0 3 0 .4 0 ± 0 .0 4

5-H T

1. Control 0 .5 9 ± 0 .0 3 0.64 ± 0 .0 4 0.61 ± 0 .0 4 0.57 ± 0 .0 4

2. CCK-8-SE 80 fmole 0 .8 2 ± 0 .0 8 0.73 ± 0 .0 6 0 .8 6 ± 0 .1 7

3. CCK-8-SE 800 fmole 0.79 ±0 .07 0.85 ± 0 .0 7 0 .9 4 ± 0 .0 8 b

4. CCK-8-SE 80 pm ole 0.60 ± 0 .0 4 0 .6 2 ± 0 .0 4 0.65 ± 0 .0 7

5. CCK-8-SE 8 nm ole 0.37 ± 0 .0 3 c 0 .3 5 ± 0 .0 3 b 0 .3 7 ± 0 .0 2 ‘

A b b rev ia tions: a p < 0 .0 5 ;  b =  p < 0 .0 1 ;  c =  p c O .0 0 1  versus co n tro l
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Table III

E ffec ts  o f  different doses o f  ch o lecysto k in in  octapeptide su lp h a te  ester on monoam ine contents
(p g /g  tissu e ) o f the am ygdala

Group 0 min 10 m in 20 min 60 m in

D A

1. C o n tro l 1 .1 8 ± 0 .1 0 1 .1 3 ± 0 .1 3 1 .14±0 .13 1 .4 5 ± 0 .1 2
2. C C K -8-S E  80 fmole 0 .6 7 ± 0 .0 4 b 0 .87± 0 .11 0 .7 5 ± 0 .1 8
3. C C K -8-S E  800 fmole 1 .0 6 ± 0 .1 2 0 .9 8 ± 0 .1 2 0 .7 4 ± 0 .0 4 a
4. C C K -8-S E  80 pmole 2 .0 1 ± 0 .2 3 ° 2 .2 9 ± 0 .1 8 c 1 .8 6 ± 0 .2 4
5. C C K -8-S E  8 nmole 0 .7 6 ± 0 .1 8 0 .4 5 ± 0 .0 9 b 0 .7 1 ± 0 .2 1 a

N E

1. C o n tro l 0 .4 5 ± 0 .0 5 0.45 ± 0 .0 9 0 .3 4 ± 0 .0 4 0 .4 2 ± 0 .0 4
2. C C K -8-S E  80 fmole 0 .2 5 ± 0 .0 4 a 0.37 ± 0 .0 9 0 .3 3 ± 0 .0 4
3. C C K -8-S E  800 fmole 0 .8 0 ± 0 .1 2 b 0 .6 5 ± 0 .1 0 b 0 .6 1 ± 0 .1 1 a
4. C C K -8-SE  80 pmole 0 .4 1 ± 0 .0 7 0 .4 0 ± 0 .0 6 0 .4 1 ± 0 .0 3
5. C C K -8-SE  8 nmole 0 .4 9 ± 0 .0 6 0 .2 8 ± 0 .0 6 0.31 ± 0 .0 7

5 -H T

1. C o n tro l 1 .3 5 ±  0.07 1 .3 4 ± 0 .0 9 1 .21± 0 .09 1 .3 4 ± 0 .0 8
2. C C K -8-SE  80 fmole 1 .4 0 ± 0 .1 0 1 .7 0 ± 0 .0 8 a 1.81 ± 0 .2 1 a
3. C C K -8-SE  800 fmole 1 .6 5 ± 0 .2 5 1 .54±0 .16 1 .3 5 ± 0 .1 7
4. C C K -8-SE  80 pmole 1 .7 2 ± 0 .1 8 1 .27±0 .07 1 .2 8 ± 0 .1 1
5. C C K -8-SE  8 nmole 0 .8 2 ± 0 .0 9 ‘ 0 .7 5 ± 0 .0 8 b 0 .9 2 ± 0 .1 1 a

A b b rev ia tio n s: a =  p < 0 .0 5 ;  b  =  p cO .O l; c =  p cO .O O l versus contro l

In  the amygdala (T able I I I ) , the DA content increased following 80 pm ole  
at 10 and 20 min, and decreased  following 80 fm ole  at 10 min, 800 fm ole at 
60 m in , 8 nmole at 20 and 6 0  m in . The NE con ten t w as increased by 800 fm ole  
at a ll points of tim e and decreased  at 10 m in fo llow in g  80 fm ole. The 5-H T  
c o n te n t  increased after 80 fm o le  at 20 and 60 m in and decreased at every point 
o f t im e  after 8 nmole.

In  the septum (T able IV ), the DA con ten t increased at 10 m in after 
th e  in jection  of 8 nm ole and  800  fmole decreased it  at all tim es studied , while 
80 fm o le  decreased it  a t 60 m in . The NE con ten t increased after 800 fm ole  
at 10 and 60 min, and a fter  8 nmole and 80 p m ole at 60 min. 80 fm ole de­
creased  it  in every tim e in terv a l. There was no significant change in  the  
5-H T  content.

In  the striatum (T able V ) the DA contents decreased after all doses and 
a t a ll points of tim e, w ith  th e  exception of 8 n m ole, which was ineffective  
a t 60 m in. The NE c o n ten t increased after 800 fm ole at 10 min, and after
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Tabic IV

E ffects o f  different doses o f  cholecystokinin octapeplide sulphate ester on m onoam ine contents
(pglg tissue) o f  the sep tum  •

Group 0 min 10 min 20 min 60 min

DA

1. C ontrol 3.15 +  0.23 2 .5 1 + 0  26 3 .2 0 + 0 .3 8 3 .1 5 + 0 .3 0

2. CCK-8-SE 80 fm ole 2 .2 7 ± 0 .3 2 2.07 +  0.30 2 .0 2 + 0 .2 9 “
3. CCK-8-SE 800 fmole 1.67 +  0.25“ 1.58 +  0.20“ 1 .9 3 ± 0 .1 5 c

4. CCK-8-SE 80 pm ole 3.36 +  0.19 3.58 +  0.32 3 .8 1 + 0 .2 4

5. CCK-8-SE 8 nm ole 3.68 +  0.35“ 3.66 +  0.45 3.69 +  0.51

N E
1. Control 1.09 +  0.10 0.74 +  0.08 0.96 +  0.10 0.66 +  0.07

2. CCK-8-SE 80 fmole 0 .4 8 ± 0 .0 5 b 0 .41+ 0 .06" 0.46 +  0.03“

3. CCK-8-SE 800 fmole 1.06 +  0.111’ 0.82 +  0.08 0.83 +  0.061'

4. CCK-8-SE 80 pm ole 0.93 +  0.10 0 .8 6 + 0 .1 0 0.84 +  0.05“

5. CCK-8-SE 8 nm ole 0.84 +  0.13 0.90 +  0.16 0.96 +  0.14“

5-1 IT

1. Control 1.61 +  0.12 1.25 +  0.07 1.38 +  0.08 1.30 +  0.06

2. CCK-8-SE 80 fmole 1.30 +  0.12 1 .11+ 0 .09 1.34 +  0.13

3. CCK-8-SE 800 fmole 1.47 +  0.18 1.23 +  0.15 1.29 +  0.10

4. CCK-8-SE 80 pm ole 1.49 +  0.24 1.49 +  0.13 1.43 +  0.17

5. CCK-8-SE 8 i.molc 1 .2 1 + 0 .1 1 1.08 +  0.07 1.17 +  0.13

A b brev ia tions: a  =  p < 0 .0 5 ;  b =  p c O .O l; c =  p < 0 .0 0 1  versus con tro l

80 pm ole at 60 min. E ig h ty  fm ole decreased it in all tim e intervals while after 
8 nm ole at 60 min. The 5-H T content decreased w ith  all doses at 60 min. 
At 20 min the 8 nm ole and at 10 min the 80 pm ole dose decreased it.

Some representative data of the dose-response action is show n on Figs 
1, 2 and 3.

The action of CCK-8-SE on hypothalam ic D A  content show ed a linear 
dose—response effect betw een  80 fmole and 80 pm ole, by increasing the DA  
con ten t at 20 min (F ig. 1).

CCK-8-SE increased the NE in the hypothalam us in a dose dependent 
m anner between 80 fm ole and 8 nmole at 60 m in (F ig . 2).

The 5-HT content showed a dose—response linear decrease betw een  
80 fm ole and 8 nm ole at 60 min (Fig. 3).
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Table V
E ffects o f  d ifferent doses o f  cholecystokin in  octapeptide. sulphate ester on monoam ine contents

(fig lg  tissu e ) o f  stria tum

Group 0 min 10 min 20 min 60 min

DA

1. C o n tro l 6 .7 6 ± 0 .3 2 6 .1 9 ± 0 .3 6 6.98 ± 0 .4 7 7 .1 1 ± 0 .4 1

2. C C K -8-S E  80 fmole 4 .3 9 ± 0 .3 7 a 4 .4 3 ± 0 .3 7 b 5 .1 2 ± 0 .3 7 a

3. C C K -8-SE  800 fmole 5 .5 0 ± 0 .3 5 a 5.32 ± 0 .2 6 c 5 .7 7 ± 0 .3 4 a

4. C C K -8-SE  80 pmole 2 .8 3 ± 0 .2 0 r 3 .4 4 ± 0 .2 3 c 3 .4 0 ± 0 .1 6 c

5. C C K -8-SE  8 nmole 5 .5 5 ± 0 .4 2 c 5 .5 3 ± 0 .3 8 a 6 .8 6 ± 0 .4 5

N E

1. C o n tro l 0 .1 3 ± 0 .0 1 0 .1 6 ± 0 .0 2 0 .1 8 ± .0 3 0 .1 7 ± 0 .0 3

2. C C K -8-SE  80 fmole 0 .0 9 ± 0 .0 1 a 0 .1 1 ± 0 .0 1 a 0 .1 1 ± 0 .0 1 a

3. C C K -8-S E  800 fmole 0 .2 1 ± 0 .0 3 a 0 .2 1 ± 0 .0 3 0 .2 0 ± 0 .0 3

4. C C K -8-SE  80 pmole 0 .1 9 ± 0 .0 1 0 .1 8 ± 0 .0 1 0 .2 0 ± 0 .0 2 a

5. C C K -8-SE  8 nmole 0 .1 4 ± 0 .0 3 0 .1 3 ± 0 .0 3 0 .1 3 ± 0 .0 5 *

5 -H T

1. C o n tro l 0 .4 4 ± 0 .0 4 0 .4 4 ± 0 .0 3 0.47 ± 0 .0 4 0 .5 6 ± 0 .0 6

2. C C K -8-SE  80 fmole 0 .3 9 ± 0 .0 2 0 .4 3 ± 0 .0 3 0 .4 2 ± 0 .0 2 a

3. C C K -8-SE  800 fmole 0 .4 3 ± 0 .0 6 0 .4 6 ± 0 .0 7 0 .4 1 ± 0 .0 4 b

4. C C K -8-SE  80 pmole 0 .3 0 ± 0 .0 2 a 0 .3 9 ± 0 .0 2 0 .3 6 ± 0 .0 2 b

5. C C K -8-SE  8 nmole 0.29 ± 0 .0 2 0 .2 8 ± 0 .0 3 b 0 .2 9 ± 0 .0 3 c

A b b rev ia tio n s : a =  p < 0 .0 5 ;  b  =  p c O .O l;  c =  pcO .O O l versus co n tro l

%
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//

X'
-control

0 80 800 80 8 dose
fmole pmole nm ole 

C C K -8 -S E

F ig . 1. D ose-response e ffec t o f C C K -8-S E  on DA  c o n te n t o f th e  h y p o th a la m u s  a t  20 m in. 
A b b rev ia tio n : •  — sig n ific a n t d ifference be tw een  CCK-8-SE an d  co n tro l
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Fig. 2 /D o se —response effec t o f CCK-8-SE on N E  c o n te n t o f th e  h y p o th u la m u s^ a t 60 min
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Fig. 3. Dose—responseeffect o f CCK -8-SE on  5-H T  c o n te n t o f th e  h y p o th a la m u s  a t  60 m in

Discussion

The effect o f CCK-8-SE on transm itters has been studied in vitro by 
V iz i  et al. [28, 29, 30]  -who dem onstrated acetylcholin  release in  th e  guinea 
pig Auerbach plexus. The effect o f CCK-8-SE on brain transm itters (D A , NE  
and 5-HT) follow ing intracerebroventricular adm inistration was reported  
earlier (T e e e g d y  et al. [25]) using 8 nm ole (10 ^g), a relatively  high dose 
o f  CCK-8-SE.

In the present investigation  sm aller doses were used and the dose- 
response correlation w as followed in order to  stu d y  the physiological sign ifi­
cance of the changes observed.
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In  general, on DA in th e  hypothalam us and m esencephalon an increas­
ing, w h ile  in  the septum  and stria tu m  a decreasing effect was observed fo llow ­
ing m o st o f  the doses used. One has to be aware o f the fact that th e  intra- 
cerebroventricular adm inistration  of 0.9%  saline in  itse lf  caused a decrease 
in th e  control, especially in  th e  DA content in  th e  hypothalam us, and all 
changes w ere correlated to  th ese  values. The sm allest dose (80 fm ole) affects  
all th e  brain  areas studied. N E  increased in all brain areas following 800 fm ole, 
w hile 80 fm ole decreased it in  th e  am ygdala, septum  and striatum . The higher 
dose u sed  (80 pmole) show ed a similar action. T he large dose decreased the  
5-H T  con ten t in m ost of th e  brain areas stud ied , but in m ost of the cases 
th e  e ffec t on this transm itter w as less significant.

T he dose response dem onstrated  in certain  tim e intervals ind icated  
a sp ec ific  action on different transm itters. It seem s th a t m ainly the catech ol­
am ines had been affected. T he action of CCK-8-SE on different transm itters  
Mas n o t on ly  dose-dependent, but also showed a locus specificity .

One has to be aware o f  th e  fact that the m easurem ent o f the content 
of d ifferen t transm itters in  certain  brain areas does not necessarily reflect 
th e  a c t iv ity  of a given tran sm itter  system  and therefore the data have to  he 
com p lem en ted  Mri t h  turnover studies.

I t  seem s that despite o f  th e  fact that the direct peptidergic transm ission  
can n ot be ruled out, the p ossib ly  m odulatory role o f CCK-8-SE on tran s­
m itters in  the brain as sp ecific  physiological m echanism  has also to  be con­
sidered .

A  num ber of reports in d ica ted  that CCK m igh t be a physiological regu­
la tor  o f  feeding behaviour in  anim als and m an (G i b b s  et al. [8], D e l l a - F e r a  
and B a i l e  [2], H siao  et al. [12], P r a n g e  et al. [18]), although the m echanism  
o f a c tio n  is not clear. Our d ata  offer a possible m echanism  of the central action  
of CCK. W hether this action  on transm itters is in  correlation w ith  the feeding  
b eh av iou r remains to be seen.
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ENZYME INDUCER EFFECTS AFTER LIVER 
DENERVATION IN THE RAT
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AND N A TIO N A L IN ST IT U T E  OF P U B L IC  H E A L T H , BUDAPEST

(R eceived Ju n e  27, 1980)

The p a r t  o f liv e r  in n erv a tio n  was s tu d ie d  in  th e  process of m icrosom al enzym e 
ind u ctio n  e lic ited  b y  p h én o b arb ita l or m u sc u la r  exercise. E nzym e in d u c tio n  w as seen 
to  develop: h e x o b a rh ita l  sleeping tim es b ecam e  sh o rte r  a fte r p a rtia l (v a g o to m y , coeli- 
ectom y) as well as to ta l  liver d en erv a tio n  in  th e  r a t .  T h ough  th e  p re sen t re su lts  d id  no t 
p reclude su b tile  d ifferences, th ey  d e m o n s tra te d  t h a t  th e  m icrosom al en zy m e sy stem s 
of th e  liver cou ld  be  a c tiv a ted  in  th e  absence  o f  inn erv a tio n .

U pper m ed ian  Iap ara to m y , w hich w as u sed  as a sham  o p eratio n , h a d  th e  s tran g e  
effect of e lo n g a tin g  th e  sleeping tim e. This o b se rv a tio n  is a w arning of a ch an g ed  ra te  
of d rug  e lim in a tio n  a f te r  exp lo ra tive  Ia p a ra to m y .

In the last decade a number of com pounds have been described to  have  
an inducer effect upon the microsomal m onooxygenase system  of th e  liver [3, 
4, 8, 9]. A sim ilar phenom enon has been observed following regular m uscular 
exercise in our previous experim ents: the rate o f drug m etabolism  in th e  liver 
was found to increase both  in animal experim ents and in human subjects [5, 6]. 
The phenom enon itse lf  cannot be d ifferentiated from the consequences o f the  
(chem ical) inducing effect of lipophilic xen ob iotics and the m echanism  by 
which it develops is also unclear.

The role of innervation  in the process o f  enzym e induction w as studied  
in the present work. The inducing effect o f m uscular is transm itted b y  endog­
enous routes and th e  part played by in n ervation  may be different in  the  
process elicited by drugs or by muscular work. Accordingly, the developm ent 
of phénobarbital induction  after liver denervation  was studied first in  rats. 
N ex t, anim als subjected  to  liver denervation were studied to establish  w hether  
m uscular work could effectively  increase m icrosom al enzym e a c tiv ity  in  th is 
condition.

Material and m ethods

Fem ale  W is ta r  W i: rg  ra ts  of 160 to  180 g b o d y  w eigh t were used. U n d e r su perfic ia l 
e th e r  anaesth es ia  a n d  a f te r  an  up p er m edian  la p a ro to m y  th ree  ty p es of liv e r d e n e rv a tio n  
were em ployed.

1. V agotom y by  tra n se c tin g  th e  nerve fib res  im m e d ia te ly  a fte r th e ir  p assage  th ro u g h  
the d iap h rag m .

2. E x tirp a tio n  o f th e  coeliac ganglion.
3. T o ta l d en e rv a tio n : v ag o to m y  an d  coeliectom y.
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A fte r  sacrificing  th e  an im als ev ery  k in d  of d e n e rv a tio n  was tho ro u g h ly  ch ecked . T he 
c o n tro l a n im a ls  w ere su b jec ted  to  a  sh am  o p e ra tio n  in- t h a t  a f te r  u p p e r m ed ian  la p a ro to m y  
th e  a b d o m in a l  v iscera  were ex p lo red  a n d  replaced.

T h e  m a in  p a r t  o f th e  e x p e rim e n ts  began  th ree  w eeks a f te r  d en erv a tio n  [2, 6]. To in d u ce  
th e  m ic ro so m a l enzym e system  a single o ral dose o f p h é n o b a rb ita l  50 m g per kg  b .w .)  w as 
g iv en  to  12 an im als and  12 a n im a ls  served  as co n tro l. E n zy m e  in d u ctio n  w as assessed  b y  
m e a su r in g  th e  sleeping tim e [1, 3] a f te r  in jec tin g  40 m g /k g  o f  sodium  h ex o b arb ita l. T h e  d a ily  
ex erc ise  co n sis ted  of one h o u r o f sw im m ing  w ith  4 g/100 g ad d itio n a l w eight in  w a te r  o f  29 °C 
te m p e ra tu re .  R esu lts  were co m p ared  w ith  S tu d e n t’s t te s t.

Results

In  th e  first series the effect of phénobarbital induction was stu d ied  
fo llo w in g  different types o f liver denervation (F ig . 1). Owing to the inducing  
a ction , hexobarbital sleeping tim e becam e sign ifican tly  shorter in every  test  
group (p < 0 .0 1 ) . Sleeping tim e in  the non induced  denervation group w as not 
differen t from  the control va lu e —  thus, th e  duration of hexobarbital sleep  
was n o t affected  by any ty p e  o f denervation. Sham  operation, on th e  other  
hand, w as associated by a very  significant elongation  o f sleeping tim e (p < 0 .0 1 ) .  
The in d u cin g  effect itse lf w as not m odified b y  th e  sham operation.

In  v iew  of these results, th e  sham operation was investigated  in  a separate  
exp er im en ta l series. T w enty-one days after th e  sham  operation and in  w eek ly  
in terv a ls  thereafter, hexobarbital sleeping tim e was measured in groups of 
12 an im als each was con sisten tly  found to  be prolonged. In the six th  p o st­
op era tive  w eek the sleeping tim e was sim ilar as th a t of normal rats (F ig . 2).

In  th e  third series, the different groups began swim m ing three w eeks 
after denervation . Sleeping tim es were com pared to the respective controls

F ig . 1. P h é n o b a rb ita l  inducing  effec t a fte r  p a r tia l  a n d  to ta l  liver d en erv a tio n  in  th e  r a t  
as m e a su re d  b y  h ex o b arb ita l sleeping tim e. O pen b a rs :  sleeping tim e in  con tro l an im a ls ; 

sh a d e d  b a rs: sleeping tim e  one d ay  a fte r  50 m g /k g  o f p h én o b arb ita l tre a tm e n t
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Fig. 2. Effect of sham operation on hexobarbital sleeping time

F ig. 3. Inducing effect of regular swimming exercise after partial and total liver denervation 
in the rat, as measured by hexobarbital sleeping time. Open bars: sleeping time in control 

animals; shaded bars: sleeping time in animals swimming regularly

high ly  significant in the norm al, the sham -operated and the vagotom ized  
groups (p < 0 .0 1 )  and sign ificant in the coeliectom ized and to ta l denervation  
groups (p<C0.05).

D iscussion

The role of liver innervation  in  enzym e induction was stu d ied  after 
phénobarbital and exercise. I t  was found th at neither partial nor to ta l dener­
vation  brought about any appreciable change in the inducing effect o f  phéno­
barbital.
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D enervation  fa iled  to  effect the inducing action  o f exercise. The results 
do not how ever exclude th e  possib ility  that p artia l or to ta l liver denervation  
m ay have some influence on th e  efficiency of in d u cin g  agents, but the present 
experim ents could not bring to  light subtile d ifferencës. N evertheless, th ey  
were helpful in clarifying th a t  the inducing effect o f  phénobarbital and regular 
p h ysica l exercise persisted  in  spite of liver denervation .

The inducing effect o f  m uscular exercise w as w eaker than that of phéno­
barbital in both the in ta c t and the denervated anim als.

The protracted sleep ing  tim es after sham  operations presented an unex­
p ected  problem. This effect was long-lasting as it  took  six weeks before the  
sleep ing tim e had becom e norm al again. Still, th e  effect was blocked b y  partial 
as w ell as tota l denervation , so the nervous sy stem  m ust have some part in it . 
This observation is a w arning to consider th e  p ossib ility  of a changed rate  
of drug elim ination fo llow in g  explorative laparotom ies.
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GENERALIZED EPILEPSY WITH SPIKE-WAYE 
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(R eceived F e b ru a ry  20, 1980)

A new  h y p o th es is  is offered reg ard in g  th e  p a th o m ech an ism  of g enera lized  epi­
lepsy  w ith  sp ik e -w av e  pa ro x y sm s (G E Sw ) b ased  on th e  p e rta in in g  l ite ra tu re  an d  p e r­
sonal in v es tig a tio n s .

T he f ir s t  sec tio n  is devo ted  to  a c ritic a l overv iew  of th e  d ev elo p m en t o f theories 
reg ard in g  G E Sw . T h e  cen trencephalic  th e o ry , th e  d e b a te  on  su b co rtica l v e rsu s cortical 
o rig in , th e  “ c o rtic o re tic u la r” h y po thesis o f G loor an d , fin a lly , th e  “ d y sh o rin ic”  con­
cep t o f N ied erm ey e r arc  ou tlined .

In  th e  n e x t sec tion  i t  is show n th a t  th e re  is a p a r ticu la r  o p tim u m  zone betw een 
sleep and  w akefu lness an d  betw een R E M  a n d  slow w ave sleep  w hich  h ig h ly  fav o u rs  
th e  occurrence  of sp ike-w ave p a roxysm s. A ccord ing  to  our in v es tig a tio n s  in to  the 
d y n am ics w ith in  th is  critica l zone, th e  sp ik e -w av e  paroxysm s alw ays a p p ea r Math 
ch ara c te ris tic  f lu c tu a tio n s  o f th e  level o f consciousness w here th e  changes to w ard s 
aw aken ing  are  a lw ay s follow ed by re b o u n d s  to w a rd s  sleep. H ence, th e  d y n a m ic  p ro p ­
e rties  o f th is  u n s ta b le  b o rd er zone becom e especially  in te re s tin g  in  th e  genesis of 
sp ikew ave p a ro x y sm s.

I t  h as been  show n th a t  even w ith o u t ep ilepsy , a dynam ics can  be  obse rv ed  in 
th e  m icro-oscillations in  th e  d e p th  of sleep w h ich  could  he in te rp re te d  acco rd ing  to  the  
reciproca l in d u c tio n  reg u la tio n  m odel.

In  o u r co n cep t th e  process o f fa lling  asleep  em erges from  reb o u n d s  of th e  sleep 
p ro m o tin g  sy s tem  in  response to  sensory in p u ts  s tream in g  in  from  th e  e x te rn a l e n v iro n ­
m en t. A ccord ing  to  th is  m odel, a rousal in flu en ces in  sleep hav e  a sleep p ro m o tin g  
effect. W e in te rp re t  in  th is  w ay all sy n ch ro n ized  E E G  reac tio n s e lic ited  b y  sensory 
stim u li an d  we co n sid er К -com plex ty p e  sy n c h ro n iza tio n  reac tio n s as a “ bu ild ing  
s to n e ”  of th e  p rocess o f falling asleep w hich  c o n ta in s  th e  whole process in  co n ce n tra ted  
form .

The m an ifo ld  sim ilarities betw een  th e  К -com plex  and  th e  sp ike-w ave  p a tte rn  
are  d e m o n s tra ted . O n th is  basis sp ike-w ave p a ro x y sm s can be reg ard ed  as an  ep ilep tic  
“ c a rica tu re ”  o f  th e  sleep ind u ctio n  m o m en tu m  re flec ted  in  th e  K -com plcx  phenom enon . 
H ence, th e  G E S w  is th e  ep ilep tic  d isorder o f  th e  sleep p ro m o tio n  fu n c tio n . T his h y p o ­
thesis reso lves a n d  ex p la in s m an y  c o n tra d ic to ry  fe a tu re s  of our know ledge a b o u t th is 
m echanism  a n d  g ives a new  biologically  o r ien ted  fram ew ork  for fu r th e r  research . 
In  th e  lig h t o f th e  h y p o th es is  i t  has been  a t te m p te d  to  in te rp re t som e o f th e  c h arac ­
te ris tic  fe a tu res  o f th e  G ESw : th e  genetic  d e te rm in a tio n , th e  age d ep en d en cy , th e  link  
w ith  th e  sleep -w ak ing  cycle as well as th e  fu n c tio n a l-an a to m ica l ch a ra c te ris tic s  and  
th e  sy m p to m s of th e  seizures.

* Synonym s a re : cen tren cep h alic  epilepsy  o f P en fie ld  and  Ja sp e r ;  co rtico -re ticu lar 
epilepsy  of G loor; com m on  generalized  epilepsy o f N iederm eyer.
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1. Developm ent o f views regarding generalized ep ilepsy with spike-wave
paroxysm s ( G E Sw )

R ig h t from the beginning there has been a separate group o f epilepsies 
w hich  cou ld  not be ad eq u ately  interpreted according to Jackson’s focal- 
d ia g n o stic , pathoanatom ical princip les. There are serious d ifficu lties in d e fin ­
ing top ograp h ically  the brain focus of the ep ileptic m alfunction in th is  par­
ticu lar  ep ilep tic  m echanism. N o  phenom ena in the clinical seizure sym ptom s  
in d ica te  loca l brain m alfunction; th e  EEG shows synchronous bilateral gener­
alized  phenom ena in in tericta l periods and during seizures, generally in  the  
sp ecia l form  of spike-wave pattern ; interictal deficit sym ptom s ind icating  
local b rain  damage responsible for the epileptic m echanism  are generally absent, 
th e  illn ess  is genetically determ ined , and the m anifestations of the electro- 
c lin ica l sym ptom s are age dependent.

T h e  concept of a m id line pacem aker was supported by the date accu ­
m u la ted  from  1940, since in  severa l experim ents the generalized cortical spike- 
w ave p attern  proved to  be elic itah le  by electrical or chem ical stim u lation  
o f cer ta in  parts of the th a lam u s [79, 58, 53, 5, 38, 114] and th is effect was 
co n n ected  w ith  behavioural signs sim ilar to  the hum an absence or m yoclonic  
ab sen ce phenom ena [52]. W ith  th e  investigation  o f D e m p s e y  and M o r r i s o n  
in  1942 [23] the exploration o f  th e  thalam ic non-specific system  began. It  
cam e to  lig h t that thalam ic n u cle i generating a spike-w ave response to  s tim u ­
la tio n  belonged  to  th is system .

T h ese  experim ental fin d in gs served as basis for the Penfield and J a s ­
per h y p o th esis  according to  w h ich  the regulating structures located  in  the  
d ien cep h a lic  midline subcortical area in contact w ith  both  hem ispheres, th e  
“ cen trecep h alon ” , is responsib le for the basically  generalized petit m al and  
grand m al seizures which do n o t represent any lateralized phenom ena. A ccord­
in g  to  th is  model, the G E Sw  is determ ined by an epileptic focus in  the  
m id lin e  structures by w hich th e  cortex is driven only  passively.

P aralle l w ith the “ centrencephalic” concept, an other school sought 
th e  su b stra te  of the m echanism  not in the subcortical structures hut in  the  
co rtex  itse lf. The cortical orig in  was supported by hem ispheral differences 
in  th e  spike-w ave pattern and focal features in  clinical sym ptom s or even  
b y  lo ca l neuropathological fin d in gs in som e of the operated or necropsied  
p a tie n ts  [20, 30, 60, 83, 102, 103, 106, 129]. Further evidence in favour of 
th e  cortica l origin was su p p lied  by hum an stereoelectroencephalographic  
in v estig a tio n s  in which cortica l trigger foci could frequently be explored in  
p a tie n ts  w ith  GESw [6, 65, 90 , 117].

Seek ing a connection betw een  the conflicting evidences of cortical and  
su b cortica l origin, Jasper e t al. in  the fifth ies elaborated the secondary b i­
la tera l synchronization th eo ry  as an auxiliary hypothesis for th e  centren-
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cephalic concept of G E Sw  [56, 110, 131]. A ccording to  th is v iew  irregular 
asym m etrical forms of sp ike-w ave synchronization  showing focal features can 
he observed when the m id line pacemaker is driven  by a cortical focus (second­
ary synchronization), w h ile  in  the sym m etric form s w ithout focal features 
the cortical spike-w ave pattern  is prim arily o f  thalam ic m idline origin. The 
cortical trigger zone for th e  mechanism o f secondary synchronization was 
supposed to  be in the m edial frontal region [7, 51, 78, 89, 135]. T his v iew  was 
supported later by hum an stereoelectroencephalic findings [1, 6, 9, 91]. Later 
several cortical areas becam e candidates for th e  trigger zone o f the midline 
system  [4, 8, 10, 29, 35, 85].

In the light of th ese  findings it becam e m ore and more unlikely  that 
an ep ileptic functional disorder of a certain, alw ays identical, area m ay he 
sufficient for determ ining th e  whole m echanism . In the m eantim e there 
occurred im portant changes in views in both  neurophysiology and neurology. 
The local diagnostic pathoanatom ical approach gave way to concepts based 
on functional anatom y and system  regulation. K nowledge concerning the  
function of the thalam ic non-specific system  increased considerably [2] and 
it was show n that the system  contained c lo se ly  cooperating thalam ic and 
cortical elem ents. Thus, th e  debate betw een adherents of either cortical or 
thalam ic origin became m eaningless.

Anim al experim ents and human in vestigation s provided further evidence 
of the cortical genesis o f th e  spike-wave pattern  and petit mal like seizures 
even w ithout participation o f m esodiencephalic structures [31, 32, 33, 34, 86, 
87, 88]. On the other hand, th e  elicitability  o f  th e  clinical and electrical sym p­
tom s of GESw by stim u lation  of the thalam ic non-specific nuclei gained  
further support [34, 113, 114 ,]. In other words, the m echanism  can be triggered 
from either the thalam ic or the cortical pole o f  the non-specific thalam o­
cortical system .

The above described changes in the v iew s about the GESw m echanism  
are reflected by the “ corticoreticular theory”  o f G l o o r , published in the late 
sixties [31]. H is concept determ ines the G ESw  as an abnormal interaction  
between the cortical and subcortical reticular structures.

A further im portant developm ent was the discovery that not the excita ­
tion but the functional in activation  of certain central structures played a 
decisive role in the m echanism .

From the early 1960s, several authors concluded th at the dam age of the 
m esodiencephalic structures does not defend against but, on the contrary, 
facilitates the developm ent o f  the spike-w ave synchronization [86, 87, 94, 
112, 134].

In the beginning of th e  1970s, Gloor et al. could evoke spike-w ave syn­
chronization by in tracarotideally  adm inistered pentetrazole w ithout influence  
on the m idline structures, in  patients suffering from  GESw, while pentetrazole
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in trod u ced  into the vertebrobasilar circulation and thus exciting ju st  the  
centrencephalic  structures, decreased rather than  enhanced the appearance  
o f sp ik e-w ave paroxysm s [33]. S im ilarly in our own investigations sp ike-w ave  
syn ch ron ization  could be e lic ited  by some m g o f intracarotidally adm inis­
tered  hexobarbital in G ESw  p a tien ts , while higher doses abruptly elim inated  
[39]. T h e activation effect w as interpreted as a differential in h ib ition  o f the 
reticu lo-cortica l synaptic transm ission  by sm all doses, while higher doses were 
p o ssib ly  able to inhibit all cortica l synaptic sites. So beside proving th e  “ cen­
tren cep h a lic” or “ centrenergic”  [99] com ponent, th e  existence o f  another  
“ cen trastlien ic” com ponent p lay in g  a role in  G ESw  had been verified .

T h e holistic approach to  the GESw was d ifficu lt because a su itable  
an im al m odel was m issing and therefore the d ifferent ablation and stim ulation  
ex p erim en ts could clarify th e  m echanism  only from  one or another particular  
asp ect. H ence instead o f th e  whole com plex m echanism , only som e o f the  
e lem en ts , and m ostly the an atom ical ones were recognized. The d iscovery  of 
generalized  penicillin ep ilep sy  in 1967 [116], w hich m ay bear the closes re­
sem b lan ce to its hum an counterpart, regarding b oth  the electrographic and 
beh aviou ra l features, gave further im petus to  the study of the G ESw .

Experim ents perform ed on th is model again verified that th e  epileptic  
e x c ita tio n  of the thalam ic non-specific  system  and at the same tim e a decrease 
in  th e  activation  of the arousal system  are the tw o com plem entary factors 
w hich  p la y  the determ ining role in the developm ent of GESw [34, 129]. Work 
on th e  sam e model then sh ow ed  that the m icroneurophysiologica! basis o f the 
cortica l spike-wave pattern  is th e  epileptic functional disorder o f th e  m echan­
ism  p la y in g  a role in the production  of recruitm ent and cortical sp indles under 
n orm al circum stances.

On the bases of the ab ove data, Gloor characterised the G E Sw  to  be 
determ in ed  by changes on th ree levels of the neuraxis. The basic condition  
for developm ent of the m echanism  is a relatively  m ild diffuse “ ep ilep tic s ta te” 
a ffec tin g  the neurones over w ide areas o f the cortex. The second factor is 
a depression  of the a c tiv ity  o f  the upper brain stem  arousal system . W here 
th ese  tw o  conditions ex ist, th o se  thalam ocortical im pulses which under normal 
circum stances play a part in  producing the cortical spindling, becam e potent 
tr igger stim uli for p recip itating  the electroclinical sym ptom s.

T h u s, the local d iagn ostic  pathoanatom ical view s were gradually sub­
s t itu te d  b y  a functional approach. The m erely structural approach becam e 
ou tw orn  and beside the q u estion  “ where” em erged that of “ how” , or in other 
w ords, “ which functional d isorder is basically responsible for G E Sw ” N ow a­
d ays th e  “ local anatom ic” and “ functional” view s can be com prom ised.

T hose brain stem  structures the functional inactivation  of w hich are the 
im p o rta n t predisposing fa cto r  of thr GESw m anifestation  can be identified  
w ith  th e  arousal system . On the other hand those thalam ocortical structures
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which are involved in the GESw m echanism  in normal circum stances play 
a role in the organization of slow  w ave sleep.

At the 1953 sym posium  on “ Brain m echanisms and consciousness” 
Jasper and Hess discussed the point that the site of successful stim ulations  
in the thalam us and surrounding areas which produced the sp ike-w ave pattern 
largely coincides w ith  the diencephalic “ sleep centre” identified  b y  H e s s  [49]. 
O ther studies produced further evidence o f the relationship betw een  the struc­
tures responsible for the electroclinical phenom ena of spike-w ave ep ilepsy and 
for the organization o f slow -w ave sleep. V il l a b l a n c a  et al. [133] show ed that 
the localized forebrain lesion w hich blocks the recruiting response in the 
region of the inferior thalam ic peduncle (IT P) [123] is able to  b lock  the cor­
tical spike-w ave produced by chloram bucil. Dam age to the sam e region pro­
duced insom nia and weakening o f the KEG phenomena accom panying  slow- 
w ave sleep [62, 84, 92]. S im ilarly, F e e n e y  and G u l l o t t a  [25] found that 
destruction of the rostral portion o f the thalam us of the cat in h ib ited  the 
generalized epileptical discharges elicited  b y  pentetrazole and th e  sleep 
spindles.

These experim ents support the view  that the cortical structures respon­
sible for the electrical phenom ena o f spike-w ave epilepsy m a y b e  precisely  those 
which are “ used” by the hypnogenic subcortical (thalam ic and basal forebrain) 
structures.

Thinking either in term s of anatom ical structures or in term s o f func­
tional system s, the functional factors playing a role in the G ESw  m echanism  
offer them selves w ith in  the sleep-w aking system .

This idea led N i e d e r m e y e r  to  establish  his concept o f dyshorm ia [101]. 
Since he found th at the spike-w ave paroxysm s frequently appear during sleep 
in response to arousal stim uli and very often  in connection w ith  th e  K-coin- 
plexes which are interpreted as abortive arousal responses, lie assum ed that 
the GESw can be attributed  to  an error in the arousal m echanism . This notion  
som ew hat recalls the “ awakening epilepsy”  concept of the G erm an epileptol- 
ogy school [55] and at the sam e tim e represents an extremely im portan t new 
biologically oriented current approach. I t  revived the general b io logical principle 
expressed by Speransky (quoted in M y s l o b o d s k y  [99]) as: “ sickness is the 
heightening, w eakening or change o f norm al functioning.” In terpretation  of 
the epileptic disorder as being som e form o f pathological change, a “ caricature” 
o f physiological brain function is readily com patible w ith the classical tradi­
tions o f  the Jacksonian approach to  epilepsy. In the N iederm eyer approach, 
the GESw could thus be said to  gain a biological meaning as it  is linked to 
the arousal function and its disorder.

D ue to the reciprocally antagonistic organization of the sleep-arousal 
system , a disorder o f the arousal functions at the same tim e also brings the 
sleep prom oting (hypnogenic) function to  the fore and this is in line w ith  the
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ab ove cited  data which in d ica te  a common substrate for th e  hypnogenic fu n c­
tio n  and the spike-w ave ep ilep tic  m anifestations.

M y s l o b o d s k y  [99] w as also guided b y  sim ilar b iological considerations 
w h en  in  seeking the precursors o f spike-wave ep ilep sy  in  normal brain fu n c­
tio n s . H e showed th at th e  sp ike-w ave discharge m a y  emerge from th e par­
ticu la r  cerebral rhythm  o f th e  secondary evoked p o ten tia l, and that conditions 
fa c ilita tin g  this m etam orphosis m ay be created b y  lesion ing the structures 
o f th e  lim bic-reticular system  in  mature anim als or b y  irradiating them  during  
a d efin ite  period of em briogeny. He reached th e  conclusion th at the spike- 
w a v e  pattern is not “ cen trenergetic” in nature b u t “ centrasthenic” : any  
inh ib iting-synchron izing h yp n ogen ic sub-system  can  set off the spike-w ave  
synchronization  if  cortical a c tiv ity  escapes from th e  control of the lim bic- 
reticu lar  disinhibiting sy stem . A ttention  was drawn to  th e  fact that the E EG  
phenom ena of spike-w ave ep ilep tic  patients in  w akefu llness and the char­
acteristics of their evoked p otentia ls strikingly resem ble those of sleeping  
norm al subjects. The phenom enon  was interpreted b y  M yslobodsky as a frag­
m en t o f  sleep or a partial s leep  of the cortex. T ogether w ith Speransky he 
su ggested  that in petit m al ep ilep sy  “the basic features o f neural m echanism s 
o f sleep  and the epileptic f i t  are similar” .

In  the light of the a b o v e  described facts th e  investigations concerning  
th e  connection  between th e  G E Sw  and the level o f consciousness have becam e  
esp ec ia lly  im portant.

2. Changes in  the level o f vigilance and generalized epilepsy  
w ith  spike-wave paroxysm s

Since the discovery o f  th e  generalized sp ike-w ave pattern it has repeat­
ed ly  been  shown that th e  sleep-w eaking cycle is an im portant determ ining  
fa cto r  in the appearance o f th e  electroclinical sym ptom s o f the GESw. As early  
as 1 9 3 6 ,  L e n n o x  and G i b b s  [77] reported th a t sp ike-w ave paroxysm s oc­
curred in light sleep and in  th e  course of aw akening even  in patients in  whom  
such  form ations could not be detected in the aw ake sta te , and they  assum ed  
th a t  certain phases of sleep or the transition from  one sleep phase to  another 
cou ld  have an activating  e ffec t in certain seizure m echanism s. Modern p o ly ­
graphic night sleep stud ies have confirmed th a t p e tit  mal seizures sim ilar 
to  th o se  in the wake s ta te  occurred alm ost ex c lu siv e ly  on the borderline 
b etw een  sleep and w akefu lness.

I t  has been shown th a t  seizures occur in  th e  brief period of falling  
asleep  in  the evening, in  lig h t sleep around the m om entary awakenings during 
n ig h t, corresponding to  a d im inution of the leve l o f  vigilance in the course 
o f transitional awakenings during the night just dropping down towards sleep, 
and also in interm ediary sleep  between REM and slow -w ave sleep and follow -
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ing awakening in the m orning while still “ drow sy” [44, 107, 122, 125, 130]. 
All th is appears to  ind icate th at the level o f sligh tly  reduced v igilance evokes 
the seizures. I t  was found th a t th is factor can also be traced in  th e  appearance 
of daytim e seizures. Studies conducted w ith  telem etry  or by fo llow ing certain  
psychophysiological param eters indicate th at the daytim e seizures occur or are 
concentrated precisely around stages m arked by a slight transitional drop 
in the level o f vig ilance [14]. These are the periods o f “ sleepiness”  following  
awakening, after lunch or in the evening. In the sam e w ay, m onotonous, 
boring, wearsom e a c tiv ity  dem onstrably favours the occurrence o f daytim e  
seizures [95, 125, 132]. The h ighly activating effect of sleep deprivation  in this 
form o f epilepsy can be interpreted also in th is sense [55], since an increase 
in “ sleep pressure” m ust be taken into account during such periods.

The counter-check o f the phenom enon has also proved to be true. Since 
1936, descriptions can be found in the literature o f how the arousing stim uli 
and the focussing o f atten tion  inhibit the spike-w ave pattern and petit mal 
seizures [64, 68, 80]. D ifferent atten tive factors (sensory arousing stim uli) 
inhibited the seizures in the GESw m odels produced experim entally  in animals 
and direct electrical stim ulation  of the RA S had a sim ilar effect [37, 114]. 
In harm ony w ith  th is, the tem porary or lasting suspension of th e  reticular 
arousal system  functions prom otes the appearance of seizures [129]. (These 
studies have been described in detail in the previous chapter.)

It would thus appear th a t the seizures are evoked by a sligh t reduction  
of the level o f v ig ilance. A ll influences which lower the tone o f  th e  arousal 
system  and contribute to  predom inance of the sleep prom oting system  have 
an effect evoking or producing seizures and, on the other hand, th ose which  
im prove the tone o f the arousal system  have an inhibiting effect. Further 
reduction in the level o f vigilance in the course o f the process o f fa lling asleep 
again creates an unfavourable situation  for the appearance of seizures. It would 
thus appear th a t there ex ists an optim um  zone o f superficially reduced v ig il­
ance which favours the appearance of seizures, and states o f “ extrem e w aking”  
and “ deeper sleep” in  com parison to this are unfavourable.

In the follow ing sections we shall exam ine the characteristics o f th is zone 
favouring and evoking seizures and whether th is is m erely an incidental factor 
in the seizure m echanism  or w hether it is related in som e w ay to  the actual 
induction m echanism  o f the seizures.

There are m any argum ents in favour o f the view  th at the decisive factor 
in inducing the seizure in th is “ critical zone” is an actual reduction o f the level 
of vigilance th at gives scope to the functions which probably sim ultaneously  
favour both falling asleep and the GESw m echanism . W e have seen that 
really numerous identical anatom ical and functional features can be discovered  
in the structures and functions producing sleep and the GESw seizure m echa­
nism . It is, however, difficult to  include within th is concept those findings which
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sh ow  th a t  w ithin the critica l zone not only changes in the state tow ards sleep  
evok e seizures, hut also “ arousal” influences and spontaneous arousals which  
bring about a rise in the leve l o f vigilance [41, 42 , 50, 100, 121, 122].

I t  is on the basis of th ese  observations th a t the German ep ileptology  
sch oo l defines the G ESw  m echanism s as “ aw akening ep ilepsy” [55]. 
N i e d e r m e y e r  [101] too  approached the question  from  this point o f view , 
stressin g  that the G ESw seizures appear to be linked to the К -com plex, a 
phenom enon  interpreted as abortive arousal in ligh t sleep. He considers that 
th e  “ com m on generalized ep ilep sy ” (which is identica l w ith  GESw) is linked  
to  som e fault of the arousal m echanism  term ed b y  him  as “ dyshorm ia” .

In  v iew  of this it  is questionab le whether th e  effect o f the optim um  zone 
lies  s im p ly  in a slight red u ction  of the level o f v ig ilance. It would appear that 
ch an ges in the critical zone in  th e  direction of b oth  sleep and aw akening pro­
m o te  th e  appearance o f seizures. It follows from th is  that we m ust consider 
w h eth er the decisive factor is n ot precisely som e form  o f dynam ic m om entum , 
a ch an ge in the level o f v ig ilan ce  in one d irection or another. In th is case, 
th e  in flu en ce of the cortical zone lies precisely in  th a t because of its transitional 
n ature there is also a p o ssib ility  for changes in  th e  level of vigilance. Sleep- 
w akefu lness and the R E M -N R E M  borderline zone are an unstable in ter­
m ed iary  state where it is o n ly  after numerous flu ctuations of the level of 
v ig ila n ce  that the. process sw ings towards more superficial or deeper levels 
of v ig ilan ce .

Num erous observations indicate that there m ay be fine fluctuations of 
th e  le v e l o f vigilance in the region of spontaneous p etit mal seizures occurring 
in  th e  awake state. The observation  of L e h m a n  [75] and M e l n i t c h u k  [93], 
for exam p le, who reported th a t brief desynchronization of arousal reaction  
ty p e  can  be observed in  th e  background a c tiv ity  before petit mal seizures, 
can also  be interpreted in th is  w ay as also th e  orientation  behaviour before 
sp ik e-w ave seizures [54]. It has been shown th a t p etit mal seizures are pre­
ced ed  b y  negative direct current shifts [16, 19] -which are generally observed  
at th e  tim e of rises in the lev e l o f vigilance [15]. A nother observation  pointing  
to  flu ctu ation s of the level o f  vigilance accom panying petit mal seizures is that 
E D G  discharges can alw ays be observed after paroxysm s occurring in a state  
of d ozin g  [41], which in d ica tes th a t there has been a rise in the level o f v ig il­
ance. Longer stages of w ak in g w ith successive seizures are frequent during 
n ig h t sleep of petit m al p a tien ts . In these stages too  it can be seen th a t the 
p aroxysm s occurring w hile dozing awake, and th en  as soon as the sleeper 
dozes o ff  again a further seizure with aw akening follow s, thus g iv ing rise 
to  a series of seizures. A t th e  sam e tim e these events prolong the sta te  of 
tran sition a l waking and m ain ta in  continuous fin e  fluctuations betw een the  
s ta te  o f  waking and dozing [44].
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3. D ynam ic characteristics o f  the critical level o f  vigilance favouring generalized  
epilepsy with spike-wave paroxysm s

3.1. The seizure activating effect of dozing induced by hexobarbital in the GESw
mechanism

It has been know n since the early 1950s th at the electrical sym ptom s  
of different ep ileptic m echanism s can he activa ted  by a slow intravenous 
adm inistration o f hexobarbital [25]. Follow ing earlier studies by K a j t o r  [68], 
we reported in 1971 [40], th at induction o f sleep  by intravenous hexobarbital 
is a suitable m ethod for activating the clin ical and electrical phenom ena of 
petit mal seizures in  the GESw m echanism .

W e found th at after the patient has fa llen  asleep and adm inistration  
of the hypnotic agent has been com pleted, it is principally the period of 
awakening that favours the appearance o f  seizure phenomena. In  the course 
of a study of 72 patients suffering from generalized epilepsy with spike-w ave  
paroxysm s we found that during awakening from  hexobarbital sleep we could 
evoke seizures practically  at will by influencing the level of vigilance. U sing  
polygraphy eve were able to  observe that the electrical spike-wave paroxysm s 
are accom panied by som atic (e.g. rhythm ic jerks o f the eyelids) and vegeta tive  
phenom ena (e.g. apnoca and changes in cardiac rhythm ) corresponding to 
petit mal seizures in the awake state.

The hexobarbital was adm inistered according to Kajtor’s m ethod at the  
rate o f 20 mg/10 sec until the stage of deep sleep  was reached (a to ta l dose 
of 0.5— 1.0 g). W e then  term inated the dosage and gradually aw akened the  
patients by applying different sensory stim u li. In  the period of aw akening  
we observed the ab ility  of orientation and to  g ive  verbal replies anil w ith  the 
aid of arithm etical problem s and recording polygraphically  the effect o f sensory  
stim uli we checked continuously  the level o f v ig ilance. We used sensory stim uli, 
sim ultaneously observing the EEG and som atic  reactions, in a sim ilar w ay  
in  the stages o f fa lling asleep, too.

During the process o f falling asleep th e  seizures occurred even  before 
the first 0.1 g o f o f hexobarbital had been adm inistered, in m ost cases after
0.15 g and alw ays before the dose of 0.3 g had been reached. At th is  tim e the  
patients were generally still awake and their  verbal contact was adequate. 
Most paroxysm s occurred in the stage fo llow ing beta synchronization, as the  
slow waves began to  predom inate. As sleep deepened, spike-wave discharges 
in series accom panied by behavioural seizure phenom ena no longer occurred. 
A t the same tim e, how ever, electrical activation  o f different other sp ike-w ave  
patterns appeared. D uring awakening, the appearance of seizures w ent parallel 
w ith the appearance o f th ose stages of sleep in w hich the slow wave activation  
had already ended, w hile at the same tim e th e  arousal stim uli produced
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a resp on se  characterized b y  a synchronization  o f electrical activ ity , th e  appear­
ance o f  slow  waves of greater am plitude (F ig . 1). A t this stage th e  verbal 
co n ta c t w as reestablished, spontaneous m ovem ents and electroderm ographic  
discharges o f high am plitude appeared.

T h e sensorial stim uli either evoked or in h ib ited  the seizures, depending  
on th e  actu al level of v ig ilance. I f  the patien t was close to full aw akening and

muscle 
Eye movement 

ventillation
Ecg М» 1*4*444**^

F ig . 1. Z. K . 12 years old girl. S p ike-w ave p a ro x y sm  a f te r  synchron iza tion  ty p e  aro u sa l 
re a c tio n  evoked b y  n o c icep tiv e  stim uli in aw ak e n in g  from  h ex o b arb ita l sleej)

F ig . 2 . A w ak en in g  from  h e x o b a rb ita l  sleep. In  th e  c r itic a l level of vigilance, calling  b y  n am e 
f irs t  e v o k es  a syn ch ro n iza tio n  ty p e  arousal re ac tio n  a n d  subsequen tly  a se izure  a p p e a rs ; 

la te r ,  th e  sam e stim ulus in h ib its  th e  sp ike-w ave p a ro x y sm  w ith  a desy n ch ro n iza tio n  re a c tio n
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Fig. 3. M. 1,. 19 y ears o ld  fem ale. T hree  20 sec sam ples from  a 14 m in  period  of aw aken ing  from  h e x o b a rb ita l  sleep. V igilance d ep en d en t a c tiv a tio n  of sp ike-w ave p a ro x y sm s sy n ch ro n o u sly  w ith  clinical ab sen ces





GENERALIZED EPILEPSY, DISORDER OF SLEEP PROMOTION 61

the E E G  desynchronization reaction had already reappeared in response to 
arousal stim u li, the stim ulus did not evoke a seizure and even  inhibited  
paroxysm s already present. In  contrast, while the subjects were still in  sligh tly  
less, aw ake when the sensorial stim uli produced an EEG  synchronization  
reaction (drop in frequency and rise in am plitude), seizures very frequently  
follow ed th e  stim uli. W e were able to observe in a number of cases th a t a 
seizure evoked  in this w a y  by a particular sensorial stim ulus cou ld , on the 
contrary, be inhibited by subsequent application o f the same stim ulus (F ig . 2). 
Thus, in  th e  course of aw akening it  was alw ays possible to id en tify  a favour­
able zone where seizures appeared, whether it was approached from  th e direc­
tion  of sleep or from th a t o f  wakefulness. I f  we did not rapidly aw aken the 
patient but allowed him to  sleep back repeatedly into a state o f dozing , we 
were able to  record as m an y  as 30— 40 seizures up to  the point o f  com plete  
arousal. In  other words, w hen  “ floating” in th e  critical zone o f  s lig h tly  de­
creased consciousness, p ractica lly  a state corresponding to status ep ilepticus 
(petit m al status) could be m aintained (Fig. 3). The extent of seizure activa tion  
that could be induced \ i ith  hexobarbital corresponded to the frequency o f the 
patien t’s spontaneous seizures.

3.2. D yn am ics of the appearance o f  p e tit mal paroxysm s on the borderline  
between R E M  and sloiv wave sleep

Changes in the level o f  vig ilance were studied  in REM and in  th e  in ter­
m ediary sleep  stages preceding and following them , and also th e  location  
o f seizures occurring in th is  zone in 11 GESw epileptic patients over 12 nights 
and in 3 h ea lth y  subjects over 5 nights [44]. The stages studied w ere broken  
down into  four domains w hich  we considered to  represent different leve ls  of 
vigilance. These were: rapid sleep w ith eye m ovem ents, rapid sleep  w ith ou t  
eye m ovem ents, an in term ediary stage of sleep w ith  changes ten d in g  tow ards 
aw akening (the appearance o f  alpha spindles) and an interm ediary stage  w ith  
changes tend ing  towards sleep  (sigma spindles and/or К -com plexes). We 
scored th e  records at 20 sec in tervals according to  the four levels id entified  
and in th is  w ay obtained m icrohypnogram s w ith  one sec resolution for each  
interm ediary-R EM -interm ediary stage. W e analysed a tota l o f  50 inter- 
m ediary-R EM -interm ediary stages of the patien ts and 23 such stages o f  the 
healthy subjects. The p a tien ts selected for th e  study were persons whose 
records show ed seizure phenom ena far more frequently than usual (F ig . 4).

The greatest proportion o f seizures appeared at the level of interm ediary  
sleep descending towards slow  w ave sleep and m ost particularly in  th e  in ter­
m ediary stages following R EM  (i.e. tending downwards). Here too , th e y  were 
more frequent in the second th an  in  th't first half o f the night. Seizures appeared  
the least frequently in the stage  o f rapid sleep accom panied by rapid eye m ove-
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F ig . 4 . T y p ical in te rm ed ia ry  — R E M  — in te rm ed ia ry  sleep  periods in  a  co n tro l su b jec t 
(be low ) a n d  in  a p a tie n t  w i th  G E S w  m echanism  (ab o v e), a  =  in te rm ed ia ry  s tag e  o f sleep 
w ith  changes tend ing  to w a rd  a w ak e n in g  (a spindles); R S-O M  =  ra p id  sleep w ith  o c u la r  m o v e­
m e n ts ;  R S  2 rap id  sleep w ith o u t  ocular m o v em en ts ; sp in d le  =  in te rm ed ia ry  s tag e  w ith  
c h an g es  ten d in g  to w ard  sleep  (s ig m a  spindles). E a c h  v e r tic a l  h eav y  line rep re sen ts  a  spike- 

w av e  paroxysm . PM  =  p e rc e n t  o f those 20 sec w h ich  co n ta in  sp ike-w ave seizures

m en ts (they practically n ev er  occurred here during eye m ovem ent clusters). 
Seizures were slightly  m ore frequent in th e  stage  o f rapid sleep w ith ou t eye 
m ovem en ts and more freq u en t in the stage o f  interm ediary sleep tending  
tow ards awakening hut even  here did not reach th e  values recorded in  the 
in term ediary stage ten d in g  towards slow w a v e  sleep  (Fig. 5).

There was a ch aracteristic  change in th e  structure of the interm ediary- 
REM -interm ediary stages in  the patients in con trast w ith the healthy subjects. 
W hereas interm ediary sleep  before, after or during th e  REM stages represented  
an average of 5.5%  o f to ta l sleep in the h ea lth y  subjects, it reached as much 
as 11.9%  for the patien ts (F ig . 6). It was also characteristic that not only was

Acta Physiologica Academiae Scientiarum Hungaricae 57, 1981



GENERALIZED EPILEPSY, DISORDER OF SLEEP PROMOTION 63

^ __________ T rs  R S  T r s____
pM% ■* RS 100% Trs

90 
80 
70 
60 
50 
40 
30 
20 
10

28.8% 31.2% 7.9% 256% 6.5%
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Fig. 6. D u ra tio n  of in te rm ed ia ry  an d  R EM  periods d u rin g  12 n igh ts o f 11 p a tie n ts  (P M ) an d
5 n igh ts o f 3 con tro l su b je c ts  (C)
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Fig. 7. A m o u n t o f sp ike-w ave reac tions to  aco u stic  s tim u li an d  body m o v em en ts  d e riv e d  
from  th e  a ro u sa l effec t evoked by  299 acoustic  a n d  260 b o d y  m ovem ents (3 a n d  5 p a tie n ts ,
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th ere  an increase in the to ta l am ount o f in term ed iary  stages, but such  stages  
occurred  m uch more frequently  w ithin th e  periods of REM sleep. In  other  
w ords, there appeared m uch greater and m ore irregular fluctuations o f  the  
le v e l o f  vigilance in  the patien ts than in  th e  h ea lth y  subjects. There was 
th erefore  an increase in  th e  patients in the proportion  of precisely th a t stage  
of in term ediary  sleep w hich  form ed the “ b ed ’5 o f  the seizures. The num ber  
o f seizures appearing in  th e  transitional stages w as in  proportion to  the num ber  
o f  d a y tim e  seizures.

A bortive spike-w ave series not accom panied b y  clinical seizure phenom ­
ena could  be evoked b y  sensorial stim u la tion . This responsiveness was 
grea test in  the superficial slow  wave sleep stages preceding or fo llow ing in ter­
m ed iary  sleep, and declined w ith  the reduction  o f the depth of sleep (F ig . 7).

3 .3 . D yn am ics o f seizures o f  generalized ep ilep sy  with spike-wave paroxysm s  
in the superfic ia l stages o f  slow wave sleep

T he level of v ig ilan ce was studied in  four patients show ing frequent 
seizu res while dozing in  the superficial stages o f  slow  wave sleep (in stages 1 and 
su p erfic ia l 2 according to  th e  R echtschaffen-K ales scale). These changes were 
stu d ied  for 110 spontaneous seizures and for 260  seizures evoked b y  sensory  
s tim u la tio n  and in the region o f 160 sensory stim u li not followed b y  seizures 
[72]. A s in the previous s tu d y , changes in  th e  lev e l o f vigilance were stud ied  
b y  th e  m icrohypnogram  m ethod, identify ing m ore sublevels of stages 1 and 
2 on  th e  basis of electrom orphological phenom ena.

of

d ^

*
1 ^

F ig . 8. C hanges in th e  m ic ro h y p n o g ram s before a n d  a f te r  s tim u li iV/B values in  th e  case of 
se izu re s  a n d  w ith o u t seizures, c o n n ec ted  w ith  s tim u la tio n  a t  d ifferen t levels o f E E G  a c tiv ity , 
a  a lp h a  sp indles; d =  f la t  w i th o u t  spindles; v  =  v e r te x  spikes; s =  sleep sp in d les ; 1 =  
slow  w av e  ac tiv ity . R  =  s tim u li fo llow ed by seizures; R N  =  stim u li no t follow ed b y  seizures; 
n v  - n o t  su itab le  for s ta tis t ic a l  te s ts ;  ns =  n o t s ig n ific a n t; x  =  p < 0.001. T he in s e r t  r ig h t 
b e lo w  show s th e  ev a lu a tio n  of th e  m ic rohypnogram  in  th e  case of a successful (fo llow ed by  
a se izu re  (R ) an d  an  unsuccessfu l (R N , no t follow ed b y  seizure) stim uli. On th e  v e r tic a l  ax is 
e a c h  la y e r  charac te rised  b y  an  E E G  phenom enon h as  10 v a lues. On th e  h o rizo n ta l ax is  one 
v a lu e  re p re se n ts  one sec. T he n u m b e rs  un d er th e  h y p n o g ra m s  are the  te rr ito ria l v a lu es ex p ressed  
w ith  th e  n u m b er of l it t le  sq u a re s  u n d e r th e  re le v a n t te rr ito rie s . V alues h ig h er th a n  1 d e ­
te rm in e  f lu c tu a tio n s  to w a rd  m o re  superficial sleep or to w a rd  aw akening while v a lu e s  below  
1 d e te rm in e  tendencies to w a rd  d eep en in g  of sleep. T en d en c ie s  of f lu c tu a tio n  w hich  are  follow ed 

b y  seizures are  u n d e rlin ed  by  heav y  a rro w s in  th e  in se rt left below
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The sensory stim u lu s, a combined click and flash, was fo llow ed  by a 
seizure if  the stim ulation  had been followed b y  a parodoxical e ffec t, a drop 
tow ards deeper sleep if  th e  stim ulation had reached the sleeper in  th e  super­
ficia l layers and, turning tow ards awakening, i f  it  had arrived in th e  deeper 
layers. The seizures, on th e  other hand, were alw ays followed b y  a change 
acting towards aw akening (a rise in the depth o f sleep). Stim uli n o t followed  
b y  seizures, if  the stim u la tion  occurred in th e  superficial layers, resulted  in 
no change or in a further rise in the sleep level and i f  the stim ulation  occurred 
in the deeper layers, it  w as followed by a further deepening or no change
(F ig. 8).

W e thus observed in ten sive  fluctuations in  the sleep level in th e  region 
o f seizures. The sensory stim ulation  intensified these fluctuations and at the 
sam e tim e also increased th e  number of seizures.

3.4. Overall characteristics o f  the dynam ics o f  fluctuations in the level 
o f vigilance observed in  the zone o f vigilance critical for GEStv seizures

It would appear from  all three types o f stu d y  described ab ove that 
w hether observed on the borderline between w akefulness and sleep or between  
REM  and slow-wave sleep , th e  critical zone contains intensive fluctuations  
o f the level of v ig ilance and these fluctuations prom ote the appearance of 
seizures. The fluctuations can be intensified by sensory stim ulation  and this 
again increases the frequency of seizures. A constant positive feedback  effect 
develops between the appearance of seizures and the fluctuations o f  th e  level 
of consciousness favouring them  and in th is w ay the seizures can be said 
to  perpeftiate the transitional states.

It could be observed that the influence o f  both  the sensory stim ulation  
and the seizures on th e  dynam ics of changes in  the level of v ig ilance is such 
th at each change, either tow ards sleep or aw akening, is followed by a rebound 
in the opposite direction.

It therefore appears probable on the basis o f  the above observations that 
p etit m al seizures appear on the unstable borderline betw een w akefulness and 
sleep and between REM  and N-REM , and alw ays appear w ith  characteristic  
fluctuations of the level o f  vigilance where th e  changes towards aw akening  
are alw ays followed b y  rebounds towards sleep.

II we take into account the dynamic m om entum  analysed ab ove which 
appears to be of decisive im portance for the appearance of petit mal seizures, 
it  is possible to resolve th e  contradiction that a reduction in the level o f  v ig il­
ance favours the appearance o f  seizures but desp ite th is they freq u en tly  occur 
in response to arousal stim u li.

It foil ows from the above that in the induction  of petit m al seizures 
we m ust attribute an im portant role to fluctuations in the level o f  vigilance
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o ccu rrin g  at the borderline b etw een  sleep and w akefu lness. We could th u s hope 
th a t  th e  study of dynam ic characteristics o f th e  fluctuations o f th e  level of 
v ig ila n c e  w ithout epilepsy w o u ld  throw som e lig h t on certain features which  
w ill b e  o f  value in the fu rth er  understanding o f  th e  GESw pathom echanism .

4 . ‘‘‘'Reciprocal induction”  typ e  regulation in  the m icro-oscillations o f  sleep

Polygraphie night s leep  record showed th a t  there are con stan t flu ctu ­
a tio n s o f  the depth of sleep  in  all its phases. T he sm aller the scale on which  
th is  process is studied, th e  f in e r  the fluctuations th a t can he detected . I t  would  
th u s  appear that the trends producing cyclical alternations in th e  depth  of 
sleep  (i.e . the deepening o f  sleep  or its gradual change towards m ore super­
f ic ia l s leep , in other words on  th e  descending or ascending lim bs o f th e  cycles) 
are asserted  through “ m icro-oscillations” of th e  depth of sleep. I t  haá been 
sh o w n  above that analysis o f  fluctuations o f th e  depth of sleep around petit 
m al seizures suggested th e  a c tio n  of a particular regulation  principle. It appeared 
th a t  a sudden change in a n y  direction of sleep w as followed b y  a correction  
in  th e  opposite direction. A ll th is raises the p ossib ility  that the fluctuations  
o f  th e  depth of sleep are determ ined by the balance of two forces acting in 
a n ta g o n istic  directions, one tow ards arousal, th e  other towards sleep prom otion.

T h e force behind th e  tendency acting in  th e  direction tow ards sleep 
is o b v io u sly  the sleep prom otin g  system  w h ich , inhibiting the arousal sys­
tem  [1 1 ], sets off the process o f  falling asleep. In h ib ition  of the arousal system  
in creasin g ly  reinforces th e  sleep  system p reviously  counterbalanced by the  
R A S  and  in this w ay fa llin g  asleep could be exp la ined  by a self-reinforcing  
p rocess [97]. But what ex p la in s the fact that at a certain  point in d eep ^ leep  this 
p rocess is  reversed and a sim ilar  self-reinforcing aw akening process tak es place 
on th e  ascending lim b o f th e  sleep cycles. A sim ilar problem is how  to  incor­
p o ra te  in to  the described “ avalanche” like process o f falling asleep the micro­
o sc illa tio n s  which indicate th e  presence of trends acting towards arousal w ith­
in  th e  trend towards fa llin g  asleep. This kind o f dynam ics makes it  lik e ly  that 
th e  arousal system  p rob ab ly  plays a more a c tiv e  role in regulation than  we 
h ad  supposed previously and  that it is not ex c lu sive ly  tonic in fluences but 
su d d en  abrupt phasic ch an ges which determ ine th e  events in the regulation, 
th a t  is , in  the interaction o f  th e  sleep prom oting and arousal system s.

4 .1 . The synchronization reaction

W e thus sought p h enom ena in the sleep  process which could be con­
sid ered  to  represent sudden  changes, particularly rises, in the depth  o f sleep 
and  w e studied the link b etw een  these phenom ena and sudden rises in  the 
d ep th  o f sleep in response to  external stim uli. I t becam e obvious th a t the
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sleep  process continually  contains phasic phenom ena which can be interpreted  
as sudden fluctuations o f the depth of sleep , w hile at the same tim e all these  
phenom ena can repeated ly  be evoked by ap p ly in g  arousal stim uli, in  exactly  
th e  sam e form as th ey  appear in the spontaneous sleep process. T hese charac­
teristica lly  “ Janus-faced” somnographic phenom ena, [tartly spontaneous and 
partly  evoked, are the vertex potential o f dozing, the К -com plex o f  super­
fic ia l and medium  deep sleep, the slow w ave groups of deep sleep and the 
m icroarousals th a t can be observed throughout the whole of slow  w ave sleep 
and from the polygraphic point of v iew , th e  E D G  discharge accom panying  
these phenom ena can also belongs here. (In th e  sam e way, spontaneous phasic 
phenom ena evoked by arousal stim uli, can be identified in the REM  phase, 
too .) W e considered these phasic phenom ena in the course o f the constant 
fin e  fluctuation  o f th e  sleep level to be “ critical points” , where the dynam ics 
of fluctuations o f the depth of sleep can be studied .

Let us now consider the effect of ex tern a l, attention-raising stinm li act­
ing through the arousal system , in the course o f  falling asleep. The non-specific  
arousal reaction, the “ desynchronization response” of the waking sta te , changes 
in the course of falling asleep and characteristically  assumes an opposed value, 
becom ing “ synchronizational” in nature. T his begins with the stim uli recalling  
the alpha activ ity  (paradoxical alpha reaction) in the course o f ligh t dozing, 
th en  in the m ost superficial stage of slow w ave sleep vertex sharp potentials  
appear and subsequently in stages 2 and 3, К -com plexes emerge. As the depth  
o f sleep increases, the latter more and freq u en tly  become double and triple 
com plexes and th en  take on the form of slow  w ave groups. F in a lly , as the 
slow  waves gradually becom e predom inant w ith  the emergence o f stage 4, 
the response cannot be followed since the reactive slow groups can no longer 
be distinguished from the background a c tiv ity . (W e shall see later th a t the 
responses can be detected  even in this stage b y  using an averaging technique.) 
It would therefore appear that in the course o f  falling asleep and in  all phases 
of slow  w ave sleep, the arousal stim uli produce responses of the sam e a mor­
phology as that o f the spontaneous phasic electrographic phenom ena charac­
teristic  of that particular stage. It thus appears reasonable to assum e that 
the “ spontaneous” phasic electrographic phenom ena also occur in response 
to phasic arousal influences which are con sta n tly  present, tran sm itted  or 
physiologically  produced by the RAS. In th is  case, however, w e find  the  
particular phenom enon th at the arousal in flu en ce produces a reaction  in  the  
opposite direction, acting towards the deepening of sleep. W e call th is the 
“ synchronization reaction” .

Now we have reached for the second tim e th e  possibility that a regulation  
operates the fine fluctuations of sleep level in  which sudden changes acting  
either toward arousal or towards falling asleep  produce “ rebounds”  in the 
opposite direction. R egulation of this type is w ell known in the theory  o f bio­
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log ica l sy stem s and corresponds to  the Selbach “ reciprocal induction” regu la­
tio n  m o d e l [120].

A ccord ing  to this m odel, tw o m utually antagonistic  half system s co­
operate in  such a w ay th a t a stim u lu s in one system  causes a reciprocal in d u c­
tio n  (n o t inhibition) of the op p osite  halfcentre. T hus, stim ulation o f one h a lf­
sy stem  produces a rebound in  th e  other half-system , again activating th e  first 
h a lf-sy stem , and so on. The “ balance of forces” betw een  the two ha lf-system s  
regu lates th e  trend and form  o f the oscillation produced in this w ay. T hus, 
in  our case , the reciprocal in d u ction a l in teraction  o f the sleep and arousal 
sy stem s produces the m icro-oscillations in sleep. (The balance of forces betw een  
the tw o  system s is estab lished  b y  the cyclical changes influencing th em  for 
in sta n ce  b y  the m etabolism  o f  biogenic am ines.)

A p p lication  of the princip le o f reciprocal induction  to the sleep process 
is m u ch  m ore readily com patib le  w ith  the continous fluctuations o f th e  sleep  
leve l and  w ith  the recurring phasic phenom ena found in them , th an  is the  
reciprocal antagonism  concept o f  M o r u z z i  [97] and B r e m e r  [12]. In  th is  w ay  
th e  reticu lar  arousal system  p lays an im portant role in the estab lishm ent of 
sleep . W hereas under the an tagon istic  concept sleep occurs “ d esp ite”  the  
reticu lar  arousal system , according to  our theory, it happens with th e  p artic i­
p a tion  o f  th e  arousal sy stem . I f  we accept th a t the sleep prom otion and 
arousal sy stem  take part in  th e  sleep process according to the princip le of 
reciprocal induction, and th a t even the spontaneous phenomena o f fa lling  
asleep  are the products o f rebounds arising as a result of phasic in fluences  
o f th e  arousal system , th en  it  becom es m uch easier to understand all the  
ob serv a tio n s indicating th a t continuous sensorial stim ulation  has th e  effect 
of in d u c in g  sleep which had previously  been d ifficu lt to explain [29, 67 , 82, 
96, 105 , 115, 118, 127].

A ssu m in g  the reciprocal induction  principle to  be valid , the qu estion  
m ay arise o f  the extent to w h ich  the actual “ arousal effect” and th at to  w hich  
on ly  th e  “ rebound” can be fo llow ed in the electrographic phenom ena in  re­
sponse to  arousal stim uli. W e w ould  naturally exp ect to be able to fo llow  both  
com p on en ts. It seems, how ever, th at th is is not a lw ay possible as it is probably  
d eterm in ed  by the state of balance betw een th e  tw o system s and the strength  
of th e  arousal influence. In a s ta te  where the sleep prom oting system  largely  
d o m in a tes  the arousal system  and the arousal stim ulus is short and n o t too  
stron g , w e can observe on ly  th e  rebound as for exam ple, in the case o f  the  
К -co m p lex . In a constellation  where the sleep prom oting and arousal system s  
are in  re la tiv e  equilibrium, or where the sleep prom oting system  predom inates  
on ly  s lig h tly  and at the sam e tim e the stim ulus is com paratively strong and/or  
of lon ger  duration, there is a possib ility  of d etectin g  both phases. T hus, for 
ex a m p le , in  the case of aw akening from hexobarbital sleep, while th e  arousal 
stim u li produce a “ pure synchron ization” response in a less awake s ta te , in
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the more superficial stage, w e can observe “ post-synchronization”  on ly  follow ­
ing in itial “ desynchronization” or, more rarely, desynchronization  follows 
after transitional „synchron ization” , generally in  cases where th e  stim ulus 
acts for a longer period [69]. Sim ilarly, in the m icroarousals described by  
S c h ie b e r  et al. [126] as “ les phases d’activation  transitoire spontanées” , 
the transitory activation (arousal) is follow ed by d isactivation  (sh ift towards 
sleep).

T hus, in the course o f  falling asleep, th e  electrograpliic responses to  
arousal stim uli change and instead  of the desynchronizational response of the 
awake sta te  we find responses which, although o f different m orphology, are 
all “ synchronizational” . A  uniform  explanation can be supplied for the m echa­
nisms g iv in g  rise to these “ synchronizational responses” assum ing th a t these  
are rebound phenomena actin g  in the direction o f sleep and arising in  the 
course of th e  reciprocal in d u ction  typy interaction  o f the sleep prom oting and 
arousal system . This exp la in s w hy we treat them  uniform ly as “ synchroniza­
tion response” . Now, as to  the К -com plex, the particular synchronization  
response to  which many stu d ies are devoted let us consider the ex ten t to which  
its m orphological and fu n ction a l characteristics correspond to the ahove-otit- 
lined concepts.

4.2. The К -complex as the “ building stone” o f  the sleep prom oting process

Since the first descriptions of the К -com plex only few studies approached  
the functional significance » ,f  the ph cnom enon. Its m orphological charac­
teristics, distribution, la ten cy  tim e and the d ifferent param eters under which 
it can he evoked have been  described [22, 81]. Its connection w ith  the non­
specific reticular system  w as recognized at an early stage [119]. One o f the 
main trends in views concerning the К -com plex is th e  link betw een the pheno­
menon and sensorial stim u li, and the assum ption that it represents som e form  
of abortive arousal reaction  during sleep [61]. A t the same tim e there was 
a trend right from the start th a t stresses the link betw een the elem ents of the 
К -com plex and the spontaneous EEG phenom ena of slow w ave sleep and, 
contrary to  the above v iew , attributed to the com plex a sleep protecting  
function [36, 66].

Our о л у п  observations [48] are based on the night sleep at 5 different 
activation  levels for each o f  8 healthy young adult volunteers. W e m easured  
the average frequency per m in u te  of the К -com plexes in stage 2 on th e  descend­
ing and ascending limbs o f  th e  sleep cycles. There w'as no sign ificant differ­
ence in the average frequency per m inute of phase 2 on the descending and 
ascending lim bs, only a characteristic deviation  in  the distribution o f the K- 
com plexes w ith in  the descending and ascending stages 2. W hile th e  number 
of К -com plexes in the descending stages 2 stead ily  increased w ith  progress
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to w a rd s stages 3, in th e  ascen d in g  stages 2 no con sisten t trend could be found  
in  th e  course of tim e, and th e  frequency o f th e  K -com plexes flu ctu ated  from  
m in u te  to  minute. The e x te n t  o f  the steady increase found in  the descending  
2nd s ta g es  gradually declined  from  the beginning to  the end o f sleep . A  similar 
step  b y  step decrease w as fou n d  in the d en sity  o f  the К -com plexes in  sub­
seq u en t cycles from even in g  to  morning (F ig. 9). It thus appeared th at the 
b eg in n in g  of sleep is accom panied  by increasing К -com plex form ation. We 
th erefore  studied w hether th ere  was a connection  betw een th e  ex ten t of 
d eep en in g  of sleep and th e  orig in  of К -com plex form ation in a m ore general 
form , to o . We compared th e  depth of the cycles and the frequency o f K- 
co m p lex es  measured in  th e  stages 2 of the g iven  cycles, so we determ ined  
th e  “ d ep th ” of the cycle b y  th e  “ depth” o f th e  deepest sleep stage reached  
in  th e  cycle . It was found th a t  the number o f K -com plexes/tim e measured  
in  th e  stages 2 rose in d irect proportion w ith  th e  depth of the cycle . In other 
w ord s, th e  deeper the sleep reached in the g iven  cycle, the more K -com plexes 
w ere form ed in a given tim e  u n it in  the sleep stages 2 (Fig. 10).

In  another study [47] w e averaged the electrographic “ synchronization  
resp o n ses” evoked by com bined  click-flash stim u li below  the arousal threshold  
in  th e  entire night sleep o f  3 h ea lth y  young adult subjects. In agreem ent with  
th e  observations of Ch u r c h  et al. [17], it was found  th at the К -com plex type  
syn ch ron ization  response cou ld  be followed even  in the deepest sleep with  
th e  a id  o f an averaging tech n iq u e. The am plitudes of the synchronization

L,

3

2

1

LminJ 
density  of 
К com plexes

serial №  of cycles 

1 2 3 I  5

F ig . 9 . L in e a r  regression fu n c tio n s  f i t te d  to  the  К -den sitie s  m easu red  in  s tages 2 from  cycle 
to  c y c le  in  th e  five sleep g ro u p s. E x c e p t  th e  group tre a te d  w ith  p sy c h o stim u la n t (Sy) all sleep 

g ro u p  show a decreasing  te n d e n c y  from  evening to  m o rn in g  in th e  freq u e n c y  of
K-com plexes
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d e n s i t y  o f 
К c o m p le x e s

2.0- .

s y d n o c a r b  N. A. S  s t i m u l a t e d

2.0-1

!

p la c eb o  c o n tro l

-•— ► p< 0.05
— ® »• p>0.1

F ig. 10. F re q u e n cy  o f К -com plexes o f d ifferen t sleep g ro u p s according to th e  d e p th  o f  th e  
sleep cycles. 2, 3 an d  4: sleep cycles w here th e  d eep est s tage  w as stage 2, 3 an d  4, re sp ec tiv e ly . 

D ouble arrow s show  th e  re su lt  o f W ilcoxon’s te s t

responses follow ed very closely the flu ctu ation  o f  the sleep level and were 
roughly proportionate to the depth of sleep in the sense that the more super­
ficial the level of sleep where th ey  were m easured the lower and th e  deeper  
the level o f sleep and the greater their am plitude (Fig. 11).

In a third (unpublished) study К -com plexes were evoked by com bined  
click-flash stim uli below the arousal threshold. One stimulus was g iven  at 
a random  rate every 20 seconds on the average. Stim ulated and unstim u lated  
periods were alternated every 5 m inutes in  the course of descending and  
ascending 2nd stages of the first two cycles of 6 nights of sleep in th e  sam e  
experim ental subject. The proportion o f spontaneous and evoked K -com - 
plexes was exam ined and also the com parative frequency of the spontaneous  
slow groups and К -com plexes. It was found th at considerably more K -com -  
plexes appeared in the stim ulated  periods than  spontaneously, w hile the  
spontaneous К -com plexes becam e much less frequent in the stim ulated periods;
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К. A

F ig . 11. A veraged  e le c tro g ra p h ic  sy nchron iza tion  re sp o n se s  du rin g  a whole n ig h t. O n th e  le ft 
th e  h y p n o g ram  is show n. T h e  a c tu a l tren d  o f sleep is  m a rk e d  in  all sleep stages. T he a rro w s 

connecting  th e  e v o k ed  responses w ith  th e  h y p n o g ra m  m ean  th e  places o f sam pling

in  other words, th e  stim u li could be said to  have exhausted the cap acity  of 
К -com plex form ation (F ig . 12). The sam e relationship  was observed betw een  
the evoked К -com plexes and the spontaneous slow  wave groups. Spontaneous 
slow  groups occurred on ly  sporadically in  th e  stim ulated periods. A ll th is  
ind icated  that spontaneous К -com plexes cou ld  be identified w ith  th e  evoked  
К -com plexes and w as com patible w ith th e  assum ption that the spontaneous 
slow  groups were also reactive elem ents sim ilar as the K -com plex.

I t  has been p o in ted  out above th at tw o  apparently contradictory con ­
cepts ex ist in the explanation  of К -com plexes. According to one concept, 
th e  К -com plexes represent abortive arousal responses and, according to  the  
other, th ey  reflect an inhibitory sleep protectin g  function. According to  the
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reciprocal inductional m odel, we shall attem pt to  com bine the tw o  concepts 
and we assum e that th e  К -com plexes are rebound reactions on th e  part of 
the sleep prom oting process arising in response to  sensorial im pulses trans­
m itted through the reticular arousal system . Our own experim ental findings  
appear to  he readily open to  interpretation in th e  light o f this concept.

I f  the К -com plexes can be interpreted as arousal responses, a rise in  the  
number o f К -com plexes w ould  be expected as th e  n ight passes and as sleep  
becom es more superficial, w ith  the increase o f  responsiveness to  external 
stim uli. H ow ever, from even in g  to morning and from cycle to cycle , both  
the num ber of К -com plexes m easured in stage 2 and the extent of th e  gradual 
increase in frequency w ith in  th e  descending 2nd stage  towards stage 3 stead ily  
decline. A t the same tim e, a phenom enon interpreted  as an “ arousal response”  
on the descending lim bs w hile sleep is deepening in  proportion to the reduction  
of “ aw akeness” , could be expected  to grow less frequent rather th an  more 
frequent. The frequency o f К -com plexes, how ever, increased in stage 2 as it 
approached towards stage 3. In  other words, it  w ould  appear that the behav­
iour of the К -com plex runs parallel to the sleep prom oting rather than  to  the  
arousal process. Further evidence in favour o f th is  is that the num ber o f K- 
com plexes measured in stage 2 indicated well beforehand the depth  o f the 
sleep cycle in which the stage 2 concerned is located . К -com plexes are obvious 
determ ined not only b y  th e  ex ten t of dominance o f  th e  sleep prom oting system , 
since their  number in th e  descending stage 2 o f th e  cycles was the sam e as or 
greater than  in the descending ones. The num ber o f К -com plexes flu ctu ated  
greatly from m inute to m inute and we did not d etect any consistent tendency  
in the num ber of К -com plexes per tim e unit sim ilar as th at for the descending

Fig. 12. D en sity  of sp o n tan eo u s (sp ) a n d  evoked (ev) К -co m plexes in  s tim u la ted  (n : 34) and  
no t s tim u la te d  (n: 35) stages 2 o f  th e  f irs t tw o cycles o f  6 n ig h ts  o f th e  sam e e x p e rim e n ta l 

su b ject. I  =  s ta n d a rd  dev ia tion ; J  =  s ta n d a rd  erro r
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lim b . T h is phenomenon is com patib le w ith th e  conception of the K -com plexes  
as a rebound reaction o f th e  sleep-prom oting system  to  arousal stim u li. Arousal 
in flu en ces can be effective increasingly frequently  on the ascending lim b and 
sin ce  th e  sleep prom oting sy stem  still predom inates in  this period, all o f them  
h ave a rebound evoking e ffect. Interpreted in  th is  way, the stea d y  increase 
in th e  frequency of К -com plexes on the descending limb could in d icate  that 
th e  sleep  promoting system  becom es increasingly dom inant thus g iv in g  rise 
to  an ever greater rebound ten d en cy  and, togeth er  w ith  it, a stea d ily  growing 
reciprocal inductional a c t iv ity  o f the arousal system  which again results in 
in creasin g ly  frequent rebounds from the sleep prom oting system . T hus, the 
d om in an ce of the sleep prom oting system  on the descending lim b determ ines 
th e  ev en ts , and the sensory stim uli through the rebound reactions resulting  
in a gradual m obilization o f  the sleep prom oting system , push th e  process 
tow ard s the deepening o f sleep . In contrast, the appearance o f K -com plexes  
on th e  ascending lim b is incidenta l and depends to  a greater ex te n t on the 
ev o k in g  influence o f th e  sensorial im pulses th an  does the behaviour o f the 
sleep  prom oting system .

T hus, in our concept th e  process of fa lling  asleep emerges from  rebounds 
of th e  sleep prom oting process in response to  sensorial stim uli stream ing in 
from th e  external environm ent.

T his concept is in good agreement w ith  th e  physiological changes in 
sen sory  transm ission during sleep . There are several evidences in favour o f  the 
s im ila r ity  between К -com p lex  phenomena and th e  non-specific evoked  re­
sp on se. The non-specific evok ed  response can be detected over the w hole cortex 
tra n sm itted  by the non-specific  thalam ic reticular system  [57], independently  
o f th e  m odality  of the e lic itin g  stim uli. In sleep th e  am plitude o f  th e  specific  
sen sory  responses connected  w ith  the specific sensory transm ission decrease 
w h ile  th e  am plitude o f th e  non-specific evoked  responses increase. Contrari­
w ise to  th e  specific sensory evoked  responses, th e  non-specific responses do not 
resu lt in  an increase o f cortico-spinal m otor excitab ility  [13]. The specific  
sen sory  transm ission is decreased during th e  recruitm ent originated b y  the 
th a la m ic  non-specific sy stem  [3]. On the other hand, the am plitudes o f the  
n on -sp ecific  evoked responses remain unchanged during spindling [76]. The 
К -co m p lex  behaves sim ilarly  as the non-specific sensory response [17, 18, 70].

So the К -com plex ty p e  synchronization reaction evoked b y  phasic 
sen soria l input during sleep represents an operational change in th e  sensory  
tran sm ission , as com pared w ith  the awake sta te . In the awake sta te , new 
sen sory  stim uli reach the sp ecific  cortical sensory areas through th e  specific, 
sen sory  relay nuclei o f the thalam us and evoke a short latency cortical re­
sp on se , connected w ith a specific  motor answer. In  sleep the specific sensory  
transm ission  is depressed and th e  sensorial in p u t, through another w ay , arrives 
in to  a com m on pool in th e  thalam ic non-specific system . Through th is  system
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th ey  are feeding the slow wave sleep synchronization over the w hole cortex. 
So the external sensory stim uli serve the sleep process.

In th is w ay, inputs from th e external environm ent assume a sleep  pro­
m oting effect through the reciprocal inductional interaction of the arousal and 
sleep prom oting system s. In  th is process the К -com plexes behave as s ign ifi­
cant building elem ents o f the “ in duction” process which can readily be studied . 
W e could also say that in the antagonistic  cooperation of the sleep prom oting  
and arousal system  the К -com plexes are the tracer marks of the p hasic  in ter­
action , the “ clashes” o f the tw o system s. The more balanced the “ stren g th ” 
of th e  sleep prom oting and arousal system s, th a t is, the longer th e  duration  
of th e  flu ctu ation s in the balance of forces through which one sy stem  gradu­
ally  becom es predom inant in  the course o f either falling asleep or aw akening, 
the more possib ility  there is for the form ation o f K-com plexes.

The К -com plex can thus be considered as a “ building sto n e”  o f  the  
process o f  falling asleep which contains the w hole sleep induction  process 
in concentrated  form and is an elem ent of th is process in w hich th e  whole  
is reflected  like a model.

5. A nalogy o f  the К -complex type synchronization reaction and the generalized
spike-wave pattern

I f  we now recall the dynam ics o f th e  changes in the level o f consciousness  
found in the emergence o f petit mal seizures, we find a striking sim ilarity  
betw een the К -com plexes and the p etit mal seizures. W hat we fou n d  valid  
for th e  spike-w ave seizures m ay also app ly  to  the К -complexes: th is p h en om e­
non too  em erges following fine flu ctuations of the level of consciousness in  the  
course o f falling asleep or aw akening, w hen transitional phasic sh ifts tow ards 
aw akening are followed by a rebound in  the direction of falling asleep .

This sim ilarity has already been noted. P a s s o u a n t  et al. [108] pointed  
out earlier th at there is a sp iky distorsion o f th e  К -com plexes in  certain  
epileptic m echanism s and he used the term  “ epileptic K -com p lexes” . 
N i e d e r m e y e r  [101] developed th is idea further and recognized th e  lin k  be­
tw een th e  K -com plexes and the generalized spike-w ave discharges (h is argu­
m ents will subsequently be used in detail). He show ed that the K -com plexes are 
the “ indicators” or “ vehicles” o f the generalized spike-wave discharges and  
drew atten tion  to the fact that all th is frequently  occurs in response to  arousal 
stim uli. He built his argum ents on the assum ption that the K -com plexes are 
arousal reactions. Starting from th is assum ption he considered th a t th e  p etit  
mal seizures are linked to  “ fau lty  arousal reactions” and thus form ed the  
concept th at the GESw are of “ dyshorm ic” origin. This would mean th a t  som e  
form o f m alfunction of the arousal m echanism  plays a decisive role in  esta b lish ­
m ent o f the m echanisms accom panying the generalized spike-w ave pattern .
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In our concept th e  К -com plexes figure not so much as arousal than  as 
th e  rebound of th e  sleep  prom oting system  to  phasic arousal influences, it is 
th u s regarded as a sleep induction  factor. As to  p e tit  mal seizures, even  if  th ey  
appear in response to  arousal stim uli, th ey  arise as a rebound o f the sleep  
prom oting system . E ven  in  th is modified in terp retation , the sim ilarity betw een  
th e  К -com plex phenom enon and the generalized  seizures accom panied by  
sp ike-w ave pattern has to  be regarded as a v ery  im portant question.

Let us now consider th is  sim ilarity in  greater detail.
—  Both phenom ena appear sim ultaneously  over both hem ispheres and 

their  epicentres can be observed in the region o f the vertex [111, 119].
—  E lectrom orphological sim ilarity can b e dem onstrated betw een the  

tw o  phenom ena [108].
—  Both phenom ena can he produced b y  sensory stim uli independently  

o f sensorial m odiality  [21, 44].
—  B oth phenom ena are connected w ith  th e  secondary or non-specific  

evoked  potentials [74, 99].
—  The age determ ination  of the generalized  epileptic m echanism s w ith  

sp ike-w ave pattern corresponds well to th e  “ life  h istory” of the K -com plex: 
b oth  phenom ena appear m ainly between th e  ages of 4 and 16 years [101].

—  The role o f  th e  non-specific th alam ic system  can he dem onstrated  
in  th e  origin of b oth  phenom ena [34, 68, 119].

— The appearance o f  both phenom ena is  linked to a drop in the level 
of consciousness and th e  levels of consciousness anchoring them  are over­
lapping [48, 72]. There appears to be a slight difference here in th at the spike- 
w ave seizures can also appear on a more superficia l level than th e  zone in 
w hich the К -com plexes appear. These, overlap p in g  with the form er, tend  
to  be shifted sligh tly  tow ards deeper layers.

—  B oth phenom ena can be activated  b y  sleep deprivation [48, 55].
— E xperim ental destruction of structures w hich inhibit the spike-w ave  

seizures in animal experim ents elim inates sim ultaneously  the electrographic  
phenom ena of slow  w ave sleep including th e  sleep  spindles which form part 
of the K -com plex [1, 4 , 25 , 84, 92].

—  Both phenom ena are rebounds on th e  part of the sleep prom otion  
system  to  transitory arousals in fluctuations w ith in  a superficial level of sleep  
depth  [44, 48].

W e assume th a t th ese  similarities g ive  sufficient basis for regarding  
th e  spike-w ave paroxysm s as an epileptic “ caricature” of the reciprocal sleep  
induction  m om entum  reflected  in the K -com p lex  type synchronization re­
action.
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6. Generalized epilepsy w ith  spike-wave paroxysm s as an epileptic  disorder 
o f  the function  o f sleep prom otion

The possibility arives on the hasis of the above argum ents o f  forming 
a uniform hypothesis for th e  induction  m echanism  o f the G E Sw , able to 
provide an explanation o f all the facts available. This theory draws on the 
experim ental findings and clinical experience which play a role in  Gloor’s 
corticoreticular concept and also in Niederm eyer’s dyshorm ic th eory . We 
amend the latter concept, as it  were “ by turning it over and settin g  it  upright” , 
that is, wc consider that it  is not a fault in the arousal m echanism , hut an 
epileptic m alfunction o f th e  sleep prom oting m echanism  w hich is to  blam e. 
This is naturally “ the o th er sid e” of the same th ing  since we assum e that 
the sleep prom oting and arousal system s arc in reciprocal inductional inter­
action w ith  each other w hich  m eans that every “ arousal” can result in  a shift 
acting tow ards “ falling asleep ” . W ith th is, the genetically-determ ined  GESw  
gains a “ biological m eaning” , ju st as it does in N iederm eyer’s interpretation , 
since w ith  it we have fin a lly  found the brain function  the epileptic disorder 
of which explains the m echanism  o f this type of epilepsy. In th is in terpretation , 
GESw is an epileptic disorder o f the “ sleep induction” function . N aturally , 
precisely because of the reciprocal inductional link, the antagonism  betw een  
the sleep prom oting and arousal system s means th at all influences reducing  
the tone of the reticular arousal system  are essential factors in provoking  
seizure phenom ena since th e y  “ open the w ay” for operation of the epileptic  
m alfunction located in the sleep prom oting system .

The difference betw een th e  dyshorm ic concept and our own th eory  is not 
only th at we replace the “ disorder of the arousal process” w ith the “ disorder 
of the sleep promoting sy ste m ” , but also that we interpret sleep induction  
as a dynam ic process in w hich  sleep occurs w ith the active participation  of 
the arousal function and thus the “ arousal” and the “ sleep prom oting” func­
tions figure as two closely in tertw ined  modes of operation of the sam-e system  
which sim ultaneously contains the elem ents of both m odes o f operation in all 
m anifestations.

A ll biological system s strive for independence from the environm ent 
(autonom y) and an adaptive link w ith the environm ent (adaptation) in dialec­
tical u n ity . This means the sim ultaneous rejection (restoration o f the original 
state) and use of stim uli from  the external environm ent. An exam ple o f  this 
is the reciprocal inductional interaction  of the sleep prom oting and arousal 
system s in  which stim uli from  the external environm ent are used  in the 
process w hich ensures the tem porary and partial independence o f the organ­
ism  from the environm ent, th a t is, sleep. The synchronizational rebound  
reaction produced by arousal stim uli is one of its elem ents. Thus a general 
biological reaction unfolds, w hich appears to he valid  for the process o f falling
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a sleep , too . In our concept, th e  spike-wave seizures are thus “ overshootings” 
o f  th is  reaction.

L et us notv consider th e  special characteristics o f the GESw and attem pt 
to  ev a lu a te  them in the l ig h t  o f the above h ypothesis.

7. E va lu a tion  o f biological characteristics
7 .1 . Genetic determ ination

I f  we accept the assu m p tion  that the G ESw  is an epileptic disorder of 
th e  sleep  promoting m ech an ism , we m ust tak e in to  account th at in certain 
p a tie n ts , the m alfunction is genetically  determ ined. D efin ition  of the responsi­
b le  m alfunction represents an interm ediary link  betw een  the organically and 
g en e tica lly  determined form s. I f  the epileptic m echanism  did not have such 
a com m on  functional core, it  would be difficult to  see how, in organic cases, 
an  incidenta l acquired b rain  damage can produce epileptic sym ptom s similar 
to  th o se  in the genetica lly  determ ined forms.

I t  is known th a t th ere  is a continuous transition  betw een manifest 
G E S w  epileptics and in d iv id u a ls in whom on ly  the genetically  determ ined  
E E G  pattern exists, w hile seizure m anifestations either never occur or occur 
o n ly  under the influence o f  certain external circum stances th a t prom ote or 
in d u ce  them . One such prom oting circum stance can be a sleep deficit which  
m a y  result in the appearance o f seizures. In  such cases the increased “ sleep 
p ressu re” that arises as a resu lt of sleep deprivation , the increased efficiency  
o f  th e  sleep promoting sy ste m , can turn in to  clinical seizures the sleep pro­
m o tio n  system  rebound phenom ena appearing at the level o f electrical spike- 
w a v e  patterns. (We shall return later to the w ay  in which the sleep function  
i t s e lf  can produce an ep ilep tic  malfunction o f the sleep prom oting system .)

In  the case of certa in  individuals suffering from episodic generalized  
ep ilep tic  seizures, the fa c to r  eliciting the seizures is sleep deprivation and 
th e  accum ulation o f a sleep  deficit. Since th ese are produced on the basis of 
g en etica lly  determined characteristics, it can be assum ed th at the genetic 
determ ination  is precisely a tendency to  a sh ift tow ards epilepsy in  the sleep 
in d u ctio n a l rebound m om en tu m  of the sleep prom oting system .

Sim ilarly, in the case o f  phénobarbital addition , spike-w ave paroxysm s 
ap p ear in certain, probably  genetically determ ined, cases, under the influence 
o f  w ithdraw al [71, 101].

Age dependence

In  old age the op era tion  of the sleep prom oting system  is known to  
d eclin e  and that of the arousal system  com es to  the fore. This is reflected in
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th e  characteristic change in the hypnogram s of elderly people w hich display  
a considerable decline in the proportion o f deep sleep and the appearance of 
frequent intervening awake states [27]. I t  is also known th a t the EEG  
phenom ena o f slow w ave sleep do not appear im m ediately after birth, but 
gradually emerge up to  the age o f 3— 4 years, precisely at the age when the 
G ESw phenom ena appear.

W ithin the GESw, the strict age dependence of certain clin ical forms 
probably runs parallel w ith  the m aturation  process of the thalam o-cortical 
system  and of the cortical functions linked  to  it, particularly the neural 
syn ap tic  m icrostructures responsible for form ation of the E P S P -IP S P  se­
quences. W ith the advance o f age, the effectiveness of the recurrent inhibition  
process steadily declines, m ultispike com ponents become increasingly inter­
spersed in the spike-w ave pattern and first m yoclonus and th en  ton ic  m otor 
seizure phenom ena appear [55]. The gradual repression with age o f  the recur­
rent inhibition  reflected by the “ w ave” o f th e  spike-wave pattern runs parallel 
w ith  th e  gradual reduction o f the spontaneous EEG  synchionizational tend­
ency in childhood.

7.3. L ink  w ith the sleep-w aking biological rhythm

W e have seen that the predom inance o f  the sleep prom oting system  clearly  
favours the GESw sym ptom s, hut all th is only evokes seizures in  the super­
ficial region where the reciprocal inductional interplay of the sleep prom oting  
and arousal system s is the m ost active. In  harm ony with th is, sleep  depriva­
tion  largerly prom otes the em ergence o f seizure phenomena. Sleep induced  
in different ways is the m ost effective m eans to  evoke the GESw phenom ena. 
States w hich force the sleep prom otion system  into the background, including  
full w akefulness or sim ply the arousal reaction , and REM inhib it the GESw  
phenom ena.

There is a possib ility  of seeking an explanation  of the activa tin g  effect 
of sleep in  an epileptic m echanism  which we assume to arise from an epileptic  
disorder o f the sleep induction function.

It is generally accepted th at the epileptic disorder produces a sta te  of 
h yp ersen sitiv ity  of some structures. A ccordingly, the functional use o f the  
structure concerned can result in epileptic m anifestations. This phenom enon  
can be seen m ost clearly in the case o f  the so-called reflex epilepsies. In such  
cases the epileptic disorder in the sensory cortical areas appears in response 
to sensory stim uli of appropriate m odality . This connection can probably be 
generalized and the physiological work o f th e  system  containing th e  epileptic  
seizure m echanism  m ay set o f seizures from these structures. This could also 
serve to  explain the observations that point to the role of em otional seizure
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a ctiv a tin g  factors in the case of tem poro-lim bic ep ileptic disorders. In  th e  
sam e w a y  it  is conceivable th a t precisely the act o f fa lling asleep could activa te  
the ep ilep tic  disorder of the sleep prom oting m echanism .*

7.4. F unctional anatom ical characteristics

T he findings of hum an studies and anim al experim ents indicate th a t  
th e  ep ilep tic  m alfunction in  th e  GESw m echanism  is located  in brain structures 
w hich h ave close operational links to the h ypnogen ic structures.

E xperim ental dam age o f the hypnogenic structures inhibits the phenom ­
ena o f b o th  sleep and the G ESw.

T em porary or lasting, functional or anatom ical, damage to the arousal 
sy stem  w hich operates in th e  opposite direction to  th e  sleep promoting system  
clearly  contributes to the G ESw  phenom ena w hile th e  physiological, chem ical 
or d irect electrical stim ulation  of the system  in h ib its the GESw phenom ena.

T he bilateral sim ultaneous nature of th e  E E G  phenom ena related to  the  
G E Sw  can  be explained by th e  diffuse cortical connections and hence the w id e­
spread effect of the sleep prom oting system .

T he m icroneurophysiological characteristics o f the generalized spike- 
w ave pattern  can be deduced from the functional link  w ith the hypnogenic  
structures, particularly w ith  the thalam ic reticular system .

7.5. E xplanation  o f the seizure sym ptom s

Our view s provide an effective explanation  o f the characteristics o f  the  
clin ical seizure sym ptom s. The following m ain general factors determ ine the  
G ES w seizure sym ptom s.

1 .  The epileptic m alfunction  of the sleep prom otion m echanism  m eans 
at th e  sam e tim e an ep ileptic heightening o f rebound of the sleep prom oting  
sy stem  and a reduction of th e  tone of the arousal system , that is an epileptic  
d istortion  o f the reciprocal induction  m echanism  betw een the two system s.

2. The sta te  of the hypnogenic, thalam ocortical non-specific system  and  
particu larly  of its cortical elem ents.

3. The possibilities for th e  spread o f the ep ilep tic excitation.
I f  we interpret the G ESw  as an epileptic disorder of the sleep prom oting  

fu n ction , th is effectively  explains why the prim ary and decisive sym ptom  
o f  seizures is a loss of consciousness. The ex ten sive  lim bic interconnections 
o f th e  sleep prom oting system  can easily be blam ed for both the accom pany­
ing v eg eta tiv e  and the psychom otor sym ptom s. The rhythm ic periocular

* T hese re la tio n sh ip s ra ise  th e  possib ility  o f a new  fu n c tio n a l classification  of ep ilepsy  
in  w h ich  th e  d iffe ren t seizure m echan ism s could be c lassified  according to  th e  p h y sio lo g ­
ica l fu n c tio n s  th e  ep ilep tic  d iso rd e r of w hich form s th e  essence of the  illness.
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m yoclonus sym ptom s th at alm ost always appear w ith  petit mal absences 
probably occur through the efferent interconnections o f the brain stem . The 
exten t and form o f th e  m otor sym ptom s can be linked to  the characteristics 
of the cortical electrical phenom ena. The fact th a t petit mal seizures are 
accom panied only by m yoclonic m otor phenom ena where the spike com ponent 
coincides w ith the m yoclonic tw itches, is probably due to  the inhibitory feed ­
back identified  w ith  the “ w ave” com ponent o f th e  spike-w ave pattern. Tonic  
m otor phenom ena only  appear if  the inh ibitory feedback is not operating  
adequately, for exam ple in slow spike-w ave encephalopathies involving an 
exten sive cortical dam age or, for exam ple, if  th is  m echanism  is partially  
suspended w ith barbiturate [45]. Grand mal seizures also occur when th is  
inh ibitory feedback “ breaks down” ; the less e ffective  th is m echanism , the  
greater the possib ility  of the appearance of grand m al seizures [43]. The fact 
that in forms where m ainly “ pure absences” appear we find a regular 3 c/s 
sp ike-w ave pattern, w hile in cases where m yoclonic absences appear and grand  
m al seizures are also frequent we find a m ulti-sp ike-w ave pattern and in  
cases where tonic m otor seizures are frequent, “ ep ileptic recruitm ent” occurs 
spontaneously or m ainly during sleep (repetitive spike discharge), can also 
be effectively  incorporated in this concept.
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THE SLEEP OF ARTIFICIALLY REARED NEWBORN 
RATS, EFFECT OF ALPHA-METHYL-DOPA TREATMENT 
ON PARADOXICAL SLEEP AND ON ADULT BEHAVIOUR1
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(R eceived  M arch  30, 1980)

T he d ev elo p m en t o f p a rad o x ica l sleep w as s tu d ied  in  new born  r a t s  se p a ra te d  
fro m  th e ir  m o th e rs  im m ed ia te ly  a f te r  b i r th  an d  th e n  fed  artific ia lly  b y  a n  in d w ellin g  
s to m ach  tu b e . D ev elo p m en t o f P S  in  these  an im als was q u a lita tiv e ly  s im ila r  b u t  
q u a n tita tiv e ly  i t  d iffered  fro m  th a t  o f  an im als rem ain in g  w ith  th e ir  m o th e r , th e  d a ily  
a m o u n t of P S  being red u ced . T he P S  dep riv in g  effect of a -m e th y l-d o p a  w as s tu d ied  
a f te r  single a n d  m u ltip le  doses. A  500 m g/kg dose da ily  led to  a  75%  c o n tin u o u s  re ­
duction .

R a ts  rem ain in g  w ith  th e ir  m o th e r  w ere in jec ted  w ith  a -m e th y l-d o p a  d u rin g  
th e  th ree  p o s tn a ta l  w eeks. S u b seq u e n t te s ts  rev ea led  an  increased  lo co m o to r a c t iv ity  
a n d  a  h igher r a te  o f  a cq u is itio n  b u t  no d is tu rb an ce  in  sh u ttle -b o x  c o n d itio n in g . T he 
no rep in ep h rin e , dop am in e  a n d  se ro to n in  c o n te n t o f  th e  w hole b ra in  w as n o t  a ffec ted .

One o f the hypothetica l functions of paradoxical sleep (PS) is to  par­
tic ip a te  in the m aturation of the CNS. Newborn animals display more PS than  
adults and the greatest am ount occurs during intrauterin life [16], w ith  the  
q u an tity  decreasing during ontogenetic developm ent. Studies on hum ans [27], 
chim panzees [5], rats [20], kangaroo-rats [3], cats [19, 35], chickens [28, 33] 
have resulted in the sam e conclusion. Moreover, the more m ature th e  anim al 
at b irth , the less PS it has [19, 23]. The CNS o f the guinea pig is m ature even  
at b irth , and the newborn anim als have as m any PS as the adults [19]. B ut 
during intrauterine life it  has considerably more PS, and it could be d etected  
more than  one week before the slow  w ave sleep (SW S) [4].

On the basis of these data it  is supposed th at the function o f P S  is to  
play a role in the m aturation o f th e  CNS: PS m ay provide the endogenous  
stim uli necessary to the functional m aturation  o f the CNS [17, 18, 27 ].

1 S tu d y  realized  b y  IU P H A R  fellow ship  a t  U n iv ersité  C laude B ern ard , D e p a r tm e n t 
de M édecine E x p érim en ta le , L y o n , F ran ce .

2 P re se n t address : C hem ical W orks o f G edeon R ich te r , G yöm rői ú t  8. B u d a p e s t,  
H u n g a ry  1475.
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I t  seemed therefore o f  interest to deprive anim als of PS after birth and 
exam ine the behavioural consequences. To accom plish  the task we had to  
deprive newborn rats o f  PS continuously during th e  first three postnatal weeks. 
W e have failed to fin d  an y  studies concerning long-term  deprivation of PS 
in  early postnatal life. S ince only pharm acological deprivation is practical for 
a long period, we have chosen  alpha-m ethyl-dopa (a-M DOPA) because o f its  
relative selective PS depriv ing  action in adults cats [8, 10], mice [21] and 
rats [7].

To control the sleep  deprivation, baby rats have to be observed per­
m an en tly . As the m other-rat does not to lerate such a procedure she m ay  
n eglect or devour her offspring. Thus, th ey  have to  be separated from their 
m other and reared artific ia lly .

Materials and m ethods
1. A rtif ic ia l rearing

The perm anent stom ach tube  consisted of a p o ly e th y le n e  c a th e te r  0.7 m m  in d iam ete r. 
To one  en d  a 10 — 12 m m  lo n g , so ft p lastic  c a th e te r  w as a tta c h e d  to  m inim ize tra u m a tiz a tio n  
of th e  g a s tr ic  wall. T he c a th e te r s  were fixed to a D a c ro n  p la te . T he o th er end of th e  soft 
c a th e te r  con tinued  in  a 3 m m  lo n g  rig id  piece ro u n d e d  o ff  to  p re v en t its  slipping o u t o f th e  
s to m ac h .

B efore use th e  c a th e te r s  w ere sterilized in a lcohol fo r  24 hours.
The muscle electrodes c o n s is te d  of in su la ted  co p p er w ire  0.2 m m  in d iam ete r. T he tip  

o f th e  w ire was freed fro m  in su la tio n  th en  im m ersed  in to  A to m ex  (E n g elh ard ) so lu tio n  for 
g ild ing . T hree  electrodes w ere  f ix e d  to a D acron p la te . T h is  a rran g em en t was su itab le  for 
re co rd in g  ECG a c tiv ity  as well.

Im plan ta tion . U n d e r l ig h t e th e r anaesthesia  a la te ra l  la p a ro to m y  was pe rfo rm ed  on 
th e  le f t side, and  th e  sk in  o f  th e  nape  was incised. T h e  s to m a c h  was opened a t  th e  g rea te r 
c u rv a tu re , th e  c a th e te r  w as p lac ed  in to  the stom ach , th e n  i t  w as closed. The D acron p la te  was 
f ix e d  u n d e r  th e  skin a few  cm  fro m  th e  stom ach, to  re d u c e  m echanical tra u m a tiz a tio n . The 
o th e r  en d  of th e  c a th e te r  w as p assed  under the  sk in  to  th e  in cision  on th e  nape. T he m uscle 
e lec tro d es were fixed  in to  th e  d eep  neck m uscles a n d  th e  w ires w ere led to  th e  incision, w hich  
w as th e n  closed by  ad h esive .

T h e  o u ter end o f th e  c a th e te r  was a tta c h e d  to  a  sw ivel w hich allowed th e  b a b y  r a t  
to  m o v e  freely  w ith o u t tw is t in g  th e  ca theter. The e le c tro d e s  w ere soldered to  a rin g  (F ig . 1).

R earing. A fter su rg e ry  th e  an im als were p laced  in to  an  in cu b a to r consisting  of ten  
c o m p a rtm e n ts . The te m p e ra tu re  w as k ep t a t 32 °C, th e  re la tiv e  h u m id ity  a t  60 — 70% . The 
feed ings w ere s ta r te d  a f te r  a t  le a s t  8 hours follow ing su rg e ry . T he b a b y  ra ts  were fed b y  m eans 
of a n  in fu s io n  pum p (Sage) on  B orden-E sb ilac  m ilk p re p a ra tio n  for developing sm all ro d en ts . 
T he q u a n ti ty  of food d id  n o t  ex ceed  1 ml daily  d u rin g  th e  f ’r s t  few days follow ’ng  su rgery , 
th e n  g rad u a lly  m ore w as su p p lied . The sleep p a tte rn  w as reg is te red  by  an  8 channel E E G  
(P o ly g ra p h  A lvar). T he reco rd s  w ere read  every  m in u te . T h e  te n  co m p artm en ts  allow ed to  
re co rd  severa l bab y  ra ts  s im u ltan eo u s ly . C ontinuous re co rd in g  (24 hours/24 hours) w ere p e r­
fo rm ed  (F ig . 2). The lig h t sc h e d u le  was not s ta n d ard ize d .

N ursing  was fu n d a m e n ta l  to  keep alive n ew b o rn  r a t s  in  in cu b a to r, w hich  h a d  to  be 
done  a t  le a s t tw ice d a ily : to  w e t th e  skin and to fa c i li ta te  m ic tu r itio n  by  pressure  p ro v ed  to 
be  m o st im p o rta n t [19].

2. Behavioural studies on adult rats
Locomotor activity  w as s tu d ie d  by the  open fie ld  te s t ,  p lacing  ra ts  in  a 1 2 3 x  135 cm 

flo o r d iv id ed  in to  36 e q u a l sq u a res . The num ber o f sq u a re s  crossed during ' 30 m in u te s  was 
reco rd ed . T he lig h t w as k e p t  c o n s ta n t.

T he sh u ttle -b o x  u sed  fo r tra in in g  the ra ts  w as a 2 0 — 40 cm  cham ber w ith  a g rid  floor, 
d iv id ed  in to  two equal p a r ts  b y  a 5 cm high barrie r. A fte r  h a b itu a tio n , th e  cond itioned  s tim u ­
lus, a shrill bell, was p re sen te d  u n t i l  the  ra ts  had crossed  to  th e  opposite  co m p artm en t. I f  th ey
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Fig. 1. Schem e of a rtific ia l feeding of new born ra ts . 1: A tta c h m e n t of c a th e te r  to  sw ivel. 
2: F ix  p a r t  o f swivel. 3: T u rn in g  p a r ts  o f swivel. 4: C a th e te r . 5: D acron p la te . 6: P o sitio n

of ca th e te r  in th e  s to m ach

Fig. 2. Schem e of e x p e rim e n ta l se t-u p  for rearing  an d  feed in g  a rtific ia lly  and reco rd ingT iew - 
born . ra ts . 1: In fu s io n  pum p. 2: Syringe. 3: In c u b a to r .  4: P o ly g rap h

did n o t cross w ith in  5 sec, a n  e lectric  shock (ПО V, 50 H z) w as g iven  u n til the  an im als had  
escaped. One session co n sisted  o f 30 tr ia ls  w ith 5 —10 sec in te r - tr ia l  in te rvals . T he an im a ls  
were te s te d  th ro u g h o u t th e  d a y  a t  ran d o m . Ten sessions w ere  p e rfo rm ed  on consecu tive  days.

Biochem istry. S ix t r e a te d  an d  6 contro l m ale ra ts  w ere sacrificed  and  th e  se ro to n in  
(5 -H T ). dopam ine  (DA ) an d  n o rep in ep h rin e  (N E) co n ten ts  o f th e  w hole b ra in  w ere d e te rm in ed  
sp ec tro fluo rom etrically , b y  th e  m eth o d s  of B ogdansky  [6], F lem in g  [12] and  E u l e r  and  
L is h a jk o  [11], respectively .

3. A n im a ls  and procedures
Im p la n ta tio n  was p e rfo rm ed  a t th e  age of 2 — 3 d ay s  on  th e  l itte rs  o f O FA  ra ts  w eigh­

ing 7 — 8 g. 36 ra ts  were in je c te d  w ith  d ,l-a -M D O PA . S ix o f th em  served for dose fin d in g  
s tu d ies for determ in ing  th e  o p tim a l schedule and w ay o f ad m in is tra tio n . 30 an im als  were 
trea te d  con tinuously ; th e y  rece ived  500 m g/kg d ,l-a -M D O P A  daily  s.c. The daily  dose was
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d iv id e d  in to  tw o  parts : 200 m g/kg  a t  9 a .m . an d  300 m g/kg  a t  5 p. m. 21 co n tro l an im a ls  were 
in je c te d  w ith  0 .9%  NaCl so lu tio n  o f  th e  sam e vo lu m e (0.02 an d  0.03 m l/kg  re sp ec tiv e ly ). 
N u rs in g  in  th e  in cu b a to r w as c o n tin u e d  for th ree  w eeks.

F o r  s tu d y in g  a d u lt b e h a v io u r , n ew b o rn  ra ts  w ere k e p t  an d  tre a te d  in  th e ir  o rig inal 
l i t t e r  w i th  th e ir  m others. 38 (18 m ale  a n d  20 fem ale) ra ts  fro m  th e  age of 4 —24 d a y s  rece ived  
su b c u ta n e o u s  in jections o f 250 m g /k g  1-a-M D O PA  C albiochem ) daily  for 21 d ay s: 100 m g/kg 
a t  9 a .m . a n d  150 m g/kg a t  5 p .m . 13 co n tro l an im als (7 m ales an d  6 fem ales) w ere in je c te d  
w ith  th e  sam e  volum e of sa line . L it te rm a te s  w ere u sed  e ith e r  as con tro l o r t r e a te d  groups. 
T h e  r a t s  w ere 35 days old w hen  te s te d  in  th e  op en  f ie ld  te s ts , 41 — 50 days o ld  a t  th e  tim e 
o f  s h u t t le -b o x  conditioning a n d  a t  th e  age of 52 d ay s  th e  an im als  were used  fo r b io ch em ica l 
d e te rm in a tio n s .

S ta tistica l evaluation. M eans a n d  S .E .M . v a lu es w ere ca lcu la ted . S tu d e n t’s n o n -p a ired  
t t e s t  w as  app lied .

Results

1. The sleep-ivaking cycle o f  newborn rats

1.1. Spontaneous sleep pattern s

D uring the first p ostn a ta l week newborn rats reared in incubator and 
fed artific ia lly  had only P S , w hich  appeared directly  after the aw ake period. 
Slow  w a v e  sleep (SWS) appeared by the 10th postnatal day. D uring PS the  
electrom yographic a ctiv ity  disappeared com pletely . Muscle atony w as in ter­
ru p ted  b y  muscle jerks. Considerable bradycardia appeared on th e  ECG 
during P S. The heart rate decreased from 400—460/m in to 300— 340/m in. 
T hree phases were observed in  the evolution  o f PS (Fig. 3).

D uring the first ten  days PS occupied about 50% of the registration  
tim e (T R T ), with slight variations. The m ean frequency of PS phases was

100-

I ' I ' ! I I I I : I 1 I ' I ' ! I I I I 
0 2 U 6 8 10 12 U  16 18 20

Age (daysl

F ig . 3. T im e  course of p a ra d o x ic a l sleep in  n ew b o rn  ra ts . O rd in a te : P a ra d o x ic a l sleep (per 
c e n t  o f  to ta l  reg is tra tio n  tim e). A bscissa: age of ra ts  (days). A: ra ts  reg is te red  fo r 3 — 12 h, 
th e n  re tu rn e d  to  th e  l i t t e r  ( J o u v e t —Mo u n ie r  [19]); B : con tro l ra ts  rea red  in  in cu b a to r; 

C: ra ts  re a re d  in  in c u b a to r  an d  in je c te d  w ith  a-M D O PA
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17/h on the 3rd day and 8/h  on the 10th w ith a m ean length o f 2 m in and 
4 min phases, respectively . Then a transitional period followed, lasting  gener­
ally for tw o days. D uring th is period the am ount o f PS decreased quickly  
to 30% of TRT. In th e  3rd phase a further slow  decrease could be detected . 
A t the end of the observation  period PS am ounted to 20— 25%  o f TRT. 
The m ean frequency o f PS phases was reduced to  5/h w ith 3 min m ean length  
and these figures then becam e stable.

Graph A on F ig. 3 originates from the paper o f  J o u v e t -M o u n ie r  [19]. 
Her rats were reared more naturally, than  our anim als. Their E E G  was 

registered for 3— 12 hours b y  needleelectrodes, th en  th ey  were replaced to 
their original litter. T hey had more PS than th ose  kept by us b u t the PS 
curve was q u alitatively  sim ilar in  both experim ents.

1.2. Effects o f ot-M DOPA

A marked reduction o f PS could be observed after each dose of oc-MDOPA, 
by w hatever route it  was applied but both the degree and the duration o f the 
inhibition , depended on th e  dose and the route o f  adm inistration. Sedation

60-

A5_

30-

o
CL

15-

ocMDOPA 
100 m g/kg

I

UJ
0 2 A 6 8 1012

ocMDOPA 
300 m g/kg
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В

T
0 2 A 6 8 10 12 1A 16 

Time after injection [ h s ]

Fig. 4. E ffec t o f single doses o f  a -M D O P A  on PS of new born  r a ts  rea red  in  in cu b a to r. A bscissa: 
tim e a f te r  in jec tion  (hours): O rd in a te :  len g th  of PS  (m in). A : in tra p e rito n e a l in jec tio n : B : su b ­

cu tan eo u s in jection
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w as e lic ited  only after th e  te n th  day. For th a t tim e a clearcut bradycardia  
appeared , too. The heart ra te  decreased from 420/m in  to 300/m in follow ing  
th e  adm inistration of 300 m g/k g  d ,l  a-M DOPA

In  the studies in  b a b y  rats, PS disappeared for 13— 15 hours under 
th e  e ffec t of 300 mg/kg d ,la -M D O P A . This occurred in 10 min after i.p . injec-

60-

»MDOPA 
300 m g /k g

ocMDOPA 
2 0 0 m g /k g  д

-  4 5 .

30 _

15 .

0 2 4 6 8 10 12 14 16 18 2 0 2 2  24
Time after injection [hs]

Time after injection [hs]

F ig . 5. E ffec t of rep ea ted  doses o f  a-M D O PA  on PS  o f n ew b o rn  ra ts  re a re d  in  in cu b a to r. 
A b sc issa : tim e after in je c tio n  (h o u rs); O rd inate : a m o u n t o f P S  (m in); A : in tra p e rito n ea l

in je c tio n s ; B : subcu taneous in je c tio n s

t io n , on  one half hour after s.c. adm inistration and in  one hour w hen given  
b y  a gastric tube. Sim ilar b u t less marked changes were observed after the 
adm in istration  of 100— 200 m g/kg doses (F ig. 4).

W hen adm inistered repeated ly , a-M DO PA produced a continuous and 
a lm o st to ta l PS depreviation  (Fig. 5).

Continuous daily  adm inistration  of 500 m g/kg d ,l a-M D O PA  elicited  
a su b to ta l PS deprivation. P S  am ounted 10% of TRT during the w hole period,
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Table I

P S  in per cent o f  total registration tim e  in  newborn rats reared in  
incubator. Control and a -M D O P A  treated groups. M e a n s ^ S .E .

Control
fi-MDOPA 
per cent

Deprivation 
per cent

W hole period 39 .65±2.09 1 0 .6 4 ± 0 .7 4 73.19

3rd-  10th days 47 .18± 0 .74 10.67 ± 1 -1 2 77.93

11th-  20,h days 31.75d;1.57 10.60 ± 1 .0 8 66.61

its q u antity  did not change. These findings are represented in Graph C in 
Fig. 3.

S ta tistica l evaluation  o f PS of control and treated rats is show n in 
Table I.

2. Behaviour o f  adult rats

The a-M DOPA-group showed an increased excitability . D uring the  
period o f treatm ent their activ ity  and responses to  environm ental stim uli 
were increased.

The body w eight o f the treated anim als w as significantly less th an  th at  
of the controls, w ith a lag o f 1— 2 days. A fter treatm ent they  regained their 
w eight loss. There was a sex-related difference in  body w eight beginning from  
the third postnatal week hut both male and fem ale rats showed a decrease 
in body weight during drug treatm ent and d isp layed  a similar recovery (F ig . 6).
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Fig . 6. B ody  w eigh t o f ra ts  tr e a te d  w ith  250 m g/kg l-a -M I)O P A  su b cu taneously  fo r th ree  
p o s tn a ta l  w eeks; com p ared  w ith  sa lin e -trea ted  contro ls. A bscissa: age of ra ts  (days): O rd in a te :

body w eight (g)
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In  th e  open field  te s t  th e  treated anim als were significantly m ore active  
th a n  th e  control ones. B o th  groups exhib ited  habituation; th ey  crossed less 
and less squares in the 10 m in  periods. Sex differences at this age proved to  
be n eg lig ib le  in this test (F ig . 7).

In  shuttle-box con d ition in g  marked differences were found. Fem ales  
g a v e  generally  more avoidance responses th a n  did the m ales, but th e  differ­
en ce w as significant on ly  on ce, in  the 4 th  session  in the control group and 
n ev er  in  th e  treated one. D uring  the first h a lf o f the training, th e  a-M D O PA  
tr e a te d  rats of both sexes learned the task  m ore rapidly; the differences was 
s tr o n g ly  significant s ta tis tica lly . From the 7 th  session the difference decreased

3 0  m i n u t e s  S u c c e s s i v e W  m in p e r io d s

F ig .  7. E ffe c t  o f a-M D O PA  on  lo co m o to r ac tiv ity . T h e  n u m b er o f squares c ro ssed  during  
th e  t o t a l  session (30 m in) is r e p re se n te d  b y  th e  v e r tic a l  b a rs  in  p a r t  A (m eans i  S .E .); the  

h a b itu a tio n  in  b o th  groups in  successive  10 m in  in  p a r t  В

F ig .  8 . E ffec t of a-M D O PA  t r e a tm e n t  on sh u ttle -b o x  cond ition ing . O rd ina te : N u m b e r o f daily
a v o id a n ce  responses (m ea n  ±  S .E .)
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Fig. 9. E ffec t of a-M D O PA  tre a tm e n t on  w hole b ra in  5 -H T , DA and  N E  c o n te n t. O rd in a te : 
b ra in  m o noam ine  c o n te n t, (ig/g; m ean  i  S.E.

gradually and finally  the control anim als displayed a perform ance similar 
to  th e  treated  ones (Fig. 8).

N o m arked differences could be detected  in the brain 5-H T , D A  and 
N E  levels (Fig. 9).

D iscussion

In  our experim ents early post-natal PS deprivation resulted in  increased  
locom otor a ctiv ity  and an increased rate of acquisition. The la tter  is very  
likely  a consequence of the increased activ ity .

The technique described in  th is paper allows to  rear newborn rats arti­
fic ia lly  from  the 2nd postnatal day, separated from their m others, and to  
follow  th e  evolution  of their sleep-w aking cycle in  the three postnata l w eeks. 
The developm ent and m aturation o f a series o f physiological m echanism s and 
regulatory processes could be studied  by th e  m ethod, and the im m ediate and 
late effects o f some interventions carried out in  early life could also be checked. 
The im m ediate m ortality o f surgery is about 20% . One of its causes is the  
failure o f gastric m otility . O nly 30%  of im planted animals have survived  
the 3 w eeks’ period.

The sleep of newborn rats reared in incubator is similar to th at o f  anim als 
left w ith  their mother. The evolution  of sleep, the changes in frequency and 
length o f PS phases, are sim ilar in both [19, 20, 35].

In  contrast, the am ount of PS was m arkedly less in the present stu d y  
than  in  J o u v e t -Mo u n i e r ’s experim ents [19]. The cycle length was th e  sam e  
but th e  m ean frequency was reduced, e.g. 17/h instead  of 30/h during th e  first 
p ostnata l days. The difference m ay have been due to  differences in  feed ing
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w hich was continuous in our experim ents. L ess frequent and less adequate  
nursing and the im poverished  environm ent m a y  h ave also been responsible. 
Cats and rats reared in  an isolated, im poverished environm ent have less PS  
than  norm ally or in  litterm ates reared in  enriched environm ent [23, 34]. 
D ecrease of PS was observed  after 24 hours m aternal separation [14].

In  the presented stu d y , cz-MDOPA trea tm en t resulted in subtotal PS 
deprivation . PS am ounted  to  10% of TRT and rem ained unchanged during the  
th ree weeks studied. PS o f newborn rats seem s to  be more resistant to  phar­
m acological deprivation  th an  that of adults. In  adult rats 100 m g/kg d ,l-  
a-M D O PA  elicits sed ation  for 2—5 hours fo llow ed  by total PS deprivation  
for 11 hours [7].

Our results dem onstrate an increased ex c ita b ility  and locom otor activ ity  
due to  early postnatal a-M D O PA  treatm ent. T he superior performance in the 
sh u ttle -b ox  does not reflect the capacity o f  learning but indicates a higher 
rate o f  acquisition w hich is very likely the consequence of increased locom otor  
a c tiv ity  and not o f any specific process o f  learning. It is evident, however, 
th a t treatm ent did not cause any deficit in  learning.

These results are in  agreement w ith th o se  o f P a p p a s  and S o b r i a n  [25], 
and o f S c h a e f e r  et al. [30]. These authors adm inistered 6-hydroxydopam ine  
(6-O H D A ) and p-chlorophenylalanine (pCPA) to  baby rats, two drugs which  
in  adult rats cause se lectiv e  or non-selective P S  deprivation [22, 24] w ithout 
an y  gross behavioural disturbance.

S m it h  et al. [32] applied 6-OHDA in  im m ature rats in a m anner which  
preferentially reduced brain N E . They also observed an increased locom otor  
a c tiv ity  and sh uttle-box  acquisition. W ith other typ es of adm inistration which  
reduced DA or both  N E  and DA, both th e  ab ove m entioned activ ities were 
reduced. In our case, brain 5-HT, DA and N E  levels were unchanged. It  is 
th ou gh  that the turnover o f  the biogenic am ines m ight be affected, but their 
dynam ics were not stud ied .

I s aac so n  et al. [15] administered to  newborn rats 5,6-dihydroxy- 
tryp tam in e in tracisternally . In adult life a reduced brain 5-HT level was 
found , open field a c tiv ity  and FR  conditioning and the effects of am phetam ine  
on th ese two tests w ere unchanged.

A n d e r s e n  produced experim ental phenylketonuria by pCPA and phenyl­
alanine in rats [1, 2]; their  body weight was sim ilar as that seen in  our anim als. 
W hen tested  as adults th ey  were hyperactive in  activ ity  wheel and in the  
open field.

W hile active avoidance responses w ere unaffected in shuttle-box and 
in  Y -m aze, the treated  rats were inferior in  passive avoidance conditioning.

U ndernutrition and handling m ay b o th  affect adult behaviour [9, 13, 
26, 31]. On the basis o f  these facts it is d ifficu lt to  find the exact cause o f our 
fin d in gs. The changes m ight have been due to  PS deprivation but other specific
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or non-specific actions of the drug and the procedure (e.g. hypotension , de- 
c reased heart rate, reduced body weight) m ay also have had a part.

The present find ing m ight he explained as follows. Either th e  relation­
ship between PS and the m aturation of the CNS m ight not operate or at least 
not in th is sim ple form , or the PS was not su ffic ien tly  deprived. U nfortunately, 
continuous recording o f the newborn left w ith the m other has not been solved. 
I f  the newborn is separated from its m other, environm ental conditions are 
unnatural, and the spontaneous sleep patterns are m odified [7]. The pharm aco­
logical data obtained under such conditions m ay be extrapolated to  less arti­
fic ia l ones w ith  som e reservations. N evertheless, the experim ent was repeated  
in newborn k itten s reared in their original litters. 72% PS deprivation was 
found and only increased excitab ility  and a sligh t retardation of co-ordination  
were detected but no gross behavioural changes have been found [29].
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P h en lax ine  a n d  b isacodyl were show n to  inh ib it gastric  e m p ty in g  a n d  m o tility  
b y  ac tiv a tin g  a re flex  arising  from  th e  sm all in testin e . This effec t p ro d u c e d  by  the  
c a th a r tic s  could n o t be  p re v en ted  e ith e r  by  a lp h a  or b e ta  sy m p a th o ly tic , o r by  p a ra ­
sy m p a th o ly tic  ag en ts; fu r th e r  i t  w as a n tag o n ized  by quinine an d  q u in id in e , as well 
as b y  chloroquine a n d  m epacrine  in  doses fo u n d  to  suppress g a s tr ic  m o ti l ity  in  u n ­
tre a te d  anim als. T he in h ib itio n  of g astric  m o tility  th rough  c a th a r tic s  does n o t ap p ear 
to  be due to  an effec t on ad renerg ic  or cho linerg ic  pa thw ays b u t r a th e r  to  involve 
a purinerg ic  m echanism .

It is generally accepted that normal gastric m otility is governed  by the 
interaction  of excitatory cholinergic and inhibitory adrenergic nervous im ­
pulses. Early in this century, the existence o f  a third, i.e. non-adrenergic, non- 
cholinergic, vagal inhibitory system  was postu lated  in the innervation  o f the 
stom ach [11, 12]. This was suggested by B u r n s t o c k  to he a purinergic sys­
tem  [4]. The preganglionic fibres of the inhibitory purinergic system  are believed  
to  run in the vagus nerve form ing synapses on the ganglionic cells located  
at the m yenteric plexus in the stom ach. These neurons then supply  the gastric 
sm ooth  muscle cells. A num ber of experim ental data is available show ing that 
th e  p u tative transm itter of th is inh ib itory purinergic system , i.e . A TP, is 
capable o f inducing relaxation  o f som e parts o f  the smooth m uscle elem ents 
in the gastrointestinal tract of various species, and during nerve stim ulation  
ATP is released [2, 3, 6, 8, 20, 21]. The present paper does not concern the  
effect o f  putative transm itter but rather a reflex mechanism activa ted  by  
drugs, suggesting a purinergic innervation o f the rat stom ach. A s described  
earlier in two short com m unications [10, 15], som e cathartics w ere found to  
inh ib it gastric m otility  through reflex pathw ays, and the suppression o f gastric 
m otility  was prevented by drugs, such as m epacrine, quinine, and quinidine  
which have been thought to be purinergic antagonists.
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Methods

T h e  experim en ts w ere c a rr ie d  o u t on fem ale S p rag u e -D aw ley  CFY ra ts  w eighing 
200 — 250 g a fte r  a 24 h  s ta rv a tio n .

G astr ic  em p ty ing  w as s tu d ie d  by  Levine’s p h en o l-red  m e th o d  [9] w ith an  0. 1%  dye 
c o n c e n tra tio n . G astric  m o tility  w as m easu red  by using  a m e th o d  e lab o ra ted  in  our la b o ra to ry . 
I n  b rie f , th e  ra ts  were a n es th e s ize d  w ith  40 m g/kg p e n to b a rb ita l  in trap erito n ea lly . A fte r  th e  
a b d o m in a l w all h ad  been o p en ed , b y  th e  a id  of an  a tr a u m a tic  need le  a  m in ia tu re  s tra in  gauge 
w as f ix e d  on  th e  py loric  p a r t  o f th e  stom ach . The am p lified  m o v em e n ts  of th e  s to m ac h  were 
re c o rd e d  on  a po lygraph . D e ta iled  d esc rip tio n  of the  m e th o d  h a s  b een  published e lsew here [7].

F o r  m easuring  th e  g a s tr ic  e m p ty in g , phenol-red  w as g iv en  th ro u g h  a s to m ach  tu b e  
in  g ro u p s  i f  a t  least 5 conscious r a ts .  D rugs influencing g a s tr ic  e m p ty in g  were ad m in is te re d  
in  p a r t  th ro u g h  a  gastric  tu b e  or in  p a r t  paren tera lly  p rio r  to  th e  ap p lication  of ph en o l-red . 
T h ir ty  m in  a fte r  the  a d m in is tra t io n  of th e  dye, th e  a n im a ls  w ere k illed, th e ir s to m ac h  w as 
ex p o sed , an d  th e  a m o u n t o f th e  re m a in in g  phenol-red  w as d e te rm in e d  p h o to m e trica lly , its  
q u a n t i ty  being  expressed as p e r c e n t  o f  th e  dye a p p lie d . T h e  in d iv id u a l values were av erag ed , 
a n d  th e  d ifference be tw een  v a r io u s  ex p erim en ta l groups w as s ta tis t ic a l ly  evalued b y  S tu d e n t ’s 
t te s t.

W h en  ca th a rtic s  w ere  a d m in is te re d  in trad u o d en a lly , th e  an im als  were given 40 m g/kg  
p e n to b a rb ita l  in tra p erito n ea lly , th e n  th e ir  abdom en w as o p e n ed , a n d  a th in  po lye th y len e  tu b e  
w as in tro d u c e d  by  m o u th  th ro u g h  th e  stom ach in to  th e  d u o d e n u m  u n d e r v isual co n tro l. The 
d ru g s  w ere  applied  th ro u g h  th e  tu b e  w hich was th e n  rem o v ed .

T h e  coeliac ganglion w as ex cised  under p e n to b a rb ita l  an es th esia . A fter m ed ian  la p a ­
ro to m y , th e  coeliac a r te ry  w as ex p o se d  th e  ganglion w as ca re fu lly  iso la ted  from  th e  su rro u n d ­
in g  tis su e s  u n d e r a p re p a ra tio n  m icroscope, and excised, th e n  th e  abdom inal wall w as su tu re d . 
M easu rem en t o f gastric  m o til ity  w as  u n d e rta k en  10 d ay s  a f te r  su rgery .

D rugs used: p h en lax in e  (R ic h te r) ,  b isacodyl (C hino in), ch lo roqu ine  ph o sp h a te  (C hino in), 
m ep a c rin e  d ihydroch loride  (S igm a), qu in ine  sulfate (B o eh rin g e r), qu in id in e  su lfate (B o ehringer), 
p a p a v e r in e  HC1 (Chinoin), p e n to b a rb ita l-N a  (A b b o tt), p h e n o l-re d  (R eanal), p h en to lam in e  
(C iba), p indolo l (Sandoz), a ce ty l-b e ta -m eth y lch o lin e  ch lo ride  (S igm a).

Results

Phenlaxine and b isacodyl given by m outh  to  rats inhibited gastric 
m o tility  causing a con com itan t delay in em p ty in g . These effects were dose- 
related  (Fig. 1). B isacodyl inhibited  gastric m o tility  within a few m inutes 
after application, while th e  effect o f phenlaxine developed  with a latency and 
was sustained for 3 to  4 hr (F ig. 2). The in h ib ition  did not occur w hen the  
cathartics were applied intraperitoneally or p er rectum , while it was alw ays 
dem onstrable follow ing intraduodenal application . It should he noted that 
th e  cathartic effect ensued after rectal, but not following intraperitoneal 
adm inistration.

The initial observations put forward the h yp oth esis that the inh ib ition  
o f gastric m otility  and em p ty in g  was due to a reflex  activation of inh ib itory  
adrenergic m echanism s or to  an inhibition o f stim u latory  cholinergic inner­
va tio n . Therefore, a ttem p ts were made to antagon ize the cathartics induced  
in h ib ition  of gastric m o tility  by adm inistration o f phentolam ine, pindolol, 
or acety l-beta-m ethylcholin e (ACBMC). It was found that neither 1.25 to
5.0 m g/kg subcutaneous phentolam ine nor 0.125 to  0.5 mg/kg intraperitoneal 
pindolol prevented the reflectoric inhibition b y  cathartics of gastric m otility  
(T able I), moreover both  drugs were shown to  som ew hat increase the q u an tity
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Fig. 1. E ffe c t o f p h en lax in c  ( O —O ) and  b isacodyl ( Д  — ------- Д ) о п  gastric  em p ty in g . O rd in a te :
th e  q u a n ti ty  o f p h en o l-red  re ta in e d  in th e  s to m ach  ex p ressed  as per cent o f th e  dose  ad m in ­
is te red ; abscissa: dose o f  ca th a rtic s . S ix ty  m in  e la p se d  b e tw een  the  a d m in is tra tio n  o f phen- 
lax ine  a n d  p h en o l-red ; b isacody l an d  phenol-red  w ere g iv en  sim ultaneously . T he a n im a ls  were 
killed 30 m in  follow ing th e  ap p licatio n  of p h en o l-red . E ac h  p o in t rep resen ts th e  average

o b ta in ed  from  groups o f  5 r a ts

7 5

5 30 60 120 180 240 min

Fig. 2. 10 m g/kg p h en lax in e  ( O —O ) and  5 m g/kg b isa co d y l ( Д — ------ Д )  in d u ce  in h ib itio n
of g a s tr ic  e m p ty in g . T im e-response  re la tionsh ip . O rd in a te :  increase in pheno l-red  re te n tio n  
expressed  as p e rcen tag e  o f  th e  con tro l va lue ; abscissa: tim e  e lapsed betw een th e  a d m in is tra ­
tio n  of c h a ta r tic s  an d  ph en o l-red , m in. E ach  va lue  is a v e ra g e  o b ta ined  in g ro u p s o f  5 ra ts . 

T he an im als w ere sacrificed  30 m in a f te r  p h e n o l-re d  had  been given
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T able  I

E ffect o f  adrenergic antagonists on the inh ib ition  by 10 mg/kg o f phenlaxine  
o f  gastric em ptying1

Drugs Route
o f adm inistration

Dose,
m g/kg

Retention2 of phenol-red; 
the control value was 

considered 1.0 ( |-S.D.)

P h en to lam in e S.C. 5.00 1.59 ±0 .10

2.50 1.47 ±0 .02

1.25 1.32±0.07

P indolo l ip - 0.50 1.32±0.20

0.25 1.50 ±0 .05

0.125 1 .27±0.30

1 A  g ro u p  of anim als t r e a te d  w ith  10 m g/kg p h e n la x in e  orally  served as co n tro l
2 30 m in  a fte r phenol-red

Table II

E ffect o f  phen laxine , q u in in e , and their com bination  on the gastric em ptying
in  the rat

Drugs Route
of adm inistration

Dose,
m g/kg

Retention of phenol-red1; 
the control value is con­

sidered as 1.0 (± S .D .)

P henol-red per os 1 .00±0 .3

P h en lax in e2 per os 10 2.08 ± 0 .5*

Q uin ine3 ip - 25 1 .53±0 .6

Q uin ine3 i.p. 50 2 .03±0.7*

Q uin ine3 i-p- 100 2 .54±0.5*

P h en lax ine per os 10 2 .3 8± 0 .4

-(-quinine4 i.p. 25

P h en lax ine per os 10 1.54±0.6**

-f- quin ine i.p. 50

P henlax ine per os 10 1.51 d= 0.7* *

-(-quinine i.p. 100

1 30 m in  a fte r phenol-red
2 P h e n o l-red  given 60 m in  a f te r  phen lax ine
3 Q uin ine and  p heno l-red  g iv en  s im ultaneously
4 Q u in ine  and  pheno l-red  a d m in is te red  60 m in  a f te r  phenlaxine 

* S ign ifican t d ifference a s  com p ared  to  th e  co n tro l
** S ign ifican t difference as com pared  to th e  g ro u p  tre a te d  w ith  10 m g/kg p h e n la x in e
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Table III

Effect o f  bisacodyl, qu in ine , and their com bination  o f  the gastric em p ty in g
in  the rat

D rugs R o u te
o f  a d m in is tra tio n

D ose,
m g/kg

R eten tion  o f p h e n o l-re d 1; 
th e  con tro l v a lu e  is  c o n ­

sidered 1.0 ( i S . D . )

Phenol-red per os 1 . 0 0 ± 0 . 3

B isacodyl2 per os 5 2 . 5 4 ± 0 . 4 *

Q uinine3 *•[)• 2 5 1 . 4 3 ± 0 . 5

Q uinine i.p. 5 0 1 . 9 0 ± 0 . 4 *

Q uinine i.p. 1 0 0 2 . 3 7 ± 0 . 6 *

B isacodyl per os 5 1 . 7 8 ± 0 . 1 4

-{-quinine4 i.p. 5 0

B isacodyl per os 5 1 . 5 9 ± 0 . 6 2 * *

+ q u in in e i.p. 1 0 0

B isacodyl per os 5 1 . 0 8 ± 0 . 3 9 * ‘

-{-quinine i.p. 1 5 0

1 30 m in  a f te r  phenol-red
2 P h en o l-red  g iven  5 m in  a fte r bisacodyl
3 Q uinine a n d  pheno l-red  given sim u ltan eo u sly
4 Q uinine a n d  p heno l-red  adm in iste red  5 m in  a f te r  bisacodyl 

* S ign ifican t d ifference as com pared  to  th e  co n tro l
** S ign ifican t difference as com pared  to  th e  g ro u p  tre a te d  w ith  5 m g/kg b isa co d y l

10mg/kg
bisacodyl

intraduodenal

60mg/kg
mepacrine

intraperitoneal

'tg . 3. E ffec t o f m epacrine  on  g astric  m o tility  in h ib ite d  by  bisacodyl. P e n d u la r  m o v em e n ts  
were reco rded  by  s tra in  gauge. C a lib ra tio n : 0.2 g an d  0.5 m in
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of phenol-red  retained in th e  stom ach. As com pared to the control va lue  
a s ig n ifica n t decrease in  gastric em ptying was a lready observed after 2.5 m g/kg  
p h en to lam in e given subcutaneously  or 0.25 m g/k g  pindolol injected intra- 
p eriton ea lly . ACBMC, in a dose of 0.75 m g/kg g iven  intraperitoneally, was 
unable to  in itiate gastric m otility  after the in h ib ition  induced by chatartics.

0.2 I

0.5

« к »
60mg/kg
m ep a c r in e
in t ra p e r i to n e a l

F ig . 4 . E ffe c t o f m epacrine  on th e  g astric  m otility  o f u n t r e a te d  ra ts . R ecording w as c a rried  
o u t  b y  a  s tra in  gauge. C a lib ra tio n : 0.2 g and  0.5 m in . A: c o n tro l: B: 15th m in ; C: 3 0 th  m in

F ig . 5. T h e  p u ta tiv e  re flex  a rch  th ro u g h  w hich c h a ta r tic s  in d u ce  inh ib ition  of g astric  m o til ity . 
1: s m o o th  m uscle cell, 2: gan g lio n ic  cell in the  m y e n te ric  p lex u s , 3: adrenergic p reg an g lio n ic  
f ib res  i t s  cell bo d y  is lo ca ted  in  th e  coeliac ganglion , X : p regang lion ic  fib res ru n n in g  in  th e  
v a g u s  n e rv e , A T P: adenosine tr ip h o sp h a te , ACh: ace ty lc h o lin e , N A : no rad renaline , —► a c tiv a ­

tio n , 4  in h ib itio n
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The cathartics were capable o f  inhibiting the pendular m ovem ent o f the 
stom ach in rats subjected to  coeliac ganglionectom y. On the other hand, there 
is no inhibition  in acute experim ents when the vagus nerve was cut on the 
neck im m ediately before th e  adm inistration of cathartic drugs. In  such cases, 
the m otility  declined ow ing to  vagotom y, it was however further increased 
when 1 m g/kg papaverine w as injected intraperitoneally.

It appears from the ob ta in ed  data that phenlaxine and b isacodyl inhibit 
gastric m otility  and em ptying  through a reflex in which afferentation  is aris­
ing from th e small in testine, and its efferent fibers are running in  the vagus 
nerve. The reflex is not adrenergic and cholinergic in nature. A possib le m echa­
nism , i.e. the involvem ent o f  purinergic inhibitory pathw ays, w as th en  postu­
lated, and it was therefore suggested  that the putative purinergic antagonists, 
such as m cpacrine, quinine and quinidine, m ight have been able to  prevent 
the inhibition of gastric m o tility  induced by cathartics. As show n in Tables 
II and I I I , the retention o f phenol-red in the stom ach and the inhibition  
of gastric m otility  evoked b y  phenlaxine and bisacodyl were antagonized by 
quinine. Figure 3 dem onstrates th at gastric m otility  which had been  stopped  
by bisacodyl returned to norm al when 60 m g/kg m epacrine was in jected . This 
dose was shown to abolish th e  pendular m ovem ent of the stom ach in  rats not 
receiving bisacodyl (Fig. 4).

It was also found th a t th e  inhibition of gastric m otility  induced by the 
tested  cathartics was antagonized  not only by quinine and m epacrine but 
also by quinidine (20 to 50 m g/kg intraperitoneally) and chloroquine (10 to 
30 mg/kg intraperitoneally).

Discussion

Phenlaxine and bisacodyl, when exerting their effect in the sm all in­
testine, inh ib it gastric m otility  and em ptying in the rat. This m ay be due to an 
inhibitory gastroenteric reflex  avoiding the coeliac ganglion and hav in g  effer­
ent fibres in the vagus. S ince the efferent pathw ays are not adrenergic or 
cholinergic, and in turn blocked  by quinine, quinidine, and m epacrine, they  
are by all m eans purinergic in  nature. The putative reflex pathw ays are shown  
in Fig. 5.

An ileo-gastric reflex passing through the coeliac ganglion, b locked by 
adrenolytic agents has been described by R ozsos et al. [17, 18, 19]. The 
existence of an oesophagal-gastric reflex has been suggested by A b r a h a m s s o n  
and J a n s s o n  [1], while a reflex , in which afferent pathw ays are derived from  
the abdom inal region, and w hich induces gastric relaxation , has been suggested  
by O i iga  et al. [16]. Moreover, gastroenteric reflexes activated  by breakdown  
products of fa tty  acid and protein  m etabolism , or som e acids as w ell as hyper­
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o sm o tic  solutions have also b een  postulated. Som e o f them  can be interrupted  
b y  th e  removal of the coe liac  ganglion, whereas others are blocked b y  vagot­
o m y  [5]. We assume th a t th e  inhibitory gastroenteric reflex activated  by  
ca th a rtics  drugs belongs to  th e  last group.

Bearing in mind our earlier results, it is rem arkable th at the inhibition  
o f gastr ic  m otility by ca th a rtics  is antagonized b y  m epacrine and chloroquine. 
I t  h as previously been estab lish ed  that chloroquine and m epacrine, owing 
to  th e ir  parasym patholytic and  spasm olytic character, are capable o f inh ib it­
in g  gastric m otility and em p ty in g  in intact anim als [13, 14]. It appears from  
th e  present findings th a t chloroquine and m epacrine in doses which are in­
h ib ito ry  on gastric m o tility  under normal cond itions, are able to initiate  
p en d u lar  movements in  th e  stom ach of the rat in  which gastric m otility  is 
b lo ck ed  by adm inistration o f  some cathartics drugs. These different effects 
sh o u ld  involve different m echanism s.
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Recensiones

D. G. J ones

Some Current Concepts of Synaptic Organization

Vol. 55. Fasc. 4. A dvances in  A n a to m y , E m bryo logy  an d  Cell Biology. Springer-V erlag, 
B erlin  —H eidelberg  — New Y o rk  1978. 69 pages w ith  21 figu res. P rice  DM 34. — ; US $ 18.70

Since th e  origin of th e  id ea  o f synapse (F o ster  a n d  S h e r r in g t o n , 1897) a very  large 
lite ra tu re  lias accu m u la ted , d ea lin g  w ith  the  s tru c tu re  a n d  fu n c tio n  of sy n apses. T he very 
d ifferen t dem an d s of neurob io logy  involve a d e ta iled  su rv ey  of sy n ap to lo g y  an d  th is m akes 
th e  ta sk  of review ing th e  sy n a p tic  o rg an iza tio n  a m ajo r one. T his review  p re sen ts  only the 
synapses o f lim ited  areas of th e  C N S, especially of th e  cereb ra l co rtex  and  discusses th e  pre- 
sy n ap tic  te rm in a l, th e  en larged  te rm in a tio n  of the  axon .

T he co n ten ts  o f the  rev iew  are: 1. In tro d u c tio n ; 2. O u tline  o f sy n a p tic  m orphology 
(sy n ap tic  p a ram ete rs , sy n ap tic  v a r ia tio n s ):  3. Issues in sy n a p tic  te rm in a l o rg an iza tio n  (vesicle- 
m em brane  re la tionsh ips , vesicle a tta c h m e n t  sites, VAS an d  in tra m em b ran e o u s  p a rtic les, VAS 
and  sy n ap tic  a c tiv ity , m ic ro filam en to u s netw ork , co a ted  vesicles, p ro te in  co m position  of the 
ju n c tio n a l region, m ic ro tu b u la r  sy s te m , m icro tubules in p re sy n ap tic  te rm in a l m icro tubules 
and  tu b u lin ); 4. Models of th e  p re sy n a p tic  term inal. T he c h a p te rs  are co m ple ted  w ith  a b u n d an t 
references an d  a su b jec t index.

T he review  is an im p o r ta n t  source of in fo rm atio n  for th e  large field o f neurobiology, 
in p a rticu la r  for synapto logy .

K . L issák

G. S t e r b a  u n d  F. Sc h o ber

Topographie und Zytologie neurosekretorischer System e

Teil 1. Das klassische n eu ro sek re to risch e  System  der R a tte .  G u s ta v  F ischer V erlag , Je n a  1979.
119 pages w ith  118 figures. P rice  DM 76.00

T his book is an  a tla s  o f  th e  c lassical (su p rao p tic  an d  p a ra v e n tric u lo h y p o p h y s ia l)  neu ro ­
secretory  system  o f th e  ra t.  I t  d e a ls  w ith  its  o rg an iza tio n , to p o g rap h y , m y elo a rch itec tu re , 
an g io a rch itec tu re  an d  p ro jec tio n s . A  d e ta iled  p ictu re  is in c lu d ed  of the  course o f fib res w hich 
arise in th e  su p rao p tic  and p a ra v e n tr ic u la r  neurones an d  te rm in a te  in  th e  in fu n d ib u la r  process 
o f the  neu ro h y p o p h y sis or in e x tra h y p o th a la m ic  regions, i.e. th e  sub fo rn ical o rg an , h ab en u lar 
region, rh o m b encephalon  an d  th e  e p en d y m a  of th e  la te ra l  v en tric le . T he neuro sec re to ry  
e lem ents hav e  been visualized  la rg e ly  by  th e  pseudoisocyanine  tech n iq u e  a n d  p a rtly  by 
im m u n o ch em istry  o f th e  n e u ro p h y sin s . A fferent connections, sy n ap to lo g y  o f th e  cell groups 
an d  im m u n o h isto ch em istry  o f v a so p ress in  and  o xy tocin  a re  no t encom passed . T h e  f irs t p a r t 
(20 pages) o f th e  book is te x tu a l,  w hile  th e  larger second p a r t  co n ta in s illu s tra tio n s  w hich 
are clear and  o f good q u a lity . T h e y  consist p a rtly  o f d raw in g s based  on th e  K önig-K lippel 
a tla s  and p a r tly  o f m ic ro p h o to g rap h s. C o-ordinates are g iven  on each  draw ing .

T he book  can  be recom m ended  to  all those who are  in te re s ted  in th e  d e ta ile d  to p o g rap h y  
of the  classical neurosecre to ry  sy s te m  of th e  ra t.

B. H alász
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п о RECENSIONES

W . B ergm ann

Niere und ableitende Harnwege

H a n d b u c h  der m ikroskopischen  A n a to m ie  des M enschen. Bd. V II/5 . S p ringer V erlag, 
B e rlin  — H eidelberg  —New Y o rk  1978. 444 pages w ith  181 figu res a n d  12. tab les . P rice  DM 290.

T h e  V olum e V IÏ/1 of M ö l l e n d o r f ’s m o nograph  from  1930 gave a d e ta iled  d escrip tion  
o f th e  e x c re to ry  system . K n o w led g e  a b o u t th e  s tru c tu re  a n d  fu n c tio n  of th e  k id n ey  and 
of u r in e  t ra n s p o r t  has, how ever, b e e n  en la rg ed  and fu n d a m e n ta lly  changed  in  th e  la s t  decades. 
T h ese  f a c ts  p rom pted  the e d ito rs  o f  th e  m o nograph  to  ed it a  new  vo lum e w hich , beside the  
o ld  d a ta ,  con ta ins the  new re su lts  o f re ce n t m orphological, physio logical an d  biochem ical 
re se a rc h e s .

M in o r b u t  im p o rtan t m o d if ic a tio n s  of the  old M ö l l e n d o r f  vo lum e w ere perform ed. 
C h a p te r  2 describes the  a rc h ite c tu re  o f  th e  k idney  (types, lo b u la tio n , v a scu la r seg m en ts, etc.).

I n  C h ap ter 3, w hich d eals w i th  evo lu tion , n o t only th e  dev elo p m en t o f th e  h u m an  
k id n e y  b u t  also of th a t of som e a n im a l species is decribed. I t  is i llu s tra te d  by  ex ce llen t d raw ­
in g s  a n d  e lectron  m icrographs.

T w o  chapters (a p p ro x im a te ly  180 pages) describe th e  d e ta ils  o f g lom eru lar an d  tu b u la r  
f u n c tio n .  D a ta  com paring h u m a n  a n d  an im al kidney are also p resen t. A lm ost 50 pages deal 
w i th  th e  d escrip tion  of s tru c tu re  a n d  fu n c tio n . D a ta  ab o u t t r a n s tu b u la r  t ra n s p o r t  o f p ro te ins, 
f a t t y  a c id  u p tak e , etc., are also m e n tio n ed . The m acula  den sa  is d iscussed  in  d e ta il.

C h a p te r  6 describes th e  v a s c u la r  system  of th e  k idney . V ery  d e m o n s tra tiv e  h isto logical 
p ic tu re s  o f  g ranu la ted  ep ith e lia l cells are  given. T he a rch ite c tu re  o f th e  vessels is d iscussed  
in  p a ra l le l  w ith  th a t  of th e  tu b u li ,  p rov id ing  a good m orpho log ical basis e lu c id a tio n  of for 
th e  c o u n te rc u rre n t principle. T h is  c h a p te r  describes th e  ly m p h  vessels and  in te rs ti tiu m  as well.

T h e  la s t p a r t of th e  v o lu m e  d iscusses the  in n erv a tio n  of th e  k idney .
T h e  307 page p a r t  on th e  k id n e y  is followed b y  C h ap te r 8 e n title d  “ T he u r in a ry  t r a c t” . 

H is to lo g ic a l inform ation  a b o u t th e  c a v ity  system , u re te r  an d  b lad d e r are described  on as few 
as 22 pag es .

T h e  au th o r took upo n  h im se lf  a v e ry  d ifficult ta sk , since being an  a n a to m is t,  be  tried  
to  su m m a riz e  th e  p resent s ta te  o f  k n o w led g e  concerning k id n ey  s tru c tu re  an d  fu n c tio n , w hich 
is m o re  o r less ou t of th e  scope o f  his profession. The aim  o f th e  m o n o g rap h s w as, how ever, 
su c c ess fu lly  achieved. This fa c t in d ic a te s  th a t  the  book is a n  excellen t an d  v a lu a b le  tool for 
b o th  sc ien tis ts  and clinicians in v o lv e d  in  k idney  research .

F .  RÉNYI-VÁMOS

Acta Physiologica Academiae Scientiarum Hungaricae 57, 1981
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ТОМ. 57-ВЫ П . 1

РЕЗЮМЕ

ВЛИЯНИЕ ИНДОМЕТАЦИНА НА ТРАНСПОРТ НАТРИЯ И ВОДЫ В КОЖЕ
ЛЯГУШКИ

Р. БАРТА и ХАБ ЛИ

Авторы исследовали изменения транспорта натрия, рубидия и воды в коже лягушки, 
наступающие в присутствии индометацина, ингибирующего циклическую эндопероксида- 
зу. Транспорт натрия изучали измерением короткозамыкательного тока, а также с помощью 
изотопа натрия (Na24); транспорт воды изучали методикой мешочка, изготовленного из ко­
жи лягушки.

Результаты исследования показали, что, под влиянием индометацина
1. уменьшается напряжение, измеряемое между двумя сторонами кожи лягушки, а 

также интенсивность замыкательного тока; сопротивление и проводимость не изменяются,
2. усиливается пассивный транспорт натрия, направленный изнутри кнаружи,
3. не изменяются ни транспорт воды, направленный в сторону осжотического гра­

диента, ни пассивный транспорт рубидия.
На основании этих данных авторы приходят к выводу, что
а) под воздействием индометацина избирательно повышается проницаемость кожи 

по отношению к натрию, то есть
б) результаты настоящих экспериментов согласуются с предположением относи­

тельно того, что индометацин в некоторых тканях может оказывать влияние на интенсив­
ность транспорта натрия.

СОН У ИСКУССТВЕННО ВСКАРМЛИВАЕМЫХ НОВОРОЖДЕННЫХ КРЫС.
ВЛИЯНИЕ АЛФА-МЕТИЛ-ДОФАМИНА НА ПАРАДОКСАЛЬНЫЙ СОН И НА 

ПОВЕДЕНИЕ ВЗРОСЛЫХ КРЫС
П. ЮВАНЦ

Авторы разработали методику вскрымливания новорожденных крыс в инкубаторе. 
Исследовали эволюцию парадоксального сна на протяжении трех недель после рождения. 
Парадоксальный сон и временное изменение соотношение парадоксального сна у  искусст­
венно вскормленных крыс качественно соответствовали таковым у крыс, воспитанных ма­
терями, количественно же пропорция парадоксального сна была на 20% ниже. Но кожно- 
введение d, 1 альфаметил-дофамина по 500 мг/кг, ежедневно в течение трех недель, вызвало 
10, 70—75% торможение парадоксального сна.

Крысы, вскормленные матерями, тоже в течение трех недель получали d, 1 альфа- 
метил-дофамин, в день по 250 мг/нг. Исследования были выполнены позже на взрослых жи­
вотных, получавших дофамин в новорожденном возрасте. У них была выявлена повышен­
ная локомоторная активность и shuttle-box acquisition , но не удалось показать нарушения 
процесса обучения. Содержание норадреналина, серотонина и дофамина в мозгу не из­
менилось.



ВЛИЯНИЕ ИОНОВ ЦИНКА НА ПРОКОАГУЛЯНТНУЮ АКТИВНОСТЬ PMN
ЛЕЙКОЦИТОВ

Э. ГАЗДИ, X. ЧЕРНЯНСКИ и Т. СИЛАДИ

Авторы изучали влияние ионов цинка, магния и марганца на прокоагулянтную ак­
тивность перитонеальных PMN лейкоцитов кроликов, после обработки их в условиях in 
vitro эндотоксином. В присутствии этих катионов клетки, полученные из брюшной полости, 
инкубировали в растворе Ханкса при 37°С, после чего определяли свертывающую способ­
ность надосадочной жидкости в цитратной плазме крови кролика.

При инкубировании надосадка в присутствии 50 мкмоль хлористого цинка его свер­
тывающая способность достоверно снижалась, при добавлении же 100 мкмоль хлористого 
цинка отмечали значительное удлинение времени свертывания. Ионы цинка в зависимости 
от концентрации подавляют выход прокоагулянтного вещества из лейкоцитов.

Взятые в качестве контроля два других двухвалентных катиона не оказывали влия­
ния на время свертывания, определяемого в подобной же системе.

Было показано, что ионы цинка затормаживают высвобождение тканевого фактора 
из PMN лейкоцитов, обработанных предварительно эндотоксином. Ингибирующее действие 
цинка является дозозависимыми, экспоненциально возрастая от 5 мкмоль до 250 мкмоль.

Способность ионов цинка ингибировать освобождение тканевого фактора можно 
объяснить его стабилизирующим действием на мембрану.

АКТИВИРОВАННЫЙ СЛАБИТЕЛЬНЫМИ СРЕДСТВАМИ ПУРИНЕРГИЧЕСКИЙ
РЕФЛЕКС У КРЫС

Э. МИНКЕР и Ж. МАТЕЙКА

Фенлаксин и бисакодил тормозят у крыс двигательную активность желудка и его 
опорожение посредством рефлекса с тонкого кишечника. Этот эффект слабительных 
средств нальзя предотворатить ни альфа- и бета-симпатолитиками, ни парасимпатиметика- 
ми, однако можно антагонизировать хинином и хинидином, а также такими дозами хлоро- 
квина и мепакрина, которые у интактных (не получавших слабительных средств) живот­
ных и сами по себе подавляют моторику желудка.

Затормаживающий моторную активность желудка эффект слабительных осущест­
вляется, по-видимому, через пуринергическую нейронную систему, а не через адренерги­
ческую или холинергическую.

ДЕЙСТВИЕ СУЛЬФАТНОГО ЭФИРА ОКТАПЕПТИДА-ХОЛЕЦИСТОКИНИНА НА
МОНОАМИНЫ МОЗГА У КРЫС

ФЕКЕТЕ М., ВАРСЕГИ МАРИЯ, КАДАР Т., ПЕНКЕ Б., КОВАЧ К. и ТЕЛЕГДИ Г.

Изучали влияние разных доз сульфатного эфира октапептида-холецистокинина на 
(ХЦК — 8 — СЭ) на содержание допамина, норадреналина и серотонина гипоталамуса, 
мезенцефалона, миндального ядра, прозрачной перегородки и полосатого тела через 10, 
20 и 60 минут после введения препарата.

В гипоталамусе и мезенцефалоне содержание допамина и норадреналина увеличи­
валось, а содержание серотонина уменьшалось. Содержание моноаминов миндального 
ядра изменялось двухфазно. Изменение зависело от дозы и срока действия препарата. 
Подобным образом изменялось содержание допамина и норадреналина прозрачной пере­
городке. В полосатом теле содержание допамина и серотонина уменьшалось, а содержание 
норадреналина в начале увеличивалось потом уменьшалось.

Наши результаты указывают что ХЦК — 8 СЭ изменяет содержание допамина, 
норадреналина и серотонина разных отделов мозга. Изменение зависит от дозы от срока 
действия от места действия препарата.



ИЗУЧЕНИЕ ДЕЙСТВИЯ ПРОГЕСТЕРОНА НА ПОСТРОДОВЫХ (post partum)
МАТКАХ КРЫС

А. БЕРНАРД

У 44 крыс, после родов, изучали реактивность матки по отношению эстрадиола 
(Е2) и  прогестерона (Р). У 34 животных со спонтанным родом введение гормонов началось 
непосредственно после родов, а у 24 животных у которых на 24 часа до спонтанных родов 
проводилось кесарево сечение, сразу после кесарева сечения. В матку животных ввели рези­
новый баллон, при помощи которого систематично измеряли интраутеральное давление до 
и после проведения окситоцинового теста.

По результатам измерений, проведённых ежедневно в течение недели, было устано­
влено, что у всех нелечённых прогестероном животных постродовое давление в матках 
значительно увеличивалось. Совместное введение Е2 +  Р значительно уменьшало макси­
мальное интраутериновое давление в том случае если лечение началось на 24 часа раньше 
родов. Введение одного прогестерона после спонтанных родов оказалось не эффективным, 
но применяя вместе с Ег в течение 3 дней или дальше значительно уменьшало интрауте­
ральное давление.

Само сабой разумеется, непосредственно перед родом и во время родов реактив­
ность матки крыс по отношению прогестерона существенно изменялась. Механизм данного 
явления пока не известно.

ИЗУЧЕНИЕ ЭНЗИМНОЙ ИНДУКЦИИ В ПЕЧЕНИ ДЕНЕРВИРОВАННЫХ
КРЫС

ФРЕНКЛ Р., СЕБЕРЕНИ С., ЧАК.ВАРИ Г.

Изучали роль иннервации печени в возникновении действия различных индуци­
рующих факторов (фенобарбитал, мыщечная работа).

Энзимная индукция, (укорочение гексобарбитвлого сна) — наблюдается и после 
частичной ваготомии (целиэктомии) и тотальной денервации печени. Хотья применяемые 
нами методы, мелкие изменения могут не выявлять, можно сделать вывод что индукцию 
микросомальных энзимных систем печени можно вызвать и после денервации.

Лапаратомия удлинняло время сне. Это действие продолжалось в течение 6 недель. 
Роль нервной системы в этом явлении не подлежит сомнению.

РОЛЬ МЕМБРАННЫХ ПРОЦЕССОВ В РЕГУЛЯЦИИ СКЕЛЕТНОЙ МУСКУЛАТУРЫ

ЛАСЛО КОВАЧ

В последнее время подробно изучали роль мембранных процессов в активировании 
поперечнополосатых мыщц. Вероятным кажется тот, что зависимость электромеханиче­
ской связи от мембранного потенциала обусловлено движением зарядов внутри мембраны. 
Проводились усилия непосредственного измерения функциональных особенностей сарко­
плазматического ретикулума, и либерацни интрацеллуларного Са++. Приводятся экспе­
риментальные данные о связи между снижением зарядов, либерацией Са++ и пороговым 
движением.

ГЕНЕРАЛИЗОВАННАЯ ЭПИЛЕПСИЯ СО СПАЙКАМИ (GESW) КАК 
ЭПИЛЕПТИЧЕСКОЕ НАРУШЕНИЕ ФУНКЦИИ СНА

ХАЛАС П.

На основании литературных данных и собственных исследований нами была выра­
ботана новая гипотеза, относительно патомеханизма генерализованной эпилепсии с вол- 
нами-спайк (GESW).



В первой части, дается критический анализ взглядов на патомехнизм GESW. Из­
лагаются: возникновение «центренцефалической теории», дискуссии о кортикальных и 
субкортикальных причинах данного заболевания; кортико-ретикулярная теория Глора и 
наконец «дисгормическая» теория Нидермейера.

Авторы доказывают что приступы волн-спаек возникают на грани бодроствования 
и сна то есть на границе РЭМ-а и нон РЭМ-а при таких колебаниях уровня бодрости, в 
которых явления пробуждения меняются явлениями засыпания. Поэтому для понимания 
механизма приступов волн-спаек необходимо знание динамических свойств этой крити­
ческой зоны.

На основании собстевнных исследований мы пришли к выводу, что микроосцилляции 
уровня глубины сна, и без эпилепсии показывают также динамические особенности, кото­
рые объясняются реципрокно-индукционным взаймоотношением системы сна и пробуж­
дения.

По нашему представлению, процесс засыпания возникает в результате реципрокного- 
воздействия системы сна и засыпания в ответ на возбуждения органов чувств внешними 
раздражителями. Значит индукторами сна — через реципрокно индукционных взаимоот­
ношений системы засыпания и пробуждения — являются внешние раздражители. Так мы 
объясняем всякую реакцию синхронизации ЭЭГ в ответ на внешние раздражители и реак­
цию синхронизации типа К- комплексов мы считаем таким фундаментальным явлением 
процесса сна, которая представляет собой суммацию всех индукционных явлений процесса 
сна.

Относительно механизма GESW мы указываем на многосторонную сходность между 
комплексами-К и формой волн-спаек. На основании этого приступы волн-спаек, мы считаем 
своеобразными эпилептическими «карикатурами» индукционных явлений сна, выражаю­
щихся в виде К-комплексов, и GESW считаем эпилептическим нарушением индукционных 
процессов системы сна и пробуждения.

Эта гипотеза дает возможность объяснить ряд противоречий относительно механизма 
GESW, и служит биологической базой для дальнейших исследований.

В заключении на основании этой гипотезы мы попытаемся дать ответ на некоторые 
характерные свойства GESW: на генетическую детерминированность, на зависимость от 
возраста, на связь с циклом сна — и бодрствования, на функциональные и анатомические 
особенности и наконец на электрические и клинические симптомы приступа.
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Physiologia— Path op hysiologia

CHARACTERIZATION OF ANISOTROPIC ELASTIC 
PROPERTIES OF THE ARTERIES 

BY EXPONENTIAL AND POLYNOMIAL STRAIN 
ENERGY FUNCTIONS

By

A .  G .  H u D E T Z  a n d  E .  M O N O S
EX PER IM EN TA L R E S E A R C H  D EPARTM ENT AND I I  IN ST ITU TE OF PH Y SIO L O G Y , 

SEM M ELW EIS U N IV E R S IT Y  MEDICAL SCHOOL, BU DA PEST

(R eceived  M arch 16, 1980)

T hree-d im ensional q u a s i-s ta tic  m echanical m easu rem en ts  w ere c a rr ied  o u t on 
cy lind rica l segm ents o f  th e  dog caro tid  and  iliac  a rte rie s  for d e te rm in a tio n  of the 
passive  an iso trop ic  e la s tic  p ro p e rtie s  of th e  vessel w all. On th e  basis o f  p a ss iv e  charac­
te r is tic s  o f o u ter d ia m e te r  vs. in tra lu m in a l p ressu re , an d  ax ia l e x te n d in g  force vs. 
in tra lu m in a l p ressu re , p ick e d  up  a t  various fix ed  in it ia l  v ascu la r le n g th  v a lu es, the  
in c rem en ta l Y oung m o d u li a n d  Poisson ra tio s  o f  th e  vessel w all w ere calcu la ted  
in  th e  0 — 33 k P a  (0 —250 m m  H g) pressure range. T he s tra in  en erg y  fu n c tio n  of the  
a rte rie s  was a p p ro x im a te d  b y  polynom ial a n d  e x p o n en tia l m odels. W e fo u n d  th a t  
a n  ex p o n en tia l energy  fu n c tio n  w ith  4 -param eters gives m ore a c c u ra te  re su lts  th an  
th e  7- o r 12 -p aram ete r p o ly n o m ia l functions. A ccording to  th e  re su lts  th e  axial 
m o d u lu s reaches h ig h er v a lu es th a n  th e  ta n g e n tia l  an d  ra d ia l m o d u li a t  a low 
ta n g e n tia l  s tre tch  leve l, w hile  a t  h igh  tan g e n tia l s tre tc h  th e  ta n g e n tia l  m o d u lu s  is the  
h ig h est in  b o th  c a ro tid  a n d  iliac arteries. A fter e lev a tio n  of th e  in i t ia l  tan g e n tia l 
s tre tc h  th e  increase in  th e  ta n g e n tia l  m odulus is th e  m o st p ro n o u n ced , w hile  th e  values 
o f ra d ia l and  axial m o d u li in creased  less. A change in  th e  in it ia l  ax ia l s tr e tc h  influences 
th e  ax ia l and  rad ia l m o d u li to  a  sim ilar e x te n t, b u t  has no su b s ta n tia l  e ffec t on the  
v a lu e  of th e  ta n g e n tia l m o d u lu s . The values o f correspond ing  Poisson  ra tio s  depend 
in  a  sim ilar way on th e  in i t ia l  defo rm ation  s ta te . T he d iffe ren t b e h a v io u r  o f th e  two 
Poisson  ra tio s  c h a ra c te riz in g  th e  m echanical coupling  betw een ta n g e n t ia l  an d  axial 
d irec tio n s , in d ica tes t h a t  th e  s tru c tu ra l coupling  be tw een  th e  tw o m ain  d irec tio n s  is 
a sy m m etrical. I t  is a ssu m e d  th a t  th is  p ro p e rty  o f th e  passive v a sc u la r  s tru c tu re  can 
be exp la ined  by th e  n e tw o rk  a rran g em en t o f collagen fib res  in  th e  vessel w all.

K nowledge of the b iom echanical properties o f the vessels is necessary for 
the understanding of the close connection betw een structure and physiological 
function  o f the arteries. D ue to  the viscoelastic properties and peculiar archi­
tecture of the active and passive vessel wall constituents, the arteries exhibit 
anisotropic and non-linear m echanical behaviour [10, 17, 22, 24, 30, 31, 32]. 
The non-linear elasticity  o f  th e  anisotropic arterial wall can be characterized  
entirely  by one single increm ental modulus at constant vessel length  [18], 
but for the description o f its three-dim ensional behaviour at least three 
independent parameters are necessary [30]. I f  the vessel wall is considered to 
be cylindrically  orthotropic and incompressible [6 , 27], the three-dim ensional
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e la stic  stiffness and the stren g th  o f mechanical coupling betw een the normal 
stra in s can be characterized b y  three increm ental Y oung moduli and six  in ­
crem en ta l Poisson ratios. P a t e l  and V a ish n a v  [30 ] w orked out useful m ethods 
for th e  experim ental d eterm in ation  of increm ental characteristics of straight 
cy lin d rica l arteries. S till, o n ly  few  studies have been  engaged in the system atic  
ev a lu a tio n  of increm ental m oduli and Poisson ratios especially over a large 
d eform ation  range [8 ]. In  order to  characterize th e  functional structure of the 
v e sse l w all and the m echanical interaction  betw een th e  structural elem ents, the  
a b o v e  m entioned increm ental param eters should be know n in a w ide deform a­
tio n  range.

T he aim of the present stu d y  was the determ ination  of increm ental 
Y o u n g  moduli and increm ental Poisson ratios in  cylindrical artery segm ents 
in  a w id e (0— 33 kPa ~  0— 250 mm Hg) intralum inal pressure range and at 
v a rio u s initial axial stretches. A s a first step, the experim ents and calculations 
w ere carried out on arteries w ith  to ta lly  relaxed sm ooth  m uscle. Since the pas­
s iv e  stress-strain characteristics of the arteries determ ine the effectiveness of 
v a scu la r  smooth muscle con traction  [19, 25, 26], th e  inform ation related to  the  
p a ss iv e  vascular structure is v ery  im portant for th e  elucidation  of the m echan­
ica l properties of the v esse l w all and its physiological function  in vivo. The 
determ in ation  of increm ental m oduli is sim plified b y  th e  fact th at the v isco­
e la s tic  hysteresis of the v e sse l w all can be n eg lected  in  the passive sta te  and 
th erefore  the moduli can b e determ ined from  q uasi-static  m easurem ents. 
Som e o f  th e  results have a lready been published elsew here [21].

Methods

S upposing  th a t  th e  v esse l w a ll is  hom ogeneous, c y lin d rica lly  o r th o tro p ic  [27] a n d  in ­
c o m p ress ib le  [6], the  d e fin itio n s  o f  in crem en ta l Y oung m o d u li (E t) an d  o f Po isson  ra tio s  

a re  as follows.

E,  =  - ± ,  ( M  =  r , 0 ,  z)  ( 1 )
el

a kl —  ~ » (k ^  l) (2)
el

i f  o n ly  tt d iffers from  zero. t[ a n d  et a re  th e  p rincipal stresses a n d  p rin c ip a l s tra in s  in  th e  r, 0, s 
c y lin d r ic a l  system  of c o o rd in a te s  (F ig . 1). I t  should be  n o te d  th a t ,  due  to  th e  in co m p ressib ility  
o f  th e  v esse l wall,

огг =  1 —  Ogr, о тв =  1 — oz6, erre =  1 — oez (3)

T h e  d e fo rm a tio n  of th e  a r te r y  is  a lm o s t reversible in  th e  p ass iv e  s ta te  an d  th e  vessel w all 
c a n  b e  re g ard e d  as being  p u re ly  e la s t ic  [13]. In  th is case th e  in c re m e n ta l m odu li can  be derived  
fro m  th e  s tra in  energy fu n c tio n  o f  th e  vessel wall.

I n  th e  p resen t w ork  s t r a in  e n e rg y  function  of th e  vessel w all w as a p p ro x im a te d  by  
7 a n d  12 p a ram ete r p o ly n o m ia ls  — in tro d u c ed  by  Va ish n a v  e t  al. [37] — a n d  b y  o u r e x ­
p o n e n tia l  func tion  co n ta in in g  4 c o n s ta n ts .  This ex p o n en tia l m odel w as fo rm u la ted  as follows.

W  —  И7, exp  [Ae% +  B eeez C el] (4)

w h e re  W is  th e  s tra in  energy  d e n s i ty  o f  th e  vessel w all, eg a n d  ez are  th e  L ag ran g ian  t a n ­
g e n tia l  a n d  axial s tra in s , A , В  a n d  C a re  e lastic  co n stan ts , a n d  W 1 is  a  scale fa c to r. Since th e
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F ig . 1. S ch em atic  d iag ram  o f th e  cy lind rica l vessel w all w ith  th e  n o rm al s tre sse s ; tg: t a n ­
g e n tia l, tr: ra d ia l,  tz : ax ia l co m p o n en t; p : in tra lu m in a l p ressu re ; R : m ean  ra d iu s ;  h :  w all

th ick n ess

a rg u m e n t o f th e  e x p o n en tia l fu n c tio n  is th e  hom ogeneous q u a d ra tic  form  o f th e  tw o  p rin c ip a l 
s tra in s  a n d  th e  ra d ia l s tra in  co m ponen t is lack in g  th e  above energy  fu n c tio n  a llow s cylin- 
d rica lly  o r th o tro p ic  a n d  incom pressib le  e la stic  p ro p e rtie s .

T h e  m ech an ica l m easu rem en ts  w ere carried  o u t  on  5 —5 cylindrical seg m en ts  o f  th e  
com m on c a ro tid  (CC) an d  iliac  a rte rie s  (IA ) iso la ted  fro m  m ongrel dogs. A d e ta ile d  d e sc rip tio n  
o f th e  te c h n iq u e  can he  fo u n d  in  th e  l i te ra tu re  [7, 17, 25], o n ly  th e  m ost m a in  p o in ts  w ill be 
m en tio n ed .

A fte r rem o v a l o f th e  loose a d v e n titia l  tis su e , 10 to  30 m m  long s tra ig h t seg m en ts  were 
excised  fro m  th e  iso la ted  a rte rie s , m o u n ted  in  a tis su e  b a th  an d  s tre tch ed  a p p ro x im a te ly  to  
th e ir  in  vivo  len g th . Q u asi-s ta tic  m echan ical te s t  w as p e rfo rm ed  on th e  vessel w all b y  slow 
(a p p ro x im a te ly  200 P a  s -1 ) an d  cyclic changes o f  in tra lu m in a l  pressure  over th e  7 to  33 k P a  
ran g e . T he o u te r  vessel d iam e te r, ax ia l ex ten d in g  force  a n d  in te rn a l p ressure  w ere co n tin u o u s ly  
reco rded . T h e  b a th  co n ta in ed  o x y g en ated  physio log ica l e lectro ly te-g lucose  so lu tio n  a t  37 °C.

B efore  reco rd ing  th e  d iam ete r-p ressu re  an d  a x ia l  force-pressure curves, th e  a rte rie s  
w ere m ech an ically  co n d itio n ed  b y  10 to  20 p ressu re  cycles w hich resu lted  in  to ta l  sm o o th  
m uscle  re la x a tio n  a n d  rep ro d u c ib le  c h arac te ris tic s  [13]. T he m easu rem en ts w ere  re p e a te d  
a t  3 to  5 v a rio u s  vessel len g th s, d iffering  slig h tly  fro m  th e  in  vivo ax ia l ex tension . A fte r  th is  
p ro ced u re  th e  a rte rie s  were c u t along th e  long  ax is a n d  c ircum ference, len g th  a n d  w e t w eigh t 
o f th e  non -d efo rm ed  vessel w all w ere m easured .

B ased  on  th e  m ean  v a lu es o f th e  h y ste res is  loops o f  d iam ete r-p ressu re  a n d  force- 
p ressu re  cu rv es a n d  o f o th e r  d a ta  m easu red , th e  m ea n  ra d iu s , th e  wall th ick n ess, th e  n o rm al 
s tre tc h e s  a n d  th e  m ean  n o rm al stresses o f th e  vessel w all w ere d e term ined  a t  e ac h  1.33 k P a  
(10 m m  H g ) p ressu re  in crem en ts . T he c o n s tan ts  o f th e  s tra in  energy  fu n c tio n  w ere d e te rm in e d  
b y  regression  analysis. T he H au sh o ld er tra n s fo rm a tio n  [5] w as used  for th e  f i t t i n g  o f  th e  
1 2 -p a ram ete r po lynom ial. F o r f i t t in g  th e  e x p o n en tia l m odel, th e  quasi-N ew ton  m e th o d  of 
B ro y d e n -F le tc h e r-S c h a n n o  w as used  [14]. In  th is  case, search ing  of m in im u m  v a lu e  w as 
s ta r te d  fro m  v a rio u s in it ia l  p o in ts . V alues o f in c re m e n ta l Y oung  m oduli an d  P o isso n  ra tio s  
w ere d e riv ed  from  th e  m a te ria l c o n stan ts  b y  s ta n d a rd  e q u a tio n s  [30].

Results

The results based on exponential strain energy function are dem onstrated  
for 2— 2 CC and IA  arteries in  Figs 2— 5. The fittin g  of the model is illu stra t­
ed at three different axial stretches. The changes o f the three increm ental 
Y oung m oduli and of th e  three Poisson ratios are also dem onstrated as the  
function  o f tangentia l strain (ee).

The other three Poisson ratios are counterparts of those illu strated  in  
th e  Figures (according to  the notes given in  M ethods), so they  are n o t dem on­
strated.
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CC 75.5.7.

F ig. 2

F ig s 2 — 5. R esu lts o f ca lcu la tio n s b y  th e  use o f th e  4 -p a ra m e te r  s tra in  energy fu n c tio n  based  
on  m e c h an ic a l m easu rem en ts  o n  th e  dog’s iso la ted  co m m o n  c a ro tid  (CC) an d  iliac  a rte rie s  
(IA ). T h e  f i t t in g  of th e  e x p o n e n tia l  m odel is d e m o n s tra te d  in  th e  th ree  u p p e r p a r ts  o f th e  
f ig u re  a t  th re e  d ifferen t in it ia l  v a sc u la r  len g th  va lues (a x ia l s tre tc h  in  th e  u p p e r r ig h t corner). 
•  M e a su red  tan g en tia l m inus ra d ia l  s tress; О m easured  a x ia l  m inus ra d ia l stress. C o n tinuous
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line  rep re se n ts  th e  co rrespond ing  v a lu es calcu la ted  from  th e  ex p o n en tia l m odel. T he cal­
c u la te d  ch arac te ris tics  (a t  v a rio u s  ax ia l s tre tch es) o f ra d ia l (E r), ta n g e n tia l  (E G) a n d  ax ia l 
(E 2) in c re m e n ta l Y oung m oduli a re  i llu s tra te d  in  th e  m ed ium  p a r t  o f  th e  f ig u re , w hile  those  
o f th e  corresponding  in c rem en ta l Po isson  ra tio s  a re  d e m o n s tra ted  in  th e  low er p a r t .  A xial 

ex ten sio n  ra tio s  a re  in d ica ted  besides th e  curves
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F ig. 4

The quality o f th e  f it t in g  was different in  th e  individual arteries and 
generally  they were b etter  in  the case of th e  carotid  arteries. Individual vari­
a tion s were, however, m ore pronounced th an  th e  variations am ong the tw o  
ty p e s  o f arteries stud ied . T hus the carotid and iliac arteries have essentia lly
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[A 76.4.21.

sim ilar increm ental m echanical properties. The changes of both Y o u n g  m oduli 
and Poisson ratios indicate th at the anisotropy of the vessels depends signifi­
can tly  on the initial deform ation sta te . In  the case of a small ta n g en tia l strain  
E z ^> E r ш  E e , i. e. axial elastic stiffness is m axim um  and the v e sse l w all is
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approxim ately  tran sversa lly  isotropic in the dr p lane. In the cas г of large 
ta n g en tia l strain the ta n g en tia l stiffness is d om in atin g  and generally E e >  
]>> E r E z: the artery is cylindrically  orthotropic.

Poisson ratios rep resen t the strength o f m echanical coupling betw een  
increm ental deform ations in various directions. T h e values of a0r dem onstrate  
th a t  in  the case of sm all ta n g en tia l strain the radial compression of the vessel 
w all induces m ostly ta n g e n tia l stretch, that is an increase in vessel diam eter. 
In  th e  case of larger in itia l tangentia l strains radial compression induces axial 
s tre tch  too, so that an increase in vessel length  dom inates if  авг <  0.5. The 
stren g th  of coupling b etw een  tangential and a x ia l directions is characterized  
b y  tw o  Poisson ratios: aez and  агв, depending on th e  direction of the applied

CC 75.3.26. CC 75.5.7.

0.0 0.2 0A 0 0A 0.8
TANGENTIAL STRAIN

F ig . 6. In crem en ta l Y ou n g  m o d u li  a n d  Poisson ra tio s  o f  tw o  caro tid  a rte rie s  c a lcu la ted  
b y  th e  12-param eter p o ly n o m ia l s tra in  energy fu n c tio n . T h e  sym bols are sim ilar to  th o se

d em o n s tra ted  in  F igs 2  — 5

Acta Physiologica Academiae Scientiarum Hungaricae 57, 1981



MODELLING OF ANISOTROPIC ELASTICITY OF ARTERIES 119

increm ental stress. az6 increases m onotonically  as the function o f in itia l 
tangentia l strain, which indicates that changes of tangential deform ation  
induce in an increasing proportion changes o f th e  axial dimension rather than  
radial one.

In contrast, the changes of a6z are m arkedly  different, which m eans that 
the m echanical coupling betw een tangential and radial directions is not sym ­
m etrical.

A com parison of the com puted curves at various initial axial stretches  
indicates further nonlinearities. The effect o f changes in axial stretch in fluences  
prim arily the values of radial and axial e lastic  stiffness. In terestingly , the  
influence on tangential stiffness is relatively sm all. The larger values o f ae,. and  
a0z at increasing axial stretch  indicate the grow ing strength of m echanical 
coupling betw een the respective directions at a fix ed  in itial tangentia l stretch . 
There are, however, no considerable differences betw een the various in itia l 
axial stretch  levels if  the z6 coupling (azg), i. e. th e  axial influence of tan gen tia l 
deform ation, is considered.

The m odels obtained by the application o f polynom ial strain energy func­
tions did not prove to be so effective. In com parison to  the 4-param eter ex ­
ponential m odel, the fitt in g  was considerably worse in the case o f  th e  7- 
param eter polynom ial m odel. Good fittin g  o f th e  strains could be achieved  by  
the 12 -param eter polynom ial m odel, but due to  th e  large number of param eters, 
the elastic  m oduli, which could be expressed as the second derivatives o f the  
strain energy function , becam e unstable. The in stab ility  was especially sign ifi­
cant in the case of the Poisson ratios. This fact is dem onstrated in F ig . 6 in 
the exam ple of tw o carotid arteries. Due to  th ese curve oscillations w e do not 
deal w ith  the polynom ial m odels in details.

Discussion

The aim of the present study was to  determ ine the increm ental e lastic  
m oduli of the anisotropic vessel wall. Instead  o f direct calculations o f the  
increm ental moduli from the experim ental data [28], th ey  were determ ined b y  
the use of strain energy functions, which generally  gives more accurate results.

It w as found th at sign ifican tly  poorer results were obtained by th e  use of 
polynom ial strain energy functions [37] than b y  th e  application of the exp on en ­
tia l energy function. Several authors have used m odels containing exponentia l 
function  for the description o f nonlinear elastic properties of vessels and other  
biological tissues [4, 9, 11, 12, 15, 23, 34, 35, 38]. In the m ajority o f  these  
studies, except [12 ], how ever, the cylindrical anisotropy of the arteries was 
not taken into consideration, the arteries wrere regarded as isotropic, and three- 
dim ensional m easurem ents were lacking. Thus, th e  three increm ental Y oung  
m oduli and the six Poisson ratios of the vessel wall could not be evaluated
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sim u ltan eou sly  in any of th e  above m entioned studies. The exponentia l strain  
en ergy  function , used b y  us, characterizes the elastic properties o f the  
cy lin d rica lly  orthotropic and incom pressible vessel wall by a m inim um  
n u m b er o f elastic constants. A  similar exp on en tia l model was proposed by  
F u n g  [12] recently. A d ditionally , the generally  good fittin g  of the exponentia l 
fu n c tio n  to  the three-dim ensional experim ental data allowed the evaluation  
o f increm ental moduli aud Poisson ratios over a com paratively w ide de­
fo rm a tio n  range.

Our results can be com pared to those obtained  by direct increm ental 
m easurem ents or by the application  of polynom ial strain energy functions. 
A ccord in g  to  our calcu lations, at tangentia l strain levels corresponding to  
th e  p h ysio logica l or som ew hat higher pressure range in vivo , the an isotropy  
o f th e  v esse l wall is characterized by E e ^> E z , w hich  agrees well w ith  previous 
d a ta  obtained  on carotid arteries by various m ethods [1, 7, 10, 16]. The 
in crem en ta l moduli of th e  carotid and iliac arteries show sim ilar va lu es and 
sim ila r  changing tendencies. Other arteries, for exam ple the aorta [2, 28, 29, 
36] h a v e  anisotropic properties different from  those of the carotid  artery. 
O n ly  C o x  [8 ] evaluated the increm ental m oduli o f the vessel wall in such a wide 
p ressu re range which m akes a relevant com parison possible. C ox used the  
m eth o d  o f V a is h n a v  et al. [37] for his calcu lations, and he found sim ilar results 
to  our ones on dog carotid  arteries. One considerable difference, how ever, 
e x is te d  in  the values and behaviour o f th e  Poisson ratios a6z, since Cox  
rep orted  on a continuous decrease in the w hole tangential strain range. The 
differen ce  m ay originate from  the differences betw een the exp onentia l and 
p o ly n o m ia l energy functions. Since the second derivatives of the exponentia l 
stra in  energy functions are generally sm oother than  the derivatives o f the 
p o ly n o m ia l functions (see th e  Poisson ratios in  Fig. 6 ), we th ink th a t the 
resu lts  obtained by the exponentia l m odel are more reliable.

W e found that the an isotropy of the exam ined  arteries depends on the 
in it ia l deform ation state . T angential stretch  influences prim arily th e  radial 
and tan gen tia l Young m oduli and the values o f the Poisson ratios a0r and 
о 6z. A x ia l stretch induces m ajor changes in  th e  axial and less in th e  radial 
m od u lu s as well as in the corresponding Poisson  ratios. From the physiological 
p o in t o f  view  it is w orthw hile to  m ention th a t axial stretch exerts a m inim um  
in flu en ce  on the tangentia l increm ental m odulus o f the vessel w all, w hich is 
on e  o f  the m ost im portant param eters determ ining arterial d isten sib ility .

A s m entioned in th e  Introduction, sm ooth muscle contraction  has 
a considerable effect on th e  m echanical properties of arteries, so under 
co n d itio n s in vivo it m ay influence the resu lts obtained in vitro. D ue to  the  
e x is t in g  sm ooth muscle to n e , m echanical h ysteresis of the vessel w all cannot 
b e n eg lected  under these conditions and the use o f dynam ic m ethods is necessary  
fo r  th e  determ ination o f th e  frequency-dependent increm ental m oduli and
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Poisson ratios [29]. The aim of the present study was, how ever, to  obtain  
inform ation about the passive structure o f  the vessel wall, w h ich  is most 
probably not influenced very m uch by th e  dynam ics of the m echanical load.

Our results suggest the existence o f  a specific  fibre structure, th a t allows 
an asym m etric coupling betw een the 6 and z directions (see th e  different 
behaviour of авг and <тв2). This find ing agrees with the h yp o th esis  that 
the collagen fibres of the vessel w all form  a network-like stru ctu re [3]. 
T hus, in  the case of increasing tangentia l strain , the fibres o f th e  network  
com e closer to the tangentia l direction and th e y  m ay produce an asym m etric  
coupling depending on the initial deform ation sta te . Taking into consideration  
th a t the number o f stretched fibres is a fu n ction  of the tangential stra in  [33], 
th is  netw ork model m ay adequately reflect th e  passive, non-linear, anisotropic  
elastic  properties of the vessel wall. A new  m odel of vessel wall structure has 
been proposed by us to  support the netw ork  hypothesis. Since th e  Poisson  
ratios determ ined by th is m odel and th e  direction of their ch an ge as the 
fu n ction  o f tangential strain are sim ilar to  th o se  calculated by the exponentia l 
strain  energy function, the va lid ity  o f  th e  collagen network h yp o th esis  is 
h igh ly  probable. The m athem atical description  of this network m odel and the 
results o f the calculations w ill be published elsewhere [2 0 ].
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T he ace ty lcho line  in d u ced  c o n tra la te ra l ren o re n a l vasom oto r re fle x  h a s  been 
re -ex am in ed . In  dogs u n d e r  p e n to b a rb ita l a n ae s th es ia  blood flow of th e  c o n tra la te ra l  
k id n ey  as m easu red  b y  e lec tro m ag n e tic  flow  p ro b e  d id  n o t change a f te r  a n  in fu sio n  
or bolus in je c tio n  o f Ach. B asal sy m p a th e tic  n e rv o u s  a c tiv ity  o f th e  c o n tra la te ra l  
k id n ey  increased  on ly  s lig h tly  an d  these  changes c o rre la te d  w ith  th e  decrease  o f  a r te r ia l  
b lood  p ressu re . In  conclusion , th e  ren o ren a l v a so m o to r  re flex  could n o t  be evoked  
u n d e r  th e  p re sen t ex p e rim e n ta l conditions.

Several experim ental data show th at fu n ctional alterations in one o f  the  
kidneys, induced by som e external factor(s), w ere soon followed by m od ifica ­
tions of the function  o f the other kidney. A cute unilateral occlusion o f th e  renal 
artery increases sodium excretion  and diuresis in  the contralateral k id n ey  [9 ]. 
D enervation  of the kidneys in volum e expanded rats increased sod iu m  and 
water excretion  on the sam e side, hut decreased these parameters in th e  contra­
lateral k idney [1], Similar results were observed by F r a n c isc o  et al. [4 ] who  
m onitored the activ ity  of sym pathetic nerves innervating the contralateral 
kidney. T hey found that sym pathetic activ ity  w as increased after d en ervation  
indicating the existence of a neural reflex connection  between the tw o k idneys. 
This assum ption was em phasised by the experim ents of Ca l a r e s u  e t al. [2], 
who found th a t electrical stim ulation  of renal afferent nerves on th e  one 
side caused a reflex response of the efferent nerves on the other side. The 
short la tency  period indicated  that the reflex was o f spinal origin.

A renorenal vasom otor reflex was dem onstrated  by MacF a r l a n e  [5 .] 
V asodilatation  in one of the kidneys after intrarenal injection of acety lcholine  
(Ach) caused vasoconstriction  in the contralateral kidney. The applied m ethod  
(silicon rubber F iling, fixa tion , visual exam ination  and evaluation  o f m i­
croscopic sections), did not, how ever, allow a detailed  analysis of b lood  flow  
values. Som e authors could dem onstrate [3, 8 ] but others could n ot verify , 
the ex istence o f the renorenal reflex. This has prom pted us to study th e  problem  
by various techniques.

M easuring renal blood flow  by electrom agnetic flow  probes was designed  
to analyse w hether the infusion o f acetylcholine in to  one of the k idneys caused  
any change in blood flow  or sym pathetic a c tiv ity  of the contralateral k idney.
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Methods

T h e  ex p erim en ts w ere c a rr ie d  o u t on m ongrel d o g s o f b o th  sexes. R en al b lood  flow  
w as m ea su re d  in six larg e  dogs (12.5 to  24 kg b o d y  w e ig h t)  an d  sy m p a th e tic  a c t iv i ty  w as 
m o n ito re d  in  four sm alle r dogs (6 to  13 kg body  w e ig h t) . T he anim als w ere a n ae s th e tize d  
b y  a n  in tra v en o u s  dose o f 25 m g /k g  b.w. p e n to b a rb ita l  (Serva, H eidelberg , G F R ), w ith  
a d d it io n a l  doses given as n e ed e d  to  m ain ta in  a c o n s ta n t  level anaesthesia . T he dogs were 
im m o b iliz ed  by  2 m g/kg  b .w . ga llam ine  (F laxedy l, S p ec ia , Paris, F rance) an d  v e n ti la te d  
a r ti f ic ia l ly . R epeated  doses o f  ga llam ine  were in je c te d  w h en  signs of spon tan eo u s b re a th in g  
w ere  obse rv ed . The p a ra m e te rs  o f  v en tila tio n  w ere a d ju s te d  so as to  m a in ta in  th e  blood 
p re ssu re  observed d u rin g  sp o n ta n e o u s  b reath in g . A fte r  trac h eo to m y , a fem ora l a r te r y  and  
v e in  w ere  can n u la ted  fo r c o n tin u o u s  m onito ring  o f a r te r ia l  blood pressure a n d  fo r in fusion . 
R e n a l  a r te r ie s  were a p p ro a c h e d  re tro p erito n ea lly .

T h e  experim en ts w ere  d iv id e d  in to  two g ro u p s. I n  group  I ,  th e  blood flow  o f  b o th  
k id n e y s  w as recorded , w hile  in  g ro u p  I I ,  renal sy m p a th e tic  a c tiv ity  was m o n ito red  as well.

F o r  blood flow  m e a su re m e n ts , 2 to  3 cm seg m en ts  o f  b o th  renal a rte rie s  w ere p re p a re d  
a n d  c a re  w as tak en  n o t to  d a m a g e  th e  nerves ru n n in g  n e x t  to  th em . Flow probes w ere p laced 
a ro u n d  th e  arte ries. B lood flow  w as m easured  b y  N y c o tro n  T ype 1603 flow  p ro b es  an d  by  
a  tw o -c h an n e l N y co tro n  e q u ip m e n t (Oslo, N orw ay).

Since th e  e x p erim en ts  w ere  aim ed a t reco rd in g  b lo o d  flow  changes a n d  n o t  ab so lu te  
v a lu e s  o f  ren al blood flow , th e  f lo w  probes were n o t  c a l ib ra te d  in  situ  b u t ra th e r  th e  c a l ib ra t­
in g  fa c to rs  recom m ended  by  th e  m ak ers  were used in  th e  calcu la tions. Zero line  w as reco rded  
d u r in g  b r ie f  episodes o f  vessel occlusion.

A sm all needle w as in se r te d  in to  th e  left ren a l a r te r y  p rox im al to th e  flow  p ro b e . T he 
n e ed le  w as connected  to  a  p o ly e th y len e  cannula an d  i t  se rved  for iso lated  p e rfu s io n  of th e  
le f t  k id n e y  w ith o u t d is tu rb in g  b lood  flow. A slow r a te  p e rfu s io n  of Ach w as accom plished  
b y  a n  In fa m a t pu m p  (K U T E S Z , B u d ap est, H u n g a ry ).

In  th e  experim en ts  w h e re  sy m p a th e tic  a c t iv ity  w a s  recorded, the  needle w as in se rted  
in to  th e  r ig h t renal a r te ry  a n d  a 2 to  3 cm long seg m en t o f  a  nerve runn ing  p a ra lle l w ith  th e  
le f t  r e n a l  a r te ry  was p re p a re d  a n d  p laced on a b ip o la r  p la t in u m  electrode. In  o rd e r to  avo id  
e x s icc a tio n  th e  p re p a ra tio n s  a n d  reg is tra tio n s w ere p e rfo rm ed  under p a ra ff in  oil. N erve 
a c t iv i ty  w as gained b y  a 1623 C/D T ype am plifier (M űszerip a ri K u ta tó  In té z e t,  B udapest*  
H u n g a ry ) ,  w ith  20 to  40 /xV/V.

E v a lu a tio n  of n e rv e  a c t iv i ty  w as Ы sed on th e  t im e  in teg ral o f th e  spike a m p litu d es . 
T h is  v a lu e  was derived b y  a n  e lectro n ic  c ircu it d ev elo p ed  in  our in s titu te , w hich  b ila te ra lly  
re c t if ie d  th e  in p u t signe 1, a n d  th e  new  signal was th e n  p a sse d  th ro u g h  a low -pass f i l te r  h a v in g  
a t im e  c o n s ta n t of 2 sec. T h is  p ro ced u re  resu lted  in  a sm o o th  signal su itab le  fo r reco rd ing .

M ean a rte ria l b lood  p re ssu re , renal blood flowr a n d  sy m p a th e tic  nerve  a c t iv ity  were 
re c o rd e d  on a В 381 re co rd e r (R ik ad e n k i, Tokyo, J a p a n ) .  In  th e  m ajo rity  o f th e  e x p e rim e n ts  
th e  p a ra m e te rs  were s to re d  b y  a d ig ita l da ta  collector e q u ip m e n t (M IK I, B u d a p es t, H u n g a ry ) 
a n d  b y  th e  end of th e  e x p e rim e n ts  th ey  were re co rd e d  on m agnetic  tap e . A ccu racy  o f th e  
m e a su re m e n ts  was 8 b i ts  d a ta  sam p lin g  was done e v e ry  5 seconds.

E v a lu a tio n  of th e  d a ta  a n d  s ta tis tica l a n a ly s is  (p a ired  S tu d en t’s t te s t ,  regression  
a n a ly s is )  were carried  o u t  on  a  C ellatron C 8205 c o m p u te r  (Zella-M ehlis, G D R ).

Experimental procedure

T h e  le ft k id n ey  in  g ro u p  I a n d  th e  r ig h t k id n ey  in  g roup  I I  (perfused  k id n ey s )  w ere 
p e rfu s e d  b y  a d ilu ted  so lu tio n  o f  A ch. The infused f lu id  v o lu m e  w as less th a n  1%  o f  th e  b asa l 
b lo o d  flow . In fusion  of th e  sam e  a m o u n t of physio log ica l sa lt  so lu tion  (no A ch) p ro v e d  th a t  
in fu s io n  per se did n o t in flu en ce  re n a l blood flow.

In fu sio n  in  g ro u p  I  la s te d  fo r 60 seconds, w hile  in  g ro u p  I I  i t  las ted  fo r 120 seconds. 
T h e  lo n g e r  perfusion  tim e  in  th e  la t te r  group was u sed  b ecau se  in th e  absence of b lo o d  flow  
m e a su re m e n t th e  tim e  w h en  th e  A ch  had reached th e  k id n e y  could no t be d e te c te d  d irec tly . 
T h e  in fu se d  A ch doses w ere , a s  reco rd ed  for th e  ch lo rid e  s a l t  o f acety lcholine, 0 .6— 1.0 — 2.5— 
— 5.0 /xg/kg body w e ig h t/m in ; a n d  a bolus in jec tio n  o f 5 .0  /xg/kg body w eigh t g iv en  in  less 
t h a n  5 sec. The sequence of th e  in fu sed  doses w as ra n d o m iz e d .

M ean  blood p ressu re  a n d  b lood  flow values 1 m in  b efo re  beginning th e  in fu s io n  were 
re g a rd e d  as contro ls an d  d a ta  o b ta in e d  during a n d  2 m in  a f te r  perfusion w ere c o m p a red  to
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th ese  v a lu es o f 2 —2 m in  pe rio d s before , du rin g  a n d  a f te r , th e  perfusion  w ere c o m p a re d  an d  
th e  v a lu es o b ta in ed  before  th e  beg inn ing  of perfusion  w ere reg ard ed  as co n tro l.

T he dependence of th e  increase  o f n e rvous a c t iv ity  on th e  decrease o f b lo o d  p ressu re  
d u rin g  in fusion  w as an a ly sed  b y  lin e a r regression: th e  re la tiv e  change  of ne rv e  a c t iv i ty  was 
i l lu s tra te d  as th e  fu n c tio n  of th e  re la tiv e  decrease  o f  b lood p ressu re . C a lcu la tion  o f  th e  reg re s­
sion line w as based  on  all co rresp o n d in g  d a ta  p a irs  irre sp ec tiv e  o f th e  A ch dose a p p lie d .

T he m ean  and  s ta n d a rd  e rro r o f m ean  (SEM ) are  g iv en  in  th e  T ables.

Results

E xperim ental results w ill be listed  in  the sequence of increasing Ach  
doses, i. e. 0.5-—1.0— 2.5— 5.0 [Лg/kg body w eight/m in.

Figure 1 illustrates typ ica l blood pressure and blood flow curves. A fter the  
infusion of the h ighest Ach dose, m ean arterial blood pressure decreased  
sligh tly  for a period of 10  to  20  seconds and then  returned to the control level. 
Blood flow  of the perfused kidney increased considerably during th e  infusion  
(in the individual experim ent dem onstrated in F ig . 1 blood flow  increased to  
165 % of the control) and returned to the control level 2 to  3 m in after the  
infusion had been term inated.

The decline of flow  consisted of tw o phases: a rapid phase h av in g  a tim e  
con stan t o f 5 to  10 sec and a slower phase w ith  a tim e constant o f 1 to  2 min. 
Blood flow  of the contralateral k idney did not change during perfusion o f the  
left k idney. Small transient changes were observed due to  blood pressure 
flu ctu ation s, but these variations could not be detected  in  the one m in u te  m ean  
values.

240-

160-

mmHg

100:,

I--------------- 15 min

F ig . 1. T y p ical blood pressu re  a n d  b lood  flow  curves a f te r  in tra re n a l in fusion  o f  5 .0  //g/kg 
b o d y  w e ig h t/m in  of ace ty lcho line . U p p e r curve: le ft k id n ey ; m iddle  cu rve: r ig h t  k id n e y ; 

low er curve: b lood  p ressu re . A cety lcholine  in fu sio n  is in d ica ted  by  a rro w s
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Table I dem onstrates th e  experim ental resu lts  obtained in group I. Mean 
arteria l blood pressure did not change during in fu sion  of the low est A ch dose, 
b u t decreased sligh tly  w h e n  higher Ach doses w ere injected  (2.5— 3.9— 3.0 mm  
H g , respectively). The ch an ge  was not s ig n ifica n t statistica lly  in the case 
o f  2 .5  //g/kg body w e ig h t/m in  Ach, due to the large individual variation  of the  
d a ta . Acetylcholine in fu sio n  increased the b lood  flow  of the perfused kidney  
sign ifican tly  in a d ose-d ep en d en t manner (147, 157, 177 and 186 %, respective­
ly )  b u t blood flow in th e  contralateral kidney did n o t change. B lood flow  of the

Table I

Arterial blood pressure  and renal blood f lo w  as the fu n c tio n  o f  
in jected  acetylcholine doses and  o f  tim e

D ose,
.»g/m in

Time,
min

Blood pressure, 
m m  H g

Left k idney, 
ml/min

Right kidney, 
ml/min П

c 1 2 9 .5 ± 5 .6 6 .1 9 ± 0 .7 1 6 .6 7 ± 0 .6 2
0.5 l 1 2 9 .2 ± 6 .0 8 .9 1 ± 0 .8 5  J  о 6 .6 8 ± 0 .5 8 9

2 1 2 9 .0 ± 6 .1 7 .1 3 ± 0 .5 6  о  о 6 .7 0 ± 0 .5 7

3 1 2 9 .2 ± 6 .4 6 .3 4 ± 0 .6 5 6 .6 3 ± 0 .6 2

c 1 3 2 .0 ± 5 .4 6 .6 2 ± 0 .6 9 7 .1 9 ± 0 .7 4

1.0 1 1 2 9 .4 ± 5 .0  о 10.11 ± 0 .8 3  S  g 7 .1 5 ± 0 .7 4 11
2 129.7 ± 5 .1  о 7 .9 5 ± 0 .5 2  о  о 7.22 ± 0 .7 1

3 1 3 0 .2 ± 5 .3 7 .1 0 ± 0 .6 9  о  о 7.16 rh 0.71

c 1 3 0 .5 ± 4 .8 6 .3 9 ± 0 .7 0 7.17 ± 0 .6 5
2.5 l 1 2 6 .6 ± 5 .1 11.01 ± 0 .9 6  J  й 7 .2 7 ± 0 .7 2 10

2 1 3 0 .5 ± 5 .2 8 .2 7 ± 0 .7 4  о  о 7 .2 0 ± 0 .6 5

3 132.1 ± 5 .3 7 .0 6 ± 0 .6 5  о  о 7 .0 2 ± 0 .6 5

c 1 2 9 .5 ± 6 .5 5 .5 9 ± 0 .5 0 6 .4 4 ± 0 .6 7

5.0 1 1 2 6 .5 ± 7 .2  о 10 .28±  1.00 й  й 6 .4 9 ± 0 .6 1 8
2 1 2 7 .5 ± 7 .4 7.91 ± 0 .4 5  о  о 7 .0 3 ± 0 .5 9
3 1 2 8 .0 ± 6 .9 6 .7 0 ± 0 .5 7  о  о 6 .5 9 ± 0 .6 1

B olus c 1 1 9 .8 ± 6 .0 5 .9 5 ± 0 .4 0 5.61 ±i 0.55

5.0 1 1 0 1 .3 ± 5 .2  о  о 9 .3 8 ± 0 .4 7  J  й 5.11 ± 0 .4 9 7
2 119.1 ± 5 .9 6 .6 5 ± 0 .6 9 5 .4 7 ± 0 .6 2

Acetylcholine doses a n d  b lood  flow values are re la te d  to  1 kg body weight. 
C =  control values m e a su re d  before the in jec tio n  o f  Ach.
Symbols of sign ificance: p  <  5%  <  1%
L eft vs. right renal b lo o d  flow  +  +  +
1 or 2 or 3 min vs. c o n tro l (С) О о  О
on the  same side
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left k id n ey  returned to  or near to the control level 2 min after the in fusion  had 
ended (103, 108, 113, 121 %).

The bolus injection o f 5 ц g/kg body w eight o f Ach decreased m ean arterial 
blood pressure considerably (18 mm Hg) for a short period of tim e. T he in ten­
sive vasod ilatation  in the left k idney (blood flow  increased to 159 % of the  
control) was accom panied by a decrease of flow  in the right k id n ey  (91 %). 
A fter blood pressure has norm alized, blood flow  of the right k id n ey  also 
returned to  the control level.

R esu lts obtained in group II are dem onstrated in Table II  and F ig. 2. 
Sim ilarly as in group I, intrarenal infusion of A ch caused a slight but sta tis tica lly  
sign ificant decrease of mean arterial blood pressure. The extent of blood pressure 
drop in the function of the Ach dose was 0, 0.7, 3.8, 4.3 mm Hg. B lood pressure 
returned to  the control level 2 m in after the end of the infusion. Sym p ath etic  
a c tiv ity  changed only sligh tly  (101.1, 103.4, 104.4, 107.3 %, respectively)  
and th e  increase was sta tistica lly  sign ificant only in the case of the low est Ach 
dose.

In  order to clarify w hether th e  increase of sym pathetic a ctiv ity  correlated  
w ith  th e  decrease of blood pressure or else a reflex action independent o f the

Table II

A rteria l blood pressure and relative nerve activity  
as the fu n c tio n  o f  injected Ach doses and o f time

D ose,
д а /m in

T im e,
m in

B lood p ressu re , 
m m  H g

R e la tiv e  n erv o u s  a c tiv ity , 
p e r  cen t n

c 1 2 2 . 8 ± 1 . 1 1 0 0

0 .5 1 - 2 1 2 2 . 8 ± 1 . 4

+■4J»
оО

7

3 - 4 1 2 3 .1  ± 1 . 4 9 8 . 6 ± 0 . 8

C 1 1 6 . 3  d r  2 .9 1 0 0

1 .0 1 - 2 1 1 5 . 2 ± 2 . 8  + 1 0 3 . 4 ± 2 . 4 и

3 - 4 1 1 6 . 4 ± 3 . 0 1 0 1 . 5 ± 1 . 4

C 1 1 8 .1  ± 3 . 4 1 0 0

2 .5 1 - 2 1 1 4 . 3 ± 4 . 7  + 1 0 4 . 4 ± 2 . 7 1 0

3 - 4 1 1 7 . 2 ± 3 . 9 1 0 0 . 1 ± 1 . 4

C 1 1 8 . 7 ± 2 . 1 1 0 0

5 .0 1 - 2 1 1 4 . 3 ± 2 . 2  +  + 1 0 7 . 3 ± 4 . 5 1 2

3 - 4 1 1 7 . 2 ± 2 . 2 9 9 . 0 ± 2 . 0

A ch doses are re la ted  to  1 kg  body  w eight.
C =  con tro l values before in jec tio n
Sym bols and levels o f significance p  <  5 %  <  1%
1 —  2 ,  or 3  —  4 ,  vs. con tro l (C) + +
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7.

F ig .  2 .  C orre la tion  be tw een  d ecrease  of blood p ressu re  a n d  increase  of ne rv o u s a c t iv ity  on 
th e  b a s is  o f d a ta  o b ta in e d  in  g ro u p  I I .  The decrease o f  b lo o d  p ressure  corresponds to  p o sitiv e  
v a lu e s  on  th e  abscissa. S y m b o ls : 0.5 /<g/kg b .w ./m in  © ;  1.0 //g/kg b .w ./m in  □ ;  2.5 //.g/kg

b .w ./m in ; 5.0 //g/kg b .w ./m in  о

blood  pressure also p layed  a role in the changes observed, a regression line and 
correlation  coefficient w ere calculated on th e  basis o f  th e  corresponding relative  
blood  pressure drop and th e  increase in nerve a c tiv ity  (Fig. 2). A ll correspond­
in g  data  pairs were used in  th e  calculations irrespective of the applied dose o f  
A ch.
T he equation of the regression line was,

у  =  0.42 -j- 2.41л: r =  0 .65 n = 4 0
w here:
у  =  per cent increase o f  sym pathetic nerve a c t iv ity  
X  =  per cent decrease o f b lood  pressure 
r =  correlation coefficien t
C orrelation coefficient ind icates a sign ificant correlation betw een the tw o  
variab les (p  <  0 .01 ) and th e  crossing point o f the regression line on the у  axis 
w as n ot significantly d ifferent from zero.

Discussion

The aim of the p resen t experim ents w as to  re-exam ine by electrom agnetic  
b lood  flow  m easurem ents th e  renorenal vasom otor reflex described b y  M a c  

F a h l a n e  [5] and verified  later by W i l l i a m s  and M a i n e s  [8 ] and C h r y s a n t  

and L a v e n d e r  [3]. In  th e  experim ents done on anaesthetized dogs, beside  
m easuring the blood flow  o f  both kidneys, sy m p ath etic  nervous a ctiv ity  o f the  
non-perfused kidney w as also monitored. The renorenal reflex could not be 
dem onstrated  under th e  g iven  experim ental conditions: the vasodilatation  in  
th e  A ch  perfused k id n ey  had no effect on th e  blood flow of the contralateral
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kidney. Sym pathetic nervous activ ity  in the non-perfused k id n ey  showed  
very slight and physiologically  negligible changes, w hich correlated sign ificantly  
w ith  the decrease o f m ean arterial blood pressure.

The possible reflex  connection  betw een the tw o kidneys was studied by  
several authors. Ca l a r e s u  et al. [2] dem onstrated a reflex response of sym ­
pathetic efferent nerves in  the contralateral k idney after electrical stimvdation  
of the afferent nerves in  the other kidney. The reflex response depended on the  
stim ulus param eters, i. e. on the num ber and typ e (A and/or C) o f  stim ulated  
afferent fibres. The physiological significance o f th is reflex is not know n.

B e l l o -R e u s s  et al. [1] performed unilateral k idney denervation in 
volum e expanded rats. D enervation  is well know n to  lead to  increased sodium  
and w ater excretion in  th e  denervated kidney, w hile these param eters show a 
decrease in  the in tact contralateral kidney. As a possible exp lanation  it was 
suggested th at the cessation  of afferent nerve im pulses due to  denervation  led 
to  a decrease of the function  o f the contralateral kidney. These results were 
supported by the observations of F r a n c is c o  et al. [4] who m onitored the  
sym pathetic a ctiv ity  o f the right kidney before and after denervation  of the 
left kidney in volum e expanded rats. D enervation o f the le ft k id n ey  led to a 
considerable increase o f sym pathetic activ ity  in the right k idney w ith  a concom ­
itan t decrease o f sodium  and w ater excretion w ithout any change in  GFR.

These data were in d icative of a possib ility  of a reflex connection  between  
the tw o kidneys. Our experim ental results, how ever, showed th a t vasodilatation  
in the left k idney induced by intrarenal infusion o f acetylcholine did not cause a 
reflex vasoconstriction  in the contralateral kidney.

Ma c F a r l a n e  [5] studied  renal blood vessels after silicon rubber (Microfil) 
fillin g  and exam ined the m icroscopic sections prepared after fix a tio n . The bolus 
injection  of 5 /tg/kg body w eight o f acetylcholine (similar to  th a t used in the  
present experim ents) caused vasodilatation  in  th e  perfused k id n ey  and a 
considerable vasoconstriction  in  the contralateral kidney. Since denervation of 
any of the kidneys elim inated th is response, Ma c F a r l a n e  [5] suggested  
th at the reflex was o f neural origin. Similar results were observed b y  Ch r y s a n t  
and L a v e n d e r  [3] who m easured renal blood flow  by the P A H  technique. 
The clearance m ethod w as used by W il l ia m s  and M a in s  as w ell [8 ] ,  and they  
found th at parallel w ith  vasoconstriction  a decrease of w ater, sodium  and 
potassium  excretion develops in  the contralateral kidney.

In contrast w ith  these observations and in agreem ent w ith  our observa­
tion s, R o b i é  [6 ] reported on negative results. Intrarenal infusion o f 50 /ig /m in  
A ch did not cause any change in the electrom agnetically  determ ined blood  
flow  of th e  contralateral kidney.

N egative results were obtained by R o s iv a l l  et al. [7] too , w ho measured  
renal blood flow  by electrom agnetic flow  probes and 133X e-w ashout and 
produced a 100 to  200 ng/m l Ach concentration in  renal arterial blood.
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T h e cause of the d ifference between the various experim ental results is 
n o t k now n. In the case o f  M a c F a r l a n e ’s [5] experim ents, his interpretation  
m ig h t h ave been erroneous sin ce  the m ethod used b y  him  allowed to measure 
ren a l b lood  volume rather th a n  blood flow . B lood volum e m av change w ithout 
a n y  decrease of the blood flo w .

R o b ié  [6 ] suggests th a t  A ch induces changes in  vascular and/or tubular 
P A H  transport. This ex p la n a tio n  m ay not be va lid , since controversial changes 
occurred  in  the non-infused k id n ey .

On the basis o f the p resen t experim ents we believe th at a more specific 
s tim u la tio n  of the renal a fferen t nerves is needed for th e  study o f renorenal 
re flex  connections.
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P ro x im al tran s tu b v d a r p o ten tia l d iffe ren ce  (P D ) was m easured  u s in g  th e  sem i­
m icroelectrode  tec h n iq u e  in  con tro l (C, n = 1 0 )  a n d  u n ila te ra lly  d en erv a te d  (D , n  =  10) 
ra ts . A cute  ren a l sy m p a th e c to m y  resu lted  in  a  tw o fo ld  and fourfold in crease  in  d iu resis 
an d  sodium  e x c re tio n , respec tive ly , w ith  no  ch an g e  in  G FR . PD  (m ean  +  S .E .M .) 
in  th e  earlie st accessib le p ro x im al convo lu tions (E P T )  of group C was + 0 .2 7 + 0 .0 8  mV 
(n =  16), while in  g ro u p  D i t  was —0 .1 6 + 0 .0 7  m V  (n = 1 8 )  (p <  0.01). P D  in  m id  
(M PT) an d  la te  (L P T ) prox im al segm ents w as  unch an g ed  by d e n e rv a tio n  (M PT: 
C =  0 .9 4 + 0 .0 5 , n  =  21; D =  0.98 +  0.04, n - 1 9  NS. L PT : C =  1 .0 4 + 0 .1 1 , n  =  17; 
D =  0.95 +  0.06, n — 18 N S.). The sh ift to  th e  n e g a tiv e  o f PD  in E P T  caused  b y  d en er­
v a tio n  len d s su p p o rt to  ou r earlier suggestion  t h a t  ac tive  tra n sp o rt  o f so lu tes  an d  
organic su b stan ces is depressed  by  sy m p a th e c to m y  in  th e  prox im al tu b u le . T he u n ­
a lte red  P D  in  M P T  a n d  L P T  seems to  in d ic a te  t h a t  passive forces p ro m o tin g  re a b ­
so rp tion  in  th is  p a r t  o f  th e  nephron  are p ro b a b ly  preserved.

It is well docum ented that renal denervation  in the anaesthetized  dog 
and rat leads to  a considerable reduction o f proxim al tubular volum e absorp­
tion  [4, 9]. H ow ever, th e  m echanism  by w hich renal nerves affect the proxim al 
reabsorption is not know n. Since the urinary excretion  of a number o f active ly  
reabsorbed solutes such as N a, H C 03, glucose, P A H  and inorganic phosphate  
(Pi) increases after denervation , a general decrease in the proxim al tubular  
transport processes seem s to  be a plausible exp lanation  [15, 16, 17, 18]. This 
possib ility  is supported b y  the finding th at th e  ratio of sodium reabsorption  
to  oxygen  consum ption was unchanged after denervation in the dog k idney  
[14]. H ow ever, there is no direct proof to  y ie ld  unequivocal evidence that  
active transport is indeed affected by denervation .

The recent techn ica l progress in electrophysiological m ethods has m ade 
possible the reliable m easurem ent of potentia ls below  0.5 mV [1, 2, 6 ]. W ith  this 
sen sitiv ity  o f potentia l m easurem ent F r ö m t e r  and G e sn e r  were able to  detect 
active transport p otentia ls in the rat proxim al tubule [8 ]. The electrop h y­
siological approach offers a useful means to  determ ine proximal transtubular  
free flow  potential differences (PD ), and to  correlate the possible changes 
w ith  th e  known transport alterations that ta k e  place after kidney denervation .
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In  th e  present experim ents we m easured th e  PD  in proximal tu b u les of 
in n erv a ted  and denervated rat k idneys. I t  was found  that in the first accessib le  
co n v o lu tio n s of the proxim al tu bu le positive P D  becam e negative on d en erva­
tio n , w h ile  no change in  m id and late segm ents could  be detected.

Methods

E x p e r im e n ts  were carried  o u t  on  20 m ale C FY  r a ts  (L A T I, Gödöllő, H u n g a ry )  a n ­
a e s th e tiz e d  w ith  In a c tin  (100 m g /k g  b.w . i.p .). T he an im a ls  w ere p laced on a h e a te d  tab le  
a n d  b o d y  te m p e ra tu re  was k e p t c o n s ta n t  a t  37 °C. A fte r  tra c h e o to m y  th e  r ig h t ju g u la r  v e in , 
a  fe m o ra l  a r te r y  an d  b o th  u re te rs  w ere  ca th e te rized  fo r in fu s io n , blood sam pling  a n d  b lood  
p re ssu re  m ea su re m e n ts  a n d  fo r u r in e  collection . T h e  le f t  k id n e y  was exposed a c c o rd in g  to  
th e  m e th o d  o f  Gottschalk  a n d  M y l l e  [10] an d  w as e m b ed d ed  in  agar/sa line . T h e  k id n e y  
su rface  w as  b a th e d  w ith  p h y sio log ica l saline.

I n  one  group  of th e  an im a ls  (D , n =  10) acu te  d e n e rv a tio n  of th e  le ft k id n ey  w a s  p e r­
fo rm ed , a n o th e r  served as co n tro l (C, n  =  10). D e n e rv a tio n  consisted  of le ft sp la n ch n ico to m y  
a n d  th e  a d v e n t i t ia  from  th e  le ft re n a l  a r te ry  was s tr ip p e d  w ith  a fine forceps.

A f te r  com pletion  of su rg e ry  a n  in fusion  of p h y sio lo g ica l saline co n ta in in g  3H -In u lin  
w as s t a r t e d  a t  a  ra te  of 20 //1/rniii. A b o u t th e  end  o f a  60 m in u te  equ ilib ra tion  p e r io d  early  
(E P ) ,  m id  (M P) an d  la te  (L P ) p ro x im a l tu b u la r  seg m en ts  w ere selected by  th e  i.v . in je c tio n  
o f 50 /Л  o f  5 %  lissam ine green so lu tio n  an d  m easu rin g  th e  t r a n s i t  tim e (TT). E a r ly  a n d  la te  
p ro x im a l seg m en ts  were id en tif ie d  as those  w here th e  d y e  f i r s t  appeared  on an d  d isa p p e a re d  
fro m  th e  su rface , respec tive ly . M id  p ro x im al co n v o lu tio n s  w ere considered as th o se  w ith  
a  T T  b e tw e e n  30 an d  70%  of e n d p ro x im al TT. E x p e r im e n ts  w ith  m ore th a n  18 sec  to ta l  
p ro x im a l tu b u la r  T T  were d iscard ed .

A f te r  th e  eq u ilib ra tio n  tw o  c learance periods o f  20 — 30 m inu te  d u ra tio n  w ere  p e r ­
fo rm ed . D u r in g  th is  tim e u rin e  w as co llected , a t  th e  b e g in n in g  and  th e  end o f th e  p e rio d s  
a r te r ia l  b lo o d  sam ples were ta k e n  to  d e te rm in e  u rin e  flow , G F R  an d  sodium  ex cre tio n . D u rin g  
th e  c le a ra n c e  periods P D  of th e  id e n tif ie d  tu b u le s  w as m ea su re d  w ith  th e  sem i-m icro e lec tro d e  
te c h n iq u e  a s  described  b y  B a r r a t t  e t  a l. [1]. In  b rie f: co n v en tio n al glass c ap illa rie s  (O D , 
1.0 m m ) w ere  pu lled  and  g rin d ed  to  h av e  a t ip  OD o f 3 — 5 fim . The e lectrodes w e re  filled  
w ith  3 M  KC1 so lu tion  sta in ed  w ith  0 .4 %  lissam ine g reen . T h e  lucite  holder o f th e  e lec tro d e  
w as c o n n e c te d  to  a  pum p so th a t  th e  p ressure  in  th e  e lec tro d e  could be con tro lled . T h e  cu t 
e n d  o f  th e  r a t ’s ta i l  im m ersed  in to  physio log ica l sa line  se rv ed  as reference p o ten tia l. T h e  co n ­
n e c tio n s  to  th e  e lectrom eter (T ype 2015, M IK I, B u d a p e s t)  w ere  m ade b y  Ag/AgCl e lec tro d es . 
T h e  re s is ta n c e  of th e  e lectrodes w as in  th e  ran g e  o f  600 — 800 kO hm , and  th e  a sy m m e try  
in  th e  m e a su r in g  system  was u su a lly  less th a n  2 m V.

A t  th e  beg inn ing  of th e  m ea su re m e n t a  sm all p o s itiv e  pressure  was a d ju s te d  to  th e  
e le c tro d e  so t h a t  KC1 was c o n tin u o u sly  flow ing  o u t f ro m  th e  e lectrode  and  a s tab le  “ 0 ”  re c o rd ­
in g  w a s  m a d e . T h en  th e  tu b u le  w as p u n c tu re d . T he p ro p e r  p o sitio n  of th e  t ip  in  th e  lu m en  
w as c h e c k e d  v isu a lly  and  w as v e r if ie d  by  a  ra p id  in flo w  o f  tu b u la r  flu id  in to  th e  e lec tro d e . 
B y  in c re a s in g  th e  pressure in  th e  e lectrode  th is  in flo w  w as im m ed ia te ly  sto p p ed , a n d  th e  
t u b u la r  f lu id /K C l in te rface  could  b e  held  in  a n e a r ly  c o n s ta n t  po sitio n  inside th e  e lec tro d e . 
T h is  w as  ach iev e d  b y  sm all p re ssu re  ad ju s tm e n ts , a n d  w as con tro lled  v isually . T h e  P D  was 
re c o rd e d  fo r  2 —3 m inu tes, th e n  th e  e lectrode w as re tr ie v e d , tu b u la r  flu id  w as p u sh e d  o u t 
a n d  a  seco n d  “ 0”  recording w as m ade . The P D  w as a ccep ted  only when th e  d iffe ren ces 
b e tw e e n  th e  tw o  “ 0”  record ings d id  n o t exceed 0.3 m V . F o r  sm aller differences th e  m ean  
o f  th e  tw o  reco rd ings was re g a rd e d  as “ 0” . T he e lec tro d e  w as replaced w hen i ts  re s is tan c e  
in c re a s e d  o r  a n y  v isible m a te ria l a p p ea red  in  th e  t ip .

R a d io a c tiv ity  o f p lasm a  a n d  u rin e  sam ples w as m easu red  in  a N uclear C hicago  Iso ­
cap  300 liq u id  sc in tilla tio n  co u n te r , so d iu m  c o n ce n tra tio n  w as d e term ined  in a F la p h o  4 (Zeiss, 
J e n a ,  G D R ) flam e  pho to m eter. S ta tis t ic a l  d ifferences w ere  e v a lu 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

Clearance data of both  groups are presented in  Table I. In the d enervated  
k id n ey s o f  group D diuresis w as increased tw ofo ld , sodium excretion fourfold  
w h ile  th ere  was no difference in  the GFR betw een  the two sides. In th e  control
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group no differences were found betw een the right and left k idneys in  any of 
th ese parameters. The m ean tubular transit tim e to  early segm ents was 2.2 s 
and 2.0 s, to mid segm ents 6.7  s and 6.6  s for groups C and D , resp ectively , there 
being no difference betw een  control and denervated kidneys. T he to ta l proxim al 
transit tim e was som ew hat shorter in denervated kidneys (14.1 vs  12.8 s). The 
P D  in the early segm ents was -[-0.26 mV in the control group, and it  was 
sign ificantly  decreased to  — 0.16 mV in the denervated k idneys. There was no 
difference betw een the m id proxim al and late proxim al va lues (Table II).

Table I

Urine f lo w  ( V ) ,  sodium  excretion (U NaV ) and G F R  in  
control (C ) and unilaterally denervated (D )  rats

C (n =  10) D (n =  10)

V, /Л/m in /g R : 1 .7 5 ± 0 .2 0 In n ; 1 .6 4 ± 0 .1 9
L: 1 .86± 0 .20 D en: 3 .8 4 ± 0 .4 0 +

G F R , ^d/m in/g R : 1419±104 In n : 1 4 0 5 ± 7 1
L: 1 3 9 4 ± 9 4 D en: 145 5 ± 1 1 8

U NaV, n E q /m in /g R : 1 4 2 ± 4 0 In n : 7 7 ± 3 2
L: 1 4 0 ± 4 6 D en: 3 0 9 ± 6 1 +

V alues are m eans i  S E ; n  =  nu m b er o f  experim en ts; R  =  r ig h t, L  =  le f t  k id n ey  of 
co n tro l ra ts ; Inn  =  in n e rv a te d ; D en  =  den erv a ted  k id n ey  o f  d en erv a ted  ra ts ;  +  =  P  <  0.05 I 
V * . D

Table II

P roxim al tubular potential differences (P D )  and transit tim e ( T T )  in  control (C ) and  denervated
kidneys (D )

E P MP L P

P D , mV C: 0 .2 7 ± 0 .0 8  (n = 1 6 ) 0 .9 4 ± 0 .0 5  (n = 2 1 ) 1 .0 4 ± 0 .1 1  (n =  17)
D: - 0 .1 6 ± 0 .0 7  (n = 1 8 ) 0 .9 8 ± 0 .0 4  (n = 1 9 ) 0 .9 5 ± 0 .0 6  (n = 1 8 )
P 0.01 NS NS

T T , s C: 2 .2 ± 0 .1  (n —16) 6 .7 ± 0 .4  (n = 2 7 ) 1 4 .1 ± 0 .4  (n = 1 7 )
D: 2 .0 ± 0 .1  (n = 1 8 ) 6 .6 ± 0 .3  (n = 1 9 ) 1 2 .8 ± 0 .3  (n = 1 8 )
P NS NS 0.05

Values are m eans ±  S E ; n  =  num ber o f m easurem ents; E P  =  early  p ro x im a l; M P =  mid 
p rox im al; L P  =  la te  p ro x im al tubu les

Discussion

The results o f the present experim ents provide some new  data  about the 
proxim al tubular effects o f  renal denervation. The w ell kown decreases in trans­
port processes after denervation  are in line w ith  th e  observed n egative  shift of 
early  P D , while th at in  th e  later proxim al segm ents remains unaltered.
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T h e free flow PD  in th e  rat kidney proxim al tu b u le  shows a characteristic  
profile  [7, 12]. Starting at v a lu es  around 0 mV in  th e  Bow m an’s capsule it 
b ecom es negative reaching — 1.8 at a distance o f 0.4  mm  from the glom erulus, 
and a fter  a rapid increase it  reaches a nearly con stan t va lu e of about +  1.8 mV. 
T he p o ten tia l “ profile” m easured  at only three poin ts in  our experim ents fits  
w ell in to  th is pattern. S ince in  our colony of rats th e  first convolutions of the  
p rox im al tubule are in accessib le  to  puncture, we could  not m easure at the nega­
t iv e  p eak . However, in the f ir s t  accessible loops the P D  w as sign ificantly  lower 
th a n  in  th e  later ones. The P D  value measured in  th e  m id, and late proxim al 
seg m en ts  was about +  1 m V. T his is in the range o f earlier m easurem ents made 
b y  o th ers ( +  0.5 to 2.8 mV) [1, 3, 7, 11, 12, 13]. On the other hand, some 
sm all p oten tia l shift could b e  caused at the d iffusion surface of the rat’s ta il 
(ex tracellu lar  fluid im m ersed in to  saline). The re la tively  w ide range of PD  value  
rep orted  can be attributed to  differences in the m easuring techniques, and 
m ig h t also be ascribed to  stra in  differences. An exp lanation  o f the existing  
p o te n tia l profile along the p rox im al tubule was g iven  b y  F röm ter  and G e sn e r  
[8 ] and  S e e l y  and Ch ir it o  [12]. According to them  th e n egativ ity  in  the E P  
seg m en ts  is the result of a p reva ilin g  N a+ reabsorption coupled to  amino acid 
and g lu cose  transport [8 , 12 ]. A lso  the H + secretion/H CO ^ reabsorption m ay  
h a v e  m easurable influence on th e  potential in th is segm ent [8 ]. W ith decreasing 
am ino acid , glucose and HCO^~ and increasing СИ concentration  the tubular  
P D  becom es more and more p o s it iv e , and the p o sitiv ity  in the later segm ents is 
so le ly  attributed  to a Cl” d iffu sion  potential [8 , 12]. Our earlier studies on dogs 
p roved  th a t both glucose tran sp ort maximum and glucose threshold were 
dep ressed  in the denervated k id n ey  [17]. Based on th ese  results it  seem s prob­
able th a t  the negative sh ift a fter  denervation in our experim ents is caused by  
th e  d im inished  glucose and HCO3 reabsorption. Since glucose is alm ost 
co m p le te ly  reabsorbed in th e  first 30 % of th e  PT , the depression by  
d en ervation  in this portion  o f the PT would increase the load to  later 
seg m en ts  [5]. The excess g lu cose  that escaped reabsorption in the early 
loops w as probably reabsorbed in  the later segm ents causing a negative  
sh ift in  P D .

A  depression of H +/HCO^" transport was also dem onstrated in our 
p rev iou s experim ents on dog b y  S za la y  et ah, (unpublished results) and also b y  
oth ers [18]. This change can  d e la y  the increase in  th e  T F /P  ratio o f Cl” , and 
m ig h t cause a negative sh ift , to o . Since we found no change in the P D  of mid 
and la te  PT  segments after denervation, our resu lts suggest th a t the Cl” 
d iffu sio n  potential was u n altered . Although a decreased LP Cl” concentration  
w ith  an  increased Cl” p erm eab ility  could establish an unaltered P D , a change 
in th e  L P  Cl” concentration seem s unlikely in  th e  ligh t of our prelim inary  
ex p er im en ts  showing an u n altered  TF/P chloride ratio after denervation  
(in n erv a ted , 1.25 +  0.03 n =  10; denervated, 1.25 +  0.03, n =  10).
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In conclusion, our results seem to support previous data about depression  
of the transport of organic substances and probably H + secretion in th e  early 
proxim al tubular segm ents after denervation. As there is no change in PD  and 
Cl-  concentrations in the later segm ents, passive forces prom oting reabsorption  
of salt and w ater are probably preserved.
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PULMONARY AND SYSTEMIC CIRCULATORY 
RESPONSES ELICITED BY HYPEROSMOTIC SOLUTIONS 

INJECTED INTO THE BRONCHIAL ARTERY
By

T .  G o n d o s , I. P é n z e s , I. T r o j a n , J .  K o v á t s , L .  K e c s k é s , S. N a g y  a n d

F. K u l k a

IN ST ITU TE OF E X P E R IM E N T A L  SURG ERY  A ND F IR S T  D EPA R T M E N T OF SU RG ERY , 
U N IV E R S IT Y  MEDICAL SCHOOL, SZEG ED , AND 

NATIONAL IN S T IT U T E  O F TU RERCULOSIS A ND PULM ONOLOGY, HUDAPEST

(R eceived  M ay 27, 1980)

In  open c h es t a n ae sth e tize d  dogs th e  h aem o d y n am ic  effects o f so lu tio n s o f 
eq u al h y p e ro sm o la rity  (viz. N a H C 0 3 8% , N aC l 5 .6 % , a n d  glucose 3 4 .3% , so lu tions) 
g iven  in to  th e  b ro n c h ia l a r te ry  were s tud ied . A d m in is tra tio n  o f an y  o f these  so lu tions 
d irec tly  in to  th e  b ro n c h ia l a r te ry  resu lted  in  in creased  ca rd iac  o u tp u t,  s tro k e  vo lu m e, 
b ro n ch ia l blood flow , a n d  b ronch ia l frac tio n  o f th e  ca rd iac  o u tp u t,  a n d  decreased  
h e a r t  r a te  an d  b ro n c h ia l as well as p u lm o n a ry  v a sc u la r  resistances. W h en  g iven  in to  
th e  p u lm o n a ry  c irc u la tio n , th e  sam e so lu tio n s ev o k ed  sim ilar reac tio n s  o f sm alle r 
m ag n itu d e . To exclude  th e  effect o f m ajo r su rg ica l t r a u m a  an d  th e  o p en -ch est co n d i­
tio n , a n o th e r e x p e rim e n ta l m odel closer to  th e  physio log ica l s i tu a tio n  w as also d evel­
oped. In  th is  p re p a ra tio n  N a H C 0 3 failed to  p ro d u ce  th e  ab ove  h aem o d y n am ic  response 
even  w hen  given in to  th e  b ro n ch ia l a rte ry . A fte r  a  o n e -h o u r b leed ing  p e rio d  re su ltin g  
in  a  drop  o f a r te r ia l  b lood  pressu re  to  40 m m H g , w hile u sing  th e  sam e p re p a ra tio n , 
th e  a d m in is tra tio n  o f N a H C 0 3 so lu tion  in to  th e  b ro n c h ia l a r te ry  caused  a  s ig n ifican t 
rise  in  blood p ressu re  in  b o th  th e  system ic a n d  p u lm o n a ry  arte rie s . In  th ese  e x p eri­
m en ts  a  co rre la tio n  w as fo und  betw een  a r te r ia l  o x y g en  ten s io n  a n d  th e  e x te n t  o f  
change in  blood p ressu re . T he e x ac t m echan ism  o f  a c tio n  o f  th e  obse rv ed  h aem o ­
d y n am ic  changes is s till  n o t  clear. H ow ever, i t  is lik e ly  t h a t  recep to rs  localized  in  th e  
a rea  o f  th e  b ro n ch ia l c ircu la tio n  and  sensitive  to  h y p o x ia  m ig h t have  p lay e d  a ro le 
in  th e  d ev elo p m en t o f  th e  h aem odynam ic  effec ts described .

In previous experim ents devoted to  the bronchial circulation it  was 
found that the in jection  o f an 8 % solution o f N a H C 0 3 into the bronchial 
artery resulted in m arked increases in system ic and pulm onary arterial blood  
pressure and cardiac ou tput [38]. These effects were m uch less m arked than  
those evoked by sim ilar in jections given into the pulm onary artery. In addition, 
the effects of NaCl and glucose solutions o f identical osm olarity given into the  
bronchial artery were sign ifican tly  smaller w hen com pared to those o f the  
N aH C 0 3 solution. In jection  o f T R IS buffer, used as a control to  exclude pH  
effects, given either in to  th e  bronchial or pulm onary circulation was w ithout 
any significant effect on haem odynam ics.

Since N aH C 03 is frequently  applied for the correction of acidosis and we 
are aware o f no sim ilar haem odynam ic studies, it  seem ed worth to  stu d y  the  
effects of N aH C 03 and other hypertonic solutions on several haem odynam ic  
param eters in an a ttem p t to  assess the role o f bronchial circulation in  these  
effects, thus gaining m ore defin ite inform ation on their m echanism  of action.
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Methods

T h e  p re sen t ex p erim en ts  w ere  p e rfo rm ed  in tw o  series. In  th e  f ir s t  one (Group I )  dogs 
w ith  o p e n  chest were s tu d ied  (d ire c t  in v es tig a tio n  o f th e  b ro n ch ia l c ircu la tio n ). In  th e  second 
series  (G roup 2) dogs w ere s tu d ie d  w ith  closed chest (in d irec t in v es tig a tio n  of th e  b ro n ch ia l 
c irc u la t io n )  un d er co nd itions o f  a ) no rm o v o laem ia  a n d  b) h aem o rrh ag ic  h y p o v o laem ia .

I n  Group I ,  12 m o n g rel dogs o f e ith e r  sex w ith  a b o d y  w eigh t o f 8 to  17 k g  w ere used . 
T o  s tu d y  th e  b ronchial c irc u la tio n , th e  dogs w ere a n ae sth e tize d  (30 m g /k g “ 1 p e n to b a rb ita l  
in tra v e n o u s ly )  and  in jec ted  w ith  h e p a r in  (500 I U k g -1 ). D u rin g  in te rm it te n t  p o sitiv e  p re s ­
su re  b re a th in g  (ensuring  a t id a l  v o lu m e a n d  b re a th in g  freq u en cy  of 300 — 350 m l a n d  16 — 
18 m in -1 , respectively) th e  p re p a ra tio n  described  [37] earlie r was m ad e  (F ig . 1). In  b rief, 
p a r t  o f  th e  ao rta  co rrespond ing  to  th e  orig in  o f th e  b roncho-oesophageal a r te ry  w as lig a ted

common carotid aa. 

flow probes

■ -perfusion

shunt

bronchial
~| -P  aorta

F ig . 1. A  schem atic d iag ram  o f th e  e x p erim en ta l p re p a ra tio n  used for in je c tio n s  in to  th e  
b ro n c h ia l  c irculation . F o r d e ta ile d  d esc iip tio n  see te x t .  A b b rev ia tio n s: P art =  a r te r ia l  blood 

pressure; P LA =  le f t  a tr ia l  p ressu re : P p A =  p u lm o n a ry  a rte ria l p ressu re

a n d  th e  p o ten cy  of th e  b lood  flo w  w as rc-est£ b lished  b y  p rep arin g  a sh u n t from  a p las tic  
tu b in g  o f th e  size of th e  lig a te d  a o r ta . B ranches aris ing  from  th e  lig a ted  a o rtic  seg m en t as 
w ell as th e  oesophageal b ra n c h e s  o f th e  b ror.cho-oesophageal a r te ry  w ere also lig a ted  to 
r e s t r ic t  th e  blood flow to  th e  b ro n c h ia l a r te ry  [24, 37]. T he bronch ia l c irc u la to ry  sy s tem  was 
p e rfu se d  th ro u g h  a can n u la  in tro d u c e d  in to  th e  lig a ted  ao rtic  sac w ith  blood from  th e  left 
co m m o n  caro tid  a rte ry  by  u s in g  a p la s tic  tu b in g . B y m eans of an a tta c h e d  T  p iece, th is  c an ­
n u la  se rv ed  also for th e  in je c tio n  o f v a rio u s so lu tions d irec tly  in to  th e  b ro n ch ia l a r te ry .

In jec tio n s  given in to  th e  p u lm o n a ry  a r te ry  served  as con tro l. F o r th is  p u rp o se , a th ic k  
p u n c tu r e  needle was in tro d u c ed  in to  th e  com m on p u lm o n a ry  tru n k  an d  used  as a guide for 
a  f in e  g auge  ca th e te r p ushed  u p  to  th e  b ran ch in g  p o in t o f th e  p u lm o n a ry  a r te ry . T h is c a th e te r  
w a s  u se d  also for th e  m e a su re m e n t o f p u lm o n ary  a r te ria l p ressure  (S ta th a m  tra n sd u c e r  P23 
D b ). A n o th e r  ca th e te r w as in tro d u c e d  th ro u g h  th e  left auric le  in to  th e  le f t a tr iu m  to  m easu re  
p re ssu re  a t  th is  site, using  a S ta th a m  tra n sd u c e r  P23 B B . E lec tro m ag n e tic  flow -sensors p laced  
on th e  com m on p u lm o n ary  t r u n k  a n d  th e  le ft com m on c a ro tid  a r te ry  an d  co n n ec ted  to  CME 
501 e lec tro m ag n e tic  flo w m eters  w ere  used  to  m easure  card iac  o u tp u t an d  b ro n ch ia l a rte ria l 
b lo o d  flo w , respectively . H e a r t  r a te  w as m o n ito red  by  a card io tach o m e ter c o n s tru c ted  in  
th is  la b o ra to ry , w hich w as d r iv e n  b y  th e  blood pressu re  w aves. All th ese  p a ra m e te rs  w ere 
re c o rd e d  on a 6-channel B eck m an  R  D ynograph .

T h e  calculated  p a ra m e te rs  w ere as follows:

. , . c a rd iac  o u tp u t
a )  s troke  volum e: ---- ------

h e a r t  r a te

b) b ronchial frac tio n  o f th e  ca rd iac  o u tp u t:

flow  in  th e  b ro nch ia l a r te ry  ,
rï-----:— ГГ--------ï-------------------- -—  X 100tlo w  in  th e  p u lm o n a ry  a r te ry
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c)  to ta l  sy s tem ic  vascu lar re sis tan ce :

sy s te m ic  blood pressure  (m m H g ) 
flow in  th e  p u lm o n a ry  a r te ry  (L  m in -1 )

d )  p u lm o n a ry  vascular re s is tan ce :

(p u lm o n a ry  a rte ria l p ressu re  (m m H g) — le f t a tr ia l  p ressure  (m m H g) 
p u lm o n a ry  a r te r ia l  blood flow  (L  m in -1 )

e )  b ro n c h ia l vascu lar re s is tan ce  accord ing  to H o r is b e r g e r  an d  R odbard  [24]:

sy s tem ic  blood p re ssu re  (m m H g) — le ft a t r ia l  p ressure  (m m H g) 
flow  in  th e  b ronch ia l a r te ry  (m l m in -1 )

The r ig h t  fem ora l a rte ry  a n d  v e in  were c an n u la te d  for w ithd raw al of b lood  sam p les 
and a d m in is tra t io n  of m a in ten an ce  doses o f th e  a n a e s th e tic .

A v o lu m e  o f 0.5 m l/k g -1  w as in jec ted  (8 %  N a H C 0 3, 5 .6%  NaCl or 34 .3 %  glucose 
so lu tion ) ra n d o m ly  e ith e r in to  th e  b ro n ch ia l or th e  p u lm o n a ry  c ircu la tion , th e  in je c tio n  itse lf  
las tin g  for 1.5 m in . D uring in je c tio n  in to  th e  p u lm o n a ry  a r te ry  th e  bronchial p e rfu s io n  was 
stopped.

T hree  m in  a f te r  each in je c tio n  a  blood sam ple w as ta k e n  fo r m easurem ent o f  o sm o la r ity  
(K n au er o sm o m ete r)  and  pH . O th e r  blood p a ram ete rs  o ccasio n ally  determ ined  w ere p a ck e d  
cell vo lum e, a r te r ia l  p 0 2 and p C 0 2. The p H , p 0 2 a n d  p C 0 2 were m easured b y  a R a d e lk is  
T ype O P 210/2 b iological m ic roanalyser.

In  G roup 2a  5 m ongrel dogs o f e ith e r sex (m ea n  b o d y  w eigh t o f 14 kg) w ere  used . 
A fter an  in tra v e n o u s  in jec tion  o f  p e n to b a rb ita l  (30 m g /k g -1 ) th e  left fem oral a r te r y  w as 
exposed an d  a  double-lum en c a th e te r  was in tro d u ced  w ith  th e  end  of the  p ro x im a l lu m e n  
ly ing  in  th e  th o ra c ic  a o rta  a t  th e  leve l o f th e  o rig in  o f th e  b ro n ch ia l a rte ry  and  th e  e n d  o f  th e  
d ista l lum en  ly in g  15 cm more d is ta lly . A balloon c a th e te r  w as also in tro d u ced  in to  th e  sam e 
a r te ry  w ith  th e  ba lloon  bring  p lac ed  half-w ay  be tw een  th e  tw o lum en  endings o f  th e  o th e r  
cath e te r. T he p ro p e r  posi ion o f th e  c a th e te rs  was checked  a t  necropsy  a fte r  th e  e x p e r im e n t.  
T he rig h t ju g u la r  v  in w s ; Iso ex p o sed  an d  a silastic  c a th e te r  was floated  in to  th e  p u lm o n a ry  
a rte ry , th e  p o s it io n  o f the  c a th e te r  t ip  K in g  checked by  oscilloscopic pressure signals ( S ta th a m  
tran sd u ce r P23  D b). A shun t w as m ade  betw een  th e  r ig h t  com m on caro tid  a r te ry  a n d  th e  
fem oral a r te ry  to  p rev en t a d ra s tic  d ro p  in  blood flow  to  th e  low er p a r t  of th e  b o d y  in  case 
o f in fla tin g  th e  a o rtic  balloon. Close to th e  caro tid  a r te ry ,  th e  sh u n t was su p p lied  w ith  a 
ram ifica tion  fo r th e  m easu rem en t o f  system ic  blood p re ssu re  (S ta th a m  tran sd u ce r P 2 3  D b). 
T he an ae sth e tic  a n d  heparin  w ere a d m in is te red  th ro u g h  a c a th e te r  in troduced  in to  th e  r ig h t  
fem oral a r te ry . H e a r t  ra te  was d e te rm in e d  as in  th e  e x p e rim e n ts  o f G roup 1.

A n 8 %  so lu tio n  of N a H C 0 3 w as in jec ted  in to  th e  a o r ta  e ith e r  a t  th e  level o f th e  b ro n c h i­
al a r te ry  o r a s  a  co n tro l in to  th e  a b d o m in a l a o rta  in  a v o lu m e o f  1 m l/k g -1 w ith  th e  a o rtic  
balloon in f la te d , th e  in jec tion  la s tin g  for 1.5 m in. T he p a c k e d  cell volum e, pH , p 0 2 a n d  p C O , 
were m easu red  a s  described for G ro u p  1.

In  Group 2b 15 m ongrel dogs w eighing 9 to 20 kg w ere used . The m ethods w ere s im ila r  
to  those d esc rib ed  fo r Group 2b w ith  th e  m o d ifica tio n  t h a t  one h o u r before th e  in je c tio n  
o f  N a H C 0 3 th e  dogs were bled  in to  an  open  reservo ire  to  reach  a m ean blood p re ssu re  o f  
40 m m H g.

In  each  ex p erim e n t, the  re sp ec tiv e  values m easu red  before an d  a fte r in je c tio n  w ere 
com pared an d  e v a lu a te d . The s c a tte r in g  o f th e  d a ta  were ch ara c te riz ed  by th e  2 0 th  a n d  8 0 th  
percen tiles [23]. F o r  s ta tis tica l e v a lu a tio n  o f th e  effects th e  one-sam ple  and  th e  tw o -sa m p le  
W ilcoxon te s ts  w ere applied [48].

Results

Group 1

All so lu tion s caused an increase in cardiac output, the largest rise hav in g  
been evoked b y  N aH C 03 w hen  injected into th e  bronchial artery (F ig . 2). 
The rise in cardiac output reached m axim um  (25 m l/k g-1 . m in-1 ) at th e  2nd
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F ig . 2 . Changes in  c a rd iac  o u tp u t  and  m ean a r te r ia l  b lo o d  pressure a fte r in je c tio n  o f  N a H C 0 3, 
N aC l a n d  glucose in to  th e  b ro n c h ia l a rte ry . V e rtic a l lin e s  show  20th and  8 0 th  p e rce n tile  v a lues

(also in  th e  fo llow ing F ig u re s)

m in  after injection . G lucose and NaCl also resulted in a rise of sim ilar tim e  
cou rse, however, w ith  a m axim um  of less th a n  h a lf of the above va lu e . The rise 
in  pulm onary blood flow  was sign ificantly  higher after N a H C 0 3 th an  after 
N aC l up to the 6th  m in (2nd min: p <  0.05 and after it p <  0.01) and sign ifi­
c a n t ly  higher than  after glucose up to th e  5 th  m in (2nd and 3rd m in: p <  0.05, 
4 th  and 5th min: p <  0.01) when the in jectio n s were given into  th e  bronchial 
artery . There was no sign ificant difference betw een the effects o f  NaCl and 
glucose.

The largest increase in  systemic blood pressu re  occurred also after hyper­
to n ic  N aH C 0 3 so lu tion  w hen injected in to  th e  bronchial artery, the effect of the  
o th er  hyperosm otic solutions was sm aller (F ig . 2). The m axim um  rise in mean 
arteria l blood pressure was 30 m m H g, w h ile  NaCl and glucose caused an 
increase of less th an  10 m m H g. The ex ten t o f  rise in system ic b lood pressure 
after  N aH C 0 3 was sign ifican tly  higher up to  th e  3rd min th an  th a t observed  
after  the injection  o f th e  other two so lu tions (p 0 .01 ).

The injection  o f all tested  solutions led  to  increases in  p u lm on ary  arterial 
pressu re  and in  left a tria l pressure , here again  N aH C 03 having been the m ost 
effec tiv e . An injection  o f N aH C 03 into th e  pulm onary artery resulted in  average
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ml stroke volume

%* bronchial fraction of cardiac output
-----  NaHC03 n = 9
----- NaCI n= 6

. ------glucose n= 6

8 min

F ig. 3. Changes in  s tro k e  vo lum e, b ro n ch ia l blood flow  a n d  b ro n ch ia l frac tio n  o f  th e  c a rd iac  
o u tp u t  a fte r  in je c tio n  o f N a H C 0 3, NaCI an d  glucose in to  th e  b ronch ia l a r te ry

rises in pulm onary arterial pressure and left atrial pressure of 1.5 m m H g and
1.1 m m H g, respectively . N o significant difference w as found betw een th e  effects 
o f the three solutions.

H eart rate show ed a decrease lasting from th e  2nd to  the 5th m in, w ith  
the m axim um  effect observed at 2 m in. The in itia l heart rate o f 175 m in -1  
decreased by 10 and 4 m in - 1  after th e  injection  in to  the bronchial artery of 
N a H C 0 3 and NaCI, respectively , w hich difference in the response did not 
prove to  be significant statistica lly .

All solutions given  into  the bronchial artery led to  rises in stroke volume 
(Fig. 3). The m ost effective of the solutions was again N aH C 03, w ith  sign ifican t­
ly  higher rises in stroke volum e than those evoked b y  glucose or NaCI betw een  
the 3rd and 6th m in (p <  0.01). The latter tw o solutions were roughly  equi- 
potent.

Injection  of all these solutions in to  the bronchial artery increased blood 
flo w  in the bronchial artery by  more than  100 % in th e  2nd min (Fig. 3). B etw een  
th e  3rd and 8th m in, the effect of N a H C 0 3 was sign ifican tly  greater th an  that 
of glucose (p <[ 0.01), w hile NaCI caused a rise sta tistica lly  not d ifferent from  
the effect of the former tw o solutions.
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The bronchial fra c tio n  o f  cardiac output show ed similar changes (F ig. 3). 
T h e  effect of N aH C 03 w as sign ificantly  greater betw een  the 3rd and 6th  min  
(p  0.01) and betw een th e  7th  and 8th  min (p <[ 0.01) than  th a t o f glucose, 
w h ereas when com pared to  th e  effect o f NaCl, th e  other tw o solutions were 
e ffe c t iv e  to  similar ex ten t.

I t  was again th e  h yp erton ic  solution o f N a H C 0 3 which w as the most 
e ffe c t iv e  in reducing bronchial vascular resistance (Fig. 4). W hen com pared to  
th e  effect of NaCl, N aH C O s caused greater reductions in the 2nd (p <  0.05), 
3rd— 4th (p <  0.02) and in  th e  8 th min (p <  0.01). A com parison w ith  the 
e ffe c t  o f  glucose showed sign ificancly  greater responses betw een th e  2nd and 
8 th  m in (p <  0 .01 ).

Pulm onary vascular resistance was reduced by N aH C 03 and glucose but 
e lev a ted  by NaCl after adm inistration  into th e  bronchial artery (F ig. 4). 
W h en  compared to th e  e ffec t  of NaCl, N a H C 0 3 was more e ffective  betw een  
th e  2nd and 5th m in and in  the 5th min (p 0 .05), while when com pared to 
th e  effect of glucose, a s ig n ifica n t difference w as found onlv in th e  2nd min 
(p <  0.05).

Total systemic vascu lar resistance did not change sign ificantly  after the 
in jec tio n  of any of the ap p lied  solutions.

bronchial vascular resistance

pulmonary vascular resistance 
mmHg/l/min ------  NaHC03  n = 10

F ig . 4. Changes in b ro n ch ia l a n d  p u lm o n ary  v ascu la r re s is tan ces  a f te r  in jec tio n s  o f  N a H C 0 3, 
N aC l a n d  glucose in to  th e  b ro n c h ia l a r te ry
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To assess q u an tita tively  the role of pulm onary circulation in evok in g  the  
above effects, the sam e injections were given also in to  the pulm onary artery, 
and the responses were evaluated  as differences from those evoked b y  the 
injections given into the bronchial artery.

All solutions evoked sign ificantly  greater rises in cardiac output when  
in jected  into the bronchial artery (Fig. 5). The largest increase o f cardiac 
ou tput occurred after N a H C 0 3 adm inistration. Each of the three solutions  
caused a higher elevation  of system ic arterial pressure  after bronchial arterial 
in jection  (Fig. 5), how ever, th is difference proved to  be significant on ly  in  the  
case o f N aH C 03.

In the 2nd, 3rd, 7th and 8 th  min pu lm onary arterial pressure  increased  
more when N aH C 03 was in jected  into the bronchial artery than after injection  
into the pulmonary artery (Fig. 6 ). Betw een the 4th  and 6 th m in, how ever, 
the injection  into the pulm onary artery was more effective. Glucose and NaCl 
were more effective on adm inistration  into the bronchial artery.

The rise of left atria l pressure  was greater after injection of N a H C 0 3 and 
glucose into the bronchial artery than after their adm inistration into the pulm o­
nary circulation. In the case of NaCl no such difference could be observed
(Fig. 6 ).

Aml/mm/kg 
25 ̂  хгх

20 1

15 \

101

5-1

o -l-  
- 2  H

□  NdHC03 n = 12 
Ü3 glucose n= 8 
Ш NaCl n = 8

111 I Л- fil_ m_
8 min

im m H q
I ,„

35 4

30-

25-
20- r

151 V

□  NaHC03 n = 11 
glucose n= 8 

ЕШ NaCl n= 8

10- Ji  ̂La ílfc- lL L.
2 3 4 5 6 7 8 mm

F ig. 5. D ifferences be tw een  th e  effec ts o f so lu tions g iven  in to  th e  b ronch ia l a n d  p u lm o n a ry  
a r te r ie s  on  card iac  o u tp u t (u p p e r p anel) an d  a rte ria l blood p ressure  (lower panel). L evels of 

significance * p < 0 .0 5 ,  ** p < 0 .0 2 ,  *** p c O .O l (also in  th e  follow ing F ig u res)
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F ig . 6. D ifferences be tw een  th e  e ffec ts  o f solutions g iv en  in to  th e  b ro n ch ia l a n d  p u lm o n a ry  
a r te r ie s  on  p u lm onary  a r te r ia l  p re s su re  (upper p anel) a n d  le f t  a tr ia l  p ressu re  (low er p anel)

A  greater fall o f heart rate  occurred after N a H C 0 3 on application in to  the 
b ron ch ia l artery in  th e  2nd  and 3rd min (Fig. 7). A lthough NaCl also seem ed to  
b e m ore effective in  decreasing  heart rate w hen g iven  into the bronchial artery, 
o w in g  to  the scattering o f  th e  data  the difference com pared to  respective values 
o b ta in ed  after adm in istration  into the pulm onary circulation did not reach 
s ta t is t ic a l significance.

R ises in stroke volum e  (F ig . 7), bronchial blood flo w  (Fig. 8 ) and bronchial 
fra c tio n  o f  cardiac output (F ig . 8 ) were all greater after adm inistration into the 
bron ch ia l artery than after adm inistration in to  th e  pulm onary artery irrespec­
t iv e  o f  the solutions used . H ere, again N aH C 0 3 proved  to be the m ost effective  
so lu tio n .

Bronchial vascular resistance  decreased to  a greater exten t in response to  
in jec tio n s  into the bronchial artery than after adm inistration into the pulm o­
n a ry  circulation (Fig. 9). N o  consistent difference could be shown in the effects 
o f  N aC l and glucose.

Pulm onary vascular resistance  dropped to  low er values up to th e  6th  min 
and  up  to  the 2nd m in after  N aH C 03 and glucose, respectively, w hen these 
so lu tio n s were given in to  th e  bronchial circu lation  than  after using the other 
ro u te  o f  adm inistration (F ig . 9). The same param eter increased after NaCl 
so lu tio n  on adm inistration in to  either circulatory system .
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Abeats/min

F ig . 7. D ifferences b e tw een  th e  e ffec ts o f  so lu tions g iven  in to  th e  b ro nch ia l a n d  p u lm o n a ry  
a rte rie s  on  h e a r t  ra te  (u p p e r  pan el) an d  s tro k e  vo lum e (lower panel)

Aml/min

2.5H 

2 

1.5- 

1 ■ 

1.5 

O'

dH NaHC03 n = 9 
glucose n = 6

F ig . 8. D ifferences b e tw een  th e  e ffects o f  so lu tions g iven  in to  th e  b ro nch ia l a n d  p u lm o n a ry  
a rte rie s  on  b ro n ch ia l b lood  flow  (u p p e r p a n e l)  an d  th e  b ro n ch ia l f r a c t io n 'o f  ca rd iac  o u tp u t

(low er panel)
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AmmHg/ml/min

F ig . 9 . D ifferences b e tw ee n  th e  e ffects o f so lu tions g iv en  in to  th e  b ro n ch ia l a n d  p u lm o n a ry  
a rte r ie s  on  b ro n ch ia l (u p p e r  p an el) and p u lm o n a ry  (low er panel) v a scu la r re sis tan ce

Osmolarity o f  th e  arterial blood was increased by all solutions to  the same 
e x te n t  irrespective o f th e  route of their adm inistration  (a rise of 10 mOsm L -1 ). 
G lucose and NaCl fa iled  to  change arterial p H , w hile N aH C 03 resulted in  a rise 
o f  p H  o f 0.03 unit from  th e  in itial value o f  p H  7.43 after injection in to  either 
circu lation . The in itia l packed  cell volum e o f 41 °/0 fell to  38 % by th e  end of 
th e  experim ents.

Group 2a

In  the experim ents carried out under norm otension, there was no change 
in  system ic blood pressure (initial value, 160/120 m m H g), mean pulm onary  
arteria l pressure (in itia l v a lu e , 10 mmHg) or heart rate (initial value, 140 m in-1 ) 
in  response to in jections g iven  either at th e  leve l of the bronchial artery or at 
th e  lev e l of the diaphragm .

Group 2b

The mean bleed ing volum e during th e  one-hour bleeding period am ounted  
to  618 ml. Only one o f th e  dogs had to be reinfused 10 ml blood to m aintain  a 
m ean  system ic blood pressure of 40 m m H g. The m ean P a 0 2 did not change
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pulmonary, arterial pressure
mmHg

F ig . 10. C hanges in  system ic  (n =  15) and  p u lm o n a ry  (n  — 10) a rte ria l blood p ressu res  ev o k ed  
b y  th e  in je c tio n  o f j \a H C 0 3 one h o u r a f te r  b leed in g  to  a  leve l o f m ean  a rte ria l p re ssu re  o f 
40 m m H g. Solid line  a n d  b roken  line show  d a ta  o b ta in e d  a f te r  in jections a t  th e  lev e l o f 
th e  b ro n ch ia l a r te ry  an d  a t  th e  beginning o f th e  a b d o m in a l a o r ta , respectively . T h e  c o rre sp o n d ­
ing  v a lu es o f sy s to lic  a n d  d iasto lic  blood p ressu res  a re  co n n ec ted  w ith  a  v e rtica l lin e  in  th e  

case o f  in jec tions given below  th e  o rig in  o f th e  b ronch ia l a rte ry

(82 m m H g), w hile P aC 0 2 decreased from an in itia l value of 37 m m H g to  32 
m m H g at the tim e o f injections. There w as a fall o f arterial pH  (from 7.26  to  
7.24) and a rise in packed cell volum e (from 38 % to  44 %).

An injection  o f N aH C 03, either g iven  above or below the origin o f  th e  
bronchial artery, resulted in a rise of systo lic  blood pressure  (Fig. 10), w ith  a 
greater rise after injections given above the leve l of th e  bronchial artery betw een  
the 3rd and 15tli min after injection (p <  0 .01). D iastolic blood pressure  rose 
only after in jection  o f N aH C 03 given above th e  bronchial artery, the e x te n t of 
th is rise having been significantly greater th an  after adm inistration to  th e  other  
site from the 4 th  min onwards (in the 4th  and 5th m in, p <  0.05; after th is , up  
to the 15th m in, p <  0.01). The rise in pu lm on ary  arterial pressure  w as also  
greater after in jection  of N aH C 03 above th e  bronchial artery (from th e 3rd to  
8th  m in, p <  0.05; from the 9th to  15th m in , p <  0.01). Injection o f N a H C 0 3 
given in to  either site  did not influence heart rate.

W hen looking for any relationship betw een  m axim um  changes in  systo lic  
blood pressure, on the one hand, and in itia l values o f the blood gases and pH
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art. p 0 2 
mmHg
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F ig . 11. R e la tio n sh ip  b e tw ee n  in itia l values o f a r te r ia l  oxygen  tension  a n d  i ts  m ax im u m  
ch an g e  evoked  by  N a H C 0 3 one  h o u r  a f te r  bleeding

on th e  other, a strong correlation was found betw een  the extent of rise in  blood  
pressure and the in itia l value of oxygen  ten sio n  in arterial blood (F ig. 11). 
N o sim ilar relationship  could be observed b etw een  th e  other param eters studied .

D iscussion

These ex ten d ed  haem odynam ic in v estig a tio n s have supported our earlier 
observations. Im m ed iate ly  after having been  in jected  into the bronchial artery, 
N a H C 0 3 led to  sign ifican t increases in  cardiac output, system ic, pulm onary  
arterial and left atria l pressures, stroke vo lu m e, bronchial blood flow  and  
bronchial fraction o f th e  cardiac output and sign ificant decreases of heart rate  
and bronchial and pulm onary vascular resistan ces, all of these changes having  
been much less m arked after injections g iven  in to  the pulm onary artery. The 
effects of glucose and NaCl solutions of th e  sam e quantity and osm olarity , 
although q u a lita tive ly  sim ilar, were in  a lm ost all cases much sm aller th an  the  
corresponding responses obtained after N a H C 0 3 injection irrespective o f the  
route of their adm inistration . W hen the haem odynam ic effects o f the three  
solutions given in to  th e  bronchial artery w ere com pared, it  was evident th a t the  
rises in  cardiac o u tp u t, system ic blood pressure, stroke volum e, bronchial blood  
flo w  and bronchial fraction  of the cardiac ou tp u t as well as the decreases in  
bronchial and pulm onary vascular resistances w ere significantly greater after  
N a H C 0 3 than after the injection  of the other tw o solutions. There w as no 
difference betw een th e  effects of glucose and NaCl.

Since the experim ental model used in  th e  first series of experim ents  
required major surgical intervention, the haem odynam ic effects o f the m ost 
effic ien t solution  (i. e. N aH C 03) were stu d ied  also under more physiological

Acta Physiologica Academiae Scientiarum Hungaricae 57, 1981



CIRCULATORY RESPONSES TO HYPEROSMOTIC SOLUTIONS 149

experim ental conditions. U sing th is  latter preparation there were no consistent 
changes in haem odynam ics under norm ovolaem ic conditions. A fter a one-hour 
bleeding period resulting in a drop o f mean arterial blood pressure to  40m m H g, 
the adm inistration of NaHCO.( ind irectly  into the bronchial artery led  to  signif­
ican tly  greater rises in system ic blood pressure (systolic as well as diastolic) 
and pulm onary arterial blood pressure than the adm inistration o f  th e  same 
solution  given into the lower part o f the aorta. In these experim ents a strong  
correlation was found between th e  ex ten t of changes in systolic b lood pressure 
and the in itia l level of arterial o x y g en  tension. The precise m echanism  of the 
observed haem odynam ic changes are not know n at present. Two characteristics  
of th e  applied solutions have to  be considered in th is respect. An 8 % so lu tion  of 
N a H C 0 3 influences pH while th e  other tw o do not; the common featu re o f all 
th e  solutions applied was their hyperosm olarity.

In previous studies where T R IS  buffer was used as a control for recog­
n izing pH -dependent effects, th e  above haem odynam ic changes fa iled  to  occur 
[38] which was consistent w ith  fin d in gs o f L i a n g  and H ood  [29] and o f R o w e  
et al. [46]. In  addition, at the tim e o f the m axim um  system ic effect o f 8 % 
NaHCOj injected in a volum e o f 0.5 ml k g-1 , the pH  increased only  b y  0.03 and 
no correlation was found betw een  changes of pH  and the evoked circulatory  
responses. This makes it likely th a t pH  changes are not responsible for the  
observed haem odynam ic effects.

There is no agreement on th e  m echanism  o f action of hypertonic solutions. 
The haem odynam ic effects of grossly hypertonic solutions in jected  rapidly  
should be differentiated from th ose  of m ildly hyperosm otic solutions injected  
more slowly. In the former case a fall in blood pressure, bradycardia, a decreased  
cardiac output, system ic vasod ila ta tion , pulm onary vasoconstriction  and 
respiratory disturbances have been described to  occur [13, 18, 19, 21 , 32, 42].

After slow injection of m ild ly  hypertonic solutions cardiac output, 
system ic blood pressure, pulm onary arterial blood pressure, stroke volum e  
increased and system ic and pulm onary vascular resistances decreased [29]. 
It is generally agreed upon that th e  system ic effects are m ediated b y  changes in 
the pulm onary circulation [10, 12, 17] or, more specifically, in th e  small 
pulm onary vessels [1]. It has been suggested that cholinergic [43] or adrenergic 
m echanism s [26], respiratory chem oreflexes [12 ], and the release o f  histam ine  
[47] or catecholam ines [29] m ight be involved  in these com plex haem odynam ic  
changes.

The observed haem odynam ic effects m ay be classified as fo llow s.
Local effects: increased bronchial blood flow , cardiac output and bronchial 

fraction of cardiac output and a fall in bronchial vascular resistance after 
injections of N aH C 03, NaCl and glucose in to  the bronchial artery . These 
phenom ena can be interpretered as the local vascular resistance decreasing  
effect of hypertonic solutions [21, 42, 43].
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Systemic effects : increased cardiac o u tp u t, system ic blood pressure, 
pulm onary blood pressure, left atrial pressure and stroke volum e along with  
decreased heart rate and pulm onary vascular resistan ce resulting from N aH C 0 3 
g lu cose and NaCl in jec ted  into the bronchial artery. These haem odynam ic  
changes cannot be exp la in ed  on the basis o f re levan t data available in  the  
literature.

The site of in jection  p lays a role in in flu en cin g  the response obtained. 
T he m ultiple connections existing betw een th e  bronchial and pulm onary  
circulations have am ply b een  described [2— 7, 14, 15, 25, 30, 40, 41]. Under 
physiological conditions, tw o  thirds of the bronchial blood flow is drained by  
th e  pulm onary veins v ia  precapillary, capillary and postcapillary anastom oses  
[2, 7, 20, 22, 33, 39]. A t a system ic blood pressure of 40 mm Hg the flow  in  the 
bronchial artery ceases [4]; in  this situation bronchopulm onary shunts open 
up [2— 4, 20]. This m eans th a t substances in jected  into the bronchial artery 
m a y  act not only at th is s ite  but also in the sm all b lood  vessels of the pulm onary  
circu lation . It should be ta k en  into account th a t substances reaching th is area 
v ia  th e  bronchial c ircu la tion  m ay attain a h igher concentration owing to  less 
m arked dilution (i. e. a steep er convolutional in tegral) than substances adm in­
istered  directly into th e  pulm onary artery. C onversely, substances g iven  into  
th e  pulm onary artery m ay  also reach the bronchial circulatory system , particu­
larly  i f  bronchial perfusion is artificially b locked as in  the present experim ents. 
I t  can be inferred, th erefore, that although the anatom ical site of the effects is 
lik e ly  to  be the bronchial circulation or the tissu es supplied by it, the role of the  
pulm onary m icrocirculation cannot be excluded  either. H owever, the role of 
receptors localized in  th e  aorta can be excluded on the basis of data obtained  
during hypotension.

I t  is probable th a t a stress situation (such as the major surgical traum a or 
th e  haemorrhage in th e  present study) is a n ecessary  condition for the occur­
rence o f these effects. I t  shou ld  he emphasized th a t  a strong negative correlation  
cou ld  be found betw een  th e  hypertensive effect and the level o f the arterial 
o x y g en  tension. The observed  slight arterial h yp o x ia  m ust have been much  
m ore severe in the tissu es supplied  by the bronchial blood vessels, since bronchi­
al b lood flow is know n to  cease at a mean system ic  arterial blood pressure o f  
40  m m H g [4] and tissu e  oxygen  supply severely  deteriorates during haem or­
rhage [9, 36]. The above considerations m ake it  lik e ly  that hypoxia-sensitive  
receptors localized in  th e  bronchial (or pulm onary ?) microcirculatory area play  
an im portant role in  th e  developm ent of the sy stem ic  haem odynam ic effects. 
T he К  cells localized in  th e  bronchial m ucosa [8 , 11, 16, 44] and the neuro­
ep ith elia l bodies [11, 27, 28 , 44] may function as receptors of this kind. These 
cells are capable of ta k in g  up  amine precursors, i. e. th ey  belong to  the A P U D  
sy stem , and have been dem onstrated by fh iorescence techniques to  possess 
vacu o les containing seroton in  and catecholam ines. These vacuoles m ay he
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degranulated during hypoxia. Furtherm ore, th ese cells have rich afferent and  
efferent nerve supply and have in their close v ic in ity  fenestrated bronchial 
capillaries [8 , 11, 17, 28]. According to the present opinion, they m ay be consid­
ered as neuroreceptors involved in the regulation  of pulm onary circulation . 
On the basis o f these data, hypertonic so lu tions m ay be supposed to  exert 
their effect on these cells osm otically, the response being facilitated  b y  co­
ex isten t hypoxia  or stress. The observed greater effectiveness o f N aH C O a 
m ight be explained by the additional influence o f HCO^ ions or C 0 o, the la tter  
form ed during the dissociation process [34].

This hypothesis is sufficient to  explain  both  the changes observed in  
system ic haem odynam ics and the local effects, o f the applied hypertonic  
solutions, considering the rich nerve supply  o f the bronchial circulatory  
system  [31, 35, 45]. H ow ever, further experim ents are needed to uncover th e  
exact m echanism  o f action of these substances.
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H y p o th a la m ic  P G F 2alfa c o n te n t was d e te rm in ed  b y  rad io im m u n o assay  in  ra ts .  
T he m ale an im als h a d  s ig n ifican tly  h igher P G F 2aifa leve l th a n  th e  fem ales. T he h y p o ­
th a la m ic  P G F 2aIfa c o n te n t  increased  follow ing o rch id ec to m y  (G D X ), while o v a riec to m y  
(O V X ) h ad  no such  e ffec t. A d m in is tra tio n  of p rog estero n e  (100 /;g/kg or 1 m g/kg i.m .) 
alone or com bined  w ith  oestrone  (100 /rg/kg or 1 m g/kg  i. m .) re su lted  in  a  s ig n ifican t 
decrease o f P G F 2aifa leve l in  th e  h y p o th a lam u s , w hile o e s tro n e  (100 //g /kg  or 1 m g/kg
i.m .) alone was in effec tiv e . T estos te rone  (1 o r 5 m g/kg  i.m .)  in  G D X  anim als re s to red  
th e  h y p o th a lam ic  P G F ,aifa co n te n t to  th e  con tro l level.

T he sy n th esis  a n d  b reak d o w n  o f p ro stag lan d in s w ere also s tu d ied  in  th e  m ic ro ­
som al an d  cytosol f ra c tio n  o f b ra in  hom ogenate. T h e  P G D 2 w as th e  m ain  p ro d u c t 
o f  th e  a rac h id o n a te  cascade  in  r a t  b ra in  m icrosom es. O V X  increased  th e  fo rm a tio n  
o f P G D 2 an d  d im in ish ed  th e  b iosynthesis o f P G F 3a|fa. O estro n e  a d m in is tra tio n  to  
O V X  ra ts  en h an ced  th e  fo rm a tio n  of P G F 2aifa . P ro g este ro n e  in je c tio n  decreased th e  
b iosyn thesis o f P G F „aifa an d  P G D 2 in  OVX an im als . C om bined a d m in is tra tio n  of 
p rogesterone  an d  oestro n e  to  OV X  ra ts  failed to  re s to re  th e  P G F 2a)fa syn thesis. In  
o rch idectom ized  an im a ls  th e  a rach id o n a te  cascade w as fo u n d  to  be depressed , fu r th e r  
th e  syn thesis o f p ro s ta g la n d in s  w as norm alized  a f te r  te s to s te ro n e  su b s titu tio n . T he 
in a c tiv a tio n  of 3H -P G F 2ajfa by  r a t  b ra in  cytosol f ra c tio n  w as negligible.

Prostaglandins (PG-s) have been identified in  the brain of a number of  
m am m alian species [5, 8 , 14, 15]. Recent experim ents have suggested th a t  
PG F2aifa and P G E 2 [1 2 ] as well as the throm boxane B 2 [18] are the major 
products in the catabolism  o f PG endoperoxides in rat brain hom ogenates. 
According to A b d e l - H a l i m  et al. [1 ]  PG D 2 is the m ain prostaglandin syn th e­
sized by rat brain in  situ . Prostaglandin release in the brain in vivo  can be 
affected by different stim uli as neural, hormonal, pharm acologic and traum atic, 
as w ell as by bacterial pyrogens [19]. Recent report indicates [2] that there  
is no sex  difference in the relative am ounts of brain PG fractions. B e n n e t t  et al. 
[3] found larger am ounts of PG -like materials in hom ogenates of female guinea  
pig brains than that of m ales. Only lim ited data are available concerning the  
changes of PGs in the brain [10], and com plete agreem ent on this point is 
lacking.

The present experim ents were carried out to  stu d y  the effect o f sex  
steroids on the a ctiv ity  of PG  synthetase and PG m etabolizing  enzym es in the  
brain, and on the hypothalam ic PG F2ai(a content.
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M ethods

A n im a ls . Male a n d  fem ale  ra ts  o f S p rague-D aw ley  CFY s tra in  w eigh ing  180 — 250 g  
w ere  used . T he an im als w ere m a in ta in e d  u n d e r  a  12 h r  lig h t an d  12 h r  d a rk  reg im en , w ith  
l ig h ts  on  a t  6.00 A.M. T he o v a rie s  a n d  te s te s  w ere rem oved  un d er p e n to b a rb ita l  anaesthesia  
(35 m g /k g  i.v .). O estrone an d  p ro g estero n e  (1 m g/kg  or 100 ^g /kg , in  180 — 250 fú  sunflow er 
seed  o il) were in jec ted  i.m . ev ery  o th e r  d a y  to  o v ariectom ized  (OV X) ra ts  fo r 14 d ay s. T esto s te ­
ro n e  (1 o r 5 m g/kg in  180 — 250 [A sun flow er seed  oil) was ad m in iste red  to  o rch idectom ized  
(G D X ) an im als sim ilarly  fo r 14 d ay s. F o r  veh ic le  co n tro l, OV X  a n d  G D X  ra ts  received 
180 — 250 [A sunflow er seed oil. T he an im als  w ere k illed  by  d e ca p ita tio n  24 h r  a f te r  th e  las t 
in je c tio n  be tw een  9 a n d  10 A .M . a n d  th e  b ra in s  w ere qu ick ly  rem oved.

E xperim enta l design. (1) T h e  f i r s t  series o f  experim en ts  was d esigned  to  de term ine  
w h e th e r  o r n o t o v a ria n  h o rm o n es a re  able to  in flu en ce  P G F 2alfa co n te n t o f th e  h y p o th a lam u s . 
T h e re fo re  P G F 2aifa d e te rm in a tio n s  w ere carried  o u t  in  ovariectom ized  as well as oestrone 
a n d  p ro g esterone  tre a te d  O V X  anim als . (2) T he second series of ex p erim e n ts  was d evo ted  
to  s tu d y  th e  changes o f h y p o th a la m ic  P G F 2ajfa c o n te n t in  o rch idectom ized  a n d  tes to s te ro n e  
t r e a te d  G D X  ra ts . (3) T he P G  sy n th e ta se  a c t iv ity  w as assayed in  r a t  w hole b ra in  to  o b ta in  
in fo rm a tio n  ab o u t th e  sy n th es is  o f d iffe ren t P G s from  exogenous 14C -arach idon ic  acid  in 
c o n tro l,  OV X, and  sex s te ro id  t r e a te d  ra ts . (4) T he in ac tiv a tin g  enzym e sy s te m , i.e. 15-OH- 
P G  dehydrogenase  and  d e lta  1 3 -red u c tase , w as also m easu red  in  th e  b ra in .

M aterials. l - 14C -arach idon ic  acid  (55 m C i/m M ) was pu rchased  fro m  A m ersh am , E n g ­
la n d . C harcoal, N A D H  an d  b e ta -N A D  were p u rch ased  from  Sigm a C hem ical Co., S t. Louis, 
M o.. G lu ta th io n e  red u ced  fro m  (G S H , resea rch  g rad e) was p ro d u c t of S e rv a  F einb iochem ica, 
H e id e lb e rg , G F R . P G F 2aifa rad io im m u n o assay  k i t  and  3H -P G F 2ajfa (120 C i/m M ), 3H -P G E 2 
(200 Ci/m M ) were d o n a ted  b y  th e  In s t i tu te  o f Iso to p es of th e  H u n g a rian  A cad em y  of Sciences, 
B u d a p e s t.  N o rep inephrine  h i ta r ta r a te  an d  p e n to b a rb ita l-N a  (M eb u b arb ita l Sodique) were 
p u rc h a se d  from  R hôn e-P o u len c , F ran ce . P G E 2, P G F 2ajfa and  th e ir  m e ta b o lite s : 13,14-dihydro- 
P G  ( E 2, F 2ajfa), 15-keto-P G  ( E 2, F 2aifa), 13 ,14-d ihydro-15-keto-P G  ( E 2, F 2a|fa) were k ind ly  
su p p lied  by  Dr. J .  E . P ike , U p jo h n  Co.. K a lam azo o . Mich. O estrone a n d  p ro g esterone  were 
p ro d u c e d  by  O rganon , Oss, H o llan d . T es to s te ro n e  p rop ionate  (R e ta n d ro l)  w as purchased  
fro m  G. R ich te r  L td .,  B u d a p e s t, H u n g a ry . All o th e r  chem icals were o f a n a ly tic a l g rade, and 
o b ta in e d  com m ercially  unless o th erw ise  s ta te d .

Preparations o f  homogenates o f  rat brain. T he w et w eigh t o f b ra in  h a lv es w as m easured , 
a n d  hom ogenized w ith  U ltra -T u rra x  in  T ris/H C l buffer (0.05 M, p H  8.0 co n ta in in g  0.25 M 
su cro se ) for 20 sec. T he suspension  w as cen trifu g ed  a t  800 g for 10 m in . T he p re c ip ita te  was 
w a sh e d  w ith  buffer an d  cen trifu g ed  ag ain . T he f i r s t  and  second s u p e rn a ta n ts  w ere collected, 
th e n  cen trifuged  a t  10,000 g  fo r 20 m in . T he s u p e rn a ta n t  was fu r th e r  c en trifu g ed  a t  105,000 g 
fo r  60 m in. This fin a l s u p e rn a ta n t  was used  fo r th e  d e te rm in a tio n  of d e lta -1 3 -P G  reductase  
a n d  15-O H -PG  dehydrogenase  (P G D H ). T he 105,000 g m icrosom al p e lle t frac tio n  was ho­
m o g en ized  w ith  a P o tte r-E lv e h je m  hom ogenizer in  0.05 M Tris/H C l b u ffer (p H  8.0) an d  used 
fo r P G  sy n th e ta se  assay . T he p re p a ra tio n  o f h o m o g en a tes was carried  o u t  a t  0 — 4 °C.

A ssa y  o f PG synthetase enzym e activity. T he P G  synthesis was m easu red  b y  th e  m eth o d  of 
T ai  e t al. [17]. The in c u b a tio n  m ix tu re  (1 m l) c o n ta in ed  l - 14C -arachidonic acid  (0.015 ^Ci) as 
s u b s tr a te ,  2 mM G SH  an d  1 m M  n o rad ren a lin e  as cofactors, T ris/H C l b u ffe r  (0.05 M, p H  8.0) 
a n d  m icrosom al frac tio n  (1 — 3 m g p ro te in ). In c u b a tio n  was perform ed a t  37 °C w ith  con tinuous 
sh a k in g  for 60 m in. T he enzym e re ac tio n s  w ere sto p p ed  by  th e  ad d itio n  o f 0.03 m l form ic acid 
(12 M) w hich reduced  th e  p H  to  3.0, an d  b y  p lac ing  th e  sam ples on  ice. T he enzym e a c tiv ity  
w as expressed  as th e  a m o u n t o f P G  d p m /m g  p ro te in /h r  syn thesized .

A ssa y  o f  PG inactivation. T he a c t iv ity  o f P G D H  and  d e lta -1 3 -red u c tase  w as de term ined  
acco rd in g  to  St o n e  an d  H a r t  [16]. The in c u b a tio n  m ix tu re  (1 m l) c o n ta in ed  3H -P G F 2a)fa 
(0 .01 /zCi) as su b s tra te , 0.5 /uM b e ta -N A D  as co fac to r, ph o sp h a te  b u ffer (0.1 M, p H  7.4 c o n ta in ­
in g  4 /гМ MgCl2) and  th e  105,000 g  b ra in  s u p e rn a ta n t  (3 — 4 mg p ro te in )  as enzym e source. 
In c u b a tio n  was carried  o u t a t  37 °C for 60 m in . T h e  enzym e reac tio n  w as s to p p e d  by  acid ifica­
t io n  (p H  3.0) and  cooling.

E xtraction and separation o f  PGs and PG metabolites. The acid ified  in c u b a tio n  m ix tu res  
w ere  e x tra c te d  w ith  2 X 3 m l o f e th y l a c e ta te . T he e x tra c ts  were e v ap o ra te d  u n d e r  N 2 a t  40 °C. 
E a c h  sam ple was ta k e n  u p  in  e th y l a ce ta te  (300 /Л) in  o rder to  sp o t on  Silica gel G th in  layer 
p la te s  (5 X 20 cm). W hen  P G  sy n th e ta se  w as assay ed , th e  p la te s  were dev elo p ed  w ith  th e  organic 
p h a se  of e th y l a ce ta te : ace tic  ac id : iso o c ta n e : w a te r  (110 : 20 : 50 : 100 b y  vo l.). C hloroform : 
m e th a n o l:  acetic  acid : w a te r  (90 : 8.5 : 1.0 : 0.65 b y  vol.) was ap p lied  as so lv en t system  to 
se p a ra te  P G F 2alfa an d  its  m e ta b o lite s . A u th e n tic  PG s and  PG  m etab o lite s  w ere d e te c te d  w ith  
an isa ld éh y d e  reag en t b y  th e  m e th o d  of K i e f e r  e t  al. [9]. T h in  lay e r p la te s  w ere d iv ided  in to
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5 m m  b a n d s , th ey  w ere scraped  off an d  tra n s fe r re d  se p a ra te ly  to  sc in tilla tio n  v ia ls co n ta in in g  
a sc in tilla tio n  cock ta il [4]. An L K B  81,000 w as used  as liq u id  sc in tilla tio n  coun ter.

P ro te in  c o n ce n tra tio n s  were d e te rm in e d  b y  a m ic ro b iu re t m e th o d  [6].
R adio im m unoassay  o f  hypothalam ic P G F 2a]fa content. T he h y p o th a la m u s  (30 — 40 m g) 

w as hom ogenized w ith  P o tte r-E lv eh jem  h o m ogen izer in  icecold iso ton ic  saline. T h e  n e u tra l  
lip id s  w ere rem oved  b y  p e tro le th e r (b o iling  p o in t 4 0 —70 °C), th e n  0.1 N HC1 was a d d e d  to  th e  
sam ples to  acid ify  th e  hom ogenates to  p H  3.0. PG  e x tra c tio n  a n d  d e te rm in a tio n  w ere ca rried  
o u t acco rd ing  to  th e  Calbiochem  guide fo r  P G F  rad io im m u n o assay  (R IA ) using  th e  P G F 2a|fa 
R IA  k i t  o f th e  I n s t i tu te  o f Iso topes o f H u n g a r ia n  A cadem y o f Sciences. T he resu lts  w ere c o rre c t­
ed  w ith  th e  co rresp o n d in g  recovery  (7 6 —82 % ). T he se n s itiv ity  o f P G F „a|fa R IA  w as a ro u n d  
100 pg . T he p e rce n ta g e  c ro ss-reac tiv ity  w i th  P G F laua w as 4.3, w ith  P G E 2 2.6, an d  w ith  P G E , 
1.2. T h e  P G F 2a|fa c o n te n t o f th e  h y p o th a la m u s  w as expressed  in  ng /g  w et w eight.

S tu d e n t’s t te s t  w as used for s ta tis t ic a l  analysis.

R esults

P G F 2a\ia content o f the hypothalam us in  ovariectomized and oestrone,. 
progresterone treated O V X  rats.

The hypothalam ic PGF2aifa lev e l of OVX rats did not sign ifican tly  differ  
from  th at of the control. When oestrone was in jected  in  a dose of 100 /tg /kg  
intram uscularly, PGF2aifa content did not change appreciably com pared to  
th e  OVX group. Progesterone alone (100 ^g/kg) decreased PGF2aifa level. 
The hypothalam ic PGF2a]fa level could  not he restored to  control values b y  th e  
com bined injections o f oestrone and progesterone (100 ^ag/kg each) (Table I).

Effect o f  orchidectomy and testosterone adm ininstration on hypothalam ic  
P G F 2alfa content.

The hypothalam ic PGF2aifa concentration  was sign ificantly  elevated  on 
the 14th day after orchidectom y. T estosterone treatm ent (5 m g/kg) norm alized  
the PGF2aifa level of GDX rats. T estosterone in a dose of 1 m g/kg w as less 
effective in lowering the PGF2aifa con ten t of the hypothalam us (Table I I ) .

Table I
Effect o f  ovariectomy ( O V X ) ,  oestrone and progesterone treatment 

on hypothalam ic PG jF2aifa content

G ro u p a

1. Control
2. OVX
3. O V X -|-oestroned

100 (Mg/kg i.m .
4. OV X-(-progesterone'1

100 (M g/kg i.m .
5. O V X + oestrone andd

progesterone 100 pg/ 
kg i.m .

P G F 2al(3
n g /g ± S .D .

48.1 ± 7 .2
40.8 ± 5 .4  N Sb
4 9 .7 ± 9 .2  NSb’ 0

1 7 .9 ± 3 .8

2 6 .4 ± 4 .1

cO.OOOP

<0.001b

< 0.0005°

< 0 .001°

a E ach  ex p erim en ta l group consisted o f  10 ra ts . E ach  value  rep resen ts th e  m e a n ± S .D ., 
b Com pared to  con tro l ra ts  (1); “co m p ared  to  OV X  ra ts  (2); dth e  resu lts w ere sim ilar- 

w hen using  1 m g/kg oestrone  or progesterone. NS =  n o t  sign ifican t

Acta Physiologica Academiae Scientiarum Hungaricae 57, 1981



158 Á. GECSE et al.

The am ount of hypothalam ic PG F2a)fa was found to be higher iu male 
controls than in fem ale ones. The difference was significant (p < / 0.001) 
(T ables I and II).

Table II

E ffect o f  orchidectomy (G D X )  and testosterone treatment 
on hypothalamic P G F 2ака content

Groups^ PGF2alfa
ng/g±SD- P

1. Control 7 6 .4 ± 5 .2
2. G D X 119 .3 ± 6 .4 < 0 .0 0 1 b —
3. G D X  4 -tes to s te ro n e  

1 m g/kg  i.m .
9 7 .0 ± 4 .1 < 0 .0 1 h < 0 .0 1 '

4. G D X + te s to s te ro n e  
5 m g/kg  i.m .

7 0 .2 ± 3 .2 N Sb < 0 .0 0 1 '

a E ach  ex p erim en ta l g roup  consisted of 12 ra ts . E ac h  value rep resen t th e  ine.ui S. f ). 
b Com pared to  co n tro l r a ts  (1); 'com pared  to  G D X  ra ts  (2); NS =  n o t sign ifican t

PG synthetase a c tiv ity  in the brain o f  male and fem ale rats.
The m icrosom al fraction  incubated w ith  l - 14C-arachidonic acid in the  

presence of the cofactors norepinephrine and glutathione resulted in the pro­
du ction  of P G D 2, P G E 2 and PGF2aifa- The rate of form ation of each prosta­
g lan d in  was in linear relationship with th e  tim e o f incubation for 60 min.

F ig . 1. The a c tiv ity  o f P G  sy n th e ta se  in  th e  b ra in  o f ovariectom ized  (O V X ) ra ts . The a m o u n t 
o f  P G  frac tions are ex p ressed  in  DPM /m g p ro te in /h . L P G F 2a|fa, KS P G E 2, | ; | P G D 2. A: con­
t ro l,  B : OVX 14th d a y  a f te r  su g ery , C: OVX an d  o e s tro n e  tre a tm e n t ,D : O V X  an d  p rogesterone  
t r e a tm e n t,  F : OV X  a n d  com bined  a d m in is tra tio n  o f o estrone  an d  p rogesterone . E ach  block 
re p re se n ts  th e  m ean  4; S. D. o f  6 ra ts . + p <  0.01 c o m p a red  to  con tro l, Op <  0.01 co m pared  to

O V X , * p  <  0.001 co m p ared  to  OVX
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a. Effect o f  ovariectom y on brain PG synthetase activity .

O variectom y decreased the synthesis o f PGF2aifa while PGD2 form ation
was enhanced. Oestrone adm inistration to OVX rats increased the synthesis o f  
PGF2aifa and dim inished the form ation of PGE2 and PGD2 compared to  O Y X  
rats. PG F2aifa production was significantly less both  after progesterone and  
after th e  com bined adm inistration of oestrone and progesterone in ovariec- 
tom ized animals com pared either to the controls or ovariectom ized rats. The  
sam e experim ental conditions produced a decrease in the b iosynthesis of 
PGD„ compared to  th at o f the OYX rats. The am ount of PGE2 was found to  be 
higher follow ing com bined injection of oestrone and progesterone in OVX rats  
than  in  the brain of the control or ovariectom ized anim als (Fig. 1).

b. The effect o f  orchidectomy and testosterone treatment on PG synthetase 
activ ity  o f  the brain.

The am ount of each PG fraction synthesized  by rat brain m icrosom al 
pellet fraction was m uch less 14 days after rem oval o f the testes. T estosterone  
adm inistration (1 m g/kg) to orchidectom ized rats norm alized the b iosynthesis  
o f prostaglandins in the brain of G D X  animals (F ig . 2).

Prostaglandin metabolism in the brain.
The inactivation  o f 3H -P G F 2aifa by the 105,000 g  supernatant fraction  of 

m ale and fem ale rat brain hom ogenates was found  to be negligible. A fter  
gonadectom y or sex horm one replacem ent, neither 15-OH-PG dehydrogenase  
nor delta-13-PG  reductase activ ity  could be detected .

DPM/mg prot.

TESTOSTERONE

F ig . 2. B ra in  PG  sy n th e ta se  a c t iv ity  o f o rchidectom ized a n d  te s to s te ro n e  trea te d  ra ts . T h e  
q u a n ti ty  o f P G  frac tio n s sy n th esized  from  1 — u C -arachidonic ac id  b y  b ra in  m icrosom al f ra c t io n  
is p resen ted  on th e  o rd in a te  in  D P M /m g p ro te in /h . P G F 2a|fa - S3 P G E 2, : P G D 2. C: c o n tro l, 
G D X : 14th d ay  a f te r  o rch id ec to m y , G D X  +  tes to s te ro n e  a d m in is tra t io n  in a dose o f 1 m g /k g  
every  o th e r  day  for 14 d ays. + p <  0.001 as com pared to  c o n tro l, + + p <  0.001 in  c o m p ariso n  

w ith  th e  G D X  group . E ach  block represen ts th e  m e a n  ±  S. D. o f 12 ra ts
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D iscussion

Prostaglandins m ay be in volved  in  th e  feedback regulation o f gonado- 
tro p in  secretion [14]. The prim ary effect o f  prostaglandins on gonadotropin  
secretion  was proposed to be at the h ypothalam ic suprapituitary lev e l [7 ] .The 
p resen t experim ents suggest that the gonads and sex steroids are capable of 
in flu en cin g  PG F2aifa content of the hypothalam us. O rchidectom y o f m ale rats 
resu lted  in a considerable increase of hypothalam ic PG F2aifa con ten t, and 
rep eated  testosterone adm inistration to  G D X  animals dim inished th e  amount 
o f  P G F 2a]fa to  the normal level.

The rem oval of ovarias, or oestrone injections to OYX rats failed to  
e lic it  any change in the hypothalam ic P G F 2aifa content. In contrast to  these 
d a ta , progesterone treatm ent sign ifican tly  decreased PGF2aifa lev e l in  the 
h yp oth a lam u s of OYX rats. These observations suggest th at testosteron e and 
progesterone m ay be in volved  in the regulation  of hypothalam ic PGF2aifa 
concentration .

Further experim ents were carried out to  clarify w hether th e  m odulating  
e ffe c t  o f  sex steroids was m ediated b y  a ffecting  the arachidonate cascade or the 
P G  in activ a tin g  enzym es in  the brain.

The possib ility  of destruction o f prostaglandins in the brain w as excluded  
s in ce  w e were unable to detect en zym atic  catabolism  of 3H-PGF2ajfa in  the 
cy to so l fraction of rat brain hom ogenate. Our observations are consistent 
w ith  th e  results o f A b d e l -H a l im  and Ä n g g a r d  [2], N a k a n o  et al. [11], 
W o l f e  et al. [19].

In  agreem ent w ith  the results o f A b d e l -H a l im  and Ä n g g a r d  [2], PGD2 
w as found  to be the major prostaglandin biosynthesized  in  the brain of male 
and fem ale rats. According to  W o l f e  et al. [19] more PGF2a]fa th a n  PGE2 is 
sy n th esized  by th e  rat cerebral cortex, how ever the form ation of PG D2 was not 
m easured  in th is study.

The consequences of ovariectom y and orchidectom y were d ifferent on the 
prostag lan d in  synthetase a ctiv ity  o f the brain. The quantity of each synthesized  
p rostagland in  (D2, E2, F2alfa) was decreased after rem oval o f th e  testes, 
w hereas ovariectom y resulted only in decreased form ation of PGF2aifa, the 
b iosyn th esis  o f PGD2 being rather enhanced.

Testosterone adm inistration to  orchidectom ized rats com pletely  restored 
th e  altered prostaglandin synthesis. Com bined adm inistration of oestrone and 
progesterone norm alized on ly  the form ation  of PG D 2 w hile the synthesis of 
P G F 2a]fa rem ained at a low  level and q u ite  unexpectedly, P G E 2 formation  
w as increased.

P G D ,, the m ain fraction of the arachidonate cascade in the central nervous 
sy ste m  of the rat, m ight have an im portant local role. The results suggest that 
prostagland in  synthesis in the brain is under the influence of the sex  steroids.
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DATA ON MUSCLE FIBRE CONVERSION AND 
FIBRE SPLITTING IN MAN

b y

G y . F e k e t e  and P .  A p o r

RESEA R C H  IN ST ITU TE OF T H E  H UN G ARIA N  ACADEMY O F PH Y SIC A L EDUCATION, B U D A P E S T

(R e ce iv ed  Ju n e  16, 1 9 80)

A  h igh  p rop ortion  o f  th e  “ in term ed ia te”  m u sc le  f ib res , w h ich  are se m i-d a r k  after  
b o th  a c id ic  and a lca lic  p r e in cu b a tio n  in  A T P -a se  sta in in g , w as fo u n d  in  th e  th ig h  
m u scle  o f  som e en d u ran ce tra in ed  runn ers an d  a ll o f  th e  chron ica lly  c y a n o t ic  ch ild ren  
w ith  h ea r t fa ilu re. C h aracteristic  p a tte rn s  o f  fib re  s p lit t in g  w ere found m o s t ly  in  ju m p ers’ 
m u scles. P o ss ib ilit ie s  o f  fib re  su bgroup tr a n sfo r m a tio n  and fibre h y p er p la s ia  du e to  
tr a in in g  are d iscussed .

One o f the m ost generally accepted m ethod  for d ifferentiating m uscle 
fibres is based upon th e  pH  sen sitiv ity  o f th e  m yosin  ATP-ase a c t iv ity  (see 
Table I).

This sen sitiv ity  is attributed  to  sulphydril groups found in  th e  light 
chains o f th e  m yosin m olecule [6 , 23]. T ypes o f  m uscle fibres presented  in 
Table I can he observed in  th e  m uscles of ind iv iduals performing no particular  
training.

Fibre typ e FTa cannot be detected  in endurance trained m uscles or th ey  
are found only in a sm all q u an tity  [2 0 , 2 2 ].

A high proportion o f fibre typ e FTC (10— 15 %) is considered norm al 
m erely in the first years after birth when its percentage decreases b elow  2 %. 
In som e of the endurance trained muscles 10— 12 % FTC fibres w ere found  
[19].

Under th e  influence o f a dynam ic strength  training in the cat G o n y e a  

et al. [13] found an increase of 19.3 % in th e  num ber of fibres in th e  trained

Table I

p H  Sen sitiv ity  o f  m yofibrillar A T P -a se  activity o f  
different fib re  types

D a ta  of B ro ok e  a n d  K a ise r +  (1970) a n d  Sa l t in  e t  al. (1977)+ +

Muscle fiber types P reincubation

+ + S T
F T a
F T b
FT C

+ T y P. I 
T yp. H ,  
T yp- H b 
Т ур. Нс

A T P -ase  is labile u n der p H  3.9 over p H  10.4  
A T P -ase  is lab ile  u n der p H  4 .9  over p H  10.8  
A T P -ase  is labile u n der p H  4.5 over p H  10.8 
A T P -ase  a c t iv ity  is  h ig h  a fter  bo th  acidic (under  

p H  4 .5 ) and a lk a lin e  prein cu bation
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ex trem ity . Cross sections o f  these muscles revea led  that fibre sp littin g  had 
occurred . This is the first pu b lica tion  in which, w ith o u t any sign o f degeneration, 
hyp erp lasia  is reported in  response to training.

F ibre splitting has a lso  been suggested b y  C o s t i l l  [7] as a p o ssib ility  for 
ch an g in g  the fibre p attern . R ecen tly  we have dem onstrated  fibre sp littin g  and 
a h ig h  occurrence of F T C fib res in human m uscle sam ples.

Methods

N eedle  biopsy w as c a r r ie d  o u t  by  the  tech n iq u e  d esc rib ed  by  B er g str ö m  [4]; fib re  
id e n t i f ic a t io n  was perfo rm ed  u s in g  th e  criteria  o f B r o o k e  a n d  K a ise r  [5] as well as Gu t h  and  
Sa m a h a  [15]. Muscle sam ples w e re  em bedded in  A M ES T IS S U E  Т Е К —II , a n d  sam p les were 
f u r th e r  fro zen  in iso -p en th an e  a n d  liq u id  n itrogen  a t  K ° 134, f in a lly  were sto red  a n d  d issec ted  a t 
a  te m p e ra tu re  of K° 253. M uscle slices o f 6 nm  w id th  w ere  s ta in e d  for A T P-ase b y  th e  above 
m e th o d . Muscle sam ples w ere o b ta in e d  from  th e  la te ra l  h e a d  o f  th e  h u m an  q u a d ric ep s  m uscle 
w i th  th e  com m on consen t o f  b o th  th e  a d u lt spo rtsm en  a n d  th e  p a ren ts  of d isab led  ch ild ren .

Results

In  some of the endurance trained individuals an unusual A TP-ase a c tiv ity  
w as observed: not on ly  th e  existence or th e  lack  of this a ctiv ity  could be 
recogn ized  but fibres w ith  a medium in ten sity  o f  colour were also found (see 
F ig . l /а  and b). Fibres b e in g  still in active form  after either alkaline (pH  10.3) 
or acid ic (pH 4.3) p rein cu b ation  in the system  o f  B r o o k e  and K a is e r s  [5] arc 
considered  by S a l t i n  et al. [22] as FTC, presum ably  undifferentiated fibres. 
In  good  agreement w ith  recent findings o f others such fibres were found in 
som e o f our endurance tra in ed  athletes in a q u a n tity  of 13— 16 %. In all the  
m u scle  samples obtained from  children w ith F a llo t’s tetralogy a sim ilar picture  
w as revealed, i. e. 1 2 ,1 7 , 1 5 , 29  and 12 per cent o f  th e  muscle fibres proved to  be 
ty p e  F T C.

In  the muscle sam ples gained from jum pers characteristic signs o f fibre 
sp litt in g  were found (see F ig s  2, 3, 4).

F igure 5 shows, in stea d  of the custom ary m osaic pattern of fibres [3], a 
p a ttern  of muscle fibres characterized by a h igh  proportion of slow  tw itch  
m uscles on one hand, and b y  the presence o f  w ell separated groups o f fast 
tw itc h  muscle fibres on th e  other. E n g e l  [10] observed a similar phenom enon  
(“ ty p e  grouping” ) in p a tien ts  w ith  pathological innervation.

Table II shows th e  fib re  com position o f  m uscle samples o f com petitors 
w ith  a remarkable perform ance in one or other sport event. In  accordance 
w ith  th e  type of exercise, certain d istinctive features are apparent in  the  
proportion  of muscle fib res.
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b)
Fig. 1. A T P -ase  a c tiv ity  sta in in g  of th e  la te ra l  v a s tu s  m uscle o f  card iac  ch ild ren , a) P re in c u b a te d  
a t  p H  10.3; h ) P re in cu b a ted  a t  p H  4.3. F ib res  m ark ed  w ith  circles are considered  a s  T y p e  I I  c.

(M ag n ificatio n  100 X )

Table I I

Fibre pattern  o f  m. vastus lateralis o f  track and 
f ie ld  athletes (m e a n ^ S D )

n S T % SD

Ju m p ers  (broad and  trip le 6 47.85 5.62
jum pers)

S prin ters 6 50.13 6.18
H igh jum pers 12 54.18 13.45
Middle distance ru n n ers 7 65.84 21.68
Long distance w alkers 8 66.23 18.77
M arathon runners 7 83.84 10.87
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F ig s  2, 3 and 4. Muscle p a t t e r n s  o f  sam ples o b ta ined  fro m  sp o rtsm e n , p re in c u b a te d ''a t p H  4.3, 
s ta ined  for A T P-ase . D a rk  f ib res  are the slow tw itc h  ones. M agnification  cca 400 X
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F ig . 5. L a te ra l  v a stu s m uscle  o f  a ru n n e r. D a rk  fib ers  a re  th e  ST ones. M ag n ifica tio n  cca
5 0  X

D isc u s s io n

D ependency on genetic factors o f both the m uscle fibre ty p e  sta in ed  for 
ATP -ase and the contractile property of the m uscles has been stressed by  several 
authors (K o m i et al. [17], K o m i and K a r l s so n  [18], T h o r s t e n s s o n  et al. [24], 
G o l l n ic k  et al. [12 ]).

W hile performing endurance training significant changes m ay ensue in 
th e  FT m uscle fibres. (Type II). In  the m uscles of untrained individuals a 
proportion of 10— 20 % of F ta (Type I Ia) was found while th is typ e o f m uscle 
fibres can he observed scarcely or not at all in trained athletes. In th e  shoulder, 
deltoid and back m uscles o f swim m ers Sa l t in  et al. [22] or N y g a a r d  and 
N ie l s e n  [20] could not find F T b fibres, while in the leg m uscles o f swim m ers 
FTb fibres were present. It w as found in Sa l t in ’s [22] experim ents that 
im m obilization  for four weeks caused a decrease in the ratio of FTa fibres to  
FTb fibres, and vice versa. The absence of FTa fibres was regarded by A n d e r s e n  
and H e n r ik s s o n  [19] as a consequence of training. According to them  as w'ell 
as Sa l t in  et al. [2 2 ] disappearance of FT b fibres m ay be considered as being a 
part o f adaptation to  endurance ty p e  of training that involves further an 
alteration  in pH sen sitiv ity , w hich otherwise also reflects a change caused by  
overload in the m yosin of trained muscle. The m yosin structure is altered  
probably also in its SH  groups.

Another observation relevant in th is respect is that the FTC fibres, w hich  
has been classified by Sa l t in  as undifferentiated ones, can be found in  a 
com paratively high proportion in som e athletes subjected to endurance train ing  
[19]. Our results are in good agreem ent with these findings. S im ilarly, a high  
ratio o f FT C fibres was observed in  cardiac children. Sa l t in  et al. [22] suggested  
th a t th e  reason for th is undifferentiation m ight be the unestablished innerva-
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t io n  o f  such fibres. Since th e  fibres can be d etected  m erely in endurance trained  
m u scles, the conclusion m a y  be drawn th at m ultip lication  of these fibres he 
p rob ab ly  a consequence o f  endurance type overload.

In  view  of these fin d in gs fibre sp litting cannot be regarded as the conse­
q u en ce either the conversion  from one fibre typ e  to  the other or the necrosis of 
som e o f the fibres, but it  probably involves an alteration  of fibre com position. 
Since th e  exam ination o f a to ta l cross section  o f any m uscle is practically  not 
p ossib le , direct evidence is not available on th e  suggested  changes in  the to ta l 
num ber of muscle fibres in  th e  trained m uscles o f  man. W hen fibre sp litting  
occurs innervation is not a ltered , only the num ber o f m uscle fibres attached to a 
g iv en  nerve is increased.

H owever, a further p ossib ility  for the a lteration  of the ratio o f the various 
fib re  typ es is provided b y  collateral reinnervation. P athologically  denervated  
m uscles recover their stren gth  in a rem arkably short period of tim e due to  the 
side branches arising from  th e surviving in ta ct subterm inal nerve fibres. The 
orig in al end plates are innervated  by the m ost rapidly growing nerve fibre. 
I ts  h istochem ical properties are thus im printed on the muscle fibres th at are 
reinnervated; at the sam e tim e, these fibres regain their original size as well

Tabic III

F ibre pattern o f  m. vastus lateralis o f  
п о п -athletic subjects ( m e a n iS D )

n ST % SD or extreme 
values A uthors

6 52.2 1 3 - 9 6 G o l ln ic k  e t  al. 1972

115* 52.0 7.2 H e d b e r g  an d  J a nsson , 1976

8 48.0 2 9 - 6 5 E d strö m  a n d  Еквьом, 1972

70 54.0 12.2 D u b o w it z , 1967

10 44.0 4 5 - 6 0 T h o r ste n sso n  e t al. 1976

43.8 Gr e e n  e t  al. 1979

49.1 7.7 K omi a n d  K a rlsso n , 1978

55.9 11.9 K om i a n d  K arlsson

69 55.0 Sa lt in  e t  al. 1977

25 50.0 Sa l t in  e t  al. 1977

80 46.2 17.6 V u ta s  aló  an d  K om i, 1978

20 54.6 12.6 V iita sa l o  an d  K om i, 1978

10 58.8 10.3 V iita sa l o  an d  K o m i, 1978

11 39.0 9.2 Ö r l a n d e r  e t  al. 1978

* Males and fem ales
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[3]. W hen more th an  10— 15 m uscle fibres are in th e  sam e pool grouping of 
muscle fibres of identical h istochem ical characteristics is considered as a sign o f  
pathological innervation [10 ].

Table III  is review  of resu lts reported in  the literature on the m uscle  
fibre distribution o f nonathletic subjects. It is obvious th a t the ratio o f the ST 
fibres to  the FT ones is alm ost invariab ly  about 50 %. T able II  shows on the  
other hand, that the muscle fibre distribution in  a th letes differs from th a t of 
normal individuals. This difference m ight be due either to  the selection  of 
subjects or to hyperplasia of certain  types of m uscle fibres in  response to  in ten ­
sive training. It is hardly conceivable that any change would occur in  th e  
neurom otor pattern of a conversion from one ty p e  o f fibres to another w ould  
take place in trained subjects. O nly  ST fibres could be detected  in a sam ple  
obtained from the vastu s lateralis m uscle of a m arathon runner.

It should be em phasized th a t muscle fibres are very  flexib le w ith respect 
to  certain features e. g. ox id ative enzym e activ ity , intracellular carbohydrate 
and fa t reserves, capillary supply e tc ., and marked alterations m ay be caused b y  
training also in man.
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OVERLAPPING EFFECT OF THYROID-STIMULATING 
HORMONE AND FOLLICLE-STIMULATING HORMONE 

ON THE THYROID GLAND IN BABY CHICKEN

b y

O. D o b o z y , L. B a l k á n y i  and G. C s a b a

D EPA RTM EN T OF BIOLOCY, SEM M ELW EIS U N IV ERSITY  M EDICAL SCHOOL, BU DA PEST 

(R eceived  Ju ly  7, 1980)

F o llic le-s tim u la ting  ho rm o n e  (F S H ) a lth o u g h  q u a n ti ta t iv e ly  less e ffec tiv e  th a n  
th y ro id -s tim u la tin g  horm one (T S H ) in  th e  th y ro id  g lan d , o v erlapped  w ith  th e  a c tio n s  of 
th e  la t te r  regard ing  th e  ind ices te s te d . T hus, i t  in creased  th e  follicular d ia m e te r  a n d  
h e ig h t o f ep ithelial cells. These fin d in g s ap p ear to su p p o r t  ou r earlier o b se rv a tio n  d e m o n ­
s tra tin g  a n  overlapp ing  effec t o f tro p ic  horm ones in  th e  gonads and  suggest t h a t  th e  
o v e rlap p in g  action  of tro p ic  h o rm o n es w ith  re la ted  s tru c tu re  is a general p h e n o m e n o n  in 
th e  p e rin a ta l period.

Members of different horm one groups are know n to exert their effect on  
separate target organs, how ever being synthetized  from a common precursor 
m olecule i. e. because of structural hom ologies, som e overlapping m ay  occur. 
T hus, due to the identity  of alpha subunits and hom ology of beta sub u n its of 
T SH , FSH  and LH molecules [10] a minor overlapping among these horm ones 
at the receptors of target organs still occurs in adults [1, 11 , 12 ] but it  is so 
sm all in m agnitude that it does not interfere w ith  the specific action. On th e  
other hand, it appears that at lower stages of phylogenesis [6 , 7] and in  early  
periods o f ontogenesis the overlapping is more apparent and a member o f th e  
horm one group resulting in a differential effect in  the mature anim al m ay  
m im ic the action of the original horm one in the newborn. The TSH  — gon ad o­
tropin  overlapping in the gonads o f baby chicken is a characteristic exam ple o f  
th e  la tter, w hen the effect o f T SH  —  i. e. the non-target hormone —  is m ore 
pronounced on the developm ent o f the gonads th an  that of gonadotropin  
[2, 3, 4 ]. B ased on these findings it seem ed reasonable to  exam ine w hether th e  
receptors of the thyroid gland are unable to d istinguish  betw een the con figu ra­
tion  o f the tw o tropic horm ones as it occurred in th e  gonads.

Methods

H u b b ard  broyler m ale b a b y  c h ick en  were used . F ir s t  d a y  p o sth a tch in g  b ird s  w ere  
tr ea te d  w ith  F S H  (U n ite d  S ta te s  B io ch em ic a l C orporation) or T S H  (A m b in on  O rgan on , O ss, 
H o lla n d ) in  a dose  o f  20, 40, 80 and 160 p g  given su b c u ta n eo u sly  tw ice  d a ily  (every  12 h ) fo r  3 
d a y s . T h e con tro ls receiv ed  0.1 m l sa lin e  accord in g  to  th e  sam e sch ed u le . T w elve  hou rs a f te r  th e  
la s t  in je c tio n  u n der e ther  a n a esth esia  th e  le f t  lobe o f  th e  th y r o id  w as rem oved  a n d  f ix e d  in
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fo rm alin . The p a ra ffin  e m b e d d e d  m ateria l was se c tio n ed  a t  a  th ickness o f 5 /im . T h e  histological 
s tru c tu re  of th e  th y ro id  w as q u a n tita tiv e ly  e v a lu a te d .

T hyro id  fo llicu lar c o u n t  p e r u n it area, m ean  fo llicu la r  d iam eter and  th e  m ea n  h e ig h t o f 
fo llicu la r ep ithelial cells w ere  d e term ined  using a  c a l ib ra te d  q u ad ra tic  scale. F o llicu la r count 
w as estim a ted  in  10 ra n d o m ly  chosen n o n o v erlap p in g  v isu a l fields in  each sam p le . Follicles 
t h a t  were h a lf in  and  h a lf  o u t  o f  th e  lower and  r ig h t-h a n d  lines were included  b u t  th o se  h a lf  in 
a n d  h a lf  ou t of th e  u p p e r  a n d  le f t  han d  lines were e x c lu d ed . T he m ean  of 10 d e te rm in a tio n s  was 
expressed  for 1 m m 2 a rea  a n d  ta k e n  as follicular c o u n t  fo r  a given anim al. F o llicu la r d iam ete r 
w as de term ined  w ith in  th e  sam e  visual fields in  1 — 1 follicles chosen ra n d o m ly . Since the  
c ross sections of follicles a re  n o t  qu ite  uniform , 3 d ia m e te rs  dev ia tin g  a t  a n  ang le  o f 60° were 
d e te rm in ed  in  each  fo llicle  a n d  th e ir  m ean was t a k e n  as fo llicu lar d iam eter. T h e  m ean  of 10 
fo llicu la r d iam eters w as e x p re ssed  in  //m  and  ta k e n  as m ean  fo llicu lar d ia m e te r  o f a given 
a n im a l. The h e igh t o f  e p ith e lia l  cells was d e te rm in ed  in  th e  sam e follicles a t  5 — 5 p ositions in  
e ac h  cell, where th e  n u c leu s  w as in  the  place of th e  sec tio n . The fo llicu lar d ia m e te r  an d  th e  
h e ig h t of th e  fo llicu lar e p ith e lia l  cells were ex p ressed  in  /um. M eans ^  S. D . fo r experim en ta l 
g ro u p s  were calcu la ted  fro m  in d iv id u a l da ta . D a ta  w ere  com pared  b y  S tu d e n t’s t te s t .  In  F S H  
o r T S H  groups, c o rre la tio n  an a ly sis  was p e rfo rm ed  b e tw een  fo llicu lar co u n t a n d  fo llicu lar 
d ia m e te r , and be tw een  fo llic u la r  d iam eter and cell h e ig h t. C orre la tion  ana ly sis , reg ard in g  th e  
3 p a ram ete rs  s tud ied , w as a lso  perform ed be tw een  F S H  a n d  T SH  groups.

Results ami d iscussion

The results (Table I) clearly dem onstrate th at TSH exerted the actions 
expected: follicular cou n t per one visual fie ld  was dim inished w ith  all of the  
doses tested while fo llicu lar diameter and cell height were augm ented. These

Table I

Effect o f  F S H  and T S H  on certain param eters o f  the thyroid gland

F ollicu lar count Follicu lar d iam eter Cell height

No/mm* significance Ц m significance /лт significance

C ontrol 1455.1
± 3 9 .8 6

2 5 .3 8 ± 3 .6 6 2 .0 9 ± 0 .3 1

20/« 6 5 7 .3 ± 7 1 .9 0 p < 0 .0 0 1 3 9 .2 1 ± 2 .7 7 0.05 > p  
> 0 .01

6 .2 2 ± 0 .7 6 pcO.OOl

40/« 5 7 0 .2 ± 9 3 .2 5 P < 0 .0 0 1 4 7 .6 1 ± 7 .7 6 0.05 > p  
> 0 .01

8 .2 1 ± 0 .7 6 p < 0 .0 0 1

80/« TSH 6 5 0 .4 ± 4 8 .2 6 p < 0 .0 0 1 4 1 .9 0 ± 4 .6 2 0.05 > p  
> 0.01

8 .3 6 ± 1 .7 3 p < 0 .0 0 1

160/« 5 3 1 .1 ± 1 1 0 .2 p < 0 .0 0 1 4 7 .7 3 ± 7 .9 5 0 .0 5 > p
> 0.01

9 .1 3 ± 1 .1 0 p^O.OOl

20/« 1109.5
± 1 7 7 .3 4

0.1 > p
> 0.05

3 3 .0 5 ± 1 .6 2 0.1 > p
> 0.05

2 .7 8 ± 0 .7 0 n.s.

40/« 1196.6
± 1 0 6 .5 3

0.05 > p  
> 0.01

3 1 .8 9 ± 2 .3 4 n.s. 2 .6 6 ± 0 .6 4 n.s.

80/« FSH 1090.2
± 1 1 8 .6 3

0.05 > p  
>0.01

3 2 .0 0 ± 5 .7 7 n.s. 3 .8 1 ± 1 .0 3 n.s.

160/« 815.4
±  57.52

p < 0 .0 0 1 3 4 .6 6 ± 8 .2 7 n.s. 4 .9 2 ± 0 .4 1 p<(0.001
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changes are essentially dose-dependent a h igh ly  significant effect however, 
was already achieved with th e  lowest dose.

The effect of FSH w as less apparent th an  that of TSH, but it  decreased  
the follicular count in each instance.

At th e  sam e time, it  enhanced both follicular diameter and cell height, 
hut these differed sign ificantly  from the control only in two in stan ces. This was 
presum ably due to the great variation  of data in various groups. T w o exp lana­
tions are offerred for this. Our quantitative m ethod is based on the assum ption  
th at the fo llicles are spherical and th e  height o f  the follicular ep ith elia l cells is 
uniform w ith in  one follicle. A ctu a lly , this is not the case. The great variation  
m ay also be due to the fact th a t  the horm ones act differently on variou s follicle  
populations (being in d ifferent functional sta te? ) and thus depending on the 
exten t of th e  effect considerable changes m ight occur in follicular size . Since in 
the FSH  group there was an extrem e variation  it is suggested th a t th e  action  
of FSH  is m ore selective th an  th a t of TSH: it  is capable of enhancing th e  func­
tion  of a certain  population (in  functional sta te? ) of follicles only.

Two factors appear to  account for the dim inution of follicular cou n t per 
unit area, an increase of large follicles or an enhancem ent of the parafollicular  
m ass. A lthough light m icroscopic observations appeared to in d icate  th a t the 
treatm ents did not alter the parafollicular m ass, the correlation b etw een  follic­
ular count and diameter can  give a defin itive answer. In both F S H  and TSH  
treated groups there was a h ig h ly  sign ificant correlation (r =  0 .9503 and r =  
=  0.9595) ind icating that th e  dim inution o f follicular count w as due to  a 
change of th e  follicular d iam eter i. e. to an effect on the follicular ep ithelium  
and not on th e  parafollicular m ass.

The question  arose w hether the follicular growth in response to  horm onal 
stim ulation  w as due to an enhancem ent o f cellular dimensions (hypertrophy) 
and/or increased cellular d iv ision  (hyperplasia). To solve the problem  the  
correlation betw een follicular diam eter and cell height was studied. T h e correla­
tion  coefficients (r =  0.9701 and r =  0.737) w ere significant in  b oth  instances  
but the lower value for the F S H  group appear to  indicate a sign ificant contribu­
tion  of cellu lar division, to o . R esem blance betw een the effects o f  th e  tw o  
hormones w as also compared b y  correlation analysis o f the relevant param eters 
in the FSH  and TSH groups. T he high correlation coefficients (fo llicu lar count, 
r 0.8782; follicular d iam eter, r =  0.9004; cell height, r =  0.7583) appeared  
to  indicate a sim ilar action b y  th e  tw o horm ones. On the other hand, th e  lower 
correlation coefficient for cell height rather suggested  a hypertrophic response 
to  TSH  and a hyperplastic on e to  FSH  treatm ent.

These findings suggested on overlapping effect by the tw o horm ones 
under the present experim ental conditions i. e. the gonadotropin F S H  was 
capable o f actin g  on the T SH  receptors of the thyroid  gland in the early  stages  
of ontogenesis. The efffect w as apparent, thus it  could not be ascribed to  an
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e v e n tu a l contam ination th a t  m ight occur even  in  th e  purest pituitary horm one  
preparations. The m ore so , since FSH given in  th e  low est dose exerted a sign if­
ica n t effect on the tw o  param eters, whereas under the effect of higher doses 
o n ly  one of the ind ices changed significantly. Our hypothesis was further  
supported  by the fact th a t  th e  same FSH trea tm en t failed to enhance thyroid  
fu n ctio n  in 5-week-old b ird s. A t the same tim e , a com parison of the present 
resu lts  with those of our earlier study exam ining th e  actions of tropic horm ones 
o n  th e  gonads showed c lea r ly  that overlapping e ffec t  o f the related horm ones 
w a s more on the gonads th a n  on the thyroid. T h is w as presumably due to  the 
fa c t  th a t thyroid fu n ction  and maturation o f its  receptors already start in  the 
ch ick  embryo [13] and th e  on set of endogenous T S H  secretion and developm ent 
o f  th e  hypothalam us —  p itu ita ry  — thyroid ax is are complete by day 11 [8 ], 
w h ile  the onset of gon ad al function and receptor m aturation are probably  
term inated  later. The exam inations by E n g e l  and F r o w e i n  [5] appear to 
su p p ort this view  d em on stratin g  that until 2 w eek s after birth the L eydig  cells 
are not responsive to  hCG in  the rat.

P e k o r e n  and W e i n t r a u b  [9] have described  tw o types of TSH  receptor 
in  th e  bovine thyroid , on e w ith  low affin ity resp on sive to hCG and a TSH- 
sp ec ific  one with high a ff n ity . The methods used  in  the present study did not 
a llo w  to  draw such con clu sion s in chicken. P o stu la tin g  however, tw o typ es of 
T S H  receptor in the ch ick , it  is possible th a t th e ir  follicular distribution m ay 
v a r y  depending on th e  fu n ction a l state and th e  s ta g e  of differentiation. In  such  
a case this might be responsib le for the se le c tiv e  follicular effect o f TSH. 
A  further explanation  offered  for the q u a n tita tiv e  differences betw een  the  
overlapping effects on th e  gonadal and th y ro id  receptors is th at th e  two  
horm ones act on id en tica l receptors in the gonads and on separate ones in the 
th y ro id . This does n o t o f  course rule out th e  fa c t  th at thyroid developm ent 
m ig h t be influenced b y  th e  presence or an ex cess  of gonadotropins, i. e. an 
overlapping of horm onal effects at the cellular lev e l m ay occur in both  the  
th y ro id  and the gonads.
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T he effects o f in tra ce re b ro v en tric u la r  a d m in is tra tio n  o f ch o lecystok in in  (CCK) 
a n tise ru m  (specific fo r C O O H -term inal four am ino acids) o f CCK w ere te s te d  in  th ree  
d ilu tio n s on  th e  dop am in e  (D A ), norep inephrine  (N E ) a n d  se ro to n in  (5-H T ) co n te n ts  o f  
th e  h y p o th a la m u s , m esen cep h a lo n , am y gdala , se p tu m , s t r ia tu m  a n d  cerebral c o rte x  
in  ra ts  24 h  follow ing ap p lica tio n .

CCK a n tise ru m  decreased  th e  DA  an d  N E  c o n te n ts  in  th e  h y p o th a la m u s , 
m esencephalon , am y g d a la  a n d  sep tu m , w hile i t  in creased  th e  D A  c o n te n t an d  decreased  
th e  N E  c o n te n t o f th e  s tr ia tu m . I t  h ad  a sligh t e ffec t o n  th e  5 -H T  co n ten ts  o f th e  
am y g d a la , sep tu m  a n d  s tr ia tu m .

D uring the last years progress in protein b iochem istry has made it  
possible to  isolate and structurally  define a num ber o f sm all b iologically active  
peptides of the central nervous system  [9]. V a n d e r h a e g h e n  et al. [32] showed  
w ith  im m unohistochem ical m ethods the presence o f a gastrin-like peptide of 
the vertebrate central nervous system , especially in  th e  cortical grey m atter. 
B y im m unological techniques com bined w ith fractionation  procedures, th is  
gastrin-like m aterial has been show n to be related to  cholecystokin ins, nam ely  
to  the biological active C-term inal octapeptide of cholecystokin in  in its com plete 
sulphated form (CCK-8 -SE) [3, 19, 21, 27]. R e h f e l d  [22] reported th at th is  
CCK im m unoreactiv ity  is present in m ost of the brain regions except in the  
epithalam us, cerebellum  and pitu itary, whereas gastrin-im m unoreactivity is 
present only in the p itu itary  sta lk , posterior p itu itary  and anterior p itu itary. 
The exact functional role o f CCK in the central nervous system  is not fu lly  
understood. E vidence has, how ever, been accum ulating th a t these peptides 
m ay act as synaptic m essenger, possibly neurotransm itter o f neurom odulator 
[10, 26 ] and/or th ey  m ay have a role in behavioural, v eg eta tiv e  and endocrine 
functions [16, 18 ].

In earlier experim ents it  was shown that CCK-8 -SE caused changes in the  
brain transm itter content and m etabolism  follow ing intraventricular adm inis­
tration  [6 , 7, 30]. I t  is conceivable that CCK-8 -SE exerts its effect on neuro­
transm itters d irectly and/or through the cerebrospinal flu id  follow ing its release 
from different brain regions. I f  th is was true, the specific antiserum  adm inis­
tered into the lateral ventricle of rats m ight neutralize th e  endogenously produced  
and released CCK, causing in th is  w ay a deficit in  CCK in the central nervous
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sy s te m . This approach has successfu lly  been used for vasopressin  b y  D e  W i e d  

and  his coworkers dem onstrating th at th e  action of vasopressin  could be 
reversed  by antivasopressin im m unosera [4, 5, 15, 31, 33, 34]. Sim ilar effects 
w ere observed by us [1 1 ].

In  the present study an attem p t was m ade to  clarify the effect of endoge­
n ou s CCK on brain m onoam ine m etabolism  by a CCK /gastrin antiserum  
intracerebroventricular adm inistration  on the dopam ine (D A ), norepinephrine 
(N E ) and serotonin (5-H T) content of th e  hypothalam us, m esencephalon, 
am ygd a la , septum , striatum  and cerebral cortex.

Methods

I n  th e  experim en ts, C FY  a d u lt  m ale  ra ts ,  w eighing 200 — 250 g w ere used . F o r th e  in tr a ­
v e n tr ic u la r  ad m in is tra tio n  of th e  C C K /g astrin  a n tise ru m  a sta in less steel c an n u la  w as im p lan ted  
b y  s te re o ta x ic  a p p a ra tu s  in to  th e  la te ra l  b ra in  v e n tric le  an d  fix ed  b y  d e n ta l  c em en t to  th e  
sk u ll. T h e  an im als were used  one w eek  a f te r  th e  o p e ra tio n . T he p ro p e r p o s itio n  o f th e  cannu la  
w a s  c h eck ed  a t  d issection  of th e  b ra in . T h e  an im als w ere k e p t on  an  a r tif ic ia l  d a y -lig h t schedule, 
12 h  l ig h t  a n d  12 h  d a rk , lig h t b e in g  s ta r te d  a t  6 a. m . S ta n d a rd  com m ercial food  a n d  ta p  w ater 
w e re  g iv e n  ad libitum .

A n tise ru m  was o b ta in ed  fro m  D r. J .  F . R e h f e l d  ( In s t i tu te  o f M edical B io chem istry , 
U n iv e r s i ty  o f A arhus, A arhus, D e n m ark ); i t  h a d  been  ra ised  in . ra b b its  a g a in s t sy n th e tic  
h u m a n  gastrin -1 7  as described  b y  R e h f e l d  e t  al. [23] a n d  L ahsson  a n d  R e h f e l d  [12, 13].

T h e  an tise ru m  (No. 4562) is sp ec ific  fo r th e  C O O H -term inal fo u r am ino  acids (T rp-M et- 
A s p -P h e -N H 2), w hich are  id e n tic a l in  g a s tr in  a n d  CCK [14].

T h e  an tise ru m  w as d isso lved  in  0.9 %  saline  a n d  in jec ted  via  th e  c an n u la  in to  conscious 
fre e ly  m o v in g  ra ts  in  1 : 50, 1 : 10 a n d  1 : 2 d ilu tio n s in  5 (A. The co n tro l an im als  rece iv ed  norm al 
r a b b i t  se ru m  in  th e  sam e d ilu tio n s  a n d  vo lum e.

T h e  anim als were k illed  24 h  a f te r  th e  in jec tio n . T he b ra in  w as q u ick ly  rem o v ed  and 
f ro z e n , a n d  th e  following b ra in  a re a s  w ere d issec ted  according to  B a u m g a r t en  e t  al. [1]: 
h y p o th a la m u s , m esencephalon, a m y g d a la , sep tu m , s tr ia tu m  an d  co rtex . T he D A , N E  a n d  5-H T 
c o n te n ts  o f  th e  d ifferen t b ra in  a re a s  w ere m easu red  b y  th e  m eth o d  o f Sh e l l e n b e r g e r  and  
G o r d o n  [28]. S ta tis tic a l sign ificance  w as ca lcu la ted  b y  S tu d e n t’s t te s t  fo r p a ire d  d a ta .

Results

CCK-4 antiserum in jected  into the lateral ventricle in three dilutions 
cau sed  th e  following changes in th e  D A  contents of the different brain areas 
(F ig . 1). The DA contents w ere decreased in  the hypothalam us after 1 : 10 
(p <C 0.05) and 1 : 2  (p <C 0.001) d ilu tions, in the m esencephalon after 1 : 10 
(p <  0 .0 1 ) and 1 : 2 (p 0 .0 0 1 ), in the am ygdala after 1 : 10 (p 0 .0 1 ) and 
1 : 2 (p <  0.001) dilutions, in  th e  septum  after all d ilutions (p <  0.05 or p 
<C 0 .001). In the striatum  it w as increased in  all d ilutions as com pared to 
th e  control (p <  0.05 or p <  0 .001). There was no change in  th e  D A  content 
o f th e  cortex.

Figure 2 shows the effects o f CCK-4 antiserum  in three d ilutions on the 
N E  con ten ts of the different brain areas. The N E  content was decreased in the
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DOPAMINE

id  M E S E N C E P H A L O N

□  CONTROL В  CCK-4 ANTISERUM 1CV.
N 0.4562

F ig. 1. E ffec t o f  C C K -4 an tserum  (N o . 4562) in  th ree  d ilu tio n s  on  dopam ine c o n te n t o f  d iffe ren t 
b ra in  a reas 24 h  follow ing in tra v e n tr ic u la r  in jec tio n . E a c h  co lum n rep resen ts  th e  m e a n  o f  8 
an im als ; v e r tic a l  lin e s  ind icate  s ta n d a r d  e rro r. A b b re v ia tio n : — sign ifican t ch an g es b e tw een

CCK-4 a n tise ru m  an d  co n tro l

hypothalam us (p <  0.05, p 0.01 or p <  0.001) and in the m esencephalon  
(p <  0.05 or p <  0.01) after all d ilutions. In th e  am ygdala it  was decreased  
after 1 : 10  and 1 : 2 dilutions (p <[ 0 .001 ), in  th e  septum  it w as decreased  
after 1 : 50 and 1 : 2 dilutions (p <[ 0 .01), and in  the striatum  it w as decreased  
after 1 : 2 d ilu tion  (p <  0.05). There was no significant change in  th e  N E  
content of th e  cortex.

CCK-4 antiserum  injected  in to  the lateral brain ventricle in  three d ilu tion , 
caused the fo llow ing changes (F ig . 3): the 5-H T contents were decreased after 
1 : 10 and 1 : 2 dilutions (p <  0 .01 ) in  the am ygdala and after 1 : 10  d ilu tion  
(p <  0.05) in  th e  septum . It w as increased after 1 : 10 dilution (p <  0 .01) in  the  
striatum . T here were no sign ificant changes in 5-H T  contents of the h y p o th a la ­
m us, m esencephalon and cortex.
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F ig . 2. E ffec t of CCK-4 a n tis e ru m  (No. 4562) in  th re e  d ilu tio n s  on  no rep inephrine  c o n te n t o f 
d iffe ren t b ra in  a rea s  24 h  follow ing in tra v e n tr ic u la r  in je c tio n . Sym bols as in  F ig . 1

Discussion

CCK was first described  as a gastrin-like p ep tid e  in  the brain [32], but it 
la ter  turned out to  be CCK octapeptide [3, 2 5 ]. R ecent investigations have 
confirm ed this, a lth ou gh  w hole CCK (CCK triacontapeptide, CCK-33) and 
o th er  fragments (C -term inal dodecapeptide o f  CCK-33, CCK-12; C-term inal 
octapeptide of CCK-33, CCK-8 ; C-terminal tetrap ep tid e  of CCK-33, CCK-4) 
h a v e  also been id en tified  [14, 25]. R e h f e l d  and K r t t s e - L a r s e n  [24] showed  
th a t  CCK-8 , a sm aller p ep tid e  corresponding to  sequence 25— 29 o f CCK-33, 
and  CCK-4 are present in  th e  human cerebrospinal fluid.

In our earlier stu d ies  [6 , 7, 30] it w as show n that CCK-8 -SE injected  
intraventricularly in creased  the DA and N E  con ten ts of the hypothalam us, 
m esencephalon, am ygdala  and septum in a tim e and dose-dependent m anner,
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5-HYDROXYTRYPTAMINE

STRIATUM

□  CONTROL аС С К-Л  ANTISERUM ICV.
N 0 .4 5 6 2

Fig. 3. E ffec t o f  CCK-4 a n tise ru m  (No. 4562) in  th ree  d ilu tio n s  on  sero ton in  c o n te n t o f  d iffe ren t 
b ra in  a reas 24 h  follow ing in tra v en tricu la r  in je c tio n . Sym bols as in  F ig . 1

while it decreased it in the striatum . CCK-8 -SE  w as found to decrease th e  5-HT  
contents of the hypothalam us, m esencephalon, am ygdala and striatum .

U sing specific antiserum  for endogenously produced peptide horm ones in 
vivo  has successfully  been used for vasopressin by D e  W i e d  and his coworkers 
dem onstrating th at vasopressin can elicit a num ber of behavioural reactions 
[4, 5]. N eutralizing endogenously produced vasopressin  w ith vasopressin  an ti­
serum reversed the action  of vasopressin. These data led to the conclusion th at  
endogenously produced vasopressin plays a role in certain behavioural reactions 
w hich can be facilitated  by exogenous vasopression  of dim inished or even  
reversed by antivasopressin  serum.

U sing cholecystokinin/gastrin antiserum , the present results clearly  
showed th at CCK-4 antiserum , which could neutralize the physiologically  
active CCK in the brain, elicited an opposite effect in the m ajority o f  cases,
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lo w erin g  the DA and N E  contents of the hypothalam us, m esencephalon, 
a m y g d a la  and septum  w hile increasing them  in th e  striatum . There w ere no 
o p p o site  effects betw een CCK-8 -SE and CCK-4 antiserum  on the 5-H T contents  
o f d ifferen t brain areas, excep t in the striatum .

T hese data supported th e  assum ption th a t  CCK m ight be a physiological 
m od u la tor  of different m onoam ines in d ifferent brain regions, w hich could be 
a sso c ia ted  w ith the docum ented  action of CCK on satiety  [2, 8 , 17, 20, 29].
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MODIFIED METHOD FOR DIRECT LONG-TERM 
MEASUREMENT OF AORTIC PRESSURE 

IN THE RABBIT

by

D .  D i m i t r o v  and  R .  G i r c h e v

D EPA R T M E N T O F PHY SIOLOG Y , MEDICAL ACADEM Y, SO FIA , BULGARIA 

(R eceived Ju ly  18, 1980)

A m o d ifica tio n  o f th e  m eth o d  of B rooks a n d  M u ir h e a d  [2] for lo n g -te rm  m eas­
u re m e n t of a o r tic  p ressu re  in  ra b b its  is p re sen ted . T he o rig ina l abdom inal su rg ical 
ap p ro ach  is re p la ce d  b y  a f lan k  ex trap erito n ea l in c is io n  a n d  th e  co n stru c tio n  o f  th e  
c a th e te r  is sim p lified  an d  a d a p te d  to th e  new su rg ica l p ro ced u re . The p re p a ra tio n  an d  
im p la n ta tio n  o f  th e  c a th e te r  as well as th e  p ressu re  re co rd in g  technique  are  described . 
U sing  the  m o d ified  c a th e te r  p u lsa tile  an d  m ean  a o r tic  p ressu re  could be m easu red  in 
conscious ra b b its  sev era l m o n th s .

Owing to  th e  f la n k  ap p ro ach , surgical t r a u m a  a n d  th e  risk  o f in tra -ab d o m in a l 
in fec tio n  could be m in im ized . On th e  o th er h a n d , th is  te c h n iq u e  allowed sim u ltan eo u s 
ex trap erito n ea l p ro c ed u re s  invo lv ing  th e  a o r ta  a n d  k id n ey , p e rm ittin g  m ore co m plex  
haem odynam ic  s tu d ies .

In  conscious rabb its, arterial pressure can be m easured either by th e  ear 
capsule of Grant and R othshild  or directly b y  cannulation  of the central ear 
artery. The first m ethod , in addition to its inaccuracy [7], does not provide a 
p ossib ility  for continuous blood pressure recording, whereas the main d isadvan­
tage o f  the second m ethod  is that the pressure can be recorded by a single  
cannulation  for a period not longer than 1 w eek (Korner, 1965). Long-term  
cannulation  of the carotid  artery seems to be a m ore feasible m ethod, how ever  
th is  approach causes a loss o f function of the ipsilateral sinocarotid receptors. 
M oreover, the la tter  m ethod often leads to  local c lo t form ation follow ed by  
em bolization  of the k idneys [2 ].

In  1972, B r o o k s  and M u i r h e a d  [2] described a technique for the im p lan ­
ta tio n  o f an aortic ca th eter  in  the rabbit that allow s th e  pressure m easurem ents 
over a period of several m onths. The m ethod is based on the principle o f the  
cannulation  procedure of W e e k s  and J o n e s  [ 6 ]  elaborated for the rat. In an 
a ttem p t to  adapt it  to  th e  rabbit, the catheter construction  was som ew hat 
m odified  (Fig. 1-A) b y  w hich the aortic w all traum a could be m inim ized, a 
b etter  anchoring o f  th e  catheter secured, and free neck m ovem ents o f the  
anim al allowed. On th e  other hand, the cannulation  o f the abdom inal aorta  
dista l to  the origin o f  the caudal mesenteric artery avoids em bolization o f the  
viscera. Considering its  functional features, th is m ethod  seem s to be best su ited  
for pressure recordings in the conscious rabbit over a prolonged period o f tim e.
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F ig . 1. A —ao rtic  c a th e te r  o f B ro ok s  a n d  Mu ir h e a d ; B —our m o d ifica tio n  o f th e  c a th e te r
c o n s tru c tio n

T he purpose of this work w as to  test th e  practical value of our m odifica­
t io n  o f  the technique of B r o o k s  and M u i r h e a d . The original abdom inal surgical 
approach  was replaced by a flank incision to  allow sim ultaneous extraperitoneal 
procedures, to reduce surgical traum a, and to  avoid intra-abdom inal infections. 
T h e catheter construction w as sim plified and adapted to the new  im plantation  
tech n iq u e .

M ethods

C atheter design

F ig u re  1 —В show s th e  a o r tic  c a th e te r  designed  by  us. W ith  th e  f la n k  su rg ica l ap p ro ach , 
i t  w a s  m ore  su itab le  to  rep lace  th e  U -cu rv es in  th e  o rig ina l co n stru c tio n  b y  p a ra lle l coils in 
fo rm  o f  a n  ellipse (d iam ete rs  4 : 2 cm). T h u s th is  seg m en t becam e m ore s tab le  to  a sidew ard  
p re s s u re  a n d , in th e  sam e tim e , i t  ab so rb ed  q u ite  sa tis fa c to ry  the  m otion  b e tw een  th e  a o r ta  and 
th e  f ix e d  p a r t  of th e  ca th e te r . O n th e  o th e r  h a n d , th is  m od ification  allow ed one a n d  th e  same 
c a th e t e r  to  be used  for an im als w ith  d iffe ren t bo d y  w e ig h t. W ith  th e  new  su rg ical te c h n iq u e  the  
f la n g e  wras unnecessary . F in a lly , th e  cu rve  on  th e  en d  o f th e  c a th e te r  ensures free  m o v em en ts  of 
th e  a n im a l’s neck.

O u r c a th e te r  w as p re p a re d  from  a p p ro x im a te ly  40 cm long single p ieces o f p las tic  
tu b in g  (K IF A  —Sw eden) w ith  a n  o u te r  d iam e te r  2 m m  an d  in n er d iam e te r 1 m m . T he ca th e te r  
t ip  w as  fo rm ed  by  pu lling  th e  end  seg m en t a f te r  h e a tin g  above a flam e. T he ta p e re d  en d  was cu t 
a t  a n  an g le  o f 45°. T he e llip tic  coils an d  th e  o th e r  cu rv es were shaped  c o n secu tiv e ly  a f te r  th e  
tu b in g  w as m elted  in  boiling  w a te r  fo r a b o u t 1 m in . A n in fusion  system  needle w ith  a  t ig h t  plug 
w a s  in se r te d  in to  th e  d is ta l end o f th e  c a th e te r . B efore  im p la n ta tio n  th e  c a th e te rs  w ere trea te d  
b y  u l tr a v io le t  ray s an d  k e p t  in ab so lu te  e th an o l.

Im p la n ta tio n  technique

T h e  an im als w ere a n ae sth e tize d  w ith  p e n to b a rb ita l  sodium  (N em b u ta l, 30 — 40 m g/kg 
b . w ., in trav en o u s ly ). T he low er ab d o m in a l a o r ta  w as exposed e x tra p e rito n e a lly  via  a left 
f l a n k  incision . The c a th e te r  w as filled  w ith  h ep arin ized  saline, th e  d ista l p a r t  w ith  th e  t ip  in  a 
c e p h a la d  p osition  was th e n  a ligned  in  s itu  p a ra lle l to  th e  ao rta  below th e  o rig in  o f  th e  caudal 
m e s e n te r ic  a rte ry . In  th is  po sitio n , th e  c a th e te r  w as fix ed  to  th e  iliocostal m uscle b y  tw o  su tu res
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F ig .\2 .  S tag es o f  th e  c a th e te r  im p la n ta t io n :  A —p o sitio n  o f th e  c a th e te r  before in tro d u c tio n  
in to  th e  a o r ta ;  В —in tro d u c tio n  o f  th e  c a th e te r  in to  th e  ao rtic  lu m en . C —rem oval o f  th e  t ro c a r

F ig. 3. G eneral view  o f th e  tro c a r

(F ig . 2 — A). T he c a th e te r  tip  was in tro d u c e d  in to  th e  a o rta  b y  a specially  designed  tro c a r  
(F ig. 2 — B ), co n sistin g  o f tw o p a r ts  so ldered  to  th e  t ip s  o f a p a ir  o f  n ippers (Fig. 3). T h is  c o n ­
s tru c tio n  allow ed rem o v a l o f th e  in s tru m e n t (F ig . 2 — C). U sing th e  tro ca r, bleeding w as m in im a l 
even  th o u g h  th e  a o r ta  was n o t c lam p ed  d u rin g  th e  p u n c tu re . No su tu re  was needed to  a n c h o r  
th e  c a th e te r  t ip  to  th e  ao rtic  wall. A t th e  n e x t s tag e  o f o p e ra tio n  th e  free c a th e te r  e n d  w as 
pu lled  su b c u tan e o u s ly  fo rw ard  to th e  in te rsc a p u la r  reg ion  w here i t  was ex terio rized  a n d  s u tu re d  
to  th e  sk in  b eh in d  th e  ear. A fter th e  local ap p lic a tio n  o f an  a n tib io tic , th e  incision w as c losed . 
B enzyl pen ic illin , 50,000 u n its , w as in je c te d  in tra m u sc u la ry . T he c a th e te r  was f lu sh e d  w ith  
h ep arin ized  sa line  an d  plugged. T he e n tire  p ro ced u re  la s ted  a b o u t 30 m in.

Recording procedure

T h e  a o rtic  p ressu re  was m easu red  b y  a p ressu re  tra n sd u c e r  (S ta th a m  P23D b) c o n n ec te d  
to a  p o ly g ra p h  (Schw arzer, G F R ) fo r c o n tin u o u s  reco rd ing  o f th e  p u lsa tile  and  m ean  p re ssu re . 
T he p u lsa ti le  s ignal was also used fo r reco rd in g  of th e  h e a r t  r a te  m easu red  by a  ta c h o m e te r . 
To m a in ta in  th e  c a th e te r  p a ten cy  d u rin g  th e  p ro ced u re , 0.9 %  saline (0.05 m l/m in) w as c o n ­
tin u o u s ly  in fu sed  b y  a  co n stan t-flo w  in fu sio n  p u m p  (B ra u n , G F R ) connected  to  th e  second  o u t le t  
o f  th e  p re ssu re  tra n sd u c e r  [4].
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U sually  th e  f i r s t  re co rd in g  was carried  o u t  one  d a y  a f te r  o p eratio n . T he an im al w as 
p lac ed  in  a ra b b it  b o x  w h ere  i t  h a d  a t  least a 3 0 -m in u te  r e s t  before th e  m easu rem en t. T he zero 
re fe ren ce  line of th e  S ta th a m  tra n sd u c e r  was p o sitio n e d  a t  th e  r ig h t a tr ia l level (a p p ro x im a te ly  
m id th o ra x  in  th e  a n te ro p o s te r io r  p lane) [1] a fte r  th e  in fu s io n  o f saline was s ta r te d . T he c a th e te r  
e n d  w as th en  cleansed w ith  70 %  e th an o l and o ccluded  w ith  shod  forceps. T he p lu g  w as rem oved  
a n d  a f te r  flushing w ith  sa lin e , th e  cath e te r was c o n n e c te d  to  th e  tran sd u ce r b y  a p o ly e th y len e  
tu b in g . A fter reco rd ing  th e  c a th e te r  was filled w ith  h e p a rin iz e d  saline an d  p lugged .

Results and discussion

W ith practice a lm ost all operations cam e o ff successfully. U sually  there  
w ere no com plications in  th e  postoperative period. The anim als m aintained  
b od y  weight and had a good disposition. T he catheter patency was m aintained  
for more than one m on th  by daily flu sh in g  w ith  heparinized saline. In  one 
rabb it we m anaged to  m easure the aortic pressure for a period of f iv e  m onths 
(F ig . 4). After th e  an im al had died of an unrelated  disease, the catheter tip  
lum en was found free from  clots.

The mean aortic pressure of the conscious rabbits ranged from 65 to  
75 mm Hg w hich w as in  agreement w ith  th e  values reported b y  B rooks  and  
M u i r h e a d  [2]. T he h eart rate in resting q u iet rabbits was found to  be in the  
range of 180— 240 beats/m in .

W ith the original technique of B r o o k s  and Mu i r h e a d  the pressure is 
recorded w ithout in fu sion  into the catheter and the duration o f the m easure­
m ent is not longer th an  a few  m inutes. The use o f the infusion recording tech ­
nique allowed us to  continue our m easurem ents for practically unlim ited  tim e, 
th u s it considerably ex ten d ed  the possib ilities o f the m ethod.

Good results w ere obtained w ith sim ultaneous extraperitoneal surgical 
in terventions com bined w ith  our technique for catheter indw elling. Thus we 
had a possibility to  perform  by one and th e  sam e surgical approach left k idney  
denervation and im p lan tation  of an aortic catheter, aortic and renal artery  
occlusion and p lacem ent o f electrom agnetic probe for renal blood flow  m easure­
m en t. The successful perform ance of com plex haem odynam ic investigations in  
chronic experim ents w as largely due to  th e  present m odification of the m ethod  
for recording of aortic pressure.

Time (sec)

Aortic 90 ;
p re ssu re 70-
(mm Hg) 5 0 -
Mean 80 ;
ao rtic 6 0 -
p re ssu re  
(mm Hg) 4 0 -
Heart 2 4 0 '
ra te 220-
(beats/min) 2 0 0 .

F ig . 4. A ortic p re ssu re  a n d  h e a r t  ra te  in  a co nsc ious r a b b it  four m o n th s a f te r  o p e ra tio n
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EFFECTS OF DRUGS INFLUENCING 
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Changes o f h ip p o ca m p a l E E G  seizure a c t iv ity  e lic ited  by  e lectrical s tim u la tio n  of 
th e  h ippocam pus or p e n ic illin  in je c tio n  in to  th e  h ip p o ca m p u s were in v es tig a ted  u n d e r 
th e  e ffec t o f locally  a p p lie d  drugs influencing th e  cA M P level in  th e  b ra in . I t  was 
o b se rv ed  th a t  some d ru g s  w hich  e levate  th e  cA M P lev e l such  as pap av erin e , h is tam in e  
+  K + a n d  d ib u ty ril cA M P e lev a ted  th e  e lectric  se izure  th resh o ld  while in  pen ic illin - 
in d u ced  epilepsy th e y  red u ced  th e  occurrence o f ic ta l  a c t iv i ty  and  th e  in te r ic ta l  sp ike 
freq u en cy . These d ru g s w h en  app lied  before pen ic illin  p ro lo n g ed  th e  tim e n ecessary  for 
d ev elo p m en t o f th e  e p ile p tic  focus. The effect o f im id azo le  w as th e  opposite  in  ev ery  
re sp ec t.

O n  the  basis o f th e se  d a ta  th e  possible role o f  cA M P in  th e  p a th o m ech an ism  o f 
ep ilep sy  is discussed.

E pilepsy  is an excessive  and synchronous paroxysm al hyperactiv ity  of a 
pathologically  functioning neuron population. The im portant role of cAM P in 
the ex c ita b ility  and m etabolic processes of neurons [2, 3, 8 , 11] raises the possi­
b ility  o f a relationship betw een  epilepsy and cAM P m etabolism . According to  
present knowledge the d isturbances of Na К  A T P-ase a c tiv ity , energy m etabo­
lism and the transm itter balance are the intraneuronal m echanism s underlying  
epilepsy [18]. It has been show n th at these m echanism s are in connection w ith  
cAMP m etabolism  [2, 16]. On the other hand, som e antiepileptic drugs too, 
influence the m etabolism  o f cAM P [1, 12, 14]. The cAM P level in the cerebro­
spinal flu id  of epileptic p a tien ts  is lower than in controls [15, 19], and the cAM P  
level in different brain areas increases during seizures [5]. These data also 
support the possible connection  between cAMP m etabolism  and epilepsy.

The aim of the present study was to  in vestiga te  whether locally applied  
drugs influencing the cA M P level in  the brain had any effect on the threshold  
of seizures elicited by electrical stim ulation of the h ippocam pus, or on penicillin- 
induced epilepsy in the hippocam pus.

Methods

T h e  ex p erim en ts w ere c a rr ied  o u t on  70 CFY ra ts . U n d e r  e th e r  anaesthesia  th e y  w ere 
su b jec ted  to  trach ea l c an n u la tio n  a n d  im p la n ta tio n  o f e lec tro d es a n d  a cannula. T he an im a ls  
were th e n  im m obilized  b y  c u ra r isa tio n  (C urarine-A sta , 2 ing /kg ) and  resp ira ted  a rtif ic ia lly .

In  all cases a cannu la  a n d  a u n ip o la r recording e lec tro d e  w ere in tro d u ced  s te reo tax ic a lly  
in to  th e  le ft dorsal h ip p o cam p u s. I f  th e  e lectric  seizure th re sh o ld  was inv estig a ted , a b ip o la r
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s t im u la tin g  electrode w as a lso in se rte d  in to  th e  h ip p o cam p u s. The d istance  b e tw ee n  s tim u la tin g  
e le c tro d e s  was 0.25 m m , w h ile  th e  e lectrodes a n d  th e  cannu la  were p laced  0.5 — 1 m m  ap art. 
T h e  sta in less steel e lec tro d es w ere in su la ted  w ith  en am el excep t 0.5 m m  a t  th e  t ip . E lectrical 
a c t i v i t y  of the  b ra in  w as re co rd e d  b y  a “ H eilige N eu ro sc rip t”  a p p a ra tu s  a n d  th e  frequency  
s p e c tru m  analyzed w ith  a f re q u e n c y  analyzer.

H istam ine -J-KT ( 1 /^g +  29 fig) as a n  ad en y lcy c lase  stim u la to r, p a p av e rin e  (40 fig) as a 
p h o sp h o d ieste rase  in h ib i to r , a n d  d ibu ty ril-cA M P  (2 fig) were used to  e lev a te  th e  cA M P level, 
w h ile  to  decrease i t ,  im id azo le  (10 fig) a phosp h o d ieste rase  s tim u la to r w as em p lo y ed . T he contro l 
a n im a ls  received physio log ica l N aC l so lu tion . T he d ru g s w ere in jec ted  in  a v o lu m e  o f 1 /Л in to  
th e  h ippocam pus w ith  a  H o lm u th -W e tte r  m ic ro in jec to r.

W hen the  changes o f se izu re  th resh o ld  w ere ex am in ed , physiological sa lin e  w as in jec ted  
in to  th e  h ippocam pus a f te r  re co rd in g  th e  sp o n tan eo u s E E G  a c tiv ity  in  o rd e r to  ch eck  th e  effect 
o f  m echan ical ir r ita tio n . 4 — 5 m in  la te r  th e  th re sh o ld  o f E E G  seizure a c t iv i ty  e lic ited  by 
e le c tr ic a l stim u la tio n  o f th e  h ip p o cam p u s w as d e te rm in ed . S tim u la tio n  w as p e rfo rm ed  w ith  a 
“ D IS A -M u ltis tim ”  a p p a ra tu s  th ro u g h  an  iso la tio n  u n i t  g radually  ch an g in g  th e  vo ltag e  of 
s t im u la tio n  (2 sec tra in  o f re c ta n g u la r  0.2 m sec p u lses a t  a frequency  of 30 c/s). T h e  vo ltage  of 
s t im u la tio n  followed b y  a  series o f spike d ischarges w ith  frequency  of m ore  th a n  14.5 c/s and 
a m p li tu d e  a t least th re e  t im e s  h ig h er th a n  of sp o n ta n eo u s  a c tiv ity  was co n sid ered  th e  seizure 
th re s h o ld . F ifteen  m in u te s  a f te r  th e  d isap p earan ce  o f seizure ac tiv ity , one o f  th e  in v es tig a ted  
d ru g s  was in jected  in to  th e  h ip p o cam p u s th ro u g h  th e  can n u la , and  5 m in  la te r  th e  seizure 
th re s h o ld  was de te rm in ed  a g a in . T he seizure th re sh o ld  w as d e te rm in ed  15 m in  la te r  once m ore, 
to  see th e  d u ra tio n  of th e  d ru g  effect.

In  the  ex p erim en ts  desig n ed  to  in v es tig a te  th e  in fluence of d rugs o n  pen ic illin -induced  
e p ile p sy , afte r record ing  th e  sp o n tan eo u s  E E G  a c tiv ity  1000 U  penicillin  w as in je c te d  in to  the 
h ip p o cam p u s. The n u m b er o f  p a ro x y sm s per 10 m in  an d  th e  freq u en cy  o f  in te r ic ta l  spike 
d isch arg es of the focal a c t iv i ty  develop ing  3 — 7 m in  a f te r  penicillin  a p p lic a tio n  a n d  changes in 
th e s e  param ete rs  a f te r  th e  loca l in jec tio n  o f one o f th e  d rugs in v es tig a ted , w ere de term ined . 
I n  som e experim ents th e  d ru g s  a ffec tin g  th e  cA M P level were in jec ted  2 — 3 m in  before  penicillin 
a d m in is tra tio n . In  th ese  cases th e  tim e  necessary  fo r developm ent o f th e  ep ile p tic  focus was 
m e a su re d .

A t th e  end of th e  e x p e rim e n ts  th e  b ra ins w ere fix ed  in  10 %  fo rm alin  a n d  lo ca lizatio n  of 
th e  e lectrodes and of th e  c an n u la  w as checked in  frozen  sections [9].

F ig . 1. Changes o f th e  h ip p o c a m p a l e lectric  seizure th re sh o ld  under th e  effec t o f loca lly  applied 
d ru g s . A ltera tion  of th e  se izu re  th resh o ld  is expressed  in  pe r cents o f th e  co n tro l se izure  th resho ld  
( in  v o lts )  before d ru g  a d m in is tra t io n . T he co lum ns rep re sen t the  m ean  ^  S. E . M. o f 5 —6

ex p erim en ts
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Results

The threshold o f hippocam pal seizure a ctiv ity  elicited b y  electrical 
stim u lation  showed sign ificant changes under the effect of the drugs in v esti­
gated  (F ig. 1). W hile physiological NaCl solution  practically did not in flu en ce the  
electric seizure threshold, histam ine -f- K  + , papaverine and dcAMP m arkedly  
e leva ted  it . The effect o f im idazole was th e  opposite. 15— 30 min after in jection  
of th e  drug the seizure threshold returned to  the original level. In  som e cases, 
how ever, spontaneous epileptic activ ity  w as observed after im idazole applica­
tio n , th ese  animals w ere not used for seizure threshold determ ination.

The occurrence o f paroxysm s of penicillin-induced epilepsy w as also 
in fluenced  by the drugs in question. (Fig. 2). H istam ine +  K + , papaverine and

F ig . 2. N u m b er o f seizure a tta c k s  p e r  10 m in  in  p en ic illin -induced  epilepsy  before  (e m p ty  b a rs)  
and  a f te r  (s tr ip ed  b a rs )  h ip p o cam p al in je c tio n  o f d rugs

H'PP

Penicillin

dc AMP

r* ~ K —

_  1100pV 
1sec

F ig . 3. E E G  a c tiv ity  in  th e  h ip p o cam p u s d u rin g  pen ic illin -induced  seizure a c t iv i ty  a n d  its  
a lte ra t io n  a f te r  d ib u ty ry l cA M P in jec tio n
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dcA M P reduced th e  num ber o f seizures, w hile im idazole increased it. P hysio log­
ica l NaCl solution did n ot cause any change. In tericta l spike frequency was 
decreased by dcAM P (F ig . 3.). About 15 m in after injection of the drug th is  
effect disappeared. A sim ilar depressant effect on E EG  activ ity  was displayed  
b y  h istam ine -)- K + and papaverine. The effect o f im idazole proved to  be 
opposite: following its  injection  the ep ileptic a c tiv ity  increased in in ten sity  
(F ig . 4). After p h ysio logica l saline injection th ere  w as no appreciable change in  
in ter icta l spike a c tiv ity .

Under our cond itions the focal ep ileptiform  activ ity  developed about 5 
m in after penicillin adm inistration . This la ten cy  w as not influenced by ph ysio ­
log ica l NaCl in jected  before the application o f  penicillin . H owever, when h ista ­
m ine -f- K + , papaverine or dcAMP was in jected  into the hippocam pus 2— 3

Hipp.

Penicillin

F ig . 4. E ffec t o f  im idazo le  on p en ic illin -induced  h ip p o cam p al seizure a c t iv ity

F ig . 5. E ffec t o f d rugs in flu e n c in g  th e  cAM P level o n  th e  la te n c y  of focal E E G  a c tiv ity  a f te r  
p e n ic illin  in jec tio n  in to  th e  h ip p o cam p u s. The co lu m n s re p re se n t th e  m ean  ^  S. E . M. o f  d a ta

rece iv ed  in  3 —4 a n im a ls
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min before penicillin , th e  developm ent o f focal a c tiv ity  was delayed  or the  
focal a c tiv ity  did not appear at all (F ig. 5). On the other hand, im idazole  
shortened the latency  o f  developm ent of ep ileptic a c tiv ity .

Discussion

The drugs applied in  our experim ents are know n to  have an increasing or 
decreasing effect on th e  cAM P level o f the brain [2, 4 , 16]. The fa c t th at these  
drugs influenced the brain seizure activ ity  elicited  b y  electrical stim ulation  or 
penicillin  injection confirm s the connection betw een  th a  actual cAM P level of 
the brain tissue and ep ileptic events. In th e  present experim ents the agents 
increasing the cAMP level elevated  the electric seizure threshold and elicited a 
depressant effect on penicillin-induced epilepsy, i. e. th ey  had an antiepileptic­
like action . Im idazole, w hich decreases th e  cAM P level, had an opposite, 
epileptogenic effect. This is in agreement w ith  th e  observations according to 
w hich elevation  of th e  cAM P level in different brain regions such as hippocam ­
pus, causes a depression in  the electrical a ctiv ity  o f the sam e regions [10, 17], 
and th a t an increase o f  th e  intraneuronal cAM P level elicits hyperpolarization  
[8 , 11]. Some of the authors, how ever, published contradictory data [6 , 20]; 
after intracerebral cAM P injection  th ey  observed epileptiform  seizures. We 
have, how ever, to  tak e in to  consideration th a t electrophysiological m ani­
festa tion s o f the cAM P effect m ay be different depending on w hether it  exerts 
its  influence on facilita tory  or inhibitory structures. Furtherm ore the actual 
sta te  o f cAMP m etabolism  in a given brain region can also m odify the observ­
able effects.

I t  has been show'n th a t cAMP accum ulation in the cells, especially  at the  
p ostsyn ap tic  m em brane, is increased during enhanced neuronal a ctiv ity  [7, 8 ] 
13]. T ak in g  furtherm ore in to  account the hyperpolarizing effect o f cAMP and 
th e  present results, cAM P seem s to  participate in a p ostsynaptic , cybernetic  
feedback system , w hich controls the firing rate o f th e  neuron. Since a patholog­
ical cAM P m etabolism  as an aetiological factor has been raised in th e  case of 
som e diseases like bronchial asthm a or gastric ulcer, som e anom aly o f the  
cyclic nucleotides m ight p lay  a role in the pathogenesis o f epilepsy.
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PHARMACOLOGICAL BASIS OF DOSAGE FORM OF 
TWO ANTIMALARIALS: CHLOROQUINE AND

MEPACRINE

E. M m K E R  and Zsuzsanna M a t e j k a

IN ST ITU TE OF PHARM ACODYNAM ICS, U N IV ER SITY  M EDICAL SCHOOL SZEG ED , H U N G A RY  

(R eceived  A pril 22, 1980)

C hloroquine a n d  m ep acrin e  ap p ea r in  th e  s to m ach  w all an d  in h ib i t  g astric  
e m p ty in g  in th e  r a t  a f te r  o ra l o r p a ren te ra l a d m in is tra tio n . M easuring  th e ir  c o n ce n tra ­
tio n  in  th e  s to m ach  w all, i t  w as found  th a t  i t  d epended  u p o n  th e  ro u te  o f  a p p lica tio n . 
A  sm aller p ro p o rtio n  o f a  g iven  dose accu m u la ted  in  th e  s to m ach  w all w hen  ch lo roqu ine  
a n d  m epacrine  w ere in tro d u c e d  b y  avo id ing  th e  s to m ach . T he side e ffec t o f  th e  tw o 
d ru g s, th e  in h ib itio n  o f g a s tr ic  m o tility , could be  m in im ized  b y  n o t on ly  p a re n te ra l  b u t  
also duodenal a d m in is tra tio n ; th e  la t te r  could be realized  by  e n te ric -c o a ted  ta b le ts .

A solution of chloroquine or mepacrine given orally to rats, ow ing to  the  
parasym patholytic and antispasm odic properties of the drugs, dim inished  
gastric em ptying and thus their own absorption [5, 7, 8 ]. This results in a differ­
ence betw een the oral and intraperitoneal LD 50 value (Table I). B oth  chloro­
quine and m epacrine were shown to be absorbed from the stom ach, but also 
after parenteral adm inistration they  were excreted from the blood in to  the  
gastric ju ice, infiltrating the tissues of the gastric wall [6 ]. It has been  shown

T able  I

L D 5 0  values o f  chloroquine and mepacrine in  rats by different routes o f  adm in istra tion

Route of adm inistration
LD50 mgAg

Chloroquine Mepacrine

Oral 1080*
(885—1.317)

n = 9 4

661
(6 2 8 .7 -6 9 4 .9 )

n = 6 0

In trap e rito n ea l 102*
(9 7 -1 0 7 )

n = 8 6

142
(1 3 3 .9 -1 5 0 .5 )

n = 4 2

In trav en o u s 60*
(5 6 .2 -6 3 .8 )

n = 4 8

41
(3 9 .1 -4 3 .0 )

n = 4 2

D uodenal 210
(203 .3± 218 .0

n = 6 0

260
(2 5 1 -2 6 9 )

n = 6 0

* V a r g a , F .: Arch. in t. P h arm acodyn . 163, 38—46 (1966) 
n  =  num ber o f ra ts
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th a t  chloroquine tab lets easily  disintegrating caused gastrointestinal com ­
p la in ts and these could be prevented  by adm inistrating coated tab lets [1].

The present experim ents were undertaken to  clarify (1) how the concentra­
tio n  o f  chloroquine and m epacrine in the gastric w all changes depending on the  
rou te  o f adm inistration; (2) the correlation betw een  the concentration o f the  
drugs in  the stom ach w all and the inhibition o f  gastric em ptying; (3) w hich  
rou te o f  adm inistration could  m inimize the q u an tity  o f chloroquine and 
m epacrine appearing in  th e  gastric wall, and low er the incidence of th e  side 
e ffec t o f these drugs, i. e. th e  inhibition of gastric m otility .

Methods

T h e  experim ents w ere p e rfo rm e d  on  fem ale  S p rag u e-D aw ley  CFY r a ts  w eighing 200 — 
250 g. T h e  anim als w ere d e p r iv e d  o f food  24 h  before  th e  ex p erim en ts , w a te r  w as allow ed 
ad lib itu m . G astric  e m p ty in g  w as  m easu red  w ith  p h en o l-red  acco rd ing  to  L e v in e  [2], ch loro­
q u in e  w as estim a ted  b y  th e  m e th o d  o f M cCh e s n e y  e t  al. [4], m epacrine  w as d e te rm in ed  b y  a 
m e th o d  developed in  ou r la b o ra to ry .  F o r details, th e  re a d e r  is re fe red  to  a  p rev ious p a p e r  [6].

D u odenal a p p lic a tio n  fo r  s ix  d ay s was carried  o u t  b y  a flex ib le  p o ly e th y len e  tu b e  
p la c e d  in to  th e  duo d en u m  a f te r  o p en in g  th e  abdom en  u n d e r  p e n to b a rb ita l  an aesth es ia . The 
tu b e  w as led  under th e  sk in  a n d  fix ed  on  th e  b ack  o f th e  neck , th u s  th e  d ru g s to  he  tes ted  
re a c h e d  d irec tly  th e  d u o d e n u m , im ita t in g  th e  a p p lic a tio n  o f  a n  id ea l en te ric -co a ted  ta b le t.

L D 50 values w ere d e te rm in e d  according to  L it c h f ie l d  a n d  W ilc o x o n  [3].
T h e  d a ta  o b ta in e d  w ere  a v e ra g ed , s ta n d a rd  d e v ia tio n  (S. D .) was ca lcu la ted , a n d  th e  

r e s u l ts  w ere ev a lu a te d  s ta t is t ic a l ly  b y  S tu d e n t’s t te s t.
T h e  g astric  em p ty in g  h a lf- life  as m easured  in  4 g ro u p s  each  consisting  o f 10 ra ts  w hich 

w ere  g iv en  a  single dose o f  ch lo ro q u in e  or m epacrine  d isso lved  in  1 m l vo lum e. T he v a rio u s 
g ro u p s  w ere killed a t  d iffe re n t tim e s , an d  th e  phen o l-red  in  th e ir  s to m ach  w as d e te rm in ed , 
th e n  th e  d a ta  were av erag ed . T h e  averages were p lo tte d  a g a in s t tim e  on  a  sem ilo g arith m ic  
sca le , a n d  a s tra ig h t line  w as d ra w n  th ro u g h  th e  p o in ts  o b ta in e d . C hloroquine an d  m epacrine  
w ere  e s tim a te d  in th e  s to m ac h  w a ll o f th e  sacrificed a n im a ls , too .

In  th e  Tables, m ax im u m  ch lo ro q u in e  and  m ep acrin e  c o n ce n tra tio n s  in  th e  g as tr ic  wall 
m e a su re d  in  th e  f irs t 6 h  a f te r  in tra v e n o u s  ad m in is tra tio n  a n d  60 m in  follow ing oral a p p lica tio n  
a re  in d ic a te d .

T h e  drugs used w ere c h lo ro q u in e  d ip h o sp h a te  (C hino in); m epacrine  (q u in acrin e ) d ih y d ro ­
ch lo rid e  (Sigm a); and  p h en o l-red  (R ean a l).

Results

T he concentration o f chloroquine and m epacrine in  the stom ach w all, the  
gastr ic  em ptying half-life w ere measured in  acute experim ents after increasing  
doses g iven orally and in traven ou sly . R esults are show n in Tables II and III. 
F or th e  sake of clarity, th e  rate o f phenol-red retention  along w ith  the t 1/2 of 
gastr ic  em ptying is g iven  in  both  Tables.

The data obtained sh ow  th a t the concentration  of chloroquine and m epac­
rine m easured in the sto m a ch  w all increased in  dose dependent m anner after 
oral and intravenous adm inistration . A dose dependent increase o f phenol-red  
reten tion  in the stom ach w as also detected. W hen the drugs were introduced  
in traven ou sly , although a higher portion of th e  LD 50 was injected , a con­
sid erab ly  smaller am ount o f  chloroquine and m epacrine was found in  the
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T able  II

Comparative data1 fo r  chloroquine after oral and intravenous adm inistra tion

Chloroquine
Intravenous mg/kg Oral m g/kg

10 20 30 20 100 300

M axim um  concen tra tion 2 in  
sto m ach  w all, /zg/g

13.4
± 1.1

22.4
± 2.2

38.0
± 10.0

62.0
± 1 9 .0

478.0
± 120.0

887.0
± 9 5 .0

Dose in  p e r  cen t o f LD50 16.6 33.3 50.0 1.8 9.2 27.0

G astric  e m p ty in g  l 1/2, m in 11.0 12.0 13.5 13.0 39.0 114.0
R e te n tio n  of plienol-red, 

30 m in  a f te r  application , 
per cen t

15.8
± 0.1

18.2
± 1.8

21.0
± 7 .8

39.9
± 8 .9

54.6
± 8 .3

72.8
± 4 .5

1 E ac h  value was o b ta in e d  from  groups of 10 r a ts  o r m ore. M e an ± S .D .
2 In  th e  f irs t 6 h  follow ing ap p lica tio n

T able III

Comparative data1 fo r  mepacrine after oral and intravenous adm inistration

Mepacrine
In travenous mg/kg O ral m g/kg

10 20 30 20 100 300

M axim um  concen tra tion2 in  
s to m ach  w all, /zg/g

19.2
± 1 .4

51.0
± 6 .4

58.0
± 8 .0

80.0
± 21.0

270.0
± 5 7 .0

340.0
± 8 3 .0

Dose in  p e r c en t o f LD50 24.4 48.8 73.2 3.0 15.1 45.4

G astric  e m p ty in g  ( 1/2, m in 12.0 13.8 17.0 19.0 54.0 116.0
R e te n tio n  o f phenol-red 

30 m in  a f te r  application , 
per cen t

21.0
± 4 .0

32.2
± 8 .4

35.7
± 1 6 .8

33.6
± 1 1 .4

66.7
± 8.2

81.4
± 1 3 .6

1 E ac h  value was o b ta in ed  fro m  groups of 10 ra ts , o r m ore. M ean ± S .D .
2 In  th e  f irs t  6 h  a f te r  a p p lica tio n

T able IV

Concentrations o f  chloroquine and mepacrine in  the stomach wall 
after 6-day treatment by gastric or duodenal adm inistration1

D rug tested
R oute of 

adm inistration
Initial

cum ulative dose, 
mg/kg

M aintenance
dose,

m g/kE

Concentration 
in stom ach wall,

/‘•ils

C hloroquine gastric 80.0 40.0 6 7 0 .7± 194 .0
duodenal 40.0 20.0 86 .1 ±  25.9

M epacrine g astric 80.0 40.0 198.5 ±  53.5
duodenal 40.0 20 .0 53.1 ±  14.4

A ll d a ta  are m e a n s — S. I ). o b ta in e d  from  groups o f 10 ra ts , or more

stom ach w all, and also a proportionally  weaker inhibition  of gastric em p ty in g , 
ind icated  b y  a shortening o f its duration.

Sim ilar findings were obtained  in rats after 6 -day treatm ent w ith  chloro­
quine or m epacrine through duodenal or gastric tube (Table IV). A t 24h after
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d u od en al treatm ent for 6  d a y s, significantly low er concentrations o f chloro­
q u in e and mepacrine w ere found in the stom ach  w all than after their  oral 
adm in istration  in solution .

Discussion

Chloroquine and m epacrine appear in  th e  ra t’s gastric wall after both  
en tera l or parenteral adm inistration . Their concentration  in acute experim ents 
as w ell as after six  days adm inistration, depends upon the dose g iven and the 
rou te  o f application. T he inhib ition  of gastric em p ty in g  correlates w ith  the 
con cen tration  of chloroquine or mepacrine m easured in  the stom ach w all. The 
resu lts  clearly showed th a t  th e  quantity of chloroquine and m epacrine in  the 
g a str ic  w all can be m inim ized  b y  an appropriate choice of the route o f adm inis­
tra tio n , i. e. the con com itan t inhibition of gastric  em ptying can be reduced. 
I t  seem s therefore, to  be practical to avoid th e  stom ach; this can be done by 
parenteral adm inistration. F or prolonged th erap y , injections are inexpedient, 
b u t duodenal application offers an efficacy a lm ost equal w ith that of the intra­
p eriton ea l route (see T able I). On the basis o f  th e  present data, the application  
o f  chloroquine and m epacrine in entero-coated ta b lets  appearing equipotent 
w ith  duodenal application , seem s to be reasonable, since the delay in  gastric 
em p ty in g  can thus be m in im ized .
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J .  H . Cla r k  a n d  E . J .  P e c k , J r .

Fem ale Sex Steroide. Receptors and Function  
M onograph on Endocrinology

S pringer-V erlag  B erlin , H eidelberg , N ew  Y o rk , 1979 
245 pages, F ig s 116, price ap p ro x . 43.70 US $

T h e  m on o g rap h  su m m arizes th e  p re sen t know ledge concern ing  fem ale sex  s te ro id  
re ce p to rs  a n d  th e ir  fu n c tio n , b a sed  u p o n  ex tensive  resea rch  c a rried  o u t in  th e  a u th o r s ’ la b o ra ­
to ry , co m p lem en ted  by  d a ta  in  th e  l ite ra tu re .

T h e  m o n o g rap h  is d iv ided  in to  te n  ch ap te rs , b eg in n in g  w ith  th e  ac tio n  o f s te ro id  h o r ­
m ones a n d  th e  role o f  recep to rs in  th is  a c tio n , follow ed b y  c h a ra c te riz a tio n  and  m e a su re m e n t o f 
recep to rs . C hap ters I I I  an d  IV  d ea l w ith  th e  lo ca lizatio n  o f  recep to rs  and  c h a ra c te ris tic s  o f 
c y to p la sm ic  an d  nuclear recep to rs . C h ap te rs  V an d  V I d iscuss th e  biologic response a n d  n u c le a r  
b in d in g  as well as th e  con tro l o f  s te ro id  recep to r levels a n d  s te ro id  an tagon ism . C h a p te r  V I I  
g ives a n  in s ig h t in to  th e  p ro b lem  o f  s te ro id  recep to rs a n d  tu m o rs . C hap ter V I I I  d iscu sses th e  
changes o f  recep to rs  un d er d ffe re n t physio log ical co n d itions such  as developm en t, p re g n a n c y , 
e tc . C h a p te r  IX  deals w ith  th e  a c tio n  of g onadal s te ro id s o n  b ra in  fu n c tio n  a n d  th e  ro le  o f  
recep to rs  in  th e  a c tio n  of s te ro id  h o rm ones in  th e  b ra in . T he f in a l c h ap te r  gives a  sp e c u la tio n  
a n d  conclusion  w hich sum m arizes th e  a u th o rs ’ op in ion  o n  d iffe re n t aspects o f th e  re la tio n s h ip  
b e tw een  th e  a c tio n  o f ste ro ids h o rm o n es an d  recep tors . T h is c h a p te r  is som ew hat sp e c u la tiv e  
b u t  also s tim u la tiv e , an d  will help  th o se  w ork ing  in  th e  fie ld  to  b ild  up  a m odel fo r  fu r th e r  
ex p e rim e n ts . T he volum e is co m p lem en ted  w ith  over 700 references w ith  full t i t le  a n d  su b je c t  
index .

T he book  is h igh ly  reco m m en d ed  to  those  in te re s ted  in  biochem ical an d  p h y sio lo g ica l 
a c tio n  o f fem ale  gonadal ste ro ids, to  endocrino log ists , g y n aeco log ists as well as sc ien tis ts  w o rk in g  
in  th e  f ie ld  a n d  even to  those w ho w ould  like to  en te r in to  th is  fa sc in a tin g  field .

G. T e l e g d y

D . A. K h a r k ev ic h  (E d .)

Handbook o f Experimental Pharm acology

C ontinuation o f H andbuch der experim entellen  Pharm akologie

Vol. 53. P h arm aco lo g y  of G anglionic T ransm ission . X I I I  +  531 pages, w ith  72 f ig u res  a n d  
80 tab le s . Springer-V erlag , B erlin  — H e id e lb e rg —N ew  Y o rk  1980. Price DM 245,-; U S 5  137. 20.

T h is  vo lum e p resen ts th e  re su lts  o f p u re  and  ap p lied  resea rch  in th e  field  o f  gan g lio n ic  
tran sm iss io n  and  considers th e  p e rsp ec tiv e s  o f i ts  d ev elo p m en t. The volum e is in tro d u c e d  b y  
th e  E d ito r ,  D . A. K h a r k ev ic h  in  w hich  he p resen ts  th e  h is to ry  o f hum oral m ed ia tio n , e m p h a s iz ­
ing th e  lead in g  role o f J o h n  N. L a n g e l Y (1852 — 1926). L a n g l e y  in tro d u ced  th e  te rm s  “ a u to ­
nom ic n e rv o u s  sy s tem ”  and  “ p a ra sy m p a th e tic  nervous sy s te m ” .

C h a p te r  Í .  G anglionic T ran sm iss io n : M orphology a n d  Physio logy, b y  V. I. S k o k . 
C h a p te r  2, G anglionic M etabolism , b y  J .  D. K lin g m a n , D. T . Org a n iscia k  and  G. I. K l in g m a n . 
C h ap te r  3. M ethods for th e  E x a m in a tio n  o f G anglion ic-B lock ing  A c tiv ity , by  L. G y e r m e k . 
C h a p te r  4a , R ela tionsh ip  b e tw een  C hem ical S tru c tu re  a n d  G anglion-B locking A c t iv i ty  a / 
Q u a te rn a ry  A m m onium  C om pounds, b y  V. T rck a . C h ap te r 4b , R ela tio n sh ip  B etw een  C hem ical 
S tru c tu re  a n d  G anglion-B locking A gents, b y  D. A. B r o w n . C h ap te r 6 , A ction  o f G an g lio n ­
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b lo ck in g  A gents on th e  C a rd io v a sc u la r  System , by  D . M. A v ia d o . C hapter 7, A c tio n  o f G anglion 
-B lo ck in g  A gents on th e  G a s tro in te s tin a l T rac t, b y  D . F . J .  Ma so n . C hapter 8, A b so rp tio n , 
D is tr ib u tio n , F a te  an d  E x c re t io n  of G anglion-B locking C om pounds, b y  D . F . J .  Ma so n . 
C h a p te r  9, N icotinic G an g lio n -S tim u la tin g  A gents, b y  R . L . V o lle . C hapter 10, N o n -N ico tin ic  
C h em ical S tim ula tion  o f A u to n o m ic  Ganglia, by  W . E . H o f f e l y . C hapter 11, G ang lion  A c tiv ity  
o f  C e n tra lly  A cting N e u ro tro p ic  A gents, by  A. N is t r i  a n d  J .  P . Qu il l ia n . C h ap te r 12, G angli­
o n ic  A c tions of A n tich o lin e s te ra se  A gents, C a tech o lam in es, N eurom uscular B lo ck in g  A gents 
a n d  L ocal A naesthetics, b y  R . L . V o lle , C hap ter 13, G anglion ic  A c tiv ity  o f C ard io v ascu la r 
D ru g s , b y  M. Av iad o . C h a p te r  14, G anglion-B locking A g e n ts  in  In te rn a l M edicine, b y  E . V. 
E r in a . C hapter 15, G an g lio n -B lo ck in g  A gents in  A n esth esio lo g y , b y  A. B u n a t ia n  a n d  A. V. 
M e s c h e r ja k o v . A u th o r I n d e x  a n d  Subject Ind ex , b y  V. V . Ma isk y .

T he volum e in  a n  e x c e lle n t source of in fo rm a tio n s to  p h arm aco log ists, n e u ro p h y sio lo g ists  
a n d  biochem ists.

K . L issá k

К . Magyar  (E d .)

M onoam ine oxidases and their selective inhibition

A d ven ces in P harm acological Research and P ractice, Proceedings of the 3rd 
Congress of the H ungarian Pharm acological S o c ie ty , Budapest 1979. V olum e TV

G en era l E d ito r: J .  K n o l l . P e rg a m o n  Press, O xfo rd  a n d  A k ad ém iai K iadó , B u d a p e s t 1980. 
160 p a g e s , w ith  56 figu res a n d  27 tab les

T he book con ta ins 21 p a p e rs  o f 41 p a r tic ip a n ts  fro m  8 countries. The p ap ers  p re sen te d  a t 
t h e  sym posium  cover v a r io u s  a sp e c ts  of MAO in h ib ito rs , th e ir  b iochem istry  (H . B la sch k o , 
B . E k s t e d t , J .  I. Sa l a c h , A . A n n a -L en a , S. Y a n e v , H . K alász, J .  N a gy), ph arm aco lo g y  
( J .  K n o l l , B. K n o ll , L . G. H á r s in g , M. D. Ma s h k o v s k y ), b io tran sfo rm atio n  (G. P . R e y ­
n o l d s ) an d  some clinical s tu d ie s  o f  MAO inh ib itio n  (M. Sa n d l e r , W . B ir k m a y e r , М. D . Y a h r ,
E . Csa n d a , P. R ie d e h e r , J .  W a js b o r t , U. K. R in n e , Gy . M olnár).

The book is an  im p o r ta n t  source of u p -to -d a te  in fo rm a tio n  concerning th e  b iochem ical 
m o d e  o f actions of d e p ren y l, th e  selective in h ib ito r  o f  M A O -B , and  th e  clinical a p p lic a tio n  of 
d e p re n y l in  P ark in so n ian  p a tie n ts .  A num ber of re p o rts  s tre ss  th e  essentia l role o f th e  d o p am in ­
e rg ic  m echanism s w ith  re sp e c t to  th e  pathological p ro cess  in  P a rk in so n  disease.

The book will be  in te re s t in g  for pharm aco lo g ists , b iochem ists , neuro log ists a n d  o th er 
re sea rc h e rs  and clin icians in te re s te d  in  th e  prob lem  o f  se lec tiv e  MAO in h ib ito rs.

F . Varga

Au b r ey  Ma n n in g

V erhaltensfor schung

E in e  Einführung. 3rd E n g lish  edition, tran sla ted  by G. E h ret  and I. E hret

Springer-V erlag  B e rlin —H e id e lb e rg —New Y ork  1979. X I I I  -f- 320 pages w ith  97 figures 
a n d  5 tab les. Price DM 39.80 U S $  21.90.

T oday , e thology is one  o f  th e  m ost im p o rta n t b ra n c h e s  o f biology. In  sp ite  o f e tho logy  
b e in g  in  th e  fo reground o f th e  b o o k , th e  au th o r e m p h asize s  th e  im p ortance  o f i ts  physio logical 
a n d  psychological bases. T h e  b o o k  is w ritten  for b eg in n in g  s tu d e n ts  and  for all lay m e n  in te res ted  
in  e th o lo g y , in  p a r tic u la r  in  i t s  connections w ith  p h y sio lo g y  and  psychology. T he a b u n d a n t 
l i te r a tu r e  will give a p o ss ib il ity  to  th e  in te rested  re a d e r  to  go deeper in to  th e  s tu d y  o f th e  fie ld .

K . L issák
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H . Ma t t h ie s , К . K rug  a n d  N. P o po v  (E ds)

Biological aspects of learning, m em ory formation and 
ontogeny o f the CNS

A kadem ie-V erlag , B erlin  1979. 514 pages, w ith  265 fig u res and  36 tables. P rice  DM  7 2 ,—

T he bo o k  co n ta in s th e  p roceed ings o f  th e  F if th  In te rn a tio n a l  Neurobiological S y m p o s iu m  
h eld  in  M ag deburg , Ju n e  1977, jo in t ly  w ith  th e  A n n u a l M eeting  of th e  Com m ission “ N e u ro ­
physio logy  a n d  H ig h er N ervous A c tiv ity ”  o f  th e  A cadem ies o f  Sciences o f the  Socialist C o u n trie s  
(In te rm o zg ). T h e  Sym posium  w as organ ized  by  th e  S o c ie ty  o f  Pharm acology  a n d  T o x ico lo g y  
a n d  th e  Socie ty  o f  N eurosciences o f  th e  G D R .

T he vo lu m e consists o f th ree  sep a ra te  c h ap te rs  viz.
(1) b asic  b iological processes o f lea rn in g  an d  m em o ry  (45 papers);
(2) o n to g en y  an d  d iffe re n tia tio n  o f th e  CNS (13 p ap ers);
(3) n eu ro tran sm issio n  in  th e  CNS (8 p apers).

T he f i r s t  c h a p te r  is th e  m o st v a lu ab le . T he p a p ers  p re sen te d  here deal w ith  th e  m o lecu la r  
n eu ro n al an d  b e h av io u ra l co rre la tes  o f lea rn in g  a n d  m em o ry  processes. The second a n d  th ird  
p a r ts  re p re se n t m u ltid isc ip lin a ry  app ro ach es to  th e  p ro b lem  o f b ra in  on togeny  a n d  n e u ro ­
tran sm iss io n .

T he book  will co n trib u te  to  a b e tte r  u n d e rs ta n d in g  o f th e  b ra in  ontogeny  a n d  fu n c tio n . 
T he b u lk  o f d a ta  p resen ted  in th is  volum e will be usefu l to  sc ien tis ts  in te rested  in  th e  re se a rc h  
o f  th e  d iffe re n t fu n c tio n s  o f th e  CNS.

T . K u k o r e l l i

R o la nd  S c h if f t e r  (E d .)

Zentral-vegetative R egulationen und Syndrome

Central autonom ic regulations and syndromes

Springer-V erlag , B e rlin —H eidelberg  —N ew  Y o rk  1980. X  +  134 pages, w ith  56 f ig u re s , a n d  
6 tab les . P rice  DM 3 4 , - ;  US,$ 20.10.

T he book  in te n d s  to  show  th e  decisive sign ificance o f th e  b ra in  in  th e  re g u la tio n  o f  v i ta  
v iscera l fu n c tio n s . In  clinical m edicine an d  neuro logy  som e an ato m ica lly  and p h y s io lo g ica lly  
w ell-know n processes are o ften  reg ard ed  as “ v e g e ta tiv e  d y s to n y ” . The book su rv ey s th e  new  
re su lts  o f  a n a to m y , physio logy, pharm aco lo g y  a n d  c lin ica l sciences in th e  c e n tra l  n e rv o u s  
re g u la tio n  o f th e  h e a r t ,  c ircu la tio n , sodium  m etab o lism , n e u ro tra n sm itte rs  in  th e  l im b ic  a n d  
e x tra p y ra m id a l  sy stem s, sleep-and-w ake rh y th m  a n d  sw ea t secre tion . The im p o r ta n c e  o f  a  
close c o n n ec tio n  be tw een  th eo re tica l a n d  clinical sciences is s tre ssed . T his would c e rta in ly  a c t iv a te  
neuro log ical a n d  m ed ical re sea rch  on  th e  v e g e ta tiv e  n e rv o u s system .

K . L is s á k

J .  Sze n t á g o th a i, J .  H á m ori an d  E . S. V iz i (Eds)

Neuron Concept Today

S ym posium  held  in  T ih an y , H u n g a ry , A u g u s t 26 — 28, 1976. 
A kadém iai K iadó , B u d ap es t 1977, pp . 312.

T he boo k  is an  im pressive  a n d  d a rin g  a t te m p t  to  co n fro n t our p resen t k n o w led g e  o f  
n eu ra l fu n c tio n  w ith  th e  tra d it io n a l  “ n eu ro n  d o c trin e ” , a th e o ry  fo rm ula ted  a lm o st a  c e n tu ry  
ago. As a tte s te d  b y  th e  m u ltid im en sio n al acco u n t o f th e  p a r tic ip a n ts  o f the  sy m p o siu m , th e  
basic  te n e ts  o f  th e  th eo ry  are  still v a lid  an d  i t  em erges as a  m o n o lith ic  en tity . Follow ing a  lu cid  
an d  c ritica l h is to ric a l in tro d u c tio n  o f  Szen t á g o th a i, 73 p a p ers  delivered b y  d is tin g u ish e d
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neurobio log ists from  12  c o u n tr ie s  deal w ith  p ro b lem s o f  neu ra l functions fro m  a lm o s t all 
possib le  d irections o f  c o n te m p o ra ry  research (m o rp h o lo g y , co m p arativ e  a sp ec ts , e le c tro p h y s­
io logy , pharm aco logy , c o m p u te r  m odelling, n e u ro p sy ch o lo g y , etc.). This u n u su a l d iv e rs ity  o f  
ap p ro ach es is ra th e r  t ig h t ly  lin k e d  together by  th e  co m m o n  goal set by  th e  t i t l e  o f  th e  sy m p o ­
siu m . A t a c ritica l t im e  w h e n  a  w ealth  of new  a n d  a p p a re n tly  rev o lu tio n ary  in fo rm a tio n  on 
b as ic  functions, like s y n a p t ic  m orphologies, b io c h e m is try  o f transm ission , m ic ro c irc u itry , e tc ., 
seem  to  sh a tte r  t r a d i t io n a l  co n cep ts , such an  u n p re c e d e n te d  a tte m p t a t  sy n th esis as w as a f te red  
b y  th is  sym posium , is e x tre m e ly  useful. I t  helps to  c o n so lid a te  w h a t is really  k n o w n , i t  d iscloses 
u n c e rta in tie s  and  b y  th e o re t ic a l  reo rien ta tio n  op en s u p  n ew  v istas .

E . Gr a st y á n

J .  N . W alton  an d  F . L . M a sta g lia  (Eds)

The Muscular D ystrophies

B ritis h  M edical B ulle tin  Vol. 36 No. 2, 1980.
P u b lish ed  by th e  M edical D e p a r tm e n t. The B ritish  C o uncil, 65 D avies S tree t L o n d o n  W IY  2AA.

Price U S$ 15.00.

The last 20 y e a rs  in  sp ite  o f the  im m ense e f fo r t  o f  re sea rch  on th e  m u scu la r d y s tro p h ie s  
we are  still fa r fro m  u n d e rs ta n d in g  the  n a tu re  o f  th e  b asic  abn o rm ality  o f th e  m uscle  cell 
w h ich  causes i t  to  w aste . W ith in  th e  last 30 y ears  a  n u m b e r  o f theories concern ing  th e  p a th o g e ­
nesis has been developed .

The ch ap te rs  o f  th e  vo lu m e are in tro d u c tio n  b y  J .  N. W elto n . C linical and genetic  
stud ies:  Clinical fe a tu re s  a n d  classification  of th e  m u sc u la r  dystrophies, by  D av id  Ga r d e n e r - 
M e d w in ; D uchenne  m u sc u la r  d ystrophy : g e n e tic  a sp e c ts , carrier d e tec tio n  a n d  a n te n a ta l  
d iagnosis , by  A lan  E . M. E m e r y ; clinical b io ch e m is try  o f  m uscu lar d y stro p h y , b y  R . J .  P e n ­
n in g t o n ; e lec tro d iag n o sis  o f  th e  m uscular d y s tro p h ie s  b y  M ichael H a y w a r d ; th e  h e a r t  in  
m u sc u la r  d y stro p h y , b y  S te w a r t  H u n t er ; th e  r e s p ir a to ry  system  in m u scu la r d y s tro p h y , b y  
J .  N ew so n -Da v is ; m a n a g e m e n t of m u scu la r d y s tro p h y : pharm acological a n d  physical 
a sp e c ts , by  V. D u b o w it z  a n d  J .  H eckm att . P athogenesis and current trends in  research: 
m orphological changes in  d y s tro p h ic  m uscle, b y  M . J .  Cu l l e n  and  F. L. Me s t a g l ia ; ske le ta l 
m usc le : reg en e ra tio n  a n d  t ra n s p la n ta t io n  stu d ies , b y  R . H . T. E d w a rd s; in te rm e d ia ry  m e ta b ­
o lism  of m uscle in  D u c h e n n e  m uscular d y stro p h y , b y  D a v id  A. E l l is ; m uscle cell d iffe re n tia ­
t io n  and  th e  p ro sp e c ts  fo r  g en etic  engineering, b y  K . W . J o n e s ; tissue cu ltu re  o f  d y stro p h ic  
m uscle  cells, b y  E . J .  T h o m p s o n ; is there  a m e m b ra n e  defect in  m uscle a n d  o th e r  cells? by  
J .  A. L u c y ; a n im a l m o d e ls : w h a t is th e ir re le v an c e  to  th e  pathogenesis o f h u m a n  m u scu la r 
d y s tro p h y ?  by  J .  B . H a r r is  a n d  C. R. Sla te r ; f u tu re  p ro sp ec ts  by  A. F . H u x l e y .

R ead ing  th e  p a p e rs , one m ust agree w ith  th e  s ta te m e n t o f A. F . H u x l e y  t h a t  i t  is 
im possib le  to  say  a n y th in g  t h a t  is a t  the  sam e t im e  sp ec ific  an d  reliable ab o u t fu tu re  p ro sp ec ts  
in  research , or im p ro v e m e n ts  o f trea tm e n t, in  m u sc u la r  d y stro p h y ,

K . L is sá k
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ACTA PH Y SIO LO G IC A
ТОМ 57-ВЫ П . 2

РЕЗЮМЕ

ХАРАКТЕРИСТИКА АНИЗОТРОПНЫХ СВОЙСТВ АРТЕРИЙ С ПРИМЕНЕНИЕМ 
ЭКСПОНЕНЦИАЛЬНЫХ И ПОЛИНОМИАЛЬНЫХ ФУНКЦИЙ 

ДЕФОРМАЦИОННОЙ ЭНЕРГИИ СОСУДОВ

ХУДЕЦ А., МОНОШ Э.

С целью определения пассивных, анизотропных, эластических свойств артериаль­
ной стенки проводили трёхдимензионные, квази-статистические измерения на изолиро­
ванных цилиндрических участках art. carotis communis и srt. iliaea. На основании нару­
жного диаметра и на основании соотношения аксиальной расстягивающей силы и интралю- 
минального давления, регистрируемых на различных фиксированных сосудистых участках, 
в интервалах от 0- до 250 мм ртутного столба высчитали инкрементальные модели аорты 
Янга и числа Пойсона. В ходе вычислений функцию деформационной энергии артерий, 
применяли полиномиальные и экспоненциальные модели.

Нами было установлено, что сконструированная нами функция энергии с 4 постоян­
ными, даёт более точные результаты чем полиномная функция с 5 или 12 постоянными. 
По нашим результатам при низкой тангенциальной растяжении самым большим является 
аксиальный модуль а при большом тангенциальном растяжении тангенциальный модуль, 
при обоих типах артерии. Увеличивающееся начальное тангенциальное растяжение силь­
нее всего увеличивает тангенциальный модуль, потом радиальный и наконец аксиальный 
модуль. Изменение начального аксиального растяжения одинаково действует на аксиаль­
ный и радиальный модуль, но существенно не влияет на величину тангенциального модуля. 
Соответствующие числа Пойсона таким же образом зависят от величины начальной де­
формации сосуда.

Различное поведение по отношению состояния деформации сосуда — двух чисел 
Пойсона, характеризующих структурную связь между тангенциальными и аксиальными 
направлениями, указывает на асимметрический характер структурной связи между двумя 
главными направлениями. По нашему мнению это характерное свойство пассивной сосу­
дистой структуры обьясняется ветвистым расположением коллагеновых волокон.

ИССЛЕДОВАНИЕ РЕНОРЕНАЛЬНЫХ ВАЗОМОТОРНЫХ РЕФЛЕКСОВ

Г. КОТТРА, Б. ТУРЧАНИ и Л. ТАКАЯ

Авторы сообщают об исследовании вызываемого ацетилхолином контралатераль­
ного реноренального вазомоторного рефлекса, описанного в 1970 г. Мак-Фарлайном 
(M acFarlane). В опытах на собаках, наркотизированных нембуталом, ни инфузия ацетил- 
холина, ни болюсное его введение не оказывали влияния на кровоток в контралатеральной 
почке, измеряемый с помощью электромагнитного датчика. Активность симпатических 
нервов, снабжающих почку противоположной стороны, возросла лишь на несколько про­
центов по отношению к основной активности, изменения показали наличие корреляции с 
понижением артериального кровяного давления. В конечном результате в эксперимен­
тальных условиях не удалось вызвать реноренальный вазомоторный рефлекс.



ВЛИЯНИЕ ДЕНЕРВАЦИИ ПОЧЕК НА ТРАНСТУБУЛЯРНУЮ РАЗНИЦУ 
ПОТЕНЦИАЛА ПРОКСИМАЛЬНЫХ КАНАЛЬЦЕВ

Г. СЕНАШИ, Г. КОТТРА, П. БЕНЧАТ, Л. ТАКАЧ

Транстубулярная разница потенциала проксимальных почечных канальцев (ПД) 
была измерена, применяя технику полимикроэлектродов у контрольных крыс ( К ,  н =  10) 
и после односторонней почечной денервации (Д, н =  10). Острая почечная денервация 
влекла за собой двукратное увеличение диуреза и четырехкратный натриурез без измене­
ния клубочковой фильтрации. ПД в первом достижимом сегменте проксимального ка­
нальца (ЕПТ) в группе К  была +0.27 +  0,08 (S. Е.) мВ (н =  16), тогда как в группе Д она 
была -  0,16 +  0,07 мВ (н =  18) (Р <  0,01). ПД в средних (МПТ) и последних (ЛПТ) сег­
ментах не изменилась денервацией (МПТ: К  =  0,94+0,05, н =  21; Д =  0,98+0,04, н =  19NS. 
ЛПТ: К  — 1,04 +  0,11, н =  17; Д =  0,95 +  0,06, н =  18 NS.) Негативный сдвиг ПД в ЕПТ 
является подкреплением нашего прежнего предложения, что симпатектомия провоцирует 
понижение активного транспорта ионов и органических веществ в проксимальном ка­
нальце. Неизменная ПД в МПТ и ЛПТ может указать на то обстоятельство, что пассив­
ные силы, способствующие реабсорбции в этой части нефрона, сохраняются.

ГЕМОДИНАМИЧЕСКИЕ РЕАКЦИИ СО СТОРОНЫ МАЛОГО И БОЛЬШОГО КРУГА 
КРОВООБРАЩЕНИЯ НА ГИПЕРОСМОЛЯРНЫЕ РАСТВОРЫ, ВВЕДЕННЫЕ В 

БРОНХИАЛЬНОЕ КРОВООБРАЩЕНИЕ

ГОНДОШ Т., ПЕНЗЕШ И., ТРОЯН И., КОВАЧ Й„ КЕЧКЕШ Л., НАДЬ Ш„ КУЛЬКА Ф.

На собаках с открытой грудной полостью, изучали гемодинамические эффекты раз­
личных гипертонических растворов (8% р —р NaHC03, 5,6% NaCi u 34,3% р - р  глюкозы) 
одинаковой осмолярности, введённых в art. bronchialis. При таком введении растворов 
минутный объём, системное кровяное давление, давление в лёгочной артерии и левом пред- 
средии, пульсовое давление, бронхиальный кровоток и бронхиальная фракция минутного 
объёма значительно увеличивались а частота пульса, лёгочное и бронхиальное сопротивле­
ние уменьшились. При введении вышеуказанных растворов в art. pulmonalis полученные 
гемодинамические изменения были намного меньше. С целью уменьшения хирургической 
травмы и устранения открытой грудной полости нам был выработан, новый, более физио­
логический экспериментальный модель. Применяя этой модель, введение раствора NaHC03 
b art. bronchialis также не получали существенных гемодинамических изменений. Однако 
введение раствора NaHC03 в art. pulmonalis через час после снижения кровяного давления 
до 40 мм ртутного столба путём кровопускания, системное кровообращение и давление в 
art. pulmonalis опять увеличались. В этих экспериментах мы нашли связь между парци­
альным давлением 0 2 в артериальной крови и величиной изменения кровяного давления. 
Непосредственный механизм гемодинамических изменений пока не известен. В возникно­
вении их повидимому играют роль гипоксиачувствительные рецепторы, расположенные в 
области, кровоснабжённой a. bronchialis.

ДЕЙСТВИЕ СЕКСУАЛЬНЫХ СТЕРОИДОВ НА РЕГУЛЯЦИЮ 
ПРОСТАГЛАНДИНОВ В МОЗГОВОЙ ТКАНИ

ГЕЧЕ А., ОТТЛЕЦ АННА, ТЕЛЕГДИ Г.

Содержание Простагландина Ф2а(ПГФ2а) в гипоталамусе крыс определяли радио- 
нммунологическим методом. Полученные величины у самцов было статистически значимо 
выше чем у самок. После орхидектомии содержание ПГФ2а гипоталамуса увеличивалось, 
в то время как овариэктомия не оказывала нижнего эффекта. Один прогестерон (в дозе 
100 мг/кг или 1 мг/кг внутримышечно) или прогестерон в комбинации эстроном (100 мг/кг 
или 1 мг/кг внутримышечно) в гипоталамусе овариэктомизированных крыс значительно 
уменьшало содержание ПГФ2а. Введение одного эстрона не оказывало эффекта. Введение



тестостерона (в дозе I или 5 мг/кг внутримышечно )орхидектомированным крысам снижало 
содержание ПГФ2а гипоталамуса до нормального уровня.

Синтез и распад простагландинов изучали в микросомальной и цитосольной фрак­
ции гомогената мозговой ткани. Самой большой фракцией превращения архидоновой к-ты 
оказалось ПГД2. Под действием овариэктомии синтез ПГД2 увеличивалось а синтез 
ПГФ2а уменьшалось. Введение эстрогена в один раз в дозе 100 мг/кг или 1 мг/кг внутри­
мышечно овариэктомизированным животным повысило синтез ПГФ2а, a введение проге­
стерона в дозе 100 мг/кг или 1 мг тормозило биосинтез ПГФ2а и ПГД2. Совместное введение 
эстрона и прогестерона не нормализовало уровень синтеза ПГФ2а. У орхидэктомизирован­
ных животных превращение архидоновой кислоты значительно уменьшалось но после 
введения тестостерона оно нормализовалось.

Инактивацию ПГФ2а меченного Н3 в цитосольной фракции мозговой ткани не могли 
доказать.

ДАННЫЕ ОБ ИЗМЕНЕНИИ И РАСЩЕПЛЕНИИ МЫШЕЧНЫХ ВОЛОКОН У
ЧЕЛОВЕКА

ДЬ. ФЕКЕТЕ и П. АПОР

Исследуя образцы мышц, полученные при биопсии т. vastus laterales, мы нашли 
в них высокое содержание «промежуточных» мышечных волокон II с типа, как у трениро­
ванных на высосливость бегунов, так и у детей-сердечников с цианозом. После инкубиро­
вания как в щелочной, так и кислой среде эти волокна сохраняют свою активность и окра­
шиваются с средней интенсивностью. В мышцах прыгунов в высоту нашли характерную 
для расщепления волокон картину (гиперплазия). Расщепление, переход одних подгрупп 
волокон в другие у спортсменов можно объяснить воздействием тренировок.

ПЕРЕКРЫВАЮЩИЙ ЭФФЕКТ ТИРЕОТРОПНОГО И ФОЛЛИКУЛИН- 
СТИМУЛИРУЮЩЕГО ГОРМОНОВ НА ЩИТОВИДНУЮ ЖЕЛЕЗУ 

НОВОРОЖДЕННЫХ ЦЫПЛЯТ

ДОВОЗИ О., БАЛКАНИ Л., ЧАБА Г.

У новорождённых цыплят, действие фолликулин-стимулирующего гормона на щи­
товидную железу — хотя по интенсивности меньше чем действие тиреотропного гор­
мона - по изученным параметрам перекрывает действие последнего. В частности повышает 
диаметр фолликулов и высоту эпителиальных клеток. Результаты этих исследований под­
тверждают ранние наши наблюдения, согласно которым перекрывающее действие тропных 
гормонов наблюдалась и в случаях сексуальных гормонов. Таким образом перекрывающее 
действие тропных гормонов со сходной структурой является общим явлением в перина­
тальном периоде.

ВЛИЯНИЕ АНТИХОЛЕЦИСТОКИНИНОВОЙ СЫВОРОТКИ НА СОДЕРЖАНИЕ
МОНОАМИНОВ МОЗГА КРЫС

ФЕКЕТЕ М., КАДАР Т„ ТЕЛЕГДИ Г.

В боковой желудок мозга крыс, ввели три разных разведений антихолецистокинино- 
вой сыворотки, специфичной к Ц-терминальному тетрапептиду молекулы холецистокинина. 
Через 24 часа после введения сыворотки в гипоталамусе, мезенцефалоне, амигдалярном 
ядре, прозрачной перегородке, полосатом теле и коре мозга определяли содержание до­
памина, норадреналина и серотонина.

Под действием сыворотки в гипоталамусе, мезенцефалоне, амигдалярном ядре, про­
зрачной перегородке содержание допамина и норадреналина уменьшалось, в полосатом 
теле содержание допамина увеличивалось, содержание норадреналина уменьшалось. Со­
держание серотонина в амигдалярном ядре и прозрачном теле уменьшалось, а полосатом 
теле увеличивалось.



МОДИФИКАЦИЯ МЕТОДА ХРОНИЧЕСКОЙ РЕГИСТРАЦИИ КРОВЯНОГО 
ДАВЛЕНИЯ В АОРТЕ КРЫС

Д. ДИМИТРОВ, Р. ГИРХЕВ

Описывается модификация метода Брука и Мирхеда (1972) для хронической регист­
рации кровяного давления в аорте крыс. Вместо введения катетера через живот — как это 
происходит по исходной методике — применяется боковое экстраперитонеальное введение 
последнего. Описывается оперативный подход, метод введения катетера а также техника 
регистрации давления. При помощи этой методики мы могли регистрировать среднее ар­
териальное давление в аорте бодрых животных в течение несколько месяцев.

Боковое экстраперитонеальное введение катетера уменьшет хирургическую травму 
и возможность возникновения интраабдоминальной инфекции до минимума. С другой 
стороны позволяет при одной операции провести несколько экспериментальных вмеща- 
тельств на почках и аорте, то есть проведение целого комплекса гемодинамических иссле­
дований.

ВЛИЯНИЕ ВЕЩЕСТВ, ДЕЙСТВУЮЩИХ НА сАМР, НА СУДОРОЖНУЮ 
АКТИВНОСТЬ ГИППОКАМПА

Н. ЛЮДВИГ, А. ВАРТА, Г. ХАРТМАНН и К. ЛИШШАК

Авторы вводили в гиппокамп вещества, изменяющие уровень сАМР в нервной ткани, 
и исследовали, каким образом, под воздействием этих веществ, изменяется судорожная 
активность гиппокампа (на основании ЭЭГ). Фокальные эпилептические приступы вы­
зывались электрическим раздражением гиппокампа, а также локальным введением пени­
циллина. Увеличивающие содержание сАМР папаверин, гистамин +  К+ и дибутирил- 
сАМР повышали электрический судорожный порог, при эпилепсии же, вызванной пеницил­
лином, уменьшали частоту приступов и интериктальных спайков. Кроме того, все эти ве­
щества удлиняют время, необходимое для развития пенициллиновой эпилепсии. Снижа­
ющий уровень сАМР имидазол во всех случаях оказывал противоположное действие.

Н а основании полученных результатов авторы обсуждают возможную роль сАМР в 
патомеханизме эпилепсии.

ФАРМАКОЛОГИЧЕСКИЕ ОСНОВЫ ПЛАНИРОВАНИЯ ЛЕКАРСТВЕННЫЙ ФОРМЫ
ХЛОРОКВИНА И МЕПАКРИНА

Э. МИНКЕР и Ж. МАТЕЙКА

Хлороквин и мепакрин — как при пероральном, так и парэнтеральном введении, 
появляются в желудочной стенке и тормозят опорожнение желудка у крыс. Измерения 
концентрации показали, что количество попадающих в стенку желудка хлороквина и ме- 
пакрина зависит от способа их введения. Оказалось, что, при введении хлороквина и 
мепакрина в обход желудка, в его стенку попадает меньшая часть введенной дозы. Устано­
вили, что хлороквин и мепакрин, будучи введены перорально в виде растворов, благо­
даря своим парасимпатическим и спазмолитическим свойствам, тормозят опорожнение 
желудка у крыс, а вследствие этого и собственное всасывание. На это указывает разница 
между значениями ЛД50 при интраперитонеальном и пероральном введении. Как хлорок­
вин, так и мепакрин у крыс всасывается также и из желудка, после же парэнтерального 
введения они выделяются в желудке, инфильтрируя все его структурные элементы.
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CORTICOSTERONE BINDING IN MYOCARDIAL TISSUE 

OF RATS AFTER CHRONIC STRESS 
AND ADRENALECTOMY

B y

A. E l l e r ,1 C. N y a k a s , G. S z a b ó  a n d E .  E n d r ô c z i

CEN TRA L R ESEA R C H  D IV ISIO N , POSTG RA DU A TE M ED ICAL SCHOOL, B U D A PEST 

(R eceived  J u ly  7, 1980)

M ale ra ts  w ere  tra in e d  to  sw im  for 9 — 10 d ay s to  assess th e  e ffec t o f  chronic  
s tre ss  on  th e  c a p a c ity  a n d  a ffin ity  o f specific  g lucocortico id  b ind ing  in  th e  cy toso l 
frac tio n  of m y o ca rd ia l tissu e . A sign ifican t d ecrease  in  th e  b inding c a p a c ity  fo r cor­
tico ste ro n e  (C pd B) w as fo u n d  24 hours a f te r  th e  la s t  sw im m ing te s t,  w h ile  th e  a ffin ity  
c o n s ta n t rem a in ed  u n ch an g ed . C on trary  to  C pd В b in d in g , th ere  was no ch an g e  in  th e  
c ap a c ity  o f d ex am eth aso n e  b ind ing , a n d  th e re  w as no decrease in th e  C pd В b in d in g  
c ap a c ity  in ra ts  w hich  h a d  been a d ren a lec to m ized  2 days prior to  th e  t ra in in g  period .

W e conclude th a t  da ily  sw im m ing fo r 9 — 10 days a lte rs  th e  n u m b e r  o f c y to ­
p lasm ic  Cpd В b in d in g  sites in  th e  face o f  in c reased  adrenocortical a c t iv i ty ,  w hile 
n o t affec ting  d ex am eth a so n e  b ind ing  in  th e  c y to so l frac tio n  of m y o card ia l tis su e .

A large body o f evidence indicates th a t glucocorticoids in fluence cardiac 
function  through m etabolic effects. P reviously  it  has been reported th a t an 
increase in adrenocortical activ ity  enhances th e  pressor effect o f  catech ol­
am ines, follow ed by an im provem ent in le ft ventricular works in d ex  and 
increase in arterial pressure [6 , 22]. G lucocorticoids also affect the m etabolism  
of w ater and electrolytes in  myocardial tissu e  [15, 16], and adrenalectom y  
dim inishes training-induced adaptation in cardiac muscle [17]. B a x t e r  and 
F o r s h a m  [3] suggested th at m ost part of these changes were due to  a direct effect 
of glucocorticoids. R eplacem ent therapy w ith  glucocorticoids proved to  be 
more effective than  th a t w ith  m ineralocorticoids [17]. From this point it  is 
in teresting that no m incralocorticoid receptors were found in heart m uscle [10] 
while there was a considerable am ount o f specific  glucocorticoid b inding sites 
[2, 10, 12]. The subcellular m echarism  o f action  o f adrenal steroids fo llow  a 
general pattern: in itia tion  o f the response b y  a specific horm one-receptor  
system  in the cytoplasm  o f the target tissue, follow ed by in teraction  o f the 
hormone receptor com plex w ith  the genom e resulting in activation  (or dere­
pression) of transcription, which in turn resu lts in translation o f specific

1 R esearch  fellow . P re se n t address: D e p a rtm e n t o f  S p o rt M edicine, T a r tu  S ta te  U n i­
v e rs ity , T a r tu ,  U S SR .

1 Acta Physiologien Academiae Scientiarum Hungaricae 57, 1981



206 A. ELLER et al.

in d u ced  proteins [7]. Such protein  receptors w ere found in the cytosol fraction  
o f  glucocorticoid-responsive tissu es, and th eir  physicochem ical properties as 
w ell as their im plication in  th e  biological response o f various target tissues, 
e .g . liv er , thym us, spleen, k id n ey , skeletal m uscle, brown adipose tissu e  have  
b een  th rou gh ly  described in  several recent p ub lications [1, 4, 9, 14, 19, 20, 23]. 
H o w ev er , it  is well estab lish ed  th at in d ifferent target tissues th e  receptor  
p ro te in s for the same horm one can be physicochem ically  d istinct ones [1]. 
O n th e  other hand, as fou n d  in  spleen and liver, stress-induced changes in  
m eta b o lism  m ay m odify th e  corticoid receptor a c tiv ity  [1]. Thus, it  seem s to  
be im p ortan t to determ ine th e  hormone b inding capacity  and a ffin ity  in  the  
sam e tissu e  under different conditions.

T h e aim of the present stu d y  was to estab lish  whether daily sw im m ing  
for 9 — 10  days influences th e  properties o f  specific  glucocorticoid b in d in g  in 
th e  m yocardium . W e fo llow ed  the changes in  cap acity  and affin ity  o f  Cpd В 
and  dexam ethasone b ind ing  sites in  the cy toso l fraction o f cardiac tissu e .

Methods

M ale  in b red  W istar r a ts  a g e d  8 weeks and  w eigh ing  200— 280 g w ere used  in  th e  s tu d y .  
F o r  c h ro n ic  stress a sw im m ing p ro c e d u re  was used. T h e  r a t s  w ere allowed to  sw im  in  a  50 cm  
d e ep  cy lin d e r-sh ap ed  pool (w a te r  te m p e ra tu re  32 °C) a n d  w ere  loaded  w ith  an  e x tr a  w e igh t 
o f  5 p e r  c e n t  o f th e ir to ta l  b o d y  w e ig h t on th e  ta il. S w im m in g  tim e , w hich w as 5 m in  o n  th e  
f i r s t  d a y ,  w as gradually  in c re a sed  til l  15 m in  on th e  9 — 10 d ay . T he an im als h a d  to  sw im  
e v e ry  m o rn in g  a t  th e  sam e tim e  ( + 1  hour). E x ce p t fo r  th e  sw im m ing p rocedure  th e  an im a ls  
in  t h e  c o n tro l group w ere t r e a te d  in  th e  sam e w ay  a s  th e  experim en ta l g roup . I n  a n o th e r  
se rie s  o f  ex p erim en ts  tw o g ro u p s o f  an im als  were a d ren a le c to m ize d  an d  2 days la te r  one  g ro u p  
w a s  su b je c te d  to  th e  sam e sw im m in g  tra in in g  as th e  in ta c t  an im als, th e  o th er g ro u p  serv ing  
as c o n tro l .  T h e  tra in ed  in ta c t  a n im a ls  w ere a d ren a lec to m ized  1 h o u r a fte r  th e  la s t  sw im m ing  
t e s t  u n d e r  e th e r  anaesthesia . T h e  w e ig h t o f th e  a d re n a ls  w as m easu red  on a to rs io n  b a la n ce  
w ith  a n  acc u rac y  of 0.1 m g. T o t e s t  th e  p itu ita ry -a d re n o c o rtic a l a c tiv ity  blood sam p le s w ere 
t a k e n  u n d e r  e th e r anaesth es ia  f ro m  th e  eye plexus 30 m in  a n d  2 hours a fte r th e  f i r s t  a n d  th e  
la s t  sw im m in g  tes t. P lasm a  C pd В  c o n cen tra tio n  w as m e a su re d  b y  th e  tech n iq u e  o f  M u r p h y  
[21]. T h e  r a ts  w ere killed b y  d e c a p ita tio n  on th e  f ir s t  o r th ir d  days a fte r th e  la s t  sw im m ing  
te s t  a n d  p la sm a  Cpd В level w as m e a su re d  in th e  t r u n k  b lood . T he h e a rt was p e rfu sed  in  situ  
w i th  40  m l ice-cold physio log ical sa line  so lu tion  v ia  th e  le f t  ven tric le , th en  i t  w as q u ick ly  
r e m o v e d , rin sed  in  ice-cold sa lin e , m in ced  by  scissors a n d  hom ogenized in  1.5 m l o f  0.01 M 
T R I S  b u ffe r , (pH  =  7.4) c o n ta in in g  1.0 mM E D T A  a n d  1.0 mM  d ith io th re ito l a t  0 °C for 
60 sec  a t  low  speed in an  a ll-g lass hom ogenizer. T h e  h o m o g en a te  was cen trifu g ed  a n d  th e  
s u p e r n a ta n t  was again sp u n  a t  100,000 g for 60 m in  a t  0 °C to  y ield  th e  cy to so l f rac tio n . 
A liq u o ts  o f  th is  cytosol w ere in c u b a te d  w ith  t r i t ia te d  co rtico s te ro n e  (l,2 ,6 ,7 -3H -c o rtic o s te ro n e , 
117 Ci p e r  m m ole) and d e x a m e th a so n e  ( l ,2 -3H -d ex am e th aso n e , 38 Ci pe r m m ole, R ad io ch em ica l 
C e n tre , A m ersham ). T he d ilu tio n  fo r  b o th  stero ids v a r ie d  fro m  1.5 x lO -9  M to  5 .5 x 1 0  8 M. 
T h e  in c u b a tio n  m edium  w as as fo llow s: 50 //! cy toso l, 100 ju1 T R IS  buffer, an d  50 / /1 lab e led  
s te ro id  so lu tio n . Following in c u b a tio n  a t  0—4 °C fo r  4 h o u rs , th e  free  and  b o u n d  s te ro id s 
w e re  s e p a ra te d  w ith  d e x tra n -c o a te d  charcoal (1 g c h a rc o a l, 10  m g d ex tran , in  200  m l w a ter). 
O n e  h u n d re d  jul d ex tra n -co a ted  c h a rc o a l was ad d ed  to  th e  in cu b a tio n  m edium , a g ita te d  and  
10 m in  l a te r  centrifuged a t  2000 g  fo r  10 m in. A liq u o ts  o f  100 fi\ from  th e  s u p e rn a ta n t  frac ­
t io n  w e re  assayed  for ra d io a c tiv ity  in  10 m l co u n tin g  so lu tio n  (100 g n a p h th a len e , 7 g 2,3-di- 
p h e n y l-o x a z o le , 0.3 g p h e n y l-o x azo ly lp h en y l-o x azo ly lp h en y l in  1 l ite r  dioxan). T h e  specific 
b in d in g  o f  ste ro id  was de fin ed  as th e  b ind ing  of lab e led  s te ro id  m inus th e  b in d in g  o b se rv ed  
in  t h e  p re sen c e  of 300-fold excess o f  n o n labeled  ste ro id . R a d io a c tiv ity  was co u n ted  in  a  liq u id - 
s c in ti l la t io n  spec trom eter (M ark  I I ,  N uclear, Chicago). E ffic ien cy  ra te  was d e te rm in e d  b y  
sa m p le  ch an n e l ra tio . P ro te in  w a s  d e te rm in ed  acco rd in g  to  L o w r y  e t al. [18]. P ro te in
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s ta n d a rd  w as crysta llin e  b o v in e  serum  a lb u m in e . C o rticosterone  an d  d e x am e th a so n e  (F lu k a  
A G ), b o v in e  serum  a lb u m in  (S igm a), d e x tra n  a n d  ch arco a l (R eanal, B u d a p e s t)  w ere  used . 
A ll chem icals a n d  so lven ts w ere  o f re ag e n t g rad e .

Results

Response o f  adrenal cortex to sw im m ing stress

To determ ine responsiveness o f  the adrenal cortex to sw im m ing for 
5 m in w ith  additional load, plasm a Cpd В  leve l was measured 30 m in  and 
24 hours after the first sw im m ing. B lood sam ples of the control group were 
tak en  at the same tim e. T hirty  m in after th e  last swim m ing p lasm a Cpd 
В level was increased ficm  0.015 ^  0.01 |Umol/l to 0.85 ^  0.05 /tm ol/l 
(P <  0  .001). On the n ext m orning plasm a Cpd В level was also sign ifican tly  
higher (0.24 ^  0.11 jumol/l). The response to  th e  last stress was sign ifican tly  
higher th an  th at to  the first stress (1.21 ^  0.11 jumol/1, p <  0.02). T he chronic 
sw im m ing stress increased the w eight o f th e  adrenals from 14.7 ^  0 .92 m g to  
21 .2  ±  1.21  mg (df =  2 2 , p <  0 .01).

Changes in the capacity o f  specific glucocorticoid binding

The individual Scatchard p lots, obtained w ith  5 different stero id  con­
centrations, were used to  m easure th e  cap acity  and affin ity  o f  Cpd В and 
dexam ethasone binding in  the cytosol fraction  o f each heart separately  (F ig . 1). 
In  trained rats 24 hours after th e  last sw im m ing test and subsequent adrenal­
ectom y, th e  number o f Cpd В binding sites w as significantly low er (d f =  10, 
p <  0.01) in  th e  trained group than in  the untrained control group (F ig . 2). 
In  contrast to  these find ings there w as no difference in the va lu es betw een  
chronically  stressed and control anim als w hich had been adrenalectom ized

bound/free
* 10~2

F ig . 1. C orticosterone  b in d in g  in  cy toso l frac tio n  o f m y o card ia l tissue  (ex am p le  o f  u sed  
S c a tc h a rd  p lo t) . N onspecific  b in d in g  w as su b s tra c te d  p rev io u sly  on th e  each c o n c e n tra tio n  of

s te ro id  se p a ra te ly
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fmol/mg protein
CD control 

CD s tre sse d  

I H H H i l i l  Adx before s tre ss

3 1 Days afte r Adx
H -dexam ethasone

F ig . 2. C ap ac ity  o f specific  b in d in g  of 3H -co rtico stero n e  ( th re e  pa irs o f colum ns on  th e  le ft)  
a n d  t h a t  o f 3H -d e x am e th a so n e  (a  p a ir  of colum ns o n  th e  r ig h t)  in  th e  cytosol f ra c tio n  o f m y o ­
ca rd ia l tissu e . G roups a re  as fo llow s: controls — n o n tra in e d  a n d  ad ren a lec to m ized ; s tre ssed  
— adren a lec to m ized  a f te r  t r a in in g ;  A dx before s tre ss  — adren a lec to m ized  tw o  d a y s  befo re

tra in in g

Table I

A ff in i ty  o f  specific  glucocorticoid b ind ing  in  cytosol fraction  
o f  m yocardial tissue after chronic sw im m in g  stress 

in rats ( X l 0 - s M )

Groups n
Time after 

the last 
swim, (days)

3H -corticosterone 3H-dexamethasone

Control 6 l 1.86  -j- 0 .20 0.75 ±  0.10

Stressed 6 l 1.35 ±  0.19 1.01 ±  0.13

Control 6 3 1.01 ±  0.21

Stressed 6 3 1.31 ±  0.12

A ll figures have  b een  ca lcu la ted  from  S ca tch ard  p lo ts

before the training procedure (Fig. 2). The tra in in g  procedure had no effect 
on dexam ethasone b in d in g  (Fig. 2). C orticosterone binding capacity show ed a 
progressive increase after adrenalectom y in  b o th  stressed and control groups 
on the third and e lev en th  days compared w ith  the first day. The a ffin ity  
constants were p ractica lly  unchanged (Table I).
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Therm ostability o f  3H-corticosterone binding

To determ ine the therm ostab ility  o f  3H -corticosterone binding in  the  
cy toso l fraction prepared 3 days after adrenalectom y, it  w as incubated  at 
0 —4 °C and at 37 °C for 3 hours w ith  tritia ted  steroid. Capacity and affin ity  
o f 3H -corticosterone b inding w ere not tem perature dependent (Table II).

Table II

Therm ostability  o f  3H-corticosterone binding  
in  the cytosol fraction  o f  myocardial tissue

No.
Capacity  (fmol/mg protein) A ffinity  K d / ( x 1 0 - sM)

0— 4° 37° 0—4° 37°

l 223 208 1.75 1.70

2 286 278 1.70 1.60

3 190 131 1.85 1.75

M ean ±  S.E . 233 ±  28.5 205 ±  31.2

All figures have been calcu la ted  from  S catchard  p lo ts

Discussion

The present observations indicate th at the capacity  o f specific Cpd В  
binding in the cytosol fraction  o f m yocardial tissue is sign ifican tly  lower as a 
result o f  chronic sw im m ing stress in male rats adrenalectom ized 24 hours 
before the m easurem ent. Under the same conditions dexam ethasone binding  
cap acity  failed to  change. The decrem ent in Cpd В binding cap acity  was 
m aintained on the first day  after the last sw im m ing te s t  and in  som e anim als 
even  on the third and s ix th  day after the end o f  the training procedure. 
Contrary to  the capacity , th e  affin ity  constant o f  specific Cpd В binding  
rem ained unchanged. There was no decrease in the num ber o f Cpd В binding  
sites in  the cytosol fraction  o f myocardial tissue in  anim als w hich had been 
adrenalectom ized before th e  training procedure but there was a progressive 
sign ificant increase o f Cpd В binding sites w hen com pared on th e  first, third  
and 11th day after adrenalectom y. An increase in  th e  num ber o f gluco­
corticoid receptors had previously  been observed after adrenalectom y in several 
tissu es, such as in rat liver [5, 8 ] and heart [12]. On the other hand, the  
train ing procedure w as accom panied w ith  elevated  adrenocortical a ctiv ity  
w hich  was m anifested in  higher plasma Cpd В level after single swim m ing  
te s t , hypertrophy o f th e  adrenal glands and in m uch higher plasm a Cpd В 
leve l at the end o f th e  train ing period. Thus the present results provide an
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ev id en ce  for m odulation o f  th e  num ber o f cytoplasm ic binding sites in heart 
m u scle  b y  adrenal g lycocortico id  secretion.

There is, however, som e discrepancy in  th is explanation , since significant 
in crease  in the num ber o f  sp ec ific  glucocorticoid binding sites w as found for 
b o th  3H-Cpd В and 3H -d exam eth ason e after adrenalectom y [5, 8 , 12] and a 
decrease only in the num ber o f Cpd В sites after conditions associated  with- 
e le v a te d  Cpd В level in  th e  present experim ents. The apparent contradiction  
b etw een  these findings m a y  be resolved by assum ing heterogeneity  o f  specific 
glucocorticoid  binding sites in  heart m uscle. In  several tissues several binding  
s ite s  w ere found capable o f  binding glucocorticoids specifically , e.g. in  the 
liv e r  [5, 14], k idney [11], th y m o cy tes  [25] and brain [13]. The present data  
seem  to  have furnished ev id en ce  as to  the suggested  h eterogeneity  o f  specific 
glucocorticoid  binding s ites in  heart m uscle, viz . (1) increased adrenocortical 
a c t iv ity  caused by train ing affected  only Cpd В binding w hile not having any  
e ffe c t  upon the progressive increase o f the num ber o f binding sites after adrenal­
e c to m y ; (2) while specific  Cpd В binding proved in  th is stu d y  to  be therm o­
s ta b le , specific dexam ethasone binding was found therm olabile [12]; (3) we 
fo u n d  different sed im en tation  profiles for specific dexam ethasone and Cpd В 
b in d in g  (unpublished d ata ). On the basis o f these findings w e believe that 
in  th e  heart, like in som e oth er tissues [5, 8 , 13, 25], a trascortin-like binding  
sy s te m  is available th a t b in d s selectively  Cpd B , along w ith  another receptor 
sy s te m  binding both Cpd В and dexam ethasone.

On the basis o f  our resu lts  it  seems th at chronic stress does not influence  
th o se  m echanisms w hich are responsible for th e  increase in binding capacity  
after  adrenalectom y. The receptor population w hich m ay be affected  by chronic 
stress  seem s to  bind se lec tiv e ly  Cpd В and it  is probably different from re­
cep to rs which bind b oth  Cpd В and dexam ethasone. The cap acity  o f  only  
th is  la tter  type of b inding sy stem  seem s to  be increased after adrenalectom y.

Thus the present resu lts  provide an evidence for m odulation  o f the 
n u m b er o f certain cy top lasm ic  binding sites b y  adrenal secretion, however, 
fu rth er  studies are required to  understand the physiological significance of 
th e se  events.
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EFFECT OF CAROTID SINUS REFLEX 
ON THE CIRCULATION 

OF RATS BEARING GUÉRIN CARCINOMA

By

L. A. D e b r e c z e n i ,  E rzsébet B e c k e r , Lídia M o h a i  a n d  L. T a k á c s

SECOND D EPA R T M E N T OF M E D IC IN E , SEM M ELW EIS U N IV E R S IT Y  M EDICAL SCHOOL, B U D A P E S T

(R eceived  J u ly  10, 1980)

T h e  effect of ca ro tid  occlusion  was s tu d ied  o n  ca rd iac  o u tp u t (E v an s  b lu e  d i lu ­
tio n ) a n d  its  frac tio n a l d is tr ib u tio n  (S ap irs te in ’s iso to p e  frac tio n a tio n  te c h n iq u e )  in  
ra ts  w ith  a n d  w ith o u t G u érin  carcinom a.

In  response to  th e  c a ro tid  sinus h y p e rte n s iv e  re flex  (C SH R ), in n o rm a l ra ts  
blood p re ssu re  and  T P R  w ere  au g m en ted ; v a scu la r re s is tan c e  of th e  k idneys, in te s t in e s , 
sk in  a n d  carcass was in creased . In  tu m o u r b earin g  r a ts  C SH R  resu lted  in  c o m p a ra b le  
in c rem en ts  o f vascu lar re s is tan c e  in various o rg an s. T u m o u r blood flow  re m a in e d  
u n c h an g e d , w hereas v a sc u la r  re sis tan ce  of th e  tu m o u r  was considerably  in c reased .

A reduction  o f blood pressure in the com m on carotid arteries or th e ir  
bilateral occlusion is know n to  result in hypertension  (carotid sinus h yp er­
tensive reflex  =  CSHR) and tachycardia. The baroreceptor a c tiv ity  o f  the  
carotid sinus has been stu d ied  by several in vestigators [18, 27] in  norm o- 
tensive and spontaneously  hypertensive rats (SH R ). D ata by S t r u y k e r - 

B o u d i e r  et al. [29] suggest th a t in SH R  rats th e  augm entation  of to ta l periph­
eral resistance (TPR) is th e  result o f baroreflex-induced sym p h ath etic  
a ctiv ity . N o difference w as found in cardiac in d ex  betw een norm otensive and  
SH R  rats b y  P f e f f e r  and F r ö h l i c h  [22]. In  contrast, cardiac in d ex  w as 
lower in S H R  than  in norm otensive animals [1].

The induction  o f C SH R  — depending in  part on the anaesthesia  — 
appears d ifferentially  to  alter cardiac output, and to ta l and regional resistances  
in various species [24, 14]. E .g ., in  the anaesthetized  dog, blood pressure  
elevation  is prim arily caused by the enhanced vascular resistance. V aso ­
constriction  ensues especially in  skeletal m uscles, k idneys, the splanchnic area 
and the skin vessels [14]. N o such detailed stu d y  is available for th e  rat.

In earlier studies [9, 10] it was found th a t under the effect o f  a lpha or 
beta adrenergic stim ulation  or posthaem orrhagic hypotension, the circu lation  
o f Guérin carcinom a exh ib ited  uniform response pattern: vasoconstriction  in 
all instances. The present exam inations were conducted to  find out how  the  
organ blood flow  o f the host and Guérin carcinom a is influenced by th e  en d og­
enous reflectory  sym pathetic a c tiv ity . To induce the carotid sinus hyper-
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te n s iv e  reflex, a bilateral occlusion  of the com m on carotid arteries w as carried 
o u t. D a ta  of carotid occlu d ed  rats were com pared between groups o f  normal 
an d  tum our-bearing an im als.

Methods

A n im a ls :  Male ra ts  f ro m  th e  C FY  (L A T I, G ödöllő ) s tra in  were used. T h ey  w ere  s ta rv e d  
fo r  24  h  p rio r to th e  s tu d ies , w i th  free access to  t a p  w a te r . T hey  w ere a n a e s th e tiz e d  w ith  
5 0  m g /k g  N a  p e n to b a rb ita l  in je c te d  in trap erito n ea lly .

C S H R  and blood pressure  m easurem ent. F o r th e  in d u c tio n  of C SH R , th e  co m m o n  caro tid  
a r te r ie s  w ere  ligated  below  th e  s in u s  on b o th  sides w h ile  b ila te ra l lig a tu res  w ere  p lac ed  also

m m H g
A

2 0 0 1 1

ОCD

uyik

I m i j

120 -j
Pi

▼
2.

I I 

1. Prep.

24 22 20 10 8 6 4 2 0 min

Fig. 1. E ffec t o f b i la te ra l  caro tid  occlusion  o n  b lood  pressure  in th e  r a t

o n  th e  in te rn a l and e x te rn a l c a ro t id  a rteries above  th e  sinus. Blood p ressure  w as m o n ito red  
in  t h e  fem o ra l a rte ry , b y  a m e rc u ry  m anom eter. In  c o n tro l anim als, th e  a rte rie s  w ere  exposed 
b u t  no  lig a tio n  was perfo rm ed .

I n  a  p ilo t s tu d y  (6  r a ts )  b lo o d  pressure  in th e  fe m o ra l a r te ry  was m o n ito red  b y  a  S ta th a m  
P 2 3 D b  ty p e  e lec tro m an o m ete r a n d  m ean blood p re ssu re  w as recorded by  a R ik a d e n k i M ark 
I I  В  3 6 -ty p e  com pensograph  ( J a p a n )  a t a chart sp eed  o f  1 cm /sec. T he freq u en cy  tran sm iss io n  
o f  t h e  m a rk in g  pen w as 2 H z p e r  to ta l  ch art w id th . F o llow ing  caro tid  lig a tio n , b lo o d  p ressure  
r e a c h e d  i ts  m axim um  in 3 — 5 sec a n d  stabilized  a t  th is  lev e l th ro u g h o u t th e  w hole  o b se rv a tio n  
p e r io d  (90 m in , Fig. 1).

M easurem ent o f  cardiac o u tp u t and its fra c tio n a l distribution. O rgan flow  d is tr ib u tio n  
w as  e s t im a te d  by  th e  ra d io a c tiv e  iso tope  fra c tio n a tio n  tec h n iq u e  [25, 26, 32] u s in g  1 — 2 /rCi 
125I - a n t ip y r in e  and 8 — 10 pC i 86R b C l in jected  in to  th e  fem o ra l vein. F if ty  se v e n ty  sec a fte r 
t h e  iso to p e  in jection  ca rd iac  o u tp u t  was e s tim a ted  b y  E v a n s  blue d ilu tion  o f w h ich  0.3 ml 
o f  0 .7 5 %  solu tion  was in je c te d . T h e re a fte r, 12 — 15 b lo o d  sam ples 20 p i  in v o lu m e  w ere col­
le c te d  a t  0.67 sec in te rv a ls  f ro m  th e  com m on c a ro tid  a r te ry .  T h ey  w ere d ilu te d  w ith  3 ml 
o f  b u f fe re d  saline so lu tion  a n d  d y e  co ncen tra tion  w as e s tim a te d  in a S p ek tro m o m  360 sp ec tro ­
p h o to m e te r  (H ungary) a t  600 n m . T h e  am oun t o f b lo o d  re q u ire d  for th e  e s tim a tio n  o f card iac  
o u t p u t  d id  no t a lte r th e  86R b  u p ta k e  by  organs [32] s ince  b y  th a t  tim e  m ore th a n  95%  of th e  
in je c te d  86R b  h ad  a lread y  b e en  e x tra c te d  b y  th e  o rg a n s  fro m  th e  c ircu la tion . A n im als were 
k i l le d  b y  an  i.v. in jec tion  o f  s a tu r a te d  KC1, 10— 15 sec a f te r  card iac  o u tp u t  h a d  b een  esti­
m a te d .  O rgans were w eighed  a n d  th e ir  r a d io a c tiv ity  w as d e term ined  in  sp ec im en s using 
a  th a ll iu m -a c tiv a te d  sod ium  io d id e  c ry sta l d e te c to r a n d  a  N uclear Chicago ty p e  1085 linear 
s c a le r  (U .S .A .).

T u m o u r inoculation. G u é rin  carcinom a cells m a in ta in e d  in ra ts  [19] w ere  in je c te d  in to  
t h e  r ig h t  ax illary  region u n d e r  s te rile  conditions a n d  e th e r  anaesthesia . T h e  cell co u n t was 
n o t  e s t im a te d  before in o cu la tio n .
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Protocol: T u m o u r-b earin g  an im als w ere d iv id ed  random ly  in to  2 g ro u p s . E x p erim en ts  
w ere  perform ed 2 weeks p o s t- tra n sp la n ta tio n . N o n -tu m o u r-b earin g  an im als a re  c a lled  normal 
in th is  s tu d y .

Variables : T he o rg an  frac tio n  o f card iac  o u tp u t  is th e  q u o tien t o f  ra d io a c tiv it  y o f an 
o rg a n  an d  ra d io ac tiv ity  o f th e  to ta l  body  and  is given in per cent. In  th e  kn o w led g e  o f  cardiac 
o u tp u t ,  organ  frac tio n  a n d  o rg an  w eigh t th e  n u tr i t iv e  blood flow for 100  g o rg a n  w as cal­
c u la ted . In  th e  know ledge o f blood pressu re  an d  o rg an  flow s, th e  c irc u la to ry  re s is tan ce  of 
o rg an s was calcu la ted  w ith  th e  p resu m p tio n  th a t  th e  c en tra l venous p re ssu re  is zero. This 
m e th o d  is n o t su itab le  for th e  e s tim a tio n  o f c ircu la to ry  resistance  of o rgans w ith  a  d u a l blood 
su p p ly  such as th e  lungs an d  th e  liv e r [32]. B y carcass we m ean  th e  p a rts  (sk e le to n  a n d  m uscle, 
sp in a l cord , pe rip h eral ne rv o u s sy s tem , e tc .) rem a in in g  a f te r  rem oval o f  th o ra c ic  an d  ab ­
d o m in a l organs, th e  sk in  a n d  th e  b ra in .

A fte r th e  f irs t c ircu la tio n  tim e  th e  q u o tie n t o f  tu m o u r per to ta l  b o d y  ra d io a c tiv ity  
re m a in e d  unchanged , th u s  tu m o u r blood flow  could  be e s tim a te d  on th e  basis o f  8eR b  accum u­
la tio n  [13, 30, 34].

P a ra m e te rs  for b ra in  c ircu la tio n  w ere e s tim a te d  b y  125I-an tip y rin e  w hile  th o se  fo r o th er 
o rg an s  b y  8GR b accu m u la tio n .

E xperim ental sequence: A n aesth esia ; record ing  of blood pressure  in  th e  fe m o ra l a r te ry ; 
b ila te ra l  caro tid  occlusion (C S H R ); a b o u t 10 m in  la te r  blood p ressure  re co rd in g ; in jec tio n  of 
ra d io a c tiv e  labels; 50 -6 0  sec la te r  beginning of b lood sam pling  for e s tim a tio n  o f  cardiac  
o u tp u t ;  10— 15 sec a f te r  th e  b lood collection , sacrifice . Sham -o p era ted  an im a ls  w e re  tre a te d , 
in th e  sam e w ay ex cep t for c a ro tid  occlusion.

S ta tis tica l ev a lu a tio n  o f d a ta  was p e rfo rm ed  b y  tw o -ta iled  t te s t  o r b y  F  te s t  where 
a p p ro p ria te  [2 , 28].

Results

R esults are shown in Table I.
Organ fractions o f cardiac output in normal control anim als w here the 

sam e as those estim ated earlier [9, 10, 11, 30, 33].
In normal rats with carotid occlusion arterial blood pressure increased by 

26%  mm Hg, whereas circulatory resistance o f  the to ta l body, b y  30% . O f the 
organs tested  in response to  CSH R, skin blood flow  decreased b y  30% ; circu­
la tory  resistance in the k idneys, in testines and carcass increased b y  25 —-30%, 
w hile in the skin by 70% ; skin fraction o f cardiac output was reduced .

In the tumourous control anim als as com pared w ith the h ea lth y  controls, 
cardiac index was higher by 18% , T PR  decreased by 18%; b lood  flow s to  
sk in  and carcass were augm ented by 25 —30% , circulatory resistan ce  in the 
brain, skin and carcass dropped by 2 0 —25% ; the fractions o f  cardiac output 
in m yocardium , k idney, in testines and carcass were reduced. T hese changes 
were similar to  those found earlier in  th is laboratory [9, 10, 30].

In tumour-bearing carotid occluded rats as compared to resp ective  control 
(tum our bearing) va lues, blood pressure was higher by 27 m m  H g, whereas 
T P R  increased by 30% ; blood flow  to  the brain b y  20% , w hile sk in  perfusion  
w as reduced by 25% ; circulatory resistances were augm ented b y  15 —25%  for 
th e  k idneys, in testines and carcass, and b y  7 0 —80% for the sk in  and the 
tum our. Rrain, m yocardial and kidney fractions o f  cardiac ou tp u t w ere higher 
w'hereas its skin fraction w as reduced.

In  tumour-bearing an im als with carotid occlusion as com pared w ith  values 
for norm al carotid ligated rats, the cardiac index  w as higher b y  22% , T P R  by
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Table I

E ffec t o f carotid s in u s l ig a tio n  on the circulation o f  norm al and  tumour-bearing rats

N u m b e r of
N orm al g roups Tum our groups

observations
Control

21
C arotit sinus ligated 

15
Control

18
Carotid sinus ligated 

18

T o ta l body

B o d y  w eigh t 
(B W ), g 250.0 6.56 247.0 ± 6.60 264.0 ± 6.42 266.0 ± 5 .6 0 0

B lo o d  p res-
su re ,
m m H g  

C a rd ia c  in-
117.0 -±- 2.97 143.0 ± 4.60* 113.0 ± 2.40 140.0 ± 3 .76*

d e x , m l/m in  
p e r  1 0 0  g 
B W 25.9 ■ 1.27 24.1 1.15 30.6 ± 1.70O 29.3 ± 0.99И

R e s is ta n c e ,
104 cgs /1 0 0  
g B W 37.8 ± 1.92 48.3 ± 2 .11* 31.0 1.80O 39.2 ± 1 .8 3 * a

T  u m o u r

W e ig h t 20.4 ± 1.51 18.4 ± 1.86
B lo o d  flo w 24.6 ~T~ 1.77 21.1 2.27
R e s is ta n c e 40.6 ± 3.42 68.4 _L 10 .2 0 *
F ra c tio n 6.06 ± 0.45 4.95 ± 0.61

B r a in

B lo o d  flow 29.7 ± 2.18 31.1 ± 1.54 35.3 -4- 2.51 42.6 ± 2 .4 3 0 И
R e s is ta n c e 34.3 ± 2.21 37.4 ± 1.50 27.7 2.15 27.9 ± 1.80H
F ra c tio n 0.79 0.046 0.89 A- 0.042 0.78 ± 0.036 0.98 4 . 0 .0 7 4 0

H ea rt

B lo o d  flow 146.0 9.78 150.0 ± 12.63 144.0 ± 6.19 158.0 ± 9.79
R e s is ta n c e 7.0 ± 0.54 8.1 zb 0.50 6.5 0.34 7.5 ± 0.49
F ra c tio n 1.87 ± 0.097 1.94 ± 0.13 1.51 ± 0.053* 1.82 ± 0.13O

K id n e y

B lo o d  flo w 396.0 ± 17.3 392.0 19.3 394.0 ± 21.1 413.0 4~ 15.2
R e s is ta n c e 2.4 ± 0.11 3.0 ± 0.16* 2.4 ± 0.13 2.8 ± 0.15*
F r a c tio n 16.1 ± 0.45 16.7 0.44 14.1 ± 0.26* 15.4 -J- 0 .4 3 0 0

In tes tin e s

B lo o d  flow 78.5 ± 4.95 74.4 Л- 5.47 86.3 ± 4.83 86.5 ± 5.16
R e s is ta n c e 12.9 ± 0.89 16.7 ± 1.570 10.9 -j- 0.57 13.8 ± 0.90O
F r a c tio n 18.1 -j- 0.76 17.8 ± 0 .8 6 15.1 ± 0.52* 15.8 ± 0.80

S k in

B lo o d  flow 14.0 ± 0.87 9.78 ± 0.79* 18.2 ± 1.31* 13.1 ± 1 .0 2 * 0

R e s is ta n c e 72.1 ± 5.05 124.0 ~T~ 7.68* 54.2 ± 4 .3Ю 97.2 ± 9 .0 2 * 0
F ra c tio n 10.2 ± 0.47 7.3 ± 0.37* 10.3 ± 0.54 7.7 ± 0 .43*
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Table I  ( co n tin u ed )

N orm al groups Tum our groups
N um ber o f | _________________________________________________ !___________

Control Carotid  sinus ligated
18 18

Carcass

Blood Flow 16.2 ± 0.90 15.9 ± 0.85 20.3 ± 1.370 19.3 ± 0 .80B
R esistance 61.1 ± 3.33 76.4 ± 3.88* 48.1 ± 3.660 60.3 ± 3 .4 2 0 И
F rac tio n 42.4 ± 1.14 43.6 1.08 40.2 zh 0.97 40.9 ± 1.23

observation

Symbols

C om parisons О •  N o rm a l (contro l) — N orm al (c a ro tid  sinus ligated) 
N o rm a l (con tro l) T um our (co n tro l)
T u m o u r (contro l) T u m o u r (c a ro tid  sinus ligated)

□ П N o rm a l (caro tid  sinus lig a ted ) — T u m o u r

w ith  no sym bol: n o t  significant

O D  p  <  0.05
•  В p  <  0.01

U nits: O rgans: B lood flow m l/m in/100 g o rg an

R esistance: 104 CGS/100 g organ  
F rac tio n : per cent

19% ; blood flow s to  brain, skin and carcass w ere augmented by 2 0 —35%  
and the vascular resistance o f the m yocardium  (8% ), skin (20%) and carcass 
(20% ), and organ the fraction  for the kidneys reduced.

Discussion

Induction o f  C S H R :  For the iso lation  o f carotid sinus, vesse ls  were 
ligated below  and ab ove th e  sinus. In rats w ith  carotid occlusion, b lood  flow  
to  the brain did not differ from that o f sham -operated controls in d ica tin g  
th at deterioration o f  cerebral circulation (cerebral hypoxia) was n o t essen ­
tia lly  involved  in th e  changes observed. In con trast, acute bilateral ex tirp a ­
tion  of the carotid bifurcation  performed under ether anaesthesia in K r i e g e r ’s 
studies [15, 16] was fo llow ed by death of th e  aw ake animals. The d ifferences 
in sen sitiv ity  o f rat strains and the different responses by awake and a n a esth e t­
ized anim als m ight serve as explanation. In  th e  dog, cat and rabb it after  
carotid occlusion th e  carotid sinus is filled w ith  blood in retrograde w ay  from  
the vertebral arteries and the circle o f W illis and so the normal in trasinusoidal 
blood pressure is soon restored [8]. Our resu lts appear to  suggest a sim ilar  
response to carotid occlusion by the rat strain used.
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N o rm a l anim als

B lood  pressure, cardiac index, T  P R . In  th e  present study, th e  CSH R - 
in d u ced  blood pressure e lev a tio n  was u n eq u ivoca lly  caused by an au gm en ta ­
t io n  o f  T P R  w ithout ch an ges in cardiac in d ex . O l m s t e d  et al. [20] suggest 
th a t  in  dogs dining th e  in d u ction  o f CSHR th e  change in cardiac o u tp u t is a 
fu n c tio n  o f  its basal level: i .e . an in itially  low  cardiac output tends to  increase  
d u rin g  CSH R whereas a h ig h  cardiac ou tp u t rem ains unaltered. Our resu lts  
are in  agreem ent w ith  th e  m ajority o f observation s made in  an aesth etized  
d ogs w here the C SH R -induced blood pressure e levation  could be ascribed  to  
th e  increased  TPR  [3, 4 , 14, 23, 24].

Organ blood flo w s a n d  resistances. B lood  flow  to  the skin decreased  
w h ereas th a t to  the other organs remained unchanged . The sm allest increm ents  
in  vascu lar  resistance w ere observed in th e  coronaries and brain v esse ls . The 
in crease  w as higher in th e  k id n eys, the carcass and  in  the intestines (25 —29% ), 
w h ile  th e  highest one w as noted  in the vascu lar resistance of the sk in  (72% ). 
In  dogs and cats, CSH R augm ents the c ircu latory  resistance especia lly  in  th e  
sk e le ta l m uscles, but renal vasoconstriction  is also known to occur under such  
c o n d itio n s  [5, 6, 7, 14]. In  anaesthetized dogs B o n d  and G r e e n  [4] fou n d  no 
ch a n g e  in  the vascxdar resistance o f the skin during CSHR, other in vestigators  
rep o rted  on slight vasoconstriction  [12, 14]. B lood  perfusion of skeletal m uscle  
w a s n o t  measured in  th is  stu d y , blood flo w  to  th e  carcass, how ever, is pri­
m a r ily  determ ined by m uscle  perfusion. T hus, changes in skeletal b lood  flow  
m ig h t overlap w ith th ose o f  muscle perfusion, b u t species differences m ight 
also  accou n t for the difference. It  appears th a t th e  skin vessels are th e  m ost 
se n s it iv e  to  sym pathetic stim ulation .

Tum our-bearing anim als

B lood pressure, cardiac index, T P R , organ blood flow s. In earlier stu d ies  
[10 , 30 , 31] we have show n th a t parallel w ith  th e  growth of Guerin carcinom a  
an in crease occurs in cardiac output and organ blood flows, w hile T P R  and  
reg ion a l resistances fall and  there is an overall vasodilation. Sim ilar changes 
h a v e  been  observed in th e  tum ourous controls o f  th e  present series. In  response  
to  C S H R , no changes w ere seen in cardiac o u tp u t and organ blood flo w  w ith  
th e  excep tion  of the sk in , whereas TPR and organ vascular resistances were 
au g m en ted . The differences betw een the tum ourous controls and th e  tum ourous 
carotid-occluded  groups w ere not different from  th e  respective va lues betw een  
th e  norm al groups. H ence, i t  appears th at th e  presence of a tum our and the 
en su in g  general vasod ilation  do not essentia lly  affect the CSH R -induced sym ­
p a th e tic  activation as show n by the haem odynam ic responses.

Tum our-circulation. T he 68% increm ent in  the vascular resistan ce o f  
G uérin  carcinoma is com parable to  that o f  th e  skin. It therefore seem s th a t in
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tum our-bearing anim als, in addition to  skin blood flow , circulation o f  th e  
tum our is one o f the decisive factors in the C SH R -induced blood pressure  
elevation . In our earlier exam inations [9, 10] a considerable vasoconstriction  
has been observed in tum our vessels after haem orrhage or phenylephrine  
treatm ent. The vasoconstriction  during haem orrhage was attributed  to  th e  
increase in  the blood catecholam ine level. W e suggest a similar m echanism  for 
th e  constriction of tum our vessels induced likew ise b y  sym pathetic a c tiv a tio n  
in th e  present study.
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EFFECTS OF PROSTAGLANDINS 
ON CATECHOLAMINE METABOLISM 

OF THE CENTRAL NERVOUS SYSTEM IN RATS
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G. T e l e g d y

D EPA RTM EN T OF PATHO PHY SIOLOG Y , U N IV ER SITY  M ED IC A L SCHOOL, SZEGED, H U N G A R Y

(R eceived  A ugust 15, 1980)

T he effects o f 5 p g  p ro s tag lan d in  (PG ) A „  E ,,  E 2 and F 2a|pha in je c te d  in tra -  
c e reb ro v en tricu la rly  (i.e .v .) in to  conscious m ale  r a ts  w ere studied  on th e  c a tec h o lam in e  
co n te n ts  o f c e rta in  b ra in  a reas a t  d iffe ren t t im e s  a f te r  ad m in istra tion . P G E ,  led  to 
increased  dopam ine  (D A ) co n ten ts  in  th e  h y p o th a la m u s  10, 20 and  60 m in , a n d  in  th e  
se p ta l region 20, 60 a n d  90 m in  follow ing in je c tio n . P G E , raised DA levels in  th e  h y p o ­
th a la m u s  20 m in , a n d  in  th e  sep tu m  20 a n d  60 m in  a fte r  i.e.v. a d m in is tra tio n . PG A , 
a n d  PG F^ipi,., p ro v ed  to  b e  ineffective  as re g a rd s  th e  DA  conten ts, w h ile  n o n e  o f th e  
PG s stu d ied  a lte re d  th e  n o rad ren a lin e  (N A ) c o n te n ts  o f different b ra in  a rea s . D is­
ap p ea ran ce  of D A  w as s ign ifican tly  enhanced  in  th e  h y p o thalam us an d  in  th e  se p tu m , 
w hile N A  d isap p earan ce  r a te  was increased  o n ly  in  th e  hypo thalam us a f te r  P G E , and  
P G E , i.e .v . in jec tio n  in a lp h a -m e th y l-p -ty ro s in e  tre a te d  rats.

A  number o f data suggest that there is certain  interrelationship betw een  
PGs and catecholam ines [3] as well as acethylcholine in both the peripheral 
and central nervous system  [2, 9, e tc .]. The catecholam ines augm ent PG  b io­
syn th esis , and it is possible th at these biogenic am ines may serve as coenzym es  
regulating the in vivo  b iosynthesis o f  PGs (6 ,8). On the other hand, it  has also 
been suggested that PGs m ay play the role o f  a neuromodulator in th e  catechol-  
am inergic neurotransm ission o f the CNS [1 , 5]. These observations have  
prom pted us to  in vestigate the effects of cen tra lly  administered P G s on the  
catecholam ine contents o f  different brain areas in male rats.

Methods

T h e  experim ents w ere c a rried  o u t on  m ale C FY  a lb in o  ra ts  weighing 160— 200 g. A  p o ly ­
e th y le n e  can n u la  was im p la n te d  in to  th e  la te ra l v e n tr ic le  a n d  5—7 days la te r  P G s  w ere  in ­
je c te d  th ro u g h  th e  can n u la  in  a  dose of 5 pg  d issolved in  5 /il physiological sa lin e , w h ile  th e  
c o n tro ls  received  5 /Л saline . D A  an d  N A  co n ten ts  o f  th e  hypo thalam us, a m y g d a la ,  sep ta l 
reg ion , d o rsa l h ip pocam pus, s tr ia tu m  and  m esen cep h a lo n  w ere  m easured 0, 10, 20 , 60, 90 and  
120 m in  a f te r  th e  in jec tio n  [7]. T h e  catecho lam ine  d isa p p ea ran c e  ra te  was s tu d ie d  in  a lp h a- 
m e th y l-p -ty ro s in e  (a -M P T )-trea ted  an im als (250 m g /k g  b .w . given i.p. 3 h  befo re  d e c a p ita tio n  
a n d  1 h  p rio r to  i.e.v . P G  in jec tion ). P G E ,, P G E , a n d  a -M P T  were pu rch ased  fro m  Sigm a 
C hem . Co., S t. Louis, Miss. U SA , w hile PG A , an d  P G F 2a|p[,a were k indly p ro v id ed  b y  U p jo h n  
Co., K a lam azoo , M ich., U SA . S ta tis tic a l ev a lu a tio n  o f  tn e  resu lts  was m ade b y  a n a ly s is  of 
v a rian ce .
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Results
V'"’

P G E 2 increased th e  D A  content o f th e  hypothalam us 10 (P  <  0.01), 
20 (P  <  0.001) and 60 m in  (P <  0.001) after th e  injection (Fig. 1). PGE., 
in d u ced  similar changes in  the DA levels o f  th e  septal region after 20, 60 
(P <  0.001) and 90 m in (P  <  0.01), while n o t altering the D A  co n ten ts  of  
o th er  brain areas (F ig . 1). T he i.c.v. injection  o f  PG E j produced less m arked  
ch an ges in the D A  lev e ls  th a n  did PGE2, h ow ever, the tendency was th e  sam e, 
sign ifican tly  higher D A  con ten ts being observed  in  the hypothalam us 20 min 
(P <  0.05), and in th e  sep tu m  20 and 60 m in (P  <  0.001) following adm in istra­
t io n  (F ig. 1). 120 m in a fter  PG Ej and P G E 2 trea tm en t the DA levels returned  
to  th e  starting values in  a ll brain areas.

PGAj and P G F 2 alpha had  no effect on D A  con ten ts, and none o f  th e  PGs 
u sed  were effective in  ch an gin g  the NA co n te n ts  o f different brain areas in 
th e  tim e intervals s tu d ied .

An appreciably en h an ced  DA disappearance in response to  P G E 2 was 
ob served  in the h yp o th a la m u s (P <  0.001) an d  in  the septal region (P  <

min min
F ig . 1. E ffec ts of in je c tio n  o f  5 fi  g PG E! or P G E , in to  t h e  la te ra l  ventricle  o f co n sc io u s r a ts  
o n  d o p am in e  (DA) c o n te n ts  o f  d iffe re n t brain areas. A rro w s  in d ica te  tim e of i.c .v . a d m in is t ra ­
t io n .  E a c h  po in t and  v e r t ic a l  l in e  represen t th e  m e a n  a n d  s ta n d a rd  error o f 12— 24 an im als . 

Broken line : sa lin e - in je c te d  control; solid lin e : P G E , ;  d o tte d  line: P G E j
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Hypothalamus 
a-MPT PG t

Striatum

Septum
a;-MPT PG t

F ig. 2. E ffects o f 5 fig  P G E t o r P G E 2 adm in iste red  i.c .v . on  d o p am in e  (D A ) d isap p ea ran ce  
in d u ced  in d ifferen t b ra in  a rea s b y  a lp h a -m e th y l-p -ty ro s in e  t re a tm e n t  (a-M PT  250 m g/kg 
b.w . i.p .). A rrow s in d ica te  tim e  o f a-M PT  and  PG  a d m in is tra tio n , an d  th e  cross show s th e  
tim e  o f d ecap ita tio n . B ro k en  line : co n tro l; solid line : P G E t ; d o tte d  line: P G E 2. E ac h  p o in t 

rep re sen ts  th e  m ean  a n d  s ta n d a rd  e rro r o f 12 — 24 an im als

Hypothalamus
oi -MPT PG t

Amygdala

Septum
a-MPT PG t

Mesencephalon

F ig. 3. E ffec ts o f  P G E j a n d  P G E 2 on  no rad ren a lin e  (N A ) d isa p p ea ran c e  from  d iffe ren t b ra in  
s tru c tu re s  a f te r  in h ib itio n  o f  sy n th es is  w ith  a!pha-m et h y l-p -t y rosine. (F o r d e ta ils  see F ig . 2.) 
B roken  line: con tro l; solid  lin e : P G E t ; d o tte d  line: P G E 2. E a c h  p o in t rep re sen ts  th e  m ean

a n d  s ta n d a rd  erro r o f 1 2 — 20  an im a ls
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<  0 .0 1 ), and after P G E X in jectio n  in  the hypothalam us (P  <  0.01) and in 
th e  sep tu m  (P <  0.001) in oc-MPT-treated rats (F ig . 2).

T h e  N A  disappearance rate follow ing catecholam ine syn th esis  inhibition  
w ith  «-M PT  was increased in  th e  hypothalam us after i.c .v . in jection s o f PGE]  ̂
and P G E 2 (P <  0.05) (F ig. 3).

D iscussion

In  th e  present in v estig a tio n  P G E X and P G E 2 altered the catecholam ine  
c o n te n ts  o f  the hypothalam us and septal region. P G E 2 evok ed  th e  m ost 
pron ou n ced  changes in the D A  contents of b oth  CNS areas, nevertheless P G E t 
to o  cau sed  significant increases in D A  contents. The fact th a t PGA^  ̂ and 
P G F 2 alpha did not alter th e  D A  levels in th e  sam e CNS regions suggests that 
th e  a ctio n s o f PG Et and P G E 2 m ight be specific. In vestigation  o f  the effects 
o f  P G s on a-M PT-induced catecholam ine disappearance rate in d icated  that 
th e  rise  in  DA levels is a resu lt o f  an increase in  the neuronal a c t iv ity  o f  the 
catecholam inergic system  in  th e  CNS. Our data, dem onstrating th e  actions of 
P G s from  the E series on th e  central catecholam inergic system , support the 
co n cep t th a t a PG—catecholam ine interaction m ay be im portant in  th e  CNS 
e ffec ts  o f  the tw o substances [1, 5].

R E F E R E N C E S

. B e r g s t r ö m , S., F a r n e b o , L . O ., F u x e , K .: E ffec ts  o f p ro s tag lan d in  E 2 on  c en tra l and 
p e r ip h e ra l ca techo lam ine  n e u ro n s . E u r. J .  P h a rm aco l. 21, 362— 368 (1973).

2. H á r s in g , L. G. J r . ,  I l l é s , P ., F ü r s t , S., V iz i , E . S., K n o l l , J . :  T he e ffec t o f  p ro s tag lan d in
E j  o n  acethylcholine re lease  fro m  th e  c a t b ra in . A c ta  physio l. A cad . Sei. hu n g . 54, 
177— 185 (1979).

3. H e d q v is t  P .: A utonom ic n e u ro tra n sm iss io n . In : P . W . RAMWELL(Ed.), T he P ro s ta g lan d in s
I. P len u m  Press, N ew  Y o rk — L o n d o n , pp . 101— 131 1973.

4. K a r im , S. M. M., H il l ie r , K .:  G enera l in tro d u c tio n  a n d  som e p h a rm aco lo g ica l actions
o f  p ro stag lan d in s. In :  S. M. M. K a rim  (E d .), T he P ro s ta g lan d in s , P ro g re ss  in  R esearch . 
W iley -In te rsc ien ce , N ew  Y o rk , p p . 1— 46 1972.

5. N a k a n o , J . :  G eneral p h a rm a co lo g y  o f p ro s tag lan d in s . In : M. F . Cu t h b e r t  (E d .) , The
P ro s tag lan d in s . P h a rm ac o lo g ic a l a n d  T h erap eu tic  A dvances. J .  B . L ip p in c o tt  Com p., 
P h ilad e lp h ia , pp. 23— 124 1973.

6 . S i h , C. J . ,  T a k eg u c h i, C. A .: B io sy n th e s is . In : P . A. R a m w ell  (E d .), T h e  P ro s ta g la n d in s  I.
P le n u m  Press, N ew  Y o rk — L o n d o n , p p . 83— 100 1973.

7. S h e l l e n b e r g e r , M. K ., G o r d o n , J .  H .: R a p id , sim plified  p ro ced u re  fo r  sim u ltan eo u s
a s sa y  of norep inephrine , d o p a m in e  a n d  5 -h y d ro x y try p ta m in e  fro m  d isc re te  b ra in  areas. 
A n a l. Biochem . 39, 356— 372 (1971).

8 . T a k e g u c h i , C., K o hn o , E .,  S i h , C. J . :  M echanism  of p ro s ta g la n d in  b io sy n th es is , I . C harac­
te r iz a tio n  and assay  of b o v in e  p ro s ta g la n d in  sy n th e ta se . B io ch em istry , 10, 2372— 2378 
(1971).

9. V i z i , E . S.: P resy n ap tic  m o d u la t io n  o f neu rochem ical tran sm iss io n . P ro g r. N eurob io logy
12 , 181— 290 (1979).

G yu la  T e l e g d y

O rvostudom ányi E gyetem  K órélettan i Intézete  
H -6701  Szeged, Sem m elweis u. 1. Pf. 531, H ungary

.Acta Physiologica Academiae Scientiarum Hungaricae 57, 1981



Acta Physiologica Academiae Scientiarum Hungaricae, Tomus 57 (3), pp. 225—231 (1981)

EFFECT OF PITUITARY INTERMEDIATE LOBE 
EXTRACT ON STEROID PRODUCTION BY THE 

ISOLATED ZONA GLOMERULOSA AND FASCICULATA
CELLS*

B y

K atalin  S z .  S z a l a y

IN S T IT U T E  OF EX PER IM EN TA L M ED IC IN E , H U N G A RIA N  ACADEMY O F SCIENCES, B U D A PE ST  

(R ece iv ed  S e p tem b e r 26, 1980)

T h e  effect of in te rm ed ia te  lobe e x tr a c t  ( IL E ) on  a ldosterone  an d  co rtico s te ro n e  
p ro d u c tio n  of th e  zona g lom eru losa  cells a n d  on co rtico s tero n e  p ro d u c tio n  o f th e  zona 
fa sc ic u la ta  cells w as in v es tig a ted .

T h e  slope of th e  d o se -resp o n se  cu rv e  of IL E  d ilu tio n  w as s teep e r t h a n  th a t  
o f ай-39  A C TH  m easured  on zo n a  g lom erulosa  s te ro id  p ro d u c tio n . T h e  E D 50 o f  b o th  
IL E  a n d  A C TH  was low er w hen  m easu red  on zona g lom eru losa  th a n  on zona  fa sc ic u la ta  
s te ro id  p ro d u c tio n .

I t  is supposed  th a t  a  h o rm o n e  (or som e o th e r  su b s tan ce) in IL E  a lte rs  th e  sen ­
s i t iv i ty  to  ACTH of th e  zona g lom eru losa  cells.

In addition  to  the know n factors controlling aldosterone secretion , 
several authors presume th a t a so far unidentified  hormone ex ists  in  the  
pitu itary; the hormone is not identical w ith  ACTH and plays a role in the  
regulation o f aldosterone secretion. P articipation  o f growth horm one in  the  
regulation o f aldosterone secretion w as repeatedly suggested [9, 10] and  
rejected [7].

Studies in recent years have called a tten tion  to  the neurointerm ediate  
lobe o f  the p itu itary and its  horm ones. Our hypothesis was that perhaps in  
th is lobe w e could find the “ unidentified  adrenuloglom erulotropin” .

W e studied  the effect o f  interm ediate lobe extracts on the steroid  pro­
duction  b y  isolated  zona glom erulosa and fasciculata cells and com pared its  
effect w ith  th a t o f  «h”39 ACTH, to  find  out w hether besides ACTH a sub­
stance ex isted  acting on zona glom erulosa steroid production.

Methods

Chemicals

S y n th e tic  h u m an  0th“ 39 A C TH  w as su p p lied  by  th e  N a tio n a l P i tu ita ry  A g en cy , B a lt i­
m o re , M ary lan d , USA, an ti-a ld o s te ro n e  a n tise ru m  (Sheep 088) by  th e  N a tio n a l I n s t i tu te  
o f A r th r itis  a n d  M etabolic  D iseases, N IH , B e th e sd a , M ary lan d , USA T he fo llow ing  su b ­

* P re se n te d  in  p a r t  a t  th e  X H th  A c ta  endocrino log ica  Congress, Ju n e  1979, M unich . 
R e p o rte d  in  p a r t  as a n  a b s tra c t in : A c ta  endocr. (K b h .)  Supp l. 225, 347 (1979).
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s ta n c e s  w ere p u rch ased : b o v in e  serum  a lb u m in : P h y la x ia ,  H u n g a ry ; co llagénase  ( ty p e  I) : 
W o rth in g to n  C hem ical C o rp o ra tio n , USA; d eo x y rib o n u c lea se  (D N ase I): S igm a C hem ical Co., 
U S A ; —  a n d  (1,2-H 3) a ld o s te ro n e  from  th e  R ad io ch em ica l C en tre , A m ersham , E n g lan d .

P repara tion  and incubation  o f  adrenal cells

M ale CFY ra ts  o f  2 5 0 — 300 g were used . T h ey  w e re  fed  a  s tock  d ie t o f r a t  chow  (L A T I, 
G ödöllő). In  each e x p e rim e n t fo r ty  ra ts  w ere k illed  b y  d e c a p ita tio n  a n d  th e  a d ren a l g lands 
w ere  d issec ted  free o f  f a t  a n d  p lac ed  till processed  in  ice co ld  K re b s-R in g e r b ic a rb o n a te  b u ffer 
c o n ta in in g  2 g/1 glucose a n d  40 g/1 bovine a lb u m in  w ith  th e  p o tassiu m  co n ce n tra tio n  a d ju s te d  
to  3.7 m eq/1 (K R B G A ). T h e  c ap su la r  lay e r, co n sis tin g  p re d o m in an tly  o f zo n a  g lom eru losa  
cells, w as sep a ra ted  fro m  th e  zo n a  fascicu la ta , re tic u la r is  a n d  m edulla  u n d e r  a  d issec ting  
m ic ro sco p e , according to  th e  m e th o d  of T a it  e t al. [14]. F o r  d ispersion  o f cells fro m  th e  c ap su ­
la r  a n d  in n er zones o f th e  a d re n a l,  th e  tissue  was m in c e d  w ith  scissors an d  in c u b a te d  a t  37 °C 
u n d e r  carbogen  a tm o sp h e re  in  a  shak ing  in cu b a to r (100 cycles/m in) fo r 2 x 2 5  m in u te s  w ith  
co llagenase  (2 m g/m l) a n d  D N ase  (0.1 m g/m l) d isso lved  in  K R B G A , 1 m l fo r tw o  capsu les a n d  
1 m l fo r  th e  inner lay e rs  o f  o n e  ad renal. D uring  a n d  a f te r  in cu b a tio n , d ispersion  o f  th e  cells 
w as en h an ced  w ith  m ec h an ic a l d isru p tio n  b y  re p e a te d  (25 X ) a sp ira tio n  in to  a  glass p ip e tte . 
T h e  su p e rn a ta n t c o n ta in in g  th e  d ispersed  cells w as d e c a n te d , filte red  th ro u g h  n y lo n  gauze  
(60 f im  p o re  size), w a sh e d  w ith  K R B G A  an d  c e n trifu g e d  a t  100 g  th ree  tim es  fo r 10 m in u te s . 
T h e n  th e  cell pe lle ts w e re  re su sp e n d ed  in K R B G A  c o n ta in in g  5 g/1 a lbum in . T h e  v o lu m e o f 
th e  f in a l suspension w as a d ju s te d  to  con ta in  g lo m eru lo sa  cells fro m  tw o ad ren a ls  o r fa sc icu la ta  
cells fro m  one a d ren a l in  o n e  m l K R B G A  co rresp o n d in g  u su a lly  to  3—3.5 x  10s cells/m l. Cells 
w ere  co u n ted  in a  B u e rk e r  c h am b er.

F o r ty  g lom eru losa  a n d  40 fascicu la ta  cell a liq u o ts  w ere  in cu b a ted  in one  session in  
T e flo n  beakers co n ta in in g  0.9 m l cell suspension a n d  0.1 m l in te rm ed ia te  lobe e x tra c t  
o r  A C T H . Serial tw o -fo ld  d ilu tio n s  o f th e  in te rm e d ia te  lobe e x tra c t a n d  7— 8 doses a il-39  
w ere  ad d ed  to  th e  tu b e s  in  d u p lica te  o r tr ip lic a te . T h e  doses o f A C TH  w ere  ad d ed  in  
lo g  in crem en ts  from  10~ 12 to  6 .4  x lO -10  M (45.4— 2900 p g  A C TH /m l). T h e  beak ers w ere  
sh a k e n  a t  70 cycles/m in  a t  37 °C in  a  95%  0 2 +  5 %  C 0 2 a tm o sp h e re  fo r tw o ho u rs . E x p e r i­
m e n ts  w ere carried  o u t  in  a  ran d o m ized  block fo rm a t to  e lim in a te  bias due  to  sy s te m a tic  e rro r.

T h e  co rtico s tero n e  c o n te n t  o f th e  in cu b a tio n  m e d ia  a n d  fascicu la ta  a n d  g lom eru losa  
cells w as de te rm in ed  a f te r  ch lo ro fo rm  ex trac tio n  b y  f lu o r im c try  [3]. A liquots o f th e  ch lo ro ­
fo rm  e x tra c t of th e  g lo m eru lo sa  incubation  m ed ia  w e re  assay ed  for a ld o ste ro n e  c o n te n t b y  
R IA  w ith o u t c h ro m a to g ra p h ic  sep a ra tio n , as d esc rib ed  below .

R a dio im m unoassay  o f  aldosterone in  incubation media

T h e  R IA  d ilu e n t w as p h o sp h a te-b u ffe red  sa lin e  p H  7.4 -|- bovine se ru m  a lb u m in  5 g/1. 
A liq u o ts  from  th e  ch lo ro fo rm  e x tra c ts  were e v a p o ra te d  a n d  ta k e n  up  in  1 m l ab so lu te  e th an o l. 
T h ree  a liq u o ts  from  each  in c u b a tio n  v ia l w ere p ip e tte d  in to  siliconized glass tu b e s . A ldosterone  
s ta n d a rd s  o f 10—640 p g  w ere  also p repared  in 10— 640 /Л o f assay  d ilu en t. E q u a l vo lum es 
(0.5 m l) o f d iluen t c o n ta in in g  (1 ,2-3H ) a ld o ste ro n e  (6000 cp m ) and  a n ti-a ld o s te ro n e  se ru m  
( l . 4 x l 0 5) w ere ad d ed  a n d  sh a k e n  vigorously  fo r tw o  m in u te s , th e n  in cu b a ted  a t  4 °C fo r 
Í 8 h . S ep ara tio n  o f b o u n d  a n d  free  horm ones w as a c h ie v e d  b y  th e  rap id  a d d itio n  of 0.5 m l 
co ld  d e x tra n -co a ted  c h a rc o a l suspension, follow ed b y  c e n tr ifu g a tio n  a t  1600 rp m  a t  4 °C fo r 
5 m in u te s ; 0.5 m l o f s u p e r n a ta n t  was tran sfe rre d  in to  sc in tilla tio n  v ials, a n d  1 m l e th a n o l 
a n d  10 m l counting  so lu tio n  w ere  added. R a d io a c tiv ity  w as de te rm in ed  in a  P a c k a rd  T R I-  
C A R B  M odel 3390 liq u id  sc in tilla tio n  sp ec tro m ete r.

I n  o rder to  e v a lu a te  th e  v a lid ity  o f d irec t R IA  th e  a ldosterone  c o n te n t o f 24 sam ples 
o f  in cu b a tio n  m ed ium  w as d e te rm in e d  b y  d irec t a s sa y  a n d  also b y  e x tra c tio n  an d  p a p e r  
ch ro m a to g rap h ic  se p a ra tio n  [13]. T he s im ultaneous a s sa y  o f  m u ltip le  sam ples o f in cu b a tio n  
m ed iu m  b y  b o th  a ssay  m e th o d s  gave th e  follow ing re s u l t :  y  =  l .O l lx  +  3.162, r  =  0.977, 
P  <  0.01, w hereas x  c o rre sp o n d s  to  pm ol a ld o ste ro n e  m ea su re d  a fte r  p a p e r  c h ro m a to g rap h ic  
se p a ra tio n  (range: 1 0 — 100  p m o l).

P reparation  o f  interm ediate lobe extract ( I L E )

A fte r d e ca p ita tio n  th e  p itu ita r ie s  w ere q u ick ly  re m o v e d  an d  u n d e r  a  stereom icroscope 
f i r s t  th e  an te rio r a n d  n e u ro in te rm e d ia te  lobes, th e n  th e  in te rm e d ia te  lobe is lands w ere sep a­
r a te d  w ith  th e  a id  o f  f in e  fo rcep s and  Graefe kn ife. T h e  in te rm e d ia te  lobe tis su e  from  10 ra ts  
w as hom ogenized in 200 /Л 0.1 N  HC1 (20 [x\ was p u t  a s id e  fo r p ro te in  d e te rm in a tio n ), c en tr i­
fu g e d  a t  2000 rp m  fo r 5 m in u te s , th e  su p e rn a ta n t d e c a n te d , th e  p re c ip ita te  rehom ogenized

Acta Physiologica Academiae Scientiarum Hungaricae 57, 1981



PITUITARY INTERMEDIATE LOBE EXTRACT AND STEROID PRODUCTION 22 7

w ith  2000 fi\ 0.1 N  HC1, cen trifu g ed  as above a n d  th e  su p e rn a ta n ts  w ere c o m b in ed . E x tra c ts  
w ere frozen  a t  — 20 °C till a ssay ed . A fte r sev era l p re lim in a ry  ex p erim en ts e ig h t  d iffe ren t 
e x tra c ts  w ere assayed , o f w h ich , o n ly  fiv e  a re  ta b u la te d  as som e of th e  assay s c o u ld  n o t  be 
e v a lu a te d  since th e  sen sitiv ity  o f  th e  cells in th e se  assay s w as e ith e r too  low  o r  to o  high. 
F o r ty  /tl o f  IL E  co rresponding  to  one in te rm e d ia te  lobe  w as d ilu ted  b y  50— 3200 a n d  ad ded  
to  th e  cell suspensions a t  a  tw o-fo ld  d ilu tio n  cu rv e  co rresp o n d in g  to  100— 6400 ng  p ro te in  
o f  IL E . P ro te in  w as d e te rm in ed  acco rd ing  to  L ow ry  e t  al. [6 ].

S ta tistica l analysis

T h e  slopes o f  th e  do se -resp o n se  curves o f  IL E  a n d  ah 39 ACTH a n d  th e  E D 50 values 
w ere  c a lcu la ted  a fte r  logit-log tran sfo rm a tio n . A ld o ste ro n e  co n cen tra tio n s w e re  ca lcu la ted  
b y  a  co m p u te r p rogram  based  u p o n  th e  logit-log  tran s fo rm a tio n  of th e  s ta n d a rd  c u rv e  [11].

Results

The slopes o f the dose—response curves o f  the interm ediate lo b e  extracts  
w ere steeper than that o f  ось-39 ACTH m easured on zona glom erulosa corti­
costerone (P  <  0.01), aldosterone (P  <  0.01) — and zona fasc icu la ta  corti­
costerone (N .S .) production (Table I). The dose—response curves o f  ah-39 ACTH  
and th a t o f  IL E  measured on aldosterone production of zona glom erulosa cells 
are illu strated  in Fig. 1.

Table I

Slope o f  the dose-response curves o f  intermediate lobe extracts 
after logit-log transform ation

(m ean  ±  S.E .M ., n  =  5)

Zona glomerulosa Zona fasciculata 
corticosterone

aldosterone corticosterone

IL E ACTH IL E ACTH ILE ACTH

- 1 .8 5 - 1 .2 6 - 1 .8 2 — 1.30 - 1 .6 9 — 1.26

± 0 .3 0 0 ±0.297 ± 0 .0 7 4 ± 0 .1 3 6 ± 0 .290 ± 0 .0 1 2

P  <  0.05 P  <  0.01 N.S.

Fig. 1. D o se-resp o n se  curve of aj) 39 A C TH  (a) an d  th a t  o f IL E  (in te rm ed ia te  lobe  e x tr a c t ,  b) 
m easured  on zo n a  g lom eru losa  a ld o s te ro n e  p roduction
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Table II

E D 50 o f  I L E  ( d ilu tio n )  and  ah-39 A C T H  (fm o l/m l) measured 
on zona glomerulosa aldosterone, corticosterone 

and zona fasc icu la ta  corticosterone production  (n  =  5)

Zona glomerulosa Zona fasciculata 
corticosterone

aldosterone corticosterone

1 2 3 4 5 6
ILE A CTH ILE ACTH IL E ACTH

1/148.l a 677.42 1/211.4 560.60 1/323.3 353.18

— 4.998b 6.518 -5 .3 5 4 6.329 - 5 .7 7 9 5.867

0.513c 0.198 0.548 0.165 0.469 0 .1 0 0

a : Geom etric m ean
b , c: th e  m ean an d  S .E . o f  th e  n a tu ra l logarithm  o f th e  d a ta  
3 -  5: P  <  0.05, 4 — 6 : P  <  0.01

Table III

The proportion o f E D 50 o f  I L E  
a n d  A C T H  between zona fa sc icu la ta  

and  glomerulosa corticosterone production  
(m ean ±  S.E.M ., n  =  5)

F  asciculata  / Glomerulosa F  asciculata/G lom erulosa
IL E  ED 60 ACTH E D 50

0.663 ±  0.059 0.637 ±  0.049

Since the slopes o f  th e  ACTH curve and o f  ILE were not parallel, we 
could  not calculate th e  ACTH content o f th e  extracts by usual m ethods. 
In  order to compare th e  effect of ILE on th e  tw o  cell system s, we calculated  
th e  E D 50 o f ILE d ilution , and calculated the E D 50 o f  ACTH on both cell system s  
as w ell (Table II). A higher dilution of IL E  w as more effective on fasciculata  
cell corticosterone p roduction  than on glom erulosa cell corticosterone and  
aldosterone productions (P  <  0.05). The E D 50 o f  ACTH was m easured on zona 
glom erulosa was nearly  tw ice  that measured on the zona fasciculata corti­
costerone production (P  <  0.01).

The proportion o f  E D 50 of ILE m easured on  glomerulosa and fasciculata  
corticosterone productions w as the same as th e  proportion o f the E D 50 o f  
ACTH  measured on th e  tw o  cell system s (Table III).
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Discussion

The w idely used m ethod o f zona glom erulosa and fasciculata cell separa­
tio n  described by H a n in G e t al. [4] allowed to  differentiate betw een specific  
glom erulotropic substances and those affecting both  glom erulosa and fasci­
cu lata  steroid production. I t  w as supposed th a t the origin o f  the “ unidentified  
aldosteronotropic factor” w as th e  interm ediate lobe o f the p itu itary . In  order 
to  te s t  th is hypothesis we studied  the steroidogenic effect o f IL E  on zona 
glom erulosa corticosterone and aldosterone and on zona fascicu lata  corti­
costerone production. F irst w e com pared the slopes o f the dose—response curves 
o f IL E  and of aî, 39 ACTH on both  cell system s. I f  th ey  were parallel, we 
could  have measured th e  ACTH content o f th e  extract on steroid production  
b y  th e  glomerulosa and fascicu lata  zones. I t  w as, however, found th a t the 
slopes o f  ILE and o f ai,-39 ACTH were different when m easured on  steroid  
production by the zona glom erulosa and there w as a trend o f non-parallelism  
m easured on zona fascicu lata  corticosterone production, too.

W hat does the difference o f the slopes mean?
According to  Z im m e r m a n  and K r a ic e r  [15] pars interm edia ACTH  

a c tiv ity  is composed o f  four separate entities, the dose—response curve for all 
four is parallel to  th at o f  th e  Corticotrophin R eference Standard. T hus, it  is 
not an ACTH-like m aterial w hich causes the difference betw een th e  slopes. 
B esides ACTH, there are a-M SH  [12], /3-lipotropin [5], endorphins [1] and 
calciton in  [2] in the interm ediate lobe, all o f w hich m ay alter th e  sen sitiv ity  
o f adrenal cells against the ACTH of ILE.

Because o f the non-parallelism  of the slopes we could not m easure the 
ACTH content of ILE b y  th e  usual four or six-point assays com m only used in 
ACTH bioassay. In order to  com pare the effect o f  ILE on the tw o cell system s*  
w e com pared the E D 50 o f IL E  on zona glom erulosa and fascicu lata  steroid  
production. There is a sign ificant difference betw een E D 50 o f IL E  m easured  
on the zona glom erulosa, and on corticosterone production by th e  zona fasci­
cu lata . The cause o f th e  difference between the tw o cell system s tow ards ILE  
could be explained by the difference o f the ACTH sensitiv ity  o f  glom erulosa  
and fasciculata cells. The E D 50 o f ACTH w as nearly 1.5 fold m easured on 
glom erulosa corticosterone, and tw o-fold w hen measured on aldosterone then  
on fasciculata corticosterone productions. As the proportion o f IL E  E D 50 
m easured on fasciculata and glomerulosa corticosterone productions is the  
sam e as th at of xf, 39 ACTH E D S0 (Table III ) , we m ay conclude th at the 
glom erulotropic effect can be attributed to  th e  ACTH content o f  IL E .

According to  M o r ia r t y  and M o r ia r t y  [8] the concentration  o f ACTH  
is 15 ng/m g neurointerm ediate lobe, in their experim ent only tw o doses o f  the 
extract were applied. In our experim ents the E D 51) of ILE m easured on zona 
fascicu lata  cell corticosterone production w as 1/323 X dilution corresponding

Acta Physiologien Acndemiae Scientiarum Hungaricae 57, 1981



2 3 0 KATALIN SZ. SZALAY

to  0 .98  fi g protein o f  th e  ex tract. The E D 50 o f  ACTH on zona fascicu lata  cell 
su sp en sion  was 353.2 fm ol =  127.3 pg. I f  th e  steroidogenic effect o f  ILE  
is  supposed  to  be a ttr ib u tab le  m ainly to  ACTH , and some other horm ones 
o n ly  alter the sen sitiv ity  o f  th e  cells to it , one m ay  say th at the E D 5U o f ILE  
corresponds to  the E D S0 o f  ACTH. Taking th is in  account, the ACTH content 
o f  IL E  is 129.6 pg/jtig protein  corresponding to  21.1 ng/m g interm ediate lobe; 
th is  agrees fairly w ell w ith  th e  earlier data o f  M o r ia r t y  and M o r ia r t y  [8].

W hat is the answ er to  the hypothesis, th a t we have detected  a new  
glom erulotropic substance?  The answer is  not equivocal. In the pars inter 
m ed ia , besides ACTH there w as a substance causing a steeper dose—response 
curve th an  that o f ACTH, and th is effect is m ore pronounced when measured  
on th e  corticosterone and aldosterone production o f  the zona glom erulosa than  
on th e  corticosterone production  of zona fascicu lata  cells. To clarify what 
su b sta n ce  in ILE is responsib le for this effect is a question for future ex ­
perim ents.
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THE EFFECT OF HAEMORRHAGIC SHOCK 
ON BLOOD PRESSURE AND HEART RATE RESPONSES 

TO ADRENALINE IN THE CONSCIOUS DOG*

By

Á g n e s  A da m ic z a , K. T a r n o k y  and S. N a g y

INSTITUTE OF EXPERIMENTAL SURGERY, UNIVERSITY MEDICAL SCHOOL, SZEGED, HUNGARY

(R eceived  O ctober 2, 1980)

T he effects o f  h aem o rrh ag ic  shock on b lood  p ressu re  an d  h e a r t r a te  responses 
to  exogenous a d ren a lin e  (2  /ig /kg  i.v .) w ere s tu d ied  in conscious dogs w ith  ch ron ically  
im p la n te d  v ascu la r c an n u lae . T he anim als w ere b led  to  a  m ean  a r te r ia l  p ressu re  of 
40 m m H g, th e  d u ra tio n  o f hypovo laem ia  being  tw o  hours. A d renaline  w as in jec ted  
befo re  bleeding, a t  th e  beg inn ing  an d  a t  th e  en d  o f  co n tro lled  h y p o ten s io n , b efo re  and  
15 m in u tes  a f te r  re in fu s io n . P lasm a  ad ren a lin e  a n d  n o rad ren a lin e  levels w ere  d e te r ­
m in ed  by  a ra d io e n zy m a tic  m eth o d .

In  shock, b lo o d  p ressu re  responses a n d  th e ir  d u ra tio n  decreased . H e a r t  ra te  
responses w ere ch an g ed  fro m  a  b rad y ca rd ia  ty p e  b efo re  b leeding to  a  ta c h y ca rd ia  
du rin g  shock. A fte r  re in fu s io n  b iphasic  responses w e re  d o m in a tin g . A sig n ifican t n eg a ­
t iv e  corre lation  w as fo u n d  be tw een  p lasm a n o ra d re n a lin e  levels a n d  b lood  p ressu re  
responses to  ad ren a lin e .

In haemorrhagic shock the activ ity  o f  the sym pathetic  nervous system  is 
increased [7]. Plasm a levels o f catecholam ines are elevated  [10, 20, 27, 28] 
and contribute to  the developm ent of selective vasoconstriction  in  certain  
vascular areas.

Adrenaline (A) and noradrenaline (N A ) are secreted b y  th e  adrenal 
m edulla but NA is released m ainly by the postganglionic nerve endings. As N A  
in  blood is derived prim arily from the sym p ath etic  nerves, especially  from  
those supplying the cardiovascular system  [21], it s  concentration is a sensitive  
index o f the sym pathetic a ctiv ity  [23].

Several investigators have exam ined the catecholam ine sen sitiv ity  of 
blood vessels in shock during anaesthesia [5, 15, 17, 18, 19, 22],

The present stu d y  w as devoted to  the b lood  pressure and heart rate  
responses to  exogenous A  and also to  the changes in the level o f sym pathetic  
a c tiv ity  estim ated b y  m easuring the plasm a leve ls  o f N A  in haem orrhagic 
shock. A s anaesthetics ten d  to  m odify th e  fu n ction  o f the cardiovascular  
system  and its reactiv ity  to  haemorrhagic shock [8, 9, 30, 31] our experi­
m ents were performed in conscious dogs.

* S u p p o rte d  b y  H u n g a ria n  M in istry  o f H e a lth  M edical R esearch  C ouncil, g ra n t No. 
4-11-0301-01-1/N .
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Our aim was also to  stu d y  the relationship betw een the plasm a con­
cen tra tio n  of endogenous N A  and the blood pressure response to  a te st dose 
o f A  and to  establish w h eth er the latter sim ple m ethod is suitable to  indicate  
th e  lev e l of sym pathetic a c tiv ity  in shock.

Methods

T w e n ty -th ree  m ongrel dogs o f e ith e r sex (av erag e  w e ig h t 12.4 kg) w ere u se d . Several 
d a y s  b e fo re  th e  ex p erim en t h e p a rin -filled  S ilastic  can n u lae  w ere im p la n te d  in to  th e  left 
c a ro tid  a r te r y  and  ju g u la r  v e in  u n d e r  a sep tic  cond itions u n d e r  sodium  p e n to b a rb ita l  a n a e s th e ­
sia  (30 m g/kg). T he can n u lae  w ere  led  th ro u g h  su b cu tan eo u s  tu n n e ls  an d  e x te rio riz ed  a t  th e  
d o rsa l sid e  o f th e  neck. T h ey  w e re  p ro te c te d  w ith  a  b a n d ag e  encircled  b y  a d h es iv e  ta p e .

T h e  conscious an im als w e re  p laced  in to  a  la rg e  size p lexig lass box  a n d  h a n d le d  v e ry  
g e n tly  th ro u g h o u t th e  e x p e rim e n t. B efore b leeding 750 U /k g  b .w t. o f h e p arin  w as in jec ted  
fo r  an tic o ag u la tio n . T he a r te r ia l  can n u la  was u sed  fo r b lood  pressu re  m e a su re m e n ts , for 
b le e d in g  a n d  for tak in g  b lood  sam p le s. T he venous can n u la  w as u sed  fo r in je c tio n  o f A and  
fo r  th e  re in fusion .

T h e  dogs w ere b led  to  a  m e a n  a rte ria l p ressu re  o f 40 m m H g (Fig. 1). I n  th e  period  
o f  c o n tro lled  h y p o tension  th is  p re ssu re  w as m a in ta in e d  fo r one h o u r b y  f u r th e r  b leed ing  or 
re in fu s io n . A g rad u a ted  glass re se rv o ir  an d  in te rco n n e c tin g  S ilastic  an d  T ygon  tu b in g s  w ere 
u se d  fo r th e  bleeding. In  th e  co m p en sa tio n  period  b leed ing  w as s to p p ed  and  th e  co m pensa tion  
m e c h a n ism s  w ere allow ed to  o p e ra te  fo r one h our. T h en  all shed b lood w as re in fu sed . T he 
b le e d in g  volum es w ere  reco rd ed  a t  th e  beg inn ing  a n d  a t  th e  end of th e  co n tro lled  hyp o ten sio n  
p e r io d .

B efo re  h aem o rrh ag e , a t  t h e  beg inn ing  and  a t  th e  en d  of con tro lled  h y p o ten s io n , before 
a n d  15 m in u te s  a f te r  re in fu s io n , a r te r ia l  blood sam ples w ere  ta k e n  fo r p lasm a  ca tech o lam in e , 
b lo o d  p H  an d  h a em a to c rit m ea su re m e n ts . P la sm a  N A  a n d  A w ere  m easu red  in  3 m l blood 
sa m p le s  b y  th e  rad io e n zy m a tic  m e th o d  of P a sso n  a n d  P e u l e h  [26]. R a d io a c tiv ity  was 
m e a su re d  in a B eckm an LS-100 C liq u id  sc in tilla tio n  sp ec tro m ete r. B lood p H  w as d e te rm in ed  
b y  a  R a d e lk is  p H -m e te r. H a e m a to c r i t  va lues w ere  m easu red  b y  th e  m ic ro cap illa ry  m eth o d .

S-E S-E S-E

I I I
------- —.......■*-— 40mmHg ■— *•••»
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F i g . l .  E x p erim en ta l p ro to co l fo r  haem o rrh ag ic  shock , b lood  sam pling  and  in je c tio n  of ad ren ­
a lin e . A n  original record  show s b lo o d  pressu re  response  evoked  b y  a single dose o f ad renaline

an d  its  in teg ra l
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D uring  th e  ex p erim en ts  m ean  a rte ria l p ressu re  a n d  h e a r t ra te  were reco rd ed  c o n tin u ­
ously  on  a  B eckm an D y n o g rap h  recorder. Mean a r te r ia l  p ressu re  was m easured  u s in g  a  B eck ­
m an  tran sd u ce r. H e a rt  r a te  w as m easu red  w ith  a  c a rd io ta c h o m e te r  coupler (B eck m an  9857).

Im m ed ia te ly  a f te r  tak in g  blood sam ples a  bo lus o f  2 /rg /kg  A  was in jected  in tra v e n o u s ly . 
B lood p ressu re  responses to  ad ren a lin e  w ere a n a ly zed  in te rm s of tim e in te g ra l o f b lood  
p ressu re  cu rv e , th e  m ax im u m  change o f blood p re ssu re  in  m m H g  and  d u ra tio n  o f  re sp o n ses 
in  seconds. A B eckm an  re se tt in g  ty p e  in te g ra to r c o u p le r  (9873 B) was used for t im e  in te g ra ­
tio n  o f b lood  p ressu re  curves. T h e  tim e  in teg ral o f th e  b lood  p ressu re  curve is g iv en  as th e  
increase  o f  recorded  peaks o v er th e  p re in jec tio n  lev e l (F ig . 1). H e a rt ra te  re sp o n ses w ere 
d e te rm in e d  b y  th e  m in im um  an d  m ax im um  ra te s  a n d  d u ra tio n  of responses. D u ra t io n  o f 
b lood p ressu re  an d  h e a r t  r a te  responses w ere m easu red  as th e  tim e  in seconds fro m  th e  in jec ­
tio n  of A  u n til th e  blood p ressu re  a n d  h e a r t r a te  crossed  th e  p re in jec tion  level.

Tw o contro l experim en ts  w ere perfo rm ed  to  d e te rm in e  spon taneous changes in p la sm a  
ca tech o lam in e  levels over a period  of 3 hours w ith o u t h aem o rrh ag ic  shock and  in je c tio n  o f  A. 
In  a d d itio n , we also m easu red  th e  effect o f exogenous A  on th e  p lasm a level o f ca tec h o lam in es  
in h a em o rrh ag ic  shock.

T h e  re su lts  w ere ev a lu a te d  b y  n o n p a ram etric  s ta tis t ic a l  m ethods. V a ria tio n  is g iven  
as m ed ian  +  se m i-in te rq u a rtile  ran g e . S em i-in te rq u a rtile  ran g e  is defined as one h a lf  o f  th e  
d ifference  be tw een  th e  7 5 th  a n d  25 th  percen tiles [14, 16]. S to ch astic  p ro b ab ility  w as e s tim a te d  
using  th e  W ilcoxon’s ra n k  sum  te s t  a n d  signed r a n k  te s t  fo r in te rg ro u p  an d  w ith in  g ro u p  
co m p ariso n s, resp ec tiv e ly  [34]. A P  v a lue  of 0.05 w as ta k e n  as th e  critica l level o f  s to c h a s tic  
sign ificance  [13]. S p e a rm a n ’s ra n k  corre lation  coeffic ien t was used  for te s tin g  a sso c ia tio n .

Results

In haemorrhagic shock the blood pressure responses to  exogen ou s A  
(2 |Ug/kg i.v .) were gradually decreased. The rise in blood pressure g iven  as 
the tim e integral o f  blood pressure curve, th e  duration o f pressure responses  
and the m axim um  change o f  blood pressure follow ing the A bolus are pre­
sented in F ig. 2. A t the beginning of controlled hypotension the rise in  blood  
pressure given as the integral, the duration o f  response and the m axim um  
change o f  blood pressure were the same as before haemorrhage. A t th e  end o f  
the controlled hypotension , how ever, all three param eters were sign ifican tly  
(P <  0.01) decreased. During the com pensation period pressure response w as  
further decreased and in  som e dogs it com p letely  disappeared before rein­
fusion. A fter reinfusion on ly  th e  duration o f response returned to  th e  control. 
The rise in blood pressure and the m axim um  change were also increased , 
how ever, both were sign ificantly  (P <  0.02 and <  0.01, respectively) sm aller  
than  the control values.

H eart rate and heart rate responses to  A  are show n in Fig. 3. A fter th e  
in itial haem orrhage heart rate increased to  a sign ifican tly  (P <  0.01) higher  
value than  the control. Then it was further increased till reinfusion. A fter  
reinfusion it  was decreased but remained sign ifican tly  (P <  0.01) higher th an  
the control. Before haem orrhage A elicited usu a lly  bradycardia but in  som e  
dogs a biphasic response w as observed. D uring shock m ost o f the b iphasic  
responses were changed in to  tachycardia. In four dogs no response w as pro­
duced to  a bolus o f  A given im m ediately before reinfusion. In three dogs a 
heart rate response o f  bradycardia type w as observed. After reinfusion the
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F ig . 2. T h e  effect of h aem o rrh ag ic  shock on b lood p re ssu re  responses to  ad ren a lin e  (2 ^ig/kg 
i .v . )  in  conscious dogs. B lood p ressu re  response is i llu s tra te d  b y  a  rectang le : on  th e  o rd in a te  
th e  in te g ra l  in Zl in te g ra tio n  p e ak  u n its  is p re sen te d  a n d  o n  th e  abscissa th e  d u ra tio n  o f p res­
su re  re sp o n se  is show n in seconds. T he m ax im u m  ch an g e  of blood pressu re  is p re se n te d  by

th e  b a rs

hem orrhage controlled h y p o tension  reinfusion

Duration

p<0.01 *» p<0.02 n=17

F ig . 3. T h e  effect o f h aem o rrh ag ic  shock on h e a r t  r a te  responses to ad ren a lin e  (2 /Mg/kg i.v.) 
in  co nsc ious dogs. T h e  u p p e r  curve  shows th e  h e a r t  r a te  changes. T he h e a r t  r a te  responses 
to  a d ren a lin e  are g iven  as th e  m in im um  and  m a x im u m  ra te s  and  d u ra tio n  of re sponses. T he 
b a rs  re p re se n t th e  h e a r t  ra te  responses to  ad ren a lin e . T h e  figures a t th e  b a rs  show  th e  n u m b er

of dogs
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Table I

Plasma catecholamines, arterial blood p H , bleeding volume and haemalocrit values o f  conscious surviving dogs in  haemorrhagic shock

Before haemorrhage
A t the beginning Before 15 min after

n =  19
(control) of controlled hypotension reinfusion

A drenaline (pg/m l) 205.5 3154.9“ 6543.8a 4440.0“ 997.4*
(188 ±  54) (3090 ±  1703) (6515 ±  1737) (3915 ±  2081) (669 ±  304)

313.8 2270.7' 2674.8a 2207.1“ 682.4“

N oradrenaline  (pg/m l) (329 ±  116) (1032 ±  1034) (2125 ±  781) (2135 ±  843) (539 ±  231)

7.42 7.46 7.31“ 7.31b 7.28“

A rteria l blood pH
(7.41 ±  0.03) (7.47 ±  0.03) (7.33 ±  0.08) (7.32 ±  0.05) (7.31 ±  0.04)

39.4 52.9

Bleeding volum e (m l/kg) (39 ±  7) (52 ±  6 )

39.0 37.9 36.4 36.4 40.4

H aem ato crit ( % )
(39 ±  3) (39 ±  3) (36 ±  4) (36 ±  3) (40 ±  3)

V alues rep resen t m ean an d  m edian  ±  sem i-in terquartile  range (in paren theses) 
S ignificant difference from  contro l values: a =  P  <  0.01; b  =  P  <  0.02
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b ip h asic  responses w ere dom inating. D uration o f th e  response w as sign ificantly  
(P  <  0.02) decreased t ill reinfusion, but after reinfusion it increased slightly  
a b o v e  the control.

Table I shows p lasm a levels of catecholam ines, arterial blood pH , bleed­
in g  volum es and haem atocrit values of the surviving dogs in  haem orrhagic 
sh ock . B oth  catecholam ines were m arkedly increased but the increase o f N A  
w as le ss  than that o f  A . A fter  reinfusion plasm a A  and N A  decreased, however, 
b o th  rem ained above th e  control levels. T hirty  m inutes after haem orrhage 
arteria l blood pH (7.34) w as sign ificantly (P <  0.02) lower th an  the control 
and th en  decreased further. Im m ediately  after reinfusion the pH  was 7.24, 
sig n ifica n tly  (P <  0.01) low er than  before reinfusion, although th e  pH  o f the 
reservoir  blood was the sam e as th at of blood in  dogs before reinfusion. After 
15 m in u tes the pH  increased  to  the value m easured before reinfusion, however, 
s till rem aining sign ifican tly  (P  <  0.01) lower th an  the control. A t the end of 
con tro lled  hypotension th e  bleeding volum e w as sign ificantly  (P  <  0.01) 
greater than at the beg in n in g  o f the period. H aem atocrit va lues w ere slightly  
b u t n o t significantly decreased.

Table П

P lasm a levels o f  catecholamines in  the control experim ents without haemorrhagic shock

n =  2 Control
20 80 ! 140

m inutes after the control sam ple
175

A d re n a lin e  (pg/m l) 233.0 256.0 315.5 268.0 174.0

N o ra d ren a lin e  (pg/ml) 295.0 434.5 362.5 466.0 401.5

Table 1П

T h e  effect o f  exogenous a d ren a lin e  (2  p g /k g i .  v.J on p la sm a  levels o f  catecholamines
in  haemorrhagic shock

Control
30 60 ) 120 1 180 

second after the  injection o f adrenalin

300

Before p- 205.5 6593.5 2456.5 924.5 424.0 368.0 NS
A d re n a lin e  (pg/ml) °

In 6543.8 12 921.0 11 436.5 5775.0 3854.5 5164.3N S

Before to 309.7 842.5 431.5 370.0 320.0 382.4N S
N o ra d ren a lin e  (pg/ml) gf

Ь 2913.3 4447.5 2 466.0 1713.5 1749.0 2453.1 NS

n 13 2 2 2 2 13

N S  =  no t significant co m p ared  to  th e  contro l value
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The results o f th e  control experim ents w ith o u t haemorrhagic shock show  
th a t neither A nor N A  levels in plasm a were changed during the experim ent 
(Table II).

Table III  dem onstrates the effect o f  exogenous A  on the plasm a level o f 
catecholam ines in haem orrhagic shock. Before haem orrhage, 30 seconds after 
the in jection  o f A a th irty fo ld  increase w as observed in the plasm a lev e l o f  A. 
F ive m inutes after th e  in jection , how ever, plasm a A  did not differ sign ifican tly  
from the level m easured before the injection. In  shock the plasm a lev e l o f  A  
w as doubled after th e  injection  w hile tw o m inutes later it  decreased to  the  
preinjection level. The plasm a level o f  N A  w as not significantly altered  after 
th e  in jection  o f exogenous A.

Figure 4 dem onstrates th at there is no relationship betw een th e  blood  
pressure responses to  A  and the plasm a A level.

On the other hand, as shown in  F ig. 5, a nonlinear relationship  was 
found betw een the b lood pressure responses to  A  and the plasm a N A  level. 
Prior to  haemorrhage th e  control blood pressure responses showed considerable 
variation  and plasm a N A  levels fell in a narrow range. A t the end  o f  con-

д IP

2000 4000 6000 8000

Spearman's r.c.c.=-0.1565 
P=NS

n=13

plasm a epinephrine 
pg/ml

before reinfusion S.r£.c. — -0.2500 
P=NS

S.r.c.c=-0.4697
P=NS

F ig. 4. R ela tionsh ip  o f b lood  p ressu re  responses to  a d ren a lin e  (2 /ig /kg  i.v .) a n d  p la sm a  ad ren ­
a lin e  levels in conscious dogs. N S  =  n o t  significant
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Д IP

1000 3000 5000 pg/ml

Spearman’s  r.c.c.=-0.1826 
P=NS

n=18

plasma norepinephrine

S.r.c.c.=-0.7378
p < 0.001

S.r.c.c. = -0.628Д
p < 0.01

F ig . 5 . R e la tio n sh ip  of blood p re s su re  responses to  a d ren a lin e  (2 /<g/kg i.v .) an d  p la sm a  no 
ad renaline  lev e ls  in  conscious dogs. N S  =  n o t  significant

tro lled  hypotension the Sp earm an ’s rank correlation coefficient (r =  —0.4623) 
w as n o t  significant (not sh ow n  in  the figure); on  th e  other hand there was a 
s ig n ifica n t negative relation sh ip  (r =  —0.7378; P  <  0.001) betw een th e  pres­
sure responses and the p lasm a N A  levels before reinfusion w hich rem ained so 
ev en  a fter  reinfusion (r =  — 0.6284; P <  0.01). The responses were larger at 
th e  low er  levels o f plasm a N A  th an  at the higher levels.

A  log-log type rela tion sh ip  was found betw een  blood pressure re­
sp o n ses to  A and plasm a N A  lev e ls  (Fig. 6). W hen th e  logarithm s o f  the integral 
o f  b lo o d  pressure curves are p lo tted  against th e  logarithm s o f the plasm a NA  
le v e ls  a linear relationship is obtained.

T h e  relationship o f  b lood  pressure responses to  A and arterial blood pH  
is d em onstrated  in Fig. 7. B efore  haemorrhage various responses were obtained  
at n orm al pH  values. In sh ock , A  produced on ly  b lunted  responses, especially  
at lo w  p H  (r =  0.6652; P  <  0.01). After reinfusion neither blood p H  nor 
b lood  pressure responses returned  to control lev e ls  (r =  0.4964; P <  0.05). 
A s^ revealed  by the Spearm an rank correlation coefficien ts, the relationship
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X before hemorrhage 
•  before reinfusion 
о after reinfusion

F ig . 6. C orre la tion  be tw een  blood p re ssu re  responses to  ad ren a lin e  (2 /tg /kg  i.v .)  a n d  p lasm a  
n o ra d re n a lin e  levels in  conscious dogs. O rd in a te : log scale o f blood p ressu re  re sp o n se s  given 

as th e  in teg ra l. A bscissa: log scale o f p lasm a  norad ren a lin e  levels

A IP

Spearm an's r.c.c. =-0.3240 
P=NS

n=18 

PH
7.10 7.30 7.50

S.r.cc. =0.6652
p<0.01

afte r reinfusion S.r.c.c. = 0.4964 
p< 0 .05

F ig . 7. R e la tio n sh ip  of b lood  pressu re  resp o n ses to  ad ren a lin e  (2 /rg/kg i.v .) a n d  a r te r ia l  blood 
p H  in conscious dogs. NS =  n o t  significant
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F ig . 8. T h e  effect o f h a e m o rrh a g ic  shock on blood p re ssu re  a n d  h e a r t  r a te  responses to  a d re n ­
a lin e  (2  /(g /k g  i.v .) in conscious n o n su rv iv in g  dogs

w a s closer between th e  b lo o d  pressure responses and plasm a N A  levels than  
b etw een  the blood pressure responses and b lood  p H .

The blood pressure a n d  heart rate responses to  A  in  nonsurviving dogs 
are dem onstrated in F ig . 8. These dogs died ab ou t 20 m inutes (average 19.7 
m in u tes) after the end o f  th e  controlled h yp oten sion  period. They responded  
to  A  quite differently from  th e  survivors. A t th e  beginning and at th e  end o f  
controlled  hypotension, b lo o d  pressure responses w ere sign ificantly (P  <  0.01) 
sm aller than in the con tro l period and also sign ifica n tly  (P <  0.01) sm aller 
th a n  in  the survivors. In  sh ock , heart rate increased  and at the end o f con ­
tro lled  hypotension it  w as significantly (P <  0 .01) higher than th at o f  sur­
v iv o rs . Heart rate resp on ses to  A were sim ilar to  those o f the other group. 
H ow ever, before death A  e lic ited  no response in  tw o  dogs.

Table IV shows p lasm a  N A  levels, arterial b lood  pH , bleeding volum es 
a n d  haem atocrit va lues o f  th e  nonsurviving dogs. In  shock, plasm a N A  
reach ed  a significantly h igh er  level than in  th e  control group (P <  0.01) and  
th a n  in  the survivors (P  <  0 .01). A t the end o f  controlled  hypotension arterial
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T ab ic  IV

Plasma noradrenaline, arterial blood pH , bleeding volume and haematocrit values 
o f  conscious nonsurviving dogs in haemorrhagic shock

n  -  4
B efore h a e m o rrh ag e  

(con tro l)
A t th e  b eg in n in g  | A t th e  e n d  

o f  co n tro lle d  h y p o te n sio n

N oradrenaline 255.5 10,048.5; 15,886.0;
(Pg/m l) (313 ±  316) (8128 ±  2182) (13,872 ±  12,054)

A rte ria l blood pH 7.45 7.51 7.051
(7.43 ±  0.05) (7.52 ±  0.09) (7.06 ±  0.20)

B leed ing  volume 50.3b 58.5
(m l/kg) (49 ±  6 ) (61 ±  10 )

H a e m a to c rit  (% ) 42.2 45.0 45.2
(42 ±  4) (45 ±  6 ) (45 ±  6 )

V alues rep resen t m ean  and m edian  ±  sem i-in terquartile  range (in p aren theses)
Significant d ifference from  contro l v a lues: a =  P  <  0.01
Significant d ifference from  values o f  th e  surviv ing dogs: b  =  P  <  0.05; c =  P  <  0.01

blood  pH was sign ificantly  lower th an  in the control period (P  <  0.01) or in 
th e  survivor group (P <  0.01). B leed ing volum e necessary to  low er blood  
pressure to 40 m m H g was sign ifican tly  (P <  0.05) larger than th a t  o f  the  
survivors. H aem atocrit values did not change.

Discussion

Several investigators dem onstrated  changes o f  catecholam ine sen sitiv ity  
in  haem orrhagic shock, how ever, all these studies were carried ou t on an­
aesthetized  anim als. H il t o n  [17] found no sign ificant differences in  th e  rise of 
blood pressure before and after b leed ing w ith  a sim ilar dose o f A. H ow ever, 
th ese  dogs were bled to  only 10% o f  the m easured blood volum e. A ccording  
to  th e  results o f K o v a c h  and T a k á c s  [22] the A  sen sitiv ity  was reduced after 
a  blood loss o f 35 m l/kg but after reinfusion it  rose to  normal. In  con trast to  
th is  Ca l v e r t  and L u m  [5] found reduced pressor responses to  N A  and A  
im m ediately  after reinfusion, how ever, the responses gradually returned tow ard  
th e  control levels over a period o f several hours.

Th. ;se conflicting findings m ay  probably be explained by th e  different 
degree of anaesthesia and by th e  different severity  o f haem orrhagic shock.

In our experim ents the effects o f  haem orrhagic shock for tw o  hours on 
blood pressure and heart rate responses to  exogenous A were stu d ied  in 
conscious dogs. Our results are in  consistent w ith  th e  above-m entioned  data. 
B lood  pressure responses to  2 /tg/kg A were gradually decreased w ith  the
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duration  of shock. A fter reinfusion, how ever, responses were further dim inished  
d esp ite  the restoration o f  circulating blood volum e.

In  four dogs A  e lic ited  greater responses at the beginning o f hypo- 
volaem ia  than in th e  con tro l period. W e supposed  that these responses m ight 
b e due not only to  th e  e ffec t o f A but also to  th e  operation of blood pressure 
com pensation m echan ism s. I f  this were true, th e  bleeding volum e in  the first 
10 m inutes should be le ss  in  those dogs w hich  showed dim inished responses 
to  A . Bleeding volu m es w ere, however, th e  sam e, thus the pressure responses 
to  A  seem not to  be a ffec ted  by the com pensation  m echanism s.

As shown by th e  relationships betw een th e  blood pressure responses and 
th e  plasm a catecholam ine levels the elevated  p lasm a N A  levels are responsible  
for th e  change in th e  responses. A lthough th e  m ean o f the responses is the  
sam e at the beginning o f  controlled h yp oten sion  and before haem orrhage, 
o n ly  high levels o f  p lasm a N A  were found in dogs which responded slightly  
to  A  (m ean level, 1 8 6 5 .2  pg/m l). In dogs show ing greater responses, plasm a N A  
le v e ls  were lower (m ean le v e l, 774.5 pg/m l). T his w as particularly apparent at 
th e  end o f shock w h en  m o st o f the responses b ecam e smaller than  during the  
control period. The relationsh ip  between th e  b lood pressure responses and  
p lasm a NA levels is v er ified  by the value o f  th e  Spearm an’s rank correlation  
coeffic ien t which is h ig h ly  significant. This correlation is m aintained after 
reinfusion  when neither N A  levels nor the b lood  pressure responses returned to  
control values. There is  a nonlinear relationship betw een the tw o  param eters, 
how ever, their logarithm s present a linear relationship .

I t  is known th a t in  irreversible shock p lasm a catecholam ine concentra­
tio n  ten d  to  rise to  ex trem ely  high levels [3 2 ]. In  the present stu d y  dogs 
w h ich  died after an hour h ad  higher plasm a N A  leve l than the surviving ones. 
A t th e  same tim e th e  nonsurvivors responded to  A  only slightly  or not at all 
a lread y at the beginning o f  shock. In neither o f  the dogs could a response be 
e lic ited  im m ediately b efore death. Thus, th e  r ea c tiv ity  o f the blood vessels to  
A  m ay com pletely d isap p ear in the irreversible stage o f  shock. These results 
are contrary to th ose o f  Z a p a t a -O r t iz  and S t a s t n y  [37 ], or Ca l v e r t  and  
L um  [5] who found th a t  the blood vessels m aintained  their reactiv ity  to  
catecholam ines even in  th e  stage of irreversible shock. Our results suggest 
th a t  the higher the lev e l o f  sym pathetic a c tiv ity  th e  lower is the sen sitiv ity  of 
blood  vessels to  catecholam ines.

In  addition to  sy m p a th etic  overactiv ity  arterial blood pH  is another 
fa cto r  which m ay be im p o rta n t in the d evelopm ent o f the refractoriness to  A. 
In  shock inadequate t is su e  perfusion caused b y  the decreased blood flow  
resu lts  in  an anaerobic sh ift  o f  m etabolism . M any studies suggest th a t acidosis 
reduces the responsiveness o f  blood vessels to  catecholam ines and affects the  
fu n ction  o f the m yocard ium  [2, 3, 4, 6, 11, 25, 29 , 35]. Moreover, in  addition  
to  hypotension, acidosis p e r  se m ay also stim u la te  the release o f catechol­
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am ines from  the adrenal m edulla [12, 24, 36]. I t  is known that responses to  
catecholam ines m ay be restored to  norm al b y  th e  correction of a low  arterial 
blood pH  [6, 11]. In our experim ents blood pH  began to  fall already in  th e  
early stage o f shock. T hirty  m inutes after th e  in itia l haemorrhage th e  p H  w as 
sign ifican tly  lower than  the control and rem ained a t a low level till reinfusion . 
After reinfusion it further decreased in d icatin g  th e  so-called w ash-out p h en om ­
enon. L actic acid and other acid m etabolites w h ich  accum ulated in th e  in ad e­
quately  perfused tissu es w ere released in to  th e  circulation during reinfusion . 
The acidosis was sign ifican tly  more severe in  th e  nonsurviving dogs. In  th ese  
dogs th e  extrem ely high level of plasm a catecholam ines m ay accou n t for 
dim inished tissue perfusion and also for th e  m etabolic acidosis. W e assum e  
th a t th e  low  arterial blood pH  m ay also con trib u te to  the dim inished blood  
pressure responses and th e  failure o f  responses to  recover after reinfusion . 
This is suggested by the significant p ositive  correlation betw een pressure  
responses and blood pH  before and after reinfusion. The relationship betw een  
the blood pressure responses and blood pH , how ever, is not as close as b etw een  
the blood pressure responses and the plasm a N A  levels. In this c o n te x t  it  
seem s relevant th a t A n d e r s e n , B o r d e r  and M o u r it z e n  [1] found a m ain­
tained  responsiveness to  A in pure m etabolic acidosis produced by la c tic  acid  
infusion down to  a pH  o f 6.8.

According to  our results, the plasm a lev e ls  o f  catecholam ines w ere not 
affected  b y  exogenous A. The high levels o f  p lasm a A caused by th e  in jection  
of A quickly disappeared. F ive m inutes after th e  injection of A, p lasm a levels  
of catecholam ines w ere sim ilar to the preinjection  level.

In  these experim ents the effect o f  haem orrhagic shock on the h eart rate 
responses to  A w as also studied. It is know n th a t in the conscious s ta te  low  
doses o f  A cause a bradycardia o f vaga l origin , however, large doses m ay  
override the vagus effect [33]. Before haem orrhage we also observed a brady­
cardia evoked by the in jected  A. In shock a t low  arterial pressure th e  brady­
cardia ty p e  o f  response reversed to  tach ycard ia  and after reinfusion it  was 
changed in part to  bradycardia and to  b iphasic responses. In shock th e  sensi­
t iv ity  o f  the baroreceptors is decreased and th e  direct effect of A on th e  heart 
rate seem s to  prevail. A fter shock th e  heart rate responses to  A w ere sligh tly  
m odified.

P lasm a N A  levels  were determ ined in  sm all sam ples of plasm a u sin g  the  
radioenzym atic m ethod o f P asso n  and P e u l e r  [26]. This m ethod, a lthough  
very sensitive and specific , is rather laborious and expensive. Since w e found  
a relationship betw een th e  blood pressure responses and plasm a N A  levels  
and, as the latter is know n to reflect th e  degree o f  the sym pathetic a c tiv ity  
[21, 2 3 ], we suggest th a t the blood pressure responses to  exogenous A  m ay  
serve as a measure o f  the level of th e  sym p ath etic  activ ity  in haem orrhagic  
shock.
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STRIATAL DOPAMINE LEVELS AFTER UNILATERAL 
LESIONS OF THE SUBSTANTIA NIGRA: 

EVIDENCE FOR A CONTRALATERAL DECREASE

B y

Z. H a h n , Z. K a r á d i  a n d  L .  L é n á r d

IN ST ITU TE OF PH Y SIO LO G Y , U N IV ER SITY  M ED IC A L SCHOOL, PÉCS 

(R eceived  O ctober 13, 1980)

U n ila te ra l e lec tro ly tica l an d  chem ical (6 -h y d ro x y d o p am in e ) lesions in  th e  s u b ­
s ta n t ia  n ig ra  (SN ) of ra ts  w ere follow ed 7 days la te r  b y  co n sid erab le  b ila te ra l decreases 
o f n e o s tr ia ta l  dopam ine  (D A ) levels. S im ilarly , th e  D A  c o n te n t o f th e  su b s ta n tia  n ig ra  
d ecreased  n o t o n ly  ip sila te ra lly  b u t  c o n tra la te ra lly  as w ell. P o s itiv e  co rre la tio n s w ere 
fo u n d  b e tw een  ipsi- a n d  c o n tra la te ra l  n ig ral DA lev e ls, ipsi- a n d  c o n tra la te ra l  s t r ia ta l  
D A  a n d  be tw een  th e  D A  leve l o f th e  SN  an d  th e  s t r ia tu m  of th e  co rresp o n d in g  side 
b o th  ipsi- an d  c o n tra la te ra lly  to  th e  lesion.

A  contralateral decrease o f neostriatal dopam ine (DA) level w as found  
previously [4] one w eek after unilateral lesion in th e  pallidum  (GPL). Others 
have dem onstrated  th at evoked potentials can be elic ited  by caudate stim u la­
tion  in th e  contralateral caudate nucleus in th e  rat and cat [9], un ilateral 
pallidal lesion  influences contralateral striatal firing rate [5] and a decrease  
o f  D A  concentration  o f th e  contralateral caudate and substantia nigra (SN ) 
follows unilateral caudate lesion [1] in the cat. These data suggest th a t there  
is a functional connection betw een the two n igrostriatal system s even  th ou gh  
the anatom ical substrate o f  such a connection is n ot known. These phenom ena, 
how ever, m ay also be attributed  to  the destruction /stim ulation  o f non-nigro- 
striatal elem ents in the sites in question and m ay not occur after m anipula­
tions interfering w ith  the a c tiv ity  o f other sites contain ing nigrostriatal e le­
m ents. T his possib ility  is the more probable because Sa a v e d r a  et al. fa iled  
to  show an y  decrease o f contralateral striatal D A  in  the rat tw o m onths after  
unilateral nigral lesions [8], a m anipulation w hich is certain to  affect the  
nigrostriatal elem ents o f  th e  caudate. Furtherm ore, W a l t er s  et al. [10] w hen  
m easuring the contralateral striatal D A  w ith in  2 days and 12 days after the  
interruption o f nigrostriatal fibres but not in the period betw een th e  2nd and  
12th postoperative days did not find any decrease either. P o ir ie r  and  
S o u r k e s  [7], on the other hand, found decreased contralateral striata l D A  
levels in  th e  Rhesus macacus several m onths after unilateral nigral lesion . The  
discrepancy betw een find ings in the rat and m onkey m ay be explained  by  
species differences in th e  organization o f n igrostriatal function w hile the  
contradiction  betw een our find ings after unilateral pallidal lesion [4] and data
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o f  S a a v e d r a  et al. [8] and W a l t e r s  et al. [10] can be reconciled in  tw o  waysr 
f ir s t , i t  m ay be suggested th a t , in the rat, th e  contralateral decrease is transient 
a n d  i t  is  confined to  a short period betw een  th e  2nd and 12th postoperative  
d a y s . T he 7th day, on w h ich  our previous m easurem ents were m ade, is exactly  
in  th e  m iddle of th is  period. The other p ossib ility  is th at th e  contralateral 
e ffe c t  is not connected w ith  nigrostriatal fu n ction .

T he present stu d y  w as m ade to  estab lish  w hether unilateral nigral lesions  
h a v e  an y  effect on th e  contralateral striata l D A  levels in  the rat. Unilateral 
S N  lesio n s were m ade and D A  contents o f  th e  ipsilateral and contralateral 
str ia tu m  and SN were m easured one w eek later. The 7th day w as not covered  
in  th e  stu d y  o f W a l t e r s  e t  al. [10] and it  w as at th is tim e th a t w e obtained  
th e  contralateral decrease after pallidal lesion .

Methods

F if ty  m ale ra ts  o f th e  C F Y  s tra in  w eigh ing  280— 350 g (L A T I, G ödöllő, H u n g a ry ) 
w e r e  u se d . T he anim als w ere  t ra n s fe r re d  to  th e  la b o ra to ry  10 days before  th e  e x p e rim e n t an d  
k e p t  o n  s ta n d a rd  lab o ra to ry  d ie t .  T h e  an im als w ere  cag ed  ind iv idually .

O p era tio n s w ere c a rr ied  o u t  u n d e r  p e n to b a rb ita l  (N em b u ta l) a n ae sth es ia . S te reo tax ic  
c o o rd in a te s  (A: 2.2, L : 2.0, V : — 1.7) o f D e Gro o t  [2] w ere  used . B o th  e le c tro ly tic a l and 
c h e m ic a l  lesions w ere m ad e ; th e  fo rm er w ith  a g lass-in su la ted  sta in less steel e lec tro d e  (2 m A  
a n o d a l  DC fo r 10 sec), th e  l a t t e r  w ith  8 /tg o f 6 -h y d ro x y d o p am in e  (6 -O H D A ) in  0.8 /Л physio ­
lo g ic a l sa lin e  con tain ing  0 .1%  asco rb ic  acid , in je c te d  a t  a  ra te  o f 0.5 /Л/m in . F u r th e r  de ta ils  
h a v e  b e e n  described e lsew here  [6 ]. S h am -o p era tio n  co n sisted  in lo ca tin g  th e  c an n u la  t ip  
a b o v e  t h e  SN.

T h e  anim als w ere k illed  b y  d e ca p ita tio n  7 d a y s  a f te r  th e  o p era tio n  w ith o u t a n aesth es ia ; 
t h e  b r a in s  w ere rem oved  fro m  th e  skulls ra p id ly , fro zen  an d  sto red  a t  — 25 °C. Sam ples o f  
t h e  c a u d a te -p u ta m e n  co m plex  w ere  ta k e n  as d esc rib ed  p rev iously  [4]. SN  sam p les w ere  tak e n  
w ith  s im ila r  techn ique  a f te r  a  crossw ise section  a t  th e  p o ste rio r  end of th e  SN .

A c cu ra te  lesion lo ca liza tio n  was d ifficu lt in  th e s e  ex p erim en ts  since th e  req u irem en ts  
o f  D A  d e te rm in a tio n  an d  h is to lo g y  w ere c o n tra d ic to ry , D A  c o n ten t being  m ea su re d  in th e  
s i te  o f  th e  lesion, too. T he c o rre c tn e ss  o f th e  lesion  w as a sc e rta in ted  of w ith  v isu a l in spection  
o f  t h e  cross-sected  b ra ins in e v e ry  case an d  in  ra n d o m ly  chosen an im als th e  SN  w as n o t used  
fo r  D A  d e te rm in a tio n  b u t  h is to lo g ica lly  exam ined  in  fro zen  sections. T h e  l a t t e r  p ro ced u re  
g a v e ,  n a tu ra l ly ,  a p ic tu re  a b o u t  th e  accu racy  of th e  lesions only in a genera l w ay . T h e  s tr ia ta l 
D A  d e p le tio n  also gave an  im p o r ta n t  in fo rm atio n  on  th e  correc tness of th e  les io n : on ly  th o se  
a n im a ls  w ere  considered in  w h ic h  th e  ipsilateral D A  d ep le tio n  was h ig h er th a n  40%  a f te r  
e le c t ro ly tic a l  lesion or h ig h er th a n  75%  a fte r  chem ica l lesion.

D A  d e te rm in a tio n  w as m a d e  w ith  a f lu o rim e tric  m ic ro m eth o d  [3].
A n alysis of v a riance  a n d  analysis o f co v arian ce  w ere  used fo r th e  s ta tis t ic a l  e v a lu a tio n  

o f  t h e  d a ta .

Results

Ipsilateral striatal D A  levels in anim als subjected  to  either e lectro lytica lly  
or chem ically  induced lesions were sign ifican tly  lower than corresponding  
con cen tration s in sham -operated anim als. There was no difference betw een  
th e  tw o  experim ental groups in th is respect (F ig. 1/A).

Contralateral stria ta l D A  levels also decreased in both groups subjected  
to  le s io n  in comparison to  sham -operated anim als. The D A  concentrations
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F ig. 1. S tr ia ta l  (Section  A) a n d  n ig ral (Section B) d o p am in e  co n cen tra tio n s  lfw e ek  a f te r  u n i­
la te ra l  e lec tro ly tica l (E L ) a n d  chem ical (6 -O H D A ) les io n s o f  th e  su b s ta n tia  n ig ra  a n d  in  
in ta c t  (I) a n d  sh am -o p era ted  (S) an im als (/rg/g fresh  tis su e ). H a tc h e d  b a rs rep re sen t ip s ila te ra l 
levels, open  b a rs  show  c o n tra la te ra l  values (m eans +  S .E .M .). T he n u m b ers jo f m e a su re m e n ts  
in each group  are  g iven  in  p a ren th eses  below  th e  b a rs . D ifferences betw een  g ro u p s lab e lled  

w ith  th e  sam e sym bol a re  s ig n ifican t a t  th e  level a ssig n ed  to  th e  sym bol in th e  f ig u re

were higher contralaterally  than  ipsilaterally  in  6-O H D A  lesioned anim als. 
Contralateral concentrations in the rats subjected  to  electrolytical or chem ical 
lesions were sim ilar (F ig. 1/A).

Fig. 2. S u m m ary  o f th e  co rre la tio n s be tw een  DA leve ls o f th e  sites s tu d ied .S N  =  s u b s ta n t ia  
n ig ra , S T R  =  s tr ia tu m , OS =  o p e ra ted  side , n o n -0  =  n o n -o p e ra ted  side. T h ick  a rro w s

in d ic a te  sign ifican t co rre la tio n s
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P o sitiv e  correlation w as found betw een  th e  levels on the lesion ed  side 
an d  th e ir  contralateral counterparts (F ig. 2). There was no d efin ite  difference 
in  ip sila tera l nigral concentrations betw een  sham -operated and lesion ed  ani­
m a ls . A  significant difference w as observed, however, betw een th e  electro- 
ly t ic a l ly  and chem ically lesioned  groups and betw een the la tter  and  intact 
a n im a ls  (p <  0.01, not ind icated  in  th e  Figure) in th is respect (F ig . 1/B).

T he contralateral D A  level in th e  SN  o f chem ically lesioned  anim als 
w a s sign ifican tly  lower th an  th a t o f  sham -operated or electro ly tica lly  lesioned  
a n im a ls  while there was no difference betw een  sham -operated and electro­
ly t ic a lly  lesioned anim als (F ig . 1/B).

Ipsilateral D A  levels in the SNs o f sham -operated anim als w ere m arkedly  
h igh er th an  the contralateral levels  (Fig. 1/B ).

A  positive correlation w as found betw een  the ipsilateral and  contra­
la tera l S N  as well as betw een nigral and stria ta l concentrations on b o th  sides. 
T h ere w as no significant correlation betw een  th e  concentrations in  th e  ipsi­
la te r a l S N  and the contralateral striatum  (F ig. 2).

D iscussion

T h e situation  after unilateral nigral lesion  is very similar in  term s of 
s tr ia ta l D A  levels to  w hat has been found  after GPL [4]. Q uite like after 
G P L , a contralateral decrease w as found. The contralateral effect o f  6-O H D A  
w a s n o t  an artifact caused b y  som e of th e  drug passing into the cerebrospinal 
f lu id  or exerting a generalized effect in  any other w ay since electro lytica l 
le s io n  had a similar effect. D opam inergic specific ity  and the coincidence of 
th e  s ite s  the destruction o f  w hich causes contralateral decrease o f striata l DA  
w ith  th e  course of the n igrostriatal bundle, point to  this structure as th e  one 
resp on sib le  for the contralateral changes.

A  decrease o f contralateral nigral D A  concentration follow ed unilateral 
ch em ica l lesion o f the SN w hile e lectro lytica l lesions were not e ffective  enough  
to  produce a significant difference betw een  sham -operated and lesioned  
a n im als. The same is true about ipsilateral levels. The m echanism  underlying  
th e  la tte r  finding is more com plicated , how ever; it  seems th a t sham -operation  
i t s e lf  causes a localized decrease o f  ipsilateral nigral DA. Still, since sham- 
op era tio n  had no contralateral effect w hile 6-O H D A  defin itely  reduced the  
con tra la tera l nigral concentration , it  m ay  be assumed that th e  substantia  
nigra  is  involved in the m echanism  o f contralateral DA decrease after unilateral 
n igrostr ia ta l lesions.

I t  is  clear according to  th e  present data th at, though th e  contralateral 
ch a n g es after unilateral lesions are transien t in  the rat, there is an in ter­
dep en d en ce of D A  levels o f  the tw o  sides in  th is species, too.
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A RAPID CENTRIFUGATION METHOD 
FOR THE ISOLATION 

OF POLYMORPHONUCLEAR LEUCOCYTES 
FROM HUMAN BLOOD

B y

L. Mo l n á r , J. L e ib in g e r , J. M. B a l ó -B a n g a  and I. RÁcz
N ATION A L IN ST IT U T E  OF DERM ATO-VENEREOLOGY, B U D A PEST, HUNGARY 

(R eceived  O ctober 10, 1980)

A ra p id  o n e-step  g ra d ie n t cen trifu g a tio n  m e th o d  to  p rep are  P M N  leu c o cy te s  
has been  w ork ed  o u t b y  w hich  a 98—99%  p u re , w ash ed  g ran u lo cy te  su sp en s io n  of 
98%  v ia b ility  can  be  o b ta in e d  in  30—40 m in u te s . T h e  cells p rep ared  b y  th is  m e th o d  
d isp layed  h ig h er N B T  re d u c tio n  u p o n  ingesting  th e  sam e soluble D N A  — a n t i  D N A  
com plexes th a n  th o se  p re p are d  b y  th e  d e x tra n  se d im e n ta tio n  m ethod .

The cellular im m une response has gradually gained attention  in  recent 
years. In addition  to  lym phocytes, the granulocytes have gained w ide in terest. 
In 1978, we reported on the alteration of im m une com plex ph agocytosis by  
PM N leucocytes in  SLE [7]. For the purpose o f  these studies, a tw o-step  
centrifugation  m ethod had been worked out to  separate PM N-s; th e  m ethod  
was a m odification  o f B g y u m ’s [1] original tech n iq u e. This m ethod, how ever, 
w as tim e consum ing and did not y ield  a su ffic ien t number of v iab le  cells. 
K inetic studies w ere, therefore, d ifficult to  perform .

B eside m any techniques b y  which sm all am ounts o f granulocytes w ould  
be obtained in excellen t functional condition [7] m ethods are w idely used  w hich  
com bine gradient separation w ith  subsequent dextran  sedim entation  [2, 8]. 
Their cell output is favourable but for testing  p h agocytic  function, in ta c t cells 
are needed. Earlier we have observed that betw een  dextran sed im ented  cells 
and those prepared b y  centrifugation over F icoll-U rom iro gradient there  
existed  striking differences w hich could n ot be revealed by tryp an  blue 
v iab ility  testing .

V iab ility  w as 98%  for both. Still, dextran prepared cells seem ed to  have  
less stab ility  and functional capacity than th o se  prepared by our tw o-step  
centrifugation technique [7]. Cellular yields and th e  tim e factor were, how ever, 
more favourable w ith  the la tter procedure. T he aim , therefore, was to  fin d  a 
su itab le centrifugation  technique th at took less tim e and yielded m ore cells o f  
sufficient purity and functional activ ity . This w ay  best expressed b y  the

T his w ork  w as su p p o rte d  b y  th e  H u n g arian  S ta te  O ffice o f T echnical D ev e lo p m en t.
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im m u n e  com plex phagocytosis measured spectrophotom etrically  b y  qu an tita­
t iv e  N B T  reduction [8]. T he final goal w as to  produce from th e ven ou s blood 
sa m p le  w ith in  30 —40 m in. a granulocyte suspension that fu lfils th ese re­
q u irem en ts.

Methods

V en o u s blood was ta k e n  fro m  seven v o lu n te e rs  w hose system ic illness w as ex c lu d ed  
b y  r o u t in e  lab o ra to ry  te s ts . E ig h t  m l blood w as m ix e d  w ith  10 m g h e p a r in  su b s tan ce  
(137 IU ./m g ) ,  d ilu ted  tw ofo ld  b y  P a rk e r’s TC 199 m e d iu m  followed im m e d ia te ly  b y  o v e r­
la y e r in g  o n  F icoll-U rom iro  g ra d ie n ts .

S e p a ra tio n  o f  P M N  leukocytes

a ) Centrifugation ■ dextran sedimentation

T h re e  m l sam ple o f v en o u s b lood  d ilu ted  tw o fo ld  w as overlayered  on 3 m l 1.077 g/m  
F ic o ll-U ro m iro  so lu tion  in  a  c en tr ifu g e  tub e .

T o  p re p a re  th e  1.077 g /m l so lu tio n , 21.6 g F ico ll w as dissolved in 250 m l d is tilled  w a te r  
a n d  5 6 .6  m l 60%  U rom iro  a n d  th e  m ix tu re  was d i lu te d  to  340 m l w ith  deion ized  w a ter.

C e n trifu g a tio n  was c a rr ied  o u t  a t  500 g  a t  5 °C fo r 30 m in. One m l d ilu te d  serum  
w as p i p e t t e d  off from  th e  to p  o f th e  tu b es  follow ed b y  re m o v a l o f th e  v isib le  in te rp h a s e  bau d  
c o n ta in in g  ly m phocy tes . T h en  th e  F icoll-U rom iro  so lu tio n  was rem oved  a n d  th e  e ry th ro ­
c y te  -j- g ra n u lo c y te  pe lle t a t  th e  b o tto m  of th e  tu b e s  co llec ted  and  m ixed  w ith  1 m l o f p a ­
t ie n t  s e ru m  p lus 0.4 m l o f 6%  d e x tra n  [2] d issolved in  0.15 mol/1 p h o sp h a te  b u ffe r  p H  7.4. 
T h is  m ix tu r e  was allow ed to  se d im e n t in 15 m m  tu b e s  a t  room  te m p e ra tu re  fo r one  hour. 
T h e  u p p e r  p h a se  was d ecan ted , w a sh e d  tw ice w ith  m e d iu m  TC 199 and  th e  cells w e re  co u n ted  
b y  a n  e lec tro n ic  cell cou n te r. V ia b ili ty  was assay ed  b y  th e  try p a n  b lue  exclusion  m eth o d . 
T h e  sp e c if ic  g ra v ity  of F ico ll-U rom iro  solu tions w as re p e a te d ly  d e te rm in ed  b y  a  p icn o m e te r.

b )  N ew  centrifugation method

A  3 m l sam ple o f venous b lo o d  d ilu ted  tw o fo ld  w as overlay ered  on 1.0794 g /m l (25 °C) 
F ic o ll-U ro m iro  so lu tion  p laced  in to  cen trifuge  tu b e s  in  eq u al am o u n ts. C en trifu g a tio n  was 
c a r r ie d  o u t  a t  500 g a t  5 °C fo r 5, 10, 15, 20, 25 a n d  45 m in .

T o  p re p a re  th e  1.0794 g /m l so lu tion , 21.6 g F ico ll w as dissolved in  250 m l d istilled  
w a te r  a n d  58.24 m l 60%  U rom iro  w as added , a n d  th e  m ix tu re  d ilu ted  to  340 m l w ith  d e ­
io n iz e d  w a te r .

A f te r  c en trifu g a tio n  th e  fo llow ing phases w ere  co llected  sep a ra te ly : so lu tio n  above 
th e  in te rp h a s e  b an d , in te rp h ase  b a n d , th a t  below  th e  in te rp h a se  b an d , an d  th e  e ry th ro c y te  
m ass  a t  t h e  b o tto m  of th e  tu b e .

T h e  co llected  leucocy tes f ro m  each phase  w ere  w ash ed  tw ice. T he cells w ere  co u n ted  
a n d  s u b je c te d  to  v iab ility  te s ts . F in a lly , th e  cellu la r susp en sio n  was sed im en ted  o n  m icro ­
sco p ic  s lid es in  sed im en ta tio n  c h am b ers  b u ilt acco rd in g  to  th e  d escrip tion  o f K o la r  an d  
Ze m a n  [6]. A ll stud ies w ere p e rfo rm e d  in  siliconized g lass tu b es .

M eth o d  f o r  measuring phagocytosis o f  im m une complexes

T h e  m eth o d  described b y  M olnár  e t al. [7] w as u sed . B riefly , a  cellu la r suspension ,
0 .2 %  N B T , auto logous in a c tiv a te d  se ru m  an d  a  m ix tu re  co n ta in ing  im m une co m p lex es w ere 
m ix e d  in  e q u a l am oun ts o f 100 p \  o f  each. A fter in c u b a tio n  a t  37 °C fo r 30 m in , th e  reac tio n  
w as s to p p e d  b y  0.5 N  h y d ro ch lo ric  acid  and  c en trifu g e d  a t  1500 g for 15 m in . T h e  fo rm azan  
fo rm e d  w as  dissolved in p y rid in e  b y  p lacing  th e  tu b e s  in  boiling  w a ter fo r 15 m in  a n d  th e  
w a te r  c le a r  su p e rn a ta n t w as u se d  fo r m easu ring  co lou r in te n s i ty  a t  515 n m  ag a in s t a  p y rid in e  
b la n k , in  a  Spekol 20 ty p e  sp e c tro p h o to m e te r  o f Zeiss, J e n a ,  G D R .

P re p a ra tio n  o f  im m une complexes

H u n d re d  p i  h igh  t i t r é  a n ti-D N A  serum  o b ta in e d  fro m  a  severe  case  o f S L E  was 
a d d e d  to  55 p g  of h igh  m o lecu la r w eigh t D N A  (C alf th y m u s , A  g rade, L o t: 300032, Calbio-
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ch cm , San D iego, C alifornia, U SA ), d isso lved  in 1.0 m l 140 m m ol NaCl a n d  10 m m ol 
K o H P O j, p H  8.0. A fte r  m echan ical s tirr in g , th e  m ix tu re  w as in cu b a ted  a t  37 °C fo r  60 m in  
a n d  th e n  allow ed to  p re c ip ita te  a t  4 °C fo r 24 h , acco rd ing  to  th e  m eth o d  o f P in c u s  [9]. T h e  
a c tu a l a m o u n t o f th e  s tab ilized , so luble  im m u n e  co m plex  was de te rm in ed  as fo llow s. 1.1 m l 
am m o n iu m  su lp h a te  so lu tion  s a tu ra te d  a t  4 °C a n d  a d ju s te d  to  p H  8.0 w as m ix e d  w ith  
th e  a b o v e  in cu b a tio n  m ix tu re  acco rd ing  to  P a rr  [3]. A fte r  in cubation  a t  4 °C fo r 60 m in  
c en trifu g a tio n  a t  3000 g  w as p e rfo rm ed  fo r 15 m in . T h e  D N A  c o n ten t o f  th e  su p e rn a ta n t  
a n d  sed im en t frac tio n s w as d e te rm in e d  b y  th e  m eth o d  o f  G il e s  an d  My er s  [5] a n d  th e  a m o u n t 
o f  b o u n d  D N A  was expressed  in  p e r  cen t. T h e  serum  u se d  in these  ex p erim e n ts  rev ea led  a 
38 +  2%  b in d in g  ac tiv ity .

Results

The new centrifugation technique

The effectiveness o f  separation m easured b y  th e  output cell cou n ts and 
th e  spectrum  o f cells was determ ined every 5 min from the 5th  to  th e  45th  
m in. o f  centrifugation. Four phases had separated in  each tube. T he phases 
could clearly be distinguished (F ig. 1). The phases above the in terphase bands 
(A), the interphase bands (B ), the phases betw een interphase and erythrocyte  
sedim ent (C), and the sedim ented erythrocytes (D) were collected separately . 
R esu lts o f cell counting and of differential counting are shown in F ig . 2, as a 
function  o f the centrifugation tim e. It is ev ident th at granulocytes tended  to  
sedim ent gradually downwards from the phase above the in terphase band  
through the interphase tow ards the sedim ented erythrocyte mass. A n optim um

F ig. 1. Iso la tio n  of h u m an  leuco cy tes  fro m  tw ofo ld  d ilu te d  b lood on F ico ll-U rom iro  so lu tion  
o f 1.0794 g/m l specific g ra v ity  (25 °C). A =  u p p e r p h ase ; В =  in te rp h ase ; C =  lo w er phase ;

D =  p e lle t ph ase
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F ig . 2 . D ifferen tia l co u n ts  o f  ly m p h o c y te s  and g ra n u lo c y te s  in  th e  fu n c tio n  o f c en trifu g a tio n  
tim es d e te rm in ed  f ro m  d ifferen t frac tions o v er F ico ll-U rom iro  g rad ien ts

F ig . 3. P ho to m icro g rap h  o f th e  ce llu la r suspensions ta k e n  a f te r  7 m in  of c en trifu g a tio n  a t 
500 g fro m  th e  lo w er phase (C) o f F ico ll-U ro m iro  grad ien ts

tim e  could  be found at w h ich  they  left the in terphase band but have not yet 
reach ed  the already sed im en ted  mass of eryth rocytes. Centrifugation in ter­
ru p ted  a t this point resu lted  in  a pure granulocyte suspension when phase (C) 
w as collected . This could be achieved in the 7th  m in. The photom icrograph in 
F ig . 3 shows the sed im ented  granulocytes co llected  in  th is manner.

The viability  determ ined  by trypan blue exclusion  was 98% and the  
fraction  contained 1 —2% lym phocytes and less th an  10% erythrocytes. The 
y ie ld  was 2 .0 —2.5 х Ю 7 granulocytes from 8 m l w hole blood and th e  cells 
w ere ready for use in c lu d in g  tw o successive w ashes 30 —40 min after the  
b lood  had been taken.

In  contrast, cen trifu gation  dextran sed im entation  yielded after 30 
m in  centrifugation at 1400 r.p.m . followed b y  60 min sedim entation w ith
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Amount of immune complex per reaction mixture

Fig. 4. Q u a n tita tiv e  NBT re d u c tio n  in iso la ted  h u m an  g ran u lo cy tes  as th e  fu n c tio n  o f  im ­
m u n e  com plex  co n ta in ing  reac tio n  m ix tu re s , о — О : G ran u lo cy tes  o b ta in ed  b y  th e  n ew  c en trif­

u g a tio n  tech n iq u e ; •  •  : G ran u lo cy tes  o b ta in ed  b y  th e  d e x tra n  se d im e n ta tio n  m e th o d

dextran and successive washes 2 .5 —З х Ю 7 granulocytes from 8 m l o f  whole  
blood, and the fraction contained 5 —8% lym p h ocytes and up to  40%  erythro­
cytes. The trypan blue m ethod revealed a 97%  v iab ility  of the granulocytes.

Immune complex phagocytosis o f  granulocytes obtained by different methods

The im m une com plex induced N BT reduction of different am ounts of 
D N A  anti-D N A  containing reaction m ixtures w as measured in the granulocyte  
suspensions obtained from 7 blood specim ens prepared by the tw o  m ethods. 
R esults are shown in F ig. 4. The values were higher w ith  granulocytes obtained  
by the new  centrifugation  technique than w ith  those obtained by th e  dextran  
sed im entation  m ethod. The greatest increase in N BT reduction w as found at 
10 p\ o f the im m une com plex containing reaction m ixture. The differences 
were sign ificant sta tistica lly .

Discussion

Separation o f granulocytes in sufficient num ber and condition  is a pre­
requisite o f functional im m unological m ethods. R ecently , a few  a ttem p ts have  
been m ade to  m odify B ö y u m ’s classic m ethod [1]. F e r r a n t e  and T h o n g  [4] 
published a sim ultaneous separation procedure o f m ononuclear cells and 
granulocytes from horse blood. Our earlier m ethod [7] was tim e consum ing. 
It provided, however, a pure granulocyte fraction  that displayed higher values 
in N B T  reduction than  these cells prepared by the dextran sed im entation  
m ethod. This fact together w ith  other published data [4] have m ade it  neces-
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sa ry  to  analyse critically  th e  results obtained in  different experim ental system s  
u sin g  dextran-prepared granulocytes.

Our studies show ed equivocally  that th e  F icoll-U rom iro gradients can be 
m od ified  in a w ay to  o b ta in  a practically pure granulocyte m ass in  a short 
t im e . The exact specific g ra v ity  of such solutions w as 1.0794 g/ml.

I t  has to  be p o in ted  out that trypan b lue exclusion cannot reveal dif­
feren ces in the functional a c tiv ity  of othervise in ta c t cells.

A pplication o f our rapid  centrifugation m ethod  can provide an oppor­
tu n ity  for many lab oratories engaged in clin ical im m unology to  carry out 
fu n ctio n a l tests in  m u ltip le  blood samples under conditions reflecting a higher 
le v e l o f  standardization th a n  before.

This in turn can im prove the further in vestiga tion  of functional and 
b io log ica l properties o f  P M N  granulocytes, and to  obtain a similar precision  
regard ing  their function  as th a t of m ononuclear cells.
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METABOLIC AND VASCULAR VOLUME OSCILLATIONS 
IN THE CAT BRAIN CORTEX*

By

E . D ó r a  an d  A. G. B. K o v a c h

EX PER IM EN TA L R ESEA R C H  D EPA RTM EN T AND SECOND IN ST IT U T E  OF PH Y SIO L O G Y , 
SEM M ELW EIS U N IV E R SIT Y  MEDICAL SCHOOL, BU DA PEST

(R ece iv ed  N ovem ber 5, 1980)

E arlier s tu d ies  fro m  o u r lab o ra to ry  suggested  th a t  th e  c e reb ro co rtica l N A D H  
fluorescence o sc illa tions ev o k ed  b y  severe a rte ria l h y p o x ia  a re  n o t  d u e  to  th e  oscilla­
tio n s  o f  cerebral p e rfu s io n  p ressu re  an d  cerebral b lood flow  [10]. In  th e  p re se n t work 
fu r th e r  d a ta  will be  p re se n te d  on  th e  possible m echan ism  o f o th e r  k in d s  o f cereb ral 
b lood  flow  an d  m e ta b o lic  oscilla tions. T he e x p erim en ts  w ere  p e rfo rm ed  on  20 cats 
a n ae sth e tize d  b y  a lpha-D -glucochloralose , im m obilized  b y  ga llam in e  trie th y lio d id e  
a n d  v e n tilla ted  a rtif ic ia lly . T h e  changes in  co rtica l v a scu la r  vo lum e a n d  N A D H  flu o ­
rescence were m easu red  w ith  a  f lu o ro reflec to m ete r th ro u g h  a glass w indow  im p lan ted  
in to  th e  r ig h t p a r ie ta l  bone .

In  5 e x p erim en ts  th e  oscilla tions in co rtica l v a scu la r  vo lum e a n d  N A D —N A D H  
red o x  s ta te  w ere p ro m o te d  b y  th e  so called T ra u b e -H e rin g  w aves in a r te r ia l  blood pres­
sure . T he vascu la r v o lu m e  w aves h a d  a delay  of 1 2 sec com pared  to  th e  M A B P waves
an d  th e ir  freq u en cy  v a r ie d  b e tw een  2—3 cycles/m in . T h e  N A D H  flu o rescen ce  waves 
lagged 2 —10 sec b e h in d  th e  v ascu la r volum e w aves. T his ty p e  o f o sc illa tio n  was de­
p ressed  tran s ie n tly  b y  i.v . a d m in is tra tio n  of glucose an d  was s to p p e d  a f te r  M A BP 
stab iliza tio n .

In  5 e x p e rim e n ts  th e  m ean  a rte ria l blood p re ssu re  w as d ecreased  to  30 — 40 m m  
H g  b y  bleeding. W h en  n itro g en  anox ia  was in d u ced  or glucose w as a d m in is te red , 
period ic  a lte ra tio n s  in N A D H  fluorescence a p p ea red  th a t  w ere in d e p e n d e n t from  th e  
changes in v ascu la r v o lu m e. T h e  frequency  of th ese  w aves was 1 cycle/2  — 5 m in . T hese 
N A D -N A D H  re d o x  s ta te  oscilla tions hav e  been suggested  to  be  p u re  m etab o lic  oscil­
la tio n s th a t  w ere d esc rib e d  earlie rly  in y east cells [2, 3].

In  10 ex p erim e n ts  th e  cortical vascu la r vo lu m e a n d  N A D H  flu o rescen ce  oscil­
la tio n s occurred  a lre ad y  in th e  con tro l period  or w ere  evoked by  ad d itio n a l ad m in is tra ­
tio n  of alpha-D -glucochloralose. T he frequency  o f th is  o scilla tion  v a r ie d  betw een 
5 — 10 cycles/ m in. D u rin g  oscilla tion  M A BP was c o n s ta n t a n d  EC oG  w as ch a ra c te r­
ized b y  a  low sp ike  a c tiv ity . T he N A D H  fluorescence oscilla tions lagged  2 — 4 sec 
b eh in d  th e  v ascu la r v o lu m e w aves. T he oscillation  w as in sensitive  to  g lucose b u t it 
could  be abolished tra n s ie n tly  by  a rte ria l h y p e rca p n ia  an d  h y p o x ia  a n d  direct 
e lectrical s tim u la tio n  o f  th e  b ra in  cortex .

Oscillatory phenom ena are observed at all levels o f b iological organiza­
tion  from the social to  th e  m olecular level, w ith  periods ranging from  seconds 
to years. Oscillations in  th e  order o f one min and o f a few  sec closely  resemble 
those involving m etabolites which control enzym atic reactions [5, 7, 11, 17]. 
The latter periodicities have evoked considerable interest in recent years owing 
to  their putative link w ith  biological clocks. W ith more soph isticated  tech-

* T his w ork was su p p o rte d  b y  th e  H u n garian  R esearch  Council (G ra n t N o. 1-07-0304- 
02-0/K ) a n d  by  th e  N IN C D S  U SA  g ra n t No. 10939.
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n iq u e s  it was possible to  sh ow  N A D -N A D H  redox sta te  oscillations even in 
in ta c t  organs [6, 7, 10]. R esu lts  from our laboratory indicated  th a t arterial 
b lo o d  pressure waves, govern ed  possibly by CNS ischaem ic reflex  oscillation  
[1 3 ] , are based on the g ly c o ly t ic  oscillation o f th e  m edullary cardiovascular  
cen ter  [10].

In  the present s tu d y  an attem pt was m ade to  explore the conditions 
n e cessa ry  to  cause o sc illa tion s in  the cerebrocortical N A D -N A D H  redox state  
an d  vascu lar volume. On th e  other hand we tried  to  characterize the various 
ty p e s  o f  N A D -N A D H  o sc illa tion s that occurred in  the liv ing  brain cortex.

Methods

T h e  experim ents w ere p e rfo rm e d  on 20 ca ts a n a e s th e tiz e d  b y  a lpha-D -g lucochloralose  
(60  m g /k g  b.w .), im m obilized  b y  g a llam ine  trie th y lio d id e  (F lax ed il, 2 — 4 m g /k g  b .w .) an d  
r e s p i r a te d  artificially  (H a rv a rd  re sp ira to r ,  No. 667). A glass w indow , described  earlie r, [18] 
w as im p la n te d  into th e  r ig h t p a r ie ta l  bone  for o p tica l m o n ito rin g  of N A D H  fluorescence a n d  
U V  re f le c ta n c e  of th e  ca t b r a in  c o rte x . The N A D H  flu o rescen ce  was m easu red  a t  450 nm , 
th e  U V  re flec tan ce  a t 366 n m  w i th  a p p ro p ria te  filte rs  a n d  p h o to m u ltip lie rs  [18]. T h e  changes 
in  f lu o re sce n ce  and re flec tan ce  h a v e  been expressed in  p e r  cen t o f th e  in itia l v a lu es o f th e  
n o rm o x ic  b ra in  cortex. To a v o id  a p p a re n t changes in N A D H  fluorescence caused  b y  th e  
v a r ia t io n s  o f  cortical blood v o lu m e  th e  correction  m eth o d  o f H a r b ig  e t al. [16] was em ployed. 
T h e  so -c a lled  corrected N A D H  flu o rescen ce  shows th e  re a l changes in tis su e  N A D H  con­
c e n t r a t io n .  T he reflectance m e a su re d  a t  366 nm  was used  to  in d ic a te  th e  a lte ra tio n s  o f cortical 
b lo o d  c o n te n t  and vascu lar v o lu m e . W h en  th e  blood c o n te n t o f th e  b ra in  c o rte x  is increased  
th e  re fle c ta n c e  decreases an d  v ice  versa  w hen th e  blood c o n te n t is d im in ished . T heore tically  
t h e  c h a n g e s  in haem oglobin o x y g e n a tio n , when th e  ab so rp tio n  of th e  haem oglobin  is m eas­
u re d  a t  366 nm , also m ay  cau se  a lte ra t io n s  in th e  in te n s ity  o f th e  re flected  lig h t [20]. how ­
e v e r , s in ce  th e  red  blood cells r a th e r  d iffrac t th a n  ab so rb  th e  ex a lta tio n  lig h t th is  w ave 
le n g th  seem ed  to be a sa tis fa c to ry  in d ic a to r  of blood c o n te n t a lte ra tio n s .

T h e  trachea , fem oral a i t e r i e s ,  o n e  of th e  lingual a rte r ie s  an d  fem oral ve ins w ere p re ­
p a re d  a n d  cannulated . T he a r te r ia l  b lood  gases and h aem o g lo b in  c o n cen tra tio n  w ere d e te r­
m in e d  b y  a n  ABL-1 analyzer (R a d io m e te r ) .  The artific ia l re sp ira tio n  was a d ju s te d  to  m a in ta in  
th e  a r te r ia l  p 0 2 and p C 0 2 close to  100 an d  35 m m  H g, re sp ec tiv e ly . In  th e  ex p erim en ts  w here 
b le e d in g  w as applied th e  fe m o ra l a r te r y  was connected  to  a  bu ffer-rese rv o ir system .

E lec troco rticogram  w as re c o rd e d  via  copper screw s f ix ed  in to  th e  f ro n ta l a n d  occip ita l 
b o n e s . A rte ria l  blood p ressu re  a n d  in tra c ra n ia l p ressu re  w ere  m easu red  b y  S ta th a m  P23/d 
e le c tro m an o m e te rs . The re c ta l  te m p e ra tu re  of th e  an im als  w as m ain ta in ed  a t  37 °C using 
a  Y S I  73 /A  tem pera tu re  c o n tro lle r  a n d  an  infralam p. T h e  follow ing p a ram e te rs  w ere record îd 
r o u t in e ly  on  a 8-channel G rass  p o ly g rap h : a rte ria l b lood  p ressu re , in tra c ra n ia l p ressure , 
c e re b ro c o r tic a l reflectance, N A D H  fluorescence, co rrec ted  N A D H  fluo rescence  an d  ECoG.

T o  characterize th e  d if fe re n t  ty p e s  of cortical N A D -N A D H  red o x  s ta te  a n d  vascu la r 
v o lu m e  oscillations, th e  fo llow ing  te s ts  were applied: i.v . o r i.a. infusion  of glucose solu­
t io n , d i re c t  electrical s tim u la tio n  o f  th e  b rain  co rtex  (p a ra m e te rs  o f s tim u la tio n : 8 -1 0  V, 
0 .5  m se c , 15 c.p.s. electrical s q u a re  w ave  im pulses), n itro g e n  gas in h a la tio n  fo r 1— 1.5 m in, 
5 %  C 0 2 inhala tion , a rte ria l b lee d in g . T o assess th e  con n ec tio n  be tw een  th e  d iffe ren t events 
th e  p h a s e  re lationship of th e  v a r io u s  w aves was also an a ly zed .

T h e  experim ents w ere d iv id e d  in to  3 groups d ep en d in g  on  th e  ch ara c te ris tic s  of th e  
o sc illa tio n s  (frequency, th e ir  d e p e n d e n c e  on a rte ria l blood p re ssu re  v a r ia tio n s , th e  conditions 
u n d e r  w h ic h  the  NADH flu o resce n ce  oscillations ap p ea red  or w ere  evoked, e tc .). In  th e  f irs t 
g ro u p  (5 experim ents) T ra u b e -H e r in g  a rte ria l blood p ressu re  w aves w ere seen. In  th e  second 
g ro u p  (5 experim ents) th e  c o r tic a l  N A D H  oscillations w ere  evoked  by  n itro g en  b rea th in g  
a n d  b y  glucose adm in istra tion  fo llo w in g  a long d u ra tio n  o f a r te r ia l  h y p o ten sio n . In  th e  th ird  
g ro u p  (1 0  experim ents) th e  a r te r ia l  b lood  pressure was c o n s ta n t an d  th e  freq u en cy  of th e  
N A D H  fluorescence oscillations v a r ie d  betw een 5— 10 w av es/m in .
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Results

In the present report 3 typ es o f  cerebrocortical oscillation  w ill be 
described.

The first ty p e  o f  N A D H  oscillation is associated  to  the so-called  arterial 
blood pressure w aves o f  Traube and H ering (F ig . 1). In this exp erim en t the 
cycle length  o f one w ave was around 25 sec. T he arterial blood pressure and 
cortical reflectance w aves were alm ost in p h ase, the corrected N A D H  fluores­
cence w aves were laggin g  1 —2 sec behind th em . The close phase relationship  
betw een the arterial blood pressure and reflectan ce waves indicates th e  loss of 
cerebral blood flow  (CBF) autoregulation w h en  th e  Traube—H ering w a v es are 
present. The cerebrocortical vascular volum e p assively  followed the flu ctu ation s  
o f  arterial blood pressure. The spontaneous rise in  arterial blood pressure led to  
the d ilatation  o f cerebral vasculature and to  th e  increase of CBF and cerebral 
oxygen  supply. The better oxygen supply resu lted  in N A D H  oxidation  (decrease 
in N A D H  fluorescence). The NAD reduction w as prom oted by opposite changes 
in cerebrocortical vascu lar volum e and CBF.

Figure 2 dem onstrates that the am p litu d e o f cerebrocortical vascular  
volum e and N A D —N A D H  redox state oscilla tion s can be decreased b y  i.v. 
adm inistration o f g lucose, however, the effect o f  glucose is not sp ec ific  since 
the am plitude o f arterial blood pressure w a v es is also decreased.

D irect electrical stim ulation o f the cerebral cortex transiently  abolished  
the oscillations in th e  vascular volum e and decreased the am plitude o f  N A D H  
fluorescence oscillation . W hen the phase relationship between N A D H  flu o­
rescence and arterial blood pressure oscilla tion s is analysed during electrical 
stim ulation  it  is ob viou s that the arterial b lood  pressure waves co n stitu te  the 
prim ary oscillation  (F ig . 3). It is worth to  n ote  that electrical a c tiv a tio n  of

Fig. 1. V ascu lar vo lu m e (R ), corrected  N A D H  flu o rescen ce  (CF) and u n c o rre c te d  N A D H  
fluorescence (F ) o sc illa tio n s in  th e  cat b ra in  c o r te x  t h a t  were associated w ith  th e  so-called 
T rau b e  an d  H ering  a r te r ia l  b lood  pressure w aves. A b b re v ia tio n s : к  =  co rrec tio n  fa c to r  d e te r­
m ined  b y  artific ia l h a em o d ilu tio n , B P  =  a r te r ia l  b lo o d  pressure. N ote t h a t  th e  vascu la r 

vo lum e ch an g es a re  inversely re la ted  to  th e  re flectance  (R ) a lte ra tio n s
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к =1,1

F

F ig . 2 . E ffe c t of th e  in jec tio n  o f  10 m l 10%  glucose so lu tio n  on  th e  oscillations in  th e  san
exp erim en t as in  F ig . 1

F ig . 3. E ffe c t  of direct e lectrica l s t im u la tio n  of th e  c e re b ra l c o r te x  on th e  oscilla tions d e m o n ­
s tra te d  in Fig. 1. T h e  d u ra t io n  of stim u la tio n  is m a rk e d  b y  2 vertica l lines

th e  cerebral cortex in th is  case resulted in N A D H  oxidation in agreem ent 
w ith  th e  im pairment o f C B F autoregulation [9].

W h en  the arterial b lood  pressure is stab ilized  the oscillations in  cortical 
v a scu la r  volum e and N A D —N A D H  redox sta te  vanished  (not shown in  th e  
d iagram ).

T h e  second typ e o f cerebrocortical N A D H  oscillations appeared w hen  
th e  o x y g e n  supply o f the brain  was restricted to  a certain critical lev e l and  
th is  con d ition  was m ainta ined  for a long period. In  our experim ents th is  w as  
a ch iev ed  b y  decreasing th e  arterial blood pressure to  30 —40 mm H g for 2 —3 
h ou rs. A fter this procedure oscillations in cerebrocortical vascular vo lu m e and  
N A D H  fluorescence could be provoked by n itrogen  gas breathing and b y
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system ic  glucose adm inistration. Figures 4, 5 and 6 show such an exp erim en t  
where the oscillations appeared after a nitrogen cycle. During n itrogen anoxia  
th e  cerebrocortical vascular volum e did not change, since the vesse ls  w ere 
already m axim ally dilated ow ing to  the low arterial blood pressure (F ig . 4). 
This result rules out the p ossib ility  th at the oxy-deoxy-haem oglobin  changes  
w ould have caused sign ificant alterations in the cerebrocortical reflectan ce  
m easured at 366 nm as it had been suggested b y  K r a m e r  and P e a r l s t e in  [2 0 ].

Follow ing the n itrogen cycle  N A D —N A D H  redox state tra n sien tly  
recovered, and subsequently  it  w as shifted tow ards a more reduced sta te . 
There were also som e flu ctu ation  in  the cerebrocortical vascular vo lu m e, 
how ever, these were less consistent than  the flu ctu ation s in the N A D —N A D H

ono* I a 1mm

F ig. 4. E ffec t of n itro g en  a n o x ia  on  th e  cereb ro co rtica l v a scu la r vo lum e, u n c o rre c te d  N A D H  
fluo rescence , co rrected  N A D H  fluo rescence  a n d  a rte ria l b lood  p ressure  du rin g  sev e re  a r te r ia l  
h y p o ten s io n  in a  ty p ica l ex p erim en t. A b b rev ia tio n s as in Fig. 1. N ote irreg u lar o sc illa tio n s

in  R , F  and  CF

cCoU j  I

200pV

D P ( mm Hg)
1001

0

Imin

F ig . 5. R h y th m ic  a lte ra tio n s  in  ce reb ro co rtica l co rrec ted  N A D H  fluorescence, u n c o rre c te d  
N A D H  fluorescence a n d  in  v a scu la r  v o lu m e  in  th e  reco v ery  phase  following n itro g e n  a n o x ia  
in th e  sam e experim en t as in  F ig . 4. N o te  t h a t  th e  e x p erim en ta l traces w ere re a r ra n g e d  as

co m p ared  to  F ig. 4
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red ox  state. S u b seq u en tly  the rhythmic v ar ia tion s o f cerebrocortical vascular  
vo lu m e and N A D —N A D H  redox state becam e more regular (Fig. 5) and the  
vascular volum e w a v es preceded the N A D H  fluorescence w aves. H ow ever, the  
oscillations of the N A D —N A D H  redox sta te  cou ld  not have been governed by  
th e  periodic a lterations o f  the vascular vo lu m e and CBF, since during the last 
phase o f the oscilla tion  th e  vascular volum e w a v es vanished w hile th e  N A D H  
fluorescence oscillations still persisted (F ig . 6).

Figure 7 show s an experim ent w here th e  cortical N A D H  fluorescence  
oscillations were evok ed  b y  the intra-arterial in jection  of 10% glucose solution.

20ÛMV ]i» M '.............
B P (mm Hg) ' 1

100 I

1 min

F ig . 6. R h y th m ic  a lte ra t io n s  in  cerebrocortical c o rre c te d  N A D H  fluorescence a n d  u n co rrec ted  
N A D H  fluorescence b e fo re  th e  oscillations ceased  sp o n ta n e o u s ly  in th e  sam e ex p erim en t

as in F ig . 4

BP ( mm Hg)

v r " . --------------------------------------------------------------- ------------
5ml 10*/. 1 m in
ç:ucos*  I a

F ig . 7. V ascular vo lu m e a n d  N A D -N A D H  redox  s ta te  o sc illa tions in th e  c a t b ra in  co rtex  
evoked by g lucose a d m in is tra tio n  into th e  lin g u a l a r te r y  in  a single ex p erim en t
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pH 7373  
o02KKA

Fig. 8. S pon taneously  a p p ea rin g  oscilla tions in th e  c e re b ro co rtica l u n co rrec ted  N A D H  flu o ­
rescence, v ascu la r vo lum e a n d  co rrec ted  N A D H  fluo rescence  in  a ty p ica l experim en t. A rte ria l 

p H , p 0 2 an d  H b  values a re  also show n

F ig. 9. C erebrocortical v a sc u la r  vo lum e a n d  N A D -N A D H  re d o x  s ta te  oscillations in  th e  sam e  
ex p erim en t as in  Fig. 8 . F o r  m ore  accu ra te  ev a lu a tio n  o f th e  ph ase  re la tio n sh ip s be tw een  

th e  v a rio u s  w aves th e  p ap er speed w as in creased

The adm inistration o f glucose transiently increased th e  arterial blood pressure 
w hich later returned nearly to  the initial level. T he glucose injections resulted  
in transient increase o f  reflectance and uncorrected N A D H  fluorescence, 
obviously  as a consequence o f  haem odilution. Corrected N A D H  fluorescence  
decreased th is tim e, probably as a result o f the im proved oxygen supply o f  the  
brain. Follow ing th is in itia l period vascular vo lu m e decreased, N A D H  flu o ­
rescence increased spontaneously  and, subsequently  N A D H  oscillations becam e  
regular. During the regular cycle of N A D -N A D H  redox state oscillations the  
vascular volum e changes w ere inconsistent po in tin g  again to  the independence  
of th is type o f N A D -N A D H  redox state oscillations from changes in vascular  
volum e and blood flow .

The third typ e o f  cerebrocortical N A D -N A D H  redox state oscillation  is 
dem onstrated in F igs 8 and 9. The cycle length  o f  these w aves varied betw een  
6 and 12 sec. The arterial blood pressure was con stan t and there w as no sign
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o f  oed em a upon inspection  o f  th e  brains. A nalysing phase relationships (Fig. 9) 
it  is  obvious that the N A D —N A D H  redox sta te  oscillations w ere lagging by  
1 —2 sec behind the vascular volum e oscillations. The am plitude o f  th e  oscilla­
t io n s  w as modulated w ith in  periods o f  1 0 —20 w aves w hich w as less pro­
n o u n ced  in the corrected N A D H  fluorescence trace.

T his type of N A D H  oscillation  w as not sensitive to  glucose adm inistra­
tio n  (F ig . 10). The transien t sh ift in th e  reflectance and uncorrected N A D H  
flu orescen ce traces during glucose infusion was caused by the haem odilution .

Since the vascular vo lu m e w aves preceded the redox sta te  w aves it 
seem ed  reasonable to in v estig a te  th e  effect o f 5% C 0 2 inh a la tion  on the  
o sc illa tio n s. In agreem ent w ith  earlier findings o f G y u l a i  et al. [1 4 ], C 0 2 
in h a la tio n  basically resu lted  in  an increase in  vascular volum e o f  th e  brain 
co r tex  and shifted the N A D —N A D H  redox sta te  towards oxidation  (F ig. 11). 
CO g inhalation  abolished th e  oscillations in vascular volum e and corrected  
N A D H  fluorescence. Since th e  corrected N A D H  fluorescence oscilla tion s van­
ish ed  before the vascular vo lu m e oscillations during hypercapnia it  m ight be 
su g g ested  that this typ e o f  redox sta te  oscillation  is a threshold phenom enon  
w h ich  occurs when the C BF oscillation reaches a critical value.

D irect electrical stim u lation  o f the brain cortex dilates th e  vessels and 
lead s to  an increase in N A D H  fluorescence when strong stim uli are applied [9]. 
T h is ty p e  o f NADH  fluorescence response is very sensitive to  traum a and it is 
a b sen t when autoregulation o f CBF is disrupted. In agreem ent w ith  these  
p rev io u s results we were ab le to  show th a t the brain is not affected  adversely  
w h en  these frequent N A D H  oscillations occur. In Fig. 12 the direct electrical 
stim u la tio n  of the brain cortex  led to  a m arked increase in vascu lar volum e

I
Y Л  / \  . / ! \
4 /  ö  ; |S  

! !

200 
mm Hg

100-

ECoG
200uV

А Г  \
V  '

;/\  ■. • • • Г

/ i \ : /
X J

10ml 10*/. g lucose  i

F ig . 10. E ffec t of glucose in fusion  on th e  freq u e n t cereb ro co rtica l vascu la r v o lu m e  a n d  NAD 
N A D H  re d o x  s ta te  oscilla tions in  a single e x p erim en t. T h e  d u ra tio n  o f g lucose in fusion  is

m a rk e d  by  a  h o rizo n ta l b a r
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Fig. 12. E ffec t o f th e  in h a la tio n  o f 5%  C 0 2 on  th e  fre q u e n t oscillations o f cereb ro co rtica l 
vascu lar vo lum e an d  N A D -N A D H  red o x  s ta te  in a  single ex p erim en t. T he v a lu es o f  a r te r ia l  

H b , p H , p C 0 2 an d  p 0 2 before  a n d  du rin g  h y p e rca p n ia  a re  also show n. A b b re v ia tio n s : 
IC P  =  in tra c ra n ia l p ressu re  m easu red  via  m eta l tu b es  fix ed  in to  th e  wall o f th e  g lass w indow

N U K M O C A  P N I A
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»

Fig. 12. E ffec t o f  d irec t e lectrical s tim u la tio n  o f th e  b ra in  c o rte x  in an  oscilla to ry  e x p erim e n t 
d u rin g  norm o- an d  h y p ercap n ia . T h e  d u ra tio n  o f th e  s tim u la tio n  is m arked  on th e  t im e  scale
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and to  a slight N A D  reduction . The N A D H  oscilla tions vanished during stim u ­
la tio n , w hile reappearing follow ing the on set o f  th e  recovery o f  th e  vascular  
v o lu m e oscillations. O w ing to  the strong electrica l stim uli arterial b lood pres­
sure decreased during stim u lation  and ep ilep tic electrical phenom ena persisted  
for n early  40 sec after th e  cessation o f electrical stim ulation.

T he second stim u lation  was applied during hypercapnia. In  agreem ent 
w ith  th e  results o f  G y u l a i  and K o v a c h  [15], th e  inhalation o f 5% C 0 2 failed  
to  in flu en ce th e  stim ulation-induced increase in  vascular volum e ind icating  
th a t  CO 2 and increased electrical activ ity  o f  th e  brain probably do not affect the  
sam e segm ent o f th e  cerebral vasculature.

T he effect o f  n itrogen  breathing on th e  cerebrocortical vascular volum e  
and N A D H  fluorescence oscillations is show n in  F ig. 13. As show n in  th is  
diagram  anoxia abolished the oscillations, h ow ever, th ey  reappeared about 
10 m in  after the cessation  o f nitrogen inhalation .

W hen analysing m ore carefully the experim ents where frequent N A D H  
fluorescence oscillations appeared we found th a t  ECoG was invariab ly  de­
pressed . I t  was therefore suggested th a t th e  deepness o f  chloralose anaes­
th es ia  m ight p lay a role in  th e  appearance o f  th ese  w aves. To te st  th is  h yp o­
th esis  w e adm inistered additional doses o f  an aesth etics to  evoke oscillations. 
Such an  experim ent is  dem onstrated in F ig. 14. In  th is experim ent th e  oscilla­
tio n s appeared sp on tan eou sly  already in  th e  control period though th e  brain  
look ed  normal and th e  arterial blood pressure and the arterial blood gases 
w ere in  th e  physiological range. Following a 2-hour pause the vascular volum e  
oscilla tion s appeared on ly  sporadically and there was no oscillation in the  
corrected  N A D H  fluorescence trace. D uring th ese  2 hours the arterial blood  
pressure increased considerably  and the ECoG contained m uch more high

F ig . 13. E ffec t o f n itro g en  a n o x ia  on  th e  cereb ro co rtica l v a sc u la r  volum e an d  N A D -N A D H  
re d o x  s ta te  oscillations in  a  sing le  ex p erim en t a t  n o rm a l a r te r ia l  b lood  p ressu re . T h e  d u ra tio n  

of n itro g e n  b re a th in g  is m arked  b y  tw o  v e r tic a l  dashed  lines
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f i g .  14. E ffec t o f th e  deepness o f  alpha-D -glucochloralose an aesth es ia  on th e  f re q u e n t  v a scu la r 
v o lu m e  a n d  N A D -N A D H  re d o x  s ta te  oscillations in  a  ty p ic a l experim ent. T h e  v e r tic a l  dashed  

lines m a rk  th e  p h ase  re la tio n sh ip s b e tw e e n  th e  various w aves

frequency com ponents th an  before. As a resu lt o f  increased arteria l blood  
pressure the autoregulatory m echanism  o f CBF w as activated [19], i.e . the  
vascular volum e decreased and the N A D —N A D H  redox state  w a s shifted  
tow ards oxidation.

A fter th is stage 40 m g/kg alpha-D-glucochloralose was in fu sed  slow ly  
in to  th e  fem oral vein . A s a result o f th is, arterial blood pressure decreased to  
a m ean o f 100 mm H g, th e  high frequency com ponents in th e  EC oG  dis­
appeared and th e  ECoG w as characterized b y  low  spike a c tiv ity . T he deep 
anaesthesia  led to  rem arkably regular oscilla tions in the cerebrocortical 
vascular volum e and N A D —N A D H  redox sta te .

D iscussion

The physiological significance o f th e  biochem ical and other k inds of 
biological oscillations is not y et cleared. I t  is possible that th ese periodical 
even ts provide reliable tim ing m echanism s for the rhythm icity  o f  certain  
biological phenom ena at th e  cellular level. The m easurem ent o f  t is su e  N A D H  
fluorescence in th is respect could be very  useful since it can be m onitored  
continuously  in a non-invasive way; on th e  other hand the N A D —N A D H
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red ox  sta te  is a com plex  parameter of cellular m etabolism . The N A D /N A D H  
red o x  ratio is influenced b y  the oxygen su p p ly  o f  th e  tissue, as w ell as b y  the  
ad en y la te  charge and su b strate fluxes.

In  our experim ents 366 nm exa lta tion  lig h t was used to  ex c ite  the  
N A D H  m olecules and to  m onitor the a lterations in  cortical blood co n ten t, i.e. 
vascu lar  volum e. K r a m e r  and P e a r l s t e in  [20 ] claimed that th e  366  nm  
lig h t can not be used to  monitor the ch an ges in  tissue blood con ten t since 
th is  w ave length is n o t isobestic for oxy- an d  d eoxy  haem oglobin. I f  the  
red b lood cells rather absorbed the in c id en t ligh t than scatter it , the  
ch an ges in haem oglobin due to  oxygen u p tak e w ou ld  cause additional a ltera­
tio n s  in  the in ten sity  o f  366  nm  reflected lig h t, th ou gh  the tissue blood content 
m igh t not have been changed . In addition, th ese  authors stated  th a t from  
th e  sam e reason th e  reflected  light measured a t 366  nm can not be used  for 
th e  correction o f N A D H  fluorescence changes caused by the a lterations in  
blood  content. To avo id  a ll these “ artifacts”  K r a m e r  and P e a r l s t e in  sug­
gested  th e  use o f  isob estic  fluore-reflectom etry w here the changes in  blood  
co n ten t are m easured a t 549 nm (isobestic w a v e  length  for oxy- and d eoxy  
haem oglobin) and th e  changes in NADH  flu orescen ce arc monitored a t 448 nm  
(isob estic  w avelength  for o x y - and deoxy haem oglobin).

T hough th eoretica lly  these arguments are va lid , it should be considered  
th a t  th e  red blood cells scatter rather than  absorb  the incident lig h t. I f  the  
absorption  effect and th e  oxy-deoxy conversion o f  haemoglobin had a con­
siderable influence on th e  in tensity  of the reflected  light one w ould  expect 
a m arked decrease in reflectan ce during a n itrogen  cycle when th e  cerebro- 
cortica l vessels were p rev iou sly  dilatated m a x im ally . However, th is  w as not 
th e  case. W hile n itrogen  anoxia  applied during physiologically norm al con­
d itio n s resulted in a m arked decrease of re flectan ce  (Fig. 13), nitrogen anoxia  
em p lo y ed  at 40 m m  H g  m ean arterial blood pressure (i.e. where th e  cerebro- 
cortica l vasculature is m axim ally  dilatated) fa iled  to  cause any m easurable  
change in  cerebrocortical reflectance (Fig. 4). On the other hand, Ch a n c e  et 
al. [4] showed th at th e  u se o f  short cut in terferen ce filters (at 448 nm ) and of 
broad band filters (450  nm  +  30 nm) during a nitrogen cycle yields identical 
resu lts in  the case o f  brain , while recordings m ade w ith 448 nm interference  
filters  are less reliable ow in g  to  the inferior signal-to-noise ratio. C h a n c e  et 
al. [4 ] attributed th e  negligeble interference o f  haemoglobin oxygen ation  
ch an ges in N A D H  fluorescence readings to  th e  fa c t  that the decrease in  the  
ab sorp tion  of excita tion  w as approxim ately corrected  for by an increase of 
transm ission  at the em ission  w ave length.

In  the present s tu d y  w e were able to  sh ow  th a t the so-called presso­
recep tor autonom ic arterial blood pressure w a v es [12] m ay promote oscillations  
in  th e  cerebrocortical vascu lar volume and b lood  flo w  which lead to  oscilla ­
tion s in the N A D -N A D H  redox state. T hese periodical changes in  tissue
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energy m etabolism  must be sm all since, periodical alterations in ECoG were 
not observed. W hen the changes o f  arterial blood pressure were buffered the  
oscillations in cortical blood flow  and N A D -N A D H  redox state ceased .

The second type of N A D H  oscillation  dem onstrated here w as e lic ited  by  
th e  long lastin g  restriction o f  cerebral oxygen  supply  and by additional n itro­
gen breathing or glucose adm inistration . The oscillations o f  the cerebrocortical 
vascular vo lu m e were irregular and m ostly  out o f  phase com pared to  the  
N A D H  fluorescence oscillations. These oscillations were regarded as pure b io ­
chem ical oscillations described in  detail in yeast cells [2, 3]. In th is case the  
cytoplasm ic N A D —N A D H  redox sta te  oscillates as a result o f th e  m ultip le  
feed-back betw een  substrate m etabolism  and m itochondrial o x id a tiv e  phos­
phorylation [3, 11, 17]. The k ey  organizator is probably the phosphofructo- 
kinase enzym e [3, 4, 17]. In  the cat brain cortex the glucose-induced N A D H  
fluorescence changes are also certain ly  o f  cytoplasm ic origin since, ex cep t for 
th e  in itia l period, the oxygen  supp ly  o f  the brain is  not altered. C u m m i n s  and  
B u l l  [7] w ere also able to  e lic it, b y  the addition  o f glucose, b iochem ical 
oscillations in  isolated  brain slices preincubated in  substrate-free m edium . Our 
results are, how ever, the first to  show that biochem ical oscillations can be 
generated in in tact living brain. I t  is presum ed th a t the underlying m echanism  
o f  th e  b iochem ical oscillations in  the m am m alian brain and yeast cells and  
other cells are th e  same, th is being a general phenom enon o f the liv in g  m aterial.

The third typ e o f cerebrocortical N A D —N A D H  redox sta te  oscilla tion  
w as characterized by a cycle len gth  o f 6 —12 sec. Since the oscilla tions in 
cerebrocortical vascular volum e and blood flow  preceded the N A D —N A D H  
redox state oscillations by 1 —2 sec it  is presum ed that the m etabolic oscilla­
tions were th e  consequences o f  blood flow  oscillations. This in d ica tes th at 
blood Нолу, oxygen  supply and th e  N A D —N A D H  redox state are close ly  coupled  
in the brain. The strict coupling is also suggested by findings w h ich  shotv 
th a t the cerebral blood flow  and N A D —N A D H  redox state oscilla tions can be 
transien tly  abolished by hypercapnia, nitrogen anoxia and functional hyper- 
aem ia. Since redox state oscillations appeared already in response to  sm all 
variations o f  th e  cerebrocortical vascular л^о1ите and o f blood flow , it  appears 
th a t the norm oxic brain is not overperfused w ith  oxygen .

This kind of blood flow  and redox sta te  oscillation  Avas observed  on ly  
w hen the electrical activ ity  o f  th e  brain w as depressed by chloralose an­
aesthesia.

The oscillations, as their frequency is concerned, resemble very  m uch to  
the cerebral oxygen  tension oscillations described b y  D a v i e s  and B r o n k  [ 8 ] .  

These authors attributed the rhythm ic oxygen  cycles to  periodic varia tion s o f  
the vasom otor tone governed b y  som e central m echanism . The p articipation  of  
th e  sym pathoadrenal system  seem s to  be w ell established, since the am plitude  
o f oxygen  tension  oscillations can be influenced b y  alpha receptor b lockade [1]
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and  b y  stim ulating th e  sym patho-adrenal sy stem  [21]. H ow ever, further 
experim ental work is  n eed ed  to  clarify th e  underly ing  m echanism  o f th is type  
o f  cerebral blood flo w  and  m etabolic oscillation . According to  our prelim inary  
d ata  ( D ó b a , unpublished data) atropine has no influence on these oscillations.
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THE INCREASE OF CEREBELLAR cAMP 
LEVEL AFTER DECAPITATION:

THE EFFECT OF PROPRANOLOL
By

G. S z a b ó  an d  E .  E n d r ő c z i

POSTGRADUATE MEDICAL SCHOOL, RESEARCH DIVISION, BUDAPEST 

(R eceived  N o vem ber 20, 1980)

T he increase  o f cA M P level o f  th e  ra t  c e re b e llu m  induced  by  d e c a p ita tio n  w as 
s tu d ied . A d m in is tra tio n  o f 5 m g/100 g p ro p ran o lo l 1 h o u r before d e c a p ita tio n  com ­
p le te ly  p re v en ted  th is  in crease . N e ith e r th e  d e p le tio n  of catecholam ine p oo ls, in h ib i­
t io n  of th e ir  sy n th es is , n o r  b a rb itu ra te  t r e a tm e n t  in fluenced  th e  in c rease  o f  cA M P 
leve l evoked b y  d e c a p ita tio n .

I t  h as b een  co n clu d ed  th a t  n o rad ren e rg ic  n eu ro tran sm issio n  is in v o lv e d  in  th e  
cerebellar cA M P leve l increase  a f te r  d e ca p ita tio n .

Extraordinary sen sitiv ity  of the brain to  hypoxia  is a w ell-know n fact. 
In m ild hypoxia brain cGMP and glucose levels as w ell acetylcholine syn th esis  
are decreased, w hile there is no change in cAM P lev e l [8]. Complete cessation  
of oxygen  supply has an essentially  different effect: ATP level b egins to  
decrease w ith in  seconds and th e  energy reserves are depleted w ithin about one 
m inute and the anim al dies [6, 7]. Complete ab o lition  of the blood su p p ly  to  
th e  brain (i.e. decapitation) leads to  fast and tem porary increase o f  cAM P  
level, w hile cGMP level is unchanged. After th e  exhaustion  o f energy reserves 
the leve l o f both cyclic nucleotides is decreased below a basic lev e l [21].

A fter decapitation , cAM P content of different brain areas changes rapid ly  
in rabbits [12, 13], in  m ice [21], and in rats [4, 11, 16, 17, 18].

Barbiturate anaesthesia  alters the brain energy  reserves and their  con­
sum ption  [7], how ever, it  does not alter the cA M P level o f different brain  
areas [14].

The present paper deals w ith m easurem ents o f cerebellar cAM P level. 
E n zym atic  processes w ere stopped b y  liquid n itrogen  at different in tervals  
after decapitation . The postm ortem  change o f  cA M P level and its causes were 
in vestigated . Inh ib ition  o f th e  observed increase b y  propranolol su ggests a 
role o f  postsynaptic beta  adrenergic m echanism s in  th is phenom enon.

Methods

A d u lt fem a le  R -A m ste rd am  ra ts  were used. P ro p ra n o lo l (Sigm a), a lp h a -m e th y l-ty ro s in e  
m e th y l e s te r  HC1 (S igm a), a n d  p e n to b a rb ita l sodium  (N e m b u ta l,  Serva) w ere d isso lv ed  in 
physio log ical saline. T hese  a n d  reserp in e  (R ausedy l), p in d o lo l (Visken), an d  p h e n to la m in e
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( R e g it in )  w ere  adm in istered  in tra p e r ito n e a lly . T h e  co n tro l r a ts  w ere tre a te d  w ith  physio log ica l 
sa lin e . T h e  an im als were k illed  b y  d eca p ita tio n , th e ir  sk u lls  w ere opened , a n d  th e  cerebellum s 
w e re  e x c ise d  an d  th ro w n  in to  l iq u id  n itro g en . A s tro n g  re d u c tio n  in  th e  in te n s i ty  o f  boiling 
o f  l iq u id  n itro g e n  m ark ed  th e  freez in g  o f th e  tissu es. F if te e n  to  120 seconds p a sse d  be tw een  
th e  h a n d lin g  of th e  an im al a n d  th e  ch illing  of th e  cereb ellu m .

T h e  frozen tissues w ere  w e ig h ed  and  h om ogen ized  in  4 m l 0.5 M tr ic h lo ro a c e tic  acid 
so lu t io n  u s in g  a  glass h o m o g en izer w ith  a  glass p a s tle . T h e  m echanical d e s tru c tio n  a n d  th e  
d é n a tu r a t io n  b y  trich lo roacetic  a c id  p receded  th e  w a rm in g  u p  of th e  tissue.

A f te r  cen trifugation  of th e  h o m o g en a te , th e  tr ic h lo ra c e tic  acid  was e x tra c te d  b y  d ie th y l 
e th e r ,  a n d  cAM P co n ten t w as d e te rm in e d  b y  a p ro te in  b in d in g  m eth o d  [5].

M ean s of four p a ralle l sa m p le s  a n d  s ta n d a rd  e r ro r  w ere  calcu la ted ; S tu d e n t’ t t e s t  was 
u se d  fo r  s ta tis t ic a l  eva lu a tio n  o f  th e  resu lts .

Results

T h e  cAMP level o f  th e  cerebellum  120 seconds after decap ita tion  was 
u n ch a n g ed  by treatm ent o f  th e  rats w ith 5 m g/100 g phentolam ine or 2 m g/100 g 
p in d o lo l, while it was s ign ifican tly  lowered b y  4 m g/100 g propranolol (F ig . 1). 
R a ts  w ere decapitated 60 m in  after the adm inistration  o f the drugs.

F rom  15 to  120 seconds th e  cAMP lev e l o f  the cerebellum  increased to  
a v a lu e  three tim es higher (F ig. 2). The increase o f cAMP lev e l w as to ta lly  
p rev en ted  by the adm inistration  o f 5 m g/100 g propranolol. cAM P le v e l was 
s ig n ific a n tly  lower 15 seconds after d ecap itation  in the propranolol treated  
rats th a n  in  the controls. T his find ing ind icates th a t the increase o f  th e  cAMP 
c o n te n t  started before 15 seconds. In th e  propranolol treated an im als there

pmol cAMP /mg

Control Visken
Regitin Propranolol

F ig . 1 . E ffe c t  of 5 m g/100 g p h e n to la m in e  (R eg itin ), 2 m g/100  g p indolo l (V isken), a n d  5 m g / 
100 g  p ro p ra n o lo l on th e  c e re b e lla r  cA M P c o n ten t. R a ts  w ere  d e ca p ita te d  60 m in  a f te r  t r e a t ­
m e n t .  T h e  cerebellum s w ere ch illed  120 seconds a f te r  d e c a p ita tio n . * p <  0.05 co m p ared

to con tro l
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pm ol cA M P /m g

F ig . 2. E ffec t o f 5 m g/100 g p ro p ran o lo l on  cereb ella r cA M P c o n ten t. R a ts  w ere  d e c a p ita te d  
60 m in  a f te r  t re a tm e n t. T he cerebellum s w ere  ch illed  15 or 120 seconds a f te r  d e c a p ita tio n . 
O pen  b a rs :  co n tro ls ; h a tc h ed  bars: t r e a te d  ra ts . * p  <  0.05 co m p ared  to  th e  re sp ec tiv e  co n tro l; 
**£p <  0 .01 com pared  to  con tro l a t  15 seconds; *** p <  0.01 com pared  to  c o n tro l a t  120

seconds

pmol c A M P /m g

F ig . 3. E ffec t o f th e  dep le tion  of ca techo lam ine  pools a n d  th e  inh ib ition  o f c a tec h o lam in e  
sy n th esis  o n  cA M P co n te n t o f th e  cerebellum . T h e  cereb ellu m s w ere chilled 15 o r 120 second  
a f te r  d e ca p ita tio n . O pen bars: co n tro ls; h a tc h e d  b a rs : 0.5 m g/100 g reserp ine  24 h o u rs  earlier; 
d o tte d  b a rs : 0.5 m g/100 g reserp ine  24 h o u rs  a n d  300 m g/100 g a lp h a -m e th y l-ty ro s in e  m e th y l 

ester HC1 3 hours p rio r to  th e  experim en t

w as no significant difference betw een th e  values obtained at ch illin g  the  
cerebellum s after 15 or 120 seconds (F ig. 2).

N either depletion o f catecholam ine pools b y  0.5 mg/100 g reserpine given  
24 hours earlier, nor the com bined depletion  o f  pools and inhib ition  o f  the  
syn th esis o f  catecholam ines (0.5 m g/100 g reserpine 24 hours, and 300 m g/100 g 
alpha-m ethyl-tyrosine m ethyl ester HC1 3 hours prior to  the experim ent) 
changed the cAM P levels 15 or 120 seconds after decapitation  (F ig . 3).
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pmol cAMP/mg

F ig . 4. E ffec t of a n ae s th es ia  o n  cAM P co n ten t o f th e  cerebellum . R a ts  w ere  d e ca p ita te d ; 
30 m in  a f te r  t r e a tm e n t. T h e  cerebellum s w ere ch illed  15 o r  120 seconds a f te r  d e ca p ita tio n . 
O p en  b a rs :  contro ls; h a tc h e d  b a rs :  trea te d  w ith  5 m g/1 0 0  g p e n to b a rb ita l sodium . * p  <  0.01

com p ared  to  th e  re sp ec tiv e  co n tro l

The cAMP leve l o f  th e  cerebellum o f pentobarbital anaesthetized  rats  
w as unchanged 15 seconds after decapitation (F ig . 4). The increase could also  
be observed, and even  th e  level after 120 seconds was sign ificantly  higher 
th a n  th a t found in th e  untreated  rats.

D iscussion

A n explanation for th e  fast brain cAM P lev e l increase th at follow ed de­
cap ita tion  was sought. T h is phenomenon w as recognized just after understand­
in g  th e  im portance o f  cA M P in the central nervous system  [4]. There are 
sign ifican t species differences; thus cAMP lev e l o f  the cerebral cortex increases 
about eight tim es 90 s a fter  decapitation in rab b its [12, 13]. A sim ilar change  
w as observed in th e  cerebral cortex and th e  cerebellum  of m ice [21], w hile  
th ere  w as only a s ligh t change in the cAM P lev e l o f the cerebral cortex of 
rats [18].

To measure th e  undisturbed cAMP lev e ls , new  m ethods like m icrow ave  
k illin g  [20] and freeze-b low ing method [23] h a v e  been developed recently . 
The phenom ena, w hich in clu d e the rise in cA M P lev e l, com plicate th e  m easure­
m ent o f  adenylate cyc lase  a ctiv ity  and th e  assessm en t of activation  b y  tran s­
m itters [9].

The activ ity  o f  ad en yla te  cyclase can be measured only in  a cell-free 
sy stem  [9], how ever, destruction  of the cells can apparently a ctiva te  the  
enzym e [22]. M easurem ent o f  adenylate cyclase a c tiv ity  in tissue slices yields
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on ly  indirect results [19], and changes o f cAM P leve ls  m ust also be tak en  into  
consideration [9, 12, 13].

The cause o f  increased cAMP level in th e  brain after d ecap itation  is 
unknown [17]. The phenom enon can be exp la ined  b y  hypoxia and th e  cessa­
tion  o f glucose supply  or b y  the release and unspecific  activation effect o f 
neurotransm itters [12, 13]. On the other hand, it  is open to  debate w hether  
the increase o f  cAM P content can be attributed  to  th e  activation o f ad en y la te  
cyclase or to  inh ibition  o f  phosphodiesterase a c t iv ity  [11].

In  rats the m ost m arked increase o f cAM P lev e l is observed in th e  cerebel­
lum  [18], w hile adenylate cyclase activ ity  is th e  low est here [11]. P rob ab ly  
the ratio o f adenylate cyclase to  phosphodiesterase activ ity  is o f param ount 
im portance, and th is  ratio is the highest in th e  cerebellum  in the rat [24].

An alpha adrenergic blocking agent (phentolam inc), and a beta  blocker  
were found to  be ineffective in inhibiting th e  cAM P level increase after  
decapitation . Propranolol, th e  other beta b locker prevented com p letely  the  
observed phenom enon. Propranolol used in th e  sam e dosage as in th is  stu d y  
inh ib ited  th e  increase o f  cAM P level in the cerebral cortex induced b y  electric  
stim ulation  o f the locus coeruleus [15]. C onsidering that the noradrenergic  
innervation  o f the cerebellum  arises from the lo cu s coeruleus [1], w e can  not 
exclude the possib ility  th a t propranolol exerts i t s  effect, at least partly, through  
the locus coeruleus.

The inhibitory effect o f  propranolol su ggests that noradrenaline is  in ­
volved  in the observed phenom enon. The d ep letion  o f  catecholam ine pools and  
even th e  inhibition  o f  their synthesis failed to  m odify  the increase o f  cAM P  
level after decapitation , how ever, similar dep letion  and inhibition stop p ed  the  
cAMP level increase in  the cerebral cortex induced  by electric stim u lation  of 
the locus coeruleus [15]. The proposed senzib ilization  o f adenylate cyclase after 
reserpine treatm ent [2] and the high turnover o f  noradrenaline in th e  cerebel­
lum [10] m ight explain  th is apparent discrepancy.

The inhibitory effect o f  propranolol on th e  increase o f cAMP lev e l points 
to  extracellular processes. Noradrenaline is released from the syn ap ses of 
catecholam inergic neurones, and propranolol in h ib its  noradrenaline b inding  
to  postsynaptic receptors in the synaptic cleft; th u s the extracellular effect of 
propranolol prevents the activation  o f adenylate cyclase in the cell [3]. H yp ox ia  
as a result o f disturbed energy supply develops intracellularly. Changes in  cell 
m etabolism  occurring w ithin  seconds caused b y  a drastic interruption o f  oxygen  
supply [6, 7] m ay be responsible for the increased sensitiv ity  of th e  cell to  
activators, and a weak stim ulus m ay result in  a major response. T hus the  
failure o f  reserpine and alpha-m ethyl-tyrosine m ethyl ester to  a ffect th is  
phenom enon m ay be explained by the altered sen sitiv ity . It m ay be concluded  
that noradrenergic neurotransm ission is in vo lved  in the increase of cerebellar 
•cAMP level after decapitation .
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A naesthesia alters th e  energy reserves o f  th e  brain [7], w hile n o t effect­
in g  cA M P level [14]. The fin d in g  th at cAM P con ten t 2 min after decap itation  
is  h igh er in pentobarbital treated  rats th an  in  controls m ight be exp la in ed  by  
a h igh er energy supply  o f  anaesthetized  rats [7], cAMP production from  ATP  
a p p a ren tly  decreasing on ly  som ew hat later.
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THE FATE OF />-BROMO-METHYLAMPHETAMlNE (V -lll)
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(R ece iv ed  O ctober 17, 1980)

T he fa te  o f p -b ro m o -m e th y la m p h e tam in e  ( V - l l l )  in th e  bod y  w as s tu d ie d  by  
m eans of its  ra d io a c tiv e  lab e lled  form s in m ouse a n d  r a t  ex p erim en ts . I t  w as found  
w ith  th e  whole bo d y  a u to ra d io g ra p h ic  m eth o d  a n d  liq u id -sc in tilla tio n  m ea su re m e n ts  
th a t  th e  com pound is ra p id ly  abso rbed  b y  w h a te v e r  ro u tes  o f a d m in is tra tio n  an d  it 
is rap id ly  tak e n  up  b y  th e  tissu es from  th e  b lood s tream . In  th e  c en tra l n e rv o u s  sys tem , 
it reaches h igher c o n ce n tra tio n  th a n  m e th y l-am p h e ta m in e  a n d  it  leav es th e  cen tra l 
n e rvous system  m ore slow ly. W e have  show n w ith  d ifferen tia l c e n tr ifu g a tio n  th a t  
V - l l l  is bound  m u ch  m ore  a v id ly  to  th e  m ito ch o n d ria l an d  m icrosom al f ra c tio n s  of 
r a t  b ra in  th a n  m e th y l-a m p h e ta m in e  and  o -b ro m o -m e th y l-am p h e tam in e  (V -104). T he 
in te n s ity  of b ind ing  is p ro p o rtio n a l to  th e  lip id  so lu b ility  o f th e  co m pounds. V - l l l  and  
its  m etabo lites a re  e x cre ted  m ain ly  in  th e  u rin e , an d  th e y  can  be  found  in sm all am o u n ts  
also in th e  stool. In  th e  case o f V - l l l - 3 - 14C a  sm all a m o u n t o f 14C 0 2 a p p e a re d  in th e  
exp ired  air, too , w hich  is a  consequence of th e  d is in teg ra tio n  of th e  m olecu le . I t  has 
been  show n b y  th e  rad io ch ro in a to g rap h ic  an d  gas ch ro m a to g rap h ic , m ass-spec- 
tro m e tric  analysis o f th e  m e ta b o lite s  th a t  V - l l l  is ex c re ted  p a r tly  in  u n c h a n g e d  form , 
nevertheless, th e  N -d e m e th y la te d  and  su b seq u en t p ro d u c ts , viz. p -b ro m o -p h en y l- 
ace to n e , p -b ro m o -p h en y lp ro p an o l, p -b rom o-benzo ic  acid  an d  p -b ro m o -h y p p u ric  acid 
a re  also excre ted  in th e  u rin e . T h e  m ain m etab o lic  p a th w ay  of a m p h e ta m in e  an d  of 
its  m e th y l-d e riv a tiv e  in  r a t  is p -h y d ro x y la tio n , w hich  does n o t ta k e  p lace  in  th e  case 
o f  p -h a lo g en ated  V - l l l .  T h u s th e  secondary  m etab o lic  p a th w ay  (d é m é th y la tio n , 
ox id a tiv e  d ésam in atio n ) becom es th e  m ain  m etab o lic  ro u te  o f V - l l l  in  th is  species. 
T h e  vigorous d é m é th y la tio n  of V - l l l  was p roved  b o th  in  vivo and  in  vitro. In  th e  r a t ,  
d em e th y la tin g  a c tiv ity  increases du rin g  prolonged t re a tm e n t. T he la t te r  f a c t  h a s  to  be 
ta k e n  in to  co n sid era tio n  w h en  in te rp re tin g  th e  pharm aco log ica l to le ran ce  t h a t  develops 
du rin g  chronic a d m in is tra tio n  o f th e  com pound.

A decade ago ex ten sive  research started in our departm ent a im ing at the  
developm ent of am phetam ine derivatives w hich selectively  in flu en ce the  
central nervous system . Tw o o f  the com pounds thus elaborated is phenyl- 
isopropyl-m ethyl-propinylam ine or deprenyl, a selective inhibitor o f  th e  “ B ” 
form  o f monoamine oxidase [4, 5, 6, 8, 9, 25], andp-brom o-m ethyl-am phetam ine  
( V - l l l )  which exerts its m ain effect on the serotonin (5-TH) regulation  o f the 
central nervous system . The pharm acological and biochem ical effects o f  V - l l l  
have been published previously  [3, 7, 11, 14, 16, 17, 18, 19, 20, 22, 24, 26, 27, 
28, 29, 30, 31, 32]. In these papers we have described th at the com pound inhibits  
se lectively  and lastingly  th e  uptake o f 3H -5-H T in to  rat brain synaptosom al 
preparations. A release o f 5-H T  is also induced b y  V - l l l  from the synaptosom al 
fraction.
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The duration o f a c tio n  o f V - l l l  concerning inhibition of the uptake of 
5 -H T  is much longer th a n  th at of am phetam ine or m ethylam phetam ine, 
th erefore  it seemed w orth  to  study how this long-lasting effect is related to  the 
fa te  o f  the compound in  th e  body.

In  the present paper th e  results of our experim ents on the fa te  o f У-111 
are summarized. The rad ioactive  labelled analogues o f the com pounds were 
u sed  in  these studies.

Methods

Labelled compounds. l- (4 -b ro m o p h e n y l)-2 -m e th y lam in o -p ro p an e -(l-14C) h y droch lo ride  
(V -l 11-1-HC); ]-(4 -b ro m o p h en y l)-2 -m e th y lam in o -p ro p an e-(3 -14C) h y d ro ch lo rid e  ( V - l l l - 3 - 14C) 
sp e c if ic  a c tiv ity , 3.67 m C i/m m o l; ( +  )-l-(4 -b ro m o p h en y I)-2 -m e th y lam in o -p ro p an e -(m eth y l-14C) 
h y d ro c h lo r id e  ( - ( - ) -V - l ll -m e th y l-14C), specific a c t iv ity ,  0.704 m C i/m m ol; (—)-l-(4 -b ro m o - 
p h e n y l)-2 -m e th y lam in o -p ro p an e -(m e th y l-3H) h y d ro c h lo rid e  (—)-V - l l l -m e th y l-3H ), specific 
a c t i v i t y ,  401.0 m C i/m m ol; ( +  )-l-(4 -b ro m o p h e n y l)-2 -m eth y lam in o -p ro p an e -(m e th y l-3H ) h y d ro ­
c h lo r id e  ( +  ) -V - l l l-m e th y l-3H ), specific  ac tiv ity , 282.0 m C i/m m ol; l-p h en y l-2 -m e th y lam in o - 
p ro p a n e (3 -14C) hyd ro ch lo rid e  (M A -14C), specific a c t iv ity ,  1.56 m C i/m m ol; l-(2 -b ro m o p h en y l)- 
2 -m eth y lam in o -p ro p an e -(2 -3H ) h y d ro ch lo rid e  (V-104-3H ), specific  a c tiv ity , 636.0 m Ci/m m ol: 
l-p h e n y l-2 -m e th y la m in o -p ro p a n e -(2 -3H ) hydroch loride  (M A -3H ), specific a c tiv ity , 690.0 m Ci/ 
m m o l;  l-(4 -b ro m o p h en y l)-2 -am in o -p ro p an e-(l-14C) h y d ro c h lo rid e  ( n o r - V - l l l - l - 14C), specific 
a c t iv i ty ,  3.82 m C i/m m ol; 4 -b rom obenzo ic  aeid-(7-14C), specific  a c tiv ity , 9.84 m C i/m m ol; 
4 -b ro m o h ip p u ric  acid-(7-14C), sp ec ific  ac tiv ity , 9.84 m C i/m m ol; 4 -b ro m o p h en y l-ace tic  acid- 
(1 -14C), specific ac tiv ity , 3.62 m C i/m m ol.

T h e  labelled co m p o u n d s w ere  sy n th e tized  in  th e  R ad iochem ica l L a b o ra to ry  of th e  
D ru g  R esearch  In s titu te .

A n im a ls . Male C F L P  m ic e  w eighing 20 +  1 g a n d  m ale  C FY  ra ts  o f 100 +  5 g were 
u se d  in  ou r experim ents.

Whole body au toradiography. T h e  m ethod  w as c a rr ie d  o u t according to  U l l b er g  [39]. 
M a le  (20 g) and p reg n an t (35 — 40 g) m ice were u sed . P re g n a n t  an im als w ere 4 d ay s before 
d e liv e ry .  V - l l l -3 - I4C w as g iv en  in trav en o u s ly : 5 /rCi/20 g, 18.1 m g/kg  o f a  25 /rC i/m l so lu tion . 
A t  v a r io u s  tim e follow ing th e  a d m in is tra tio n  of th e  c o m p o u n d  (30 sec—24 h o u rs) th e  m ice 
w e re  superficially  a n a e s th e tiz e d  w ith  d iethy l e th e r  a n d  w ere  em bedded  in w a te r  sa tu ra te d  
carb o x y -m eth y lce llu lo se  (CM C). T h en  th e  em bedded  a n im a ls  w ere im m ersed  in to  h exane , 
c o o le d  to  —75 °C by  th e  u se  o f  so lid  carbon  d ioxide. T h e  freezed  block co n ta in in g  th e  anim al 
w a s  s to re d  a t — 15 °C fo r se v e ra l h o u rs  and  th e  sec tion ing  w as carried  o u t a t  th e  sam e te m p e ra ­
tu r e .  20 /urn th ick  sa g itta l se c tio n s  w ere p repared  w ith  L e itz  1300 ty p e  m ic ro to m e an d  fixed  
o n  a  spec ia l adhesive ta p e  (M in n e so ta  M ining a n d  M a n u fac tu rin g  Co., No. 810).

T h e  sections w ere fre e z e -d r ie d  a t  — 15 °C, s to re d  a t  room  te m p e ra tu re , th e n  pressed  
o n  X - r a y  films (S tru c tu rix , G a e v e r t)  an d  a fte r a  su ita b le  exposure  tim e  th e  film s w ere sepa­
r a t e d  fro m  th e  sections a n d  d e v e lo p ed .

I n  one case a p re g n a n t  m o u se  was in jec ted  in tra v e n o u s ly  w ith  500 f i d  o f V-104-3H  
in  a  v o lu m e  of 0.2 m l (10 m g /k g ) . V -104-3H  was d ilu te d  w ith  in ac tiv e  m ate ria l. In  th is  case 
U lfo rd  N uclear 5 p la tes w e re  u s e d  fo r  th e  exposure.

Estim ation  o f  the rela tive p a rtitio n  coefficients. T e s t su b stan ces (M A-I4C, V - l l l - 3 - 14C; 
V -1 0 4 -3H ) were tran s fe rre d  to  20 m l glass stoppered  tu b e s , co n ta in in g  5.0 m l p e tro leu m  e th e r 
( B H D  b .p .: 60—80 °C) a n d  5.0 m l 0.1 M p h ospha te  b u ffe r  (p H  7.2). T h e  co n cen tra tio n  o f th e  
t e s te d  com pounds was 0.5 m g /m l a n d  each tu b e  c o n ta in e d  5 /гCi ra d io a c tiv ity . T he specific 
a c t i v i t y  was ad ju s ted  b y  th e  a d d itio n  of un labe lled  m a te ria l.  A fte r shak ing  fo r 20 m in  a t 
22 °C sam ples were ta k e n  b o th  fro m  th e  buffer a n d  th e  o rg an ic  phases an d  th e  ra d io a c tiv ity  
w a s  m easu red  in B ray  so lu tio n  w ith  th e  liquid sc in tilla tio n  m eth o d  (In te r te c h n iq u e  SL 40). 
T h e  ab so lu te  ac tiv ity  m e a su re d  in pe tro leum  e th e r  w as co m p ared  to  th a t  m easu red  in th e  
b u f fe r .

T h e  re la tive  p a r ti t io n  co effic ie n ts  of th e  com p o u n d s com p ared  to  th a t  o f m e th y la m p h e t­
a m in e  w ere also calcu la ted .
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Q uantitative estim ation o f  radioactivity  in  tissues. M ale m ice of 20 g w ere g iv en  ra d io ­
a c tiv e  com pounds in trav en o u sly , su b cu tan eo u sly  o r o ra lly . A t various tim es fo llow ing  th e  
t re a tm e n t  th e  head  of th e  an im als was im m ersed  fo r 1 0 — 20  sec in to  hexane s a tu ra te d  w ith  
solid carb o n  dioxide. Blood sam ples w ere  o b ta in ed  by  h e a r t  p u n c tu re , th en  sam p le s were 
tak e n  from  selected  tissues. P recisely  m easu red  blood (20—25 m g) and  tissue sam ples (below  
100 m g) w ere placed in liqu id  sc in tilla tio n  v ials an d  tre a te d  w ith  0.5 ml S o luene TM  100 
(P a c k a rd )  fo r 12 hours a t  room  te m p e ra tu re . R a d io a c tiv ity  w as m easured  w ith  th e  liq u id  
sc in tilla tio n  m eth o d . Toluene c o n ta in in g  0 .5%  P P O  a n d  0 .01%  P O P O P  was u sed  fo r th e  
m ea su re m e n t. R e la tiv e  a c tiv ity  (cp m ) w as co rrec ted  to  ab so lu te  a c tiv ity  (dpm ) b y  m eans 
of th e  e x te rn a l s ta n d a rd  device. T h e  ra d io a c tiv ity  o f th e  o rg an s re la ted  to 100 m g  tis su e  in 
d p m  w as expressed  as th e  m ean  +  SEM  m easured  in fiv e  ex p erim en ts. In  one se t  o f  o u r 
ex p erim e n ts  th e  an im als were tre a te d  w ith  th e  m ix tu re  o f 3H - and  ,4C-labelled c o m p o u n d s 
an d  th e  double  labelled  tech n iq u e  w as u sed . T h e  In te r te c h n iq u e  SL 40, w hen a d e q u a te ly  
p ro g ram m ed , p ro p erly  counts th e  3H  an d  14C ra d io a c tiv ity . O therw ise  th e  ex p e rim e n ta l co n d i­
tio n s w ere  th e  sam e as in  th e  case o f single iso tope labelling .

Subcellular d istribution o f  am phetam ine derivatives. M ale ra ts  w eighing 100 g w ere 
in je c te d  in trav en o u s ly  w ith  20 //Ci V -111-1-I4C (19.8 m g/kg), o r 20 //Ci MA-14C (23.7 m g/kg) 
o r 30 //Ci V -104-3H  (20 m g/kg). V -104-3H  was d ilu ted  w ith  in ac tiv e  com pound. T h e  r a ts  w ere 
d e c a p ita te d  30 m in  a f te r  th e  t re a tm e n t  a n d  th e  b ra in s w ere rem oved . B rain  h o m o g en a te  of 
10%  w as p rep ared  in 0.25 M sucrose  w ith  a glass hom ogenizer (P o tte r) . S u b cellu lar f ra c tio n s  
from  th e  h o m ogenate  w ere p rep ared  by  d iffe ren tia l c en trifu g a tio n . T he ra d io a c tiv ity  o f  0.1 m l 
sam ples o f th e  su b fractions was d e te rm in e d  w ith  th e  liqu id  sc in tilla tio n  m eth o d  a f te r  So luene 
TM  100 t re a tm e n t. R ad io a c tiv ity  o f th e  sed im en t a t  d iffe ren t speeds of c e n tr ifu g a tio n  w as 
expressed  as a  p e rcen tag e  of th e  a c t iv ity  o f  th e  in itia l h o m o g en a te  +  S.E.M .

E lim in a tio n  studies. R a ts  w eighing 100 g w ere tre a te d  in travenously  w ith  10 //Ci of 
V -111-1-14C, V - l l l - 3 - 14C or M A-,4C (9.9; 7.23; 11.8 m g/kg , respec tive ly ). T he an im a ls  w ere 
p laced  in  a  S im ax  m etabolic  cage for 72 hours an d  th e ir  u rin e  an d  stool were co llec ted  se p a r­
a te ly . A fte r pe tro leu m  e th e r e x tra c tio n  th e  ex cre ted  ra d io a c tiv ity  was d e te rm in e d  w ith  
liq u id  sc in tilla tio n  m eth o d . T he cu m u la tiv e  u r in a ry  ex cre tio n  w as calcu la ted  as th e  p e rce n ta g e  
of th e  w hole adm in iste red  dose.

In  one p a r t  o f  th e  ex p erim en ts  ra ts  w ere tre a te d  d a ily  w ith  unlabelled  V - l l l  (15.0 m g/ 
kg ; s.c .) and  a t  th e  end of th e  t re a tm e n t  th e y  w ere given 10 //Ci (9.9 m g/kg) V -l 11-1-14C in tr a ­
v en o u sly , th e n  u rin e  was collected  for 48 h ours. T h e  q u a n ti ty  o f th e  excreted  ra d io a c tiv ity  
w as d e te rm in e d  as described above.

Chromatographic study o f  the excreted V - l l l  metabolites. One h a lf of th e  2 4 -h o u r u rin e  
o f m a le  ra ts  tr e a te d  w ith  labelled  V - l l l  (V-111-1-14C or V - l l l - 3 - 14C) was e x tra c te d  w ith  e th e r  
a t  p H  10, th e n  a t  p H  1. M etabo lites e x tra c te d  a t  basic  p H  w ere  of basic or neutral c h a ra c te r  
(e x tra c t  A), w hile in th e  case o f acidic p H  acidic m e ta b o lite s  w ere e x trac ted  (e x tr a c t  B). 
T h e  e th e r ic  ph ase  was d istilled  a n d  th e  residue  was d issolved in m ethanol. T h e  o th e r  h a lf  
of th e  u rin e  w as hydro lyzed  for an  h o u r a t  100 °C w ith  5 N hyd ro ch lo ric  acid before th e  e x tra c tio n .

C h ro m ato g ram s w ere p rep ared  on  K ieselgel P F 253+3fi(j lay e r except w hen q u a n ti ta t iv e  
m ea su re m e n ts  w ere perform ed by  sc rap in g  off th e  lay er. In  th is  case K ieselgel-G  w as used . 
A fte r  th o ro u g h  dry ing  co n tac t a u to ra d io g ra m  was m ade  from  th e  chrom atogram s w ith  F O R T E  
X -ra y  film  a t  an  exposure tim e  o f 60— 120 h ours. F o r th e  ch ro m ato g rap h y  th e  follow ing 
so lv en t sy s tem s w ere used:

I. B u ta n o l—w ater ace tic  acid  ( 4 : 1 :  1)
I I .  B u ty l a ce ta te  b u ta n o l—cc. N H 4OH  (20 : 10 : 1)

I I I .  C y c lo h ex an e -d io x an e -ace tic  acid  (35 : 35 : 1)
C h ro m ato g ram s of one a n d  tw o d im ensions w ere p re p are d . In  one p a r t  o f o u r  e x p eri­

m en ts  sp o ts corresponding  to  V -111-1-14C an d  to  th e  d e m e th y la te d  m etabo lites (nor-V -111-1- 
14C) w ere sc rap ed  off from  th e  th in - la y e r  ch ro m a to g ram  of r a t  u rine  and th e ir  a c t iv i ty  was 
m easu red  by  liq u id  sc in tilla tion .

Gas chromatographic— m ass spectrométrie (G C /M S ) exam ination  o f  the metabolites. 
U rin e  co llected  fo r 0 —24 hours from  ra ts  t re a te d  w ith  15 m g/kg  V - l l l  was filte red  on  A m icon 
UM -2 m em b ran e . T he m em b ran e  p ro tec ts  th e  f i ltra tio n  o f com pounds hav in g  a  m o lecu la r 
w e igh t o f m ore th a n  1000 d a lto n s . T h e  u l tra f i l t r a te  was e x tra c te d  firs t w ith  e th e r  a t  p H  9 
th en  a t  p H  1 an d  th e  tw o o rgan ic  phases w ere e v ap o ra ted . T h e  re s t was dissolved in m e th a n o l 
an d  1-//1 q u a n tit ie s  w ere p u t in th e  GC/MS eq u ip m en t (Je o l, JM S-D  100 -f- JG C  20K ). T h e  
gas c h ro m a to g rap h ic  peaks w ere  d e te c te d  by  m eans of a to ta l  ion m onito r (T IM ) a n d  m ass 
sp e c tru m  w as recorded  by m eans of th e  peaks rep re sen tin g  th e  sep a ra ted  su b s tan ces . O n th e  
basis o f m ass sp ec tru m  peaks co n ta in in g  brom ine  w ere an a ly sed  w ith  co m p u te r te c h n iq u e .

Acta Physiologica Academiae Scienliarum Hungaricae 57, 1981



288 K. MAGYAR e t al.

The exam ination o f  N -dém éthyla tion  in  in  v i tro  experim ents. T he N -d e m e th y la tio n  o f 
V - l l l  w as s tud ied  b y  m ea n s  o f  th e  N -m ethy l lab e lle d  a lte ra tio n  of th e  co m pound . L iv e r 
m ic ro so m a l frac tion  w as p re p a re d  according to  th e  m e th o d  of Su th er la n d  e t  a l. [37]. T h e  
l iv e r  w as hom ogenized in  th re e  volum es of 0.15 M KC1 so lu tio n  w hich c o n ta in ed  0.02 M T ris 
b u ffe r  (p H  7.4). T he h o m o g e n a te  was cen trifuged  fo r 15 m in  a t  9000 g, th e  s u p e rn a ta n t  fo r 
00  m in  a t  100,000 g. T h e  m ic ro so m al residue p re p a re d  fro m  10 g tissue w as re h o m o g en a ted  
in  5.0 m l buffer so lu tion . T h e  in cu b a tio n  m ix tu re  (0.15 M KC1 an d  0.02 M T ris  b u ffe r, p H  7.4) 
in  a  f in a l volum e of 3.0 m l c o n ta in e d  5 mM glucose-6 -p h o sp h a te , 5 mM MgCL, 0.33 m M  N A D P  
a n d  0.7 K o rnberg  U n it  o f g lu co se-6 -p h o sp h a te -d eh y d ro g en ase  (B D H ) p re p a re d  fro m  y eas t. 
T h e  su b s tra te  co n ce n tra tio n  w as 1 — 8 x 10 1 M. A n a liq u o t o f th e  m icrosom al frac tio n  to  
p ro d u c e  1 m g/m l fin a l c o n c e n tra tio n  of p ro tein  w as a d d e d  to  th e  incu b a tio n  m ix tu re . T h e  re ac ­
t io n  w as s ta r te d  a f te r  5 m in  p re in c u b a tio n  (37.5 °C) b y  th e  add itio n  of th e  s u b s tra te . I t  w as 
s to p p e d  a f te r  10 m in  in c u b a tio n  by  adding 1.0 m l 5 %  Z n S 0 3. T he d e n a tu ra te d  p ro te in  
w as sed im en ted  for 10 m in  a t  1500 g and  th e  s u p e rn a ta n t  was used for m easu rem en t.

T h e  active  fo rm a ld e h y d e  form ed during  N -d e m e th y la tio n  was se p a ra te d  fro m  th e  
u n c h a n g e d  V - l l l  b y  A m b e rli te  X A D -2 resin [38]. T h e  re sin  h ad  been p re tre a te d  tw o  tim es  
fo r  2 h o u rs  w ith  th e  b ed  v o lu m e  o f m ethano l. I t  w as w a sh e d  th re e  tim es w ith  d is tilled  w a te r, 
th e  q u a n ti ty  of w hich w as e q u a l to  th a t  of th e  m e th a n o l, th e n  a  1 X 8 cm co lum n w as p rep ared . 
T h e  co lu m n  was w ashed  w ith  50 m l distilled w a te r  b e fo re  add ing  th e  sam ple . O ne m l o f 
p ro te in -free  su p e rn a ta n t w as p laced  on th e  co lum n a n d  e lu a ted  w ith  50 m l d is tilled  w a te r. 
T h e  f i r s t  5— 8 ml f ra c tio n  o f  th e  e lu a te  con ta ined  th e  ra d io a c tiv e  fo rm ald eh y d e . I t s  q u a n ti ty  
w as m easu red  w ith  th e  liq u id  sc in tilla tio n  m eth o d  (1 .0  m l sam ple in 10 m l B ra y  so lu tio n ). 
T h e  r a te  o f d ém é th y la tio n  w as expressed  by  th e  q u a n t i ty  o f fo rm aldehyde  fo rm ed  d u rin g  
th e  re a c tio n  in  nm ol/g  p ro te in . T h e  colum n is su ita b le  fo r  th e  sep ara tio n  o f fu r th e r  sam ples 
a f te r  w ash in g  w ith  50 m l d is tilled  w a te r and th e  m e a su re m e n t can be re p ea te d  10 — 15 tim es 
w ith o u t  th e  increase o f th e  b a ck g ro u n d  ac tiv ity . T h en  th e  to ta l  reg en era tio n  w as carried  o u t 
w i th  50 m l m eth an o l a n d  100 m l d istilled  w ater. T h e  re c o v e ry  of th e  colum n w as checked  w ith  
in a c tiv e  fo rm aldehyde  w h ich  w as m easured  acco rd ing  to  N a sh  [34]. T he re co v e ry  o f fo rm al­
d e h y d e  w as 99.5 +  1%  in  th e  f i r s t  10.0 ml.

I n  an o th er series o f  e x p erim en ts  th e  N -d e m e th y la tin g  cap ac ity  o f  th e  m icrosom al 
f ra c t io n  p rep ared  from  h u m a n  liv e r  was exam ined  b y  u s in g  ( - ( - ) -V - lll-m e th y l-14C s u b s tra te .

Results and discussion

The tim e dependence o f distribution o f  V - l l l - 3 - 14C is presented in  w hole  
b o d y  autoradiogram s obta ined  in mouse experim ents (Figs 1 through 6). The 
stron g ly  lipid-soluble com pound (Table I) is qu ick ly  distributed in the tissues  
and already 30 sec after its  adm inistration peak  level is reached in  th e  central 
nervous system  (F ig. 1). I ts  concentration k eep s increasing until th e  5 th  min  
(F ig . 2), rem aining on th is  high level. E ven  on  the 4-hour autoradiogram  its  
q u a n tity  in the brain is sim ilar to  that o f  th e  liver and the spleen (Fig. 4). 
T w enty-four hours la ter th e  major part o f  th e  com pound is e lim inated  from  
th e  b od y  but even th en  considerable a c tiv ity  is present in the central nervous 
sy stem  o f the m ouse (F ig . 6).

The concentration o f  V - l l l  quickly increases in the brow n-fat tissue, 
sim ilarly  as in the central nervous system . T his parallelism  betw een  the tw o  
tissu es can be often observed  during the d istribution  o f lipid-soluble com pounds. 
H ow ever, while the brain concentration keeps increasing and rem ains constant, 
th a t o f  the brown-fat decreases significantly after 5 min (Fig. 2) and at the  
20 —60th  min only background activ ity  o f  th e  latter can be recorded (F igs 
3, 4). The difference in  th e  concentration o f rad ioactiv ity  in th e  tw o  tissues
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s t o m a c h  s p l e e n  lu n g  b r a i n

l i v e r  b l o o d  h e a r t  b o n e  m a r r o w

F ig . 1. W hole  bod y  a u to ra d io g ra m  of m ale  m ouse 0.5 m in  a f te r  in tra v en o u s  in je c tio n  of 
V - l l l - 3 - 14C (5 |UCi/anim al; 18.1 m g/kg; in  a  vo lu m e of 0.2 m l)

l u n g  b r o w n - f a t  b r a i n

f e t u s  s t o m a c h  l iv e r  h e a r t  s a l i v a r y  g l a n d  e y e

F ig . 2. W hole body a u to ra d io g ra m  o f p reg n an t m ouse 5 m in  a f te r  th e  in tra v e n o u s  in jec tion  
of V - l l l - 3 - 14C (10 /rCi/40 g m ouse, 18.1 m g /k g , in  a  volum e o f 0 .4  m l)

s p i n a l  c o r d .  b r o w n - f a t  b r a i n

f e t u s  l iv e r  h e a r t  s a l i v a r y  g l a d

F ig . 3. W hole  body  au to ra d io g ra m  o f p reg n an t m ouse 20 m in  a f te r  th e  in tra v e n o u s  in jec tion  
of V - l l l - 3 - 14C. E x p e rim e n ta l c ircum stances sam e as in  Fig. 2
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refers to  the strong b in d in g  o f  У - I l l  or o f its  m etab olite  to  the central nervous 
sy s te m . The lung also sh o w s a quick increase o f  radioactiv ity , th e  24-hour 
le v e l being practically th e  h igh est compared to  th e  other organs. The tissue  
con cen tration  of the liver  increases more slow ly  and it  reaches its  peak only  
in  th e  5th  minute (F ig. 2). L ater  on the a c tiv ity  in  th e  liver decreases as shown  
in  th e  autoradiograms. T h e  rapid decrease o f  rad ioactiv ity  in th e  blood goes 
p a ra lle l w ith the fast in crease  o f  У - I l l  in th e  organ levels proving th e  in tensive  
u p ta k e  o f  the com pound b y  th e  tissues. T hirty  sec after treatm ent th e  heart 
t is su e  contains more V - l l l  th a n  the blood, and during the experim ental period, 
m ark ed  activity can be recorded  in the m yocardium .

Sim ilarly to other lip id -so lu b le basic com pounds [35], V - l l l  is in tensively  
e x c r e te d  into the stom ach  (F ig s  1, 2, 5).

m u s c l e  k i d n e y  lu n g  b r a i n

t e s t i s  i n t e s t i n e s  live r  h e a r t  s a l i v a r y  g l a n d

F ig . 4. W hole  body a u to ra d io g ra m  of m ale m ouse 1 h o u r  a f te r  th e  in tra v en o u s  in jec tion  
of V - l l l - 3 - 14C. E x p e r im e n ta l c ircu m stan ces sam e as in  Fig. 1

k i d n e y  l iv e r  l u n g  b r a i n

f e t u s  s t o m a c h  h e a r t  s a l i v a r y  g l a n d  e y e

F ig .  5. W hole body a u to ra d io g ra m  o f p regnan t m ice 4 h o u rs  a f te r  th e  in tra v en o u s  in jec tio n  
of Y - l l l - 3 - 14C. E x p e r im e n ta l c ircu m stan ces  sam e as in  Fig. 2
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lung brown-fat brain

u r i n a r y  b l a d d e r  s t o m a c h  l i v e r  h e a r t  s a l i v a r y  g l a n d

F ig . 6. W hole  bod y  au to ra d io g ra m  of m ale m ouse 24 h o u rs  a f te r  th e  in tra v en o u s  in je c tio n  
o f V - l l l - 3 - 14C. E x p erim en ta l c irc u m stan c es  sam e as in Fig. 1

k i d n e y  s t o m a c h  b r a i n

u r i n e  f e t u s  l i v e r  h e a r t  s a l i v a r y  g l a n d

Fig. 7. W hole body  au to ra d io g ra m  of p reg n an t m ouse  4 h o u rs  a fte r  th e  in tra v en o u s  in je c tio n  
o f V -104-3H  (500 /iC i/anim al; 10 m g /k g ; in  a  volum e of 0.2 m l)

Figures 2, 3, and 5 are autoradiograms o f  pregnant mice made a t d ifferent 
tim es after injection . A pparently, foetal tissu es hardly contain an y  radio­
activ ity , however considerable activ ity  is present in the wall of th e  p lacenta. 
The com pound poorly penetrates into the ey e  though some rad ioactiv ity  can  
be recorded in the lens (F ig. 2).

In the skeletal m uscles low concentration  of У - I l l  could be detected  
during the whole experim ental period. The h igh  activ ity  in the k id n ey  (Figs 
2, 4, 5, 6) and the urinary bladder points to  th e  urinary secretion o f  th e  com ­
pound. It is also excreted through the sa livary  glands (Figs 2, 6).

The in testinal wall contains a sign ificant quantity  of the iso to p e  until 
the 20 —60th min, while low  activ ity  was recorded in the lumen of th e  in testin e . 
This ind icates th at the com pound is only n eg lig ib ly  excreted w ith  th e  stool.

Figure 7 shows the distribution of V -104-3H  4 hours after the adm in istra­
tion o f the com pound. The autoradiograms show  tw o essential d ifferences as
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Table I
Relative p a rtitio n  coefficients o f  am phetam ine derivatives

Compounds

Partition, coefficients 
Concentration in  
petroleum ether

Relative 
solubility in 

petroleum ether
concentration in  buffer

MA-14C 0.0703 ±  0.002 1.0

V-104-3H 0.3558 ±  0.027 5.09

V-111-114C 0.5628 ±  0.003 8.03

P e tro le u m  ether B D H , bo iling  po in t: 60 — 80 °C 
P h o sp h a te  buffer: 0.1 M, p H  7.2
T em p era tu re : 22 °C, av erag e  of 5 experim ents ±  S .E .M .

com p ared  to  the distribution o f V - l l l .  Low ra d ioactiv ity  was observed in  the  
cen tra l nervous system , w hile a considerable am ount was found in  th e  foeta l 
t is su e s . The tw o com pounds differ from each other only in the position  o f  the 
b rom in e , У - I l l  being para- w hile У-104 orto-halogenated. This structural dif­
feren ce  caused also a sign ifican t change in  th e  lipid solubility o f  th e  com ­
p o u n d s (Table I).

T h e absorption of V - l l l  w as studied b y  m eans of V-111-1-14C. M ice were 
g iv en  5 ,uCi radioactive m aterial (24.7 m g/kg) i .v .,  s.c. or p.o. R a d io a ctiv ity  in 
th e  b lo o d  obtained by heart puncture was determ ined  with the liqu id  sc in tilla ­
t io n  m eth od . The results ind icate that the com pound is rapidly absorbed from  
th e  subcutaneous tissues and from the gastrointestinal tract (F ig. 8). The

F ig . 8. C h an g es in th e  ra d io a c tiv ity  o f th e  blood a f te r  th e  in travenous, su b c u tan e o u s  an d  
o ra l a d m in is tra t io n s  o f V -111-1-14C in  m ice. Dose: 24.7 m g /k g ; 5 /tCi/20 g m ouse. R e s u lts  r e p ­

re se n t m eans +  S .E .M .
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Fig. 9. C hanges o f th e  ra d io a c tiv ity  in b ra in  tissu e  a n d  b lood  a fte r th e  in tra v e n o u s  a d m in ­
is tra tio n  o f V -111-1-1JC in m ouse. E x p e rim en ta l c ircu m stan ces sam e as in  F ig . 8

highest blood level o f  the com pound was m easured 10 min after s.c. and  30 min  
after p .o. adm inistration. A  fast decrease in  th e  blood concentration  was 
observed after i.v . adm inistration o f V - l l l ,  a lso  show n by the autoradiogram s, 
indicating in tensive tissu e uptake of the com pound. When the areas under 
the 24-hr curves (AUC) were compared, th e  fo llow ing results were ob ta ined: 
the AUC recorded after s.c. and p.o. adm inistration  were 81.3 and 64.9%  in  
relation to the 100%  AUC of i.v. adm inistration  which indicates a good  
absorption of the com pound.

In q u antitative studies the changes in brain  concentration o f V - l l l  were 
follow ed in mice treated  w ith  V-111-1-14C i.v . T he brain levels o f У - I l l  were 
com pared to th a t o f  blood and the results are presented in Fig. 9. Q u a n tita tiv e  
determ inations have also proved, in accordance w ith  the whole-body au torad io­
graphic exam inations, th a t the concentration o f V - l l l  rapidly increases and 
accum ulation is long-lasting in the mouse brain tissue.

The changes o f  brain concentrations w ere compared also to  th a t  o f  
brown-fat. As our num erous whole body autoradiographic exam inations proved  
the lipid-soluble, sligh tly  basic com pounds, a t  th e  pH of the b od y , rapidly  
reach high concentrations in both organs, th e  tim e course of th ese changes  
being similar in th e  brain and in brown-fat [10, 13, 21, 23, 25, 33]. T he changes  
in rad ioactiv ity  in the tw o organs are show n in  F ig. 10. The h ighest lev e l of 
rad ioactiv ity  w as reached rapidly in both organs, while the quick subsequent 
decrease was observed only  in brown-fat tissu e . The comparison o f th e  A UC-s 
shows that in a period o f 24 hours 4.54 tim es more V - l l l  was present in  the 
brain than  in brow n-fat.

The high and long-lasting brain concentration  o f V - l l l  is in good  agree­
m ent w ith the prolonged pharmacological effects of the com pound w hich  
exceed that o f am phetam ine [3, 6, 11, 20, 24 , 27].
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F ig . 10 . C hanges in th e  ra d io a c tiv ity  o f b ra in  a n d  b ro w n  fa t tissue a fte r th e  in tra v e n o u s  
a d m in is tra t io n  of V - l l l - 1 - 14 C in  m ouse. E x p e r im e n ta l  circum stances sam e as in  F ig . 8

F ig . 11. C hanges of 3H  a n d  14C a c tiv ity  in  th e  b ra in  t is su e  o f  m ice afte r th e  in tra v e n o u s  a d m in ­
i s t r a t io n  o f  V - l l l - ] - 14C a n d  M A -SH . T he m ixed  so lu tio n  of th e  two labelled  co m p o u n d s 
w as a d m in is te re d  in a vo lu m e o f  0.2 m l. Dose: 9.9 m g /k g ; 2 /tCi/20 g anim al in  th e  case  of 
b o th  co m p o u n d s . T he c o n ce n tra tio n  of MA-3H  was a d ju s te d  b y  th e  inactive  su b s ta n c e . R e su lts

a re  g iven  as th e  m ean s +  S .E .M .

In  another series o f  experim ents the ch an ges in  the brain level o f  V -111- 
1-14C and MA-3H were a lso  determined. The tw o  labelled com pounds were 
m ix ed  in  a proper ratio before injection. T he m ixture of the com pounds was 
ad m in istered  i.v . to  m ice and the changes in  th e  activ ity  of 14C and 3H  were 
fo llow ed  parallelly in th e  central nervous sy stem  (doses, including radio­
a c t iv ity , are indicated in th e  legend to  F ig. 11).

W hen using th is m ethod the possible com p etition  for the b inding site  of 
th e  tw o  com pounds m ust be taken into consideration . This d isadvantage is 
m ore th an  offset b y  the advantage of m easuring brain concentration o f  both  
com p ou n d s in the same anim al at the sam e tim e . On the basis of our find ings  
p u b lish ed  elsewhere we h ave concluded th at th e  tissue binding sites are alm ost 
u n satu rab le  [36] thus at th e  concentrations used in the present s tu d y  the
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com p etition  o f the tw o com pounds for binding sites is probably not an im ­
portant factor. The situ ation  is different in the case of studies devoted  to  
specific  receptor binding, w hen very low concentrations of high specific  activ ity  
com pounds are used [2]. In  distribution studies, when relatively  high doses 
are injected, it would be m isleading to  conclude from the appearance o f  the 
com pound in an organ to  specific receptors.

A s shown in F ig. 11 the concentration o f V - l l l  in the central nervous 
system  exceeds that o f MA, and its level decreases more slow ly. To each curve 
ind icating  the brain concentrations o f  the tw o com pounds tw o exponentia l 
lines can be adjusted. This analysis was performed by a com puter. The calcu­
la ted  half-tim e in the case o f  m ethylam phetam ine in the phase o f  the rapid 
decrease was 27.8 +  1.6 m in w hile in the slower phase it was 280 +  4.8 min. 
T he sam e parameters for V - l l l  were 41.9 +  6.04 and 361 +  44 m in. W hen  
com paring the AUC values we observed th a t in a 24-hour period th e  quantity  
o f  V - l l l  in the brain tissu e w as 2.51 tim es more than that o f MA. The num eri­
cal ratio  o f V - l l l  and MA in the blood and in the brain tissue is  show n in 
T able II. In the first few  seconds the concentration of MA w as higher than  
th a t o f V - l l l ,  while subsequently  the concentration o f V - l l l  exceeded  that 
o f  MA.

The data of Table III  show the subcellular distribution o f  MA-3H, 
V -104-3H and V -111-1-14C, in the fractions o f rat brain hom ogenates obtained  
b y  differential centrifugation. There was no substantial difference in  the bind­
ing o f  the three com pounds to  the nuclear fraction and to the fraction  which

Table II

Ratio  o f  concentration o f  V-111-1-UC 
and M A - 3H  in  mouse blood and brain tissue 

after the sim ultaneous intravenous adm inistration  
o f  the two compounds

T im e
(m in)

Blood Brain

V -lll/M A V -lll/M A

0 .5 0 . 2 4 0 . 8 3

5 0 .1 1 1 .0 8

3 0 0 .3 2 1 .7 8

6 0 0 .2 5 2 . 0 3

1 2 0 0 .2 0 2 . 5 6

3 6 0 0 .3 5 3 . 8 4

B rain  concentra tions w ere calcu la ted  from  th e  d a ta  o f Fig. 11. Blood levels w ere ob tained  
fro m  th e  sam e experim ent. F o r  de ta ils  of experim ental d a ta  see th e  legend to  F ig . 11
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Table I I I

Subcellular d istribu tion  o f  methylamphetamine derivatives in  rat brain homogenate

g X  min fraction
% * +  S.E.M.

MA-14C V-104-*H V-111-1-"C

1 5 0 0 x 1 0 R** =  1 R  =  1.3 R  =  0.9

U n b ro k e n  cells, nuclei, m yelin 10.45 ±  0.7 13.73 ±  1.7 9.71 ±  1.1

12,000X15 R =  1 2.3 4.3

M ito ch o n d ria , myelin, nerve  e n d in g s 13.42 ±  0.7 31.49 ±  0.5 58.11 ±  1.8

100,000X 60 R  =  1 -1.3 1.89

M icro so m al fraction 9.80 ±  0.9 13.30 ±  0.8 18.61 ±  1.6

230 ,000x300 R  =  1 0.86 0.69

M o le cu la r  weight over 80,000 1.71 ±  0.6 1.48 ±  0.3 1.19 ±  0.11

230 ,000x300 R =  1 0.64 0.29

S u p e rn a ta n t  m olecular w e igh t u n d e r  
80,000 62.53 ±  3.2 40.48 ±  2.6 18.44 ±  1.7

R e c o v e ry 97.30 ±  1.9 96.99 ±  1.2 103.23 ±  1.6

% *  =  rad ioactiv ity  o f th e  frac tio n s is expressed as p e r cen t of th e  in itial rad io ac tiv ity  
o f th e  hom ogenate

R ** =  ratio  com pared to  M A

sed im en ted  together w ith  haem oglobin , while V - l l l  was bound strongly, V-104  
le ss  firm ly  and MA w eak ly  to  the m itochondrial and m icrosomal fraction. The 
m itochondrial binding o f  th e  com pounds was particularly marked. The order 
o f  b in d in g  corresponds to  th e  lipid-solubility  o f  the com pounds (Table I). 
A s exp ected , in the su p ern atan t of the 230,000 g X  300 min pellet the order o f  
th e  concentration of th e  com pounds was reversed.

The cum ulative u rin ary  excretion o f V -111-1-14C, of V - l l l - 3 - 14C and 
M A -14C is shown in F ig. 12. M A -14C was more in ten siv e ly  excreted than V - l l l .  
T h e diagram  also shows th e  long-lasting urinary excretion  o f V - l l l .  The dif­
feren ces observed in th e  e lim in ation  of V -111-1-14C and V - l l l - 3 - 14C and/or of  
th e ir  m etabolites are n o t considered as being consequent to  m ethodical faults. 
P resu m ab ly  the V - l l l  m olecu le  is slightly d isintegrated  in the body and its 
m eta b o lite  is oxidized to  14C 0 2. This hypothesis is verified by the fact th at, 
w h en  th e  expired air o f  th e  anim als treated w ith  V - l l l - 3 - 14C was led through  
so lu en e , it bounded 14C 0 2. I t s  quantity was 5 —7% of the adm inistered radio­
a c t iv ity  during 48 hours.

The urinary excretion  o f  V-111-1-14C after V - l l l  pretreatm ent is shown 
in  T ab le  IV. The p retreatm en t for 7 days sign ifican tly  increased the excretion
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F ig . 12. C u m u la tiv e  u r in a ry  ex cre tio n  o f ra d io a c tiv ity  a f te r  th e  in trav en o u s a d m in is tra tio n  
of V -111-1-14C, V - l l l - 3 - I4C and  MA-UC in  th e  ra t.  D ose: 9.9 m g /k g  V-111-1-14C; 7.23 m g /k g  
V - l l l - 3 - 14C; 11.8 m g/kg M A-14C. T h e  rad io ac tiv e  dose w as 100 //C i/kg in th e  case o f  all th e  

th re e  com pounds. A verage of 3 ex p erim e n ts

of V - l l l  or its  m etabolites. The m ajority o f  th e  adm inistered com pound was 
elim inated in the first 12 or 24 hours. T reatm ent for longer than 7 days did  
not increase further the rate o f elim ination.

In our experim ents radioactiv ity  excreted  in  the stool was also deter­
m ined. The stool w as extracted  w ith  ether at acidic pH  (pH  1), then a t basic 
pH  (pH  10). In the pooled extract 10.15% of the adm inistered rad ioactiv ity  
could be found over 48 hours.

In co n c lu s io n  V - l l l  is e x c re te d  s lo w ly  in  th e  r a t .  A fte r  a s in g le  d o se , 
Yvithin 48 h o u rs  5 0 .3 %  o f  th e  in je c te d  c o m p o u n d  Yvas e x c re te d  in  t h e  u r in e ,  
5 —7 %  th r o u g h  th e  e x p ire d  a ir , 10.15% w ith  th e  s to o l (a l to g e th e r :  6 5 —7 0 % ) .

Tabic IV

Effect o f  V - l l l  pretreatment on the excretion o f  V-111-1-UC 
and o f  its metabolites in  rat experim ents

V - l l l  trea tm en t 
15 m g/kg s.c.

A ctiv ity  found in the urine in per cen t of the  administered dose 
( +  S.E.M.)

0— 12 h 0—24 h 0—48 h

Single dose 15.9 ±  2.20 23.75 ±  4.05 50.3 ±  3.04

4 days 14.53 ±  1.19 36.91 ±  6.55 66.33 ±  3.61

7 days 35.99 ±  2.53* 54.58 ±  1.98* 69.74 ±  2.25

12 days 30.92 ±  3.43* 51.42 ±  2.51* 65.78 ±  2.48

Dose of V-111-1-14C: 9.9 m g/kg i.v ., 10 /zCi/animal 
N u m b er o f experim ents: 5
* =  p  <  0.05 level o f significance as com puted  using  S tu d e n t’s t tes t
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The identification  o f У - I l l  m etabolites extractable from th e urine w ith  
eth er  at acidic and basic pH  was attem pted  w ith  thin-layer chrom atography. 
M etabolites rem aining in the w atery phase after etheric extractions w ere not 
exam in ed .

A s shown in F ig. 13, after acidic hydrolysis a new spot appears in ex ­
tr a c t A  (extracted at pH  10) while the in ten sity  o f one of the spots o f  ex tract В 
an d  th a t of the spot o f th e  w atery phase m arkedly  decreased. E xtracts A were 
also  run in the 2nd so lven t system  (Fig. 14).

w ith o u t  h y d r o l y s i s  w i t h  hyd ro ly s is

F ig . 13. T h in -lay er ch ro m a to g ra m  of V - l l l  m e ta b o lite s  e x tra c te d  from  th e  u r in e  w ith  e th e r, 
a  =  M etab o lite s  e x tra c te d  a t  p H  10, e x tra c t A; b  =  m e ta b o lite s  e x tra c te d  a t  p H  1, e x tra c t  B ;

c =  w a te ry  p h a se

A В

F ig . 14. T h in -lay er c h ro m a to g ra m  o f  e x tra c t A. A : a  =  e x tra c t A before  h y d ro ly sis , b  =  ex­
t r a c t  A  a f te r  hydro lysis. B : a  =  e x tra c t A a f te r  h y d ro ly s is , b  =  e x tra c t A e x tra c te d  a t  acidic 

p H  (pH  3), w a te ry  p h ase ; c =  ex tra c t A  e x tra c te d  a t  acidic p H , e th e ric  p h ase
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F ig . 15. T w o-dim ensional th in - la y e r  c h ro m a to g ram  o f th e  substances d isso lv ing  in  h y d ro ­
chloric  acid  (p H  3) of e x tra c t A. a  =  E x tr a c t  A d isso lved  in hydroch loric  acid  (p H  3); b  =

V -111-1-14C; c =  n o r - V - l l l - l - 14C

F ig . 16. T h in -lay er ch ro m ato g ram  of e x tra c t  B. a  =  E x tr a c t  В of V - l l l - 3 - 14C; b  =  e x tr a c t  В 
a f te r  acid ic  hydro lysis of V - l l l - 3 - 14C; c =  e x tra c t  В o f V -111-114C; d =  e x tra c t  В  a f te r  acidic

hydro lysis o f V -111-1-14C

W e have found that tw o  further spots appeared in the hydrolyzed  urine 
(F ig. 14, Part A). The probable reason for th is  is that, after h yd ro lysis, the  
conjugates o f  У - I l l  are decom posed and can be extracted from th e  urine w ith  
ether. W hen extract A w as shaken w ith  d iluted  hydrochloric acid  th e  tw o  
lower spots remained in the w atery phase, which suggests th at th e y  have a
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basic character, w hile th e  tw o  upper spots orig inating from hydrolysis were 
fou n d  in the etheric so lv e n t , i.e. they are o f  neutral character (Fig. 14, Part B).

I t  seemed probable th a t  the substances d isso lved  at acidic pH  contained  
b asic  amino group, so th e y  could be the unchanged  or dem ethylated  У-111 
(p-brom oam phetam ine, nor-Y-111). The id en tifica tion  of these m etabolites  
w as carried out b y  tw o-d im ensional chrom atography. As shown in F ig. 15, 
th e  spots move sim ilarly  to  the reference su b stan ces in both solvent system s.

It should be em p h asized  that the q u a lita tive  chrom atographic picture of  
ex tra c t A was the sam e in  th e  case of V -111-1-14C and V - l l l - 3 - 14C.

E xtract В was exam in ed  in the 3rd so lv en t system . Figure 16 shows 
th a t  th e  intensity o f  th e  sp o t at the point o f ap p lication  decreases considerably, 
d u e to  the effect o f ac id ic  hydrolysis ind icating th a t the supposed conjugates  
are decomposed but th e  em erging substances are n o t of acidic character. In the  
urine of animals treated  w ith  V-111-1-14C, tw o  sp ots can be seen w hich do not 
appear in the case o f  V - l l l - 3 - 14C. This can be due to  the m etabolic changes 
lead in g  to disintegration o f  th e  molecule. The difference observed in the urinary  
excretion  of the V -111-1-14C and V - l l l - 3 - 14C refers also to  the process m entioned  
a b o v e  (Fig. 12). The m etab o lic  conversion o f th e  m olecule is probably due to  
m icrosom al oxidation , resu ltin g  in substances o f  acidic character. These m ay  
be p-brom o-phenylacetic acid . The substances o f  acidic character in th e  urine 
o f  anim als treated w ith  V -111-1-14C were com pared w ith  the above m entioned  
reference substances on tw o-dim ensional chrom atogram .

Figure 17 shows th a t  in  extract В only  th e  tw o  spots which were identical 
w ith  p-brom o-benzoic ac id  and p-brom o-hyppuric acid could be id entified  in  
th e  case of V-111-1-14C.

F ig . 17. Tw o-dim ensional th in - la y e r  chrom atogram  o f e x tr a c t  B. a  =  E x tra c t  В o f V - l l l - 1 -  
14C a f te r  acidic h y d ro ly sis ; b  =  p-brom o-benzoic a c id - l - 14C; c =  p -b ro m o -h y p p u ric  acid-1- 

14C; d  =  p -b ro m o -p h en y lace tic  a c id - l- l4C
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It should be noted  th a t we could not d ifferentiate between p-brom o- 
benzoic acid and p-brom o-phenylacetic acid in th e  em ployed chrom atographic
system s.

From the th in-layer chromatograms (K ieselgel-G ) o f the urine sam ples 
collected during 0 —12, 1 2 —24, 2 4 —48 hrs in ra ts treated  with V -111-1-14C, 
spots identical w ith nor-V-111 and V - l l l  were scraped off and their a ctiv ity  
was determ ined w ith  th e  liqu id  scintillation m ethod . W e found th a t th e  un ­
changed V - l l l  and its  dem ethylated  derivative w ere excreted in th e  urine in 
considerable quantity. 6.85%  o f V - l l l  and 15.05%  o f  nor-V-111 w as found in 
the urine collected during the first 24 hours, as com puted  for the adm inistered  
dose o f the original com pound. The quantity o f  nor-V-111 found in th e  urine 
sign ificantly  increased w ith  tim e as compared to  V - l l l .  The ratio o f  the tw o  
com pounds (n o r -V -lll/V -1 1 1 ) w as 1.19 in the urine during the first 12 hrs, 
5.94 during the second 12 hrs, reaching 11.5 in  th e  urine in th e  period of 
24 —48 hrs. p -B rom o-benzoic acid and p-brom o-hyppuric acid represented  
7.9%  of the tota l adm inistered doses in the urine collected during th e  first 
24 hrs (Fig. 19).

The gas chrom atographic analysis of m etab olites excreted in  the urine 
was performed w ith  to ta l ion monitor. The resu lts are shown in Fig. 18. 
As shown 41 relatively  well-separable peaks could  be detected in  the etheric

Fig. 18. Gas ch ro m ato g rap h ic  se p a ra tio n  in GC/MS c o m b in a tio n  of m etab o lites  ex tra c te d  
w ith  e th e r  a t  acidic an d  b asic  p H  from  th e  urine o f ra ts  t r e a te d  w ith  У- I l l .  R a ts  w ere tre a te d  

w ith  15 m g/kg o f V - l l l  in travenously . U rine  w as co llected  for 24 hours
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M etabolic transform ation of V-111 in ro l 

( m etab o lites  in 0-24 hrs urine )

B r-^ o y c n 2-cn-NH N~dwnflfc ВгУ Б > е н г с н ^ н ^ в г - ( Б > с н г-с-снз
CH3CH3 ' ---- '  CH3 ' ----  Ő

I V-111 12,97 *U I {nor-V-111 18,50 */.| p-Br-phenylpropane-2-on
1 ß -hydroxylation \  reduction

Br/oYçH
CH СН3(СНз)

12“СН-СНз

он
p-B r-ephedrine or 
р -  Br -  norephedr ine

p -B r-phenyl propane-2- ol 

oxidation conjugation

COOH B r-/Ô \-C O -N H -Ç H 2 
СООН

p-Br-benzoic-acid p-Br-hippuric-acid 
14,96 V.

F ig . 19 . M etabolic conversions o f  V -111 in  th e  ra t.  M etab o lite s w ere id en tif ie d  in  24-hour 
c o lle c te d  urine. Values in th e  f r a m e  in d ica te  th e  q u a n ti ty  o f  m etab o lites  in  p e r  c en t o f  th e  
a d m in is te re d  dose. Dose of V -l 11 -1-14C w as 9.9 m g/kg , 10 ц C i/ra t, ad m in iste red  in tra v en o u s ly

e x tr a c t  o f the urine. F rom  th e  m ass-spectra o f  com ponents separated  with  
g as chrom atographic an a ly sis , on ly  those m etabolites were analysed w ith  com­
p u ter  which contained brom ine. Our in vestigations w ith CG/MS technique  
su p p o rted  the presence o f  V -111 , n o r-V -lll,p -b rom o-b en zo ic  acid andp-brom o- 
h y p p u r ic  acid, identified a lso  on thin-layer in  th e  urine. B y  using th is  method  
w e cou ld  detect the presence o f  m etabolites w hich could not be id en tified  on 
th in -la y e r  in the absence o f  reference substances. So we found a molecular 
io n  w ith  mass number o f  212 w hich m ight have been p-brom o-phenylacetone  
an d  a fragment ion w ith  m ass number o f 169 w hich might h ave originated  
from  th e  former by the decom position  o f —C 0C H 3 ( —43).

A s we have id en tified  th e  p-brom o-benzoic acid and p-brom o-hyppuric  
acid  on  thin-layer w hich are also the end-products of the m etabolism  of 
am p h etam in e — naturally  w ith ou t p-brom o-substitution  — p-brom o-phenyl- 
a c e to n e  can be expected  to  be present in the urine as an in term ediate product 
(F ig . 19). As it can be seen  in  F ig. 19 p-brom o-phenylpropanol m a y  also be 
fo rm ed  as an interm ediate product through the reduction o f p-brom o-phenyl- 
a c e to n e . This compound w as n o t found in the urine but we identified  a fragment 
io n  w ith  mass-number o f  196 (C9H gBr) originating from th e compound  
th ro u g h  the withdrawal o f  w ater  which m ight have been identical w ith  p-brom o- 
p h enyl-l-2-propene. W e also  found a fragm ent ion  w ith m ass-num ber of 170 
(C7H 7Br) which could be p -brom o-toluol. I t  can be regarded as th e  decar- 
h o x y la te d  end-product o f  p -brom o-phenyl-acetic acid.

According to  our in v estig a tio n s the m ain m etabolic p athw ay o f  V-111 is 
N -d em eth y la tion w h ich  lea d s top-brom o-benzoic acid and by further enzym atic  
transform ation  to  p-brom o-hyppuric acid. The results are sum m arized in 
F ig . 19. We proved th e  p resence o f  V-111, nor-V-111, p-brom o-phenylacetic
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Table V

Parameters o f  gas chromatographic, mass spectrometric examinations

Gae ch ro m ato g rap h , m ass spectrom eter

Column

Resin

F lu x  ra te  o f  helium  

T em peratures 

In jec to r 

Column 

GC-MS 

Sensitiv ity  

Vacuum  

Ionizing pow er

JG  (20K  +  JM S) — 100 

2 cm  X 3 m m  

10% ; P E G  20 M ; gas 

chrom  Q 100 — 120 m esh 

2 kg/cm*

270 °C

1 2 0 -2 5 0  °C, 5 °C/m in 

250 °C

1X10-»
1 X 10_ i T orr 

27 eV

acid , p-brom o-phenylacetone in the urine and p-brom o-phenylpropanol can also 
be regarded as an in term ediate product. W e have found and id entified  also on 
th in -layer p-brom o-benzoic acid and p-brom o-hyppuric acid in th e  urine. 
B eta-hydroxilation  o f  th e  com pound as a theoretical possib ility  is also shown 
in the Table. Its sign ificance has been proved by other authors in the case of 
am phetam ines [1].

The m etabolism  o f  am phetam ines in  rat also differs q u a lita tive ly  from  
th e  above pattern, as its  m ain m etabolic pathw ay is p -h yd roxy la tion . The 
p-hydroxylated  product represents 60% of the am phetam ine m etabolites ex ­
creted  in the urine. The p -h yd roxylation  of V - l l l  can not take place because 
o f  th e  p-brom o-substitution . T hat is w hy the m etabolism  o f V - l l l  differs 
from  th at o f am phetam ine as it  has been proved in  rat. N -d em ethylation  and 
th e  consecutive ox id ative  désam ination o f m ethylam phetam ine tak e place in

Fig. 20. T im e d ep en d en ce  o f N -d em eth y la tio n  o f  ( - f - ) -V - l ll -m e th y l-14C
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o n ly  insignificant qu an tities in  the rat, while in the case o f  th e  p-halogenated  
V - l l l  i t  becomes the m ain  m etabolic pathw ay.

In  our experim ents th e  N -dém éthylation  o f  У - l l l  w as studied  in vitro 
in  r a t liver microsomal preparation  by the aid o f  th e  m ethyl labelled variants 
o f  th e  com pound. Our exp er im en ts showed th a t th e  N -d em eth y la tion  o f У-111 
in  v itro  progresses linearily  for 10 m inutes (F ig. 20). The substrate dependence  
o f  th e  reaction is shown in  F ig . 21.

A s w e possessed th e  N -m eth y l labelled variants o f  th e  stereoisom ers of 
V - l l l ,  their N -d em eth y la tion  w as also studied  separately. The results of

[S] -104 M

F ig . 21. S u b s tra te  d e p e n d e n c e  o f N -d em eth y la tio n  o f  ( + ) - V - l l l - m e th y l - 14C

1./a 0=6.33t1.29 a,=13.83i0.48 r=0.996 (*)-V-l11-methyl-w C 
Zl a 0=0.87±0.46 a,=14.71±048 r=0.995 (î)-V-111-methyl-3H 
3 ,/a0=2.84±0.46 a,=5.13±0.42 r=0.979 (-)-V -H I-m ethyl- 3H

F ig . 22 . N -d em eth y la tio n  o f th e  N -m eth y l-lab e lled  ste reo iso m ers o f У - l l l .  T h e  dev ia tion  
b e tw e e n  th e  1st and 3rd line  is s ig n if ic a n t a t  p <  0.05. S ta tis t ic a l  ev a lu a tio n  w as carried  ou t

w ith  S tu d e n t’s t te s t
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F ig . 23. N -d em eth y la tio n  o f ( - ) - ) -V - l ll -m e th y l-14C in  th e  l iv e r  m icrosom al p re p a ra tio n  of 
ra ts  p re tre a te d  w ith  th e  co m p o u n d . D uring  p re tre a tm e n t th e  an im a ls  w ere given d a ily  15 m g/ 
k g  in ac tiv e  У - I l l  su b c u tan e o u sly . T h e  co ncen tra tion  o f ( 11 ! - !1C was 8 • 10—4 M in  th e

incu b a tio n  m ed ium

experim ents using 3 d ifferent substrate concentrations are shown in  F ig . 22. 
It is obvious from the equations that the N -d em eth y la tion  o f (-)-) У - I l l  is 
sign ificantly more in ten sive than  that of the ( —) isom er. The dém éthylation  
o f the racemic com pound does not reach th at o f  th e  (-|-) isomer, b u t th e  dif­
ference betw een them  is not significant.

As pretreatm ent w ith  V - l l l  increases th e  urinary excretion o f th e  com ­
pound or its m etabolites in the rat, we studied  how  pretreatm ent in fluences  
the N -dem ethylating a c tiv ity  o f  the liver m icrosom al fraction. F igure 23 
shows th at N -d em eth y la tion  increases w ith  tim e and three w eeks la ter it  
increases to  the threefold  o f  the initial a c tiv ity . T hus pretreatm ent w ith  V - l l l  
increases its own m etabolism . The significance o f  th is  phenom enon in th e  devel­
opm ent o f tolerance to  the com pound requires further experim ents.

Table VI

N-dem ethylating activity  o f  hum an liver and rat liver microsomal 
preparation  in  v itro  at different substrate concentrations

Species
A ctivity nm ol/g p ro te in /m in

ixio-«M 2 x lO -« M 4x10"« M

H um an  liver 28.88 ±  0.7* 48.72 ±  1.4 96.07 ±  1.3

R a t liver 18.30 ±  2.7 40.23 ±  3.1 86.40 ±  9.65

S u b stra te : ( + ) - V - l l l - m e th y l- 14C
S ta tis tica l ev a lu a tio n  w as done using S tuden t’s t te s t

* p <  0.05

Acta Physiologien Academiae Scientiarum Hungaricae 57, 1981



3 0 6 K. MAGYAR et al.

The m etabolism  o f  am phetam ine and m eth y l- am phetam ine in  m an differs 
from  th a t observed in  th e  rat, since in m an th e  m ain m etabolic p a th w a y  is the 
N -d em eth y la tion  [1]. W e exam ined  the relationship  between th e  N -dem ethylat- 
in g  a c tiv ity  of hum an liver  m icrosom al preparation and th a t o f  ra t liver on 
th e  basis o f the protein con ten t o f the sam e fractions.

According to  th ese  experim ents (Table V I) in vitro a c tiv ity  o f  hum an  
and rat liver m icrosom al preparation differs sign ificantly w ith  low  substrate  
concentrations. In  th is  case th e  N -d em eth y la tin g  activ ity  o f  h u m an  liver 
m icrosom al fraction exceed s th at o f the rat liver.
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EFFECT OF PROSTAGLANDIN F2 ALPHA 
ON THE ISOLATED COMMON BILE DUCT 

OF THE DOG AND THE RABBIT
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U N IV E R SIT Y  M EDICAL SCHOOL SZEG ED , H UN G ARY

(R eceived  S ep tem b er 22, 1980)

In  an  iso la ted  sp ira l m uscle  p re p a ra tio n  fro m  th e  com m on bile d u c t o f  th e  dog 
an d  ra b b it  c o n tra c tio n  w as e lic ited  b y  P G F 2 a lp h a , in  a  co n cen tra tio n  d e p e n d e n t 
m an n e r. T he c o n tra c tio n  w as long-lasting  a n d  rev ersib le . As opposed to  P G F 2 a lp h a , 
m o rp h in e , n o rad ren a lin e  a n d  b a riu m  chloride d id  n o t  in d u ce  a co n trac tile  re sp o n se .

The effect o f prostaglandins (PG) on the sm ooth  muscle of th e  hum an  
gastrointestinal tract has w idely been in vestigated , but little  is know n on th e  
effect o f  PG exerted on the different parts o f  th e  biliary system  [1, 3, 4 , 5]. 
E xperim ental results concerning the physiology and pharm acology o f th e  bile  
duct were obtained m ostly  w ith  m anom etric m ethods [9, 10]. The d isadvantage  
of these m ethods is th a t th ey  cannot distinguish to  w hat degree the ob ta in ed  
effect originates from the sm ooth muscle o f the sphincter of Oddi or o f  th a t of 
the bile ducts. It is not possible to  excise the com m on bile duct o f a hum an  
being during surgery, and isolated  preparations from  animals [8] have so far 
been m ade only from th e Oddi sphincter or th e  lower part o f  the com m on  
duct connected w ith  the sphincter [6, 7]. Therefore, there are no data a v a il­
able on the sen sitiv ity  to  PG o f th e  sm ooth m uscle o f the common bile duct 
in vitro. W e have, therefore, attem pted  to  stu d y  under controlled con d ition s  
the response to  PG o f a circular m uscle preparation. I t  was assum ed both  
from  our own experim ental results and from th ose  obtained by other authors 
under conditions in vitro th at P G F 2 alpha w ould  have an agonistic effect.

W e have therefore studied on the in vitro o f  th e  dog and rabbit com m on  
bile duct circular m uscle, w hether P G F 2 alpha had any effect on the prepara­
tion , and if  it  did w hat w as the direction o f th e  response it depended on th e  
P G F 2 alpha concentration o f the organ bath.

T his w ork  was p a r tly  su p p o rte d  b y  th e  H u n g a rian  M in istry  o f H ealth . G ra n t  N o . 
4-18-0101-01-0/M .
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Methods

T h e  com m on bile  d u c t o f anaesthesized  (30 m g /k g  i.v . p e n to b a rb ita l)  b a s ta rd  dogs 
o f  b o th  sexes a n d  ra b b its  o f  2.5 to  3.0 kg  w eigh t, w as exposed  from  u p p e r m ed ia n  lap a ro to m y . 
T h e  d u c t  w as tra n se c te d  ab o v e  th e  sp h in c te r o f  O d d i rem oved , c leaned u n d e r  th e  s te reo ­
m ic ro sc o p e  fro m  th e  serosa  in T y ro d e  so lu tion  o f  38 °C th e n  a  spiral s tr ip  w as c u t  fro m  it. 
A  20 m m  p o rtio n  of th e  s tr ip  w as suspended  in  T y ro d e  organ  b a th  o f 38 °C b u b b led  w ith  
a  m ix tu re  o f 95%  oxygen  an d  5%  carbon  d iox ide , a n d  lo ad ed  w ith  0.5 g, a n d  i ts  m o v em en ts  
w e re  reco rd ed  isom etrica lly . B efore th e  ex p erim e n t, th e  p rep ara tio n s w ere  e q u ilib ra te d  for 
60  m in u te s .

C o n trac tio n s w ere  o b ta in e d  a t  d ifferen t c o n c e n tra tio n s  o f P G F 2 a lp h a . T h e  responses 
to  th e  single c o n cen tra tio n s  w ere p lo tte d . E v e ry  p o in t o f  th e  curve was d e riv ed  fro m  a t  least 
f iv e  ex p erim e n ts . T h e  m ean  v a lu es an d  th e  s ta n d a rd  e rro r  o f th e  m ean  (x  -{- S j)  a re  show n.

T h e  p D 2 v a lu e  P G F 2 a lp h a  w as ca lcu la ted  in  th e  conventional m a n n e r . T h e  drugs 
u se d  w ere  P G F 2 a lp h a  (C hinoin), p h en to lam in e  (C iba), a tro p in e  su lp h a te  (E G Y T ), m o rph ine  
h y d ro c h lo r id e  (E G Y T ), ace ty lch o lin e  brom ide (B erlin -C hem ie), b a riu m  ch lo rid e  (R ean a l), 
n o ra d re n a lin e  b i ta r ta ra te  (M erck).

Results

P G F 2 alpha elicited  contraction o f th e  circular muscle layer o f th e  com ­
m on  duct o f the dog and rabbit in a concentration  dependent m anner. The 
m inim um  effective P G F 2 alpha concentration  was 5 x l 0 -6 mol/1, for both  
sp ecies. The concentration  response curves are shewn in Fig. 1. The mean  
p D 2 value, characteristic o f  the affin ity  o f  agonists, was 3.50 +  0 .08 in the 
dogs and 4.34 +  0.26 in the rabbits. The circular muscle layer o f  th e  com m on  
d u ct o f  either the dog or the rabbit, fa iled  to  contract under th e  effect o f

F ig . 1. Iso la te d  c ircu la r sm o o th  m uscle  o f th e  com m on  b ile  d u c t of dog an d  ra b b it .  C o n cen tra ­
t io n  e ffe c t curves. A bscissa: c o n ce n tra tio n  of P G F 2 a lp h a , mol/1; o rd in a te : c o n tra c ti le  force, 
g . I n s e t :  Iso la te d  c ircu la r sm o o th  m uscle o f dog co m m o n  bile du c t, co n tra c tio n  e lic ited  by  

P G F , a lp h a . C alib ra tions: 0.1 g a n d  1 m in

A d a  Physiologica Academiae Scientiarum Hungaricae 57, 1981



PCF,* EFFECT ON ISOLATED COMMON BILE DUCT. 311

m orphine (1.3 X l O - 3  mol/1), noradrenaline (2.3 X  1 0 -4 inol/1), acethylcholine  
( 2 . 7 x l 0 -3  mol/1), and barium chloride ( 5 .1 х Ю -2 inol/1). Since on ly  P G F , 
alpha elicited  contractions, it was concluded th a t on ly  PG F2 alpha could  be 
regarded as an intrinsic stim ulant o f the m uscle o f  the common duct.

In a particular fem ale rabbit (No. 3) a high activ ity  was recorded; the  
contractile force o f th is  preparation was about four times higher th a n  the  
average.

Contraction of the dog and rabbit m uscle reached slowly a p la teau . The 
contractile force o f the preparation exposed to  subm axim um  P G F 2 alpha con ­
centration , did not dim inish during exposition . A fter its term ination b y  w ash ­
ing in fresh Tyrode solution, th e  ton ic ity  o f th e  m uscle returned to  th e  baseline  
value. The effect o f P G F 2 alpha is therefore reversib le. The contraction elicited  
b y  P G F 2 alpha was not affected by phentolam ine and atropine in th e  con ­
centration  range o f 1 X l O - 8 to  I X  10 ~5 mol/1.

In  course o f the experim ents, tach yp h y lax is was not observed on  any  
preparation. D esensitization , if  any, presented its e lf  only after ex p osition  to  
very  high concentrations, thus 5 x l 0 -3  in  th e  dog and 2 х Ю -3  mol/1 in 
th e  rabbit.

D iscussion

It has been shown that in the isolated  dog and rabbit com m on bile duct 
preparation gives positive response to  P G F 2 alpha. The response seem s to  be 
specific because it was not affected b y  atropine or phentolam ine. T he P G F 2 
alpha a ffin ity  o f the rabbit m uscle as calcu lated  from the p D 2 value w as 3.6 
tim es higher than th at o f the dog.

The high minim um  effective concentrations as well as the low  p D , value  
refer to  a low  P G F 2 alpha a ffin ity  of the tissues. N evertheless, three conclusions  
can be drawn. (1) I f  contraction is induced b y  P G F 2 alpha, it will be lo n g -la st­
ing. (2) The sen sitiv ity  to P G F 2 alpha varies in  individual anim als. (3) The  
m uscle preparation is sensitive only to  P G F 2 alpha. The experim ents clearly  
dem onstrated  th at the sm ooth m uscle o f  the com m on duct was not sen sitiv e  to  
m orphine. The stepw ise increase o f intralum inal pressure, generally observed  
by th e  m anom etric m ethod after morphine m ay be attributed to  a con cen tra­
tion  o f  th e  sphincter o f Oddi [2]. This is in  good agreement w ith  th e  w ell- 
know n fact th a t sphincters contract after m orphine administration.
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ACTA PH YSIO LO G IC A

ТОМ 5 7 -В Ы П . 3

РЕЗЮМЕ

СВЯЗЫВАНИЕ КОРТИКОСТЕРОИД В ТКАНЯХ СЕРДЦА У КРЫС В УСЛОВИЯХ 
ХРОНИЧЕСКОГО СТРЕССА И ПОСЛЕ АДРЕНАЛЭКТОМИИ

А. Э Л Л Е Р, Ч. НЯКАШ , Г. САБО и Э. ЭНДРЕЦИ

Авторы изучали влияние хронического стресса (крыс заставляли ежедневно плавать, 
в течение 9—10 дней) на емкость и аффинитацию специфических рецепторов, связывающих 
глюкокортикоиды клеточной плазмы сердечной мышцы. Кортикостерон-связывающая ем­
кость достоверно уменьшается во время ее измерения спустя 24 часа после последнего 
плавательного теста, в то же время в дексаметазон-связывающей емкости изменений не 
наблюдали. У крыс с удаленными надпочечниками, однако, плавательная тренировка не 
оказывала влияния на сязывания кортикостерона. Сделан вывод, что плавательные 
упражнения, в результате повышенной деятельности надпочечников, вызвали изменение 
числа рецепторов, связывающих кортикостерон клеточной плазмы.

ВЛИЯНИЕ РЕФЛЕКСА КАРОТИДНОГО СИНУСА НА КРОВООБРАЩЕНИЕ КРЫС
С КАРЦИНОМОЙ ГУЕРИНА

Д Е Б Р Е Ц Е Н И  Л . А., Э РЖ ЕБ ЕТ  Б Е К К Е Р , Л И Д И Я  МОХАИ и ТАКАЯ Л .

Авторы изучали влияние перевязки каротидной артерии на минутный объём (мето­
дом разведения синьки Эванса) и на распределение минутного объёма по органам (методом 
фракционирования изотопного индикатора по Шапирштеину) у здоровых крыс и крыс с 
карциномой Гуерина.

У контрольных животных под действием гипертензивного рефлекса со стороны ка­
ротидного синуса, давление крови и минутный объём увеличились, сосудистое сопротивле­
ние почек, кишечника кожи и каркаса также увеличивалось. У животных с карциномой 
Гуерина рефлекс каротидного синуса также привело к увеличению сосудистого сопроти­
вления в различных органах. Кровообращение опухоли не изменялось, но сосудистое со­
противление значительно увеличивалось.

ВЛИЯНИЕ ПРОСТАГЛАНДИНОВ НА ОБМЕН КАТЕХОЛАМИНОВ 
В ЦЕНТРАЛЬНОЙ НЕРВНОЙ СИСТЕМЕ У КРЫС

Д. ТЭЛЕГДИ

Мы изучали действие простагландинов А„ Е „  Е2 и Г2альфа на содержание катехола­
минов в различных отделах головного мозга у бодрствующих крыс-самцов, в разное время 
после введения простагландинов в боковые желудочки мозга. PGE2 увеличивал содержа­
ние дофамина в гипоталамусе спустя 10,20 и 60, а в перегородке спустя 20, 60 и 90 мин 
после его введения. РОЕ, увеличивал содержание дофамина в гипоталамусе на 20-й минуте, 
а в перегородке на 20-й и 60-й мин после его введения. PGA, и PCF2 альфа не оказывали вли­
яния на содержание дофамина. На содержание норадреналина не влиял ни один из проста-



гландинов. После введения PGE, и PGE2 животным, предварительно получившим альфа 
метил-р-тирозин, скорость исчезновения дофамина увеличивалась в гипоталамусе и пере­
городке, тогда как содержание норадреналина уменьшалось только в гипоталамусе.

ВЛИЯНИЕ ВЫТЯЖКИ СРЕДНЕЙ ДОЛИ ГИПОФИЗА НА ВЫРАБОТКУ СТЕРОИДОВ 
ИЗОЛИРОВАННЫМИ КЛЕТКАМИ z. glom erulosa  И z. fasciculala

К. С. САЛАИ

Мы изучали в экспериментах действие вытяжки средней доли гипофиза на продук­
цию альдостерона и кортикостерона клетками z. glom erulosa  и кортикостерона клетками 
z. fa sc icu la la .

Кривая зависимости доза-эффект вытяжки средней доли гипофиза (измеряя по выра­
ботке альдостерона клетками z. glomerulosa), чем кривая доза-эффект альфа/,1-39 АКТГ. 
ED60 как вытяжки средней доли гипофиза, так и АКТГ ниже при измерении продукции 
стероидов В z. glomerulosa, чем В z. fascicula ta .

Мы предполагаем, что какой-то гормон (или любое другое вещество) в средней доле 
изменяет чувствительность клеток к АКТГ.

ВЛИЯНИЕ ГЕМОРРАГИЧЕСКОГО ШОКА НА РЕАКЦИИ СО СТОРОНЫ 
КРОВЯНОГО ДАВЛЕНИЯ И ЧАСТОТЫ СЕРДЦЕБИЕНИЙ, ВЫЗВАННЫЕ 

ВВЕДЕНИЕМ АДРЕНАЛИНА У БОДРСТВУЮЩИХ СОБАК

А. АДАМИЦА, К. ТАРНОКИ и Ш. НАДЬ

В экспериментах на собаках мы изучали влияние геморрагического шока на реак­
ции со стороны кровяного давления и пульса, которые вызывались внутривенным введением 
2 мкг/кг адреналина. За несколько дней до опытов в левую сонную артерию и яремную 
вену имплантировали канюли (S ila s tic ) .  Кровопусканием понижали кровяное давление у 
собак до 40 мм рт. ст. и затем поддерживали на этом уровне в течение двух часов. Тестиро­
ванные дозы адреналина вводились перед кровопусканием, в начале и конце контролиру­
емой гипотензии, перед ремнфузией и спустя 15 мин после реинфузии. Радиоэнзиматическим 
методом определяли уровень адреналина и норадреналина в плазме.

Результаты настоящих экспериментов показали, что в шоке уменьшаются величина 
и продолжительность реакции кровяного давления на адреналин. Введенные перед ге­
моррагией адреналин вызывал реакцию типа брадикардии, которая сменялась тахикардией 
во время шока. После обратной инфузии адреналин вызывал двухфазные реакции. Показа­
ли существование статистически значимой отрицательной корреляции между уровнем нор­
адреналина в плазме и величиной реакции со стороны кровяного давления в ответ на 
введение адреналина.

СОДЕРЖАНИЕ ДОФАМИНА В ПОЛОСАТОМ ТЕЛЕ ПОСЛЕ ОДНОСТОРОННЕГО 
ПОВРЕЖДЕНИЯ ЧЕРНОГО ВЕЩЕСТВА: ДОКАЗАТЕЛЬСТВА УМЕНЬШЕНИЯ 

УРОВНЯ ДОФАМИНА НА ПРОТИВОПОЛОЖНОЙ СТОРОНЕ

3. ХАН, 3. КАРАДИ и Л. ЛЕН АРД

Через 7 дней после одностороннего электролитического или химического (6-гид- 
роксидофамин) разрушения черного вещества (substan tia  n igra )  наблюдалось значительное 
двустороннее уменьшение концентрации дофамина (DA) в neostriatum . Подобным же обра­
зом, уровень дофамина снизился в черном веществе не только на стороне поражения, но и 
на противоположной. Выявлена положительная корреляция между содержанием дофа­
мина ипси- и контралатеральных полосатых тел, а также между содержанием дофамина в 
черной субстанции и полосатом теле той же стороны, как на стороне повреждения, так и 
на противоположной стороне.



МЕТОД БЫСТРОГО ЦЕНТРИФУГИРОВАНИЯ ДЛЯ ВЫДЕЛЕНИЯ 
ПОЛИМОРФОНУКЛЕАРНЫХ ЛЕЙКОЦИТОВ ИЗ ЧЕЛОВЕЧЕСКОЙ КРОВИ

Л . М ОЛНАР, Я. Л ЕЙ БИ Н Г Е Р и М. БА ЛО  БАНГА

Нами разработан быстрый, одноступенчатый метод центрифугирования для препа­
ровки полиморфонуклеарных лейкоцитов. С помощью этого метода можно за 30 40 мин 
приготовить суспензию мытых гранулоцитов (чистота 98 99%), 98% которых сохраняют
жизнеспособность. Полученные таким образом клетки обнаруживают более высокую ре­
дукцию NBT по ходу поглощения растворимых комплексов ДНК-анти-ДНК, чем лейкоци­
ты, полученные методом осаждения декстраном.

ОКИСЛИТЕЛЬНОЕ-ВОССТАНОВИТЕЛЬНОЕ СОСТОЯНИЕ НАД-НАДН И 
ОСЦИЛЛЯЦИЯ ОБЪЕМА СОСУДОВ В КОРЕ ГОЛОВНОГО МОЗГА КОШКИ

Е. ДОРА и А. Д Ь . Б . КОВАЧ

Как показали наши предыдущие исследования, осцилляции флуоресценции Н А Д Н  
мозговой коры при тяжелой артериальной гипоксии не являются следствием осцилляции 
мозгового перфузионного давления и мозгового кровотока (Дора и др., 1979). В настоящей 
работе мы сообщаем дальнейшие данные о вероятном механизме различного происхождения 
осцилляций мозгового кровотока и обмена веществ мозговой ткани.

Мы производили эксперименты на кошках (20) с управляемым дыханием, наркотизи­
рованных альфа-Д-глюкохлоралозой и иммобилизованных триэтилиодидом галламина. 
Изменения объема сосудов коры головного мозга и флуоресценции НАД - Н измеряли флуоро- 
рефлектометрическмм методом, через стеклянное окошко, которое укреплялось в отверстии 
правосторонней париетальной кости черепа.

В 5 опытах осцилляции объема сосудов мозговой коры и окисли гельно-восстанови- 
тельного состояния НАД-НАД Н были вызваны изменениями артериального кровяного 
давления (т. н. волнами Траубе Геринга). Волны сосудистого объема на 1—2 сек отстава­
ли от волн артериального кровяного давления, и частота их колебалась в пределах 2—3 
волн в мин. Волны флуоресценции НАД опаздывали по сравнению с волнами сосудистого 
объема на 2 10 сек. Осцилляции такого типа временно уменьшались под воздействием
введенной внутривенно глюкозы, стабилизирование же кровяного давления приводило к 
исчезновению этих осцилляций.

В 5 экспериментах кровопусканием снижали кровяное давление до 30— 40 мм рт. ст. 
Если после этого вызывали состояние аноксии (вдыхание азота) или вводили глюкозу, то 
появлялись осцилляции флуоресценции НАД Н, которые не зависели от изменений со­
судистого объема. Волны появлялись каждые 2 5 мин. Мы полагаем, что эти осцилляции 
оксилительного-восстановительного состояния НАД-НАД Н имеют чисто метаболическое 
происхождение, подобные же осцилляции были описаны ранее другими авторами у дрож­
жевых клеток (Chance  и др., 1964).

В 10 опытах возникновение осцилляций сосудистого объема в коре головного мозга 
и флуоресценции НАД Н наблюдалось уже в контрольном периоде или после повторного 
введения альфа-Д-глюкохлоралозы. В таких случаях частота волн осцилляций была 6 - 12 
в мин. Во время осцилляций кровяное давление было постоянным, для электрокортико- 
граммы была характерна низкая спайковая активность. Осцилляции НАД-Н запаздывали 
на 2 4 сек относительно осцилляций сосудистого объема. Осцилляции не были чувстви­
тельны к введению глюкозы. В то же время они временно исчезали под влиянием артериаль­
ной гиперкапнии, гипоксии и при прямом электрическом раздражении коры головного 
мозга.



ПОВЫШЕНИЕ УРОВНЯ сАМР В МОЗЖЕЧКЕ ПОСЛЕ ДЕКАПИТАЦИИ: ВЛИЯНИЕ
ПРОПРАНОЛОЛА

Г. САБО и Э. ЭН ДРЕЦ И

Мы занимались исследованием явления увеличения содержания сАМР в мозжечке 
у крыс после декапитации. Введение 5 мг/100 г пропанолола за час до обезглавливания 
предотвращало быстрое посмертное повышение уровня сАМР. На повышение уровня 
с АМР не оказывали влияния ни опустошение катехоламиновых депо с помощью резерпина, 
ни торможение синтеза катехоламинов, на введение барбитурата.

Результаты настоящих экспериментов позволяют нам сделать вывод, что в увеличе­
нии содержания сАМР в мозжечке после декапитации играет роль норадренергическая 
нейротрансмиссия.

СУДЬБА р-БРОМ-МЕТИЛАМФЕТАМИНА (V—III) В ОРГАНИЗМЕ 

к. МАДЬЯР, К . Т Э К Е Ш , Г. 30Й 0М И , Т. СЮЧ и Й. КН О ЛЛ

Судьбу р-бром-метиламфетамина (V—III) в организме мы изучали в экспериментах 
на мышах и крысах с помощью радиоактивных модификаций этого соединения.

Авторадиографические исследования и жидкостно-сцинтилляционные измерения по­
казали, что это соединение быстро всасывается и распределяется в тканях. В центральной 
нервной системе оно достигает более высоких концентраций, чем метиламфетамин, и мед­
леннее оттуда выводится. Метод дифференцированного центрифугирования показал, что 
V—III лучше, чем метиламфетамин и его орто-бромное производное (V—104), связывается 
с митохондриальной и микросомальной фракциями.

Интенсивность связывания с фракциями прямо пропорциональна липоидной раство­
римости соединений. Соединение V —III и его метаболиты выделяются в основном с мочой, 
малая часть их, однако, находится также и в кале. Если животным предварительно давали 
соединение V—III —3 14С, то в выдыхаемом ими воздухе появляется также небольшое 
количество 14С02, что является результатом распада молекулы. Радиохроматографические 
исследования, а также газовая хроматография и масс-спектрометрия (GC/MS) показали, 
что V—III частично выделяется с мочой в неизмененном виде, однако с мочой выделяются 
также его деметилированное производное и следующие за ним р-бром-фенилацетон, р-бром- 
фенилпропанол, р-бром-бензойная кислота и р-бром-гиппуровая кислота. Главный путь 
метаболизма амфетамина и метиламфетамина у крыс — р-гидроксилирование, этот путь бы­
вает ингибирован при р-галогенировании V— III. Таким образом, у крысы вторичное мета­
болическое превращение (деметилирование, окислительное дезаминирование) становится 
главным путем метаболизма V— III.  Протекание интенсивного деметилирования V—III 
удалось показать в экспериментах на крысах, как в условиях in  vivo, так и in  vitro.

N-деметилирование V—III усиливается у крыс в ходе продолжительного введения 
этого соединения. Это последнее явление (индукция) должно приниматься во внимание 
также и при объяснении фармакологической толерантности, которая развивается в это 
время.

Д Е Й С Т В И Е  П Р О С Т А Г Л А Н Д И Н А  Г 2_ а лъфа Н А  И З О Л И Р О В А Н Н Ы Й  О Б Щ И Й  
Ж Е Л Ч Н Ы Й  П Р О Т О К  С О Б А К И  И  К Р О Л И К А

М. П О Ц И К , Ч. БАРТА и Э. М И Н К ЕР

Авторы разработали метод приготовления препарата круговых спиральных мышц 
in  vitro из общего желчного протока кролика и собаки. В экспериментах на этом препарате 
они показали, что простагландин Е2_альфа дозозависимо сокращает круговую мыщцу обще­
го желчного протока у собаки и кролика. Вызываемое простагландином Г2_аЛьфа сокра­
щение является продолжительным и обратимым. Морфин, адреналин и хлористый барий 
не вызывали сокращения этого препарата в дозах, применявшихся при исследовании.
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B É L A  IS S E K U T Z

1886— 1979

Béla IssE K urz was born in  K őhalom , a sm all village in T ransylvania , 
and studied m edicine at K olozsvár U niversity . W hen he graduated he had  
already com m itted  him self to pharm acological research, a field  he n ever aban­
doned throughout his long life. As a young m an he saw  the birth of th e  receptor  
theory, the d iscovery of neurochem ical transm ission, of some im portant 
horm ones, the beginning of chem otherapy and the hypothesis on th e  relation­
ship betw een chem ical structure and pharm acological effect. H e  alw ays  
attem pted  to  follow  the basic new  lines in his laboratory at the In stitu te  of 
Pharm acology.

In  1908, heroin was introduced as an antitussive superior to  m orphine. 
This released a w ide debate. In  1911 I s s e k u t z  showed th at there w as no 
difference betw een  morphine and heroin in their effect on respiration. H e also 
dem onstrated th e  synergism betw een  the natural opium alkaloids, m orphine, 
noscapine and papaverine.

Issekutz’s first success in  the field  o f structure—activ ity  relationships 
was the synthesis of quaternary derivatives o f  atropine and hem atropine. 
In  1917 he show ed th at such drugs, w ith  an increased peripheral and a w eak ­
ened central effect, were advantageous parasym patholytics; of th ese  com ­
pounds hem atropine m ethylbrom ide is still in  use.

The year 1922 was a sign ificant date in  clinical m edicine. I t  w as in  th is 
year th at insulin  was first used. The d iscovery was marked b y  th e  N obel 
prize of B anting and Macleod in  1923, but th e  very effect of the horm one had  
n ot been clarified. I s s e k u t z  sp en t much tim e on the problem betw een  1924—

1 Acta Physiologien Academiae Scientiarum Hungaricae 57, 1981
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34 and provided exp erim en tal evidence o f  th e  increase of glycogen in th e  liver 
u n d er the effect o f in su lin .

In  1928 he p ub lished  a study of great practical im portance show ing that  
th e  recently introduced mercurial diuretics w ere increased in effect and de­
creased  in local irr itab ility  b y  their com bination w ith  theophylline. For m any  
decades, such typ e o f  d iuretic com binations w as applied all over the world.

In the 30-ies he pub lished  a couple o f papers dealing w ith the relationship  
b etw een  spasm olytic e ffec t and capillar a c t iv ity . Structure-activity relation­
sh ip  studies resulted in collaboration with C hinoiu to the developm ent of new  
spasm olytics, like perparine and ethaverin, and later in 1960, to the introduc­
t io n  of No-Spa.

The year 1935 w as one of the turning p o in ts in  clinical m edicine: in  that 
y ea r  did Domagk p ublish  his discovery o f th e  a ctiv ity  of prontosil against 
cocca l infections. T hough D om agk used th e  tria l and error m ethod, his result 
w as a clear proof o f th e  v a lid ity  of Ehrlich’s theory  of the chem otherapy of  
bacteria l infections. A s Tréfouel, N itti and B ő v e t had clarified the m echanism  
o f  action  of su lphonam ides, the way was opened  for the successful new  line 
o f  th e  research of an tiv itam in s and antim etabolites. The papers o f I sse k u t z  
and his pupil Jancsó w ritten  in these years show  well his sense to  touch  upon  
im p ortan t problems in  due tim e. In 1933 th e y  show ed th at suramine acts as a 
sp ecific  enzyme poison , inhibiting the o x y g en  and sugar consum ption of 
trypanosom es so th a t th e  degenerating parasite falls victim  to the R E S. Their 
subsequent papers, too , d ea lt w ith m echanism s selectively  dam aging the m etab­
o lism  of parasites; th is lin e  closely coincided w ith  the conclusions drawn from  
th e  effect of su lphonam ides.

In  the 40-ies I s s e k u t z  was concerned w ith  tw o closely related problems, 
th e  m echanism  of action  o f  thyroxine and am phetam ine. He devoted  several 
papers to show th a t th y ro x in e  acts on th e  central nervous system . H e also 
sh ow ed  that am phetam ine increased the m etab olic  rate and body tem perature  
b y  stim ulating the brain  stem . For m easuring th e  oxygen consum ption in  the  
ra t, I sse k u t z , who w as alw ays fond of using  sim ple m ethods, constructed  
a specia l device, adapting  W arburg’s technique for a rat-sized anim al.

After World W ar I I  I sse k u t z  was m ain ly  concerned with new problem s 
o f  stru ctu re-activ ity  relationships and by re-evaluating  his older experiences 
h e succeeded to develop  several new drugs.

H is work was a lw ays appreciated and supported. In 1919 he was appoint­
ed  to  the chair of Pharm acology at K olozsvár U niversity, then h a lf a year 
la ter  a t the new Szeged U n iversity . In 1931 he to o k  over the chair of Pharm a­
co lo g y  in Budapest and soon  was elected a corresponding, then in  1945 a full, 
m em ber of the H ungarian Academ y of Sciences.

The wisdom and charm  of Issekutz a lw ays attracted m any young  
p eop le  to his in stitu te , w here they found a w ide range of possibilities for
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research and the prom ise o f success. In  our days his pupils and their pupils 
are leading all the H ungarian and a num ber o f foreign departm ents o f  pharm a­
cology, and many pharm acological laboratories in  drug research throughout 
the world.

I sse k u t z  had been studying and teach ing  in  all his life. His m onograph  
on th e  chem otherapy o f cancer was published in 1969 in  English, and his ex ­
cellent book on the h istory  of drug research cam e out in 1971 in  Germ an. 
H is m ost popular work was his “ Pharm acology” , a concise handbook for 
students and practitioners which still serves as a gospel for every practising  
doctor in  Hungary.

One could hardly characterize I s s e k u t z ’s life and work better th an  he 
did in  an interview on his 90th b irthday: “ . . . I have been a scientist w hose  
task  was to  organize pharm acological research in H ungary. My ach ievem ent is 
th a t drug research flourishes in our country; m y pupils or the pupils o f m y  
pupils are engaged in  work in alm ost every  laboratory where such research is 
carried out. The achievem ent of m y life is th a t the H ungarian pharm aceutical 
industry  is able to produce w hat it produces. I did m y best and I believe I did 
it  in the best way I could .”

Béla I sse k u t z  w ill always be rem em bered as an excellent scholar of 
20th  century H ungarian science, a prom inent representative of experim ental 
m edicine and as the founder of m odern drug research in H ungary.

J. Knoll
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THE INHIBITORY ACTIONS OF ESERINE AND 
OUABAIN ON THE K, Rb AND Cs UPTAKE 

IN SLOW AND FAST TWITCH MUSCLES 
OF THE RAT
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D EB R EC EN , H UN G ARY

(R eceived  N o vem ber 17, 1980)

C o m para tive , in  vitro  s tu d ies w ere c a rr ied  o u t  on the  42K , 86R b , a n d  131Cs 
u p ta k e  in  fa s t  tw itc h  ex ten so r d ig ito ru m  lo n g u s (E D L ), slow tw itch  so leus (SO L) 
m uscles o f th e  r a t ,  an d  in  fa s t  m uscle (sa rto riu s )  o f  th e  frog. The in h ib ito ry  a c tio n  of 
o u a b a in  (1 0 _ 4M) an d  eserine (1 0 - 3M) on  th e  in flu x es  o f alkali cations w as in v e s tig a te d . 
T he r a te  o f po tassiu m  in flu x  in  iso la ted  E D L  m uscles was h igher th a n  t h a t  o f SO L, 
w hile no  d ifference could be fo u n d  in  86R b  or 131 Cs in f lu x  in  th e  two ty p es o f  m am m alian  
m uscles u n d e r  in  vitro  condition . O u ab a in  in h ib ite d  to  ab o u t th e  sam e e x te n t  th e  
in flu x  o f К  (25% ) in  b o th  ty p es  o f m am m alian  m uscles a n d  also in fa st a m p h ib ia n  m uscle. 
On th e  o th e r  h a n d , th e  eserine sensitive  c o m p o n e n t o f 42K  influx  in  fa st tw itc h  m a m m a ­
lia n  m uscle  (E D L ) w as a b o u t o n e -fo u rth  o f th e  to ta l  in flu x  and even less in  slow  tw itc h  
m am m alian  m uscle (SO L), w hile in  fro g  m uscle i t  a m o u n ted  to ab o u t tw o - th ird  o f th e  
to ta l. T h e  “ re sid u al”  p o tassiu m  in flu x , w hich  re p re se n ts  th e  in flux  re m a in in g  a f te r  
sim u ltan eo u s tre a tm e n t of th e  m uscles w ith  c a rd iac  glycoside and  eserine  w as a b o u t 
h a lf  o f th e  to ta l  in  E D L  and  SO L, b u t  i t  w as o n ly  a frac tio n  of i t  in  th e  fro g  sa r to r iu s  
m uscle. T he re su lts  m ay  be ex p la in ed  on  th e  b asis  o f th e  m orphological d iffe ren ces of 
th e  tran sv e rse  tu b u la r  and  sarcoplasm ic  re tic u lu m  sy s tem s of fa s t and  slow  m am m alian  
m uscles.

The sarcoplasm ic reticulum  and transverse tubular system  o f  th e  slow  
m am m alian m uscle are less developed than  th a t o f the fast one [11, 12, 14]. 
Furtherm ore, fast and slow m am m alian m uscles differ also in their intracellular  
ionic com position. Slow m uscles have a higher cellular N a+ and a low er K + 
concentration than fast muscles [7, 13, 15]. C om parative studies on th e  potas­
sium , rubidium  and caesium uptake in vivo  also revealed marked differences 
betw een the tw o distinct types of m am m alian m uscles [3, 4, 5, 6 ].

I t  has already been established th at th e  effect o f cardiac g lycosides on 
potassium  fluxes in  frog muscle is rem arkably dependent on the intracellular  
sodium  ion concentration [9, 16]. A pplication  o f strophantidine reduces the  
potassium  in flux to  about 75— 80 per cent o f th e  normal value in  freshly

S u p p o rte d  b y  th e  M in istry  o f H e a lth , H u n g a ry  (2 —05 —0306 —03 —01/У )
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d issected  striated m uscle cells. Sjodin [16] concluded that under norm al 
cond itions about one f ifth  of the potassium  in flu x  is coupled to  th e  sodium  
e fflu x  and the rem aining part of the potassiu m  m ovem ent is an electrically  
coup led  К: К  exchange.

W e have reported on a marked inh ib itory effect o f eserine on the inward  
p otassium  m ovem ent in  frog muscle w hich in vo lved  the ouabain-insensitive  
К : К  exchange process located  in the m em brane of transverse tubules  
[10, 15].

The aim of th is s tu d y  was to compare th e  effect of ouabain and eserine 
on  K -, Rb-, and C s-uptake in  rat SOL and E D L  m uscles and to te s t  the possib­
i l i ty  th a t the different m orphological features o f  slow and fast m am m alian  
m uscles are associated w ith  different pharm acological sensitiv ities in  the 
ca tio n  transport.

M aterials and M ethods

E x p erim en ts  w ere p e rfo rm e d  in  a  p a ired  m u sc le  design, using ex ten so r d ig ito ru m  
lo n g u s  (E D L ) and  soleus (SO L ) m uscles from  fem ale a lb in o  ra ts  of CFY s tra in  w eigh ing  100 — 
120 g, a n d  sarto rius m uscles o f  th e  frog R ana esculenta. M uscles were d issected  a n d  c leaned  
w ith  specia l care u n d e r  ste reom icroscope , re ta in in g  o n ly  su ffic ien t ten d o n  fo r th e ir  a t ta c h ­
m e n t  b y  non-cap illa ry  th re a d  to  glass fram es. T h e  a v e ra g e  w eigh t of E D L  w as 1 1 3 ^ 8  mg 
a n d  soleus 9 3 ± 9  mg. T e m p e ra tu re  of in cu b a tio n  w as 33 °C for m am m alian  m uscles, and  
T y ro d e  f lu id s were b u b b led  th ro u g h  g en tly  w ith  o x y g en . F o r  com parative  s tu d ies , R in g er 
f lu id  w as used a t 20 °C to  b a th  th e  frog muscle.

M uscles tied  to  glass f ra m e s  an d  stre tch ed  to  th e ir  re s tin g  leng th  w ere p re in c u b a te d  
fo r  one  h o u r  in  these  so lu tio n s  th e n  tran sferred  to  th e  sam e  flu id  co n ta in ing  42K , 86R b  or 
131Cs fo r  d ifferen t u p ta k e  p e rio d s . E serine  (10_ 3M) a n d  o u a b a in  (10_4M) were a d d e d  30 m in  
b e fo re  tran sfe rrin g  th e  m uscles fro m  th e  in ac tive  so lu tio n  to  th e  rad io ac tiv e  o n e ; th e  d rugs 
w ere  p re se n t during  th e  w hole u p ta k e  period. A t th e  e n d  of in cu b a tio n  th e  m uscle  a n d  its  
f ra m e  w ere  passed successively  th ro u g h  fresh  changes o f 8 m l o f non-rad ioactive  К -free  choline 
so lu tio n . F o r  w ash-ou t o f th e  e x tra ce llu la r  trace r, th e  d u ra tio n  (m in) and  n u m b e r o f w ashes 
in  n o n -rad io a c tiv e  f lu id  w ere  0 .5 x 5 ,  1 x 3 ,  and 2 x 2 ,  successively . A t th e  end  o f w ash -o u t, 
m u sc le s  w ere cu t dow n, t r im m e d , b lo tte d  on m o is ten ed  f i lte r  pap er and  w eighed  fo r w et 
w e ig h t. T h e  m uscles w ere th e n  d r ied  in  an  oven fo r 4 h r  a t  95 °C and th e ir d ry  w e ig h t d e te r ­
m in e d . T h e  d ry  sam ples w ere d ig es ted  in  1 ml 30%  H 20 2 (M erck) a fte r digestion  a n d  e v a p o ra ­
t io n  th e  residue was a p p ro p ria te ly  d ilu ted  in  d is tilled  w a te r  and  analysed fo r ra d io a c tiv ity  
in  a  w e ll- ty p e  sc in tilla tion  c o u n te r  an d  scaler. T he c o n c e n tra tio n  of N a+  and K +  w as m easu red  
b y  a  f lam e  pho to m eter e q u ip p e d  w ith  a p h o to m u ltip lie r .

I n  o rder to  co m p u te  in tr a f ib re  co n cen tra tio n  fro m  a n a ly tic a l values fo r w hole m uscle , 
th e  e x tra c e llu la r  space w as e s t im a te d  using  58C oE D T A  as a m a rk e r  [1]. A t a c a rrie r  c o n c e n tra ­
t io n  o f  0.8 mM • 1_1 C oE D T A , a  m ean  CoEDTA space  o f 1 7 .2 ^ 1 .2 %  ( m e a n ^ S .E .;  n  =  7) 
w as fo u n d  fo r E D L  m uscle  so a k e d  fo r 60 m in  in  T y ro d e  so lu tio n , and  21.2 ± 1 .7 %  fo r SOL.

T y ro d e  solu tion  h a d  th e  follow ing com position  (m M  • l -1 ): NaCl, 144; KC1, 5 .5 ; CaCl2, 
2 .5 ; M gC l2, 1.2; glucose, 5.5 C om position  of R inger so lu tio n  w as (mM • l -1): N aC l, 120; KC1, 
2 .5 ; C aC l2, 1.8; MgCl2, 2.0. T h e  so lu tio n s were a d ju s te d  to  p H  7.35 (Tyrode) o r 7.20 (R in g er) 
w ith  5 m M  • 1_1 T ris (h y d ro x y m e th y l)  am in o m eth an e -H C l buffer.

R ad io ac tiv e  iso topes w ere  o b ta in e d  from  th e  Iso to p e  In s t i tu te  of th e  H u n g a r ia n  A cad ­
e m y  o f  Sciences. E serine  (p h y so s tig m in e  su lp h a te , C alb iochem ) was dissolved d ire c tly  in  th e  
in c u b a t io n  solu tion , o u a b a in  (S e rv a) w as d ilu ted  fro m  fre sh ly  p repared  alcoholic  so lu tion . 
T h e  e th a n o l co n cen tra tio n  in  T y ro d e  (R inger) so lu tio n  w as less th a n  0.5%o.
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Results

Electrolyte balance

W ater content, sodium , and potassium  concentrations in the tw o differ­
ent typ es o f m uscle are sum m arized in Table I. W hen incubated in oxygen ated  
Tyrode solution  at 33 °C, m uscles did not show  sta tistica lly  significant changes

T ab le  1

M uscle water and calculated intrafibre concentration o f  N a , К  in  isolated extensor digitorum  longus 
(E D L )  and soleus (S O L ) muscles o f  the rat

n
H 20 m m o l • kg fib re  w a te r

m l • k g -1  w e t w e ig h t N a К

Fresh ly  dissected E D L 8 7 7 5 .9 ± 6 .8 1 7 .1 ± 2 .8 1 5 5 .6 ± 7 .2

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

E D L 1 2 7 7 7 .5 ± 5 .2 2 2 .5 ± 4 .9 1 4 9 .3 ± 9 .7

(120 m in  in  T yrode) SOL 1 2 7 7 8 .7 ± 6 .1 2 7 .2 ± 6 .6 1 2 1 .4 ± 7 .8

V alues expressed  are th e  m ean  ^  S.E.

in  the intrafibre concentration of electrolytes, as compared to freshly d issected  
m uscles, except for the increase of N a+ concentration  in EDL.

K inetics o f  К  exchange in slow and fa s t tw itch muscles

The К  uptake in isolated ED L and SOL m uscles was followed for periods 
of incubation of 30, 60, and 90 min. A t th e  end of incubation the standard  
w ash-out procedure for extracellular 42K w as used for all muscles. F igure 1 
show s th a t the uptake o f radioactive potassium  was significantly higher in  
E D L  than  in  SOL m uscle for each duration o f incubation. The reduced rate 
of К  in flu x  in  SOL m uscle was m aintained relatively  constant for 90 min, 
although uptake tended to  decrease betw een the 60th and 90th m in in  both  
m uscles.

The slower rate of К  in flux  in SOL m uscle could be dem onstrated even  
if  the standard w ash-out procedure was om itted  (Table II). One m uscle from  
each pair was incubated for a shorter period o f tim e (15, 30 min) and the  
other muscles o f each pair for a longer period (60, 120 min) in a radioactive  
solution. A t the end of each incubation period th e  surface of the m uscles was 
gently  b lotted  on m oist filter paper and rad ioactiv ity  was determ ined. The 
K + uptake was calculated from the difference o f the am ount of K + exchanges  
during the incubation and К  influx was corrected for sim ultaneous b ack flu x  
(Table II).
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F ig . 1. T im e course o f th e  42K  u p ta k e  in  iso lated  E D L  a n d  SOL m uscles o f th e  r a t ,  in  o x y g en ­
a te d  T y ro d e  so lu tion  a t  33 °C. P o in ts  and  v e r tic a l b a rs  rep re sen t th e  m ean  ^  S .E . o f 18

d e te rm in a tio n s

In  order to determ ine whether som e restriction  of K + m ovem ent through  
th e  interfibre space in  the slow  muscle m igh t be responsible, the slow er rate 
o f  potassium  uptake, the fractional loss o f 42K  w ith  time was studied  in SOL 
and  E D L  muscles c f  the sam e w et w eight (F ig . 2). A bout 53% of the to ta l 
42K  in  the ED L m uscle and about 38% in th e  SOL muscle exh ib ited  a rela­
t iv e ly  slow efflux and follow ed a single exp onentia l (ti/2 =  80 and 75 m in, 
resp .; F ig. 2a). This w ould represent an intracellular potassium  con ten t. To 
fu rth er  analyse the fa st exchanging com ponent o f the flu x  curve, the exp on en ­
tia ls  characterizing the slow  exchange process w as subtracted from  the per-

ТаЫе II
К  exchange and in flu x  in  rat SOL and E D L  muscles in  normal Tyrode solution

E xchanged  42K  (,umol • g -1  w .w t.)* К  influx**
A  p a ir

n m o l ■ g-1  • m in

E x c h a n g e d  42К (^ т о 1  • g 1 • w .w .t)* К  in flu x * *A p a ir
n m o l • g -1  • m intx =  15 m in f2 =  60 m in i, - - 30 m in <2 =  120 m in

E D L
5 .8 ± 0 .5

(4)
1 8 .5 ± L 2

(4)
31 1 ± 2 1 9 .6 ± 0 .8

(5)
3 4 .1 ± 2 .8

(5) 3 0 1 ± 2 9

SO L 6 .2 ± 0.6
(4)

1 7 .3 ± 0 .4
(4)

25 8 ± 1 7 9 .8 ± 0 .9
(5)

2 9 .9 ± L 4
(5) 2 4 5 ± 3 1

A ll values are m ean  i  S .E .
* Exchanged 42K  =  42[K ] in  muscle • [K ]0/42[K ] 0 • w et weight 

** C orrected in flu x  =  M i =  M \ ■ k„[exp(—fe0i,) — ex p (—fc0i2)|
M 'i =  difference of exch an g ed  К  betw een p a irs ; k 0 =  fo r E D L  1.35 • 10 -3  m in -1 ; fo r 

S O L  1.26 • 10-3  m in -1
t =  tim e of exposition  in  rad ioactive  T yrode
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m i n u t e s

F ig . 2. E fflu x  o f 42K  from  th e  E D L  ( • )  an d  SOL (o) m uscles of th e  r a t  a t  33 °C. (a ) T o ta l 
co u n ts  in  tissues. T he curves ap p ro ach  single ex p o n en tia ls  w h ich  are  in d ica ted  b y  th e  s tra ig h t  
lines, (b) C ounts in  tissues a fte r  su b tra c tio n  of th e  slow  e x p o n en tia l com ponent. O rd in a te s : 
co u n ts  expressed  as a  p e rcen tag e  o f th e  tissue  c o n te n t a t  th e  beg inn ing  of w ash -o u t (log. scale).

A bscissa: tim e  in  m in  a fte r  s ta r t  o f  th e  w ash-ou t

centage of in itia l counts rem aining in the tissu e . The differences are p lotted  
in Fig. 2b. In both  m uscles th e  wash-out o f 42K  from the tissue w as com plex  
in  th a t more than  one exponential would be required to  describe th e  entire 
process betw een zero and 15 m in. The data suggest th at the K + exchange in  
extracellular space exhibits a similar kinetics in  slow and fast m uscles.

The in flux o f  i2K , mRh und 131Cs in  slow and fa s t muscles.

W hen RbCl or CsCl at 5.5 m m ol • 1_1 was substituted  for KCl in  T yrode, 
the rate of in flu x  of Rb and Cs (measured over a 30 min incubation) w as about 
half o f the K + influx (Fig. 3). H owever, no difference was found b etw een  the
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F ig . 3. C om parison of th e  re s tin g  42K , 8(iR b , and  131Cs in f lu x  m easured  over th e  in it ia l  30 m in  
in  f a s t  tw itc h  E D L  an d  slow tw itc h  SOL m uscles o f th e  r a t .  T he b a rs in  each se t in d ic a te  th e

m e a n  ^  S.E . o f 8 d e te rm in a tio n s

ra te  o f  R b + or Cs+ in flu x  in  the fast and slow  m uscle in contrast to  th e  in flux  
o f  42K , which was sign ifican tly  higher in E D L  than  in SOL m uscles.

Our in vitro results are inconsistent w ith  the in vivo findings o f K e r - 
k a n  [4 ] .  K e r n a n  and M c D e r m o t t  [6, 7], K e r n a n  and M cCa r t h y  [5]. They  
rep o rted  th at the relative specific  activ ity  o f soleus muscles was at lea st tw ice  
h ig h er  than  th at of E D L  m uscle in rat after i.p . injection of 42K  or 86Rb. 
A lth o u g h  unilateral section  o f the sciatic nerve 48 hr prior to radioisotope  
in je c t io n  resulted in a m arked reduction of 86Rb uptake in  the soleus and in  
th e  denervated E D L  m uscles, 8eRb uptake increased by about 75%  [6, 8].

In  order to determ ine w hether the h igher rate of 86Rb in flu x  o f th e  rat 
so leu s in  vivo m ight have been  due to a h igher electrical activ ity , th e  effect 
o f n erv e  section of 86Rb in flu x  into soleus and E D L  muscles was stu d ied  by  
K e r n a n ’s m ethod [6 ]. T able III  shows count ratios of intracellular to  plasm a

Table III

E ffects o f  unilateral sciatic nerve section in SO L  a n d  E D L  muscles on mR b uptake
over 4 hr in  vivo

Ratio of activity
n J (counts in fibre water/counts in plasma)

E D L SOL

Control (6) 29.8±2.2 56.3±2.0
D enervated (6) 35.1±3.7 30.2±6.4

Mean i  S .E .
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a ctiv ity  in muscles after a 4 hr exposure to  the iso top e. The section o f sciatic  
nerve was carried out im m ediately  before i.p. in jection  of 8,iRb. The Rb uptake  
was reduced by about 46%  in  soleus while in denervated  ED L it was increased  
b y  about 16% , how ever, the later change w as n ot significant sta tistica lly . 
D ata  indicate th at the difference betw een the rate o f  Rb influx into soleus and  
E D L  m uscles disappears after nerve section and th a t denervated slow  and  
fast m uscles take up the sam e amount of tracer Rb both in vivo and in  vitro.

Inhibition  o f  К  and Rb influx by ouabain and eserine in fast and slow m am ­
m alian muscle. In  further experim ents the inh ib itory  effects of eserine at a con­
centration o f 10-3  M and ouabain (10-4  M) were com pared in the tw o different 
typ es o f m uscles. Preincubation with eserine, fo llow ed  b y  the presence o f the  
inhibitor in  the radioactive medium , resulted in  a lower uptake o f 42K for 
each duration of incubation  in  fast and slow m uscle (Table IY). Eserine blocked  
about 26%  of the to ta l K + in flux  in E D L  m uscle, while in SOL, the eserine- 
sensitive in flu x  w as on ly  18% of the to ta l in flu x . There was no sign ifican t  
difference in  the degree o f hydratation or net ion  content between the control 
and inhibited  com panion m uscles. Since in itial in flu x  was linearly related  to  
tim e in  control and eserine treated m uscles, the 30 m in K + influx was selected  
for subsequent experim ents on K + uptake.

Previously we have show n that eserine reduces the ouabain in sen sitive  
com ponents of resting potassium  influx o f  frog sartorius muscle, thus it  seem ed  
interesting to  exam ine th e  additive effect o f  ouabain and eserine also on  
m am m alian fast and slow  m uscles. In  Tyrode o f  normal ionic com position , 
ouabain, a t a concentration  of 10-4 M, produced a significant reduction  in  
resting K + in flu x  m easured under the same cond ition  as described above for

Table IV

Effect o f  eserine on resting К  in flu x  in  rat SOL and E D L  muscles incubated fo r  various periods in  
norm al Tyrode solution; [.K] 0 =  5.5 mJVf

U ptake
duration n

К  influx
(nmol • g-1 • m in-1 ) P*

(min)
control eserine

30 (7) 3 1 6 ± 1 6 2 5 2 ± 3 8 < 0.02

E D L 60 (7) 3 0 5 ± 4 8 2 1 5 ± 2 9 < 0.01

90 (4) 299 ±  8 2 1 1 ± 2 9 < 0.01

30 (7) 2 5 4 ± 2 7 2 1 1 ± 2 3 < 0 .005

SOL 60 (7) 2 5 7 ± 3 4 2 0 4 ± 2 9 < 0.01

90 (4) 2 4 5 ± 1 8 204 ±  6 < 0.02

p* b y  p a ire d  sam ple t tes t
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T able У

A dditive  effects o f  eserine a n d  ouabain on К  in flu x  into the rat slow and fa s t  muscles

К  in flux  (nmol • g-1  • m in-1 )

E D L SOL

Control 2 9 9 ± 1 4 2 5 2 ± 1 0

O uabain  (0.1 mM ) 2 2 7 ± 1 2 1 8 9 ± 1 3

(n =  12) p  + < 0 .001 < 0.001

E serine (1 m M ) (C ontro l) 246 ±  6 2 0 4 ± 1 0

E serine -f- o u ab a in 1 6 5 ± 1 1 1 4 4 ± 1 0

(n  =  12) p  + < 0 .001 < 0.001

p +  b y  p a ire d  sam ple t tes t

eserine. Following preincubation w ith  ouabain , K + influx was reduced by  
a b o u t 25%  of control b oth  in  E D L  and SOL (Table V).

In  a separate experim ent, the effects o f eserine and ouabain w ere com ­
pared to  eserine alone (Table У). Eserine produced a further inh ib ition  of K + 
in f lu x  in  the presence of ouabain both in  SOL and E D L  muscles.

„Residual influx"

9“/. 52 V. 57 V.

FS EDL SOL FS EDL SOL FS EDL SOL FS EDL SOL

F ig . 4. C om parison of th e  to ta l ,  o u abain , eserine  sen sitiv e  and  “ residual”  in f lu x  o f 42K  in  
fro g  sa r to r iu s  (FS), ex ten so r d ig ito ru m  longus (E D L ) a n d  soleus (SOL) m uscle  o f th e  r a t .  
E a c h  b a r  rep resen ts  th e  m ean  o f  10 d e te rm in a tio n s  J ;S .E .  T he num bers re p re se n t th e  in flu x  

v a lu es expressed  as p e r  c e n t o f  th e  to ta l
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F ig. 5. E ffec ts o f o u a b a in  (1 0 - 4M) and  eseriue (1 0 ~ 3M) o n  th e  in flu x  of 86R b  in  f a s t  tw itc h  
E D L  an d  slow tw itc h  SO L m uscles. O pen b a rs re p re se n t in f lu x  in  th e  absence o f in h ib ito rs , 

p o in ted  a n d  h a tc h e d  b a rs  in d ica te  in flu x  w ith  o u a b a in  o r eserine (m ean  i  S .E .)

The relationship betw een total, ouabain and eserine sensitive and  
“ residual” in flux, i.e. in flu x  remaining after th e  adm ission of the tw o  drugs, 
in frog sartorius and in  m am m alian fast and slow  m uscles is illustrated in  F ig.
4. T otal K + in flux  in  frog sartorius m uscle is on ly  about one-third o f  th a t in  
rat E D L  m uscle.

The ouabain sen sitive influx, though it has different absolute values in  
rat and frog m uscles, am ounted to about the sam e fraction of to ta l in flu x  
in  m am m alian and am phibian muscles. Furtherm ore, there was no difference 
betw een the ouabain sen sitive com ponent of th e  resting K + in flu x  in  fast 
and slow muscles o f th e  rat. On the other hand, there was a significant difference  
in the eserine sensitive in flux . Eserine inhibited  about 66% of the to ta l К  
in flu x  in frog sartorius, w hile in rat E D L  the eserine sensitive К  in flu x  was 
about 26%  and in  SOL m uscles it  was only 18%  of th e  total. The m ost rem ark­
able difference betw een  frog and rat m uscles w as found in the “ residual” 
in flux. In frog sartorius it  was only about 10%  of th e  tota l К  influx, w hile in  
rat m uscles it  am ounted to  more than ha lf of th e  to ta l resting К  influx.

F inally , the inh ib itory  effect of ouabain and eserine on 88Rb in flu x  
was compared in  fast and slow muscles o f the rat. Figure 5 dem onstrates th a t  
ouabain inhibited  one-fourth o f the to ta l 86Rb in flu x  and the difference b e­
tw een the tw o types o f m uscles was not sta tistica lly  significant. Eserine failed  
to  have any effect on the 86Rb influx both  in  E D L  and SOL (Fig. 5).
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Discussion

The results obta ined  in these experim ents dem onstrate con clu sively  
th a t  th e  42K  uptake in iso la ted  fast tw itch  E D L  muscles of the rat is sign ifi­
c a n tly  higher than in  slow  tw itch  SOL m uscles, b u t there is no difference in  
R b or Cs uptake. These resu lts seem to be inconsistent with th e  find ing o f  
K e r n a n  [3], K e r n a n  and M c Ca r t h y  [5], K e r n a n  and M acD e r m o t t  [6, 8],  
sh o w in g  a twice higher sp ecific  activ ity  in  soleus m uscles as com pared to  E D L  
m u scles after i.p. in jection  o f  86Rb and 42K .  V r b o v a  [19] reported th a t when  
electrom yographic a c t iv ity  w as recorded in  slow  and fast muscles o f  conscious 
ra b b it, the soleus m uscle w as alm ost continuously  activated no m atter w hether  
th e  anim al was m oving, standing or sittin g  whereas the fast m uscle was 
a c tiv a te d  only when the an im al changed its posture or responded to  a noxious  
stim u lu s . The electrom yographic activ ity  ceased im m ediately after ten otom y  
[1 9 ] .  K e r n a n  and M cD e r m o t t  [6] found th a t the in flux of 86Rb in to  tenotom - 
ized  soleus muscles was a b o u t 40%  lower than  th a t observed in  the contralateral 
pairs. D a ta  on Table I I I  dem onstrate th a t the higher rate of Rb in flu x  into  
so leu s muscle sign ifican tly  decreases im m ed iately  after the section  of the  
sc ia tic  nerve, indicating th a t  the higher cation  uptake of slow m uscles in  vivo  
is  p a rtly  due to the con tin u ou s activation  b y  m otoneurons. Furtherm ore, the  
d ifferen t rates of К  in flu x  in  slow and fa st m uscles result from th e dissim ilar 
properties of the m em brane system  and are n o t the outcom e of a delayed  
d iffu sion  of potassium  io n s through the interfibre space of slow  m uscles
(F ig . 2).

A  consistent fin d in g  in these experim ents is the inhibition o f resting  
potassiu m  influx by eserine. We have established that the reduction  of К  
in f lu x  in  frog muscle b y  eserine is confined to  а К : К  exchange m echanism , 
th e  inhibition being observed  in the presence of ouabain [10]. The present 
resu lts  demonstrate th a t th e  in flux of potassium  in m ammalian fa st and slow  
m u scles can also be b locked  partially b y  eserine and the inhibitory actions o f  
eserin e  and ouabain are ad d itive  (Table У).

I t  is noteworthy th a t  eserine inhibits about two-third o f the to ta l К  
in f lu x  in  frog sartorius m u scle , whereas in rat E D L  muscle the eserine-sensitive  
in f lu x  is about one-fourth o f  the total, and even  less in soleus m uscle (Fig. 4). 
A lth o u g h  the total p otassiu m  uptake of frog sartorii is about one-third of the  
К  u p tak e of m am m alian m uscles, ouabain blocks about one-fourth o f th e  to ta l 
u p ta k e  both in m am m alian and am phibian m uscles (Fig. 4 and Table Y).

W e reported th a t  after disruption o f th e  transverse tubu les in  frog 
sartorius by hypertonic g lycerol treatm ent th e  eserine sensitive com ponent 
o f  th e  К  influx m arkedly decreased b u t neither Rb influx nor th e  ouabain  
se n s it iv e  К influx changed  [15]. Our earlier data  provide a confirm ation for 
th e  assum ption th at ou ab ain  sensitive К  in flu x  as well as Rb in flu x  can be
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located  on the sarcolem m a, whereas the eserine sensitive К: К  exch an ge on 
the m em brane of the T tubules.

Som e of the data  in Fig. 4 m ay bear a relationship with this. The sm aller  
proportion of eserine sensitive К  in flux in  soleus muscles can be accounted  
for th e  less developed transverse tubular system  in slow  muscles of th e  rat [16]. 
The lack of the difference in  Rb in flux (F ig. 5) and the ouabain sen sitiv e  К  
in flu x  o f similar m agnitude suggest a sim ilar rate o f К  or Rb transport across 
the sarcolem m a of fast and slow m am m alian m uscles.

From  the above results it m ay be concluded that inward potassium  
m ovem ent can be separated by ouabain and eserine in at least three fraction s. 
From th is it  follows th a t in norm al frog m uscle about 65 per cent of potassium  
in flux is involved  in  an eserine sensitive К : К  exchange, about 25 per cen t is 
involved  in an ouabain sensitive Na: К  exchange, and 10 per cent is a “ residual” 
one representing the in flux rem aining after treatm ent w ith cardiac glycoside  
and eserine. Present studies show th at about one-half of the to ta l in flu x  o f  
potassium  ions in m am m alian muscles appears to  occur via  the “ residual” 
in flu x  channels (Fig. 4).

W hether th is represents an electrogenic passive flux or a m etab olica lly  
driven ion  m ovem ent w ith  an uncleared coupling process are the q u estion s  
to be solved. Since the “ residual” in flu x  am ounts to  a significant proportion  
of th e  to ta l potassium  influx, it stresses th e  im portance of further stud ies  
on the possible role and characteristics of th is transport system  in m am m alian  
m uscles.
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INVOLVEMENT OF PEDAL NELRONS IN 
CARDIO-RENAL REGLLATION AND THEIR 

CONNECTIONS WITH IDENTIFIED VISCERAL CELLS 
IN H E L I X  P O M A T I A  L.

By

K atalin  S .-R ózsa and D. B. L o g uno v

BIOLOGICAL RESEA RCH  IN ST IT U T E  OF TH E HUN G ARIA N  ACADEMY OF SCIENCES, T IH A N Y , 
HUNGARY, AND IN ST IT U T E  O F H IG H E R  NERVOUS ACTIV ITY  AND N EU ROPH YSIO LO GY  O F TH E 

SO V IE T  ACADEMY OF SCIENCES, MOSCOW, USSR

(R eceived  N ovem ber 25, 1980)

In v o lv em en t o f  th e  cells of pedal ganglia  in th e  reg u la tio n  of h e a r t  a c tiv ity  
an d  th e ir  connections w ith  v isceral neurons w as s tu d ied  in  th e  c en tra l n e rv o u s  system  

of H elix  pom atia  L. I t  w as fo u n d  th a t
(1) num ero u s cells o f p ed al ganglia receive in p u ts  from  th e  h e a r t. T h e  reac tio n  

of th e  pedal cells to  h e a r t  a ffe ren ts  was c h a ra c te ris tic : in itia l h igh freq u e n c y  increase 
o f firin g  follow ed b y  in h ib itio n , th en  a secondary  to n ic  increase o ccurred  in  ac tiv ity . 
Som e of th e  p ed al cells w ere  a c tiv a ted  a fte r  a b r ie f  d e lay ;

(2) m an y  of th e  cells o f th e  v isceral an d  r ig h t  p a rie ta l ganglia  w ere a c tiv a te d  
s im ultaneously  w ith  p ed a l neurons during  tac tile  s tim u la tio n  of th e  h e a r t .  I n  d iffe ren t 
ganglia  th e  answ er to  h e a r t  a ffe ren ts  can be obse rv ed  to  th e  sam e or op p o site  d irec tions 
b u t  i ts  d u ra tio n  w as id en tica l in  every cell;

(3) one cell o f th e  le f t pedal ganglion (L P 3 ) fo rm ed  m o n o sy n ap tic  connections 
w ith  several cells o f  th e  v iscera l ganglion. T he a x o n  of th e  v isceral cells, connected  
m on o sy n ap tically  to  th e  n eu ro n  L P3, runs in to  th e  in te s tin a l nerve. L P 3  cau sed  E P S P s 
on th e  v isceral cells;

(4) th e  h e a r t  e x c ita to ry  m otoneuron  V41, sim u ltan eo u sly  w ith  a  n u m b e r o f 
p ed al cells, receives e x c ita to ry  in p u ts  from  th e  h e a r t .  T h e  h e a r t  e x c ita to ry  m o to n eu ro n  
is invo lved  in  th e  a ffe re n t a n d  efferen t p a th w ay s of h e a r t  re g u la to ry  n e tw o rk ;

(5) a m o to n e u ro n  (V43) was iden tified  to  cause  re la x a tio n  of th e  h e a r t ,  g iving 
b ran ch es in to  th e  in te s t in a l  nerve  and sim ilarly  to  o th e r  m o to n eu ro n s a c t iv a te d  by  
h e a r t  afferen ts.

The distribution, o f certain neurons in the CNS involved in the regulation  
of cardio-renal system  has been dem onstrated by retrograde degeneration  
[4] as well as by retrograde transport of cobalt chloride [15, 11].

The role of these neurons, located to  the visceral and parietal ganglia, 
in heart regulation has been studied and described in detail [11, 12, 13]. In 
the A p ly s ia  heart, regulatory neurons were found in the abdom inal ganglion, 
and in pedal and pleural ganglia [9, 6, 7, 17].

The aim of the present investigations w as to  exam ine the physiological 
role o f pedal cells in the innervation  of the heart and to  study the interrelation  
betw een pedal and visceral neurons taking part in  heart regulation.
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M aterials and M ethods

T h e  experim ents w ere c a r r ie d  o u t  on active snails H e lix  pom atia  L ., a t  ro o m  tem p e ra tu re  
(20  — 24 °C). For th e  in v e s tig a tio n s  sem i-in tac t p re p a ra tio n s  developed earlie r [14, 11] were 
u se d , com prising  th e  cen tra l n e rv o u s  system , th e  in te s t in a l  nerve an d  c ard io -ren a l system  
(e.g. h e a r t ,  pericard ium , b lo o d  v esse ls, k idney and  liv e r). Id e n tif ic a tio n  of th e  neu ro n s was 
m a d e  b y  th e  m orphological a n d  physio logical c rite ria  d e te rm in e d  earlier [11]. N om en cla tu re  
o f  th e  gan g lia  and num bering  o f  th e  neurons was desc rib ed  earlie r [14]. F o r  th e  r ig h t  and  left 
p e d a l  gan g lia  the  ab b rev ia tio n s  R P  a n d  L P , re sp ec tiv e ly , w ere app lied  (F ig . 1).

In trac e llu la r  a c tiv ity  o f tw o  selected cen tra l n eu ro n s, a n d  e x trace llu la r a c t iv ity  o f th e  
in te s t in a l  nerve as well as th e  h e a r t  b e a ts  were reco rded  sim u ltan eo u sly . In tra c e llu la r  a c tiv ity  
o f  th e  n eu ro n s was reg iste red  w ith  conven tional glass m icroelectrodes filled w ith  2.5 M KC1, 
h a v in g  a  resistance of 5 —10 M O h m . E x tra ce llu la r  a c t iv ity  o f th e  in te s tin a l n e rv e  w as reg iste red  
b y  p la t in u m  electrodes. C o n trac tile  a c tiv ity  of th e  h e a r t  w as reg is te red  using  th e  p h o to -o p tic  
m e th o d  [19]. For recording th e  cell a c tiv ity  a h igh in p u t  im p ed an ce  am plifier [18] w as used  
w ith  a  b rid g e  circuit, assuring  p o la r iz a tio n  of th e  som a m em b ran e . A four ch an n e l T ek tro n ix  
o sc illo sco p e  and  a G o u ld -B rush  re c o rd e r  were em ployed . F o r tac tile  s tim u la tio n  o f th e  h eart, 
a p o in t  stim u la to r w ith  dosing  dev ice  was applied .

Results

1. Reaction to heart stim ulation  o f  the nerve cells located at p eda l ganglia

Figure 1 shows d istrib u tion  of the neurons studied. The m ajority of the 
cells o f  pedal ganglia show  a double reaction to  tactile  stim ulation o f the heart: 
an  in itia l increase in firing is followed by inhib ition  (Figs 2B and ЗА). Another 
in crease in  activity appears 15— 20 sec after tactile  stim ulation o f th e  heart.

RP

F ig . 1. D istrib u tio n  of th e  in v e s tig a te d  neurons in  th e  c e n tra l  n ervous system  of H e lix  pom atia  
L . LP1 — left pleural, L P a  — le f t  p a r ie ta l , V — viscera l, R P a  — rig h t p a rie ta l, RP1 — rig h t 
p le u ra l,  R P  — rig h t pedal a n d  L P  — le f t  pedal ganglia . N u m b erin g  of cells acco rd in g  to  earlier

schem e (S.-R ózsa, 1976)
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F ig. 2. R e ac tio n  of cen tra l neu ro n s to  tac tile  s t im u la tio n  o f th e  h e a rt. A — sim u ltan eo u s  
reco rd ing  of h e a r t  c o n tra c tio n s  (a ) a c tiv ity  o f  neurons R P a 3  (b ) an d  L P2 (c). H ere a n d  in  th e  
follow ing F ig u res th e  m o m e n t o f ap p ly in g  tac tile  s tim u li to  th e  h e a r t  is show n b y  a n  arrow . 

В — R e ac tio n  of th e  h e a r t  (a ) and  a c tiv ity  o f th e  n eu ro n s L P 8 (b) and R P a 3  (c)

Som e of the pedal neurons reacted to tactile stim u lation  of the heart on ly  by  
delayed synaptic activation . They reacted sim ilarly as did the LP8 neuron  
dem onstrated in Fig. 2B . D elayed activation  took  place synchronously in  
num erous cells o f the CNS after tactile stim ulation  o f the heart. The activation  
of a cell located  in the right parietal ganglion (R P a3) appeared after a delay  
as in the pedal cell dem onstrated in Fig. 2B. D elayed  activation  of cell R Pa3  
after stim ulation  of the heart afferents coincided w ith  the reaction in  the LP2  
neuron, but here the response proved to be an opposed one (Fig. 2A).

Around cell Y2, as well as around LP3, num erous paired neurons were 
discovered reacting synchronously to heart stim ulation . One couple responded  
to heart stim ulation  w ith  excitation  (Fig. 4A), th en  the neuron located at th e  v i­
cin ity  o f the cell LP3 underw ent a long-lasting inhibition. During th is period  
E P SP s orginating from unknow n sources appeared (Fig. 4A) causing A P  gen­
eration, coinciding with the inhbitiion of the v isceral partner cell. D uring ta c­
tile  stim ulation  of the heart, a silent cell located  at the v icin ity o f cell У2 
showed a long-lansting hyperpolarization, w hile in  another one, near cell
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F ig . 3. R e a c tio n  of th e  n eu ro n s  to  h e a r t  s tim u la tio n . A — a c tiv ity  o f th e  h e a r t  (a ), a  v isceral 
n e u ro n  in  th e  v ic in ity  o f V21 (b )  an d  a cell in  th e  le f t  p ed al ganglion n e a r  to  L P 3  cell (c). 
В  — a c t iv i ty  of th e  h e a r t  (a), a n d  tw o cells in  th e  le f t p ed a l ganglion (L P 4  — b , L P 8  — c). 

C — a c tiv ity  o f th e  h e a r t  (a), n eu ro n s  L P 5  (b) an d  RP1 (c)

R P 3 , th e  firing was elim inated while E P S P s were observed (F ig. 4B ). The 
answ er to  the activation  o f heart afferents was prolonged for 12— 15 sec, and 
i t  stop p ed  sim ultaneously in  both cells.

T he neurons LP3 and LP4 reacted to  heart stim ulation w ith  fast burst­
fir in g , partly overlapping each other in tim e, hut the a c tiv ity  o f  cell LP4 
w as som ew hat longer (F ig. 3B ). One cell in  the v icin ity  of LP3 also reacted to 
h eart stim ulation  w ith  ty p ica l high frequency burst-firing and th is activ ity  
correla ted  with the pattern  o f a visceral cell characterized by b iphasic action  
(F ig . 4A ). W ith repeated activation  of heart afferents, the response o f the two  
cells appeared again and again , although th e  inhibition was sligh tly  facilitated  
(F ig . ЗА) and excitation  declined, which can be seen when com paring the 
answ ers after the first and third stim u lation  (Fig. ЗА). A fter an initial 
excita tory-in h ib itory  effect, the LP5 neuron underwent a long-lasting activa­
t io n  in  response to heart stim ulation  (F ig. 3C). At the right pedal ganglion  
th e  neuron  RP1 showed a slight increase in  frequency during the first excita-
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F ig. 4. R e a c tio n  of th e  n eu rons to  tac tile  s tim u la tio n  o f th e  h e a rt. A — h e a rt a c t iv i ty  (a), 
a c tiv ity  o f n eu ro n s У 2 (b) an d  L P3 (с). В — h e a r t  a c t iv i ty  (a), a c tiv ity  of a v isc e ra l n e u ro n  

(b) an d  a n eu ro n  in  th e  left p e d a l gang lion  (c)

tion  of LP5 (Fig. 3C). Cell R P 1, however, failed to  respond to repeated stim u la ­
tion  of the heart (Fig. 3C).

The som a firings of pedal neurons could not be identified in the in testin a l 
nerve. D epolarization o f the som a mem brane o f cells LP2 and LP8 fa iled  to  
influence the heart activ ity . The firing pattern  o f the investigated pedal cells 
showed no correlation w ith the heart beat.

2. Interrelations between visceral and p ed a l neurons

In  the visceral and pedal ganglia, num erous cells were con n ected  by  
com m on inputs or efferent pathw ays. N euron LP3 proved to be connected  
m onosynaptically  to  several cells of the visceral ganglion. Among th ese  cells
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F ig .  5. C onnection  b e tw een  th e  n eu ro n s of v isceral a n d  p e d a l ganglia. A, В an d  C “ a ”  corre­
sp o n d  to  th e  a c tiv ity  o f  v a r io u s  cells from  th e  id e n tif ie d  cell cluster o f th e  v iscera l g ang lion ; 
b  — f ir in g  of cell L P3  sp o n ta n eo u s ly  or caused b y  d ep o la riz a tio n  of th e  som a m em b ran e . 

E ach  spike o f cell L P 3  correlates w ith  th e  synchronous E P S P s  of 
th e  visceral n e u ro n s

a group o f neurons and tw o  single cells w ere identified; all were sta ined  on 
retrograde injection of CoCl2 through the in testin a l nerve [11]. The group was 
fou n d  a t the border o f th e  visceral and right parietal ganglia, located  close to  
th e  b o tto m  of the dorsal surface. One synchronously  firing visceral cell was 
fou n d  betw een the above group of neurons and th e  motoneuron V12, near to  the  
m oton eu ron  Y41, w hile the other visceral cell w as located at the border o f  the 
v iscera l and left parietal ganglia (Fig. 1).

The connection o f th e  LP3 cell w ith  three neurons of the id entified  
v iscera l group is dem onstrated  in Fig. 5. The spontaneous or evoked firing of 
cell L P 3  caused E P SP s in  th e  coupled visceral cells (Figs 5A, В, C). The connec­
tio n  o f  cell LP3 w ith three different visceral neurons is shown in F ig. 5. The 
th ird  cell also received E P S P s originating from  other sources (Fig. 5C).

D epolarization o f LP3 also caused E P S P s  in  the visceral cell loca ted  at 
th e  v ic in ity  of m otoneuron V41 (Fig. 6A). T he sam e EPSPs appeared in  the  
a b o v e  cell during spontaneous firing o f LP3 (F ig . 6B). The second single cell 
co n n ected  to the LP3 show ed the same response as the first one, nam ely  
produced  E PSPs (F ig. 7). N ear to this second  cell, the third single cell also 
sh ow ed  E PSPs during depolarization of L P 3 , b u t here the AP o f L P3 and 
E P S P  o f the visceral neuron had no close correlation and E P SP s appeared  
w ith o u t LP3 depolarization at lower freq u en cy  (Fig. 8).
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Fig. 6. C onnection  b e tw een  neu ro n s L P3 a n d  V6. A — firin g  of cell LP3 caused  b y  d e p o la ri­
z a tio n  (b ) an d  th e  sy n ch ro n o u s reac tio n  of n eu ro n  У 6 in  th e  v isceral ganglion (a). В  — re ac tio n  

o f n eu rons L P 3  (b ) an d  V6 (c) to  ta c tile  s tim u la tio n  of th e  h e a r t (a)

The connection betw een LP3 and the m onosynaptically  coupled visceral 
cell did not prove to  be electrotonic, as depolarization of the visceral cells 
caused no changes in th e  activ ity  of LP3. T he presence of chem ical synapsis 
betw een these cells is also supported by th e  increase in E P SP  am plitude  
during hyperpolarization of the visceral neurons. The mean la ten cy  o f  E P SP  
was 8 m sec following the peak of A P in cell L P 3. The high frequency and long- 
lasting firing o f cell LP3 faded to decrease the amplitude of E P S P s in the 
follower cells. The connection between cell L P3 and its follower seem ed to  be 
m onosynaptic, w ith  chem ical synapses.

The visceral follow er cells of LP3 send an axon into the in testinal nerve 
and each receives inputs from the cardio-renal system . The cell in  th e  v ic in ity  
o f m otoneuron V41 belongs to the inh ib itory system  regulating heart activ ity  
[11, 13]. The group o f visceral cells coupled to  LP3 was connected on ly  with  
th e  afferents of the heart.
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F ig . 7. C onnection  be tw een  n e u ro n s  L P3 and Y4. A  — sp o n tan eo u s firing  of L P 3  (c) and  
a  sy n c h ro n o u s ly  genera ted  E P S P  o f  n eu ron  Y4 (b ); a  — h e a r t  a c tiv ity , d — a c tiv ity  o f  in ­
t e s t in a l  n e rv e ; В — high  fre q u e n c y  firing  caused b y  d e p o la riza tio n  of cell L P3  (c) a n d  the  
r e a c t io n  in  neuron  V4 (b); a — h e a r t  ac tiv ity . C — re a c tio n  of neuron  V4 (b) to  f ir in g  o f L P 3  

(c ) caused  by  d e p o la riza tio n  (reco rd ing  m ade a t  h ig h e r  speed), a — h e a rt a c t iv ity

3. Connection o f pedal neurons with the cells modulating heart a c tiv ity

T h e effect and con n ection  of a heart excita tory  m otoneuron (Y41) 
id e n tif ie d  earlier [11] and a new ly found heart-relaxing m otoneuron (V43) 
w as investigated  in relationsh ip  to  the heart and pedal cells. D epolarization  
o f th e  excitatory m otoneuron Y41 caused a contraction  on the stopped heart 
and an  extrasystole on th e  beating  heart (F ig. 9). The reaction of the heart 
cou ld  be elicited repeatedly w ithout adaptation , but only above the critical 
fir in g  frequency of the m otoneuron. The cell reacted  to tactile stim ulation  of 
th e  h ea r t w ith an increase in  sp ike frequency. The nature of this excita tion  was 
sim ilar  to  the activation o f several pedal cells located  in the vicinity o f neuron  
L P 3 (F ig . 10C). The increase in  frequency o f cell V41 above a critical leve l
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Fig. 8. C onnection be tw een  n eu ro n s L P3 an d  Y5. F irin g  of L P3 caused by  d e p o la r iz a tio n  (c) 
and a sy n ch ro n o u s reac tio n  of n eu ro n  Y5 (b ); a — h e a rt a c tiv ity
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F ig . 9. R eac tio n  of th e  h e a r t  to  th e  a c tiv a tio n  of cell У41. A — d ep o la riz a tio n  o f n eu ron  
V41 (b ) caused  an  e x tra sy s to le  (a). В — re ac tio n  of th e  h e a r t (a) to  re p ea te d  d ep o la riza tio n  
of cell Y41 (h). C — re ac tio n  of th e  h e a r t  (a ) to  a c tiv a tio n  of neurons У41 (b ) a n d  a  pedal 
cell (c) in  th e  v ic in ity  o f L P 3 . H e a r t  c o n trac tio n s  are evoked  b y  several A P s o f V 41. A c tiv a tio n  

of th e  p ed a l n eu ro n  fa iled  to  in fluence  h e a r t a c tiv ity
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F ig . 10. R eac tion  of cell У41 to  ta c t i le  stim u la tion  of th e  h e a r t .  A — a c tiv ity  of th e  h e a r t  (a )  
a n d  o f n eu ron  V41 (b). В  — a c t iv i ty  of h eart (a) n e u ro n  V41 (b) and in te s tin a l ne rv e , 
C — an sw er of neuron  У41 (b ) a n d  a  pedal neuron (a) in  th e  v ic in i ty  o f L P3 to tac tile  s tim u la tio n

of the  h e a r t

appeared  as an answer to  h eart stim ulation and caused an extrasystole (Fig. 
10B , C). The action p o ten tia ls  of neuron V41 after heart stim ulation were 
preceded  by synchronous potentia ls at the in testin a l nerve (Fig. 10B). This 
m ean s th at neuron У41 receives afferent signs from  the heart and causes an 
increase in  heart beat w ith  efferent pulses; in  th is  aspect it is similar to the 
neuron V21, identified as an  interneuron of double function [11]. In contrast 
w ith  neuron V21, the spontaneous firing pattern  o f neuron У41 showed no 
correlation  with heart b ea ts .

The V43 neuron w as studied  also after CoCl2 staining. D epolarization  
o f  th e  cell V43 caused a re laxation  on the heart (F ig . 11A). The tim e from the 
som a depolarization to  h ea rt relaxation was 1.5— 2 sec. Long lasting depolari­
za tio n  of V43 caused to n ic  relaxation of the heart (F ig. 11B, C). The neuron  
V 43 also received in p u ts from  the heart, w hich caused an increase in firing  
freq u en cy  (Fig. 12), resu ltin g  again in re laxation  o f the heart. In the firing 
o f  ce ll V43 som etim es an increase in frequency occurred originating from  an
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Fig. 11. R esponse of th e  h e a r t  to  d ep o la riza tio n  of n eu ro n  У 43. A — d epo lariza tion  o f n eu ro n  
V43 (b ) causes re la x a tio n  of th e  h e a r t  (a). В — R e la x a tio n  o f th e  h e a r t (a) p e rs is ts  d u rin g  
lo n g -lasting  d ep o la riza tio n  o f cell V43 (b). C — In crease  in  f ir in g  of neuron V43 as a n  answ er 
to  d ep o la riza tio n  (b ) fa iled  to  a lte r  th e  frequency  of sp o n ta n e o u s  h e a r t  h eats (a ) b u t  c au sed

re lax a tio n  (b)

unknow n source; th is caused relaxations, too (F ig. 12B). A neuron in th e  v ic in ­
ity  o f cell LP3 was activated  sim ultaneously w ith  th e  У43 neuron during tactile  
stim ulation  of the heart (F ig. 12A, B ).T he heart-relaxing neuron У43 sends an  
axon into the in testinal nerve and its som a spike could be identified in the  
a c tiv ity  pattern o f the nerve.

Discussion

The results dem onstrate that numerous cells o f the pedal ganglia receive  
inputs from the heart. The reaction of pedal neurons to tactile stim ulation  of 
the heart differed from th a t described for v isceral and parietal cells [11, 12, 
13]. The response of pedal cells to heart afferents has as a rule three phases. 
The initial step  is a high frequency primary firing, which is follow ed b y  an 
inhibitory phase, then  a ton ic increase in firing is observed. The results support 
the earlier suggestion  th a t the interoceptive in form ation  can he diverged to  
a large number o f neurons throughout the central nervous system  [11, 12, 13, 
141. M orphologically, 9 pedal neurons have been found to send direct branches

Acta Physiologica Academiae Scientiarum llungaricae 57, 1981



3 4 0 KATALIN S.-RÓZSA and D. B. LOGUNOV

jsOmV

JV---- %J\JVJUUV------

1 5 sec

F ig . 12. R eac tion  of n e u ro n  У 43 (b ) an d  of a pedal n e u ro n  in  th e  v ic in ity  o f  L P 3  (c) to  ta c tile
stim u la tio n  of th e  h e a r t  (a)

to  th e  intestinal nerve and to the heart in  Gastropods [4]. B y  physiological 
m eth o d s, more neurons could be identified w hich  are connected w ith  the heart, 
since heart stim ulatory neurons are activated  b y  mono-, and polysynaptic  
p a th w a y s. A large num ber o f coupled cells in  th e  visceral and pedal ganglia 
received  synchronous in p u ts  from the heart. These common in p u ts can be 
e x c ita to ry  in both cells, b u t they  m ay vary  and be excitatory  on pedal, 
and inhibitory on visceral neurons (Fig. 3).

In  the experim ents, m onosynaptic connection  of the cell L P3 was ob­
served  w ith m any follow er cells o f the v isceral ganglion. Supposedly, the cell 
L P 3 o f  Helix  is a hom ologue of the giant dopam inergic neuron (G D N ) described 
at th e  le ft pedal ganglion o f Planorbis corneus [8, 1, 2, 3]. The suboesophageal 
ganglion ic ring is com posed of the same ganglia in  both species and the LP3 
neuron of Helix  proved to  be the largest cell o f th e  left pedal ganglion sim ilarly  
to  th e  G DN of Planorbis  [1]. Also, the localization  of LP3 and G D N  proved  
to  b e similar in both species. In  Planorbis, num erous follower cells o f GDN  
w ere found at the v isceral and right parietal ganglia generating E P SP s, 
IP S P s  or biphasic syn ap tic  potentials according to the som a spikes of
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G D N  [3]. The role o f G D N  in the regulation o f functions has not, how ever, 
been investigated . Our data showed that th is cell o f the left pedal ganglion  
receives inputs from the heart, evokes E P SP s in  visceral cells, sending direct 
branches to the heart and in  th is w ay can take part in the afferent and efferent 
pathw ays o f the heart reflexes. The connection o f LP3 with visceral neurons 
was found at the sam e area o f the visceral ganglion  o f Helix  where the  
endings o f GDN were dem onstrated in Planorbis  by  the use of various 
marker techniques [10].

In A plys ia  depilans  the central representation o f sensory inputs from the 
heart is distributed in  the abdom inal, pleural and pedal ganglia [17]. A ll the  
neurons but one receiving inputs from the heart in A p ly s ia  were able to  m odify  
the heart activ ity . In Helix pom atia  only one pedal cell was connected to  the 
inh ibitory system  of the heart. It cannot, how ever, be excluded th a t pedal 
ganglia contain more m otor and interneurons involved  into heart regulation.

In the visceral and right parietal ganglia o f H elix  pom atia , tw o inhibitory  
and four excitatory m otoneurons, and one interneuron have been identified  in 
the heart regulatory netw ork [11 ,12 , 13 ,16 ]. A m ong them  the m otoneuron У41 
received similar inputs from  the heart as a pedal neuron located in the v ic in ­
ity  o f LP3.

A new elem ent in the network regulating cardiorenal system  was also 
observed. Cell У43 influenced only the tone o f the heart causing relaxation  and 
had no effect on the strength or frequency o f the heart beats. The degree of 
relaxation  was in close correlation with the firing frequency o f neuron V43. 
Supposedly, cell V43 m ay be a m otoneuron responsible for the relaxation  
of the heart. The axon o f m otoneuron V43 was identified  in the in testinal nerve 
[11]. The activ ity  o f the m otoneuron relaxing the heart was influenced also by  
heart afferents; this m otoneuron has not been described in other Gastropoda.

According to our data  it  seems rather com m on that in Gastropoda the 
m otor and interneurons receive sensory inputs from  the innervated organ. 
This typ e of network organization can be characteristics of the m ajority of 
m otoneurons [5]. This m eans th at the form ation o f outputs is in  close correla­
tio n  w ith sensory inform ation and can be considered to represent the effect of 
the network.
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In c u b a tio n  of m ale a n te rio r  p i tu i ta ry  tis su e  w ith  10_7 M L H  — R H  re su lted  
in  a m ark ed  accu m u la tio n  of cAM P in  th e  3 rd  h o u r  o f th e  in cu b a tio n  p e rio d . T h e  pres­
ence of L H  —R H  fo r 20 m in  was enough  to  in i t ia te  a delayed a cc u m u la tio n  o f cAM P. 
C yclohexim ide in  th e  in cu b a tio n  m ed iu m  in h ib ite d  th e  LH  —R H  in d u c e d  in crease  o f 
cA M P co n ten t. In  c o n tra s t  w ith  m ales, th e  fem ale  p itu ita ry  show ed a c c u m u la tio n  of 
cA M P u n d e r th e  effec t o f L H  — R H  only  a f te r  6 h o u rs  in cubation  tim e  a n d  th e  increase  
w as less th a n  in  th e  m ales. O variec to m y  o r sex ste ro id  tre a tm e n t d id  n o t  in fluence 
re a c tiv i ty  of th e  fem ale  p itu ita ry .

F o u r L H  — R H  analogues w ith  e ith e r ag o n is tic  or an tag o n o istic  a c t io n  on  LH 
release  were te s ted  on  cA M P a cc u m u la tio n  o f p i tu i ta ry  tissue in  vivo  a n d  in  vitro. 
O ne o f the  a n ta g o n is ts  in h ib ited  th e  L H  —R H  in d u ced  increase o f cA M P , w hile the  
o th e r  an tag o n is t e lic ited  a n  increase  of th e  cA M P co n ten t in vitro. In t r a v e n o u s  a d ­
m in is tra tio n  of L H  — R H  an d  its  analogues led  to  an  elevation  of th e  cA M P  c o n te n t 
w ith in  15 m inu tes, w ith  th e  ex cep tion  of one o f th e  antagonists. L H  — R H  its e lf  did 
n o t  induce lo n g -te rm  acc u m u la tio n  of cA M P, w hile i ts  analogues w ith  e i th e r  agonistic  
o r an tagon istic  p ro p e rtie s  caused  a s ig n ifican t rise  in  cAMP c o n te n t in  th e  3 rd  hour 
a f te r  in jection .

L H  —R H  did  n o t in fluence th e  a d e n y la te  cyclase and p h o sp h o d ie s te ra se  a c tiv ity  
o f  an te rio r  p i tu i ta ry  tissue , an d  fa iled  to  m o d ify  th e  sensitiv ity  o f a d e n y la te  cyclase 
to  N aF .

The p re sen t o b se rv a tio n s led to  assum e th a t  th e  LH —R H  in d u ce d  acc u m u la tio n  
o f cA M P requires a fa c to r  sy n th e tiz ed  d u rin g  th e  incu b a tio n  period. M o reo v er, i t  was 
fo u n d  th a t  th e  sex d ifference in  L H  —R H  a c tio n  on the  a d en y la te  cy c lase-cA M P  
sy s tem  m ay be a tt r ib u te d  to  th e  d iffe ren t t im e  p a tte rn s  and k inetics in  th e  response 
r a th e r  th an  th e  re frac to rin ess  of th e  fem ale p i tu i ta ry .  In  th e  d ev e lo p m en t o f  L H  — R H  
response  on cAM P a cc u m u la tio n  o f m ale r a ts ,  a  sign ifican t increase o c c u rre d  a t  ab o u t 
40 d ay s o f age. T hese fin d in g s su p p o rt th e  a ssu m p tio n  th a t  a co m p le x  b iochem ical 
re ac tio n  is in vo lved  in  th e  L H  — R H  in d u ced  cA M P accum ulation .

There are some observations which suggested  the m ediating role o f the 
adenylate cyclase-cA M P system  in the L H — R H  action on p itu itary  gonado­
tropin release [2, 9, 13, 17]. L H — R H  adm inistration provokes a rapid 
rise in  the plasma LH  level, but the response in vitro to L H — R H  requires 
a tim e to develop [7, 15, 18]. L H — R H  enhanced the LH release during the  
first hour of incubation, hut p itu itary cAM P and cGMP levels w ere n o t altered  
during th is period [18].

An interesting feature o f LH — R H  action  on the cAMP c o n ten t of the  
rat p itu itary is that i t  occurs exclusively  in  the male rats [14, 15 ]. There was 
no effort to elucidate the sex dependence o f  th is action and exp erim en ts deal-
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in g  w ith  LH— R H  in d u ced  changes of the cA M P level were carried out in 
m a le  rats.

Several antagonists o f  LH — RH w hich in h ib it FSH  and LH  release in 
v i tro  were also effective in  inhibiting the L H — R H  induced accum ulation  of  
cA M P  in  rat hem ip itu itaries [1]. The authors reported  parallel changes in  the  
c y c lic  AMP level and F S H  and LH release in d ica tiv e  of a close correlation  
b etw een  activation o f th e  adenylate cyclase sy stem  and gonadotropin release. 
Concerning the m echanism  o f the LH— R H  a ctio n , the findings show ed that 
Ca2+ is absolutely requ ired  for the stim ulation  o f  cAMP accum ulation and 
F S H /L H  release in ra t’s anterior pituitary gland in  vitro [4].

Taking into con sid eration  the in vivo data  concerning the L H —-R H  
a c tio n  on the adenylate cyclase-cA M P system , th e  involvem ent o f cAM P  
in  L H  release cannot be accepted . A dm inistration  o f either dibutyryl—cAM P  
or am inophylline increased  th e  pituitary cAM P le v e l, but these changes were 
n o t  associated w ith a n y  increase in LH release [1 8 ].

In  the present in v estig a tio n  we have stu d ied  the tim e pattern and som e 
characteristics of the accu m u lation  of cAMP in  ra t hem ipituitaries after in1 ra­
v e n o u s  injection of L H  — R H  and its analogues. Specia l attention was paid  to  
age and sex difference in  th e  LH — RH response and  in the effect o f L H — R H  
an alogu es with either a g o n istic  and antagon istic  properties on LH  release. 
M oreover, we have stu d ied  the possible action  o f  L H — RH on the adenylate  
cy c la se  and phosphod iesterase enzymes as w ell as its  effect upon the sen sitiv ­
i t y  to  N aF  of ad en ylate cyclase.

M aterials and M ethods

R -A m sterdam  a lb ino  r a t s  w ere used in the  s tu d y . F o r  th e  experim ents in  v itro  th e  
a n im a ls  were killed by  d e c a p i ta t io n ,  th e  brain was q u ic k ly  rem oved , the  a n te rio r  p i tu i ta ry  
w a s  d issec ted , halved a n d  p la c e d  in to  incubation  v ia ls w h ic h  co n ta in ed  2 ml K rebs — R in g er 
b ic a rb o n a te  buffer (11 m M  g lu co se , p H  7.4). In c u b a tio n  w a s  perform ed u n d e r sh a k in g  in  
0 2/ C 0 2 (95: 5 v/v) a tm o sp h e re  a t  37 °C. P re incubation  u su a lly  la s ted  fo r 60 m in, e x c e p t for 
s e v e ra l  experim ents w hich  a re  in d ic a te d  in  the R esu lts . A t th e  en d  of p re incubation , th e  b u ffer 
w a s  ex ch an g ed  and th e  p e p tid e  w a s  g iven  to the  m ed iu m . A fte r  in cubation  th e  tis su e  was 
h o m o g en ized  in  glass h o m o g e n iz e r  tu b es with 0.5 m l 0.5 M trich lo roacetic  acid (TCA). T he 
p r e c ip i ta te  was cen trifu g ed  a n d  th e  TCA was rem oved  b y  th re e  consecutive e x tra c tio n s  w ith  
2 m l w a te r-sa tu ra ted  e th e r. T h e  c o m p e titiv e  p ro te in  b in d in g  tec h n iq u e  was used for d e te rm in a ­
t io n  o f  th e  cAMP co n te n t; th e  re c e p to r  was e x tra c te d  fro m  b o v in e  adrenal co rtex  [5].

In  experim ents in  v ivo  t h e  pep tides were d isso lved  in  physiological saline a n d  g iven  
in to  th e  ta il vein. The ra ts  w e re  k ille d  by  decap ita tio n  a t  15 a n d  180 m in afte r th e  in je c tio n . 
T h e  tim e  betw een d e c a p ita tio n  a n d  p itu ita ry  d issection  w as n o t  m ore th an  one m in u te .

A deny late  cyclase a c t i v i t y  w as m easured b y  th e  m e th o d  o f K rishn a  e t  al. [10]. In  
th e  ex p erim e n ts  I, the  to ta l  v o lu m e  of the  samples w as 80 [Л (0 .5  mM 3H —A TP, d ilu te d  w ith  
u n la b e lle d  A TP; 2 mM M g S 0 4, 10 m M  theophylline, 64 m M  T ris-H C l pH  7.6) an d  c o n ta in ed  
30 — 40 /Lig p ro tein . An in c u b a t io n  tim e  of 4 min w as se lec te d  b ecause  the  reac tio n  w as lin ea r 
u n d e r  th is  experim ental c o n d itio n . I n  th e  experim ents I I  th e  a n te r io r  p itu ita ry  w as h o m o g en ­
iz e d  w ith  th e  buffer c o n ta in in g  a ll  ing red ien ts necessary  fo r  th e  enzym atic  reac tio n  a n d  sa m ­
p lin g  w as perform ed in th e  1st, 3 rd  a n d  5 th  m inutes. T h e  re a c tio n  was stopped by  p lac in g  th e  
tu b e s  in to  boiling w ater fo r 3 m in  a n d  th en  aliquots w ere ta k e n  fo r d e te rm in a tio n  of th e  labe lled  
c A M P  c o n ten t. E nzym e a c t iv i ty  w a s  m easured a t  30 °C.
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P hosp h o d ieste rase  a c tiv ity  was de term ined  a f te r  3 h o u rs  in cu b a tio n ; th e  p i tu i ta ry  
w as in cu b a te d  w ith o u t a n d  w ith  5 x l O _ 7 M LH  —R H . T h e  tis su e  w as hom ogenized in  0.6 m l 
b u ffer (10 mM T ris-H C l, 0.5 mM  E G T A , p H  7.6), a n d  a liq u o ts  o f  hom ogenate  w ere d ilu te d  
tw ice  w ith  th e  b u ffer co n ta in in g  d iffe ren t co n cen tra tions o f cA M P (80 mM Tris-H C l, 5 X 10 ~e— 
10~7 M cAM P, p H  7.4). Sam ples w ere ta k e n  in  in te rv a ls  fro m  1 to  7 m in u tes . cAM P c o n ce n tra ­
tio n  w as m easured  acco rd in g  to  B h ow n  e t al. [5].

F em ale  ra ts  in  e th e r  an aesth es ia  w ere o v ariectom ized  3 w eeks p rio r to  th e  ex p erim en ts . 
T he s te ro id  horm ones in  oil w ere g iven  su b cu taneously  to  in ta c t  a n d  ovariectom ized  r a ts  48, 
24 a n d  2 hours before  sacrifice.

F o u r analogues o f th e  L H  — R H  w ere used in  th e  s tu d y . T h ey  w ere as follows. L H  — R H  
(I); D -P h e 2-D -T rp3-D -P h e6-L H  — R H  (I I ) ;  isoph th a lo il-b is-(D -P h e2-D -T rp3-D-Lys«-LH —R H ) 
( I I I ) ;  D -L ys6-des-G ly10-L H  —R H -e th y lam id e  (IV ); N 6-(G lp-P he-D -T rp -S er-T yr)-D -L yse-des- 
G ly 10-L H  — R H -e th y la m id e  (V).

T he drugs used  in  th e  ex p erim e n ts  were o e s trad io l-17ß  p ro p io n a te  in  oil, te s to s te ro n e  
p ro p io n a te  in  oil, cy clo h ex im id e  (Serva), L H  — R H  (C albiochem ).

T he L H  — R H  analogues I I —V w ere sy n th e tized  b y  N ik o l ic s  e t al. [16] acco rd ing  to  
th e  tech n iq u e  of [6 ] a t  1st I n s t i tu te  o f B iochem istry  o f Sem m elw eis M edical School, B u d a ­
pest.

P ro te in  c o n te n t o f sam ples w as m easured  b y  th e  L o w r y  m e th o d  [21]; bov ine se ru m  
a lb u m in  w as used  as s ta n d a rd .

G roup m eans a n d  s ta n d a rd  e rro rs were ca lcu la ted  a n d  S tu d e n t’s tw o -ta iled  t te s t  w as 
u sed  fo r s ta tis tica l e v a lu a tio n  o f d a ta .

Results

Incubation o f the anterior pituitary tissue o f  adult male rats in  the pres­
ence o f 10-7  M L H — R H  for 3 hours led to a m arked increase of the cAM P  
con ten t in  the 3rd hour o f incubation and there was no significant a lteration  
in  the cAMP level during the first 3 hours. The presence of LH — R H  in  the  
incubation medium  for 20 min was enough to  increase the cAMP content in  
the 3rd hour although the m edium  was replaced w ith  fresh buffer every 30 m in
(F ig. 1).

pmol cAMP/mg pr.

1 ГТГ -  RH 1 о
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;
/ 1

/ ,

I ----------------
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F ig. 1. cAM P c o n ten t o f a n te r io r  p i tu i ta ry  of m ale r a ts  w ith o u t  ( X ) an d  w ith  10 -7  M L H  —R H  
fo r 20 m in  ( Д )  and  fo r 3 hours (O)- T he buffer w as ch an g ed  ev ery  h a lf  hour. H o rizo n ta l b a rs

re p re se n t th e  presence of L H  — R H
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Changing the preincubation tim e from  one to 60 m in, or shortening it 
to  8 m in did not influence th e  L H — R H  response on the p itu itary  adenylate  
c y c la se—cAM P system . D uring preincubation, a decline occurred in  th e  cAMP 
co n ten t. Incubation w ith L H — R H  of anterior pituitary tissue for 8 m in did 
n ot a ffect its cAMP content (Fig. 2).

T he L H — R H  induced increase of cAM P accum ulation in  th e  anterior 
p itu ita ry  tissue o f male rats show ed a striking age dependence, and a signifi-

pmol cAMP/mg pr.

1 15 6G min preincubation

F ig . 2. S h o rt  in cu b a tio n  of a n te r io r  p i tu i ta ry  o f m ale  ra ts  in  vitro in  th e  p resence  of 10 ” 7 M 
L H  — R H  (h a tch ed  colum ns). P re in c u b a tio n  tim e : tim e  from  d eca p ita tio n  to  th e  a d d itio n  of 
L H  — R H  to  th e  in cu b a tio n  b u ffer. In c u b a tio n  tim e  8 m in u tes . Sim ilar re su lts  w ere ob ta in ed

a fte r  3 m in  in cu b a tio n

pmol cAMP /  mg pr.

F ig . 3. A ge-dependence of in  vitro  L H  —R H  se n sitiv ity  of cAM P co n te n t o f  m ale r a t  an te rio r 
p i tu i t a r y .  In c u b a tio n  w ith o u t (o p en  co lum ns) an d  w ith  10~ 7 M L H  —R H  (h a tc h e d  colum ns) 

for 3 ho u rs . * p  <  0.01; ** p <  0.001
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pmol cAMP/mg pr.

Fig. 4. E ffec t of cyclohexim ide on  cAM P acc u m u la tio n  in  m ale r a t  an te rio r p i tu i ta ry  cau sed  b y  
L H - R H .  C ontrol (X ) ,  1 0 "6 M L H —R H ( O ) ,  10~6 M L H - R H  plus 1 //p/m l cyclohex im ide  ( □ )

pmol cAMP / mg pr.

Fig. 5. In c u b a tio n  of an te rio r p i tu i ta r ie j  c f  fem ale  ra ts  in  th e  p resence of 10 7 M L H  — R H  
(h a tch ed  colum ns) fo r d iffe ren t tim es. * p  <  0.05

cant increase w as observed in m ale rats o f about ^40 days o f age. These 
find ings were obtained after incubation  for 3 hours (Fig. 3).

In  studying the m echanism  o f L H — R H  action on the adenylate cyclase— 
cAM P system , it was found that cyclohexim ide at 1 /<g/ml concentration  in ­
hibited  the accum ulation of cAM P in  the p itu itary (Fig. 4).

Incubation  of the anterior p itu itary  tissue from fem ale rats in  th e  pres­
ence o f 10~v M L H — R H  resulted in  a significant cAM P accum ulation  after 
at least 6 hours incubation. The increase o f cAMP content in the 12th  hour 
of th e  incubation was much less th an  th a t of the m ale p itu itary after 3 hours
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in cubation  (Fig. 5). T his insensitiv ity  to  L H — R H  of the fem ale p itu itary  
tissu e  remained unchanged  after ovariectom y perform ed 3 weeks prior to  the  
experim ent. M oreover, neither oestradiol treatm en t (0.2 m g, given s. c. 24 h 
prior to  the experim ent), nor testosterone adm inistration  (0.4 mg, given s.c. 
48  and 24 h as w ell as 2 h  before the experim ent) m odified the sen sitiv ity  to  
L H — R H  of the fem ale p itu itary  tissue.

The effect o f four L H — R H  analogues w as tested  on the adenylate cyclase-  
cA M P system  of th e  anterior pituitary tissue in  m ale rats after 3 h incubation. 
P ep tid es II and I I I  w ere found to inhibit the L H — R H  induced LH  release in 
cell cultures [16]. The peptides IV and V  as agonists were effective in  inducing  
L H  release. Incubation  o f the analogues at a concentration of 10“ 7 M w ith  
th e  anterior p itu itary tissu e of adult male rats was follow ed by a marked 
increase in the cAM P con ten t, w ith the excep tion  o f peptide II which did not 
affect it. Interestingly enough it was irrelevant whether the peptides were 
agon istic  or antagonistic ones (Fig. 6). Peptide II  at 10-7  to 10-6  M concentra­
tio n  significantly in h ib ited  the LH— R H  induced accum ulation of cAMP  
(F ig . 7).

Intravenous adm in istration  of L H — R H  and its analogues caused  
a significant increase in  th e  cAMP content o f m ale anterior p itu itary glands 15 
m in  after the in jection . Peptide III did not affect the cAMP level. A delayed  
b u t pronounced increase o f  the cAMP content w as found in the 3rd hour after  
adm inistration o f all four analogues but not of LH — R H  which induced  
a short-term  rise o f  th e  cAM P content (F ig. 8). Peptide III  which did not

pmol cAMP/mgpr.

F ig  *6. I n  vitro effect o f  L H  — R H  and  analogues on  th e  cA M P level o f a n te rio r  p itu ita r ie s  
o f  m ale  ra ts . In c u b a tio n  tim e : 3 hours. I: L H  — R H ; I I :  D -P h e 2-D -T rp 3-D -L ys6- L H — R H ; 
I I I :  iso p h th a ly l-b is (D -P h e 2-D -T rp 3-D -L ys6-L H  — R H ); IV : D -L ys6-des-G ly10-L H — R H -e th y l-  

am ide; V: N c-(G lp -D -P h e-D -T rp -S er-T y r)-D -L y s6-d es-G ly 10-L H — R H -e th y lam id e
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pmol cAMP / mg pr.

Fig. 7. In h ib itio n  of th e  effec t o f 10 -8  M L H  — R H  b y  D -P h e 2-D -T rp 3-D -L ys-L H  — R H  (p ep tid e
I I )  a t  d iffe ren t c o n ce n tra tio n s

pmol cAMP / mg pr.

100-1

50-

an Ш

s

$

x '

control, 1 II 111 I IV V
LH-RH antagonists agonists

F ig. 8. cAM P c o n te n t  in  th e  a n te rio r  p itu ita r ie s  o f m ale  ra ts  15 m in  (open  colum ns) an d  
180 m in  (h a tch ed  co lum ns) a f te r  in trav en o u s  in jec tio n  o f 10 -9  m ol/100 g p ep tid e s. F o r th e  

n am e  of th e  p ep tid es see Fig. 6 o r th e  te x t

change the cAM P content during 15 min led to  a marked cAMP accum ulation  
3 h later.

L H — R H  did n ot change the a ctiv ity  o f adenylate cyclase and its  sensi­
t iv ity  to  N aF . The increase to  N aF  w ithout incubation  was 2 3 8 ^ 1 3 % , w ith
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Table I
Adenylate cyclase activ ity  o f  anterior p itu ita ry  homogenate o f  male rats

A denylate cyclase ac tiv ity  
pmol cAM P/min, mg protein

- N a F + N a F

W ith o u t in cu b a tio n 6 3 ± 3 2 1 3 ± 7

W ith  in cu b a tio n *  

E xperim ent I

Control 4 9 ± 5 1 5 2 ± 3

L H - R H 4 5 ± 3 1 2 8 ± 4

E xperim ent I I

Control 3 0 ± 4 —

L H - R H 2 4 ± 5 —

* Before hom ogenization  th e  an te rio r p itu ita rie s  w ere in cu b a ted  for 4 ho u rs  w ith  or 
w i th o u t  5 X  10-7  M LH  —R H . I n  E x p e rim en t I ,  hom ogenization  in  T ris-H C l buffer w as followed 
30 m in  la te r  by  enzym e assay . I n  E x p erim en t I I ,  hom ogeniza*icn w as done in  th e  assay  buffer 
w ith  M gA TP

in cu b ation , 210 ^ 1 2 %  (Table I). In  experim ent I, the enzym e a c tiv ity  was 
te s te d  30 min after hom ogenization , while in experim ent II, it  was tested  from  
th e  v ery  beginning of hom ogenization .

Phosphodiesterase a c t iv ity  was uninfluenced b y  the L H — R H  at a con­
cen tra tio n  of 10-7 during 3 h incubation. The calculated con stan ts were 
K ra =  1 .2 ^ 0 .4  X 10^6 m ol/liter; Vmax =  7 8 ^ 4 2  pm ol/m in/m g protein.

D iscussion

Involvem ent of the ad en ylate cyclase—cAM P system  in m ediation  o f the  
a ctio n  o f hypothalam ic releasing hormones on p itu itary horm one secretion  
has been  suggested b y  m a n y  investigators. Thus, an activation  o f adenylate  
cy c la se  in  response to either crude hypothalam ic extract or synthetic  L H — R H  
has b een  reported [2, 8, 13, 24, 25]. A close parallelism  betw een intracellular  
cA M P  concentration and gonadotropin release was postulated [2, 3, 4 , 9, 11], 
th ere  are, however, observations which indicate th a t L H — R H  induced cAMP  
accum ulation  is independent o f  its effect on LH  release [21], and the adm inistra­
tio n  o f  dibutyryl cAM P to  hem ipituitaries did not induce LH release [22, 
2 3 ]. Moreover, there was no detectable rise o f the cAM P content in  th e  anterior 
p itu ita ry  up to 10 min after L H — R H  adm inistration, but by th a t tim e the  
p lasm a LH  level was already elevated  [18]. Other investigations also suggested
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a dissociation betw een the L H — R H  action on the cAM P level and gonado­
tropin release [15, 20].

The present in vestigation  revealed th at the L H — R H  action on the cAMP  
level o f anterior p itu itary is strongly sex and age dependent. In  the male 
pitu itary, L H — R H  increases the cAMP level at about 40 days o f age. On the 
other hand, the fem ale p itu itary tissue showed a lack o f sen sitiv ity  to  L H — RH  
after 3 hours incubation. The observation seem ed to indicate at L H — RH  
induced cAMP accum ulation on ly  in male rats [14, 15], while our data showed  
th at these sex differences should be attributed to differences in the tim e  
pattern and k inetics o f th e  response rather than  to an in sen sitiv ity  o f the  
fem ale p itu itary tissue. The insen sitiv ity  m ust have developed in  the early 
phase o f ontogeny although the m echanism behind the phenom enon is still 
unclear.

Inhibition o f proteins synthesis by cyclohexim ide prevented the L H —  
R H  induced cAM P accum ulation. This supports the view  th a t L H — R H  
action  on the adenylate cyclase—cAMP system  requires factor(s) w hich are 
synthetized  during the long lag of the incubation. This feature of the L H —  
R H  action speaks against the v iew  of cAM P accum ulation being causally  
involved  in LH release.

L H — R H  caused no change in adenylate cyclase and phosphodiesterase  
a ctiv ity  although the accum ulation of cAM P in the anterior p itu itary  tissue  
postulates sam e sim ilar events. Testing the adenylate cyclase a ctiv ity  in  a cell- 
free system  does not exclude the possibility th a t a slight increase o f its ac­
t iv ity  occurred in in tact cells which resulted in  cAMP accum ulation during 
the 3 h incubation period. N evertheless, a sharp rise of cAMP accum ulation  
after 2 h incubation points to  an involvem ent o f som e other factors.

L H — R H  analogues w ith  properties either agonistic or antagonistic  
to  LH  release increased the cAM P level o f the m ale pitu itary. The analogue 
peptide II which inhibited  the LH  RH induced LH release [16], caused a 
m arked suppression of the L H — R H  induced cAM P accum ulation in vitro. 
Intravenous injection  of th is peptide, how ever, led to  a significant increase 
of the cAMP level in  15 m inutes. On the other hand, the antagonist peptide III  
did not change the cAM P leve l during the first 15 m in, but it  did increase the 
cAM P level in the 3rd hour both in vivo and in vitro. Since L H — R H  produced  
only a transient increase o f the cAMP level if  given intravenously  but had 
a prolonged action w ith a long lag period if  tested  in vitro, the differences in 
th is action  of LH — R H  and its analogues on adenylate cyclase—cAM P system  
cannot be attributed sim ply to different in activation  processes.

The present data do not support the concept th a t the activation  o f the 
adenylate cyclase—cAM P system  is closely coupled w ith biochem ical processes 
necessary for LH  release. B y  all means, the present data and relevant observa­
tions in the literature do not exclude the possib ility  th at L H — R H  binding to
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m em brane receptors is n o t linked  directly to  activate  the adenylate cyclase  
sy s te m , and the consecutive biochem ical events p lay  a basic role in  controlling  
L H  release and syn th esis. T his conclusion is in  accordance w ith  th e  observa­
tio n s  o f  others [18] w ho found th at LH-—R H  adm inistration did not alter 
th e  p itu itary  cAMP and cG M P levels at the sam e tim e w hen L H  increased  
in  th e  blood. Moreover, w e m u st be aware o f the difference in the tim e pattern  
o f L H — R H  action upon cA M P accum ulation betw een m ale and fem ale p itu i­
ta r y  tissu e  in vitro w hich, to o , speaks against the assum ption of cAM P accum u­
la tio n  being involved in  a causal relation to  LH  release.
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1) S y n a p tic  m o d ifica tio n  of th e  R P a l n e u ro n  lo c a te d  in th e  r ig h t p a r ie ta l g an g lio n  
of th e  snail H elix  p o m a tia  was in v es tig a ted  b y  a p p ly in g  single electric p u lses to  th e  
r ig h t palliai, le f t p a llia i o r anal nerves.

2) S tim u la tio n  cau sed  sh o rt te rm  changes in  th e  b u rstin g  ty p e  a c t iv ity  o f  th e  
n eu ron : p o ly p h as ic  sy n a p tic  p o ten tia l in c lu d in g  b o th  th e  depolarizing a n d  h y p e r-  
po larizing  phases w as evoked .

3) T h e  dep o la riz in g  phase , p ro b ab ly  of p o ly sy n a p tic  origin, proved  to  be  N a  + - 
a n d  Ca2+-d ep en d en t. T h e  hyperpo lariz ing  p h a se  c o n sis ted  of tw o com p o n en ts  w hich  
could  be d iffe re n tia te d  on  th e  basis o f tim e  cou rse , dependence  on m em b ran e  p o la r i ty  
a n d  sen sitiv ity  to  ionic  en v iro n m en t. T he fa s t  c o m p o n e n t was Mg2+-sen sitiv e  w hile 
th e  slow one Ca2+- a n d  Cl “ -sensitive. B o th  of th e se  com p o n en ts  seem  to  be  c o n n ec ted  
to  changes in  К  p e rm e ab ility  of th e  m em b ran e , h o w ev er, th e  К  channels re sp o n sib le  
fo r th e  fa s t a n d  slow com ponen ts are p ro b a b ly  n o t  id en tica l.

The giant R Pal neuron identified in th e  right parietal ganglion o f the  
garden snail [18] is a characteristic exam ple o f  th e  bimodal pacem aker typ e  
neurons. According to  the activ ity  pattern and location it is considered to  
be hom ologous [17] to  the A plys ia  Br  [1] or R 15 [3] neuron, to  Cell 11 in 
O tala [4], F I neuron in H elix aspersa [9] and a neuron of Helisoma trivolvis  [6].

In  the a c tiv ity  pattern of these neurons recorded after iso la tion  of 
the ganglia postsynaptic  potentials occur very  rarely, however, b y  applying  
biologically active substances into the bath [20] or stim ulating peripheral 
nerves [11, 15, 16] both  inhibitory and ex c ita to ry  postsynaptic p otentia ls can  
be evoked on it. E ven  a long term m odification  o f the bimodal pacem aker  
a ctiv ity  has been show n to  occur following stim u lation  of the pleurovisceral 
connective in R15 neuron of A p lys ia  [14], stim u lation  of the left palliai nerve  
in  FI neuron o f H elix  aspersa  [5] and in response to  heart stim ulation in  R P al 
neuron of Helix pom atia  [22].

The aim o f the present investigations w as to  clarify
(1) which are the nerves originating from  the suboesophageal ganglion  

the stim ulation  o f which is able to evoke sy n a p tic  potentials on th e  R P al 
neuron;
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(2) how do of these evoked postsyn ap tic  potentials depend on th e  polari­
za tio n  o f the neuron m em brane;

(3) w hat is the effect o f  changes in th e  ionic environm ent on th e  different 
com p on en ts of the postsyn ap tic  potentials.

M aterials and M ethods

E x p e rim e n ts  w ere ca rried  o u t  th ro u g h o u t th e  y e a r  on  H elix pom atia  L ., co llec ted  locally  
a n d  k e p t  o u t  of season in  a co ld  room . T he an im als  h ib e rn a tin g  in  w in ter w ere  a c t iv a te d  a t 
ro o m  te m p e ra tu re  b y  m o is ty  su rro u n d in g  and  feed in g .

T h e  w hole c ircu m o eso p h ag eal ganglion  w as iso la te d  and p laced in  a n  e x p e rim e n ta l 
c h a m b e r  co n ta in in g  3 — 4 m l physio log ical saline (N aC l, 3 g ; KC1, 0.35 g; M gCl2 • 6 H 20 ,  2.4 g; 
C aC l2 • 2 H 20 ,  1.5 g; NaHCOg, 0.2 g in  1000 m l d is tilled  w a ter). W hen iso la tin g  th e  ganglion 
th e  c e n tr a l  5 — 10 m m  of th e  r ig h t  an d  left palliai as w ell as o f th e  anal nerves w ere  k e p t  in ta c t. 
T h e y  w e re  p laced  in  su c tio n  e lectrodes an d  w ere s e p a ra te ly  s tim u la ted  2 — 8 Y sq u a re  w ave 
p u lse s  o f  2 — 5 msec d u ra tio n . F ro m  th e  R P a l n e u ro n  m em brane p o ten tia l, sp o n tan eo u s 
a c t iv i ty  a n d  evoked p o ten tia ls  w ere  reco rded  in tra c e llu la r ly  using 2.5 m ol/1 K C l-filled  glass 
m ic ro e le c tro d es . A b rid g e  c irc u it was used  for h y p e rp o la riz a tio n  and d e p o la r iz a tio n  of th e  
so m a  m e m b ra n e  [24].

D u rin g  th e  in v es tig a tio n s  w e did n o t s t im u la te  th e  in te s tin a l nerve, since th e  ax o n  of 
th e  R P a l  n e u ro n  runs in  th is  n e rv e  [19] an d  we w a n te d  to  avoid  an tid rom ic  s tim u la tio n .

W h e n  in v estig a tin g  th e  e ffec t of ionic e n v iro n m e n t, th e  N a +, Ca2+, K + o r  C l-  con­
c e n t r a t io n  o f th e  saline w as ch an g ed . Ca2+ an d  N a + w as rep laced  by  T ris w hile fo r  changing  
Cl “ - c o n te n t  we used a c e ta te  sa lts . In  K + -free  sa lin e  th e  N a + co n cen tra tio n  w as increased  
e q u im o la r ly . F o r uncoup ling  th e  sy n a p tic  c o n ta c ts  50 m mol/1 MgCl2 was ad d ed  in to  th e  b a th .

T e s t  so lu tions w ere a d d e d  to  th e  ch am b er b y  a perfusion  system , in  m a n y  cases th e  
p e rfu s io n  w as k e p t co n tin u o u s d u rin g  th e  whole e x p e rim e n t, lasting  for 30 — 60 m in .

R eco rd in g  of e lectric  sig n a ls was u n d e r ta k e n  u s in g  a  H elcoscrip tor te c h n ic a l reco rd er 
w ith  c o n tin u o u s  oscilloscope m o n ito rin g .

Results

B y  stim ulating either of the m entioned peripheral nerves originating  
from  th e  suboesophageal ganglion a synaptic  response including one or more 
com p on en ts could be evoked  on the neuron. Stim ulation evoked b oth  exc ita ­
to ry  and inhibitory p oten tia ls (E P SP  and IP S P ). If stim ulation w as applied  
during th e  spontaneous burst of spikes, th e  a ctiv ity  of the neuron changed  
b ecau se  o f  the appearance o f the evoked inh ib itory postsynaptic potential 
(F ig . 1). W e could never observe separate E P S P , and whenever th ere w as an 
in itia l depolarization (E P S P ) it  was follow ed alw ays by hyperpolarizing com ­
p on en ts (F ig. lb ). IP S P , how ever, was evoked  also w ithout previous depolariz­
ing p o ten tia l. IP SP  consisted  of a fast and a slow  component in d ependently  
w h eth er i t  was preceded b y  an E P S P  or n o t (F ig . lc ).

T h e tw o com ponents o f  the evoked IP S P  could be d ifferentiated easily  
b y  polarizing the som a m em brane (Fig. 2). A t  hyperpolarization th e  am plitude  
of th e  fa s t  com ponent gradually  decreased and reversed betw een — 50— 70 mV. 
T he slow  com ponent decreased as well at hyperpolarization and becam e elim i­
n ated  a t — 80— 90 mV, how ever, no reversal could be achieved even w ith  further 
hyperpolarization . W hen th e  am plitude o f th e  com ponents is p lo tted  against 
th e  m em brane potential va lu es (Fig. 2b) on ly  the curve of the first com ponent
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a)

Fig. 1. E ffec t o f s tim u la tio n  of th e  anal nerve on  th e  a c t iv ity  p a tte rn  of th e  R P a l  n e u ro n  
of H elix  pom atia  L. a) B im odal p acem aker a c t iv ity ;  b )  e x c ita to ry  and in h ib ito ry  p o st-  
sy n a p tic  p o ten tia ls  ev o k ed  b y  a  single pulse (d o t); c) f a s t  a n d  slow IP S P  w ith o u t p reced in g

E P S P

F ig. 2. C hanges o f th e  am p litu d e s  o f th e  fa s t an d  slow  co m p o n en ts  o f th e  IP S P  e v o k ed  by  
s tim u la tio n  of th e  r ig h t pa llia i nerve  a t  po lariza tio n  o f th e  som a m em brane, a) E v o k e d  P S P s 
a t  d iffe ren t re s tin g  p o te n tia l  levels (R P ); b ) a m p litu d es  (m V ) p lo tted  against R P . O p en  c irc les: 

fa s t  IP S P ; solid circles: slow  IP S P

intersects the abscissa, the curve of the second com ponent only approaching  
it , w ithout any intersection.

E voked  postsynaptic  potentials obtained  on stim ulation o f d ifferent 
nerves were practically the same and changed sim ilarly in various cond itions  
of ion excess and reduction. H owever, slight differences were seen in  d ifferent 
preparations.

E f f a t  ° f  h ig h  Щ 2+

According to  data  of others [2], trea tm en t w ith high Mg2+ resu lts  in  
inhibition o f the transm ission through chem ical synapses, therefore w e in­
vestigated  the fate o f the evoked synaptic p oten tia ls in physiological so lu tion
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a)

1sec

с)

• • 1 sec

F ig . 3. E ffe c t of h igh  Mg2+ on  th e  evoked PS Ps. L e f t :  co n tro l in  physiological sa lin e ; r ig h t: 
in  50 m m ol/1 M gCl2 ad d ed  to  physio log ica l so lu tion  ( a f te r  5 m in), a) A nal nerve  s tim u la tio n ; 

h ) left palliai n e rv e  s tim u la tio n ; c) r ig h t  p a llia i nerve stim ulation

su p p lem en ted  w ith 50 mmol/1 MgCl2. Under su ch  conditions (i .e . w ith  increased  
to n ic ity  o f the saline) the spontaneous a c tiv ity  o f the neuron rem ained in tact 
for a lon g  tim e. The effect o f  Mg2+ on th e  P S P  was tim e-dependent. U sually  
th e  E P S P  decreased or w as abolished w ith in  5— 10 min (Fig. 3a), and after 
a lon ger  period (20— 30 m in) the rem aining E P S P  was further decreased. The 
e ffec t w as well pronounced on the E PSP evok ed  by stim ulation o f th e  right 
p a llia i and anal nerves, w h ile  the E P SP  evok ed  by stim ulation o f th e  left 
pallaal nerve proved to  be m ore resistant (F ig . 3b). The fast com ponent o f the  
IP S P  w as elim inated as w ell, however, th e  slow  com ponent usually rem ained  
in ta c t  (F ig. 3a, b, c). In  th is  respect the IP S P s  evoked through different 
n erves behaved sim ilarly.

Effect o f  reduced Nu

In  case the N a + concentration was reduced  to 1/4 of the physio logica l 
lev e l in  th e  bath, the E P S P  evoked by stim u la tion  of the right palliai or anal 
n erves disappeared (F ig. 4a ), however, the E P S P  evoked by left pallia i nerve 
stim u la tio n  remained w ell visib le, although d id  n o t cause spiking in  th e  som a  
(F ig . 4b ). IP SP  was n o t abolished, the slow  com ponent som etim es show ing  
s lig h t decrease or increase. In  the absence o f  N a + synaptic potentia ls could 
n o t b e evoked. Under such conditions spontaneous activ ity  of the neuron was 
also b locked , action p oten tia ls were not generated , what was still observed
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F ig. 4. E ffec t o f red u ced  N a on th e  evoked P S P s. L e ft:  co n tro l; r ig h t: in  saline con tain ing ; 
12 m m ol/l N a  + . a) A nal ne rv e  s tim u la tio n ; b ) le f t  pa llia i nerve s tim u la tio n

a)

b)

1 sec

F ig . 5. F a s t  IP S P  is p re sen t in  Ca2+-free m edium . L e ft:  co n tro l; r ig h t: in  Ca2+-free  sa lin e , 
a) In  th e  co n tro l th e  evoked  P S P  is com posed of E P S P  a n d  IP S P s ; b ) in  th e  con tro l th e  ev o k ed  

p o te n tia l  is com posed of I P S P s  on ly

in the presence o f 12 m m ol/l N a + . B y  replacing for physiological saline both  
spontaneous a ctiv ity  reappeared and evoked P S P s were also sim ilar to  th e  
control.

Effect o f  lack o f  Ca2+

In  Ca2+-free medium  synaptic potentials evoked by the stim u lation  o f  
either nerve changed in a similar w ay: E P SP  disappeared, the slow com ponent  
of the IP S P  was elim inated or reduced to a large degree, while the fa st com ­
ponent of the IP S P  was affected only to a s lig h t degree or did not change a t  
all (Fig. 5a, b).
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1 sec

F ig . 6. E ffe c t o f K +-free sa line  o n  th e  P S P  evoked  b y  s tim u la tio n  of th e  le ft p a llia i nerve.
L e f t:  co n tro l; rig h t: in  К -free  saline

Q) b) c)

‘ 1 sec

F ig .  7. E ffe c t of C l_ -free sa line  o n  th e  P S P  evoked b y  s tim u la tio n  of th e  anal n erve, a) C ontro l;
b )  in  C l~ -free  saline som a m e m b ra n e  is h y p e rp o la rized  to  —120 mV, fa s t IP S P  is rev ersed ;
c) in  C l- -free so lu tion  a f te r  p o la r iz a tio n  of th e  n e u ro n  b a c k  to  —50 mV b y  c u rre n t  in je c tio n ,

o n ly  fa s t IP S P  is p re se n t

In  the absence of Ca2+ also the am plitude o f the spikes was reduced and 
after  a  longer period (30 m in) the cell a c tiv ity  was abolished. In th is  period 
sy n a p tic  potentials could not be evoked either.

W hen in Ca2+-free saline the concentration  of Mg2+ was increased to  
50 m m ol/1, both com ponents o f the IP S P  w'ere elim inated w ithin 5 m in.

Effect o f  lack o f  K +

E voked  PSPs did n o t change noticeab ly  in  К +-free m edium , on ly  the 
am p litu d e  of the slow  IP S P  increasing to  som e degree (Fig. 6). B y  replacing  
for physiological saline th is  com ponent w as reduced significantly as com pared  
to  th e  control and was restored to  the in itia l value only after a longer tim e 
(5— 10 min).

Effect o f  lack o f  Cl~

Cl- -free saline caused  significant hyperpolarization (— 100-—1 2 0  mV) 
o f  th e  som a membrane w hich  remained con stan t for a long period in  this 
m ilieu .

T he am plitude o f th e  postsynaptic p o ten tia ls  became reduced, in  other 
cases som e of them  were to ta lly  elim inated. T he fa st com ponent o f th e  evoked  
IP S P  w as not abolished, how ever, owing to  th e  high degree o f m em brane 
hyperpolarization  it  becam e reversed, sim ilarly  to  that w hat w as observed  
w ith  hyperpolarization caused  by current in jection  (Fig. 2a). A t th is  level 
o f th e  membrane potentia l th e  slow com ponent o f the IP SP  was n ot detected
(F ig . 7).
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Restoring the mem brane potential value to  the control by current in jec­
tion  the fast com ponent of IP S P  returned to norm al, while the slow com ponent 
w as not observed in Cl-”-free saline even under such conditions (Fig. 7c).

D iscussion

The results obtained in  th e  present investigations show that the neuron  
R P al receives inputs from a large peripheral area, since com plex syn ap tic  
responses could be evoked b y  stim ulation  of the anal and both palliai nerves.

The natural peripheral origin o f the inputs cannot be determ ined w hen  
using isolated ganglia; the converging nerves m ay include afferents from  skin  
arid m uscle receptors as w ell as afferents from various organs. In earlier in v es­
tigation s it was shown th a t stim ulation  of the heart and kidney also causes 
syn ap tic  bom bardm ent on th is neuron [22] proving that it  receives inputs  
also through the intestinal nerve. These findings m ay lead to  the suggestion  
th a t endogenous bim odal pacem aker activ ity  is less characteristic to  th is  
neuron in situ  than in iso lated  ganglion preparations.

Synaptic potentials evoked  b y  nerve stim ulation  w ith single pulses 
consisted  of several com ponents w ith a clear dom inance of inhibitory character. 
A ccording to our results E P S P  w ithout consecutive IP SP  never occurred. 
The slow  com ponent of the IP S P  is dom inant in  influencing the a c tiv ity  
pattern  o f the neuron since it  brakes up the burst and/or considerably prolongs 
th e  interburst intervals. A sim ilar or even longer inhibitory effect was described  
on stim ulation  of the pleurovisceral connective on the R15 neuron o f A p ly -  
sia  [15], and at stim ulation  of peripheral nerves of the F I neuron of 
H elix  aspersa  [10] which are hom ologous w ith the R Pal neuron o f Helix  
pom atia .

The compound character o f the evoked postsynaptic p otentia l show s 
th a t several axons of the sam e nerve m ay have a connection on th e  neuron, 
how ever, the role of interneurons in the form ation o f some com ponents cannot 
be excluded. This m ay be valid  especially for the E P SP  because the appearance  
o f E P S P s on nerve stim ulation  was rather variable even  in the sam e prepara­
tion  and, in a number of cases E P S P  could not be observed at all. The partici­
pation  o f interneurons in  evok ing  E P SP  is supported by the fact that on ap p ly ­
ing 5 H T onto the ganglia E P S P s occur on the cell [20] possibly as a resu lt of 
activation  of other neurons.

The reduction and elim ination  of PSPs at h ight Mg2+ concentrations  
points to  the presence of chem ical synapses. H ow ever, not all of the com ponents  
were depressed in such environm ent and also PSPs evoked by stim u lation  on  
different nerves in certain cases changed differently w ith  high Mg2+ concentra­
tion  in  the solution. The la tter  m ight be explained b y  supposing th a t d ifferent
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n erves are connected w ith  th e  cell in different regions of the ganglia and some 
o f  th ese connections, ow in g  to anatom ical characteristics, are not available 
for MgCl2even after 20— 30 min exposition. On the other hand, the resistance 
o f  th e  slow com ponent o f  IP S P  to high Mg2+ is probably due to a general 
property  of the syn ap se, although it does not seem  probable th at electrical 
coup ling would be responsib le for this com ponent.

The depolarizing com ponent of the evoked  P SP  m ay be considered in 
som e cases to be the fir st  phase of a biphasic P S P  sim ilarly to th a t described 
b y  P a s ic  et al. [16], in  other cases, how ever, the independent character of 
th e  E P S P  is beyond an y  doubt especially in  cases where several E P SP s occur 
to  one stim ulus or, in  Ca-free solution, w hen only  the E P S P  and the slow  
IP S P  disappear w hile th e  fast com ponent o f the IP S P  rem ains intact 
(F ig . 5a).

E P SP  usually w as also abolished at reduced N a + concentration while 
n o t chaning either in  K + -free nor in Cl~-free saline, indicating th a t its genera­
tio n  depends either on N a + - or Ca2+-ions. The resistance of E P S P  evoked in 
low  N a T by stim ulation  o f  the left palliai nerve shows th a t, in th is case, Ca2+- 
in flu x  could have been responsible for it, since Ca2 1 -free solution led to its 
to ta l elim ination.

The fast com ponent of the IP SP  w as very sensitive to  high Mg2+. 
O f th e  evoked com ponents this was reduced to  the greatest ex ten t and was 
elim inated  firstly in  the presence of 50 mmol/1 MgCl2. A t the sam e tim e it was 
in ten sitiv e  to the absence o f Ca2+ and Cl and to the reduction of N a + in  
th e  m edium . K e h o e  [7] suggested  that in th e  4 p ly s ia  neuron the fast inhibitory  
com p on en t depended on C l-  perm eability, how ever, th is was not supported  
b y  J u d g e  et al. [5] in  th e  H elix  neuron. T aking into consideration the value 
o f  th e  reversal p otentia l m easured at hyperpolarization  of the som a (Fig. 2) 
it  w ould  be reasonable to  attribute an im portant role to the Cl~ ions, however, 
th e  results obtained w ith  Cl-free medium argue against this possibility. In 
v o lta g e  clamp experim ents L e v i t a n  et al. [12] investigated  the fast inhibitory  
com ponent, however, th e y  also failed in com ing to  an unanim ous conclusion  
concerning the ionic basis o f  this com ponent. It seem s m ost likely  that a transi­
en t increase in K + perm eability  is responsible for the fast hyperpolarizing 
p h ase , however, p resen tly  available pharm acological data do not seem to  
su p p ort this possibility.

The slow com ponent is identical w ith th e  IL D  (inhibition long duration) 
described by T a u c  [23] in  A p lys ia .  This com ponent consistently evoked upon 
stim u lation  of all the three nerves showing th a t it  is a characteristic response 
o f th e  R Pal neuron to  external stim ulation. This com ponent was sensitive 
to  Ca2+- and Cl~-free so lu tion s, it was not sign ificantly  influenced by high 
Mg2+ level and was enhanced  in K +-free so lu tion . The latter observation indi­
ca tes th a t its generation m a y  he explained b y  assum ing an increased К  conduct­
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ance as it was suggested b y  K e h o e  and A s h e r  [8 ] .  Ca2+ m ay p lay a secondary  
role in  the process through regulation o f K + perm eability [13] w hile Cl~- 
free solution m ay depress the slow com ponent b y  shifting the resting potential 
towards E K. The change o f K + perm eability alone, however, is n o t sufficient 
to  account for the fact th a t, upon hyperpolarization, the slow  w ave only 
disappeared hut did not reverse even at a resting potentia l o f — 120 mY. 
Therefore it  m ight be assum ed that the effect of the liberated transm itter on 
the K + perm eability is vo ltage  dependent and does not activate K + channels 
in  the region under E^.

The absence of P S P s in  Na-free saline cannot be interpreted as specific 
for the synaptic process, since under such circum stances th e  excitab ility  of 
the membrane of the R P al neuron is lost, it  fails to generate spikes and does 
n ot conduct [21]. On the other hand, reduction of N a+ in the saline to 1/4 of 
the normal influences on ly  E PSPs.

Our results show  th a t upon stim ulation  o f various nerves th e  fast and 
slow com ponents of IP S P , in  contrast to  the appearance of E P S P , follow  each 
other according to  a w ell determ ined pattern. N evertheless, th ese com ponents 
ex ist independently, i.e. the appearance o f th e  fast com ponent is not a pre­
requisite for the generation  o f the slow com ponent. H ow ever, th e y  are not 
necessarily evoked by different transm itters. It m ay be assum ed th a t, for the 
inhibition  to occur in tw o steps, tw o typ es o f  receptors (channels) are required 
which would react w ith  the sam e transm itter b u t in different v o ltage  ranges 
and w ith different tim e courses.
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EXTRAJUNCTIONAL SPREAD OF ACETYLCHOLINE 
DEPOLARIZATION ON FROG SKELETAL MUSCLE

MEMBRANE
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D EPA RTM EN T OF PHYSIOLOGY, U N IV E R SIT Y  M EDICAL SCHOOL, 
D EBRECEN , HUNGARY

(R eceived  D ecem ber 4, 1980)

1. T h e  e x tra ju n c tio n a l spread of en d -p la te  d ep o la riza tio n  induced  b y  ace ty l) 
choline (ACh) app lied  in  th e  b a th in g  so lu tion  w as s tu d ied  on frog (R ana esculenta- 
sk e le ta l m uscle fib res.

2. T he ch ara c te ris tic s  o f th is sp read  w ere d e te rm in ed  on sa rto riu s  m uscles 
m o u n te d  in  a ch am b er w here th e  end-p la te  free p e lv ic  p a r t  was sep a ra ted  b y  a  ru b b e r  
m em b ran e  from  th e  en d -p la te  con ta in ing  tib ia l one. T h ere  w as no change in  m em b ran e  
p o ten tia l if  ACh w as app lied  selectively on  th e  p e lv ic  p a r t ,  even a t  a c o n ce n tra tio n  of 
10 mmol/1. H ow ever, on  ap p ly in g  1 mmol/1 A C h on  th e  tib ia l p a r t,  d ep o la riza tio n  
sp read in g  over to  th e  p e lv ic  p a r t  was observed .

3. T he p eak  v a lu es o f ACh d ep o la riza tio n  w ere n o t m odified by  te tro d o to x in  
(T T X ) a t  a co n ce n tra tio n  of 31 nmol/1, w hereas i t  w as decreased  by  35%  in  th e  p resence  
of 3.1 //mol/1 T T X .

4. ACh d e p o la riza tio n  m easu red  on  th e  e x tra ju n c tio n a l m em brane in  th e  p resence 
of T T X  is th e  re su lt o f  th e  e lec tro to n ic  sp read  o f e n d -p la te  depolarization . T h e  len g th  
c o n s ta n t of th is  sp read  w as a b o u t  th e  sam e as th e  le n g th  co n stan t d e term ined  b y  sq u a re  
pu lse  analysis.

5. W hen  th e  g e n e ra tio n  and  p ro p a g a tio n  o f a c tio n  po ten tia ls  acco m p an y in g  
ACh d ep o la riza tio n  w ere n o t  b locked e ith e r b y  T T X  o r N a-free R inger so lu tio n , th e  
d ep o la riza tio n  v a lu es o b se rv ed  on th e  pelvic p a r t  w ere sligh tly  h igher th a n  w h a t cou ld  
h av e  been  e x p ec ted  on  th e  basis of e lec tro to n ic  b eh av io u r.

6. T he ab ove  re su lts  im p ly  th e  absence of A C h recep to rs  from  th e  e x tra ju n c tio n a l 
m em b ran e  of tw itc h  fib res . D ev iations from  th e  e lec tro to n ic  spread  are due  to  th e  
a c tio n  p o ten tia ls  a cco m p an y in g  ACh d ep o la riza tio n .

The membrane o f skeletal muscle fibres is m uch more sensitive to  ACh 
at the end-plates than in  the extrajunctional region [2, 3, 4]. The d en sity  of 
special chem oreceptors responsible for this sen sitiv ity  decreases rapidly w ith  
increasing distance from the nerve endings. W hen ACh acts selectively  on ly  
on the end-plates (for exam ple in the case o f iontophoretic application or in ­
direct electrical stim ulation  at low' tubocurarine concentrations) depolariza­
tion  in the extrajunctional region is the result o f the electri tonic spread of 
end-plate depolarization (end-plate potential) [5]. ACh, when applied in  the  
bathing solution, m ay contact the membrane outside the end-plate, too , a llow ­
ing an extrajunctional effect to  develop. Such an effect m ay he m anifested  
by changes in the electrotonic spread of end-p late depolarization.

S u p p o rted  by  th e  M in istry  o f  H e a lth , H u n g a ry  G ra n t  No. 2-05-0306-03-01/V.
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T he existence of extrajunctional ACh effect has been suggested  under 
d ifferen t experim ental circum stances. Cholinom im etic drugs caused depolari­
za tio n  in  the extrajunctional mem brane of sartorius m uscles excised  from  Rana  
p ip i e n s  [14, 15] or from South  American frogs [17], however, neither th e  exten t  
nor th e  tim e course of th is  depolarization could be explained w ith  th e  cable 
properties of fibres. K a t z  and M i l e d i  [9] found th at succinylcholine depolari­
z a tio n  spread from the end-p lates w ith a len gth  constant slightly  higher than  
th e  u su a l values measured w ith  the square pulse m ethod. A lthough no com plete  
com parison  was made, th ey  could not exclude th e  possibility of extrajunctional 
depolarization  being not sim p ly  an electrotonic spread. On the extrajunctional 
m em branes of m am m alian m uscles depolarization induced by suxam ethonium  
and n o t originating in th e  end-plates was described [18, 19].

T he present experim ents were carried ou t to study the characteristics  
o f  A Ch depolarization on th e  extrajunctional membrane of frog sartorius 
m u scles. I t  was established th a t ACh depolarization measured in th e  extra­
ju n c tio n a l area was som ew hat greater th an  w hat could have been expected  
from  th e  passive character of the spread o f end-plate depolarization. The 
difference was due to action  potentials accom panying depolarization, conse­
q u en tly  there is no reason to  suppose any extrajunctional ACh effect.

M aterials and M ethods

T h e  experim en ts w ere c a rr ied  o u t  on  th e  sa r to r iu s  m uscles o f frogs (R a n a  escu len ta). 
T h e  a c tu a l  m em brane  p o ten tia l o f th e  m uscles was d e te rm in e d  as th e  average o f m ea su re m e n ts  
p e r fo rm e d  on  5 or 10 m uscle f ib re s  w ith  th e  co n v en tio n a l glass m icroelectrode  tec h n iq u e . 
O n ly  m uscles hav ing  m em b ran e  p o te n tia ls  h ig h er th a n  —90 mV in  R inger so lu tio n  a t  th e  
b e g in n in g  o f th e  ex p erim en ta l p ro ced u re  w ere u sed  fo r fu r th e r  s tudy .

A C h w as used th ro u g h o u t th e  ex p erim en ts  in  a  co n ce n tra tio n  of 1 m mol/1 since  low er 
c o n c e n tra t io n s  did n o t evoke m ea su ra b le  d ep o la riza tio n  in  th e  e x tra ju n c tio n a l a rea . D ue to  
i ts  e le c tro to n ic  spread  th e  degree o f d ep o la riza tio n  on  th e  m em brane  ou tside  th e  en d -p la te  
d e c re a se s , even  on th e  sam e f ib re  w ith  in creas in g  d is tan c e  from  th e  m y o n eu ra l ju n c tio n , 
th e re fo re ,  th e  region for th e  m ea su re m e n ts  was chosen  in  accordance w ith  th e  p u rp o se  o f th e  
e x p e r im e n ts .

O n  ap p ly ing  ACh in  th e  b a th in g  so lu tio n  d e p o la riza tio n  arose im m ed ia te ly , th e n  th e  
re p o la r iz a tio n  of m uscles s ta r te d  a n d  in  th e  c o n tin u o u s  presence  of ACh th e  m em b ran e  p o te n ­
t ia l  m e a su re d  in  th e  superficial f ib re s  com ple te ly  reco v e red  w ith in  20 — 30 m in . T ak in g  th is  
t im e  co u rse  in to  acco u n t in  c o m p a ra tiv e  m easu rem en ts  th e  degree of d ep o la riz a tio n  was 
a lw ay s  d e te rm in ed  in  th e  sam e p e rio d  of ACh tre a tm e n t.

W e  fa iled  to evoke successive  d ep o la riza tio n s  w ith  iden tica l am p litu d e  a n d  tim e  course 
o n  th e  sam e  m uscle. T h is is w h y  m uscle  pa irs from  th e  sam e frogs were used  fo r  co m p a ra tiv e  
m ea su re m e n ts . ACh d ep o la riza tio n s e lic ited  on  th e  m em b ers of th e  m uscle p a ir s  e x h ib ited  
id e n t ic a l  p a ra m e te rs  if  m easu red  in  id en tica l regions o f th e  m uscles. W e m easu red  fo r ex am p le  
th e  d e p o la riz a tio n s  evoked b y  1 mmol/1 ACh in  th e  p e lv ic  one-fifth  p a r t  of th e  m uscle , be tw een  
th e  3 rd  a n d  6 th  m inu tes o f t r e a tm e n t.  T he co rresp o n d in g  va lues w ere 1 1 .0 3 ^ 5 .8 6  a n d  10.67^: 
7.05 m V , th e  difference be tw een  th e  m em bers o f th e  p a irs  being n o t  s ig n ifican t (0 .37 1.91
m V  ; 9 ex p erim en ts). ACh d ep o la riza tio n  show ed seasonal v a ria tio n s  and  th e  A C h se n sitiv ity  
o f  s a r to r iu s  m uscles excised from  d iffe re n t frogs v a r ie d  ev en  during  th e  sam e season.

T h e  len g th  c o n s ta n t o f e le c tro to n ic  d ep o la riz a tio n  w as m easu red  on  w hole  m uscles 
in  th e  p resen ce  of T T X  (31 nmol/1). A n  in tra ce llu la r  m icroelectrode  was used  to  evoke  e lec tro ­
to n ic  d e p o la riz a tio n , tw o reco rd in g  m icroelectrodes w ere lo ca ted  a t  20 — 50 /im  a n d  2 — 3 m m  
fro m  th e  s tim u la tin g  one. A fte r m easu rin g  e lectro to n ic  d ep o la riza tio n , th e  s tim u la tin g  m ic ro ­
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e lectrode w as rem oved a n d  th e  m uscle was superfused  w ith  a b a th in g  so lu tio n  co n ta in in g  
1 mmol/1 ACh, th en  th e  degree of th e  follow ing d ep o la riza tio n  w as m easured . Since th e  position  
of th e  tw o record ing  m icroelectrodes d id  n o t change d u rin g  th is  p rocedure  i t  w as possib le  to  
com pare  d irec tly  th e  sp read  o f th e  tw o ty p es of d e p o la riza tio n . T he len g th  c o n s ta n t  (Я) was 
ca lcu la ted  from  th e  eq u atio n

A Y L  =  A Y L e - xM

w here d V L  an d  A Y 'L  are th e  m ax im u m  values of d ep o la riz a tio n  m easured  by  th e  reco rd ing  
m icroelectrodes loca ted  a t  2 — 3 m m  from  each o th er (x). W h en  requ ired , th e  e n d -p la te s  were 
id en tified  w ith  th e  in d ire c t s tim u la tio n  of th e  sa rto riu s  n e rv e  p rep ara tio n  in  th e  p resence of 
0.003 mmol/1 tu h o cu ra rin e  [5], th e n  th e  m uscles were w ash ed  carefu lly  to  avo id  th e  blocking 
effect o f curarine.

T h e  sp read  of ACh d ep o la riza tio n  was s tu d ied  in  o th e r  experim en ts  using a c h am b er [8] 
su itab le  to  sep ara te  th e  p e lv ic  en d -p la te  free area o f frog  sa rto riu s  m uscle (a n e u ra l p a r t)  
fro m  th e  tib ia l one (neu ra l p a r t) .  T he ru b b e r m em brane  in h ib its  th e  diffusion o f th e  so lu tions 
in  w hich  th e  tw o p a r ts  o f th e  m uscle  are sep ara te ly  in c u b a te d  w hile no t a ffecting  th e  p ro p a g a ­
t io n  of ac tio n  p o ten tia ls  o r th e  e lectro to n ic  spread of d iffe re n t depolariza tions fro m  one side 
to  th e  o th er. The pelvic o n e -fif th  p a r t  o f th e  frog sa rto riu s  m uscle is p rac tica lly  free  o f end- 
p la tes [16], therefo re , ACh ap p lied  on  th e  neu ral p a r t  c a n n o t evoke d e p o la riza tio n  even  a t  
a co n cen tra tio n  of 10 mmol/1 ( th e  average  value from  5 e x p e rim e n ts : 0 .0 ^ 0 .5 1  mV). A C h d ep o la r­
iza tio n  developing in  th e  n e u ra l p a r t  sp reads over to  th e  an eu ra l p a r t.  T he c h a ra c te ris tic s  
o f th is  sp read  were in v es tig a te d  in  b a th in g  solu tions o f d iffe re n t com positions. T h e  m em brane  
p o ten tia l o f m uscle fib res in  th e  a n eu ra l p a r t  was m easu red  in  each  case a t  1.5 — 2 m m  from  the  
sep a ra tin g  ru b b e r sheet. F o r  co m p ara tiv e  m easu rem en ts p a irs  of sa rto riu s m uscles w ere used . 
T he m uscles s tre tch ed  to  th e  fo u r- th ird s  o f th e ir  slack le n g th  w ere m o u n ted  in th e  se p a ra tin g  
ch am b er, tak in g  special care  to  p lace  th e  ru b b e r m em b ran e  a t  the  sam e d is tan c e  from  th e  
pelv ic  end (a t  the  edge of th e  pelv ic  one-fifth  p a rt) . S e p a ra te  ex p erim en ts  were ca rried  o u t to 
decide w h e th er th e  d ep o la riza tio n s sp read in g  over to  th e  a n eu ra l p a rts  of tw o m uscles excised 
from  th e  sam e frog are id en tica l. U sing  1 mmol/1 ACh in  th e  neu ral p a rts  we o b ta in e d  va lues 
o f 7.51 i  1-87 and 7.81 i  1.41 mV on th e  aneura l p a r ts  in c u b a te d  in R inger so lu tio n . T h ere  was 
no  s ig n ifican t difference in  d e p o la riza tio n  betw een th e  m em b ers of th e  m uscle p a irs  ( 0 .3 0 Í  
1.94 m V; 16 experim ents).

T he experim en ta l so lu tio n s  w ere o f th e  follow ing com position  (in  m m ol/1) =  R inger  
solution: NaCl, 115; KC1, 2 .5 ; CaCl2, 1.8; N a 2H P 0 4, 2 .15; N a H 2P 0 4, 0.85. Choline R inger: 
Choline Cl, 120; CaCl2, 1.8; K 2H P 0 4, 1.08; K 1 I2P 0 4, 0.43. T h e  choline chloride (R e an a l Co. 
B u d a p es t, H u n g ary ) w as rec ry s ta llized  tw ice before use. A C h w as a p re p ara tio n  o f H o ffm an  — 
L a R oche (B asle, S w itzerlan d ) T T X  w as m an u fac tu red  b y  Sankyo  Co. L td  (T o k y o , Ja p a n ). 
T he p H  of the  so lu tions w as 7 .0 i 0.05; th e  experim en ts  w ere  perform ed a t room  te m p e ra tu re  
( 2 0 - 2 2  °C).

T he sca tte rin g  of th e  m ean s rep resen ts th e  s ta n d a rd  d ev ia tio n  (SD ) a n d  is show n as 
v e rtica l b a rs  on th e  d iag ram s. T he significance of d ifferences was calcu la ted  b y  S tu d e n t’s 
p a ired  t te s t.

Results

Effect o f  T T X  on ACh depolarization

The tw itches accom panying the generation of action potentia ls after 
the application of ACh rendered the study o f th e  depolarizing effect o f ACh 
more difficult. Therefore, the use of TTX seem ed to  he reasonable, since this 
com pound does not prevent ACh action on the end-plates [7, 13]. In  prelim i­
nary experim ents we found th at TTX decreased the degree of ACh depolariza­
tion  in  the extrajunctional area thus, w ithout aim ing at com pleteness, we 
tested  the effect of tw o different TTX concentrations (31 nmol/1 and 3.1 //m ol/l). 
The concentration o f 31 nmol/1 was found to  he the sm allest value to  inhibit 
the generation o f electrically  evoked action potentials after pretreatm ent 
for 1 hour.
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RINGER □  T T X - R IN G E R

b)

F ig . 1. E ffec t of 31 nmol/1 (A ) a n d  3.1 //m ol I (B ) T T X  o n  A C h depolariza tion . M easu rem en ts  
w e re  p e rfo rm ed  on sa rto riu s  m u sc le  p a irs , on th e  m iddle  o n e -th ird  p a r t  of th e  m uscles. D ep o lari­
z a t io n  w as elicited by  1 m m ol/1 A C h on  th e  co n tro l m em b ers o f m uscle p a irs  (R IN G E R ) 
a n d  a f te r  incu b a tio n  w ith  T T X  fo r 1 h o u r (T T X —R IN G E R ) . D epo lariza tion  w as m easu red  

betw een  th e  1 s t a n d  4 th  m in u tes  o f A C h tre a tm e n t

R esults from m easurem ents in the m iddle one-third part o f whole 
sartorius muscles are show n in  Fig. 1. The application  of 1 mmol/1 ACh depolar­
ized  th e  control m embers o f  the muscle pairs b y  2 3 .8 9 ^ 6 .1 4  mV on the aver­
age. On the other m em bers preincubated w ith  31 nmol/1 TTX  for 1 hour, 
depolarization  was 2 3 .7 5 ^ 5 .6 7  mV (Fig. 1A). In  experim ents w ith  3.1 //mcl/1 
T T X  th e  corresponding va lu es were 1 8 .8 3 ^ 1 .1 2  mV in Ringer solution  and 
1 2 .2 5 ^ 3 .3 0  mV in the presence of TTX (Fig. IB ). It  is obvious th a t TTX  at 
low er concentrations did n o t decrease the degree of ACh depolarization, 
w h ereas 3.1 ^Mmol/ITTX g ave  rise to  considerable (35% ) inhibition (p <  0.001). 
T o avo id  this inhibition in  further experim ents T T X  was used in a concentra­
tio n  o f  31 nmol/1.

The electrotonic character o f  extrajunctional A C h  depolarization

W hile studying th e  characteristics of ACh depolarization we in vestigated  
w h eth er  the ACh depolarization  at the end-plates spreads over to  th e  extra­
ju n ctio n a l membrane in  a p assive w ay determ ined b y  the cable properties, or 
else  th e  presence of ACh in  th e  bathing solution  can m odify the features of 
th is  process. Our results from  experim ents perform ed in  the separating chamber 
in  th e  presence of T T X  are presented in  Fig. 2. T T X  was added to  prevent 
th e  generation of action  p oten tia ls . D epolarization was elicited b y  1 mmol/1 
AC h on  the neural parts o f  b o th  muscles and the changes in m em brane poten­
t ia l on  the aneural parts w ere measured. The aneural part of th e  control 
m em bers o f the m uscle pairs (muscles A) w as bathed in Ringer solution, 
th erefore the depolarization developing here could be regarded as a result of 
th e  electrotonic spread o f  ACh depolarization from  the neural part. The
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aneural part of the other member (muscles B ) was treated w ith 1 mmol/1 ACh 
before eliciting ACh depolarization on the neural part. In this case th e  depolar­
ization  starting from  the end-plate spread over to  the extrajunctional m em ­
brane pnetreated w ith ACh. The depolarization values of the aneural parts of 
m uscles A and В were the same (8 .4 6 ^ 0 .8 5  and 9 .0 6 ^ 1 .1 4  mV, resp ectively ), 
and sim ilarly identical depolarization va lu es were obtained on th e  neural 
parts (2 5 .9 7 ^ 2 .5 5  and 2 4 .9 4 ^ 2 .3 9  mV). The difference was not sign ificant 
in either case. These results show that ACh applied in the bath  depolarizes 
the end-plates and it  is only the passive electroton ic spreading of th is depolari­
zation  th at is observed on the extrajunctional membrane.

In our further experim ents the length  con stan t of this spread w as deter­
m ined and com pared to  the length constant o f  the electrotonic depolarization  
evoked b y  constant current stim ulation. F igure ЗА shows that the tw o  kinds 
of depolarization had about the same len gth  constant value on th e  pelvic  
end o f whole sartorius m uscles: 3 .8 5 ^ 0 .9 3  and 4 .2 5 ^ 1 .5 1  mm. The difference  
is not significant (0.5 <  p < 0  .2) indicating th a t  extrajunctional ACh depolari­
zation  decreases w ith  increasing distance sim ilarly  to electrotonic depolari­
zation.

In  a few experim ents performed for com parison one of the recording  
m icroelectrodes was located  at the end-plate and the other one at 2— 3 mm

ACh-RINGER RINGER

n«7
Neural parts Aneural parts

F ig , 2. S pread  of ACh d ep o la riza tio n  over to  th e  a n eu ra l p a r t  of sarto rius m uscles in  th e  p resence 
o fT T X . E x p erim en ts  w ere perfo rm ed  on sa rto rius m uscle  p a irs  m ounted  in a se p a ra tin g  c h am b er 
a fte r  p re tre a tm e n t w ith  31 ninol/1 T T X  for 1 hour. D ep o lariza tio n  was evoked o n  th e  neural 
p a r t  o f b o th  m em bers (m uscles A and B) of m uscle p a irs  by  applying 1 mmol/1 A C h (ACh — 
R IN G E R ), th en  m easu rem en ts  were m ade for d e p o la riz a tio n s  spreading o ver to  th e  an eu ra l 
p a r ts  b a th e d  e ith e r in  R in g er so lu tion  (R IN G E R ) or in  R in g er solution co n ta in in g  1 mmol/1 
ACh (ACh —R IN G E R ). M easurem ents took p lace on  th e  aneura l p a rts  be tw een  th e  1st and 
3rd m in u te s  o f ACh t re a tm e n t,  th en  on th e  neu ra l p a r ts  betw een  th e  4 th  an d  6 t h  m in u te s

of t re a tm e n t
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□ Electrotonic 
potential

a)

Ach
depolarization

b)

F ig . 3. S p re a d  of ACh d e p o la r iz a tio n  com pared to  th e  sp re a d  of electro tonic d e p o la riz a tio n . 
T h e  e x p e rim e n ts  were carried  o u t  in  th e  presence of 31 nm ol/1 T T X  on whole sa r to r iu s  m uscle  
f ib re s , a t  th e  pelvic ends (A) a n d  a t  th e  end-p la tes (B ). T h e  len g th  co n stan t o f sp re ad  ( t) w as 
c a lc u la te d  fro m  th e  m ax im u m  v a lu e s  o f th e  tw o k in d s  o f dep o la riza tio n . (See te x t  fo r d e ta ils )

from  it .  The decrease in electroton ic depolarization was found similar to  that  
ob served  on the extrajunctional membrane, how ever, the decrease in  ACh 
depolarization  was less, i.e. th e  value of 2 (6 .7 3 ^ 2 .7 1  mm) was tw ice as large 
as in  th e  case of electrotonic depolarization (2 =  2 .8 7 ^ 0 .4 1  mm); (p <7 0.02). 
T he increase in the 2 value is w ell explained b y  th e  changes in ionic conductance  
d ev elo p in g  at the end-plate membrane due to  ACh treatm ent.

The role o f action po ten tia ls

Previous data in the literature suggest th a t  ACh applied in the bath ing  
so lu tio n  causes depolarization to  spread on th e  extrajunctional m em brane  
to  a greater extent than  w h a t could be predicted  on the basis of electroton ic  
b eh a v io u r  [14, 15, 17]. W e, therefore, in vestiga ted  in  further experim ents  
w h eth er  the presence of action  potentials in fluences the extent of ACh depolari­
za tio n  on the extrajunctional membrane.

T he propagation of action  potentials w as inhibited  either by 31 nmol/1 
T T X  or b y  Na-free (Choline) R inger solution. T he effect of TTX treatm en t was 
a n a ly sed  in experim ents u sin g  whole sartorius m uscles. The degree o f  ACh 
depolarization  developing on  th e  pelvic end o f  th e  fibres was m easured in 
R in ger solution  on the control members of the m uscle pairs and in  the presence  
o f T T X  on the other ones. F igure 4A shows th a t  th e  value of depolarization  
w as 1 1 .3 6 ^ 3 .2 2  mV in R inger solution and 7 .8 6 ^ 2 .4 2  mV after T T X  p retreat­
m en t, th e  difference being significant sta tistica lly  (p <  0.001). C onsequently, 
i f  th e  generation and propagation  of action p oten tia ls  are not prevented , the  
degree o f  depolarization evo lv in g  on the extrajunctional area is greater.
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RINGER TTX-RINGER CHOLINE R

o) b)

Fig. 4. Spread of ACh d ep o la riz a tio n  in  th e  presence an d  absence  of action  p o ten tia ls . A: 
1 mmol/1 ACh tre a tm e n t w as pe rfo rm ed  on con tro l m uscles in  R inger so lu tio n  (R IN G E R ) 
a n d  on th e  o th er m em bers o f m uscle  pa irs  in  th e  p resence o f 31 nmol/1 T T X  (T T X  — R IN G E R ) 
D ep o la riza tio n  developing on th e  pelv ic end  of th e  w hole m uscle  fib res was m easu red  betw een  
th e  1st an d  4 th  m inu tes o f A C h t re a tm e n t. R: 1 mmol/1 A C h depo la riza tio n  w as evoked on 
th e  n e u ra l p a r ts  o f sa r to r iu s  m uscle  pa irs m o u n ted  in  a  se p a ra tin g  cham ber. T h e  degree of 
d e p o la riza tio n  spread ing  o v e r to  th e  an eu ra l p a r ts  b a th e d  e ith e r  in  R inger so lu tion  (R IN G E R ) 
o r Choline R inger (C H O L IN E  R ) w as m easured  be tw een  th e  1st an d  3rd m in u te s  o f ACh 
t r e a tm e n t.  P re tre a tm e n t o f th e  a n eu ra l p a r t  w ith  Choline R in g e r changed  several tim e s  lasted  
fo r  h a lf  to  1 hour, du ring  th is  period  th e  R inger so lu tion  a t  th e  neu ra l p a rts  also w as changed

Som ewhat different experim ents were perform ed in the separating cham ­
ber. In  both members of th e  m uscle pairs ACh depolarization was elicited on 
the neural part bathed in Ringer solution then the value o f the depolarization  
spreading over to the aneural part incubated either in  Ringer solution  or Na- 
free Choline Ringer so lu tion  was determ ined. A ction  potentials were generated  
on th e  neural parts o f  both  m uscles, hut spreading was possible on ly  over to 
the aneural parts bathed  in  Ringer solution.

Figure 4B show s th a t depolarization was found to be 1 1 .8 3 ^ 1 .4 0  mV 
on the aneural part k ep t in  Ringer solution. Sim ultaneously, on aneural parts 
incubated in Choline R inger we found depolarization o f 8 .8 9 Í 3 .2 9  mV, the  
difference betw een the mem bers of m uscle pairs being significant (p <  0.01). 
I t  has been concluded th a t the decrease in  the ex ten t of ACh depolarization  
m ay be explained b y  the absence of action potentia ls since Choline Ringer 
does not affect the cable properties of m uscle fibres.

D iscussion

Our results ind icate th at there are no ACh sensitive receptors on the 
extrajunctional m em brane o f the frog skeletal m uscle. ACh applied on the  
end-p late free m uscle m em brane produces neither depolarization nor m odifica­
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t io n  in  the electrotonic spreading of depolarization developing at the end- 
p la te . These findings are con sisten t w ith  the generally accepted view  th at  
se n s it iv ity  to ACh of tw itch  m uscle fibres decreases rapidly w ith  d istance from  
th e  m yoneural end-plate region. According to  M i l e d i ’s [13] investigations  
perform ed with iontophoretica lly  applied ACh there is a 10,000-fold difference 
b etw een  the ACh sen sitiv ity  o f the end-plate and th at of the extrajunctional 
area.

The spread of ACh depolarization was studied  in a cham ber containing  
a rubber sheet which allow ed the separation of th e  aneural part o f the muscle 
from  th e neural one w ith o u t m odifying the physiological properties of the 
m u scle  membrane [8]. T his fact m ay explain th e  discrepancy betw een  our 
resu lts  and those obtained w ith  other separating techniques, furtherm ore the  
im portance of species differences cannot be excluded either [18, 19].

W hen the generation and propagation o f action p otentia ls are not 
p reven ted  the value of ACh depolarization on th e  extrajunctional mem brane 
is greater than it  would be exp ected  from the cable properties of m uscle fibres. 
U n d er our experim ental conditions recording of ACh depolarization took  
place w hen repolarization h ad  already begun. Therefore, the depolarization  
in creasin g  effect of action  potentia ls is essentia lly  identical w ith  the delay  
in  repolarization. A possib le explanation  for this delay is potassium  accum ula­
tio n  in  the T tubules. P otassiu m  channels responsible for both resting and 
d elayed  rectification are present in  the m em brane of T tubules [1, 11]. A ction  
p o ten tia ls  can increase tu b u lar potassium  concentration, and th u s, delay  
repolarization  as it was observed subsequent to  tetanic stim ulation  [6]. 
H ow ever, the number and frequency of action potentia ls propagating on m uscle 
fib res in  connection w ith  ACh depolarization are not known, th u s, we are 
unable to  prove the above assum ption. The num ber of action p otentia ls is, 
presum ably , not too high, how ever, it  is also necessary to consider the finding  
th a t  ACh depolarization increases the rate of potassium  efflux in  th e  presence 
o f T T X  [12]. In sum m ary w e conclude th at the action  potentials can be held 
responsib le for the slight d ev ia tion  of extrajunctional ACh depolarization  
from  electrotonic spread, so there is no need to  suppose any extrajunctional 
ACh effect.
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E ffec ts  o f th e  d ru g  m eth y l-m -am in o b en zo a te  (M S-222 Sandoz) on th e  d o rsa l 
ro o t evoked v e n tra l  ro o t responses were stu d ied  b y  e lectrophysio logical m eth o d s in  th e  
frog spinal cord . A fa irly  qu ick  and  m ark ed  d ep ress io n  of th e  response w as o b se rv ed  
from  w hich com ple te  reco v ery  w as seen w ith in  60 m in u te s . Larger doses o r re p e a te d  
in jec tio n  of sm all a m o u n ts  of th e  drug pro longed  th e  recovery  and th e  m o n o sy n a p tic  
d ischarge co m p o n en t o f th e  v e n tra l ro o t reflex  o f ten  d e te rio ra ted  irrev ersib ly . — In  
fu r th e r  ex p erim en ts , m o n o sy n ap tic  v en tra l ro o t d isch arg es  were d em o n s tra ted  in  sp in a l 
cords iso la ted  from  th e  v e r te b ra l canal an d  k e p t  in  R in g er solution. T he re su lts  a re  
d iscussed  in  th e  l ig h t o f con troversial view s a b o u t  th e  occurrence of m o n o sy n a p tic  
v e n tra l  ro o t d ischarge  to  s tim u la tio n  of th e  p r im a ry  a ffe ren ts  in  th e  am p h ib ian  sp in a l 
cord.

The advantage of experim enting on iso lated  anuran spinal cords have  
long been recognized [6 , 15, 23, 24, see S im p s o n , 18, for further references]. 
V irtually s ll supraspinal and spinal input ern he elim inated by rem oving the  
spinal cord from the vertebral canal, and a tten tion  m ay be concentrated on  
the responses evoked by stim ulation  of any of the roots. Drugs are not needed  
for anesthesia or im m obilization , while the effects c f  various chem ical com ­
pounds as well as o f variations in the ionic environm ent can be investigated .

A t least one im portant difference emerges from  a com parative survey  
of results obtained from isolated and in situ  sp inal cords [18], nam ely, the  
m onosynaptic discharge o f m otoneurons in response to single vo lleys in  
primary afferents is know n to  occur in spinal cords in  situ  [4, 5, 13] w hile  
m any authors have failed to produce such a m onosynaptic reflex in  iso la ted  
spinal cords [2, 3, 8, 9, 17]. A possible reason for th is  m ay lie in the very  fact 
of the spinal neuronal netw orks being isolated from  supraspinal and peripheral 
inputs. Another lik ely  explanation m ay be some persisting effect of an aesth etics  
or relaxants. A third im portant reason probably com es from species d ifferences 
since a variety  o f  frogs and towards are used in  different laboratories.

O bviously, one needs strict criteria for ju d g in g  m aintenance o f th e  
“ physiological condition” o f the preparation before drawing conclusions on  
the reasons o f differences in  experim ental findings. A criterion we have found
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u sefu l in  studying the segm ental reflexes in  the frog [4] is the occurrence of 
w ell synchronized discharge o f m otoneurons follow ing dorsal root (D R ) volleys  
w ith  an  about 4 ms segm ental delay. In other words, our criterion is the phen­
om en on  denied to occur in  isolated  spinal cords. In  the present w ork we have  
in v estig a ted  whether m onosynaptic discharges can be dem onstrated in  isolated  
cords as well as in frogs d issected differently from  our usual procedure.

M aterials and M ethods

S p in a l cords in  situ . A d u lt frogs (R ana esculenta ) w eighing 80 —100 g w ere  selected, 
a n a e s th e tiz e d  by  e th e r, sp in a lized  b y  a m id -m ed u lla r  sec tio n  and  th e  lu m b a r  seg m en ts  w ere 
e x p o se d  b y  dorsal lam in ec to m y . E ith e r  th e  10 th  D R , o r th e  de-efferented  sc ia tic  ne rv e  was 
p re p a re d  fo r s tim u la tion . V e n tra l  ro o t (V R ) 9 a n d  10 w ere cu t in  th e  v e r te b ra l  can a l an d  
p re p a re d  fo r recording. T h e  c o n tra la te ra l  h in d lim b  w as d en erv a te d  and  th e  fro g  w as m o u n ted  
o n  a  h e a v y  m eta l fram e. T h e  e ffec t o f th e  e th e r w as u su a lly  over w ith in  25 — 30 m in , as in d i­
c a te d  b y  sp o n taneous m o v em e n ts  o r v igorous f lex io n s  in  th e  forelim bs to  p in ch in g  th e  skin. 
M o st o f  th e  body  surface  w as im m ersed  in  a w a te r  b a th  o x ygenated  an d  m a in ta in e d  a t  17 —
19 °C.

Isolated spinal cords. S m alle r w eighing 50 — 70 g frogs were k e p t in  icy  co ld  w a te r  for
20 — 40 m in , th en  d e ca p ita te d  a n d  qu ick ly  ev isce ra ted . T h e  v e rte b ra l colum n to g e th e r  w ith  th e  
lu m b a r  sp in a l nerves w ere c u t  o u t  from  th e  bo d y  a n d  p u t  in  cold, o x ygenated  R in g e r  so lu tion . 
I n  th is  so lu tio n  the  sp inal co rd  w as rem oved  fro m  th e  v e r te b ra l canal, all ro o ts  w ere  c u t n e x t 
to  th e  co rd  excep t th e  ro o ts  o f  seg m en t 10 , w hich  w ere  p re p are d  for m o u n tin g  o n  hook  elec­
t ro d e s .  T h e  cord was th en  m o v ed  in to  a record ing  c h am b er  w here i t  was c o n tin u o u sly  superfused  
w ith  o x y g e n a ted  R inger so lu tio n  (N aC l, 114 m M ; KC1, 2 m M ; N a H C 0 3, 2 m M ; C aC l2, 2 mM; 
g lu co se , 1 g p ro  lite r; p H , 7 .2; te m p e ra tu re , 9 — 15 °C). T h e  roo ts of segm ent 10 w ere  m o u n ted  
o n  b ip o la r  p la tin u m  e lectrodes a n d  sealed w ith  a m ix tu re  o f pe tro leum  je lly  a n d  liq u id  p a raffin .

S tim u la tion  and recording. R e ctan g u la r  p u lses  o f  5 V or less and 0.1 m s w ere  applied  
th r o u g h  iso la tion  tran sfo rm ers to  th e  p rim ary  a ffe re n ts . R esponses from  th e  9 th  o r  10 th  V R  
w ere  re co rd e d  by  a d iffe ren tia l p ream p lifie r and  led  to  one channel of an  oscilloscope. A n o th er 
p re a m p lif ie r  connected  to  th e  o th e r  channel m o n ito re d  th e  incom ing D R  v o lley  on  th e  dorsal 
su rfa c e  o f th e  10th  seg m en t b y  a glass m icroelectrode.

R esults

Figure 1 shows a ty p ica l exam ple o f the D R  evoked reflex in a frog pre­
pared  as in  our previous experim ents, described in the first section o f M ethods. 
A  slow  potential com ponent (called Y R P ) underlied the faster peaks attributed  
to  discharges in  the m otoneurons. This slow  com ponent could on ly  be detected  
i f  th e  recording leads were close enough to  the cord to pick up a significant 
p ortion  o f the electroton ically  spreading postsynaptic depolarization of the  
ven tra l horn cells [6]. W e considered a reflex  good enough to  m eet our crite­
rion  w hen  the first fast com ponent took o ff from  the slow V R P w ith  a segm ental 
d e la y  no longer than  4.5 m s at 17— 19 °C, and reached a peak am plitude at 
le a st  tw ice as big as th e  subsequent largest peak [4]. Segm ental d elay  was 
d efin ed  as the tim e from th e negative peak o f the afferent w ave to  the onset 
o f  th e  V R  discharge. W e put the recording electrodes as d istant as possible 
from  th e  cord for ease o f separating the discharge com ponent from  th e rising
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phase o f  the slow Y R P , w hich we found quite slow and sm all at distance of 
6— 7 mm.

The D R  evoked V R  discharge in  the am phibian spinal cord is generally  
know n as different from  those shown in F ig. 1. According to  B r o o k h a r t  et 
al. [3] the typical segm ental delay was 6 .0— 8.9 ms, and th ey  described the

F ig . 1. T y p ica l V R  responses in  lu m b a r  segm ents o f th e  frog  to  p rim a ry  a ffe ren t volleys. L eft: 
re sp o n ses in  th e  10th V R  to  vo lleys in  th e  10 th  D R . T h e  in te n sity  o f s tim u lu s shock  is in ­
c rea sed  fro m  a  to  c. T he early  d ischarge  as well as th e  slow  V R P  grows w ith  s tro n g e r s tim u la ­
t io n  a n d  becom es m ax im al w ith  a b o u t  3 tim es th resh o ld  in te n sity . DC reco rd ings. R ig h t:  pa irs 
o f  sim u ltan eo u sly  reco rded  D R  a n d  V R  responses to  volleys in  th e  sc ia tic  n erve. All lu m b a r 
V R s w ere cu t d ista l from  th e  reco rd in g  electrodes, d: n e a r th resh o ld  in te n s ity  o f s tim u la tio n  

for V R  response, e: R esponses to  3 tim es stro n g er pulses

response as asynchronous, w ithout a well delineated early com ponent. S i m p s o n  

[18] listed  a number of subsequent works w hich confirmed the original descrip­
tion . W e have also seen such ty p e  of Y R  responses (Fig. 3), more often  in  frogs 
w ith  rather poor circulation in  the dorsal blood vessels o f the spinal cord. 
Thus sufficient oxygen supply appears a very im portant, although lik e ly  not 
the on ly  prerequisite for successful dem onstration o f the m onosynaptic  
discharge. Asynchronous la te  com ponents follow ed the large m onosynaptic  
peak regularly in  our m aterial as well.

The m onosynaptic peak o f the V R  response could regularly be elicited  
during the 6— 10 hours of recording sessions. I f  often changed in  am plitude  
while not in latency and the first peak was alw ays larger then  the la te  com po­
nents. Furthermore, sim ilar w ell synchronized discharges could be recorded 
also from  the YR adjacent to  the stim ulated segm ent, from the deafferented  
spinal nerves 10 or 9, and from the de-afferented peripheral nerves o f  the  
hindlim b extensors. These findings contradict earlier beliefs [7, 12] th a t syn ­
chronous firing to D R  volleys in  the frog m otoneurons be a rare, transient 
phenom enon w ithout any significant role in  the m otor performance o f hind- 
lim b musculature.
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Effect o f M S-222 upon the discharges o f  motoneurons

E thyl-m -am inobensoate (MS-222 Sandoz, Tricaine, Finquel A yrest) 
is a  w id ely  used drug for im m obilization  of cold blooded anim als. Many authors 
use i t  for ease of handling and dissection o f the frog, thus one wonders how  
th is  drug affects the D R  evoked  responses of the m otoneurons.

A  group of frogs (n = 1 3 )  was prepared as usual under ether anaesthesia and 
le ft  to  recover com pletely. F iv e  to eight hours after cessation  of ether treatm ent, 
con tro l records were taken  from  the YR responses to  primary afferent volleys 
and MS-222 (E 1626 Sigm a), 0.1— 0.3 m g/kg b od y w eight was injected intra- 
peritoneally  or in travenously .

D oses of 0.1— 0.2 m g/g  depressed the Y R  discharges remarkably w ithin  
8— 10 min. The depression was reversible and com plete recovery occurred 
w ith in  60 min in 10 out o f 13 cases (Fig. 2).

Recovery from the depression induced by 0.3 m g/g was longer (about 
3 hours) and often incom plete  in several aspects (Fig. 3). For exam ple, the 
am plitude of the first com ponent of the discharge rem ained relatively sm all, 
th e  la ten cy  of the discharges became longer, and the reflex decreased more

F ig . 2. E ffec t of MS-222 on  th e  Y R  discharge, a: Y R  responses fro m  a  sp inal cord in  situ , a f te r  
4 h o u rs  of in itial e th e r a n es th e s ia . T op .: contro l, ta k e n  before  th e  d rug  in jec tion . M iddle: 
re sp o n se  to  th e  sam e D R  s tim u lu s  w hen  th e  effect o f 0.1 m g /g  MS-222 w as m o st p ronounced . 
B o t to m : recovery, th e  reco rd  w as ta k e n  ab o u t 60 m in  a f te r  th e  d rug  in jec tion , b : p eak  am p li­
tu d e s  o f  th e  Y R  discharges p lo tte d  ag a in s t tim e a fte r  th e  M S-222 in jec tio n . Sam ple reco rd s from

th is  experim en t are  show n in  a

F ig . 3. E xam ple  of p e rsis tin g  e ffe c t o f MS-222, a: V R  response  reco rded  ab o u t 20 m in u tes  
a f te r  th e  in jection  of 0.3 m g/g  M S-222, b: 3 hours la te r , re sponses to  a  p a ir  o f D R  volleys o f 
th e  sam e in ten sity . U p p e r tra c e ,  V R  recording; low er tra c e , m o n ito rin g  of th e  D R  volley ,

C a lib ra tio n : 1 mV a n d  10 m s
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quickly w ith  repetition of testin g , than  in the control experim ents prior to  
MS-222 treatm ent.

A second 0.1— 0.2 m g/g in jection  at 20— 30 min after the first 0.1 mg/g  
revealed som e potentiation: the recovery from the effect of the second injec­
tion  was som etim es extrem ely slow. Since 2 out o f the 6 frogs treated  with  
a to ta l o f  0.3 m g/g MS-222 showed incom plete recovery even at 4 hours after 
the injection , larger doses were not tested .

T extbooks recommend 0.1— 0.4 m g/g MS-222 for surgery [14], or sim ply  
to  put the animal into 1:5000 solution c f  the drug until m ovem ents stop. 
W e do not know to w hat ex ten t were the experim ents interfered w ith  by the  
fa c t th a t we gave the MS-222 to  frogs which apparently recovered from  ether 
anesthesia. H owever, it seem s unlikely th at ether could enhance th e  elim ina­
tion  o f  MS-222.

W e conclude therefore that th e  early, w ell synchronized discharge of 
the m otoneurons often, but not alw ays, recovers from the deep depression  
produced by MS-222. A lthough individual sen sitiv ity  seems to  vary  consider­
ably, m onosynaptic D R —V R  reflex can usually  be evoked about one hour 
after the adm inistration of sm all doses o f M S-222. H owever, neither a second  
sm all dose, nor a single larger one can safely be given in the hope o f  certain, 
com plete, and reasonably rapid recovery. These observations are supported  
b y  experiences from another series o f experim ents [20], where about 50 frogs 
were dissected under w ithout in itial ether treatm ent.

Experim ents on isolated sp in al cords

M ethodology of experim ents on isolated  spinal cords seems to  be similar 
in  d ifferent laboratories except som e less im portant technical d eta ils. We 
have adopted the technique used for years at the Institute of P h ysio logy , 
C zechoslovak Academ y of Sciences, Prague [20, 21].

Our own, rather lim ited  experience in  th is field  allows three statem ents  
so far: (i) Y R  responses to  D R  vo lleys occurred characteristically (in 12 out of 
15 cases) w ithout an early, w ell synchronized discharge com ponent. In  other 
words we confirm the results o f other authors (see 18) on th is p o in t, (ii) In 
3 cases, how ever, well synchronized early discharge could be dem onstrated, 
(iii) In  these latter groups, the discharge com ponent decreased in  am plitude  
soon, and after 10— 30 m in, the early large com ponent becom e sim ilar to , or 
even  sm aller than, the la te com ponents of the response.

Figure 4 shows a reflex characteristic for th e  isolated spinal cords. The 
la ten cy  is about 7 ms, the first peak is smaller than  the second one (F ig. 4a). 
A  few m inutes later the sam e stim ulus evoked the response shown in  F ig . 4b. 
The deterioration of the discharge com ponents in  general was clear, th e  slow  
V R P  com ponent dom inated. This typ e o f response persisted for hours.
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F ig . 4 . T yp ical V R  responses in  iso la ted  spinal cords, a : in  th e  f irs t  m inutes o f th e  reco rd ing  
a n d  b : a b o u t 10 m inutes la te r . N o te  th a t  the  early  co m p o n e n t o f th e  response in  a  fails com ­

p le te ly  in  b. C alibration: 1 mV a n d  5 ms

F ig . 5. D em onstra tion  of la rg e  m o n o sy n ap tic  Y R  response  in  iso la ted  spinal cords, a: response 
fro m  th e  10 th  Y R  to  a single  v o lle y  in the  10th D R  a t  9 °C. b : th e  sam e D R  volley  induces 
a  m u c h  sm aller response a f te r  a  larg e  response evoked b y  a  cond ition ing  D R  10 volley , c and 
d : a n o th e r  spinal cord, c: re sp o n se s  to  a pa ir of D R  10 v o lleys w hen th e  condition ing  stim u lus 
is w eak , th e  te s t response w h e n  th e  in ten sity  of th e  f i r s t  sh ock  is increased  to  evoke m ax im al 
V R  response . The m ore sy n c h ro n o u s  w ave in th e  te s t  re sp o n se  in  c as com pared  to  th e  f irs t 
re sp o n se  in  d is ev a lu a te d  as in d ic a tin g  fac ilita tio n  o f th e  m o nosynap tic  d ischarge  of th e

m otoneurons

Figure 5 shows responses recorded in  tw o spinal cords during the in itial 
period when large early  discharge could be induced  in  them . The latency  
(8 m s at 9 °C) was not to o  long in  view of a Q 10 o f about 2. Cooling b y  10 °C 
increased  the latency o f  Y R  responses b y  a factor of about 2 in  the spinal 
cords in  situ  well [22].

D ouble volley  experim ents revealed another phenom enon w hich was 
n o t typ ica l in isolated  cords, but was often found  in  spinal cords in  situ  [4]. 
W h en  the conditioning D R  vo lley  produced a near m axim al Y R  response, the  
discharge induced b y  a second , similar v o lley  g iv en  20— 40 ms after the first 
one w as quite small (F ig . 5b and d). D R  evoked  V R  discharges are know n to  
be facilitated  by a con d ition in g  D R  volley  in  th e  frog [13, 18]. W e confirm ed  
th is  observation b y  u sin g  low  intensity condition ing volleys inducing sub- 
m axim al VR responses (F ig . 5c) [4].

D iscussion

The main conclusion  o f the present experim ents is that m onosynaptic  
discharge of m otoneurons can be evoked b y  single D R  volleys after MS-222 
trea tm en t as well as in  iso la ted  spinal cords. The phenom enon m ay thus be 
u sed  to  judge the “ physio logica l condition” o f th e  preparation.
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M onosynaptic discharge occurs in about 70%  c f  the spinal cords studied  
[4] when using our original m ethod (i.e . ether anesthesia) and in s itu  spinal 
cords w ith fair blood supply). Only about 50%  of the spinal cords treated  
w ith MS-222 give good m onosynaptic discharges, nevertheless th is ratio is 
apparently influenced b y  th e  preceding ether anesthesia in these experim ents. 
W e have failed to detect m onosynaptic V R  discharges in 80%  of th e  isolated  
spinal cords and th e  rem aining 20% gave m onosynaptic response for only  
a relative short initial period of investigation . The high percentage o f  failures 
indicates th a t m uch rem ains to he im proved in  the experim ental procedures 
in using isolated spinal cords. On the other hand, these observations  
em phasize the im portance o f technical factors and suggest th a t physiological 
and biochem ical events involved  in the prim ary afferent m otoneuron coupling  
in the frog deteriorate m uch easily than  for exam ple the those in vo lved  in the 
polysynaptic excitation  or antidrom ic invasion  o f the m otoneurons.

Deterioration m ay occur either pre- or postsynaptically . The prim ary 
afferents branch densely w hen enter the segm ent [1, 19] and part o f  the fine  
preterm inals m ay fail to  conduct im pulses, resulting in a decrease o f  excitatory  
inputs of the m otoneurons. In the term inals the am ount of transm itter actually  
released m ay decrease because of poor efficiency of the releasing m echanism  
or depletion of the transm itter available. Factors which in fluence these  
processes have been studied in  detail for exam ple in the neurom uscular junc­
tion [11]. On the postsyn ap tic  side, dendrites which receive the m ajority  of 
the D R  term inals, m ay fail to  generate depolarizing current sufficient to  initiate  
m onosynaptic action potentials. R elative decrease of the background level of 
excitation  in the m otoneurons can also make D R — E P SP s insufficien t to fire 
the cell. Persisting effect o f MS-222 and/or interruption of sensory and supra­
spinal pathw ays m ay result in a considerable decrease of spontaneous activ ity  
of the interneurons and a consequent loss in  background exc ita tion  o f the 
m otoneurons.

W e do not use th e  term deterioration to  im ply irreversible block of 
responsiveness in  a part o f the neuronal elem ents. I f  the silent interneurons 
are activated  by a presynaptic volley the level o f background ex c ita tio n  will 
probably increase in the m otoneurons for a period during w hich a subsequent 
sim ilar presynaptic vo lley  can induced m onosynaptic firing [13] and F ig. 5c. 
Of course, m echanism  o f this facilitation  m ay have additional factors e.g. 
an increase in transm itter release caused by th e  conditioning [10, 16].

W e are reluctant to  assume th at failure in finding good m onosynaptic  
discharge in other laboratories is entirely due to  technical reasons. H ow ever, 
these technical reasons m ay becom e crucially im portant when one d efines what 
is typ ical in a series of experim ents. The likely  involvem ent o f species differ­
ences remains to be dem onstrated.
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OF POST-DENERVATION HYPERTROPHY IN CHICK 
SLOW MUSCLE FIBRES AFTER COMPLETE 
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F o r  th e  slow m uscle  fib res in  th e  pu re  slow  m uscle  ALD as well as in  tw o  m ixed  
m uscles, flexor m e ta ca rp i u ln a ris  and  sa rto riu s , i t  is  d e m o n s tra ted  th a t  th e  p h en o m en o n  
o f p o st-d e n erv a tio n  h y p e r tro p h y  still occurs u n d e r  conditions p re v en tin g  s tre tc h  of 
m uscle a f te r  d e n e rv a tio n  or even in  ten o to m ized  m u sc les  in  shortened  s ta te  re liev ed  of 
ten s io n . S trik ing  d ifferences be tw een  th e  slow f ib re s  o f th e  ALD and those  o f th e  m ixed  
m uscles are  seen, b o th  w ith  resp ec t to  th e ir  h is to ch em ica l p ro p erty  an d  to  th e  degree 
o f dev elo p m en t o f p o s t-d e n e rv a tio n  h y p e r tro p h y . T h e  slow fibres in  m ix ed  m uscles 
show  th e  phenom enon  o f p o st-d e n erv a tio n  h y p e r th ro p h y  in  a m uch m ore s tr ik in g  form  
th a n  do th e  A LD  fib res , a n d  should  be used  in  f u r th e r  studies o f  th e  p h en o m en o n .

The phenom enon o f long-lasting post-denervation  hypertrophy in  the  
slow  m uscle, anterior latissim us dorsi (ALD) o f  the chick first described by  
F e n g  et al. [2] has since repeatedly been observed by a number o f other 
investigators. In their studies on the phenom enon, F e n g  et al. w ere aware 
from  the outset th at the incidental drooping o f the wing and consequent 
stretch  of the muscle caused by the denervation operation, might be an im por­
ta n t factor in the developm ent of hypertrophy, and they made careful studies  
to  establish  whether denervation would still cause hyperthrophy in  th e  chick  
slow m uscle fibres if  the influence of stretch w as excluded. They adduced tw o  
lines o f evidence to show  th at th is was so. F irst, in  the case o f A L D , th ey  
show ed that the w ing drooping occurred on ly  during the first 1— 2 weeks 
after the operation, while the post-denervation  hypertrophy persisted  for 
more than  8 weeks, and th a t the prevention o f w ing drooping did n o t abolish  
but on ly  reduced the developm ent of post-denervation  hypertrophy. Secondly , 
th ey  showed that the post-denervation hypertrophy was not unique to  A L D , 
hut was apparently a general phenom enon show n by the slow m uscle fibres 
o f the chick which outside the A LD , were found  scattered in various m uscles 
of m ixed fibre com position. F e n g  et al. in  their  first report on th e  subject 
dem onstrated this w ith the biventer cervicis and later [3] also w ith  th e  sarto­
rius m uscle, this tim e using botulinus poisoning instead of denervation. W ith  
the m ixed muscles there w as no apparent incidenta l stretch resulting from  their 
denervation , so the striking hypertrophy show n b y  their slow fibres follow ing
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denervation  seemed to  be clear evidence o f it  b eing  a specific effect o f  denerva­
tion .

In  spite of the ev id en ces adduced b y  F e n g  and his collaborators for the 
sp ecific  nature of post-denervation  hypertrophy in  the chick slow m uscle fibres, 
w e fin d  the assertion repeated ly  made in  th e  literature [7, 10, 11, 12] that 
stretch  is apparently an essentia l factor in th e  developm ent of post-denervation  
hypertrophy. One piece o f  evidence often q uoted  in  support of th is  v iew  is 
th e  report by J i r m a n o v á  and Z e l e n á  [7] th a t  in  tenotom ized A L D  denerva­
tio n  caused atrophy in stea d  of hypertrophy. W e have therefore perform ed  
a further study o f post-denervation  h yp ertrop h y in  the chick slow  m uscle 
fibres w ith  particular reference to the question  w hether stretch is rea lly  essen­
tia l to  its developm ent. Our work includes a repetition o f  J i r m a n o v á  and 
Z e l e n a ’ s  tenotom y exp erim en t on the ALD and further observations on another  
m ixed  m uscle of the ch ick , th e  flexor m etacarpi ulnaris, in which denervation  
n atu ra lly  produces v ery  lit t le  change in len gth  and thus, a control o f  m uscle 
len g th  is especially easy . The histochem ical m eth od  for m yosin A T P ase was 
u sed  throughout; it  allow ed the relation b etw een  the type of m uscle fibres 
and th e  type of trophic response to denervation  to  be seen more d irectly  than  
in  previous works using non-specific h isto logical staining.

M aterials and M ethods

A d u lt  w hite  L eg h o rn  ch ick s weighing a b o u t 1.5 k g  were used in  th e  e x p e rim e n ts  
O p e ra tio n s  were done u n d e r  p e n to b a rb ita l  a n ae s th es ia  (u su a lly  30 m g/kg in tra p e rito n e a lly )  
T h e  fo llow ing ty p es o f o p e ra t io n  w ere perform ed.

(1) Sim ple d e n e rv a tio n  o f  th e  A LD  by  sec tio n in g  th e  com m on nerve t r u n k  to  A LD  
a n d  P L D , w ith  th e  w ing r e s t ra in e d  from  d rooping .

(2) T eno tom y of th e  A L D  a t  i ts  sp inal in se r tio n  o n  one side and such  te n o to m y  plus 
d e n e rv a tio n  of th e  A LD  on  th e  o th e r  side. A dherence  a n d  re a tta c h m e n t of th e  ten o to m iz ed  
A L D  to  th e  underly ing  m uscles w as p rev en ted  b y  in se r tin g  u n d e r  i t  a th in  silicon ru b b e r  sheet.

(3) Sim ple d e n e rv a tio n  o f th e  flexor m eta ca rp i u ln a r is  (FM U ) w ith  the  u ln a r-m e ta c a rp a l 
jo in t  f ix e d  in  a flexed p o s itio n  a n d  so w ith  th e  m uscle  f ix e d  in  a shortened  p o sitio n .

(4) T eno tom y of th e  f le x o r  m etaca rp i u ln aris  o n  one side and  ten o to m y  p lu s  d e n e rv a ­
t io n  o f th is  m uscle on  th e  o th e r  side.

(5) Sim ple d e n e rv a tio n  o f  th e  sa rto rius m uscle.
T h e  m yosin A T Pase  h is to ch em ica l m eth o d  w as u se d  as described by  Gu t h  a n d  Samaha  

[5] a n d  J a f f e  e t al. [6].

Results

1. H ypertrophy o f  the slow fibres in A L D , F M U  and sartorius muscles 
after simple denervation under conditions excluding stretch

Figure la  and b show  th e  histological cross section of normal A L D  and  
3-w eek  denervated A L D  dem onstrating tw o histochem ically d istinct ty p es of 
fibre in  each case. Com paring Fig. la  and b, th e  hypertrophy of a considerable

Acta Physiologica Academiae Scientiarum Hungaricae 57, 1981



POST-DENERVATION HYPERTROPHY IN SLOW MUSCLE FIRRES 385

A L D  A :  N O R. B :  DN.

F ig . 1. P o s t-d en e rv a tio n  h y p e r tro p h y  of th e  lig h tly  s ta in e d  fib res of A LD  u n d e r  con d itio n s 
e x c lu d in g  s tre tch , a, contro l, b, 3 w eeks a f te r  d en erv a tio n . In  th is and all su b seq u e n t h isto - 

chem ical p ic tu res : m y o sin  A T Pase  s ta in in g ; scale ba r, 100 fj

F ig . 2. H isto g ram s co rresponding  to  F ig. 1 show ing d is tr ib u tio n  of th e  cross se c tio n a l a rea s 
o f th e  tw o  ty p es  of fibre. In  th is  a n d  all su b seq u en t h is to g ram s: th ick  line, l ig h tly  o r m ore 

lig h tly  s ta in ed  fib res ; th in  line, deep ly  s ta in ed  fibres

proportion of the fibres o f the more lightly  stained type after denervation  is 
quite evident.

Figure 2a and b plot the distribution of the sizes of the tw o ty p es  o f fibre 
in  F ig. l a  and b. W ith the m uscle length  fixed , the volum e and hence th e  w eight 
o f each fibre is proportional to  its cross section  area, and the average cross 
section  area of the fibres m ay be taken as an index of their average w eight
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FMU A: NOR. B: DN.

F ig . 3. P ost-d en erv a tio n  h y p e r tr o p h y  of the slow ( lig h tly  s ta in e d ) fib res of FM U . a , con tro l; 
b , 3 w eeks a fte r d en erv a tio n . M uscle  k e p t a t som ew hat sh o rte n e d  s ta te  co rresponding  to  flexed  

p o s i t io n  of the  u ln ar—m e ta c a rp a l jo in t

F ig . 4 . H isto g ram s co rrespond ing  to  F ig. 3

an d  m ay be used as a quan tita tive measure w h en  comparing w hich typ e of 
fib res of the experim ental and the control m uscle to  judge the occurrence and 
degree of hypertrophy or a trophy. For the tw o  ty p e s  of fibre in A L D , the ligh tly  
sta in ed  ones m ay be arbitrarily  designated as alpha fibres and the deeply  
sta in ed  ones as beta  fib res . For the experim ent in  Figs 1 and 2 after 3-week 
denervation , the alpha fib res  show a defin ite hypertrophy of 10.9%  while 
th e  b eta  fibres show p ractica lly  no change. T his am ount of post-denervation  
h yp ertrop h y is small for A L D , but it is to be rem em bered that in  th is experi-
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m ent the wing was restrained from drooping and the effect of stretch  was 
excluded. Under such conditions, post-denervation hypertrophy o f the ALD  
is know n to be much reduced. The different behaviour o f alpha and beta  fibres 
in  respect of post-denervation hypertrophy has already been observed by  
others [8]. The purpose o f show ing the ALD experim ent here is m ain ly  for 
com parison with the FM U experim ent shown in Figs 3 and 4 and the sartorius 
experim ent shown in Figs 5 and 6. It is a striking fact indeed th a t the p ost­
denervation  hypertrophy in  the slow fibres of the FM U and sartorius m uscles 
is so m uch greater than in th ose of ALD under experim ental conditions exclud­
ing  stretch. A ctually the post-denervation  hypertrophy o f the FM U and sarto­
rius slow fibres is much greater than  that of ALD even under conditions perm it -

SARTORIUS DN Д WKS

F ig . 5. P o s t-d en e rv a tio n  h y p e r tro p h y  of th e  slow (lig h tly  s ta in e d ) fib res o f th e  sa rto riu s  
m uscle, a, n o rm al co n tro l; b, 4 w eeks a f te r  d e n e rv a tio n

SAR

30- П SAR DN
20 ; p  П

10 :

L

^ 20 Ü T  60 « 100/J 2

Fig. 6. H isto g ram s corresponding to  F ig . 5
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t in g  th e  wing to droop and to  stretch the A L D  during the first 1— 2 weeks 
fo llo w in g  the operation. T h e  incidental circum stance o f w ing drooping and 
co n seq u en t of the ALD  in  sim ple denervation experim ents perform ed on the  
A L D  had tended to m ake th ese  authors to stress th is factor o f stretch  in  consider­
in g  th e  causation o f p ost-denervation  hypertrophy. It seem s th a t in  th e  study  
o f  th is  phenomenon o f post-denervation  hypertrophy we should now  shift 
our a tten tion  from A LD  to  th e  slow fibres in  the m ixed m uscles, not only for 
th e  reason  that we can th ereb y  liberate ourselves from distraction  b y  the factor 
o f stre tch , but also for th e  phenom enon being so m uch more striking. The post­
d en ervation  hypertrophy o f  th e  slow fibres in  FM U after 3 w eeks denervation  
and  in  sartorius after 4 w eek s denervation show n in Figs 3— 6, as calculated  
from  th e  increase in their average cross section  areas, am ounts to 93.6%  and 
168% , respectively. It m a y  be noted that in  the case o f slow  fibres in the 
sartoriu s muscle the p h en om en on  still persists in a conspicuous form 12 weeks 
after  denervation.

2. Post-denervation h ypertrophy of the slow fibres in tenotomized A L D  and
F M U

T he experiments described above seem to  be sufficient for show ing that 
u n d er conditions excluding stretch  of the m uscle beyond its  norm al resting  
le n g th , the phenom enon o f  post-denervation hypertrophy in  the slow fibres 
still occurs. The phenom enon occurs even in  tenotom ized  m uscles relieved  
o f te n s io n  and shortened considerably below their norm al length . The experi­
m e n t on tenotom ized A L D  is show n in Figs 7 and 8, and th a t on tenotom ized  
F M U  in  Fig. 9. Comparing th e  tw o types of fibre in  the tenotom ized  control 
A L D  w ith  the corresponding typ es of fibre in  the sim ultaneously tenotom ized  
and  denervated contralateral A L D  in Fig. 7, one notices a striking differential 
resp on se  to denervation o f a lp h a  and beta fibres: the alpha fibres show hyper­
tr o p h y  while the beta fibres atrophy. Figure 8 shows the corresponding h isto­
gram s. The post-denervation  hypertrophy o f the alpha fibres am ounts to  
2 9 % , w hile the p ost-d en ervation  atrophy of b eta  fibres reaches 34% . It is 
to  b e  n o ted  that the degree o f  atrophy of the b eta  fibres varies in such experi­
m e n ts , being usually less th a n  th a t shown in Figs 7 and 8. In th is experim ent the 
co n tro l ALD  after sim ple ten o to m y  had shortened from th e norm al length  
o f  3 .8  cm  to 2.84 cm, th a t is , b y  25.3% ; the contralateral A L D  after sim ulta­
n eou s ten otom y and d en ervation  had shortened from 3.8 cm to  2.72 cm , that 
is , b y  28.5% . The average gross weight in  11 experim ents o f the A LD  after 
com b in ed  tenotom y and d enervation  exceeded th a t after sim ple tenotom y  
b y  23 .2% .

In  the ALD both a lp h a  and beta fibres are presum ably m ulti-innervated  
slow  fib res. Their different behaviour seem s to  m ake it  im possible to  make
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F ig . 7. P o s t-d e n e rv a tio n  h y p e rtro p h y  of th e  m ore lig h tly  s ta in ed  (a lpha) f ib res  in  ten o to m ized  
A L D . a, con tro l, 3 weeks a f te r  te n o to m y ; b , a f te r  ten o to m y  plus d e n e rv a tio n

Fig. 8. H is to g ram s correspond ing  to  Fig. 7

a sta tem en t about the slow fibres in  general. W ith respect to the hypertrophy  
after denervation, and for the purpose o f the present paper, it  m ay be under­
stood  th a t we use the term  slow fibres to  refer specifically to  alpha fibres in 
the case o f ALD .

In  the experim ent on tenotom ized  FM U in Fig. 9 it  is im m ed iate ly  ob­
vious th a t w ith additional denervation  the unstained slow fibres show  striking  
hypertrophy while the deeply stained fast fibres show no obvious change. 
In  th is m uscle the relative shortening after tenotom y is o f m uch less exten t
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F ig . 9. P o s t-d e n e rv a tio n  h y p e r tro p h y  of th e  slow (lig h tly  s ta in e d ) fib res  in  ten o to m ized  FM U . 
a, contro l, 3 w eeks a f te r  sim ple ten o to m y ; b , a f te r  te n o to m y  p lus d en erv a tio n

th a n  in  the ALD. The control side after sim ple ten otom y shortened from a 
norm al length of 7.4 cm to  6 .6  cm, while the experim ental side after sim ulta­
neous tenotom y and denervation  shortened from 7.4 cm to 6.5 cm. W e have  
n ot m ade m easurem ents o f th e  cross section areas o f the fibres in th is experi­
m en t, b u t it  was clearly seen  th a t the degree o f post-denervation  hypertrophy  
in  norm al and tenotom ized  FM U -was of a sim ilar order.

Discussion

The results presented above prove beyond any possible doubt th at the 
chick  slow  muscle fibres still show the phenom enon of long-lasting post­
denervation  hypertrophy under conditions w hich exclude any incidental stretch  
o f  th e  m uscle follow ing its  denervation of in fact even  under conditions of 
ten o to m y  which place th e  m uscle in an abnorm ally shortened state throughout. 
A  num ber of points, how ever, need to be discussed further for special notice  
and further study.

(1) Heterogeneity o f  the slow muscle fibres in  the chick

There are two h istochem ically  distinguishable typ es of fibre in the A LD . 
T h ey  show  different p rop en sity  to develop hypertrophy after denervation and 
th e y  also respond d ifferently  to tenotom y or to  ten otom y plus denervation. 
A lth ou gh  the alpha fibres o f  the ALD and the slow  fibres in m ixed m uscles 
like FM U  and sartorius all consistently show  post-denervation  hypertrophy
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both in normal and in  tenotom ized m uscles, and a striking difference in the  
m agnitude of the post-denervation hypertrophy attained. And th ey  differ 
also in  their histochem ical property: the slow fibres of ALD do not show  the 
sam e differential pH stab ility  in their m yosin  ATPase reaction as the slow  
fibres o f  FM U do. The latter, like m am m alian tw itch  fibres, show  a reversal 
o f the stain ing reaction w ith a change from  preincubation at pH  10.4 to  pre- 
inacubation  at pH 4.3, while the former do not [1]. A detailed stu d y  of the  
histochem ical, biochem ical and fine structural differences am ong th e  subtypes  
of the slow  muscle fibres in  correlation w ith  their respective ten d en cy  to  d evel­
op post-denervation hypertrophy m ay y ie ld  some clues to  the m echanism  
underlying the phenom enon of post-denervation  hypertrophy. S h a f i q  et al. [9] 
have show n th at the tw o types of ALD fibres, which they called ton ic  I and 
ton ic I I  fibres, have different Z band w idths. Possibly their to n ic  I fibres 
w ith thicker Z bands correspond to our alpha fibres, while their tonic II 
fibres w ith  thinner Z bands correspond to our b eta  fibres. It  is o f obvious interest 
to  determ ine the Z band w idths of the sI oyv fibres of the FM U and sartorius 
m uscles.

(2) Specificity o f  the phenomenon o f  post-denervation hypertrophy

H aving excluded such extraneous factor as stretch as the cause of post­
denervation  hypertrophy, we m ay try  to probe into the basic nature of the 
phenom enon. Earlier, F e n g  [4] had show n th a t tenotom y, im m obilization  of 
disuse of the sartorius muscle through isolation  o f the spinal cord segm ent con­
tain ing its motor nucleus, did not cause hypertrophy of its slow fibres: their 
hypertrophy only followed denervation. The inab ility  of tenotom y to  m ake the  
slow  fibres hypertrophic is confirmed b y  th e  present study. One is tem pted  
to  suppose that the post-denervation hypertrophy of the slow m uscle fibres 
in  the chick m ay be the result o f a loss or depletion  of some specific neurotrophic  
agent norm ally supplied b y  the nerve to  regulate or check the grow th of the  
fibres. Various experim ents bearing on th is supposition m ay be designed. One 
is to  cross-innervate the slow fibres w ith  a nerve norm ally supp ly ing  fast 
fibres and then  after the lapse of sufficient tim e perform denervation  to  see 
w hether or not the slow fibres w ill show post-denervation hypertrophy. Such 
experim ents are now under w ay.

(3) Occurrence o f  post-denervation hypertrophy o f the slow fib res in  tenotom­
ized muscle

This point requires som e special com m ents. J ir m a n o v á  and Z e l e n a  [7] 
drew from  their experim ents the conclusion: “ In  contrast to d enervation  alone, 
sim ultaneous denervation and tenotom y of th e  A LD  muscles results in  atrophy” .
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In  th e ir  experim ents, in  com parison w ith norm al A L D , the sim ultaneously  
ten o to m ized  and denervated  A L D  indeed show ed atrophy. B ut is th is  the  
proper com parison? I f  in stead  o f making such com parisons, one com pares 
te n o to m y  plus denervation w ith  tenotom y alone in  J ir m a n o v a  and Z e l e n á ’s 

d a ta , one finds th a t b y  m uscle weight th e  ten otom y plus denervation  
group is slightly  less th an  th e  sim ple tenotom y group, while by fibre diam eter  
th e  form er is slightly greater th an  the latter, b o th  differences being s ta tis ­
t ic a lly  non-significant as p o in ted  out by the authors them selves. Therefore the  
con clu sion  quoted above shou ld  not be construed as m eaning that in ten o to m ­
ized  A L D , denervation resu lts in  atrophy. T hese authors used non-specific  
h isto log ica l staining in th eir  work. The present work, using the fibre typ e-  
sp ec ific  m yosin  ATPase m ethod , brings out the differential response to d enerva­
tion  in  th e  tw o types of fibres in  the ALD, w hich seem s more evident in ten o ­
to m ized  than  in normal A L D . In  tenotom ized A L D , denervation causes the  
alpha fibres to hypertrophy and may cause th e  b eta  fibres to atrophy. As 
far as th e  alpha fibres are concerned, the hypertrophy following denervation  
seem s to  be no less striking in  tenotom ized and shortened ALD than in  A LD  
k ep t a t normal length.
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NEW METHOD FOR MEASURING CAPILLARY 
FILTRATION COEFFICIENT AND POSTCAPILLARY 

VESSEL COMPLIANCE IN DIFFERENT ORGANS 
AND TISSUES UNDER CONSTANT PERFUSION

By

D .  P. D v o r e t s k y

LABORATORY OF PHYSIOLOGY AND PATHOLOGY OF CIRCU LA TIO N, IN STITU TE OF E X PE R IM E N T A L  
M ED ICIN E O F T H E  ACADEMY OF M ED ICA L SCIENCES,

USSR, LENIN G RAD

(R eceived  S ep tem b er 5, 1980)

A new  m eth o d  h as b een  developed fo r m ea su rin g  th e  ra te  o f cap illa ry  f i lt r a tio n . 
B y  th e  m eth o d  c ap illa ry  f i l t r a tio n  coefficient (C FC ) can  be estim a ted  in  a n y  organ . 
CFC in  a n aesth e tized  c a ts  w as 0.055 an d  0.129 m l/m in /m m  Hg /100  g tissu e  in  th e  lu n g s  
a n d  in  th e  sm all in te s tin e , respec tive ly .

Am ong the experim ental m ethods for m easuring the capillary filtra tion  
coefficient (CFC) and the changes of capacitance function  of the vessels, p le th y s­
m ography [4, 6] and gravim etry [3, 5] are w id e ly  used. A pplication o f these  
m ethods is, how ever, rather d ifficult because during surgical preparation the  
function  of some organs and tissues cannot be preserved. This paper presents 
the estim ation  o f CFC and postcapillary vessel com pliance th at can be used  
in practically  every region o f the cardiovascular system  w ithout major surgical 
interference.

Materials and M ethods

T h e  princip le  o f th e  m eth o d  for m easuring  CFC a n d  v ascu la r com pliance o f th e  lu n g s 
h as been described  in  de ta il elsew here [1, 2]. T he o rg an  u n d e r  s tu d y  is perfused  b y  a p u m p  
se t for c o n s ta n t flow  ra te . V enous ou tflow  is d irec ted  th ro u g h  a c a th e te r  in to  an  e x tra co rp o re a l 
g lass reserv o ir, from  w hich  th e  b lood  is re tu rn e d  by  a second  tu b e  of th e  pum p in to  th e  v en o u s 
sy s tem  of th e  an im al. In itia l  v enous pressure  o f th e  o rg a n  is se t w ith in  th e  ran g e  of n o rm al 
v a lu es fo r th e  given v a sc u la r  a rea  b y  a d ju s tin g  th e  d is ta l en d  of th e  c a th e te r  to  a p ro p e r  h e ig h t. 
T he te m p e ra tu re  of th e  b lood is k e p t a t  37 °C b y  a th e rm o s ta t .  O utflow  from  th e  reserv o ir 
a t  s te ad y  s ta te  is equal to  th e  inflow' to  the  organ. I n  th is  s i tu a tio n  th e  level of b lood  in  th e  
reserv o ir does no t change. W hen  th e  d istal end of th e  c a th e te r  is raised, v enous p re ssu re  in  
th e  o rg an  increases re su ltin g  in  a change of CFC a n d  v a sc u la r  com pliance. T hese tw o  p a ra m ­
e te rs  a re  m easu red  by  an  e lec tro m an o m ete r and  re co rd e d  on a po lygraph  in d ic a tin g  th e  
changes in  h y d ro s ta tic  p ressu re  as a fu n c tio n  of tim e. E a c h  m easu rem en t las ted  7.5 — 9 m in.

A n orig inal reco rd ing  of CFC an d  vascu la r co m p lian ce  due to  venous h y d ro s ta tic  lo ad  
in th e  sm all in te s tin e  o f an  an ae sth e tize d  ca t is show n in  F ig . 1. I t  can he seen th a t  th e  cu rv e  
ABCD is s im ila r  to  th e  g ra v im etric  an d  p le th y sm o g rap h ic  cu rves p resen ted  in  th e  l i te ra tu re  
[3, 5]. T he f irs t  re la tiv e ly  ra p id  phase  (AB) is caused m a in ly  by  a d isten tion  an d  filling  o f th e  
v en o u s vessels. T he second slow ph ase  (BC) is a re su lt o f  o u tw a rd  capillary  f i ltra tio n .
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mm Hg

F ig . 1. F lu id  filtra tio n  a n d  b lo o d  vo lu m e in  th e  sm all in te s tin e  o f th e  ca t u n d e r  h y d ro s ta tic  
lo a d . U p p e r  tracing  v enous o u tf lo w  pressure; m id d le : b lood  level in  e x tra co rp o re a l blood 

reservo ir; lo w er trac in g : perfusion  p re ssu re  to  th e  organ

Since  blood volum e (A X )  in  th e  ex traco rp o rea l re se rv o ir  can  be m easured  a n d  ca lib ra ted  
(BI), a n d  a n  increase o f v en o u s  b lo o d  pressure in  th e  o rg a n  (Z lP v) is  also d e te rm in e d , com pli­
a n c e  (C ) o f  th e  p o stcap illa ry  v a sc u la r  bed  can be ex p ressed  by  th e  equation ,

C =
A X
A P V

in l/m m  H g

A s f lu id  f i ltra tio n  occurs also d u r in g  th e  AB phase , w e assum e th a t  correction  o f 1Y can  be 
d o n e  b y  su b trac tin g  IK  fro m  B I .

D e te rm in a tio n  of CFC is  ca rried  o u t acco rd in g  to  th e  equation ,

CFC
k x h x  100
t X w X d P c

, w here

t ( m in )  a rb it ra ry  tim e p e rio d  (A N ); A  is d e term ined  b y  th e  in te rc e p t o f th e  base  line  A L  and  
G H ; th e  la t te r  is paralle l w ith  th e  slope (E F ) of th e  f i l t r a tio n  phase ; h(cm ) le n g th  o f th e  p e r­
p e n d ic u la r  d raw n from  p o in t M to  N ; w(g) =  w eigh t o f th e  in v es tig a ted  organ ; i t  is m easu red  
a t  th e  e n d  o f each ex p erim en t; A P C (m m  H g) =  g a in  o f  c ap illa ry  h y d ro sta tic  p re ssu re ; к  =  con­
v e rs io n  coefficient for h  in  m l; i t  is  de term ined  d u rin g  ca lib ra tio n .

R esu lts and D iscu ssion

In  this method ZlPc is  substituted b y  A P V as it  has been described by  
T h u l e s i u s  [7]. This is d on e in  view  of th e  uncertainty  of the transm ission  
c o e ffic ien t of the blood pressure from vein s to  capillaries.

In  experiments on anaesthetized  cats th e  m ethod yielded m ean values for 
CFC in  the small in testin e  and lungs of 0 .1 2 9 ^ 0 .0 0 6  and 0 .0 5 5 ^ 0 .0 0 8  ml/ 
m in /m m  Hg/100 g tissu e , respectively.

CFC values m easured b y  elevating the venous outflow  pressure m ay  
d iffer in  the same organ depending on w hether constant flow  or constant 
pressure is used for perfusion. This, however, is no obstacle in determ ining the 
ch a n g es of CFC in organs and tissues under neurogenic or hum oral control. 

T he necessary preconditions while app ly ing  the method are,
(a) exclusion o f vascu lar  anastom oses betw een  the investigated  organ 

and other organs and tissu es;
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(b) the use o f anticoagulants;
(c) steady sta te  o f  vasom otor activ ity  in th e  perfused area 

hydrostatic load.
The m ethod described m ay he termed extracorporeal blood

during the  

volum etry .
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EFFECT OF THE BETA-RECEPTOR BLOCKER 
PINDOLOL ON SURVIVAL IN HgCl2 INDUCED 

ACUTE RENAL FAILURE IN DOGS

By

Ju d it S i k l ó s  and  K atalin  G a á l

D EPARTM ENT OF PH Y SIO LO G Y , SEM MELW EIS U N IV E R S IT Y  MEDICAL SCHOOL,
BUDAPEST

(R eceived  Ja n u a ry  10, 1981)

T he effect o f  th e  b e ta  recep to r blocker p in d o lo l on  surv ival was in v e s tig a te d  
in  H gC l2 in to x ic a ted  dogs. A single in jec tion  of 100 ^ag/kg b.w . pindolol in tra v e n o u s ly  
(i.v .) caused a s ig n ifican t rise  in  u r in a ry  sodium  e x c re tio n  and  a sign ifican t d ecrease  
o f p lasm a  ren in  a c t iv ity  (P R A ) and  u rin ary  n o re p in e p h rin e  (N E ) and  ep in ep h rin e  (E )  
ex cre tio n  in  co n tro l dogs. A  single in jec tion  of 3 m g /k g  H gC l2 i.v. re su lted  in  d e a th  of 
th e  an im als w ith in  3 — 5 d ays. P re tre a tm e n t w ith  th e  ab o v e  dose of p indolol in c reased  
len g th  of su rv iv a l to  4 — 8 d ay s, tw o dogs reco v erin g  fro m  acu te  renal fa ilu re  (A R F ). 
T h e  degree o f azo tem ia  w as sm aller in  th e  p re tre a te d  g roup  th a n  in  th e  co n tro l dogs 
g iven  II  g Cl 2 only . P in do lo l p re v en ted  th e  H gC l2 in d u c e d  m arked  increases o f u r in a ry  
catecho lam ine  ex cre tio n  a n d  PR A . These find ings s u p p o r t  th e  hypo thesis th a t  in c re a sed  
a c tiv ity  o f  th e  sy m p a th e tic  n e rvous system  is in v o lv e d  in  th e  p a th o m ech an ism  o f  th e  
n ep h ro to x ic  m odel o f  A R F . P indolol p re tre a tm e n t decreases th e  sev erity  o f A R F  
th o u g h  i t  can  n o t  p re v e n t  it.

The role of the sym pathetic nervous system  in the pathom echanism  o f  
acute renal failure (A R F ) has been studied ex ten siv e ly . I t  is well know n th a t  
increased adrenergic a c tiv ity  m ay cause A R F  during shock or surgery, w hile  
in  the nephrotoxic form s o f A R F  the exact role o f  the sym pathetic nervous  
system  has not y e t been com pletely cleared. The fact that the adm inistration  
o f beta receptor blockers reduces the severity o f d ifferent models of experim en­
ta l A R F  in the early stage [7, 13, 15, 18] has prom pted us to study the effect  
of the beta  blocking agent pindolol on survival o f dogs in  mercuric chloride  
induced A R F.

M aterials and M ethods

M ale dogs w eighing 12 — 18 kg  were used in  th e  e x p e rim e n ts . All anim als w ere k e p t  in  
m etab o lic  cages w ith  free accès to  food and  w ater. T h e  an im a ls  w ere d iv ided  in to  3 g ro u p s. 
T h e  f irs t  g roup  was given 100 /ig /k g b .w . p indolol in tra v e n o u s ly  (i.v .). In  our earlier e x p e rim e n ts  
th is  dose of p indolo l co n sis ten tly  reduced  th e  sev e rity  o f  H gC l2 induced  A R F  in  r a ts  [15]. 
T he second group  w as u sed  as a  co n tro l and  received 3 m g /k g  b.w . m ercuric chloride  i.v . I n  
th e  th ird  g roup  100 /ig/kg b .w . p indolo l was in jec ted  i.v . 1 h o u r  p rio r to  H gC l2 in jec tio n .

T he follow ing p a ra m e te rs  w ere d e term ined  daily  fro m  p e rip h e ra l venous blood sa m p le s : 
b lood u rea-N  (B U N ), p lasm a  c rea tin in e , p lasm a sod ium  a n d  p o tassiu m , and p lasm a  re n in  
a c t iv ity  (P R A ). U rine  w as co llected  in  24-hour p o rtio n s , a n d  th e  concen tra tions o f so d iu m , 
p o tass iu m , c rea tin in e  an d  catech o lam in es w ere d e te rm in e d .
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B U N  was m easu red  b y  th e  A zur te s t  k i t  (G a len o p h arm ). P lasm a a n d  u r in e  c rea tin in e  
lev e ls  w ere  de term ined  b y  a b so rp tio n  on  L lo y d ’s re a g e n t  p u rified  F u lle r’s e a r th )  a n d  d irec t 
e lu t io n  o f th e  alkaline p ic ra te  [7]. P lasm a  a n d  u r in e  sodium  and  p o ta ss iu m  c o n te n ts  were 
m e a su re d  b y  flam e p h o to m e try  (Zeiss, F laphoko l).

H a e m a to c rit  was m ea su re d  by  a  J a n e tz k y  H e m a to k rim e te r . P R A  teas d e te rm in e d  by  
ra d io im m u n o a ssa y  of a n g io te n sin  I  using  a N ew  E n g la n d  N uclear k it. U r in a ry  catech o lam in e  
le v e ls  w e re  de term ined  b y  th e  f lu o rim e tric  m e th o d . D a ily  u rine  sam ples w ere  co llec ted  over 
h y d ro c h lo r ic  acid (5 —10 ml 5 N  HC1) and  k e p t a t  — 20 °C u n til  analysis. U rin a ry  ca tech o lam in es 
w e re  a b so rb e d  on an  a lu m in iu m  oxide co lum n a n d  e lu ted  w ith  0.1 m ol/1 p e rch lo ric  acid . 
N o re p in e p h r in e  and ep in ep h rin e  w ere oxidized a t  p H 7  an d  pH 2 by  p o tassiu m  fe rric y an id e  [5].

S ta tis t ic a l  analysis w as p e rfo rm ed  using  S tu d e n t ’s p a ired  “ t ”  te s t  h a v in g  fo und  a t  
l e a s t  s ix  an im als alive. A ll n u m erica l re su lts  w ere  ex p ressed  as m eans ±  S .E .

R esults

Single i.v . in jection  o f 100 /ig/kg b .w . pindolol did not alter either plasma 
so d iu m  or potassium  concentrations, B U N  or plasm a creatinine levels . PR A  
decreased  on the first day  from a control va lu e 3 .8 6 ^ 0 .5 7  nmol/1 on to  2 .1 8 ^
0 .4 0  nmol/1 (p < / 0 .001), returning after 48 hours to the control level. 
T ab le  I  presents the effect of p indolol on the rate of sodium  w ater and 
u rin ary  catecholam ine excretion . The urine flow  and endogenous creatinine 
clearance (GFR) were not different from controls, the urinary sodium  excretion  
in creased  significantly (p <C 0.01) after th e  first day. W ithin th is  tim e the  
re jected  quantity of tubular fraction of sodium  expressed in  per cents of the 
f i ltr a te  (T R F Na) rose about 67% . Urinary catecholam ine excretion  decreased 
s ig n ifica n tly  in the first 24 hours norepinephrine (NE) by 35% , (p <  0.05) 
and epinephrine (E) by 22%  (p <  0.05).

Figure 1 dem onstrates the survival o f  dogs. A single i.v . dose o f 3 m g/kg  
H g C l2 produced A R F , and the animals succum bed within 3— 5 days. Pretreat­
m en t w ith  pindolol prolonged the survival to  4— 8 days, m oreover, tw o dogs 
recovered  from A R F . The m ean blood urea N  concentration was sign ificantly  
h igh er in  the HgCl2 treated  control group th an  in the group receiving also 
p in d o lo l pretreatm ent (F ig . 2).

Table I

Effect o f  100 pg/kg b.w. p indolo l on kidney function

Tim e
d ay

U rine flow 
m l/min

Ccreat.
m l/min

Un„V
/tmol/min

T R F Na
%

Urinary catecholam ine excretion

NE
mmol/24 h

E
mmol/24 h

c 0 .4 6 ± 0 .2 5 4 1 .5 ± 2 .3 0 4 0 .62± 4 .04 0 .7 4 ± 0 .1 3 0 .5 1 ± 0 .0 6 0 .1 8 ± 0 .0 2

l 0 .5 2 ± 0 .2 4 4 3 .3 5 ± 6 .7 0 71 .61±6.15** 1 .24±0 .09** 0 .33±0.02*** 0 .1 4 ± 0 .0 1 * *

2 0 .5 3 ± 0 .1 9 4 6 .2 4 ± 7 .1 1 5 1 .0 5± 6 .34 0 .8 2 ± 0 .1 0 0 .4 8 ± 0 .0 4 0 .1 7 ± 0 .0 4

3 O .48±0 .18 36.43 ± 6 .3 0 4 1 .6 3 ± 6 .7 4 0 .8 6 ± 0 .1 6 0 .4 7 ± 0 .0 5 0 .1 8 ± 0 .0 3

n  =  6
** p  <  0.01 *** p  <  0.001. Changes w ith  references to  controls
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Survival  of dogs t rea ted  with HgClj

F ig. 1. S u rv iva l len g th  of H g C l2 in to x ic a te d  dogs w ith  a n d  w ith o u t p indolo l p re tre a tm e n t;
n  =  n u m b er of anim als

mmol Blood u r e a - N  of dogs

------HgCl2 n= 8 8 8 7 6 3
----- pindolol 8 8 8 8 8 6 6 4 3 2

F ig . 2. Changes in blood u re a  N  levels o f H gC l2 t re a te d  a n d  p indo lo l p re tre a te d  and  
in to x ic a te d  dogs; n  =  n u m b er o f an im als

P lasma potassium concentrations of dogs 
mmol/l

c l  2 3 4 5 6 7 8 9  days
-----HgCl2 n = 8 8 8 7 6 3
-----pindolol 8 8 8 8 8 6 6 4 3 2

F ig . 3. Changes in  p lasm a p o ta ss iu m  co n cen tra tio n s o f H gC l2 t r e a te d  an d  p indo lo l p re tre a te d , 
in to x ic a te d  dogs; n  =  n u m b er o f an im als

The plasm a potassium  concentration increased in both  groups, the rise 
of the control HgCl2 treated  dogs was from control va lue of 3 .9 ± 0 .1 5  m m ol/l 
to 4 .4 6 ^ 0 .2 3  m m ol/l (p <  0.001). In  the pretreated anim als th is change was 
not significant (from 3 .8 5 ^ 0 .2 0  m mol/l to 4 .0 4 ^ 0 .1 8  m m ol/l (p <[ 0.1) 
after the second day (F ig. 3).
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A  marked haem oconcentration  was observed during th e  first 48 hours 
in  b o th  groups. Mean h aem atocrit rose from 4 6 .8 ^ 1 .3 %  to  5 7 .1 ^ 0 .8 %  (p <C
0 .0 0 1 ) in  the HgCl2 treated  control group, and from 4 5 .3 ^ 0 .9 %  to  5 5 .8 ^ 1 .1 %  
in  th e  pindolol pretreated group (p <  0.001). The increased haem atocrit level 
retu rn ed  to the control v a lu e  after the 3rd day. A t th is tim e th e  plasm a sodium  
le v e l h ad  already decreased in  both groups due to excessive diarrhoea. Follow ­
in g  H gC l2 adm inistration, w ith in  the first 24 hours P R A  increased to  about

Table II

C hanges in  plasma sodium a n d  p la sm a  renin activity ( P R A )  in  the HgCl2 treated control group
a n d  in  the pindolol pretreated group

T im e
d a y

Dogs t r e a te d  w i th  H g C l2 alone D ogs p re t r e a te d  w ith  p indo lo l

p lasm a sodium  
concen tration  

mmol/1

P R A
nm ol/1 n

p la sm a  sod ium  
c o n c e n tra t io n  

m m ol/1

P R A
nm ol/1 n

C 140.2±1.91 1 .4 6 ± 0 .3 3 8 14 1 .1 ± 1 .9 6 2 .2 8 ± 0 .6 5 8

l 149.8±2.83** 6.87 ± 1 .9 1 * * * 8 1 3 8 .1± 5 .41 3 .2 2 ± 0 .9 0 8

2 136.4±1.02* 5 .7 7 ± 1 .4 3 * * * 8 1 3 4 .0± 6 .89* 3 .6 2 ± 2 .1 6 8

3 128.4±4.90*** 6 .2 5 ± 1 .5 1 * * * 7 131 .0±7 .48* 3 .8 0 ± 1 .4 4 8

4 127.2±3.65*** 4 .9 2 ± 1 .5 8 * * 6 1 3 2 .0± 9 .94* 3 .6 7 ± 1 .5 6 8

5 132.3±2.59 4 .6 0 ± .0 3 2 3 134 .0±4 .67* 2 .9 2 ± 1 .0 1 6

6 133 .5±6 .16* 2 .7 0 ± 1 .1 5 6

7 1 3 3 .0 ± 2 .1 4 2 .7 8 ± 0 .9 5 4

8 1 3 2 .5 ± 2 .5 2 2 .5 2 ± 0 .4 8 3

9 139.0 1.85 2

132.0 2 .8 8

n  =  num ber of anim als
* p  <  0.05; ** p <  0.01; *** p  <  0.001. Changes w ith  references to  controls

Table III

The effect o f  3 mg/kg b.w. HgCl2 on k idney  fu n c tio n

T im e
d ay

n Urine flow 
ml/min

Ccreat.
m l/m in

U n . v
jMmol/min

U rinary  catecholamine excretion

N E
mmol/24 h

E
mmol/24 h

C 8 0 .36± 0 .04 36.1 ± 3 .3 1 3 2 .9 4 ± 5 .2 3 0 .3 6 ± 0 .0 5 0 .1 4 ± 0 .0 2
l 8 0 .57±0.09** 4 .42±1 .85*** 71 .74±8.95*** 0 .7 9 ± 0 .1 7 * * 0 .28±0.04**

2 8 0 .15±0.06** 0 .29± 0 .13*** 10 .10±2.25**

n  =  num ber of anim als
** p  <  0.01; *** p  <  0.001. Changes w ith references to  contro ls
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Table IV

The effect o f  HgCI2 adm inistration w ith p indolol pretreatment on kidney fu n c tio n

T im e
d a y

n U rine flow  
m l/m in

Ccreat.
m l/m in

uN.v
//m o l/m in

U rin a ry  c a te c h o la m in e  ex c re tio n

N E
m m ol/24  h

E
m m o l/2 4  h

c 8 0 . 3 2 ± 0 . 0 7 4 0 . 3 7 ± 4 . 4 5 4 0 . 5 4 ± 9 . 1 5 0 . 4 1 ± 0 . 0 5 0 . 1 3 ± 0 . 0 2

l 8 0 . 6 0 ± 0 . 1 4 * * * 5 . 0 4 ± 0 . 8 6 * * 6 1 . 4 3 ± 8 . 1 5 * * » 0 . 4 9 ± 0 . 0 3 0 . 1 9 ± 0 . 0 5

2 8 0 . 3 7 ± 0 . 1 2 0 . 8 9 ± 0 . 4 1 * * * 2 0 . 5 7 ± 7 . 7 0 * * *

3 4 0 . 5 6 ± 0 . 3 0 1 . 0 1 ± 0 . 2 1 6 . 1 0 ± 2 . 1 3

4 2 0 . 6 0 3 .0 5 9 .6

0 .2 0 0 . 9 7 8 .8

n  =  n u m b er of anim als
** p  <  0.01; M * p <  0.001. Changes w ith  references to controls

5 tim es the control level and rem ained high throughout (Table II). Pindolol 
pretreatm ent prevented th is m arked increase o f P R  A. As a resu lt o f  HgCl2 
in tox ication , urine flow  increased in  both  groups after the first d ay , then  
decreased m arkedly (Table III) and in  the dogs treated w ith  H gC l2 alone 
anuria ensued after 48 hours. The pindolol pretreated dogs developed  anuria 
only  after 72 hours (Table IV) the tw o surviving dogs m aintain ing adequate  
urine flow .

The H gCl2 in toxication  caused a progressive fall in edogenous creatinine 
clearance, in  the control group from 3 6 .1 0 ^ 3 .3 1  ml/m in to 4 .4 2 ^ 1 .8 5  m l/m in  
( P < 0  .001) and in the pindolol pretreated dogs from 4 0 .3 7 ^ 4 .4 5  m l/m in to  
5 .0 4 ^ 0 .8 6  m l/m in (p <  0.001) during the first 24 hours (Tables I I I  and IV). 
W hile the G FR  of died anim als stopped after the second or third d ay , th e  GFR  
of tw o  survivors began increase slow ly after the 4th  or 6th day. B o th  N E  and 
E excretion  increased about tw ofold  w ithout pretreatm ent (Table III )  while 
pretreatm ent w ith pindolol prevented th is rise (Table IV).

D iscussion

According to  our results, p indolol has a m odifying effect on th e  develop­
m ent and course of A R F , though it  can not prevent it. Four pretreated  dogs 
died later than  the control anim als g iven H gCl2 only, and tw o dogs recovered 
from A R F . The severity o f azotem ia w as found to  be less in th e  pretreated  
dogs th an  in  the control ones.

In  previous studies [2, 10] it has been show n that marked decreases of 
renal blood flow  (R B F) and glom erular filtration  rate (GFR) and/or tubular 
dam age occur during the in itial and la te  phases of A R F  both  in  m an and
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in anim als models. A ccording to S olom on  and H o l l e n b e r g  [25] HgCI2 in ­
jec ted  in to  the renal artery causes a reduction in  R B F  and G FR, while the  
adm inistration  of phenoxybenzam ine reduces th e  vascular response to H gC l,. 
T h ey  have suggested th a t H gC l2 results in  a decrease of R B F via  release o f  
endogenous catecholam ines.

The mercury ion  affects the active transport sites or enzym e system s  
in th e  cell membrane o f th e  tubular cell [23]. In  our experim ents the im pair­
m en t o f membrane transport functions was apparent in  the decreased sodium  
and w ater reabsorption desp ite  the low G FR  (Tables III and IV).

In  our earlier experim ents [15] pindolol pretreatm ent decreased the  
sev er ity  of HgCl2 induced A R F  in rats, how ever, the effect was dose-de­
p en d en t, because p indolol in  doses of 1— 5 ц g/100 g b .w . i.p. was less effective  
th an  in  doses of 10— 20 ^ g /100  g b.w . The m echanism  by which pindolol a llev i­
ates th e  severity of A R F  in  dogs and rats is still unknow n. Pindolol is a beta- 
receptor blocker w ith som e chinidine-like effect and intrinsic sym pathom im etic  
a c t iv ity  [1].

In  the first 24 hours fo llow ing HgCl2 treatm en t th e  urinary catecholam ine  
ex cretion  rose about tw ofo ld  (Table II). This m eans that the a ctiv ity  of the  
sym p ath etic  nervous system  increased in the early  stage of HgCl2 in toxication , 
p rob ab ly  as a result o f sign ifican t losses of salt and w ater. Pindolol pretreatm ent 
in h ib ited  the rise of N E  and E excretions (Table IV ).

T he effect of p indolol m ay be mediated also b y  intrarenal beta receptors. 
N um erous beta receptors h ave been dem onstrated along the nephron [6]. 
S h i b u t a  et al. [24] show ed th at beta receptor blockers given i.v . increased  
the urinary sodium excretion  w ithout affecting in u lin  clearance. In the present 
experim ents adm inistration o f 100 /ig/kg p indolol increased sodium excretion  
in  face o f  unchanged endogenous creatinine clearance. The TRFNa increased  
sign ifican tly , which in d icates decreased tubular reabsorption (Table I). The 
p rotective  action of p indolol m ay involve m etabolic  effects in  the tubular  
cells resulting in less cellular dam age. According to  L e w i s  [20] pindolol m ay  
p en etrate across the cell m em brane and has an an aesth etic  effect, the tolerance  
of tu bu lar cells being increased to noxious agents.

C h e v a l i e r  and F i n n  [9] observed that the b eta  receptor blocker propran­
olol prevented the rise in  proxim al tubular pressure and this effect was 
accom panied by a sign ificant im provem ent o f in u lin  clearance. In  our experi­
m ents th e  decrease o f G F R  w as the same in both H gC l2 treated groups (Tables 
I I I  and IV), thus the p rotective  effect of pindolol cannot be explained by such 
a m echanism . It is well know n th at beta receptor blockers inhibit renin release 
and decrease renal renin con ten t [17, 22, 29]. Sa r u t a  et al. has been suggested  
th at th e  effect o f pindolol is less than  that of th e  other beta blockers, presum ­
ably  as a result of its weak mem brane stabilizing action  and marked intrinsic  
sym pathom im etic a c tiv ity  [22]. In the present stu d y  a single injection o f
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pindolol sign ificantly  reduced the PR A  by about 43%  within th e  first 24 
hours and 48 hours later it returned to  the control level.

The role o f the RAS in the pathom echanism  o f A R F  is still a m atter of 
debate. A  transient increase in peripherial renin levels occurred w ith in  6 to  
24 hours and PR A  returned to  the control level w ith in  one or tw o d ays after 
induction  o f A R F  [12, 21]. In our experim ents the increased P R A  o f the  
in tox icated  control dogs failed to return to  th e  control value after 24 hours 
due to  excessive diarrhoe (Table II). A ccording to our previous observa­
tions the renal renin content (RCRC) rem ained unchanged during th e  first 
day and b y  the 48th hour it  increased to several tim es of the control va lu e  [16, 
21]. E xtracellular volum e expansion w ith  protracted saline loading decreases 
plasm a renin and renal renin activ ity , wich has been found to protect against 
H gC l2 or glycerol induced A R F  [11, 28]. B e a u m o n t  et al. [3] fou n d  that 
N a H C 0 3 loading failed to protect against H gC l2 induced A R F  and they  
suggested  th at the Cl-  ion m ight have been responsible for the reduction  
o f  RCRC induced b y  long term saline loading. N evertheless T h i e l  e t al. [27] 
and B i d i a n i  et al. [4] have shown th a t protection in the nephrotoxic  
m odel o f A R F  can be achieved w ithout suppression of plasma renin and renal 
renin content. According to K i r s c h b a u m  e t al. [19] saline loading sign ifican tly  
decreases renal cortical H g + + levels and probably as a result of th is , saline 
loading has a protective effect in HgCl2 induced A R F . In our experim ents the  
beta  receptor blocker pindolol inhibited the m arked increase of P R A  (Table 
II), how ever, A R F  developed in all cases despite o f low PR A . I t  appears 
from these data th at increased PR A  per se is not responsible for d evelopm ent 
o f A R F  while it  m ay be an aggrevating factor.

Sum m ing up, the b eta  receptor blocker pindolol decreased th e  severity  
of H gC l2 induced A R F , how ever, the m echanism  b y  which this agen t m odify  
the effect o f  H gCl2 still rem ains to  be cleared.
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M odel ex p erim en ts  h av e  been  co n d u c ted  in  dogs in a n  a t te m p t  to  s im u la te  
ba llo o n  c a th e te r iz a tio n  of h u m an  cerebral b lood  vessels. W e have  developed  ba llo o n  
c a th e te rs  su itab le  fo r tem p o ra ry  occlusion  o f b lood  vessels, superselective  a n g io g ra p h y  
a n d  fo r th e ra p e u tic  v a scu la r occlusion. T he a d v a n ta g e  an d  d isad v an tag es o f th e  c a th e ­
te rs  an d  balloons used  are  described . T he p re se n t h aem odynam ic  o b se rv a tio n s  m ay  
serve as a  basis fo r p rac tica l conclusions co n cern in g  sim ilar p rocedures in  m an .

The first endovascular therapeutic in tervention  on the blood vessels of 
the brain was made as early as 1930 by B r o o k s  [2]. The basis for th ese trials 
had been supplied b y  the observation th a t m aterials o f appropriate specific  
gravity  and size are carried b y  the blood stream  in the direction o f the h ighest 
flow  follow ing injection  into the arterial circulation. Pieces of m uscle were 
introduced into the com m on carotid artery o f patients suffering from  carotid- 
cavernous fistu la  th a t entered the cavernous sinus as a result of a  shunting  
m echanism  and occluded the fistu la  in  fortunate cases. The m ethod was, 
how ever, not reliable because the direction o f the muscular em bolism  could not 
be controlled.

The lack of solution o f radical treatm ent for certain forms o f cerebral 
vascular diseases, e.g. arterio-venous fistu la , certain aneurysm s, ex ten sive  
arterio-venous angiom a, required further research and developm ent o f  the  
endovascular m ethods.

Transfem oral catheterization has m ade feasible the endovasal approach  
of th e  branches of the external carotid artery, as well as the m anipulation  
inside the internal carotid artery up to the level of the syphon [6, 7, 8]. H ow ever, 
the second or third order cerebral blood vessels could not be reached th is  w ay, 
ow ing to  the sm all calibre and branching pattern o f these vessels.

A ttem pts have also been made to use electrom agnetically controlled  
catheters [1, 11, 13, 24]. H ow ever, this technique is extrem ely com plicated , 
requires special equipm ent and is difficult to  em ploy in  clinical practice.

The so-called balloon catheterization m ethod has been developed by  
S e r b i n e n k o  [20, 21, 22]. A flexib le m icrocatheter much smaller in d iam eter  
th a n  the cerebral vessels w ith  an intra-arterially inflatable balloon attached
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to  i t  is allowed to  be carried by the blood stream  to  the desired site. In  addition  
to  its  diagnostic va lu e , the m ethod makes also efficient therapeutic in terven ­
tion s feasible [5, 10, 16, 17, 19, 23].

The accessories required for this superselective catheterization of cerebral 
blood vessels are n o t available com m ercially, therefore those working in  this  
fie ld  m ake them  them selves. Many details o f the technique are not yet clarified  
and far from being uniform .

A lthough th e  clinical usefulness have not y e t  been outlined clearly, the  
m ethod  has perspectives in  m any respects.

Making use o f th e  technical data described in  the literature [14, 15, 18] 
we h ave designed various puncturing needles, reflux blocking system s and  
balloon catheters. Serial experim ents have been  conducted in  dogs w ith  the 
aim  o f working out a reliable m ethod for balloon catheterization w hich is su it­
able for m ultipurpose clinical use.

Materials and M ethods

Ten. m ongrel dogs o f e ith e r sex w eighing 20 to  25 kg  w ere anaesth e tized  w ith  N e m b u ta l 
(50 m g /k g ) a n d  su b je c ted  to  20 ex p erim en ts  (Table I) . I t  is a  p ecu lia r fea tu re  o f th e  can in e  b ra in  
v a sc u la r  system  th a t  f ro m  th e  com m on caro tid  a r te ry ,  5 to  7 m m  in  d iam e te r each  2 to  4 
b ra n c h e s  o f  in te rn a l  c a ro tid  a rise , 0.5 to  1 m m  in  d ia m e te r  a lm ost a t  rec tan g le s , w hich  
c a n n o t be  su b jec ted  to  b a llo o n  ca th e te riza tio n  b y  th e  p re se n t technique  because  o f th e ir  
size a n d  p a tte rn  o f a rb o riz a tio n . On th e  o th e r h a n d , th e  ex te rn a l c a ro tid  a r te ry  a n d  its  
b ra n c h e s  reach ed  v ia  th e  com m on  caro tid  a r te ry  as w ell as th e  a rte ries o f th e  low er e x tre m i­
tie s  via  th e  fem ora l a r te r y  h av e  p ro v ed  to  be su itab le  fo r  th is  purpose. P e rc u ta n eo u s  p u n c tu re  
o f th e  com m on c a ro tid  a n d  v e r te b ra l a rte ries b e in g  d iff ic u lt to  perform , we h av e  p re p a re d

Table I

C lassification o f  an im al experiments according to the blood vessels catheterized

E xperim ental Common caro tid  a rtery V ertebral a rte ry Fem ora artery

right left right left right left

l + +
2 _L +
3 + +
4 +

5 + 4 -1
6 + +

7 + + +
8

9 + +
10 + +

T o ta l l i 4 5
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Table II

C lassification o f  balloon types tested in  the experiments according to the blood vessels catheterized

Blood veseele 
catheterized

Balloon with 
calibrated 

leak

Balloon with 
wall weakened 
a t one point

Balloon w ith 
metallic m urker

Double stemmed 
balloon

(one w ith double 
lumen catheter)

D etachable
balloon

C om m on caro tid  a rte ry 6 19 4 3 10

V erteb ra l a rte ry 6 1 0

F em oral a rte ry 4 4 2 5 10

T o ta l 10 29 16 8 2 0

th e m  surgically . A fte r p u n c tu re  c o tto n  sw abs soaked in  p a p av e rin e  were p laced  on  th e  exposed 
vessels to  d im in ish  e v en tu a l v a sc u la r  spasm . The fem oral a r te ry  w as p u n c tu re d  pe rcu tan eo u sly  
in  each  case. A fter p u n c tu re , one side b ra n ch  of th e  needle w as used  fo r h ep arin  ad m in is tra tio n  
th ro u g h o u t th e  in te rv e n tio n , wdrile th e  o th e r  lum en was used  fo r passing  th e  ba llo o n  c a th e te r  
p u lled  th ro u g h  th e  re flu x  b lo ck er in to  th e  needle. T he p o sitio n  of th e  balloon  w as contro lled  
by  ra d io g rap h y . W hen  a d e ta ch a b le  balloon  was u sed , i t  was filled  w ith  po lym eriz ing  silicone, 
d e ta ch e d  from  th e  c a th e te r , th e n  ang io g rap h y  was pe rfo rm ed  th ro u g h  th e  lu m e n  serving for 
h e p a rin  a d m in is tra tio n .

Two types o f b a llo o n  c a th e te rs  w ere designed. One ty p e  serv ed  fo r te m p o ra ry  occlusion 
of a vessel, o r fo r an g io g rap h y  th ro u g h  th e  c a th e te r  on ly . T he o th e r  ty p e  possessed a  de tachab le  
ba lloon  for th e ra p e u tic  pu rp o ses. T he ba lloons were p re p are d  b y  u s of la te x , w ith  d iam eters 
o f 0.3 to  1.0 m m , 5 to  15 m m  in  len g th  an d  wall th ick n ess o f a b o u t 0.1 m m . D ep en d in g  on th e  
p u rp o se , we m ade v a rio u s k in d s  o f balloons: ( 1) one w ith  th e  w all w eakened  a t  one p o in t; 
(2) one w ith  its  w all p e rfo ra ted  in  a d v an ce ; (3) one p ro v id ed  w ith  a m eta llic  m a rk e r; (4) d e ta ch ­
able balloon . T he balloons w ere  fix ed  to  th e  ca th e te rs  b y  s tick in g  or b y  b in d in g , u sing  a ny lon  
th re a d  0 .12  m m  in  d iam ete r.

In  th e  course o f 20 e x p e rim e n ts  a  to ta l of 83 ba llo o n  c a th e te rs  (4 to  5 p e r experim en t) 
w ere te s te d  (Table I I ) .

Results and D iscussion

So far dogs [3, 6], rabbits [15] and goats [15] have been used as models 
for superselective catheterization  using the balloon catheter. On th e  basis of 
our own experim ents we have found that the external carotid, basilar artery 
and fem oral artery o f the dog were useful models for balloon catheterization . 
The catheterized vessels are similar in diam eter to  the second and third order 
hum an intracranial blood vessels.

The needle and the designed reflux blocker used in  our experim ents 
proved to be suitable for use also for endovascular interventions in m an (Fig. 1).

R eflux of blood is prevented m ost reliably b y  the reflux blocker consist­
ing o f  two m etallic parts which can be screwed together and sealed with  
heparinized cotton, which at the same tim e allows also for free m obility  of 
the catheter.

Among the catheters those softening on heating have been found the 
m ost suitable, since th ey  are rigid enough to be passed across the needle and
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are a t  th e  same tim e flex ib le  enough to overcom e vascular curvings. They are 
also p liab le enough to  allow  for secure fixing of the balloon and for attachm ent 
to  th e  syringe by adequately  shaping their proxim al tip  (Figs 2, 4). The double 
stem m ed  balloon catheter (F ig . 3) is ideal for superselective angiography [12, 
17], for which purpose the b a lloon  catheters provided w ith balloons of w eak­
en ed  or preperforated w all can  also be em ployed [1 0 ,1 4 ] (Fig. 4). A disadvantage  
o f  th e  weakened balloon is th a t  on filling the w eakened site does not always 
ru p tu re , the balloon becom ing elongated instead like a sausage. Norm al blood

T  "W" '• ' mmr ~ T m *r * —Я—■
. ь  • I

...-  3.

/  T ------------ 2-i

F ig . 1. S y s tem  for ba lloon  c a th e r iz a t io n :  1. B alloon w ith  m eta llic  m ark e r. 2. C a th e te r  t ip  of 
fu n n e l  sh a p e . 3. Double in le t n eed le . 4. R e flu x  b locker for use  w ith  one c a th e te r . 5. Side b ran ch  

w ith  sto p p er dev ice  fo r  r in sin g . 6 . S topper dev ice  a tta ch a b le  to  c a th e te r

F ig . 2 . C om ponen t p a r t  v a r ia n ts  u se d  w ith  balloon c a th e te r iz a tio n : 1. R eflu x  b lo ck er su itab le  
fo r in tro d u c tio n  of tw o c a th e te r s .  2. B alloon c a th e te r  w ith  double p o ly e th y len e  s tem . 3. 
Y -s h a p e d  connecting piece. 4. D ev ice  fo r a tta c h e e n t to  sy ringe  of p o ly e th y len e  c a th e te r
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Fig. 3. S u p erse lec tive  an g io g rap h y  of th e  ex te rn a l c a ro tid  a r te ry  o f th e  dog b y  m eans o f  d o u b le  
lum en  c a th e te r . T h e  arrow  p o in ts  a t  the  balloon in tro d u c e d  in to  th e  ex ternal c a ro tid  a r te ry  
an d  filled  w ith  c o n tra s t  m edium . T hrough  th e  o th er lu m e n  of th e  c a th e te r  se lective  a n g i­

o g rap h y  can  be  perform ed above th e  occluded  vessel

F ig. 4. Superselective  an g io g rap h y  of the  a r te ry  of a d o g ’s e a r  b y  m eans of ba lloon  c a th e te r  
w ith  i ts  w all w eakened . T he m ic ro ca th e te r  was passed  u p  th ro u g h  th e  ex te rn a l c a ro tid  a r te ry  
(a rrow s) to  one of th e  sm all ca lib re  a rte rie s  of th e  ear (c rossed  arrow , th e  balloon is seen  h e re). 

A n g iography  w as done b y  causing th e  w eak en ed  ba lloon  wall to  ru p tu re

vessels w ithstand this pressure (we have not observed vascular rupture in  our 
experim ents), how ever, the possibility of vascular rupture is obvious in  th e  case  
of pathological blood vessels. The balloons w ith  the being perforated w all 
in  advance have been exam ined following angiography; it was found th a t th e  
contrast medium  adm inistered under high pressure had ruptured the balloon  
at the site of perforation, it proved excellent for superselective angiography, 
while it was unsuited for further catheterization  of another blood vessel
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F ig . 5. Superselective a n g io g ra p h y  of th e  dog’s b a s ila r  a r te ry  by  m eans of a  b a llo o n  c a th e te r  
p ro v id e d  w ith  a  m icro-size m eta llic  m ark er. T he t ip  o f th e  balloon c a th e te r  (a rro w ) in se rted  
in to  th e  v e r te b ra l a r te ry  ex p o sed  in  th e  neck is show n. T he ra m i of th e  b a s ila r  a r te ry  are 

c learly  d e m o n s tra ted  b y  su p e rse lec tiv e  ang iography

in  th e  same experim ent. Likewise, th e  balloon provided w ith  a micro 
size  m etallic  marker was suitable for angiography (Fig. 5), since th e  marker 
has a sm all leak, the tractive  force of the balloon cannot alw ays he increased  
during  the experim ent. The detachable ty p e  balloon devised b y  us could be 
rea d ily  detached after fillin g  up w ith polym erizing silicone and has proved  
to  be suitable for vascular occlusions.

D ynam ic studies carried out during the experim ents have show n that 
th e  b a lloon  attached tem porarily  or perm anently to the catheter of appropriate  
d iam eter and physical properties acts as a special kind of em bolus in  th e  blood  
stream . The balloon continues to  rise w ith  th e  blood stream in th e  vessel, 
p u llin g  th e  catheter w ith  it  until the tractive  force of the balloon exceeds th e  
fr ic tiv e  force acting on the catheter. The ex ten t o f this friction depends on th e  
pressure exerted by the reflu x  blocker, on the length  and quality o f th e  needle  
on th e  angle of the ram ifications of the catheterized  vessel as w ell as on th e  
n u m b er o f its curvatures. B y  increasing th e  capacity  of the balloon its  tractive  
force can be increased u n til the balloon wrall does not press against the w all 
o f  th e  vessel being catheterized.

Acta Phytiologica Academiae Scientiarum Hungaricae 57, 1981



BALLOON CATHETERIZATION OF CEREBRAL VESSELS 4 1 5

W e have also found th a t the balloon catheter does not necessarily  move 
in the direction of the largest vessel at the ram ification sites. W e assum e that 
the behaviour of the balloon catheter is influenced, beside the angle o f ram i­
fication  and diameter o f th e  vessel, also by the shape, length and relation to 
the vascular wall of the balloon. Further flow  dynam ic studies are required 
to  elucidate these problem s.

As a result o f our series of experim ents we have created balloon catheters, 
net :dl es and reflux b locking system s which can also be used in th e  clinical 
practice for diagnostic and therapeutic purposes. The experience obtained in 
th e  course of the experim ents made it  possible to  em ploy reliably the m ethod  
also in patients.
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basis o f th e  papers g iv en  a t  th e  7 th  M eeting of th e  Society  o f E x p e rim en ta l H a em a to lo g y  held 
in C hicago, 111.

T he f irs t  p a r t  su m m arized  th e  know ledge on th e  haem o p o etic  s tem  cell, in clud ing  th e  
la te s t  d a ta  on its  physio logy . T h e  second p a r t  discusses th e  physio log ical p ro p e rtie s  o f g ran u lo ­
cy tes a n d  m acrophages, a n d  th e  fu n c tio n al and  an a to m ica l h e te ro g en e ity  of th ese  cells. T he 
th ird  p a r t  con ta ins som e new  d a ta  on  ery th ropo iesis an d  m egakaryopoiesis. P a r t  four deals 
w ith  th e  m o st im p o rta n t im m uno log ica l re la tio n s of t r a n s p la n ta t io n  and  p a r t  f iv e  w ith  hone 
m arrow  tra n sp la n ta tio n , f i r s t  o f all w ith  i ts  clinical v a lue . I n  th e  6 th  p a r t  th e  an im a l m odels 
o f som e haem ato log ica l d iseases are  discussed. T he book  c o n ta in s  p rac tica lly  all im p o rta n t 
issues in te res tin g  for th e  c lin ical an d  experim en ta l h aem ato lo g is ts . T he vo lum e is no t easy 
read in g , h u t  can still be reco m m en d ed  to  every  h a em ato lo g is t dealing w ith  leu k aem ia  and  
anaem ia .
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C am bridge U n iv e rsity  P ress , C am bridge 1980. 250 pages, w ith  95 figures and  12 tab les . Price 
£ 18.00 A H/C (SB N  0 521 23086 1) an d  £  6.95 A P /В  (SB N  0 521 29795 8 )

T he book co n ta in s 12 p ap ers  g iven  a t  th e  Society  fo r E x p erim en ta l B io logy  m eeting  
held  a t  R eading  in D ecem ber, 1978, w ith  an  a d d itio n a l p a p e r  p resen ted  a t  a su b seq u e n t session. 
T he vo lu m e is concerned w ith  an im al m ovem en t a n d , like p rev ious books o f th e  series, i t  
review s cu rren t research  done  by  a nu m b er of w orkers o f in te rn a tio n a l re p u ta tio n .

In c luded  are d iscussions o f m uscle co n tra c tio n , co o rd in a tio n  an d  en erg y  re q u ire m e n t 
in v o lv ed  in  locom otion  in  d iffe re n t env ironm en ts . The m ain  ty p e s  of locom otion  a re  p e ris ta ltic , 
je t  p ropu lsion , sw im m ing of b eetles an d  fish , in sect ju m p in g  an d  f lig h t of in sec ts  an d  birds. 
T here  are  chap ters  a b o u t th e  p rincip les o f coo rd in a tio n  in  in v e rte b ra te s , th e  m echan ism s of 
w alk ing  an d  a final d iscussion  of th e  usefulness o f th e  co n cep t of m echan ical effic iency  as 
ap p lie d  to  te rre s tria l locom otion .

T h e  book gives a  b a lan ced  p re sen ta tio n  of th e  p rin c ip a l advances in  th e  s tu d y  of an im al 
m o v em e n t. I t  will be usefu l to  sc ien tists  in te res ted  in  th e  resea rch  of locom otion .

T . K u k o r e l l i

Acta Physiologica Academiae Scientiarum Hungaricae 57, 1931
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H. H e im p e l , E . C. G o r d o n -Sm ith , W. H e it  a n d  B. K u b a n e r  (E d s)

Aplastic anem ia. Pathophysiology and approaches to therapy

S p r in g e r  V erlag , Berlin —H e id e lb e rg  —N ew  Y ork 1979. 292 pages, w ith  81 figu res and  71
tables

T h is  24 th  volum e of th e  s e r ie s  H aem ato logy  and  B lood  T ransfusion  d eals w ith  a very  
i m p o r t a n t  question  of c lin ical h a em a to lo g y .

I t  co n ta in s th e  m a te ria l o f  a conference held  in  R e isen b u rg , th a t  w as o rgan ized  w ith  
in te r n a t io n a l  p a rtic ip a tio n  b y  th e  U n iv e rs ity  of U lm . One o f th e  m ain  purposes w as to  in te rp re t 
a p la s t ic  a n aem ia  instead  of th e  u s u a l  clinical and ex p e rim e n ta l descrip tion  of th e  d isease, w ith  
th e  a id  o f  th e  d a ta  o b ta in ed  b y  c u ltu r in g  the  haem o p o ietic  cells.

A f te r  th e  in tro d u c tio n , th e  c lin ical sym ptom s of a p la s tic  anaem ia  a re  su m m arized , 
d isc u ss in g  th e  possible role o f v iru se s  a n d  tran sfo rm a tio n  o f th e  disease in to  leu k aem ia . The 
d a ta  o b ta in e d  in  the  last 10 y e a r s  b y  bone  m arrow  t ra n s p la n ta t io n  and  cell c u ltu re  in d ica te  
t h a t  a p la s t ic  anaem ia is a d isease  o f  th e  haeinopoetic  s te m  cells. W e do n o t  know  ex ac tly  
e i th e r  th e  f ir s t  dam aging cause , w h e th e r  i t  is a v iru s or a d ru g , or th e  e x ac t p rocess o f th e  
d a m a g e , because  in m an  th e re  m a y  be a long in te rv a l b e tw ee n  th e  action  of th e  dam ag ing  
f a c to r  a n d  th e  appearance of c lin ica l sym ptom s. S tud ies o f  s tem  cell fu n c tio n s fo r w hich  there  
a re  n o w  g re a t possibilities since th e  advances in  cell c u ltu re  and  cell k in e tic  m e th o d s , w ith  
p ro b a b ly  h e lp  to de tect th e  e x a c t  pa th o g en esis of ap lastic  anem ia. More an d  m ore d a ta  speak 
fo r  th e  fu n c tio n a l im p o rtan ce  o f  im m uno log ica l processes, th o u g h  in  th e  op in io n  of T homas 
i t s  ro le  c a n  be assum ed in  n o t m o re  th a n  every f if th  p a tie n t.

T h e  ch ap ter on a p ro sp e c tiv e  s tu d y  of 352 p a tie n ts  is o f a considerable p ra c tic a l in te res t, 
e sp e c ia l ly  as regards th e  d a ta  o n  th e  th e ra p eu tic  va lue  o f and ro g en s and  ste ro ids.

I n  th e  de tection  of a p la s tic  an aem ia  th e  m ain  p ro b lem  is th a t  one can  see th e  illness 
o n ly  a t  th e  end of the whole p ro c ess , w hen  the  original p a th o g e n e tic  fac to r is n o t p re sen t any  
lo n g e r.

T h e  volum e is easy to  r e a d  a n d  u n d e rs tan d  and  is in s tru c tiv e  for ev ery  c lin ic ian  who 
d e a ls  w i th  haem atological d iseases , b u t  i t  gives m an y  d a ta  a n d  ideas to  ex p erim en ta l haem a- 
to lo g is ts ,  too . The sum m ariz ing  re m a rk s  co n trib u te  to  th e  u n d e rs tan d in g  of th e  p rob lem s and  
th e  d iscu ss io n s  reflect th e  liv in g  q u estio n s of clinical h aem ato lo g y .

Ib o ly a  N agy

J . K noll (g e n era l ed ito r) and  F. D a rva s  (ed ito r):

Chemical Structure—B iological A ctivity R elationships 
Q uantitative Approaches

T h ir d  Congress of th e  H u n g a r ia n  P harm acolog ical S o c ie ty  Vol. 3, A k ad ém ia i K iadó ,
B u d a p e s t  1980, 378 pages

T h is  sym posium  one of th e  six  held  in B u d a p es t on  A u g u st 22 — 25, 1979, was a d irec t 
c o n tin u a tio n  of the  sym posium  series  s ta r te d  in P rague  in  1973 an d  co n tin u ed  in  Suhl (G D R ) 
in  1976. T h e  100 p a rtic ip an ts  c am e  fro m  11 countries. T he v o lu m e  co n ta in s 38 se lec ted  p re se n ta ­
t io n s  in  six  C hapters dealing w ith  all aspects of QSAR.

I n  th e  Preface th e  e d ito r  e x p la in s  th a t  th e  m ain  a im  in  th e  selection  o f co n trib u tio n s  
w as to  p o in t  ou t the  m eth o d o lo g ica l asp ec ts  of QSAR a n d  to  in fo rm  th e  re ad e r  a b o u t th e  re ­
s e a rc h  d o n e  in  Middle E u ro p e a n  co u n tries .

T h is  sym posium  a p p ea rs  to  be th e  f irs t  w here a sec tion  w as d ev o ted  to  p red ic tio n  
s tu d ie s ,  i.e. estim ation  of th e  a c t iv i ty  o f com pounds before th e ir  syn thesis. A n u m b e r o f  pap ers  
d e a l t  w i th  th e  p resen ta tion  of n e w  m eth o d s and a lg o rith m s to  im prove th e  effec tiveness o f 
Q S A R  s tu d ie s  and how th e  b io lo g ical a c tiv ity  can  be in flu en ced  b y  th e  h y d ro p h o b ic ity  and  
th e  s te r ic  p roperties. A se p a ra te  sec tio n  discussed th e  Q S A R  asp ec ts  of p ep tid e s , g iven  f irs t 
o f  a ll a  spec ific  QSAR m odel fo r p e p tid e s , then  th e  em p irica l energy  ca lcu la tions o f  encephalin  
a n a lo g u e s , and  the  s te reo se lec tiv ity  o f opioid recep tors.

T h e  book will be o f in te re s t  n o t  on ly  to p h a rm aco lo g ists , b u t  also to  chem ists  a n d  o th er 
e x p e r ts  w ho are closely co n ce rn ed  w ith  th e  biological a c t iv ity  o f n a tu ra l and  chem ica l com ­
p o u n d s .  E . M in k e r

A c ta  Physio log ica  Academ iae S c ie n tia ru m  Hungari-cae 57, 1981
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M. K ogan , D. C. H erzog  (E d s)

Sam pling M ethods in Soybean E ntom ology

Springer-V erlag , N ew  Y ork  —H eidelberg  —B erlin  1980

T his m o nograph  of th e  Series in  E x p erim en ta l E n to m o lo g y  published  u n d e r  th e  e d ito r­
sh ip  o f T hom as A. Mü lle r  (D e p a r tm e n t of E ntom ology , U n iv e rs ity  o f C alifornia, R iv ers id e , 
C alifornia, U SA) and ed ited  M arcos K ogan (E conom ic E n to m o lo g y , Illinois N a tu ra l  H is to ry  
S u rv e y  an d  A gricu ltu ra l E n to m o lo g y , U n iversity  o f Illino is, U rb a n a , Illinois, U SA ) and 
D o n a ld  C. H erzog  (D e p a rtm e n t o f E ntom ology  a n d  N em ato logy , U n iv e rsity  o f  F lo rid a , 
Q uincy , F lo rid a , USA) was w r itte n  by  32 experts from  U SA , J a p a n , In d ia  a n d  C an ad a . T he 
587-page book contains 8 sections in c luded  in  28 ch ap te rs  w ith  252 figures.

I n  th e  preface of th e  series T h o m as A. Mil l e r  w rites: “ M any specialized tec h n iq u e s  are 
confined  to  one specific re sea rch  lab o ra to ry . A lthough  m eth o d s m ay  be considered  co m m o n ­
p lace  w here  th ey  are used , in  a n o th e r  c o n tex t even th e  s im p lest p rocedures m ay  save  co n sid e r­
ab le  tim e. I t  is th e  purpose of th is  series (1) to re p o rt  new  d ev elo p m en ts  in  m eth o d o lo g y , (2) 
to  rev ea l sources of groups w ho h av e  d e a lt w ith  and  solved p a r tic u la r  en tom ological p ro b lem s, 
an d  (3) to  describe experim en ts  w hich  m ig h t be app licab le  for use  in biology la b o ra to ry  courses.

T he vo lum e describes a v a r ie ty  o f m ethods for th e  collection  and  ana ly sis  o f  d a ta  on 
a r th ro p o d  p o p u latio n s in a row  crop  an d  discusses th e ir  use  in  basic ecological re sea rc h  a n d  in 
a p p lic a tio n  to  pest m an ag em en t p rogram s. M any p rac tica l p ro ced u res for a cq u irin g  re la tiv e  
an d  ab so lu te  sam ples for each  d ev elo p m en ta l stage of over 50 species of p h y to p h ag o u s  in sec ts , 
th e ir  p a ra s ito id s , p red a to rs  an d  d iseases, are described in  g re a t d e ta il. Specific c h a p te rs  ex p la in  
how to  bu ild  m an y  of th e  sam p lin g  devices, how to  select th e  b e s t device and  te c h n iq u e  based  
on th e  ch arac te ris tics  of th e  species to  be s tud ied , an d  how  to  analyse  th e  sa m p lin g  d a ta . 
C om plete  sam pling  program s a n d  seq u en tia l sam pling  p lan s a re  p resen ted  for sev e ra l species.

T he book is organized  in to  e ig h t m ajo r sections. Sec tion  I includes d e sc rip tio n s  o f the 
c ro p  as th e  su b s tra te  from  w hich  a r th ro p o d s  are e x tra c te d ; th e  m ost com m on sa m p lin g  p ro ce­
dures in  p o p u la tio n  and  in  in ju ry  e s tim a tio n ; tech n iq u es a n d  b asic  concep ts in  sam p lin g  th eo ry , 
a n d  seq u en tia l sam pling p ro g ram s fo r p a ram ete r m ea su re m e n t an d  fo r m an a g em e n t decisions. 
T he re ad e r  is referred  back  to  th is  sec tion  th ro u g h o u t th e  e n tire  vo lum e. S ections I I  th ro u g h  
V I I I  a re  d ev o ted  to m ajo r species o r com plexes o f p e sts  o r n a tu ra l  enem ies. W ith in  e ach  of 
th e  sec tio n s th ere  are from  one to  f iv e  ch ap te rs  on species o r species com plexes. T h e  c o n tr ib u ­
to rs  h av e  a tte m p te d  to  follow  a un iform  s tru c tu re  w ith in  each c h ap te r  by  p ro v id in g  the  
necessa ry  sp a tia l (geographical), tem p o ra l (phenological), a n d  biological (life h is to ry )  b a c k ­
g ro u n d  necessary  for th e  d ev e lo p m en t o f an  in te llig en t sam pling  p ro g ram . Som e ch ap te rs  
on  species com plexes include p ra c tic a l keys for id en tif ic a tio n  of th e  m o st com m on  g en era  or 
species w ith in  th e  com plex. T hese  k ey s, how ever, should  be used  w ith  cau tio n ; a n d  w orkers, 
p a r tic u la r ly  those  ou tside  th e  U SA , should  alw ays co n su lt a tax o n o m ist to  c o n firm  th e ir  
id en tif ic a tio n s .

T he co n ten ts  of th e  m o n o g rap h  is as follows.

S ec tio n  I. C oncepts and  T ech n iq u es:

1. Soybean G row th  a n d  A ssessm en t of D am age b y  A rth ro p o d s (M. K o g a n , S. G.
T u r n ip s e e d ),

2. G eneral Sam pling  M eth o d s fo r A bove-G round P o p u la tio n s  o f S o ybean  A rth ro p o d s
(M. K ogan , H. N. P it r e , J r .),

3. In tro d u c tio n  to  S a m p lin g  T h eo ry  (W . G. R u e s in k ),
4. S equen tia l Sam pling  P la n s  for Soybean  A rth ro p o d s  (M. Sh e p a r d ),
5. S equen tia l E s tim a tio n  o f Soybean  A rth ro p o d  P o p u la tio n  D ensities ( W . G. R u d d )

Sec tion  I I .  L ep idop terous D efo lia to rs:

6. Sam pling  V e iv e tb ean  C a te rp illa r on Soybean (D. C. H erzo g , J . W. R od d ),
7. Sam pling  Soybean L o o p er on  Soybean (D . C. H erzo g ),
8. Sam pling  Green C loverw orin  on  Soybean (L . P . P e d ig n o ).

Sec tion  I I I .  Coleopterous D efo lia to rs:

9. Sam pling  M exican B ean  B eetle on Soybean  (S. G. T u r n ip s e e d , M. S h e p a r d ),
10. Sam pling  B ean L eaf B eetles on Soybean (M. K o ga n , G. P . W a ld b a u e r , G. B o it e a u ,

С. E . E astman).

A cta  Physiologica Academ iae Scient iarum  H ungaricae 57 , 19R1
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S e c tio n  IV . O ther Fo liage F e e d e rs :

11. Sam pling A p h id s in  S o y b e a n  Fields (M. E . I r w in ),
12. Sam pling L ea fh o p p e rs  o n  Soybean (C. G. H e l m , M. K o gan , B. G. H il l ),
13. Sam pling P h y to p h a g o u s  T h rip s on S o y b ean  (M . E . I r w in , К . V. Y e a r g a n ),
14. Sam pling W h ite flie s  o n  Soybean  (S. M. V a ish a m p a y a n , M. K ogan),
15. Sam pling M ites o n  S o y b e a n  (S. L. P o e),

S e c tio n  V . U nderground  F e e d e rs :

16. Sam pling P h y to p h a g o u s  U nderground  S o y b e a n  A rth ro p o d s (C. E . E astm an),

S e c tio n  V I. S tem  and  A xil F e e d e rs :

17. Sam pling C o leop terous S tem  B orers in  S o y b e a n  (W . V. Ca m p b e l l ),
18. Sam pling E p in o tia  a p o re m a  on  Soybean  (В . X . Co rrea  F e r r e ir a ),
19. Sam pling T h re e c o rn e re d  A lfalfa H op p er on  S o y b ean  (J . A. M u e l l e r ),
20. Sam pling S tem  F lies  in  Soybean (G. A. Ga n g r a d e , M. K ogan),

S e c tio n  V II . Pod Feeders:

21. Sam pling H e lio th is  sp p . on  Soybean (R . E . St in n e r , J . R . B r a d l e y  J r . ,  J .  W- 
Van  D u y n ),

22. Sam pling L ep id o p te ro u s  Pod  B orers on  S o y b e a n  (T. K o b a y a sh i, T . Ok u ),
23. Sam pling P h y to p h a g o u s  P an ta to m id ae  on  S o y b e a n  (J . W. T o d d , D . C. H e r z o g )

S e c tio n  V I I I .  N a tu ra l C o n tro l A g en ts:

24. Sam pling P a ra s ito id s  o f  Soybean In se c t P e s ts  (N . L. Ma r st o n ),
25. Sam pling P re d a ce o u s  H e m ip te ra  on S o y b ean  (M . E . I r w in , M. Sh e p a r d ),
26. Sam pling G ro u n d  P r e d a to r s  in  Soybean F ie ld s  ( J .  F . P r ic e , M. Sh e p a r d ),
27. Sam pling S p id ers in  S o y b ean  F ields (W . H . W h itco m b),
28. Sam pling P a th o g e n s  o f  Soybean In sec t P e s ts  (G . R . Ca r n e r ).

T h e  life cycle, h o st, a n d  geog rap h ica l range d a ta  p ro v id e d  m ak e  th is  boo k  a n  in v alu ab le  
so u rc e  o f  in form ation  on m a n y  in s e c t  pests, no t on ly  fo r  so y b e a n  b u t  fo r o th e r  row  crops such 
as c o tto n ,  rice, m aize, a n d  to b a c c o .

T h is  excellent m o n o g rap h  is  h igh ly  in stru c tiv e  n o t  o n ly  fo r researchers d irec tly  in terested* 
in  en to m o lo g y , b u t fo r a n y o n e  in  th e  world w ork ing  w ith  b reed ing  or grow ing of soybean

E . K u r n ik  a n d  L . Szabó

D avid , T. L o w e n t h a l , K rish a n  B h a r a d w a ja  a n d  W ilb u r W . Oaks (E d s)

Therapeutics through exercise. The fifty-first 
H ahnem ann sym posium

G rune and S t r a t to n  In c . ,  N ew  Y ork 1979, 222 pages. P rice U S $ 19.50.

T h e  editors have  do n e  th e i r  w ork  well indeed. T h e  co n tr ib u to rs  ap p ea r to  h a v e  follow ed 
p re c ise  in stru c tio n s so th e y  c o u ld  avo id  overlapp ing  n e a r ly  com ple te ly . In  co m p ariso n  to 
s e v e ra l  o th e r  m u ltiau th o r v o lu m e s  th is  one excels in  th e  u n i ty  o f th e  c o n tr ib u to rs  in  a p p ro ach ­
in g  th e i r  subject.

T h e  volum e consists o f fo u r  m ain  p a rts : i. A p p lica tio n s  o f E xerc ise  P h y sio lo g y ; ii. T he 
In d iv id u a l  in  th is E n v iro n m e n t;  iii. T he E ffects o f E x e rc ise  on  D isease; an d  iv . E x erc ise  an d  
E n v iro n m e n ta l  Stresses.

A  good descrip tion  o f  th e  physiological a n d  p a th o p h y s io lo g ica l processes d o m in a tes  
n o t  o n ly  th e  f irs t p a r t  d e v o te d  e x p lic itly  to  physio logy , b u t  also th e  su b seq u e n t ones. E v en  
P a r t  iii deals w ith  th e  th e o re tic a l  bases o f exercise th e ra p y  ra th e r  th a n  w ith  p ra c tic a l ro u tin e
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A nd th is  is th e  real va lue  o f th e  hook: i t  p re se n ts  a  c lear and  w ell-readable  m a te r ia l  o n  the  
possib le  re la tionsh ips b e tw een  m edicine  in  g en era l a n d  exercise physio logy  p ro p e r  to  a lm ost 
a ll o f th e  diverse d iscip lines w ith in  m edicine. B ey o n d  a n d  over th e  s tr ic tly  m ed ica l prob lem s 
th e  m a te ria l  ex ten d s to  psycholog ical and  b io m ech an ica l aspects. Topics o f a c tu a l  im p o rtan ce  
fo r  co m p e titiv e  sp o rts a re  also in c luded , such  as o v e rtra in in g , th e  qu estio n s re la te d  to  drugs 
o r  th e  re la tio n s o f se x u a lity  a n d  perfo rm ance . T h e  la s t  c h a p te r  discusses th e  ro le  o f th e  p h y si­
c ian  in  g iving p ositive  gu id an ce  in  exercise an d  p o in ts  o u t in  an  a p p a re n tly  h u m b le  b u t  good- 
h u m o u red  w ay  th e  challenge  th e ra p y  th ro u g h  exerc ise , a n d  th e  possib ility  o f  a n  a c tiv e  sty le  
o f life fo r th e  p h ysic ians in  se ttin g  a positive  e x am p le  fo r th e  p a tie n ts  a n d  th e i r  colleagues 
a lik e  w ith o u t spending  a n y  la rg e  sum s of m oney , y e t  p e rcep tib ly  im p ro v in g  th e ir  s ta n d a rd s  
o f  life.

In  reg ard in g  th e  b o o k  as a  w hole one c a n n o t b u t  reg re t th a t  in som e c h a p te rs  th e  p ro ­
p o rtio n s  o f space an d  c o n te n t a re  n o t alw ays w ell-ba lanced .

Good and  com preh en siv e  lis ts  of re ferences a re  a tta c h e d  to  every  c h a p te r .

R . F r e n k l

T. A. M il l e r  (ed .)

Neurohorm onal Techniques in Insects

Springer-V erlag , New Y o rk  —H eidelberg  —B erlin  1980, 282 pages w ith  90 f ig u res  a n d  23 tab le s .
P rice  DM 79 ,— ; ap p ro x . US $ 46.70

T he existence of specific  in se c t horm ones d iffe rin g  from  those of v e r te b ra te s  w as assum ed 
a  long  tim e  ago and  th e ir  physio logical significance in  in d iv id u a l d evelopm en t a n d  m etab o lism  
w as d escribed  before m an y  y ears . S till, successful iso la tio n  an d  exac t chem ical d e te rm in a tio n  
o f  a few  in sect horm ones w ere ach ieved  only in  th e  p a s t  tw o decades when a p p ro p ria te  m eth o d s 
fo r  h a n d lin g  and  te s tin g  sm all q u a n tit ie s  o f su b s ta n c es  h av e  been w orked o u t.

T h e  book co n ta in s d e ta iled  an d  co m prehensive  review s on endocrine  o rg a n s  a n d  ho r­
m ones d iscovered  in  v a rio u s insects. The c h ap te rs  h a v e  been  w ritten  by  sp e c ia lis ts  w ho are 
w o rk in g  w ith  th e  given ho rm o n e  an d  are fam ilia r w ith  th e  whole process o f iso la tio n , b ioassay , 
ch em ica l id en tif ic a tio n  an d  also w ith  th e  a n a to m y  o f p roducing  s tru c tu re s . I n  m o st cases 
a d e sc rip tio n  of th e  iso la tio n  of th e  organ  is g iven  a n d  th e  idea to give as m u c h  tech n ica l 
d e ta ils  as possible is c h a ra c te ris tic  o f th e  volum e.

T h e  ch ap te rs  on p ro c to lin , ad ipok ine tic  ho rm o n e, d iu retic  horm one, b u rs ic o n , as well 
a s  on  h o rm ones reg u la tin g  c a rb o h y d ra te  m etab o lism  a n d  d iffe ren t stages o f in d iv id u a l dev elo p ­
m e n t a re  to  some degree d iffe ren t due n o t only to  th e  ap p ro ach  and  sty le  o f th e  d iffe ren t 
a u th o rs  b u t  also to  th e  v a ry in g  a m o u n t of know ledge  on  th e  sub jec t a n d  p rec is io n  of th e  
m e th o d s  applied .

T he book w ith  its  u p - to -d a te  references an d  a  good su b jec t index  is a  v e ry  u se fu l m an u a l 
fo r  e v e ry b o d y  who is in te re s te d  in  in sect end o crin o lo g y , an d  can  also be  reco m m e n d e d  for 
u n iv e rs ity  teach ing . J .  Sa l á n k i

К . ОотА, T . Ma k in o d a n , M. I r ik i  an d  L. S. B a ker

A ging phenom ena. R elationships am ong different levels  
of organization

V olum e 129 of A dvances in  E x p e rim en ta l M edicine a n d  B iology. P lenum  P re ss , N ew  Y o rk ,
L ondon. P rice  $ 37.50

H u m a n ity  has been con cern ed  w ith  th e  p ro b lem  of aging for several th o u sa n d s  of 
y e a rs , b u t  a scientific  a p p ro ac h  d a te s  back  on ly  to  a  few  decades. D uring  th is  tim e  a  v a s t 
k n o w ledge  has been a ccu m u la ted  g iving rise to  sev e ra l theo ries th a t  t ry  to  t ra c e  b ack  th e  
p rocess o f  aging to  som atic  m u ta tio n s , p ro g ram m ed  ev en ts , a c a tas tro p h ic  a cc u m u la tio n  of 
e rro rs  in  p ro te in  syn thesis, a n d  to  im m unologic a n d  physicochem ical a lte ra tio n s . A ll o f th e  
sy m p o sia  and  m eetings he ld  on  th is  to p ic  p rov ide  new  d a ta  to  su p p o rt or o v e rth ro w  prev ious
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th e o r ie s  a n d  se ttin g  new  ones. T h is  volum e contains th e  m a te r ia l  o f th e  G erontology S y m p o ­
s iu m  h e ld  in  T okyo in  1978, a n d  i t  re sh ap es our old view s in  sev e ra l fields. Thus, am ong  o th e rs , 
i t  m a k e s  p robab le  th a t  in  ag ing , so m a tic  m u ta tio n s a re  less im p o r ta n t  th a n  genetic  p ro g ra m ­
m in g  (M e r t in i  e t al.). B ased  on  th e  re su lts  p resen ted , th e  decrease  o f in trace llu la r co m m u n ica ­
t io n  w ith  age w hich w as o b se rv e d  b o th  in  the  n e rv o u s sy s te m  an d  in  cells w ith  h o rm o n e  
re c e p to rs ,  ap p ears to  be v e ry  im p o r ta n t .  The im m u n o th eo ry  o f aging is becom ing m ore  a n d  
m o re  p re d o m in a n t and  th e  a p p lic a tio n  of u p -to -d a te  te c h n iq u es  (e.g. genetic eng ineering ) 
fa v o u rs  th is  (M akinodan). 'W ith o u t in te rro g atin g  th e  e x is ten ce  of th e  thym us-clock  p ro p o sed  
p re v io u s ly  b y  B u r n e t , th e  r e s u l ts  o f E v er itt , a n d  H ir o b a w a  an d  H a yashi suggest th e  
p re sen c e  of a h y p o th a lam ic  “ c lo c k ” .

T hese  and  o th er re su lts  in c lu d e d  in  th e  volum e do n o t  o f  course suffice for u n d e rs ta n d ­
in g  th e  p rob lem  of aging. S e v e ra l new  d a ta  and a sp ec ts  a re  nevertheless p ro v id ed  d e sp ite  
t h a t  E u ro p e  was rep resen ted  a m o n g  th e  au tho rs on ly  b y  tw o  F re n c h  scientists, th u s  a ch iev e ­
m e n ts  in  gerontology ach ieved  in  th is  p a r t  of world are  fo u n d  a t  m ost in  th e  references c ited .

G. Csaba
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ACTA PH Y SIO LO G IC  A
ТОМ 5 7 -В Ы П . 4

РЕЗЮМЕ

ВЛИЯНИЕ ЭЗЕРИНА И ОУАБАИНА НА ПРИЕМ МЫШЦАМИ КАЛИЯ, РУБИДИЯ
И ЦЕЗИЯ

Д Ь . П Ф ЛИЕГЛЕР, Т. КОВАЧ и Б . САБО

Авторы в экспериментальных условиях провели сравнение приема 42К, 86Rb и ,31CS 
быстрой (т . extensor dig itorum  longus E D L )  и медленной ( т. soleus SOL) мышцами 
крысы. Они определяли, в каком отношении тормозит полное вхождение ( in f lu x )  оуабаин 
( Ю~4моль/литр) и подавляющий обменную диффузию К : К эзерин (Ю_3моль/литр).

Было показано, что инфлюкс калия в изолированную быструю мышцу (EDL) боль­
ше, чем в медленную (SOL), но разницы между входом рубидия и цезия в условиях in 
vitro  в мышцы разных типов не отмечали.

Оуабаин в одинаковой степени (25%) тормозил прием К мышцами обоего типа кры­
сы и быстрой мышцы лягушки. Эзерин ингибировал 65% всего инфлюкса 42К в мышцу ля­
гушки, 26% в быструю (EDL) и всего 18% в медленную (SOL) мышцу млекопитающего.

Остающийся после одновременного введения оуабаина и ззерина т. наз. «резидуаль­
ный» инфлюкс в мышцах EDL и SOL крысы составил половину всего инфлюкса, в то же 
время в портняжной мышце лягушки резидуальный инфлюкс составил всего 10%.

Эзерин не оказывал ингибирующего действия ни на вхождение 86Rb в медленную, ни 
на вхождение его в быструю мышцу крысы.

Результаты настоящих экспериментов согласуются с различными морфологическими 
свойствами тубулярной и саркоплазматической систем быстрых и медленных мышц.

УЧАСТИЕ ПЕДАЛЬНЫХ НЕЙРОНОВ В РЕГУЛЯЦИИ КАРДИО-РЕНАЛЬНОЙ 
СИСТЕМЫ И ИХ СВЯЗЬ ИДЕНТИФИЦИРОВАННЫМИ КЛЕТКАМИ ОСТАЛЬНЫХ 

ГАНГЛИЕВ ЦЕНТРАЛЬНОЙ НЕРВНОЙ СИСТЕМЫ ВИНОГРАДНОЙ УЛИТКИ
КАТАЛИН Ш.-РОЖА и Д . Б . ЛОГУНОВ

В центральной нервной системе виноградной улитки (Helix pom atia L.) изучалось 
участие педальных ганглиев в регуляции сердечной деятельности и их связь другими ганг­
лиями. Было установлено, что

1. Большое число клеток педальных ганглиев получает входы из сердца. Ответ пе­
дальных нейронов к афферентам сердца был характерным: перивчное интенсивное увели­
чение частоты разрядов сменялось угнетением, затем наблюдалось вторичная менее ин­
тенсивная активация. Отдельные клетки активировались только задержкой.

2. Многие клетки висцерального и правого париетального ганглиев активировались 
синхронно педальными клетками во время раздражения сердца. В разных ганглиях ответы 
наафференты сердца могут быть одинаковым или противоположным, но в разных клетках 
их продолжительность совпадает.

3. Один нейрон левого педального ганглия (LP3) создаёт моносинаптические связи 
многочисленными висцеральными клетками. Отростки этих висцеральных клеток вы­
ходят в интестинальный нерв. Нейрон LP3 вызывает ВПСП во висцеральных клетках. 
Связь LP3 вызывает ВПСП во висцеральных клетках. Связь LP3 с висцеральными клетка­
ми осуществляется через химические синапсы.

4. Один из возбуждающих мотонейронов сердца (V41) синхронно несколькими пе­
дальными клетками получает сензорные входы из сердца. Это возбуждающий мотонейрон 
сердца вовлечён и в афферентные и эфферентные пути нейронной сети.

5. Один мотонейрон (V43) был иденитфицирован, вызывающий расслабление сердца 
и посылающий отросток в интестинальный нерв и подобно другим мотонейронам активи­
рующийся афферентами сердца.



ИЗМ ЕНЕНИЯ СОДЕРЖАНИЯ сАМР, ВЫЗВАННЫЕ Л Г -Р Г , В ПЕРЕДНЕМ 
ГИПОФИЗЕ САМЦОВ И САМОК КРЫС I N  V I V O  И I N  V IT R O

Г. САБО и Э. ЭНДРЕЦИ

Инкубирование в течение трех часов передней доли гипофиза крыс-самцов в при­
сутствии 10- 7М ЛГ- РГ имело результатом значительное накопление сАМР. Для повыше­
ния запаздывающего изменения уровня сАМР была достаточной 20-минутная инкубация 
вместе с ЛГ РГ. Добавленный в инкубирующую среду циклогексимид затормаживал уве­
личение содержания сАМР, индуцированное через ЛГ- РГ. Накопление сАМР в гипофизе 
крыс-самок, вызванное ЛГ -  РГ, определялось только после 6-часового инкубирования, и 
степень повышения уровня сАМИ тоже была значительно меньше, чем в гипофизе крыс- 
самцов. Кастрация или введение половых стероидов не влияли на реактивную способность 
гипофиза крыс-самок.

Мы изучали аналогичное влияние двух агонистов и двух антагонистов ЛГ— РГ 
с точки зрения высвобождения ЛГ на увеличение содержания сАМР в переднем гипофизе 
in vivo и in  vitro. Один из антагонистов тормозил увеличение содержания сАМР, индуциро­
ванного посредством ЛГ — РГ, в условиях in vitro, в противоположность этому, другой по­
вышал содержание сАМР. Внутривенним введением ЛГ РГ и — за исключением одного 
из антагонистов аналогов за 15 мин увеличили уровень сАМР в переднем гипофизе. 
Только Л Г -  РГ не индуцировал продолжительного увеличения содержания сАМР, тогда 
как аналоги как агонистов, так и антагонистов значительно повышали уровень сАМР 
спустя 3 часа после внутривенного их введения.

Л Г — РГ не оказывал влияния на активность аденилат-циклазы и фосфодиэстеразы в 
переднем гипофизе, а также не изменял активность чувствительной к NaF аденилат- 
циклазы.

На основании экспериментальных данных можно предположить, что для увеличе­
ния количества сАМР посредством ЛГ —РГ требуется синтез какого-то фактора (белка). 
Далее, оказалось, что половая разница, обнаруживающаяся в действии ЛГ— РГ на сис­
тему аденилат-циклаза-сАМР, может быть приписана скорее разной временной модели и 
кинетике реакции, чем полной ареактивности гипофиза крыс-самок. Изучая формирование 
аккумуляции сАМР, индуктированной ЛГ—РГ, установили, что значительное повышение 
сначала отмечается примерно в возрасте 40 дней. Настоящие результаты тоже подтвержда­
ют представление, по которому повышение уровня сАМР, индуктиванное благодаря 
ЛГ РГ, является результатом комплексного биохимического процесса.

СИНАПТИЧЕСКИЕ ВХОДЫ В НЕЙРОНАХ БИМОДАЛЬНОГО ПЕЙСМЕКЕРА У
H E L I X  P O M A T I A  L.

Я . Ш А ЛА Н К И  и А. ВЕХ О ВС КИ

1. Мы изучали возможность влияния на синапсы клеток RPal правого париеталь­
ного ганглия в изолированном ганглионарном кольце H elix  pomatia, раздражая оди­
ночными импульсами пвавые и левые паллиальные, а также анальные нервы.

2. Раздражение кратковременно изменяет активность клетки, обнаруживающей 
деятельность Br-типа: вызывается синаптический сигнал, включающий в себя также много­
фазный, деполяризационный и гиполяризационный участок.

3. Участок деполяризации является Na- и Са-зависимым, и, вероятно, представляет 
собой результат полисинаптических процессов. Волна гиперполяризации может быть раз­
ложена на два компонента на основании крутизны наклона, зависимости от полярности 
мембраны и ионной чувствительности. Для первого компонента характерна чувствитель­
ность к Mg, для второго — к Са и С1. Оба компонента могут быть связаны с изменением про­
ницаемости к К, калиевые канальцы, однако, играющие роль в возникновении быстрого 
компонента, отличаются от калиевых канальцев, ответственных за появление медленного 
компонента.



РАСПРОСТРАНЕНИЕ АЦЕТИЛХОЛИНОВОЙ ДЕПОЛЯРИЗАЦИИ В 
ЭКСТРАЮНКЦИОНАЛЬНЫХ МЕМБРАНАХ ПОПЕРЕЧНО-ПОЛОСАТЫХ МЫШЦ

Л . КОВАЧ, Г. СЮЧ и И. Т Е Р Е К

1. На волокнах поперечно-полосатых мышц лягушки (R a n a  esculenia) изучали 
экстраюнкциональное распространение деполяризации, возникающей в ответ на добавле­
ние 1 ммоль/литр ацетилхолина к раствору.

2. Для измерения особенностей распространения эксперименты выполняли на таких 
портняжных мышцах лягушки, у которых тазовую часть, лишенная конечной пластинки, 
изолировали от тибиальной части, содержащей конечные пластинки, резиновой мембраной. 
В отделенной тазовой части ацетилхолин, даже в концентрации 10 ммоль/литр, не вызывал 
возникновение деполяризации, в то же время деполяризация, вызванная ацетилхолином в 
тибиальной части, распространялась на тазовую часть.

3. Тетродоксин в концентрации 31 нмоль/литр не оказывал влияния на величину 
деполяризации, вызыванной ацетилхолином в портняжной мышце, в концентрации же
3,1 мм моль/литр уже вызывал 35%-ое торможение.

4. В присутствии тетродоксина деполяризация, измеряемая на экстраюнкциональ- 
ной мембране, является результатом электронического распространения ацетилхолиновой 
теполяризации, возникающей на конечной пластинке. Пространственная константа аце- 
дилхолиновой деполяризации, распространяющейся на экспраюнкциональную область, 
тождественна пространственной константе, определенной с помощью прямоугольно-волно­
вого анализа.

5. Если возникновение и распространение потенциала действия не подавляют гет- 
родоксином или лишенным натрия раствором Рингера, то величина деполяризации, распро­
страняющейся на экстраюнкциональну тазовую часть, несколько больше, чем деполяри­
зация, которая последовала бы при электротоническом распространении.

6. Результаты настоящих опытов указывают на то, что на экстраюнкциональных 
мембранах (и>цсА-волокон отсутствуют ацетилхолиновые рецепторы. Отклонение от 
лектротонического распространения вызывает появление серии потенциалов действия, 
опровождающей ацетилхолиновую деполяризацию.

СРАВНЕНИЕ ЭКСПЕРИМЕНТАЛЬНЫХ МЕТОДИК, ПРИМЕНЯЕМЫХ ДЛЯ 
ИЗУЧЕНИЯ РЕФЛЕКСА С ПЕРЕДНЕГО КОРЕШКА, ВЫЗЫВАЕМОГО 

РАЗДРАЖЕНИЕМ ВОЛОКОН ЗАДНЕГО КОРЕШКА СПИННОГО МОЗГА
ЛЯГУШКИ

Д Ь . ТЭГЗЕШ НЕ и Г. Ц ЕХ

Авторы изучали с помощью электрофизиологических методов влияние, оказываемое 
препаратом метил-м-амнобензоатом (М3 - 222, S andoz)  на потенциалы с переднего ко­
решка, вызываемые раздражением заднего корешка спинного мозга лягушки. Спустя не­
сколько минут отмечалось полное угнетение рефлекторной реакции. Эффект бесследно 
исчезал приблизительно через 60 мин, если препарат применяли в малой дозе. В ответ на 
введение большой дозы или повторное введение малой дозы препарата продолжительность 
депрессивного действия возрастала, а моносинаптический компонент переднекорешкового 
рефлекса часто необратимо нарушался.

Во второй части сообщения авторы демонстрируют моносинаптический рефлекс с 
переднего корешка изолированного переживающего спинного мозга лягушки, помещен­
ного в раствор Рингера. Результаты экспериментов сравниваются с установившимся в 
литературе взглядом на моносинтаптические рефлекторные связи спинного мозга лягушки.



О ПОСТДЕНЕРВАЦИОННОЙ ГИПЕРТРОФИИ В ВОЛОКНАХ МЕДЛЕННЫХ 
МЫШЦ ЦЫПЛЕНКА ПОСЛЕ ПОЛНОГО ЛИШЕНИЯ РАСТЯЖЕНИЯ И

НАПРЯЖЕНИЯ
ФЕНГ ТЭ-ПЕИ, ВИ ВАНГ-ЮНГ и ЛУ ДА -К СИ Н Г

В экспериментах на медленных мышечных волокнах одной чисто медленной мышцы 
( т. anterior la liss im u s dorsi)  двух смешанных мышц (т. flexor m etacarpi ulnaris  и т . Sartorius) 
авторы показали, что явление последенервационной гипертрофии наблюдается также в тех 
случаях, когда после денервации предотвращается растяжение мышцы, более того — оно 
наступает даже в состоянии укорочения теномпзированных мышц, которые освобождены и 
от напряжения. Поразительные различия обнаруживаются между медленными волок­
нами т . la tis s im u s  dorsi и смешанных мышц, как в отношении гистохимических свойств, 
так и с точки зрения степени выраженности гипертрофии после денервации. В медленных 
волокнах смешанных мышц после денервации обнаруживают гораздо более выраженную 
гипертрофию, чем в волокнах чисто медленной т. anterior la tiss im u s dorsi. Необходимо 
дальнейшее изучение этого явления.

НОВЫЙ МЕТОД ДЛЯ ОПРЕДЕЛЕНИЯ КАПИЛЛЯРНОЙ ФИЛЬТРАЦИИ И 
ПОСТКАПИЛЛЯРНОЙ КОМПЛИАНЦИИ В РАЗЛИЧНЫХ ОРГАНАХ И ТКАНЯХ В 

УСЛОВИЯХ ПЕРФУЗИИ С ПОСТОЯННОЙ СКОРОСТЬЮ
Д . П. ДВОРЕЦКИ

Нами был разработан новый метод для измерения капиллярной фильтрации. Коэф­
фициент капиллярной фильтрации (CFC) можно определить в любом органе с помощью 
этого метода. Коэффициент капиллярной фильтрации в легких и тонкой кишке у нарко­
тизированных кошек составлял 0,055 и, соответственно, 0,129 мл/мин/мм рт. ст. на 100 г 
ткани.

ВЛИЯНИЕ БЛОКАТОРА БЕТА-РЕЦЕПТОРОВ ПИНДОЛОЛА НА ВРЕМЯ 
ПЕРЕЖИВАНИЯ У СОБАК С ОСТОРОЙ ПОЧЕЧНОЙ НЕДОСТАТОЧНОСТЬЮ, 

ВЫЗВАННОЙ ХЛОРИСТОЙ РТУТЬЮ
Ю. Ш ИКЛОШ  и К. ГААЛ

В экспериментах на собаках авторы изучали влияние, оказываемое пиндололом на 
острую почечную недостаточность, вызванную сулемой (HgCI2). После однократного вну­
тривенного введения пиндолола (100 мкг/кг веса тела) достоверно увеличивалось коли­
чество выделяемого с мочой натрия, достоверно уменьшалась активность плазменного рени­
на (PRA) и количество выделяемых с мочой катехоламинов - адреналина (А) и норадре­
налина (NA).

Острая почечная недостаточность вызывалась однократным внутривенним введением 
HgCI2 в дозе 3 мг/кг веса тела. В другой группе животных внутривенная инъекция 100 
мкг/кг пиндолола давалась за час до введения такой же дозы сулемы. После введения толь­
ко сулемы животные погибали на 3 5-й день, предварительное же введение пиндолола
увеличивало время переживания на 4 8 дней, две же собаки полностью оправились после 
острой почечной недостаточности. Степень азотемии была значительно меньше в группе, где 
вводился пиндолол, чем в группе только с отравлением хлористой ртутью. Пиндолол пред­
отвращал вызываемое HgCI2 уменьшение активности плазменного ренина и увеличение 
выделения в моче катехоламинов. Обобщая наши наблюдения можно сказать, что пред­
варительное введение пиндолола уменьшало тяжесть протекания острой почечной недоста­
точности, хотя и не могло предупредить ее развитие. Основываясь на результатах наших 
экспериментов, мы приходим к выводу, что повышенная активность симпатической нерв­
ной системы играет существенную роль в патомеханизме острой почечной недостаточности.



МОДЕЛЬ КАТЕТЕРА С БАЛЛОНОМ ДЛЯ СУПЕРСЕЛЕКТИВНОЙ 
КАТЕТЕРИЗАЦИИ МОЗГОВЫХ СОСУДОВ

Ш. ЦИРЬЯК, Э. ПАСТОР, Л. ЛАЗАР, ДЬ. ДЕАК и Ф. ЛАНИ

С целью катетеризации мозговых сосудов человека мы выполнили серию модельных 
экспериментов на собаках. Разработали метод изготовления катетеров с баллончиком, 
пригодных для облитерации сосудов, суперселективной ангиографии и терапевтической 
закупорки сосудов. Описали достоинства и недостатки применяемых катетеров и баллонов. 
На основании наблюдений над динамикой кровотока сделали выводы, которые могут быть 
использованы также и при клинических вмешательствах.
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