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NEUROTOXICOLOGICAL INVESTIGATION OF THE NEW 
HUNGARIAN PESTICIDE TOXURAZINE®

I. DÉsi, Judith S z l o b o d n y i k , Maria K a r m o s -V á r s z e g i , Ágnes S t r o h m a y e r ,
an d  Gy. B a k ó 1

NATIONAL IN STITU TE OF H Y G IE N E , BUDAPEST A N D  BUDAPEST CHEM ICAL W ORKS,1 HUNGARY 

(R eceived S ep tem b er 30, 1981)

The new  to ta l  herb ic ide  T o x u raz in e®  was sub jected  to  general toxicologic and  
neurotoxicologic ex am in a tio n s . R a ts  w ere tre a te d  w ith  1/80, 1/40 an d  1/20 of th e  acu te  
o ral L D 50 for th ree  m o n th s . The anim als show ed a decrease in  b o d y  w eight and  a tr a n s i ­
tio n a l anaem ia. T he p ro d u c t  had  a slig h t liv e r  dam aging effect. R enal fu n c tio n  te s ts  
an d  u rine  analysis w ere  negative. W ith  tim e , th e  learn ing  a b ili ty  o f anim als te s te d  in 
m aze for 42 days becam e im paired  dose d ep en d e n tly . A t th e  end  of th e  tre a tm e n t, b o th  
a t  re s t  and  on fla sh lig h t stim u la tion , as w ell as in com plex E E G  a c tiv ity  and  in  each  
freq u en cy  b an d  th e re  w as a decrease in  e lectric  ac tiv ity . In  e lectroneurom yograph ic  
te s ts  no effect d am ag in g  th e  peripheral n e rv o u s system  could  be de tected . T he h o t 
p la te  m ethod  show ed th e  reac tion  tim e o f th e  anim als to  be  sligh tly  ex tended .

T he resu lts  su g g est th a t  th e  co m p o u n d  should on ly  be  used  in u n c u ltiv a te d
areas.

In agriculture, a revolutionary change was induced by the advent of 
herbicides. The num ber o f active ingredients is continuously increasing and 
in spite o f the severe health  protective measures, the p lant protective com ­
pounds offer several possibilities for accidental or in tentional intoxication . 
Plants treated with herbicides may represent a harm for the whole com m unity  
caused by pesticide residues in foods. Therefore, the ta sk  o f hygienic to x i­
cology is to  detect the to x ic ity  of chem icals in the environm ent, to determ ine 
the conditions of their application, and to  establish hygienic standards.

The present paper reports on the toxicological investigation  and eva lu a­
tion  of the new herbicide Toxurazine®.

Materials and Methods

E xam ined  product: T O X U R A Z I N E ®  (B u d a p e s t Chem ical W orks)
Composition: 15%  a tra z in e , 15%  ch lorino l, 30%  am in o triazo le , 40%  vehicle.
D uration  o f  the experim ent : Three m o n th s .
A n im a ls :  Male and  fem ale  C FY -strain  r a ts  of 150 g bod y  w e igh t from  th e  ra n d o m  

breed  of L A T I Gödöllő, H u n g a ry .
Treatm ent: 1/80 (37.5 m g/kg/day), 1/40 (75 m g/kg/day), a n d  1/20 (150 m g /k g /d ay ) of 

th e  o ral L D S0 of T o x u ra z in e ® .
Control: Vehicle (150 m g/kg/day).
T en  m ale and fem ale an im als  each were u sed  in all th e  g roups. T o x u raz in e®  w as g iven  

to  th e  an im als m ixed in to  th e ir  food (8 g/100 g b o d y  w eight) da ily .
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General toxicological tests

1. M easurem ent of b o d y  w e igh t once a w eek.
2. H aem ato log ical te s ts  ( to ta l  an d  d ifferen tia l b lood  counts, h aem oglob in  and h aem ato c - 

r i t  va lues) once a m on th .
3. L iver and  k id n ey  fu n c tio n  te s ts  [b ro m su lp h o p h th a le in  (B SP ) a n d  p h en o lsu lp h o p h th a - 

lein  (P S P )] a fte r  90-day tr e a tm e n t  [8].
4. U rine analysis a t  th e  end  of th e  th ird  m o n th .

Neurotoxicological tests

1. P sychophysio logical ex am in atio n s by  th e  m aze m ethod  in  th e  f ir s t  six weeks [2]).
2. In  th e  12 th  w eek of th e  ex p erim en t e lectroco rticograph ic  reco rd s were tak en  by  a n  

8 -channel E E G  a p p a ra tu s  (E M G 4751/2 T ype) a t  re s t  and  w ith lig h t stim u lu s loading, b y  
silver electrodes im p lan ted  over th e  m oto r an d  v isu a l cortex  of r a ts  anaesth e tized  w ith  
40 m g/kg  body w eigh t p e n to b a rb ita l.  T he E E G  curve  w as sep ara ted  in to  six  d ifferen t freq u en cy  
b a n d s  by  an  EM G 5204/B ty p e  freq u en cy  a n a ly se r-in teg ra to r. [3, 4].

3. E lec tro n eu ro m y o g rap h ic  ex am in atio n s [7] w ere carried o u t b y  a M edicor MG-231 
ty p e  e lectrom yograph  an d  an  EM G 4767 ty p e  e lec tro stim u la to r on th e  12 th  week of th e  e x ­
p e rim en t. Concentric T E-1 ty p e  a n d  b ipo lar FC1/2 ty p e  needle e lectrodes w ere used. R e g is tra ­
tio n  from  th e  oscilloscope w as done w ith  a M FI-1 ty p e  p h o to reg iste r. W e de term ined  th e  
co n d u ctio n  velocity  on th e  ta il ne rv e  fib res o f ra ts  anaesth e tized  w ith  40 m g/kg  body  w eigh t 
o f p e n to b a rb ita l. T he co n d u ctio n  v e lo c ity  was de fin ed  as th e  q u o tien t o f th e  d istance be tw een  
th e  tw o reg istering  e lectrodes p e r th e  d ifference of th e  la tency  p e rio d  of action  p o ten tia ls  
evoked  w ith  su p ram ax im al, 1 H z, 0.2 ms stim uli.

4. S tudies of th e  re a c tiv i ty  using  th e  ho t p la te  m ethod [10]. I n  these  tests th e  ra ts  
w ere placed on a h o t surface  of 56 °C and  th e  tim e  w as m easured  u n til th e  anim als had  licked 
th e ir  paw s in reac tio n  to  th e  h e a t. T he changes w ere expressed  in pe r c en t values, so th a t  th e  
suppressive  effect of th e  co m p o u n d  w as considered 100%  if th e  reac tio n  t im e  of th e  p re tre a te d  
an im a ls  increased to  2.5 tim es th e  con tro l value.

Results

General toxicological examinations

In the course o f the 90-day subacute treatm ent, there w as a (lose depend­
ent and significant (p <  0.001) lag in the gain of body w eight from the 2nd  
m onth o f treatm ent as compared to the controls (Fig 1).

In the haematological study  there was no significant change between the  
treated  and untreated anim als. The haem oglobin and haem atocrit values 
showed a decrease after 60 days of treatm ent. At the end o f the 3rd m onth  
no sign of anaemia was detected.

In the liver tests 20 min after the i.v . injection of 50 m g/kg body weight 
B S P , PSP retention increased significantly (p <  0.001) in all the three treated  
m ale rat groups, while in  the female rats a significantly increased retention  
(P <  o .001) was observed only after the tw o higher doses (F ig. 2).

In the kidney tests 45 min after the i.v . adm inistration of 10 m g/kg  
body weight o f PSP  a serum level o f 0.37 0.02 mg/dl was found in the control
m ale animals, and one o f 0 .4 7 ^ 0 .0 4  m g/dl in the fem ales.

In the animals treated with vehicle and w ith different doses of Toxura- 
zine® an insignificant dye retention was observed.

Urine analysis  w ith N -M ultistix in the 12th week o f the experim ent gave  
norm al values. The sam e was the case w ith  the Erlich test and the sedim ent.
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Fig. 1. B o d y  w eigh t curves

BSP

Neurotoxicological examination

The learning process was studied  in a maze. Under the effect of Toxura- 
zine ® the running tim e of male and fem ale animals increased dose dependently  
and significantly (p <[ 0.001) hy th e  end of the experim ent as compared to  
the controls and to  the rats treated  w ith vehicle (F ig. 3). The number of 
errors increased dose dependently and significantly (p <[ 0.001 in males;

1 A c ta  Physiologica Acadcm iae Scientiarurn  H uneraicae 60, 1982
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Fig. 3. Maze te s t:  ru n n in g  tim e

p 0.01 in females) in all the three treated groups on the 42nd day of treat­
m ent (Fig. 4).

In the EEG reeords taken  at rest during the 12th week o f treatm ent, 
b oth  the bioelectric a c tiv ity  o f the brain and the activ ity  o f each hand de­
creased significantly in both  the male and female groups as com pared with the 
controls. Band analysis revealed in the anim als treated w ith 1/40 and 1/20 of 
the L D 50 of Toxurazine® a decrease o f activ ity  of the slow delta and theta  
w a v es, as well as o f  the alpha w aves o f medium  frequency and of the fast 
b eta j and beta2 w aves. In  the gam m a w aves o f the fastest frequency the activ ­
ity  w as approxim ately the same as in the controls with the exception  of the 
change caused by 1/40 o f  the L D 50 (Fig. 5).

Under flashlight loading a similar tendency was observed as on the records 
tak en  at rest, only the changes were more definite (Fig. 6).

Electromyographic investigations showed that the reaction o f  the evoked  
m uscle action potentials w as normal. The am plitude and duration of muscle

Acta Physiologica Academiae Scientiarum Hungaricae 60, 1982
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m/sec

Vehicle Control Toxurazin LD50 Vehicle Control Toxurazin LD5q Dose
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Fig. 7. C onduction  velocity

I I Vehicle 

I  Control 

f f î  Toxurazin LD501/80

Toxurazin LD6C)1/40
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action  potentials did not show alterations as compared to the controls. No 
decrease in m axim um  m otor conduction velocity  was observed (Fig. 7).

A s to the reactivity , an increase in nociceptive reaction tim e was observed  
in  th e  hot plate test after 3-m onth treatm ent. The most definite hut still not 
significant effect was observed in the anim als treated with 1/20 o f the L D 5(I 
o f Toxurazine® (Fig. 8).

Fig. 6. E E G , g rap h ic  p lo ttin g  of curves tak e n  u n d e r 18 Hz flash lig h t stim uli
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F i g .  8 .  H o t  p l a t e  t e s t :  effect o n  r e a c t i v i t y

Discussion

According to  the literature the three active ingredients of Toxurazine®  
have the following properties:

A trazine: acute oral LD50inrats: 3080 ing/kg body weight; percutaneous 
tox ic ity  in rabbits: 7500 ing/kg body weight [6]. Atrazine has no allergic 
effect [11] or cum ulative tox icity  [9].

Chlorinol : acute oral tox icity  in rats: 2100 m g/kg body weight; dermal 
tox ic ity  in rats: 7100 mg/kg body weight [6]; m oderate skin-irritating effect 
|1 ]. 3-month subacute treatm ent w ith 75 m g/kg body weight dose did not 
induce pathological changes in rats. [5]).

Am inotriazol: oral L D 50 in rats: 1100-2500 m g/kg body weight; percuta­
neous toxicity: 10 000 mg/kg body weight [6]; m oderate skin-irritating effect. 
A 68-week subacute treatm ent w ith 50 ppm daily  did not cause changes in 
rats [9].

According to  our results, the acute LD50 of Toxurazine® for the rat was 
3000 mg/kg body w eight. An 80% aqueous suspension caused a mild transitory  
skin inflam m ation. The product had no sensitizing effect. In the course o f  
12-week treatm ent we observed a loss of weight after the 3rd week o f the 
experim ent. A mild anaemia was seen after 2 m onths treatm ent but it dis­
appeared by the 12th week. The product proved to have a liver-dam aging  
effect. K idney function  test and urine analysis gave normal results.
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B oth  the psychophysiological and electroencephalographic tests showed  
th a t the central nervous system  was affected. An im pairment o f  the learning 
a b ility  was revealed b y  the maze test and an inhibition of brain activ ity  by  
the E EG  records. S till, in the electroneurom yographic experim ents, by evaluat­
ing the parameters o f each potentia l evoked by supram axim um  stim uli and 
b y  determ ining the conduction velocity , no changes were observed after 
Toxurazine® treatm ent. In the hot plate test the nociceptive reaction tim e was 
sligh tly  but not sign ificantly  lengthened. On the basis o f the results Toxura­
zine®  m ay be applied as a herbicide on ly  in agriculturally uncultivated  areas/ 
(beds o f railroad, etc .), and in view  o f its to x ic ity  strict safety measures must 
be applied during its use.
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ROLE OF A SECKETAGOGUE IMMUNOGLOBULIN 
IN GASTRIC ACID SECRETION

S. D o b i  a n d  B. L e n k e y

FIR ST DEPARTM ENT OF M ED ICINE, U N IV ER SITY  MEDICAL SCHOOL, D EBRECEN  

(R eceived O ctober 16, 1981)

R esu lts o f th is  s tu d y  show ed th a t  in a considerable n u m b er o f p a tie n ts  w ith  
duodenal u lcer a globulin  o f th e  IgG  class w as responsible for th e  en hancem en t of HC1 
secretion . T his secretagogue globulin  ap p eared  to  com bine d irec tly  w ith  th e  H 2 recep to rs  
o f th e  p a rie ta l cells th e re b y  increasing  hydroch lo ric  acid o u tp u t  w ith o u t th e  fo rm atio n  
of a n tig en -an tib o d y  com plex.

In  the genesis o f peptic ulcer which is a m ulticausal disease the im balance 
betw een the aggressive and defensive factors is o f param ount im portance [3, 
7, 21]. In tIn': pathogenesis o f duodenal ulcer the aggressive factor, i.e. the 
overproduction of HC1 is known to play a decisive role [3, 15, 32, 26, 62, 7]. 
In  a number of patients w ith  the active phase of this disease the secretion  
escapes regulation and feedback control. The gastric m ucosa becomes hyper­
trophic and is the target of secretagogue and trophic stim uli o f unknown origin 
[ 3 , 1 5 , 3 2 , 5 6 , 2 6 , 7 ]

In animal experim ents duodenal ulcer can be induced only by enhancing  
acid output by various m eans. Ulcer developm ent can, on the other hand, be 
prevented by the intralum inal application o f sodium bicarbonate solution [18. 
27, 52].

In the corpus of the stom ach the mucosa undergoes hyperplasia [17, 
15, 54] thus the defensive factors are steadily strengthened along w ith the  
increase of aggressive ones and ulcers do not develop in  th is area. The self­
digestion occurs primarily in  such regions where the anatom ical conditions 
favour such events, thus in the duodenum , due to the overproduction of HC1, 
the bulbus becom es m arkedly acidified for a long period [2, 26] and the condi­
tions for 11+ back-diffusion are 45 tim es more favourable than  in the corpus 
o f the stom ach [35, 25].

Since the aggressive supcrsecretion o f HC1 appears to  be the key inducer 
of duodenal ulcer, we searched for a hitherto unexplored factor which is 
capable o f stim ulating the mucosa of the corpus of the stom ach.

The immune system  is known to p lay an im portant role in the direct 
or indirect control and m odulation of m any functions o f the body [12, 13, 14, 
50]. The im m une apparatus can produce soluble m olecules (lym phokines)

Acta Physiologien Academiae Scientiarum Hungaricae 60, 1982



10 S. DOBI and B. LENKEY

o f lym phocytic origin and im m unoglobulins with stim ulating effects such as 
LATS, TSI [1, 49, 54] which activate the target cells, eliciting their hyper­
function  and hyperplastic responses. In  the knowledge o f these findings it 
seem ed reasonable to search for a secretagogue factor in the im m unoglobulin  
fractions o f  patients with duodenal ulcer.

Materials and Methods

We hav e  f irs t s e p a ra te d  th e  to ta l globulin  frac tio n  from  th e  sera of p a tie n ts  w ith  
su p e rac id ity . T he serum  w as su b jec ted  to d ialysis in p h o sp h a te  b u ffe r  (p H  5.8) for 48 hours 
an d  w ashed th ree  tim es successively  w ith  d istilled  w a te r to  rem o v e  possible a lb u m in  and  
p o ly p ep tid e  co n tam in a tio n . T h e  sed im en t w as redissolved in T H IS  b u ffer (pH  8.0). C ontrol 
sera d raw n  from  h e a lth y  su b je c ts  w ere tre a te d  in th e  sam e w ay. T he g lobulin  so lu tion  se p a ra ted  
fro m  4.0 m l serum  was lyophilized .

E ffec ts  o f euglobulin  so lu tio n  were an alysed  using an in  vivo  r a t  stom ach  te s t  (G h o sh - 
Sch ild  31) sligh tly  m odified , i.e. following th e  1 h o u r “ basal”  secre tion  th e  h u m an  g lobulin  
w as in jec ted  i.v . and th e  g as tr ic  secretion  w as co n tin u ed  to  be m o n ito red  for an  a d d itio n a l 
8 h o u r period  in  Y iadril a n aes th e tised  ra ts . A can n u la  was in tro d u ced  in to  th e  s to m ach  th ro u g h  
th e  card ia  an d  an o th er one v ia  th e  py lorus. T he s to m ach  was pe rfu sed  w ith  20 ml ph y sio lo g ­
ical saline in  one hour th ro u g h  th e  u p p e r can n u la , th e n  th e  HC1 co n ce n tra tio n  in  th e  flu id  
co llected  v ia  th e  pyloric  can n u la  was t i t r a te d  (N aO H  0.01 N) using  a m ic ro b u re tte . A to ta l  
o f 75 b ioassay  procedures w ere perfo rm ed  u tiliz in g  th e  g lobulin  frac tio n s  from  51 p a tie n ts . In  
a co n tro l series 18 ra ts  were tre a te d  e ither w ith  b u ffer solu tion , sa line , or w ith  th e  sam e con­
c e n tra tio n  of pooled globulin  frac tio n s o b ta in ed  from  h ea lth y  su b jec ts , or were n o t tr e a te d  
a t  all.

F ro m  th e  sera of p a tie n ts  w ith  secre tagogue  a c tiv ity  n a tiv e  IgG  w as p u rified  using  
D E A E  S ephadex  A 50 in a b a tc h  m ethod  [22] an d  te s te d  in  th e  p rev iously  described b io ­
assay  system . T he rem ain ing  to ta l  globulin  frac tio n  w as also assayed  in  th e  sam e te s t  system .

In  th e  g lobulin  frac tio n s w ith  or w ith o u t secretagogue a c tiv ity  an d  in  th e  sera im m uno- 
re ac tiv e  gastrin  con cen tra tio n s w ere de te rm in ed  using  th e  CIS R IA  k it  [38, 46].

Sections were p rep ared  from  th e  corpus a n d  a n tru m  of th e  r a t  s to m ach  a t  a th ick n ess 
o f 6 //m  in a Pearse-Slee H  ty p e  c ry o sta t. T he sec tions were in cu b a ted  in  th e  presence of g lo b u ­
lin  o r d ilu ted  IgG  w ith  secretagogue ac tiv ity , th e n  F IT C  labelled  a n tih u m a n  g lobulin  was 
ad d ed  and  th e  b ind ing  of h u m an  globulin  w as d e tec ted  by  th is  im m u n o flu o rescen t tech n iq u e  
[48, 5]. T he sam e stud ies w ere perform ed w ith  g lobulins derived  from  h e a lth y  con tro l 
su b je c ts .

In  a n o th e r series of s tu d ies  th e  sections w ere sim ilarly  in cu b a ted  w ith  th e  secretagogue 
g lo b u lin s b u t  th e n  re in c u b a te d  w ith  an tih u m an  globulin  in th e  p resence  of sep a ra ted  [10] 
h u m a n  ly m p h o cy tes  and c o o p era tiv ity  [6, 53] w as estim ated . T h e re a fte r  th e  sections w ere 
f ix ed  a n d  su b jected  to  d iffe ren tia l sta in ing  as described by  I r v in e  [36].

T he in  vivo secre tion  te s t  was also p e rfo rm ed  in  c im e tid in e -trea ted  ra ts . T he d ru g  
w as a d m in is te red  (4 m g i.v . o r 10 m g in to  th e  je ju n u m ) a fte r th e  b asa l secretion  had  been  
reco rd ed .

T he in  vitro im m u nofluo rescen t stud ies w ere also u n d e rta k en  a f te r  p re in cu b atio n  of th e  
r a t  s to m ach  corpus sections w ith  various co n cen tra tio n s of cim etidine.

T he ro se tte  fo rm atio n  o f H 2 recep to r hearin g  h u m an  ly m p h o cy tes  w as also ex am ined  
b y  th e  ad d itio n  of secretagogue an d  non-secretagogue globulins an d  va rio u s co n cen tra tio n s 
o f cim etid ine  in an  assay  sy s tem  described b y  K ed a r  and  B o navida  [40] as well as K ávai 
e t al. [39].

G lobulins co n ta in ing  a n tib o d ies  ag a in st p a r ie ta l cells iso la ted  from  sera of p a tie n ts  
w ith  pern ic ious anaem ia were also te s ted  in  b o th  th e  in  vivo secretion  te s t  an d  in vitro im m u n o ­
flu o rescen t in cu b a tio n  system  w ith  and  w ith o u t cim etidine  p re in cu b atio n .

A to ta l  o f 51 p a tie n ts  w ere su b jected  to  ro u tin e  physical and  lab o ra to ry  ex am in atio n s 
in c lu d in g  L E-cells [8], a n tin u c le a r an tib o d y , R o se -W aa le r te s t, o rg an  d irec ted  (stom ach  and  
th y ro id  g land  crude an tigen ) a n tib o d y  tite r  [9, 57]. Clinical d a ta  a n d  h is to ry , th e  course of 
th e  disease and  lab o ra to ry  v a lues were g rouped and  eva lu a ted  acco rd ing  to  carriers an d  non- 
-carrie rs  o f secretagogue globulins.
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Results

Results are shown in Fig. 1. The values o f HC1 secretion are referred to  
BAO taken as unit. In  25 out of 51 patients the globulins produced an apparent 
increase of secretion. The effect developed gradually, being the most pronounced  
at 3 and 4 hours. Values for control and negative series remained within  
the range of BAO. R eproducibility wras checked by repetitive assays. There 
were 18 control cases. In  the first 18 o f the secretagogue positive cases the  
m axim um  HC1 output is given in fig as compared with the controls (Table I). 
It is seen that in the control group acid production decreased to less than  
half o f the initial value (2181 fig) whereas in the group treated w ith secretagogue 
globulin it increased more than  2.5fold (7713 fig).

Table I

Total HCl production o f  the rat stomachs in  the control group (n  =18) and in the group (n  HI) 
treated w ith globulins having secretagogue effect

Hour
Control 
/<g HCl

Secretagogue globulin
№  »C l

Basal 4710 3002

3rd 2413 8180

4th 2181 7713

Fig. 1. HCl p ro d u c tio n  of r a t  sto m ach s a fte r i.v. a d m in is tra tio n  of g lobulin  derived^from  
p a tie n ts  w ith  d u o d en al u lcer in  com parison  w ith  con tro l ones. T he values are referred  to  th e  

“ b asa l”  secretion  being ta k e n  as u n it



12 S. DOBI and B. LENKEY

F ig. 2. R esponse of ra t  g astric  HC1 secretion , expressed  in basal secretion  u n its , to  to ta l  g lobu­
lins w ith  secretagogue effect and  to  IgG s derived from  th e  sam e p a tie n ts

F ig. 3. R esponse of ra t  g a s tr ic  HC1 secre tion , expressed  in basal secre tion  u n its ,  to  to ta l 
g lo b u lin  w ith  secretagogue effect and  to ta l  g lobulin  free from  IgG  derived  fro m  th e  sam e

p a tie n ts

In  the bioassay studies purified IgG  or tota l globulin fractions from sera 
with secretagogue a ctiv ity  elicited similar secretory responses (Fig. 2). H ow ­
ever, 1 he IgG-free total globulin fraction had no secretagogue a ctiv ity  (Fig. 3). 
G enerally, 20-25 mg o f IgG was required to induce secretory response in rats 
w eighing 200-250 g.

In  the globulin fractions and sera w ith  secretagogue activ ity  im m uno- 
reactive gastrin was determ ined. N o hypergastrinaem ia was seen in these 
sera. In  globulin fractions isolated from sera the gastrin concentration de­
creased to  less than 25%  of the initial value which is about 2%  o f the mi­
nim al effective dose. Gastrin concentrations in globulins and sera with no 
secretagogue action were also at this level (Table II).
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Tab l e  II

Gastrin contents o f  sera o f patients w ith duodenal ulcer and total globulins in those having and not
having  a secretagogue effect

IM M UNOREACTIVE GASTRIN pg/m l

Secretag ogue positive Secretagogue negative

P atien t Serum Tot. glob P atien t Serum Tot. glob.

Sz. B. 100 11.5 O .I. 85 8.2

D.L. 80 9.2 V.L. 75 4.6

F .I. 100 23.5 B .J. 92 12.7

N. J. 60 27.5 A.G. 65 30.5

Gy.E. 75 25.3 K.Z. 75 48.8

p . j . 110 29.4 V .F. 100 53.8

T otal 525 126.4 492 158.6

Mean 87.5 21.1 82 26.4

SEM 17.3 7.8 - 1 1 .3 19.6

Level of significance: secretagogue positive  sera vs. to t. glob. P  <  0.001
secretagogue negative  sera vs. to t. glob. 0.05 >  P  >  0.02

Upon incubation of rat stom ach sections with secretagogue globulins 
we could show hum an globulin binding in the mucosa o f the corpus (glandular 
part) using indirect im m unofluorescent technique (Fig. 4). No such binding 
was observed in the antral region. B y adding non-secretagogue globulins to  
the incubation medium binding failed to occur even in the corpus.

Fig. 4. In d irec t im m unofluo rescen t app earan ce  of r a t  g a s tr ic  corpus m ucosa. B inding of th e  
h u m an  g lobu lin  is seen in th e  g lan d u la r area
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F ig. 5. L ym phocy te  co o p era tio n  p h enom enon  on  r a t  gastric  corpus m ucosa a f te r  incu b a tio n  
w ith  g lo b u lin  having a secre tagogue  effect, th e n  w ith  an ti-h u m an  g lobulin  and  h u m a n  ly m p h o ­

cy te  suspension  (107/m l)

Fig. 6. L y m p h o cy te  coopera tion  phenom enon  on r a t  gastric  corpus section  s ta in ed  b y  diffe­
re n tia tio n  stain ing . T h e  coopera tion  is seen w ith  th e  yellow  p a rie ta l cells
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LB, V.3. KJ. S.L. B.L. B.D.

Fig. 7. R esponse of r a t  g a s tr ic  HC1 secretion a fte r  ad m in is tra tio n  o f IgG  having a secretagogue 
effect and  of sim u ltan eo u sly  given cim etidine. T he f irs t co lum ns rep resen t th e  “ b asa l” 
secretions, th e  su b seq u en t ones th e  hourly  va lues a fte r  i.v. a d m in is tra tio n  of g lobulins or

globulins and  cim etidine

The sequential incubation of corpus sections w ith  secretagogue globulin, 
antihum an globulin, and human lym phocytes resulted in cooperativity in the 
glandular part (Fig. 5). This indicates the binding o f hum an globulins to the 
gastric mucosa. The antihum an globulin added to the system  formed an anti­
gen-antibody complex with the bound globulin, a num ber o f lym phocytes being 
attached to this com plex. After fixation  and differential staining it became 
apparent that the lym phocytes were attached to parietal cells which stained  
yellow. (Fig. 6).

Cimetidine the H 2 receptor blocker administered to  rats aftei the “ basal” 
secretion period was found to prevent the secretory response induced by 
the secretagogue globulin (Fig. 7). Similar effect was observed in the in vitro 
system , viz. preincubation of the corpus mucosa sections w ith various concen­
trations o f cim etidine inhibited the binding of the secretagogue globulins to  
the parietal cells (F ig. 8).

W hen secretagogue globulin was added to the histamine-induced rosette 
form ation system  the rosette forming activ ity  o f T -lym phocytes was m arkedly  
suppressed (Fig. 9). Sim ilar effect was produced by cimetidine, but no change
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Fig. 8. In d irec t im m u nofluo rescen t app earan ce  of r a t  gastric  corpus m ucosa. The left field 
show s th e  secretagogue g lobulin  b in d in g , th e  r ig h t fie ld  the  in h ib itio n  of b ind ing  w ith

cim etidine

Inhibition of hi stamine rosette 
forming by secre tagogue I g G

F ig. 9. H istam in e  ro se tte  fo rm ing  is in h ib ited  by  IgG  w ith  secretagogue effect as well as 
c im etid in e  IgG  w ith o u t any  secre tagogue  effect does n o t  show in h ib ition  of ro se tta  form ing

was seen in rosette form ation upon incubation with non-secretagogue globu­
lins.

In the bioassay studies tlu; adm inistration of globulins derived from  
patien ts w ith pernicious anaem ia and containing the long know n antibody
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F ig . 10. R esponse o f r a t  gastric  HC1 sec re tio n , expressed  in  b asa l secretion  u n its ,  to  to ta l  
g lo b u lin  given i.v . d e riv e  from  p a tie n ts  w ith  pern ic ious an aem ia . T he f irs t  co lum ns rep resen t 

th e  “ b a sa l”  HC1 secretion, th e  su b seq u en t ones th e  ho u rly  values

F ig. 11. In d irec t im m unofluo rescen t a p p e a ra n c e  of r a t  g astric  corpus m ucosa. T h e  le ft field 
show s p a rie ta l cell a n tib o d y  binding, on  th e  r ig h t field  also p a rie ta l cell a n tib o d y  b ind ing  

is seen w hich is n o t  p re v en ted  b y  c im etid ine

directed against parietal cell did n o t elicit any secretory response (Fig. 10). 
W hen this “ true” antibody was incubated  w ith  the corpus m ucosa section of 
the stom ach in  the presence of cimetidine, the H 2 receptor blocker failed to 
prevent the binding o f the globulin to  the cells (F ig. 11).

Upon evaluating the clinical results we have found differences between  
groups o f secretagogue globulin carriers and non-carriers. Out o f  25 carriers 
3 patients had a record of previous perforations (Table III), 9 had macro-
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Table II I

Characteristics o f  the p a tien ts w ith secretagogue globulin ( SG p o s.) and without secretogogue globulin
( SG neg.) in  their sera

Groups

Characteristics
SG pos. 
n  =  25

SG neg. 
n  =  26

P erfo ra tio n 3/25 2/26

M acroscopic g a stro in te s tin a l bleeding 9/25 1/26

Recurrence o f G .I. b leeding 7/25 0/26

A ssociation w ith  G raves’ disease 2/25 0/26

A ssociation w ith  rh eu m a to id  a rth ritis 3/25 1/26

A ssociation w ith  chronic p an crea titis 1/25 0/26

A ssociation w ith  e n d arte riitis  ob lite r­
ans 1/25 0/26

Association w ith  exud ativ e  pleurisy 1/25 0/26

A ssociation w ith  p rim ary  am enorrhea 1/25 0/26

Total asso c ia ted  im m uno-pathological 
disease 9/25 1/26

Table IV

C linical characteristics o f  the disease in  the patients with secretagogue globulin ( SG pos.) and with­
out secretagogue globulin ( SG neg.)

Groups

Characteristics
SG pos. 
n  =  25

SG neg. 
n  =  26

Stubborn  p e rsis ten cy  of sym ptom s 25/25 0/26

Good response to  tre a tm e n t 0/25 26/26

Need for p a re n te ra l  or in trag as tric  
trea tm e n t 24/25 0/26

Cobalt ir ra d ia tio n  of th e  stom ach 1/25 0/26

Pyloric spasm 19/25 1/26

Pyloric stenosis 2/25 0/26

Resection of th e  stom ach 4/25 0/26
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Table V

The values o f basal (B A O )  and m axim um  acid secretion (M A O ) stim ula ted  by Pep talon  in  p a tien ts  
with duodenal ulcer having a globulin with secretagogue effect ( SG  p o s .)  and  without this secretagogue

effect ( SG neg.) in  their sera

SG pos. SG neg.

Name
BAO MAO

Name
BAO MAO

N .J . 11.4 70.5 B.M. 6.6 14.5

V .G y. 4.5 27.0 S .J. 7.9 28.5

F .B . 15.2 30.2 Z .J. 2.2 27.5

K .J . 10.2 20.2 O .I. 9.0 36.4

K .L . 13.8 62.4 Y .L. 5.4 50.8

Sz.B. 8.4 25.6 A.G. 7.0 34.7

D .L. 9.0 26.0 K .Z. 7.0 31.2

B .J . 15.8 25.0 Sz.G. 6.0 32.4

F .J . 20.5 74.5 O .J. 8.7 31.6

N .J . 9.6 28.9 V .F. 10.3 19.9

G y .E . 5.1 28.8

P .J . 19.2 51.3

F .L . 12.0 60.0

T .I . 8.1 26.0

T .S . 20.4 50.4

T o ta l 163.0 607.5 70.1 307.6

M ean 10.86 40.46 7.01 30.76

SEM 4.52 17.44 1.65 6.88

n =  15 n =  10

SG pos. BAO vs. SG neg. BAO =  4: 2.8 (0.01 >  P  >  0.001) 
SG pos. MAO vs. SG neg. MAO =  2: 1.5 (0.01 >  P  >  0.001)

scopic gastrointestinal bleedings, 7 o f them  had recurrent episodes o f m elaena  
or haem atem esis. In the non-carrier group, how ever, there was only one per­
foration and one bleeding on the record. Am ong the secretagogue globulin  
carriers several patients had records o f earlier or concom itant diseases presum ­
ably o f im m unopathologie origin such as 2 cases o f  Grave's disease, 1 case oi 
chronic pancreatitis, 1 case o f endarteriitis obliterans, 3 cases o f rheum atoid  
arthritis, 1 case o f  exsudative pleuritis and 1 case o f  primary am enorrhoea. 
This means involvem ent in 9 instances out o f  25 patien ts, whereas in the non-
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T ab le  VI

F a stin g  serum gastrin levels ( in  pg /m l) o f  pa tien ts  having globulin with a secretagogue effect (SG  
p o s .)  and without such a secretagogue effect ( SG  neg.) in  their sera and as well as controls

SG pos. SG neg. Control

name gastrin nam e gastrin name gastrin

B .J. 110.0 V .F . 100.0 Sz.Gy. 63.5

Gy.E. 75.0 K .J . 75.0 Sz.J. 37.7

V .F. 100.0 B .J . 92.0 K .Gy. 31.5

N .J. 60.0 V .L . 75.0 N .J . 48.4

F .I. 100.0 O .I. 85.0 K.Gy. 33.1

Sz.B. 100.0 S .J . 74.7 Z .J. 70.0

K .L. 125.0 A.G. 65.0 L.A. 68.0

D.L. 80.0 M.F. 110.0

K .J . 41.0 L .I. 35.0

F.B . 35.0 Sz.I. 49.6

M .J. 31.4

S.L. 44.3

S .J. 23.7

S.G. 35.9

V .I. 65.0

T otal 826.0 566.7 747.4

Mean 82.6 80.9 49.8

SEM 25.7 11.6 17.5

n = 1 0 n = 7 n = 1 5

SG  pos. vs SG neg. P  >  0.90 
SG  pos. vs control 0.30 >  P  >  0.20 
SG neg. vs control 0.30 >  P  >  0.20

-carrier group there w as only 1 case o f  rheum atoid arthritis in  addition to  
appendoctom y and influenza.

The tim e-course o f  the disease also differed in the tw o groups (Table 
IV). In  the carrier-group for instance the disease was more aggressive in  
appearance, following onset the sym ptom s persisted for long and no periodicity  
was seen. In  response to  conventional treatm ents there was a slow  recovery  
or no recovery at all. Parenteral and intragastric therapy was also applied, 
iu one especially unresponsive case Co irradiation (1500 rad) w as em ployed. 
There w as a frequent occurrence o f pyloric spasm  and functional gastric
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retention (19 cases), 2 o f them  developing pyloric stenosis. D ue to the in e ffi­
ciency of conservative treatm ent 4 patients underwent surgery (also included  
are in th is group 2 patients w ith pyloric stenosis). In  the non-carrier group, 
however, patients were responsive to  treatm ent and no com plications were 
noted.

Values for HC1 secretion were also different in  th e  tw o groups (Table  
V). A lthough superacidity was present in  all cases tested  th e  mean В AO va lu e  
was 10 m m ol HC1 in the carrier-group and was ~  7 m m ol HC1 in the n on ­
carrier group.

Serum fasting gastrin  concentrations did not differ betw een the carrier 
and non-carrier groups (Table VI).

R outine clinical and laboratory tests  including L E -cell reaction and  
A N A  did not reveal any differences betw een the groups.

Discussion

The HC1 overproduction is know n to  p lay a k ey  role in  the pathogenesis 
o f duodenal ulcer [3, 15, 32, 26, 7, 20]. The cause o f  th is  superseeretion is, 
however, not clear. Under such conditions the mucosa is in  a state o f hyper­
function being con stan tly  stim ulated, how ever, neither enhanced vaga l ac­
tiv ity  [47, 31, 11] nor hypergastrinaem ia [24, 44, 29, 61, 60] was seen. The 
secretagogue role o f the intestinal phase has been confirm ed in experim ental 
anim al studies [23, 37, 33, 42, 21, 42] but not in m an [58]. According to  som e  
earlier observations a “ gastrin-like” substance is responsible for the super­
acid ity [16]. Y a k i m e t s  and B o n d a r  [63] reported on a substance in  the  
thoracic duct lym ph which is not identical w ith  gastrin or histam ine and stim ­
ulates gastric HC1 secretion. H a n s k y  et al. [34] found th at out of 17 patien ts  
w ith duodenal ulcer and normal serum gastrin concentrations estim ated by  
R IA  the sera o f  12 patients induced intense secretory responses in  th e  rat 
stom ach.

The im m une system  while exerting an overall surveillance over the  
in tegrity  o f the organism  is directly or indirectly in volved  in  almost all fu n c­
tions o f the body [13, 14, 15, 12, 50]. Since the im m une system  can induce  
hyperplasia and hypertrophy in the thyroid  gland [49, 55, 59], it is feasible  
th at in certain instances it  can produce hyperfunction (and hyperplasia) in  
the stom ach, too . Considering the general mechanism o f  action in the im m une  
system , trophic stim ulation  should be m ediated by a hum oral factor [5, 28, 
4, 50] which is probably in the im m unoglobulin fraction.

In the present study we have found th at out o f 51 patients w ith duodenal 
ulcer and apparent superacidity the globulins o f 25 patients produced a m arked  
secretory response in  the stom ach o f anaesthetised rats in  vivo. The on set o f
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th e  response occurred w ith  som e delay, developed gradually, peaked at 3 —4 
hours and was reproducible. After purification o f the globulins the secretagogue 
a c tiv ity  was linked to  th e  IgG  globulins. The acid secretion enhancing effect 
w as not due to gastrin since the patients under study failed to have high  
serum  gastrin levels and th e  gastrin concentrations in  th e  globulin prepara­
tion s were lower than  th e  m inim al effective dose required to  induce a b iolog­
ica l response. Using the indirect im m unofluorescent technique the secretagogue 
globulin  was shown to be bound to the corpus mucosa in the stom ach, m oreover 
th e  lym phocyte cooperation test ind icated  th a t the pa rie ta l cells were the  
targets for this type o f  globulin  molecules. The H 2 receptor blocker cim etidine 
abolished the globulin-induced secretory response and th e  binding o f the  
globulin  to the parietal cells was also inh ib ited  by cim etidine as revealed by  
th e  indirect im m unofluorescent studies. I t  appears that th e  binding o f the  
globulins to the parietal cells occurred via  th e  H 2 receptors. W hen the a ffin ity  
to  th e  H 2 receptors o f  th e  secretagogue globulin was tested  in a separate 
system  the secretagogue globulin exerted a significant inh ibition  under such  
conditions, too.

Since the im m unoglobulin , i.e. an antibody produced a stim ulatory  
action , we tested  the “ classical” antibody directed against the gastric mucosa  
n am ely  the globulin o f  patien ts w ith pernicious anaemia in  the in vivo b io­
assay  system  and in  th e  im m uno-fluorescent study along w ith cim etidine. 
R esu lts showed th at th e  “ true” antibody did not induce secretory response 
nor did cim etidine in h ib it the binding o f th e  antibody directed against the  
parietal cell.

On the basis o f  the present findings it appears th at in some patients  
w ith  duodenal ulcer and superacidity a hum oral factor, an im m unoglobulin, 
accounts for the enhanced secretion, through exerting secretagogue effect on  
the parietal cells by com binig with their H 2 receptors.

The clinical characteristics of the disease compiled from data o f the 51 
analysed  patients seem  to  indicate that th e  secretagogue im m unoglobulin  
carriers are genetically more susceptible to  develop im m unological “ im balance” 
such as autoaggressivity or autostim ulation. This view  is supported b y  the  
m ore frequent occurrence o f  im m unopathological diseases in  the history o f a 
considerable number o f th ese patients and th e  more aggressive, less periodical, 
thereapeutically  unresponsive m anifestations which were often associated  
w ith  com plications. The basal acid output (BAO) was m arkedly enhanced  
being 4-fold higher than  norm al and the stim ulated  secretion (MAO) was also 
higher than that in  patien ts w ith no secretagogue globulins. Fasting gastrin  
concentrations and routine laboratory data did not sign ificantly differ in the  
tw o  groups.

Based on the present results in conjunction  with the clinical sym ptom s 
we suggest that in  certain instances o f duodenal ulcer w hich is otherwise a
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F ig . 6. Increase  o f sp ind le  a c t iv ity  in  response to  capsaicin  m ic ro in jec tio n  ( to p , n = 1 7 )  an d  
th e r m a l  stim u la tio n  (b o tto m , n  =  10) in  th e  p o ste rio r h y p o th a lam u s . D o tte d  colum ns den o te  
th e  e ffec t of stim u la tions. Sm all b a rs  in d ica te  s ta n d a rd  erro r o f m eans. C o n tin u o u s lines m ark  
s ig n if ic a n t differences in  th e  n u m b e r o f sp indles w ith  resp ec t to  th e  m in u te  before  s tim u la tio n

(S tu d e n t’s i-te st)

tio n s could not be obtained. Capsaicin injections into extrahypothalam ic areas 
w ere also ineffective th ou gh  stim ulation  in the thalam us (F ig . 1) sometimes 
in d u ced  slow wave a c tiv ity .

Local heating in the P O -H Y P  resulted in EEG synchronization similar 
to  th a t  described for th e  capsaicin m icroinjections: high am plitude irregular 
d elta  w aves and spindles appeared in a great number (F igs 5 and 6). The 
la te n c y  of the reaction was 1 -2  min and the synchronized a c tiv ity  continued  
for about 1 min after term ination  o f the stim ulation. The effect o f heating on 
sp in d le activity was m ost pronounced when the posterior hypothalam us was 
stim u lated  (Table I). In  these experim ents the increase o f  spindle activ ity  was 
sign ifican t 1 min after the onset o f  heating (Fig. 4). H eatin g  in  the mid- 
-hypothalam ic area was less effective and the number o f  stim ulations that 
fa c ilita ted  spindles increased again when the preoptic region w as heated. No 
relationship  between the stim ulated  area and the slow w ave activ ity  was 
fou n d . Extrahypothalam ic heating w ithout any effect w as carried out in 
5 rats.

Discussion

The mutual interaction  betw een sleep and therm oregulation has repeat­
ed ly  been reported. The therm oregulatory m echanisms are seriously altered 
during sleep [11, 22]. A significant deviation from the neutral am bient temper-
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m ulticausal disease the impaired function o f the im m une system  m ight p lay  
a role. This abnorm ality is, however, not identical w ith that observed in  
autoim m une (autoaggresive) diseases.
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THERMAL AND CHEMICAL STIMULATIONS OL 
THE HYPOTHALAMIC HEAT DETECTORS: 

THE EFFECTS ON THE EEG*

G. B e n e d e k , F. O b á l , jr., Z. L e l k e s  and F. O b á l

D EPA RTM EN T OF PHY SIOLOG Y , U N IV ERSITY  M ED ICAL SCHOOL, SZEGED 

(R eceived  N ovem ber 2, 1981)

In  a c u te  im m obilized  ra ts , th e  effect on  th e  E E G  o f th e rm a l an d  chem ical 
(capsaicin  m icro in jec tio n ) s tim u la tio n  of th e  w a rm  sensors in  th e  p reo p tic  reg ion , 
m id -h y p o th a lam ic  a rea  an d  p o ste rio r h y p o th a la m u s w ere stud ied . B o th  loca lized  
h eatin g  a n d  cap saic in  re su lted  in  a  sleep-like E E G  w ith  sp indles a n d  slow w aves. 
S tim u la tio n  in  th e  p o ste rio r h y p o th a la m u s was th e  m o st effective an d  s tim u la tio n  in 
th e  m id -h y p o th a la m u s was th e  le a s t  effective in  in d u c in g  sp ind le  a c tiv ity . Since cap sa i­
cin is reg ard ed  as a  specific s t im u la n t fo r th e  h y p o th a la m ic  w arm  sensors, th e  re su lts  
suggest t h a t  th e  E E G  effect, a n d  p ro b ab ly  th e  s leep -inducing  effect, o f h e a t  a re  m ed i­
a ted  v ia  th e  cen tra l th e rm o recep to rs , and c an n o t b e  d u e  to  a non-specific  ac tiv a tio n  
of th e  b asa l fo reb ra in  hypnogen ic  m echanism s.

Drowsiness is a com m on experience in a m ild ly  warm environm ent. 
A ctually , local heating of the preoptic therm odetector area m ay induce EE G  
synchronization and sleep [2, 8, 12, 24, 25]. The question  whether this d eactiva­
tion  is the result o f the excitation  o f warm sensors or rather a non-specific 
activation  o f the basal forebrain hypnogenic m echanism s has not been settled . 
This problem was the subject o f our experim ents: in  addition to  local heating  
o f the preoptic region-hypothalam us (P O -H Y P ), chem ical stim ulation o f the  
heat detectors was applied to elicit slow w aves and spindles in the E EG  of  
acute im m obilized rats. Capsaicin adm inistered in  a single small dose sub­
cutaneously or into the preoptic region induces therm olysis via stim ulation  
o f the warm sensors [15, 16] while repeated treatm ent w ith the drug irre­
versib ly dam ages therm oreceptors and severely im pairs therm oregulation  
[16, 18, 19]. A t least in  the P O -H Y P , the effect o f  capsaicin seems to  be 
specific to the warm  detectors [13, 17]. Based on th ese observations, the aim  
of the present experim ents was to  compare the E E G  effect o f capsaicin m icro­
injection  to th a t elicited by local thermal stim ulation . To avoid the in ter­
ference with anaesthetics which seriously m odify both the EEG  and the therm o­
regulatory responses [4], acute im m obilized rats were used.

* S u p p o rted  b y  th e  Scientific  R esearch  Council, H u n g a ria n  M inistry  o f H e a lth , 4—05— 
0303-03-2 /0 .
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Materials and Methods

A lto g e th e r 78 m ale C FY  ra ts  (300-450 g) w ere used . U nder e th e r an ae s th es ia  th e  trach ea  
a n d  th e  d o rsa l vein  o f th e  p en is  w ere c a n n u la te d . T h e  skull w as fixed  in  a  s te reo tax ic  ap p ara tu s . 
R e co rd in g  electrodes w ere p laced  b ila te ra lly  over th e  fro n ta l and  p a r ie ta l  lobes. W ound 
edges a n d  p ressu re  p o in ts  w ere  in f il tra te d  w ith  p rocaine-H C l, an d  th is  p ro c ed u re  w as rep ea ted  
h o u rly  d u rin g  th e  experim en ts . T he an im als w ere  im m obilized  w ith  i.v . ga llam in e  tr ie th io d id e  
a n d  a r tif ic ia l  re sp ira tio n  w as in tro d u ced . T h e  ex p erim en ts  were carried  o u t  in  a  h e a t box 
w h ich  m a in ta in e d  th e  colonic te m p e ra tu re  b e tw ee n  35 °C and  36 °C. S tim u la tio n  w as s ta r te d  
1 h  a f te r  th e  anaesthesia  h a d  been d isco n tin u ed .

T h e  effect of capsaic in  m ic ro in jec tio n  o n  th e  E E G  was s tu d ied  in  53 ex p erim en ts. 
T he d ru g  w as applied  in  a vo lum e of 1 c o n ta in in g  10 fig  capsaicin  d isso lved  in  e th an o l and 
T w een  80 [14]. In  30 ex p erim en ts  th e  so lv en t w ith o u t capsaicin  was in jec ted  in to  th e  P O -H Y P  
c o n tra la te ra lly  to  th e  s tim u la te d  area. T h e  m ic ro in jec to r needle (a glass p ip e tte  a b o u t  30 urn 
in  d ia m e te r )  w as low ered th ro u g h  a gu id ing  can n u la  im p la n te d  30 m in earlie r in to  th e  explored  
a rea . T h e  d ru g  was in jec ted  b y  m eans of a  m ic ro d riv er in  30 s.

L o ca l h eatin g  of th e  P O -H Y P  w as c a rried  o u t  in  46 experim en ts. A  coil (resistance  
400 Q ) d e sc rib ed  by  Ca r l is l e  an d  L a u d e n s l a g e r  [5] served  as th e  h eatin g  e lec tro d e : a  n icro th a l 
w ire, w as  w ou n d  a round  th e  t ip  of a s ta in less  steel p in . T he d iam ete r o f th e  e lec tro d e  was 
200 ,um. D ire c t cu rren t o f 180 m W  (tw o -th ird s  o f th e  co ag u latio n  pow er) w as u sed  to  h e a t th e  
coil. A s d e te rm in ed  in  a  sep a ra te  ex p erim e n t, th is  P O -H Y P  stim u la tio n  in d u ce d  a 3 -4  °C 
rise  o f  th e  ta i l  tem p e ra tu re  in  u re th a n iz e d  ra ts .  Since in  an  an im al m ore th a n  one a rea  was 
s t im u la te d ,  th e  local P O -H Y P  te m p e ra tu re  w as n o t ta k e n  in  o rder to  d ecrease  th e  tissue 
dam ag e.

T h re e  regions of th e  P O -H Y P  w ere s tim u la te d ; th e  p reo p tic  a rea , m id -h y p o th a la m u s  
an d  th e  p o s te rio r  h y p o th a la m u s (fro n ta l p lan e s  2.0, 0.0 an d  -1.6 in th e  s te re o ta x ic  a tla s  o f 
P e l l e g r in o  an d  Cu sh m an n  [23]). T he e lec tro d es w ere a im ed 0.5 to  2.0 m m  la te ra l  to  th e  
m id line . I n  20 experim en ts th e  electrode a n d  can n u la  p lacem en ts were v e rified  h isto log ically  
w hile in  th e  re s t  of th e  ra ts ,  gross ex am in a tio n  of th e  f ro n ta l sections o f  th e  b ra in  seem ed to 
suffice  fo r  localizing th e  e lectrode track s . I n  som e ex p erim en ts e x tra h y p o th a la m ic  regions 
w ere a lso  s tim u la te d ; th e y  a re  in d ica ted  in  F ig . 1.

T h e  E E G  was reco rded  on p a p e r a n d  w as v isu a lly  ev a lu a ted  in 40 s epochs. Increases 
in  sp in d le  a n d  slow w ave a c t iv ity  w ere t r e a te d  as E E G  synchron iza tions. T h e  n u m b e r o f the  
sp ind les/40  s in  th e  b ifro n ta l d e riv a tio n  w as u sed  to  ch aracterize  th e  effec ts . I n  a d d itio n , 
pow er d e n s i ty  spec tra  w ere ca lcu la ted  fro m  40 s epochs in  15 ex p erim en ts (7 w ith  capsaicin  
an d  8 w ith  P O -H Y P  h eatin g ).

Fig. 1. S tim u la tio n  p o in ts  in  th e  b ra in . D o ts : capsaic in  m icroin jections. Crosses: th e rm al 
stim u la tions. N um bers d e n o te  th e  n u m b er o f experim ents

Fr 2.0 Fr 0.0 Fr -1.6
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R esults

The EEG  o f acu te im m obilized rats was characterized by a m oderately  
synchronized a c tiv ity , predom inantly w ith  waves o f  the theta  range. H igh  
am plitude theta w aves in  the frontoparietal derivation often showed a regular 
pattern. This a c tiv ity  continued for several seconds, som etim es for m inutes. 
It was regarded as a concom itant o f  the hippocam pal rhythm ic slow w ave  
a ctiv ity  (RSA) since R SA  often in vad es the parietal E E G  in the rat [31]. 
It could easily be elic ited  by sensory stim uli. The EE G  o f the bifrontal deriva­
tion  was fla t w ith h igh  frequency w aves. Spindles were absent or extrem ely  
rare.

Capsaicin in jected  into the PO —H Y P  induced a powerful slow w ave  
and spindle activ ity  (F ig . 2) or a m arked slow wave a c tiv ity  w ithout spindles. 
Spindles appeared in  a great num ber prim arily in the bifrontal derivation. 
The frontoparietal derivations were dom inated by h igh am plitude irregular 
delta waves resulting in  a great increase o f  the power o f  delta range (F ig . 3). 
In  response to sensory stim uli (touching the tail) this a c tiv ity  was im m ediately  
replaced b y  RSA over th e  parietal cortex  and by fast w aves over the frontal

LF—RF *,. ■ — " — - *— *
LP-RP
R F -R P  н ф гШкШ**

LF_LP
1 /Jl CAPSAICIN 1st  mi n

LF-RF  --------------- ----------------------------------------------- -------- — ■—
LP-RP <<y, ■» 4i"> » A » и .i/no*« ̂  » I J«j. ,t
DCLD p ,

LF-LP

3rd min

LF RF -А^л>4М*Цк

RF-RO

5th min
LF"RF V

LP_RP
RF' RP

F ig. 2. E E G  response to  cap sa ic in  in jec ted  in to  th e  p reo p tic  reg ion . T op traces show  th e  E E G  
before th e  in jec tion . L F  a n d  R F : left an d  r ig h t  fro n ta l. L P  an d  R P :  le ft and r ig h t p a r ie ta l.

C a lib ra tion : 100 pV , 1 s
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50jüWs

F ig . 3. Pow er den sity  sp e c tra  o b ta in ed  from  40-s reco rd s before and  a f te r  capsaic in  m ic ro ­
in je c tio n  in to  th e  p o ste rio r  h y p o th a lam u s

cortex. The synchronizing reaction to capsaicin had a la ten cy  of 1 -4  m in, 
lasted  for 20-30  m in, and then  the original activ ity  gradually returned. The 
E E G  effects depended on the location o f the cannula (Table I). Stim ulation in  
the posterior hypothalam us resulted in the m ost consistent effect: an increase in  
spindle and slow w ave a ctiv ity  was noted in  each experim ent. The rise in the  
num ber of spindles was gradual and sign ificant from the second m inute on 
(F ig . 6). In contrast w ith  the posterior hypothalam ic stim ulation , capsaicin  
adm inistered into the m id-hypothalam ic area elicited spindle activ ity  in one- 
-third of the experim ents. W hen the drug w as applied into the preoptic region, 
the number o f effective stim ulations increased again. The la ten cy  of the re­
sponse, however, tended to  be longer in these cases than on stim ulation o f the  
posterior hypothalam us: it was close to 4 m in. No definite difference betw een  
th e  areas studied was found w ith respect to  the slow w aves induced (Table
I). In  the 30 experim ents where the so lvent was injected alone, distinct reac-

ТаЫе I
Sp ind le  (S P )  and sloiv wave ( S W )  inducing effect o f  capsaicin microinjections and local heating  

in  the P O -H Y P . The effective/total number o f  rats is indicated fo r  each fro n ta l coordinate

Fr: 2.0 Fr: 0.0 Fr: -1.6
preoptic region mid-hypothalamus posterior hypothalam us

SP SW S i' SW SP SW

C apsaicin 13/22 21/22 5/14 11/14 17/17 17/17

H ea tin g 17/32 30/32 1/4 4/4 10/10 10/10
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Fig. 5. Pow er d en sity  sp e c tra  o f 40-s c o r tic a l E E G  records o b ta in e d  before, during  a n d  a fte r 
th e rm al s tim u la tio n  in  th e  posterio r h y p o th a la m u s . L eft side: v a lu e s  ta k e n  from  b ifro n ta l 
d e riv a tio n s . R ig h t side: pow er spectra  c a lc u la te d  from  E E G  reco rd s in  th e  r ig h t fro n to -p arie ta l 
d e riv a tio n s . The th ree  cu rv es on th e  to p  w ere  calcu la ted  from  th e  E E G  ta k e n  before s tim u la ­
tio n , th e  n e x t th ree  cu rv es m arked  by  a  v e r tic a l  b a r  rep resen t th e  E E G  ta k e n  before s tim u la ­
tion . T he th ree  p ow er sp ec tra  a t  th e  b o t to m  were o b ta in ed  a f te r  s tim u la tio n  h a d  been

d isco n tin u ed

I—

F ig . 4. E E G  response to  th e rm al s tim u la tio n  in  th e  p reoptic  reg ion . C alib ra tion : 100 ^V , 1 s
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ature generally results in  a reduction o f sleep [20, 22]. H ow ever, when the rise 
in  am bient tem perature is moderate, to ta l sleep or th e  percentage am ounts 
o f som e sleep stages m ay increase. As to  w hich stages are affected, quite differ­
ent results have been reported depending on the m ethod  used (i.e. duration  
o f heat exposure, tem perature, recording tim e, preexposure adaptation, the  
rate o f  tem perature variation, and the sleep scoring procedure) [10, 28, 29, 
32]. On the one hand, sleep might be useful for therm oregulation since b e­
havioural in activ ity  reduces heat production [27]. On the other hand, a prim ­
ary behavioural response involving im m obility  to heat m ay facilitate the sleep  
process. A ctually , a specific therm olytic behaviour o f  th is type has been  
reported: it is a pronal extension o f the body [6, 26, 29]. A t more elevated  
am bient tem peratures therm olytic reactions antagonistic to sleep are also 
activated: the rats groom vehem ently and try  to escape from the warm  en­
vironm ent [6, 9].

The EEG  synchronization obtained in  acute im m obilized animals should  
be interpreted cautiously  as a phenom enon identical to  th at appearing during 
slow w ave sleep. S till, in our experim ents the synchronization seem ed to  be 
the result o f the activation  o f sleep m echanism s. Comparing the tw o pheno­
mena m ay therefore promote the understanding o f these mechanism s. Local 
therm al stim ulation  in the preoptic region which induced a sleep-like E EG  
in  acute im m obilized cats, rabbits and rats [2, 8], facilitated  sleep in freely  
m oving anim als too: cats fell asleep [24], the length  o f paradoxical phases 
increased [21]; in  oppossum s a sleep-like relaxation was found [25], in rats 
slow w ave sleep increased [28]. It is not known w hether these effects were 
due to  the specific central therm odetectors. In the preoptic region, close to  the  
therm odetector area, the existence o f a powerful hypnogenic m echanism  was 
reported [3, 30]; high frequency stim ulation  in  th is area induced sleep while 
lesions brought about insomnia. H eat m ay activate cells which have noth ing  
in com m on w ith  the therm odetectors [1]. Thus, a non-specific stim ulation  
of the hypnogenic m echanisms as the reason for the sleep eliciting effect of 
heat could not be excluded. In th is respect the experim ents w ith capsaicin  
which specifically  activates and, in the case o f repeated treatm ent, dam ages 
the preoptic warm  sensors, seemed to  be decisive.

Our results showed that the effects o f localized heating and capsaicin  
m icroinjections were strikingly similar: a significant increase of spindle activ ­
ity  and a definite slow wave activ ity , i.e. an EEG  pattern  closely resem bling  
sleep. Some differences in the EEG responses w ith respect to the stim ulated  
area were noted in  both the therm al and chem ical stim ulation  experim ents. 
W hile slow w aves could be elicited b y  stim ulating any parts o f the PO—H Y P , 
the spindle-inducing points were not distributed uniform ly. Since the in ten sity  
o f the slow wave a c tiv ity  was not evaluated qu an tita tively  in each experim ent, 
particular im portance should not be attributed to  th is  divergency. As to  the
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increase of spindle a c tiv ity , positive responses were obtained more frequently  
from  the posterior hypothalam us and preoptic region than  from the mid- 
-hypothalam ic region. These differences in effectiv ity  o f the stim ulation  
corresponded to the distribution o f the warm  sensors: th ey  are more densely  
scattered  in the anterior and posterior hypothalam us than in the m id-hypo- 
thalam ic region, m oreover, the characteristics o f the anterior and posterior 
therm odetectors are also different [7]. W hether these differences may explain  
th a t  spindle responses could be obtained more readily on posterior stim ula­
tio n  than on anterior one, is not clear. To our knowledge, in all the experim ents 
b u t one where the interaction o f the central therm odetectors and sleep was 
stu d ied , the preoptic region was heated. The only exception [12], the experi­
m ents of H em ingw ay et al. corroborated our findings: in dogs, therm al stim u ­
la tio n  of the posterior hypothalam us w as more effective in eliciting sleep  
th a n  was the anterior hypothalam us.

To summarize, both localized heating and capsaicin m icroinjections in 
th e  P O -H Y P  elicited slow  w aves and spindles in the EEG . The distribution  
o f  th e  spindle-inducing areas was identical for both kinds o f  stim ulation. 
Since capsaicin, is regarded as a specific chem ical excitant for the central 
w arm  sensors, it  seem s th at these receptors were responsible for the E E G  
effects. The results are in  favour o f the v iew  that the sleep facilitating effect 
o f  h eat is m ediated b y  the P O -H Y P  therm odetectors.
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Low b o d y  w eigh t p re m a tu re  babies b o m  before  th e  32nd g esta tio n a l w eek w ere  
s tu d ied  to  an aly se  th e  p o s tn a ta l  fall in  p lasm a  haem o g lo b in  a n d  in  q u a n tita tiv e  ch an g es 
in  am ino  acid  levels. R ed  b lood  cells o f p re m a tu re  low  bod y  w eigh t in fan ts  w ere fo u n d  
to  d is in te g ra te  m ore ra p id ly  th a n  those  o f m a tu re  new borns. T h in -lay er io n -ex ch an g e  
ch ro m a to g rap h ic  s tu d ies  show ed th a t  am ino  acid s o rig ina ting  from  th e  d e g rad in g  
haem o g lo b in -F  lead  to  rise in  p lasm a am ino acids. T hese  am ino acids m ig h t p la y  a  ro le  
as su b s tra te s  fo r gluconeogenesis in  th e  en erg y  su p p ly  of low  b o d y  w eigh t p re m a tu re  
b ab ies d u rin g  th e  special fa stin g  s ta te  ju s t  a f te r  b ir th .

Perinatal m edicine has experienced im portant new developm ents during  
the last decades. Modern gynaecological and neonatal care have resulted in  
the survival o f an increasing number o f very  low birth w eight babies. The 
same population o f infants is, however, also responsible for a large propor­
tion  of newborn m ortality  as a result o f  im m aturity  (Fig. 1). It is o f  great 
im portance, therefore, to learn more about th e  details o f the physiology and  
adaptation o f prem ature infants so that th e  unfavourable m etabolic charac­
teristics originating from the absence o f  th e  la st intrauterine period in  their  
developm ent could be successfully influenced.

This stu d y  has been initiated by the clinical observation that im m ature  
very low  birth w eight babies develop m arked anaemia during the first w eek  
of life. In  addition to a detailed analysis o f  th is anaemia, it  has been aim ed  
at investigating the role o f the degrading products of haem olysed red blood  
cells in the process o f neonatal m etabolic alterations.

Materials and Methods

1. P atients. T o m easure  haem oglobin  (H b ) leve ls a f te r  b ir th , cap illa ry  blood sam p les 
w ere ta k e n  fro m  43 p re -te rm  in fan ts  of low b o d y  w eig h t. G esta tional age was c a lcu la ted  on  
th e  basis o f th e  la s t  p e rio d  of th e  m o th ers  and  checked  b y  s ta n d a rd  som atic  an d  n euro log ica l 
te s ts  o f th e  new b o rn s. A verage g esta tio n a l age w as 29.7 w eeks w ith  a  ran g e  of b o d y  w e ig h t 
o f 750 to  1500 g (m ean , 1225 g). In  these  p a tie n ts  no  sign  of general o r specific o rg an  b leed ing  
could be  obse rv ed  a n d  no tran sfu sio n  w as applied .

2. D eterm ination  o f  Hb. Serum  H b  was m ea su re d  as cyano-H b  b y  sp e c tro p h o to m e try  
using th e  D ra b k in -reag en t.
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F ig . 1. M orta lity  ra te  o f 0—6 days old n ew b o rn  in fa n ts  in  H u n g a ry  in  1980 (g iven  in  % )  as 
a fu n c tio n  of b ir th  w eigh t. D o tted  line show s m o r ta l i ty  ra te  o f all in fan ts  b o rn  a live , b ro k e n  
line show s m o rta lity  ra te  o f  p re -te rm  in fan ts  w eig h in g  less th a n  3000 g (based  on  th e  e s tim a tio n  

o f th e  C entra l S ta tis tic a l O ffice, B u d ap es t, 1980)

3. W ithdrawal and storage o f  blood-serum sam ples. B lood-sam ples were ta k e n  fro m  p e ri­
p h e ra l veins o f m a tu re  h e a lth y  new borns ( n = 5 )  a n d  from  v ery  low  b ir th  w eigh t p re m a tu re  
new borns (n = 8 ) ,  th e  l a t te r  w eighing 1050 g o n  th e  av erage  w ith  a g e sta tio n a l age o f less th a n  
32 w eeks. A fte r be ing  le f t a t  room  te m p e ra tu re  fo r  30 m in , th e  sam ples were c en trifu g ed  
(10 000 rp m  fo r 10 m in ) a n d  s to red  a t  — 20 °C fo r less th a n  tw o  weeks. Because o f th e  sm all 
vo lum e of th e  sam ples ta k e n  from  in fan ts  o f  low  b o d y  w eigh t, th e  sam ples w ere p o o led  to  get 
a  vo lum e of 3 to  4 m l ( n = 5 -8 ) .

4. E xtraction  procedure. 3 to  5 ml pools o f  se ru m  sam ples were tre a te d  w ith  9 6 %  e th a n o l, 
a f te r  a d ju s tin g  th e  p H  to  2.0 w ith  a  1 N -so lu tion  o f HC1 to  rem ove p ro te in s. T he fin a l c o n c e n tra ­
tio n  of e th an o l w as 7 0 % . T h e  su p e rn a ta n t o f th e  cen trifu g ed  sam ples (see above) w ere d ried  
w ith  v a cu u m -d is tilla tio n  a t  37 °C and th e  resid u e  d isso lved  in 0.1 N HCl (1 ml).

5. Thin-layer ion-exchange gel chromatography. T h in -lay er ion-exchange sh ee ts  m e a su r­
ing  200 m m  X 200 m m  w ere used (F ix ion  5 0X —8, C hinoin). T he sh ee ts w ere e q u ilib ra te d  in 
a 0.02 m ol N a -c itra te  b u ffe r  a t  a p H  of 3.28 fo r 16 h o u rs  follow ed b y  dry ing  a t  2 5 -30  °C for 
one h o u r. A t a  d is tan ce  less th a n  10 m m , 100 p \  sam p le s o f serum  (see above) w ere tra n s fe rre d  
to  th ese  ch ro m a to g rap h ic  sh ee ts and  ru n  a t  a te m p e ra tu re  o f 55 °C in  a  m ix tu re  co n ta in in g  
0.35 m ol N a -c itra te  a t  a p H  o f 4.15. This w as fo llow ed  b y  tw o  dry ing  periods a t  50 °C fo r 40 m in , 
in te r ru p te d  b y  a sp ra y  o f n in h y d rid e  so lu tion . T h e  d e n s ity  o f th e  sp o ts app earin g  a f te r  th is  
p ro ced u re  on th e  ch ro m a to g ra m , rep resen tin g  se ru m  am ino  acids, w ere th e n  m easu red  w ith  
h igh-speed  d e n sito m e try  using  various c o n ce n tra tio n s  o f a rg in ine  as s tan d ard .

Results

In the first series o f experim ents H b content of the blood tak en  from  
43 very low  birth w eight infants born before the 32nd gestational w eek  was 
com pared w ith respective samples taken  from mature newborns, in both  
cases the samples being taken at different tim es o f the postnatal developm ent; 
in both  groups a postnatal fall in Hb concentration was observed (Table I).
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Table I

Postnatal changes in  blood haemoglobin levels in  mature newborn in fan ts ( adapted fro m  M a t o t h  
et al. \ l  1]} and in  premature in fants born before the 32nd gestational week (present studies)

Days

Term  infants
P reterm  infants under 

32th  weeks of gestation

Case
No. H b , mmol l -1

Case
No. H b, mmol l -1

1 -3 57 11 .74± 1 .55 19 9 .8 7 ± 0 .6 2

4 -5 22 1 1 .24± 0 .99 9 9 .5 0 ± 1 .1 8

6 -7 27 1 0 .9 3± 1 .43 5 8 .3 8 ± 1 .2 4

W eeks

1-2 32 10 .74± 1 .43 22 8 .26± 1 .18

2 -3 11 9 .6 9 ± 1 .6 1 8 8 .6 3 ± 1 .3 0

3 -4 17 8 .8 2 ± 1 .3 0 15 8 .0 7 ± 1 .3 0

4 -5 15 7 .8 9 ± 0 .9 9 8 7 .89±0.81

5 -6 10 7 .3 9 ± 0 .9 3 8 7 .58± 0 .62

6 -7 10 7 .4 5 ± 0 .9 3 3 6 .6 4 ± 0 .7 4

7 -8 17 6 .8 1 ± 0 .6 8 2 5 .34± 0 .50

In mature newborn infants a gradual and slow fall in  Hb concentration was 
observed, w ith  a slight fall (1.0 m m ol I-1 ) occurring w ithin the first week [11]. 
H owever, in  premature low b od y weight in fants, H b concentration fell by  
1.62 m m o ll“ 1 w ithin the first w eek, with a m arked decrease starting from  
day 4 and reaching the lowest level by the end o f the first week. This m arked  
degradation o f H b, together w ith  the im m aturity o f  the conjugating and excret­
ing capacity o f  the liver, contributed to hyperbilirubinaem ia which w as the  
highest on day 7 in  premature babies instead o f day 4 as common for m ature 
newborns. From  week 5 to  6 onwards, the fall in  H b was more m arked in 
premature babies than in m ature neonates. This phenom enon could be e x ­
plained by a rapid synthesis o f  H b -A  after the 36th  gestational week, at the  
same tim e the synthesis o f feta l H b being already inhibited [4]. The concentra­
tion  o f  fetal H b started to fall rapidly at th at tim e and total Hb concentra­
tion  reached a critical low leve l by week 7 to  8 owing to the slow speed of 
H b -A  production.

The fate  o f globin deriving from Hb is practically unknown, but it  is 
certainly split to  amino acids. In  the second part o f  this study the effect of 
glohin catabolism  on plasma amino acid levels was investigated.

According to  other studies [1, 9] 70-90%  o f  the Hb of cord blood taken  
from premature infants is feta l Hb (H b -F ). The less mature the newborn,
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the highest is the proportion of H b -F  in it ’s cord blood. The am ino acid se­
quence o f H b -F  [10] dem onstrates that th e  dom inant amino acids in one a 
and y  chain each are leucine, isoleucine, alanine, valine and lysine (Table II).

Table II

Relative incidence ( mol°/0)  o f  the individual am ino acids, constituents o f  fe ta l haemoglobin

V A L 9.06 A SP 8.71 H IS 5.92

L E U 12.19 LYS 8.01 GLU 5.92

IL E 1.40 T H R 6.62 TY R 1.74

S E R 7.66 T R Y 1.40 ARG 2.09

P R O 3.83 P H E 5.23 CYS 0.70

A L A 11.15 GLY 6.97 MET 1.40

An attem pt w as m ade to reveal a relationship between the changes in 
am ino acid content and th e  com position o f  blood with the degrading products 
of H b—F. In these investigations prem ature and mature newborn infants not 
previously  given either exogenous protein or amino acids were studied . Plasma 
sam ples taken at day 7 from low body w eight infants contained higher levels 
o f am ino acids (by several degrees o f m agnitude) than those o f  mature new­
borns o f  the same age (F ig. 2). The m ost m arked rise occurred in tyrosine,

Л7.

Fig. 2. P e rcen tile  d ifference (/1 % ) of serum  am ino  acid  levels in  very  low b o d y  w eigh t p re ­
m a tu re  in fan ts  as com pared  w ith  m atu re  new borns in  th e  7 th  day  of life. T he n u m b ers  in the 

co lu m n s show am ino acid  levels in  //m ol l -1
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leucine, isoleucine, phenylalanine and ornithine concentrations, w ith lysine  
and histidine levels being also significantly higher in  th e  premature group 
than  in the control one.

Discussion

Characteristic changes can be observed in serum levels o f  some m etabol­
ites in the course o f neonatal adaptation. The fall in blood glucose concentra­
tio n  after birth indicates a gradual depletion o f carbohydrate stores. In  
prem ature babies the level of hypoglycaem ia is more m arked [5]. A sim ul­
taneous rise in F F A  level is a sign o f substrate m obilization and usage from  
other sources [6, 7].

In very low birth weight premature infants the caloric needs cannot 
be m et by oral a lim entation , thus the obligatory fasting period is lengthened. 
This brings about a deterioration of the process of cardio- respiratory adapta­
tion  in premature infants. Consequently, parenteral (intravenous) a lim enta­
tion  is the m ethod o f choice after birth. The problems o f parenteral feeding  
in  newborns have been exten sively  dealt w ith by various groups o f authors [2, 
8, 12, 13, 14]. A positive nitrogen balance, essential for an adequate growth  
rate, can be achieved by a com bined infusion treatm ent using glucose and 
am ino acids. H ow ever, th is m ethod o f feeding has som e side-effects such as 
rises in non-protein nitrogen, am m onia, amino acid levels and am inoacidu­
ria, all known to  exert harmful effect on the newborn infant.

Very low birth w eight premature infants have been shown to  have 
higher amino acid levels than  mature newborns, probably as a result o f  the  
degradation o f globin derived from H b -F . This la tter opinion is supported  
by the present finding, in th at the incidence of increased plasma levels o f 
leucine, histidine, lysine constituents o f  H b -F , was very  high in premature 
babies (Fig. 4). The release o f other amino acids (e.g. tyrosine, ornithine and 
phenylalanine), being partly or com pletely absent from H b—F, can be ascribed  
to  transform ation o f protein com ponents in organs o f  the newborn during 
neonatal adaptation w ith  the result o f transient appearance of various amino 
acids in blood.

In the special interm ediate m etabolic adaptation o f the newborn period 
the amino acids, show n to be released in  the present stu d y , might be used as 
an im portant energy source via m etabolism  in the gluconeogenetic pathw ay. 
This helps the otherwise more susceptible premature in fant to reduce the load  
experienced at the beginning o f extrauterine life.

Early amino acid infusions given to very low birth weight premature 
infants present an even  greater danger than for mature newborns. Taken into  
consideration the perils o f acidosis encountered as side-effect o f infusions 
w ith  synthetic amino acids [3], it  can be concluded th a t in  very low  birth

Acta Physiologien Academiae Scientiarum Hungaricae 60, 1982



42 J . BŐ KAY et aU

w eigh t premature babies aged less than 2 weeks amino acid infusion should  
be accom pained by m onitoring o f serum and urine amino acid levels.

In  future studies the role o f  amino acids derived from H b w ill be investig­
a ted  and the origin o f  other amino acids should also be clarified.
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PROTEASES AND PROTEINASE INHIBITORS IN 
EXPERIMENTAL GLUCOCORTICOSTEROID 

MYOPATHY*

I. S o h á r ,* I. N a g y ,* L. H e i n e r ,** Zsuzsanna K o v á c s * and F. G u b a *

D EPA R T M E N T OF BIOCHEM ISTRY* AND D EPA R T M E N T OF NEURO-PSYCHIATRY,** 
U N IV ER SITY  MEDICAL SCHOOL, SZEGED

(R eceived  F e b ru a ry  1, 1982)

T he u n k n o w n  en zy m atic  m echan ism  o f enhanced  p ro te in  b reak d o w n  in  s te ro id  
m y o p a th y  w as s tu d ied  in  fu n c tio n ally  an d  b iochem ically  d iffe ren t m uscles o f  ra b b its  
t r e a te d  w ith  d ex am eth aso n e  fo r th ree  w eeks. A fte r g lucocorticoid  a d m in is tra tio n  th e  
fa s t- tw itc h  g lyco ly tic  sem im em braneous m uscle  o f tre a te d  an im als w as a tro p h ied , 
w hereas th e  w e igh t of th e  slow -tw itch  o x id a tiv e  soleus m uscle w as n o t a lte re d . T he 
specific a c tiv ity  o f th e  lysosom al endo- a n d  ex o pep tidases (ca th ep s in  D , E , В a n d  L, 
ly sosom al ca rb o x y p ep tid a se  A  and  d ip ep tid y lp e p tid a se  I) w as increased  a b o u t 2-fold 
in  th e  a tro p h ied  w hite  m uscle. T he a c t iv ity  o f th e  cytosol enzym e Ca + + -a c tiv a te d  
n e u tra l  p ro te in ase  w as also e levated , w hereas t h a t  o f th e  o th e r  cy toso l e n d o p ep tid ase , 
ch y m o try p sin -lik e  enzym e, w as u n a lte red . T h e  level o f a lan ine am in o p ep tid ase  w as on ly  
s lig h tly  increased . On th e  o th e r  h an d , th e re  w ere no u n equ ivocal changes in  p ro tea se  
a c tiv ity  in  th e  soleus m uscle. T hese find ings are  in  ag reem en t w ith  th e  k n ow n d ifferences 
in  g lu co co rtico id -sen sitiv ity  o f th e  various m uscles. O ur resu lts  suggest t h a t  th e  ly soso ­
m al p ro teo ly tic  system  an d  th e  Ca + + -a c tiv a te d  n e u tra l  p ro te in ase  m ay  p la y  a n  im p o r t­
a n t  ro le in  th e  g lucocortico id-induced  in tra ce llu la r  p ro te in  ca tab o lism  in  m uscle. T he 
in h ib ito r  capac itie s  o f c a th ep s in  В and  try p s in  d e tec tab le  in  m uscle cy toso l w ere n o t 
a lte re d  a f te r  s te ro id  t re a tm e n t. C onsequently , th e  increase  in  c a th ep s in  В a c t iv ity  w as 
n o t due  to  th e  loss o f i ts  in h ib ito r.

Introduction

It is a w ell-known fact that chronic treatm ent o f anim als [11, 14, 17, 
50, 51] and hum ans [31, 10] w ith glucocorticoid hormones leads to m uscle 
atrophy and weakness. Muscles containing a high proportion o f fast-tw itch  
glycolytic fibres are preferentially involved  in glucocorticoid-induced atrophy  
[14, 17, 20, 33, 51].

A vailable data suggest that skeletal muscle is a target organ for gluco­
corticoids [33]. Excess am ount o f the horm ones leads to a decreased rate of 
muscle protein synthesis [17, 34, 39, 43] and an enhanced muscle protein  
catabolism  [10, 17, 51]. The enzym es responsible for the enhanced intracellular  
protein breakdown are not known. In 1967 B u c h a n a n  and S c h w a r t z  could  
not detect any activation  o f acid hydrolases in muscles o f  cortisone-treated  
rats [6]. T hey measured non-protease enzym es in  samples containing a m ix-

* S u p p o rte d  b y  a  g ra n t fro m  th e  M in istry  o f  H e a lth , H u n g a ry , No. 4 -0 2 -6 3 0 6 -0 1 -1 ,
an d  No. 4 -2 5 -0 3 0 3 -0 1 -1 .
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tűre o f  hind-leg m uscles. M a y e r  et al. [32] found an increased activ ity  o f  the  
“ m yofibrillar” protease in  glucocorticoid-treated rats. H ow ever, this a ctiv ity  
is confined to m ast cells [36, 54]. We, therefore, started a series o f studies on  
different muscles o f rabbits treated w ith  the synthetic glucocorticoid dexa- 
m ethasone. The activ ities o f  several lysosom al and extralysosom al protelytic  
enzym es derived from red and white m uscles were m easured, and the changes 
in the proteases were correlated with the changes in m uscle weight.

In  recent years som e proteinase inhibitors o f  the muscles were discovered  
[42, 53]. It is possible th a t these inhibitors p lay a regulatory role in proteo­
lysis. Therefore, the trypsin  and cathepsin В inhibitor capacities o f the m uscle 
sam ples were also m easured. A prelim inary report o f some o f these findings 
has already been presented [35].

Materials and Methods

M ale a d u lt N ew  Z ea la n d  ra b b its  w eighing a b o u t 2500 g w ere used . E ig h teen  animal® 
rece ived  in tra m u sc u la r  in je c tio n s  of d ex am eth aso n e  (O radexon , O rganon  OSS, H o llan d ) 
in to  th e  foreleg tricep s in  a  dose  of 2 m g/kg every  second  d ay  fo r a th ree-w eek  period . T w elve 
n o rm al, u n tre a te d  ra b b its  w ere  used  as con tro ls. T h e  an im als w ere b led , and  th e  h ind leg  
sem im em b ran eo u s m uscle, co n ta in in g  m ain ly  fa s t- tw itc h  g lyco ly tic  fib res  and  th e  soleus 
m uscle co n ta in in g  m ain ly  s lo w -tw itch  o x id a tiv e  f ib re s  [37] w ere excised , cleaned of connective  
tis su e  a n d  m inced w ith  scissors. F o r  enzym e m ea su re m e n ts  th e  m uscles were hom ogenized 
in  10 vo lum es of a so lu tion  co n ta in in g  2%  KC1 a n d  0 .1 %  T r ito n  X 100. F o r in h ib ito r  an d  C a+ +- 
-a c tiv a te d  n e u tra l p ro tease  (C A N P ) m easu rem en ts th e  m uscles w ere hom ogenized in  3 vo lum es 
of 25 mM  T ris-H C l b u ffer, p H  7.4, co n ta in ing  1 m M  E D T A -N a 2. T he hom ogenization  w as 
p e rfo rm ed  using  a M S E -b len d er (2 X 30 sec), th e n  a  g lass-teflon  p o tte r  (B . B rau n  M elsungen) 
fo r 30 sec. T he tu b es co n ta in in g  th e  hom ogenates w ere k e p t on ice du rin g  th e  p rocedure . T he 
h o m o g en a tes  w ere c en trifu g ed  a t  20 000 g fo r 20 m in  an d  th e  su p e rn a ta n ts  w ere u sed  for 
m easu rem en ts .

T he ac tiv ities  o f c a th e p s in  D , E  and В ly sosom al carb o x y lp ep tid ase  A (LCA) and  d ip ep ti-  
d y lp ep tid a se  I  (D A P I)  w ere  d e te rm in ed  essen tia lly  as described  b y  B a r r ett  [1]. C a th ep sin  L 
a c t iv ity  w as m easured  b y  in c u b a tin g  th e  m uscle sam ples a t  40 °C fo r 120 m in in  a fin a l vo lum e 
o f 1.0 m l co n ta in ing  50 m M  p o ta ss iu m  p h o sp h a te  (p H  6 .0 ), 0 .5%  azocasein  an d  5 mM 2-m er- 
c ap to e th a n o l. In  th e  b lan k  tu b e s  th e  reac tio n  m ix tu re  co n ta in ed  1 0 _6 M Z -P h e -P h e -C H -N 2, 
a specific in h ib ito r  o f c a th e p s in  L [27, 28]. C A N P a c tiv ity  w as assay ed  w ith  azocasein  as 
su b s tra te  a t  p H  7.5, in  th e  p resen ce  of 10 mM CaCL, an d  10 mM  2-m ercap to e th an o l as a c t iv a ­
to rs  [7, 25, 40, 41]. C h y m o try p sin -lik e  p ro tea se  (C L P ) w as m easu red  w ith  ace ty l-T y r-p - 
-n itro an ilid e  (1 mM) as su b s tra te  a t  p H  8.0. A lan ine  am in o p ep tid ase  (A A P) was a ssay ed  as 
d escribed  b y  F a rr  e t al. [12], using  Co++ ions (1 m M ) fo r a c tiv a tio n  [22].

F o r m easu rem en t o f in h ib ito r  capacities th e  m uscle  su p e rn a ta n ts  w ere in cu b a ted  w ith  
p u rif ied  ca th ep sin  В and  t ry p s in  fo r 10 m in. R esid u al ca th ep s in  В and  try p s in  ac tiv itie s  w ere 
d e te rm in ed  w ith  b en zo y l-D , L -A rg  P  n itro an ilid e  a t  p H  6.0 an d  7.5, respec tive ly  [1]. C a th ep ­
sin В w as p a rtia lly  p u rified  fro m  ra b b it  liver b y  th e  m eth o d  of B a r r ett  [2]. T ry p sin  (T ype 
IX )  w as pu rch ased  from  S igm a Chem. Co., S t. L ouis. P ro te in  w as d e te rm in ed  b y  th e  m icro  
b iu re t m eth o d  of G o a  [16].

Results

The fresh w eight o f the white sem im em braneous muscle o f treated  
rabbits decreased by approxim ately 35% , whereas the weight of the soleus 
m uscle was practically unaltered (Table I).
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Table I

M uscle weights in  g  in control and dexamethasone-treated rabbits

Muscle Control (12) Treated (18)

Sem im em braneous 8 .8 3 ± 0 .6 9 5 .6 9± 0 .53*

Soleus 1 .7 4 ± 0 .1 2 1 .7 0 ± 0 .1 6

M eans ± S .D . In  p a ren theses: N o. o f anim als. *P <  0.01.

Protease in the semimembraneous muscle

The activ ities of lysosom al endopeptidases, such as cathepsin D , E, В 
and L, and those o f lysosom al exopeptidases LCA and D A P  I, expressed per 
gram soluble protein, show ed an about 2-fold increase in  the sem im em braneous 
m uscle o f  treated animals (Table II). The level o f the cytosol enzym e CANP

Table I I

Protease activities in  the semimembraneous muscle o f  control and treated rabbits

Enzyme Control (12) T reated (18)

C athepsin  D, n k a t/g 19.2 ± 2 .1 34.8 ± 3 .8 *
C athepsin  E , n k a t/g 7.8 ± 1 .1 14.2 ± 2 .6 *

C athepsin  B, n k a t/g 1 .5 0 ± 0 .2 9 3 .35± 0 .39*

C athepsin  L , ftg/s/g 1 .58± 0 .18 3 .3 2 ± 0 .36*

LCA, n k a t/g 30.7 ± 3 .7 5 3 .3 ± 5 .5 *

D A P I, nka t/g 3.67 ± 0 .5 2 6 .8 3 ± 0 .62*

C A N P, ng/s/g 473 ± 4 1 645 ± 5 6 *
C L P, nkat/g 1 .75± 0 .13 1 .6 9 ± 0 .1 9

A A P, n k a t/g 100.2 ± 4 1 125.8 ± 8 .1***

M eans ± S .D . In  paren theses: No. o f anim als. *P  <  0.001 **P <  0.01
***P <  0.05

A bbrev ia tions: see M ethods.

was also sign ificantly elevated . The activ ity  o f the other non-lysosom al endo- 
peptidase, CLP, was not changed. There was a slight but significant (P  < / 0.05) 
increase in the activ ity  o f  the m ain cytosol exopeptidase, AAP.

Protease in the soleus muscle

There were no significant differences in either the lysosom al or the  
extralysosom al protease activ ities in  the soleus m uscles o f  treated  versus 
control rabbits (Table III).
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Table ГО

Protease activities in  the soleus muscle o f  control and treated anim als

E nzym e Control Treated

C athepsin D , n k a t/g 28.7 ±  1.7 29.2 ±  1.3

Cathepsin E , n k a t/g 13.7 ±  0.8 14.0 ±  2.0

C athepsin B , n k a t/g 2 .8 3 ±  0.37 3 .0 0 ±  0.29

C athepsin L , /tg /s/g 2 .8 4 ±  0.27 2 .8 8 ±  0.15

LCA, n k a t/g 60.1 ±  7.2 6 3 .3 ±  9.5

D A P I , n k a t/g 7 .5 0 ±  0.62 8 .6 7 ±  0.79

CANP, ng/s/g 520 ± 6 1 563 ± 7 8

CLP, n k a t/g 1 .5 0 ±  0.13 1 .4 5 ±  0.16

AA P, n k a t/g 146 ±  9 152 ± 1 1

M eans ± S .D . A b b rev ia tio n s : see Methods.

Changes in proteinase inhibitors

In control rabbits th e  trypsin and cathepsin В inhibitor capacities were 
higher in  the soleus m uscle than  in the sem im em braneous m uscle (Table IV). 
A fter dexam ethasone treatm en t the inhibitor capacities o f both m uscles showed  
a slight but no sign ificant increase.

Table IV

Proteinase inhib itor capacities in semimembraneous and soleus muscles 
o f  control and treated anim als

Muscle
Cathepsin B-inhibition 

(nkat/g)
Trypsin-inhibition

(/tkat/g)

Sem im em braneous (C) 3 5 .7 ± 4 .1 1 .6 3 ± 0 .1 9

Sem im em braneous (T ) 3 9 .3 ± 4 .9 2 .0 4 ± 0 .2 4

Soleus (C) 5 8 .4 ± 7 .0 3 .4 6 ± 0 .4 2

Soleus (T) 6 8 .9 ± 8 .8 3 .6 2 ± 0 .4 7

M eans ± S .D . C =  c o n tro l; T  =  treated .

Discussion

A prominent m etabolic response to glucocorticoid hormone adm inistra­
tion  is the increased su p p ly  o f amino acids from  peripheral tissues to the liver, 
where th ey  serve as gluconeogenic precursors [13]. Prolonged treatm ent w ith
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glucocorticoids results in a loss of b od y  weight, a negative nitrogen balance [30] 
and muscle atrophy, which is m ore pronounced in  fast-tw itch  g lycolytic  
m uscles [14, 17, 33]. The quantity o f  sarcoplasm ic and m yofibrillar proteins 
have been found to  decrease in steroid m yopathy [14, 21, 50]. Changes in lipid  
com position have also been described [19, 20]. The finding th at the activ ity  
o f th e  enzymes in vo lved  in glycolysis and the citric acid cycle are equally  
decreased suggests th a t the changes in muscle protein synthesis and degrada­
tion  are more fundam ental than th ose in the energy-supplying m etabolic  
pathw ays [14]. The reduction of protein  synthesis in  steroid m yopathy is due 
to  the loss of R N A  and to  an inhibition o f translation resulting from  an im pair­
m ent in peptide-chain initiation [39]. An increased rate of muscle protein  
breakdown after glucocorticoid adm inistration has been dem onstrated, too  
[17, 10, 51]. Tomas et al. [51] concluded that plasm a concentrations o f gluco­
corticoids within the normal range do not effect the rate o f m uscle protein  
breakdown, whereas excessive plasm a concentrations o f  these horm ones 
accelerate muscle protein breakdown [51].

The em ployed dexam ethasone treatm ent resulted in typ ica l steroid  
m yopathy in the sem im em braneous m uscle, whereas the soleus muscle was 
practically unaffected [20]. In the atrophied sem im em braneous muscles o f the  
treated  rabbits we observed an about 2-fold increase in the specific activ ity  
of the measured lysosom al protease (Table II). In  recent years it has been  
established that lysosom es are present in  skeletal m uscles [3, 5] and play an 
essential role in the catabolism  o f m yofibrillar and sarcoplasm ic proteins [4, 
5, 15, 46]. The inh ib ition  of lysosom al proteinases w ith  protease inhibitors of 
m icrobial origin can reduce muscle protein  catabolism  [48]. The main lysosom al 
endopeptidases, cathepsin  D, B, L and H  are capable o f degrading m yofibrillar 
proteins [42, 45]. The function o f  th e  lysosom al exopeptidases is to split 
the protein fragm ents formed by th e  endopeptidases [1]. Our finding o f an 
equal increase in the activ ity  of lysosom al endo- and exopeptidases points 
to the hyperfunction o f  the lysosom al proteolytic system  in steroid m yopathy  
and suggests an im portant role o f lysosom al proteolysis in the developm ent of 
atrophy. B u c h a n a n  and S ch w a r t z  [6 ] failed to observe activation  o f acid hyd­
rolases in mixed fibre hindleg m uscles o f  cortisone-treated rats [6]. Owing to  
the great differences in  the hormone responsiveness o f  the individual m uscles, 
their results cannot be regarded as evidence against the role o f lysosom es in 
steroid m yopathy. The enhancem ent o f  lysosom al proteolytic activ ity  has also 
been observed in other conditions leading to muscle atrophy, e.g. after denerva­
tion  [37, 49], in disuse atrophy [44], during starvation [3], in hyperthyroidism  
[9, 52], in  vitam in-E  deficiency [24] and in dystrophies [23, 26].

The activ ity  o f  the cytosol enzym e CANP w as also increased in the 
atrophied white m uscle (Table II). The function o f th is proteinase m ay be 
the solubilization o f  m yofibrillar proteins, facilitating their lysosom al uptake
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[4, 8, 18, 40]. The enzym e is activated  by an increase in the intracellular free 
Ca + + concentration [8, 18]. This activation  o f CANP requires concentrations 
o f ion ized  calcium about 100 tim es higher than  that assum ed to  be present 
in  th e  activated m uscle. H ow ever, the physiological level o f  Mg + + ions m ay  
reduce the Ca++requirem ent o f  the enzym e [47]. Several authors have  
dem onstrated the presence o f an inhibitor o f  CANP in the m uscle [18, 53]. 
This inhibitor m ay p lay  a role in the regulation o f CANP a ctiv ity , too . E levated  
levels o f  CANP in m uscles have been observed in  dystrophy [26] and hyper­
thyroid ism  [52], w hereas no change has been found in  denervation [26] and  
in  disuse atrophy [44].

The specific a c tiv ity  o f the other cytosol endopeptidase CLP was not 
altered in the atrophied muscle (Table II). Similar observation has been  
m ade in  disuse atrophy o f rabbit m uscles [44]. A A P is the main am inopeptid- 
ase o f  the muscle cy toso l [22]. Its a c tiv ity  was sligh tly  elevated  in  the white 
m uscles o f treated rabbits (Table II). L ittle or no change in A A P  a ctiv ity  has 
been found in other m uscle atrophies [22, 26]. Our present know ledge about 
th e  functions of CLP and A A P is insufficient to perm it a discussion of their 
significance in the increased m uscle protein breakdown.

In  our experim ents the red soleus muscle o f the treated rabbits was not 
atrophied (Table I). A ccordingly, there were no unequivocal changes in the  
protease activities in  th is m uscle (Table III). The resistance o f the red muscle 
to  glucocorticoid-induced atrophy m ay reflect differences in  protein turnover 
and sensitiv ity  to catabolic stim uli betw een red and white m uscles [29, 34]. 
The differences in glucocorticoid receptor density cannot explain the differences 
in hormone responsiveness [43].

The alteration in  inhibitor capacities was not significant in  any of the  
m uscles investigated (Table IV). This fact suggests that the increase in cathep- 
sin  В activ ity  (Table II) was not due to the loss o f its inhibitor. The possible 
role o f  cathepsin В inhibitor m ay be the neutralization o f cathepsin B-released  
lysosom es to the cytoso l. The trypsin  inhibitor o f  the m uscles was described 
b y  Waxman and K r e b s  [53]. Its  function  is as yet unknown.

The mode o f protease activation  during steroid m yopathy requires 
further investigation.
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M inced r a t  b ra in  deprived o f cerebellum  was d isso c ia ted  b y  t r i tu ra tio n  th ro u g h  
sta in less steel sc reen  and  ny lon m eshes, th e n  b y  v e lo c ity  sed im en ta tio n  tech n iq u e  
free-floating  p e r ik a ry a  were se p a ra ted  fro m  cell sy n cy tia  a n d  cellu lar debris. T h e  p res­
ence of F c -recep to r a n d  C 3b-recep tor ac tiv itie s , as well as th e  absence of m em brane- 
-bound  im m u n o g lo b u lin  and  re ce p to r fo r sheep red  b lood  cells w ere d e m o n s tra ted  on 
se p a ra ted  p e r ik a ry a  of th e  r a t  b ra in .

The putative im m une pathom echanism  of dem yelination  diseases 
including m ultiple sclerosis has raised interest in the surface antigenic proper­
ties o f brain cells. Interspecies norm al brain cell surface antigens [2, 4 , 9] 
and H LA antigens on hum an brain tum our cells [17] have been described. 
Cross-reactive T -lym phocyte normal brain cell m em brane antigen, TH -1, 
was first detected in  the mouse [14], th en  specific hum an TH-1 type antigens 
com m on to  a subset o f  T lym phocytes and fetal brain have been reported [6, 
16]. R ecently, the dem onstration o f Fc receptors on m icroglia in cell cultures 
o f rat brain [13], and in  brain tissu e sections from patien ts w ith  m ultiple 
sclerosis [11] have suggested that the m icroglia m ay be related to cy to tox ic ity .

In the studies to  be reported w e exam ined the w hole variety  o f  rat brain 
cells separated in vitro  on the basis o f  size, for the presence o f cells w ith  Fc 
receptors, C3b receptors, receptors for sheep erythrocytes and surface IgG.

Materials and Methods

2-6  m o n th s old W is ta r  ra ts  were d e c a p ita te d , th e ir  en tire  b ra in  w as rem oved , c leaned 
of connective  tissue , a n d  tr im m e d  of cerebellum . T h e  cereb ral tissu e  w as d issociated  b y  t r i tu r a ­
t io n  th ro u g h  sta in less s tee l screen  and  n y lo n  m eshes o f 74 /im  a p e r tu re , a n d  resu sp en d ed  in  
sed im en ta tio n  m ed iu m  (SM ). SM co n ta in ed  E ag le ’s m in im al e ssen tia l m ed iu m  w ith  10%  
h e a t- in a c tiv a te d  fe ta l c a lf serum , 100 IU /m l pen ic illin , 100 p.g/ml s trep to m y c in , a n d  0 .1%  
sodium  m eth y l cellulose. T h e  p H  was a d ju s te d  to  7.4 w ith  so d iu m  b ica rb o n a te  a n d  H epes. 
Suspensions w ere re g u la rly  a g ita te d  w ith  a  m ag n e tic  stirrer.

Cell sep a ra tio n  w as p e rfo rm ed  by  v e lo c ity  se d im en ta tio n  a t  4 °C [3]. T he se d im en ta tio n  
ch am b er w as loaded  w ith  5 m l o f SM co n ta in in g  0 .5 %  Ficoll, 10 m l o f cell suspension  w ith  
4 - 5 x lO e cells/m l in  SM, 10 m l o f 0 .5%  F ico ll in  SM, 30 m l o f 0 .5 -2 %  lin ea r F icoll g ra d ie n t in  
p h o sp h a te  bu ffered  sa line  (P B S ), an d  20 m l o f 2 %  F ico ll in  P B S . T h e  filling  p ro ced u re  la s ted  
25-30  m in. A fter 60 m in  sed im en ta tio n  in te rv a l ,  10 frac tio n s o f 7.5 m l w ere co llected , an d  
n u m b ered  in  th e  o rder o f collection . A fter se p a ra tio n  th e  frac tio n s w ere  w ashed  tw ice , cen tri-
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fu g e d  a t  1500 rp m  fo r 5 m in , a n d  re su sp en d ed  in  F icoll-free SM. E v e ry  f ra c tio n  was ex am in ed  
m icroscopica lly  w ith o u t f ix a tio n  an d  sta in ing .

Cell frac tions w ere  te s te d  fo r v ia b ility  b y  dye  exclusion  w ith  2 %  t r y p a n  blue in  P B S  
a t  4  °C, an d  th e n  e v a lu a te d  in  3 -5  m in  b y  m icroscopic  cell coun tings. S e p a ra ted  p e r ik a ry a  
o f  frac tio n s  3 -7  w ere te s te d  fo r F c -rec e p to r a c t iv ity  w ith  ro se tte  te c h n iq u e  using  h u m a n  
(0 R h ± )  e ry th ro cy te s  sensitized  b y  Ig G  a n ti-R h  o f th e  R ip ley  ty p e  [5]. R ecep to rs  fo r a c tiv ­
a te d  C3 (C3b) w ere te s te d  b y  y e as t-co m p lem en t (YC) ro se tte  te c h n iq u e  [15]. S ed im en ted  
f ra c tio n s  were tre a te d  w ith  |flu o resce in a ted  g o a t a n tise ru m  to  r a t  g am m a-g lobu lin  to  d e te c t 
m em b ran e -b o u n d  su rface  Ig G  [7]. F o rm a tio n  of n o n im m u n e  ro se tte s  (E -ro se tte s )  w as s tu d ie d  
w ith  sheep red  b lood cells [8].

Results

During velocity  sedim entation  at unit gravity  the separation of particles 
tak es place m ainly according to  size [10]. Large particles sedim ent faster and  
can  thus be collected earlier. In  each o f the collected ten  fractions particles 
o f  characteristic size could be observed. The flu id  in  the cone o f  the colum n  
13.26 ml approx.) w as taken up b y  the first tw o fractions containing m ostly  
cell aggregates and syncytia . In  fractions 9, 10 and partly in  fraction 8, pre­
dom inantly hom ogeneous round dense bodies, presum ably free cell nuclei 
(approx. 7 pm in diam eter), and further subcellular particles appeared. D iscrete  
cellular particles—perikarya—were seen in fractions 3 -7  (from 20 pm  to  
7 pm  in diameter). H igh purity o f characteristic cell types could not be ob­
ta in ed  in any of the fractions after a single sedim entation  step  which proved  
to  be slightly harm ful to surface structures o f the perikarya [12]. Thus cell 
separation  resulted in three groups o f dissociated particles: supracellular 
(fractions 1-2), cellular (fractions 3 -7 ), and subcellular (fractions 8 -1 0 ). 
Fractions 3-7  were taken  for marker studies. Marker properties of cellular 
fractions are presented in Table I.

Table I

M arker properties o f  perikarya separated fro m  the rat brain by velocity sedimentation

Fraction
No.

Viability E A -R F C Y C -R F C »IgG E -R F C

3 100 ±  0.0 14 ± 5 .8 10 ± 0 .5 —

4 9 3 .3 ± 4 .4 11 ± 7 .2 9 ± 1 .0 - _
5 8 3 .3 ± 1 1 .1 1 .2 ± 0 .7 6 .8 ± 1 .8 — —

6 9 6 .6 ±  2.2 7 .5 ± 4 .7 10 ± 7 .7 - —

7 100 ± 0 .0 6 .4 ±  4.8 17 ± 4 .1 - —

A v erag e  of frac tions 3—7 9 4 .6 ± 3 .5 8 .0 ± 4 .6 1 0 .5 ± 3 .0 —

V iability  o f cells w as based  on  try p a n  blue n eg ativ ity . E A -R FC : E A  rose tte  from ing 
cells, YC-RFC: cells form ing ro se tte s  w ith  com plem ent-coated  y eas t p a rtic les , slgG : surface- 
im m unoglobulin  te s te d  b y  fluorescein-labelled  goat an tise ru m  to  r a t  gam m a-globulin , E -R F C : 
cells form ing nonim m une ro se tte s w ith  sheep e ry th ro cy tes . Values re p re se n t m ean  percen tages 
± S .E .M . N um bers o f sam ples: n = 4 .
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Fc and C3b receptors were present on separated perikarya o f all rats 
investigated . The m ean percentage o f  EA -rosette form ing cells (E A -R F C ) 
concerning all the cellular fractions w as 8.0% . A mean o f  10.5 per 100 perikarya  
formed yeast-com plem ent rosettes (Y C -R FC ). Surface IgG and receptors 
for sheep erythrocytes were not d etected  on the perikarya, thus indicating  
the absence o f  R and T lym phocytes in  the preparations.

D iscussion

The efficacy o f velocity  sedim entation  was found to  depend on tw o  
m ain factors, cell stream ing and form ation of aggregates. Cell stream ing w as ef­
fectively  reduced by choosing the suitable cell concentration o f 4 -5  X 10® cells/m l 
in  the suspension layered onto the gradient. Clumping o f cells was inhibited  
by adding 0.1%  sodium  m ethyl cellulose to SM. A ccordingly, trypan blue 
staining cell v iab ility  was slightly affected  after a single separation step . A  
more effective separation by discontinuous density gradient centrifugation  
caused a serious dam age to the surface structure and v iab ility  of the peri­
karya [12].

To investigate surface markers o f  brain cells, we used freshly separated  
perikarya th at allowed the sim ultaneous dem onstration o f  Fc and C3b recep­
tors, whereas N y l a n d  et al. [11] fa iled  to detect com plem ent receptors in 
hum an brain tissue sections from m ultip le sclerosis. D ata  are not sufficient to  
provide a detailed com parison of th ese findings.

The presence o f Fc receptors w as dem onstrated not only on the m i­
croglia [11, 13] but also on neurones and m yelin sheaths [1] suggesting a ubiqui­
tous character o f this marker in the nervous system . D etection  of C3b receptors 
referred to the possible role of brain derived cells in effector m echanism s of 
im m une and/or inflam m atory processes via the com plem ent system . Since 
fixation  and staining could not be ach ieved using rosette  techniques in w et 
preparations, further studies are needed for specification  o f Fc and C3b 
receptor positive perikarya.
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T he effects o f perip h era lly  ad m in is te re d  cho lecy sto k in in  o c tap ep tid e  su lp h a te  
e s te r  an d  its  u n su lp h a te d  form  on  th e  a c tiv e  avoidance b e h av io u r o f ra ts  w ere s tu d ied . 
T he acqu isition  of avo idance  b e h av io u r w as im paired , w hile  e x tin c tio n  w as fa c ilita te d , 
follow ing cholecystok in in  o c ta p ep tid e  su lp h a te  ester o r u n su lp h a te d  ch o lecystok in in  
o c ta p ep tid e  t re a tm e n t. T hese p ep tid e s  h a d  no action  on  open-fie ld  a c tiv ity . I t  is co n clu d ­
ed t h a t  perip h era lly  ad m in iste red  cho lecystok in in  o c ta p ep tid e  influences acq u isitio n  
a n d  ex tin c tio n  of active  avo idance  b e h av io u r and th is  e ffec t is u n re la ted  to  general 
m o to r a c tiv ity  o f th e  anim als.

Peripheral peptide horm ones, earlier associated on ly  w ith peripheral 
organs, have recently been discovered in  the brain [for review s, see 15, 16]. 
The peptide cholecystokinin (CCK) w as first identified in , and isolated from, 
different brain areas o f several species [3, 4, 5, 13, 14, 17, 19, 20, 22, 24, 25, 
26, 27, 30, 34, 35]. There are a few data suggesting th a t CCK m ight act as 
a sa tiety  signal [for review , see 21]. Subcutaneous in jection  o f the COOH- 
-term inal octapeptide o f cholecystokinin  (CCK-8) has recently  been show n to  
produce antinociceptive effects, palpebral ptosis and sedation in m ice, to  
inhibit their spontaneous rearing a c tiv ity  and to prolong the hexobarbital- 
-induced sleeping tim e [37, 38].

In our earlier experim ents it was shown that intracerebroventricular 
adm inistration o f cholecystokinin octapeptide su lphate ester (CCK-8-SE) 
m odified the monoam inergic system  in  th e  brain [7, 11, 12, 31, 32, 33], whereas 
the unsulphated cholecystokinin octapeptide was practically  ineffective [9]. 
It was also dem onstrated that in CCK-8-NS and CCK-8-SE treated anim als 
the acquisition of conditioned feeding behaviour was considerably im paired, 
while the la tency  o f  passive avoidance behaviour was increased as compared  
to the control [6, 8].

In the present paper the effects o f  peripherally adm inistered CCK-8-NS 
and CCK-8-SE on the active avoidance behaviour and exploratory a ctiv ity  
of rats have been studied.
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Materials and Methods

1. A n im a ls

C FY  a d u lt m ale a lb in o  ra ts , w eighing 150-180 g a t  th e  beg inn ing  o f th e  inv estig a tio n  
w ere  ho u sed , 6 -6  p e r cage, w ith  free access to  food an d  ta p  w a ter. T he an im als  were k ep t u n d e r 
c o n tro lled  ligh ting  co n d itio n s (12 h  lig h t, 12 h  d a rk ), th e  lig h t period  s ta r tin g  a t  6 a.m . E x ­
p e r im e n ts  were carried  o u t  d a ily  be tw een  6 a .m . an d  noon.

2. A p p a ra tu s

(a ) Active avoidance behaviour. T h e  ex p erim en ta l a p p a ra tu s  w as a  b ench-jum ping  
c o n d itio n in g  box, m easu rin g  45 X 25 X 45 cm , w ith  a P lexig lass w indow  in  th e  fro n t. A P lex i­
g lass b en ch  (13 X 9 cm ) w as fix ed  on  one side o f  th e  box , 7 cm  above th e  floo r. T he conditioning 
s t im u lu s  w as th e  lig h t o f  a  45 W  b u lb . T h e  u n co n d itio n a l stim ulus w as a n  electric  shock of 
1.0 m A  AC delivered to  th e  g rid  floor.

(b ) E xploratory activ ity . A n open-fie ld  box  m easu ring  60 X 60 cm , consisting  of 36 
sq u a re s  m easuring 10 X 10 cm  each, w as u sed  to  te s t  th e  ex p lo ra to ry  a c tiv ity . T he a p p a ra tu s  
w as illu m in a ted  b y  a 200 W  bulb .

3. Procedure

(a) Active avoidance behaviour

A cquisition:  an  ex p e rim e n ta l session  of 10 m in  w as p e rfo rm ed  d a ily . E ach  session  
c o n s is ted  of 10 tr ia ls  w ith  a  m ean  in te r tr ia l  in te rv a l o f 60 s (range 50-70  s). T he condition ing  
s t im u lu s  w as p resen ted  fo r a  m ax im u m  o f 15 s. I f  th e  r a t  ju m p e d  o n to  th e  b ench  during  th e  
f i r s t  10 s (conditioned  av o id an ce  response , C A R ), th e  condition ing  s tim u lu s  w as te rm in a ted . 
F a ilu re  o f perform ance w as asso c ia ted  w ith  th e  u n co n d itio n a l s tim u lu s in  th e  th ird  5 s o f th e  
c o n d itio n in g  stim ulus p e rio d . T he avo id an ce  tra in in g  c rite rio n  was 80%  or m ore CARs d u rin g  
th re e  consecu tive  days.

E xtinction :  a f te r  h a v in g  reach ed  th e  c rite rio n  o f learn ing , th e  an im a ls  were su b jec ted  
to  e x tin c tio n . D uring  e x tin c tio n , th e  co n d itio n in g  s tim u lus was n o t  fo llow ed by  e lectric  
sh o c k  (uncond itional s tim u lu s).

(b) Exploratory ac tiv ity

O pen-field  e x p lo ra to ry  a c tiv ity  w as scored  b y  co u n tin g  th e  n u m b er o f squares crossed , 
a n d  th e  nu m b er o f rea rin g , g room ing an d  defeca tio n  ac tiv ités  du ring  a 3 m in  session on th re e  
co n secu tiv e  days.

4. Treatm ent

C holecystokin in  o c ta p ep tid e  su lp h a te  e s te r  (C C K -8 -S E ) an d  u n su lp h a te d  cholecysto- 
k in in  o c tap ep tid e  (C C K -8 -N S ) w ere sy n th e tiz ed  by P e n k e  e t al. [23]. P e p tid e s  were dissolved 
in  physio log ical saline so lu tio n  an d  g iven  in tra p e rito n ea lly  in  doses o f 4 nm ol/kg  (5 /xg/kg) 
a n d  400 nm ol/kg (500 /tg /k g ) in  a vo lum e of 1.0 m l/kg . C ontrol an im als rece ived  physiological 
sa lin e  so lu tion  in  a vo lu m e o f 1.0 m l/kg . All tre a tm e n ts  were carried  o u t  1 h  before the  session.

5. S ta tistica l evaluation

The n o n p a ram etric  ra n k in g  te s ts  o f K r u sk a l - W a llis  and  W il c o x o n  [36] were u sed  
fo r  s ta tis t ic a l  analysis o f d a ta . A p ro b a b ili ty  level o f  0.05 or less was accep ted  as th e  level of 
sign ificance.
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------ CONTROL (N=11)
------ CCK-8-NS. 4NM0LE/KG,IP. (N=12)
------CCK-8-NS, 400 NMOLE/KG, IP (N=11)
— и- CCK-8-SE, 4 NMOLE/KG, IP. (N=15)
........  CCK-8-SE, 400 NMOLE/KG, IP. (N=12)-

Fig. 1. E ffec t o f tw o  d iffe ren t doses of C C K -8 -N S  an d  C C K .-8-SE  on  acquisition  o f  active  
avo idance  b eh av io u r. N um ber o f  an im als is show n in  b rack e ts

Results

CCK-8-NS and CCK-8-SE in a 400 ninol/kg dose (Fig. 1) resulted in 
a decline o f the conditioned avoidance performance during the second three  
days o f acquisition (p <  0.05 versus control). The 4 nm ol/kg dose o f  these  
peptides had no effect on the acquisition.

Active avoidance behaviour
extinction

------CONTROL (N=11)
------CCK-8-NS, 4 NMOLE/KG, IP (N=12)
------CCK-8-NS, 400 NMOLE/KG, IP. (N=11 )
------CCK-8-SE, 4 NMOLE/KG, IP (N = 15)
........CCK-8-SE, 400 NMOLE/KG, IP (N=12)

F ig . 2. E ffec ts o f tw o d iffe re n t doses o f C C K -8 -N S  and  C C K -8 -S E  on ex tin c tio n  o f ac tiv e
avoidance b e h av io u r
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CCK-8-NS in  4 and 400 nm ol/kg doses and CCK-8-SE in a 400 nm ol/kg  
dose caused facilitation  (p <  0.05) o f the extinction  (Fig. 2).

Neither CCK-8-NS nor CCK-8-SE treatm ent could change am bulation  
or th e  number of groom ing, rearing and defecation activ ities in the open- 
-fie ld  test (Table I).

Table I

E ffects o f  intraperitoneal adm in istra tion  o f  cholecystokinin octapeptide sulphate ester and unsulphated  
cholecystokinin octapeptide in  two different doses on the open-field activity o f  rats 1 h follow ing

injection

Dose
(nmol/kg)

Number of occasions on which ac tiv ity  w as displayed*]

A m bulation Rearing Grooming Defecation

C ontro l 0 2 9 .0 ± 4 .0 4 .2 ± 0 .7 2 .8 ± 0 .3 2 .8 ± 0 .3

CCK-8-NS 4 4 3 .0 ± 7 .7 7 .7 ± 1 .7 3 .0 ± 0 .7 2 .7 ± 0 .3

CCK-8-NS 400 3 4 .0 ± 5 .0 6 .0 ± 1 .0 2 .7 ± 0 .7 2 .7 ± 0 .3

CCK-8-SE 4 4 1 .3 ± 6 .0 6 .3 ± 0 .7 4 .0 ± 0 .7 3 .3 ± 0 .3

CCK-8-SE 400 2 2 .3 ± 4 .3 4 .0 ± 0 .7 2.0 ± 0 .7 1 .9 ± 0 .3

* Mean value ± S .E .M . ( n =  10-12) during a 3 m in  session on th ree  consecutive d ay s

Discussion

CCK is one o f  th e  gastrointestinal peptides which have been identified  
in  th e  brain. A lthough its physiological role is unknown, evidence has accum ul­
a ted  im plying that th is peptide might p lay a role in the central regulation o f  
sa tie ty . Several groups have shown th at peripheral [21, 28] or central [2, 
29] adm inistration o f  CCK or related analogues inhibits eatin g  behaviour  
in  fasting animals. In  our previous experim ents it was dem onstrated th a t  
intraperitoneally adm inistered CCK-8-NS and CCK-8-SE were able to dam age 
th e  acquisition o f conditioned  feeding behaviour and to facilita te  the ex tin c ­
tio n  o f  conditioned feed ing behaviour [6]. On the other hand, these peptides 
increased the la ten cy  o f  passive avoidance behaviour o f rats, showing th a t  
CCK interfered w ith  retrieval and/or consolidation processes [8].

In the present stu d y  both CCK-8-NS and CCK-8-SE sligh tly  dim inished  
th e  acquisition and facilita ted  the extinction  o f the active avoidance behaviour  
o f rats, showing th at th ese CCK octapeptides also interfere w ith  fear-m otivated  
behaviour. The action  o f  these peptides on peripheral organs (pancreas, gu t, 
etc .) could have caused discom fort, w hich m ight have affected  the m otor  
a ctiv ity . However, th is can be ruled out, since the peripheral effects of CCK- 
-8-SE  are much stronger than  those o f CCK-8-NS [1, 18] and in our stu d y
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there were no differences in  any o f the param eters o f  the open-field a c tiv ity . 
On the other hand, these peptides display similar actions on the active avo id ­
ance behaviour follow ing their intracerebroventricular adm inistration [10]. 
The sim ilarity betw een the influence o f  peripherally and centrally adm inis­
tered CCK-8-SE and CCK-8-NS suggests th at these peptides interact w ith  
central nervous m echanism s independent o f the route o f  adm inistration.
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EXTRAYASCULAR CIRCULATION OF PLASMA
PROTEINS

G. S za bó  and Zsuzsa M a g y a r

NATIONAL IN ST ITU TE OF TRAUMATOLOGY, BU DA PEST 

(R eceived  F e b ru a ry  20, 1982)

T h e  escape of rad io io d in a ted  serum  a lb u m in  (R IS A ) from  th e  c ircu la tio n  a n d  
ly m p h a tic  a lb u m in  tra n s p o r t  w as in v es tig a ted  in  an ae sth e tize d  ra b b its . T he f ra c tio n  
of R IS A  escap ing  each  h o u r from  th e  c ircu la tio n  w as 0.0932 ± 0 .0 0 7 5 , ly m p h a tic  a lb u ­
m in  t ra n s p o r t  in  th e  th o rac ic  d u c t w as 0.0389 ± 0 .0 0 2 6  in  th e  h ep atic  ly m p h  t r u n k  
0.0115 ± 0 .0 1 6 , in  th e  in te s tin a l t ru n k  0.0122 ± 0 .0 0 3 7  an d  in  th e  ren a l ly m p h a tic s  
0 .0 1 8 5 ± 0 .0 0 2 1 . A b o u t 78%  o f th e  ly m p h  a n d  91%  o f a lb u m in  tra n sp o rte d  b y  th e  
th o rac ic  d u c t o rig in a ted  from  th e  abdom inal a n d  re n a l ly m p h a tic s . T he ra tio  o f a lb u m in  
escape fro m  th e  c ircu la tio n  v ersus ly m p h a tic  r e tu r n  w as 2.36. F ro m  th e  f irs t  slopes of 
th e  ly m p h a tic  R IS A  a c tiv ity  cu rves th e  a lb u m in  escape ra te s  w ere calcu la ted  a n d  fo u n d  
to  be 1.89 in  th e  liver, 2.32 in  th e  k idney , 0.69 in  th e  in te s tin e  an d  0.20 g h - 1 k g -1 
tissue  w e ig h t in  th e  leg (skin). T he ly m p h  vessels re tu rn e d  17%  of th e  escaped a lb u m in , 
from  th e  liv e r a b o u t 12%  fro m  th e  in te stin es a n d  a lm o st all from  th e  k idneys. A  v e ry  
stro n g  co rre la tio n  (r= 0 .9 9 6 )  w as found  be tw een  ly m p h  to  p lasm a  a lbum in  c o n c e n tra ­
tio n  ra tio s  an d  th e  f irs t slopes o f th e  R IS A  e q u ilib ra tio n  curves, p rov ing  t h a t  p r o ­
te in  co n ce n tra tio n  in  th e  ly m p h  is de te rm in ed  b y  th e  r a te  o f p ro te in  escape fro m  th e  
cap illaries a n d  t h a t  th e  ra te s  o b ta in ed  from  th e  f ir s t  slopes o f th e  R IS A  cpm /g  a lb u ­
m in  in  ly m p h  p e r R IS A  cpm /g a lbum in  in  p lasm a  eq u ilib ra tio n  curves a re  a  m easu re  
o f cap illa ry  p e rm eab ility  to  p ro te in .

A substantia l fraction o f plasm a proteins is located  in the interstitia l 
flu id  outside the vascular system , and there is a constant exchange betw een  
the intravascular and extravascular protein pools. It has been generally  
assum ed th at the m echanisms involved in the process are the leakage o f  
protein m olecules from the capillaries by a flow  dependent (convection) 
process or by som e m echanism  independent o f  w ater flow  (diffusion or vesicu ­
lar transport) and subsequently the retransport into the circulation o f the  
escaped m acrom olecules by the lym phatic system  [3]. The escape o f plasm a  
proteins from th e circulation was estim ated b y  the kinetic analysis o f  the  
early disappearance o f labelled serum proteins from  the circulating plasm a. 
Comparison, how ever, o f the album in transported by the lym phatic system  
has revealed th at on ly  a fraction o f the escaped album in is returned by the  
thoracic duct lym ph which represents at least 80%  of to ta l body lym ph  
flow . It has been calculated that in the dog thoracic duct albumin transport 
is equal only to  46.6%  of the am ount leaving the circulation [10].

On the other hand it has been shown [10, 15, 17] that labelled album in  
introduced into various tissues or serous cavities and enzym es escaping from  
injured cells are rem oved not only by the lym phatics but also b y  the blood
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stream . These observations have dem onstrated  that m acrom olecules m ay  
pass from  the tissues in to  the blood capillaries. It has been assum ed th a t the 
large m olecules m ove in  the direction opposite to convective flow  by diffusion  
or vesicular transport. Consequently th e  net flu x  o f macrom olecules is equal 
to the difference betw een outward m ovem ent and inward m ovem ent and it is 
determ ined m ainly by the transvascular concentration gradient o f  the respect­
ive m olecule. The lym phatic transport o f  macrom olecules is essentia lly  equal 
to  their net flux. There are, however, no data about the relationship betw een  
the escape o f macrom olecules from the circulation and their lym phatic return. 
The calculations cited previously are based on data obtained in different 
groups o f  animals in experim ents not aim ed at the solution of this question. 
In th e  present investigations the escape o f labelled protein from the circulation  
and the lym phatic protein transport were therefore studied sim ultaneously í d  

the sam e group o f anim als. In other anim als the contribution to transcapillary  
protein exchange was studied in regions where protein leakage from the capillar­
ies is know n to be im portant.

I t  has been pointed out already b y  S t a r l i n g  [9] that the regional differ­
ences observed in the protein concentration o f lym ph m ay result from  differ­
ences in  capillary perm eability. The rate o f  exchange o f injected  labelled  
protein or other macrom olecules betw een plasm a and lym ph varies also from  
tissue to  tissue. The equilibration is more rapid in the regions where the protein  
content o f  lym ph is relatively high [1, 5, 6, 11, 12, 13]. These find ings are 
also consistent w ith differences in blood capillary perm eability to  m acro­
m olecules. Consequently, the m ovem ent o f  the labelled protein m olecules from  
plasm a to  lym ph m ay reveal data on the perm eability characteristics o f  regio­
nal capillaries.

Materials and Methods

T h e  experim en ts  w ere m ade on ra b b its  o f b o th  sexes w ith  an  average  b o d y  w e igh t o f  
3.36 ± 0 .2 5  kg. T he an im als  w ere an ae sth e tize d  w ith  p e n to b a rb ita l (35 m g/kg) a d d itio n a l 
a n a e s th e tic  being  in jec ted  w henever necessary . T h e  an im als w ere d iv ided  in to  3 g roups. In  
G roup  1 th e  th o rac ic  d u c t w as c an n u la ted  b y  a p o ly e th y len e  tu b e  on th e  left side o f th e  neck. 
In  th e se  an im als p ren o d al c ru ra l ly m p h  w as also co llected  in  th e  second h o u r o f th e  ex p eri­
m en t. In  G roup 2 of th e  an im als  th e  h e p a tic  ly m p h  t ru n k  in th e  liver h ilum  a n d  th e  in te s tin a l 
t r u n k  w ere  s im ultaneously  can n u la ted . In  th e se  an im als  leg ly m p h  w as co llected  in  th e  4 th  
h o u r. I n  G roup  3 ren a l ly m p h  w as collected. T h is  w as done by  tw o d ifferen t m eth o d s. I n  ab o u t 
h a lf  o f  th e  an im als , in  c o n tra s t  to  th e  s itu a tio n  in  th e  dog, th e  ren al ly m p h  vessels u n ite  in to  
a single  d u c t. In  these  an im als  one of th e  re n a l ly m p h  tru n k s , u su a lly  th e  le ft, w as can n u la te d  
w ith  a  p la s tic  tu b e  and  th e  to ta l  flow  ra te  o f re n a l ly m p h  was calcu la ted  b y  m u ltip ly in g  th e  
co llec ted  a m o u n t b y  tw o . I n  an im als w here th e  re n a l ly m p h  tru n k  could n o t be can n u la te d  
th e  a b d o m in a l th o rac ic  d u c t  w as liga ted  below  a n d  above th e  orifice o f th e  ren a l ly m p h a tic s  
a n d  a c an n u la  was in tro d u c ed  in to  th is  p a r t  o f th e  d u c t. All o th e r ly m p h a tic s  jo in in g  th e  
c a n n u la te d  p a r t  of th e  d u c t  w ere tied  off. N o d ifference was d e tec ted  be tw een  th e  resu lts  
o b ta in e d  b y  th e  tw o m eth o d s  of ly m p h  co llection  th ere fo re  th e  d a ta  w ere pooled  in  a  single 
g ro u p . I n  a ll ex p erim en ts  ly m p h  w as co llected  in  30-m in periods for 4 hours. R ad io io d in a ted  
se ru m  a lb u m in  (R IS A ) w as in tro d u ced  in  a single in tra v en o u s  bolus a t  th e  beg in n in g  of th e  
ly m p h  co llection  a n d  p lasm a  sam ples w ere o b ta in e d  also a t h a lf  hou rly  in te rv a ls .
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T o ta l p ro te in  co n cen tra tio n  in  p la sm a  an d  ly m p h  sam p le s w as estim a ted  acco rd ing  
to  L ow ry. A lb u m in  w as e s tim a te d  b y  m ic ro zo n e  e lectrophoresis. R a d io a c tiv ity  w as m easu red  
in  a w eli-type  N a /T l sc in tilla tio n  d e tec to r. P la sm a  an d  ly m p h  a c tiv it ie s  were n o rm alized  b y  
d iv id ing  w ith  to ta l  in je c te d  ra d io ac tiv ity .

T o ta l c ircu la tin g  a lb u m in  m ass w as c a lcu la ted  from  th e  p la sm a  a lbum in  c o n ce n tra tio n  
an d  c ircu la tin g  p la sm a  vo lum e. T he la t t e r  w as e s tim a ted  fro m  in je c te d  to ta l  r a d io a c tiv ity  
an d  p lasm a  a c tiv ity  e x tra p o la te d  to  zero t im e . I n  th e  su b seq u e n t pe rio d s ev en tu al ch an g es o f 
p lasm a  vo lum e w ere ca lcu la te d  from  a r te r ia l  b lood h a e m a to c rit . A lbum in  escape r a te  fro m  
th e  c ircu la tion  w as o b ta in e d  b y  th e  a n a ly s is  o f  th e  e x p o n en tia l cu rv e  of th e  d isap p earan ce  of 
R IS A  from  th e  c ircu la tio n . L y m p h a tic  r e tu r n  ra te s  w ere c a lcu la te d  from  ly m p h a tic  a lb u m in  
co n cen tra tio n , th e  h o u rly  o u tp u t of ly m p h  a n d  c ircu la ting  a lb u m in  m ass. All v a lu e s  a re  
com puted  fo r 1 kg  b o d y  w eight.

T he re su lts  in  th e  tab le s  and figu res a re  m eans ± S E M .

R esults

Escape of radioiodinated albumin.  The slope o f  th e  plasma decay curve  
(K ;) was 0 .0 9 3 2 ^ 0 .0 0 7 5  in Group 1 w ith  cannulated thoracic duct, in G roup 2 
(cannulated abdom inal vessels) it w as 0 .0 9 3 1 ^ 0 .0 0 2 6  and in Group 3 (ca n n u l­
ated renal lym phatics and ligated abdom inal thoracic duct) 0.086321-0.0052. 
Thus in the rabbit about 9% of the introduced R ISA  and b y  inference the sam e  
fraction o f the circulating albumin m ass leaves the circulation each hour.

Lym ph flow  and  lymphatic albumin return. L ym ph flow  rates flu ctu ated  
during the 4 hours o f  observation but the differences betw een the periods 
were not significant (F ig. 1). The average hourly thoracic duct lym ph o u tp u t  
was 2.36^0-32 ml h -1  k g -1 , hepatic lym ph flow was 0.493;i;0.135 ml h _] k g -"1, 
the intestinal flow  O.6 I 82I2O.I65 m i l l -1  k g -1  and fin a lly  renal lym ph flow  
was 0.743±0.137 ml h -1  kg-1 . The to ta l output from th e 3 cannulated regions  
was 1.86 ml m in -1  k g -1  or 78.6%  o f  the thoracic duct lym ph flow. T horacic  
duct album in transport was calcu lated  as being 3 9 .82b 3.8 m g h - 1 k g - 1 ; 
10 .42122.9 mg h “ 1 h _1 was transported b y  the hepatic lym ph trunk, 11.0  2h L 6 
was obtained from the intestinal trunk and 14.72bL2 was transported b y  the

T ab le  I

Extravascular circulation o f  plasm a proteins

Thoracic duct H epatic trunk In te stin a l trunk Renal lym phatics

N 8 и 12 16
L ym ph flow,

m l h -1 k g -1 2.36 ± 0 .2 3 0.493 ±  0.059 0.618 ± 0 .0 5 5 0.743 ± 0 .0 7 0
T ota l p ro tein , g/1 35.0 ± 2 .9 48.6 ±  3.8 33.3 ± 4 .0 37.8 ± 2 .2
A lbum in, g/1 18.8 ± 1 .5 22.4 ±  0.8 16.2 ± 1 .1 21.5 ± 1 .2
L /P  album in 67.9 ± 1 .8 87.7 ± 1 0 .5 63.3 ± 7 .6 80.5 ± 8 .2
A lbum in tran sp o rt,

mg b -1 k g -1 40.15 ± 2 .8 7 11.05 ±  1.61 10.45 ± 2 .8 7 14.70 ± 1 .2 6
A lbum in tran sp o rt/c ir-

culating  album in 0.0389±0.0185 0 .0 1 2 2 ±  0.034 0 .0 1 1 5 ± 0 .0 4 1 0 .0185± 0 .0029
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F ig . 1. L y m p h  flow ra te s  in  th o rac ic  d n c t, re n a l ly m p h a tic s , and  in te s tin a l a n d  h ep atic  tru n k s
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Fig. 2. L y m p h a tic  a lb u m in  t ra n s p o r t  in  anaesth e tized  ra b b its

renal lym phatics (F ig . 2). The to ta l album in transport in th e  3 regions was 
36.2 m g h _1 or 90.9%  o f  the thoracic duct transport. O bviously th e  comparison  
o f  th e  data obtained from  3 different groups o f  animals m ay  lead to errors, 
as w ill be discussed later.
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The rate o f thoracic duct return o f album in w as calculated as being
0.0389ib0-0026, i-e - an am ount corresponding to nearly 4%  o f the to ta l circulat­
ing album in mass was retransported b y  the thoracic duct each hour. The 
transport rates in  the hepatic, intestinal and renal lym ph vessels were 0 .0 2 2 ^  
^ 0 .0 0 1 6 , 0 .0 1 1 5 ^ 0 .0 0 3 7  and 0 .01 8 5 ^ 0 .0 0 2 1 , respectively , adding up to  
a cum ulative rate o f  0.0422, which is higher than th e  album in transport in  
thoracic duct lym ph. The discrepancy is due to the differences in circulating  
album in mass. The anim als o f Groups 2 and 3 had lower serum album in  
concentrations and plasm a volum es than  those o f Group 1. The differences 
are greater than can be accounted for b y  the individual differences betw een  
the animals and th ey  are probably due to  the more traum atising procedures 
required for the cannulation of abdom inal and renal lym ph vessels.

Equilibration o f  labelled albumin in lymph. The appearance o f R ISA  in 
lym ph is shown in F ig. 3. The rise o f lym phatic a c tiv ity  was very fast in  the  
hepatic lym ph, renal and intestinal lym ph being slower. The slow est increase 
of activ ity  was observed in crural lym ph which originates from the skin

Fig. 3. A p p earan ce  o f R IS A  in  ly m p h  a f te r  a single bolus in tra v e n o u s  in jec tio n ; a c tiv ity
cu rv es an d  f irs t slopes o f th e  curves

The same order was ev id en t in  the equilibration, i.e. the increase o f specific

a function o f plasm a specific activ ity  (cpm g album in 1 in lym ph/cpm  g 
album in-1  in plasma).

2 3

radioactivity. Figure 4 shows the increase of lym phatic specific activ ity  as
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Lcpm-goltf1
Pcpm-galb"1

F ig . 4. E q u ilib ra tio n  o f R IS A  in  th e  ly m p h  (cpm  g a lb u m in -1 ) an d  f ir s t  slopes o f th e  curves

Equilibrium was not atta ined  even in the liver, where th e  escape o f the  
labelled  albumin was very  fast. A t the end o f the 4th  hour o f  the experim ent 
th e  specific activ ity  ratio in the liver lym ph was 0.94, in  the m ixed thoracic 
d u ct lym ph 0.66, in  the in testin a l one 0.40, in the renal lym ph 0.67 and, 
fin a lly , 0.36 in the leg  lym ph.

Discussion

Relationship between protein  escape and lymphatic return. Most m ethods 
o f  lym ph collection probably lead to  an underestim ation o f lym ph flow. Liver 
lym p h  is, for exam ple, collected  in  the hepatic hilum. Several lym ph vessels 
run, however, upwards w ith  the hepatic veins. It was estim ated  in the dog that 
about 30% of liver lym ph is transported by vessels other than  the hepatic  
lym p h  trunk [16]. Furtherm ore not all o f the intestinal lym ph is carried by  
th e  main intestinal trunk. Several sm all vessels can be seen in  the m esentery  
n ot joining this duct. From  their number and caliber we estim ated  that th ey  
m ay carry as m uch as 20 to 30%  o f the in testinal lym ph. In  the rabbit the  
division  of the thoracic duct in tw o branches is not uncom m on [4] and there 
m ay also be several sm all branches joining the veins. In  th e  present exper­
im ents the subsidiary branches were ligated and the m ain trunk cannulated, 
nevertheless some vessels m ay have escaped detection. H ow ever, average 
thoracic duct lym ph flow  rate in the present study (2.17 m lh - 1 k g_1) is
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sim ilar to that reported in the literature (2.2 ml h -1 ) for anaesthetized rabbits 
[8], and it is not w ithout significance th at the m ajority of authors observed  
very  similar flow  rates in a var ie ty  o f  animals ranging from rat to  horse [7]. 
I t  cannot be excluded th at not all lym ph is collected in every anim al but it 
can be safely assum ed th at the va lues presented here are not a gross underestim ­
ate o f  the true thoracic duct lym p h  flow  and album in transport. It  should  
be added that about 20% o f th e  lym ph formed in the body is not collected  
b y  the thoracic duct but is carried to  the circulation via other vessels (right 
duct, right cervical trunk, etc.).

The escape o f  labelled album in from the circulation is usually  calculated  
in the early stage, i.e. in  the first 30 to  90 min after its injection. This seems 
to be justified  since labelled m olecules accum ulate progressively in the in tersti­
tia l flu id . The analysis of plasm a decay curves after a bolus in jection  shows, 
how ever, that there is only a single exponential slope up to the tim e when  
equilibration is attained betw een the intravascular and extravascular albumin  
pools. This is reached in different anim al species in 8 to  24 hours. The equilib­
rium is, however, a dynam ic one, i.e. the outward m ovem ent o f album in is 
equal to  its return by the lym ph plus the inward m ovem ent b y  diffusion  
and/or vesicular transport. In the present study lym phatic return is elim inated  
by cannulating the thoracic d uct, while the inward m ovem ent o f  albumin  
m olecules begins from the m om ent th ey  appear in the extravascular fluid. 
Accordingly, calculations made from  the exponential plasm a a ctiv ity  curves 
m ay underestim ate the outward m ovem ent of album in molecules. The initial 
stage o f the plasm a activ ity  curve has been p lotted  therefore on a linear 
scale and it was estim ated th at in  the first 30 to  60 m in the hourly escape 
rate m ay be about 0.131, i.e. about 40%  higher th an  calculated convention­
ally  from the exponential curve. Accordingly, both  outward m ovem ent of  
album in from the circulation and to ta l lym phatic return might be underes­
tim ated  by as much as 20 to 40% . The ratio o f 2.36 for album in escape to  
lym phatic return obtained in the present study m ay be therefore very nearly 
correct. In the dog this ratio calcu lated  by a different m ethod from data 
com piled from various experim ents and from the literature attained 2.15 [10]. 
This m eans that in  the normal anim als less than ha lf o f the plasm a protein  
escaping from the capillaries is returned by the lym phatic system .

Regional capillary permeability  and extravascular circulation. The analysis 
o f regional transcapillary exchange is doomed by several difficulties. O nly the 
am ount o f protein transported b y  the lym phatics can be m easured. In  the  
present study lym ph flow  per kg liver weight was 14.3 m lh -1 . This is about 
the h a lf o f the value observed in  dogs [2, 14]. Accordingly, 316 mg k g -1  
album in is transported every hour from the liver. A lbum in leakage is surpris­
ingly  high in the kidney. A t a lym p h  flow  rate o f 116 m lh  1 per kg organ 
w eight albumin escape was 2319 m g h -1  (Table II).
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Table П

A lb u m in  movement into the tissues and lym phatic removal 
in  g  h ~ ' k g -1 tissue weight

Tissue K l Escape Lym phatic
removal

L iver 0.00855 1.89 0.32

K idney 0.00469 2.32 2.16

In tes tin e 0.00122 0.69 0.085

Leg 0.00037 0.20 (0.008)*

* F ro m  “ m issing”  th o rac ic  d u c t lym ph.

I t  is difficult to  estim ate the mass o f gastrointestinal tissue drained by  
th e  in testinal lym ph trunk. Assum ing th at th is corresponds to  about 10 to  
15%  o f  body mass lym p h  production would be 4 to  6 ml h “ 1 per kg and albu­
m in transport around 85 m g h _ 1 k g—x.

Assum ing th at thoracic duct lym ph not accounted for b y  hepatic, 
in testin a l and renal lym ph production comes ch iefly  from m uscle and skin 
w hich represent about 50%  of the body mass, album in transport from these 
tissu es would be as a rough approxim ation 8 m g h - 1 kg- 1 . T hat the basic 
assum ption  is not to ta lly  unfounded is corroborated by the fact that the  
album in concentration o f the lym ph “ m issing” from the thoracic duct is 
11.7 g/1 and the actual concentration found in leg lym ph is 12.6 g/1.

The appearance o f  the labelled albumin in the lym ph m ight be a measure 
o f regional capillary perm eability. H owever, the rate o f indicator appearance 
declines with tim e. This is a consequence o f the accum ulation o f labelled  
album in in the extravascular fluid and of the decrease of the transcapillary  
concentration gradient. The first slopes o f the lym phatic concentration curves 
( K L) were therefore obtained by linear extrapolation (Table II , F ig. 3). Assum ­
ing th a t the concentration o f labelled protein in lym ph and tissue fluid are 
equal, the amount o f album in m oving from the circulation into th e  tissue can 
be calculated as follow s

Alb. mg h “ 1 k g “ 1 =  K L M A V

where M A is the circulating albumin mass in  mg and V  is the extravascular 
in terstitia l fluid volum e in ml per kg organ w eight.

U nfortunately no data are available about the extravascular interstitial 
flu id  volum e in the individual tissues of the rabbit. As an approxim ation the 
values for rats obtained from another study were used. Table I I  shows that 
the com puted album in escapes into the tissue flu id . It can be concluded that 
the am ount of protein escaping from the capillaries per unit tissue weight
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is similar in the liver and the k idney, while in the liver only about 17%  of  
the escaping album in is carried aw ay b y  the lym ph vessels. In the k idney  the  
lym phatics transport almost all album in filtered or diffusing into the tissue  
flu id . A lbum in escape rate in the in testin es is about one third of the renal or 
hepatic values and the lym ph vessels transport again only about 12% o f  the  
album in m oving out from the blood capillaries.

The crural lym ph vessels carry m ostly skin lym ph. A lbum in escape  
calculated from the appearance o f  R IS A  in the lym ph is about 10 tim es  
slower than  in  the liver and kidney. The comparison o f albumin escape into  
the leg (skin?) w ith  the lym phatic album in transport calculated from  the  
“ m issing” thoracic duct lym ph is not made because it  would be loaded w ith  
m any unverifiable assum ptions.

In the 4 hours o f  the experim ent full equilibration of radioiodinated  
album in w ith  the unlabelled molecules is approached only  in  the liver lym ph. 
In  other regions the R J R p is lower, and it decreases in  the same order as the  
L /P  album in concentration ratio. This proves only the obvious: the greater 
the perm eability o f the capillaries, the higher will be the protein concentra­
tion  in the lym ph flow ing from the organ. The analysis o f the curves in  F ig. 
4 shows, however, th at the rate o f R L/R p equilibration decreases w ith  tim e. 
In the course o f the analysis the first slopes of the curves were considered. 
A non-linear correlation with a hyperbolic regression line was found betw een  
the first slopes and the -L/P album in concentration ratios, accordingly a 
linear correlation ex ists between the L /P  ratios and the reciprocals o f  the  
slopes, i.e. o f the equilibration tim es (T ). The correlation coefficient o f  this

Fig. 5. R e la tio n sh ip  b e tw een  equilib ration  c o n s ta n ts  (K )  o b ta in ed  from  th e  f irs t  slopes in  
F ig. 4 a n d  th e  L /P  a lb u m in  co ncen tra tion  ra tio s . T he s tra ig h t line  shows th e  re la tio n sh ip  

betw een  th e  e q u ilib ra tio n  tim es (7 ) a n d  th e  a lbum in c o n cen tra tio n  ra tio s
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relationship was extrem ely  high (r =  0.996). The reciprocal o f  the rate con­
stan t K L is equal to  th e  tim e (T) during w hich equilibrium is attained if  the  
equilibration would proceed at the initial rate. The extrem ely close correlation 
m eans that the protein concentration in lym ph (and tissue fluid) is determined  
b y  th e  rate of protein m ovem ent from the capillaries and th a t the rate con­
sta n t obtained from the first slope of the equilibration curves is a measure o f  
the capillary perm eability  to albumin.
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PHARMACOLOGICAL EVALUATION AND 
MOLECULAR WEIGHT DETERMINATION OF ACETYL­

CHOLINESTERASE INHIBITING FRACTIONS 
IN THE VENOM OF D E N D R O A S P I S  A N G U S T I C E P S

J. W a n g a i ,* K . T h a i r u ,** B . S. B h a r a j ,***  B . Y. T e l a n g

D EPA RTM EN T OF M ED ICIN E (D IV ISIO N  O F PHARMACOLOGY AND TH ER A PEU TIC S),* D EPA R T M E N T O F 
PHYSIOLOGY** AND D EPA R T M E N T O F BIOCHEMISTRY,*** FACULTY OF M E D IC IN E , U N IV ERSITY  OF

N A IRO BI, K EN Y A

(R ece iv ed  O ctober 11, 1981)

T he th ree  tru e  cho linesterase  in ac tiv a tin g  facto rs iso la te d  from  th e  venom  of 
Dendroaspis angusticeps, w h en  te s te d  on iso la ted  p h arm aco log ica l te s t  ob jects show ed 
p o te n tia tio n  of co n trac tile  responses to  endogenously  re leased  a s  well as exogenously  
app lied  acety lcho line . T h e  frac tio n s  are d is tin c t and  sep a ra te  p o ly p ep tid es w hich  w ere 
confirm ed  b y  th e  d e te rm in a tio n  of th e ir  m olecu lar w eight an d  e lec tro p h o re tic  m o b ility .

In our previous stu d y  we have shown th at the whole venom  of Dendro­
aspis  angusticeps possesses anticholinesterase activ ity . Column chrom atography 
of the venom  yielded three fractions w ith  anticholinesterase activ ity  w ith  
m axim al inh ibition  against true cholinesterase.

In the present paper, attem pts were made to characterise by molecular 
w eight determ ination the three fractions which have been show n to be distinct 
com pounds. A nticholinesterase activ ity  o f  each fraction has been further 
tested  on suitable pharm acological test preparations.

Materials and Methods

S o d iu m  dodecyl sulphate ( S D S )  polyacrylam ide gel electrophoresis

Gel e lectrophoresis [5] w as carried  o u t in  th e  presence of so d iu m  dodecyl su lp h a te  
(SD S) using  s ta n d a rd  m olecu lar w e ig h t m arkers (B D S). Sam ple loads o f th e  crude v enom  or 
th e  frac tio n s w ere 600 / / g t  1111e. T h e  e lectrophoresis w as done a t  8 m A  p e r  tu b e  fo r 3 h o u rs  
a t  4 °C w ith  b ro m o p h en o l b lue  as tra c k e r  dye.

T he gels w ere s ta in ed  w ith  K en ac id  blue R  a n d  d esta in ed  w ith  7 .5%  glacial ace tic
. , . . .  ... , , . th e  d istan ce  m o v ed  b y  th e  p ro te in  X 100acid. M obility was expressed as the  ratio  of ------- —-----------------—— ----- î _ ----- ----------- •

d istancem oved  b y  th e  trac k e r  dye
E le c tro p h o re tic  m obilities w ere p lo tte d  ag a in st lo g ,0 o f th e  m olecular w e ig h t o f th e  m ark e r 
s ta n d a rd s  (B D H  p ro d u c t No. 44223 2U). B y  com paring  th e  m o b ility  o f  th e  p ro te in  frac tio n  
w ith  th o se  of th e  m arkers, a  close e s tim a te  o f th e  m olecu lar w eigh t o f  th e  unknow n p ro te in  
w as ob ta ined .

* T he w ork  re p o rte d  here  w as u n d e rta k e n  in  p a r tia l  fu lfilm en t o f  th e  requ irem en ts  for
th e  deg ree  of P hD  of U n iv e rs ity  o f N airob i.
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Pharmacological experiments

T h e  iso lated  ch o linesterase  in h ib itin g  frac tio n s  w ere te s te d  on  iso la te d  ra b b it  je ju n u m , 
re c tu s  abdom in is m uscle o f  th e  frog  an d  co ax ially  s tim u la ted  g u in ea  p ig  ileum  [3].

T he gu inea pig ileum  w as m o u n ted  b e tw een  tw o  coaxially  s i tu a te d  p la tin u m  electrodes. 
P a ra m e te rs  o f electrical s tim u la tio n  w ere: f req u en cy , 0.2 H z; pu lse  w id th , 2 m sec; v o ltag e , 
90 Y . T h e  d u ra tio n  of s tim u la tio n  w as 2 m in.

Results

S D S  polyacrylamide gel electrophoresis

Polyacrylam ide gel electrophoresis w as performed on the whole venom  
as well as on fractions displaying inhibitory activ ity  on m ouse brain cholines­
terase. These fractions obtained b y  colum n chrom atography on CM -Sephadex  
C-25 were designated D aIY (T24), D aY I (T 24) and T39.

F ig . 1. SD S po ly acry lam id e  gel e lectrophoresis o f  an tich o lin es te rase  frac tio n s  of th e  v enom  of 
D endroasp is angusticeps. B a n d s  are  n u m b ered  sequ en tia lly  from  th e  p o in t o f ap p lica tio n  of 
th e  w hole  venom  or frac tio n . W hole venom  or frac tio n  ioad  w as 600 fig  pe r tu b e . E le c tro ­

phoresis w as carried  o u t a t  8 m A  p e r tu b e  fo r 3 ho u rs

10sec

Mobility expressed a s  a  per cent referred to that of bromophenol blue

F ig. 2. Sem i-log p lo t o f m o lecu la r w eigh t ag a in s t percen tage  m o b ility  on  SDS gels o f s ta n d a rd  
m o lecu la r w eight m ark ers  (M W  14 300-71 500). M obility  expressed  as p ercen tage  referred  
to  t h a t  o f brom ophenol b lu e  ( tra c k e r  dye). M olecular w eights o f th e  m ark e rs : m onom er 14 300; 

d im er 26 600; tr im e r 42 900; te tra m e r  57 200; p en tam er 71 500; h exam er 85 800
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E leven bands were obtained after electrophoresis o f  the whole venom . 
Fraction D aIV show ed one major dark band while D aV I and T39 produced one 
band each (Fig. 1).

Table I shows th e  molecular w eight values o f these proteins (from each  
fraction). These values were obtained from  the standard curve in Fig. 2 p lotted  
from the results obtained by electrophoresis o f standard molecular w eight 
markers.

T ab le  I

M olecular weight o f  cholinesterase inhibiting frac tions obtained by colum n chromatography o f  the 
crude venom o f  Dendroaspis angusticeps

Cholinesterase 
inhibiting fractions

Percentage
m obility Molecular weight

D aIV

B an d  1 13 70 800

B an d  2 25 50 100

B an d  3 37 34 700

B an d  4 40 30 900

B an d  5 43 28 800

D aV I 13 70 800

Т 39 65 14 300

The fractions D aIV , D aVI and T39 obtained by colum n chrom atography  
of the venom  were tested  on the above preparations. The period o f incubation  
o f each fraction w ith  the tissue was 20 min.

Contractions o f  the rabbit jejunum  were elicited  by acetylcholine  
(0.01 jUg/ml). The contractile response to  acetylcholine w as again tested  after  
addition of the fractions D aIV (4.8 pg/m l), D aV I (1.5 [xg/nil) and T39 (1.5 /ig/m l). 
There was potentiation  o f the contractile réponse after addition o f each o f  the  
fractions (Figs ЗА,  4A ,  5A).

Sim ilarly, fractions D aIV (12 /xg/ml), D aVI (0.8 /лg/m l) and T39 (1.5 цg/m l) 
potentiated  the response o f  coaxially stim ulated  guinea p ig ileum (Figs 3 B,  
4 B ,  5 B ) .

Contraction o f the frog rectus abdom inis muscle w as elicited by a ce ty l­
choline (0.05 jUg/ml). The contractile response to the sam e dose of a ce ty l­
choline was potentiated  after addition o f  each o f the fractions D aIV (23 p.g/ml), 
D aY I (23 fj,g/ml) and T39 (20 pg/ml) to the organ bath (F igs 3C, 4C, 5C).
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a  b

•  A •  15sec
Ach Da IV Ach

B

c

a b

10 sec

F ig . 3 . E ffec t o f f ra c tio n  D aIY  iso la ted  from  th e  v e n o m  of D . angusticeps on  coaxially  s tim u l­
a te d  gu in ea  pig ileum , ace ty lcho line  induced  c o n tra c tio n s  of| ra b b it  je je n u m  and frog  re c tu s  
a b d o m in is  m uscle. A (a )  A cety lcho line  (0.01 /tg /m l) in d u ced  c o n trac tio n s  o f ra b b it  je ju n u m . 
(b) P o te n tia tio n  o f c o n tra c tile  response to  ace ty lch o lin e  20 m in  a f te r  ad d itio n  o f f ra c tio n  
D aIV  (4.8 /tg/m l). V olum e o f b a th , 10 m l. B (a)  C o n trac tio n s  of coax ially  s tim u la ted  gu inea  p ig  
ile u m  (6, c) p o te n tia tio n  of co n trac tile  re sponse  a f te r  ad d itio n  of D aIV  frac tio n  (12 /tg /m l). 
V olum e o f b a th , 10 m l. P a ra m e te rs  o f s t im u la tio n : frequency  0.2 H z , p u lse  w id th  2 m sec, 
v o lta g e  90 V. D u ra tio n  o f s tim u la tio n  2 m in. C (a) A cety lcholine (0.05 /tg /m l) induced  c o n tra c ­
tio n s  o f  frog rec tu s  ab d o m in is  m uscle. (6) P o te n tia tio n  of co n tractile  re sponse  to  ace ty lcho line  

20 m in  a f te r  a d d itio n  of frac tio n  D aIV  (23 /tg/m l). Volum e o f b a th ,  20 ml
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F ig. 4. E ffec t of f ra c tio n  D aV I iso lated  fro m  th e  venom  of D. angusticeps b y  colum n c h ro m a to ­
g ra p h y  on th e  ace ty lch o lin e  induced  c o n tra c tio n s  of frog re c tu s  ab dom in is m uscle, iso la ted  
ra b b it  je ju n u m  a n d  coax ially  s tim u la te d  g u in ea  pig ileum . A (a )  A cety lcho line  (0.01 /(g/rnl) 
in d u ce d  co n trac tio n s o f  ra b b it  je ju n u m . (6) P o te n tia tio n  of c o n tra c tile  response to  a ce ty l­
cho line  20 m in  a f te r  ad d itio n  of f ra c tio n  D aV I (1.5 fig/m l). В  (a) C o n trac tio n s o f coax ially  
s tim u la te d  guinea p ig  ileum . (6, c) P o te n tia tio n  o f con trac tile  response  a f te r  ad d itio n  o f f ra c tio n  
D aV I (0.8 jUg/ml). P a ra m e te rs  of s t im u la tio n  sam e as in  Fig. 3B . C(a) A cety lcholine (0.05 /tg /m l) 
in d u ce d  co n trac tio n s o f  frog  rectus a b d o m in is  m uscle. (6) P o te n tia tio n  o f con trac tile  response  

20 m in  a fte r a d d itio n  o f frac tio n  D aV I (23 //g  m l)
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F ig .  5. E ffec t o f f ra c tio n  T 39 iso la ted  b y  co lum n c h ro m a to g ra p h y  fro m  th e  crude  venom  ( D. 
a ngusliceps)  on  ace ty lch o lin e  in d u ced  co n tra c tio n s  o f frog  rec tu s ab d o m in is  m uscle, iso lated  
r a b b i t  je ju n u m  an d  co ax ially  s tim u la te d  gu inea  p ig  ileum . A (a ) A cety lcho line  (0.01 /ig /m l) 
in d u c e d  con trac tio n s o f r a b b it  je ju n u m , (b) P o te n tia tio n  of co n trac tile  response  to  a ce ty l­
ch o lin e  20 m in a fte r a d d itio n  of frac tio n  T 39 (1.5 //g /m l). B (a) C on trac tions o f  coaxially  s t im u la t­
ed  g u in ea  pig ileum . (6, e) P o te n tia tio n  of th e  response  a f te r  ad d itio n  o f f ra c tio n  T 39 (1.5 //g/m l). 
P a ra m e te rs  of s tim u la tio n  th e  sam e as in  Fig. ZB . C (a) A cety lcholine (0.05 /ig/m l) induced  
c o n tra c t io n  of frog re c tu s  ab d om in is m uscle. (6) P o te n tia tio n  of co n tra c tile  response 20 m in 

a f te r  a d d itio n  of frac tio n  T 39 (20 //g/m l)
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Discussion

The stu d y  confirms the cholinesterase inhibiting activ ity  o f various 
fractions o f the venom  o f Dendroaspis angusticeps.  The fractions potentiated  
the contractile response o f exogenously applied acetylcholine on the guinea  
pig ileum  and th e  frog rectus abdom inis m uscle as well as the endogenously  
released acetylcholine in  the coaxially stim ulated  guinea pig ileum . The  
potentiating effect o f these fractions on the pharm acological preparations 
could be explained on the basis o f inh ibition  o f  acetylcholinesterase enzym e.

An acetylcholinesterase inactivating factor was found in the venom  
of N a ja  atra [1]. It  is полу known th at the inactivating factor corresponds 
to one o f the cardiotoxins contained in the venom  [2]. This has been confirm ed  
in our earlier work where fraction T39 has been shown to  be cardiotoxin [4].

These fractions are distinct and separate polypeptides w ith varying  
cholinesterase inhibiting activ ity , which has been confirm ed after determ ina­
tion  o f their m olecular weights. Of th em , D aIV had the highest m olecular  
w eight while T 39 the low est. Their percentage m obility  was also different w ith  
T39 having greater m obility  (65%) than  D aY I a n d D aIY (Band 1) which possessed  
the least m obility  (13% ), being a heavier polypeptide.
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D E N D R O A S P I S  A N G U S T I C E P S

J. W a n g a i ,* K . T h a i r u ,** B . S. B h a r a j *** and В . V. T e l a n g
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(R eceived O c to b e r  22, 1981)

T hree  frac tio n s  w ere iso la ted  fro m  th e  venom  o f  D endroaspis angusticeps b y  
co lu m n  ch ro m a to g ra p h y  on  C M -S ep h ad ex  C-25. All th e  th re e  frac tio n s w ere show n 
to  possess ace ty lch o lin esterase  in h ib i t in g  ac tiv ity . T h e  to x ic i ty  o f th e  frac tio n s  as 
te s te d  on  m ice w ere v a riab le . A lth o u g h  th e  to x ic  signs w ere  id en tica l, f ra c tio n  D aY I 
w as h ig h ly  le th a l (L D 50 1.9 fig/g) w h e re a s  frac tio n s D aIV  a n d  T 39 w ere less le th a l,  th e  
L D 5i, being 3.6 |Ug/g a n d  4.1 fig/g re sp ec tiv e ly . T he th ree  fra c tio n s  s ig n ifican tly  in h ib ited  
tru e  ace ty lcho linesterase  to  the  e x te n t  o f  9 1 -95% .

In  the course o f  our experim ents on Dendroaspis angusticeps venom  it  
was found th at the w hole venom  reversed  the blocking effects o f d-tubocurarine 
on the isolated rat phrenic nerve diaphragm .

The present work was undertaken to establish w hether D. angusticeps 
venom  possesses anticholinesterase a c tiv ity . Three cholinesterase inactivating  
factors have been isolated  by colum n chrom atography and their cholinesterase 
inhibiting property has been characterized by a b iochem ical m ethod.

Materials and Methods

C olum n chromatography

T h e  venom  was fra c tio n a te d  by  c o lu m n  ch ro m a to g rap h y  o n  CM—S ephadex  C-25 a cco rd ­
ing  to  th e  m eth o d  of P a t e l  a n d  E x cell  [9 ]. Sam ples o f 100 m g  o f  th e  v enom  d isso lved  in  
0.005 M sodium  p h o sp h a te  b u ffer (pH  6.0) w e re  app lied  to  th e  e q u ilib ra ted  resin  in  a co lu m n  
o f 30 X 2 cm . E lu tio n  w as carried  o u t a t  ro o m  te m p e ra tu re  w ith  a  tw o -s tag e  so lium  p h o sp h a te  
lin ea r g ra d ie n t buffer sy s tem . T he flow r a te  w as 30 m l per h o u r  a n d  7.5 m l f rac tio n s  w ere 
co llected  a f te r  passage th ro u g h  a UY an a ly ze r (280 nm ) connected  to  a  p o ten tio m e tric  reco rd er 
(L K B  system ).

T h e  p ro te in  c o n te n t o f each  frac tio n  w as  de term ined  [5].

Cholinesterase inhibiting activity

T ru e  cho linesterase  w as ob ta in ed  f ro m  th e  hom ogenate  o f m ouse b ra in  [6]. W hole 
b ra in s  rem o v ed  from  th re e  fresh ly  d e c a p ita te d  m ice w ere h o m ogen ized  in  0.25 M sucrose 
so lu tio n  a t  4 °C. A fter c en trifu g a tio n  a t  40 0 0  r .p .m . for 20 m in , th e  so lu tion  w as d ecan ted  
from  th e  cell debris.

* T h is w ork  re p o rte d  here  was u n d e r ta k e n  in  p a r tia l  fu lf ilm en t o f  th e  req u irem en ts  for
th e  degree of PhD  of U n iv e rs ity  o f N airobi.
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A 0.2%  (v /v) b ra in  su p e rn a ta n t w as u tilized  fo r th e  experim en ts. P seudocholinesterase  
w as o b ta in ed  from  th e  p lasm a  of a d u lt r a ts  a fte r  b leed ing , a 2%  (v /v) so lu tio n  of p lasm a being 
u se d . T h e  assessm ent o f cho linesterase  in h ib itin g  a c tiv ity  o f th e  v enom  w as carried  ou t by  th e  
m e th o d  of E llman  e t al. [2]. E n zy m e a c tiv ity  w as d e te rm in ed  b y  add in g  0.1 m l of th e  enzym e 
so lu tio n  to  th e  reac tio n  f la sk  co n ta in ing  4.9 m l o f sod ium  p h o sp h a te  b u ffe r  (0.2 M: p H  8.0) 
o f 5 ,5-dith iobis-2  n itro b en zo ic  acid (D T N B : 0.01 M). T he hydro lysis w as s ta r te d  b y  add in g  
0.1 m l o f 0.05 M ace ty lth io ch o lin e  and  snake v enom  to  th e  reac tio n  flask . C o n tro l experim en ts 
w i th o u t  th e  venom  w ere  p e rfo rm ed  on a flask  co n ta in in g  only th e  en zy m e. T he absorbance 
a t  412 nm  was d e te rm in e d  a t  in te rv a ls  of 2 m in  u p  to  6 m in.

P ercen tage  in h ib itio n  b y  th e  venom  w as c a lcu la ted  from  th e  re s id u a l cholinesterase 
a c t iv ity . The cho linesterase  a c tiv ity  in  th e  co n tro l ex p erim en ts w as co n sid ered  100% .

M easurem ent o f L D 50

T he to x ic ity  o f eac h  frac tio n  w as assayed  in  m ice (N ational H e a lth  L a b o ra to ry  s tra in : 
17—23 g) b y  i.p. in jec tio n . T h e  req u ired  co n cen tra tio n  of th e  to x ic  dose w as m ad e  up  in  norm al 
sa lin e  an d  th e  vo lum e o f in jec tio n  d id  n o t  exceed 0 .1 -0 .2  m l. T he L D 60 a n d  slope fu n c tio n  
w ere  calcu la ted  b y  th e  m eth o d  of L it c h f ie l d  an d  W ilc o x o n  [4].

D esiccated  w hole v en o m  ob ta in ed  from  B aringo  S nake F a rm  (N a k u ru , K en y a) was k e p t 
in  a  re ferigera to r a t  4 °C p rio r  to  use.

S ta tis tica l a n a ly s is  o f th e  d a ta  an d  th e  level o f significance w as d e te rm in ed  a t  99%  
con fid en ce  lim its. V a lu es o f  P  g rea te r th a n  0.01 w ere considered n o t sign ifican t.

Results

Column chromatography

Column chrom atography o f the venom  (100 mg) on CM—Sephadex C-25 
using  phosphate buffer for elution produced a profile w ith  nine peaks as 
illustrated  in F ig. 1. Protein  recovered as estim ated  in all fractions was 84%  
o f  th e  total proteins present in 100 mg o f th e  venom . Am ong th e  nine fractions 
iso la ted , fraction D aIV  (Tube 24) constituted  29%  of the to ta l proteins followed  
b y  fractions D aY I (15% ) and T39 (2%) corresponding to  tu b es 28 and 39, 
respectively . The L D 50 and slope function values of these fractions (Table I)

Table I

L D 50 and slope fu n c tio n  o f  the crude venom and fractions o f  Dendroaspis angusticeps on mice

Fraction
LDs0(ip) in 
mice(pg/g) Slope function Potency  ratio*

Crude venom 2.4(2.2-2.6) — 1

D 0IV 6.3(5.2-7.5) 1.23(1.13-1.34) 0.4

D aV I 1.9(1.3-2.8) 1.71(1.47-1.98) 1.3

T 39 4.1(3.2-5.2) 1.32(1.19-1.46) 0.6

* The po tency  ra tio  o f crude venom  in m ice was considered 1. 
Figures in p a ren th eses denote 95%  confidence lim its.
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Fig. 1. C olum n c h ro m a to g ra p h y  of D endroaspis angusticeps venom  on  CM—S ep h ad ex  C-25. 
E lu tio n  p a tte rn  o f D . angusticeps venom  (100 m g) o n  a CM S ep h ad ex  C-25 co lum n (30 X 1.0 cm ) 
using  a tw o -stag e  sod ium  p h o sp h a te  b u ffe r  sy s tem . G rad ien t: (i) 0.005 m  (p H  6 .0 )-0 .2  M 
(p H  7.3); (i i) 0.2 M (p H  7 .3)-0 .5  M (p H  8.0). E lu tio n  w as carried  o u t a t  room  te m p e ra tu re . 
S h ad ed  a reas rep re sen t frac tio n s D aIY , D aV I possessing  an tich o lin es te rase  a c tiv ity . F ra c tio n  
T 3„ show ed zero abso rb an ce  b u t  co n ta in ed  100 Mg/ml of p ro te in  (see te x t  fo r ex p la n a tio n )

showed th at fraction D aV I exhibited  the highest to x ic ity  com pared w ith  the  
rest o f the fractions. The toxic sym ptom s produced in  mice by each fraction  
were alm ost identical. Flaccid paralysis and convulsions preceded death  from  
respiratory failure w ithin a few hours.

Cholinesterase inhibiting activity

R at plasm a, 0.1 ml in  a to ta l volum e o f 5.0 ml hydrolysed acetylth io- 
choline iodide (0.05 M) at the rate o f  0.090 6 absorbance units per m in at 412 nm . 
E l l m a n  [2] showed th at the extin ction  coefficient for a molar solution  o f the  
coloured anion form ed in the reaction betw een released thiocholine and D T N B  
to  be 1.3ÓX 10-2 . Thus the rate o f  hydrolysis of the substrate is given b y  the  
form ula:

R ate o f hydrolysis = ----- A  X V— nm oi/mjn
'  J 1 .3 6 Х Ю -2

where A A  is the rate o f change in  absorbance units and V  is the volum e o f  
the solution in ml. Thus the rate o f  hydrolysis of acetylthiocholine b y  2%  rat 
plasm a is 33.3 nm ol/m in.

Sim ilarly 0.2%  of mouse brain hom ogenate hydrolysed acetylth iocholine  
(0.05 M) at the rate o f  0.190 absorbance units per m in. Thus the rate o f  hydro­
lysis b y  0.2%  m ouse brain hom ogenate is 69.8 nm ol/m in.
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c

F ig . 2. E ffec t o f sn ak e-v en o m  on th e  in  vitro  h y d ro ly sis  o f ace ty lth io ch o lin e  b y  r a t  p lasm a  an d  
m o u se  b ra in  hom ogenate. O rd in a te : resid u al ch o lin e stera se  a c tiv ity  (% ). A bscissa: co n cen tra ­
t io n  o f  v enom  (ug/m l). д -------д  h y d ro lysis o f  ace ty lth io c h o lin e  b y  2 %  r a t  p lasm a  (p seu d o ­
cho lin esterase ); a -------▲ h y d ro ly s is  o f 0.2 m ouse  b ra in  ho m o g en a te  ( tru e  cho linesterase).

E ach  p o in t re p re se n ts  m ean  of 18 e s tim a tio n s ; h o rizo n ta l b a rs den o te  ± S E

W hole snake venom  at different concentrations inhibited the hydrolysis 
o f acetylth iocholine b y  rat plasma or m ouse brain hom ogenate (F ig. 2).

Table II  show s th a t the whole venom  at a concentration o f  0.16 /ig/m l 
in h ib ited  cholinesterase activ ity  in rat plasm a b y  57%  whereas cholinesterase  
a c t iv ity  in the m ouse brain hom ogenate w as inhib ited  to  a m axim um  of 94% . 
The enzym ic a ctiv ity  in  rat plasma was not com pletely  abolished even when  
high  doses (500 jUg/ml) o f  the venom  were used. The three fractions exhibited

Table I I

Inhib ition  o f  true and pseudocholinesterases ( C hE )  by whole venom o f  
Dendroaspis angusticeps

R ate  of hydrolysis 
o f acetylthiocholine* 

nmol/min +  SE

Mean residual ChE activity* 
%  +  SE

Percent
inhibition of to ta l 

ac tiv ity

T rue ChE Pseudo ChE T rue ChE Pseudo ChE True
ChE

Pseudo
ChE

C ontrols 6 9 .8 ± 5 .1 3 3 .3 + 2 .0 100 100 _ _
W hole  venom  

(0.16 /tg/ml) 4 .1 ± 0 .4 * « 14 .2±0 .7** 5 .9 ± 0 .S 4 2 .6 ± 2 .3 94 57

* R ate  of hydro lysis o f acetylthiocholine in  th e  con tro ls was tak en  as 100% . 
** Values were sig n ifican tly  (P  <  0.01) d iffe ren t from  th e  controls.

m axim al inhibition o f  true cholinesterase at concentrations as low  as 0.04 jug/ml 
(Table III). The residual true cholinesterase a c tiv ity  o f these fractions was 
sign ifican tly  different (p <  0.01) from the controls. The control experim ents 
w ere performed w ith ou t addition o f the venom  or fraction, the buffer acting  
as control.
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T ab le  II I

Inh ib ition  o f  true cholinesterase in  the mouse brain  homogenate after treatment with fractions isolated 
by column chromatography o f  the crude venom o f  D endroaspis angusticeps on 

C M -Sephadex C-25

No.
of

estimations
Fraction 

(0.04 fxg/ml)

Rate of 
hydrolysis of 

acetylthiocholine 
(nmol/min ±SE)

Mean residual 
true

cholinesterase
(%±SE)

Percent 
inhibition of 
total activity

18 Controls* 6 9 .8 ± 5 .1 100 —

12 D aIV 5 .5 ± 0 .4 7 .9 ± 0 .6 92

12 D aV I 3 .6 ± 0 .3 5 .2 ± 0 .4 95

12 T39 6 .0 ± 0 .4 8 .6 ± 0 .5 91

* V alues were significantly  d ifferent (P  <  0.01) from  th e  con tro ls w hich were p e rfo rm ed  
w ith  th e  buffer only.

D iscussion

The discrepancy betw een our results and those o f  B a r r e t t  and H a r ­
v e y  [1] could be attributed to the use o f  intact chick b iventer cervicis m uscle 
as their source o f true acetylcholinesterase. It  is generally know n th at in  m any  
species and particularly in the chick the enzym e a ctiv ity  decreases about 
20-fold betw een hatching and adulthood [7, 8]. B esides the acetylcholin ­
esterase enzym es found in avian tissues particularly those o f  the chick show  
in ten sitiv ity  to  specific inhibitors o f  true and pseudocholinesterase [3].

In  the present study, whole venom  inhibited on ly  true cholinesterase. 
There w as residual hydrolysing a c tiv ity  in the rat plasm a and the percentage 
inhibition o f to ta l activ ity  of the enzym es was 65% in  the presence o f  a large 
am ount (500 /ig/m l) o f the venom . A ctiv ity  of the enzym e in mouse brain  
hom ogenate was considerably reduced and high percentage inhibition (94% ) 
was obtained w ith  very low concentration (0.16 ^g/m l) of the venom . Ion  
exchange chrom atography o f the w hole venom  yielded  three fractions w hich  
in very low doses were shown to  exh ib it m axim al inhibition  o f acetylth io- 
choline by mouse brain hom ogenate.

Fraction T39 had near zero u ltraviolet absorbance but a considerably  
high protein concentration. The fraction  is probably deficient in  arom atic 
amino acids (tyrosine, tryptophan and phenylalanine) and hence shows low  
absorbance [10].

Mouse brain hom ogenate [6] exhib its exclusively  true cholinesterase 
a ctiv ity  and hydrolyzes acetylcholine at a higher rate than other choline  
esters. On the other hand, rat plasm a [7] contains large am ounts of propionyl- 
cholinesterase the properties which differ in  various respect!.

Acta Physiologien Academiae Scientiarum Hungaricae 60, 1982



8 8 J. WANGAI et al.

The significant difference in the L D S0 o f these fractions confirms that 
th e  fractions have a d istinct to x ic ity  o f its own which is n ot dependent on 
other substances present in the venom .
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T he e ffec t o f  calcium  ch loride  in je c te d  in to  th e  cereb ra l ven tric les o f g ro u p - 
-housed u n a n ae s th e tize d  cats u p o n  v o c a liza tio n  (rage, hissing  a n d  snarling), f ig h tin g  
(a tta c k  w ith  paw s an d  claws, defense  w ith  paw s and  claw s a n d  b itin g ), m yd riasis , 
trem o r an d  c lon ic-ton ic  convulsions p ro d u c ed  b y  carbacol an d  eserine in jec ted  sim ila rly  
w as in v es tig a ted . Calcium  chloride d ep ressed  or a lm o st co m ple te ly  abolished th e  v o ca li­
zation  and  f ig h tin g  due to  carbacho l a n d  eserine. On th e  o th e r h a n d , m ydriasis, tre m o r  
and  clonic-tonic convulsions evoked  b y  carb ach o l and  eserine w ere n o t sig n ifican tly  
changed b y  calc ium  chloride. I t  is a p p a re n t  t h a t  calcium  ch lo ride  can  “ d issoc ia te”  
vocalization  an d  fig h tin g  from  au to n o m ic  an d  m o to r p h en o m en a  such  as m y driasis, 
trem o r an d  c lon ic-ton ic  convulsions cau sed  b y  carbacho l an d  eserine. Calcium  ch loride  
inh ib ited  th e  v o ca liza tio n  and  f ig h tin g  p ro d u c ed  b y  carbaco l a n d  eserine m ost p ro b a b ly  
by  a nonspecific  stab iliz ing  ac tio n  o n  c en tra l m uscarin ic  cho linocep tive  sites. T hese  
resu lts  fu r th e r  su p p o rt th e  view  th a t  ca lc iu m  ions in  excess h av e  a n  a trop ine-like  ac tio n  
also in th e  c en tra l nervous system .

Cholonomimetics and anticholinesterases injected into the hypothalam us 
[10, 23, 24, 31] or into the cerebral ventricles [1, 2, 4, 5, 13, 14, 16, 20, 21] 
o f cats are know n to  evoke em otional behaviour and aggression associated  
w ith  autonomic and motor responses. In  addition, it was found that these  
drugs injected in to  th e  cerebral ventricles o f  conscious cats elicited  aggressive 
behavioural phenom ena m ainly b y  an action  on central m uscarinic cholinocep­
tiv e  sites [1 ,4 ,5 ] . Sim ilarities in the ganglionic action o f calcium  and atropine 
have already been pointed out [30]. M oreover, it was shown th at the sen sitiv ­
ity  o f the longitudinal muscle o f guinea pig ileum  to muscarinic drugs depended  
on the concentration o f calcium in th e  bathing medium [3, 7]. In  the light 
o f these observations it seemed w orth to investigate w hether calcium  in  
excess possess also an atropine-like action  on central m uscarinic cholinoceptive  
sites.

Materials and Methods

C ats of b o th  sexes w eighing be tw een  2 a n d  4 kg  were used  in  th e  experim en ts w ith  
in jec tio n s being m ad e  in to  th e  left la te ra l v e n tric le . A  Collison can n u la , described by F e l d ­
b e r g  an d  Sh erw o o d  [12], w as screw ed a se p tica lly  in to  th e  skull th ro u g h  a hole w hich w as 
d rilled  and  tap e d  7 to  8 m m  from  th e  zero line  a n d  4 to  5 m m  fro m  m id line  during  p en to -
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b a rb ito n e  sod ium  (35-50 m g /k g  i.p .) anaesthesia . T h e  low er end of th e  c an n u la  sh a ft w as m ad e  
of p o ly th en e  tu b in g  w ith  a  side  opening 1 m m  fro m  its  closed tip  a n d  positioned  w ith  th e  

lu m en  to w ard s th e  fo ram en  o f M onro. D ye s tu d ies  p o st-m o rtem  in d ic a te d  th a t  th e  in je c te d  
m a te ria l passes from  th e  la te ra l  v en tric le  in to  th e  th ird  an d  fo u rth  v en tric les . P o s to p e ra tiv e ly , 
penic illin  w as ad m in iste red  in tra m u sc u la r ly  a n d  a n  in te rv a l o f 5 d a y s  h a d  been  a llow ed  to  
elapse before  th e  ca ts  w ere u se d  fo r th e  ex p erim en ts .

T he su bstances in je c te d  in to  th e  cerebral v en tric le s  were d issolved in  sterile  an d  p y ro g en - 
-free 0 .9%  sodium  chloride. T h e  solu tions w ere in je c te d  b y  h an d  fro m  a  1 m l syringe u n d e r  
a sep tic  conditions in  a v o lu m e o f  0.1 ml over a  p e rio d  o f 15-20 seconds a n d  w ashed w ith  0.1 m l 
o f saline u n d e r  th e  sam e co n d itio n s  as th e  su b s tan ces . All th e  te s te d  an im als , th e re a f te r , w ere 
observed  fo r a period  of 4 h o u rs  an d  in te rm it te n tly  fo r  24 hours.

I n  th is  s tu d y  v o c a liza tio n , figh ting , m y d ria s is , trem o r an d  c lonic-tonic  conv u ls io n s 
w ere observed , m easu red  a n d  scored  in  a w ire m esh  cage m easu ring  1 1 0 x 1 3 0 x 1 5 0  cm . On 
th e  d a y  of th e  ex p erim en t th e  c a ts  were h a b itu a te d  fo r a t  least 1 h o u r before  th e  in tra ce re b ro - 
v e n tr ic u la r  in jec tio n  o f d ru g s . T h e  d u ra tio n  o f voca liza tio n , f ig h tin g , m yd riasis  an d  tre m o r 
w as m easu red  an d  c lo n ic-ton ic  convulsions w ere scored  b y  tw o ex p erienced  observers. B o th  
o b se rv ers w ere b lin d  w ith  re g a rd  to  th e  ap p lied  d rugs. T he co rre la tio n  coefficient fo r th ese  
checks ran g ed  co n sis ten tly  b e tw een  0.92 an d  0.98.

S ta tis tic a l analysis w as perfo rm ed  fo r th e  d u ra tio n  of voca liza tio n , fig h tin g , m y d riasis  
a n d  trem o r using  ana ly sis  o f v a rian ce , while fo r  th e  app earan ce  o f c lonic-tonic  convulsions 
th e  ch i-square  te s t  w as u sed .

T he applied  co m p o u n d s w ere: calcium  ch lo rid e , carbachol ch lo ride  an d  eserine su lp h a te . 
T he d ru g  doses an d  c o n c e n tra tio n s  refer to  th e  sa lts .

Results

The fighting behaviour is best stud ied  when several cats are kept to ­
gether in the same cage [4, 5]. Singly-housed cats present on ly  vocalization  
w ithout fighting [4, 5 ]. Therefore in these experim ents group-housed (4 -6 )  
cats were used.

In control experim ents injections o f  0.3 ml o f 0.9%  NaCl into the cerebral 
ventricles of 4 unanaesthetized  cats did not produce any visible behavioural, 
autonom ic or m otor changes. H ow ever, seldom  a transient m iaowing was 
noted.

Carbachol, eserine and aggressive behaviour

The m ost im pressive effects o f  intracerebroventricular carbachol 
(0.01—0.03 mg) and eserine (0.4-1 mg) are various em otional changes (restless­
ness, irritability, rage, fear and threat) and aggression (attack , defense and 
fighting).

In carbachol and eserine treated cats any sudden m ovem ent o f the cat 
often triggered the a ttack , the aggression occurring even  when the other  
cats rem ained m otionless. The anim als crouched, trem bled, retracted their  
ears, jum ped, hissed and snarled, and attacked  each other w ith  paws and claws. 
Interm ittent periods o f  adynam ia lasting from a few seconds to a few  m inutes 
occurred after enhanced motor a c tiv ity . F inally , the cats savagely b it each  
other, although in th e  in itia l part o f th e  attack  the anim als clearly used their
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Fig. 1. T he effec t of calcium  chloride  on  v o caliza tio n  caused  b y  carb ach o l ( A )  a n d  eeerine ( B).
In  A ,  • -------•  va rio u s single doses o f  carbacho l, о ------ о calcium  ch lo ride  in  co n ce n tra tio n
o f 13.6 m m ol p lu s  carbachol, a  ------- ▲ calcium  chloride  in  co n ce n tra tio n  o f 33 m m ol p lus
carbacho l a n d  ▼ -------T calcium  ch loride  in  c o n cen tra tio n  o f 68 m m ol p lu s  carbacho l w ere
in jec ted  in to  th e  cerebral v en tric les o f u n a n aesth e tized  cats. In  B , • —— •  various single
doses o f  eserine, о -------О calcium  ch loride  in  c o n cen tra tio n  o f 13.6 m m ol p lu s  eserine, a --------▲
calcium  ch loride  in  co ncen tra tion  o f  34 m m ol p lus eserine an d  ▼ -------▼ calcium  chloride  in
co n cen tra tio n  o f 68 m m ol plus eserine  w ere in jec ted  in to  th e  cerebral v en tric le s  o f u n a n a e s th e ­
tized  ca ts . O rd in a te , d u ra tio n  o f v o ca liza tio n  in  m inu tes. Calcium  ch lo ride  w as in jec ted  15 
to  20 m in u te s  p rio r  to  in tra ce re b ro v en tric u la r  carb ach o l (A )  o r eserine  (B ). E ac h  sym bol 
rep re sen ts  th e  m ean  of four e x p erim en ts . E ac h  c a t w as used  on ly  once fo r th e  experim en t.

**P  <  0.01

claws. V ocalization (rage, hissing and snarling) and fighting  (attack  w ith paws 
and claws, defense w ith paws and claws and biting) were the m ain character­
istics o f aggressive behaviour. As shown in Figs 1 and 2 , vocalization  and 
fighting were dose-dependent and long lasting.

Carbachol, eserine and autonomic and motor effects

The aggressive behaviour produced by carbachol (0 .01-0 .03  mg) and 
eserine (0.4—1 mg) injected in to  the cerebral ventricles o f unanaesthetized cats 
was associated w ith  autonom ic (m ydriasis, salivation, piloerection, dyspnoea, 
defecation and urination) and m otor (scartching, circling, trem or, rigidity  
and weakness w ith  adynamia) phenom ena. Of these sym ptom s mydriasis and 
tremor were the m ost characteristic ones. H owever, m ydriasis (Fig. 3) and 
tremor (F ig. 4) produced b y  interacerebroventricular carbachol and eserine 
were less dose-dependent while lasting longer than  the vocalization  and fig h t­
ing produced b y  these drugs.
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Fig. 2. T he effect of ca lc iu m  ch loride  on  fig h tin g  caused  b y  carb ach o l (A ) an d  eserine ( В ).
In  A ,  • ------ •  various single  doses o f carbachol, О ------- О calcium  ch loride  in  co n ce n tra tio n  of
13.6 m m ol p lus carbachol, a  —-----A calcium  chloride  in  co n ce n tra tio n  o f 34 m m ol p lus c a rb a ­
chol a n d  T  — ▼ calcium  ch lo rid e  in  co n cen tra tio n  o f 68 m m ol p lu s  carbacho l w ere in jec ted
in to  th e  cerebral ven tric les  o f  u n a n ae s th e tize d  ca ts . In  B , •  -------•  v arious single doses of
eserine , О ------ О calcium  ch lo rid e  in  co n ce n tra tio n  of 13.6 m m ol p lu s eserine, a  —------ A
calc ium  chloride in  c o n c e n tra tio n  of 34 m m ol p lus eserine a n d  ▼ -------▼ calcium  chloride in
c o n ce n tra tio n  o f 68 m m ol p lu s  eserine  were in jec ted  in to  th e  cereb ra l ven tric les  o f u n a n a e s th e ­
tiz e d  cats. O rd ina te , d u ra tio n  o f fig h tin g  in  m in u tes . Calcium  ch lo ride  w as in jec ted  15 to  20 
m in u te s  p rio r  to  in tra c e re b ro v e n tr ic u la r  carbacho l (A )  o r eserine (B ). E a c h  sym bol rep resen ts 

th e  m ean  of fo u r e x p e rim e n ts . E ach  c a t w as used  on ly  once fo r th e  experim en t.
*P <  0.05, **P <  0.01

Carbachol only in  doses o f 0.03 mg and eserine in doses o f 0.8 and 1 mg 
in jected  into the cerebral ventricles o f unanaesthetized cats evoked clonic- 
-tonic convulsions (F ig . 5).

Effect o f  calcium chloride on vocalization and figh tin g  produced by carbachol 
and eserine

In this series o f  experim ents calcium  chloride (13 .6-68  mmol) was 
injected  15 to 20 m inutes before carbacol (0 .01-0 .03 mg) and eserine (0 .4-1  mg) 
into the cerebral ven tricles o f unanaesthetized cats. The vocalization  as well 
as the fighting response to  carbachol and eserine were inhibited b y  calcium  
chloride (Figs 1 and 2). Calcium chloride in low concentrations had no effect 
on the vocalization and fighting produced by carbachol (P >  0.05), while 
depressing the vocalization  (P  <[ 0.01) as well as figh tin g  (P <C 0.05) evoked
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1__________  Eserine________  ________,
Control ,13.6mmol. .З А тто !, 68тггюГ(

CaCl,
I__________________________ t ______________________________I

Fig. 3. T he effect o f calc ium  chloride o n  m y d ria s is  caused  b y  carbacho l (A )  a n d  eserine (B ). 
O rd in a te , d u ra tio n  of m ydriasis in m in u te s . T h e  f ir s t  th ree  colum ns (h a tch ed ) in  A  an d  В  
re p re se n t th e  co n tro l experim en ts. C alcium  ch loride  w as in jec ted  in to  th e  cereb ral v en tric les  
o f  u n a n ae s th e tize d  c a ts  15 to  20 m in u te s  p r io r  to  in tra ce re b ro v en tric u la r  carb ach o l (A ) o r 
eserine  (B ). E ach  co lu m n  represen ts th e  m e a n  ; 5 .К .M. of fo u r experim en ts . E a c h  c a t w as

used only on ce  fo r  th e  ex p erim en t

b y  eserine. B y raising the concentration  of calcium  chloride to 68 m m ol the  
vocalization  and th e  fighting caused by carbachol and eserine were alm ost 
com pletely abolished (P <T 0.01).

Effect o f  calcium chloride on m ydriasis, tremor and convulsions caused by carbachol 
and eserine

Mydriasis (F ig . 3) tremor (F ig . 4) and clonic-tonic convulsions (Fig. 5) 
produced by intracerebroventricular carbachol (0 .01-0 .03 mg) and eserine 
(0 .4 -1  mg) were not significantly (P  0.05) altered when calcium  chloride 
(13.6—68 mmol) w as injected in to  th e  cerebral ventricles o f unanaesthetized  
cats 15 to 20 m inutes prior to the adm inistration  o f these drugs.
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Control ,13.6 mmol, ,34 m m ol, ,68 mmol
CaCl,

F ig . 4. T he effect o f c a lc iu m  chloride on  tre m o r caused  b y  carb ach o l (A ) an d  eserine (B ). 
O rd in a te , d u ra tio n  of t r e m o r  in  m inu tes. T he f irs t  th re e  colum ns (h a tch ed ) in  A  an d  В  rep re sen t 
th e  con tro l ex p erim en ts. C alcium  chloride w as in jec ted  in to  th e  cereb ral ven tric les  o f u n ­
an ae sth e tize d  cats 15 to  20 m in u te s  p rio r to  in tra ce re b ro v en tr ic u la r  carbacho l (A )  o r  eserine 
(B ). E a c h  colum n re p re se n ts  th e  m ean  ± S .E .M . o f fo u r ex p erim en ts . E ach  c a t w as used  on ly

once for th e  ex p erim en t

D iscussion

The effect o f  calcium  ions on the nervous system  are com plex and 
num erous [28]. The m ost im portant o f these effects are the stabilization  of 
electrogenic m em branes and the participation in the neurotransm itter re­
lease [30]. The action o f  calcium  chloride in the present experim ents is, therefore, 
best to  analyze considering transm itter release and postsynaptic membrane 
functions.

K u n o  and R u d o m i n  [19] reported th at an increase in  the calcium  level 
had no significant effect on the am ount o f acetylcholine release, measured  
in  th e  effluent from th e  perfused lum bosacral cord. Furtherm ore, B j e g o v i c ,
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Fig. 5. T he effect o f calcium  chloride on convulsions caused b y  c a rb ach o l (A )  and  eserine ( В ). 
O rd in a te , p ercen tage  of ca ts  show ing convulsions. T he f irs t  th ree  co lum ns in  A  and  В  re p re se n t 
th e  con tro l ex p erim en ts. Calcium  chloride w as in jec ted  in to  th e  cereb ra l ven tric les o f u n ­
an aesth e tized  ca ts  15 to  20 m in u tes  p rio r to  in tra ce re b ro v en tric u la r  carb ach o l (A )  an d  eserine 
(B ). E ach  colum n rep resen ts th e  m ean  of four experim en ts. E ach  c a t  w as used only once fo r

th e  ex p erim en t

R a n d i c  and P a d j e n  [6] obtained variable results w ith  solutions containing  
tw ice the normal concentrations o f calcium  chloride on the acetylcholine release 
from the stim ulated and unstim ulated  cortex o f the cat. In  the present e x ­
perim ents calcium  chloride in excess inhibited vocalization and fighting, while  
it had no significant effect on m ydriasis, tremor and clonic-tonic convulsions 
produced by carbachol and eserine. I f  calcium  chloride acted  through increased  
release of acetylcholine, vocalization , figh ting , m ydriasis, tremor and clonic- 
-tonic convulsions evoked by carbachol and eserine w ould have been enhanced. 
A lternatively, dim inished release o f acetylcholine due to  excess calcium could  
contribute to  the inhibitory effect o f the ion. Since the predom inant site o f  
action of carbachol and acetylcholine is the postsynaptic membrane it is
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hard to  believe that th e  inhibitory effect o f  calcium  chloride in excess was due 
to  the insufficient release o f acetylcholine.

The predom inantly postsynaptic site  o f action of calcium  in the central 
nervous system  has already been pointed  out [17, 18, 29]. In  addition, an 
increase in  the am ount o f calcium in  th e  cerebrospinal flu id  depresses the  
autonom ic reflexes [21] and produces a sleep-like state in  freely m oving cats 
[2, 15]. An atropine-like action o f calcium  in the sym pathetic ganglia has also 
been established [30]. Moreover, it was show n that the sensitiv ity  o f the 
contractile response in th e  longitudinal m uscle o f guinea-pig ileum  to m uscar­
inic drugs was reduced when the bathing fluid contained increased am ount 
o f calcium  [3, 7]. Sim ilarly in the present experim ents w hen the concentration  
o f calcium  chloride in  the cerebrospinal fluid was e levated  the carbachol- 
and eserine-induced vocalization  and fighting  responses were depressed or 
alm ost com pletely blocked. On the other hand, the increase of the calcium  
concentration in the cerebrospinal fluid failed to affect sign ificantly  mydriasis, 
trem or and clonic-tonic convulsions. O f equal interest is th at the elevation  
o f magnesium  in the cerebrospinal flu id  in  unanaesthetized cats depressed or 
abolished the vocalization  and the fighting  evoked by intracerebroventricular 
injections of carbachol and eserine [25]. H owever, carbachol- and eserine- 
-induced tremor was not appreciably changed [26]. B y  contrast, atropine 
blocked the tremor caused by carbachol injected into the cerebral ventricles 
and into the caudate nucleus of the cat [1, 8]. In th is con text it should be 
m entioned that no change was found in  the trem origenic action  o f tremorine 
after sim ultaneous intracaudate injections o f  atropine and tremorine [9]. 
An interesting finding is that intracerebroventricular m agnesium  blocked the  
convulsions caused b y  eserine, but had no effect on convulsions caused by  
carbachol [25, 26].

The antagonism  b y  calcium chloride o f vocalization and fighting pro­
duced by carbachol and eserine appears to  be related to an action  on the central 
atropine sensitive cholinoceptive sites. As reported previously atropine blocked  
the vocalization and figh tin g  responses evoked by carbachol and eserine [27]. 
H ow ever, atropine in suitable doses b locked the convulsions, but not the  
vocalization  and the figh tin g  caused by carbachol and eserine [27]. In  high  
doses atropine abolished vocalization, figh ting  as well as the clonic-tonic  
convulsions produced b y  carbachol [1]. In  the present experim ents calcium  
depressed or abolished the vocalization and the fighting responses, but not 
the convulsions elicited b y  carbachol and eserine. Sim ilarly calcium  in excess 
has been shown not to  significantly change the sen sitiv ity  o f  the end-plate  
region o f striated m uscle to applied acetylcholine [11]. One o f the possible  
explanation  is that pharm acologically heterogenous cholinoceptive sites 
are present in the central nervous system  and that on ly  som e of these sites 
are sensitive to the b locking action of calcium . The finding th a t calcium inhib-

Acta Physiologien Academiae Scientiarum Hungaricae 60, 1982



BEHAVIOURAL CHANGES PRODUCED BY CARBACHOL AND ESERINE 97

ited  the cholinoceptive sites in the central nervous system , which are also  
inhibited by atropine, indicates th a t these sites are probably sensitive to the  
inhibitory action o f nonspecific neuronal stabilizers.
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Recensiones
A. H . Ad r ia n , E . H e l r e ic h , H . H o lze r , R . J u n g , O. K r a y e r , R . J .  L in d e n , F . L y n e n , 
P . A. Mie s c h e r , J .  P i ip e r , H . R a sm u ss e n , A. E . R e n o l d , U . T r e n d e l e n b u r g , K . U l r ic h ,

W . V ogt, A. W e b e r  (eds)

Review s o f Physiology, Biochemistry and Pharm acology

Vol. 89. S p ringer V erlag , B e rlin , H eidelberg , N ew  Y o rk  1981. 254 p ., 39 figures. P rice  U S  $ 43.80

O ne could  say  th a t  each  rev iew  p u b lish ed  in  th is  series belongs to  th e  s ta n d a rd  te x ts  
w ith in  th e  field . A s in  th e  earlie r ones, in  th e  p re sen t volum e, to o , th e  top ics a re  o f c u rre n t 
in te re s t  a n d  th e y  offer v a lu ab le  in fo rm a tio n  fo r b o th  th e  specia list a n d  fo r those  in  teach in g  
w ho w ish  to  becom e a cq u a in te d  w ith  re ce n t asp ec ts  o f old p rob lem s.

T here  a re  th re e  review s in  th e  p re se n t vo lum e. T he f irs t  b y  P h . D. Sn a sh a ll  a n d  J .  M. 
H u g h es  deals w ith  lung  w a te r  b a lan ce , a  su b je c t im p o rta n t in  clin ical physio logy . I t  gives 
a so und  th eo re tic a l in tro d u c tio n  w hich  includes p ressu re  re la tio n sh ip s , an d  one f in d s  a critica l 
e v a lu a tio n  of th e  tech n iq u es av a ilab le  fo r m easu rem en t of lung  w a te r . T he n e x t  c h a p te r  by  
D . D . B ik l e , R . L. M o r r iss e y , D . T . Z olock. and  H . R a m u ssen  is a m o st n eed ed  rev iew  
on  th e  in te s tin a l response to  v ita m in  D. I t  sum m arizes th e  recen t d a ta  in  th is  ra p id ly  e x p a n d ­
ing su b je c t an d  th e  read e r is to ld  t h a t  a p a r t  fro m  th e  accep ted  effec t o f  v ita m in  D d e riv a tiv e s  
on  th e  a p p ea ran c e  of calc ium -b ind ing  p ro te in s  in  th e  in te s tin a l ep ith e liu m  th e re  a re  some 
effec ts o f th e  v ita m in -D  horm one in d ep e n d en t o f de novo m R N A  syn th esis . T he c h a p te r  ends 
w ith  a novel m odel o f v ita m in  D a c tio n  on th e  g u t an d  i t  includes an  im presive  l is t  of 476 
references. T he th ird  rev iew  b y  P . D. di P ra m ero  discusses th e  energe tics o f m u scu la r exercise. 
I t  beg ins w ith  a  h is to rica l in tro d u c tio n  a n d  a f te r  th is  th e re  is a  rigo rous physical t r e a tm e n t  of 
efficiency. T he g re a te s t p a r t  o f th e  p a p e r  how ever, deals w ith  th e  w ho le-an im al a n d  h u m an  
a p p ro ac h  in clud ing  oxygen  d e b t. T he lis t o f references a fte r  each  rev iew  includes fu ll tit le s  of 
th e  q u o ted  pap ers .

T he book  begins w ith  th e  o b itu ita ry  o f  W a lte r  W il d b r a n d t , a  p ioneer in  b iological 
m em b ran e  tra n s p o r t,  w r it te n  b y  E . H e in z , g iv ing  fo r fu tu re  g en era tio n s  a fe licitous p ic tu re  
o f th is  g rea t m an  o f science.

A. F onyó

E . A l t e n ä h r , W . B ö c k e r , G. D ohm , W . Gu s e k , P h . U . H e it z , G. K l ö p p e l , H . L ie t z , 
H . M it s c h k e , W . Sa e g e r , H . J .  S c h ä f e r , J . - J .  St a u b , H . St e in e r  (eds)

Pathologie der endokrinen Organe

S p ringer V erlag B erlin , H eidelberg , N ew  Y o rk  1981. Two vo lum es, 1309 p ., 669 figures.
P rice  DM 780 ap prox . U S $ 409.50

T he tw o  vo lum es are  p u b lish ed  in  th e  series “ Spezielle p a th o lo g isch e  A n a to m ie”  (eds: 
W . D o er r  a n d  G. Se if e r t ). T h is com prehensive  h an d b o o k  w as w r it te n  by  tw elve  a u th o rs , 
a ll o u ts ta n d in g  p a th o lo g is ts  in  th e  F ed e ra l R ep u b lic  o f G erm an y  a n d  S w itzerland . T h e  tw o 
m a in  fe a tu re s  o f th is  han d b o o k  are  th e  fu n c tio n a l view  of endocrine  d isorders an d  th e  p re sen ­
ta t io n  of d a ta  o b ta in e d  w ith  u p -to -d a te  m orpholog ical m ethods (e lectronm icroscopy , im m uno- 
h is to lo g y , cy to ch em istry ). E m p h a s is  is la id  on  h u m an  p a th o lo g y . E x p e rim en ta l d a ta  are 
q u o te d  on ly  ex cep tio n a lly  fo r th e  ex p la n a tio n  of com plica ted  re la tio n sh ip s  b e tw een  various 
o rg an s o r re g u la to ry  processes.

T he f irs t  e ig h t c h ap te rs  reca ll th e  tra d itio n a l c lassification  o f  endocrino logy: p i tu i ta ry  
g lan d , p in ea l b o d y , th y ro id  g lan d , p a ra th y ro id  g land , endocrine p an creas  an d  d iab e tes  m ellitus, 
a d ren a l co rtex , a d ren a l m edu lla , a n d  v e g e ta tiv e  ganglia . T he 9 th  c h ap te r  deals w ith  th e  p h y ­
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siology an d  pa tho logy  of d iffu se  endocrine  cells, i.e. ho rm o n e  p ro d u c tio n  b y  non-endocrine  
o rg an s. T he n e x t c h ap te r  is a n  ex ce llen t survey  of p lu rig la n d u la r  endocrine  d is tu rb an ces w ith  
spec ia l em phasis on a u to im m u n e  diseases. The la s t  c h a p te r  deals w ith  p a ran e o p la s tic  endo­
crin e  syndrom es. E ac h  c h a p te r  begins w ith  an  a n a to m ica l, em bryolog ical an d  h isto log ical 
in tro d u c tio n . This is fo llow ed  b y  a  concise desc rip tio n  of p re sen t know ledge on horm one 
sy n th esis , th e  m ode of h o rm o n e  a c tio n , and th e  re g u la tio n  of ho rm one sec re tio n  b y  th e  g land  
in  q u estio n . The la te s t  d isco v eries  o f endocrinology in c lu d in g  e.g. th e  m olecu lar a n a to m y  of 
p e p tid e  horm ones, m ay  be fo u n d  in  these  su b ch ap te rs . I n  th is  w ay  th e  boo k  is a v e ry  useful 
h an d b o o k  of physiology fo r  p a th o lo g is ts . The su b seq u e n t su b ch ap te rs  d eal w ith  pa th o lo g ica l 
d iso rd ers  according to  c o n v en tio n a l classifications (d ev elo p m en ta l d iso rders, c ircu la to ry  
d iso rd ers, m etabolic  d iseases, h y p e rp la sia , tu m o u rs  e tc .).

T he handbook  is i l lu s t r a te d  w ith  excellent p h o to m icro g ram s.
A. Sp ä t

A . A zzi, U . B ro d b e c k , P . Za h l e r  (eds)

M embrane Proteins. A Laboratory Manual

S p rin g e r  V erlag, B erlin , H e id e lb e rg , New Y ork 1981. 256 p ., 76 figures. P rice  U S $ 22.30

T his sm all p a p e rb a ck  v o lu m e  contains th e  p ro to co ls  of th e  F E B S -S K M B  course on 
m em b ran e  proteins o rgan ized  in  B e rn  in 1980. T he Sw iss courses h a v e  ga in ed  in te rn a tio n a l 
re p u ta tio n  in th e  las t y ears  a n d  i t  is a valuab le  c o n tr ib u tio n  to  in te rn a tio n a l research  a c tiv ­
i ty  t h a t  techn iques em ployed  h a v e  becom e availab le  in  book let fo rm a t also fo r those  who 
cou ld  n o t  p a r tic ip a te  in  p e rso n . T h e  single chap ters  a re  w r i t te n  b y  sc ien tis ts  of in te rn a tio n a l 
re p u ta tio n , all of w hich be ing  fa m ilia r  w ith  th e  m eth o d  described.

T he f irs t p a r t  deals w ith  an a ly tic a l tech n iq u es in c lud ing  tw o-d im ensional e lectropho­
resis, q u a n tita tiv e  de te rg en t-e lec tro p h o resis , tw o-d im ensional th in -lay er ch o m ato g rap h y  and  
th e  co m b in a tio n  of gas liq u id  ch ro m a to g rap h y  and  th in - la y e r  ch ro m a to g ra p y  as app lied  fo r th e  
s tu d y  o f m em brane  co m p o n e n ts , p ro te in s as well as lip ids. In  th e  second  p a r t  m eth o d s of 
p ro te in  iso lation  are d esc rib ed  w ith  p a rticu la r  em p h asis  on  a ffin ity  c h ro m a to g rap h y . R e ­
c o n s titu tio n  techn iques fo r v a r io u s  tra n sp o r t  system s a re  d iscussed  in  th e  th ird  p a r t.  Som e of 
th e m  give m in u te  de ta ils  w h ic h  are  essential fo r successfu l re c o n s titu tio n  b u t  are usua lly  
o m itte d  from  o th er p u b lic a tio n s  fo r lack  of space. T h is sec tio n  includes ex p erim en ts  w ith  th e  
p u re  acety lcho line  re ce p to r, th e  m ito ch o n d ria l A D T /A T P  carrier, th e  p u rp le  m em b ran e  and  
th e  an io n  tran sp o rte r  p ro te in  o f  th e  red  blood cell m em b ran e . M odifica tion  tech n iq u es are 
g iv en  in  th e  fo u rth  p a r t,  in c lu d in g  crosslinking. V arious o th e r  tech n iq u es fo r th e  in v estig a tio n  
o f m em b ran es are described  in  th e  n ex t two sections, in c lud ing  sp in-labelling , fluorescence 
sp ec tro sco p y , p o ten tio m e tric  d y es  a n d  c ircu lar d ichro ism  m easu rem en ts . E ssen tia l references 
a re  g iven  a fte r  each m eth o d .

T h e  review er considers th is  book  no t only usefu l b u t  even ind isp en sab le  in  lab o ra to ries  
w here  g ra d u a te  s tu d en ts  a n d  p o s t-d o c to ra l fellows do m em b ran e  resea rch . M any of th e  p ro to ­
cols m a y  even be of va lue  to  sen io r s ta ff  m em bers w ho fin ish ed  th e ir  s tu d ies  a t  a tim e  w hen 
m a n y  of these  m ethods h a d  n o t  y e t been know n.

A. F onyó

I. J .  Ch opra

Triiodothyronines in H ealth and Disease

M onographs in  E ndocrino logy . V ol. 18. (E d .: Gro ss , F .) . S p ringer V erlag , B erlin , H eidelberg  
N ew  Y o rk  1981. 145 p ., 76 fig u res a n d  18 tab le s

T he new analy tica l te c h n iq u e s , m ain ly  th e  specific  rad io im m u n o assay s of th e  1970s 
rev ea led  several io d o th y ro n in es in  h u m an  biological flu id s , in clud ing  rev erse  tr iid o th y ro n in e  
(rT 3), d iido thy ron ines, a c e ta te s  o f  th y ro x in  (T 4 an d  T 3 e tc .). T his m o n o g rap h  gives a n  over­
v iew  of th y ro id  physiology a n d  b io ch em istry , w ith  specia l em phasis on  th e  p ro d u c tio n , biolog-
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ical e ffects an d  analysis o f tr iio d o th y ro n in es . Specia l a tte n tio n  is p a id  to  th e  follow ing p ro b lem s: 
1. Is  T 4 a p rohorm one of T 3 o r is it also a  h o rm o n e?  2. Is  rT 3 a biologically  effective p ro d u c t?  
3. W h a t fa c to rs  con tro l th e  m o n o d eio d in a tio n  o f T 4 to  T 3 and  rT 3? 4. W h a t fac to rs  a re  re sp o n s­
ible fo r th e  changes in  th e  ra tio  o f th e  c o n c e n tra tio n  of T 3 a n d  rT 3 in various physio log ical 
and  p a th o lo g ica l co n d itio n s?  5. W h at is th e  p o ten c y  of various tr iio d o th y ro n in es  in  su p p re ss­
ing T S H ?

T h e  m o nograph  co n ta in s  nine c h a p te rs  as follows: D esc rip tio n  and h is to ry ; T ra n s p o rt  
o f io d o th y ro n in es ; M olecular s tru c tu re  a n d  b iological fu n c tio n  of tr iio d o th y ro n in e  (b y  Y. 
Co d y ); C o n cen tra tio n  of T 3 a n d  rT 3 in serum  a n d  o th e r  biological flu id s ; K inetics o f p e rip h e ra l 
m etab o lism  an d  p ro d u c tio n  ra te s  o f T 3s; S o u rces o f T 3s; C ontrol o f p ro d u c tio n  of T 3s fro m  T 4; 
R o u tes  o f T 3s m etabo lism ; Biological e ffec ts o f  iodo thyron ines.

T h e  m o nograph  co n ta in s  ab o u t 500 references to  s tu d ies  conducted  b e tw een  1969 
an d  1978. I t  p rov ides an  ex ce llen t in tro d u c tio n  in to  m odern  th y ro id  physilogy  for p h y sio log ists 
and  clin icians.

A . S p ä t

R o b e r t M. D o w ben  a n d  Je r ry  W . Sh a y  (eds)

Cell and M uscle Motility

P lenum  P ress , New Y ork a n d  L ondon  1981. X IV  -f- 400 p., 115 figu res and  7 tab les . V olum e I.

T h is is th e  f irs t m em b er of a new  m u ltiv o lu m e  series env isaged  to  p resen t re ce n t a d v a n ­
ces in th e  s tu d y  o f various a sp ec ts  o f the  m o tile  system s. The book co n ta in s 10 c h ap te rs  w r i t te n  
b y  o u ts ta n d in g  experts o f th e  field.

C h a p te r  1 : C on trac tile  fu n c tio n  as a  d e te rm in a n t of m uscle g ro w th  by  R a d o v a n  Za k . 
C h ap te r 2: S tu d ies  of sarcom ere leng th  by  o p tic a l d iffraction  by  R oger McCa r ter . C h a p te r  3: 
T he sarcop lasm ic  re ticu lu m  o f skeletal a n d  ca rd iac  m uscle b y  G iuseppe I n e s i. C h a p te r  4: 
M yosin p h o sp h o ry la tio n : A  biochem ical m ec h an ism  for re g u la tin g  c o n tra c tility  b y  R oger 
Co oke  a n d  Ja m e s  T. St u l l . C h ap te r 5: F in e -s tru c tu ra l  and  re la te d  aspects o f nonm uscle-cell 
m o tility  b y  I a n  K . B u c k l e y . C hap ter 6: T h e  ro le o f in te rm ed ia te  (10-nm ) f ilam en ts  in  th e  
d ev elo p m en t and  in te g ra tio n  o f th e  m y o fib rilla r  co n tractile  a p p a ra tu s  in th e  em b ry o n ic  
m am m alian  h e a r t  by  Jo h n  W . F u s e l e r , J e r r y  W . Sh a y , and  H o w ard  F e it . C hap ter 7: C rea t­
ine k in ase  a n d  in te rm ed ia te  filam en ts  in  c u ltu re d  m am m alian  cells, b y  B a rry  S. E c k e r t , 
S tephen  J .  K oons , and  C. R ich a rd  Zo bel . C h a p te r  8: Po lym orph ic  assem blies of tu b u lin  b y  
P au l R . B u r t o n . C hap ter 9: A ction  s tru c tu re  in  f ib ro b la sts : I ts  possible role in tra n s fo rm a tio n  
and  tu in o rig en esis  by P a tr ic ia  F . Ma n ess . C h a p te r  10: N uclear m ag n e tic  resonance s tu d ies  
o f m uscle co n s titu e n ts  in  liv in g  tissue b y  C. T y le r  B u r t .

T h e  book  supplies im p o r ta n t  of in fo rm a tio n  for those  in te re s ted  in  th e  v a s t fie ld  o f cell 
and  m uscle  m o tility . T he boo k  can  be reco m m en d ed  to  all resea rch ers  and  w orkers in  cell 
bio logy, b io ch em istry , physio logy , m o lecu lar b iology, b iophysics and  m icrobiology.

E . V arga

H. L. K ö n ig , A. P. K r u e g e r , S. Lang  and  W . S ö n n in g

Biologic Effects of Environm ental Electrom agnetism

S p rin g er V erlag, N ew  Y o rk  1981. 332 p ., 1942 illu stra tio n s. P rice  US $ 75.70

T h is vo lum e is an  im p o r ta n t  m em ber o f  th e  series “ Topics in  E n v iro n m en ta l Physio logy  
and  M edicine”  ed ited  by  K . E . S c h a e fe r .

T h e  b o o k  covers n ea rly  a ll th e  diverse to p ic s  re la ted  to  th e  biological effects o f n a tu ra l  
as well as a rtif ic ia l en v iro n m en ta l e lec tro m ag n e tic  fields, e lectric  a n d  m agnetic  fie ld s , a ir 
ions an d  o th e r  phenom ena of a tm ospheric  e le c tr ic ity , being th e  f ir s t  com prehensive t r e a t ­
m en t o f th ese  sub ject. I t  ev en  deals w ith p a rapsycho log ica l o b se rv a tio n s, heliobiology e tc ., 
luck ily  fo r th e  vo lum e’s re p u ta tio n  only in  th e  A ppend ix . P e rh ap s  som e o th er c h ap te rs  like
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“ P ro je c t  seafarer”  an d  “ T h e  d iv in in g  ro a d  p h en o m e n o n ”  w ould  also h a v e  th e ir  p lace in  th e  
A p p e n d ix  ra th e r  th a n  in  th e  n e ig h b o u rh o o d  of such  w ell-developed  to p ics  as e.g . “ The e lectro ­
m a g n e tic  en v iro n m en t” , “ E lec tro p h y sica l forces o f n a tu ra l  o rig in” , “ B iological a c tiv ity  of 
th e  m a te ria l  accessible a n d  use fu l to  a  wide a r ra y  o f re a d e rs  includ ing  p u b lic  h e a lth  officials 
a n d  resea rch ers, p h y sic ians, b io log ists, engineers, v e te r in a r ia n s , c ity  p lan n e rs  an d  a rch itec ts , 
en v iro n m en ta lis ts , m eteo ro lo g ists , a n d  all spec ia lis ts in v o lv ed  in  th e  p ro d u c tio n  and  u tiliz a ­
t io n  o f electric  and  e lec tro m ag n e tic  energies. T he b asic  s ta te m e n ts  an d  conclusions of th e  book 
sh o u ld  becam e an  in te g ra tiv e  p a r t  o f our general c u ltu re .

E . M onos

P e te r , J .  M orga n e  an d  J a a k  P a n k s e p p  (eds)

Behavioural Studies of the Hypothalam us

H a n d b o o k  o f th e  H y p o th a la m u s. Vol. 3. P a r t  A.
M arcel D ek k er, N ew  Y ork , B asel 1980. 499 p. P rice  S F r. 195,00

T h is p a r t  of th e  H a n d b o o k  of th e  H y p o th a la m u s deals w ith  th e  ro le o f th e  h y p o th a la m u s 
in  re g u la tin g  bod y  te m p e ra tu re , w a te r  an d  energy  b a lan ce , feeding a n d  d rin k in g  b eh av io u r 
a n d  a le rtn ess . C h ap te r 1 b y  J .  A. B oulant  gives a n  ex ce llen t, well i llu s tra te d , th o ro u g h  su rv ey  
o f  th e  neurophysio logical b a sis  o f th e  h y p o th a lam ic  co n tro l o f th e rm o reg u la tio n . In  C h ap te r 2 
n eu ro ch em ica l m echanism s o f  th is  con tro l are su m m arized  b y  R. D. My e r s  in  a very  critica l 
a n d  excellen t w ay. T he tw o  c h ap te rs  are  well co o rd in a ted . C hap ter 3 b y  T . L. P o w le y  a n d  
h is  cow orkers is concerned  w ith  th e  role o f th e  h y p o th a la m u s  in  energy  hom eostasis. In  th is  
w ell w r it te n  c h ap te r  d is tu rb an c es  p roduced  b y  v en tro m ed ia l an d  by  la te ra l  h y p o th a lam ic  
in te rv e n tio n s  are rev iew ed . C h a p te r  4 by  S. F . L e ib o w it z  discusses no rad ren erg ic , ad renerg ic , 
d o p am in erg ic , se ro tonerg ic, cholinergic, h is tam in erg ic , G A BA -ergic an d  pep tid e rg ic  sy s tem s 
in  re la tio n  to  th e  co n tro l o f  feed ing  an d  d rin k in g  b eh av io u r, as well as w a te r-e lec tro ly te  ex cre ­
t io n . T h e  com plex ity  o f  th e  co n tro l system  an d  th e  in te g ra tio n  of m u ltip le  n e u ro tra n sm itte r  
sy s te m s  are  em phasized . D esc rip tio n  of th e  a n a to m y  o f th e  various n e u ro tra n sm itte r  system s 
does n o t  seem  to  be necessa ry  in  th is  ch ap ter, b ecause  i t  h a s  a lready  been  d e a lt  w ith  in  V olum e 
1. T h e  la s t  ch ap te r  b y  E . T . R olls deals w ith  th e  a c t iv ity  of h y p o th a lam ic  an d  re la ted  neu ro n es 
in  a le r t  an im als.

A ll research  w orkers a n d  clinicians in te re s ted  in  th e  h o m eosta tic  sy s tem s will f in d  th is  
v o lu m e  an  ex trem ely  u sefu l, s tim u la tin g  an d  a v e ry  im p o rta n t source of references.

B. H alász

Acta Physiologica Academiae Scientiarum Hungaricae 60, 1982
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ACTA PH Y SIO LO G IC A

ТОМ 6 0 -В Ы П  1 - 2

РЕЗЮМЕ

НЕЙРОТОКСИКОЛОГИЧЕСКОЕ ИССЛЕДОВАНИЕ НОВОГО ВЕНГЕРСКОГО
ПЕСТИЦИДА ТОКСУРАЗИНА

И. ДЭШ И, Ю. СЛОБОДНИК, м. КАРМОШ , А. Ш ТРОТМАЙЕР и Д Ь . БАКО

Авторы выполнили исследование общих и нейротоксикологических свойств нового 
Тотального пестицида токсуразина. Препарат вводился крысам перорально в течение Трех 
месяцев, о количестве 1/80, 1/40 и 1/20 части значения ЛД50. У животных наблюдалось за­
медление прибавления в весе. Отмечалась умеренная анемия. Препарат оказывал слабое 
повреждающее действие на печень. Результаты исследования функции почек и анализа 
мочи были отрицательными.

С увеличением числа опытов прогрессировало дозозависимое снижение способности 
к обучению, как показали результаты 42-дневных опытов в лабиринте. После исследова­
ний, выполненных в покое или при мигающем с разной частотой свете, в конце кормления 
понизилась электрическая активность как в комплексной деятельности ЭЭГ, так и в от­
дельных ее участках.

Электронейромиографические исследования не выявили повреждающего действия 
пестицида на периферическую нервную систему.

Определенное методом «hot plate» латентное время реакции несколько удлинилось. 
Результаты показывают, что исследуемый препарат можно применять только на не обра­
ботанных сельскохозяйственных участках.

РОЛЬ ИММУНОГЛОБУЛИНА-СЕКРЕТАГОГА В СЕКРЕЦИИ ЖЕЛУДКОМ
СОЛЯНОЙ КИСЛОТЫ

Ш. Д О Б И  и Б . Л ЕН К ЕИ

Результаты приводимых в статье экспериментов позволяют сделать вывод, что, при 
язве 12-перстной кишки, в значительной части случаев, за избыточную секрецию соляной 
кислоты является один глобулинсекретагог из группы IgG, который связывается с перие- 
тальными клетками таким образом, что образует с ними не комплекс антиген-антитело а 
присоединяясь к Н2 клеточным рецепторам, стимулирует отделение соляной кислоты.

ТЕРМИЧЕСКОЕ И ХИМИЧЕСКОЕ РАЗДРАЖЕНИЕ ТЕПЛОВЫХ РЕЦЕПТОРОВ 
ГИПОТАЛАМУСА: ВЛИЯНИЕ НА ЭЭГ

Г. БЕ Н Е Д Е К , Ф. О БА Л  МЛ., 3. Л ЕЛ К ЕШ  и Ф. ОВАЛ

В опытах на иммобилизированных крысах изучали действие термического и хими­
ческого (микроинъекция капсаицина) раздражений преоптической области, среднего 
гипоталамического отдела и заднего гипоталамуса. Как местное согревание, так и введене 
капсаицина вызывали на кривой ЭЭГ изменения, напоминающие таковые во время сна



(веретена н медленные волны). Наиболее эффективным с точки зрения появления веретен 
было раздражение заднего гипоталамуса, раздражение же средней части гипоталамуса 
наименее эффективным. Поскольку капсаицин считают специфическим возбудителем тепло­
вых сенсорных образований гипоталамуса, то результаты настоящих опытов указывают, 
что влияние тепла на ЭЭГ и, вероятно, на наступление сна тоже передается через централь­
ные терморецепторы, а не является следствием не-специфического активирования гипно- 
генных механизмов базального переднего мозга.

РОЛЬ РАСПАДА ФЕТАЛЬНОГО ГЕМОГЛОБИНА В ЭНЕРГЕТИЧЕСКОМ ОБМЕНЕ 
У НЕДОНОШЕННЫХ ДЕТЕЙ, РОДИВШИХСЯ С ОЧЕНЬ МАЛЫМ ВЕСОМ

Я . БОКАМ, М. И Д Е И , Й. ГРОФ, Б. БЮ К И  и Я . МЕНЬХАРТ

Авторы, беря за основу клинические наблюдения, исследовали постнатальное, 
уменьшение уровня гемоглобина у недоношенных детей, родившихся перед 32-й неделей 
беременности с очень малым весом, а также определяли в связи с этим количество амино­
кислот в сыворотке крови.

Они установили, что эритроциты у незрелых, недоношенных детей, имевших малый 
вес при рождении, имеют более высокую скорость распада в первую неделю постнатальной 
жизни, чем у зрелых доношенных новорожденных. С помощью метода тонкослойной ионо­
обменной хроматографии показали, что концентрация плазменных аминокислот повышает­
ся отчасти за счет аминокислот, появляющихся при распаде фетального гемоглобина.

Принимая во внимание послеродовое особое «голодное» состояние обмена веществ, 
авторы предполагают, что аминокислоты, появляющиеся вследствие распада фетального 
гемоглобина, могут играть роль — путем метаболизации через глюконеогенез — в снабже­
нии энергией недоношенных детей, родившихся с низким весом.

АКТИВНОСТЬ ИНГИБИТОРОВ ПРОТЕАЗ И ПРОТЕИНАЗЫ ПРИ 
ЭКСПЕРИМЕНТАЛЬНОЙ МИОПАТИИ, ВЫЗВАННОЙ ГЛИКОКОРТИКОИДОМ

И. Ш ОХАР, И. НАДЬ, Л. Х Е Й Н Е Р , 3 . КОВАЧ и Ф. ГУБА

Мы исследовали неизвестный энзиматический механизм усиленного белкового распа 
да, который наблюдается под воздействием стероидной миопатии, вызванной введением 
дексаметазона в течение трех недель, в функционально и биохимически различных скелет­
ных мышцах кролика. После введения гликокорт икоидов, быстросокращающаяся полу- 
лерепончатая мышца, имеющая гликолитический тип обмена веществ, атрофировалась, в то 
же время вес камбаловидной мышцы, с медленным типом сокращения и окислительным 
обменом веществ, не изменился. Специфическая активность лизосомных эндо- и экзопеп­
тидаз (катепсин D, Е, В и L, лизосомная карбоксипептидаза А и дипептидилпептидаза 1) 
увеличилась приблизительно в два раза в атрофированной белой мышце. Активность дей­
ствующей в цитозоле и активированной Са2+ нейтральной протеиназы тоже повысилась, 
в то же время активность другой цитозольной эндопептидазы — химотрипсиноподобного 
энзима — не изменилась. Эти данные хорошо согласуются с уже известной различной 
чувствительностью к гликокортикоидам мышц разного типа. Полученные результаты по­
зволяют сделать вывод, что лизосомная белковорасщепляющая система и активированная 
Са2+ нейтральная протеиназа играют важную роль в процессе внутриклеточного расще­
пления белков, индуцированном гликокортикоидами. Определяемая в цитозоле ингиби­
торная активность, направленная против катепсина В и трипсина, под воздействием обра­
ботки не изменилась. Из этого следует, что активность катепсина В в белой мышце со 
стероидной миопатией повысилась не из-за изменения концентрации ингибитора.



ОБНАРУЖЕНИЕ Fc И СЗв РЕЦЕПТОРОВ НА ПЕРИКАРИОНАХ У КРЫС
А. П Е РЛ , Б . Ф ЕК ЕТЕ, П. ГЕРГЕЙ  и А. КОВАЧ

После продавливания через стальную и нейлоновую сетки лишенной мозжечка 
ткани головного мозга крыс, в полученной тканевой суспензии авторы отделили, с помощью 
скоростного осаждения, свободные перикарионы от клеточного синцития и клеточных об­
ломков. В выделенных из мозга крыс перпкарионах они отмечали активность Fc и СЗв 
рецепторов, однако связанный с мембраной нммунгобулин и рецепторы эритроцитов барана 
обнаружить не удалось.

ВЛИЯНИЕ СУЛЬФАТНОГО ЭСТЕРА ОКТАПЕПТИДА ХОЛЕЦИСТОКИНИНА И НЕ 
СУЛЬФАТИРОВАННОГО ОКТАПЕПТИДА НА АКТИВНОЕ ОБОРОНИТЕЛЬНОЕ

ПОВЕДЕНИЕ КРЫС

М. Ф ЕК ЕТ Е, М. БО К О Р, Б . П Е Н К Е  и Д . Т ЕЛ Е ГД И

Мы изучали влияние, оказываемое на активное оборонительное поведение крыс 
сульфатным эстером октапептида холецистокинина и не сульфатированным холецисто- 
кинином, при периферическом их введении. Оба пептида отрицательно влияли на процесс 
выработки оборонительного поведения, усиливая его угашение. Open-field активность под 
воздействием пептидов достоверно не изменялась. На основании этих данных можно ду­
мать, что введенный периферически октапептид холецистокинина оказывает влияние на 
процесс выработки активного оборонительного поведениям на его угашение не через общую 
двигательную активность животных.

ФАРМАКОЛОГИЧЕСКАЯ ОЦЕНКА И ОПРЕДЕЛЕНИЕ МОЛЕКУЛЯРНОГО ВЕСА 
ФРАКЦИЙ В ЗМЕИНОМ ЯДЕ D EXD RO ASP1S ANGUST1CEPS, КОТОРЫЕ 

ИНГИБИРУЮТ АЦЕТИЛХОЛИНЭСТЕРАЗУ

Я. ВАНГАИ, К. ТХАИРУ, Б . С. БХ А РА Й  и Б . В. ТЕЛА Н Г

На изолированном фармакологическом тест-объекте авторы изучали три фактора, 
обладающих способностью ингибировать натуральную ацетилхолинэстеразу. Факторы 
усиливали сокращающее действие ацетилхолина, как освобождающегося эндогенного, так 
и экзогенного.

Факторы являются различными полипептидами, что подтверждается их разным мо­
лекулярным весом и неодинаковой электрофоретической подвижностью.

ОПРЕДЕЛЕНИЕ И ВЫДЕЛЕНИЕ ТРЕХ ФРАКЦИЙ, ИНАКТИВИРУЮЩИХ 
АЦЕТИЛХОЛИНЭСТЕРАЗУ В ЗМЕИНОМ ЯДЕ D EN D R O A SP IS ANOUST1CEPS

Я. ВАНГАИ, К. ТХАИРУ, Б . С. БХ А РА Й  и Б . В. ТЕЛАНГ

С помощью хроматографии на колонках СМ-Сефадекс О 25 авторы изолировали три 
фракции, которые обладают способностью инактивировать ацетилхолинэстеразу.

Признаки Токсичности были одинаковыми, но процент летальности был разным, при 
применении разных фракций. Фракция Da VI вызывала высокую летальность (LDS0 1,9 
мкг/г), две другие фракции более низкую; у фракции Da IV LD50 была 6,3 мкг/г, у фракции 
Т39 LD50 4,1 мкг/г. Все три фракции очень значительно — в 91 — 95% ингибировали на­
туральную холинэстеразу.



ЭКСТРАВАСКУЛЯРНЫЙ ОБОРОТ ПЛАЗМЕННЫХ БЕЛКОВ

Д Ь . САБО и Ж . М А ДЬЯ Р

В экспериментах на наркотизированных кроликах авторы изучали исчезновение 
меченного радиоизотопом йода (13Ч) альбумина из кровяного русла и появление его в 
лимфе. Исчезающая из кровообращения пропорция меченного альбумина составляла 
0,0932 ±  0,0075, возвращающаяся через грудной проток фракция тогда же равнялась 
0,0389 ±  0,0026, транспорт через лимфатические сосуды печени составлял 0,0Ц 5 ±  0,0016 
в час, через лимфатические сосуды кишечника 0,0123 ±  0,0037 и лимфатические сосуды 
почки — 0,0185 ±  0,0021. 78% жидкости и 91% альбумина, транспортируемых через 
грудной проток, происходят из брюшных и почечных лимфатических сосудов. Соотноше­
ние между альбумином, покидающим кровяное русло, и альбумином, возвращающимся 
обратно через лимфатические сосуды, составляло 2,36.

Определение количества меченого альбумина из первого наклона (slope) кривых 
активности показало, что из разных органов в течение часа выходит следующее количество 
альбумина: из печени 1,89 г.кг-1, из почки 2,32 г.кг-1, из кишечника 0,69 г.кг- 1 и из конеч­
ности (кожа) 0,2 г.кг-1. Лимфатические сосуды уносят 17% альбумина, выходящего из 
печени, 12%, выходящего из кишечника, и почти все количество альбумина, выходящего 
из кровеностных капилляров в почке. Выявилась довольно тесная корреляция (г =  0,996) 
между коэффициентами концентрации альбумина в лимфе и плазме и первыми наклонами 
установившихся кривых активности меченого альбумина в лимфе. Последнее указывает на 
то, что концентрацию белков в лимфе определяет скорость выхода белков из капилляров и 
что первый наклон кривой активности, рассчитанной на 1 г альбумина в лимфе/плазме 
действительно является мерой капиллярной проницаемости.

ВЛИЯНИЕ ХЛОРИСТОГО КАЛЬЦИЯ НА ЗАМЕТНЫЕ ИЗМЕНЕНИЯ ПОВЕДЕНИЯ 
У КОШЕК, ВЫЗВАННЫЕ КАРБАХОЛОМ И ЭЗЕРИНОМ

Д. Б . Б Е Л Е Ш Л И Н , Р. САМ АРДЗИЧ, Ш. К. КРСТИЧи М. Ш ТРБАЧ

Авторы изучали действие хлористого кальция, введенного в мозговой желудочек 
ручной бодрствующей кошки, на реакции, вызванные введением также в желудочек мозга 
карбахола и эзерина: звуковые (шипение, урчание), нападения (нападения, при котором 
пускаются в ход лапы и когти, оборонительная реакция, когда кошка ударяет лапой, а 
также пускает в ход лапы и когти), расширение зрачков, дрожание (тремор) и тонико- 
клонические судороги. Хлористый кальций уменьшал или почти полностью отменял вы­
званные карбахолом и эзерином звуковые реакции, но не оказывал достоверного влияния на 
мидриаз, тремор и тонико-клонические судороги. Очевидно, что хлористый кальций может 
«отличать» вокализацию и атакующую реакцию от вызванных карбахолом и эзерином мо­
торных (Тремор, тонико-клонические судороги) и автономного (мидриаз) явлений. Хлорис­
тый кальций скорее всего тормозил вызванные карбахолом и эзерином вокализацию и ата­
кующую реакцию путем не-специфического стабилизирования центральных холинэрги- 
ческих рецепторов мускаринового Типа. Полученные результаты по-прежнему поддержи­
вают взгляд, по которому ионы кальция в больших количествах обладают атропино-подоб­
ным действием и на центральную нервную систему.
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STATEMENT

H U N G ARIA N  PHYSICIANS FOR T H E  PREV EN TIO N  OF N U C L EA R  WAR

On 12 M arch 1982 six  hun d red  H u n g a rian  Physicians, re sea rc h  w orkers and o u ts ta n d ­
ing rep re sen ta tiv es of th e  h e a lth  service o f th e  co u n try  m et in th e  assem bly  hall of th e  H u n ­
g a rian  A cadem y of Sciences to  sign th e  S ta te m e n t launching th e  m ovem en t of H u n g a rian  
do c to rs  fo r th e  p rev en tio n  o f nuclear w ar. T h e  n u m b er o f those sign ing  th e  docum ent is s te ad ily  
increasing . I t  should be realized , how ever, t h a t  p a rtic ip a tio n  in  th e  m ovem en t m eans m ore 
th a n  ju s t  signing a s ta te m e n t, i t  m u st becom e in te g ra l p a r t of o u r e v ery -d a y  m edical p rac tice .

In early 1981 a com m itted group o f American, B ritish  and Soviet doctors 
in itiated  an international m ovem ent to  prevent nuclear war. This m ovem ent 
has been expanding ever since. T oday, doctors from 25 countries are united  
in it to  achieve a goal which cannot be a m atter of indifference to any doctors 
who sincerely believes in his calling.

The steadily growing accum ulation o f nuclear w eapons and missiles and  
the increasing destructive power of th e  newer and newer weapons is threaten­
ing all o f mankind and the whole global environm ent w ith  catastrophe. W e, 
w ho have taken the H ippocratic O ath to  devote all o f  our knowledge and  
ab ility  to  curing our fellow-m an, to  alleviating pain and suffering and to  pre­
venting disease m ust feel that it is our obligation to take position against th is, 
the greatest threat to  hum an life. W e are the people w ho are best acquainted  
w ith the im m ediate and delayed destructive effects o f  nuclear war. The 14 
kiloton uranium bomb dropped on H iroshim a in 1945 killed 100,000 people 
and destroyed 60,000 buildings. T oday 60,000 strategic and tactical nuclear 
w eapons are known to  exist, and their combined destructive power in one 
m illion tim es stronger than  the bomb dropped on H iroshim a.

In 1970 the U nited  States had sufficient strategic w eapons to have been  
able to  destroy every c ity  in the Soviet U nion with a population  of over 100,000  
fifty  tim es over, while the Soviet U nion had tw enty tim es the amount su ffi­
cient to  destroy the cities of the U nited  States. D espite th is the nuclear arms 
race has continued to  accelerate, w hich, m ost recently, has been com bined  
w ith an extrem ely rapid im provem ent in quality, i.e. in  accuracy in aim ing.

Today there are six  countries (the United S tates, the Soviet U nion, 
Great Britain, France, China, and India) which have nuclear weapons th a t

1 Acta Physiologica Academiae Scientiarum Hungaricae 60, 1982
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h ave been officially accounted. It is m ost probable that other countries, i.e. 
P ak istan , South A frica, Israel, A rgentina, Brazil and Spain also have a nu­
clear striking force.T aiw an  and South K orea can easily becom e new members 
o f th e  group o f countries w ith nuclear w eapons.

Proclam ation o f  the doctrine th a t “ lim ited ” nuclear war is possible and 
th a t  in  this case th e  loss in civilian lives can be kept to an “ acceptable” level, 
w hile buildings and large-scale industrial bases can be p rotected  is an irre­
sponsib le and anti-hum ane deed. The h istory  of our own century  has tw ice  
proved  that “lim ited ” war in Europe is im possible, even w ith  conventional 
w eapons. The in ternational and socio-political realities o f to d a y  even more 
stron g ly  preclude th e  tenab ility  of m aintain ing a possible conflict w ith nuclear 
w eapons within a “ lim ited ” framework.

The geographic and military po licy  situation  of our country, which has 
suffered heavily in  destructive war, is such th at a so-called “ lim ited ” nuclear 
w ar in  Europe w ould  wipe our ten m illion  people from the face o f  the Earth.

B ut even w ith o u t the outbreak o f war, a good part o f the world’s eco­
nom ic resources are being swallowed up b y  preparations for th is mass destruc­
tio n , which is in direct opposition to  rational human thinking. The arms race 
is preventing the w onderful achievem ents o f  science, technology , biology and 
m edicine from being used  to the benefit o f m ankind. Even in th e  m ost advanced  
industria l countries, it is seriously reducing the funds available for welfare and 
cu ltu re. Today, w hen  лее have been able to  synthetize the genetic material 
w hich  controls the production o f hum an hormones and other proteins, devel­
oped  synthetic vaccin e  against infectious hepatitis, today w hen we are able 
to  cure a high percentage of childhood leukem ia and we are on the verge to  
disclose the m echanism  of m alignant transform ation at a molecular level, 
to d a y  when gene transfer m ay becom e a reality  in the treatm ent of inherited 
diseases, today w hen infectious diseases could be eradicated if  financial means 
w ere available, increasing m ilitary expenditure diverts scarce resources from  
m edicine and public health  needs.

W e bear an even  greater responsib ility  if  we think of the health situation  
o f th e  developing countries, which m ake up two-thirds of the world. Sm allpox  
could  be eradicated b y  a single day’s m ilitary expenditure budget. Malaria, 
w hich  kills m illions o f  people and w hich up till notv has resisted  prophylactic 
m easures, could be elim inated  w ith the w orld’s three week m ilitary expenditure. 
To conquer lethal in fections, blindness and other widespread b u t preventable 
diseases caused b y  lack  o f food, san itation  and housing, requires the coopera­
tio n  o f every doctor in  the world, not on ly  in actual treatm ent but also in 
fig h tin g  to raise th e  necessary financial m eans for prevention. In  many coun­
tries o f the world serious social in eq u ality , and poverty destroying body and 
soul alike, are also sources of conflicts, increasing thereby the threat o f  
nuclear war.
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The threaten ing horror o f  nuclear war dam ages the hum an psyche and  
destroys norm al, cultured hum an relations. The feeling o f defencelessness in  
face of danger, th e  continuous th reat to  one’s own future and the future o f  
one’s fam ily underm ines the fa ith  in the sense of individual life and respect 
for human values. The atm osphere of fear and m isconfidence incites to brutal 
and aggressive actions, and lim its the possib ilities for peaceful human coex­
istence.

There is b u t a single effective  m edicine against all this: action. And th e  
sense to this action , to this figh t lies in the fact that in the 20th  Century, th e  
role and significance of public opinion has increased. Can we, doctors, influence  
public opinion ? The undersigners o f th is statem ent feel th at we can.

We, doctors, have taken an oath to treat all patients in need, to alleviate  
all pain, and to  prevent diseases i f  we can, irrespectively o f political or religious 
b elief and n ation a lity . There are no national frontiers betw een  doctors, we 
speak a com m on language. W e have the chance to inform  one another and  
our co-workers in health service. W e can educate our patients about th e  
m edical consequences of nuclear war. Together with the international mov e­
m ent of doctors we call upon everyone to  act for peace and for a reduction in  
nuclear arms. W e take a position calling upon the United N ations Organization  
to  pass a resolution  banning th e  use o f nuclear weapons ju st as it had banned 
th e  use of to x ic  gases and b iological w eapons. W e, doctors m ust explain th e  
alm ost inconceivable mass o f death  and environm ental destruction  caused b y  
nuclear war. W e m ust clearly see th at the situation  of the sm all percentage o f  
physicians w ho m ay survive w ill be the m ost sham efully depressing. There 
can be no worse nightmare to  a doctor w ho loves his calling than to stand  
helplessly am ong the dying, am ong the people suffering inconceivable pain  
o f burns, b lasts, and of consequences o f radiation disease. There will be no  
hospitals, no w ater, no transport and no drugs. Doctors w ill not even have  
the possibility to  ease pain or help slow ly agonising people to a peaceful 
death. They h ave to  stand w ith ou t any hope to  prevent long term  fatal conse­
quences of increased m alignancy, m alform ations and other genetic defects.

B y signing th is statem ent every  one o f  our colleagues and health workers 
can become a m em ber of this m ovem ent. W e have but a single request. Before 
signing th is sta tem en t think over w hether or not you w ill becom e a true  
com rade-in-arm s, based on conviction . Jo in  us if  you have tru ly  understood  
the goals o f our m ovem ent and w ish  to  help us actively , so th a t, in cooperation  
w ith  peace-loving people we be able to raise a barrier against th is irrational 
nuclear arms race and guarantee a peaceful, secure and creative life for th e  
generations liv in g  today and th ose  to  follow  us.

B udapest, M arch 1982
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Pkysiologia—Pathophysiologia

CARDIOVASCULAR REACTIONS FROM 
HYPOTHALAMIC SELF-STIMULATION IN THE RAT

E . A. Y u m a t o v  and E. A. KlYATICIN

A N O K H IN  IN ST ITU TE O F NORM AL PHY SIOLOG Y . USSR ACADEMY O F M ED ICAL SCIENCES, MOSCOW

(R eceived  J u ly  17, 1981)

(A ccepted  J u ly  26, 1982)

A rte ria l b lood  p ressure  (B P ) and  h e a r t ra te  (H R ) w ere con tinuously  reco rded  
du ring  la te ra l h y p o th a lam ic  se lf-stim u lation  w ith  o p tim a l s tim u lu s p a ram ete rs  in  ra ts . 
H y p e r-h y p o ten siv e , hyp erten siv e  an d  h y p o tensive  re a c tio n s  w ere observed  d u rin g  
sep a ra te  se lf-s tim u la tio n , and  th e  b iphasic  ty p e  co n sid e ra b ly  p rev ailed  over o th e r 
ty p es  of reac tio n s . D uring  th e  single cycles of se lf-s tim u la tio n  h y p er-h y p o ten siv e  an d  
hyp erten siv e  reac tio n s  w ith  d iffe ren t h e a r t ra te  re ac tio n s  also occurred . In  th is  case 
th e  b iphasic  ty p e  w as seen in  7 5 %  of all reac tio n s, w hereas th e  hyp o ten siv e  ty p e  
occurred  in  25%  of th e  cases. The m ain  ty p e  of B P  re a c tio n  (92% ) during  co n tin u o u s 
se lf-stim u lation  for 60 — 240 m in w as a g rad u al in crease  o f th e  m ean  B P  level fro m  
15 to  40 m m  H g  ag a in s t in itia l va lues (p <  0.001), th a t  dep en d ed  on th e  d u ra tio n  of 
se lf-stim u lation . Changes o f H R  w ere m ore v a ria b le : ta c h y c a rd ia  and  b ra d y ca rd ia  
w ere seen a p p ro x im a te ly  w ith  th e  sam e frequency . C o m p ara tiv e  analysis o f card io ­
v ascu la r reac tio n s du rin g  h y p o th a lam ic  SS an d  escape re ac tio n s  p rovoked  b y  v e n tro ­
m edial h y p o th a la m u s  s tim u la tio n  revealed  some p ecu lia ritie s  of au to n o m ic  m an i­
festa tio n s d u rin g  po sitiv e  an d  neg ativ e  em otional re ac tio n s . T he re su lts  o f th is  com ­
parison  raises th e  qu estio n  of a s tre ss-reac tio n  du rin g  se lf-s tim u la tio n  b ehav iour.

In a num ber o f studies [1, 3, 6, 10, 12, 17, 25, 30, 32, 34, 50] it was shown  
th at self-stim ulation  (SS) is alw ays accom panied b y  definite peripheral auto­
nom ic and horm onal responses w hich m ay be connected  w ith a rewarding 
effect of stim ulation . This finding pointed to  a sim ultaneous and rather 
com plicated involvem ent in SS behaviour o f the sym pathetic and para­
sym pathetic system s.

Á n g y á n  showed [1, 2, 3, 4, 5, 6] a close relationship betw een changes 
of autonom ic functions in particular arterial blood pressure and lever pressing 
behaviour. A close correlation was observed also betw een  the autonom ic and 
behavioural effects o f SS from different brain areas [6].

The biological significance o f positive and negative em otional reactions 
[8, 9] and the fact th at negative reactions m ay cause cardiovascular d istur­
bances [7, 39, 40] has called for a study of the cardiovascular reactions during 
hypothalam ic SS in the rat and to compare th is w ith  haem odynam ic changes 
during negative em otional reactions.
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Methods

A  to ta l of 32 m ale  W is ta r  ra ts  w eigh ing  200 — 300 g was used in  th e  ex p erim en ts . B ipo lar 
n ich ro m e  electrodes o f 0.3 — 0.5 m m  tip  d iam e te r w ere im p lan ted  in  th e  a re a  h y p o th a lam ica  
la te ra l is  according to  th e  coo rd in a tes  o f  th e  T h o m pso n  a tla s  [42].

T he electrical s tim u lu s  consisted  o f m onophasic  square  w aves o f  50 — 100 im p/s fre ­
q u e n c y , 0 .7—1.8 pu lse  d u ra tio n  an d  0.3 — 0.6 pu lse  tra in  d u ra tio n  (“ P h y s io v a r” , A lvar- 
E le c tro n ic , F rance). T he stim u lu s vo ltag es u sed  w ere m in im al for s tab le  SS, u su a lly  2.75 — 5 V. 
F o r  a r te r ia l  blood p ressu re  reco rd ing  a  ch ro n ic  p o ly e th y len e  c a th e te r  w as t ie d  in  th e  abdom inal 
a o r ta  v ia  th e  caudal a r te ry  [38] one d a y  before  th e  SS ex p erim en t. EM T -34 pressu re  tra n s ­
d u c e r  a n d  M ingograph-81 p o ly p h y sio g rap h  (E lem a-S ch ö n an d er, Sw eden) w ere  used .

R ecording of ca rd io v ascu la r re ac tio n s  w as pe rfo rm ed  during  SS b e h a v io u r  in  a  s ta n d a rd  
S k in n e r  box  6 —8 days a f te r  im p la n ta tio n  o f th e  e lectrodes.

In  th e  in te rv a l o f  1 m in  fo r a  p e rio d  o f 2 —5 hours th e  m ean  of th e  v a lu e s  o f th e  single 
w a v e s  o f a rte ria l b lood  p ressu re  (B P ) a n d  th e ir  m ax im al an d  m in im al d ifferences (index  of 
d isp e rsio n ), m ean B P , h e a r t  ra te  (H R ) a n d  lev e r p ressing  ra te  (P R ) w ere an a ly sed .

A fter the  ex p erim en ts  th e  an im als w ere  sacrificed  b y  an d  overdose o f e th e r . L ocaliza­
t io n  o f  th e  electrode t ip s  w as d e te rm in ed  in  3 0 —60 fixa slices b y  ro u tin e  h is to lo g ica l techniques.

Results

SS behaviour for the analysis o f cardiovascular reactions was studied  
from  several aspects.

Single voluntary lever pressing separated from previous and subsequent 
lev er  pressings b y  m ore than 4 s w as considered a separate SS. Separate SS 
w ere seen throughout th e  whole experim ent, but m ost frequently th ey  occurred 
at th e  beginning o f th e  session.

SS behaviour consisted m ostly  o f  bursts, i.e. groups o f consequent lever 
pressings divided b y  free intervals. The bursts were called single cycles o f SS. 
T h e number of lever pressings per cycle am ounted from 4 to  120, w ith  inter­
cy c le  intervals from  4 to  45 s.

Voluntary lever pressing behaviour for 2 — 5 hours was considered a 
continuous SS. Frequency o f SS rate varied in  different rats from  600 to 4200 
lev er  pressings per hour (m ean, 1527 lever pressings per hour).

A  substantial increase in  locom otor activ ity , urination and defecation  
w ere observed during SS. E jaculation  was seen in 75% of the cases. No change 
in  SS rate was observed during 1 — 3 hour sessions if  a constant stim ulating  
current was used.

According to  th e  character o f  SS extinction  after sw itch ing off the 
current the animals were divided in to  tw o groups. In the first group a rapid 
d ecline of the lever pressing rate occurred after 4 — 10 non-reinforcem ents. 
In  th e  second group th e  extin ction  was slower, the rats continued  to press 
th e  lever for 5 — 7 m in w ithout reinforcem ent, making about 100 — 200 of non- 
reinforced reactions in th is period. During SS session, these anim als when put 
in  th e  opposite side o f  the cage have tried to  return to the lever. Lever pressing 
rate in  this group w as lower than  th a t o f the rats w ith slow extin ction  curve. 
N o correlation was observed betw een  SS extinction  rate and the tim e of  
electrodes being in  th e  brain.
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Follow ing the increased locom otor activ ity  that is ty p ica l o f SS behaviour, 
a decline o f this activ ity  was observed after 2 —4 min o f current sw itching off. 
Slow and forced breathing, som etim es active grooming w as seen in this period.

N orm al levels o f B P  and H R  in  conscious rats before SS training were, 
for B P; 115.96 ±  1.34 m m  Hg (SD =  6.56): and for H R : -4 2 8 .3 8  ±  7.22 
b eats/m in (S D  =  34.40). Individual variations of H R  (coefficient of variab ility  
C =  8.26% ) was higher than  those for B P  (C =  5.65% ).

Cardiovascular reactions during separate SS

In 19 rats 534 cardiovascular reactions were stu d ied  and three typ es of 
B P  response were observed.

H yper-hypotensive reaction w ith  10 — 45 mm H g hypertensive phase and 
8 — 30 m m  H g hypotensive phase was observed in all rats in 84% of all cases 
(Fig. l.A ).

^Hypertensive reaction o f 5 — 40 m m  Hg and 1.5 — 2 s tim e of peak reach­
ing was observed in  11% o f all cases (F ig . l.B ).

A hypotensive reaction  of 5 — 10 m m  Hg was seen  in  2% of all cases. 
In 3% no BP reaction was seen during SS w ith optim al parameters o f  cur­
rent used.

N o differences betw een B P reactions were seen  during elicited single 
stim ulation  and voluntary single lever pressing.

Cardiovascular reactions during the single cycles o f  SS

In 19 rats 612 single cycles were studied and tw o different typ es o f  B P  
response were revealed.

The first biphasic ty p e  B P  response (Fig. 2 .a) w as found in all o f  the  
19 rats. In  this typ e B P  increased during all periods o f  lever pressing and 
decreased after cycle term ination . The pressure was 10 — 50 mm Hg and the  
depressor phase varied from  5 to 30 mm Hg and lasted  from 3 to  240 s 
(usually 4 — 8 s).

Two opposite H R  responses o f biphasic type B P  reaction were observed. 
In  11 rats the H R  decreased to 3 —18% of the initial lev e l before the beginning  
of the cycle and reinstated  for 8 —120 s in the in tercycle period. In all cases 
H R  reinstating tim e was longer than  the BP one. The second H R  response 
was tachycardia and th is typ e o f reaction  occurred in  9 rats.

The second hypertensive type o f  B P  response (F ig . 2.b) was observed in 
16 rats. The BP increase varied from  5 to  50 mm H g. Bradycardia and ta ch y ­
cardia were also seen in th is type o f  B P  response.

Considering the shape o f the hypertensive reaction , two main typ es of 
B P  response were analysed. In som e cases the peak B P  increase occurred at
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F ig . 1. A rteria l blood p re ssu re  (A P ) reac tions d u rin g  th e  separa te  se lf-s tim u la tio n . (A bbrev ia­
t io n s :  A P : in  m m  H g ; t :  tim e  in  s; A : h y p e r-h y p o ten siv e  reac tion ; B : h y p e rte n siv e  reac tion )
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F ig . 2. A rteria l blood p re ssu re  (A P ) reac tio n s d u rin g  th e  single cycles o f se lf-stim ulation .
(A b b rev ia tio n s as in  F ig . 1.)

th e  beginning of the cycle . In  others a gradual sum m ation o f  single BP reac­
tio n s  occurred and th e  peak B P  coincided w ith  the m axim al rate of lever  
pressing  or it was near th e  end o f the cycle.

In  most cases th e  tw o types o f B P response alternated in  SS behaviour. 
T he biphasic type of B P  response prevailed. It was seen in  75%  o f all reactions, 
w hereas the m onophasic hypertensive ty p e  occurred in 25% o f th e  cases.

A s the m agnitude o f  B P  changes depended on the current level, in 6 rats 
224 cardiovascular reactions were analysed w ith  different rew arding currents.

W ith  a threshold current for SS behaviour, only 10 — 20 mm Hg B P  
hyper-hypotensive flu ctu ation s were observed w ithout an y  change of the  
m ean  level.
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W ith a 1.5 — 2 threshold current the SS rate increased to  the m axim al 
level and B P  reaction types becam e more obvious. In these cases the hyper­
tension  increased parallel w ith  the increase o f the current.

Increasing the voltage o f  the current to  2 —4 tim es th e  threshold level 
caused in m ost rats a decrease in the response rate or in som e rats a term ina­
tion  o f SS behaviour. It was accom panied b y  an increase o f the hypertensive  
phase and a stabilization or decrease o f the hypertensive phase. In this period 
the rate o f biphasic B P  reactions decreased. The peak H R  always occurred 
at a weaker current than  peak level of B P.

An increase o f the current to  4 —6 tim es the threshold level caused the  
term ination o f level pressing in  all rats and stim ulation o f these regions pro­
duced a defence-like reaction.

It could be shown th at in  the m ajority (80% ) o f the experim ents changes 
in the polarity o f the stim ulating current did not sign ificantly  influence SS 
behaviour and its cardiovascular reactions. B ut 10% of th e  residual cases 
showed quantitative and qualitative alterations o f the cardiovascular reactions 
w ithout marked changes in lever pressing rate and the SS pattern. In the other  
10% of these residual cases changes o f the current polarity led to  a decrease 
in  the lever pressing rate or a term ination of SS. In the la tter  case neutral, 
am bivalent, exploratory and defence-like reactions were caused by elicited  
stim ulation , then  hypertensive reactions prevailed over hyper-hypotensive  
reactions and indicated also an increase in their duration.

Cardiovascular reactions during continuous SS

B P  and H R  were analysed during SS behaviour for 6 0 —240 min under 
constant current param eters optim al for stable SS.

The main typ e o f B P  reaction (22 rats 92% ) revealed a gradual 15 to  
40 mm Hg increase in the B P  level as compared with the in itia l values (F ig.
3.A), accom panied by 4 0 —70 mm Hg fluctuations. This B P  type showed  
three different H R  reactions; first, a decrease in  (7 rats); second, an increase 
in (7 rats); third, variations w ithout changes in  the mean H R  in 8 rats. S ta ­
tistica l com parison betw een m ean B P  before SS training and those o f different 
periods o f SS behaviour show ed significance (p <  0.05) from  the 16th min of 
SS (Fig. 3 .B). Subsequently m ean B P  increased to  142 +  5.4 m m  Hg in the  
96th m in o f SS (p <  0.001). B P  variation indices of a SS period were sign ifi­
cantly  higher (p <  0.001) than  w ith  prestim ulation controls. A  m ean B P  varia­
tion  in  the 96th m in SS o f 34.94 +  3.1 mm H g was m easured to  a control 
value o f 9.89 +  2.14 mm H g. Mean H R  at various m om ents during the SS 
period did not differ sign ificantly  from the control.

A fter sw itching off the current the tim e o f B P  recovery compared w ith  
control values varied from 6 to  40 min or more whereby from  the 16th min
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F ig . 3. A rte ria l blood p re ssu re  (B P ) and  h e a r t  r a te  (H R ) reac tio n s  during  con tin u o u s sell- 
s tim u la tio n . A) In d iv id u a l reac tio n s. (A b b rev ia tio n s: S R -self-stim u la tion  ra te ;  t :  tim e  in  m in ; 
T :  a rtif ic ia l te rm in a tio n  o f  se lf-stim u lation ; —  in itia l levels o f A P  a n d  H R ); B ) R esu lts  o f 
s ta tis t ic a l  analysis. (A b b rev ia tio n s : S -flu c tu a tio n s o f A P  in  m m  H g ; on  off-tim e of se lf-stim ula­

tion ; ■  : s ta tis t ic a l  significance o f th e  differences; (p  <  0.05))

m ean B P  did not sign ifican tly  exceed the control level in contrast to  the B P  
variation  values o f 25.62 +  3.9 mm H g (p <  0.05).

Two rats dem onstrated different haem odynam ic reactions during contin­
uous SS.

In  the first rat (F ig. 3) which showed burst-like lever pressing, BP  
decreased to 9 — 95 m m  Hg com bined w ith variations of 40 — 70 mm  Hg, 
w hile H R  increased from  430 to 540 beats/m in.

The second rat (F ig . 3.B) characterized by a high and rather constant 
lever pressing rate B P  increased during 25 min to a peak o f 185 — 190 m m  Hg. 
Sim ultaneously w ith  th is  B P increase the H R  decreased from 480 to  350/min. 
A t peak BP the SS behaviour was term inated. During the following 4 min, 
B P  decreased to 155 — 150 mm Hg th en  it  decreased slow ly to  145 — 140 mm  
H g b y  the 70th m in after the term ination o f SS. In th is period elicited stim ula­
tion  was not priming for SS resum ption.
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F ig . 4 . A rte ria l blood p ressu re  (A P ) and  h e a r t  r a te  (H R ) reac tions d u rin g  con tinuous se lf­
s tim u la tio n . (A b b rev ia tio n s as in  Fig. 3.)

D iscussion

The present results support earlier reports that SS elicits definite cardio­
vascular responses [1, 3, 6, 10, 12, 21, 25, 30, 34, 50].

A  study o f SS from several aspects allowed to  reveal typ ica l cardio­
vascular reactions during separate SS, single cycles and continuous SS b e­
haviour.

The change o f B P  was the m ost stable index of cardiovascular reaction, 
the m ain typ e o f w hich was on increase o f  B P  of different duration and s ta ­
b ility . H R  changes were more variable; tachycardia and bradycardia were
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seen approxim ately w ith  the same frequency. This m ay be one of the reasons 
o f the conflicting results reported concerning the effect o f  SS on H R  [21, 24, 29].

Considering th e  shape of B P  reaction , the hypertensive phase produced  
b y  a separate SS w as follow ed by a hypotensive phase. T his type considerably  
prevailed over hypertensive reactions.

Two types o f B P  response were observed in a case o f single cycle SS 
behaviour, but in th is  case a biphasic ty p e  of B P  response prevailed over the  
hypertensive one at th e  beginning and during the first hour of SS session.

The gradual increase from 20 to  40 m m  Hg o f the m ean B P  level depended  
on the duration o f SS. I t  was the m ost typ ica l response in  the case o f contin ­
uous SS. I f  continuous SS resulted in  a more expressed B P  increase (60 — 75 
m m  Hg), a term ination  o f SS behaviour w as observed.

Á n g y á n  [1, 2, 3, 4 , 5, 6] connected an SS d isplaying cyclic bursts w ith  
hypertensive dynam ics. In our experim ents the current was weaker than  th at  
applied by Á n g y á n  and the B P  reaction  was weaker too . Still, in each case 
SS behaviour was cyclic . Thus the cyclic pattern o f lever pressing cannot be 
ascribed to BP flu ctu ation s alone.

The correlation betw een mean B P  and the duration of continuous SS, 
and the fact o f term ination  o f lever-pressing behaviour in  the case of a rapid  
and considerable increase of B P  allow s to  assume an essential role o f the  
m ean B P  level in  determ ination of the duration o f continuous SS. This vari­
able increase m ay, how ever, reflect deviations of the levels  of different b io­
logically active substances produced regularly by self-stim ulation.

One o f these substances m ight be corticosteroids, the blood levels o f 
wdiich increased during SS [18, 3 3 ,4 1 , 44]. Intravenously adm inistered cortico­
steroids gradually decreased the rate o f  lever pressing behaviour [13] and 
increased the m ean B P  [16].

Our results concerning cardiovascular reactions during hypothalam ic SS 
and escape reaction evoked  by ventrom edial hypothalam us (VMH) stim ulation  
in the rat [50] allow to  compare the haem odynam ic changes in these opposite  
em otional reactions.

Both a separate SS and a short stim ulation  o f YM H  produced hyperten­
sive reactions sim ilar in  m agnitude and duration accom panied by tw o dif­
ferent types o f behaviour. In the case o f  separate SS th e  hypertensive reaction  
w as followed by a h ypotensive phase in 84% . In the case o f escape reaction  
the biphasic type o f  B P  response appeared only in 23% . D uring short stim ula­
tion  o f VMH the m ain typ e  of B P response was a hypertensive reaction w ith  
a prolonged descending curve.

A sim ilarity in  th e  m agnitude, duration and shape o f  the BP response 
was shown in the case o f  single cycles o f  SS and periodical stim ulation o f VMH  
b y  similar current param eters. A biphasic B P response, typ ica l of the single 
cycles o f SS in the case o f escape reactions was, how ever, practically absent.
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Continuous stim ulation  of VMH (current param eters and stim ulation  
sequence as in the case o f  typ ica l SS) for 2 — 4 hours led to  an increase o f 2 0 —40 
mm H g in m ean B P . The in tensity  o f th is increase depended on the duration  
and param eters of stim ulation .

In  the case o f aversive stim ulation  an increase in  current voltage, pulse 
train duration and qu an tity  o f stim ulation  led to m ore pronounced hyper­
tensive reactions. T ransitory hypertension produced b y  YM H stim ulation has 
been earlier described [39, 40].

In  the case o f rewarding stim ulation  negligible changes in the current 
param eters caused a suppression o f lever pressing behaviour. E licited stim u la­
tion  o f  these positive sites was accom panied by the sam e behavioural and  
haem odynam ic changes as were observed during escape and exploratory  
behaviour. I f  continuous SS was accom panied by a more pronounced increase 
in m ean B P , a term ination of lever pressing behaviour occurred. E licited  
stim ulation  used in th is period was not priming for the resum ption o f SS 
behaviour and was sim ilar to aversive and exploratory reactions.

Thus, the results o f these experim ents indicate th a t the m ost im portant 
feature o f  SS behaviour is the active choice and constant control by the anim al 
according to the applied current and the intervals betw een self-stim ulations. 
Any q u antitative and qualitative changes o f these conditions which take place 
during replacem ent o f natural SS in experim enter-produced “ SS” and during 
artificial stim ulation o f the positive brain sites m ake it im possible for the  
anim al to control its own state and the m om ents of each stim ulation.

In th is case the em otional reaction is inverted and leads to characteristic  
alterations o f the haem odynam ic reactions produced b y  stim ulation. Num erous 
data concerning the autonom ic and horm onal responses to  artificial stim ulation  
of em otional positive brain sites [11, 12, 22, 25, 43] support this idea. It m ight 
therefore be assum ed th a t there is no reason to  consider artificial stim ulation  
of the positive brain sites even i f  th ey  had previously been tested  as SS sites, 
as a m odel o f positive em otional reaction.

R elations betw een behaviour and current stim ulation  in this case differ 
principally from natural brain reinforcem ent which is realized in SS behaviour.

In  the case of natural rewarding behaviour the follow ing may be assum ed.
Prim ing stim ulation  o f the reward site of the brain led to appearence 

of the drive and as a m anifestation o f this drive to exploratory behaviour  
which caused the first lever pressing and brain rewarding stim ulation. Then, 
after brain stim ulation accom panied b y  autonom ic and hormonal responses 
different in duration, a com parison betw een this drive and the former brain  
rewarding stim ulation is m ade. Feedback m echanism s from different hom eo­
static levels probably p lay an essential role in this stage. As first suggested  
by V a l e n s t e i n  [46, 47] and shown experim entally by Á n g y á n  [1 — 6].

A fter suppressing the drive by effects o f stim ulation , restoration o f  the
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drive occurred and w as now  followed by purposeful searching o f the lever as 
th e  source of reward.

The tim e interval betw een lever pressings and other behavioural indices 
o f  SS such as the duration  o f lever pressings, cycles and continuous SS are 
determ ined by the anim al according to its available drive.

M odification o f the experim ental conditions during SS (sexual indiffer­
en t partner, sexual sign ificant partner, escape reaction o f partner) led to sig­
n ifican t changes in the rate and pattern o f SS [23, 25, 49]. A rtificial lim itation  
o f  anim als m otility  led  to  marked m odifications o f SS. Thus, (unpublished  
data) rats previously tau gh t to receive rewarding stim ulation by nasal contact 
w ith  special circuites after som e tim e o f natural SS, were im m obilized in a box  
w ith  free access to  the circuiter. This led to  the term ination o f SS in each ani­
m al. Interestingly, in these cases an artificial stim ulation caused behavioural 
and haem odynam ic changes similar to escape reactions. It was found that 
after a definite tim e in terval only few anim als reassumed SS but at weak  
current. In  this case th e  rate of lever pressings was 5 — 20 tim es lower than  
th a t o f  natural SS behaviour.

The comparison o f electrophysiological, hormonal and autonom ic reac­
tio n s w ith  opposite em otional reactions raises the question o f a stress-reaction  
during SS behaviour.

During SS, forced artificial stim ulation o f the positive sites, active avoid­
ance and stim ulation o f the negative sites o f m idbrain tegm entum  were revealed  
w ith  similar changes in  N A  and DA concentration in the brain [22, 23, 28, 37], 
corticosteroid levels [28, 33, 41, 44] and the corticosteroid-sensitive hepatic  
enzym e tyrosine-am inotransferase [28].

Stim ulation o f the lateral hypothalam ic area, the main positive brain site  
[27] as in the case o f VMG stim ulation at the m ain negative brain site [27] led to si­
m ilar changes of the plasm a ACTH and corticosteroid concentrations [18, 19].

During SS the typ ica l m anifestations o f  the stress-reaction such as lym ph­
oid tissue involution, acceleration of blood coagulation and suppression o f  
im m une processes [20] were described.

Long-term stim ulation  of the negative and positive sites of the hypo­
thalam us in rabbits led to  a similar increase o f adrenal w eight w ith hyper­
tro p h y  and hyperplasia o f all its layers [36].

It has been shown th at activation o f th e  same regions o f the hypothala­
m us m ay provoke different behavioural patterns [15, 47]. In  certain condi­
tion s it was possible to  elicit SS behaviour w ith  high lever pressing rate by  
activ a tio n  of the УМ Н , the stim ulation o f which also led to stress- reaction  
m anifestations [31, 39, 40].

It is possible to  transform  SS behaviour into am bivalent and negative  
em otional reactions b y  slight changes in  th e  parameters o f the current and  
b y  m odification of the experim ental conditions [27, 35, 49].
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Thus it is possible th at stress-reactions developing during SS b y  their  
autonom ic and hormonal reactions are sim ilar to stress-reactions developing  
in the case o f  natural conflict situations and during stim ulation o f the  
negative brain regions.

It is know n that under natural conditions positive em otional reactions 
in contrast to  negative ones cannot lead to  arterial hypertension and cardio­
vascular disturbances [7, 40].

These facts can be explained b y  A n o k h i n ’s biological theory o f em otions 
[8, 9] according to  which the natural p ositive em otional reactions are alw ays 
short in duration and appear after term inating the behavioural act w hen the  
goal is achieved.

Therefore, th ey  cannot be sum m arized in time. D uring SS the anim al 
can control the parameters o f the reward. Furtherm ore, SS behaviour is sup­
pressed regularly by definite changes in  the main hom eostatic indices th a t  
exclude the possib ility  of developm ent o f  pathological reactions.

A pparently, the central neurochem ical organization o f opposite em otional 
reactions m ay show differences, thus explain ing the fact that alternations of 
the positive and negative em otional reactions under natural conditions exclude  
the pathological consequences o f the negative em otional reactions. Therefore, 
probably, the m ain mechanism o f the organism ’s stab ility  to  em otional stress 
consists in a constant alternation of negative and p ositive em otional reac­
tions [8, 9, 40].
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ELEVATED OPIOID ACTIVITY IN SERA 
OF CHRONIC SCHIZOPHRENICS

M . I d e i , J .  G r ó f , J .  M e n y h á r t  and  A .  P a j o r

U N IT ED  RESEA R C H  ORGANIZATION O F  T H E  HUNGARIAN ACADEM Y OF SCIENCES AND 
T H E  SEM MELW EIS U N IV E R S IT Y  MEDICAL SCHOOL:

2nd D EPA RTM EN T O F GYNECOLOGY O F T H E  SEMMELWEIS UNIVERSITY" MEDICAL SCHOOL

The e ffec t o f n a tiv e  se ru m  sam ples from  sch izophren ic  and  co n tro l p a tie n ts  
on  th e  e lec trica lly  induced c o n tra c tio n s  o f the  iso la te d  m ouse vas deferens (M VD) 
p re p ara tio n s  w as in vestiga ted .

I t  w as d e m o n s tra ted  t h a t  o n ly  th e  sam ples o f  schizophrenic orig in  e lic ited  a 
naloxone d e p e n d e n t inh ib itio n  on  th e  con tractions o f th e  MVD p rep ara tio n s , while 
sera  from  h e a lth y  ind iv iduals a n d  th o se  from  non sch izophren ic  h u t  m en ta lly  ill p a tie n ts  
p roved  to  he  in effectiv e  in  th is re sp e c t.

B y  u s in g  u ltra f iltra tio n  a n d  gel ch ro m ato g rap h ic  techniques, fo u r frac tio n s 
disclosing M V D re la te d  b iological a c tiv ity  could b e  se p a ra ted  from  sch izophren ic  
sam ples. C hem ical analysis re v ea le d  an  elevated  q u a n ti ty  o f n in h y d rin  a n d  L ow ry  
positive  m a te ria ls  as well as o f  u n id en tif ie d  c a rb o h y d ra te  com ponents in  th e  active  
frac tions. M olecu lar m ass of th e  se ru m  ingred ien ts c a rry in g  opioid a c tiv ity  w as fo u n d  
to  range b e tw een  0.5 and 5.0 K D . I t  is  speculated  t h a t  new  ap p earance  or th e  accu m u la ­
tio n  in  th e  se ra  o f several, an d  p a r t ly  a t  least, u n k n o w n  pep tid es and  g lycopep tides 
disclosing op io id  a c tiv ity  m ig h t b e  ch arac te ris tic  o f sch izophren ia .

W a g e m a k e r  and Ca d e  [14] reported in 1977 on th e  successfull hem odial­
ysis o f patients w ith  chronic schizophrenia. The effectiveness of the treatm ent 
seem ed to  ind icate, that the developm ent and/or th e  m aintenance o f the  
schizophrenic sym ptom s m ight be causally related to  endogenous substances 
dem onstrable also in  the serum, w hich  penetrate through the com m on d ialys­
ing membranes. A fter the observation  by W agem aker and Cade, several 
investigations w ith  considerably d ivergent results were carried out to  check  
the va lid ity  of th is  hypothesis and to  identify the substances postulated to  be 
specific for schizophrenia.

In the present paper, we report on the results obtained by partial purifi­
cation, biological and chemical characterization o f a group of serum com po­
nents seem ingly characteristic o f  schizophrenia.

M aterials and methods

Collection o f  sam ples

Serum  sam ples w ere collected fro m  chronic  sch izophren ics (n  =  51) from  n o n  schizo­
p h ren ic  b u t  m en ta lly  ill p a tie n ts  (n =  38) a n d  from  h e a lth y  in d iv id u a ls  (n =  43). T he e x ac t 
diagnosis o f th e  p a tie n ts  w as know n n e ith e r  to  th e  person  w ho collected  n o r to  th o se  who 
carried  o u t th e  an a ly sis  o f  th e  sam ples.
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Ultrafiltration o f  serum  sam ples

30 m l portions o f se ra  w ere u ltra f ilte re d  th ro u g h  an  Am icon YM 5 m em b ran e  (nom inal 
l im it  o f perm eability : 5 K D ) a t  4 °C an d  a t  a p ressu re  o f 4.105 Pa. T h en , th e  p rotein  free 
u l tr a f i l t r a te s  were c o n ce n tra ted  on an  Am icon UM 05 m em b ran e  (nom inal lim it o f perm eability : 
0.5 K D ) u n d e r the  con d itio n s specified  above.

Gel chromatography

3 m l portions of th e  A m icon  YM 5 u ltra f i lt ra te s  w ere ch ro m a to g rap h ed  on  a Sephadex 
G-25 (SG -25) fine gel co lu m n  p rev iously  eq u ilib ra ted  w ith  n o rm al saline so lu tio n  (0 .9%  NaCl). 
T h e  v o lu m e tric  p a ram ete rs  o f  th e  colum n w ere as follow s: V t =  61.7 m l; =  21.0 m l; 
V b =  21.6 ml and Vx =  19.1 m l. T he se p a ra ted  frac tio n s w ere ch aracte rized  b y  th e ir  d is trib u ­
tio n  coefficients (K av), b y  th e ir  biological a c tiv ity  (v. in f), and  by som e o f th e ir  chem ical 
p ro p e rtie s . Flow d iagram  d e m o n s tra tin g  th e  steps o f th e  sep a ra tio n  is show n in  Fig. 1.

pooled plasmapheretic sam ples

Physico-chemical characterization o f  the active components

H e a t  r e s i s t a n c e :  1 m l po rtio n s of th e  YM 5 u ltra f iltra te s  w ere boiled for 5 h 
c e n tr ifu g e d , and the s u p e rn a ta n ts  (90 p \)  te s te d  for th e ir  biological a c tiv ity .

A c i d  h y d r o l y s i s :  0.5 ml po rtio n s o f th e  YM 5 u ltra f iltra te s  w ere hydrolyzed 
b y  6 N  HC1 for 36 hours. A fte r  th e  HC1 h ad  been care fu lly  rem oved by  re p e a te d  azeotropic 
d is til la tio n s , the  sam ples w ere  re u ltra f il te re d  (desa lted ) on an  Am icon UM  05 m em brane. 
T h e  re te n tâ te s  were d ried  (v acu m -d is tilla tio n  a t  37 °C), a n d  subsequen tly  d ilu te d  by  0.5 ml 
d is tilled  w a te r. This was u sed  fo r te s tin g  p o sth y d ro ly tic  biological a c tiv ity  o f th e  sam ples.

T r y p s i n  d i g e s t i o n :  was perform ed as described  in Dé v é n y i a n d  G erg ely ’s 
m o n o g ra p h  [4]. E nzym e p ro te in  was rem oved  by  boiling  th e  sam ples for 10 m in  follow ed by  
c e n tr ifu g a tio n  (10 m in, 104 rp m , room  tem p e ra tu re ) . T he su p e rn a ta n t was u se d  for testing  
b io lo g ical ac tiv ity .

C h e m i c a l  a n a l y s i s :  to ta l an d  free a lfa -am ino-n itrogen  (n in h y d r in  reaction), 
a n d  to ta l  carb ohydra te  [12] c o n te n t as well as th e  a m o u n t o f L ow ry  p o s itiv e  m ateria ls [9] 
w ere d e te rm in ed  bo th  in  th e  YM  5 u ltra f iltra te s  and  th e  SG-25 fractions.

M easurement o f the biological activity

B iological a c tiv ity  o f  th e  n a tiv e  serum  sam ples an d  of th e ir  frac tions o b ta in e d  by  u ltra ­
f i l t r a t io n  an d  by gel f i l t r a tio n  w as te s te d  u n d e r in  v itro  cond itions by  u sin g  e lectrica lly  s ti­
m u la te d  v as  deferens p re p a ra tio n s  iso la ted  from  20 g m ale mice (C F L P  s tra in ) . The organ
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b a th  consisted  of Mg2+-free K re b s’ so lu tion  (37 °C) w hich  was co n tin u o u sly  b u b b led  th ro u g h  
w ith  a gas m ix tu re  of 95%  0 2 5 %  C 0 2. C o n trac tio n s of th e  p re p a ra tio n s  w ere evoked by
square-w ave  im pulses of 70 V a m p litu d e  and o f 2.2 m s d u ra tio n  g e n e ra te d  in every  12 s. V olum e 
of th e  sam ples used  for te s tin g  b iological a c t iv ity  v a ried  be tw een  45 an d  250 fil.

Results

E lectrically induced contraction  o f the MYD preparations were decreased  
by 50% b y  native sera collected  from schizophrenic patien ts in a concentration  
of 0.01 +  0.012 ml serum  per ml (ID 50). The 50% inhibition  could be antag­
onized b y  0.18 +  0.018 ^m ol per m l naloxone, a morphine antagonist. 
In sharp contrast to th is, n ative serum  samples derived from healthy individ­
uals or from  patients w ith  other neuropsychiatrie diseases did not affect the 
MVD preparations even in a concentration as high as 0.1 ml sam ple per ml 
(Fig. 2).

U ltrafiltration experim ents revealed th at, while YM  5 ultrafiltrates dis­
played full biological a c tiv ity , UM 05 ultrafiltrates were com pletely devoid of 
such activ ities. This is interpreted th a t biological a c tiv ity  is bound to  serum  
com ponents w ith m olecular mass ranging betw een 0.5 and 5.0 K D .

B iological activ ity  in  YM  5 ultrafiltrates was com pletely  lost following  
acid hydrolysis.

It was a conspicuous finding, th at the am ount o f  Lowry positive materials 
was approxim ately fiv e  tim es higher (25.4 +  12.7 pmol/1) while th at o f the 
to ta l carbohydrate was approxim ately 17.5 tim es higher (52.2 : j.; 5.2 mmol/1) 
in YM 5 ultrafiltrates o f  schizophrenic origin than the Lowry positive material 
(5.2 +  2.4 jumol/1) and th e  to ta l carbohydrate (3.0 +  1.2 mmol/1) content of 
similar ultrafiltrates derived from h ea lth y  individuals.

schizophrenic effect of Naloxone non schizophrenic
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Effect of plasm apheretic sam ples on the electrically stimulated contractions 
of isolated m ouse vas deferens

F ig .  2
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Elution conditions:

V, :47.2ml eluens:0.9NaCl (bacterium free)
L:3Q7cm flow rate:Q6ml/min
diam eter:0.7cm fraction volume:4ml
detection : 254 nm sam ple volume: 3ml

Separation  of schizophrenic sam ple on SEPHADEX G-25 column

F ig . 3

According to  th e  gel-chrom atographic analysis (Fig. 3), at least four 
serum  fractions are to  be made responsible for the biological a c tiv ity  detectable  
in  th e  unseparated n ative  sera. A ll o f them  absorb light at 254 nm , but th ey  
h a v e  different m olecular weight and physico chem ical properties (K av values 
o f  th e  four SG-25 fractions areas follows; I: 0.00; II: 0.51; III: 0.84; IV: 1.59). 
T hough  each SG-25 fraction contained ninhydrin, and Lowry p ositive m aterials 
as w ell as carbohydrates, their relative am ount varied from  fraction  to  frac­
tio n . Carbohydrate w as m ost abundantly present in  fraction II , while fraction  
I w as the richest in the Lowry positive m aterials.

D iscussion

T h ö l e n  et al. reported in 1960, th at haem odialysis, introduced to fight 
urem ic intoxication in  a patient w ith  chronic schizophrenia, was effective not 
o n ly  in  alleviating the urem ic sym ptom s hut also the schizophrenic ones [13]. 
T his fascinating find ing , how ever, rem ained unobserved in  the literature until 
W a g e m a k e r  and Ca d e  published sim ilar results in 1977 [14]. B ased on their 
observations, the la tter  authors raised the possib ility  th at schizophrenia m ight 
b e causally  related to  the appearance or the accum ulation of som e diffusible
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m etabolites in the body fluids o f  chronic schizophrenics w hich can effectively  
he rem oved b y  haem odialysis. T his was seem ingly supported b y  P a l m o u r ’s 
observation [11] who reported on the presence of an elevated  am ount of leu- 
endorphin in the hem odialysate o f  a few schizophrenics. H ow ever, several 
subsequent attem pts have failed to  dem onstrate an evident im provem ent o f  
schizophrenic sym ptom s by haem odialysis [5, 7, 8, 10,]. S im ilarly inconsis­
ten t results were obtained in experim ents aim ed at dem onstrating an eleva­
tion  in the q u an tity  of known opioid peptides o f one kind or another in the  
body fluids o f schizophrenic patien ts [1, 2, 3, 10]. In m ost experim ents 
published in the literature radioim m unoassay (R IA ) techniques were used  
for quantitative detection of in d iv id u al opioid peptides in sera or CSF. H ow ­
ever, it is worth to  recall, th at q u antitative determ ination o f anv substance  
b y  R IA  is based on a reaction tak ing  place betw een strictly  determ ined chem i­
cal region of the interacting antigen  w ith known chem ical structure and the  
antibody m olecules, and that such a reaction has nothing to  do w ith the  
biological activ ity  o f the m olecule to be determ ined. Thus, w hile R IA  m ethods 
are suitable for the quantitation  o f individual opioid peptides w ith already  
know n chem ical structure, th e y  can used neither for sim ultaneous detection  
o f  several m aterials disclosing opioid  activ ity , nor for detection  o f substances 
w ith  unknown chem ical structure. Thus, w hen the detection  o f some kind o f  
biological activ ity  in  a given biological flu id  is the primary aim  o f an experi­
m ent, and the experim entator is uninterested in knowing th e  number and  
sort o f the m aterials responsible for such an activ ity , it is better to replace 
R IA  techniques w ith  less specific  m ethods capable o f  detecting biological 
a ctiv ity  instead o f chemical structure.

In the experim ents presented here, we gave up the sp ecific ity  provided  
b y  the R IA  techniques and also the possib ility  to  determ ine individual sub­
stances in sera o f  schizophrenics. Instead , we wanted to  know  whether an 
elevated serum opioid activ ity  is or is not an accom panying feature in schizo­
phrenia, irrespective of the sort and num ber o f molecules carrying such an  
activ ity . This led us to  use M VD preparation, and naloxone, a specific opioid  
antagonist for m onitoring opioid a ctiv ity  in the samples tested .

B y  using MVD preparations, it  could be dem onstrated th a t all sera of 
schizophrenic origin disclosed a naloxone dependent (opioid) biological a c tiv ­
ity , while those derived from n on  schizophrenic psychiatric patients or from  
healthy individuals, did not. The fact th at YM 5 ultrafiltrates m aintained, 
but UM 05 ultrafiltrates lacked opioid activ ity  indicated th a t the molecular 
mass of the serum  com ponent(s) carrying the opioid a c tiv ity  ranged betw een
0.5 and 5.0 K D . It was also a characteristic find ing, that both  Low ry positiv ity  
and tota l carbohydrate content o f  YM 5 ultrafiltrate o f  schizophrenic origin 
surpassed sign ificantly those found  in the non schizophrenic sam ples. B y SG-25 
chrom atography, YM 5 ultrafiltrates o f schizophrenic origin could be resolved
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in to  four fractions disclosing MVD related biological activ ity . All o f these  
fractions displayed Low ry and ninhydrin  positiv ity  and one fraction was 
positive also for carbohydrate. The observation, that sera from schizophrenic 
patients regularly d isclosed elevated opioid activ ity  m ay help in explaining  
inconsistencies of th e  results obtained by quan tita tive determ ination of 
opioid peptides in th e  body fluids o f  schizophrenic patien ts by R IA  tech ­
niques. The finding nam ely , that the consisten tly  e levated  opioid activ ity  in 
sera o f chronic schizophrenics, wras not accom panied b y  consistent elevation  
in  th e  concentration o f known opioid peptides determ ined b y  R IA  technique  
m ight be interpreted, th a t elevated serum  opioid a c tiv ity  is to he attributed  
to  an elevated q u an tity  o f probably several endogenous opioid substances 
partly  with unknown chem ical structure. This is supported by our present 
observation, that schizophrenic sera could be resolved b y  SG-25 chrom atog­
raphy into at least four serum com ponents disclosing opioid activ ity . N in­
hydrin, Lowry and partial carbohydrate p ositiv ity  o f  the separated serum  
fractions indicate, th a t opioid activ ity  detected in sera o f schizophrenics 
m ight be mediated b y  several peptides and/or g lycopeptides also including  
presently unknown ones. Further purification and structural identification of 
th ese  serum com ponents are in progress in our laboratory.
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A  n u m b er o f changes in  p ep tid e  com p o n en ts  could be d e m o n s tra ted  in se ra  o f  
p a tie n ts  w i th  en d  stage m alig n an t diseases. T o ta l an d  free alfa  am ino-N  co n ten t o f such  
sera was show n to  be sig n ifican tly  h igher th a n  those  in  sera o f p a tie n ts  w ith  no sign  
of m alignancy . In  add ition , a s ig n ifican t increase  w as found  in  one of th e  serum  fra c ­
tio n  o b ta in ed  b y  Sephadex G-25 ch ro m a to g ra p h y . T his increase was show n to  be  due  
to  an  increase  in  th e  am o u n t o f one of th e  iso tach o p h o re tica lly  se p a ra te d  serum  com p o ­
nen ts of an ion ic  ch arac te r as well as to  th e  a p p ea ran ce  in sera o f tu m o u r bearing p a tie n ts  
of tw o a d d itio n a l iso tach o p h o retic  co m ponen ts n ev er d e tec ted  in  non  tu m o u r b ea rin g  
p a tien ts . B ased  on th e ir c h ro m a to g rap h ic  b e h av io r as well as on  observations m ad e  
in  earlier ex p erim en ts , the  p e p tid e  n a tu re  o f th e  tw o iso tach o p h o re tic  serum  c o m p o ­
n en ts  seem ingly  ch aracte ris tic  o f  se ra  of tu m o u r bearing  p a tie n ts  is h ighly  probab le .

Introduction

The end stages of m alignant tum our diseases are associated with clinical 
sym ptom s (cachexia, CNS disturbances etc.) which indicate their toxic origin  
and which are, in  m any respects, resem bling those observed in other endog­
enous in toxications, (advanced stages o f renal and hepatic failure). It w ould, 
certainly have both  practical and theoretical significance to  prove the correct­
ness o f this hypothesis and to  recognize its biochem ical background as w ell as 
those features o f  th e  latter w hich are com m on w ith  those observed in other  
endogenous in toxications.

Literary data suggest th a t quantitative and qualitative changes take  
place in the spectrum  of serum oligopeptides in end stage m alignant tum our  
patients [1, 2, 3, 5, 6, 7, 8, 9].

H owever, neither the exact chem istry o f  these oligopeptides nor their  
potentia l role th ey  m ight play in  induction  or m aintenance o f  toxic sym ptom s 
associated w ith end-stage m alignant diseases have satisfactorily been e lu ci­
dated. E ven the m ethodology applicable to  the preparation and exact anal­
ysis  of these particular serum com ponents has not been acceptably delineated.

The present experim ents th e  first in  a series that are designed to  see  
w hether changes in  serum peptide com ponents are or are not taking place
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th a t are characteristic o f tum our bearing patients; w hether these changes are 
or are not responsible for the tox ic  sym ptom s at the m olecular level and 
fin a lly  to  see w hether th e  changes observed can or can not be used for diagnostic  
purposes. In the present paper results obtained by sim ple chem ical m ethods, 
b y  Sephadex chrom atography and b y  isotachophoresis (IT P) o f sera from  
patien ts w ith end stage m alignant tum our diseases and from those w ith  no 
sign o f m alignancy w ill be reported.

Materials and methods

1. Collection and storage o f  samples

B lood sam ples w ere ob ta in ed  from  th e  c u b ita l  vein  of p a tie n ts  in  the  la s t s tag e  of 
m a lig n an t tu m o u r diseases (n  =  18) and  of p a tie n ts  w ith  no clinical sign of tu m o u r disease 
(n  =  17). The sam ples w ere k e p t a t  room  te m p e ra tu re  for 30 m in an d  th e n  cen trifuged  (10 m in , 
104 rp m , room  te m p e ra tu re ) . T he sam ples th en  w ere frozen  and k e p t a t  —20 °C u n til p rocessing  
or 2 w eeks a t  m ost.

2. A cid  ethanol precip ita tion

O f th e  sam ples 10 m l p o rtions were m ix ed  w ith  96%  e th an o l p H  =  2.0 u n d e r c o n tin ­
u o u s  s tirrin g  u n til  f in a l e th an o l co n cen tra tio n  reach ed  80% . T he p re c ip ita te  w as rem o v ed  
b y  c en trifu g a tio n  an d  th e  sed im en t was red isso lv ed  in  8 ml 80%  e th a n o l and  cen trifu g a tio n  
w as rep ea ted . T he e th an o l su p e rn a ta n ts  w ere m ix e d  and  k ep t a t  40 °C overn igh t. T h e  fin e  
p re c ip ita te  was rem oved  by  f iltra tio n . The c lear e th a n  ol f iltra te  w as c o n cen tra ted  to  ap p ro x i­
m a te ly  2 m l in  v acu u m  a t  37 °C and  th en  filled  u p  to  10 ml by d istilled  w ater. T he suspension  
w as cen trifu g ed  (15 m in , 104 rp m , 4 °C). T he c lear su p e rn a ta n t was s to red  a t  —20 °C.

3. Gel-chromatography

O f th e  sam ples p re p a re d  as described a b o v e , 60 /d  portions w ere ana ly sed  b y  c h ro m a to g ­
ra p h y  in  a 6 x 9 4 0  m m  S E P H A D E X  G-25 (SG -25, superfine) gel co lum n. V olum etric  p a ra m ­
e te rs  of th e  colum n w ere de te rm in ed  by  ro u tin e  techn iques. C onditions of th e  e lu tio n s w ere 
as follow s e luen t: 0 .9%  N aC l; Полу ra te : 0.17 m l/m in ; de tection : 206 nm ; p a p e r speed : 120 
m m /h . T he frac tio n s se p a ra te d  on th e  colum n w ere ch aracte rized  by  th e ir  K av values.

4. U ltrafiltration

U ltra f il tra tio n  w as in tro d u ced  w ith  th e  a im  to  p rep are  a sam p le  th a t ,  q u a n tita tiv e ly  
a n d  exclusively  co n ta in s on ly  those  co m ponen ts o f th e  acid e th an o l a n d  w a te r  soluble serum  
frac tio n  whose m olecu lar m ass are rang ing  b e tw een  0.5 and  5.0 K D . In  o rder to ach ieve  th is 
goal, th e  serum  frac tio n  m en tio n ed  above w as su b je c te d  to u ltra f i l t r a t io n  th ro u g h  t\vo m em ­
b ra n es  w ith  d ifferen t p e rm eab ility . As a f ir s t  s te p , th e  serum  frac tio n  w as u ltra filte re d  (4 °C, 
4 a tm , N 2-gas) th ro u g h  an  A m icon YM 5 m em b ran e  (nom inal lim it o f p e rm eab ility : 5.0 K D ). 
B y  rep e tin g  fou rtim es th e  u ltra f iltra tio n  th ro u g h  th is  m em brane, w hen  d ilu tion  w ith  w a ter 
a lte rn a te d  w ith  re c o n c en tra tio n  of the  sam ples, th e  com ponents w ith  a m olecular m ass of 
less th a n  5.0 K D  could  be p rac tica lly  q u a n ti ta t iv e ly  tran sferred  in to  th e  pooled u l tra f i l ­
t r a te s .  T his was in d ic a te d  by  th e  binding, th a t  less th a n  2%  of th e  a m o u n t of such co m ponen ts 
cou ld  be d e tec ted  in  th e  r e te n ta te  discarded. As a su b seq u en t step , th e  pooled YM 5 u l tra f i l ­
t r a te s  луеге q u a n tita tiv e ly  u ltra filte re d  th ro u g h  an  Am icon UM 05 m em b ran e  (nom inal lim ­
ite d  of p e rm eab ility : 0.5 K D ). R epeated  u ltra f i l t r a t io n s  \vere carried  o u t also th ro u g h  th is  
m em b ran e . B y  th is  p ro ced u re , a re te n ta te  cou ld  f in a lly  be o b ta ined  in  луЫ с!1 th e  a m o u n t of 
co m p o n en ts  w ith  a m olecu lar m ass of less th a n  0.5 K D  was a frac tio n  of 1%  only . As th e  
fin a l UM 05 re te n ta te  w as co n cen tra ted  to  one f if th  o f the  o rig inal volum e of serum , con­
c e n tra tio n  of serum  in g red ien ts  w ith  a m o lecu la r m ass betw een 0.5 and  5.0 K D  w as ab o u t 
fiv efo ld  as h igh in  th is  r e te n ta te  as th a t  of th o se  in  th e  original serum .
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Isotachophoresis ( I T P )

30 /Л p o rtio n s o f th e  acid e th a n o l soluble and u ltra f ilte re d  serum  frac tio n  were analysed  
on a L K B  2127 T ach o p h o r eq u ip p ed  w ith  a 0 .5 x 6 3 0  m m  cap illa ry  and a th e rm al and  UV 
(254 nm ) d e tec to r. T he leading e le c tro ly te  was a so lu tion  co n ta in in g  5 mmol/1 C l-  and  0.5 g ° 0 
hy d ro x y lp ro p y lm eth y lce llu lo se  (H P M C ). T he solu tion  w as t i t r a te d  to  p H  4 b y  b e ta -a lan in e . 
T he te rm in a tin g  e lec tro ly te  was a 5 mmol/1 capronic  acid  so lu tion . The analysis was carried  
o u t w ith  c o n s tan t c u rre n t (65 /uA) an d  a lte rn a tin g  vo ltage (5 — 30 kV). The Jo u le -h ea t gen era ted  
b y  d iffe ren t changes in th e  field s tre n g th  of th e  in d iv idua l m a te ria ls  of d iffe ren t m o b ility  was 
d e tec ted  b y  a th erm ocoup le  b u ilt in  th e  cap illa ry . T he t ra n s m itta n c e  of each  co m p o n en t was 
d e tec ted  co n tin u o u sly  by  an  UV d e te c to r  a t  254 nm . T he p a p e r speed was 3 cm /m in. T he 
effective  m o b ility  (m eff =  m e X p K ; w here in e is the  e lectrica l m o b ility  of th e  m ate ria l) o f th e  
m obile frac tions w as expressed  in  p e rce n ts  o f th e  effective m o b ility  of th e  te rm in a tin g  e lectro ­
ly te . T he re la tiv e  change in  th e  q u a n ti ty  o f th e  in d iv id u a l frac tio n s (A % )  w as ca lcu la ted  on 
th e  basis o f th e  len g th  of th e  th e rm a l s tep s and  it  was ex pressed  in per cents o f th e  contro l.

Chemical analysis

F ree  (F ) an d  to ta l  (2J) a lfa -am in o  N  (aaN ) co n te n t o f th e  sam ples w ere d e te rm in ed  b y  
th e  n in h y d rin  reac tio n  perform ed befo re  an d  a fte r an  a lk a lin e  hydro lysis an d  th e  b o u n d  (B ) 
a aN  c o n te n t ca lcu la ted  (B aaN  =  a a N -F a a N )  ca rb o h y d ra te  c o n te n t was d e te rm in ed  by  th e  
o rcin -su lphuric  acid  reac tion . A lkaline  hydro lvsis was p e rfo rm ed  in  N aO H  (2.5 m ol/liter) a t 
90 °C fo r 2.5 h.

Results

1. aa N  and carbohydrate content o f blood serum preparations  (F ig. 1)

The aaN content of the acid ethanol and w ater soluble serum com po­
nents was sign ificantly higher in patients with m alignant tum our (x  =  14.6 +  
f 4.32 mmol/1; p <  0.05) th an  in patients having no m alignant tum ours 

(x =  8.2 ' 3.31 mmol/1). The sam e was true for the FaaN  content o f these

Fig. 1. T o ta l (27), free (F ) and  b o u n d  (B ) a -am in o n itro g en  (a aN ) and  ca rb o h y d ra te  co n te n t o f 
blood serum  o rig in a tin g  from  p a tie n ts  in  th e  las t stage o f m a lig n an t tu m o u r disease (T) and  

from  p a tie n ts  w ith  no sign of m a lig n an cy  (C)
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fractions tumour: (x  =  8.7 +  0.83 mmol/1; control: (x =  2.5 +  0.75 mmol/1; 
p 0.01). On the other hand the B aaN  content was not sign ificantly  different 
in  the tw o groups investigated . Tum our: x =  5.8 — 2.53 mmol/1; control: 
x =  5.7 +  3.33 mmol/1; p <  0.9. There was no difference betw een the tw o  
groups in the blood serum  carbohydrate content either. Tumour: x  =  3.7 +  
+  1.31 mmol/1; control: x  =  4.1 -• 1.25 mmol/1; p <  0.5.

2. The SG-25 fraction s o f blood serum preparations

The acid ethanol and w ater soluble blood serum preparation could be 
separated into three fractions (A, В and C) by SG-25 chrom atography. The 
size o f the В fraction w ith  K av =  0.77 +  0.026 (determ ined b y  planim etry) 
w as significantly larger in  patients w ith  m alignant tum our (x =  95.0 +  35.96 
cm2) than  in those w ith  no clinical sign o f m alignancy, (x =  43.4 +  3.07 cm2) 
(F ig. 2).

A

K qv

Fig. 2. SG-25 ch ro m ato g rap h ic  profile  o f b lood  serum  fro m  p a tie n ts  w ith  ( - - - - )  a n d  w ith o u t
(-----) tu m o u r . The A, B j, B 2 an d  C frac tio n s  w ere e lu ted  from  th e  colum n a t  a  ICav va lue  of
0, 0.67 ±  0.023, 0.77 ±  0.026 and  1.49 ±  0.051, resp ec tiv e ly  (o rd inate). A bscissa: abso rbance

a t  206 nm

3. Results o f isotachophoretic analysis  (Fig. 3)

The acid ethanol and w ater soluble blood serum fractions o f  patients 
w ith  no malignant disease could be resolved b y  IT P into three com ponents 
(1, 2 and 3) w ith anionic properties at pH  4.0 (p i >  4). The m obility  o f these  
w as as follows. Component 1 :  36.9 ; 0.85% ; component 2 :  50.3 +  1.06%;

Acta Physiologica Academiae Scientiarum Hungaricae 60, 1982



TUMOUR RELATED CHANGES IN  SERUM OLIGOPEPTIDES 133

Fig. 3. I?o tachophore tic  p a tte rn  of b lo o d  serum  frac tio n s se p a ra ted  b y  alcoholic e x tra c tio n  
an d  u ltra f iltra tio n . U p p er h a lf  of th e  fig u re  illu s tra te s  t ra n s m itta n c e  (T % ) and th e  low er

h a lf  th e  th e rm a l s te p s  o f th e  zones

component 3 :  67.0 0.99% . The corresponding blood serum fraction of
patients w ith  m alignant tum our contained tw o additional isotachophoretic  
com ponents (A and B ), which, in the present system  behaved  as anions. The 
m obility  o f these tw o com ponents, was A; 27.1 +  0.54%  and B; 40.1 +  0.80% . 
In addition to  this qualitative difference, there was a quantitative difference 
in the sera between the tw o groups in vestigated . The am ount of com ponent 1 
calculated from the length  o f th e  therm al step, was sign ificantly  larger in 
patients w ith  m alignant tum our (zl% — 85; p 0.01) th an  in tum our-free 
patients.

W hen ITP and SG-25 gel chrom atography were used in com bination  
it was found that the isotachophoretic serum  com ponents from tum our-free 
patients (com ponents 1, 2 and 3) and those from p atien ts w ith m alignant 
tum our (com ponents A, 1, B , 2 and 3) were equally eluted  from  the gel colum n  
at the K av =  0.67 value.

D iscussion

As it was stated  in  the in troduction , the primary aim  o f these in vestiga­
tions was to  see w hether qualitative and/or quantitative changes in  serum  
oligopeptides characteristic c f  end stage m alignant d iseases can or cannot be 
detected . I t  was dem onstrated th a t q u antitative changes in FaaN  and 27ocaN
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con ten t of the ethanol and w ater soluble serum fraction could he detected in  
patien ts w ith end stage m alignant diseases in com parison to  appropriate 
controls. Similarly, q u an tita tive  changes could be shown in one of the serum  
fractions obtained by SG-25 chrom atography. However, since similar changes 
also  can he detected in other pathological conditions, for exam ple in urem ic 
in toxication  [4] these changes cannot be regarded as characteristics o f patients  
w ith  end stage m alignant diseases. On the other hand, the qualitative changes 
detected  by isotachophoresis in acid ethanol and water soluble serum fraction  
o f  tum our bearing patien ts seem  to be a characteristic feature o f sera o f such  
p atien ts. These isotachophoretic com ponents were shown to  be eluted in  a 
SG-25 chromatographic fraction the peptide content of w hich had been dem on­
strated  in earlier experim ents [4]. As the appearance on th e  isotachophoreto- 
gram  o f these com ponents appears to be characteristic o f  end stage tum our  
bearing patients th ey  deserve particular attention  in subsequent in vestiga­
tio n s. Studies aim ed at confirm ing present results in a larger num ber of patients  
and at characterising further the chem ical and physicochem ical properties o f  
th ese  serum peptide com ponents as well as attem pts to  iso late them  in a 
chem ically  pure form are in progress in th is laboratory.
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In  th e  ex p erim en ts  p resen ted  here, serum  sam ples w ere  collected b o th  fro m  
psoria tic  (P S ) (n  =  8) an d  non-pso ria tic  (N P S ) p a tie n ts  (n  =  8) an d  were analyzed  b y  
th e  co m b in a tio n  of frac tio n a l p re c ip ita tio n  (80%  e th an o l, p H  2) and  gel f i ltra tio n  
techn iques as well as by  chem ical m ethods. I t  was d e m o n s tra ted  th a t ,  in com parison  
to  th e  non pso ria tic  sam ples, co n cen tra tio n  of th e  free a lfa -am in o  group  bearing  a n d  
th e  Low ry p ositive  com ponents as well as to ta l  c a rb o h y d ra te  c o n te n t was s ign ifican tly  
e levated  in th e  acidic e th an o l soluble serum  frac tio n  of p so ria tic  sam ples. In  psoriasis, 
th e  q u a n tity  of serum  com ponen ts w ith  UY lig h t absorb ing  c a p a b ili ty  a t  206 nm , an d  
w ith  a m olecu lar m ass be tw een  0.3 and  5.0 K D  (estim a ted  b y  ch ro m ato g rap h ic  c rite ria ) 
also was e lev a ted  in  one of th e  frac tions o b ta in ed  b y  S ephadex  SG-25 ch ro m ato g rap h y . 
R esults p resen ted  in  th is p ap er in d ica te , th a t  psoriasis is acco m p an ied  by  changes in  
q u a lity  an d  in  q u a n ti ty  o f m iddle size m olecular w eight serum  co m ponen ts w ith  ch em i­
cal p ro p erties  suggesting  th e ir  p ep tid e  — an d /o r g lycopep tide-like  character.

Introduction

Several aspects o f the m olecular m echanism s connected  to the induction  
o f psoriasis, a m ultifactorial disease have already been studied  in considerable 
details. The presently available, and m ostly sym ptom atic therapy of the disease  
is based on the results o f these studies. One o f the therapeutical approaches 
introduced recently is haem odialysis o f psoriatic patients. This sort of therapy  
is based on the hypothesis that the induction and/or the m aintenance o f some 
o f the psoriatic sym ptom s m ight be attributed to some unidentified  endogenous 
substances o f 0.3 — 5.0 KD molecular mass, whose elevated  serum concentra­
tion could be ascribed to their increased production or their accum ulation in 
body fluids o f psoriatic patients. H aem odialysis, by rem oving these com ponents 
from the serum would alleviate some o f the sym ptom s characteristic of  
psoriasis [1 , 3] .

In order to check the va lid ity  of this hypothesis, blood serum fractions 
were analyzed by fractional precipitation and SG-25 chrom atography as well 
as by chemical analysis o f serum sam ples collected both from psoriatic and 
non psoriatic patients.
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Materials and methods

Collection and storage o f  sam ples

B lood w as sam pled  from  th e  cu b ita l v e in  o f p so ria tic  (PS ) (n  =  8) an d  n o n  p so ria tic  
(N P S ) (n  =  8) p a tie n ts . T he b lood  sam ples w ere k e p t  a t  room  te m p e ra tu re  fo r 30 m in , an d  
cen trifu g ed  th e re a f te r  ( 104 rp m , 10 m in, room  tem p e ra tu re ) . T he se ru m  sam ples w ere s to red  
a t  —20 °C u n til  processing.

A cid  ethanol extraction o f  sam ples

To 5 m l p o rtio n s of th e  sam ples, 96%  (v /v ) e th an o l (pH  2.0) w as ad d ed  u n d e r con tin u o u s 
s tirrin g , u n til  th e  fin a l co n ce n tra tio n  of th e  e th a n o l reached  80%  (v /v ) in  th e  sam ples. T he 
p re c ip ita te  w as rem oved  b y  cen trifu g a tio n , th e  sed im en t red isso lved  in  tw ofold  vo lum e of 
8 0 %  e th an o l (p H  2.0) an d  recen trifu g ed . T he p ro ced u re  was rep ea ted  th re e  tim es. The e th an o l 
su p e rn a ta n ts  o f p so ria tic  a n d  n o n  pso ria tic  o rig in  w ere sep ara te ly  po o led  an d  k e p t a t  —4 °C 
ov ern ig h t. T he fine  p re c ip ita te  reg u la rly  fo rm ed  u n d e r  th e  cooling p e rio d  was rem oved  b y  
f i ltra tio n , an d  th e  f i l t r a te  co n ce n tra ted  in  v a cu u m  (37 °C) to 50%  o f th e  orig inal vo lum e of 
th e  n a tiv e  serum .

Gel chromatography

T he sam ples p re p are d  as described above w ere ch ro m ato g rap h ed  on  a Sephadex  G-25 
(SG -25) colum n (co lum n size: 0 .6 x 9 4 .0  cm ; e lu tio n  f lu id : 0 .9%  N aC l; flow  ra te : 0.17 m l/m in ; 
d e tec tio n : 206 nm ; p ap er speed : 6 cm /h). E lu tio n  peaks ap p eared  on  th e  ch ro m ato g ram s 
w ere ch arac te rized  b y  th e ir  K av values. S am ples w ere applied to  th e  co lum n, in  volum es of 
250 fil and  w ere w ashed in to  th e  gelby 150 //1 o f  n o rm al saline (0.9 N aC l) so lu tion . T he a m o u n t 
o f serum  com ponents ab so rb in g  a t  206 n m  w as e s tim a te d  by  ca lcu la tin g  th e  a rea  covered  by  
th e  ch ro m ato g rap h ic  peak s an d  w as expressed  in  cm 2.

Chemical analysis

Free (F ), b o u n d  (B ) a n d  to ta l  (—) a lfa -am in o n itro g en  (aaN ) c o n te n t of th e  sam ples w ere 
de te rm in ed  by  th e  n in h y d rin  re ac tio n  pe rfo rm ed  b o th  before an d  a f te r  a lka line  hydro lysis. 
T o ta l ca rb o h y d ra te  c o n te n t w as de te rm in ed  b y  th e  orcin  su lphuric  acid  reac tio n  [4], and  th e  
p ep tid e  c o n ten t b y  F o lin ’s m e th o d  as m odified  b y  L o w ry  e t al. [2].

Results

In psoriasis, B aaN  content (x  =  10.9 +  4.07 m m ol/liter) of the acid 
ethanol soluble serum fraction was practically identical to  that of the non- 
psoriatic patients (x  =  9.2 +  3.82 m m ol/liter; p >  0.5). The same was true 
for the B aaN  content released b y  alkaline hydrolysis (PS: x  =  7.3 +  3.08 
m m ol/liter; N PS: x  =  6.0 +  2.92 m m ol/liter; p >  0.5). On the other hand, 
the FaaN  content o f PS sam ples (x =  3.6 +  0.83 m m ol/liter) was significantly  
higher (A°/0 =  44% ; p <  0.05) than th at o f  the sera from N P S  patients (x =  
=  2.5 +  0.67 m m ol/liter).

The am ount o f th e  Lowry positive com ponents in  PS samples (x =  
=  27.2 +  9.38 m m ol/liter) was sign ificantly  higher (A %  =  78% ); p <  0.05) 
than  that in the N P S sam ples (x =  15.2 +  6.89 m m ol/liter). The same was 
true for the carbohydrate content of th e  sam ples (PS: x =  7.7 +  2.04 mmol/1; 
N PS: x  =  4.1 +  1.25 m m ol/liter; A %  =  86; p <  0.01) (F ig. 1).
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Fig. 1. C hem ical com position  of th e  acid e th a n o l  soluble serum  fra c tio n  collected fro m  n o n  
p so ria tic  (N P S ) an d  p so ria tic  (PS ) p a tien ts . P B :  L ow ry  positive m a te ria ls ; F , В and  a a N : free , 

h o u n d  a n d  to ta l  a lp h a -am in o -n itro g en ; CH: c a rb o h y d ra te

A {206 nm)

Kav

Fig. 2. S ep h ad ex  G-25 gel f iltra tio n  p ro file  o f  se ru m  p rep ara tio n s o f psoria tic  (- - -) a n d  of 
non p so ria tic  (—---- ) o rig in . O rd ina te : a b so rb an c e  a t  206 nm . X -ax is : K av =  average d is t r ib u ­

tio n  coefficient. A, В a n d  C re p re se n t in d iv idual frac tio n s

The am ount o f serum  com ponents represented b y  one o f the UV (206 nm ) 
absorbing SG-25 peaks characterized b y  a Kav =  0.68 +  0.023 (indicating a 
distribution  in the effective perm eation volum e of th e  column, and th u s a 
nom inal m olecular m ass ranging b etw een  0.3 and 5.0 K D ) was higher b y  26%  
(p <  0.02) in the PS (x  =  48 A 8.2 cm 2) than in the N P S  samples (x =  38 +  
+  10.6 cm2). I t  was also a consistent fin d in g  that, while B 2 was the dom inant 
subfraction o f fraction В in N PS sam ples, it was subfraction Bj which dom i­
nated in  the PS sam ples (Fig. 2).

3* Acta Physiologica Academiae Scientiarum Hungaricae 60, 1982



138 I. FELMÉRAI et al.

Discussion

The observation th a t some of the psoriatic sym ptom s could  be beneficially  
in fluenced  by haem odialysis [1, 3] led to  th e  assum ption, th a t substances o f  
endogenous origin w ith  m olecular size allow ing their diffusion through com ­
m on ly  used haem odialysis membranes m ight be participating in molecular 
etio lo g y  of the disease. The present stu d y  performed on a sm all group o f  
psoriatic patients lends som e support, th ou gh  o f a lim ited value only, to  such  
a hypothesis. It w as nam ely  dem onstrated, th at concentration of the su b ­
stan ces w ith ninhydrin, Low ry and carbohydrate p ositiv ity  in  the acid ethanol 
soluble serum fractions from  PS sam ples, surpassed sign ificantly  those found  
in th e  corresponding fraction  of NPS sam ples. It was also show n, that quantity  
o f  th e  serum com ponents w ith  an UV ligh t absorbing cap ab ility  at 206 nm , 
and w ith  a molecular m ass betw een 0.3 — 5.0 K D  (by chrom atographic criteria) 
w as also higher in  one o f  the SG-25 fractions o f  PS origin th an  in that o f the  
N P S  samples. The data  presented also in d icated , that the substances w ith an 
estim ated  molecular w eight that allows th eir  penetration through dialysis 
m em branes, and the concentration of w hich are elevated in psoriasis disclosed  
peptide and/or glycopeptide-like character m ight be the serum  com ponents 
w hose removal by haem odialysis from the serum  of psoriatic patients has been  
postu la ted  and connected  to the im provem ent of the disease in  earlier experi­
m en ts. Studies aim ed at characterizing th e  chem istry of these serum com po­
nents as well as clarify ing the role they  m ight play in m olecular etiology of 
th e  disease are in progress in this laboratory.
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S u lfh y d ry l su b stan ces (cysteine, g lu ta th io n , cysteam in e  an d  BAL) p ro v id e  p ro ­
tec tio n  ag a in st ex p erim en ta l gastric  u lce r in d u ced  by  in d o m e th ac in  while b e in g  u l- 
cerogenous in  s tress-u lcer.

E x p e rim en ta l d a ta  ind ica te  th e  n ecessity  to d is tin g u ish  betw een “ re a l”  a n d  
“ occasional”  cy to p ro tec tiv e  drugs.

R ecently S z a b ó  [5], S za bó  et al. [6] and K o n t u r e k  et al. [3] have  
published data indicating that cytoprotection  is a property not only o f prosta­
glandin analogues (PG s), as it was proposed by R o b e r t  [4 ] who first described  
th is phenom enon, but several other com pounds of various structure and prop­
erty  m ay exert such an effect.

According to  R o b e r t  [4] the p rotective action o f PGs is due to increased  
m ucus secretion in the stom ach.

S za bó  e t  a l. [6 ] su g g e s t  th a t  th e  c y to p r o te c t iv e  a c t io n  m a y  b e  r e la te d  
t o  th e  p resen ce  o f  s u lfh y d r y l  g ro u p s, s in c e  th e  g a str ic  m u c u s  co n ta in s  r e d u c e d  
g lu ta th io n  in  h ig h  c o n c e n tr a t io n  [2 ] .

Substances containing sulfhydryl groups are capable o f chem ically b ind­
ing various free radicals and so they  m ay influence the physical and chem ical 
properties of the gastric mucus.

Since these data suggest the im portance of su lfhydryl groups in the  
pathom echanism  o f gatsric ulcer we in vestigated  the effect o f four su lfhydryl- 
containing substances [cysteine, g lutath ion; dicaptol (B A L ) and cysteam ine] 
on experim ental gastric ulcer of the rat.

Materials and methods

Fem ale  W is ta r  r a ts  o f 200 — 230 g b o d y  w e ig h t were u sed , a n d  prior to  e x p e rim e n t 
th e y  w ere fasting  fo r 24 h o u rs , h u t  th e y  rece iv ed  w a te r  ad  l ib itu m . T h e  anim als w ere assigned  
in  g ro u p s, each  one co n sis tin g  of 20 an im als . A  to ta l  o f 260 ra ts  w ere  used .

a) Indom ethacin-ulcer
T he an im als rece ived  30 m g/kg in d o m e th ac in  suspension in tra p e rito n ea lly  a t  th e  b eg in ­

n in g  of th e  e x p erim en ta l p e rio d ; th e y  w ere k illed  4 hours la te r  a n d  th e ir  stom ach  w as rem o v ed .
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Ь) Stress-ulcer
T he an im als w ere  im m obilized , ly in g  on th e ir  b a ck ; th ey  w ere k illed  24 hours la te r  a n d  

th e i r  s to m ach  w as rem o v ed .
T he rem oved  s to m ac h  w as opened in  b o th  e x p erim en ta l series a n d  th e  s tru c tu ra l changes 

o f  th e  m ucosa w ere e v a lu a te d  b y  “ u lce r-in d ex ”  (TJ.I) [1].
T he chem icals w ere o f u su a l p u r i ty  an d  th e  ap p ro p ria te  a m o u n t o f th e ir  aqueous so lu­

t io n  w as ad m in iste red  o ra lly  b y  g astric  tu b e . D ic ap to l (B A L) was in je c te d  in tra p e rito n ea lly  
th u s  avo id ing  th e  possib le  local a c tio n  of th e  o ily  so lv en t m ate ria l o n  th e  gastric  m ucous 
m em b ran e .

T he e x p erim en ta l design  was as follow s:

Table I

E xp erim en ta l design

Indom ethacin-ulcer Stress-ulcer

T reatm ent (single dose)

0. m in and 2nd hour 0. min, 6 th , 12th and 
18th hour

Control none none

Cysteine 100 m g/kg  p.o. 100 m g/kg  p .o .

G lu ta th io n 100 m g/kg  p.o. 100 m g/kg  p .o .

D icap to l (B A L) 10 m g/kg  i.p . 10 m g/kg  i.p .

C ysteam ine 100 m g/kg  p.o. 100 m g/kg  p.o.

M ean va lues ± S .E .M . w ere ca lcu la ted  in  a ll an im al groups. S ta tis t ic a l  analysis w as 
p e rfo rm e d  b y  S tu d e n t’s tw o -p a ired  i- te s t  a n d  s ig n ifican t differences w ere assum ed w hen  th e  
p ro b a b ili ty  was less t h a n  5 % . T he e x p erim en ta l design  w as th e  sam e in  th e  so-called com ple­
m e n ta ry  ex p erim en ts , w ith  th e  ex cep tion  t h a t  200 m g /k g  g lu ta th io n  w as adm in istered .

Results

The experim ental results are dem onstrated in Fig. 1 and in Tables II  
and III .

n = 20 9/group
C = control 
CA= cysteamine 

100 mg/kg po. 
B = BAL

10 mg/kg ip. 
CY= cysteine

100 mg/kg po 
GL= glutathione 

100 mg/kg po 
indomethacin 

30 mg/kg i.p 
restraint 

2 A h •

•  = p<0.05
•  •  •  = p <  0.005

C CA B CY GL C CA B CY

F ig . 1. D eta iled  d esc rip tio n  see in  th e  te x t
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Table II

Effect o f  su lfhydryl-contain ing substances on experim ental gastric ulcer o f  the rat

Indom ethacin-ulcer 
U .I., x ±  S.E.M . (Л% )

Stress-ulcer
U .I ., X ±  S.E.M. (A % )

Control 10.4 ±  2.06 (100.0) 7.9 ±  1.99 (100.0)

C ysteam ine 9.9 ±  3.32 (95.2) 29.4 ±  6.39*** (372.2)

D icap to l (BAL) 5.7 ±  1.80* (54.8) 9.0 ±  2.25 (113.9)

C ysteine 3.6 ±  0.82*** (34.6) 15.2 ±  3.11* (192.4)

G lu ta th ion 6.6 ±  2.91 (63.5) 12.6 ±  2.14 (159.5)

n  - 20/group 
* =  p  <  0.05 v s con tro l 

*** =  p  <  0.005 v s con tro l

Table III
C om plem entary experiment

Indom ethacin-ulcer 
U .I., X ±  S.E.M . ( J % )

Stress-ulcer
U .I., X ±  S.E.M. (A % )

Control 14.4 ±  2.73 (100.0) 12.4 ± 1 .1 3  (100.0)

Cysteam ine 100 m g/kg 6.6 ±  2.08 (45.8) 21.6 ± 1 .1 9 *  (174.2)

G lu ta th ion  200 m g/kg 2.6 ± 1 .0 5 * * *  (18.1) 27.9 ±  1.14*** (225.0)

n  =  10/group 
* =  p  <  0.05 v s con tro l 

*** =  p  <  0.005 vs con tro l

Discussion

From the experim ental results the following conclusions can be drawn;
1) The suggestion o f S z a b ó  [5] that sulfhydryl groups in the m ucous 

m em brane o f the stom ach m ay exert protective action  was verified on ly  in  
part o f  the experim ents. Indom ethacin-induced ulcer was sign ificantly inh ib­
ited  b y  BAL and cysteine, but th e  effect of glutath ion  was only trend-like.

2) The above m entioned p rotective action could not be shown i f  the  
ulcer was induced b y  im m obilization (stress), the addition o f su lfhydryl-con­
tain ing drugs being even ulcerogenic. This was sta tistica lly  significant in  the  
case o f cysteine and cysteam ine.

3) It  was show n in both ulcer types that cysteine was more effective  
th an  glutathion i f  sim ilar doses were used. As far as their chem ical structure  
is concerned cysteine is a sim ple am ino acid, w hile g lutathion is a cysteine  
containing tripeptide. I t  is possible th a t the difference in  effectiv ity  is due to  
the relatively lower am ount o f  su lfhydryl groups per m olecular w eight. This
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assum ption  was further em phasized in the com plem entary experim ent where 
th e  effect of 200 m g/kg glutathion was com pared to that of 100 m g/kg cysteine. 
G lutath ion  was as effective as cysteine in  th is case. The ratio o f the molecular 
w eigh t o f the two substances is 1.00; 1.75.

4) There was a remarkable difference betw een indom ethacin  induced  
and stress-ulcer as far as their protection is concerned. Sulfhydryl containing  
substances inhibited indomethacin-ulcer bu t th ey  potentiated  the ulcerogenic 
effect in  the case o f  stress-ulcer. This experim ental result provides further data 
for th e  difference o f  th e  pathom echanism  o f various experim ental ulcers and 
th u s their direct extrapolation  to the hum an disease and to its treatm ent needs 
extrem e caution.

5) On the basis o f  the present results it seem s substantiated  a differentia­
tio n  to  be introduced betw een “ real” and “ occasional” cytoprotective substances. 
A ccording to our opinion “ real” cytoprotective substances are those materials 
w hich  exert protection in  all kinds of experim ental ulcer m odels, w hile ‘‘‘'occasion­
al''’ cytoprotective agents give protection only in  one experim ental ulcer type. 
The term  “ cytoprotection‘’ should how ever be m aintained for the description 
o f agents which exert protection in a dose not capable o f influencing gastric 
secretion . According to  th is classification we consider prostaglandin-analogues 
as “ real” , and the sulfhydryl-containing substances as “ occasional” cytopro­
te c t iv e  agents.
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T he e ffec t of p ro s tacy c lin  (P G I2) a n d  colchicine on fun d ic  gastric  m ucosa  of 
sexually  m a tu re  fem ale W is ta r  ra ts  was in v e s tig a te d  h is tochem ically  a fte r r e s t r a in t  
stress. U n d e r P G I2 tre a tm e n t th e  u lcer in d ex  decreased  sig n ifican tly ; th is effect w as 
m o d era te ly  in h ib ited  by  colchicine. T he m ucus c o n te n t of ep ith e lia l cells was d ecreased  
during  re s t r a in t  an d  was in creased  b y  P G I2 t re a tm e n t. T his p ro tec tiv e  action  w as also 
in h ib ited  b y  colchicine. T he n u c lea r volum e of fu n d ic  ep ith e lia l cells increased  sign ifi­
c an tly  in  re s t r a in t  and  decreased  follow ing colchicine ap p lica tio n . These phen o m en a  
were n o t in flu en ced  by  P G I2.

A ccord ing  to  our re su lts  th e  cy to p ro tec tiv e  effect of P G I2 is n o t accom panied  
by  n u c lear vo lu m e changes.

In experim ental anim als cell proliferation is blocked in the course o f  
restraint stress, even before erosions appear. D N A  synthesis is inhibited, chro­
mosomes do not duplicate, m itotic activ ity  and cell d ivisions are absent. 
These changes together with the acid secretion o f the stom ach result in the  
developm ent o f  gastric erosions after the application o f stress in the rodent
[4, 5, 6 ,7 ] .

For several years there have been num erous attem pts to  block these  
ulcerogenic processes. In one o f  these studies the so-called “ cytoprotective”  
effect of prostaglandins has been discovered [8].

In the present study the effect of prostacyclin (PG I2) on the nuclei of 
fundic epithelial cells was exam ined by h istochem ical m ethods.

M aterials and methods

W ista r fem ale  ra ts  w eighing 150 — 250 g w ere u sed ; fo r 24 h o u rs  p rio r to  th e  e x p erim e n t 
food was re s tr ic te d  w hile w a ter w as allow ed ad  lib itu m . T he an im als w ere assigned in to  th e  
following groups (T ab le  I):

100 /rg /kg  P G I 2 w as given i .p .,  solved in  0.05 M tris -b u ffer [1].
Colchicine (A lkalo ida, H u n g a ry ; lo t. No: 14770668) was given i.p . in  aqueous so lu tio n  

in  a dose of 50 fig /hg .
In  th e  2 4 th  h o u r  o f th e  e x p e rim e n t th e  an im als  w ere k illed , th e ir  stom ach  rem o v ed  

an d  th e  gastric  m u co sal dam age (“ U lcer In d e x ” ) scored  as follow s: each  m m 2 lesion re p re se n ted  
1 p o in t, b leed ing : fu r th e r  5 p o in ts , p e rfo ra tio n : fu r th e r  10 p o in ts  (2). T he stom ach  was f ix e d  
in  10%  n e u tra l fo rm ol-saline, em b ed d ed  in  alcohol a n d  p a ra ffin . M ucus sta in in g  was done  fo r 
p e rio d a te  re ac tiv e  g lycyopro te ide  (P R G P ) w ith  th e  PA S m eth o d , fo r acid  m ucopo lysaccharide  
(AM PS) w ith  th e  A lc ian  blue m eth o d . F o r  k a ry o m e try  slides s ta in ed  b y  Feulgen’s m e th o d
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Table I
E xperim en ta l Design

Group n
Treatm ent (a t th e  s ta r t  of the experiment and in the 

6 th , 12th and 18th hr)

l . 15 None (C ontro l)

2. 15 R estra in t stre ss  fo r 24 hours

3. 15 R estra in t stre ss  -f- P G I2

4. 10 R estra in t stre ss  +  Colchicine

5. 10 R estra in t stre ss  +  P G I2 -f- Colchicine

6 . 10 P G I2

7. 10 Colchicine

w ere p rep ared . M easu rem en t o f m a tu re  fu n d ic  su rface  epithelial cells w as done acco rd ing  to  
H in t z s c h e  [3] w ith  th e  he lp  o f th e  fo rm ula  4 a 2b jt/3 . D a ta  were g iven  in  /.A E a c h  group  re p re ­
se n ts  900 —1000 nuclei, i.e . 100 cells pe r a n im a l.

T he m ean  v a lu es ± S .E .M . were c a lcu la te d  an d  analysed s ta tis t ic a lly  using  S tu d e n t’s 
t - te s t  fo r p a ired  d a ta .

R esults

E xperim ental results are given in  Tables II  through IY  as w ell as in 
Figs 1 through 6.

Table II

E ffect o f  restraint stress, P G I2 and colchicine treatment on gastric ulcer o f  rats

Group П U.I.O лил.%

1 . 15 — __

2 . 15 12.2 ±  1.76 1 0 0

3. 15 3 .8  ±  0 .58* 31.1

4. 1 0 11.7  ±  1.38 95.9

5. 1 0 8 .2  ±  0 .97 67.2

6 . 1 0 — —

7. 1 0 — —

* =  p <  0.05 vs. r e s tra in t  (G roup 2) 
□  =  u lcer in d ex

N orm al AM PS content can be seen  in  Fig. 1.
The m ucus content decreased m arkedly in restraint stress (F ig. 2).
A n elevated m ucus production is show n after P G I2 treatm ent during 

restraint (Fig. 3).
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Table II I

Changes o f  m ucus content o f  fu n d ic  epithelial cells

Group n PR G P . AMPS

l . 15 + 4 /1 5 +  2/15

2 . 15 + 4 /1 5 - 8 / 1 5

3. 15 + 10/15 +13/15

4. 10 - 5 / 1 0 - 5 / 1 0

5. 10 - 5 / 1 0 — 5/10

6 . 10 +8/10 +9 /10

7. 10 - 4 / 1 0 — 3/10

4* increase o f  m ucus c o n te n t o f th e  fu n d ic  ep ith e lia l cells 
— decrease o f m ucus c o n te n t o f  th e  fund ic  ep ith e lia l cells

Table IV

Changes o f  nuclear volum e o f  fu n d ic  m ature epithelial cells

Group n Nuclear volume -4-S.E.M.
+

l . 9 176.41 ±  7.19

2 . 9 333.72 ±  25 .91***

3. 9 329.41 ±  36.6**

4. 9 147.29 +  6.8* ** ***

5. 10 1 3 9 .4 9 +  3 .40***

6 . 10 1 8 1 .7 3 +  5.39

7. 10 176.17 ±  10.94

* p  <  0.02 vs. con tro l vs. control]
** p  <  0.005 vs. contro l

*** p  <  0.001 vs. contro l

Fig. 1. A  n o rm al A M PS c o n te n t can  h e  seen in  th e  fu n d ic  ep ith e lia l cells. A lc ian  b lue, X 160

Acta Physiologica Acadcmiae Scientiarum Hungaricae 60, 1982



146 GIZELLA KARÁCSONY et al.

Fig. 2. There is no  m u cu s sta in in g  of th e  fun d ic  ep ithe lia l cells. A lcian b lu e , X 160

F ig . 3. An increased m u cu s p ro d u c tio n  is show n a f te r  P G I2 tre a tm e n t. A lcian  b lu e , X160

F ig . 4. C ontrol: well m a in ta in e d  nuclear s tru c tu re  o f fun d ic  ep ithe lia l cells. F eu lgen , X390
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Fig. 5. T h ere  is a m arked  en largem en t o f nuclei. Feu lgen . X 390

Fig. 6. T here is nuc lear shrinkage  follow ing colchicine tre a tm e n t. Feu lgen , X 390

A w ell m aintained nuclear structure o f  fundic ep ithelial cells is shown in 
a control anim al (Fig. 4).

There is enlargem ent of nuclei with pale staining during restraint (Fig. 5). 
Small, oval nuclei can be observed after colchicine treatm ent during 

restraint (Fig. 6).

Discussion

The stim ulating effect o f prostaglandin analogues on m ucus production  
is w ell know n [9]. Our results w ith P O -I2 confirm these observations. The 
enlargem ent of the nuclei o f fundic epithelial cells can be explained by an 
increased sodium  influx. This is primarily caused by degenerative processes. 
W e have no explanation for the decrease o f nuclear volum e after colchicine
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treatm ent. The karyom etric data show, how ever, [1] th a t the application of 
P G -I2 in itse lf does not increase nuclear volum e, [2] neither does it influence  
th e  significant nuclear sw elling caused b y  stress and, [3] th at it does not 
significantly affect the nuclear shrinkage follow ing colchicine treatm ent.

According to  our results the cytoprotective effect o f  P G -I2 is not accom ­
panied by nuclear volum e changes.
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(R eceived  M arch 2, 1982)

G astric  u lce r w as p rovoked  b y  in d o m ethac ine  (20 m g/kg s.c.) in  ra ts . T he u lcer 
p ro tec tio n  b y  p ro s tacy c lin  an d  c im e tid in e  as well as th e  changes of tissu e  cAM P level 
in  th e  g astric  fu n d ic  m ucosa — d u rin g  u lce r-p ro v o ca tio n  a n d  u lcer p ro tec tio n  — were 
s tud ied .

T he an im als  received p ro s ta c y c lin  (125, 250 a n d  500 /ig/kg) a n d  c im etid ine  
(2.5 an d  50 m g/kg) to g e th e r w ith  indo m eth ac in e . E v a lu a tio n  of th e  re su lts  w as u n d e r­
ta k e n  4 ho u rs  a f te r  th e  a d m in is tra tio n  of th e  p rovok ing  a g en t. The n u m b er a n d  severity  
o f th e  ulcers as w ell as th e  cAM P leve l o f th e  gastric  fu n d ic  m ucosa w ere m easu red .

The follow ing resu lts  w ere o b ta in e d :
(1) cAM P level o f  th e  gastric  fu n d ic  m ucosa rem a in ed  u n a lte re d  a t  th e  tim e  of u lcer 
p ro v o ca tio n ; (2) c im etid ine  an d  p ro s ta cy c lin  reduced  th e  n u m b er an d  se v e rity  of th e  
u lcers in  a do se -d ep en d en t m an n e r; (3) cAM P level o f  th e  g astric  fun d ic  m ucosa  was 
red u ced  a f te r  c im etid in e  and  p ro s ta cy c lin  tre a tm e n t in  a  dose-dependen t m an n e r, th e  
e x te n t  of w h ich  how ever d id  n o t show  a n y  corre lation  w ith  th e  degree of u lce r-p rev en tiv e  
action .

T he ex p e rim e n ta l resu lts  in d ic a te  th a t
(1) th e  d ev e lo p m en t o f  in d o m eth ac in e -in d u ced  g as tr ic  u lce r is in d ep e n d en t o f th e  
A T P  — a d en y la te  cyclase — cA M P sy s tem  of th e  g as tr ic  fund ic  m ucosa; (2) th e  u lcer 
p ro tec tiv e  a c tio n  o f c im etid ine  a n d  p ro stacy c lin  is in d e p e n d e n t of tissue  cA M P system  
o f th e  g astric  fu n d ic  m ucosa in  th is  m odel.

Clinical observations have show n that nonsteroidal anti-inflam m atory  
agents induce gastrointestinal b leeding by causing damage to the gastric 
m ucosa [1].

D jahanguiri [2, 3] induced gastric ulcer by indom ethacine. Indom etha­
cine-induced ulcers develop in th e  glandular stom ach (fundus) [2, 3]. It is 
w ell know n th at indom ethacine inhib its prostaglandin synthetase thereby  
reducing the synthesis o f prostaglandins [13].

In  our earlier experim ents we analysed in detail the biochem ical changes 
in the gastric fundic mucosa o f pylorus-ligated anim als [6, 7, 8], o f  pylorus- 
ligated  +  adrenaline and salicylate treated anim als [9], o f stress-anim als [9]

* V isiting  sc ien tis t f ro m 'In s t i tu to  S u perio r de Sciencias M édicas, F a c u lta d  1, D ep arta -  
m en to  de Farm aco lo g ia , H a b an a , Cuba.
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and in animals treated  b y  0.6 M HCl, 0.2 M N aO H , 96% ethanol and 25%  
N aC l [9]. We found th a t during the developm ent of gastric m ucosal lesion  
th e  functional equilibrium  betw een gastric m ucosal energy-producing system s 
(A T P — membrane A T Pase — A D P  and ATP — adenylate cyclase — cAMP) 
deteriorated, leading to  significant changes in th e  neural, horm onal and drug 
regulation  of the tw o energy producing system s [7, 9, 11, 12].

In an attem pt to  extend  these earlier studies the biochem ical analysis 
o f an ulcer model w as undertaken in which the prostaglandin synthesis was 
in h ib ited  without liga tion  o f the pylorus. The m ost optim al m odel for such 
an analysis seemed to  be the indom ethacine-induced gastric ulcer. The purposes 
o f th e  present stu d y  were: (1) to  analyse the role o f the ATP — adenylate 
cyclase — cAMP sy stem  o f the gastric fundic m ucosa in the developm ent of 
indom ethacine-induced gastric idcer; (2) to  analyse the ulcer-protective action  
o f cim etidine and prostacyclin  and its relationship with the tissue cAMP 
changes of gastric fu nd ic mucosa.

Materials and methods

E x p erim en ts w ere c a rr ie d  ou t on C F Y -stra in  ra ts  o f  b o th  sexes w eigh ing  180 to  210 g 
N o food  was given for 24 h o u rs  before th e  experim en ts  b u t  w a te r  was allow ed ad  lib itum .

On th e  m orning o f th e  s tu d y  th e  an im als received 20 m g/kg in d o m eth ac in e  su b cu tan e­
o usly . T h e  anim als were k ille d  4 h r  th e re a fte r .

T h e  num ber and  se v e rity  of u lcers w ere d e te rm in ed  according to  th e  score-system  
d esc rib ed  previously [4].

T h e  cAMP level o f  th e  g astric  fun d ic  m ucosa w as de te rm in ed  b y  rad io im m unoassay  
(B e c to n  D ikinson, O ren g eb u rg , USA). T he re su lts  w ere expressed  for m g p ro te in  con ten t. 
T h e  p ro te in  con ten t was d e te rm in e d  b y  th e  m eth o d  of L a y n e  [5].

D ru g  ad m in is tra tio n  w as carried  o u t a t  th e  tim e of indo m eth ac in e  tre a tm e n t.  Cim etidine 
(T a g a m e t;  Sm ith, K line a n d  F ren ch  L ab o ra to rie s , L td .)  w as dissolved in  physio logical sa lt 
so lu tio n . P rostacyclin  (C H IN O IN , B u d ap es t) was d issolved in  tris -b u ffer (p H  8) im m edia te ly  
b e fo re  ad m in istra tion .

T he resu lts were ex p ressed  as m ean  ^ S .E .M . S ta tis tic a l analysis o f th e  d a ta  w as carried  
o u t  b y  S tu d e n t’s (-test a n d  b y  th e  M ann — W h itn ey  m eth o d , th e  la t te r  be ing  used  for th e  
a n a ly s is  o f th e  severity  o f u lcers.

Results

Tissue cAMP con ten t of the gastric fundic mucosa rem ained unaltered 
during the developm ent of indom ethacine-induced ulcer (Fig. 1).

Cimetidine reduced the number and severity  o f ulcers as w ell as the 
tissu e  cAM P-level o f th e  gastric fundic mucosa in a dose dependent manner 
(F ig . 2). There w as no correlation betw een the exten t o f ulcer-protection and 
of cA M P-level changes.

Prostacyclin reduced the number and severity  o f ulcers. Tissue cAMP 
lev e l o f  the gastric fundic mucosa decreased as well, however there лгав no 
correlation with the ulcer-protective action (Fig. 3).
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Discussion

Indom ethacine-induced gastric m ucosal lesions are w ell reproducible and 
ea sy  to  evaluate. The exact m echanism  o f such ulcers is not know n, nevertheless 
tissu e  hypoxia  as an etio log ica l factor can be excluded [3].

I t  is well known th a t indom ethacine inhibits the prostaglandin synthetase  
th ereb y  reducing the synthesis o f prostaglandins [13]. Previous studies showed 
th a t  th e  transform ation rate o f ATP — adenylate cyclase — cAM P system  
decreased  significantly in  the gastric fundic mucosa of anim als w ith  ligated  
p yloru s [7, 8], w ith ligated  pylorus and treated  by adrenaline [9] or salicylate  
[9]. Furtherm ore it  w as decreased in  anim als during the developm ent of 
gastric  m ucosal lesions evoked by the adm inistration o f 0.6 M HC1, 0.2 M 
N aO H , 96% ethanol and 25%  NaCl [9].

In  all these m odels tissue level o f cAM P was increased during the protec­
tio n  o f  the gastric m ucosal damage [4, 9, 10, 11]. During the developm ent of 
stress ulcer gastric m ucosal cA M P-level increases [9], while it decreases in the 
case o f  ulcer-protection [9].

T he present experim ents showed th a t tissue cA M P-level o f th e  gastric 
fu n d ic  mucosa rem ained unaltered during the developm ent o f  indom ethacine- 
in d u ced  gastric ulcer. A t the same tim e cim etidine and prostacyclin  decreased 
th e  num ber and severity  o f  indom ethacine-provoked ulcers in  a dose-depen­
d en t m anner and tissue cA M P-level o f the gastric fundic m ucosa reduced by  
b o th  drugs in parallel w ith  the u lcer-protective action; how ever, the exten t of 
p rotection  did not correlate w ith  the decrease of tissue cA M P-level.

These investigations show th at gastric mucosal lesions m ay develop in 
th e  absence of changes o f  the gastric m ucosal cAMP system , w hich is in sharp 
co n tra st to  the results o f  our previous investigations. On th e  other hand, 
h ow ever, the present data dem onstrate th a t ulcer protection can be achieved  
irrespective of sign ificant cA M P-level reduction. N evertheless, it is essential 
to  n o te  that the norm al cAM P-level o f  th e  gastric fundic m ucosa obtained  
during th e  developm ent o f ulcer protection  was reduced. Prostacyclin  enhances 
th e  A T P — ADP and A T P —cAMP transform ation [4, 12] in  ulcer m odels in 
th e  absence of prostaglandin synthesis inhibition. Thus the effect o f prosta­
c y c lin  on the energy system s depends on prostaglandin synthesis, while that 
o f  cim etid ine is not.

The present and previous results indicate th at (1) gastric m ucosal lesions 
m a y  develop as a consequence of various biochem ical m echanism s; (2) normal 
gastric  fundic m ucosal cA M P-level represents normal tissue m etabolism  during 
th e  developm ent of ulcer and ulcer-protection, while norm al cA M P-level alone 
is n o t the sole index o f  the in tegrity  o f  th e  gastric fundic m ucosa.

Acta Physiologica Academiae Scientiarum Hungaricae 60, 1982



INDOMETHACIN INDUCED GASTRIC ULCER 153

R E F E R E N C E S

1. D a v e n po r t , H . W .: Salicylate dam age to gastric  m ucosal b a rrie r. 276, 1307 —1312 (1967).
2. D ja h a n g u ir i, B .: T he p ro d u c tio n  of acu te  g astric  u lce ra tio n  b y  in d o m ethac ine  in th e  r a t .

Scand. J .  G a stro n t. 4, 265 — 267 (1969).
3. D ja h a n g u ir i, B ., H em m ati, M., A b t a h i, F ., F a r r o k s ia r , M.: P rev en tiv e  effects on  indo-

m eth acine-induced  gastric  u lce ra tio n  in th e  r a t  o f  D isu lfiram , P h enoxybenzam ine  a n d  
b ile -duct lig a tio n .: In : G heorghiu Th. (E d .) E x p e rim en ta l U lcer, pp . 31 — 35. G erh ard  
W itzstro ck  P u b lish e r, B aden-B aden , B russels, Cologne 1975.

4. F ie g l e r , M., B a ta , M., L ovász, L ., K u to r , G ., M ó zsik , Gy .: B iochem ical asp ec ts  o f
c y to p ro tec tiv e  effect o f p rostacy c lin  on th e  r a t s ’ g astric  m ucosal dam age in d u ced  b y  
top ica l HC1. In :  Mózsik , Gy ., H ä n n in e n , О ., J á v o r , T . (E ds) A dv. Physio l. Sei. Vol. 
29. G a s tro in te s tin a l Defence M echanism s, pp . 277 — 288. P erg am o n n  Press, O xford  — 
A kadém iai K iad ó , B u d ap est 1981.

5. La y n e , E .: S p ec tro p h o to m etric  and  tu rb id im e tric  m eth o d s for m easu ring  p ro te in . In :
Colo w ich , S. P ., K a plan , O. (E d s) M ethods in  E nzym ology . Vol. 3. pp . 447—454. 
A cadem ic P ress , New Y ork, L ondon  1957.

6. Mó zsik , Gy ., V iz i , F .: E x am in atio n  of sto m ach  w all M g2 + — N a + — K +-dep en d en t A T P ase ,
A T P and  A D P  in  py lorus-ligated  ra ts . A m er. J .  D igest. D is. 21, 649 — 654 (1976).

7. Mó zsik , Gy ., N a g y , L ., T á rn o k , F ., V iz i , F .: T h e  en erg y  system s of g astric  tissues, th e ir
n eu ral, h o rm o n al and  pharm acolog ical reg u la tio n s  in  o rder to  g astric  H + sec re tio n  
and  u lcerogenesis. A review  of an im al ex p erim e n ts  an d  clinical biochem ical stu d ies . 
A cta  m edica  A cad . Sei. H ung . 36, 1 — 29 (1979).

8. Mó zsik , Gy ., F ie g l e r , M., L őrincz , P ., N a g y , L ., T á r n o k , F .: T he ro le o f A T P — a d e ­
n y la te  cyclase — cAM P system  and  its  ph arm aco lo g ica l reg u la tio n  in  th e  d ev elo p m en t 
o f gastric  h y p ersec re tio n  and u lcerogenesis. A c ta  m edica  Acad. Sei. H ung . 36, 427 — 448 
(1979).

9. Mó zsik , Gy ., F ie g l e r , M., N agy , L ., P a tty , L , T á r n o k , F .: G astric  an d  sm all in te s tin a l
energy m etab o lism  in m ucosal dam age. In : Mó zsik , Gy ., H ä n n in e n , О., J ávo r , T . 
(E ds) A dv. Physio l. Sei. Vol. 29. G astro in te s tin a l D efence M echanism s, pp. 213 — 276. 
Pergam onn  P ress , O xford — A kadém iai K iad ó , B u d a p es t 1981.

10. Mózsik , Gy ., F ie g l e r , M., N a g y , L ., T á r n o k , F . : F eed-back  m echanism s be tw een  th e
A T P — m em b ran e  A TPase — A D P and  th e  A T P  — ad en y la te  cyclase — cA M P 
system s in  th e  g astric  tissues du ring  g astric  h y p ersec re tio n  and  u lcer developm en t. 
In :  U m eh a r a . S., I to , H . (E ds). A dvances in  E x p erim en ta l U lcer, pp. 460—471 
Proceedings o f 4 th  In te rn a tio n a l Conference on  E x p e rim en ta l U lcer, T okyo, 1982

11. Mózsik , Gy ., F ie g l e r , M., Na gy , L ., T á r n o k , F .: T he ro le o f A T P — ad en y la te  cyclase —
cA M P sy stem  in  th e  developm ent o f d iffe ren t ex p erim en ta l ulcers. In : U m eh a r a , S ., 
I to , H . (E ds). A dvances in E x p e rim en ta l U lcer, pp . 414—427. P roceedings o f  4 th  
In te rn a tio n a l C onference on E x p erim en ta l U lcer, T okyo , 1982

12. Mózsik , Gy ., F ie g l e r , M., B a t a , M., K u to r , G ., L ovász, L ., Mó zes , Gy .: B iochem ical
back g ro u n d  of cy to p ro tec tio n  b y  p ro stacy c lin  in  th e  acu te  gastric  m ucosal dam ages. 
In : U m e h a r a . S., I to , H . (E ds). A dvances in  E x p erim en ta l U lcer pp . 628—637 
Proceedings o f 4 th  In te rn a tio n a l Conference on  E x p e rim en ta l U lcer, T okyo, 1982

13. Va n e , J .  T .: In h ib itio n  of p ro stag lan d in  sy n th e ta se  as a  m echanism  o f action  for a sp ir in ­
like  drugs. N a tu re  (L ondon) 231, 232 (Í971).

Gyula M ó z s ik

First D epartm ent o f  Medicine, U niversity  M edical School, 
H -7643 Pécs, Ifjúság  lit 13, H ungary

4* Acta Physiologica Acadcmiae Scientiarum Hungaricae 60, 1982





A cta  Physiologica A cadem iae Scientiarum  H ungaricae , Tom us 60 (3 ) ,  p p . 155 — 164 (1982)

EFFECT OF THE Ca2+ CHELATORS EDTA AND 
EGTA ON SINOATRIAL-NODE ACTIVITY AND 

HEART IRRITABILITY

F . S o l t i , S . J u h á s z -N a g y , Valéria K e c s k e m é t i , В. C za icó , V. N é m e t h

and V. K é k e s i

DEPARTMENT OF CARDIOVASCULAR SURGICAL CLINIC AND 
INSTITUTE OF PHARMACOLOGY, SEMMELWEIS UNIVERSITY MEDICAL SCHOOL, BUDAPEST

(R eceived  A pril 20, 1982)

The e ffec t o f  th e  C a-chela tors E D T A  and  E G T A  on sin o a tria l a c tiv ity  and  h e a r t  
i r r ita b il i ty  w as s tu d ied  in  dog ex p erim en ts  b y  p e rfu s in g  th e  a r te ry  supply ing  th e  
s in o a tr ia l node. B eside  th e  u su a l E C G  recordings le f t a n d  r ig h t a tr ia l a n d  le ft and  r ig h t 
v e n tr icu la r  e p ica rd ia l e lectrog ram s, H is-bundle  e lec tro g ram  and  th e  e a rly  a c tiv ity  o f 
th e  sin o a tria l no d e  w ere recorded . In  ad d itio n  ac tio n  p o ten tia ls  w ere reco rd ed  from  th e  
le f t auricle  a n d  r ig h t  ven tric le  o f th e  dog h earts . Local a p p lica tio n  a ro u n d  th e  s in o a tria l 
a n d  a tr io -v en tr icu la r  nodes o f E D T A  an d  EG TA  cau sed  sinus b ra d y c a rd ia  and  la te r  
sinus a rre s t w ith in  1 m in  a fte r  in tro d u c tio n  of th e  d rugs.

F or su b s ti tu tio n  of th e  sinus rh y th m  ju n c tio n a l (seldom  low er a tr ia l)  escape 
rh y th m  developed . One to  tw o m in u te s  la te r  i t  w as fo llow ed b y  a tr ia l  p re m a tu re  b ea ts  
an d  even la te r  a tr ia l  f lu tte r  an d  fib rilla tio n  could be  reco rded .

In  one th ird  o f th e  cases a tr ia l  fib rilla tio n  w as follow ed by  seco n d ary  v e n tr icu la r  
f ib rilla tio n . A tr io -v en tr ic u la r  im p u lse  conduction  w as pro longed  in  th e  av  node b y  
E D T A  and  E G T A .

A tria l a c tio n  p o ten tia ls  an d  th e  slow (Ca d ep en d e n t)  v e n tricu la r  a c tio n  p o ten tia ls  
w ere depressed  b y  E D T A  and E G T A .

Introduction

Calcium (Ca2+) in flux , th e  “ slow  calcium  channels” , p lay a decisive role 
in th e  depolarization o f the cells o f  the sinoatrial and atrio-ventricular (av) 
nodes.

Thus, the inh ib ition  o f Ca2+-in flux  can considerably influence the pace­
m aker a ctiv ity  o f  th e  sinoatrial node and im pulse conduction o f the av node. 
The Ca2+-antagonist verapam il and similar com pounds sign ificantly  inhibit 
th e  a c tiv ity  o f th e  sinoatrial node and the im pulse conduction o f the av node  
i f  th e y  are applied in  high concentration to th e  respective areas. Adenosine  
d erivatives inh ib it sinoatrial node activ ity  by b locking the Ca2 +-channels [19].

I t  seem ed therefore in teresting to  study th e  effect o f  other Ca2+-antag- 
onists (the Ca2+-chelator E D T A  and EGTA) on cardiac pacem aker activ ity , 
im pulse conduction  and irritability .
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Materials and methods

Electrophysiological-pharmacological experim ents

T h e  experim ents w ere  carried  o u t on 22 an aesth e tized  (30 m g/kg p e n to b a rb ita l  i.v .), 
a r tif ic ia lly  v en tilla ted  o p e n -ch e st dogs. T he in it ia l  and  m iddle  po rtio n s o f th e  r ig h t coronary  
a r te r y  w ere isolated. T w o m uscle b ranches, su p p ly in g  th e  r ig h t v en tric le , o rig in a te  from  the  
a r te r y  im m edia te ly  before  th e  origin o f th e  a r te ry , supply ing  th e  sin o a tria l node. T h in  rub b er 
b a n d s  w ere placed u n d e rn e a th  th e  orig in  o f th is  a r te ry  an d  th e  r ig h t co ro n ary  a rte ry  d ista l 
to  th e  fo rm er. A th in  c a th e te r  was p laced in to  th e  r ig h t co ro n ary  a r te ry  p ro x im a l to  th e  origin 
o f th e  sinoatria l node a r te ry .  The o th e r a n d  of th e  c a th e te r  w as in tro d u ced  in to  th e  r ig h t 
co m m o n  caro tid  and th e  r ig h t  co ronary  a r te ry  was perfused  a t  c o n s tan t 10 —15 m l/m in  ra te  
b y  a p e ris ta ltic  pum p. B y  in te rm it te n t  s tre tc h in g  of th e  ru b b e r  loops, iso la ted  perfusion  of th e  
s in o a tr ia l  node a rte ry , th e  p ro x im al p o rtio n  o f th e  r ig h t co ro n ary  a r te ry  or th e  m uscle b ranches 
o f th e  r ig h t ventricle  co u ld  be perform ed. B y  in jec tin g  E v an s-b lu e  in to  th e  s in o a tr ia l node 
reg io n , p a r t  of the  r ig h t a tr iu m  and auric le  a n d  th e  av-node reg ion  w ere s ta in ed . T he experi­
m e n ta l m odel is i llu s tra te d  in  Fig. 1.

F ig . 1. Iso la ted  perfusion  o f th e  sinus node  a r te ry . The sinus node a rte ry  is p e rfused  th rough  
a c a th e te r  fixed  in to  th e  r ig h t  c aro tid  a r te ry  an d  b y  a perfusion  pu m p . M uscle b ran ch es origi­
n a tin g  from  the  in itia l p o rtio n  of th e  r ig h t co ro n ary  a rte ry  a re  lig a ted  by  a ru b b e r  band . The 
d y e  in jec ted  in to  th e  p e rfu s io n  system  s ta in s  th e  v ic in ity  o f th e  sinus node, th e  a d ja ce n t p a rts  

of th e  r ig h t  a tr iu m  an d  au ric le  an d  th e  a rea  o f th e  av-node

T he Ca2+-chela to rs E D T A  (d iso d iu m -e th y len ed iam in o ace ta te ) and  E G T A  (ethylene- 
g ly co lace ta te ) were in je c te d  in to  th e  iso la te d  coronary  c ircu la tio n  in  th e  dose-range of
0 . 0 1 - 0 . 0 4  m M  ( 3 0 - 1 2 0  //g ).

ECG recordings se rv ed  for th e  analysis o f p acem aker a c tiv ity  and  im pu lse  conduction  
b e fo re  a n d  afte r drug  ap p lica tio n . B eside th e  u sua l e x tre m ita l b ipo lar ECG record ings epi- 
c a rd ia l a tr ia l and v e n tr ic u la r  e lectrocard iog ram s w ere perfo rm ed  b y  p lacing  u n ip o la r  electrodes 
on  th e  r ig h t and left a tr ia  a n d  on th e  r ig h t a n d  le ft ven tricles.

F o r b e tte r  ana ly sis  o f a tr io -v en tricu la r  im pulse co n d u ctio n , H is-bund le  ECGs were 
reco rd ed  by  placing a 6-pole electrode in th e  v ic in ity  of th e  av -node and  H is-bund le  th rough  
th e  r ig h t  subclavian  ve in . A 15 — 100 Hz freq u ency-range  p ream p lifie r was used  for recording 
of th e  H is-bundle e lectrog ram s.

U nipo lar e lectrodes w ere fixed  in th e  v ic in ity  of th e  s in o a tr ia l node for d e ta iled  analysis 
o f th e  pacem aker a c t iv ity  o f th e  sin o a tria l node. In  p a r t  o f th e  experim en ts  th e  electrical
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signal o f sin o a tria l node  a c tiv ity , th e  sm all w av e  before  th e  r ig h t a tr ia l  w ave, was reco rd ed  
b y  a  15 H z freq u en cy  am plifier.

C ellular m icroelectrophysio logical s tu d ie s  w ere also p e rfo rm ed  in  12 dogs b y  ac tio n  
p o te n tia l  record ing . T h e  chest was opened in  so d iu m -p en to b a rb ita l an aesth es ia  a n d  a f te r  
lig a tio n  o f th e  large  vessels th e  h e a r t was excised . A c tio n  p o ten tia ls  w ere reco rded  in  tissu e  
pieces rem o v ed  fro m  th e  le f t auricle  and  fro m  th e  tra b e c u la r  m u scu la tu re  o f th e  r ig h t v e n tric le .

A  cap illa ry  glass m icroelectrode filled  w ith  3 M KC1 was used  fo r reco rd ing  of th e  a c tio n  
p o ten tia ls . T he p re p a ra tio n s  w ere superfused  b y  T y ro d e  so lu tion  b u b b led  w ith  9 5 %  0 2 an d  
5 %  C 0 2 m ix tu re  a t  37 °C. Square-w ave im p u lses o f  0.5 m sec d u ra tio n  an d  1 H z freq u e n c y  
w ere u sed  fo r e lectrica l s tim u la tio n  of th e  m u sc le  p rep ara tio n s. M em brane  p o te n tia l  a n d  its  
f i r s t  d e riv a tiv e  w ere sim u ltan eo u sly  reco rd ed  o n  a n  oscilloscope [12].

R esults

A dm inistration o f EDTA or EG TA into the artery o f  the sinoatrial node 
caused first bradycardia and later a transien t cessation (sinus arrest) o f  pace­
m aker activ ity . Bradycardia as w ell as asystole were observed. A fterwards 
the sinus rhythm  w as replaced by a supplem entary rhythm ; more frequently  
junctional rhythm  and seldom lower atrial-coronary sinus rhythm  developed. 
A trial irritability increased sign ificantly  2 to  3 min after injection o f drugs: 
m ultifocal atrial prem ature beats and transient atrial flu tter  were observed. 
The frequent and variable atrial arrhythm ia corresponded to the clin ically  
w ell know n chaotic atrial arrhythm ia. A fter a few m inutes the pacem aker  
a ctiv ity  o f the sinoatrial node was resum ed but in som e cases a “ m ovin g” 
of the sinoatrial pacem aker activ ity  (wandering P-w ave) could be observed. 
Under the effect o f  either EDTA or EG TA  atrial fibrillation developed in  all 
cases. In  the m ajority  o f cases (66% ), how ever, atrial fibrillation  was transient. 
Fibrillation often developed in one atrium  only. Ventricular fibrillation  
occurred in 40%  o f the cases. I t  was a lw ays secondary, i.e . atrial fibrillation  
was follow ed b y  frequent ventricular tachycardia and later by ventricular  
fibrillation. V entricular fibrillation n ever developed i f  the drugs were applied  
directly through th e  coronary branches supplying the right ventricle.

Severe arrhythm ia (sinus arrest, atrial chaotic arrhythm ia, atrial and  
ventricular fibrillation) never occurred i f  ED TA  or EGTA were adm inistered  
in travenously (30 m g/kg by slow i.v . infusion). Only a slight bradycardia  
accom panied b y  sim ple atrial prem ature beats were observed in these cases.

The change o f im pulse conduction  was characteristic after E D T A  or 
EGTA injection. Atrio-ventricular im pulse conduction was prolonged and the  
PQ interval lengthened after in jection  o f EDTA or EGTA into the sino­
atrial-node artery.

The protraction o f im pulse conduction  occurred in  the av node. These  
disturbances o f pacem aker a ctiv ity  and im pulse conduction were charac­
teristic  and constant and th ey  could be reproduced in  the same anim al; the  
acute effect lasted  on ly  10 min. ECG changes following E D T A  or EG TA in jec­
tion  are illustrated  in Tables I and II .
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Table I

Effect o f  E D T A  on cardiac pacem aker activ ity  a n d  im pulse  conduction (14 dogs)

Type of arrhythm ia
N um ber of 

cases

Sinus b ra d y ca rd ia 12

S inus a rre s t 12

Ju n c tio n a l  escape rh y th m 11

L ow er a tr ia l  escape rh y th m 2

“ M oving”  P-w ave 4

F re q u e n t  a tr ia l p rem atu re  b eats 14

C haotic  a tr ia l rh y th m 11

A tria l  fib rilla tio n  tran sien t 10

perm an en t 4

V e n tric u la r  secondary  fib rillation 5

P Q  (A —H ) prolongation 12

Table I I

P E G T A  on cardiac pacemaker activity  a n d  im pulse conduction

Type of arrhythm ia
N um ber of

cases

Sinus b rad y ca rd ia 9
Sinus a rre s t 9
Ju n c tio n a l  escape rh y th m 7
L ow er a tr ia l  escape rh y th m 2
W an d erin g  P-w ave 3
F re q u e n t a tria l p rem atu re  beats 10

C haotic  a tr ia l rh y th m 9
A tria l fib rilla tio n  tran s ien t 7

p erm an en t 3
V e n tric u la r  secondary  fib rillation 4

PQ  (A —H ) prolongation 8

The rhythm ic disturbances and changes o f  im pulse conduction can not 
alw ays be analysed b y  usual ECG recordings. Epicardial atrial and ventricular  
ECGs as well as th e  H is-bundle ECG and th e  recording o f sinus node a c tiv ity  
w ere o f great help in  the recognition o f ju n ctional rhythm , sinus arrest or 
th e  im pulse conduction  disturbances of th e  av-node. The E D T A - and EGTA- 
induced characteristic aA'hythmogenic effects are dem onstrated in Figs 
2 to  5.
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F ig. 2 . E a rly  effects o f E D T A  on sinus node  a c tiv ity  and  on a tr ia l  (h e a rt)  ir r ita b ili ty . R eco rd ­
ing o f  r ig h t a tr ia l (u p p e r  trac in g ) le ft a tr ia l  (m iddle trac in g ) an d  le ft v e n tr icu la r  ep icard ia l 
e lectro g ram s (lower trac in g ) a t  50 m m /sec p ap er speed. E D T A  decreases sinus p acem ak e r 
a c t iv ity  w hich is fo llow ed b y  com plete sinus a rrest. Ju n c tio n a l escape rh y th m  occurs, b u t  

a tr ia l p re m a tu re  b e a ts  can  also be observed

F ig . 3. A tria l f ib rilla tio n  a fte r  EG TA  tre a tm e n t. R ig h t a tr ia l  (u p p e r trac in g ), le f t a tr ia l  (m idd le  
tra c in g )  and  r ig h t v e n tr ic u la r  (lower trac in g ) ECG reco rded  a t  25 m m /sec p a p e r speed. O n th e  
le f t  side o f th e  figu re  n o rm al sinus r h y th m  can  be seen 30 sec a f te r  E G T Á  in jec tio n , w hile  
th e  r ig h t side d em o n s tra tes  th e  occurrence  of a tr ia l f ib rilla tio n  90 sec a f te r  E G T A  in je c tio n  
(lo w -am plitude  irreg u la r  a tr ia l fib rilla tio n  w aves on  th e  r ig h t  a tr ia l  EC G , th e  le f t  a tr ia l  EC G  

while in  m ore  regu lar f lu t te r  a t  a  lower freq u en cy  can  be observed)
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F ig . 4. C haotic a r rh y th m ia  a f te r  EG TA  tre a tm e n t. R ig h t a tr ia l ECG (u p p e r trac in g ) His- 
b u n d le  ECG  (m iddle trac in g ) an d  left v en tricu la r  ECG  (low er trac in g ); record ings a t  50 mm/sec 
p a p e r  speed  60 sec a f te r  E G T A  ad m in istra tio n . Follow ing EG TA  tre a tm e n t f req u e n t, m u lti­
focal a tr ia l  p rem a tu re  h e a ts  can  be observed, w hich  is follow ed by  th e  occurrence of chaotic

a tr ia l a rrh y th m ia

F ig . 5. A tria l and seco n d ary  v e n tricu la r  f ib rilla tio n  a f te r  E D T A  a d m in is tra tio n . R ig h t a tria l 
(u p p e r  trac in g ), left a tr ia l  (m idd le  trac ing ) and  left v e n tr icu la r  ep icard ia l ECG (low er tracing); 
re co rd e d  a t  25 m m /sec p a p e r  speed. A trial p re m a tu re  b ea ts  and  la te r  a tr ia l fib rilla tio n  devel­
oped  90 sec a fte r E D T A  in jec tio n . T hey were follow ed b y  th e  occurrence of tach y ca rd ia  and

v e n tricu la r fib rilla tio n
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The effects o f  EDTA or EG TA on atrial and ventricular action potentials 
are also characteristic. The atrial action potentia l was sign ifican tly  depressed  
after the addition to  the solution  o f 2 — 4 х Ю -5 M ED T A  or EGTA. T esting  
potentia l and depolarization v e lo c ity  were decreased (the rate o f  rise of phase 0 )  
and the plateau w as shortened. E D T A  or EGTA even in higher dose had no  
effect on papillary muscle action  potentia ls. The action potentia ls of papillary  
m uscle depolarized by 25 mM K +-Tyrode’s solution (inhibition  of the N a + - 
channel) and th en  stim ulated b y  isuprel (depolarization due to  Ca2+-transport) 
were almost to ta lly  depressed b y  ED TA  or EGTA.

Discussion

Ca2+-transport i.e. Ca2 + -in flu x  into the cell through th e  “ slow” calcium  
channel — seem s to  be of prim ary im portance in the pacem aker activ ity  o f  
th e  sinus node.

Verapamil, th e  blocker o f  slow  Ca2 + -channel, induces pronounced brady­
cardia and even sinus arrest [2, 14, 24, 25]. As a consequence o f sinus arrest 
follow ing verapam il adm inistration, junctional subsidiary rhythm  m ay develop
[4, 5, 19].

Beside the activ ity  o f  th e  sinus node, verapam il and its derivatives 
inh ib it atrio-ventricular im pulse conduction as well, and im pulse conduction  
is protracted in th e  av node [1, 10, 18).

Verapamil and related C a-antagonistic compounds block the slow Ca2 + - 
channel inhibiting thereby th e  slow Ca2+-entry w ithout influencing the rapid  
N a + -entry [9, 16].

Injection o f adenosine and adenosine derivatives such as adenosine tr i­
phosphate into th e  sinus node artery causes bradycardia and a consequent 
escape rhythm  [7, 19]. Our previous studies indicate th at adenosine acts on  
th e  activ ity  o f th e  sinoatrial and av  nodes b y  the inhibition  o f Ca2 +-channels 
and so the effect is closely sim ilar to  th at o f verapam il [19].

The Ca2+-chelator E D T A  w as originally used as an antiarrhythm ogenic 
agent in the treatm en t of digitalis in toxication s, in digitalis induced arrhythm ia. 
Since Ca2+ play an im portant role in the action m echanism  o f digitalis, th e  
application o f E D T A  was effective in the treatm ent o f d igitalis arrhythm ia  
[13, 20, 22, 23]. Otherwise neither ED T A  nor EGTA have antiarrhythm ogenic  
effects. According to  J a m e s  [7] adm inistration of EDTA in to  the sinus node  
artery is follow ed b y  bradycardia after a transient tachycardia and atrial 
premature beats also occur. Calcium E D T A  was ineffective.

According to  our investigations E D T A  or EGTA in jected  into the area 
o f  the sinoatrial node or av-node causes a decrease o f pacem aker activ ity  o f  
th e  sinus node: bradycardia and sinus arrest develop. For substitution  o f
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sinoatrial node pacem aker activ ity  an escape rhythm  can be observed, usually  
a junctional and rarely a lower atrial rhythm .

These effects o f  th e  Ca2 + -chelator ED TA  or EGTA are similar to  those  
o f the Ca2+-channel blockers verapam il or adenosine [19]. Late effects of 
E D T A  occurring 1 to  2 m inutes after its  injection into th e  sinus node artery  
are different. They are characterized b y  increased irritab ility  of the heart, 
first o f  all o f the atria: frequent m ultifocal atrial prem ature beats, atrial flu tter  
and fibrillation, o ften  localized to  one atrium  only, are detected. Chaotic 
atrial rhythm  develops often. V entricular irritability (arrhythm ogenic ability) 
is not increased; there occurred, no ECG changes i f  E D T A  or EGTA were 
in jected  into the right ventricular m yocardium .

The effect o f  E D T A  and EGTA on cardiac action  potentials is very  
characteristic. A ction potentials o f  ventricular trabecular or Purkinje-fibre 
preparations are not influenced b y  th e  Ca2+-chelators. In  auricular prepara­
tion s, however, th ey  depress the action  potential, since th a t o f the auricles 
and atria are dependent not only on N a +-entry, but slow  Ca2+-entry also 
contributes to their developm ent.

Their effect on th e  plateau phase (2nd phase) is o f  u tm ost im portance; 
th e  am plitude of the plateau depends on the slow Ca2+-entry. In contrast to  
th e  data of C r a n e f i e l d  [3], we observed a significant shortening of the length  
o f  the plateau in the presence ED TA  or EGTA. H igh external potassium  con­
centration  depolarizes the ventricular m uscle cells and sodium  transport is 
to ta lly  inhibited. Catecholam ines (noradrenaline) activate the action potential 
in  depolarized preparations which are Ca2+-dependent [17, 21]. E D T A  or 
EG TA tota lly  abolished the action potentia ls in these preparations. B oth  the  
electrophysiological stud ies following sinus node artery perfusion and the cel­
lular m icroelectrophysiological observations indicate th a t ED TA  and EGTA  
in fluence the pacem aker activ ity  o f the sinus node and th e  im pulse conduction  
o f th e  av-node by a C a-antagonistic effect (Ca2+-transport blockade). The 
exact cause of this is n o t known.

I t  is suggested th a t the Ca2+-chelators have a dual action on cells of 
th e  sinus and av-nodes. A fter binding outside the cell m em brane they  penetrate  
in to  the cells. After a certain tim e th e  bound Ca2+ is released and the in tra­
cellular Ca2+ concentration increases.

An other m echanism  m ay also p lay  a role in the m entioned arrhythm o­
genic effect o f the Ca2+-chelators: th e  tig h t couplings betw een the cells are 
disturbed [11, 15] and th is leads to  a disturbance o f  im pulse conduction be­
tw een  the sinus node and the atria, thus the developm ent o f  the reentry-type  
arrhythm ia is assum ed.

The changes in  cardiac pacem aker activ ity , im pulse conduction and  
irritab ility  after E D T A  or EGTA adm inistration indicate th a t com plex Ca2 + - 
binding m ay play som e role in th e  pathom echanism  o f  some arrhythm ias.
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A lthough the available clinical data are not sufficient, th e  developm ent of 
chaotic atrial arrhythm ia and atrial fibriallation after ED T A  or EGTA ad­
m inistration m ay support this hypothesis.
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In  th e  p re se n t s tu d y  the  d o se -re la ted  effects o f lin e a r  an d  cyclic so m a to s ta tin  
w ere  com pared on  th e  se lf-stim u lation  r a te  of ra ts . T w e n ty  fig  o f linear so m a to s ta tin  
adm in iste red  in tra ce re b ro v en tric u la rly  (icv .) m ark ed ly  decreased  th e  se lf-stim u latio n  
ra te ,  while 5 pg  a n d  10 pg  was ineffec tiv e . Cyclic so m a to s ta tio n  in  a dose of 1 fig  caused  
a  tra n s ito ry  b u t  n o t  sign ifican t increase  in  th e  se lf-s tim u la tio n  ra te , w hich la te r  re tu rn e d  
to  th e  con tro l level. F iv e  fig and 10 fig  o f  th e  pep tid e  d ecreased  th e  se lf-stim u lation  ra te .

These re su lts  in d ica te  th a t  th e  cyclic  so m a to s ta tin  is m ore  effective in  in h ib itin g  
th e  se lf-stim u latio n  r a te  th a n  the  l in e a r  one.

The effects o f  som atostatin  in  th e  different behavioral tests are contro­
versial. The reason for th is controversy m ight be the difference in the structure  
of the various preparations. For exam ple, cyclic som atostatin  increases loco­
m otor activ ity  [5], w hile the sam e dose o f linear som atostatin  decreases 
a ctiv ity  to  the point o f  catalepsy [3].

Som e reports have suggested th a t  excitatory or inhibitory action o f the  
horm one depends th e  em ployed dose [1, 3, 6, 7, 8, 9 ]. The adm inistration o f  
lower doses induces prim arily behavioral activation and excitation, while larger 
doses produce only transient excitatory behavioural effects followed by m arked  
restriction o f m ovem ents [10].

Previously w e have reported th a t cyclic som atostatin  sign ificantly  
decreases the self-stim ulation rate, how ever a transitory, non-significant 
increase was found w ith  lower doses [14]. In the stu d y  the effect of linear and 
cyclic som atostatin  w as compared on  the self-stim ulation  behaviour using  
different doses in rats.

Materials and methods

A d u lt  m ale W is ta r  r a ts  weighing 200 — 250 g a t  th e  tim e  o f th e  operation  w ere used  for 
th e  experim en ts . U n d er an aesth es ia  (sod ium  h ex o b arb ita l), one  p a ir  o f enam el-insu la ted  s te e l 
e lectrodes w as im p la n te d  s te reo tax ically  in  th e  r ig h t la te ra l h y p o th a la m u s  [4, 11] fo r in t r a ­
c ran ia l s tim u la tio n , a n d  sea lab le  cannula w a s  in se rted  in  th e  le f t  la te ra l  b ra in  v en tric le . One 
w eek w as allowed for re c o v e ry  following th e  o p era tio n .

B y  pressing a  lev e r in  th e  ex p erim en ta l cage, th e  ra ts  co u ld  a c tiv a te  an  electric  s t im u la ­
to r  to  a p p ly  tra in s  o f 50 — 90 square p u lse s  th ro u g h  th e  co n n ec te d  electrodes (freq u en cy , 
125 H z ; pu lse  w id th , 0.1 — 0.2 msec; a m p litu d e , 5.6 —6.8 V ). T h e  cu rren t was co n tin u o u sly  
m o n ito red  on  an  oscilloscope b y  m easuring th e  vo ltag e  drop across a  100 ohm  resis to r in  series 
w ith  th e  r a t .
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T h e  r a t  was c o n n ec ted  to  th e  s tim u la tio n  c irc u it b y  a swivel c o m m u ta to r  in  o rder to  
p r e v e n t  tw isting  of th e  lead s. L ever op eratio n s p e r m in u te  were recorded  b y  a n  e lectric  cou n te r. 
W h e n  th e  perform ance o f e ach  r a t  reached  a s tab le  level, d rug  tre a tm e n t w as s ta r te d  [11].

A fte r  the  f ir s t  15 m in  of th e  ex p erim en ta l session, linear so m a to s ta tin  (5 fig, 10 fig , 
20 fig )  a n d  cyclic so m a to s ta tin  (1 fig , 5 fig, 10 fig) d isso lved  in  saline w ere in je c te d  icv. th ro u g h  
th e  v e n tric le  cannu la  w ith o u t  han d lin g  of th e  a n im a l (liqu id  volum e 5 fil, in je c tio n  tim e 60 sec). 
T h e  r a ts  were free for se lf-s tim u la tio n  for 60 m in  follow ing app lication . N o rm a l saline so lu tion  
w as g iv en  under th e  sam e co n d itio n s in  co n tro l sessions.

P lacem en t of th e  e lec tro d es w as ex am ined  h isto log ically . T he an im a ls  w ere killed  w ith  
a n  ov erd o se  of h e x o b a rb ita l  an d  th e  b ra in s w ere p e rfu sed  w ith  10%  fo rm ald eh y d e  so lu tion . 
T h e  loca lization  of th e  e lec tro d es w as u n d e rta k e n  in  100 fi frozen sections.

S o m ato sta tin  ( lin e a r a n d  cyclic) (Serono, I ta ly )  w as used in ou r e x p erim en ts . M ann — 
W h itn e y ’s non-p aram etric  te s t  w as used  fo r s ta tis t ic a l  analysis.

Results

The icv. adm inistration of 5 fig linear som atostatin  had no influence on 
self-stim ulation , w hile 10 fig was able to  produce a slight decrease. Twelve  
m in  after the adm inistration o f 20 fig, the peptide produced a deep depression 
o f self-stim ulation (p <  0.01) which lasted throughout the w hole experim ental 
session  (30th min, p <  0.05; 57th m inute, p <  0.05) and returned to the  
con tro l level only b y  th e  60th m inute (F ig. 1/A).

F ig . 1. T he dose-related e ffe c t o f linear and  cyclic so m a to s ta tin  on th e  se lf-s tim u la tio n  b e h av ­
io u r  o f  ra ts .  A (linear so m a to s ta tin ) :  X ------X  saline  (14); • -------e  5 f ig  so m a to s ta tin  (7);
□  - - - - □  10 fig so m a to s ta tin  (8); И - - - - В 20 fig  so m a to s ta tin  (4). В (cyclic  so m ato sta tin ):
X ------- X saline (18); o —----- о 1 fig so m a to s ta tin  (12); • -------•  5 fig  so m a to s ta tin  (8);
□  ------- □  10 fig so m a to s ta tin  (8). N um ber o f an im als a re  given in  p a ran th ese s . * P  <  0.05;

** P  <  0.01; NS =  P  >  0.05
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The icv . adm inistration of 1 fig cyclic som atostatin  increased self-stim ula­
tion  a ctiv ity  in  the first 3 m in after th e  application, how ever th is change was 
not significant. F iv e  fig som atostatin  m arkedly decreased (p <  0.01) self­
stim ulation  6 min after the adm inistration. Tw enty-four min after the adm in­
istration  the level o f  the self-stim ulation  activ ity  returned to  the control 
level, thereafter again showing a ten d en cy  to decrease. In the 30th m inute  
the self-stim ulation  a ctiv ity  becam e sign ificantly  lower com pared to the control 
(p <  0.05). The adm inistration o f 10 fig peptide induced similar changes. The 
self-stim ulation  rate decreased betw een the 6th (p <  0.01) and 21st m inute 
(p <  0.05) (Fig. 1/B).

D iscussion

These observations have dem onstrated that both  linear and cyclic 
som atostatin  can influence hypothalam ic self-stim ulation activ ity . Im m ediately  
after the adm inistration  o f high doses o f  the peptide (linear, 20 fig; cyclic, 
5 fig and 10 fig) groom ing, w ashing,head shaking and le ft or right turning could  
be observed in  m ost o f  the cases. In  one case (cyclic som atostatin) barrel rota­
tion  could be seen w hich had been reported also by others [3].

W hile cyclic som atostatin  m arkedly decreased th e  self-stim ulation rate 
in a dose o f 5 fig, th e  linear som atostatin  was less effective and decreased 
the self-stim ulation  on ly  in a dose o f 20 fig. These results show that both  linear 
and cyclic som atostatin  are able to  decrease the hypothalam ic self-stim ulation  
a ctiv ity , how ever, th e  cyclic is more p oten t.

In  another b iological test (inhibition o f growth horm one secretion) linear  
and cyclic som atostatin  have the sam e potency [13].

Som atostatin  stim ulates both th e  synthesis and utilization  o f dopam ine 
and noradrenaline in  the brain [5], w hile substances th a t release catechol­
am ines rapidly from  functional stores facilitate self-stim ulation  [12]. The 
transitory, how ever not significant increase in the a c tiv ity  o f self-stim ulation  
after the adm inistration  of low concentrations of cyclic  som atostatin  m ight 
be related to  the increased activation  o f the catecholam inergic system .

From  earlier investigations it seem s th at at higher concentrations som ato­
sta tin  m ight act, at least in part, through cholinergic m echanism s [3]. Pharm a­
cological activation  o f the acetylcholine system  usually supresses self-stim ula­
tion  and pharm acological blockade often  facilitates th e  self-stim ulation be­
haviour [12]. I t  is possible that the decrease in the level o f self-stim ulation at 
higher concentration o f the peptide is due to activation  o f the cholinergic 
system . H ow ever, since som atostatin  is present in the brain [2], it m ay influence  
the self-stim ulation  behaviour directly as well. W hether the action reported  
here is a direct one, or it  is m ediated b y  altered transm itter activates, rem ain  
to  he seen.
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Recensiones

H . A u t r u m  (ed.)

Handbook of Sensory Physiology

V ol. V II. (6) C, Com parative P hysio logy  and E volution  o f Vision in Inverte­
brates. Part C: Invertebrate V isual Centers and B ehavior II

S p rin g er Verlag, B erlin  — H eidelberg —N ew  Y o rk  1981, 663 pages w ith  216 figures, P rice
DM 290, — ; a p p ro x . US $  131.90

T he series H a n d b o o k  of Sensory P h y sio lo g y  com es to  its  conclusion b y  th is V olum e 
V II /6  on  th e  c o m p ara tiv e  Physiology and E v o lu tio n  of V ision in  In v e rte b ra te s . This book, th e  
th ird  p a r t  of V olum e V II /6  appeared  w ith  th e  t i t le  In v e rte b ra te  V isual C enters an d  B ehavior I I .  
In  th e  f ir s t  one H . A u th u m  (M ünchen) gives a  m eticu lo u s survey  on th e  a d a p ta tio n  processes 
in  in v erteb ra tes , p ro v id in g  th e  m ost u p -to -d a te  e lectrophysio log ical, b ehav io ral and  m em b ran e  
asp ec ts  o f ad ap ta tio n . T h e  n e x t chap ter is “ C o m p ara tiv e  Physio logy of V ision in  M olluscs”  
b y  J .  B . Me ssen g e r  (Sheffield). Like th e ir  b o d y  co n stitu tio n  th e  v isual o rgans of th e  m ol­
luscs also reveal an  ex tra o d in a r ily  v a riab ility . T h e  c h a p te r  describes th e  ch arac te ris tics  occu r­
rin g  in  th e  seven m o llu scean  classes. The th ird  c h a p te r  “ O rgan iza tion  a n d  Physio logy o f th e  
In se c t D orsal O cellar S y s te m ” by  L. J .  Go odm an  (L ondon) deals w ith  th e  ocellar system  w hich  
is a  p ecu liar v isual o rg a n  s itu a ted  betw een th e  tw o  eyes o f th e  in sects. F in a lly  th e  fo u r th  
c h a p te r  “ Spatia l V ision  in  A rth ropods”  b y  K . W e h n a r  (Z ürich) offers a  c ritica l review  o f th e  
im m ense  am o u n t o f d a ta  o b ta ined  in  th is  f ie ld . I n  su m m ary , th e  re ad e r fin d s an  excellen t 
su m m ary  of th e  to p ic  a t  a  v e ry  high scientific  leve l. As p a r t  of t lied I andbook  of Sensory P h y s ­
io logy  series th e  v o lu m e  m erits  to  be fo u n d  on  th e  shelves o f every  b ioscience lib ra ry . I t  is 
o f  in te re s t  for all th e  physio log ists , zoologists a n d  m o rpho log ists w ork ing  in  v isual physio logy  
a n d  re la te d  fields.

F . O bál

H . COLEEWIJN

The Oculom otor System o f the Rabbit and its Plasticity

S p rin g er V erlag, B erlin  — H eidelberg—N ew  Y o rk  1981, 240 pages w ith  128 figures, P rice
DM 79, — ; a p p ro x . U S $ 36 ,—

T he volum e is p a r t  o f th e  series S tu d ies  on  B ra in  F u n c tio n . T he a u th o r  gives a su rv ey  
of his ow n studies co n cern in g  th e  ocu lom otor sy s te m  o f th e  ra b b it  an d  expresses his opin ions 
on th e  function ing  o f th is  in trigu ing  m ech an ism . T h e  six  ch ap ters  o f th e  vo lum e deal w ith  
sp o n tan eo u s eye m o v em en ts , eye m ovem ents o ccu rrin g  d u rin g  passive oscilla tion , processing 
th e  signals o b ta ined  d u rin g  eye m ovem ent as w ell as w ith  th e  a d a p ta tio n  of th e  ocu lom otor 
sy s tem . I t  adds s ig n ific a n tly  to  th e  value  o f th e  book , t h a t  a  c h ap te r  on “ In v estig a tio n s on  
O p to k in e tic  N y s tag m u s”  b y  J .  W. G. T e r . B ra a k  w as in cluded  in  th e  vo lum e as an  ap p en d ix . 
T his p a p e r appeared  in  G erm an  in  1936. J .  Co l l e w ijn ’s tra n s la tio n  m akes i t  availab le  also 
for th e  E nglish  read ers . T h e  volum e offers a  v a lu a b le  read in g  for all th e  sc ien tists  and  clinicians 
in te re s te d  in th e  o cu lo m o to r system  and re la te d  fields.

F . O bál
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D. Ga r l ic k  (ed.)

Festschrift for F. C. Courtice

(T he School of Physio logy a n d  P harm acology . T h e  U n iv ersity  o f New Sou th  W ales, P .O . B ox  1, 
K ensing ton , N .S .W . A ustra lia  2033: 1981, 252 pages, w ith  101 illu stra tio n s.)

T his book is d e d ic a te d  to  professor F re d e ric k  Colin Co u r t ic e , a p ro m in e n t A u s tra lia n  
sc ien tis t in  th e  field  o f physio logy and  e x p e rim e n ta l pa th o lo g y , b y  colleagues a n d  fo rm er 
s tu d e n ts  on th e  occasion of his sev en tie th  b ir th d a y .

T he volum e covers 23 exciting  top ics fo cusing  largely  on th e  p h y sio p a th o lo g y  of a r te r ia l  
h y p e rten sio n , m icro c ircu la tio n  and ly m p h a tic  physio logy, w rit te n  by  38 co n tr ib u to rs  fro m  
A u s tra lia  (30), Ja p a n  (1), N ew  Zealand (4) a n d  th e  USA (3): som e of th e  title s  are  “ T he causes 
o f h y p e rte n sio n ”  by  P . B . K o rn er , “ T ouch  a n d  T x tu re ”  by  J a n  D a ria N-Sm ith , “ T h e  ro le  
o f b ilia ry  phospholip ids in  f a t  abso rp tio n ”  b y  W . J .  S im m o n ds , “ S tero id  and  ste ro id  co n ju g a te  
ex c re tio n ”  b y  W. St e in b e c k , “ The ev o lu tio n  o f ex p erim en ta l ap proaches to  s tu d y in g  asp ec ts  
o f ly m p h a tic  physio logy” , b y  Bede Mo r r is , “ A rte rio les , cap illaries an d  b lood-tissue e x ch an g e”  
b y  G. Ou t t e r id g e  an d  D . Garlick  e tc.

T he v ita lity  an d  fru itfu ln ess  of th is  A u s tra lia n  m edical re sea rch  school fou n d ed  b y  F . C. 
Co u r t ic e  is reflected  b y  th e  h igh sc ien tific  s ta n d a rd  of th e  com prehensive  ch ap te rs  too . I t  is 
w o rth  m ention ing  th a t  m an y  of the  a u th o rs  c o n tr ib u te  also to  th e  O rgan isation  of th e  2 9 th  
In te rn a tio n a l Congress o f Physiology to  be  h e ld  in  Sydney (28 th  A ugust —3rd S ep tem b er, 
1983), including F. C. Co u r t ic e , who is a c tin g  as th e  trea su re r  o f th e  Congress.

E . M onos

L a w r e n c e  I. Gil b e r t  a n d  E a rl F r ie d e n  (eds.)

M etamorphosis

A p ro b lem  in d ev e lo p m en ta l biology. 2nd ed itio n  578 pages. P lenum  P ress , New Y o rk  an d
L o n d o n  1981

M etam orphosis, as p o in ted  ou t b y  W a ld  in  th is  vo lum e, is a  m isnom er. A c tu a lly , n o t  
on ly  an d  n o t m ain ly  th e  change of th e  fo rm  is concerned  b u t  b iochem ical, a d a p ta tio n , n u tr i t io n ­
al, e tc ., a lte ra tio n s a re  in vo lved  w hich b as ica lly  a lte r th e  liv ing  organism . M etam orphosis 
as a  su b je c t of re sea rch  p ro v id es p a rtly  a p h y to g en e tic  and  p a r tly  an  on togenetic  m odel fo r 
th e  b io log ist. I t  w as p ro b a b ly  th e  f irs t ta rg e t  o f  s tu d ies  in d ev elopm en tal biology, an d  o b se rv a ­
tio n s  in  th is  field h av e  allow ed to  co n stru c t th e  m odern  basis o f co n tem p o ra ry  d ev e lo p m en ta l 
bio logy.

M etam orphosis is o bserved  in  severa l species such as w orm s, insects, e ch in o d erm a ta , 
v e r te b ra te s , etc. I t  o ften  occurs w ith d iffe re n t ch arac te ris tics  even in  closely re la te d  species 
b u t  a lw ays produces b asic  a lte ra tio n s . M e tam o rp h o sis is reg u la ted  b y  m etam o rp h o sis  w hich  
a c t  a t  th e  gene level b y  rescheduling  rep re ss io n , depression an d  in  som e in stan ces th e  sam e 
p ro g ram m e  is reversed  d u rin g  th e  life cycle (se co n d a ry  m etam orphosis). T he horm ones gen era lly  
a p p e a r  in  sets of tw o, an d  th e  prevalence o f one of th em  determ ines th e  d irec tion  of changes.

T he horm ones of m etam orphosis and  th e ir  ac tions are now th e  su b jec t o f ac tive  in v es tig a ­
tio n . T he resu lts  are p ro m isin g  b u t  th e  fie ld  is n o t  y e t fully  explored . E arlie r th e  th y ro id  h o r­
m ones (T 4 and T 3) w ere th o u g h t to be th e  sole essen tia l fac to rs  in  tad p o le  m etam o rp h o sis . 
N ow  we know  th a t  th e ir  coopera tion  w ith  p ro la c tin  is ind ispensab le . The tad p o le  k e p t in  th e  
la rv a l s ta te  by  p ro lac tin  is transfo rm ed  an d  becom es a lan d  an im al u n d e r th e  effect of th y ro x in e , 
t h a t  goes in to  the  w a te r  to  lay  eggs un d er th e  in flu en ce  of p ro lac tin . In  response to  a th y ro x in e  
in je c tio n  i t  is reo rien ted  to w ard s  the  lan d  fro m  th e  w ater.

T hus, m etam o rp h o sis  in  every an im al species is associated  w ith  m ark ed  changes w hich  
can  be  stu d ied  b y  m orpholog ical and b io ch em ica l m ethods from  various aspects. T he 23 
c o n tr ib u to rs  to  th is  v o lu m e are  from  am ong  th o se  who hav e  p ro b ab ly  d ea lt th e  m o st w ith  
th ese  prob lem s and th e y  cover bo th  th e  b asis  o f th e  sub ject and  th e  13-year progress th a t  has 
been  achieved since p u b lic a tio n  of the  f i r s t  ed itio n  by  E t k in  and  Gil b e r t .

T he c o n trib u tio n  o f senior in v es tig a to rs  along w ith  those  of th e  younger g en era tio n  
p ro v ed  to  be fru itfu l since in  th a t  way th e  w isdom  of th e  elders in in te rm in g led  w ith  th e  m olec-
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u la r  biology o rien ted  dynam ic  know ledge of th e  young . T he volum e ac tu a lly  encom passes 
e v e ry th in g  on m etam o rp h o sis  which is w o rth  know ing a t  th e  p o s tg ra d u a te  level. M oreover, 
i t  also provides m u ch  new  in fo rm atio n  to  experts especially  in te re s ted  in  m etam orphosis . 
O ne m ig h t criticize th e  num ber o f re ferences w hich is n o t p ro p o rtio n a te  a t  th e  end o f th e  
ch ap te rs , b u t  th is  h a s  no influence on th e  v a lue  of th e  book.

The volum e w ill be of in te res t n o t  only to ex p erts  engaged in m etam orphosis s tu d ies  
b u t  also to  those w ho are  in te rested  in  develo p m en ta l biology.

Gy . Csaba

D . T . K r ieg er

Cushing’s Syndrome

M onographs on E ndocrino logy

S p ringer Verlag, B erlin  — H eidelberg —New Y ork 1982, 142 pages, 27 figures and 24 tab le s ,
Price DM 88, — ; approx . U S $ 41.00

T he m ost im p o r ta n t  ad v an tag e  o f th e  m onograph  is th a t  i t  sum m arizes n o t on ly  th e  
to p ic  given in th e  t i t le  b u t  also the  m o st recen t resu lts  o f physio logical and  pathophysio log ical 
s tu d ies  of th e  C R F -A C T H -adrenocortica l system . In  doing so th e  m o nograph  provides im p o r­
t a n t  in form ations fo r th e  reader ab o u t A C T H  and  re la te d  pep tides.

T he f irs t in tro d u c to ry  ch ap ter s ta te s  th a t  C ushing disease is o f hypophysea l orig in  
w hile th e  Cushing sy n d ro m e is a p r im a ry  ad ren a l disease. T he second c h ap te r  deals w ith  th e  
re g u la tio n  of A C T H -release and discusses i ts  b iochem istry . T he ch arac te ris tic s  of th e  p recu rso r 
p ep tid e  are described  an d  it  also deals w ith  th e  o th e r p ep tid e s : A CTH , M SH , L P H  and  end- 
o rfins. This c h ap te r  is followed by a sh o r t  descrip tion  o f th e  biological aspects o f A C TH - 
re lease  and a review  of its  physiology. T h e  discussions a b o u t C R F  in  th e  la s t decade are 
rev iew ed  including vasopression  in th is  connection . T he re p o rt on  p re sen t know ledge ends 
w i th  th e  results o f Va l e  e t al. (1981) concern ing  th e  p e p tid e  s tru c tu re  o f C R F. The n ex t pages 
deal w ith  th e  n e u ro tra n sm itte r  reg u la tio n  o f A C TH -release and a schem atic  d iag ram  illu s tra te s  
th e  in h ib itin g  an d  re leas in g  properties o f v arious n e u ro tra n sm itte r  substances. The n e x t su b ­
c h ap te rs  sum m arize th e  n eu ro -an a to m y  of A C TH -release, th e  various m odes of feed-back  
re g u la tio n  and  th e  d iu rn a l period icity  o f  th e  release. S im ilar prob lem s of L P H  and o th e r 
re la te d  pep tide  ho rm o n es are also d iscussed .

T he n ex t c h a p te r  deals w ith  th e  ac tio n s of ACTH describ ing  an d  explain ing  the  effects 
o f va rio u s frag m en ts  a n d  th e  action  o f A C TH  on ad ren a l m orphology  and  stero id  genesis. 
A sh o rt su b ch ap te r describes the  e x tra a d re n a l actions o f  ACTH. T he n e x t c h ap te r  discusses 
th e  biological a c t iv ity  o f  adrenocortical h o rm ones and  th e ir  syn thesis, b u t  i t  does n o t c o n ta in  
to o  m u ch  new in fo rm a tio n s .

T he desc rip tio n  o f th e  clinical p ic tu re  of Cushing disease an d  syndrom e is th e  n e x t 
to p ic  involving th e  ch arac te ris tics  o f th e  fam ilia r d iseases, th e  connection  w ith  p reg n an cy  
an d  th e  clinical p ro b lem s o f th e  N elson sy n d ro m e. As a su p p lem en t to  th is  c h ap te r  th e  a u th o r  
sum m arizes th e  ex p e rim e n ta l d a ta  o b ta in e d  in  tw o an im al species w ith  a co n d ition  co rresp o n d ­
ing  to  Cushing d isease. A fte r a d e sc rip tio n  of th e  p a th o lo g y  of m ic ro n o d u lar ad ren o co rtical 
h y p erp lasia , ad ren o co rtica l hyperp lasia  a n d  ad ren o co rtical tu m o u rs , th e  prob lem s of p i tu i ta ry  
tu m o rs  consisting of A C TH -releasing cells an d  th e  “ s ilen t”  p i tu i ta ry  tu m o u rs  are discussed. 
T h is in  followed b y  a  long  chap ter on a c to p ic  ACTH release.

T he n ex t large  c h a p te r  deals w ith  th e  lab o ra to ry  d iagnostics o f C ushing disease a n d  
syndrom e. The d esc rip tio n  of rou tine  te s ts  is a t  th e  te x tb o o k  level. In te re s tin g  su b ch ap te rs  
deal w ith  th e  d iagnostic  im p ortance  o f th e  p lasm a ACTH level and  th a t  o f o th e r re la ted  p e p ­
tid es. T his p a r t  o f th e  m onograph  describes th e  la te s t  d iag n o stically  an d  physio logically  im p o r­
t a n t  b u t  som ew hat co n tro v ersia l re su lts  concern ing  ab n o rm al T R H  an d  G n R H  reac tions, th e  
so m a to s ta tin  and ST H  reponses and th e  p ro lac tin  m etab o lism  of p a tie n ts  w ith  Cushing d isease.

T he ch ap ter a b o u t d ifferen tia l d iagnostics sum m arizes th e  ho rm o n al te s ts , th e  m o d ern  
X -ra y  techniques o f v isua liz ing  th e  p i tu i ta ry  and  ad ren a l g land , an d  th e  c o m p u te r tom ograph ic  
u ltra so u n d , rad io scan n in g  and angiographic  m ethods.

T he th e ra p eu tica l chap ter describes th e  possible d ru g  tre a tm e n ts , th e  m ethods an d  
re su lts  o f adrenal an d  p i tu i ta ry  surgery , th e  effect o f p i tu i ta ry  irrad ia tio n  an d  th e  drug  th e ra p y  
in fluencing  th e  n e u ro tra n sm itte r  sys tem . T h e  clinical effects o f these  m ethods is som ew hat 
o v e res tim a ted  as fa r  as th e  p resen t s itu a tio n  is concerned.

I. H olló
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Y . N . N a jja r , M a rtin u s  N ijh o f f  (eds.)

The Wondrous Career o f an Am ino Acid Developm ents in M olecular and
Cellular Biochem istry

Yol. 1: T he B iological E ffec ts o f G lu tam ic  Acid an d  I t s  D eriv a tiv es

D r. W . J u n k  P ublishers, T h e  H ague  — B oston  — L o ndon  1981, 405 pages. IS B N  90-6193-841-4. 
R e p rin te d  from  M olecular a n d  Cellular B io ch em is try  Vols. 38 and  39. 1981, P rice  D fl. 195,— ;

ap prox . US $ 85,00

D uring  th e  p a s t one a n d  a h a lf decades g lu ta m a te  has m ade a fa n ta s tic  career th row ing  
its  am ino  acid com panions in to  th e  shade. P ra c tic a lly  tw o m ajo r fu n c tio n s h a d  fo rm erly  been 
a sc rib ed  to  g lu tam ate . F ir s t ,  i t  occurs in a b u n d an c e  in  some p ro te in s and  beside a sp a rta te  i t  
is one of th e  am ino acids d e te rm in in g  th e  n u m b er o f negative  charges in  th e  p o ly p ep tid e  chain . 
S econdly , g lu tam ate  is a  m e tab o lite  e stab lish in g  a link  betw een  am ino acid  an d  c a rb o h y d ra te  
m etab o lism s th ro u g h  th e  tr ic a rb o x y lic  acid  cycle. F u r th e r , i t  h ad  also been  know n since long 
t h a t  i ts  n itro g en  a cc u m u la tin g  fu n c tio n  is p e rfo rm ed  by  th e  ac tio n  of tran sam in ases.

I t  has  since been  c la rified  th a t ,  w h e th e r g lu ta m a te  functions as a free am ino acid  or i t  
is b u ilt  in  th e  p o ly p ep tid e  ch a in , its  fu n c tio n  is n o t re s tr ic ted  to  such  ev ery d ay  d u ties . T he 
fo rm a tio n  of free g lu ta m a te  by  th e  ac tio n  o f g lu ta m a te  dehydrogenase  p ro tec ts  th e  c en tra l 
ne rv o u s sy s tem  ag ain st th e  to x ic  effect o f a m m o n ia  on the  one h an d  an d , on  th e  o th e r, i t  is 
a  p re cu rso r of y -am in o b u ty ric  acid  (G A BA ) w hich  is involved in  neu ro tran sm issio n . T he y- 
carb o x y g lu tam y l side chains, d e riv a tiv es o f  g lu ta m a te  form ed in p ro te in s  b y  th e  ac tio n  of 
v ita m in  K , ensure th a t  b lood c lo ttin g  is re s tr ic te d  to  th e  im m ed ia te  v ic in ity  o f th e  in ju ry , 
an d  c lo ts a re  n o t n o rm ally  fo rm ed elsew here in  th e  c ircu la tion . I t  seems p ro b ab le  th a t  y- 
ca rb o x y g lu ta m y l side ch a in s are also in v o lv ed  in  o th e r  processes re la te d  to  C a-binding, such 
as th e  bu ild ing  of th e  in o rg an ic  com ponents o f bones. The s tu d y  of th e  fu n c tio n  of y -g lu tam y l 
tra n sp e p tid a se  looks b ack  on ly  on a sh o rt h is to ry . T he fu n c tio n  of th is  enzym e is to  supp ly  
th e  cells w ith  g lu ta m a te  b y  m eans of an  a p p ro p ria te  tra n sp o rt  m echan ism , an d  to  m a in ta in  
re d o x  eq u ilib riu m  by  m eans of g lu ta th io n e  sy n th esis . I t  is a re la tiv e ly  recen t fin d in g  th a t  folic 
acid  occurs and  fu n c tio n s in  th e  form  of p o ly g lu ta m a te  b o th  in p ro cary o tic  an d  m am m alian  
organ ism s.

T his volum e is com posed  of a series o f p a p ers . I t  con ta ins 24 papers m o stly  of the  m in i­
rev iew  ty p e  w hich hav e  o rig in a lly  been p u b lish ed  as Vols. 38 and  39 of M olecular an d  Cellular 
B io ch em is try  (1981). T h e  book  obviously  p ro v id es new in fo rm atio n  in  a b u n d an ce  for th e  
re sea rch er of th is  field , a n d  i t  m ay  as well be v e ry  usefu l, if  no t even m ore usefu l, for researchers 
o f b o rd erin g  fields, and  f in a lly  i t  m ay  be of p a r tic u la r  im p o rtan ce  for those  who “ ex officio”  
are  supposed  to  be w ell-in form ed, and  for those  w ho are engaged in  teach ing  b io ch em istry  a t  
th e  un iversities .

I t  is said in th e  F o rew o rd  th a t  th is vo lu m e com prises the  f irs t  one of a  series. T he second 
one will deal w ith  im m unolog ically  ac tive  p e p tid e s . The m ate ria l of th e  second vo lum e has 
a lre ad y  been  published . I t  c e rta in ly  will soon a p p ea r, if  it has n o t ap p eared  y e t, in  th e  form  
of a se p a ra te  volum e of th is  series.

Since th is  vo lum e is re p re se n ta tio n a l in  i ts  co n ten ts , th e  ed ito r could h av e  arran g ed  
th e  p a p ers  according to  th e ir  topics. I t  w ou ld  h a v e  p ro b ab ly  served th e  re ad e r if  th e  papers 
on g lu ta m a te  and  GA BA , i.e. th e  an ta g o n is tic  a c tio n  of th e  tw o com pounds in th e  nervous 
sy s tem , w ould have been  a rran g ed  close a f te r  each  o th er. S im ilarly , th e  pap ers  on y-carboxy- 
g lu ta m a te  and  those on th e  u te rin  d e riv a tiv e s e tc . could  have been  g rouped  to g e th e r, help ing  
th e re  w ith  th e  reader to  f in d  a logical o rder in th e  selection of p u b lica tions. D esp ite  th is  neglig­
ib le  d raw b ack , w hich m akes o rien ta tio n  in  th e  volum e m erely  in co n v en ien t, th is  collection 
of p a p ers  certa in ly  p ro v ides m uch  valuab le  new  in fo rm atio n  for those  concerned  w ith  research  
in  th is  field .

P . E lődi
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J .  T. W il k e

A Neuropsychological Model o f Knowing

U n iv e rs ity  Press o f A m erica , W ash ing ton , 1981, 77 pages

T he book is a  rev iew  of th e  d a ta  dealing  w ith  physio logical m echanism s of h u m an  cogni­
tiv e  processes. E m p h a sis  is p laced u p o n  th e  fu n d am en ta l n a tu re  of th e  role of th e  lim bic  
sy s tem  and re ticu la r fo rm atio n  in th e  acq u isitio n , recognition , an d  know ledge. The im p lica tio n s 
a t  th e  cognitive level fo r such issues as ta c i t  know ledge, th e  n a tu re  o f m eaning, and the  m odes 
of know ing of each of th e  tw o cerebral hem ispheres are p resen ted .

T he book will be  o f use to  neurophysio log ists an d  psychologists.

T. K u k o r e l l i

Acta Physiologica Academiae Scientiarum Hungaricae 60, 1982
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ACTA PHYSIOLOGIC A

TOM 60 В Ы П .З

РЕЗЮМЕ

КАРДИОВАСКУЛЯРНЫЕ РЕАКЦИИ У КРЫС ПРИ САМОРАЗДРАЖЕНИИ
ГИПОТАЛАМУСА

Е. А. ЮМАТОВ и Е. А. КИТЯТКИН

Мы регистрировали артериальное давление и частоту сердцебиений у крыс во время 
самораздражения латерального гипоталамуса, при оптимальных параметрах раздражения. 
При изолированном самораздражении отмечались гипер-гипотензивные, гипертензивные 
и гипотензивные реакции, чаще других типов встречался двухфазный тип реакции. При 
одноцикловом самораздражении наблюдались гипергипотензивные и гипертензивные 
реакции с различной частотой сердцебиений, 75% всех реакций были двухфазного типа, 
а гипертензивный тип реакций наблюдался только в 25% всех исследованных случаев. 
Главным типом (92) реакций артериального кровяного давления в периоды беспрерывного 
60—140-минутного раздражения являлось постепенное повышение уровня среднего 
давления на 15—40 мм рт. ст. выше исходного уровня (р >  0,001), величина которого за­
висела от продолжительности раздражения. Частота сердцебиений изменялась разнооб­
разнее: тахикардия и брадикардия встречались почти с одинаковой частотой. Сравни­
тельный анализ кардиоваскулярных реакций, возникающих во время гипоталамического 
самораздражения, и escape- реакций, вызываемых раздражением вентро-медиального 
гипоталамуса, показал своеобразие автономных явлений во время положительных и отри­
цательных эмоциональных реакций. Результаты сравнительного анализа поднимают во­
прос относительно стрессовых реакций поведения при самораздражении.

БИОЛОГИЧЕКОЕ, ХИМИЧЕСКОЕ И ФИЗИКО-ХИМИЧЕСКОЕ ИЗУЧЕНИЕ 
КОМПОНЕНТОВ БИОЛОГИЧЕСКИХ ЖИДКОСТЕЙ, ИМЕЮЩИХ МОЛЕКУЛЯРНУЮ 

МАССУ ОКОЛО 500-5000 ДАЛЬТОН, У БОЛЬНЫХ ШИЗОФРЕНИЕЙ 
М. ИДЕИ, Й. ГРОФ, Я . М ЕНЬХАРТ и А. Ф АЙОР

1. Нативная кровяная плазма и сыворотка больных, страдающих шизофренией, 
содержат вещества, которые, по-видимому, являются специфическими для этого нейро- 
психиатрического заболевания, и которые, в условиях in  vitro, ингибируют реактивность 
vas defens к электрическому раздражению.

2. За биологическое действие этих жидкостей ответственна гетерогенная фракция, 
состоящая из компонентов с молекулярной массой от 500 до 5000 дальтон, ралагаемая на 
4 подфракции хроматографией SG-25, абсорбируемая при длине волны 254 нм, содержа­
щая главным образом нингидриновые и Lowry — положительные вещества и углеводы, 
термостабильная, не перевариваемая трипсином, но гидролизируемая соляной кислотой.

КАЧЕСТВЕННЫЕ И КОЛИЧЕСТВЕННЫЕ ИЗМЕНЕНИЯ КОМПОНЕНТОВ 
КРОВЯНОЙ СЫВОРОТКИ, ИМЕЮЩИХ ОЛИГОПЕПТИДНУЮ ПРИРОДУ (МОЛ.

МАССА =  500 -  5000 ДАЛЬТОН), У БОЛЬНЫХ С ЗЛОКАЧЕСТВЕННЫМИ
ОПУХОЛЯМИ

Ж . РИ БА И , К. ВАЛЛЕНТ, Й. ГРОФ, Я . М ЕНЬХ АРТ и М. ИДЕИ

Авторы провели сравнительное исследование воднорастворимой фракции, экстра­
гированной кислым этанолом, и кровяной сыворотки больных с злокачественными опухол­
ями, с подобной же фракцией, полученной от людей, не страдающих злокачественными 
новообразованиями. Были получены следующие результаты:



1. обнаружено характерное химическое количественное изменение. Это изменение 
проявляется в увеличении содержания фракций SaaN и FaaN

2. анализы, выполненные хроматографией на геле, ультрафильтрацией и изотахо- 
форезом, или комбинацией этих методов, показали, что:

а) количество фракции, имеющей гетерогенный состав и обозначенной нами буквой 
В (Bj и В2), которая распределяется (Kav =  0,77) в эффективном проникающем объеме 
(Vett) геля SG-25 и абсорбируется при 206 нм, возрастает;

б) в основе этого увеличения — по крайней мере, отчасти, — лежит увеличение коли­
чества одного из компонентов ( l -я фракция) с молекулярной массой 500 — 5000 дальтон, 
элюируемой при Kav =  0,67 (фракция В,) и ведушей себя как анион в нашей изотахофоре- 
тичекой системе, или же появление Характерных для этой болезни двух «новых» компонен­
тов (фракции А и В).

ИССЛЕДОВАНИЕ ВЕЩЕСТВ С СРЕДНЕЙ МОЛЕЩЛЯРНОЙ МАССОЙ (MS =  300— 
500 О Д) В СЫВОРОТКЕ КРОВИ БОЛЬНЫХ С ПСОРИАЗОМ

И. Ф ЕЛ М ЕРА Н , Й. ГРОФ, М. И Д ЕИ  и Я . МЕНЬХАРТ

В сыворотке крови больных с псориазом и лиц, у которых псориаз не был подтвер­
жден клинически, мы определяли качественные и количественные отношения фракци, 
содержащей вещества с молекулярной массой 3 0 0 - 5000 дальтон, пользуясь комбинацией 
методов фракционной преципитации и хроматографии на геле (SG 25). Исследовалась Так­
же химическая Lowry, содержание свободного и связанного альфааминоазота и углевода).

Были получены следующие результаты: 1. в одной группе больных с псориазом коли­
чество абсорбирующих при 206 нм составляющих, распределяющихся (молекулярная 
масса =  300 — 5000 Д) в эффективном проникающем объеме (Veff) геля Сефадекс G 25 — по 
сравнению с контрольной группой лиц, не страдающих псориазом, — увеличивается в 
значительной степени; 2. на заднем плане этого увеличения количества стоит возрастание 
содержания компонентов, содержащих положительный компонент L o w ry  ( д  % =  78), 
свободный альфа-аминоазот ( Д  % =  44) и углевод ( Д  % =  86).

Эти результаты, повидимому, подтверждают гипотезу, согласно которой, у одной 
части больных с псориазом, в возникновении и/или поддержании клинической симптома­
тики принимают участие также вещества, пенетрирующие через применяемые в клинике 
диализирующие мембраны. Химически эти вещества относятся к олигопептидам (мол. 
масса <  5000 Д).

О ЦИТОПРОТЕКТИВНОМ ДЕЙСТВИИ СОЕДИНЕНИЙ, СОДЕРЖАЩИХ 
[СУЛЬФГИДРИЛЬНУЮ ГРУППУ

Г. А. БА ЛИ Н Т и В. ВАРРО

Авторы показали, что соединения (цистеин, глютатион, цистеамин и димеркапрол 
(BAL)), содержащие сульфгидрильную группу, оказывают выраженное защитное (дей­
ствие на язву желудка, вызванную индометацином и в то же-время обладают выраженным 
ульцерогенным действием в случае язвы, вызванной стрессом.

На основании результатов исследований авторы поднимают вопрос о необходи­
мости различать «истинные» и «не-истинные» цитопротекционные средства.

ВЛИЯНИЕ КОЛХИЦИНА НАЦИТОПРОТЕКЦИОННЫЙ ЭФФЕКТ,ОКАЗЫВАЕМЫЙ 
ПРОСТАЦИКЛИНОМ НА ЭПИТЕЛИАЛЬНЫЕ КЛЕТКИ ЖЕЛУДКА

Г. К А РА ЧО Н Ь, Г. А. БАЛИ НТ, Д Ь . ЛУ КА Ч и В. ВАРРО

В опытах на крысах линии Вистар с экспериментальной язвой, вызванной стрессом 
(иммобилизация), авторы исследовали влияние простагландина 1.2 и колхицна на слизистую 
оболочку желудка, пользуясь гистохимическими методами. Язвенный индекс снижался в



ответ на воздействие простагландина 12, введение колхицина до некоторой степени пред­
отвращало уменьшение индекса. Слизистое содержимое под воздействием стресса умень­
шилось, введение простагландина 12 предотвращало этот эффект. В свою очередь, введение 
колхицина подавляло эту защитную реакцию. Объем ядра эпителиальных клеток при им­
мобилизации достоверно увеличивался, при введении же колхицина достоверно умень­
шался. Простагландин 12 не оказывал влияния на эти явления.

Результаты настоящего исследования показывают, что цитопротективное дйствие 
простагландина 12 не сопровождается изменения ядерного объема.

СПРОВОЦИРОВАННОЕ ИНДОМЕТАЦИОНОМ ОБРАЗОВАНИЕ ЯЗВЫ ЖЕЛУДКА. 
СВЯЗЬ МЕЖДУ ТОРМОЖЕНИЕМ ОБРАЗОВАНИЯ ЯЗВЫ (ЦИМЕТИДИНОМ И 
ПРОСТАЦИКЛИНОМ) ИСИСТЕМОЙ ЦИКЛИЧЕСКОГО АДЕНОЗИН-МОНОФОСФАТА 

(сАМР) В СЛИЗИСТОЙ ОБОЛОЧКЕ ЖЕЛ1ДКА

Ф. МОРОН, Т. ЯВОР, М. БАТА, М. Ф И ГЛ ЕР и Д . МОЖИК

Введением индометациана крысам вызывали у них образование язвы желудка. 
Индометацнн вводился подкожно, в дозе 2 мг/кг. Авторы изучали защитное действие, ока­
зываемое простациклином и циметидином на язву, а также определяли уровень сАМР в 
слизистой желудка во время образования язвы и при задерживании язвообразования.

Простациклнн (125, 250, 500 мкг/кг) и циметидин (2, 5, 50 мг/кг) вводили животным 
одновременно с индометацнном. Обработку животных — после применения провоцирую­
щего агента — производили через 4 часа. Определяли количество язв и степень их тяжести, 
а также уровень сАМР в слизистой оболочке желудка.

Авторы показали, что:
Г Во время образования язв, вызванных введением индометацина, уровень сАМР в 

слизистой оболочке желудка не изменяется; 2. циметидин и простациклнн дозозависимо 
уменьшают число язв и степень их тяжести; 3. во время действия циметидина и простацик- 
лина, тормозящих образование язвы, дозозависимо снижается уровень сАМР в слизистой 
желудка, но это изменение уровня сАМР не связано с степенью противоязвенного эффекта.

Авторы пришли к Следующим выводам:
1. образование язвы желудка под влиянием воздействия индометацина не зависит от 

системы АТР — аденилциклаза — сАМР — аденилциклаза — сАМР Слизистой желудка;
2. противоязвенное действие простациклина и циметидина в условиях данной мо­

дели язвы не зависит от системы тканевого сАМР.

ВЛИЯНИЕ СВЯЗЫВАЮЩИХ Са++-КОМПЛЕКС EDTA И EGTA НА ДЕЯТЕЛЬНОСТЬ 
СИНУСНОГО УЗЛА И АРИТМИЧЕСКУЮ ГОТОВНОСТЬ СЕРДЦА

Ф. ШОЛТИ, Ш. Ю ХАС-НАДЬ, В. К ЕЧК ЕМ ЕТИ , Э. ЧАКО, В. НЕМЕ и В. К ЕК ЕШ И

В экспериментах на собаках, методом перфузии артерии инусного] узла,' авторы 
изучали влияние EDTA и EGTA, связывающих Са++-комплекс, на деятельность синусного 
узла и аритмическую готовность сердца. Кроме стандартных ЭКГ производили эпикарди- 
альные электрограммы правого и левого предсердий, правого и левого желудочков, пучка 
Гиса и регистрировали раннюю активность синусного узла. Отводили также потенциал 
действия из левого ушка и правого предсердия. Применение EDTA и EGTA в районе синус­
ного и атрио-вентрикулярного узлов вызывало синусную брадикацдию, после которой — в 
течение минуты после введения — наступала сотановка деятельности синусного узла. В 
таких случаях синусный ритм заменялся юнкциональным (иногда нижне-предсердным) 
ритмом . Вслед за этим (через 1—2 мин) возникали предсердные экстрасистолы и трепетание 
предсредний, после чего наступала фибрилляция предсердий (поздний эффект).

В одной трети Случаев фибрилляция предсердий сопровождалаь вторичной фиб­
рилляцией желудочков. Проведение возбуждения между предсердиями и желудочками 
после введения EDTA и EGTA замедлялось в атроио-вентрикулярном узле. При регистра­
ции потенциала действия отмечалась депрессия потенциалов действия предсердия и мед­
ленных (Са -зависимых) потенциалов действия желудочков в ответ на введение EDTA или 
EGTA.



СРАВНИТЕЛЬНЫЕ ПОВЕДЕНЧЕСКИЕ ИССЛЕДОВАНИЯ ВЛИЯНИЯ ЛИНЕЙНОГО 
И ЦИКЛИЧЕСКОГО СОМАТОСТАТИНА НА САМОРАЗДРАЖЕНИЕ У КРЫС

Л . В Е Ч Е Н , X. Ш В А РЦ БЕРГ и Д . ТЕЛ ЕГД И

В настоящих экспериментах на крысах проводили сравнительные исследования 
зависимости доза-эффект, касающиеся влияния линейного и циклического соматостатина на 
поведенческие реакции животных (самораздражение). Вслед за введением 20 мкг линейно­
го соматостатина в боковые желудочки мозга, частота самораздражений сильно снижалась, 
меньшие ж е дозы — 5 и 10 мкг — оказались неэффективными.

Введение I мкг циклического соматостатина вызвало краткосрочное увеличение 
частоты самораздражений (различие статистически недостоверно). После введения 5 и 
10 мкг пептида в мозговые желудочки интенсивность самораздражения уменьшилась.

Результаты насоящих экспериментов показывают, что циклический соматостатин 
эффективнее тормозит реакцию самораздражения, чем гормон, имеющий линейную струк­
туру.
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BIOCHEMICAL COMPARTMENTATION OF FISH
TISSUES.

HEXOKINASE IN THE BRAIN
S . A. S h a f f i

D EPA RTM EN T O F SCIENCE, REG IO N A L CO LLEGE OF EDUCATION, BH O PA L, IN D IA

(R eceived  M ay  14, 1981)
(A ccepted  J u ly  2, 1982)

D ifferen tia l d is tr ib u tio n  of gross, p a rticu la te  a n d  so lub le  form s of h ex o k in ase  
in  th e  cereb rum , cerebellum , p i tu i ta ry ,  h y p o th a la m u s a n d  th a la m u s  a n d  m ed u lla  
o b lo n g a ta  was s tu d ied  in  9 in la n d  te le o s ts  o f d ifferen t p h y lo g en e tic  age to  c la rify  th e  
c o m p a rtm e n ta tio n  of glucose m etab o lism . E nzym e a c t iv ity  (gross) was m ax im u m  in  
th e  cereb ru m  and  m in im u m  in  th e  m ed u lla  ob lo n g ata , su g g estin g  th a t  glucose m e ta b o l­
ism  is m ore  in ten siv e  in  th e  fo rm er s tru c tu re . T he a c t iv ity  in  th e  p a r tic u la te  f ra c tio n  
w as h ig h es t in  th e  cerebellum  follow ed b y  th e  cerebrum , m id b ra in  an d  m edulla  o b lo n ­
g a ta . G ross, p a r ticu la te  a n d  soluble f ra c tio n  o f th e  enzym e w as h igher in  m a jo r  c a rp  
species th a n  in  c a t fish  o r snake  h ead  species. T o ta l p a r tic u la r  an d  soluble f ra c tio n  
w as h ig h es t in  th e  cereb ru m , cerebellum  a n d  m idbra in . T h e  d is tr ib u tio n a l t r e n d  o f  
th e  enzym e w as s im ilar in  th e  9 fishes.

Functional heterogeneity and lack o f uniform ity in energy m etabolism  
is a unique property o f the brain. D ifferent regions o f the brain vary in  their  
m etabolic properties due to  m etabolic com partm entation. Several workers 
have studied  in various anim al groups the biochem ical com partm entation  
and intracellular heterogeneity of the brain [1, 2, 6, 8, 10, 11, 12, 13, 14, 15, 
16, 17, 22].

Glucose is the m ain source o f energy available to  th e  brain tissue because  
glycolysis is the major pathw ay in th e  central nervous system . Therefore, 
studies o f  hexokinase (ATP: D -glucose-6-phosphotransferase EC) 2.7. (1.1) 
one o f th e  key enzym es o f  glycolysis in  different regions o f  the brain m ay be 
of considerable im portance to understand the role o f  th e  enzym e. Though  
several reports have appeared on the distribution o f hexokinase in various 
types o f cells and different layers o f specific brain areas, a general conclusion  
has not been reached concerning the distributional pattern  o f hexokinase in  
the cerebrum, cerebellum, midbrain and medulla [5]. B esides, all these re­
ports were related to  higher vertebrates.

In  fishes from tropical environm ent the question does not seem to  have  
been investigated . Therefore, in  the present work a stu d y  was made o f the  
differential distribution o f to ta l, particulate and soluble forms of hexokinase  
in  4 regions o f the brain in 9 fresh w ater teleosts belonging to  various ph y lo ­
genetic levels. The fishes under stu d y  were Catla catla (H am ), Labeo rohita 
(H am ), Cirrhina m rigala  (H am ), Heteropneustes fo ss ilis  (B loch), Clarias

1 Acta Physiologica Academiae Scientiarum Hungaricae 60, 1982
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batrachus (Linn), M ystu s seenghala (Sykes), Channa striatus  (B loch), Channa 
pu n cta tu s  (Bloch) and Channa m arulius (H am ).

Material and m ethods

H ealthy , m a tu re  a n d  w ell fed  fish  o f th e  ab o v e  9 species, ra n g in g  in  size from  18 to  
20 cm , w ere ob tained  lo ca lly  a n d  k e p t  in  th e  la b o ra to ry  on  th e ir  n a tu ra l  d ie t  [14] fo r 6 d a y s  
b e fo re  s ta rtin g  th e  e x p e rim e n t. T en  fish  o f  each  species were d e c a p ita te d  a n d  th e  cereb ru m , 
cereb ellu m , p itu ita ry , h y p o th a la m u s  an d  th a la m u s  a n d  m edulla  o b lo n g a ta  w ere rem o v ed .

Hom ogenate preparation

Tissue hom ogenates (1 0 % ) w ere p re p a re d  in  th e  P o tte r -E lv e h je m  hom ogenizer in  ice 
co ld  b u ffer solution p H  7.3 co n ta in in g  0.02 M tr ie th a n o l  am ine, 0.25 M sucrose  and  0.01 mM 
d ith io th re ito l.  A b o u t 2 m l o f each  hom ogenate  w as d ia ly sed  ag a in st th e  sam e m ed ium  a t  4 °C, 
fo r  l h .  T he d ialysed e x tr a c ts  w ere cen trifuged  (K -70  R efrig e ra ted  C entrifuge  w ith  e ig h t 
c o lu m n  disks) a t  14 000 rp m  fo r 20 m in  to  o b ta in  so luble  (su p e rn a ta n t)  a n d  p a r tic u la te  (pellet) 
f ra c tio n s . The pelle ts w ere su sp en d ed  in  th e  ab ove  m ed iu m  to  th e  o rig in a l c o n cen tra tio n  o f th e  
h o m o g en a te . The p e lle t su sp en s io n  an d  w hole h o m o g en a tes  w ere t r e a te d  w ith  0 .2%  T rito n  
X -1 0 0  (final con cen tra tio n ) a n d  k e p t a t  4 °C fo r 30 m in  before use to  re lease  th e  enzym e.

E n zy m e  assay

T he enzym e a ssay  m ix tu re  con ta in ed  in  a  f in a l volum e of 1.25 m l, 0.1 M T ris-H C l 
b u f fe r  p H  7.5: 16 mM  M gCl2: 16 mM  A T P/M g2 + com plex  p H  7.0: 0.37 m M  N A D P , 5 m M  
g lucose  and  one u n it  o f g lu co se-6 -phosphate  deh y d ro g en ase . T he re a c tio n  w as s ta r te d  b y  th e  
a d d it io n  of 0.01 m l o f th e  tis su e  e x tra c t. A  Zeiss sp e c tro p h o to m ete r w as used  fo r follow ing 
th e  r a te  of red u ctio n  o f N A D P  a t  340 /лт fo r 6 m in . A  n n it  o f th e  enzym e a c t iv ity  was defined  
a s  //m ol of N A D PH  fo rm ed  p e r  g fresh  tissu e  w e ig h t a t  25 °C [4, 15].

Results

It is evident from  Table I to III  th a t regional differences were recorded 
in  th e  hexokinase a c tiv ity  in whole, particulate and soluble hom ogenate 
fractions in four different com partm ents of 9 teleosts. W hole hom ogenate  
(gross) hexokinase a c tiv ity  was m axim um  in  the cerebrum and minim um  in  
th e  medulla oblangata. The distributional profile o f enzym e a ctiv ity  as noticed  
in  th e  whole hom ogenate o f the 4 brain regions was not reflected  in the partic­
u la te  and soluble fractions. Particulate hexokinase a c tiv ity  was highest in  
th e  cerebellum, follow ed b y  the cerebrum, midbrain and m edulla oblongata. 
T he optimum of soluble enzym e a ctiv ity  w as found in th e  m idbrain region. 
T he total, particulate and soluble fractions were highest in  the cerebrum, 
cerebellum  and m idbrain, respectively. The distributional trend was the sam e 
in  th e  four brain regions o f the 9 fishes.

Among the fishes, the soft, herbivorous and major carp species (C. catla, 
L . rohita and C. m rigala) contained the h ighest total, particulate and soluble 
form s of hexokinase (Table I) then the catfish  (H . fo ssilis , C. punctatus and 
C. marulius) (Table III ) .

Acta Physiologica Academiae Scientiarum Hungaricae 60, 1 982
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Table I

H exohinase in  various regions o f  the brain-m ajor carps

Regions o f b ra in F ish
Hexokinase (unit/m g protein) 

Whole
homogenate P articu la te

activity

Soluble

(a ) Cerebrum C. catla 0.39 0.20 0.08
± 0 .0 5 ± 0 .0 2 ± 0 .0 0 6

(b ) Cerebellum 0.24 0.32s* 0.06
± 0 .0 4 ± 0 .0 3 ± 0 .0 0 5

(c) P itu ita ry  th a la m u s  and 0.20s* 0.16c* 0.10
hypothalam us ± 0 .0 3 ± 0 .0 1 ± 0 .0 0 3

(d) M edulla ob longata 0.17s* 0.14a*,b** 0.05
± 0 .0 3 ± 0 .0 1 ± 0 .0 0 2

W hole brain 0.47 0.38 0.12
± 0 .1 0 ± 0 .0 9 ± 0 .0 3

(a ) Cerebrum L . rohita 0.30 0.18 0.06
± 0 .0 3 ± 0 .0 4 ± 0 .0 0 2

(b ) Cerebellum 0.21s* 0.26 0.05
± 0 .0 2 ± 0 .0 3 ± 0 .0 0 1

(c) P itu ita ry  th a la m u s and 0.18s* 0.13b** 0.07
hypothalam us ± 0 .0 2 ± 0 .0 1 ± 0 .0 0 3

(d ) M edulla ob longata 0.14“** 0.12b** 0.04
± 0 .0 3 ± 0 .0 1 ± 0 .0 0 1

W hole brain 0.41 0.32 0.10
± 0 .0 8 ± 0 .0 8 ± 0 .0 2

(a) Cerebrum C. mrigala 0.25 0.15 0.05
± 0 .0 3 ± 0 .0 2 ± 0 .0 0 1

(b ) Cerebellum 0.19 0.22 0.04
± 0 .0 2 ± 0 .0 2 ± 0 .0 0 1

(c) P itu ita ry  th a la m u s and 0.15 0.12 0.09
hypothalam us ± 0 .0 2 ± 0 .0 2 ± 0 .0 0 3

(d ) M edulla ob longata 0.12 0.10 0.03
± 0 .0 2 ± 0 .0 2 ± 0 .0 0 2

W hole brain 0.37 0.28 0.12
± 0 .0 8 ± 0 .0 7 ± 0 .0 4

V alues (U n it/m g  p ro te in ) are m ean  ± S D  of 6 estim ations. T he d a ta  were sub jected  to  
analysis o f variance a n d  “ F ”

P  <  0.05*, P  <  0.01**

D iscussion

The a ctiv ity  o f  a g lycolytic enzym e in  a particulate com partm ent o f  
th e  brain indicates its capacity for g lycolysis in the region [20]. I f  the hexo- 
kinase activ ity  is less in white fibre tracts of the brain, it  indicates a lower 
cap acity  of energy production v ia  glucose m etabolism  [21]. The m axim um

1* Acta Physiologica Academiae Scientiarum Hungaricae 60, 1982
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Table II

H exokinase  in  various regions o f  the brain-catfish

Regions of brain Fish
Hexokinase (U nits/m g protein) activ ity

Whole
homogenate P articu la te Soluble

(a) C erebrum H . fossilis 0.23
± 0 .0 3

0.13
± 0 .0 0 2

0.04
±0 .0 0 2

(b ) Cerebellum 0.18
± 0 .0 2

0.20“*
± 0 .0 2

0.03
±0 .001

(c) P itu ita ry  thalam us an d  
h y p o thalam us

0.13“*’b*
± 0 .0 2

0.10b**
± 0 .0 2

0.07
± 0 .0 0 2

(d) M edulla oblongata 0.11a**
± 0 .0 2

0.09b**
± 0 .0 1

0.03
±0 .0 0 1

W hole b rain 0.29
± 0 .0 6

0.24
± 0 .0 5

0.06
±0.001

(a) C erebrum C. batrachus 0.20
± 0 .0 3

0.11
± 0 .0 1

0.05
±0.001

(b) Cerebellum 0.15
± 0 .0 1

0.09“*
± 0 .0 2

0.02
±0 .001

(c) P itu ita ry  thalam us a n d  
hypo th a lam u s

0.12a*
±0.01

0.10
± 0 .0 1

0.06
± 0 .002

(d) M edulla oblongata 0.09“*
±0.01

0.07“*
± 0 .0 1

0.02
± 0 .0 0 5

W hole brain 0.24
± 0 .0 7

0.19
± 0 .0 7

0.07
± 0 .0 2

(a) C erebrum M . seenghala 0.16
± 0 .0 2

0.09
± 0 .0 1

0.04
± 0 .0 0 7

(b) Cerebellum 0.11
± 0 .0 2

0.16“*
± 0 .0 3

0.02
± 0 .0 0 1

(c) P itu ita ry  thalam us a n d  
hypo th a lam u s

0.09“*
± 0 .0 1

0.07b*
± 0 .0 2

0.04
± 0 .0 0 1

(d) M edulla oblongata 0.07“**
± 0 .0 2

0.06b*
± 0 .0 3

0.01
± 0 .001

W hole brain 0.19
± 0 .0 4

0.15
± 0 .0 6

0.06
± 0 .0 1

V alues (U nit/m g p ro te in )  are m ean ± S D  of 6 estim ations. T he d a ta  were su b jected  to 
analysis o f variance a n d  “ F ”  te s t  

P  <  0.05*, P  <  0.01**

and m inim um  levels o f  hexokinase in  the whole hom ogenate o f the cerebrum  
and m edulla oblongata proves that the rate o f  glucose m etabolism  is higher 
in th e  cerebrum th an  in  the medulla.

On the other han d , the major com ponent of the m edulla is made up of 
w h ite  fibra tracts and w hite m atter, w hile the cerebrum and cerebellum are 
rich in  grey m atter. E v en  the glucose u tilization  rate, oxygen  consum ption
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Table I I I

Hexokinase in  various regions o f  the brain-m urrel

Regions o f brain Fish
Hexokinase (Unite/mg protein) activity

Whole
homogenate P articu la te Soluble

(a) Cerebrum C. striatus 0.14
± 0 .0 1

0.08
± 0 .0 2

0.02
± 0 .0 0 3

(b) Cerebellum 0.10
± 0 .0 2

0.11
± 0 .0 1

0.02
± 0 .004

(c) P itu ita ry  th a la m u s and 
h y p o thalam us

0.08a*
± 0 .0 1

0.06°**
± 0 .0 2

0.04
± 0 .0 0 2

(d) M edulla ob longata 0.07“*
± 0 .0 2

0.04b**
± 0 .0 1

0.01
±0.001

W hole b ra in 0.16
± 0 .0 2

0.13
± 0 .0 5

0.04
±0.001

(a) Cerebrum C. punctatus 0.10
± 0 .0 2

0.07
± 0 .0 2

0.02
±0.001

(b) Cerebellum 0.08
± 0 .0 1

0.09
± 0 .0 2

0.02
± 0 .0 0 1

(c) P itu ita ry  th a lam u s and 
hypo thalam us

0.07
± 0 .0 1

0.05
± 0 .0 1

0.04
±0.001

(d) M edulla ob longata 0.05“*
± 0 .0 2

0.03b*
± 0 .0 1

0.01
±0 .0 0 1

W hole b ra in 0.12
± 0 .0 3

0.09
± 0 .0 3

0.03
±0.001

(a) Cerebrum C. m arulius 0.08
± 0 .0 2

0.05
± 0 .0 1

0.01
±0.001

(b) Cerebellum 0.06
± 0 .0 1

0.07
± 0 .0 2

0.01
±0 .001

(c) P itu ita ry  th a la m u s and 
hypo thalam us

0.05
± 0 .0 2

0.06
± 0 .0 1

0.04
±0.002

(z) M edulla ob longata 0.04
± 0 .0 2

0.02b-°*
± 0 .0 0 1

0.01
± 0 .001

W hole brain 0.10
± 0 .0 3

0.07
± 0 .0 2

0.04
± 0 .0 1

V alues (U n it/m g  p ro te in ) are m ean  ± S D  o f 6 estim ations. T he d a ta  w ere sub jected  to  
analysis o f variance  a n d  “ F ”  te s t 

P  <  0.05*, P  <  0.001**

and local cerebral blood flow  are higher in  th e  grey than  in  th e  w hite m atter  
[18, 19]. It is further known from  m any in  vitro  studies th a t the m etabolic  
rate in the grey m atter is higher than  in  th e  w hite m atter [9]. From all th is  
it  m ay he concluded that in  the cerebrum and cerebellum , regions rich in grey 
m atter, the m etabolic rate is higher while in the m edulla, rich in  w hite m atter, 
it  is lower than  in any o f the other regions.
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The regional variations observed betw een particulate and soluble frac­
tion s m ight be explained  by the distribution o f neurons and glia in different 
regions of the brain, as the cytoplasm ic enzym e is located  in the glia and  
particulate hexokinase in  neurons. I t  is assum ed th at the brain com partm ents 
are different in neuronal and glial com position which difference m ay m anifest 
it s e lf  w ith  variations o f  th e  ratio o f particulate versus soluble fractions [3, 7].

Among the three groups o f fishes, optim um  hexokinase in total, particu­
la te  and soluble hom ogenate fractions was recorded in  the major carp species. 
T his indicates th a t th e  phylogenetically  older major carps have more grey  
m atter than the other tw o groups o f  fish .

An indirect relationship has been observed betw een the course o f evo lu ­
tio n  and the fall in  th e  to ta l, particulate and soluble fractions o f hexokinase. 
Further, the phylogenetically  younger parts o f the brain (cerebrum) contain  
m ore hexokinase th an  th e  older parts. The regional variations m ight be related  
to  th e  diet and its involvem ent in m etabolism . This m eans th at phylogeny has 
som e effect on the an im al in general and its organs in  particular as regards 
biochem ical com partm entation  [12, 13, 14, 15, 16, 17].
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CHANGES OF WATER AND ELECTROLYTE 
METABOLISM IN RUMINANTS AFTER WATER 

DEPRIVATION AND NaCl LOAD

B. S z e g e d i , В . J u h á s z  and M. K e r e s z t e s

DEPARTMENT OF PHYSIOLOGY, INSTITUTE FOR ANIMAL NUTRITION, HERCEGHALOM, HUNGARY

(R ece iv ed  N o v em b er 2, 1981)

T h e  re g u la tio n  of N a + a n d  w a te r  m etabo lism  w as s tu d ie d  in  sheep w ith  ru m en  
f is tu la  a f te r  w a te r  d ep riva tion  fo r 48 h o u rs . N a + and  K + co n cen tra tio n s w ere d e te r ­
m ined in  b lo o d  p lasm a , blood, u r in e  a n d  sa liva , w ith  o r w ith o u t NaCl load .

T he re su lts  show ed th a t  th e  w a te r  c o n te n t o f th e  ru m in a l flu id  p lay s a n  im p o r­
ta n t  role in  th e  co n tro l o f e lec tro ly te  a n d  w a te r  m etabo lism . T he ab so rp tio n  o f w a te r  
an d  N a + fro m  th e  rum en  fav o u rs th e  m ain ten an ce  o f iso sm o la lity  and  iso v o laem ia  
u n til  th e  c o n c e n tra tio n  of N a + in  th e  ru m in a l flu id  has exceed ed  th a t  in  b lood  p lasm a . 
T h erea fte r  th e  b a lan ce  of w ater m o v e m e n t betw een  ru m e n  a n d  e x tra v ascu la r  space 
is sh ifted  to w a rd s  th e  rum en in h ib itin g  th e re b y  a fu rth e r in c rease  o f N a + c o n c e n tra tio n  
and  en su ring  th e  life conditions fo r  th e  ru m in a l m icrob ial p o p u latio n .

D u rin g  w a te r  dep riva tion  n o t  o n ly  w a te r  is lo st b u t  as a  re su lt of N a + e x cre tio n  
re la tiv e  h y p o n a tra e m ia  also ensues a s  c an  read ily  be assessed  fro m  th e  ra tio  o f sa liv a ry  
N a + an d  K + co n cen tra tio n s . U p o n  N aC l load  th e  sa liv a ry  N a +/ K + ra tio  w as in creased  
in d ica tin g  th e  e x te n t  of N a + su p p ly .

W ith regard to  the productiveness o f rum inants th e  im portance o f  the  
NaCl supply and o f the regulation o f  w ater balance is  w idely accepted. A  
deficient supply in  sodium  results in  reproductive anom alies as described b y  
A h l s w e d e  [1], L o t t h a m m e r  and A h l s w e d e  [5], M o u s t a f a  et al. [6]. A ccord­
ing to  F r e d r i k  et al. [3] in  cattle there is no such correlation between the serum  
N a + and K + levels and the N a + and K + supply w hich  m ight be used for 
diagnostic purposes. This explains th e  im portance o f  th e  investigations o f  
S k y d s g a a r d  [8], K e m p  and H a r t m a n s  [4] and of R e i c h e l  et al. [7], describ­
ing th e  correlation betw een salivary N a + and K + concentrations and sodium  
supply . We have studied  how the sa livary  Na + and K + concentrations and 
w ater m etabolism  are influenced b y  th e  regulatory m echanism s in  sheep after 
transient w ater deprivation and under a consecutive NaCl load.

In large-scale anim al breeding i t  m ay nam ely occur th at, due to  som e  
failure, no drinking w ater is available for 1 or 2 days. The fodder is supp le­
m ented w ith  NaCl as generally prescribed and not according to a chem ical 
analysis, thus th e  addition  to the fodder o f  NaCl in excess m ay often result 
in  a NaCl load.

M ethods

E ig h t  H u n g a ria n  m erino  sheep w e ig h in g  4 7 -48  kg  w ere u se d  a f te r  w a te r d e p riv a tio n  
fo r  48 h o u rs . T he co m p o sitio n  of th e  fod d er w h ic h  w as offered e v en  d u rin g  th e  w a te r d e p r iv a ­
t io n  p e r io d  w as s ta rc h , 5 6 .2 % : p ro te in  1 4 .1 % : w a te r  co n ten t 1 5 .1 % : N aC l-con ten t 0 .6 5 % .
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B efore  th e  studies a  ru m e n  fis tu la  was c rea ted  a n d  c a th e te rs  were in se r te d  in to  th e  p a ro tid  
d u c t,  u re te r  and  ju g u la r  v e in  fo r collecting sam ples. E x tra ce llu la r  flu id  v o lu m e  was e s tim a te d  
u s in g  24N a  isotope. T h e  w a te r  c o n ten t of th e  ru m in a l f lu id  was d e te rm in ed  b y  p o ly e th y len e  
g lyco l. T h e  dose of N aC l w as 12.8 m m ol/kg b o d y  m ass dissolved in  300 m l w a te r  and  g iv en  
in to  th e  ru m en  v ia  th e  f is tu la .  T he solu tion  also c o n ta in ed  7.5 M Bq 24N a  + . D a ta  are g iven  in  
m ea n s  ± S .D .

R esu lts  a n d  d is c u ss io n

W ater deprivation  for 48 hours was found to  influence th e  salt and w ater  
m etabolism  of sheep. W ater content o f  th e  rum inal fluid and the serum N a + 
concentration were decreased sign ificantly . N a + concentration in  saliva also 
dim inished whereas th a t of K + increased. Extracellular flu id  volum e did not 
change sign ificantly (Table I). The reduction o f serum N a + concentration  
appeared to be related  to  the low N a/К  ratio in the saliva; th is  interpretation  
how ever, requires fu tlier  studies.

The enhanced NaCl concentration o f  the ruminal flu id  induced by the  
intrarum inal load decreased m arkedly after 1 hour, but increased again be-

Table I

Changes in  parameters after 48 hour water deprivation in  sheep

Before w ater 
deprivation

A fter w ater 
deprivation

P

R um inal f lu id

N a + mmol/1 101 ±  6.2 83 ± 4 9 > 0 .0 5

K + mmol/1 3 4 .2 ± 1 1 .2 2 1 .8 ± 1 0 .5 > 0 .05

W ater c o n ten t m l/b o d y  m ass (kg) 7 0 .7 ± 1 0 .7 3 9 .0 ± 1 0 .3 <0.05

Serum

N a + mmol/1 153.7 ±  2.8 145.8 ±  5.7 < 0.05

K + mmol/1 4.10 ±  0.45 4.15 ±  0.25 > 0 .0 5

Saliva

N a + mmol/1 1 8 1 .2 ±  4.2 1 5 6 .8 ±  9.0 < 0.05

K + mmol/1 5 .0 8 ±  0.72 15.37±  6.93 < 0.05

N a +/K + mmol/1 35.6 10.2

Urine

m l/m in 2.99 ±  1.70 0.43 ±  0.15 <0.05

N a + mmol/1 39.3 ± 3 5 .6 15.0 ± 1 1 .0 <0.05

K + mmol/1 109.5 ± 1 3 4 .1 294.0 ± 6 9 .0 < 0.05

K +/N a + mmol/1 2.78 19.60

Extracellular f l u i d  volume

m l/kg bo d y  m ass 186.0 ±  2.6 181 .0±11 > 0 .0 5
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tw een  90-150 m in in  association w ith  a reduction of K + concentration. Three 
hours post-loading a value below 160 mmol/1 was noted  (F ig. 1). In  another  
series the w ater volum e o f the rum inal flu id  was found to  decrease until 120 m in, 
thereafter it  increased transiently b u t sign ificantly  w hile the Na + concentra­
tion  fell below  150 mmol/1 (Fig. 2). Serum  N a + concentration was augm ented  
after the load and decreased stead ily  u n til 180 min and increased thereafter

2jW  K* Na* 
imp/mg mM/l

F ig . 1. C hanges in  ru m in a l f lu id  N a + a n d  K + con cen tra tio n s a n d  in  24N a specific a c t iv i ty
a f te r  N aC l lo ad

transien tly . The alterations of the serum  N a + concentration were associated  
w ith  unchanged serum  K + concentration (F ig. 3).

The NaCl load exerted an effect on th e  concentration o f N a + in the sa liva  
too , and raised it  to  a value over 180 mmol/1, whereas K + dropped below  
5 mmol/1. The N a +/K + ratio dropped from  35 (before w ater deprivation) to  
10 (after w ater deprivation). In response to  the load it increased continuously, 
to  20 after 50 m in, to  35 after 90 m in, and even  higher thereafter (Fig. 4).

Under the NaCl load the haem atocrit dropped from 33 to  27. The ex tra ­
cellular flu id  volum e betw een 180—240 m in was 18% less th an  the in itial va lue  
(F ig . 5).

These data unequivocally in d icate th a t the changes in electrolyte and  
w ater m etabolism  were due to the w ater deprivation for 48 hours. No sign if­
ican t alterations were seen in extracellular flu id  volum e or the haem atocrit. 
D uring w ater deprivation  the fluid requirem ent of the anim als was replenished  
from  the w ater content o f  the rum inal flu id  in association with a reduced
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experi- control 
mental Na» Na*

F ig . 2. Changes in  ru m in a l f lu id  volum e a f te r  N aC l (experim en tal) a n d  w a te r  (contro l) lo ad s

2ANa*
plasma blood K* Na* 

imp/mg mM/l 
* д о *

F ig . 3. Changes in  se ru m  N a + an d  K + c o n ce n tra tio n s  an d  in  b lood 24N a  specific a c tiv ity  a f te r
N aC l lo ad
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K* Na* 
m M /l

о •

•/. Na* overcharge

F ig . 5. Changes in  ex trace llu la r f lu id  vo lum e a fte r N aC l lo ad

diuresis. The w ater content of the rum inal flu id  decreased significantly. The  
w ater absorbed from  the rumen is capable o f  com pensating for the transient 
water loss o f rum inants. Urinary output o f  N a + was depressed whereas th a t  
of K + was enhanced: the K +/N a + ratio w as elevated from  2.8 to 19.6. A ll 
these appear to  indicate a N a + retention and a relative N a + deficiency. The 
relative hyponatraem ia was also reflected  b y  the sa livary  N a +/K + ratio  
which decreased from  35 to 10. The N a + concentration o f th e  ruminal flu id  
is low  therefore it  could not com pensate for the urinary loss o f  N a +.
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R u m in a l f lu id  is  k n o w n  to  p la y  a n  im p o r ta n t  ro le  in  t h e  w a te r  m e t a b o l­
is m  o f  sh eep . A c c o r d in g  to  E n g e l h a r d t  [2 ] , 7 -1 2  1 o f  s a l iv a  is  s w a llo w e d  
in t o  th e  ru m en  d u r in g  2 4  h  a n d  th e  s a m e  v o lu m e  p a s s e s  in t o  th e  o m a s u m ,  
a b o m a s u m  a n d  in t e n s t in a l  ca n a l. O n th e  o th e r  h a n d , a c r o ss  th e  Avail o f  t h e  
r u m e n  50  1 w a te r  p a s s e s  d a ily  in  b o th  d ir e c t io n s .

The intrarum inal adm inistration o f NaCl raised the N a + concentration  
and water content o f  th e  rum inal flu id . The absorption o f N a + from the rum en  
gradually increased the specific activ ity  o f  24Na in the serum . The high N a + 
concentration in  the serum  that developed during the fir st half hour p o st­
load  decreased gradually while the rum inal flu id  lost w ater, too . The reduction  
o f  rum inal flu id  volum e resulted in an enhancem ent o f its  N a + concentration  
and the reversed N a + gradient augm ented the reexcretion o f water in to  th e  
rum en in association w ith  a repeated increase in serum N a + and a reduction  
in  the ruminal flu id  N a + concentration. This mechanism prevents the prolonged  
increase o f osm otic pressure in the rum en after transient w ater deprivation  
w hich would otherw ise destroy the rum inal microorganisms th at are essentia l 
for ruminal digestion . According to  th e  results the sa livary  N a +/K + ratio  
reliably reflects th e  hypo- and hypernatraem ic states produced by w ater  
deprivation and NaCl load.

In agreem ent w ith  other data we m ay conclude th a t the saliva te s t  is 
one o f the m ost su itable diagnostic m ethods available to  control the salt 
supply  of rum inants.
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COMPUTER SIMULATION FOR STUDYING 
CALCIUM DEPENDENT ABNORMALITIES IN 

FIRING MECHANISM OF MOLLUSCAN NEURONES

F. P o n g r á c z* and M agdolna Sz e n t e

DEPARTMENT OF COMPARATIVE PHYSIOLOGY, JÓZSEF ATTILA UNIVERSITY, SZEGED, HUNGARY

(R eceived F e b ru a ry  9, 1982)

C o m p u te r m odelling tec h n iq u e  is p ro p o sed  to  assis t in  physio logical re sea rc h  
on  in v e rte b ra te  neu ro n al m em branes. T h e  f ir in g  m echan ism  o f a  single p a tc h  o f  in v e r ­
te b ra te  n eu ro n a l m em brane  has b een  s tu d ie d  in  dependence on  m ax im u m  Ca + + c o n d u c ­
tan ce . T he ca lcu la tio n s are based  on  m o d ific a tio n  of H o d g k in —H u x le y ’s d a ta  c o m p le te d  
b y  a s tra ig h t line  ap p ro x im atio n  b e tw ee n  e x p e rim e n ta l p o in ts  o f  th e  k inetic  p a ra m e te rs  
o f C a++ c u rre n t a n d  early  tra n s ie n t p o ta s s iu m  c u rre n t. T h e  tim e  course of c o n d u c tan c e  
changes is assu m ed  to  be p ro p o rtio n a l to  m 2h  fo r C a+ + c u rre n t. T h ree  d is tin c t p o ta s s iu m  
cu rren ts  a re  in v o lv ed  in to  th e  m odel, v iz. t r a n s ie n t  p o tass iu m  c u rre n t, delayed  p o ta s ­
sium  c u rre n t a n d  Ca + +-dependen t p o ta s s iu m  c u rre n t. T h e  m o d ified  E u ler m e th o d  ru n  
on a d ig ita l co m p u te r has been u se d  fo r n u m erica l in te g ra tio n  o f k inetic  e q u a tio n s .

S ig n ifican t effects of C a++ c o n d u c tan c e  on  spike b ro a d en in g , p la te a u  d e v e lo p ­
m en t an d  spike a fte rh y p e rp o la riz a tio n  a re  rep re sen ted . I n  th e  ran g e  of sm all C a + + 
con d u ctan ce  a n  in fin ite  sp o n tan eo u s a c t iv ity  can  be  tr ig g e red  b y  a  sh o rt (su p ra th re sh -  
old) c u rre n t p u lse  w hich m ay  be co n sid ered  a m odel o f p a ce m a k e r a c tiv ity . P la te a u  
developm en t re su ltin g  from  p o ta ss iu m  b lock ing  or decreasing  p o tass iu m  eq u ilib riu m  
is fa c ilita ted  b y  C a++ co nductance  in  th e  ran g e  of g re a te r  Ca + + co n d u ctan ce . T h e  
effects o f v o ltag e  sensitiv ity  o f th e  co up ling  coefficien t desc rib in g  th e  cu rre n t o f  C a + + - 
d ep en d en t K + channels were s tu d ied  a n d  co m p ared  to  th e  v o lta g e  in d ep e n d en t case . 
T he coupling coefficien t seems to  b e  a c ru cia l fa c to r  in  b ro a d en in g  th e  range  o f  Ca + + 
conductance  responsib le  for p a ce m a k e r a c tiv ity . F o r g re a te r  v a lu e s  o f Ca++ c o n d u c ­
tan ce , a decrease o f  th e  coupling coeffic ien t lead s to  a  tra n s it io n  fro m  pro longed  b u r s t ­
ing to  in te r ru p tio n  o f b u rs t a c t iv ity  b y  b u rs t-a fte rh y p e rp o la r iz a tio n .

T he b lock ing  effect of 4 -am in o p y rid in e  o n  fa s t  o u tw a rd  c u rre n t has been  s tu d ie d  
b y  th e  m odel w h ich  has a p ra c tic a l sign ificance considering  t h a t  a m in o p y rid in e  is 
kno w n  as a  convulsive  agent. W e su p p o se  t h a t  i t  is reaso n ab le  to  s tu d y  th e  c o n v u ls iv e  
effects o f am in o p y rid in e  b y  th e  m odel b a sed  on  th e  k inetics o f th e  iso la ted  n e u ro n a l  
m em brane . T he m odel m ay  help in  u n d e rs ta n d in g  th e  ionic b ack g ro u n d  u n d e rly in g  
ab norm al n e tw o rk  a c tiv ity  du ring  ep ilep tic  d ischarges o f m am m alian  n eu ro n es.

The primary purpose of th is paper was to  develop a com puter m odelling  
technique for the analysis o f m odifying effects o f the C a+ + system  in m olluscan  
neurones. R ecent results o f voltage-clam p m easurem ents describing the char­
acteristics o f the transmembrane ionic currents in iso lated  neurones o f  th e  
ganglia o f m olluscs allowed to sum m arize th e  available data by means o f  a 
digital com puter and perform different m odel experim ents.

The kinetics o f  inward currents were investigated  b y  means of m icro­
electrodes and intracellular d ialysis o f  nerve cells [4, 5, 6, 14, 15, 22, 23]. 
Sodium  and calcium  currents underlying the inward current o f  the m em brane

* P resen t address: Second D e p a rtm en t o f A n a to m y , Sem m elw eis U n iv ersity  M ed ica l 
School, B u d ap es t, H u n g a ry
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were successfully separated and the activation  and inactivation  kinetics o f  the  
Ca + + current have been clarified [1 ,1 4 , 15, 16, 17]. The general form o f inward  
current containing a sm all Ca + + current in  m olluscs is sim ilar to  that described  
for th e  squid axon [12] b u t its tim e course is considerably slower [4, 5, 6, 22, 
23]. Potassium  currents were in tensively  studied  under voltage-clam p con­
d itions and separated in to  three d istin ct com ponents [26] v iz. transient 
potassium  current 1д w hich  is blocked b y  externally  applied 4-am inopyridine  
[4-A p]; delayed outw ard current IK w hich is  not affected b y  4-Ap and Ca + +- 
dependent potassium  current I k, ca- A good  correlation has been found b e­
tw een  the change in intracellular Ca++ concentration and I k , Ca [8] su ggest­
ing th a t I k , c a  is not vo ltage  dependent. In  contrast, the results o f  G o r m a n  
and T h o m a s  [9] have show n that the activ a tio n  o f К + conductance underly­
ing  I k, Ca also depends on voltage.

The participation o f  ionic conductances in developm ent different firing  
patterns o f the m em brane has been stu d ied  during the norm al repetitive  
sta te  [4, 5, 6]; pacem aker activ ity  [2, 3, 7]; plateau developm ent resulting  
from  K + channel b locking [20, 28, 29]; prolonged spike or burst-afterhyper­
polarization o f the m em brane potential [18]; and depolarizing shift a c tiv ity  
coinciding with burst developm ent [11, 27 ]. Our model experim ents proved  
th e  significant role o f  Ca++ conductance and Ca + +-m ediated K + conductance  
in  developing or in fluencing the previously listed  activ ity  patterns. A  m odifica­
tion  o f  the coupling coefficient betw een Ca + + and K + channels m ay lead to  
th e  inhibition  o f pacem aker bursting b y  evoking prolonged burst-afterhyper­
polarization. W e present also the results as regards 4-Ap effects which show  
sim ilarities w ith bursting activities o f  un its observed in 3-A p-treated m am m a­
lian  cortex [25].

Model equations and num erical procedure

T h e  governing re la tio n sh ip  for m em b ran e  c u r re n t  per u n it a rea  is expressed  b y

Щ  =  Cm • —  ■ +  g Na • ( V — Е ш ) +  gca • ( V -  E c a) +  g A • ( V — E a ) +

+  g K • ( V — E K) +  gc • ( V -  E c ) +  g L • ( V — E l ) +  e, (1 )

T h e  sym bols for (1) an d  o th e r  expressions are  l is te d  in  T ab le  I. T he tim e  a n d  v o ltag e -d ep en d en t 
io n  conductances a re  expressed  by

gNa =  gNa ' m Na ' hNa ; gCa =  g Ca • mga • hca ;
-  -  ,  (2)

gA “  gA m A • "A i gK =  ÄK ' n K ’ gc  =  gca • CK, Ca

w h ere  m ^ a, h ^ a den o te  th e  H —H  variab les w ith  d ecreased  ra te  fu n c tio n s; т ^а and  /iCa re p re se n t 
th e  a c tiv a tio n  an d  in a c tiv a tio n  k inetics o f Ca + + c u rre n t; т д ,  hд  d e n o te  th e  a c tiv a tio n  and  
in a c tiv a tio n  p a ram e te rs  o f  th e  early  po tassium  c h an n e l; n ^  is th e  H - H  v ariab le  o f th e  d e lay ed  
p o ta ss iu m  channel inc lu d in g  decreased ra te  fu n c tio n s  and ca ls th e  coupling co effic ien t

Acta Physiologica Academiae Scientiarum Hungaricae 60, 1 982



COMPUTER SIMULATION OF Ca++-DEPENDENT FIRING 191

Table I

D ata employed in  calculations

Constants

Cm m em b ran e  cap ac ity 6.64 jiiF/cm2

E m so d iu m  eq u ilib riu m  p o ten tia l 100.0 mV

Е ц  =  Е д  =  E ç  p o tass iu m  eq u ilib riu m  p o ten tia l -  20.0 mV

Eca calc ium  eq u ilib riu m  p o ten tia l 190.0 mV

E l leak ag e  eq u ilib riu m  p o ten tia l c a lcu la ted  to  give a 
b a lan ce  o f in w ard  an d  o u tw ard  c u rre n ts  fo r resting  
m em b ran e  p o ten tia l

(All p o ten tia ls  a re  re fe rred  to  restin g  p o ten tia l o f 0 mV)

g N a , n p e ak  v a lu e  of sod ium  conductance 11.0 m ß -1/crn2

(S uffix  n den o tes th e  n o rm al v a lue ; w ith o u t n o te  a lw ays g, =  g, „ 
w here  i =  N a, Ca, A, К  or L .)

g C a , n p e ak  v a lu e  of calcium  co nductance  C-r2 .5 in f i_1/cm !

g A , n p eak  v a lu e  of early  p o tassiu m  co n d u c tan ce 2.6 m û - у  cm 2
\
gK, n p e ak  v a lu e  o f de lay  ed po tassiu m  co n d u ctan ce 1.3 m f i '1/cm !

gL, n leakage conductance

c K ,C a K +-C a  + + coupling  coefficient 0.083

Cl s te a d y -s ta te  o r pulse cu rre n t in p u t in  fiA /c m 2

F F a ra d a y  c o n s tan t 96 493 C/mole

z charg e  o f  calcium  ion 2

R gas c o n s ta n t 8.314 J /K °

T ab so lu te  tem p e ra tu re 293 °K

<5 e lectrica l d is tan ce  of Ca + + b in d in g  site  th ro u g h  
th e  m em b ran e  from  th e  inside 0.49

i» ii tim e  c o n s ta n t o f th e  ac tiv a tio n  of g \ 18.0 m s

TftA tim e  c o n s ta n t o f th e  in ac tiv a tio n  of g \ 250.0 ms

amSa m u ltip lic a tiv e  c o n stan ts  m odifying 0.248

Ьтяь th e  r a te  fu n c tio n s  o f N a + a c tiv a tio n 0.248

N» m u ltip lic a tiv e  c o n stan ts  m odify ing 0.252

bits a th e  r a te  fu n c tio n s o f N a + in ac tiv a tio n 0.252

aflK m u ltip lic a tiv e  c o n stan ts  m odify ing 0.080

bnK th e  r a te  fu n c tio n s o f K + ac tiv a tio n 0.080

F unctions

V m em b ran e  p o te n tia l  in  mV, a  fu n c tio n  of tim e

gNa sod ium  co n d u ctan ce  in  m f í_1/cm 2

gCa» gA> gK’ gc s im ilar to  g^ja fo r calcium , early  p o tass iu m , delayed 
p o tass iu m  an d  C a+ + -sensitive  p o tass iu m  channels, 
re sp ec tiv e ly

Хтца fo rw a rd  r a te  fu n c tio n  in  m s-1 fo r s ta te  v a riab le  m^a
« » „ ,  • 0.1 exp ( - V  +  25 )/(exp((—V +  25)/10) - l )
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T ab le  I .  con tin u ed

/W a

a %a

ßh N :t

mCa(°°)

Tmca

m C a(°° )

a a ( ° ° )

back w ard  ra te  fu n c tio n  for 
6mSa • 4 exp ( —V/18) 

fo rw ard  ra te  fu n c tio n  for / i\a  
a/!Na • 0.07 exp ( У/20)

back w ard  r a te  fu n c tio n  fo r hf,ja 
b W ( e x p ( ( - V  +  30)/10) +  1)

s te ad y -s ta te  v a lu e  of mca c a lc u la te d  by  s tra ig h t 
line a p p ro x im atio n s  be tw een  th e  experim en tal 
p o in ts g iven  in  T able  I I I  o f A k a ik é  e t al. [1]

tim e  c o n s ta n t o f m ça in  m sec e s tim a te d  sim ilarly  
to  mCa(°o)

s te ad y -s ta te  v a lu e  of m ça c a lcu la te d  b y  s tra ig h t 
line a p p ro x im a tio n  of th e  ex p e rim e n ta l d a ta
g iven  in  F ig . 3C of T h o m p s o n  [26]
0 V ^ — 60
4 / V / 5 0  +  1.2 —6 0 < V <  — 10
1 V ^ —10
s te ad y -s ta te  v a lu e  of hA c a lcu la te d  sim ilarly  to  
mA(o°)

1 V ^ —90
—V/40 —1.25 —9 0 < V < —50
0 V ^ —50

0tnK

ß nK

Т/Пца

m Na(°°)

T /lNa9 T « K

fo rw ard  ra te  fu n c tio n  for
a n l ■ 0.01 • ( - V + 10) • ( e x p ((—V  +  10)/10)—l)~*  

back w ard  r a te  fu n c tio n  fo r n ^  
bnK ■ 0.125 exp(—V/80) 

v o ltag e -d ep en d en t tim e  c o n s ta n t  o f m ^a 
l/(am Na +  ßmSa)  

s te ad y -s ta te  v a lu e  of rn^-a
a « W ( a m Na +  / W a )

sim ilar to  т m8a fo r h Na a n d  n ^ ,  respec tive ly

^Nai00)? п к ( ° ° )  sim ilar to  m Na(°°) f° r  I'Na a n d  n K’ respectively
m Na- H -H -lik e  s ta te  variab les fo r so d iu m  conductance,

described b y  (3)
n ^  H -H -lik e  s ta te  variab le  for p o ta s s iu m  conductance,

described b y  (3)
CK Ca(l^) v o ltag e -d ep en d en t coupling coefficien t (d im en­

sionless) b e tw een  calcium  a n d  p o tass iu m  cu rren t 
if  th e  ab so lu te  value  of re s tin g  p o te n tia l  is E  =  
=  V -4 0  (mV)

cK> ca ‘ e x P ( z F ô E  • 1 0 - 3 /R T )

d e n o tin g  th e  ra tio  of th e  m o m e n ta ry  C a++ co n d u c tan c e  and th e  th ird  co m ponen t o f  p o ta s ­
siu m  co n d u ctan ce . E ac h  k in e tica l v ariab le  is  desc rib ed  b y  sim ple f irs t-o rd e r  k in e tics :

Tx ' — =  — *  +  * ( ° ° )  (3 )
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w h ere  тх is th e  v o ltag e -d ep en d en t tim e  c o n s ta n t  an d  x(°o) th e  s te ad y -s ta te  value  of s ta te  
v a r ia b le s  (ж =  m^a. Ача, m<;a, hca> mA- Лд o r  n ^ ). T he c o n s ta n ts  amKa, 6mN-a, aftNa, bftNa, aftK 
a n d  Ьлк used  for m u lt ip ly in g  th e  II H r a te  fu n c tio n s to  give a  slow er tim e  course are  e v a lu ­
a te d  b y  m eans of e x p e rim e n ta l data  g iv en  in  th e  l ite ra tu re  [14, 26]. U sing th e  ex p erim en ta l 
re su lts  o f T hom pson  [26 ], th e  functions т д ( с « ) ,  6 д (°°) are a p p ro x im a te d  b y  s tra ig h t lines as 
i t  is g iven  in Table I .  B o th  th e  voltage in d e p e n d e n t and  v o ltag e  d ep en d en t calcu la tions o f  
CK Ca a re  tak en  in to  c o n sid e ra tio n  as h as b e e n  done for th e  re su lts  o f Gorman  an d  T homas [9]. 
T h e  p e a k  values o f c o n d u c tan c e  rep re sen tin g  in w ard  c u rre n t or o u tw a rd  p o tassiu m  c u rre n ts  
are  ca lcu la ted  on th e  b a s is  of ex p erim en ts o f Connor  an d  St e v e n s  [4, 5, 6]. C om parison 
of th e  p e ak  values o f N a + a n d  Ca + + c o n d u c tan c e s  was sum m arized  b y  K o sty u k  and  K r is h t a l  
[14] w here  th e  urh  la w  w as proposed fo r  calc iu m  cu rren t.

I n  Fig. 1 th e  s im p lif ied  flow chart o f  th e  co m p u te r p ro g ram  ru n  on  a  d ig ita l c o m p u te r 
can  b e  seen. The new  v a lu e s  of s ta te  v a r ia b le s  are e s tim a te d  a t  th e  n e x t tim e  step  b y  th e  
m o d ified  E u ler  m e th o d  [19]. I f  x(t) d e n o te s  one of th e  s ta te  v a riab le s  a t  th e  p re sen t t im e  
s tep , x (t +  zlt) is c a lc u la te d  by

x(t +  At) =  x(t) +  A t ■ [ — (ax +  ßx) ■ (x ( t)  +  0.5 ■ zlt • ( — ( a x +  ßx) ■ x(t) +  a x)) +  a x] (4)

w here  a x, ßx are th e  fo rw a rd  and b ack w a rd  r a te  functions, resp ec tiv e ly . In  cases, w here no 
e x p lic it func tion  is a v a ila b le  for the  ra te  fu n c tio n s  cu rren ts  A  an d  Ca + + th e y  are  e s tim a te d  
b y  m ea n s  of r x an d  x (o ° ) , supposing a tw o -s ta te  k in e tica l schem e. To o b ta in  a  reaso n ab ly  
a c c u ra te  resu lt At m u s t  b e  k e p t small. T h e  e rro r due to  a  f in ite  v a lu e  of zlt is e s tim a te d  b y  
ca lcu la tin g  th e  firing  freq u e n c y  for d iffe re n t v a lu es o f Zlt, a ccep tin g  th a t  th e  “ tru e ”  va lue  o f 
th e  freq u en cy  resu lts a t  Zlt w hich  ap proaches zero. W e suggest zlt =  0.2 m sec to  be su ffic ien tly  
sm all because  in th is  c ase  th e  error in  f re q u e n c y  is <J3% .

R esults

F irst, the pure N a + spike is dem onstrated  by the m odel (Fig. 2). A pply­
ing a current stim u lu s o f  short duration , the m ixed N a +—Ca++ spike shows 
a sm all broadening on the falling phase and a prolonged afterhyperpolariza­
tion  depending on gca (Fig- 3a). A  slight depression o f excitab ility  results 
from  an increase o f  leakage conductance (Fig. 3b). The picture o f stim ulus- 
evoked  firing w ith  constant c^ca is  g iven  in Fig. 4. There is a narrow range 
of gca near 1.0 m i2_1/cm 2 which determ ines the sta te  o f membrane develop­
ing an infinite pacem aker activity evok ed  by a suprathreshold current pulse. 
The on ly  condition to  evoke this s ta te  o f  the membrane which is characterized  
by a constant firing frequency for lon g  periods is the suprathreshold excitation  
and, independently o f  its am plitude and duration, a single pulse starts the  
a ctiv ity . This result supports the v iew  th at Ca++ has a significant role in  
pacem aker activ ity . A  high Ca + + co n ten t of membrane conductance enhances 
plateau developm ent and increases th e  afterhyperpolarization which seem s 
to be fixed , at least in  th e  model tim e , at a steady-state level o f hyperpolariza- 
tion  (F ig . 4). C onstant depolarizing current input also evokes irreversible 
afterhyperpolarization (Fig. 5).

M odifying effects o f  potassium  channels

A n increase o f  th e  normal va lu e o f  potassium  conductances (gA_ n)

depresses excitab ility  o f  the m em brane (Fig. 6 b ). The decrease o f potassium

2 * Acta Physiologica Academiae Scientiarum Hungaricae 69, 1982



194 F. PONGRÁCZ AND MAGDOLNA SZENTE

F ig . 1. F lo w chart o f th e  p ro g ra m  in  F O R T R A N  IV  w hich  s im u la tes C a + +-d ep en d en t firing  
o f  n e u ro n a l m em brane. T m d en o tes  th e  tim e  c o n s ta n t o f  m em b ran e  a n d  F (°o ) is th e  stead y - 
s t a te  v a lu e  of p o ten tia l c a lcu la te d  a t  th e  b eg in n in g  o f each  tim e  step . T he tim e  in te rv a l o f 
in te g ra t io n  is Zl( ( =  0.2 m sec) an d  th e  scale fa c to r  is , i imax w hich  defines reso lu tio n  of th e  
o u tp u t .  T he m atrix  V o ltag e  (fc -j-1, i) sto res th e  v o ltag e  d is tr ib u tio n  fo r th e  p e a k  Ca + + con­
d u c ta n c e  gca +  к • zlgca- L oop  1 calcu la tes th e  v o ltag e  a t  th e  n e x t tim e  step . L oops 2 and  3 

e v a lu a te  th e  v o lta g e  fo r  th e  w hole t im e  p e rio d  an d  w hole ran g e  o f gCa, resp ec tiv e ly
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F ig . 2. Sodium  spikes in d u ced  by  cu rre n t s tim u li of d ifferen t in te n s itie s  (in /íA /cm 2) an d  4 msec- 
T im e b a rs  e v e ry  100 m sec. V oltage b a rs  here  and in  o th e r  figu res ev ery  50 mV

F ig. 3. Sodium -calcium  spikes as a  fu n c tio n  of gca w ith  n o rm al (a) a n d  enhanced  (b) leakage  
co nductance . N o te  p ro lo n g ed  a f te rh y p e rp o la riz a tio n  re su ltin g  fro m  a n  increase o f gca,- T he 
a m p litu d e  of th e  in p u t  s tim u lus is 10 /гА/cm 2 a n d  i ts  d u ra tio n , 4 m sec. T he ex c itab ility  o f th e  
sy s tem  considerab ly  increases as com pared  to  th e  case w ith  g Ca =  0,0 (Fig. 2). T im e b a rs

ev ery  100 msec

Fig. 4. P ic tu re  o f gca-d eperiden t firing . T h e  p a ram e te rs  o f s tim u lu s  a re  5/iA /cm 2 (am p litu d e) 
an d  8 m sec (d u ra tio n ). N o te  developm en t o f  p o st-sp ike  p la te a u  a n d  pro longed  h y p e rp o la riza ­
tio n  a t  gca =  2.5 m ß - l /cm 2 and  p acem ak e r a c tiv ity  w ith  c o n s ta n t  in te rsp ik e  in te rv a ls  a t  

gCa =  1-0 m ß _1/cm 2. T im e b ars every  400 m sec

Fig. 5. C onstan t c u rre n t in p u t  (ci =  0.4 iiA. c m )  induces in fin ite  re p e titiv e  a c tiv ity  a t  gCa =  
=  1.0 m f i_1/ cm ! an d  prolonged h y p erp o la riza tio n . T im e  b a rs  ev ery  200 m sec
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F ig . 6 a -d . E ffec ts o f in crease  and  decrease  o f p o tassiu m  con d u ctan ces a n d  Eca on firing  
m e c h an ism  of th e  m odel u n d e r  c o n s ta n t s tim u lu s cond ition  (c| =  0.3 /íA /cm 2). T im e b a rs

ev ery  50 m sec

conductances leads to  plateau developm ent at greater gca and duration of 
th e  fin ite  plateau is reduced by a decrease o f f?ca (Fig- 6c, d). F igure 7a, b shows 
th e  effects of the decrease and increase o f g \ , n and £к, л for a longer period 
o f  m odel tim e. The range o f gca responsible for in fin ite repetitive firing is 
disp laced  by the change of potassium  conductances in contrast to  the pattern  
seen  in Fig. 5. The fin ite  depolarizing shift results from the sum m ed effects 
o f  a decrease o f potassium  equilibrium  and an increase o f  gca (Fig. 7c). A 
suprathreshold current pulse o f  short duration also evokes depolarizing shifts 
i f  th e  equilibrium potentia l o f the K + ion decreases (Fig. 8a, b).

Changes in f ir in g  mechanism as a result o f  involvement o f  voltage-dependent 
I i +—C a ++ coupling coefficient into the model

M odification o f eKj ca by a m ultip licative factor c^, C a ( F )  leads to some 
in teresting  changes in  firing m echanism . No significant effects were observed  
a t  greater gca range in the stead y-sta te  level o f afterhyperpolarization  
con trast to the vo ltage independent case and in both cases afterhyperpolar- 
iza tion  practically did not depend on ск;,са (Fig. 9). The range near gca =  1-0 
ш й ' 1/c m 2 was in vestigated  using sm all steps ingca and the results are present­
e d  in Figs 10 and 11. Figure 10 shows the dependence o f pacem aker activ ity  on 
th e  changes of potassium  and calcium  equilibrium  potentia ls. There is a pro­
portionality  betw een Ck, Ca and the w idth  o f the range o f gca w hich is favour-
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С -

Fig. 7a. In f in ite  p la te a u  develops a t  g re a te r  g ça, as a resu lt o f  th e  blockage of p o ta s s iu m  
conductances, b In c rease  o f g.\ and  g|< in flu en ces th e  gca-dependence  of in fin ite  re p e tit iv e  
a c tiv ity , c F in ite  depolariz ing  sh ift d evelops on  decreasing  th e  e q u ilib riu m  p o ten tia l o f  p o ta s ­

sium  ions (c] =  0.4 jttA/cm2). T im e b a rs  every  200 m sec

Fig. 8a, b. D ecrease o f po tassium  e q u ilib riu m  p o ten tia l m odifies th e  firing  p a tte rn s  w hen 
a single c u rre n t shock is applied  (q  =  5 f iA /c m 2, d u ra tio n  4 m sec). T im e bars ev ery  200 m sec
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F ig . 9. Decrease o f v o lta g e -d e p e n d en t K +-C a  + + co u p lin g  coefficient h a s  no  significant effect 
o n  a fte rh y p e rp o la riz a tio n  (gca =  2.0 m D_1/cm 2). T im e  b a rs  every  200 m sec, c\ — 10 jitA/cm2

d u ra tio n  8 m sec

able for starting in fin ite  pacemaker a c tiv ity  b y  a suprathreshold pulse (Fig. 
11). On applying stead y-sta te  current in p u t an infin ite p lateau  develops for 
higher gCa after decreasing the potassium  equilibrium  p otentia l (Fig. 12a). 
Spontaneous abnorm al bursting coinciding w ith depolarizing shifts can be 
evok ed  by a single stim ulus if  the potassium  equilibrium potentia l decreases 
(F ig . 126). There is a d istinct range o f CK,ca(F) where prolonged, spontaneous 
bursting  is disrupted b y  burst-afterhyperpolarization (F ig. 13).

F ig . 10a, b. D ecrease o f eq u ilib riu m  p o ten tia l of p o ta s s iu m  ions in fluences th e  gca 'dependence 
o f  p a ce m a k e r  a c tiv ity  in  c o n tr a s t  to  th e  norm al s ta te . T h e  m odel invo lves th e  v o ltage-depen­
d e n t  K +-C a  + + coupling  co effic ien t, c S light decrease  o f  -E-’ca p roduces som e changes in  firing . 

S tim ulus p a ra m e te rs : C] =  10 fiA /cm 2; d u ra tio n  8 m sec. T im e b a rs  ev ery  400 msec
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Fig. l i a ,  b. C hanges o f co up ling  coefficient b e tw een  K + and  Ca + + c u rre n ts  in fluence th e  
gC as'dependence o f p acem ak e r a c t iv ity  (c[ =  10 /iA /с н г ,  d u ra tio n  8 m sec). T im e b ars e v e ry

400 m sec

Fig. 12. E ffec ts  o f  decrease o f p o tass iu m  eq u ilib riu m  p o ten tia l, a In f in ite  p la teau  w ith  sm all 
oscillations develops w hen s te a d y -s ta te  cu rren t in p u t  (cj =  0.4 /г А /с т 2, 800 msec d u ra tio n )  
is app lied , if  gca =  2.0 m i i - '/c m 2. A t gca =  1.0 m i l ~ ' / cm 2 th e  re p e tit iv e  a c tiv ity  ceases a f te r  
follow ing th e  end o f th e  s tim u lu s  w hich  resu lts  f ro m  d isp lacem en t o f th e  ran g e  of p a ce m a k e r 
a c tiv ity , b Single stim u lu s evokes p rolonged or p a ce m a k e r  b u rs tin g  a t  g Ca =  2.0 m ű -1/ cm 2 

(c | =  10 /iA /em 2, 8 m sec d u ra tio n ). T im e  b ars every  400 m sec
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F ig . 13. D ecrease  o f coup ling  coefficien t lead s  to  a change in  th e  s tru c tu re  of p ro longed  b u rs t  
a c tiv ity . T h ere  is a n a rro w  ran g e  of Ca w h e re  b u rs t  a c tiv ity  is d isru p ted  b y  s te a d y -s ta te  
a f te rh y p e rp o la riz a tio n  (gca =  2.0 т й ~ 1/с т 2, ej =  10 /(A/cm2. 8 m sec d u ra tio n ). T im e b a rs

ev ery  400 m sec

M odelling am inopyrid ine effects

4-Ap influences the peak value o f w hich decreases to g A ^ 0 .5 2  m ß -1/cm 2 
and г hA which increases to about 1250 msec, according to the data  o f  
T h o m p s o n  [26]. Under normal conditions the previous m odifications o f  the  
kinetic param eters o f current A have no significant effect on the gca"depen- 
dent firing pattern (F ig. 14a). To evoke a prolonged bursting w ith depolarizing

F ig . 14. M odelling am in o p y rid in e  effects. T h e  m odel involves a v o ltag e-d ep en d en t coup ling  
coeffic ien t b e tw een  K + a n d  Ca + + ions, a No s ig n ifican t change can  be observed a t  a n o rm al 
v a lu e  of th e  p o tass iu m  equ ilib rium  p o ten tia l, b D ecrease of p o tass iu m  equilib rium  p o te n tia l  
evokes pro longed  b u rs tin g  a t  g rea ter g^a- F o r  gca — 1-0 +  1.5 m ß _1/ cm2 s te a d y -s ta te  
a fte rh y p erp o la riz a tio n  develops (c| =  10 f i A / c m 2, 8 m sec d u ra tio n ). T im e bars every  400 m sec
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F ig . 15. M odelling am in o p y rid in e  effects u s in g  ça(E ). a gca‘dependence of firing  p a tte rn
a t  p acem ak er s ta te  re m a in s  essentially  u n c h a n g e d  as com p ared  to  th e  p a tte rn  w ith o u t 4-A p 
effec t (F ig . 10a). H y p e rp o la riz in g  c u rre n t sh o ck  o f - 5  jttA/cm2 a m p litu d e  an d  8 m sec d u ra tio n  
h as  no  sign ifican t in flu e n ce , b S im ilarly  th e  s ta te  w ith  no 4-A p e ffec t (F ig. 10b) th e  decrease  
o f  p o tassiu m  eq u ilib riu m  p o ten tia l t ig h te n s  th e  range  o f p a ce m a k e r a c tiv ity , c A d d itio n a l 
decrease  of Я д a n d  E «  lead s to  com plete  a b o lish m en t o f p ace m a k e r a c tiv ity  in  a  sm all gca 
ran g e  and  a spike d o u b le t  develops (cj =  10 /iA /cm 2, 8 m sec d u ra tio n ) . T im e b ars ev ery  400 m sec

shift activities it  is necessary to reduce the equilibrium  potential o f potassium  
ions to  -1 0  mV (F ig . 146). Detailed analysis of firing in the range of gca respon­
sible for pacem aker activ ity  shows strong influences o f  the reduction o f Ед  
and jEk; (Fig. 15).

D iscussion

Our aim w as to  present a m odelling m ethod b y  m eans o f which the firing  
m echanism  of neuronal membrane o f invertebrates can be interpreted to  an 
ex ten t allowed b y  th e  present experim ental results. The model includes the 
calcium  system  and the calcium -sensitive potassium  system  which seem s to be

Acta Physiologica Academiae Scientiarum Hungaricae 60, 1982



2 0 2 F. PONGRÂCZ AND MAGDOLNA SZENTE

o f  great im portance in  developing spike-afterhyperpolarization, pacem aker 
a c tiv ity , prolonged bursting, slow depolarizing potentials, fin ite  and infinite  
p lateaus of m em brane potential. W e suggest th a t the described computer 
m odel is suitable for a detailed analysis o f  the membrane m echanism s listed  
p reviously . Our purpose was not the application o f the m ethod for the analysis 
o f th e  characteristics o f  conductance and current underlying the voltage  
changes, nevertheless the m ethod is su itable for visualizing the changes of 
ion ic  currents and conductances too. In practice the model is useful for stu d y­
ing  th e  abnormal firing and ionic background o f convulsive unit activ ity . The 
use o f  am inopyridine as a convulsive agent [24, 25] and the inform ation avail­
able concerning K + channel blocking effects [26, 30] facilitates th e  understand­
ing o f  the ionic control o f  epileptic a c tiv ity . Using m athem atical tools, trials 
have been carried out to  realize the functional role o f  ionic conductances dur­
ing ep ileptic a ctiv ity  in  the m am m alian nervous system  [21].

From  the results o f  the m odelling procedure it  is concluded that the  
in vo lvem en t o f C a+ + current in  th e  k inetic description o f  the membrane 
sign ifican tly  m odifies the findings o f  the original investigations including the 
N a +—K + m echanism  [12, 13]. The calcium  system  produces a specific in sta ­
b ility  in  the N a +- K + system  pacem aker spiking and bursting and beside the  
resting potential as a stable level o f  m em brane potential, there appear the  
prolonged spike and burst after hyperpolarization and fin ite  and infinite  
plateaus as new stable levels o f  the mem brane potential. A detailed analysis 
o f th e  stab ility  and oscillatory characteristics o f th is com plex system  becomes 
possib le by studying th e  lim it cycle behaviour in phase-plane as a function  
o f peak  calcium conductance. The lim it cycles have already been applied for 
th e  investigation  o f  stim ulus control o f  repetitive firing in squid axon m em ­
brane [10].
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STERIC MAPPING OF SOME PROSTAGLANDIN 
RECEPTOR SITES

Z. S im o n  a n d  F. K e r e k

MEDICAL IN ST ITU TE AND C E N T R U L  D E CHIM IE, T IM ISO A R A , ROMANIA

(R ece iv ed  F e b ru a ry  20, 1982)

T he M inim al S teric  (T opolog ie) D ifference m eth o d  w as ap p lied  to  m ap  som e 
p ro stag lan d in  recep to rs . E x p e r im e n ta l d a ta  concerning lu te in iz in g  a c t iv ity  o f co rp o ra  
lu te a , and  p re sso r respec tive ly  d e p re sso r a c tiv ity  on  sheep b lood  w ere considered . 
T h e  linear co rre la tio n  coefficients o b ta in e d  w ere r  =  0.927 (IV = 1 2 )  fo r lu te in iz in g  
a c tiv ity , r  =  0.943 ( N  =  15) fo r d e p re sso r  ac tiv ity , an d  r  =  0.943 (IV =  12) fo r p resso r 
ac tiv ity . S im ilarities and d iffe ren ces be tw een  these  th re e  re ce p to rs  a re  d iscussed .

Q uantitative Structure A c t iv ity  Relations (QSAR) do not seem  to  have  
been extensively  used in prostaglandin research. As ubiquitus local horm ones, 
prostaglandins take part in several biological m echanism s [1, 2]. The corre­
sponding PG-receptors are m ost probably  different for each kind o f biological 
a ctiv ity . At least, prostaglandins h ave a large variation o f a ctiv ity  for rela­
tiv e ly  sm all changes in steric structure and an adequate account o f the steric 
factors seems to be som e sort o f  b ottlen eck  in m ost QSAR-procedures. Here 
we w ant to  dem onstrate the p ossib ility  of obtaining Q SA R ’s for prostaglandins 
by use o f the MTD procedure.

In the MTD-procedure [3, 4] one constructs a topologica l network, the  
hyperm olecule (H ) b y  an atom per atom  superposition o f the studied  m olecules 
(H  atom s are neglected). The steric  structure of an “ i” m olecule is described  
b y  a set o f  M binary Хц variables, w ith  Хц =  1 i f  vertex  “y” is occupied b y  the  
m olecule “ i” and x (j  =  0 if  it is n o t. The M vertices j  of the hyperm olecule  
are attributed b y  an optim ization  procedure either to  the receptor ca v ity  
(“ good” vertices, Ej =  —1), to th e  receptor walls (“ bad” -vertices, £,• =  -f-1) 
or to  a steric irrelevant region (Ej =  0). The regressional equation for th is  
m ethod and the m inim al steric difference (MTD) are g iven b y  th e  equations,

A = a — /SMTD, ( 1 )
M

MTD,. =  8 +  Ej XjJ (2)

where s is the num ber o f cavity (sj =  —1) vertices, a and ß  are usual regressional 
coefficients. Other structural param eters m ay also be included in  the regres­
sional equation (1).
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Method and results

T he series of co m p o u n d s used  fo r Q S A R  a n d  th e  d a ta  fo r P G -b in d in g  to  ovine corpora 
lu te a ,  fo r depressor a n d  p re sso r  a c tiv ity  fo r  sheep  b lood  are  ta k e n  fro m  a  rev iew  b y  J o n e s  [1]. 
T h e  com pounds are  lis te d  in  T ab les I ,  I I  a n d  I I I .  I n  th ese  tab le s  A l is th e  lo g arith m  of th e  
in v erse  re la tiv e  a sso c ia tio n  c o n s ta n t o f th e  P G ’s fro m  ovine co rp o ra  lu te a  (A l =  0 for P G F 2ot); 
A q a n d  A p are th e  lo g a r i th m s  of th e  in v erse  re la tiv e  P G -co n cen tra tio n s  p ro d u c in g  depressor 
o r p re sso r a c tiv ity  in  sh eep  b lo o d  (A D =  0 fo r P G E 2, A p =  0 fo r P G D 2a). T h e  p lasm a  of sheep 
c o n ta in s  little  or no p ro s ta g la n d in  isom erase  [1] a n d  th ere fo re  th e  p r im a ry  depressor effect 
fo llow ing  in tra ao rtic  in je c tio n  of p ro s tag lan d in  in  sheep is considered  a  v a lid  m easu re  of th e  
p o te n c y  a t  th e  re ce p to r s i te .

T h e  hyperm olecu le  H  w hich  re su lts  fro m  th e  a to m  p e r a to m  su p e rp o sitio n  of these 
m olecu les is show n in  F ig . I .  T he p e n ta cy c le  a n d  m o st o f th e  1—7 a n d  13—20 c h a in  a to m s f i t  
in  H , co n stitu tin g  v e r tic e s  com m on  for a ll com p o u n d s. O nly  th o se  v e rtice s  a re  num bered  
( j  f ro m  1 to  17) w hich a re  n o t  occupied  in  all com p o u n d s. A s ex am p le , in  P G E 2 th e  tw o  chains 
o ccu p y  vertices j  =  1,2 a n d  17, th e  k e to n ic  Ooo j  =  6, th e  O H (4aj-group j  =  4, th e  O H (15a)- 
g ro u p  j  =  5, th e  c a rb o n y lic  О a to m  of th e  C O O H  group  j  =  12. P G F 2 h as  in s tead  of th e  
k e to n ic  0 ( 9) and O H (9a) g ro u p  a t  j  =  3. C -atom s w ith  sp 2-h y b rid iz a tio n  are  considered to  
p ro d u c e  only m inor m o d ific a tio n s  in  th e  s te reo ch em istry  o f th e  p en tacy c le . T h e  1-7 chain  
in  P G B ’s occupies v e r tic e s  j  =  1.15 ( in s tead  o f 1.2) a n d  v e rtices  j  — 10.11 in  8-iso P G E 4. 
T h e  13-20  chain of P G B ’s a n d  PG C’s occupies v e r te x  j  =  16 ( in s tead  o f j  =  17). F o r th e  
C6- C 6 a n d  C13-C ,4 h y d ro g e n a te d  com pounds we assum e co n fo rm atio n s s im ilar to  th e  cis and 
t r a n s  configu ra tions o f  th e  p a re n t  u n sa tu ra te d  p rostag lan d in s.

R egard ing  th e  o p tim isa tio n  p rocedure , as th e  n u m b er o f m olecules in  th e  s tu d ied  series 
a n d  th e  n u m b er of v e rtic e s  is  sm all, th e  m olecules w ere a rran g ed  in  d ecreasing  o rd e r o f a c tiv ity , 
a n d  several Ey-attributions t r ie d ,  u n til  th e  b e s t possib le a n tip a ra lle lism  b e tw een  th e  activ ities 
A  a n d  th e  M TD -values is o b ta in e d . T h en  th e  re ce p to r  m ap  so o b ta in e d  is te s te d  fo r o p tim ality  
c o n d itio n s [4].

Concerning th e  b in d in g  to  th e  recep to r fro m  ovine corpora  lu te a  (T able  I ) , th e  optim ized 
re c e p to r  m ap o b ta in ed  b y  th e  M TD p ro ced u re  is

Ij ( e  = — 1): 1,2,4,12,15 3,4,12
j ( e  =  0): 3 ,5 ,9-11,16,17 or (SÉ): 1 ,2 ,5 ,9 ,15-17

j ( e = + l ) :  6,7,8 6 ,7 ,8,10,11.

Table IE xperim ental and  calculated lu te in iz ing  activity o f  prostaglandins

• S tructu re a l m t d l Al(3) H*n =  i)

1 P G F 2a 0.00 1 -0 .54 1-5 , 12, 17

2 15-m ethyl-PG F2a -0 .15 1 -0 .5 4 1-5 , 9, 12 ,17

3 1 3 ,14-d ihydro-PG F2a -0 .36 1 -0 .5 4 1-5 , 12 ,17

4 P G F la -1 .3 0 1 -0 .54 1-5 , 12, 17

5 p g e 2 -1 .43 2 -1 .99 1, 2, 4 -6 ,1 2 , 17

6 P G F 2/j -1 .86 2 -1 .99 1 ,2 ,4 ,  5, 7 ,1 2 ,1 7

7 13, 14-dihydro-15-oxo-F2c -2 .0 4 2 -1 .99 1-4 , 8 ,1 2 , 17

8 P G E j -2 .5 3 2 -1 .99 1, 2 ,4 -6 ,  12, 17

9 1 -h y droxym ethy l-P G F  2a -2 .58 2 -1 .99 1-5 , 17

10 8-iso-PGEj -3 .41 3 -3.45 3 -5 ,1 0 -1 2 ,1 7

11 p g a 2 -3.41 3 -3 .45 1 ,2 ,  5, 6 ,1 2 , 17

12 p g b 2 -3 .41 3 -3 .4 5 1 ,5 ,  6 ,1 2 ,1 5 ,1 6

Legend: see sec tion  M ethod  and R esu lts : j ( x y  —  1) indicates th e  vertices o f H , occupied 
by  each  molecule.
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Table I I

E xperim ental and calculated depressor activity o f  prostaglandins

« Structure MTDd AP(7) j+;j =  i)

1 p g e 2 0.00 0 -0.15 -2 .1 7 1, 2 ,4 -6 ,  12 ,1 7

2 15-m ethy l-PG E 2 -0 .04 l + 0 .0 9 -3 .3 2 1 ,2 , 4 -6 , 9 ,1 2 ,1 7

3 P G E j -0.11 0 -0.15 -3 .3 0 1, 2 ,4 -6 ,  12, 17

4 PG E„ -0.38 0 -0.15 -4 .4 3 1,2, 4 -6 , 12 ,17

5 p g c 2 -0 .89 1 -1.33 -2 .1 7 1, 2, 5, 6, 12, 16

6 PG C j -0 .97 1 -1 .33 -3 .3 0 1 ,2 , 5, 6 ,1 2 ,1 6

7 1 l-d eso x y -P G E 1 -1.11 1 -1 .33 -2 .17 1 ,2 , 5, 6 ,1 2 , 17

8 1 l-d eso x y -P G E 0 -1.32 I -1 .33 -3 .30 1 ,2 , 5, 6, 12, 17

9 1 l-d eso x y -P G E 2 -1.36 1 -1 .33 -4 .43 1, 2, 5, 6, 12, 17

10 PG A 0 -1.62 1 -1.77 -4 .43 1 ,2 , 5, 6 ,1 2 , 17

11 PGA, -1 .76 1 -1 .77 -3 .30 1 ,2 , 5, 6 ,1 2 ,1 7

12 p g a 2 -1.91 1 -1 .77 -2 .17 1 ,2 , 5, 6 ,1 2 ,1 7

13 15-m ethody-PG E 2 -2.00 1 -1.32 -3 .15 1, 2, 4 -6 , 12, 13, 17

14 15-oxo-P G E 2 -2.50 2 -2.51 -2 .17 1, 2, 4, 6, 8, 12, 17

15 R -15-hy d ro x y -P G E 2 -2.74 2 -2.51 -3 .1 5 1, 2 ,4 , 6, 9, 12, 17

Legend: see T able  I. Âp(7) are p ressor activ ities calcu la ted  w ith  MTDp values fo r Sp 
and  eq. (7).

Table П1

Experim ental and calculated pressor activity o f  prostaglandins

i Structure Ap M TDp AP(7) ÂD(6) = 1)

1 p g d 2 0.00 0 -0 .18 -3 .6 9 1-3 , 5, 12, 14, 17

2 P G D j -1 .02 0 -1.31 -3 .6 9 1-3, 5 ,1 2 , 14, 17

3 15-oxo-PG F2a -1 .12 l -1 .18 -3 .69 1-4, 8, 12, 17

4 R -15-hydroxy-PG F2a -1 .76 2 -2 .14 -3 .6 9 1-4, 9, 12, 17

5 P G F 2a -1 .84 1 -1 .16 -1 .33 1-5, 12,17

6 15-oxo-PG Fla -2 .15 1 -2 .29 -3 .6 9 1-4, 8 ,1 2 ,1 7

7 15-m ethoxy-P G F 2a -2 .22 2 -2 .14 -2 .51 1 -5 ,1 2 , 13, 17

8 15-m ethy l-PG F2a -2.31 2 -2.31 -2 .07 1-5, 9, 12, 17

9 P G F la -2.51 1 -2 .29 -1 .33 1-5, 12,17

10 PGD„ -2.87 0 -2 .44 -3 .6 9 1-3, 5 ,1 2 , 14, 17

11 15-oxo-PG F0a -3 .00 1 -3.42 -3 .6 9 1-4, 8, 12,17

12 15-oxo-PG F2£ -3 .23 3 -3.12 -2.51 1 ,2 ,4 ,  7 ,8 ,1 2 ,1 7

Legend: see T ab le  I .  Ap,(6) are depressor activ ities calcu la ted  w ith  M TDq  va lues fo r S q  
(w ith  £3 =  £14 =  + 1 )  an d  eq. (6).
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13 15 17 19

1 a.

1 b.

F ig . la .  P ro s tag lan d in  sk e le to n  w ith  num bered  a to m s 
F ig . lb .  P ro s ta g lan d in  hy p erm o lecu le  “ H ”  w ith  n u m b ere d  vertices j  —  1,2, . . . , 17, w here 

o n ly  v e r tic e s  n o t occupied in  a ll m olecules are num bered

T he tw o re ce p to r m a p s  are  eq u iva len t, i.e. th e y  p ro d u ce  th e  sam e o rd er o f M TD -values 
fo r  a ll m olecules o f th e  s tu d ie d  set. T hus, e ith e r j  =  1,2,15 are cav ity  (ty =  -1 )  vertices an d  
j  =  10,11 irre lev a n t (ey =  0), or j  — 1,2,15 are  ir re le v a n t and  j  =  10,11 are  w all (sy =  +  l )  
v e r tic e s . T he reg ress io n a l e q u a tio n  is

Â L =  0.91— 1.45 M TDl ; r  =  0.927; Е У  =  88%  (N =  12) (3)

F o r th e  re ce p to r fo r  depressor a c tiv ity  in  sheep  blood:

Í J(e =  -  1): 4’5
S D { j ( e  =  0): 16,17

[ j ( e  =  +  1): 8,9,13

Â 4 =  - 0 .1 4 - 1 .1 8  M TD d ; r  =  0.810; (N  =  15) (4)

w hile  fo r th e  re c e p to r  fo r  p ressor a c tiv ity , if  one re s tra in s  to  th e  “ 2” -class p ro s ta g la n d in

Г у ( е = - 1 ) :  3,14
S P j j ( s  =  0): 4,5,8

[ j ( e  =  +  1): 7,9,13

Â5 =  — 0 .2 1 —0.98 M TDP; r =  0.945; (N  =  7) (5)

T h e  regressional eq u a tio n s  (4) and  (5) can  be im p ro v ed  b y  in troducing  tw o  in d ic a to r  v a riab les; 
Ô a n d  A  (or A'). F o r  th e  p resen ce  of a n  О a to m  in  p o s itio n  15a ( j  =  5), ô =  О, w hile fo r th e
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p resence  o f a C H 3 g ro u p , 0 =  1. F o r  depressor a c t iv i ty  (A  =  1 if  a  cyclic  A 10̂ n  double  b o n d  is 
p re se n t (A  =  0 if  a b se n t) , w hile  fo r p ressor a c t iv i ty  A ' =  0.1 o r 2 as th e re  is none, a  A 13> u  
o r a  A 13 14 a n d  a A b e d o ub le  b o n d  are p re sen t. T h e  co rresponding  reg ress io n a l e q u a tio n s  (see 
also T ab les  I I  an d  I I I )  a re ,

Â D =  —0.15— 1.18 M T D d  +  1.42<5-0.44zl ; r  =  0.943; EV =  8 9 %  (N  =  15) (6)

Â P =  - 2 . 4 4 —0.98 M T D p—0.17Ő +  1.13/1’; г =  0.943; EV  =  8 9 %  (N  =  12) (7)

T h e  M TD v a lu es ca lcu la ted  w ith  th e  o p tim iz e d  m aps Sj_, S q  a n d  Sp are  also lis te d  in  
T ab les  I  to  I I I .  W e rem in d  t h a t  fo r th e  e m p ty  o r  o ccu p ied  vertices j  in  a ll m olecules o f a  g iv en  
series, n o th in g  can  be in fe rred  b y  th e  M T D -procedure ; there fo re , a ttr ib u tio n s  fo r such  v e r tic e s  
a re  n o t  lis te d  in  th e  o p tim ized  recep to r m aps ( S L, S p  a n d  Sp).

Discussion and conclusions

According to  the optim ized receptor map Sl (Fig- 2) the structural 
requirem ents for the luteinizing a ctiv ity  o f  PG ’s are,

— the C9-atom  w ith  a configuration o f  the OH-group (e3 =  0 for 9 a -O H , 
e6 =  + 1  for a 9-keto group, e7 =  + 1  for а 9/9-OH group)

— Сц  w ith  a configuration for th e  OH-group (eu  =  —1)
— C8 not ^-substituted , which m eans а -configuration or sp2-hybridiza- 

tion  (e1 =  e2 =  e15 =  —1, b u t e10 =  eu  =  0)
— presence o f  a carboxyl group at C1(e12 =  — 1).

Thus, the pentacycle o f the PG F m olecule should f it  optim ally into the receptor  
ca v ity , as well as the C7 and C6 atom s o f  th e  Cj—C7 side chain, i f  C8 is not ß- 
substitu ted . The requirem ent o f a C j-carboxyl group (ionized at pH  7) is p rob ­
ably  electrostatic and not steric in nature. For the C13—C20 side chain, steric  
requirem ents seem  less severe (e5 =  e9 =  ele =  s17 =  0; e8 =  + ! ) •

The receptors for depressor and pressor activ ity  (Sp and Sp, F ig. 2) 
put som ew hat different requirements on th e  prostaglandin m olecules. The  
resulting com m on feautures are,

— the C9 and C15 atom s w ith a-O H  groups as substituents (e3 =  0, 
e5 =  —1, in S D, e3 =  —1, f 5 =  0 in S P)

— substituents at C15, larger th an  th e  OH-group or not in a-configura- 
tion , penetrate the receptor w alls (e7 =  e8 =  e9 =  e13 =  + 1  in  
S о and Sp).

D istinct requirem ents for depressor a ctiv ity  (see So and eq. (6))
— aOH-group at Cn  (fi4 =  —1)
— aCH3 instead  o f aOH at C15 strongly  enhances depressor a c tiv ity  

(S q m ay have a small rigid hydrophobic region at the j  =  5 vertex ),
— a cyclic A10 n  double bond decreases depressor activ ity .
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Fig. 2. T he m ost ac tiv e  p ro s ta g la n d in  in  th e  s tu d ie d  series w ith  resp ec t to  th e  ind ica ted  re c e p to r
is given in  p a ra n th e se s

D istinct requirem ents for pressor a c tiv ity  (see S p and eq. (7)),

— keto group at Cn  (e14 =  — 1, ei  =  0)
— A5 6 and A13 14-double bonds enhance pressor activ ity  (probably  

steric f it  requirem ents for the cis configuration o f the C4—C7 side  
chain and for the trans configuration of the C13—C20 chain).

The unfavourable effect upon depressor activ ity  o f  the cyclic Zlln n  
double bond cannot be explained in th e  framework o f the MTD procedure; 
it  could he due to  som e m etabolic in activation  process.

Pressor and depressor activities are com plem entary, therefore pressor  
substances should becom e depressors on ly  at sensibly higher concentrations 
th an  those at w hich their pressor effect is already exerted  and the reverse  
should also be true. A  detailed review o f  the com plex interactions b etw een  
arachidonic acid m etabolites and the renin angiotensin system  was published  
recently  [5]. This can be used to  test the real predictability o f  the receptor m aps 
S and Sp and the regressional equations A d and Ap. U nfortunately, Jones  
lis ts  only m olar potencies relative to  PG E  for depressor, and to PG D 2a for

Acta Physiologica Academiae Scientiarum Hungaricae 60, 1982



STERIC MAPPING OF PROSTAGLANDIN RECEPTOR SITES 211

pressor activ ity . A lso, vertices j  =  3 and 14 are inoccupied in all depressor 
PG ’s o f Table I I  th ey  w ill be considered as “ bad” vertices, £3 — £14 — + 1  
for S o  in calculating depressor activ ities for the pressor PG’s of Table I I I .  
The tw o activ ity  “ scales” can be com pared for PG F0a suggested [1] to  give  
a biphasic response: the calculated activ ities for PG F0ot (M TD q =  3, MTDp = 1 )  
are rather sim ilar A q =  —3.69; Âp =  —3.42.

The calculated pressor activities o f  depressor PG ’s (using Sp and eq. (7)) 
are listed  in Table II; the calculated depressor activ ities for pressor P G ’s 
(w ith S о and eq. (6)), in Table III . Only one o f the 15 depressor PG’s o f  Table  
III  have a calculated A o higher than Âp.

The MTD procedure thus yields inform ation about th e  structural char­
acteristics o f  prostaglandin m olecules, required for a certain b iological 
activ ity . This inform ation is contained in  the optim ized receptor maps, w hich  
give inform ation about the shape o f  receptor cavities corresponding to  the  
physiologically active state (i.e. o f the receptor com bined w ith  the correspond­
ing  prostaglandin effector).
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EFFECT OF VIBRATION ON THE ACTIVITY OF THE 
PLASMA KALLIKREIN-KININ SYSTEM IN THE RAT

T. Gá t i, I. B u d a v á r i , D . S z o m b a t h  and Gy. L o s o n c z y

DEPARTMENT OF PATHOPHYSIOLOGY, SEMMELWEIS UNIVERSITY MEDICAL SCHOOL, BUDAPEST,
HUNGARY

(R ece iv ed  M arch  2, 1982)

R a ts  w ere exposed to w hole b o d y  v ib ra tio n  h o rizo n ta lly  fo r fo u r hours a t  5 H z 
freq u en cy  an d  2 cm  am plitude . O f th e  com ponents o f  th e  p lasm a  k a llik re in -k in in  
sy s tem  th e  free  (spon taneous) a n d  k ao lin -ac tiv a ted  k a llik re in  (p rek a llik re in ) ac tiv itie s , 
th e  c o n cen tra tio n  o f b rad y k in in , th e  h ra d y k in in  sp littin g  to ta l  k in in ase  ac tiv ity , to ta l  
k a llik re in -in h ib ito r a c tiv ity  and th e  co n ce n tra tio n  of a„-m acrog lobu lin , a m a jo r p lasm a  
ka llik re in  in h ib ito r , w ere estim a ted .

R esu lts show ed th a t  in  re sp o n se  to  acu te  v ib ra tio n  p lasm a  free  ka llik re in  a c tiv ­
i ty  was in creased  sign ifican tly  in  a sso c ia tio n  w ith  a s ig n ifican t re d u c tio n  of p re k a llik ­
re in  co n cen tra tio n . T h e  c o n cen tra tio n s o f b rad y k in in o g en  a n d  to ta l  k in in ase  a c tiv ity  w ere 
s ign ifican tly  e le v a te d , too . N either t o ta l  ka llik re in -in h ib ito r a c t iv ity  n o r th e  co n ce n tra ­
tio n  of a lpha2-m acroglobulin  were c h an g e d  in d ica tin g  th a t  th e  p lasm a  k a llik re in  in h ib ito rs  
d id  n o t p lay  a  ro le  in  th e  a lte ra tio n s  o f  p lasm a  free ka llik re in  a n d  p rek a llik re in  ac tiv ities .

D uring  a c u te  v ib ration  th e  p la sm a  k a llik re in -k in in  sy s tem  w as a c tiv a te d  p ro b ­
ab ly  b y  th e  e n h an ced  ca techo lam ine  secre tion . W e suggest t h a t  th e  b iological im p o r­
tan c e  of th is  p h en o m en o n  is in th e  de fen se  ag a in st th e  im p a ired  m ic ro c ircu la tio n  caused  
b y  catecholam ines.

Several experim ental findings [8, 9, 10] and clinical observations [5] 
prove that noxious vibration plays a role in the genesis o f  various civilization  
diseases such as peptic ulcer, hypertension  and m yocardial infarction. As a 
harm ful byproduct o f  urbanization, intensified industrial developm ent and 
exten sive  urban and highway transport a novel civ ilization  disease has been  
recognized as v ibration  disease [14]. B oth the civ ilization  diseases and the  
vibration  damage are characterized b y  m icrocirculatory changes in som e 
organs and organ system s [4, 13].

In addition to  the vegetative m ediators (norepinephrine, acetylcholine), 
th e  renin-angiotensin-aldosterone system , prostaglandins, serotonin and h ista­
m ine, the kallikrein-kinin system  is know n to play an im portant role in the  
control of local microcirculation [17].

In order to  elucidate the m echanism  of action o f the vibration  dam age, 
th e  changes in the com ponents in  th e  kallikrenin-kinin system  were studied  
in  rats exposed to acute vibration. N o such data are available in the literature.
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Methods

M ale ra ts  o f th e  C F Y  s tra in  w eigh ing  fro m  120 to  150 g w ere u sed  a fte r  a  16-hour 
s ta rv a t io n  period. T he a n im a ls  w ere d iv id ed  in to  tw o  groups, one co n tro l a n d  one experim en tal 
w ith  a  single exposure to  a  4 -h o u r v ib ra tio n . P a ra m e te rs  fo r v ib ra tio n : 5 H z  frequency , 2 cm  
a m p litu d e , horizon tal. D u r in g  exposure  th e  r a ts  cou ld  m ove free ly  in  th e ir  v ib ra tio n  cham ber.

Im m ed iate ly  a f te r  th e  te rm in a tio n  o f th e  v ib ra tio n  exposure  th e  r a t s  w ere exsangui­
n a te d  v ia  th e  fem oral a r te ry .  H a em a to c rit w as also e s tim a te d . T h e  b lo o d  w as collected in  tw o  
p o ly e th y len e  tu b es a t  4  °C w ith  or w ith o u t isosm otic  sod ium  c itra te  as an tico ag u lan t. T he 
c o m p o n en ts  of th e  k a llik re in -k in in  sy s tem  w ere d e te rm in ed  in  th e  c itra te  p lasm a , w hereas 
th e  a lp h a 2-m acroglobulin  in  th e  sera.

P lasm a-free (sp o n ta n eo u s ) ka llik re in , k ao lin  a c t iv a te d  k a llik re in  (p rekallik re in ) a c tiv ­
itie s  a n d  to ta l k a llik re in -in h ib ito r  a c t iv ity  w ere e s tim a te d  acco rd ing  to  Co i.man e t al. [3] 
w i th  th e  m odification  o f  G omozkov e t  al. [11]. T h e  p rin c ip le  o f th e  a ssa y : th e  inac tive  p re ­
k a llik re in  in  th e  p lasm a  is  a c tiv a te d  b y  k ao lin . T he a c t iv a te d  k a llik re in  sp lits  th e  benzoyl- 
a rg in in e-e th y leste r (B A E E ) su b s tra te  a n d  th e  a e th y l g roup  th u s  re leased  fo rm s a  green p ro d ­
u c t  w ith  2 -h y d raz in o -2 ,3 -d ihydro -3 -m ethy l-benzo th iazo l-H C l (M B T H ). T h is can  be m easured  
b y  p h o to m e try . In to  tu b e s  I  a n d  I I  0.48 m l, tu b e s  I I I  a n d  IV  0.46 m l T ris  b u ffe r  (100 mmol/1, 
p H  8.0) an d  0.5 m l B A E E  so lu tio n  (20 mmol/1) w ere p ip e tte d . To tu b e  I  (b lan k ) 0.2 m l 10%  
Z n S 0 4 a n d  20 /Л n o n -a c tiv a te d  p lasm a  w ere ad d ed . In to  tu b e  I I  20 [A n o n -a c tiv a ted  p lasm a 
w as p ip e tted .

M eanwhile 0.3 m l p la sm a  w as in c u b a te d  w ith  0.3 m l k ao lin  suspension  (10 mg k ao lin  
w as suspended  in  10 m l physio log ic  sa lin e -p h o sp h a te  b u ffer 100 mmol/1, p H  7.6) in  a  w a te r 
b a th  a t  25 °C. A fter a  1 -m in  in cu b a tio n  40 //1 w as tran s fe rre d  in to  tu b e  I I I ,  a n d  a fte r 3 m in  
in c u b a tio n  th e  sam e v o lu m e  w as tran s fe rre d  in to  tu b e  IV . A ll fo u r tu b e s  w ere th e n  in cu b a ted  
a t  37 °C fo r 30 m in ; th e  re a c tio n  was s to p p e d  in  tu b es  I I  I I I  a n d  IV  b y  10%  Z n S 0 4 an d  
th e  p re c ip ita te  w as c en tr ifu g e d  (7000 rp m ). F ro m  th e  re su lta n t  s u p e rn a ta n t  flu id  0.4 m l 
a liq u o ts  were tran s fe rre d  in to  fo u r o th e r te s t  tu b es  an d  to  th e se  su b seq u e n tly  0.2 m l distilled  
w a te r ,  0.2 ml 1%  K M n 0 4 d isso lved  in  10%  K H S 0 4 a n d  fiv e  m in u te s  la te r  0.2 m l o f 1%  N H 4O H  
w ere  added . A fter th e  so lu tio n  h ad  been  b leach ed  to  th e  tu b es  1.5 m l o f  1 %  M B TH  w ere 
a d d e d , 20 m in la te r  1.5 m l 2 %  NFI4F e (S 0 4)2 • 12 H 20  an d  60 m in  la te r  th e  op tica l d en sity  
o f  th e  solutions was m e a su re d  in  tu b es  I I ,  I I I  a n d  IV  a t  635 n m  a g a in s t tu b e  I  (b lank). Since 
th e  so lu tio n  in  tu b e  I  w a s  g en era lly  n o t q u ite  colourless we also u sed  a n  a b so lu te  b lan k  (0.5 m l 
p h o sp h a te  buffer —  100 m m ol/1 p H  7.6 —  a n d  0.1 m l 10%  Z n S 0 4) a n d  th e  a b so rb an t o f tu b e  
I  w a s  re ad  against th is  b la n k . T he o p tica l d e n s ity  th u s  o b ta in e d  w as s u b tra c te d  from  th e  values 
fo r  tu b e s  I I ,  I I I  an d  IV . C o n cen tra tio n s w ere re ad  using  ca lib ra tio n  cu rv es co n stru c ted  using  
e th a n o l  an d  kallik rein  a c t iv ité s  an d  w ere ex pressed  in  /;m ol e th a n o l/m l p lasm a /h . T he free 
(sp o n tan eo u s), k a llik re in  a c t iv ity  was o b ta in e d  from  tu b e  I I ,  w h ereas th e  co n cen tra tio n  of 
p re k a llik re in  was c a lc u la te d  fro m  th e  d ifference  b e tw ee n  va lues fo r tu b e s  I I  a n d  I I I .  The to ta l  
k a llik re in -in h ib ito r  a c t iv i ty  w as expressed  on  th e  basis o f  th e  p e rce n t re d u c tio n  of ka llik rein  
a c t iv i ty  betw een tu b e s  I I I  a n d  IV .

A lpha2-m acro g lo b u lin  w as e s tim a te d  b y  th e  m e th o d  o f Ver em ey ein k o  an d  V olohons 
k a y a  [19]. The a lp h a 2-m acro g lo b u lin  fo rm s a  com plex  w ith  th e  t ry p s in  ad d ed  to  th e  serum  
a n d  th is  com plex re leases  n itro an ilin e  fro m  N -a lp h a-b en zo y l-D L  arg in ine-4 -n itroan ilide  
h y d ro ch lo rid e  (B A P N A ) w h ich  can  be  e s tim a te d  b y  p h o to m e try . T h e  a m o u n t o f th e  n i tro ­
a n ilin e  form ed and  th e  a m o u n t o f a lp h a 2-m acrog lobu lin  p re sen t a re  p ro p o rtio n a l.

T h e  serum  w as d i lu te d  20-fold b y  p h o sp h a te  b u ffer (50 m mol/1, p H  7.6). To 0.3 m l of 
d i lu te d  serum  0.3 m l 20 m g %  try p s in  w ere ad d ed  d issolved in  p h o sp h a te  b u ffer 50 mmol/1, 
p H  7 .6  th e n  0.2 m l o f  5 0 %  soy-bean t ry p s in  in h ib ito r  (R E A N A L ) w as ad d ed  to  neu tra lize  
th e  excess try p sin . T h e  a lp h a 2-m acro g lo b u lin -try p sin  com plex is n o t  se n sitiv e  to  th e  in h ib ito r. 
A f te r  15 m in  th e  v o lu m e  w as b ro u g h t to  1 m l an d  in cu b a ted  fo r 2 m in  a t  20 °C in  a  w a te r 
b a th .  T h en  3.2 m l o f  10 m mol/1 B A P N A  (50 mmol/1 d issolved in  p h o sp h a te  buffer p H  7.6) 
w e re  ad d ed  and th e  in c u b a tio n  w as c o n tin u ed  fo r a  fu r th e r  30 m in  p e rio d . T h e  reac tion  w as 
s to p p e d  by  1.4 ml 5 %  p h o sp h o tu n g s te n ic  acid . T h e  p re c ip ita te  fo rm ed  w as rem o v ed  by  cen tri­
fu g a tio n  and  th e  ab so rb an c e  o f th e  su p e rn a te  w as re a d  a t  385 n m  a g a in s t b la n k  tre a te d  alike, 
e x c e p t  th a t  try p sin  w as a d d e d  a fte r  th e  a d d itio n  o f th e  p h o sp h o tu n g sten ic  acid . T he co n cen tra ­
t io n  o f th e  a lpha2-m ac ro g lo b u lin  was ex p ressed  in  g/1.

T he b ra d y k in in o g en  (k a llik re in  s u b s tra te )  assay  w as p e rfo rm ed  acco rd in g  to  D in iz  e t  al. 
[6]. T ry p sin  splits th e  b ra d y k in in o g en  a n d  re leases th e  free  b ra d y k in in ; th is  w as e s tim a ted  
a n d  fro m  its  a m o u n t th e  b rad y k in in o g en  c o n ce n tra tio n  cou ld  be  ca lcu la ted .

C itra te  p lasm a, 0.1 m l an d  1.0 m l o f  0 .2 %  ace tic  acid  w ere in c u b a te d  fo r 30 m in  in  
a  b o ilin g  w ater b a th ;  a f te r  cooling, th e  so lu tio n  w as n e u tra liz ed  w ith  N a O H  (0.5 mol/1). One
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m l T ris-b u ffe r (100 mmol/1, p H  7.5) and  0.2 m l 100 m g%  try p s in  so lu tion  d isso lved  in  T ris  
b u ffer w ere th e n  added . T h e  in cu b a tio n  la s te d  for 30 m in  a t  37 °C. T he reac tio n  w a s  te rm i­
n a te d  b y  th e  ad d itio n  o f  0.2 m l o f 200 m g %  SB T I. T he a m o u n t o f  b rad y k in in  re leased  w as 
e s tim a te d  using  a ra t-u te ru s  b ioassay  system . T he u te ru s  f ro m  r a ts  in  oestrus w as su sp en d e d  
in  o rg an  b a th  co n ta in ing  10 m l de Ja lo n  so lu tio n  bu b b led  w ith  o x y g en  and k e p t a t  a  c o n s ta n t  
te m p e ra tu re  b y  an  u l tra th e rm o s ta t .  T he b ra d y k in in -in d u ce d  u te r in e  con tractions w ere  t r a n s ­
form ed to  e lectric  signals a n d  recorded u sing  a  R A D E L K IS  reco rd e r. The a m o u n t o f  b ra d y ­
k in in  was calcu la ted  fro m  ca lib ra tio n  cu rv es c o n stru c ted  fro m  responses to  k n o w n  a m o u n ts  
o f b ra d y k in in . R esu lts  w ere expressed as th e  a m o u n t o f b ra d y k in in  released fro m  1 m l o f 
p lasm a , as ng/m l.

T he b ra d y k in in  sp litt in g  to ta l  k in in ase  a c tiv ity  w as e s tim a te d  in  a b io assay  sy s tem  
accord ing  to  E rdős [7], m odified  by  Ve r e m e y e n k o  [18].

To 50 ,(d p lasm a , 1.75 m l T R IS-H C 1 b u ffe r  (100 mmol/1, p H  7.2) and 0.2 m l b ra d y k in in  
so lu tion  (4000 ng) w ere ad d ed  an d  in cu b a ted  a t  37 °C. T he en zy m e  reac tion  w as s to p p e d  by  
boiling. A fte r  th e  in c u b a tio n  th e  rem ain in g  b ra d y k in in  w as b ioassayed  in 0.2 m l a liq u o ts  
using  th e  a fo rem en tio n ed  in  vitro u te ru s  p re p a ra tio n . T o ta l k in in ase  ac tiv ity  w as expressed  
as th e  a m o u n t o f b ra d y k in in  sp lit by  1 m l p lasm a  in  1 m in , as ng/m l/m in .

S ta tis tic a l analysis o f th e  d a ta  was p e rfo rm ed  b y  S tu d e n t’s indep en d en t t te s t .

Results

R esults are illustrated  in Figs 1, 2 and 3. Figure 1 shows the changes in 
plasm a spontaneous kallikrein and prekallikrein activ ities. Plasma free kalli- 
krein activ ity  was increased sign ificantly  (p <  0.05) b y  about 50% to  acute  
vibration exposure.

The kaolin-activated  kallikrein (prekallikrein) a ctiv ity  showed opposing  
changes being sign ificantly  (p <  0.05) decreased b y  about 30%. Figure 2 
dem onstrates alterations in the concentration of bradykininogen and th e  to ta l 
kininase activ ity  in rats after vibration.

As is seen the leve l o f kallikrein substrate was increased fourfold (p < 0 .0 5 )  
in  response to a single exposure to  v ibration . The to ta l kininase a c tiv ity  was 
m arkedly augm ented (p <  0.05). Figure 3 shows th e  plasm a total kallikrein- 
inhibitor activ ity  and the concentration o f alpha2-m acroglobulin, a m ajor 
plasm a kallikrein inhibitor. It appears th at neither to ta l kallikrein inhib itor  
a c tiv ity  nor alpha2-m acroglobulin concentration were changed by v ibration .

Discussion

R esu lts o f  th is  paper show th a t the applied acute vibration exposure  
induced changes in  th e  kallikrein-kinin system . In response to a single four- 
hour vibration the free plasm a kallikrein activ ity  w as significantly reduced. 
These findings seem  to  suggest th a t under the effect o f  acute exposure to  
vibration the conditions favour the activation  o f kallikrein (factor I I I  a c tiv a ­
tion , tissue hypoxia and acidosis). The sim ultaneous increase in the concentra­
tion  o f kallikrein substrate indicates and enhanced m obilization o f brady­
kininogen from the liver. The elevation o f to ta l kininase activ ity  was probably
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F ig . 2. Changes in  p la sm a  con cen tra tio n s o f b ra d y k in in o g en  (A) and  to ta l  k in in ase  a c t iv ity  
(B ) in  response  to  a c u te  v ib ratio n . C =  co n tro l, V  =  v ib ration , M eans ± S .E .

a regulatory response against the predom inance of bradykinin. Thus, under 
th e  effect o f acute vibration  the a c tiv ity  o f  the kallikrein-kinin system  was 
enhanced or sh ifted  towards an increased bradykinin production. The kalli­
krein inhibitors did not appear to be in vo lved  in these changes.

In our oppinion the vibration-induced alterations in the kallikrein- 
k in in  system  occurred due to the horm onal imbalance accom panying vibra*
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Fig. 3. Changes in  p lasm a  to ta l  k a llik re in -in h ib ito r  a c tiv ity  (A) a n d  serum  c o n cen tra tio n s  o f 
a lp h a 2-m acroglobulin  (B ) in  response to  a c u te  v ib ra tio n . C =  co n tro l, V =  v ib ra tio n , M eans

± S .E .

tion . It is known th a t vibration m arkedly increases th e  blood levels o f nor­
epinephrine and glycocorticoids [1]. Changes of the form er predom inate after  
acute vibration, whereas longlasting vibration  produces more marked elevation  
o f the concentrations o f  glycocorticoids. R o t e h il d  et al. [15] have show n  
th at epinephrine increases the conversion o f prekallikrein to  kallikrein and the  
release o f bradykinin from  the liver w hich  is a direct consequence o f the epi­
nephrine-induced tissu e hypoxia and acidosis as suggested  by D i e t z e l  et 
al. [5]. The glycocorticoids exert an opposing action on th e  activ ity  o f th e  kinin  
system . C l in e  and M e l m o n  [2] have found that glycocorticoids inh ib it the  
activation  of prekallikrein, whereas L a n c b e r g  et al. [12] have reported on 
enhanced kinin sp littin g  kininase a c tiv ity .

Since the release o f  catecholam ines occurs faster, their prevalance dur­
ing acute vibration is h igh ly  probable.

In summary, we suggest that th e  kallikrein-kinin system  plays an im por­
ta n t role in the developm ent of the m icrocirculatory alterations induced by  
vibration . The b iological im portance o f  these phenom ena is probably the  
defense against tissue hypoxia produced by the increased release o f catechol­
am ines.
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EFFECTS OF DRUGS ON THE PRODUCTION OF 
STRESS ULCER IN THE RAT

L. N a g y , G. M ó z s ik , Mária F i e g l e r , Erika G e r b e r , T. P a s t , Cs. R ú z s a , 
Zsuzsanna Y e z e k é n y i  and T. J á v o r

1ST DEPARTMENT OF MEDICINE, UNIVERSITY MEDICAL SCHOOL, PÉCS, HUNGARY 

(R eceived M arch  2, 1982)

T he a u th o rs  stu d ied  th e  effect o f  d rugs w ith  d iffe ren t m ech an ism s o f ac tio n  on  
th e  p rev en tio n  o f stre ss  u lcer p ro d u c tio n  in  th e  ra t.  S tress u lce r w as in d u ced  b y  a  m eth o d  
developed  b y  th e  a u th o rs : in ta c t,  s ta rv e d  ra ts  were sw im m ed  in  w a te r  a t  23 °C for 
5 hours.

1. A tro p in e  (0 .1-0 .5  and  1.0 m g /k g  i.m .), c im etid ine  (1 .0 -5 .0  a n d  25 m g/kg  i.p .), 
p ro stacy c lin  (P G I2) (5 .0-25.0  and  100 jug/kg i.p .) and  p h e n to la m in e  (0 .3 5 -1 .7 5 -3 .5  and  
7.0 m g/kg i.m .) w ere show n to  decrease  th e  p ro d u c tio n  o f stre ss  u lcers s ig n ifican tly , 
in  a  dose -d ep en d en t fashion.

2. P ro p ran o lo l (0 .35-1 .75-3 .5  a n d  7.0 m g/kg i.m .) d id  n o t  in flu en ce  th e  p ro d u c ­
tio n  of stress u lcers. T he find ing  th a t  d ru g s w ith  d iffe ren t a c tio n s cou ld  con sid erab ly  
red u ce  or p re v e n t th e  p ro d u c tio n  o f s tre ss  u lcer ap p ears  to  in d ic a te  th e  co m p lex ity  
o f th e  n eu ral, h o rm o n al and  b iochem ical processes in v o lv ed  in  th e  pa thogenesis .

On th e  b asis o f th e  p re sen t re su lts  th e  au th o rs  su g g est th e  use  o f a p re v en tiv e  
th e ra p eu tic  reg im en  in  clinical p ra c tic e  w ith  an  a p p ro p ria te  co m b in a tio n  o f d rugs.

Factors such as gastrotoxic (ulcerogenic) drugs, som e severe diseases 
(acute pulm onary or cardiac insufficiency, sepsis, acute renal or hepatic failure, 
com plex burn injuries, long-lasting surgery) acute intracranial pressure eleva­
tions (brain surgery and injury, stroke), etc. are known to  be responsible for the  
production o f acute erosions o f the gastric and duodenal m ucosa. These are 
called stress ulcers irrespective of the morphology and pathogenesis.

There are several m ethods know n for inducing experim ental stress ulcers 
[1, 3, 4 , 18, 19] w hich are suitable for the study o f the pathogenetic factors. 
As for the underlying pathogenetic even ts, opinions vary  w idely , and thus no 
uniform  standpoint has been adopted to  date w ith regard to  drug prevention  
and therapy. The objective of the present paper was

1. to  study th e  effects o f drugs w ith  different m echanism s o f action on 
ulcer production in a stress ulcer m odel developed in  our laboratory;

2. to  establish the role o f neural and humoral factors in  the pathogenesis 
of stress ulcer produced in swim m ed rats.

Methods
E xperim enta l anim als

A to ta l  o f 166 W is ta r  ra ts  o f e ith e r sex  w eighing 210 to  250 g w ere used . A nim als were 
s ta rv e d  fo r 24 hours w hile free  access to  w a te r  w as allowed. R a ts  w ere fo rced  to  sw im  c o n tin ­
u o u sly  fo r a period  of 5 h o u rs  in  a deep co n cre te  tu b  w ith  a  w a te r  te m p e ra tu re  o f 23 °C. N o
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F ig . 1. The stress-u lcer m odel: r a ts  w ith  in ta c t  sto m ach  w ere fo rced  to  sw im  for 5 hours in
w a te r  a t  23 °C

e x tr a  w eights were a p p lied . T he p y lo ru s  h a d  n o t been lig a ted  (F ig . 1). Sw im m ing in  w a te r  
b e low  body  te m p e ra tu re  re su lte d  in  th e  p ro d u c tio n  of acu te  h aem o rrh ag ic  lesions (p rincipally  
erosions) in th e  g lan d u la r p a r t  (a rea  o f  p a r ie ta l  cells) o f th e  s to m ach  in  all th e  ra ts . Only a few  
r a ts  succum bed.

D rugs
Conscious ra ts  w ere  p re tre a te d  im m ed ia te ly  before  sw im m ing. D rugs were dissolved 

in  physiologic saline (4.0 m l/kg).
1. Cimetidine (H is to d il'0',  G edeon R ich te r  P h a rm ac eu tica l W ork s, B ud ap est) 1 .0 -  

5 .0—25.0 m g/kg i.p.
2. A tropine  (A tro p in u m  su lfu ricu m  ® , E G Y T , B u d ap es t)  0 .1 -0 .5 —1.0 m g/kg i.m .
3. Prostacyclin (P G I2) (C hinoin , B u  d ap es t) im m ed ia te ly  before  s tu d y  fresh ly  dissolved 

a n d  d ilu ted  as p rescrib ed  5 .0 -2 5 .0 -1 0 0  jUg/kg i.p.
4. Propranolol ( In d era l®  IC I, C heshire, E n g lan d ) 0 .3 5 -1 .7 5 -3 .5 0 -7 .0  m g/kg i.m .
5. Phentolamine  (R eg itin e  C iba-G eigy, B asel, S w itzerland) 0 .3 5 -1 .7 5 -3 .5 0 -7 .0  mg i.m . 
All groups h a d  th e ir  m a tc h in g  con tro ls  in jec ted  w ith  physio log ic  saline i.p. o r i.m .

E xa m in a tio n  o f the gastric mucosa

A fter te rm in a tio n  sw im m ing  th e  an im als w ere k illed  b y  a e th e r . T h e  stom ach  w as 
rem o v ed  and opened a lo n g  th e  g re a te r  c u rv a tu re  and  th e  m ucosa rin sed  carefully  w ith  ta p  
w a te r  and exam ined u sin g  a 10 X m ag n ifica tio n  lens. T he follow ing c h arac te ris tics  w ere 
reco rd ed :

1. Average count o f  lesions
2. Severity index  e s tab lish ed  acco rd ing  to  a score described elsew here  [15, 16]:

Grade 0, in ta c t  s to m ach
Grade 1, d ia m e te r  o f th e  erosion  less th a n  1 m m  
Grade 2, d ia m e te r  o f th e  erosion from  1 to  2 m m  
Grade 3, d ia m e te r  o f th e  erosion from  2 to  4 m m  
Grade 4, d ia m e te r  o f th e  erosion  m ore th a n  4 m m
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F ig . 2. E ffec t of va rio u s doses o f c im etid ine  on  th e  p ro d u c tio n  o f  stress ulcer, n  =  n u m b e r of 
an im als in  one e x p e rim e n ta l group. P o in ts  in d ica te  m ean s, v e rtica l lines a re  S .E .M .

T he severity  in d ex  w as calculated  b y  su m m in g  up  th e  scores fo r th e  in d iv id u a l erosions. 
T h e  an tiu lcerogenic  effec t o f  drugs was c a lcu la te d  according to  th e  form ula:

A ntiu lcerogenic  effect (% ) =  b d e x ,ontroi -  u lce r  index treated
ulcer m d e x controi

Statistica l evaluation

D a ta  are  m eans ±  S .E .M . D a ta  w ere  an a ly sed  for s ta tis t ic a l  significance b y  S tu d e n t’s 
u n p a ire d  t te s t  (average c o u n t o f lesions) a n d  b y  th e  M a n n -W h itn e y  te s t  (sev erity  in d ex ), 
significance p  <  0.05.

R e s u lt s

The 5-hour sw im m ing produced stress ulcer in  all of the rats w ithout 
pylorus ligation after fasting for 24 hours. Acute lesions (principally oval- 
linear haemorrhagic erosions) were observed in the glandular part, i.e. parietal 
cell zone of the rat stom ach. The rum en and the antrum  were found intact 
by gross exam ination.

1. Effect o f  cimetidine

The H 2 receptor inhibitor cim etid ine prevented the acute stom ach  
lesions (ulcer score and severity index) in  a dose-dependent fashion. A t a dose 
o f 25 mg/kg the antiulcerogenic effect was significant (p <  0.05) (F ig. 2).

2. Effect o f PG I2 (prostacyclin )

PG I2 also exerted a dose-related protection tested  on the basis o f  both  
ulcer parameters. The dose of 100 /гg/kg  had a strongly significant antiulcero-
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F ig. 3. E ffec t o f p ro s ta cy c lin  (P G I2) on  th e  p ro d u c tio n  o f stress u lcer in  r a t s  fo rced  to  sw im .
F o r  sym bols, see legend  to  F ig . 2

genic action  as show n b y  both the ulcer score (p <  0.01) and ulcer index
(p <  0.0001) (Fig. 3).

3. Effect o f atropine

Atropine provided a protective effect on the gastric m ucosa o f the rats. 
A dose o f  0.5 m g/kg already afforded an alm ost 100% protection  (p <  0.001) 
(F ig . 4).

4. E ffect o f propranolol

The beta blocker propranolol had no appreciable effect on the stress 
ulcer production in  th e  rats (Fig. 5).

Atropine
n: 6 6 6 7

F ig . 4. T he an tiu lcerogen ic  a c tio n  of v arious doses o f  a tro p in e . F o r sym bols, see legend to  F ig . 2
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Fig. 5. E ffec t of p ro p ran o lo l on  th e  p ro d u c tio n  o f stre ss  ulcer

5. Effect o f phentolam ine

The alpha receptor blocker phentolam ine was potent in reducing the  
score and severity  index of the stress ulcers at doses o f  3.5 and 7.0 m g/kg  
(F ig. 6).

The antiulcerogenic actions o f th e  various drugs tested  are illu strated  
in Table I.

200
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Fig. 6. E ffec t o f p h en to lam in e  on  th e  p ro d u c tio n  o f stress u lcer in  r a ts  forced to  sw im . F o r
sym bols, see leg en d  to  Fig. 2
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Table I

Inhibition by various drugs o f the production o f  stress ulcer in  rats forced to swim

Drug Dose Antiulcerogenic
action

Significance

A tropine 1.0 m g/kg i.m . 98% p <  0.001

Cimetidine 25.0 m g/kg i.p. 44% p <  0.05

p g i 2 100.0 ,ug/kg i.p. 75% p <  0.01

Phentolam ine 7.0 m g/kg i.m. 56% p <  0.01

Propranolol 7.0 m g/kg i.m . 0 .6% p >  0.05

Discussion

There are several pathogenetic factors considered to he o f im portance in  
th e  genesis o f experim ental stress ulcer, e.g . the degranulation of mast cells 
in  th e  gastric m ucosa [7], the elevation  o f tissue histidine decarboxylase  
a c tiv ity  [9], the change in  the secretion o f th e  protective m ucus [8], and var­
iou s biochem ical alterations [4, 11].

The same holds true for the pathogenesis o f  human stress ulcer. Table II  
contains the factors th a t  m ight p lay a role in the pathogenesis o f the hum an  
stress ulcer based on  th e  literature.

D ata by others and our own observations suggest th a t the incidence o f  
gastrointestinal ulcers is currently on the increase. In our in ten sive care u n it 
th e  incidence reaches 20% . It is often serious, resulting in th e  deterioration o f  
th e  patients’ cond itions in m any cases leading to  death (intractable bleeding, 
perforation).

Table I I  I. II. III.

I .  Gastric hypersecretion (C ush ing  ulcer)

I I .  Reduction o f  mucosal resistance

1. D istu rb an ce  in  b lo o d  su p p ly
a) C ard io resp ira to ry  insufficiency
b) S y m p a th e tic  a c t iv ity
c) M icrothrom bi (D IC )

Sepsis
B u rn  (C urling u lcer)

2. D istu rb an ce  of cellu la r m etabo lism

3. A ltered  m ucus sec re tio n
Q u an tita tiv e
Q u a lita tiv e

I I I .  H +-red iffu sio n

Bile acids, ly so lec ith in  
D rugs
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Thus the prevention and therapy o f stress ulcer is a com m on problem  in  
clinical practice. On the other hand, there is no satisfactorily  applied and u n i­
form regimen for the therapy or prevention . A  wide variety  o f som atic and  
em otional stress m ight produce acute ulceration both in  m an and anim als. 
In our opinion th is does not necessarily m ean that the pathologic processes 
in vo lved  in the production of lesions are essentially  different. There is general 
agreem ent am ong investigators th a t for the production o f stress ulcer th e  
sim ultaneous action o f several noxious factors is absolutely  necessary. The 
assessm ent o f these factors is o f  param ount im portance for effective ulcer  
prevention and therapy. The m any confliciting data and problems not fu lly  
understood ju stify  the attem pts for further exploration o f  th is problem.

We have tested  the antiulcerogenic effects o f  drugs using a read ily  
reproducible stress ulcer model. R esu lts obtained b y  drugs w ith different 
m echanism s o f action  shed light on the im portance o f  neural and hum ora  
factors involved in  th e  pathogenesis o f stress ulcer.

Atropine, cim etidine, PGI2 and phentolam ine, w ith  some differences in  
their potencies, exerted  a significant antiulcerogenic action  on the production  
o f stress ulcer in rats forced to sw im  for 5 hours.

Atropine, cim etidine and prostacyclin  m ight act principally by suppress­
ing acid output. I t  is known th a t during the developm ent o f stress ulcer th e  
gastric acid secretion is reduced [2, 12], although the presence of hydrochloric  
acid still plays an im portant role in  the onset of m ucosal lesions. Further  
suppression o f gastric acid secretion or th e  neutralization o f free hydrochloric 
acid in the stom ach by various antacids prevent the developm ent o f  stress  
ulcer.

Prostaglandins [5, 10, 14] and atropine [13] are know n to  exert a favour­
able effect on the gastric mucosa independently  of the action  on acid secretion . 
This is the so-called cytoprotective action which results in enhanced resistance  
o f the m ucosal cells to  a wide var ie ty  o f  noxious effects. This cytoprotection  
m ight have also occurred in our experim ents, increasing the defense o f  the  
m ucosa against the humoral and m etabolic changes elicited  b y  the stressors.

Catecholam ines and adrenergic a c tiv ity  also p lay an im portant role in  
the production o f stress ulcers [1, 3, 4, 6]. Adrenaline and noraderenaline trea t­
m ent caused acute haemorrhagic erosions in  the glandular part of the stom ach  
in  pyloric ligated  rats [16, 16] w hich were sim ilar in appearance to stress ulcer. 
These lesions could be prevented by phentolam ine.

In the present study also th e  alpha blocker phentolam ine reduced the  
incidence of stress ulcer in rats, whereas propranolol afforded no protection  
compared to the controls. Other investigators using the restraint-ulcer m odel 
report on a preventive action principally  o f  beta blockers [17].

The results suggest that the production o f stress ulcer in the rats forced  
to  swim  depended on com plex neural and hum oral factors; among th em  the
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im portance o f the parasym pathetic and sym pathetic alpha adrenergic a ctiv ity  
is obvious.

The favourable effect o f  drugs suppressing hydrochloric acid output 
underlines the im portance o f the aggressive action o f acid in  the stom ach.

Among th e  p athologic  processes in vo lved  in the genesis o f stress ulcer 
no hierarchy can be established since the suppression or abolishing o f any of  
th em  will result in  th e  reduction or prevention  of stress ulceration.

On the basis o f  th e  present results a reasonable com bination o f drugs 
m ight be prom ising in  th e  prevention o f stress ulceration. This requires further 
studies in this fie ld .
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EFFECT OF LASER IRRADIATION AND 
PROSTAGLANDIN F2a ON THE PRODUCTION 
OF GASTRIC MUCUS IN HUMAN PATIENTS

I. S z l a m k a , L. K o v á c s  and A. T ö r ö k

FOU RTH  D EPA RTM EN T OF M ED IC IN E , JÁ N O S HOSPITAL, BU D A PEST, HUNGARY 

(R eceived  M arch  2, 1982)

A n increase  in  g astric  m ucus p ro d u c tio n  was o b se rv ed  a fte r  P G F 2a a d m in is t r a ­
tio n  an d  low  dose argon-laser i r ra d ia t io n  in  h u m an  p a tie n ts .  T he effect o f P G F 2a on 
fu n c tio n in g  of th e  g a s tr ic  m ucosa is  o p p o site  to  th a t  o f  th e  P G E  group. T h e  o b se rv ed  
increase  in  m ucus p ro d u c tio n  is a  n ew  asp ec t of th e  b io -s tim u la to ry  effec t o f  la s e r  
irrad ia tio n .

One o f the m ain functions o f  th e  gastric m ucosa besides the secretion  
o f hydrochloric acid and pepsinogens is the production o f mucus [3]. N ew  
data have been published recently w hich  help to understand the physiological 
role o f  the gastric m ucosal lining. A ccording to recent results [10], th e  speed  
of diffusion o f hydrogen ions through a mucus layer is one-fourth o f  th a t  
observed through a w ater layer o f th e  same thickness. This slowing dow n of 
diffusion is accounted for by the w ater-coat covering th e  mucus and also by  
the w ater drops adhering to the in terstitiu m  of the m ucus because o f  their  
inaccessib ility  to diffusion. Such physicochem ical phenom ena explain the  
protection  provided b y  the gastric m ucus against the harm ful effects o f  h yd ro­
chloric acid [7]. The acid diffusing in to  the mucosa in  sp ite o f this protection  
is neutralized by bicarbonate ions produced there.

The effect o f prostaglandins have m ostly been studied  on the fem ale  
genital apparatus. Prostaglandin F 2a (PG F2a) has proved to be useful in 
inducing abortion and labour. Few data are available about the effects of  
P G F 2a on the gastric m ucosa.

In  the field  o f m edical applications of laser th e  phenomenon o f b io ­
stim ulation  has gained prominence [9]. This effect can be observed w ith  low  
dose laser; in the case o f  argon-laser th is  corresponds to  300-500 m V . N o  
data could be found about the effect o f  argon-laser on functioning of the gastric  
m ucosa. The aim of the present stu d y  was therefore to  investigate the effect 
of P G F 2a and argon-laser irradiation on  the production o f gastric m ucus in 
hum an patients.

M ethods

P a tie n ts  o f e ith e r sex 30 to  50 years w ere  se lected  for th e  in v es tig a tio n , in  w hom  p r i ­
m a ry  chron ic  superficial g a s tr it is  w as p rev io u sly  d iagnosed  on th e  b asis  o f histologic e x a m in a tio n  
o f  sam ples o b ta ined  b y  endoscopy . D e te rm in a tio n  of m ucus c o n te n t  w as carried o u t b y  th e
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m e th o d  of H am erm an  a n d  Sc h u ste r  [6]. Fo llow ing  th e  in tro d u c tio n  o f a  ru b b e r  s to m ach  
tu b e  th e  gastric  ju ice  w as rem o v ed  a n d  its  vo lum e m easu red . W hile leav in g  th e  tu b e  in  p lace, 
e ith e r  a n  in jec tion  of P G F 2a o r laser ir rad ia tio n  w as do n e . One hour la te r  th e  g astric  ju ice  
w as re m o v e d  again, i ts  v o lu m e m easu red  an d  th e  co n ce n tra tio n  of m u cu s d e te rm ined . T he 
dose  o f  P G F 2a (C hinoin) in je c te d  su b cu tan eo u sly  w as 1 m g.

L aser irrad ia tio n  w as carried  o u t b y  using  a n  A rg o n -L aser-P h o to co ag u la to r (S p ec tra  
P h y s ic s  T ype  770). A rg o n -laser can  be d irec ted  v ia  a  flexib le fib re -o p tic  system  m ade of 
q u a r tz ,  sim ilarly  as th e  N d  Y A G  laser [1]. T h is c h a ra c te ris tic  of th e  a rg o n -la se r  allows th e  
ir r a d ia t io n  of various p a r ts  o f th e  g a s tro in te s tin a l t r a c t  th ro u g h  a flex ib le  endoscope. T he 
a rg o n -le se r  operates a t  0.45 a n d  0.51 m /t w av e len g th s , in  th e  b lue-green ra n g e  of th e  v isib le  
sp e c tru m . T he a n tru m  w as ir ra d ia te d  w ith  500 m W  fo r  200 s, th e  cu m u la tiv e  dose  being 100 J . 
S ince  th e  irrad ia ted  su rface  a rea  o f th e  g astric  m u co sa  w as 50 cm2, th e  e n e rg y  density  o f th e  
i r r a d ia t io n  am oun ted  to  2 J  • c m -2 .

Results

The fasting concentration  of gastric m ucus was in the normal range. 
One hour after the in jection  o f PG F2cc th e  concentration increased markedly, 
w h ile  the volume o f  gastric fluid was unchanged (Fig. 1).

One hour after laser irradiation a sign ificant augm entation of gastric 
m ucus production was measured (Fig. 2).

D iscussion

The observed effect of PG F2s on fu n ction  o f the gastric m ucosa was the  
op p osite  of that o f PG E ^ Gastric juice production was found to  be reduced

Before  i n j ec t i on  One hour
a f t e r  i n j e c t i on

F ig . 1. E ffect o f a su b c u tan e o u s  (s.c.) in jec tio n  o f P G F ^  on gastric  m u cu s  p roduction
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by PG E l5 while after PG F2ot treatm en t both tota l acid ity  and pepsinogen  
concentration were augm ented [5]. In  th e  present stu d y  the stim ulatory effect 
o f PG F2ol on a third parameter o f gastric function, m ucin production, has been  
observed.

Laser irradiation is now applied extensively  in m edicine in v iew  o f its  
special advantages. Its main use in  gastroenterology is primarily connected

F ig. 2. E ffec t o f a rg o n -lase r on  g astric  m ucus p ro d u c tio n

w ith  th e  therm ic effect causing photocoagulation . This effect is best u tilized  
to  stop  bleedings which need [1, 2, 4 , 8] high energy irradiation.

The non-therm al effect o f low  energy laser irradiation is connected w ith  
its polarized ligh t characteristic [9]. T his b io-stim ulatory action is ascribed  
by som e authors to  enzym e activation . The present experim ents have furnished  
additional evidence o f  th is b io-stim ulatory  effect.

The stim ulatory effect o f PG F2a and laser irradiation on the gastric 
m ucosa m ay be explained either b y  their  influence on the mucosal barrier 
or else by changes o f mucosal serotonin  function.
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RELATIONSHIP BETWEEN THE TISSUE REDOX 
STATE POTENTIAL AND dâ /dt CHANGES OF [K+]0 

ACTIVITY DURING k-STROPHANTOSIDE OR 
ACETYLCHOLINE INDUCED CONTRACTURES

I. W i t t m a n n ,  A. Puppi and M. D ely
CENTRAL LABORATORY OF ANIM AL R ESEA R C H , U N IV ERSITY  M ED ICAL SCHOOL, PÉCS,

H UN G ARY

(R ece iv ed  M arch  3, 1982)

I t  w as estab lished  th a t  ox idosis evoked  by  m eth y len e  b lu e  du rin g  k -s tro p h a n to -  
side and  ace ty lch o lin e  co n tra c tu re s  in  sk e le ta l m uscle w as acco m p an ied  by  a n  in c rease  
in  th e  changes o f (K +]0 ac tiv ity , w h ile  redosis evoked  by  a sc o rb a te  u n d e r th e  sam e co n d i­
tio n s  w as accom pan ied  b y  a decrease  in  th e  changes o f [K +]0 a c tiv ity . These ch an g es in  
[К~ ]0 a c t iv ity  paralle lled  th e  a lte ra tio n s  o f c o n tra c tu re s  cau sed  b y  oxidosis o r red o sis  
suggesting  t h a t  changes in  th e  [K +]0 t ra n s ie n t  p lay  an  im p o r ta n t  ro le  in  these p h e n o m e n a .

In the past few  years increasing attention  has been paid to the questions  
o f redox regulation in  excitatory and m uscle contraction processes, as it  was 
reviewed by us earlier [5]. It has becom e clear that in  excitab le system s there  
exists — beyond those already know n — a fairly com plicated regulatory  
m echanism  w hich consists of (i) redox state potentia l (Eó)variations o f  e x o ­
genous or m etabolical origin and (ii)  tissue sites which are sensitive to  th ese  
variations.

W hile stu d y in g  the redox regulation of excita tory  processes it w as 
observed in our laboratory that k-strophantoside (STR)-induced contractures 
of the frog rectus abdom inis m uscles were increased by an exogenous ox idant 
(m ethylene blue) b u t they were decreased b y  reductants (ascorbate and d ith io- 
threitol) [1]. I t  w as also established th at m ethylene blue increased (47% ) 
while ascorbate decreased (65%) th e  acetylcholine-induced contractures [7]; 
(on the other hand, the changes o f [K + ]0 activ ity  were increased in the form er 
and decreased in  the latter study (P uppi, unpublished results).

The aim o f th e  present stu d y  was to  evaluate the possible role o f [K  + ]0 
in  the variation o f ion fluxes caused by oxidants and reductants.

Materials and methods

E x p erim en ts  w ere perform ed on th e  iso la ted  rec tu s  ab d o m in is  m uscle o f th e  fro g  
(R ana  esculenta) a t  23 °C. An O P -K -711  ty p e  K + sensitive  e lectro d e  (m easuring  ran g e : p X
m ol/dm 3 0 ............. 6 10°..............10e, rep ro d u c in g  c ap a b ility : ± 1 .5  m V ) w as used a ro u n d  th e
m em b ran e  to  w hich  a 1 m m  th ick  ru b b e r r in g  w as fix ed . T he m uscles w ere also fastened  to  th e  
electrode shell d ru m . A s a resu lt of th is  p ro c ed u re  a  ch am b er o f 25 m m 3 cap ac ity  was fo rm ed  
b e tw een  th e  surface  o f th e  m uscle an d  th e  ion-selective  m em b ran e  o f th e  electrode. T h is  
l im ita tio n  of th e  e x tra ce llu la r  space allow ed fo r n e a r o p tim a l ap p lic a tio n  of th e  electrode a n d  
a t  th e  sam e tim e  in su red  th e  s ta n d a rd iza tio n  o f th e  ex trace llu la r space. B ecause of th e  d ru m -
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like  f ix a tio n , th e  m uscle c o n tra c tu re s  were iso m etrica l a n d  d id  no t in flu en ce  th e  vo lu m e of th e  
ch am b er. T he electrode w ith  th e  m uscle w as su b m e rg ed  in to  R inger so lu tio n , w h ich  w as in 
c o n ta c t  w ith  a KC1 reserv o ir th ro u g h  a n  ag ar b rid g e . T h e  reference e lec tro d e  in  th is  reservo ir 
w as a n  Ag/AgCl one. C hem ical ag en ts  were ad d ed  to  th e  R inger so lu tio n  b a th in g  th e  m uscle. 
T h e  m easu re  o f th e  increase  ( +  d a j/d t)  or d ecrease  (-d a£ /d t) o f th e  a c t iv i ty  o f e x tra ce llu la r  
K + (a?) w as d e term ined  a t  1 m in  in te rv a ls  a n d  ex p ressed  in  per cen t o f th e  re sp e c tiv e  con tro l 
v a lu es .

G enerally  th e  K + se lec tive  m em brane  o f th e  e lectrode  was fac in g  th e  d is ta l side o f th e  
m u sc le . Since in  som e p re lim in a ry  experim en ts  i t  w as fo u n d  th a t  th e  re su lts  w ere th e  sam e 
w h en  th e  electrode was facing  th e  p ro x im al side o f  th e  m uscle, th e  p o ss ib lity  o f m easu ring  an  
o r ie n te d  tra n s p o r t  from  one side  o f th e  m uscle to  th e  o th e r  could be  ex c lu d ed .

T h e  k in etics o f th e  p o te n tia l  changes m ea su re d  b y  th e  e lectrode  w as m o n ito red  p a r tly  
on  a p o ten tio m e te r o f h ig h  in p u t  resistance  (O P -205) a n d  p a r tly  on  a  p o te n tio m e tric  reco rd e r 
(O H -814) connected  to  th e  fo rm er. T he so lu tion  w a s  con tin u o u sly  a e ra te d . P r io r  to  t re a tm e n ts  
th e  c a lib ra ted  co n ce n tra tio n  o f  [ K + ]0 in  th e  c h a m b e r  v a ried  betw een  2 .6 -3 .3  m M . F o r each  
m u sc le  v a r ia tio n  in  th e  da£/dt v a lu es o f [K +]0 a c t iv ity  w as expressed as th e  p e r  cen t change of 
th e  da£ /d t values o f [K  + ]0 a c t iv ity  before tr e a tm e n t.

T h e  follow ing chem ica ls w ere used  (in  f in a l c o n cen tra tio n s): ace ty lch o lin e  hyd ro ch lo rid e  
(A C h), 10 j«M; m eth y len e  b lu e  —  as o x id an t —  (M B ), 0.1 mM; a sc o rb a te  —  as r e d u c ta n t  —  
(A SC), 0.1 m M ; k -s tro p h a n to s id e  (ST R ), 0.1 m M . A ll th ese  so lu tions w ere  b u ffered  to  p H  7.4 
b e fo re  use  w ith  T R IS -H C 1. T h is  a g en t —  p e r  se —- d id  n o t  in fluence th e  e lec tro d e  p o ten tia ls .

A ccord ing  to  o u r e a r lie r  o b se rv atio n s, 3 m in  a f te r  th e ir  a p p lic a tio n , M B (0.1 mM ) 
in c re a sed  th e  E q va lue  b y  16 m V  a n d  ASC (0.1 m M ) decreased th is  p a ra m e te r  b y  25 mV in 
th e  fro g  rec tu s abdom in is m uscle  [7].

Results and discussion

Application o f MB or ASC per se d id  not evoke sign ificant changes in 
th e  da^/dt values o f  [K + ]„ activ ity . Three m in after the add ition  o f STR the 
do/°/dt o f activ ity  o f  [K +]0 was increased b y  20% , with a contracture o f 25%  
o f  th e  m axim um . U pon sim ultaneous application  of STR and MB, the da^/dt 
o f [K +]0 activ ity  rose b y  66%  and the contracture attained 45%  o f the m axim um . 
A  possible explanation for th is finding is th a t both oxidation  [6, 3, 4, 2] and 
ST R  inhib it (N a + K +) ATP-ase in  an additive manner.

Sim ultaneous application o f STR +  ASC (reductant) resulted in  a 45%  
decrease in the da^/dt o f  the activ ity  o f  [K  + ]0 and only  10%  o f the m axim al 
contracture was atta ined . One of the reasons for th is m ay be an increase in 
a ctive  [ K +]0 in flux , since reduction is know n to  increase active  transport [6, 3, 
4 , 2 ]. Three min after th e  application o f  ACh a 52% increase in  the da^/dt 
o f  [K +]0 activ ity  was observed along w ith  a 60% contracture. This effect could 
h ave resulted from the action o f ACh b o th  on the active and passive m ove­
m ents o f  K + .

Sim ultaneous application of ACh and STR produced an additive effect 
b oth  in  the increase in  the dal /dt  o f  [K T]0 activ ity  (75% ) and contracture 
(85% ). Sim ultaneous addition  of STR -|- MB -f- ACh caused some increase in 
b oth  the contracture (82% ) and the da/°/dt value o f [K + ]0 a ctiv ity  (95% ).

Following the sim ultaneous application  of STR ASC -f- ACh, i.e. 
b y  m aking the m ilieu more reducing, there was a 18% increase in the da /d t 
o f [K  + ]0 activ ity , which was equal to  the n et effect o f the individual actions of
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F ig . 1. Changesj[in th e  d a k /d t  value  of [K +]0 a c t iv ity  (A) an d  am p litu d e  of c o n tra c tu re s  (B ) 
in  p e r  cen t o f m ax im u m  follow ing k -s tro p h an to s id e  (b locks 1), m eth y len e  b lue  +  k -s tro p h a n -  
to sid e  (b locks 2), a sc o rb a te  -f- k -stro p h an to s id e  (b locks 3), acety lcho line  (blocks 4), a c e ty l­
choline -f- k -s tro p h a n to s id e  (blocks 5), ace ty lch o lin e  +  m ethy lene  b lue  -f- k -s tro p h an to s id e  
(b locks 6), an d  ace ty lch o lin e  +  asco rba te  +  k -s tro p h a n to s id e  (blocks 7) t re a tm e n ts  d u rin g  
c o n tra c tu re s  o f th e  frog  rec tu s  ab dom in is m uscle cau sed  b y  k -stro p h an to s id e  and  a c e ty l­
choline 3 m in  a f te r  th e  ap p lica tio n  of th e  agen ts. N u m b ers  a t  th e  b o tto m  of th e  blocks d e s ig n a te  
p e r cen t changes, w hile  th o se  above th e  o rd in a te  re p re se n t co rre la tion  coefficients b e tw e e n  
th e  da* /d t va lues o f  [K +]0 a c tiv ity  an d  c o n tra c tu re s . V e rtica l bars: ± S .E .  I n  th e  case o f  on ly  
m ethy lene-b lue  an d  a sco rb a te  tre a tm e n ts  n e ith e r c o n tra c tu re s  no r changes in  [K +]0 a c tiv it ie s

w ere  observed

STR, STR +  ASC and ACh, both STR and ACh increasing th is param eter, 
while ASC decreasing it. The degree of contracture, how ever, did not exh ib it  
th is ad d itiv ity . To elucidate th is single case w hen the correlation betw een th e  
dal/At  o f [ К + ]0 a c tiv ity  and the contracture leve l was low , the following consider­
ations m ight be o f  value. In the case o f  sim ultaneous application o f STR-|- ASC, 
the former, b y  inh ib iting the (N a + -f- K +) ATPase prom otes a depolarizing  
ten d en cy , while ASC — as a reductant — stim ulates the (N a + -f- K +) A T P ­
ase [6,  3, 4, 2]. In  the case o f sim ultaneous use o f  STR -}- ACh -)- ASC, b oth  
STR and especially ACh promote depolarization, and it  appears th at the hyper- 
polarizing action  o f ASC is already not capable to  com pensate for the effects  
o f tw o depolarizing agents. Though th is action  is not reflected  in  the changes 
of the da* /dt values o f [K +]0 nevertheless it  m ight be assum ed that there were 
changes in the m ovem ent of the N a + and/or Ca2+ ions playing no lesser role in
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the excitation  processes than K + . E xperim ents are in  progress to  te st th is  
assum ption.

In conclusion, there is a very h igh p ositive correlation betw een the level 
of contractures and da^ /d t when an ox id ation  or reduction m odifies the STR, 
ACh contractures. In  v iew  o f this the im portance of K + transient as an effector  
in  the response to  alterations o f redox sta te  potential on the m echanical a c tiv ­
ity  o f skeletal m uscles seem s to be b eyon d  doubt.
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E ffec ts o f in tra p e rito n ea l a d m in is tra tio n  of ch o lecy s to k in in  (C C K )-re la ted  
p ep tid es were s tu d ie d  on  re te n tio n  o f s in g le -tria l lea rn in g  passive  av o id an ce  b eh av io u r. 
T h e  C O O H -term inal o c tap ep tid e  o f  CC K  (CCK-1—8-SE), th e  u n su lfa te d  o c tap ep tid e  
(C C K -1-8-N S), as w ell as th e  C O O H -term in al te tra p e p tid e  o f CC K  (C C K -5-8), a d m in ­
iste red  im m ed ia te ly  a f te r  th e  lea rn in g  tr ia l ,  fa c ilita ted  p assiv e  a v o id an ce  b eh av io u r. 
T h e  d a ta  in d ica te  t h a t  these  p e p tid e s  m a y  in fluence m em ory  c o n so lid a tio n  processes.

In  recent years the efforts o f  endocrinologists, neurochem ists and b io­
chem ists have revealed th at the m am m alian brain contains a number o f  
neuronally localized peptides. Several peptides have been recognized as 
occurring in the gastrointestinal endocrine cells and in the central and periph­
eral nervous system  [see reviews: 17, 21]. Gastrin-like im m unoreactiv ity  was 
originally  dem onstrated in the central nervous system  b y  V a n d e r h a e g h e n  
et al. [30], however, it  seem s to be clear b y  now that the p ep tid e w hich reacted  
w ith  gastrin antiserum  was in fact th e  cholecystokinin octapeptide (CCK-8) 
[3 ,2 4 ,2 7 , 29]. Chromatographic separation  o f porcine cortical peptides reveal­
ed th a t  CCK-8 is th e  principal CCK-like peptide, and sm aller am ounts o f  
CCK-33, CCK-12 and CCK-4 are also present [28]. The brain contains only  
trace am ounts of true gastrin although appreciable am ounts are found in the  
p itu ita ry  gland o f th e  pig [27]. The sm all am ounts o f  true gastrin in the  
m am m alian brain probably originate from  the vagal nuclei where true gastrin  
has been found [27]. This gastrin has been shown to  be transported down  
th e  cervical vagus nerve [16] to the gu t where it  presum ably contributes to the  
vaga l reflex. G o l t e r m a n  et al. [14] show ed th at CCK is synthesized  in the  
brain, m ostly in the cells o f the ventral tegm ental area (A 10 group) and trans­
ported intra-axonally to  the term inal areas o f this group [4, 17].

The physiological role of “ brain-born” CCK and their fragm ents has not 
y e t been  properly elucidated. Earlier it  w as shown that peripheral adm inistra­
tio n  o f  CCK-8 sulfate ester (C C K -1-8-SE) and unsulfated CCK-8 (CCK-1-8-NS) 
increased  the step-through latency o f  single-trial learning passive avoidance 
behaviour [7], the m ost effective dose being 400 nm ol/kg intraperitoneally . 
I t  has also been dem onstrated that CCK-1—8-SE and fragm ents o f  th is peptide  
contain ing tyrosine-sulfate-m ethionine residue are able to m odulate the mono-
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am ine contents o f d ifferent brain areas, as well as th e  plasm a corticosterone  
level [6, 12, 13], how ever CCK -1-8-NS is practically w ith ou t effect on the m ono­
am ine content o f th e  discrete brain areas or adrenocortical a c t iv ity  [6, 8].

The present stu d y  w as carried out in order to  m easure th e  a ctiv ity  o f  
a num ber o f cholecystokin in  fragm ents in a dose o f 400 nm ol/kg on the step- 
through latency o f single-tria l learning passive avoidance response.

Materials and methods
A n im a ls

M ale CFY ra ts  o f a n  in b red  s tra in  w eigh ing  150-180 g w ere  used . T he an im a ls  w ere 
h o u sed  5 -6  pe r cage a t  ro o m  tem p e ra tu re  (20-21 °C). All an im a ls  h a d  access to  co m m erc ia l 
food  a n d  ta p  w ater ad lib itu m  an d  w ere k e p t  on  a  con tro lled  illu m in a tio n  schedule  ( lig h ts  
on b e tw e e n  6 a.m . and  6 p .m .) . E x p erim en ts  w ere carried  o u t  d a ily  b e tw een  6 a .m . a n d  noon .

Passive avoidance behaviour

A nim als w ere t ra in e d  in  a s tep -th ro u g h -ty p e  one-tria l le a rn in g  passive  avo idance te s t ,  
as d escribed  p rev iously  [1, 7 ]. A nim als w ere tre a te d  30 s a f te r  th e  lea rn in g  tr ia l an d  th e y  w ere 
te s te d  24 h  later.

T  reatment

CC K -1-8-SE  (A s p -T y r /S 0 3H /-M e t-G ly -T rp -M e t-A s p -P h e -N H 2), C C K -1-8-N S (A s p -  
T y r -M e t-G ly -T rp -M e t-A s p -P h e -N H 2), C C K -2-8-S E  (T y r/S 0 3H /-M e t-G ly -T rp -M e t-A sp -  
P h e -N H j) , CCK-3-8 (M e t-G ly -  T rp -M e t-A s p -P h e -N H 2), C C K -4-8  (G ly -T rp -M e t-A sp -  
P h e -N H 2), CCK-5-8 (T rp -M e t-A s p -P h e -N H 2), C C K -6-8 (M e t-A sp -P h e -N H 2), C C K -7-8  
(A s p -P h e -N H 2), C C K -1 -4 -N S  (A sp -T y r-M e t-G ly -N H 2) an d  C C K -2-4 -S E  (T y r/S 0 3H /- M e t-  
G ly -N H 2) were dissolved in  physio log ical sa line  a n d  given in tra p e rito n e a lly  in  400 n m o l/k g  
dose  in  a  volum e of 1.0 m l/k g  30 sec a f te r  th e  learn ing  tr ia l .  C o n tro l anim als rece ived  th e  
physio log ical saline so lu tio n  in  a  volum e of 1.0 m l/kg.

T h e  pep tides w ere sy n th e tiz e d  b y  one o f us (D r. B. P e n k e ), th e  m ethod , y ield , p u r i ty  
h av e  b een  p u b lish ed  e lsew here  [6, 25, 26].

Statistica l analysis

S ta tis tica l analysis o f th e  resu lts  w as p e rfo rm ed  b y  a n a ly s is  o f variance.

Results

The effects o f  C C K -1-8-SE , C C K -1-8-N S and their  fragm ents on avo id ­
ance latency of one-tria l learning passive avoidance behavior are show n in  
F ig. 1. CCK-5-8, C C K -4-8, CCK-3-8, C C K -2-8-SE, CCK -1-8-SE and CCK -1-8- 
NS significantly facilita ted  passive avoidance behaviour, while fragm ents 
w ithout the COOH-term inal tetrapeptide residue o f  CCK-8 did not change  
avoidance latency.

Discussion

Although CCK has been dem onstrated to  be present in  high concentra­
tions in  the brain [2, 20 , 2 4 ,2 7 ], little  is known about its  effects on the central 
nervous system . CCK is a putative short-term  sa tie ty  hormone which m ay
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PASSIVE AVOIDANCE BEHAVIOUR

SE N5 SE SE N5 

400 NMOLE /KG.IP.

1a s p - ty r- m e t - g l y - t r p - m e t -a s p - p h e - nh-.
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SO3 H

F ig. 1. E ffec t of cho lecy sto k in in -re la ted  p e p tid e s  on  av o id an ce  la te n cy  of sing le-tria l lea rn in g  
passive avo idance  behav iour. D a ta  a re  m ean s ± S .E .M . •  =  p  <  0.05 vs. co n tro l;

C =  con tro l

regulate meal size and the interm eal interv al [22, 23]. It has also been suggested  
th a t th is peptide m ight play a role in pain perception [18], furthermore Z e t l e r  

[31] showed that h igh doses of peripheral adm inistered CCK produced analgesia  
in m ice. In our previous reports it w as shown th at both peripherally and 
centrally  adm inistered CCK-1-8-SE or C C K -1-8-N S impaired acquisition and 
facilitated  extinction  o f conditioned feeding behaviour and bench-jum ping  
active  avoidance behaviour [5, 11]. In  these te st situations, the sim ilarity  
betw een the effect o f  peripherally and centrally adm inistered CCK-1-8-SE  
and CCK-1-8-NS suggests that th ese peptides interact w ith  central nervous 
m echanism s rather th an  peripheral ones. Earlier it was also shown th at CCK- 
1-8 -S E , CC K -1-8-N S, CCK-5-8, C C K -4-8, CCK -3-8, C C K -2-8-SE following  
intracerebroventricular adm inistration facilitated  passive avoidance behav­
iour [10]. In the present study we show ed that peripheral adm inistration of the  
sam e CCK-related peptides increased th e  latency o f single-trial learning pas­
s iv e  avoidance response, showing th a t th ese peptides affect the central nervous 
system  independently o f  the route o f  adm inistration, furthermore that the  
effects in  one paradigm  can be generalized to  other behaviour. N evertheless, 
fo llow ing intracerebroventricular adm inistration  0.001 tim es the dose of these  
CCK-related peptides is needed to cause the same effect on avoidance latency  
as compared to peripheral (intraperitonel) adm inistration o f the peptides. It 
is notew orthy th at w ith  other neuropeptides (ACTH-like peptides, vasopressin,
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(S-lipotropin, etc.) th is ratio is 1:100 [15]. It seems that the absorption, m etab­
olism  and passage through the blood-brain barrier o f these CCK-related pep­
tid es are different.

The present d ata , together w ith  previous findings [10] clearly indicate  
th a t the COOH-terminal tetrapeptide o f  CCK-8 is the shortest sequence 
w hich affects passive avoidance behaviour of rats, while the N H 2-term inal 
part o f  this m olecule (T yr/S03H/-M et) is responsible for changes in brain 
m onoam ine m etabolism  and pituitary-adrenocortical a ctiv ity  [6].

In this behavioural paradigm sedative effects o f  CCK-8 can be ruled 
ou t, since in our previous study there were no differences in any o f the param­
eters of the open-field  activity follow ing intraventricular or intraperitoneal 
adm inistration [11, 19]; on the other hand, in th is passive avoidance test 
situ ation  animals w ere tested  24 h after peptide treatm ent and it  is unlikely  
th a t the sedative effect o f CCK-related peptides would last so long [32, 33]. 
I t  is possible that th e  facilitating effect o f  these peptides is based on interfer­
ence w ith m emory consolidation processes; data following intracerebroventric- 
ular adm inistration o f  CCK-antiserum strengthen this assum ption [9], although  
further analysis is needed to show th e  m echanism  o f action of CCK-related 
peptides in this behavioural paradigm .
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T he effec ts  o f in tra ce re b ro v en tric u la r  a d m in is tra tio n  of tw o  d iffe ren t chole- 
cy sto k in in  a n tise ra  w ere te s te d  on  acq u isitio n  a n d  ex tin c tio n  of ac tiv e  av o id an ce  
b eh av io u r as w ell as on  acqu isition , m a in ten a n ce  a n d  e x tin c tio n  o f cond itioned  feed ing  
beh av io u r o f r a ts .  B o th  an tise ra  d e la y ed  th e  ex tin c tio n  o f ac tiv e  avo idance  and  co n d i­
tio n ed  feeding response , while th e y  w ere  ineffective  on  acq u isitio n  an d  m a in ten an ce . 
T hese d a ta  su g g est t h a t  th e  endo g en o u s CCK o f th e  b ra in  m ig h t be  a physio log ical 
m o d u la to r o f  ex tin c tio n  processes.

There are abundant data on th e  relationship betw een the COOH-term inal 
octapeptide o f cholecystokinin (CCK-8) and food intake [e.g. 15 , 2 3 , 2 5 ] ,  
how ever, relatively  little  attention  has been payed to  other behaviours. In  a 
series o f experim ents w ith mice, Z e t l e r  [3 8 , 3 9 , 4 0 , 4 1 ]  found that CCK-8 
had analgesic, sedative, anticonvulsant and neuroleptic-like properties. 
R ecently , Cr a w l e y  et al. [2] have observed th a t CCK-8 reduces exploration  
and social interactions in mice and rats. In  our earlier investigations it  was 
show n that both  peripheral and intracerebroventricular adm inistration o f  
cholecystokinin octapeptide sulfate ester (CCK-8-SE) or unsulfated chole­
cystokin in  octapeptide (CCK-8-NS) im paired acquisition o f active avoidance  
and conditioned feeding behaviour, w hile these peptides caused a facilitated  
extin ction  of active avoidance and conditioned feeding behaviour of rats [7, 
8 , 1 3 ] . On the other hand, it was also shown th at these peptides increased the 
step-through la ten cy  o f single-trial learning passive avoidance behaviour  
o f rats, indicating th at CCK interfered w ith retrieval and/or consolidation  
processes [10].

I f  endogenous CCK has an im portant role as regards the active avoid ­
ance and conditioned feeding behaviour, then adm inistration o f the specific  
antiserum  into the lateral cerebral ventricle o f rats m ight neutralize the endo­
genously produced and released CCK, in th is w ay causing a deficit of CCK in  
the central nervous system , w ith  opposite effects as compared to CCK-8. 
This approach has been successfully used earlier b y  us, dem onstrating th at  
th e  actions of CCK-8 on brain m onoam ine content as well as on passive avo id ­
ance behaviour could be reversed b y  CCK-antiserum [9, 12, 20], furthermore 
b y  D e l l a - F e r a  et al. [5] showing th at CCK antibody injected in cerebral 
ventricles stim ulated  feeding in sheep.
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The present experim ents were designed to clarify the role o f endogenous 
CCK on active avoidance and conditioned feeding behaviour o f rats, b y  m eans 
of th e  intracerebroventricular adm inistration o f tw o different CCK antisera.

Materials and methods
A n im a ls

C F Y  a d u lt m ale r a ts ,  w eigh ing  150-180 g a t  th e  beg inn ing  of th e  in v es tig a tio n , w ere 
u sed . T h e  an im als w ere h o u sed  5 -6  pe r cage w ith  free  access to  ta p  w a te r  an d  housed  a t  room  
te m p e ra tu re  (20-21 °C). T h e  an im als  were k e p t  on  a n  artific ia l lig h t schedule (12 h  lig h t, 
12 h  d a rk ), th e  lig h t p e rio d  s ta r tin g  a t  6 a .m . T h e  tra in in g  an d  e x p erim en ta l sessions w ere 
ca rried  o u t  daily  be tw een  6 a .m . an d  noon.

Surgery

F o r  th e  in tra c e re b ro v e n tr ic u la r  a d m in is tra tio n  of CCK a n tise ra  a can n u la  was im p la n te d  
in to  th e  la te ra l  cerebral v e n tr ic le  u n d e r p e n to b a rb ita l  (35 m g/kg, i .p .)  an aesth es ia  as described  
ea rlie r [14]. T he ra ts  w ere a llow ed  to  recover fo r 7 d ay s . T he co rrec t position ing  of th e  can n u la  
w as checked  in d iv idually  b y  in je c tio n  of m e th y len e  b lu e  a f te r  th e  ex p erim en ts  h a d  been  
co m p le ted .

Behavioural procedures

A ctive  avoidance behaviour. A cqu isition  a n d  e x tin c tio n  of ac tiv e  avo idance  b eh av io u r 
w ere  s tu d ied  in  a  b e n ch -ju m p in g  situ a tio n ; th e  ex p erim en ta l a p p a ra tu s  a n d  p ro ced u re  h av e  
b een  d escribed  p rev io u sly  [13, 34]. These an im a ls  h a d  free access to  com m ercial food ad 
lib itu m . O ne group of a n im a ls  w as tre a te d  12 h  p r io r  to  th e  f ir s t  acq u isitio n  session a n d  th e y  
w ere  te s te d  on  d ay  1—6 o f a cq u is itio n . T he to ta l  n u m b e r  o f co n d itio n ed  avoidance  responses 
sco red  b y  each an im al d u rin g  th e  f irs t  th ree  a n d  second th ree  sessions o f 10 tr ia ls  served  as 
th e  in d e x  of avoidance b e h av io u r . T he o th e r g ro u p  o f an im als w as tre a te d  12 h  a f te r  hav in g  
re ac h ed  th e  c riterion  o f le a rn in g  (i.e. 80%  or m ore  cond itioned  avo id an ce  responses du ring  
th re e  consecu tive  d ays) a n d  th e y  w ere su b jec ted  to  e x tin c tio n  of ac tiv e  avo idance  b eh av io u r 
fo r  6 d ay s . T he to ta l  n u m b e r  o f  cond itioned  av o id an ce  responses scored b y  each  an im als during  
th e  f i r s t  th re e  and  second th re e  sessions of 10 tr ia ls  served  as th e  in d ex  of e x tin c tio n  o f av o id ­
an ce  b eh av io u r.

Conditioned feed ing  behavior. A cqu isition , m a in ten an ce  and  ex tin c tio n  of cond itioned  
feed in g  b eh av io u r w ere s tu d ie d  in  a  special co n d itio n in g  (S k in n er-ty p e) box . T he ex p erim en ta l 
a p p a ra tu s  an d  whole p ro c ed u re  h av e  been  described  p rev iously  [7, 13]. In  th is  ex p erim en t th e  
r a t s  w ere  deprived  o f food  fo r  th ree  days before  tra in in g  and  fo r 18 h  before  each  session. 
A fte r  e ach  ex p erim en ta l d a y  th e  an im als w ere p laced  in to  th e ir  ow n cage to  be fed  ad lib i­
tu m  (6 h).

O ne group of an im als  w as  tre a te d  12 h  p r io r  to  th e  f irs t  acq u isitio n  session of con d itio n ed  
feed in g  p a rad ig m  and  th e y  w ere  te s te d  on d ay  1 -6  o f acqu isition . T he to ta l  n u m b er o f c o n d itio n ­
ed  feed in g  responses sco red  b y  each  an im al d u rin g  th e  f irs t  th re e  a n d  second th ree  sessions 
o f 10 tr ia ls  of acqu isition  se rv ed  as th e  index  of acq u isitio n  of cond itioned  feeding behav io r. 
T h e  second  group of an im a ls  w as tre a te d  12 h  a f te r  h av in g  reach ed  th e  c rite rio n  o f learn ing  
(i.e. 7 0 %  or m ore co n d itio n ed  feeding responses d u rin g  th re e  consecu tive  d ays) an d  th e y  were 
su b je c te d  to  m ain ten an ce  o f  co n d itio n ed  feed ing  b eh av io r for 6 days. D uring  m a in ten an ce  th e  
co n d itio n ed  stim ulus w as a p p lie d  to g e th e r w ith  re in fo rcem en t. T he to ta l  n u m b er o f cond itioned  
feed in g  responses scored b y  each  an im al d u rin g  th e  f ir s t  th ree  and  second th re e  sessions of 
10 t r ia ls  o f m ain ten an ce  o f co n d itio n ed  feeding b e h av io r served as th e  in d ex  o f m a in ten an ce  of 
co n d itio n ed  feeding b e h av io u r. T he th ird  g roup  o f an im als was tre a te d  12 h  a f te r  hav in g  
re a c h e d  th e  criterion  o f le a rn in g  (i.e. 70%  or m ore cond itioned  feeding responses d u rin g  th ree  
co n secu tiv e  days) an d  th e y  w ere  su b jected  to  ex tin c tio n  of cond itioned  feeding b eh av io u r 
fo r 6 d ays. D uring  e x tin c tio n  th e  cond itioned  stim u lu s  w as n o t follow ed b y  re in fo rcem en t. 
T h e  to ta l  n u m b er o f co n d itio n ed  feeding responses scored b y  each  an im al d u rin g  th e  f ir s t  
th re e  a n d  second th ree  sessions o f 10 tria ls  o f e x tin c tio n  of cond itioned  feeding b e h av io r w as 
co n sid ered  as th e  index  o f ex tin c tio n .
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Treatment

Two k in d s  o f CCK an tise ra  w ere used . One o f th ese  (CCK-4 an tise ru m ) was o b ta in e d  
fro m  D r. J . Г . R e h f e l d  ( In s ti tu te  o f M edical B io ch em is try , U n iv e rs ity  o f A arhus, A a rh u s , 
D en m ark ); i t  h a d  b een  ra ised  in  ra b b its  ag a in st sy n th e tic  h u m a n  gastrin -17  as described  b y  
R e h f e l d  e t al. [29]. T h is an tise ru m  (N o. 4562) is specific  fo r th e  fo u r C O O H -term inal a m in o  
acids (T rp -M e t-A s p -P h e -N H 2), w h ich  are  iden tica l in  g a s tr in  a n d  CCK [28]. T he o th e r  CC K  
an tise ru m  (CCK-33 an tise ru m ) w as o b ta in e d  from  D r. J .  C. T h o m pso n  (The U n iv e rs ity  o f  
T exas M edical B ra n ch , G alveston, T ex as, U .S .A .); th is  h a d  b een  ra ised  in  rab b its  a g a in s t 
16%  p u re  CCK-33. T h e  a n tib o d y  is p rim a rily  d irec ted  ag a in s t th e  N H 2-term inal p o rtio n  o f  
th e  CCK m olecule. T h e  m ethod  of p re p a ra tio n  an d  th e  spec ific ity  o f th e  CCK an tise ru m  w ere  
described  earlier [22, 26]. T he liophylized  a n tise ra  w ere d issolved in  0 .9 %  saline, a n d  1:10 
a n d  1:2 d ilu tions in  5 /Л w ere in jec ted  th ro u g h  th e  can n u la  o f free ly  m ov ing , conscious a n im a ls . 
T h e  con tro l an im als received  norm al ra b b it  serum  in  th e  sam e d ilu tio n s a n d  volum e.

Statistica l analysis

K ru sk a l- W a l l is ’ and  Ma n n - W h it n e y ’s n o n -p a ra m e tric  ra n k in g  te s ts  [36] w e re  
used  for s ta tis tic a l ana ly sis  o f th e  d a ta . A  p ro b a b ili ty  level o f  0.05 or less was a ccep ted  a s  
a significant difference.

Results

As can be seen from Table I, intracerebroventricular treatm ent 12 h 
prior to the first acquisition session w ith CCK-4 or CCK-33 antisera did not  
change acquisition o f the bench-jum ping avoidance response either on d ays  
1—3 or on days 4—6. On the other hand, the sam e antisera injected 12 h prior 
to  the first extin ction  session, both  in  1:10 and 1:2 d ilutions, delayed the e x ­
tinction  of the bench-jum ping active avoidance response, as compared w ith  
th at o f the control animals treated  w ith  norm al rabbit serum.

A dm inistration o f CCK-4 or CCK-33 antiserum  12 h prior to the first  
acquisition session  or 12 h before the first m aintenance session of conditioned  
feeding paradigm  was ineffective on the response rate o f  conditioned feed ing  
behaviour (Table II). Postlearning treatm ent w ith  these CCK antisera 12 h 
prior to the first extinction session sign ificantly increased the conditioned  
avoidance responses (i.e. delayed extinction  o f th is behaviour) both in 1:10  
and 1:2 d ilutions, and both on days 1-3  and on days 4 -6 .

D iscussion

Cholecystokinin (CCK) is a peptide hormone originally identified in th e  
gut and recently found in the neurons o f  the central nervous system . CCK 
has been localized in the cerebral cortex o f  several m am m alian species as w ell 
as in various extracortical areas including the striatum , hippocam pus, h y p o ­
thalam us, olfactory bulb and p itu itary [1, 6, 18, 24, 27, 33, 35]. CCK-contain- 
ing cell bodies and fibres have been found in the A 10 dopam ine cell group o f  
the ventral tegm ental area [1, 35, 37], and it  has been show n that CCK and  
dopam ine m ay coexist in a subpopulation o f these m esolim bic neurons [19]. 
This finding is o f  special interest since the m esolim bic dopamine p a th w ay
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Table I

Effects o f  C CK antisera in  two different dilutions on the acquisition and extinction o f  active avoidance behaviour o f  rats

Treatment
Acquisition Extinction

N Day 1-3 Day 4-6 N Day 1-3 Day 4-6

N orm al rab b it serum 1:10 8 8 .4 ± 1 .5 * 1 8 .0 ± 1 .5 8 1 9 .3 ± 1 .4 5 .8 ± 1 .0

CCK-4 1:10 8 6 .5 ± 1 .4 16.5 ± 1 .9 8 2 4 .4 ± 1 .2 a 1 0 .9 ± l . l a

CCK-33 an tiserum 1:10 8 7.7 ± 1 .5 21.9 ± 1 .3 8 2 4 .8 ± l . l a 1 1 .8 ± 1 .2 a

N orm al ra b b it serum 1:2 8 8 .0 ± 1 .4 1 8 .9± 1 .3 8 2 0 .0 ± 1 .3 6 .9 ± 1 .0
CCK-4 an tiserum 1:2 8 7 .6 ± 1 .7 1 9 .4 ± 1 .9 8 2 6 .6 ± 0 .8 a 1 6 .3 ± 1 .0 a
CCK-33 an tiserum 1:2 8 9.0 ± 2 .0 1 9 .4 ± 2 .2 8 2 7 .4 ± 0 .7 a 1 7 .0 ± 1 .0 a

* =  M ean ± S .E .M . 
a =  p  <  0.05 vs. contro l

Table II

Effects o f  CC K  antisera in  two different dilutions on the acquisition , 
behaviour o f  rats

maintenance and extinction o f  conditioned feeding

Treatment Dilution
Acquisition Maintenance Extinction

N Day 1-3 Day 4-6 N Day 1-3 Day 4-6 N Day 1-3 Day 4-6

N orm al ra b b it serum 1:10 8 6 .9 ± 1 .3 * 16.1 ± 2 .0  6 2 4 .4 ± 1 .3 2 3 .4 ± 1 .1 6 13.7 ± 1 .4 1 1 .0 ± 0 .9
CCK-4 an tiserum 1:10 8 6 .4 ± 1 .3 1 7 .0 ± 1 .9  6 2 3 .8 ± 1 .7 2 2 .2 ± 1 .5 6 1 8 .5 ± 1 .6 a 1 4 .3 ± 1 .0 a
CCK-33 an tise ru m 1:10 8 6.9 ± 1 .4 1 7 .3 ± 2 .0  6 2 4 .0 ± 1 .3 2 1 .3 ± 0 .9 6 1 9 .5 ± 1 .2 a 1 3 .7 ± 1 .2 a
N orm al rab b it serum 1:2 8 7 .5 ± 1 .3 1 5 .8 ± 2 .0  6 2 4 .0 ± 1 .3 2 4 .7 ± 1 .0 6 1 3 .5 ± 1 .5 9.8 ± 1 .1
CCK-4 an tiserum 1:2 8 8 .3 ± 1 .3 1 6 .9 ± 1 .9  6 2 2 .0 ± 1 .1 2 2 .0 ± 1 .4 6 2 0 .8 ± 1 .3 a 16.7 ± 0 .7 “
CCK-33 an tiserum 1:2 8 6 .6 ± 1 .2 1 8 .0 ± 1 .9  6 2 3 .8 ± 1 .5 2 2 .5 ± 1 .5 6 21.3 ± 1 .2 a 1 7 .2 ± 0 .7 a

* =  M ean ± S .E .M . 
a =  p  <  0.05 vs. control
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has been im plicated in  the regulation o f behaviour, including schizophrenia  
[3, 31, 32]. As a result it  has been suggested  that CCK m ay play a role in th is  
disorder, perhaps m odulating the release o f dopam ine [11, 18, 19, 31].

The present stu d y  indicates th a t endogenous CCK of the brain m ay be 
involved in the processes o f extinction  o f bench-jum ping active avoidance or 
conditioned feeding behaviour. Both CCK antisera delayed  extinction  o f these  
behavioural responses. This effect is opposite to th a t induced by the intra- 
cerebroventricular adm inistration o f sulfated  or unsulfated  CCK-8 [13]. It is 
notew orthy th at intracerebroventricular adm inistration o f the sam e CCK 
antisera attenuates the passive avoidance response o f  rats, while intracerebro­
ventricular injection o f CCK-8-SE and CCK-8-NS facilita te  it [10, 12]. In the  
present stu d y  we failed to  find any significant effect o f the intracerebro- 
ventricularly injected CCK antisera on acquisition and m aintenance, although  
CCK-8-SE and CCK-8-NS im paired th e  acquisition o f  both  active avoidance  
and conditioned feeding behaviour o f  rats [7, 13]. It is possible that in these  
te st situations the dem onstration of facilitation  is a more d ifficult task. Another  
explanation could be th a t the effect o f  CCK-8 peptides on acquisition processes 
is not a specific one. It is also possible th a t CCK-8-SE and CCK-8-NS are able 
to  attenuate the atten tion , m otivation  or to m odify the arousal of anim als. 
It seems unlikely th at these peptides have sedative effects, since follow ing  
intracerebroventricular adm inistration o f CCK-8-SE and CCK-8-NS we 
failed to fin d  any effect o f these peptides on open-field  activ ity  [13, 21]. 
Furthermore it  is not possible to estab lish  whether the CCK-8 induced disrup­
tion  of avoidance responding and o f conditioned feeding responding reflected  
general sedative or neuroleptic-like properties of CCK-8 since sedatives and 
neuroleptics both exert sim ilar effects on avoidance [16]. The reported analge­
sic properties o f CCK-8 [38] were probably not responsible for the disruption  
of avoidance since low  to  moderate doses of m orphine enhance avoidance  
performance [4, 17]. On th e  other hand, CCK-8 facilitated  the extinction  o f  
avoidance w hen shock w as not present (extinction and conditioned feeding  
paradigm).

The present experim ents suggest that endogenous brain CCK m ay, 
under physiological conditions, m odulate the extin ction  o f active avoidance  
and conditioned feeding behaviour, how ever, further experim ents are needed  
to  unravel the attenuating influence o f  CCK-8-SE and CCK-8-NS on active  
avoidance and conditioned feeding paradigm s.
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T h e  re la x a n t effects o f p ro s ta c y c lin  (P G I2) a n d  i ts  stab le  7 -oxo-analogue, a  
p ro d u c t of C hinoin P h a rm ac eu tica l W o rk s , were co m pared  on  iso lated  canine cereb ral, 
b o v ine  coronary , ra b b it  coeliac a n d  h u m a n  m esen teric  a r te r ia l  strips. T h e  re s tin g  
to n e  of th e  co ro n ary , cerebral a n d  h u m a n  m esenteric  a rte r ie s  as well as th e  s tim u la ­
tio n - or n o rad renaline-evoked  to n e  o f coeliac  vessels w ere re d u ce d  by  b o th  p ro s tan o id s . 
T h e  re la x a n t a c tio n  of 7 -o x o -P G I2 w as slow in  onset a n d  la s te d  u n til i t  w as w ash ed  
ou t. T he IC 50 v a lu es were 4 to  4 0 x l 0 -9  mol/1 for P G I2 a n d  1 to  6 x l 0 -7 mol/1 fo r 7- 
oxo-PGI2. C om pared  to  P G I2, 7 -o x o -P G I2 w as m ore p o te n t  in  re lax ing  co ro n ary  a r te r ­
ies th a n  th e  o th e r  vessels s tu d ied . Iso la te d  trach eae  from  guinea-p igs were c o n tra c te d  
b y  P G I2 while re lax ed  b y  7 -o x o -P G I2.

Since the discovery and chem ical identification o f prostacyclin a num ber  
o f analogues have been synthesised . Som e of them  w ere reported to  have  
biological properties similar to those o f  PG I2 [1, 4 -7 , 9 -1 0 , 12-17]. Here we 
describe the actions o f a stable analogue o f PGI2 (7-oxo-P G I2) on the tone o f  
sm ooth muscle o f isolated cerebral, coronary and m esenteric arteries. 7-oxo- 
PG I2 was synthesised  in the Chinoin Pharm aceutical W orks, B udapest; 
a report on the haem odynam ic and antiaggregatory effects o f the substance  
has been published b y  K o v á c s  et al. [10].

Methods
Isolated arteries

H elically  cu t s tr ip s  o f canine b a s ila r , b o v in e  coronary , r a b b it  coeliac a n d  h u m a n  
m esen teric  a rte rie s  w ere suspended  in  m uscle  ch am b ers co n ta in in g  5 m l K rebs’ so lu tio n  a t  
37 °C. T he h u m an  a rte rie s  w ere o b ta in e d  fro m  o p e ra ted  p a tie n ts . B asila r , coeliac an d  h u m a n  
m esen teric  a rte rie s  w ere s tre tc h ed  to  a base lin e  lo a d  of 5 m N  and  th e  in it ia l  tension  of co ro n ary  
s trip s  w as a d ju s te d  to  20 m N . C hanges in  v esse l to n e  were m o n ito re d  b y  m eans o f force- 
d isp lacem en t tran sd u ce rs  an d  recorded  o n  p o ten tio m e tric  reco rd ers  (R ad elk is  O H -814). T h e  
effects o f P G I2 an d  7 -o x o -P G I2 w ere s tu d ie d  e ith e r  on  th e  re s tin g  to n e  (cerebral, co ro n a ry  
an d  h u m an  m esen teric) o r o n  increased  to n e  p ro d u c ed  b y  n o ra d re n a lin e  o r electrical s t im u la ­
tio n . F o r  tra n sm u ra l n e rv e  s tim u la tio n  re c ta n g u la r  pulses (0.5 m s in  d u ra tio n , 120 V ), w ere 
delivered  b y  a Grass S 48 s tim u la to r v ia  a  p a ir  o f  p la tin u m  e lectro d es p laced  on th e  to p  a n d  
b o tto m  o f th e  organ  ch am b er. The freq u en cy  a n d  d u ra tio n  of s t im u la tio n  were v a ried  acco rd ­
ing  to  th e  responsiveness o f  th e  tissue. T he su b s tan ces  te s ted  w ere  in jec ted  in to  th e  o rg an  
b a th  in  vo lum es n o t exceeding 0.1 m l. T h e  so lv en ts  used  a t th is  v o lu m e d id  no t a ffec t e ith e r
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r e s t in g  o r h igh  tone of th e  vessel s trip s . IC 50 values (c o n cen tra tio n s  th a t  p ro d u c ed  50%  red u c ­
t io n  o f  spon taneous or en h an c ed  to n e )  were ca lcu la ted  fro m  dose-response cu rv es  an d  th e  p o ­
te n c ie s  o f  P G I2 and  7-oxo-P G I2 w ere com pared.

Iso la ted  tracheal spirals

S p ira lly  cu t trac h ea e  [3] fro m  guinea-pigs w ere eq u ilib ra ted  u n d e r a n  in itia l tension  
o f  5 m N  fo r 150 m in  in  K re b s ’ so lu tio n  a t  37 °C b u b b le d  th ro u g h  w ith  5 %  C 0 2 in  oxygen. 
C h a n g es  in  tension  w ere m ea su re d  isom etrica lly  as desc rib ed  above fo r iso la te d  arte ries. P G I2 
a n d  7 -o x o -P G I2 were d isso lved  in  T ris  b u ffer (p H  8.2) a n d  ad ded  to  th e  b a th  a t  sm all volum es 
(u p  to  0.1 m l) in  c o n ce n tra tio n s  t h a t  were eq u ip o te n t fo r re lax ing  b o v in e  co ro n ary  arte rie s .

Results
Isolated arteries

B oth  PGI2 and 7-oxo-P G I2 reduced the tone of the artery strips in  a 
concentration  dependent m anner. Figure 1 show s the effects o f  these two sub­
sta n ces on the spontaneous tone of a bovine coronary artery. The high concentra­
t io n  o f  prostacyclin (1.4 ,umol/l) was added in order to establish  fu ll relaxation. 
T he relaxant action o f th e  7-oxo-analogue developed som ewhat slower than that  
o f  P G I2. This can be seen m ostly  at higher concentrations. The duration o f  
a ctio n  o f these two prostanoids in vitro was also studied in  three experim ents. 
T he effect of the 7-oxo-analogue lasted u n til it was washed out whereas PG I2, 
due to  its unstable character, gradually lost relaxant activ ity  (see also Fig. 2).

The two prostanoids also relaxed canine isolated cerebral arteries which  
h ad  been previously contracted  by 1 /tmol/1 P G F 2a (Fig. 2). This tracing shows 
th a t  (i) indom ethacin potentiates the contractile responses to  PGF2a; (ii) 
P G I2 and its 7-oxo-derivative reduce the P G F 2st-induced tone; (iii)  the relaxant

0.1 1.6
0.04 1.4 0.4

pmoi/l PGIj /jmol/l 7-oxo-PGI2

F ig . 1. T he re lax an t e ffec t o f  P G I2 and  its  stab le  an alo g u e  7-oxo-PG I2 on  th e  tone  of a b o v ine  
co ro n ary  a r te ry  s trip  in  th e  p resence  o f 3 /(mol/] in d o m e th ac in
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20 min

S S
2.7 8.2 27 2.7 82 27 0.13 0.39 1.3

nmol/l PGI2 pm ol/l 7-oxo-PG I2

■3(jmol/l Indomethacin

■timol/l PGF2of

F ig . 2. T he c o n tra c tio n -p o te n tia tin g  effect of in d o m e th ac in  and  th e  in h ib ito ry  effect o f P G I2 
an d  7 -o x o -P G I2 on  p h asic  a n d  to n ic  c o n tra c tio n  induced  b y  P G F 2a (10 ~6 mol/1)

action  o f P G I2 develops faster than  th at o f 7-oxo-PG I2; ( if)  PG I2 gradually  
loses its  relaxant effect whereas 7-oxo-PG I2 does not, w hen keeping these  
substances in  the bath for 12 to 15 min.

The electrically or noradrenaline-evoked contractions o f rabbit isolated  
coeliac artery strips were m arkedly reduced b y  PG I2 and its analogue. Figure 3 
shows the inhibitory action  o f the tw o prostanoids on contractions produced  
b y  electrical stim ulation. 7-oxo-P G I2 was added to the bath  15 min prior to  
stim ulation , while PG I2 2 m in prior to it.

nmol/l 7-oxo-PGI2 nmol/l PGI2 

•  5 Hz, 60s

F ig . 3. In h ib itio n  b y  P G I2 a n d  i ts  7 -oxo-deriva tive  o f stim u la tio n -ev o k ed  c o n trac tio n s  o f  
a  ra b b it  coeliac a r te ry  s tr ip . In d o m eth ac in  (3 /ano l/l) w as p re se n t th ro u g h o u t
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Table I

R elaxant effect o f  PGL, and  7-oxo-PG I2 on the smooth muscle cells o f  isolated artery strips. 
Indomethacin (3  fimol/1 )  was present throughout the experim ents

ic„ Gmol/1)
Type of artery Tone induced by

p g i2 7 -o x o - P G I 2
potency n

B ovine coronary 0.04 0.4 0.1 6
(0.025-0.055) (0.25-0.55)

Dog cerebral — 0.015 0.6 0.025 5
(0.01 -0 .02) (0.4 -0 .8 )

B a b b it  caeliac n o rad ren a lin e 0.01 0.5 0.02 6
(0.3 /rmol/1) (0.007-0.013) (0.4 -0 .6 )

e lectr. stim . 0.005 0.23 0.022 5
(5 H z  for 2 m in) (0.003-0.007) (0.18-0.28)

H u m a n  m esenteric — 0.004 0.12 0.03 5
(0.003-0.005) (0.08-0.16)

IC S0-values w ith  their 95%  confidence lim it fo r P G I2 an d  its  7 -oxo-derivative  are given in  
jitmol/1. R ela tive  potency: ra tio  o f  IC50 for P G I2 an d  7-oxo-PG I2. n :  n u m b er o f ex p erim en ts

Like animal tissu es, strips of hum an m esenteric arteries were also relaxed  
b y  P G I2 and its 7-oxo-analogue. The sm ooth muscle cells o f  th is hum an v esse l 
appears to be at least as sensitive as those o f  rabbit coeliac artery.

The summary o f th e  results is presented in Table I. W hen comparing the  
IC50 values, both prostanoids were more potent in relaxing m esenteric vessels 
th an  coronary or cerebral arteries. The relative potency (a ratio o f IC50 for  
P G I2 and 7-oxo-PGI2) w as higher in  coronary arteries th an  in  other vessels  
studied .

Isolated tracheal spirals

The effect of the tw o  prostanoids on the resting tone o f  isolated tracheal 
strips o f guinea-pigs w as studied in 5 preparations. Since 7-oxo-PG I2 was 
10 tim es less potent in  relaxing coronary arteries, its concentrations used in the  
stu d y  on tracheal sm ooth  muscle were 10 tim es higher th an  those o f P G I2. 
In  other words, as regards their coronary relaxing action, th ey  were used in  
equipotent concentrations. Interestingly, 7-oxo-PG I2 produced concentration- 
related relaxation w hereas PG I2 caused concentration-dependent contraction, 
a well-know n effect o f prostacyclin  [2, 8, 11]. Table II  sum m arizes the results 
o f these experim ents.

Discussion

7-oxo-PGI2 appears to be very sim ilar to  prostacyclin  with respect to  
actions on the tone o f  iso lated  coronary, cerebral and m esenteric arteries. Its 
poten cy  is about one order of m agnitude lower than th a t o f PG I2. This is in
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T ab le  I I

Contraction by P G I2 and relaxation by 7-oxo-P G I2 o f  tracheal smooth muscle o f  guinea-pigs

Contraction (mN±S.E.M.) by PGI2 (/imol/1) (5) Relaxation (mN±S.E.M.) by 7-oxo-PGI, fnmol/Ij (5)

0.08

0.44 ± 0 .1

0.26

1.22 ± 0 .5

0.80

1.60 ± 0 .6 0.37 ± 0 .0 9  0.79 ± 0 .1 4  1.45 ± 0 .4 7

0.8 2.6 8.0

In  b rack e ts : num ber o f experim ents

line w ith the findings o f K o v á c s  et al. [10] who reported that 7-oxo-P G I2 
was 15 and 50 tim es less potent in  in h ib itin g  platelet aggregation and low ering  
blood pressure o f dogs, respectively. A lso , th e  7-oxo-derivative of prostacyclin  
was found to he 25 tim es weaker th an  th e  parent com pound in  causing h y p o ­
tension in anaesthetized rats ( H a d h á z y  et al., unpublished data).

All these results suggest th at prostacyclin  and its 7-oxo-analogue m ight 
have the sam e profile o f action. H ow ever, the opposite effects o f the tw o  
prostanoids on th e  tone o f isolated  tracheae o f  guinea-pigs represent a su b stan ­
tia l difference betw een their action on sm ooth muscle cells. This interesting  
and im portant finding shows th at there is a chance o f synthesizing selective  
prostacyclin analogues.

The effect o f PG I2 — owing to its  chem ical in stab ility  — gradually de­
clined whereas the action o f its 7-oxo-analogue lasted un til it  was rem oved from  
the organ bath . K o v á c s  et al. [10] determ ined the stab ility  o f  7-oxo-PG I2 b y  
using UY spectroscopy and th ey  did not see any change after 26 days at room  
tem perature in  buffers o f pH  6.7 to 10.7. Thus, this substance appears to  
be quite resistant to hydrolysis. The duration of vasodepressor action o f  
7-oxo-PG I2 in dogs [10] and rats [ H a d h á z y  et al. unpublished data] w as, 
however, not longer than th at o f the parent com pound. This indicates th a t  
the 7-oxo-analogue undergoes enzym atic  transform ation in the body.
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БИОХИМИЧЕСКАЯ КОМПАРТМЕНТАЦИЯ ТКАНЕЙ РЫБ.
СООБЩЕНИЕ VI. ГЕКСОКИНЕЗА В ГОЛОВНОМ МОЗГУ

С. А. ШАФФИ

Автор изучал распределение активности гексокиназы в головном мозге, мозжечке, 
гипофизе, гипоталамусе, таламусе и продолговатом мозге, в грубом гомогенизате клеток, 
частицах клеток и в растворимой фракции, у 9 видов костистых рыб разного филогенети­
ческого возраста. Цель исследования заключалась в определении обмена глюкозы в от­
дельных частях нервной системы. Активность энзима грубой фракции была самой высокой 
в головном мозге, самой низкой — в продолговатом мозге, по-видимому потому, что в 
головном мозге обмен глюкозы более интенсивен. Активность энзима клеточных частиц 
была выше всего в мозжечке, затем в голвном мозге, диэнцефалоне и продолговатом мозге. 
Активность цельных частиц и растворимой фракции была наиболее высокой в головном 
мозгу, мозжечке и диэнцефалоне. Распределение энзима было сходным у всех исследован­
ных 9 видов рыб.

ИЗМЕНЕНИЕ ВОДНО-ЭЛЕКТРОЛИТНОГО ОБМЕНА У ЖВАЧНЫХ В УСЛОВИЯХ 
ЛИШЕНИЯ ВОДЫ И НАГРУЗКИ ХЛОРИСТЫМ НАТРИЕМ

Б. С ЕГЕД И , Б . ЮХАС и М. КЕРЕСТЕШ

Авторы изучали изменения регуляции обмена электролитов и воды у жвачных 
с фистулой рубца, в условиях 48-часового лишения воды и нагрузки хлористым натрием. 
В экспериментах определяли состав содержимого рубца животных, концентрацию натрия 
и калия в плазме, крови и выделениях слюнных желез, а также изменения этих показа­
телей под влиянием нагрузки хлористым натрием.

Результаты проведенных экспериментов показали, что, в регулировании водно­
электролитного обмена, существенную роль играет содержание воды в жидкости рубца. 
Всасывание воды и натрия из рубца оказывает компенсирующее влияние на поддержание 
изоосмотических и изоволемических отношений до тех пор, пока концентрация натрия в 
жидкости рубца не превысит концентрацию натрия в плазме крови. После этого нарушен­
ное равновесие водного обмена между рубцом и внутрисосудистым пространством смеща­
ется в сторону рубца и задерживает дальнейшее увеличение концентрации натрия, благо­
даря чему обеспечиваются подходящие условия жизнедеятельности для микрофлоры 
рубца.

Под влиянием лишения воды животное не только теряет воду, но, вследствие вы­
ведения натрия, устанавливается состояние относительной гипонатремии, что хорошо по­
казывает соотношение концентраций натрия и калия в слюне. После нагрузки хлористым 
натрием, пропорция натрия/калий в слюне увеличивается, показывая степень обеспечения 
ионами натрия.



ПРИМЕНЕНИЕ ВЫЧИСЛИТЕЛЬНО-МАШИННОЙ СИМУЛЯЦИИ ДЛЯ ИЗУЧЕНИЯ 
Са-ЗАВИСИМЫХ ОТКЛОНЕНИЙ, НАБЛЮДАЕМЫХ В РАЗРЯДАХ НЕЙРОНОВ

УЛИТКИ
Ф. ПОНГРАЦ и М. СЕНТЕ

Для дополнения физиологических исследований нервных мембран мягкотелых 
авторы рекомендуют применять ЭВМ-моделирование. Механизм залпов с небольшого 
участка мембраны они изучали в зависимости от максимальной Са++-кондуктанции. Вы­
числения основываются на модификации данных Hodgkin—Huxley, будучи дополнены 
прямой аппроксимацией экспериментальных кинетических параметров, полученных на 
течение Са++ и переходного течения калия. Авторы полагают, что изменение кондукта- 
ции во время тока Са++ пропорционально т?h. Модель учитывает три отдельных калиевых 
тока: транзитного, замедленного и Са++-зависимого калия. Номерное [интегрирование 
кинетических уравнений производилось модифицированным методом Эйлера на дигиталь- 
ной вычислительной машине.

Результаты демонстиру ют значительное влияние кондуктанции Са++ на расширение 
спайка, формирование плато испайковую дополнительную гиперполяризацию. В маленькой 
области кальциевой кондуктанции пульсом короткого (надпорогового) тока можно вы­
звать бесконечную спонтанную активность; это явление можно принять в качестве модели 
пейсмекерной активности. Образование плато, вызванное блокированием калия или умень­
шенным равновесием калия, кондуктанция Са++ повышала в области большей кондук­
танции Са++. Изучали влияние чувствительности напряжения связывающего коэффи­
циента, описывающего Са++-зависимый калиевый ток и сравнивали с независимым слу­
чаем напряжения. Связывающий коэффициент кажется существенным фактором в увели­
чении области кондуктанции Са++, ответственной за пейсмекерную активность. При боль­
ших значениях кондуктации кальция уменьшение связывающего коэффициента приводит 
к прерыванию затянутой взрывной активности (Burst), происходящей с взрывной допол­
нительной гиперполяризацией.

На этой модели изучали также блокирующее действие 4-аминопиридина на быст­
рый вытекающий ток. Это исследование имеет практическое значение, принимая во вни­
мание известное судорожное действие аминопиридина и новые объяснения, касающиеся 
ионного фона этого явления. Авторы предполагают, что возможно изучение судорожного 
эффекта аминопироидина с помощью модели, основанной на кинетике изолированной 
нервной мембраны. Модель может оказать помощь в понимании ионного фона, регулирую­
щего эпилептические разряды нейронов млекопитающих.

ПРИМЕНЕНИЕ МЕТОДА MTD ДЛЯ КАРТОГРАФИРОВАНИЯ 
ПРОСТАГЛАНДИНОВЫХ РЕЦЕПТОРОВ

3. ШИМОН и Ф. К Е Р Е К

Мы применили метод минимальной пространственной разницы (MTD) для «карто­
графирования» простагландинов. Расчетные данные были взяты из результатов экспериме- 
тальных измерений лютеинизирующего и изменяющего кровяное давление (у овец) дей­
ствия разных простагландиновых производных. Линейная корреляция рассчитанных 
МТД и измеренных результатов состовляла в случае лютеинизрующего эффекта: 
r=0,927 (N =  12), в случае понижающего кровяное давление действия: г =  0,943 (N =  15), 
в случае повышающего: г =  0,945 (N =  15). Этим методом удалось обрисовать одинаковые 
или различающиеся особенности трех типов простагландиновых рецепторов.

ОСТРОЕ ВЛИЯНИЕ ВИБРАЦИИ НА АКТИВНОСТЬ КАЛЛИКРЕИНКИНИНОВОЙ
СИСТЕМЫ

Т. ГАТИ, И. БУ ДАВА РИ , Д . СОМБАТ и Дь. ЛОШ ОНЦИ

Авторы изучали влияние вибрации, действующей в течение 4 ч на все тело, на 
основании определения следующих показателей: среди компонентов плазменной калли- 
креин-кининовой системы концентрации и активности свободного (спонтанного) и активи­
руемого каолином калликреина (прекалликреина) активности брадикининогена и рас­
щепляющей брадикинин суммарной кининазы, далее активности суммарного калликреин-



ингибитора в плазме, а также концентрации одного из главных ингибиторов калликреина 
— альфа2-макроглобулина. Параметры вибрации были следующими: частота 5 герц, 
амплитуда 2 см, направление — горизонатльное.

Авторы показали, что, под влиянием вибрации, активность свободного калликреина 
плазмы достоверно повышается, концентрация же плазменного прекалликреина парал­
лельно понижается. Концентрация брадикининогена достоверно увеличивается, также 
как и суммарная активность киназы. Ни суммарная активность ингибитора калликреина, 
ни концентрация альфа2-макроглобулина не изменяются, указывая на то, что, в изменении 
активности свободного калликреина и прекалликреина в плазме, плазменные ингиби­
торы калликреина роли не играют. Согласно полученным результатам, во время острой 
вибрации калликреин-кининовая система плазмы активизируется, что вызывается, веро­
ятно, повышенной секрецией катехоламинов, и биологическое значение этого заключается 
в уравновешивании неблагоприятного действия катехоламинов на микроциркуляцию.

ВЛИЯНИЕ ЛЕКАРСТВ НА ОБРАЗОВАНИЕ СТРЕССОРНОЙ ЯЗВЫ У КРЫС
Л. НАДЬ, Д . МОЖИН, м. Ф И ГЛ ЕР, Э. Г Е Р Б Е Р , Т. ПАШТ, Ж . В ЕЗЕК ЕН И  и Т. ЯВОР

В экспериментах на крысах авторы исследовали эффект различных фармакологи­
ческих средств на предупреждение возникновения у животных стрессорной язвы. По­
явление стрессорной язвы авторы вызывали с помощью разработанного ими метода: крыс 
с интактным желудком, после голодания, заставляли плавать в воде (23°С) в течение 
5 часов.

Результаты экспериментов показали, что
1. атропин (0,1 0,5 и 1,0 мг/кг внутримышечно),

циметидин (1,0—5,0 и 25 мг/кг внутрибрюшинно), 
простациклин (ПГ12) (5,0—25,0 и 100,0 мкг/кг внутрибрюшинно) и
фентоламин (0,35—1,75—3,50 и 7,00 мг/кг внутримышечно) дозозависимо и достоверно 
уменьшали вероятность возникновения стрессорной язвы.

2. Пропранолол (0,35—1,75 -  3,50 и 7,00 мг/кг внутрибрющинно) не оказывал влияния на 
образование стрессорной язвы.

Тот факт, что различные фармакологические препараты способны значительно 
уменьшить или предотвратить возникновение язвы в ответ на стрессорное воздействие, 
указывает на многообразие нервных, гормональных и биохимических процессов, играю­
щих роль в патогенезе язвы.

На основании результатов исследований, авторы обращают внимание на возмож­
ности превентивной медикаментозной терапии, используемой в рациональных комбина­
циях.

ВЛИЯНИЕ ПРОСТАГЛАНДИНА И ЛАЗЕРНОГО ЛУЧА НА ВЫРАБОТКУ СЛИЗИ
В ЖЕЛУДКЕ ЧЕКОВЕКА

И. СЛАМКА, Л . КОВАЧ и А. Т Ё Р Ё К

Авторы отмечали увеличение выработки желудочной слизи под влиянием проста- 
гландина 2-альфа. Малые дозы аргонового лазерного облучения повышали продукцию 
слизи в желудке. Простагландин 2-альфа (POF) действует противоположным образом на 
деятельность слизистой оболочки желудка, нежели простагландины группы Е (POF). 
В области выработки желудочной слизи получены новые данные относительно биостиму­
лирующего действия лазерного луча.



СВЯЗЬ МЕЖДУ ТКАНЕВЫМ РЕДОКС-ПОТЕНЦИАЛОМ И ИЗМЕНЕНИЯМИ da£/dt 
АКТИВНОСТИ К +0 ПРИ ВВЕДЕНИИ К-СТРОФАНТОЗИДА ИЛИ АЦЕТИЛХОЛИНА, 

ВЫЗЫВАЮЩИХ СОКРАЩЕНИЯ
Я. ВИТТМАНН, А. ПУППИ и М. Д Е Л И

Показали, что значения актиности [К +]0, определяемые параллельно с контрак­
турами, вызванными к-строфантозидом и ацетилхолином, увеличиваются в случае окси- 
доза, вызванного метиленовым синим, и уменьшаются в случае редоза, вызванного аскор­
батом. Поскольку между упомянутыми изменениями активности [К +]0 и связанными с 
контрактурой изменениями выявляется тесная корреляция, то есть основание предпола­
гать, что одним из эффекторных факторов регулирования редокса мышечных контрактур 
является преходящее, соответственно направление изменение К +.

ВЛИЯНИЕ ПЕПТИДОВ ХОЛЕЦИСТОКИНИНОВОГО ПРОИСХОЖДЕНИЯ НА 
ПАССИВНОЕ ОБОРОНИТЕЛЬНОЕ ПОВЕДЕНИЕ
МАТЬЯШ Ф Е К Е Т Е , БОТОНД П ЕН К Е и ДЮ ЛА ТЕЛЕГДИ

Нами изучалось влияние пептидов, имеющих холецистокининовое (ССК) проис­
хождение, на ретенцию однократно сочетанного пассивно-оборонительного поведения, 
после введения их внутрибрюшинно. Будучи введены сразу после learning trial, СООН-тер- 
минальный окстапептид ССК (CCK-1-8-SE), ССК октапептид без сульфатной группы и 
СООН-терминальный тетрапептид (ССК-5-8), стимулировали пассивно-оборонительное 
поведение. Эти данные позволяют предполагать, что указанные пептиды могут оказывать 
влияние на процессы консолидации памяти.

ВЛИЯНИЕ ХОЛЕЦИСТОКИНИНОВОЙ АНТИСЫВОРОТКИ, ВВЕДЕННОЙ В 
БОКОВОЙ ЖЕЛУДОЧЕК МОЗГА, НА АКТИВНОЕ И КОНДИЦИОНИРОВАННОЕ 

ПИЩЕВОЕ ПОВЕДЕНИЕ КРЫС
МАТЬАШ Ф Е К Е Т Е , МАРИЯ БА ЛА Ж  и ДЮ ЛА ТЕЛЕГД И

Нами изучалось воздействие введенных в боковой желудочек мозга двух различных 
антисывороток холецистокинина на обучение и угасание активного оборонительного 
поведения, а также на процессы обучения, поддержания и угасания кондиционирован­
ного пищевого поведения. Обе антисыворотки замедляли процесс угасания активного обо­
ронительного и условного пищевого ответов, но не оказывали влияния на процессы обу­
чения и поддержания этих рефлексов. Результаты настоящих экспериментов показывают, 
что холецистокинин может играть роль в физиологической регуляции процессов экс- 
тинции.

РЕЛАКСАЦИОННОЕ ДЕЙСТВИЕ ПРОСТАЦИКЛИНА (Р012) И 7 -0 К С 0 -Р 0 1 2 НА 
ИЗОЛИРОВАННЫЕ МОЗГОВЫЕ, КОРОНАРНЫЕ И БРЫЖЕЕЧНЫЕ СОСУДЫ

Б. М АЛОМ ВЕЛЬДИ, П. ХАДХАЗИ, К. М А ДЬЯ Р, К. КАНАИ и В. ШИМОНИДЕС

На препаратах изолированных артерий разных видов животных и трахее морской 
свинки авторы изучали понижающее тонус гладкой мускулатуры действие нового препа­
рата — стойкого аналога простациклина (7-оксо-Р012), — разработанного на фармацевти­
ческом заводе Chinoin, а также Р012.



Спирально иссеченные полоски сосудов и трахею укрепляли (подвешивали) в рас­
творе Кребса, определяя также изометрически изменения тонуса. Из пропорции вызыва­
ющих 50% расслабление или торможение концентраций (ЕС50), высчитанных из уравнений 
регрессионных прямых кривой доза-эффект, определяли относительную эффективность в 
I тношении аналога простациклина.

Как РОК так и аналог простациклина (7-оксо РШ2) одинаково уменьшали базаль­
ный тонус венечных сосудов теленка, сосудов мозга собаки и мезентериальных сосудов 
человека, а также тормозили сокращения отпрепарарированной у кролика чревной арте­
рии (полосок), вызванных электрическим раздражением и норадреналином. В зависимости 
от сосудистого препарата и вызывающего тонус раздражителя высчитанные значения ЕС50 
равнялись: Р012: 5 40хЮ -9 и 7 -okco-P G I2: 1— 6хЮ ~7 моль/литр. Снижающая сосу­
дистый тонус и тормозящая сокращение эффективность у 7-оксо-аналога была на один 
порядок меньше, чем у PGJ2. Препарат трахеи морской свинки PGI2 сокращал, тогда как 
7-оксо-аналог — даже и в стократной концентрации — оказывал на препарат релакса­
ционное действие.
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