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The synthesis, storage, depletion, inactivation  and  th e  pharmacological 
effects of th e  m onoam ines in the  central nervous system  indicate th a t  these 
substances perform  a complex function in the  brain . D uring th e  last decade 
an  a ttem p t has been m ade to  reveal th e  connection between th e  changes of 
the  monoaminergic system s and  the  behavioural responses. One of the  most 
useful ways for this work proved to  be th e  a lteration  of the  monoaminergic 
system s by  different pharm acons and  th e  analysis o f changes o f the  behavioural 
responses. Nevertheless, th e  q u an tita tiv e  evaluation of these responses en 
counters significant difficulties and  only th e  general aspects could be followed 
such as th e  increase or decrease of responsiveness. The situation  has become 
more com plicated due to  some recent observations according to  which m any 
pharm acons are able to  induce significant changes w ithout affecting the 
m onoam ine level, only altering their tu rnover. The results, however, called 
a tten tio n  to  th e  role of monoamines, firs t of all, to  th a t  of serotonin (5HT) 
in the  regulation of the  activ ity . Thus e.g. seasonal changes of adrenaline, 
noradrenaline (NA) and  5HT parallel w ith the  E E G  ac tiv ity  have been de
scribed in frog by  Seg u r a  e t al. (1967). On th e  basis of experim ents carried 
out also on frogs, the  role of 5H T in ac tiv ity  regulation and  tem peratu re 
acclim atization processes has been em phasized in am phibia (H a r r i ,
1972).

Significant, however not unequivocal changes were found in the  brain 
5H T level during hibernation (U u s p ä ä , 1963; Spa ffo r d  and  P e n g e l l e y , 
1971; D raskoczy  and  L y m a n , 1967). A t th e  sam e tim e, seasonal changes 
were detected  in mice kep t under th e  sam e conditions (Va lzelli and  Garat  - 
t in i , 1968).

The daily  change of ac itiv ity  is followed by  a significant change of 
5HT level in  r a t  and  tu r tle  (F r ie d m a n n  and  W a l k e r , 1968; Qu a y , 1963;
1967) connected w ith th e  conditions of illum ination. The m ost convincing 
evidence for the  regulatory  role of 5HT in th e  ac tiv ity  has been presented 
by  J ouvet  (1968; 1969) who dem onstrated  a higher 5HT level of the  brain  
during sleep th an  wakefulness.

The nervous system s of invertebrates contain a  significant am ount of 
monoamines (W e l sh  and  M o o r e h e a d , 1960; D a h l  e t al., 1966; Sw e e n e y , 
1963), and  although the  stim ulato ry  tran sm itte r function of 5HT has long
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been accepted, unfo rtunate ly  its role in th e  ac tiv ity  regulation has hard ly  
been investigated.

Cardot  (1971) described th e  seasonal change of 5HT level in Helix po
rnál ia, whereas our investigations proved th a t  the  seasonal change of 5HT 
level regulates th e  in itia tion  and m aintenance of hibernation (H ir ip i  and 
Sa l á n k i, 1972).

The ac tiv ity  of the fresh w ater mussel (Anodonta cygnea)  is characterized 
by  a d istinct periodicity. This involves a regular a lternation  of active and  rest 
phases realized in d ifferent functioning of the  adducto r muscles and  other 
organs (Sa lá n k i and L u k a cso v ics , 1967; M o r to n , 1969). The period of rest 
is characterized by a prolonged tonic contraction of th e  adductors, whereas 
during the  active period th e  adductors are relaxed and  perform  quick, rhy thm ic 
contractions. According to  previous investigations, 5HT plays a significant 
role in the  re laxation o f th e  adductors (Sa l á n k i, 1963; Sa lá n k i and  L á b o s , 
1969), and  one can assum e th a t  th e  regulation o f the  m echanisms m aintaining 
th e  ac tiv ity  takes place th rough  th e  serotoninergic system .

I t  has been shown during our previous investigations th a t  th e  central 
nervous system  of fresh w ater mussel contains 40 — 70 yug/g wet weight of 
5HT (H ir i p i , 1968), 10—20 /ig/g w et weight of dopam ine (DA) and 1 -2 
//g/'g wet weight of NA (H i r i p i , 1972). I t  has also been proved th a t  5HT m ay 
have connection w ith  th e  regulation of th e  periodic ac tiv ity  (Sa l á n k i, 1963). 
F u rth e r evidences were given by  our earlier investigations for th a t  role of 5HT. 
I t  is known th a t  th e  stim ulation of th e  cerebro-visceral connective (CVc) 
using suitable param eters is of relaxing effect on th e  adductors in th e  m ajority  
o f cases, and  th e  re laxation is especially o f expressed degree upon the  influence 
o f repeated  stim ulation  (Sa lá n k i and  L á b o s , 1963). We determ ined the 5HT 
conten t in bo th  adductors during relaxed sta te . A fter tw o h r of stim ulation, 
the  5HT conten t of the  an terio r and  posterior adductors was higher th an  
th a t  of the control muscles. The stim ulation  induced an  increase of 33 percent 
in th e  an terio r and  25 percent in th e  posterior adducto r in th e  5HT content, 
being significant in bo th  cases.

The 5H T content was analyzed in the  ganglia and  the  adductors a t  the  
beginning of the  active and  rest periods, i.e. in th e  opposite phases of th e  
spontaneous periodic ac tiv ity .

W hen m easuring the  5H T conten t of the ganglia, only th a t  of the  vis
ceral one changed a t  th e  beginning of th e  active and  rest periods. I t  was 23 
percent lower a t  th e  beginning of th e  active period in  th e  visceral 
ganglion.

M easurem ents of 5H T conten t in th e  an terior and  posterior adductors 
separatedly , revealed th a t  th e  5HT level is twice as high in th e  form er th an  
in th e  la tte r  one. The 5HT contents were higher in bo th  adductors a t the  
beginning of the  active s ta te  th an  those in the  period of rest. The increase 
am ounted  to  30 percent in the  an terior adducto r and  25 percent in th e  posterior 
one, being significant only in th e  former.

Since the  ac tiv ity  o f th is bivalve can qu an tita tiv e ly  be followed on th e  
basis o f th e  characteristic periodicity, i t  represents a good object for in 
vestigating of th e  connections between the  changes of the  m onoam ine level 
and  the  ac tiv ity  p a tte rn . The fact th a t  th e  ac tiv ity  can be recorded not only 
under laboratory  b u t also under n a tu ra l conditions, represents a significant 
contribution to  th e  analyses of the  behavioural responses. This way one can
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control the  effects of th e  laborato ry  circum stances on th e  n a tu ra l environ
m ental conditions.

The present investigations were in tended  a t  answering the  question, 
how far the  pharm acons affecting the  m onoam ine m etabolism  do a lte r the  
m onoam ine level and  th e  activ ity , and  how can we in te rp re t those alterations 
from  the  po int of view of regulatory  m echanism s of the  periodic activ ity?

Methods

Determination of 5HT

T he 5HT co n ten t o f  100 — 200 m g ganglion  tissu e  w as m easu red  a f te r  
hom ogen ization  in  0.1 n  HC1 using  th e  m e th o d  o f K ttntzman e t  al. (1961).

Determination of catecholamines (CA)

A bout 200 mg of ganglion tissue was homogenized in acidified bu thano l 
(Ch a n g , 1964), then  centrifuged (5 min, 2000 rpm ). The CA conten t of the 
supernatan t was transferred  to  1 ml of 0.1 n  HC1 in the  presence of heptane 
by shaking (Ma ic k el  e t al., 1968). The pH  of th is acidic phase was m odified 
to  8.5 by  addition of 10 vol Tris-HCl buffer (0.5 M, pH  8.5), whereas the 
isolation of CA using A120 3 and  determ ination was carried out by th e  m ethod 
of A nton  and  Sa y r e  (1962; 1964).

Treatments with pharmacons

Mussels of 150 g body weight were used. Their ac tiv ity  was recorded on 
actographs (Sa lá n k i and  B a lla , 1964).

The ac itiv ity  had  been recorded for 3 — 5 weeks before th e  trea tm en t 
took place, and  for 2 — 5 weeks subsequent to  the  trea tm en t depending on the  
effect. The trea tm en ts were carried ou t as follows: th e  pharm acons were d is
solved in filtered B alaton-w ater, th en  4 mussels were placed in 2 1 of w ater 
containing the  pharm acons: the  anim als were kep t in the solutions for 24 hr, 
except th a t  of tranylcyprom ine, where th e  trea tm en t had  only a 10 hr duration. 
A fter the trea tm en t, the  solutions were changed to  norm al running water. 
In  the  cases o f control anim als the  running of the  B alaton-w ater was stopped 
for the  same period of tim e as th a t of the  trea tm en ts. A t d ifferent points of 
tim e, th e  5HT and  CA contents of th e  nervous system s of th e  anim als were 
m easured. The pharm acons used were as follows:

5H T -creatin ine  su lpha te 10 /onole/1
N A -b ita r ta ra te 10
DA-HOI 10
p-C hlorphenylalan ine (pCPA) 250
a-m eth y l-m eta th y ro sin e  (a-MMT) 512
R eserp ine  (In j. R ausedy l) 
T ran s-2-phenyl-cyclopropylam ine

2.05 „

(tra n y lcy p ro m in e ) 188
Para-brom o-m e1 am p h e tam in e  (V -l 1 1) 19
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Evaluation of parameters of the activity

The du ra tion  (TA and  T R) as well as num ber (nA and  n R) of active and  
rest (A and  R) periods were m easured in each case before and  a f te r  the  t re a t
m ents (Fig. 1). The sum s of durations of active and  rest periods were cal
cu lated  (ATa and  2 T r ) and  so was th e  to ta l du ra tion  o f th e  investigation 
(ATa +  2’T r ). The to ta l duration  of active and  rest periods was expressed 
as a percentage of the  to ta l du ra tion  of investigations:

A T ,
А Т Д+ А Т ,

X 100 and A T,

1 A T  ^  J  R

The frequency of periodicity  was:

A T .+ A T ,
X 100.

VT^  * A A T a +  A T r

The average length of active and  rest periods:

ATa , A TR—A and — —
« a n R

Rest period Tr Aktive period T/\
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F ig . 1. The p e riod ic ity  o f th e  ac tiv ity , a: beginning o f th e  period  o f  re s t; b : beg inn ing

o f th e  act ive period

%
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F ig. 2. The frequency  d is tr ib u tio n  o f th e  periods before th e  tre a tm e n ts
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Considering the  ac tiv ity  of all mussels before the trea tm en t, we cal
culated  th e  frequency distribu tion  of the  active and  rest periods ( Fig. 2), and  
on the  basis of activ ities of mussels a fte r the  trea tm en t, the  sam e param eter 
was determ ined.

The investigations were carried ou t in th e  m onths of April, May and  
June. The frequency d istribu tions of the  active an d  rest periods were cal
culated from  1400 periods before th e  trea tm en t and  from  300—350 periods 
a fte r the  trea tm en t . The th in  lines on the  figures indicate this p aram eter before 
th e  trea tm en t, whereas the  th ick  ones do the  sam e a fte r the  trea tm en t.

Results

The effect of pharmacons affecting the monoamine level

In  the  first step  we investigated  w hether the  ac tiv ity  and m onoam ine 
level o f the  mussels are influenced b y  stopping o f w ater curren t for 24 hr. 
The effect is shown in Table I  based on th e  exam ination of 5 mussels. The p a ra 
m eters of th e  ac tiv ity  were calculated on th e  basis of 15 days before and  15 
days a f te r  th e  stopping of w ater current, and  th e  differences are expressed 
as percentages.

The results show unanim ously th a t the  stopping of w ater curren t in 
duced no change in the  periodic ac tiv ity . The only change apparen tly  signi
fican t (-j-18 percent) occurred in th e  average length  of th e  periods of rest. 
H  owever, th is change can be explained by the  wide dispersion of the  average

TABLE I

The changes o f the param eters of the periodic activity.
The changes are expressed in  percent o f the average values before treatment 

( +  ) =  increase (—) =  decrease

Frequency of 
the periodicyt Active time Average length 

of active period
Average length 
of rest period

C ontrol — 0.7 — 4.2 — 1.5 +  18.0
pCPA +  12.5 — 12.5 — 30.8 +  26.9
a-MMT +  7.3 — 12.4 — 20.4 +  51.5
R eserpine +  17.9 — 30.3 —42.9 +  147.9
T ranylcyprom ine +  56.0 -  2.3 — 30.7 — 27.3
v -lli +  36.3 +  2.7 — 20.9 — 11.7
5HT — 4.7 +  6.6 i  81.2 — 18.2
DA +  114.5 -  0.1 — 27.1 — 37.6
NA +  44.0 — 4.2 — 43.8 +  50.7

lengths of th e  periods (the S.D. value am ounts to  100—150 percent of th e  
average), and  extrem e values occurring in certain  cases m ay d isto rt unreally  
the  average length. This was the  situation  in th is case, too, since the  change 
was not reflected in th e  o ther param eters of th e  activ ity .

The analysis o f m onoam ine concentrations revealed the  sam e result. 
The concentrations of 5HT, DA and  NA showed only less th an  10 percent 
change as com pared to  the  anim als kep t in running w ater. In  th e  case of 5HT 
even 3 -5 days of anoxia induces no higher alteration .
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Effects of 5HT, N A  and DA

The anim als become active w ithin a few m inutes a fte r the  adm inistration  
o f 5HT. I f  th e  adducto r muscles are in  tonic contraction, th e  5H T relaxes 
them , and  th e  frequency as well as am plitude of the  quick, rhy thm ic co n trac t
ions increase. This ac tiv ity  p a tte rn  persists during th e  trea tm en t, th en  a fte r 
th e  change of th e  water, th e  original level of ac tiv ity  is only slowly restored. 
T he trea tm en t and  the  slow cessation of the  effect resu lt in an  active period 
of 20 — 60 hr. The rest periods following th is long active one are of short 
du ra tion . A lready before th e  firs t period of rest one can observe short rest 
s ta tes  when th e  tonic contraction of th e  adductors is of lower level th an  
before th e  trea tm en t and  even later. This effect is m ore expressed when the  
m onoam ino-oxidase is inh ib ited  by tranylcyprom ine (Fig. 3). The increase 
o f th e  frequency of rhy thm ic contractions is also of considerable ex ten t during 
th e  active period. The change of d istribu tion  of active and  rest periods ( Fig. 4) 
indicates a decrease in th e  percentual ra te  of the  short, ac tive periods of 2 — 4 h r 
du ra tion  in favour of the  longer ones. In  th e  case of th e  rest periods the  situation  
is reversed, nam ely the  percentual ra te  of th e  periods of rest shorter th an  2 hr 
significantly  increases and  the  longer ones become considerably less frequent.

1/)Ч(1/1Щ̂ 1ШГПГГТГП'АгТ1г|^ ^
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jfííTA vn— j r n r h / m — I

_ j m y y v ^ _

Hours
Fig. 3. E ffect of tranylcyprom ine on the activ ity . Continuous recording. |  beginning 
o f the trea tm en t; f end of the trea tm en t; level of tonic contraction before the tre a t

m ent
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Fig. 4. The frequency distribution  of the periods afte r 5HT trea tm en t
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Hours
Fig. 5. The effect o f DA trea tm en t on the  activ ity . Continuous recorping. DA beginning 

of th e  trea tm en t; \ end of th e  trea tm en t j

The effects o f NA and  DA can be observed practically  only during th e  
trea tm en ts . B o th  m onoam ines seem to  in te rru p t th e  prolonged active periods 
b y  inducing sho rt re s t ones of 1 — 2 h r du ra tion  (Figs. 5 an d  6). This w ay th e  
frequency of periodicity  significantly  increases, nevertheless th e  percentual 
ra te  of th e  re st tim e rem ains unchanged (Table I . ) .  This effect m anifests itself 
in  th e  percentual d istribu tion  o f th e  active an d  re st periods (Figs. 7 an d  8), 
in  th e  increase of ra te  of th e  sho rt ac tive periods an d  decrease of th a t  o f th e  
longer ones. A t th e  sam e tim e, th e  ra te  of th e  re st periods shorter th a n  2 h r 
increases to  a  significant ex ten t and  th a t  of th e  longer ones decreases.

I t  is o f in terest th a t  while th e  DA decreases th e  average lengths o f b o th  
ac tive and  rest periods, th e  NA does only th a t  o f th e  active ones, and  increases 
th a t  of th e  rest periods (Table I .) .

3
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Fig. 6. The effect of NA trea tm en t on th e  activ ity . Continuous recording. NA beginning 
of the  trea tm en t; j. end of the  trea tm en t i

Fig. 7. The frequency distribution  of periods a fte r DA trea tm en t

Effect of parachlorjjhenylalanine (pG P A )

The frequency of th e  periodicity, th e  average length  of th e  re st periods 
as well as th e ir to ta l du ra tion  increase, whereas th e  to ta l tim e o f th e  ac tive 
periods as well as th e  average lengths o f them  decrease (Table I . )  upon th e  
effect o f th e  trea tm en t.

The d istribu tion  o f th e  active periods a fte r th e  trea tm e n t shows a slight 
increase of active periods of m ean du ra tion  (8—10 hr), while bo th  th e  shorter 
an d  longer ones display a lower percentual ra te . A t th e  sam e tim e, th e  ra te  
o f re s t periods shorter th an  6 h r decreases, whereas th a t  of th e  rest periods
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Fig. 8. The frequency distribution  of periods afte r NA trea tm en t

Fig. 9. The frequency distribution  of the periods a f te r  pCPA trea tm en t

of 10—40 h r dura tion  significantly  increases (Fig. 9). T he decrease of th e  
average length  o f th e  active periods ap p aren tly  can be a ttr ib u te d  to  th e  to ta l 
disappearance o f th e  ac tive periods longer th a n  40 hr. A t th e  sam e tim e, th e  
increase o f th e  average length  of th e  re st periods originates in  th e  extension 
o f th e  short periods up  to  10 — 20 hr. The ac tiv ity  of th e  anim als gradually  
decreases upon th e  influence of th e  trea tm e n t (Fig. 10). T he 5H T con ten t o f 
th e  ganglia also shows a  gradual dim inution (F ig. 11).

3*
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Hours —

0 b S 12 16 20 2b

Fig. 10. The gradual decrease of the ac tiv ity  afte r pCPA trea tm en t. The trea tm en t took
place on the  1st day

Fig. 11. The decrease of 5HT a fte r pCPA trea tm en t. The 5HT content o f th e  trea ted  
anim als is shown as a  percentage of the  control ones
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The effect of x-methyl-meta-tyrosine (x -M M T )

The frequency of periodicity  an d  th e  to ta l du ra tion  o f th e  rest periods 
slightly  increased a fte r th e  trea tm en t, while th e  average length  o f th e  re st 
periods was 50 percent longer and  th e  to ta l ac tive tim e an d  th e  average length  
o f th e  active periods decreased (Table I . ) .  The ra te  of th e  active periods

Fig. 12. The frequency distribution  of periods a fte r a-MMT trea tm en t
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Fig. 13. The effect o f a-MMT on th e  periodic activ ity . 1 — 34 days: ac tiv ity  before the  
trea tm en t; 35th day: trea tm en t; 35 — 68th days: ac tiv ity  a fte r th e  trea tm en t
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sho rter th a n  10 h r decreases, th a t  o f th e  longer ones (10—30 hr) increases. 
The d istribu tion  o f th e  re st periods shows a  more significant change. The rest 
periods sho rter th a n  8 h r ex tend  and  resu lt in  a  significant increase o f th e  ra te  
o f re s t periods of 10—30 h r (Fig. 12). T he effect of th is  trea tm e n t on th e  
periodic ac tiv ity  is shown b y  Fig. 13. The alte ra tion  of CA is p resented in 
Fig. 14. A t th e  concentration  of a-MMT used, th e  CA level decreased abou t 
50 percent.

Fig. 14. The decrease of DA and  NA afte r the  a-MMT trea tm en t. The concentrations of 
monoam ines are given as percentages of the  norm al values. The trea tm en t took place

on the 1st day

Effect of reserpine

T he changes induced by  reserpine are m ore significant th a n  those ob
served a f te r  pCPA an d  a-MMT trea tm en ts. The frequency of periodicity  in 
creases alm ost 20 percent during an d  a f te r  th e  reserpine trea tm e n t of 24 hr. 
T he to ta l ac tive tim e decreases ab o u t 30 percent, while th e  to ta l  re s t tim e 
increases to  th e  sam e ex ten t. The decrease of th e  average lengths of th e  active 
periods originates in th e  significant decrease of th e  active periods longer th an  
25 h r (Fig. 15). Active periods longer th an  25 h r occur m ainly  during an d  
a f te r  th e  trea tm en t, an d  in  some cases th e  prolonged rest s ta te  is in te rru p ted  
b y  an  ac tiv ity  of 1—2 days 3 — 4 weeks a f te r  th e  tre a tm e n t (Fig. 16, 63— 
64—65th days). The average length  of th e  rest periods increases nearly  150 
percent. This should be a ttr ib u te d  to  th e  increase o f ra te  of periods longer 
th a n  15 h r as well as to  th e  decrease of ra te  o f th e  periods o f sh o rt du ra tion  
(Fig. 15). T he appearance o f re s t periods of 40—60 h r is of significance, th is  
has never been observed in  th e  controls.

The reserpine trea tm e n t causes significant an d  quick changes in the  
ganglionic concentrations o f all th e  th ree  m onoam ines ( Fig. 17). The depletion 
of DA an d  5H T is o f th e  highest speed. B y  th e  end of th e  trea tm en t, the  
concentrations o f b o th  am ines decrease to  ab o u t 50 percent. N inety  percent 
o f  D A  becomes depleted  b y  th e  4 th  day, whereas th e  sam e ra te  o f depletion 
is reached b y  th e  6 th  d ay  in th e  case of 5HT. The depletion o f NA is slower. 
F if ty  percent depletion is to  be m easured a f te r  3.5 days, while 90 percent is 
reached only  a f te r  15 days. The concentrations o f m onoam ines rem ain  p e r
m anen tly  low a f te r  th e  trea tm e n t an d  neither th e  m onoam ine level nor th e  
ac tiv ity  seem to  be restored  during th e  firs t m onth  subsequent to  th e  tre a t-
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Fig. 15. The frequency d istribution  of periods a fte r reserpine trea tm en t

m ent. W hat is more, th e  ac tiv ity  of th e  anim al dem onstrated  in Fig. 16 
rem ained a t  a  low level even 2.5 m onths a f te r  th e  trea tm en t.

A lthough system atic investigations concerning th e  quick, rhy thm ic 
adducto r functions w ith in  th e  active periods have n o t been carried ou t, i t  
deserves in terest th a t  th e  frequency of th e  quick, rhy thm ic ac tiv ity  increases 
to  a  high ex ten t during th e  trea tm e n t as it  was observed in th e  case of 5HT 
trea tm en t, too. This frequency, however, strongly  decreases during th e  2nd 
and  3rd weeks following th e  trea tm e n t and  is of lower value th an  before the  
trea tm en t.

The effect of tranylcypromine

This trea tm en t induces a  very  significant a lte ra tion  o f th e  ac tiv ity  of 
th e  anim als resem bling th e  effect of 5H T during th e  in itial phase. This phar- 
m acon increases the  frequency of th e  periodicity  to  a  very  high ex ten t, b y  
56 percent, whereas th e  ra tes of to ta l active an d  re st tim es rem ain unchanged. 
T he average lengths o f b o th  th e  active an d  re st periods decrease uniform ly 
ab o u t 30 percent. The percentual d istribu tions of bo th  periods significantly  
change. The ra tes of sho rt active an d  rest periods (less th a n  2 hr) m arkedly 
increase, while th e  ra tes o f those longer th a n  6 h r become m inim al (Fig. 18). 
T he response of th e  anim als resembles to  th e  effect of 5H T even from  th e  
po in t of view th a t  during th e  trea tm en t an d  cessation of th e  effect, prolonged 
active periods appear (between 30—70 hr), representing, however, only 0 .1—0.2 
percent of th e  num ber of periods. Sim ilarly as a f te r  th e  adm in istration  of 
5HT, the  frequency of quick, rhy thm ic contractions g reatly  increases during 
th e  active periods appearing in th e  course of th e  trea tm en t (Fig. 3). The 5HT 
concentration o f th e  nervous system  is altered  only to  a  low ex ten t b y  th e  
trea tm en t (F ig. 19).
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Fig. 16. The effect o f reserpine on the  periodic activ ity . 1—35th days: ac tiv ity  before 
th e  trea tm en t; 36th day: trea tm en t; 36—115th days: ac tiv ity  a fte r th e  trea tm en t. 
The lines following each o ther indicate th e  duration  of the active periods, th e  in te r

ruptions do th a t  of the  passive ones

Fig. 17. The decrease o f  5HT, DA and NA afte r reserpine trea tm en t. The trea tm en ts 
took  place on the  1st day. The concentrations of monoam ines are expressed as percentages

of those of norm al ones
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Fig. 18. The frequency d istribution  of periods afte r tranylcyprom ine trea tm en t

Fig. 19. The decrease of 5HT afte r tranylcyprom ine and V - l l l  trea tm en ts. The tre a t
m en t took place on the firs t day. The concentrations of monoam ines are given as percen

tages of those of the  control animals

Para-bromo-metamphetamine treatment

The frequency o f periodicity  increases 36 percent a f te r  th e  trea tm en t, 
th e  average lengths of bo th  periods decrease, whereas th e  percentual ra tes 
o f to ta l ac tive and  re st tim es show only a  m inim al a lte ra tion  (Table I ) .  The 
percentual d istribu tion  o f du ra tion  o f bo th  th e  active and  re st periods displays 
a  considerable change. The ra te  o f ac tive periods shorter th an  8 h r increases, 
while th a t  o f th e  longer ones decreases. The ra te  o f th e  re st periods shorter 
th a n  4 hr also increases, whereas th a t  o f th e  longer ones significantly decreases 
(Fig. 20). The 5HT level shows an  unequivocal decrease (m axim ally 18 per
cent), restored by  th e  8 th  d ay  (Fig. 19)
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Fig. 20. The frequency d istribu tion  of periods a fte r V - l l l  trea tm en t

D isc u ss io n

The analysis o f th e  possible m echanism  of rh y th m  regulation revealed, 
th a t  centres of “ ac tiv ity ” and  “re s t” localized in  th e  cen tral nervous system  
are  responsible for its determ ination  an d  m aintenance (Sa l á n k i , 1970). These 
centres function th rough  th e  tran sm itte r system  or system s.

E arh er investigations have rendered probable th a t  in  th e  fresh w ater 
m ussel th e  tran sm itte r system  of th e  centre of “ ac tiv ity ” is o f serotoninergic 
na tu re , since 5H T relaxes th e  adduc to r muscles on b o th  ganghonic (Sa l á n k i , 
1963) and  m uscular (Sa l á n k i  and  L á b o s , 1969) levels, furtherm ore, significant 
concentrations of i t  are present in  bo th  th e  nervous system  an d  th e  adductors 
(H i r i p i , 1968).

The functional presence o f th is system  in th e  relaxation  o f th e  adductors 
from  th e  tonic contraction is supported  by  th e  earlier findings when stim ulating  
th e  CVc (Sa l á n k i  and  H i r i p i , 1970). The hypothesis was obvious th a t  if  th e  
5H T caused re laxation  n o t only applied to  th e  ganglia b u t also a t  th e  level 
o f  th e  adducto rs (Sa l á n k i an d  L á b o s , 1969), th e  stim ulation  o f th e  CVc 
resulting  in th e  relaxation, too, (Sa l á n k i and  L á b o s , 1963) should influence 
th e  5H T level of th e  adductors. The increase o f 33 an d  25 percent in  th e  5H T
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concentration of th e  adductors upon th e  influence of th e  stim ulation  proved 
th e  correctness of th a t  hypothesis. Since th e  adductors do n o t synthesize 
5HT, th is process takes place only in  th e  nervous system  (H m rpi and  Sa l á n k i ,
1969) and  m ainly so does th e  storage o f i t  (H i r i p i , 1968; H m m  et al., 1972), 
th e  5HT dem and of th e  re laxation  o f th e  adductors as well as th e  increase 
of th e  5HT level should originate in  th e  ganglia. The 5H T from  th e  ganglia 
reaches th e  adductors probab ly  b y  m eans of an  ac tive tran sp o rt independent 
from  the  concentration, where i t  takes p a r t  in  th e  re laxation  o f th e  adductors 
depleting a t  th e  neurom uscular level.

Since th e  periodic ac tiv ity  of th e  m ussel consists o f an  a lte rn a tio n  of 
tonic contraction  and  re laxation  of th e  adductors, i t  seemed to  be reasonable 
to  investigate, w hether an y  change o f th e  5H T level can be observed in  the  
adductors during th e  spontaneous, physiological ac tive an d  passive periods, 
being in  accordance w ith  those observed a f te r  th e  stim ulation  of th e  CVc. 
According to  our results, th e  5HT level was higher in  th e  adductors a t  th e  
beginning o f th e  active period, i.e. a t  th e  spontaneous re laxation  of th e  ad d u c
tors, th a n  a t  th e  beginning of th e  re st s ta te  (Sa l á n k i  an d  H i r i p i , 1970). 
T he increase o f 5H T level (30 percen t in  th e  an terio r an d  25 percen t in  th e  
posterior adductor) is practically  iden tical w ith  th e  values observed a f te r  the  
stim ulation  o f th e  CVc, although th is  increase was n o t significant sta tis tica lly  
in  th e  posterior adducto r a t  th e  beginning o f th e  spontaneous re laxation . 
T he increase of 5H T level of th e  adductors was followed b y  a  change o f 5H T 
level only in th e  visceral ganglion am ong th e  th ree  ganglia. N evertheless, th e  
change am ounting to  23 percent in  th e  visceral ganglion was o f opposite d i
rection as com pared to  th a t  of th e  adductors. I f  according to  th e  chain of 
ideas m entioned above, th e  5H T con ten t o f th e  adducto rs originates in  th e  
ganglia, a  significant difference should ex ist betw een th e  cerebral and  visceral 
ganglia as regards th e ir regu lato ry  m echanism  tow ard  th e  an terio r an d  pos
te rio r adductors, respectively, connected w ith  th e  a lte ra tion  o f 5H T level. 
Nam ely, th e  decrease o f 5H T level o f th e  visceral ganglion a t  th e  beginning 
o f  th e  ac tiv ity  can be in te rp re ted  in  th e  w ay th a t  th e  higher 5H T dem and 
o f th e  adducto r re laxation  is satisfied  from  th e  visceral ganglion a t  an  u n 
changed ra te  o f synthesis even during th e  active tran sp o rt, resulting  in  a 
decrease of th e  ganglionic 5H T level. A t th e  sam e tim e, in th e  cerebral ganghon 
a  periodic change of th e  syn thetic  speed m ay assure a constan t 5H T level 
independently  from  th e  periodic ac tiv ity . This w ay  th e  cerebral ganglion 
possesses a  p rim ary  role in  th e  regulation of th e  periodicity  o f th e  ac tiv ity , 
which is in  accordance w ith  th e  conclusions draw n from  o ther experim ents 
th a t  th e  cerebral ganghon regulates prim arily  th e  re laxation  o f bo th  adductors 
(P a v l o v , 1885; V e r e s c h a g in , 1960; Sa l á n k i  e t al., 1968).

Our results prove th e  hypothesis w ith  a  high p rob ab ih ty  th a t  the  sero- 
toninerg  system  functions as a chemical regu lato ry  system  o f th e  centre of 
“ ac tiv ity ” .

The question arises w hat system  regulates th e  centre o f “re s t” ? The 
results o f th e  pharm acological analysis o f th e  serotoninergic system  as well 
as the  independence o f th e  5HT level from  th e  s ta te  of ac tiv ity  in  th e  cerebral 
ganglion exclude th e  possibility th a t  th e  decrease of 5H T in itse lf can induce 
th e  appearance of rest period. Pharm acological d a ta  show th a t  am ong th e  
CA NA and  adrenaline are able to  induce tonic contraction o f th e  adductors 
a t  the  muscle level o f Anodonta (Sa l á n k i  an d  L á b o s , 1969), however, a t  the
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ganglionic level th ey  induce th e  re laxation  o f th e  adductors sim ilarly to  th e  
effect o f 5H T (Sa l á n k i , 1963). Nevertheless, th is  effect is produced b y  con
centrations o f them  an  order o f m agnitude higher th a n  th a t  of 5HT. A t the  
sam e tim e electrophysiological results revealed th a t  b o th  DA an d  NA cause 
prolonged inhibition  of certain  nerve cells of G astropoda (G e r s c h e n f h l d  and  
T a u c , 1964; G l a iz n e r , 1968; K iss  an d  S a l á n k i , 1971; W a l k e r  e t al., 1971), 
an d  w hat is more, th e  NA blocks th e  ac tiv ity  of th e  Br-cell showing a  charac
teristic  rh y th m  in th e  nervous system  of Aplysia  (B o is s o n  and  Ch a l a z o n it is , 
1972). T he d ifferent chemical sensitiv ity  as well as th e  different effects of the  
sam e tran sm itte r on various neural pathw ays have also been dem onstra ted  in 
th e  ganglia o f Anodonta (Sa l á n k i  and  V a r a n k a , 1971). In  th e  ligh t of these 
pharm acological results one cannot exclude th e  catecholam inergic system  as 
being th e  tran sm itte r system  of th e  centre of “ re s t” , so m uch th e  m ore as 
significant concentrations o f DA an d  NA are presen t in  th e  nervous system  
o f th e  fresh w ater mussel (H i r i p i , 1972).

T he pharm acological investigations influencing th e  function o f th e  above 
tran sm itte r  system s proved  to  be su itab le to  draw  fu rth e r conclusions con
cerning th e  existence and  function o f th e  centres o f “ac tiv ity ” an d  “ re s t” .

T he prolonged active s ta te , induced b y  exogenous 5H T can be in te r
p re ted  th a t  th e  increase o f 5H T level significantly  a ltered  th e  dynam ic 
balance o f centres o f “ ac tiv ity ” an d  “re s t” an d  th e  effect o f th e  form er becam e 
realized. The 5HT acts p robably  b o th  periphperically  a t  th e  level o f th e  ad d u c t
ors an d  centrally  on th e  ganglia. The effect m anifests itself even a fte r th e  
tre a tm e n t when th e  5HT acting  peripherically  is n o t p resen t any  more. W e 
assum e th a t  th e  effect is prolonged b y  th e  p a r t  o f 5HT picked up an d  stored 
b y  th e  nervous elem ents. The subcellular localization of 5H T showed th a t  a 
significant p a r t  of th e  endogeneous 5H T is bound to  synaptosom es (H i r i p i  
e t al., 1972). I t  has also been shown b y  our earlier investigations th a t  5HT 
in jected  in to  th e  foot m usculature is tak en  up  b y  th e  nervous system , and  
a p a rt from  th e  increase o f ac tiv ity , th is  5H T m aintains a higher 5HT level 
of th e  ganglia for several days (H i r i p i  an d  S a l á n k i , 1971). The exogeneous 
5H T is d is trib u ted  am ong th e  subcellular fractions to  th e  ra tes identical w ith  
those o f th e  endogeneous one (unpublished observations). This w ay th e  exo
geneous 5H T tak en  up  m ainly by  th e  synaptosom es sh ifts th e  balance tow ard  
th e  centre of “ac tiv ity ” for several days. The effect o f th e  centre of “re s t” 
becomes lim ited  in  tim e so th a t  it  can m ain ta in  only sho rt periods of rest 
besides th e  long active periods. This is also ind icated  b y  th e  change of d istrib 
u tio n  o f durations of th e  active and  rest periods, nam ely  b y  th e  increase of 
th e  ra te  of th e  short, rest periods of 2 h r as well as th a t  o f th e  m ore prolonged 
ac tive ones.

The serotoninergic system  is p robab ly  one o f th e  regu lato ry  factors 
o f th e  quick, rhy thm ic contraction ac tiv ity , too. N am ely, all pharm acological 
trea tm en ts  flooding th e  neurom uscular an d  ganglionic serotoninergic receptors 
w ith  5HT, increased th e  frequency of th e  quick rh y th m  to  a  high ex ten t. This 
effect appeared  during th e  trea tm en t w ith  5HT, th e  M AO-inhibitor tran y l
cyprom ine and  th e  reserpine.

The results o f DA an d  NA trea tm en ts  indicate th a t  th e  dopam inergic 
and  noradrenergic system s functioning in  th e  centre of “ re s t” are n o t able 
to  overcom pensate th e  serotoninergic one perm anen tly  to  such a degree th a t  
th e  re st period would be able to  get a significant predom inance. The DA can
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ac tiva te  th e  function of th e  centre of “re s t” b y  inducing sho rt re s t periods 
in terrup ting  th is w ay th e  function o f th e  centre o f “ ac tiv ity ” . This results 
in  th e  shortening of b o th  th e  active an d  re st periods as well as th e  100 percent 
increase of th e  frequency dem onstra ted  well b y  th e  change o f d istribu tion  
of th e  periods.

The NA stim ulates th e  “rest cen tre” b y  in te rru p tin g  th e  prolonged active 
periods w ith  m ore prolonged rest ones th a n  existed  before, increasing th is way 
th e  frequency and, as against to  th e  DA, also th e  average length  of th e  rest 
periods. This difference in  th e  effects indicates th a t  DA acts n o t only as a 
precursor increasing th e  concentration  o f NA, b u t also as an  independent 
dopam inergic com ponent. The justification  o f th is assum ption is supported  
by  th e  pharm acological investigations cited form erly, evidencing th e  specific, 
prolonged inh ib itory  effect o f DA on certain  neurons. N otw ithstanding, th e  
tw o system s cannot be com pletely separated , since DA as th e  precursor of 
NA m ay also ac t th rough  th e  a lte ra tion  of concentration of NA. Since there 
are no d a ta  a t  our disposal concerning th e  change of th e  CA level a t  th e  spon
taneous change o f periods, any  fu rth e r analysis of th e  m echanism  would only 
be mere speculation. However, on th e  basis of our results one can assum e th a t  
th e  catecholam inergic system  is able to  function as a  tran sm itte r system  of 
th e  centre of rest.

In  th e  fu rth e r experim ents we a ttem p ted  to  reveal th e  m echnaisms o f 
th e  tw o system s m entioned above b y  m eans of pharm acological influences. 
The function of th e  centre of “ac tiv ity ” was a ttem p ted  to  be inh ib ited  th rough  
th e  blocking of synthesis of its  tran sm itte r.

I t  has been evidenced b y  K oe  and  W e issm a n n  (1968) th a t  pCPA in 
hibits specifically th e  synthesis of 5H T in verteb rates w ithout any  considerable 
influence on th e  catecholam ines. The slow b u t significant decrease of 5HT 
appears even in th e  fresh w ater mussel. The in te rp re ta tio n  of th e  alterations 
o f ac tiv ity  fits  well th e  m odel constructed  for th e  explanation  of regula
tions.

The analysis of th e  pCPA  effects leads also to  th e  form er conclusion 
th a t  5HT plays a decisive role in  th e  function o f th e  centre of “ ac tiv ity ” . 
However, i t  is conspicuous th a t  even in  sp ite o f th e  considerable decrease 
o f 5HT level, th e  centre of “re s t” does n o t reach th a t  degree of predom inance 
which could be expected on th e  basis of th e  decrease of 5HT level. This m ay 
be explained by  assum ing th a t  5H T is p resen t in  tw o pools in  the  nervous 
system . One of them  is an  active pool sto red  m ainly  in  th e  synapses an d  easily 
mobilized, th e  o ther one is of inactive s ta te  an d  forms a reserve. The balance 
of them  assures th e  level o f th e  active pool even in  cases of wide variations 
o f th e  reserved 5HT. P robably , th e  ganglionic 5H T is sto red  in th e  reserve pool 
in a  greater concentration where th e  decrease o f 5H T level does no t a lte r th e  
function o f th e  active pool. Of course, th is  is tru e  only for a critical level.

The decrease of synthesis d isto rts th e  balance o f th e  active and  reserve 
pools to  such a  degree th a t  th e  a lte ra tio n  of th e  active pool will dam age th e  
serotoninergic m echanism . This w ay th e  centre of ac tiv ity  seems to  be ex
hausted  and  th e  effect of centre of re s t becomes predom inant. This is w hy 
th e  average length  of th e  active periods decreases and  th a t  o f th e  passive ones 
increases.

The p-brom -m etam phetam ine, as K n o ll  an d  Ma g y a r  (1971) described, 
specifically affects th e  serotoninergic system  so th a t  i t  does n o t inh ib it the
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synthesis b u t does th e  u p tak e  of 5H T an d  causes 5H T liberation. The con
cen tration  used altered  th e  5H T level only to  a  slight ex ten t, nam ely  decreased 
it. N otw ithstanding , a characteristic change appeared  in th e  ac tiv ity . T he 
increase of th e  frequency an d  decrease o f th e  active an d  re st periods are re 
flec ted  even in  th e  significant change o f th e  percen tual d istribu tion  o f th e  
periods. This effect o f V - l l l  differs from  th a t  o f pCPA and  th e  difference can 
be explained ju s t b y  th e  various m echanism s o f effect. W hile th e  effect o f  
pCPA  inhibiting  th e  synthesis is prolonged and  appears to  be considerable 
a t  th e  critical level of th e  reserve pool, th a t  of V - l l l  appears quickly. The 
inh ibition  o f incorporation in to  th e  synaptosom es m ay resu lt in  th e  dam age 
o f b o th  pools, th u s th e  ac tive tran sp o rt m ay be influenced th rough  th e  stabile 
pool. T he effect o f V - l l l ,  however, induces no prolonged passive period, since 
b o th  pools quickly regenerate during th e  rest, resulting  in  th e  disconnection 
o f th e  effect of th e  centre o f rest.

I t  is o f in te rest th a t  th e  a lte ra tion  of th e  catecholam inergic system  
assum ed to  be th e  tran sm itte r system  o f th e  centre of “re s t” b y  a-MMT 
induces an  effect like th e  pCPA. However, i t  increases th e  frequency only to  
a  lower ex ten t, th e  decrease of th e  average length  o f th e  ac tive periods is 
sm aller, b u t th e  increase o f average length  of th e  re st periods is far more 
significant. W hile in th e  case of pCPA trea tm en t th e  rest periods being shorter 
th a n  8 h r are ex tended  to  15—20 h r a t  th e  expense o f th e  active ones longer 
th a n  15 hr, in  th e  case o f a-MMT trea tm e n t th e  re st periods shorter th an  8 h r 
increase to  15—25 h r so th a t  th e  du ra tion  o f the  active periods hard ly  changes. 
This effect o f a-MMT supports fu rth e r th e  hypothesis th a t  th e  catecholam in
ergic system  m ight be th e  tran sm itte r  of th e  centre o f rest. Ca rlsso n  an d  his 
group dem onstrated  (Ca r lsso n , 1964) in  v erteb rates th a t  th e  depletion o f 
NA caused b y  a-MMT is m ediated  b y  a  corresponding decarboxylated  com
pound of th is pharm acon. Nam ely, a f te r  a-MMT trea tm e n t one can m easure 
b o th  th e  a-m ethy l-m etaty ram ine form ed b y  decarboxylation and  m etaram inol 
form ed by  dopam ine /З-hydroxylase from  th e  la tte r  com pound. T he binding 
o f these com pounds is stronger th a n  th a t  of NA in th e  brain .

The com petition plays im p o rtan t role in  th e  depletion m echanism  of 
NA caused by  a-MMT, since th e  appearance o f th e  a -m ethy la ted  am ine is of 
th e  sam e order o f m agnitude as th a t  of th e  disappearing NA. However, th e  
inhibition  of th e  synthesis m ay also con tribu te to  th is  process.

The effect of a-MMT in  Anodonta m ay  well be in te rp re ted  in  th e  light 
of th e  d a ta  ob tained  in verteb rates an d  fits  well th e  basic hypothesis.

The catecholam inergic system  assures th e  predom inance o f th e  centre 
o f rest so th a t  th e  depleted NA stim ulates th e  inh ib ito ry  neurons. T he decrease 
o f concentration caused by  th e  depletion, however, results in  no dam age of 
th e  centre o f rest, since th e  m ethy lated  products su b stitu te  th e  NA an d  are 
able to  m ain tain  th e  noradrenergic transm ission (Ca r lsso n , 1964; Sh o r e  e t al., 
1966).

Com paring th e  effects of a-MMT and  th e  tw o catecholam ines investig
a ted , th e  extension of the  re st periods caused b y  a-MMT seems to  be realized 
th rough  th e  effect of endogeneous NA, which m ay be m odulated  b y  th e  
decrease of dopam ine level b y  m eans o f a  y e t unknow n m echanism . I t  is o f 
in te rest to  com pare th e  effect o f chlorprom azine observed in  verteb rates and  
mussels from  th e  view -point of th e  role of catecholam ines. Besides o ther 
effects, i t  induces a  supersensitiv ity  tow ard  CA in verteb rates b y  blocking
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th e  in a c tiv a tio n  p erfo rm ed  b y  b in d in g , th ere fo re , a  h igher c o n cen tra tio n  o f  
th e  free  CA is p re se n t a t  th e  recep to r s ites (A x e l r o d , 1964).

I f  th e  m echanism  o f th e  effect is th e  sam e even in th e  nervous system  
of Anodonta, th e  prolonged tonic contraction  induced b y  chlorprom azine 
(Sa l á n k i, 1963) and  th e  effects o f CA, m ainly th e  extension o f th e  passive 
periods caused b y  NA m ay be th e  consequences o f increase o f C A -saturation 
o f th e  inh ib ito ry  neurons.

W hen analyzing th e  effects of reserpine, th e  conclusion can be draw n 
th a t  th e  effects are brough t ab o u t b y  common influences of bo th  serotoninergic 
an d  catecholam inergic system s, however, th e  change of th e  form er is o f de
cisive role. U pon th e  influence o f reserpine th e  depletion o f 5H T and  DA is 
quick an d  nearly  exponential, whereas th a t  of NA is m uch m ore prolonged. 
Com parison of th e  effects an d  th e  depletion shows th a t  during th e  tre a tm e n t 
th e  prolonged active periods and  th e  quick rhy thm ic ac tiv ity  are caused firs t 
o f all by  th e  quick depletion of 5HT. This effect p redom inates so th a t  th e  
centre of rest is only ra re ly  able to  sustain  th e  ac tiv ity  during th e  trea tm en t. 
The reserpine causes depletion o f th e  labile 5H T pool w ith  th e  inhibition  o f 
incorporation in  th a t  pool (Costa  and  B r o d ie , 1964; Ca r lsso n , 1964). H ow 
ever, th e  depletion is so quick during th e  trea tm e n t th a t  th e  liberated  5H T 
cannot be in ac tiv a ted  b y  MAO com pletely, therefore th e  ganglionic level of 
free 5H T increases. This m ay stim ulate  th e  neuronal ac tiv ity  inducing th e  
active tran sp o rt an d  m ay increase even th e  speed o f th e  passive diffusion 
tow ard  th e  effector organs. Because o f th e  sho rt d istance betw een th e  ganglia 
an d  th e  adducto r muscles, th e  diffusion o f 5H T can be so in tense th a t  i t  m ay 
su b stitu te  even th e  active tran sp o rt. The receptors of th e  adductors becom e 
greatly  sa tu ra te d  th e  effect o f which resembles th a t  caused b y  5H T and  
tranylcyprom ine. A fte r th e  quick depletion o f 5HT, th e  ac tiv ity  o f th e  centre 
o f rest is induced no t only b y  th e  significant concentration of NA b u t also 
by  th e  exhaustion of th e  centre o f ac tiv ity . A fte r th e  extensive decrease of 
5HT level, th e  labile pool drops below th e  critical level an d  becomes unable 
to  m ain tain  th e  function of th e  stabile pool. The prolonged rest periods appear 
and  a t  m inim al levels of th e  am ine concentration and  not infrequently  periods 
o f rest occur o f even several days, duration . This is ind icated  by  a  150 percent 
increase o f length  of rest periods and  b y  th e  change of th e  percentual d is trib 
u tion  of th e  periods. In  th is  s ta te  th e  lim iting factor of appearance of an  active 
period is th e  speed of recovery of th e  stabile pool. This w ay from  th e  po in t 
o f view o f reserpine effects n o t th e  level o f depletion b u t th e  speed of it  is of 
decisive role, which has been evidenced in  vertebrates by  B r o d ie  an d  R a id  
(1968).

This is ind icated  also by  our observations th a t  tw o different doses m ay 
induce th e  sam e level o f depletion a t  d ifferent po in ts of tim e, an d  th e  larger 
one causing a m uch quicker depletion increases th e  frequency o f th e  quick 
rh y th m  to  a  high ex ten t, whereas th e  sm aller one shows only m inim al effect 
o f th is  type. I t  has earlier been m entioned th a t  th e  M AO-inhibiting tra n y l
cyprom ine induces an  effect resem bling those of 5H T and  reserpine. The a d 
m inistra tion  o f i t  causes a  prolonged active period during which even th e  
rhy thm ic ac tiv ity  increases, meanwhile th e  5H T level of th e  ganglion rem ains 
practically  unchanged. I t  has been shown in vertebrates th a t  th e  inhibition  
o f MAO increases th e  5H T level (Ga r a t t in i an d  V a l z e l l i, 1965). The presence 
o f MAO has been dem onstrated  in  th e  nervous system  of Anodonta an d  i t
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takes p a r t  in  th e  in ac tiv a tio n  o f 5H T (H i r i p i  an d  Sa l a n k i , 1971). However 
th e  investigations o f different tissues o f Anodonta led to  th e  conclusion th a t  
m ost p a r t  of 5HT is n o t in ac tiv a ted  in  th e  ganglia b u t in  th e  kidney. The firs t 
step  o f th is w ay o f inactivation  is th e  depletion o f 5H T from  th e  ganglia 
tow ard  th e  k idney  tak ing  place th rough  diffusion an d  th e  partic ipa tion  of 
th e  circulatory  system . This agrees w ith  th e  results ob tained  on o ther objects 
(G e r s c h e n f e l d  an d  St e f a n i , 1968; Ca r d o t , 1964; M ir o l l i , 1968), indicating 
a t  th e  sam e tim e th a t  in  some species th e  MAO does n o t tak e  p a r t  in  th e  in 
ac tiva tion  of 5H T in th e  ganglia a t  all. This has also been evidenced b y  th e  
investigations dem onstrating  th a t  M AO-inhibition induces no increase in  th e  
ganglionic 5H T level ( K e r k u t  and  C o t t r e l l , 1963).

T he inh ibition  o f th e  enzym atic inactivation , however, resu lts in  th e  
increase of th e  5H T level only in th e  case if  th a t  is th e  single w ay of elim ination. 
The inh ibition  o f MAO in Anodonta resu lted  in  th e  increase of 5H T con ten t 
in  th e  peripheral organs. The 5HT con ten t o f th e  gangba does n o t increase, 
since th e  5H T u n inactivated  b y  MAO is ebm inated  b y  diffusion an d  circulation. 
The ra te  o f increase m ay be m uch more higher in  th e  adductors and  th e  sa
tu ra tio n  of 5H T receptors o f adductors m ay come in to  being. R eaching th e  
critical level, th e  adductors relax. However, th e  5H T n o t in ac tiv a ted  in  th e  
ganglia m ay increase also th e  active axonal tran sp o rt by  stim ulating  th e  
neurons an d  th is fu rth e r increases th e  5H T concentration o f th e  adductors. 
The restitu tion , i.e. th e  appearance o f periods o f re s t depends on th e  ra te  of 
regeneration o f MAO. The 5H T inactivation  increases depending on th e  speed 
o f regeneration o f th e  enzym e molecules an d  below a  critical 5H T level, th e  
adductors m ay again show a  tonic contraction.

The adm in istration  and  effect o f M AO-inhibitors can be in te rp re ted  in 
a  d ifferent w ay in  case of CA as in  th a t  of 5HT. Since th e  catechol-o-m ethyl- 
transferase is able to  in ac tiv a te  th e  CA no t in ac tiv a ted  by  MAO, th e  unchanged 
CA level indicates th a t  th e  centre of re s t is n o t affected b y  th e  M AO-inhibition.

The pharm acological investigations revealed a t  th e  sam e tim e th a t  
a p a rt from  th e  change o f ganglionic 5H T level, firs t of all, th e  5H T tran sp o rt 
tow ard  th e  adductors plays a  decisive role in  th e  activ ity .

According to  our assum ption, th e  fast axonal tran sp o rt existing in 
th e  nerves o f Anodonta (H e s l o p  and  H o w e s , 1972) m ay represen t th e  active 
tran sp o rt. According to  th e  d a ta  o f th e  above au thors th e  axonal tran sp o rt 
slightly  differs from  th a t  of vertebrates. This tran sp o rt is controlled and  
independent from  th e  pressure an d  concentration  gradients. I t  is inh ib ited  
b y  m uch lower concentrations of din itrophenol an d  cianid, indicating its 
m etabolic dependence. T he m ost strik ing  difference m anifests itse lf in  th e  
effect o f tem peratu re , since i t  is independent from  th e  tem peratu re  betw een 
4 an d  12° C, and  linearly  increases w ith  th e  fu rth e r increase o f th e  tem perature. 
The tem peratu re  dependence of th e  axonal tran sp o rt agrees w ith  th a t  of th e  
ac tiv ity  o f th e  fresh  w ater mussel. The investigation of seasonabty  an d  tem 
p era tu re  dependence of th e  ac tiv ity  as well as o f 5H T level (unpublished 
results) indicates th a t  under n a tu ra l circum stances th e  ac tiv ity  observed 
a t  low tem peratu res, begins to  be norm alized a t  8 —10° C, a f te r  which th e  
axonal tran sp o rt linearly  increases w ith  th e  tem perature.
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Summary

On th e  basis of an  earlier working hypothesis we investigated  w hether 
th e  pharm acological influences on th e  tran sm itte r  system s of th e  assum ed 
centres of “ac tiv ity ” and  “re s t” responsible for th e  regulation of th e  rh y th m  
of fresh w ater mussel (Anodonta cygnea L.) ac t on th e  m onoam ine levels and  
th e  periodicity  of th e  ac tiv ity . The serotoninergic system  o f th e  centre of 
ac tiv ity  was influenced by  inhibition  of synthesis (pCPA) and  th e  inactivating  
enzym e (tranylcyprom ine) b y  depletion of 5H T (Reserpine, У - I l l )  as well as 
b y  exogeneous 5HT.

The catecholam inergic system  o f th e  centre o f rest was a ltered  b y  exo
geneous dopam ine and  noradrenaline, a-m ethyl-m etatyrosine, reserpine and  
tranylcyprom ine.

Investigating  th e  periodic ac tiv ity  and  th e  m onoam ine levels, i t  was 
found:

1. The 5H T level plays a decisive role in  th e  function of th e  centre of 
ac tiv ity . The prolonged ac tiv ity  caused b y  exogeneous 5H T is a  consequence 
o f prolonged increase of 5HT level, m anifesting itse lf p rim arily  in  th e  increase 
o f th e  average length  o f active periods.

2. The ganglionic 5H T level was n o t increased b y  th e  M AO-inhibiting 
tranylcyprom ine, however, prolonged active periods and  g reat increase of 
rhy thm ic contractions were induced b y  th is d rug th rough  th e  absence of 
th e  peripheric inactivation . A fter th e  trea tm e n t th e  frequency of rh y th m ic ity  
was increased b y  decreasing th e  average lengths o f active and  re st periods.

3. The decrease o f 5H T level caused b y  pCPA  and  reserpine, resulted  
in  th e  decrease o f average length of active periods and  th e  increase of th a t  of 
th e  re st ones. The p-brom -m etam phetam ine increases m ainly th e  frequency 
o f rh y th m ic ity  th rough  a slight decrease o f 5HT level.

4. The dopam ine decreases th e  average length  o f b o th  th e  active and  
re st periods, whereas th e  noradrenaline increases th a t  of th e  inactive ones. 
T he effect of a-MMT is probably  realized th rough  th e  effect of NA an d  th e  
significant increase of th e  rest periods is caused b y  th e  liberation of NA.

5. A fter reserpine trea tm e n t th e  predom inance of th e  centre of rest 
is induced p a rtly  b y  th e  significant decrease of 5HT level and  p a rtly  b y  th e  
considerable NA level persisting because o f th e  slower depletion of NA.

6. The 5HT level in itse lf cannot determ ine th e  function of th e  centre 
o f ac tiv ity . The active tran sp o rt tow ard  th e  adductors takes also p a r t in the  
re laxation  of th e  adductors, i.e. in th e  regulation o f th e  active period. The 
decrease of 5H T level influences th e  active tran sp o rt only below a certain  
critical level.
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A  P E R IO D IK U S  A K T IV IT Á S  SZA B Á LY O ZÁ SI M E C H A N IZ M U SÁ N A K  -  
FA R M A K O L Ó G IA I V IZSG Á LA TA  T A V I K A G Y L Ó N  

( A N Ö D Ö N T Л  G Y G N E A  L .)

H ir ip i  László  

Ö ssze fo g la lá s

E g y  k o rá b b i m unk ah ip o téz isü n k b ő l k iin d u lv a  v izsgáltuk , ho g y  a  tav ik ag y ló  
(A nodonta  cygnea L .) r i tm u sá n a k  szab á ly o zásáért felelős „ a k tiv itá s i” és „n y u g a lm i” 
kö zp o n to k  fe lté te le ze tt tra n sz m itte r  rendszerének  farm ako lóg ia i befo lyáso lása h o g y an  
h a t  a  m onoam in  sz in tre  és az a k tiv itá s  period ic itásá ra . A z a k tiv itá s i k ö zp o n t szero ton inerg  
ren d sze ré t a  szero ton in  szin tézis g á tlá sáv a l (pC PA ), a  lebon tó  enzim  g á tlá sáv a l (tran il- 
eiprom in), a  szero ton in  k iü rítéséve l (reserpin , V - l l l )  és exogén  szero ton inna l befolyásol
tu k .

A  ny u g a lm i kö zp o n t ka tech o lam in erg  ren d sze ré t exogén d o p am in n a l és nor- 
ad ren a lin n a l, a -m etil-m eta-tiroz inna l, rese rp inne l és tran ilc ip ro m in n a l befo lyáso ltuk .

A  period ikus a k tiv itá s t  és m o noam in  s z in te t v izsgálva  a z t ta lá ltu k , hogy :
1. A  szero ton in  sz in t m eg h atá ro zó  szerepet já tsz ik  az a k tiv itá s i k ö zp o n t m ű k ö 

désében. Az exogén  szero ton in  á lta l  o k o zo tt ta r tó s  a k tiv itá s  a  szero ton in  sz in t nö v ek e
désének  következm énye, m ely  e lsősorban  az a k tív  periódusok  á tlag h o sszán ak  n övekedé
sében  je len tkezik .

2. A  m onoam ino-ox idáz  gátlószer tran ilc ip ro m in  n em  növeli a  ganglionáris szero
to n in  sz in te t, de a  perifériás in ak tivác ió  h iá n y á n  keresz tü l ta r tó s  a k tív  p e rió d u st és a  
r itm ik u s  ko n trak c ió k  n ag y m érték ű  növekedésé t eredm ényezi. A  kezelés u tá n  ped ig  a 
r itm ic itá s  frek v en c iá já t növeli az a k tív  és n y uga lm i periódusok  á tlag h o sszán ak  csökken
té sén  keresz tü l.

3. A  szero ton in  sz in t csökkenése pC PA  és reserp in  h a tá s á ra  az a k tív  periódusok  
á tlag h o sszán ak  csökkenését és a  ny u g a lm i periódusok  hosszának  növekedését e redm ényezi 
A  p -b ró m -m e th am p h e tam in  a  szero ton in  sz in t k ism érték ű  csökken tésén  ke resz tü l első
so rb an  a  r itm ic itá s  frek v en c iá já t növeli.

4. Míg a  do p am in  m in d  az a k tív , m in d  a  n y u g ah n i periódusok  á tlag h o sszá t 
csökken ti, add ig  a  no rad ren a lin  a  nyuga lm i p e rió d u st növeli. A z a-MMT h a tá s a  valószínű-
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leg a  N A  h a tá s á n  ke resz tü l rea lizá lód ik  és a  fe lszabaduló  N A  okozza a  ny u g a lm i periódus 
je len tő s növekedését.

6. A  reserp in  kezelés a lk a lm áv a l a  nyuga lm i k ö zp o n t tú lsú ly á t a  szero ton in  sz in t 
je len tő s  csökkenésén  tú l  a  N A  lassúbb  k iürü lése fo ly tá n  m ég  m eglevő je len tő s  N A  sz in t 
is okozza.

6. A  szero ton in  sz in t ön m ag áb an  nem  m eg h a tá ro zó ja  az a k tiv itá s i kö zp o n t m ű 
ködésének. E lső so rban  a  záróizom  irá n y á b a  tö r té n ő  a k tív  tra n sz p o rt az a  fo ly am at, 
am ely  a  záróizom  re lax ác ió jáb an , azaz az a k tív  periódus szabá lyozásában  ré sz t vesz. 
A z 6H T  sz in t csökkenése csak b izonyos k ritik u s  sz in t a la t t  befo lyáso lja  az a k tív  tra n sz 
p o rto t.
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