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Obituary

KÁLMÁN LISSÁK 1908-1982

Professor Lissák died in his 75th year on 22 June 1982 in Győr, H ungary. 
H e was the doyen o f the Hungarian physiologists, a member o f the Hungarian  

A cadem y of Sciences, and director of the In stitu te  o f P hysiology in Pécs for 

more than  three decades, editor in  ch ief o f th is journal for more than  tw o de­
cades and its praeses consilii until his death. H is death is a grievous loss to  his 

students, co-workers and m any fellow scientists all over the world. H e set 

three noble goals to  h im self for a lifelong pursuit: firm  establishm ent of exper­
im ental m ethods in  neglected areas of research in his country, introduction o f  

the highest standards o f education in  physiology, and the strengthening o f  

international scientific  connections, cooperation and friendship. His efforts

1* Acta Physiologica Hungarica 62 1983



4 KÁLMÁN LISSÁK 1908—1982

were crowned w ith  sign ificant success in  all his pursuits. H e broke ground for 

solid  and internationally  respected research work in  the fields o f neurophysiol­
ogy , behavioural physio logy  and neuroendocrinology. H is exem plary book  

of physiological practice served a h igh level o f education for generations of 

physicians in  H ungary. He was am ong the inaugurators and founders o f  noted  

in ternational societies, like the International Brain Research Organization  

(IB R O ) and IN T E R M 07G , the society  o f neurophysiologists o f  the socialist 

countries. Two w eeks before his death  w ith  gravely im paired health but un­

broken spirits he attended  and chaired a festive convention of the la tter so­
c iety  in  Moscow.

Professor L issák graduated from  th e  Medical F acu lty  o f the U niversity  

o f B udapest in  1933 and began his scien tific  career at the P hysiology D e­
partm ent o f the M edical Faculty o f th e  U niversity  o f Debrecen in  eastern  

H ungary. H is ta len ts, ten acity  o f purpose and the wise support o f his princi­

pals rendered possible for him  to  work in  the laboratories o f three outstanding  

neuroscientists o f th e  th irties, Otto Loew i in  Graz, Austria, W ilhelm Trendelen­
burg in  Berlin and W alter Cannon in  B oston . The tw o years spent w ith  Cannon 

and th e  close friendship which developed betw een them  made an ineffaceable 

im pact on him . He returned home w ith  plans to  establish basic neurophysiolog­
ical research in  H ungary. U nfortunately  these had to  he postponed until 

after th e  war. The generous support o f  the new dem ocratic state created an 

advantageous background for science. M eanwhile in  1943 he was appointed  

full professor o f p hysio logy  and director o f  the In stitu te  o f P hysiology at the  

U n iversity  of Pécs. H is continuous efforts here to  create adequate m aterial 

basis for up-to-date research work in  neurophysiology and neuroendocrinol­
ogy proved successful and reached its  clim ax around th e  fifties. W ith a team  

of fresh ly  recruited young, enthusiastic co-workers he achieved significant 

results. More than  fiv e  hundred papers, m ostly  in noted international journals 

and several m onographs were published during his leadership. H is in stitu te  

in Pécs becam e a frequented place o f  cooperative research work for team s  

com posed o f researchers from different eastern and western countries. The 

attractive personality o f  Professor Lissák helped him  to  m ake personal con­

tacts and lasting friendships all over th e  world. He m ade use o f his connections 

to obtain  scholarships and posts for his co-workers and those o f other research 

in stitu tion s in H ungary in  laboratories where th ey  could acquire adequate  

know ledge and the techn ica l skills required b y  their research.
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His achievem ents were acknow ledged by his appointem ent as vice pres­

ident o f the International P hysio logica l Society. I t  w as m ainly due to  his 

efforts th at in  1980 the international congress o f the society  was held in В uda- 

p est. His scientific  merits were honoured by m em berships in  m any scientific  

societies all over the world as w ell as w ith  decorations awarded to him  by  

his country. A fter his retirem ent in  1978 he rem ained active as a member of 

the Academ y o f Sciences and as th e  councillor o f the neurophysiological re­
search group o f th e  Academ y in  P écs. H is death m eans an irreparable loss for 

neuroscience in  H ungary.

Endre Grastyán
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EFFECTS OF DISTURBANCES OF ACID-BASE 
EQUILIBRIUM ON THE ACTIVITY OF THE RUMEN

B. Juhász, В. Szegedi

DEPARTMENT OF PHYSIOLOGY, INSTITUTE FOR ANIMAL NUTRITION, HERCEGHALOM, HUNGARY

Received Novem ber 2, 1981 
Accepted Ju ly  26, 1982

The effect on rum inal m otility  of N H 4- or N a-acetate and Na- or K -lactate  of 
various pH  and  doses infused into the jugular vein (i. v.) or carotid artery  (i. a.) was 
studied in sheep w ith  rum inal fistula

I. v. infusion of N H 4-acetate whenever i t  was accom panied by a considerable 
increase of th e  blood N H 4 level po ten tly  inhibited th e  am plitude and frequency of 
rum inal contractions. I. a. adm inistration produced more rapid  and more apparen t 
responses and a slightly elevated venous amm onia concentration th an  did th e  i. v. 
infusion. Thus the augm ented blood am m onia level no t only affected the sm ooth muscles 
and peripheral nerve endings b u t also inhibited the vegetative centres of the cen tral 
nervous system . Infusion of N a-acetate and Na- or K -lactate  solutions induced com pen­
sated acidosis or alkalosis which reduced the am plitude of rum inal contractions and 
produced resp iratory  disturbances. The la tte r  were more apparen t in  alkalosis. In  u n ­
compensated acidosis or alkalosis, rum inal m otility  was perm anently  inhibited  or 
abolished. The results appear to show th a t  in no t properly fed rum inants the frequently  
observed and long lasting compensated acidosis or alkalosis m ight influence the ac tiv ity  
of the vegetative centres thus fu rther m etabolic disturbances and im paired gastro­
in testinal ac tiv ity  m ight follow the shifts in acid-base equlibrium.

Keywords: acid-base equilibrium , rum inal m otility , N H 4-acetate, N a-lactate, 
K -lactate, rum inal fistula, rum inal contraction

Cows w ith  considerable milk production and short fed oxen consum e a 
great am ount o f  carbohydrate and protein w ith  the fodder. Under the action  
of the ruminal microflora a higher than  normal am ount o f fa tty  acids (acetic  
acid, propionic acid , butyric acid), lactic acid and am m onia are form ed by  
ferm entation. W henever there is an im balance am ong the com ponents (such  
as an inappropriate carbohydrate to  protein ratio), in  m ost instances the pro­
duction o f am m onia and lactic acid and in  particular cases the am ount o f  
butyric acid increase in  the rum inal juice due to  incom plete ferm entation.

Earlier we have exam ined th e  effect on rum inal m otor activ ity  o f am m o­
nium  com pounds and found th at th e  absorbed am m onium  ion inhibited the

Correspondence should be addressed to 
Balázs J u h á s z ,
D epartm ent of Physiology, Institu te  of Animal N utrition,
H-2053, H erceghalom , H ungary
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m otor activ ity  of th e  'u m en  b y  affecting th e  sm ooth muscle cells and nerve 
term inals [4, 5]. Further studies th en  ind icated  the absorbed am m onia m ight 
alter th e  gastrointestinal m otor a c tiv ity  b y  interfering w ith  cellular m etabo­
lism  or through an action  exerted on th e  autonom ous m otor centres o f  the  
central nervous system  [10, 11]. E ven  so th e  disturbances o f  th e  acid—base 
equilibrium  per se m ight also alter th e  m otor a ctiv ity  o f th e  rum en [1, 2, 12, 
13, 16]. The large am ount o f absorbed am m onia attains a high blood level and 
affects cellular m etabolism . This holds true prim arily for th e  neural cells which  
are sensitive to am m onia. The volatile  fa tty  acids and lactic  acid set free m ay  
also lead  to  acute or chronic acidosis depending on the rate o f their form a­
tio n  [6, 7, 15]. In  th is  case com pensated acidosis develops w ith ou t overt clini­
cal signs but by exerting an overall noxious effect on the interm ediary m etab­
olism  it  results in  decreased m ilk production and reduced grow th rate o f  the  
b o d y  m ass, and later in  severe d igestive and m etabolic disorders [6, 7, 8, 
9, 1 4 ].

The purpose o f  the present study w as to  investigate the effect on  rum i­
nal m otility  of high blood levels o f am m onia induced b y  the infusion o f  var­
ious salts (N H 4- and N a-acetate; Na- and K -lactate), of organic acids (acetic  
acid, lactic acid) and o f com pensated and uncom pensated disturbances o f the  
acid—base equilibrium .

Materials and methods

Rum en fistula (J a rre t)  was created in  six sheep weighing 40-50 kg. P las tic  catheters 
were inserted into the carotid  artery  and jugular vein  for the continuous infusion of N H 4- and 
N a-aceta te , Na- and K -lactate  using an infusion appara tu s (K utesz 5150). The concentration 
and  volum e of the infused solutions, the ra te  of infusion, the route and tim e of adm inistration  
and th e  blood collection periods are shown in the figures. Rum inal m otility , changes in am pli­
tu d e  and  frequency were m onitored by a sensitive M arey’s drum  connected to  a rubber balloon 
in troduced  into the rum en via the fistu la and recorded on a kym ograph d riven  a t a speed of 
40 m m /m in. (Figures 1-5 are reduced to  2.5 of the ir original size.) Param eters o f  the acid-base 
balance were estam inated by  the A strup technique: in  the blood samples collected a t appropriate 
tim es amm onia was m easured [3] and N a+ and K + concentrations were determ ined by flame 
photom etry . A t the com m encem ent of all studies the  anim als were infused in travenously  (i. v.) 
or in traarteria lly  (i. a) w ith  physiological saline and the resting values were determ ined.

Results

Earlier we have show n [4, 5, 10, 11] th a t  am m onia reduces the rum inal 
contractions by its local effect on the m ucosa. Considering its  to x ic  effect one 
m ay conclude th a t the high blood am m onia, level by inhibiting the au ton o­
m ous centres of the m edulla oblongata, m ight suppress rum inal m o tility  [10] 
through a central site o f  action. W ith an increased uptake o f protein and N P N  
(urea) substances the suppression m ight further aggravate the d igestive and 
m etabolic disorder [11]. In addition, a certain shift was observed in  the ac id -

Acta Physiologica Hungarica 62, 1983



ACID-BASE EQUILIBRIUM ON THE RUMEN ACTIVITY 9

Fig. 1. Infusion of N H  ,-acetate solution into the jugular vein (i.v.). pH  of the solution: 7.30; 
concentration of th e  solution: 0.5 mol/1; infusion ra te : 1.36 mmol/min; duration: 9 min; tim ing: 
1 m in (bottom  line); arrow indicates the s ta rt of infusion (A). A  R um inal m otility  prior to 
infusion. В  R um inal m otility before term inating  the infusion. C R um inal m otility  10 m in 
after the end of infusion. N H 4 concentration  in  carotid  blood: 0.10 mmol/1; (A); 0.62 mmol/1

(B ); 0.7 mmol/1 (C)

base balance [10]. Therefore further studies were carried out and now w e re­
port on their  results.

Figure 1 shows the effect o f i.v . adm inistered N H 4-acetate, pH  7.3. It  
is seen th a t as soon as the N H 4 concentration had reached 0.60 mmol/1 in  
carotid blood, ruminal m otility  practically ceased (B). The effect developed in  
6 -8  m in and after term ination o f infusion the m otility  was rapidly (9 min) 
restored (C) w ith  sim ultaneous norm alization o f the blood N H 4+ level [5, 10].

Acta Physiologica Hungarica 62, 1983



10 В. JUHÁSZ and В. SZEGEDI

Fig. 2. Infusion of N H 4-aceta te  solution into th e  carotid artery  (i.a.) pH  of the solution: 7.30; 
concentration  of the solution: 0.5 mol/1; infusion ra te : 1.36 mmol/min; duration: 9 min. A  R um ­
inal m otility  prior to infusion. В  Ruminal m otility  before term inating  the infusion. C Rum inal 
m otility  10 min after the end of infusion. N H 4 concentration in jugular blood: 0.09 mmol/1 (A);

0.41 mmol/1 (B ); 0.18 mmol/1 (C)

Figure 2 represents the effect o f  an i.a. infusion of N H 4-acetate. Soon  
(4 -6  m in) after its start the in tensity  and frequency of rum inal contractions 
were m arkedly reduced, tachypnoea developed and then rapid and deep insp i­
rations appeared (В).  The blood am m onia concentration was considerably  
increased in the jugular blood (B)  and after its decrease the disturbed m otil­
ity  o f  th e  rumen did n o t cease but persisted for 20-25  m in. This period was 
characterized by a dim inution o f contractile forces and atypical contrac­
tio n s  (C).
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Fig. 3. Infusion of N a-aceiate solution i.v.: pH  of the solution: 7.30; concentration of the 
solution: 0.5 mol/1; infusion t\.to : 1.36 mmol/min; duartion: 18 min. A  Rum inal m otility  prior 
to  infusion. В  R um inal m otility  before term inating  the infusion. C R um inal m otility  10 min

after the end of infusion. 
A cid-base param eters in carotid blood:

A В C
pH 7.46 7.39 7.37
St.bic.* 38 mmol/1 32 mmol/1 42 mmol/1
P C 0 2 5.23 kP a 4.22 kPa 6.18 kP a
BE** +  3.4 +  1.1 +  2.8
BB*** 33 mmol/1 39 mmol/1 39 mmol/1

* S tandard bicarbonate
** Base excess 

*** Base buffer

The infusion o f ammonium  acetate into the jugular vein  or the carotid  
artery reduced the rum inal contractions w henever the blood N H 4 level exceeded
0.4 m m ol/1. Upon i. v . adm inistration th is effect developed slower but disap-
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Fig. 4. Infusion of N a-acetate solution i.a.: pH  of th e  solution: 7.30; concentration of the 
solution: 0.5 mol/1; infusion ra te : 1.36 m m ol/min; du ration : 14 min. A  R um inal m otility prior 
to  infusion. В  Rum inal m otility  before term inating th e  infusion. C R um inal m otility 10 min

after the end of infusion.
Acid—base param eters in  jugu lar blood:

A В C
pH 7.40 7.36 7.46
St.bic. 42 mmol/1 38 mmol/1 44 mmol/1
P C 0 2 6.12 kP a 5.10 kPa 5.51 kPa
B E + 6 .3 +  4.2 + 4 .2
BB 28 mmol/1 32 mmol/1 37 mmol/1

peared faster; upon i. a. infusion the effect appeared earlier and disappeared  
la ter and the respiration was also m arkedly altered.

Earlier we have studied  the im balance o f  acid-base equilibrium  by sheep  
[8, 15]. From th is experim ents appeared to  support the v iew  th a t the shift of 
th e  acid-base im balance m ight perse affect th e  ruminal contractions. To clarify  
th is problem acidosis or alkalosis was induced by infusions.
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Fig. 5. Repeated infusion of N a-acetate solution i.v.: concentration of the solution: 0.5 mol/1; 
infusion ra te : 1.36 m m ol/m in; duration: 4 x 1 0  m in in intervals of 10 min. A  Rum inal m otility  
prior to  infusion. В  R um inal m otility before term inating  the infusion. C Rum inal m otility

10 min after th e  end of infusion.
A cid-base param eters in carotid blood:

A В C
рИ 7.49 7.37 7.46
St.hie. 31 mmol/1 24 mmol/1 29 mmol/1
P C 0 2 5.45 kPa 4.26 kPa 6.65 kPa
BE +  7.2 mmol/1 +  1.7 mmol/1 +  3.6 mmol/1
BB 42 mmol/1 54 mmol/1 48 mmol/1

Figure 3 shows th e  effect o f N a-acetate solution pH  7.30 adm inistered  
b y  th e  venous route. S ix  to  seven m in after the onset o f infusion the am pli­
tudes o f the rum inal contractions were sligh tly , whereas their frequency consid ­
erably, reduced ( В).  After term ination o f the infusion the effects persisted  
in  m itigated  form for 15 min (C).  In th e  blood there was a com pensated aci­
dosis w ith  detectable signs even 15—20 m in after the infusion.
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Fig. 6. R um inal m otility before th e  studies. Timing 1 min 
A cid-base param eters in jugular blood:

Normal values: Blood pH : 7.44;
St.bic.: 22.9 mmol/1; P C 0 2: 4.44 k P a ; B E : + 1 .4  mmol/1; B B : 42.0 mmol/1

Figure 4 illustrates the effect o f th e  i.a . adm inistration o f the same solu­
tio n . I t  is seen th a t th e  response occurred rapidly (3 -4  m in; earlier than  in  
F ig . 3) and showed alm ost the same pattern  as after an i.v . infusion. The 
pow er o f contractions was hardly altered, but their frequency was m arkedly  
decreased. 3 -5  m in after term ination o f th e  infusion—i.e. faster than in F ig. 3 
—th e  effect van ished  (C).

In  a further series of studies we exam ined the effect on the acid-base  
equilibrium  and rum inal m otility  o f i.v . infusions adm inistered repeatedly in  
short intervals.

Figure 5 dem onstrates th at in response to  the infusions the contractions 
w ere m arkedly decreased and becam e irregular. R espiration increased both  
in  volum e and frequency, and occasionally b y  deep inspirations occurred ( В). 
A  com pensated acidosis developed ( В)  and its restoration took  a long period. 
A fter term ination o f th e  infusion (20-30  m in), ruminal m otility  was increased, 
breathing becam e quiet and deep inspirations were less frequent. Norm al 
conditions were re-established 35-40  m in after term inating th e  infusions.

Under norm al conditions m ean N a + concentration in  the blood was 
142 m m ol/1, w ith  a range of 134-152 m m ol/1. During infusion including the  
repeated i.v . infusions the blood N a + leve l exceeded the h ighest normal value  
in  no case. A ctually , th is  was expected since the intake o f N a + b y  the infusion  
w as 0 .5 -0 .7  m m ol/m in considering th a t during the 10—15 m in the to ta l N a + 
in tak e am ounted to  5 .0 -7 .5  mmol. D uring 4 infusion periods o f 10 min each, 
N a + intake was 20—28 mmol. Taking in to  account the low  intake, th e  fast 
distribution  and excretion of N a + it  seem ed plausible th a t no hypernatraem ia  
had developed in  either study (Figs 3, 4 and 5).

In a further series o f exam inations th e  effect o f Na- and K -lactate was 
te sted . After a high intake o f carbohydrates (cellulose, starch, etc.) a consid-
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Fig. 7. Infusion of N a-lactate into the carotid  artery. pH  of the solution: 4.54; in fusionrate 
1.48 mm ol/min; duration : 10 min. A  R um inal m otility  prior to  infusion. В  R um inal m otility 
before term inating  th e  infusion. C Rum inal m otility  10 m in after the end of infusion.

A cid-base param eters in  jugular blood on term ination  of the infusion: 
pH : 7.36; St.hic.: 22.1 mmol/1; P C 0 2: 5.20 kP a ; B E: — 2.6 mmol/1; BB: 41.2 mmol/1

erable am ount o f  lactic acid can be produced in  tbe rumen. The infusions 
were adm inistered on ly  by i.a. route.

Figure 6 shows a normal tracing. The com plex m ovem ents o f the rumen  
which usually  consist o f 3 or occasionally 4 contraction w aves are separated  
well. T hey start w ith  a biphasic contraction o f the reticulum  (Re) follow ed by  
the readily separated actions of the dorsal and later b y  the ventral sac o f the  
rum en (Ru). On changing the location  o f the balloon the intense contractions 
of th e  reticulum  are occasionally more apparent (last w ave). The interval 
betw een the contractions is usually 1—1.5 min (tim ing lower line). Before the  
onset o f  rum inal contractions, breathing had becom e less frequent and deeper.

Figure 7 indicates the effect o f  the strongly acidic (pH  4.54) N a-lactate  
solution  (0.5 m ol/1) infused i. a. Two to  three min after the start o f the infusion  
the m ovem ents m arkedly dim inished in  am plitude: the contractions becam e 
faster and irregular, and the breathing slower. The venous pH  decreased and

Fig. 8. Infusion of K -lactate into the carotid  artery . pH  of the solution: 6.95; infusion 
ra te  1.48 mmol/min; duration: 10 min. A  R um inal m otility  prior to  infusion. В  Rum inal 
m otility  before term inating  the infusion. C R um inal m otility 10 min after the end of infusion. 

Acid—base param eters on the term ination of infusion: 
pH : 7.45; St.bic.: 24.4 mmol/1; P C 0 2: 4.00 kP a ; BE: —J— 0.2 mmol/1; BB: 46.6 mmol/1
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com pensated  acidosis developed. Serum N a +-concentration w as 143 to  151 
m m ol/1 during the stu d y .

Figure 8 dem onstrates rum inal conctractions after i.a. infusion of neutral 
(pH  6.95) K -lactate (0.5 m ol/1) solution. Several m inutes after onset o f the  
in fu sion  the breathing becam e more frequent, th e  rum inal contractions were 
in  pow er reduced (w ave 1), th en  irregular responses occurred (w ave 3). Breath­
ing  becam e interm ittent and slower and high-am plitude inspirations appeared. 
The tracing reflects the frequent breathing and not the rum inal m otility . The 
norm al m ean serum K + leve l was 4.5 mmol/1 (3.8 to  5.6) during the study. 
A s th e  blood values show , in  response to  neutral K -lactate a com pensated  
alkalosis developed w hich in  addition to the inhibition  o f the rum inal m otility  
p o ten tly  affected the breathing.

Discussion

Infusion of N H 4-acetate into the carotid artery (i.a.) tow ard the central 
nervous system  or in to  th e  jugular vein  (i.v.) w as followed b y  a 5- to  10-fold 
increase in  the blood N H 4 level and a m arked reduction o f rum inal m otility .

The infusion o f N a-acetate  or Na- or K -lactate solutions i.v . or i.a. also 
affected  the rum inal m o tility . An analysis o f th e  responses revealed th at the  
com pensated acidosis or alkalosis differentially affected the frequency and 
am plitude of the rum inal contractions depending on the dose, pH , infusion  
tim e and route o f adm inistration. N H 4+ w hether adm inistered i.v . or i.a. 
m arkedly reduced th e  frequency and am plitude o f  rum inal m otility . After 
carotid  infusion the responses occurred more rapidly and persisted longer 
th a n  after infusion i.v . The infusion o f neutral N a-acetate solution caused mild  
acidosis and dim inished the amplitude of rum inal contractions; carotid in ­
fu sion  elicited less apparent but more rapid responses than  the jugular infusion. 
A severe acidosis p o ten tly  suppressed the rum inal m otility  and also m arkedly  
affected  the am plitude and frequency o f contractions. I. a. adm inistration of  
an acidic N a-lactate so lu tion  produced acidosis. The responses were identical 
w ith  th ose  elicited b y  N a-acetate. The i.a . in fusion  o f neutral K -lactate solu­
tio n  caused a mild alkalosis, in term ittent breathing and weak, irregular rum i­
nal contractions.
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The capillaries were studied in tenotonized hum an m uscles after tenotom y or 
spontaneous rup tu re  of the tendon. The m ean capillary area was n o t significantly dif­
feren t in  the patien ts w ith tenotom y, or w ith  spontaneous ru p tu re  of th e  tendon, as 
compared to in tac t muscles. The m ean basem ent mem brane a rea  as a percentage of 
to ta l capillary area was significantly larger and the size capillary  lum en significantly 
smaller in the injured th a n  in the in tac t muscles. The alterations of the capillaries were 
tim e-dependent.

Keywords: muscle capillary, tenotom ized hum an muscle, spontaneous rup tu re  
of the tendon, m ean capillary area, basem ent mem brane area, in jured  muscle, in tac t 
muscle.

Changes o f the capillaries have been studied ex ten siv e ly  in d iabetes [6, 
10, 11], atherosclerosis [1, 8], gout [2], in inflam m atory m yopathies [3] and  
in  acute anoxic hypoxia  [4]. Still, th e  cause o f the changes and especially  of 
the thickening, of the basem ent m em brane has escaped detection .

In a previous report we have described changes o f the capillary density  
of hum an muscles after tenotom y [5] and spontaneous rupture of the tendon. 
The obliteration o f the capillaries was particularly pronounced in the am ount 
of anastom oses. To our knowledge, there has been no detailed  study o f the  
capillary ultrastructure or o f the q u antitative changes o f  muscle capillaries 
in patients w ith ten otom y or w ith spontaneous rupture o f  the tendon.

Materials and methods

Group I  (tenotomized muscles)
Specimens were obtained from the in jured  muscle and from  th e  surrounding in tac t 

muscle in  24 cases during surgical reconstructive procedure 3 to  12 weeks after tenotom y.

Group I I  ( muscles with spontaneous rupture o f  the tendon)
Specimens were excised from  the in jured  muscle and the identical contralateral in tac t 

muscle in  20 cases during reconstructive operations 4 days to 8 weeks after spontaneous ru p ­
tu re  of the tendon of the biceps brachii muscle. The clinical data  of th e  patien ts are summarized 
in Tables I and II .

Correspondence should be addressed to 
László JÓZSA,
N ational Institu te  of T raum atology, 
H-1088 Budapest, Baross u. 23, H ungary
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The muscle pieces were im m ediately trim m ed and fixed in 2%  osm ium tetroxide buf­
fered  according to Millonig, and em bedded in  D urcupan ACM (Fluka). Sem ithin and u ltra th in  
sections were cut w ith R eichert OM U2 ultram icrotom e, and the sem ithin sections were stained 
w ith  toluidin blue and th e  u ltra th in  sections w ith uranyle acetate and lead  citrate. The u ltra - 
th in  sections were exam ined and photographed by  JE O L  100 C electron microscope. T hecapil- 
laries detected were photographed a t  a prim ary m agnification of 3800 or 5000 depending on 
th e  size. P lanim etry according to W illiamson e t al. [12] was used to  m easure in each capillary 
th e  to ta l capillary area, the basem ent m em brane area, endothelial and  lum inal areas. The 
resu lts  will be given in percentages of the to ta l capillary area. The num ber of capillaries in 
re la tion  to  the num ber of muscle fibre was calculated from sem ithin sections. In  each biopsy, 
400 muscle fibres w ith capillaries in contact were estim ated.

Table I

Clinical and pathological data o f tenotomized patients

Age Sex Time after 
tenotomy

Injured Intact

muscle

24 F 3 hours M. flexor carpi rad. M. palm aris long.

29 M 6 hours M. flexor pollic. long. M. flexor carpi rad.

37 F 5 hours M. flexor carpi rad. M. palm aris long.

23 M 6 days M. flexor carpi uln. M. flexor digit, suhl.

27 M 7 days M. flexor carpi uln. M. palm aris long.

28 F 28 days M. gastrocnemius M. p lantaris

27 M 27 days M. flexor carpi uln. M. palm aris long.

25 M 25 days M. flexor digit, subi. M. flexor digit, prof.

47 M 24 days M. flexor pollic. long. M. flexor digit, subi.

33 F 22 days M. ext. digit. M. extens. pollic. brev.

27 F 29 days M. adduct, pollic. M. extens. pollic. brev.
41 M 23 days M. biceps hrachii M. brachialis

16 M 28 days M. extens. digit. M. extens. pollic. brev.

34 M 26 days M. flexor digit, subi. M. flexor digit, prof.

45 M 24 days M. flexor pollic. long. M. palm aris long.

45 F 22 days M. tibialis ant. M. extens. digit, long.

24 F 8 weeks M. flexor carpi uln. M. palm aris long.

31 M 7 weeks M. flexor carpi uln. M. palm aris brev.

28 F 9 weeks M. flexor digit, suhl. M. flexor digit, prof.

45 M 12 weeks M. flexor pollic. long. M. palm aris brev.
34 M 6 weeks M. flexor digit, subi. M. flexor carpi rad.
41 M 11 weeks M. flexor digit, subi. M. opponens pollic.

24 F 8 weeks M. flexor carpi uln. M. palm aris long.
42 M 8 weeks M. flexor carpi rad. M. parlm aris long.
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Table П

Patients with spontaneous rupture 
o f biceps muscle tendon

A g e Sex
Time after 
spontaneous 

rupture of tendon

46 M 14 days
51 M 15 days
41 M 10 days
44 M 15 days
31 M 11 days
43 M 4 days
32 F 12 days
28 M 12 days
43 M 13 days
52 M 8 days
41 M 9 days
28 M 18 days
36 F 21 days
31 M 21 days
43 M 23 days
47 M 8 weeks
52 M 6 weeks
52 M 8 weeks
34 F 6 weeks
39 F 7 weeks

Results

The m ean to ta l capillary area, consisting o f the com bined areas o f  the  
basem ent m em brane, endothelial cells and capillary lum en, was not sig n ifi­
can tly  different after tenotom y (43.2 +  12.4 /im 2) and spontaneous rupture 
of the tendon (41.9 +  13.1 /лп2) from  th a t o f  intact m uscles (m ean 42.7 +  
+  10.8 Цm2 and 44.2 ^  H -6  /<m2, respectively).

The m ean basem ent m em brane area, as a percentage o f  the to ta l cap il­
lary area was sign ificantly  larger, and th e  capillary lum en was sign ificantly  
sm aller in  th e  tenotom ized m uscles and in  the m uscles w ith  spontaneous 
rupture o f the tendon, than  in  in tact m uscles. No significant change was found  
in  the area occupied by the endothelial cells. The changes o f  the capillaries 
were tim e-dependent: 1-7  days after ten otom y or the spontaneous rupture o f  
the tendon no differences could be found in  the mean basem ent m em brane
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Table ПТ

Capillary size

Mean total 
capillary area 

(Л m2

Mean basement 
membrane 
fraction of 

capillary area
%

Mean luminal 
fraction of 

capillary area
%

Mean endothelia 
fraction of 

capillary area
%

Group I
Tenotomized muscles

<  7 days (n =  5) 43.8 ± 10 .2 30.1±6.5 43.9±7.4 26 .0±6.2
>  7 days (n= 19 ) 43.0±12.8 50.5±6.1 * 17.8±5.9* 31 .7±8.3

Group II
M. biceps brachii (injured)

<  7 days (n =  1) 43.2 30.4 46.3 23.1
>  7 days (n= 19) 41.8±13.2 46.6±7.7* 21.6±9.3* 31.8±9.2

In tac t muscles (n= 24 ) 42.7±10.8 28.2±4.7 44.1 ±6 .5 27.7±3.9
In tac t contralateral m. biceps (n =  20) 44.2±11.6 29.8±6.7 45.2±7.3 25.0±4.7

* p <  0.01 vs. contro l muscles

Table IV

Time-dependent alterations o f capillaries

Mean basement 
Capillary/ membrane fration 

muscle fibre of capiUary area
ratio о//0

Mean luminal 
fraction of 

capillary area
%

Mean endothelial 
fraction of 

capillary area
%

In tac t muscles (n= 24) 1.8 /1 28.2±  4.7 44.1 ±  6.5 27 .7±  3.9
In ta c t biceps muscles (n = 2 0 ) 1.74/1 29.8±  6.7 45.2 ±  7.3 25 .0±  4.7
W ithin 1 day after in jury  (n = 3 ) 1.76/1 28.9 ±  7.6 44.9 ±  6.8 26 .2±  6.1

4-7  days after injury (n = 3 ) 1.3 /1 29.8±  9.1 40.2±10.4 30 .0±  8.6
8-15 days after in jury  (n = 1 0 ) 0.83/1* 38.3 ±  7.2 33 .4±  8.4 30 .3±  9.6

18-30 days after injury (n = 1 5 ) 0.58/1* 50.6± 8.5* 20.6 ±  6.4* 31.8 ±  6.6
]/> 30 days after injury (n = 1 3 ) 0.51/1* 5S.3±11.6* 18.6±  7.7* 26.1±10.1

* p <  0 .01 vs. control muscles

area and the m ean size o f the capillary lum en betw een the intact and the  
injured muscles (Tables I I I  and IV). In  th e  arterioles and venules no altera­
tions were found h isto logica lly  and ultrastructurally.

The capillary/m uscle fibre ratio decreased rapidly and after tw o weeks 
the number of capillaries in  the injured m uscles was on ly  one half o f  th a t in
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th e  in tact m uscle. U ltrastructural analysis revealed several changes in  the  
capillaries of the injured m uscles th a t were not present in  th e  intact m uscles. 
The m ost prom inent and constant finding was a severe th ickening of the b ase­
m ent m em biane. A nother com m on feature was an increase in the num ber 
of the collagen fibres around th e  capillaries and also a sw elling of endothelial 
cells. The endothelial cells contained p inocytotic vacuoles in  great numbers 
and frequently protruded into the capillary lum en.

Discussion

According to  R égnault et al. [9] a 10 to  15% increase in  basem ent m em ­
brane width m ay develop w ith  age. Thickening o f th e  capillary basem ent 
mem brane occurs beside diabetic angiopathy [6, 10, 11], in  m any other con ­
d itions such as gout [2], obliterating arteriosclerosis [1, 8, 9], m yopathy  
[7], and inflam m atory diseases [3]. In  tenotom ized m uscles not only a de­
crease of capillary density  [5]has been found but also degenerative changes, 
th ickening of th e  basem ent m em brane and narrowing o f  the lumen. These  
alterations develop rapidly in injured m uscles, and the cause of the reduced  
flow  m ight be at the level o f muscle microcirculation.
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Prolyl-leucyl-glycinamide (PLG) and its substitu ted  and protected analogues 
were tested  on the steady-state  level of noradrenaline (NA), dopamine (DA) and sero­
tonin (5-HT) in various brain  areas. The tripeptides were structurally  modified a t  th e  
N -term inal proline residue either by protection  w ith  benzoxycarbonyl (Z group) or by  
tertiary butyroxycarbonyl (BOC), or by substitu tion  w ith  homoproline (Н РЙ О ). C- 
term inal m odification was performed by  substitu tion  of the amino group of glycine 
(GLY—N H 2) by  m ethylester (GLY— OMe). The p aren t molecule (PLG) increased th e  
5-HT content in the stria tum  and the NA and DA levels in the dorsal hippocam pus. 
N -term inal protection by  Z-group resulted in a loss of these effects. S triatal effects 
re-appeared if a m ethylester group was introduced in  the C-terminal glycine. S ubstitu ­
tion of the N -term inal w ith H PR O  or th a t of the C-terminal amine group by  OMe 
resulted in  a tendency to  increase the 5-HT level in  the hypothalam us.

Keywords: prolyl-leucyl-glycinamide, noradrenaline, dopam ine, serotonin, b rain  
monoamines

PLG is the first hypothalam ic peptide w hich w as show n to  have direct 
central nervous system  effects. PLG has been isolated  b y  Nair et al. [12] and  
suggested to be the inh ib iting factor o f m elanocyte stim ulating hormone [3]. 
The tripeptide potentiated  the behavioural effects o f D O PA  and oxotrem orine  
in  rats [13]. These and other data led to  th e  hypothesis th a t PLG m ight be 
beneficial in hum an parkinsonism  [7]. In  addition to  these effects the tripeptide  
affects learning processes by delaying the extin ction  o f an avoidance task  [21], 
restoring the am nesia induced b y  purom ycin [4] or b y  electroconvulsive  
shock [10]. PLG and structurally sim ilar tr i-a n d  dipeptides affect also to ler­
ance to  and dependence on narcotic analgesics [2 ,1 1 ,1 9 , 22]. Since neurotrans­
m itter m echanism s are involved  in all the above described CNS processes, the  
question has been raised w hether PLG affected neurotransm ission in  the
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brain [5, 9, 14, 15]. I t  seem s that the tripeptide facilitates dopam ine turnover  
m ainly  in  the neostriatum  [16, 20].

Since the effects o f  the tripeptide b oth  on learning processes as well as 
on CNS neurotransm itter m echanisms are rather m odest, it  has been attem pted  
to  im prove these effects b y  m odifying th e  structure o f PLG . This strategy has 
succesfully  been applied  for other peptide horm ones (for review , see T elegdy, 
[18]). In  the present paper the effect o f  structurally m odified  and protected  
analogues o f  PLG w ill be described on th e  steady-state level o f N A , D A  and 
5 -H T  in  different brain parts.

Materials and methods

Male CFY ra ts weighing 150-200 g were used in  all experiments. Five ra ts  per cage were 
k ep t under artificial illum ination  (light betw een 6.00 a.m. and 6 p.m .) and food and tap  w ater 
ad libitum . The animals were anaesthetized w ith  sodium  pentobarbital (N em butal®  40 mg/kg) 
and the ir skull was exposed by  a midline incision. A polyethylene cannula was placed into the 
righ t la tera l ventricle a t  least one week before sta rtin g  the experim ents, and fixed to  the skull 
b y  stainless steel screws a n d  dental acrylic. T reatm en ts were given intracerebroventricularly  
(icv) v ia  the chronically im plan ted  cannula. T h irty  m inutes la ter the anim als were sacrificed by 
decapitation . The brain  was rem oved and dissected im mediately by th e  m ethod of Baum gar- 
ten  e t al. [1] into the following regions: hypothalam us, mesencephalon, stria tum  and dorsal 
hippocam pus. Localization of the tip  of the cannula was controlled a t  dissection. B rain parts 
were homogenized in a m ix tu re  of 5 ml n-butanol and  700 /Л 10~г М HCl and assayed for endog­
enous monoamines (NA, DA and 5-HT) by the fluorim etric method of Jacobow itz and R ichard­
son [6] as modified by Szabó e t al. [17].

The tripeptides were synthetized by one of the authors (L. B.) except for PLG  (R ichter, 
B udapest) which was used as a reference substance. Tripeptides were dissolved in  physiolog­
ical saline containing 1% ethanol. An am ount of 100 ng dissolved in  a volum e of 2 fA was 
injected. Control ra ts  received the same am ount of vehicle.

R esults were expressed as nmol transm itter/g  w et weight tissue. S tatistical analysis was 
perform ed by S tudent’s i-test. A probability of 0.05 was set as th e  threshold of statistical 
significance.

Table II

E ffect o f PLG analogues on the steady state level o f dopamine in  the striatum

Peptides Saline Peptide P

Pro-L eu-G ly-N H 2 46.50±1.76* (22) 48.31±2.03 (18) NS
Z -P ro -L eu -G ly -N H 2 44.32±1.04 ( 9) 48.17±2.02 (10) NS

Z-Pro-Leu-G ly-O M e 44.59±2.06 (11) 42.39±1.72 (13) NS

H pro-L eu-G ly-N H  2 55.94±2.35 (10) 58.68±2.35 (10) NS

Z -H  p ro-L eu-G ly-N H  2 55.94±2.35 (10) 62.30±3.72 (10) NS
BO С-H pro -L eu -G ly -N H  2 48.24±2.22 (12) 46.87±2.02 (12) NS

* mean ±S.E .M . (nmol/g)
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Table I
Effect o f PLG analogues on the steady-state level o f noradrenaline and dopamine in  the dorsal hippocampus

Peptides
Noradrenaline Dopamine

saline peptide P saline peptide P

Pro-Leu G ly-N H 2 1 . 0 0 ± 0 . 0 6 * ( 2 1 ) 1 . 3 0 ± 0 . 0 6  ( 1 9 ) 0 .0 1 3 . 4 5 ± 0 . 1 8 ( 2 1 ) 4 . 6 5 ± 0 . 2 8  (2 0 ) 0 .0 1

Z -P ro-L eu-G ly-N H  2 1 . 2 1 ± 0 . 0 6  (1 0 ) 1 . 2 9 ± 0 . 0 9 (  9 ) NS 4 . 8 0 ± 0 . 3 7 ( 1 0 ) 5 . 4 1 ± 0 . 4 2 (  9 ) NS
Z-Pro-Leu-G ly-O M e 1 . 0 1 ± 0 . 1 0  (1 4 ) 1 . 1 5 ± 0 . 0 7  ( 1 3 ) NS 3 . 3 7 ± 0 . 2 2 ( 1 4 ) 3 . 8 6 ± 0 . 5 4  (1 3 ) NS
H p  ro -L eu-G ly-N H  2 1 . 3 0 ± 0 . 0 6  (  9 ) 1 . 6 0 ± 0 . 1 2 (  9 ) NS 4 . 4 4 ± 0 . 2 2  (1 0 ) 5 . 0 1 ± 0 . 4 3 (  9 ) NS
Z -H pro-L eu-G ly-N H  2 1 . 3 0 ± 0 . 0 6  (  9 ) 1 . 5 6 ± 0 . 0 8  (  9 ) 0 .0 5 4 . 4 4 ± 0 . 2 2  ( 1 0 ) 5 . 0 5 ± 0 . 3 1  (1 0 ) NS

В 0  C—Hpro-Leu-G ly-O M e 0 . 9 5 ± 0 . 1 2  (1 1 ) 0 . 9 5 ± 0 . 1 2 ( 1 1 ) NS 4 . 7 3 ± 0 . 8 2  (1 1 ) 3 . 8 6 ± 0 . 9 3  (1 2 ) NS

* mean ±S .E .M . (nmol/g)
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Table 1П

Effect o f PLG analogues on the steady state level o f noradrenaline and dopamine in  the hypothalamus

Peptides
Noradrenaline Dopamine

saline peptide P saline peptide P

Рго-L eu-G ly-N H  g 8.98±0.30* (20) 9.57±0.30 (18) NS 9.73±0.72 (20) 10.31±0.72 (19) NS
Z -P ro-L eu-G ly-N  H 2 8.91 ± 0 .45  (10) 8 .6 4± 0 .32 ( 9) NS 9.53±1.05 ( 9) 8 .74± 0 .80 ( 9) NS
Z-Pro-Leu-G ly-O M e 9.16±0.59 (14) 10.40±0.40 (11) NS 9.24±0.67 (14) 6.70±0.71 (11) 0.02
H pro-Leu-G ly-N H g 9.95±0.39 (10) 10.32±0.67 (10) NS 10.16±0.42 (10) 10.35 ±0.65 ( 9) NS

Z -H pro-L eu-G ly-N H  2 9.95±0.39 (10) 11.28±0.44 (10) 0.05 10.16±0.42 (10) 11.10± 0.37( 9) NS
BOC-H pro-Leu-G Iy-OM e 9.19±0.48 (11) 9.25±0.48 (11) NS 9.52±1.25 (12) 9.08±1.42 (12) NS

m ean ±  S.E.M. (nmol/g)
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Table IV

Effect o f PLG analogues on the steady level o f noradrenaline and dopamine in the mesencephalon

Peptides
Noradrenaline Dopamine

saline peptide P saline peptide P

Pro—Leu—G ly-N H  g 2.90±0.12* (19) 2.83±0.15 (21) NS 6.80±0.31 (21) 6.46±0.39 (20) NS
Z -Pro-L eu-G ly-N H  2 3.72±0.12 (10) 3 .64± 0 .10 ( 9) NS 7.44±0.46 (10) 8.68±0.59 (10) NS

Z-Pro-Leu-G ly-O M e 2.97±0.12 (12) 2.87±0.14 (13) NS 6.41±0.39 (13) 7.47±0.39 (13) NS
H pro-L eu-G ly-N H  2 3.61±0.24 ( 8) 4 .4 3 ± 0 .2 4 ( 9) 0.05 7 .77± 0 .20 ( 8) 7 .90± 0 .20( 9) NS

Z -H pro-L eu-G ly-N  H 2 3.61 ± 0 .24  ( 8) 3.78±0.18 (10) NS 7 .77± 0 .20( 8) 8.22±0.26 (10) NS
В 0  C-H pro-Leu-G ly-O M e 4.14±0.59 (11) 3.19±0.24 (11) NS 6.92±0.83 (12) 6.44±0.74 (10) NS

* mean ±S .E .M . (nmol/g)
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R esults

PLG  sign ificantly  increased both  N A  and D A  levels in the dorsal h ip­
pocam pus. NA content was also increased b y  Z-H pro-Leu-G ly-NH .,, while  
the other analogues, were ineffective in  th is region. The increase in  the N A  level 
follow ing H pro-L eu-G ly-N H 2 was not sign ificant (Table I).

The D A  content in  the striatum  w as n ot affected b y  the tripeptides in ­
vestiga ted  (Table II).

Table III  sum m arizes the results o f N A  and D A  in th e  hypothalam us. 
PLG  did not affect th e  catecholam ines in  th is  region. Z-Pro-Leu-Gly-OM e d e­
creased the DA content, while Z -H pro-L eu-G ly-N H 2 increased the N A  content.

In  the m esencephalon PLG did n ot affect the catecholam ine levels. 
H pro-L eu-G ly-N H 2, on  the other hand, increased the N A  content (Table IV ).

Table V

Effect o f PLG analogues on the steady state level o f serotonin in  the dorsal hippocampus

Peptides Saline Peptide P

Pro—L eu-G ly-N H  2 4.54±0.32* (18) 3.80±0.30 (16) NS
Z -P ro -L eu -G ly -N H 2 4.50±0.14 ( 9) 4.03 ± 0 .14  ( 9) NS
Z-Pro-Leu-G Iy-O M e 4.59±0.33 (10) 4.24±0.33 ( 9) NS

H pro-L eu-G ly-N H 2 4.58±0.47 (10) 4.05±0.55 ( 9) NS
Z -H pro -L eu -G ly -N H 2 4.58±0.47 (10) 5.23±0.65 (10) NS

B O C -H pro-Leu-G ly-O M e 4.83±0.67 (11) 4.26±0.57 (11) NS

* mean ±S.E .M . (nmol/g)

Table VI

Effect o f PLG analogues on the steady state level o f serotonin in  the striatum

Peptides Saline Peptide P

Pro-L eu-G ly-N H 2 3.38 +  0.15* (18) 4.43±0.27 (17) 0.01

Z -P ro -L eu-G ly-N H 2 2.95±0.34 ( 5) 3.18±0.74 ( 5) NS

Z -P ro—Leu-Gly-OMe 3.20±0.12 (11) 3.79±0.23 ( 9) 0.05

H pro-L eu-G ly-N H 2 3.71±0.51 (10) 3 .3 5 ± 0 .2 4 ( 9) NS

Z -H p r o-Leu-G ly—N H  2 3.71±0.51 (10) 4.11 ± 0 .26  (10) NS

B O C -H pro-Leu-G ly-O M e 3.61±0.34 (11) 3.07±0.12 (11) NS

* mean ±S.E .M . (nmol/g)
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The 5-H T content o f the dorsal hippocam pus was not influenced by PLG  
or its analogues (Table Y).

PLG increased the 5-HT content o f the striatum  and a similar effect 
was brought about by Z-Pro-Leu-Gly-OM e (Table VI).

On the hypothalam ic 5-HT content Z-Pro-Leu-Gly-OM e induced a de­
crease, while H pro-L eu-G ly-N H 2 and BOC-Hpro-Leu-Gly-OMe increased it. 
A slight increase was observed also after Z -H pro-L eu-G ly-N H 2 (Table V II).

Z -Pro-L eu-G ly-N H 2 increased the m esencephalic 5-H T level, whereas 
the other analogues were ineffective (Table V III).

Table УП

Effect o f PLG analogues on the steady state level o f serotonin in  the mesencephalon

Peptides Saline Peptide P

Pro-L eu-G ly-N H  2 4.79±0.36* (17) 3.98±0.34 (16) NS
Z -P ro-L eu-G ly-N H  2 4.37±0.48 (10) 4.91 ± 0 .34  (10) NS
Z-Pro-Leu-G ly-O M e 4.51±0.21 (10) 4.58±0.35 ( 9) NS

H pro-L eu-G ly-N H 2 3.69±0.23 ( 9) 4.49 ± 0 .40  (10) NS
Z -H pro -L eu -G ly -N H 2 3.69±0.23 ( 9) 5.11 ±0 .45  (10) 0.05

BOC-Hpro—Leu-Gly-OM e 4.85 ± 0 .34  (12) 4.87±0.57 (12) NS

* mean ±  S.E.M. (nmol/g) 

Effect o f PLG analogues on

Table V m

the steady state level o f serotonin in the hypothalamus

Peptides Saline Peptide P

Pro-L eu-G ly-N  H 2 9.77±0.57* (18) 9.32±0.51 (15) NS
Z -P ro -L eu-G ly-N H 2 9.37±0.37 (10) 8.42±0.29 ( 9) NS
Z-Pro-Leu-G ly-O M e 9.81±0.58 (10) 8.18±0.20 (13) 0.01

H pro-L eu-G ly-N H  2 9.40±0.30 ( 9) 12.02±0.57 ( 9) 0.005
Z -H pro-L eu-G ly-N H  2 9.40±0.30 (10) 10.79±0.57 ( 9) NS

В 0  C-H p ro-Leu-Gly-OM e 9.11±0.48 (11) 15.00±2.11 (12) 0.05

* mean ±  S.E.M. (nmol/g)

Discussion

The present data confirm ed earlier findings o f other laboratories [5, 
14, 20] indicating th at prolyl-leucyl-glycinam ide affected catecholam inergic
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and serotoninergic neurotransm ission in various brain regions. In our experi­
m ent, the tripeptide increased the N A  and D A  levels in  the dorsal hippocampus 
and also the 5-HT con ten t in  the striatum . I t  should be em phasized th at others 
[20] as well as our ow n laboratory [16] reported th a t PLG  facilitates DA  
turnover in the striatum , but th is effect does not seem  to  be reflected in  
th e  steady-state level o f  striatal D A . PLG  also exerts anti-am nesic effects 
[4, 10] and the dorsal hippocam pus p lays an essential role in  m emory for­
m ation  [8]. In th is respect it  m ight be more than  a coincidence that PLG  
affected  the hippocam pal catecholam ine levels.

The effects o f PLG  on neurotransm ission seem  to be related to the N-ter- 
m inal prolin residue o f  th e  tripeptide. Accordingly, protection of the N-term i- 
nal am ino acid by benzoxycarbonyl (Z group) or its substitu tion  by an amino 
acid structurally sim ilar to  prolin (Hpro) resulted in  basic alterations in  the 
p attern  of neurotransm itter changes. Analogues substituted  b y  homoproline 
exert their effect predom inantly in the hypothalam us and m esencephalon, 
w here the parent m olecule had no effect. The striatal effect o f PLG, on the  
other hand, disappeared after substitution  w ith  Hpro.

I t  seems, how ever, th a t the C-terminal residue has also som e importance 
in  monoam inergic neurotransm ission. A ccordingly, su b stitu tion  w ith m ethyl- 
ester instead of th e  am ino group o f the C-terminal glycine (Z-Pro-Leu-Gly- 
OMe) affected hypothalam ic D A  and 5-H T , which effect w as not present 
after PLG or follow ing Z-Pro-L eu-G ly-N H 2-

Parallel w ith th ese  experim ents we have studied the effects of the same 
tripeptide analogues on th e  am nesia induced b y  electroconvulsive shock in  
the rat [10]. It  seem ed, how ever, th at the effects of the above discussed struc­
tu rally  modified peptide analogues on am nesia and on the steady-state levels 
of m onoam ines are n o t very  closely related to  each other. Since substitution  
o f proline by hom oproline resulted in  changes in hypothalam ic m onoaminergic 
neurotransm ission, w hich  were much more pronounced th an  after PLG  
itse lf, it  might be o f in terest to  study theeffect o f Hpro analogeus on MSH level, 
w hich  is reportedly in h ib ited  b y  a local hypothalam ic action  o f PLG [3].

In  conclusion, th e  data indicate th a t protected  and substituted  analogues 
of PL G  differentially affect m onoam inergic neurotransm ission in  various 
regions of the rat brain. B oth  the N- and th e  C-terminal part o f  the tripeptide  
seem s to  contribute to  these effects.

Acknowledgem ent

This work was supported  by the Scientific Research Council, H ungarian M inistry of 
H ea lth  (16/4— 10/502/T).

Acta Physiologica Hungarica 62, 1983



H O M O P R O L IN E  A N A L O G U E S  O F  P L G  A N D  M O N O A M IN E S 33

R E F E R E N C E S

1. B aum garten, H. G., B jörklund, A., L ach en m ay er,L .,N obin, A., Steneri, U .: Long-lasting
selective depletion of brain serotonin  b y  5,6-dihidroxy-tryptam ine. A cta Physiol. 
Scand. Suppl. 373, 1-15 (1971).

2. B hargava, H. N., W alter, R., R itzm ann, R . F .: D evelopment of narcotic tolerance and
physical dependence: Effects of P ro -L e u -G ly -N H 2 and cyclo (Leu-G ly). Pharm ac. 
Biochem. Behav. 12, 73-77 (1980).

3. Celis, M. E ., Taleisnik, S., W alter, R .: R elease of p itu itary  m elanocyte-stim ulating horm one
by  the oxytocin fragm ent H -C y s-T y r-Ile -G ln -A sn -O H . Biochem. Biophys. Res. 
Commun. 45, 564—569 (1971).

4. F lexner, J . B., F lexner, L. B., W alter, R ., Hoffm an, P. L.: A DH  and related  peptides:
Effects of pre- or post-training tre a tm e n t on purom ycin amnesia. Pharm ac. Biochem. 
Behav. 8, 93-95 (1978).

5. Friedm an, E., F riedm an, J .,  Gershon, S.: D opam ine synthesis: estim ation by ahypothalam ic
factor. Science 182, 831—832 (1973).

6. Jacobow itz, D. M., R ichardson, J . S.: M ethod for rapid determ ination  of norepinephrine,
dopamine and serotonin in the same b ra in  region. Pharm ac. Biochem. Behav. 8, 515— 
519 (1978).

7. K astin , A. J ., B arbeau , A.: Prelim inary clinical studies w ith L -prolyl-L -leucyl-g lycine
amid in Parkinson’s disease. Canad. Med. Ass. J . 107, 1079-1081 (1972).

8. K imble, D. P.: The effect of bilateral h ippocam pal lesions in the ra t. J .  Comp. Physiol.
Psychol. 56, 273-283 (1963).

9. K ostrzewa, R. M., K astin , A. J ., Spirtes, M. A.: a-MSH and M IF -I  effects on catecholamine
level and synthesis in  various ra t  b ra in  areas. Pharm acol. Biochem. Behav. 3, 1017- 
1923 (1975).

10. K ovács, G. L., R ibárszki, Zs., Telegdy, G.: Reversal of electroconvulsive shock-induced
amnesia by neuropeptides. In: P roc. Symposium on In teg rative Neuroendocrine 
Processes. Ed. Endröczi, E. (in press). Akadémiai K iadó, B udapest.

11. K ovács, G. L., Szontágh, L., Baláspiri, L ., H ódi, K ., Bohus, P ., Telegdy, G.: On the mode
of action of an oxytocin  derivative (Z -P ro -D -L eu ) on m orphine-dependence in  mice. 
Neuropharm acology 20, 647-651 (1981).

12. N air, R. M. G., K astin , A. J ., Schally, A. Y .: Isolation and structure  of hypothalam ic
MSH-release inhibiting  hormone. B iochem . Biophys. Res. Commun. 43, 1376-1381 
(1971).

13. Plotnikoff, N. P ., K astin , A. J ., A nderson, M. S., Schally, A. Y.: DOPA po ten tia tion  by
M IF. Life Sei. 10, 1279-1283 (1971).

14. Plotnikoff, N. P ., M inard, F. N., K astin , A. J . :  DOPA potentia tion  in ablated anim als and
brain levels of biogenic amines in  in ta c t anim als after prolyl-leucyl-glycinamide. 
Neuroendocrinology 14, 271-279 (1974).

15. Schulz, H ., Kovács, G. L ., Telegdy, G.: A ction  of posterior p itu ita ry  neuropeptides on the
nigrostriatal dopam inergic system. E u r. J . Pharm ac. 57, 185-190 (1979).

16. Szabó, G., Kovács, G. L ., Baláspiri, L ., Telegdy, G.: Dose-related effect of the oxytocin
fragm ent (prolyl-leucyl-glycinamide) on a-M PT-induced catecholamine disappearance 
and serotonin level in  ra t  brain. N eurochem . In t. 3, 411-416 (1981).

17. Szabó, G., Kovács, G. L ., Telegdy, G.: A m odified screening m ethod for rapid, sim ultaneous
determ ination of dopam ine, noradrenaline and serotonin in the same brain  region. 
Acta Physiol. H ung. 61, 51-57 (1983).

18. Telegdy, G.: The effect of neurohormones on th e  brain  and endocrine system. A cta Physiol.
Acad. Sei. Hung. 55, 273-281 (1980).

19. v an  Ree, J . M., de W ied, D .: Prolyl-leucyl-glycinamide (PLG) facilitates m orphine depend­
ence. Life Sei. 19, 1331-1340 (1976).

20. Yersteeg, D. H. G., T anaka, M., de K loe t, E . R ., van Ree, J . M., de W ied, D.: Prolyl-
leucyl-glycinamide (PLG ): regional effects on a-M PT-induced catecholamine disappear­
ance in ra t brain. B rain. Res. 143, 561—566 (1978).

21. W alter, R ., van Ree, J . M., de Wied, D .: M odification of conditioned behavior of ra ts  by
neurohypophyseal horm ones and analogues. Proc. N at. Acad. Sei. (W ash.) 75, 2493- 
2496 (1978).

22. W alter, R., R itzm ann, R. E ., Bhargava, H . N ., Flexner, L. B.: Prolyl-leucyl-glycinam ide,
cyclo (leucyl-glycine) and derivatives b lock developm ent o f physical dependence on 
morphine in mice. Proc. N at. Acad. Sei (W ash.) 76, 518-520 (1979).

3 Acta Physiologica Hungarica 62, 1983





Acta Physiologica Hungarica, 62 (1 ) , p p . 35— 46 (1983)

PHARMACOLOGICAL CHARACTERIZATION OF 
POSTSYNAPTIC POTENTIALS EVOKED IN THE 

BIMODAL PACEMAKER NEURON OF H E L I X  
P O M  A T  I A  L.

Ágnes Vehovszky, J. Salánki

BIOLOGICAL RESEARCH INSTITUTE OF THE HUNGARIAN ACADEMY OF SCIENCES, TIHANY,
HUNGARY

Received October 4, 1982 
Accepted December 8, 1982

Stim ulation of various peripheral nerve trunks evokes very  similar compound 
postsynaptic potentials (PSP) composed of one or more excitatory  postsynaptic poten­
tials (E PSP) followed by fast and slow inhibitory postsynaptic potentia ls (IPSP) on 
the identified R P al neuron of Helix pom atia  L.

Evoked E PSPs were reduced or blocked by  nicotine, atropine and d-tubocura- 
rine. The two components of IP S P  were d ifferent in their pharm acological sensitivity. 
Slow IP S P  was p a rtly  or to tally  elim inated by  ergometrine and chlorpromazine and 
was reduced by  atropine, nicotine as well as by  propranolol. F a s t IP S P  was reduced 
only in the presence of ergometrine and could no t be blocked by  either of the applied 
drugs.

Partic ipation  of cholinergic transm ission seems to  be essential in  the evoked 
E P S P  b u t its partia l involvem ent in  the slow IP S P  can also be supposed.

A dopaminergic mechanism m ay take  p a rt in the generation of b o th  components 
of IP S P  b u t the receptors responsible for the slow IP S P  were sensitive to  other cate­
cholamine antagonists as well, referring to a more complex origin, or to  th e  involvem ent 
of an unknow n transm itter.

Comparison of PSPs evoked by stim ulation of different nerves shows th a t  pre- 
synaptic areas belonging to various peripheral sources are overlapped on the R Pal 
neuron, and they  probably act by similar tran sm itte r substances.

Keywords: postsynaptic potential, pacem aker neuron (bim odal), H elix pomatia 
L., excitatory  postsynaptic potential (E PSP), inhibitory postsynaptic poten tia l (IPSP), 
nicotine, atropine, d-tubocurarine, ergom etrine, chlorpromazine, propranolol.

B y electrical stim ulation o f peripheral nerve trunks a com pound postsyn­
aptic potential (PSP) can be evoked in  the identified R Pal [9] bim odal pace­
m aker neuron o f the snail Helix pomatia L. [17, 23]. In hom ologous neurons 
o f other gastropods a similar m ulticom ponent PSP was recorded on stim ulation  
of som e connectives and peripheral nerves [2, 15]. The evoked potentia l is 
usually  com posed o f excitatory postsynaptic  potentials (E P SP ) as w ell as o f  
fast and slow inhibitory postsynaptic potentials (IPSP) but on the signal 
recorded intracellularly from the som a th ey  can partly fuse and dim inish each  
other. Under the effect o f PSPs the regular pattern of the cell activ ity  can be
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János Sa l á n k i ,
Biological Research In s titu te  of the H ungarian Academy of Sciences, 
H-8237 Tihany, H ungary
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changed significantly: extra spikes occur or, on th e  contrary, an inhibition  
la stin g  for several ten  seconds or a few  m inutes develops [14, 15, 21]. In the  
H elix  neuron, by changing the ionic com position o f th e  saline or displaying  
the membrane poten tia l o f  the som a th e  com ponents o f the evoked PSP were 
in fluenced  differently and th is w ay th e y  could be recognized separately [10, 
22]. The different pharm acological sen sitiv ity  o f som e com ponents was also 
show n in both A plysia  and H elix  neurons [11, 15].

I t  w as also reported  th a t acetylcholine, serotonin and GABA produce 
on th is  type of neuron excitatory , w hile dopam ine, noradrenaline and g lu ta­
m ate cause inhibitory effects [1, 13, 20], and it  m ay be supposed th at receptors 
responsible for these effects are sim ilar on hom ologous neurons.

In  the present w ork we studied  th e  pharm acological properties o f  the  
different com ponents o f  the com pound postsynaptic p otentia l evoked by stim ­
u lation  of various peripheral nerve trunks in  the R P al neuron o f the snail 
Helix pomatia. W e used  drugs know n as inhibitors o f  th e  above transm itters 
and in  th is w ay we have attem pted  to  clarify the nature o f transm itters or 
receptors responsible for the different com ponents o f  the PSP.

Materials and methods

Experim ents were carried out on snails collected locally, stored under laboratory con­
ditions and activated by feeding before the experim ent. The suboesophageal ganglionic ring 
was isolated bu t 5-10 m m  long parts of the righ t and left palliai and of the anal nerves were 
k ep t in tac t for electrical stim ulation . R Pal neuron was identified on th e  basis of its size and loca­
tion  visually as well as according to its typ ical bim odal ac tiv ity  pa tte rn .

Recording of the in tracellu lar potentials took place using conventional microelectrode 
techniques as described earlier [22]. The above-m entioned three nerves were stim ulated separ­
ately  in  the same p repara tion  using suction electrodes. The param eters of the stim ulating  
rectangular pulse were selected so as to achieve a maxim um  response on stim ulation of each 
of th e  nerves, and these values were k ep t unchanged during the experim ent. S tim ulation 
took  place every case in  a given period of endogenous activ ity , nam ely after the burst, a t 
th e  beginning of the hyperpolarizing phase. Between successive stim ulations an interval of a t 
least one m inute was inserted  to avoid after-effects.

Substances used as inhibitors were dissolved in physiological salineandw ere added into 
th e  perfusion in 10~6— 10— 3 mol/1 concentration. S tim ulation of th e  nerve trunks was carried 
ou t before and 3, 5, 10 m in after drug application and also after washing out. The substances 
used in the experiments were,

DL-a-aminopimelic acid (Sigma)
Atropine sulfate (NBCo)
Bicuculline (Pierce)
Bufotenine hydrogenoxalate (F luka AG)
Chlorpromazine hydrochloride (Sigma)
Ergobasine (ergom etrine) (Fluka ÀG)
Nicotine hydrogen ta r tra te  (BD H)
Methysergide b im aleate  (Sandoz)
Pentylenetetrazole (Sigma)
Picrotoxin (F luka AG)
DL-propranolol HC1 (Sigma)
Regitin (phentolam ine mesylate) (Ciba) 
d-tubocurarine dichloride (Suchard)
Composition of th e  physiological saline was NaCl, 3.5 g; БС1, 0.3 g; MgCl2 • 6H 20 , 

2.4 g; CaCl2 • 2H 20 , 1.47 g; T ris, 0.6 g in  1000 ml distilled w ater; pH  =  7.6.
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Fig. 1. PSPs evoked by electrical stim ulation (dots) in  two different preparations (a and  b). 
S tim ulation of left palliai nerve (I), right palliai nerve (II), anal nerve (III) , a Evoked E P S P  
resulting in rise of  action poten tia l and consequent hyperpolarizing phase, b Evoked P S P  

containing only inhibitory components. The fa s t and slow IP S P  are well separated

R esults

On separate activation  of the three in puts, very sim ilar com pound P S P s  
were usually recorded intracellularly from  th e same preparation. Still in  d if­
ferent preparations there occurred differences in  the appearance and am plitude  
o f the various com ponents. In some cases th e  E P SP  was w ell expressed co n sist­
ing o f one or more com ponents and evok ing  even spikes (F ig. la ) , in other

1sec
Fig. 2. E ffect ot nicotine on the evoked PSP (A  and В  are different preparations). A  Stim ula­
tion  of left palliai nerve (dots), a Control, E P S P  evokes spike which is followed by  IP S P ; 
b in  10“ 1 mol/1 nicotine E P S P  fails to evoke spike; c after washing out. В  S tim ulation of rig h t 
palliai nerve (dots), a Control, IP S P  components are separated; b in  10“ 4 mol/1 nicotine (10 
min), am plitude and duration  of the slow IP S P  are reduced; e after washing, the am plitude of 
the slow IP S P  increased h u t did no t re tu rn  to  th e  control
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a
A

JtomV
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Fig. 3. Effect of d-tubocurarine on the evoked PSP. A  S tim ulation of left palliai nerve (dots). 
a E voked E PSP  followed b y  IP S P ; b 10 4 mol/1 dTc blocks E P S P  w ith in  2 min, b u t does no t 
influence IP S P ; c after w ashing out E PSP , spike can again be elicited. В  S tim ulation of rig h t 
palliai nerve (dots), a Control, E P S P  appears betw een fast and slow IP S P ; b in the presence of 
dTc only IPSPs occur, fa s t and slow IP S P  are separated; c after washing ou t E P S P s are 

evoked by stim ulation , and similarly to  the control they  cover the fast IP S P

Fig. 4. Effect of atropine on evoked PSP  a t  stim ulation  of left palliai nerve (dots), a Control, 
evoked spikes are followed by  E PSPs and IP S P . E PSPs are superimposed on slow IP S P ; b In  
th e  presence of 10—4 mol/1 atropine (10 min) a  decrease occurs in the num ber of E PSPs and  the 
am plitude of IP S P ; c In  the presence of 10—3 mol/1 atropine (10 min) E PSPs are inhibited and a 
small, fast IP S P  appears and the slow IP S P  decreases in am plitude and duration, d A fter 

20 m in w ashout p artia l restoration  of E P S P  occurs
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A В

Fig. 5. Effect of bufotenine on evoked PSP. A  S tim ulation  of left palliai nerve (dots), a  Control, 
E PSPs followed by  IP S P ; b in  the presence o f 10—5 mol/1 bufotenine (5 min) EPSPs appear 
during slow IP S P ; c after 10 min, EPSP and spike can be evoked, w ithout a change in IP S P ; 
d washing out. В  S tim ulation  of right palliai nerve (dots), a Control, IP S P  w ith fast and slow 
com ponents; b in the presence of 10-4  mol/1 bufotenine (5 min) a slight depolarization occurs 
and the am plitude of IP S P s increases; c a fter 10 m in no change in  IP S P  components, and  

E PSPs occur during IP S P ; d washing o u t; abortive spikes during slow IPSP

cases it was present but failed to evoke action  potentials (Figs 16, 3B). R arely  
E P SP s could be seen betw een fast and slow  IP SP  (Fig. 6A) or superposed on  
slow IP SP  (Fig. 4), while in many cases no E P S P  was observed in the com pound  
PSP (Fig. 2 B).

In contrast, IP S P s were always evoked  on nerve stim ulation, and on 
the basis of the tim e course a fast and a slow com ponent could m ostly be sep­
arated (F ig. 16) as reported previously [22].

Similar responses were m ostly observed on stim ulation  o f the right p a l­
lia! and anal nerves. On stim ulation o f th e  left palliai nerve the fast IP SP  w as 
som etim es absent (F ig. 5A), while in other cases the E P S P  consisted of more 
com ponents than  those evoked by stim ulation  o f the other tw o nerves.

Pharm acological experim ents w ere carried out indiscrim inately on prep­
arations responding differently to stim ulation , and it  was tried to check the  
effect of the substances on the EPSP as w ell as on the fast and slow IPSP.
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Fig. 6. A  Effect of phentolam ine on PSP evoked by  anal nerve stim ulation  (dots), a Control, 
E P S P s appear between fa s t and slow IP S P ; b in the  presence of 5 x  10 4 mol/1 phentolam ine 
P S P  does not change; c a fter washing out. В  E ffect of propranolol on PSP evoked by  anal 
nerve stim ulation (dots), a Control; b in th e  presence of 2 X 10—1 mol/1 propranolol the slow 
com ponent of IP S P  decreases in  am plitude and dura tion , the fast IP S P  is unchanged; c resto ­

ration  after w ashing out

Nicotine

In the presence o f  10 ~4 mol/1 n icotine spikes w ere not evoked by stim u ­
lation . Although there occurred E P S P s, both their num ber and am plitude  
w as reduced (Fig. 2Ä). The fast IP S P  becam e more visible (Fig. 2 B), partly  
in  consequence o f  th e  fact that the slow  IP S P  decreased both  in am plitude  
and duration. The effect o f nicotine could n ot be to ta lly  washed out.

In the presence o f  nicotine the endogenous pattern o fth e  cell also changed; 
the am plitude o f  th e  interburst hyperpolarization was reduced s ign ifi­
can tly , the frequency o f the spikes decreased and later the generation o f action  
potentia ls ceased. This effect could not be reversed by washing.

d-Tubocurarine (dTc)

Under the effect o f 10 “4 mol/1 dTc, evoked E PSP and spike were in h ib ­
ited  w ithin  2 min (F igs З А , В). IP S P  w as not influenced and in some cases 
even  the fast IP S P  which earlier could not be recognized, becam e v isib le , 
probably because o f th e  elim ination o f E P S P s (Fig. 3 B). This effect w as re­
versible; w ithin 5 m in after washing E P S P  and spikes could again be evoked .

Atropine

In the presence o f  10 _4 mol/1 atropine the number o f E P SP s was reduced  
(F ig . 46), at 1 0 ~ 3 mol/1 th ey  were elim inated (Fig. 4c). The fast com ponent o f
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the evoked IP S P  becam e visible after blocking E PSP, and also the fast and 
slow IP SP s becam e separated. B oth  the am plitude and duration o f the slow  
IP S P  were reduced (Fig. 4c). After 2 0 -25  m in washing b oth  evoked E P SP s  
and spikes were restored and as a consequence fast IP SP  again  becam e un ­
recognizable. The am plitude and duration o f the slow IP S P  returned also to  
the control value. Atropine also influenced th e  activ ity  pattern  o f the neuron: 
instead of series o f bursts there occurred single or double spikes w ith in ter­
posed hyperpolarization. This effect could not be washed out.

Picrotoxin, bicuculline, DL-cr.-amino-pimelic acid, pentylenetetrazole 
(PTZ) and methysergide

Picrotoxin and bicuculline are know n as inhibitors o f  G A BA  receptors. 
T hey did not influence m arkedly the evoked fast and slow IP S P s in  10 ~i and  
1 0 ~ 3 mol/1 concentrations. N either did cause any o f the other drugs (glutam ate  
receptor blockers and 5HT antagonist) changes in  the evoked  IP SP  when  
applied in  1 0 ~4 and 1 0 _3 mol/1 concentration. The slight changes in  am plitude  
and duration o f IP S P  occurring after their application could be observed in  
control conditions too after repeated stim ulation .

Bufotenine

A transient depolarization o f the som a membrane w as evoked by 10 ~6 
mol/1 bufotenine, w hich becam e stable (about 10 mV) at 10 _s mol/1 concentra­
tion . As a result, the frequency o f spike generation increased. E voked E P SP  
was w ell visible and in  some cases the rise o f  the spike could also be observed  
(F igs 5A, C). The am plitude o f IP SP  increased, its fast and slow  com ponents 
separated (Fig. 5 B). During slow IP S P , E P SP s occurred (F igs 5AJb and 
B/c-d). The effect o f bufotenine could n ot be elim inated by w ashing.

Phentolamine and propranolol

In  10 ~4— 1 0 ~ 3 mol/1 concentration phentolam ine did n ot influence the  
bim odal activ ity  pattern of the neuron or the evoked PSP (F ig . 6A ). 10 ~5 and 
1 0 _4 mol/1 propranolol caused 5 -1 0  mV hyperpolarization o f th e  som a and as 
a result the spike frequency decreased. E voked  EPSPs did n o t change, the  
fast com ponent o f  IP S P  remained w ell v isib le , while the am plitude of the slow  
com ponent of IP S P  decreased and its duration was shortened (F ig  6B). The 
depression of the slow com ponent w as more expressed at higher concentrations 
of propranolol and it  increased w ith  tim e.
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C h lo rp ro m a z in e

In the presence o f  10 ~5—10 mol/1 chlorprom azine endogenous spike 
generation becam e frequent, at 10 mol/1 a decrease o f  spike am plitudes and 
later an inhibition  o f  th e  spikes were observed. The fast com ponent o f evoked  
IP S P  rem ained, how ever, in tact and it  w as even p oten tia ted  (Figs 7A/b-c) 
The am plitude o f  th e  slow  IPSP dim inished. Under th e  effect o f 5 X 10 ~i 
mol/1 chlorpromazine it  disappeared w ith in  10 min. I ts  recovery after 30 min  
w ashing was only partia l (Figs 7Alc-d).

A В

Fig. 7. A  Effect of chlorprom azine on PSP evoked by stim ulation  of righ t palliai nerve (dots). 
a Control, fas t and slow IP S P ; b in the presence of 5 X 10 4 mol/1 chlorpromazine (3 m in) the 
am plitude and duration  of th e  slow IPSP  is reduced; c after 10 m in the slow com ponent of 
IP S P  is elim inated, the am plitude of the fas t IP S P  is augm ented; d after 30 min washing, the 
slow IP S P  is par ly  restored . В  Effect of ergom etrine on PSP evoked by stim ulation of righ t 
palliai nerve (dots), a Control, E PSP  fast and slow IP S P ; b in th e  presence of 10-5  mol/1 ergo­
m etrine the am plitude and  duration  of bo th  IP S P  com ponents are reduced; c in 10-4  mol/1 
ergom etrine E PSPs appear during reduced slow IP S P ; d resto ra tion  of PSP after 50 min

washing out

Ergometrine

The effect o f 10 ~4 mol/1 ergom etrine on the a c tiv ity  pattern was sim ilar 
to the effect o f chlorprom azine: beside th e  increase o f  spike frequency a decrease 
o f the spike am plitude was observed; later in som e cases the generation of 
action potentials ceased. A t 10~5 mol/1 concentration th e  duration o f th e  e-
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voked IP S P  and the am plitude o f both com ponents decreased (Fig. IB ). In 
other cases the slow com ponent o f the IP S P  was in tensely  depressed while 
the fast com ponent was not blocked. Frequently, E P S P s were superposed on  
the depressed slow IP S P . The blocking effect o f ergom etrine proved to  be 
very strong, evoked PSP sim ilar to the control returned only after 50 min 
w ashing.

Discussion

According to the results the three com ponents o f the PSP evoked b y  stim ­
ulation of peripheral nerve trunks in the R Pal neuron o f Helix pomatia are 
different in pharm acological sen sitiv ity  (Table I).

E voked E PSP was elim inated or strongly depressed by the anticholiner­
gic drugs d-tubocurarine, nicotine and atropine but was not influenced by the  
GABA and 5HT blockers picrotoxin and bufotenine, although 5HT evokes an 
excitatory response on th is and on hom ologous neurons [5, 13, 20]. The latter  
effect o f 5HT is, how ever, realized partly through interneurons and partly  
through perm eability changes o f the som a membrane itself. ACh evokes also 
excitation  on hom ologous to  R Pal neuron by increasing the m em brane’s 
N a perm eability [3].

In earlier experim ents [22] we found th at E P S P s cannot be evoked in  
low N a saline. As th ey  are sensitive to  excess Mg and reduced Ca, under such 
conditions they  were also blocked. Taking in  consideration these and the pres­
ent results we m ay conclude th at E P SP s evoked on the R P al neuron are the  
result o f N a-dependent, cholinergically m ediated processes.

E P SP  recorded from the soma is probably the result o f a synchronous 
activation  and sum m ation o f a num ber o f excita tory  synapses on the cell. 
This idea is supported b y  the fact that the E P SP  am plitude changes from  prep­
aration to  preparation, also during the same experim ent. I f  a series o f E P SP s  
is present their polysynaptic origin should also be taken into consideration.

The slow com ponent o f  the evoked IP S P  corresponds to  an inhibition  of 
long duration (ILD ) recorded from hom ologous neurons o f other species [12, 
15]. The several sec long inhibitory potential o f the R P al neuron is potassium  
sensitive: its am plitude increases in  К -free saline [23] and decreases in the  
presence o f excess K + (unpublished). A  similar ion dependency was reported  
also for the ILD in Aplysia and Helix aspersa [14, 16].

In our experim ents the slow com ponent o f the evoked IP S P  was sensitive  
to  a num ber o f transm itter blocking agents. Its am plitude was depressed in 
the presence o f the cholinergic antagonists nicotine and atropine. Correspond­
ingly  a partial role o f cholinergic m ediation cannot be excluded, although  
these drugs in  the concentration applied m ust have influenced also the endog­
enous pattern o f the neuron.
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Table I

Effect o f drugs on the P S P  components evoked in  the identified R P al neuron o f
Helix pomatia L.

PSP
component d-Tc Nicotine Atropine

EPSP inhibited reduced reduced

Fast IPSP resistant resistant resistant

Slow IPSP resistant reduced reduced

PSP
component Picrotoxin Bicuculline PTZ

DL-a-amino
pimelic Methysergide Bufotenine 
acid

E PSP resistant — — — resistant

F ast IPSP resistan t resistant resistant resistant resistan t resistant

Slow IPSP resistan t resistant resistant resistant resistan t resistant

PSP
component Phentolamine Propranolol Ergometrine Chlorpromazine

EPSP resistant resistant —  —

Fast IPSP resistant resistant reduced resistant

Slow IPSP resistant reduced inhibited inhibited

DL-a-am ino pim elic acid and PTZ w hich proved to  be antagonists o f  
th e  glutam ate receptor in  several neurons o f Helix aspersa [9, 18] did not 
in flu en ce evoked IP S P  on the R P al neuron. Sim ilarly, no effect was observed  
on th e  evoked IP SP  in  th e  presence o f m ethysergide or bufotenine known as 
5H T  antagonists [7] although bufotenine caused irreversible changes in  the  
spontaneous activ ity  o f the neuron. P icrotoxin  and bicuculline were also inef­
fec tiv e  to  the evoked IP S P  opposing the possible role o f G A BA  in the trans­
m ission  process. The а-receptor blocker phentolam ine did not cause any change 
in  th e  evoked P SP , while propranolol, a /З-receptor inhibitor caused a decrease 
o f th e  am plitude o f the evoked IP SP  together w ith changes o f endogenous 
bursting. Profound changes of slow IP SP  were observed under the effect o f  
th e  dopam ine antagonists ergometrine and chlorpromazine; in  the presence 
o f  th ese  drugs the am plitude o f IP SP  was depressed or to ta lly  elim inated.
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The transm itter substance of th e  evoked IL D  in  hom ologous cells to  th e  
R P al neurons is not know n. According to  literary data dopam ine seems to  be  
the fir st candidate [4, 12, 14] but pharm acological analyses of dopam ine 
receptors did not support this idea [8]. Our experim ents showed that even  
IL D  w as m ediated b y  dopam ine, the receptor response for the slow IP SP  could  
at least partially be b locked  with antagonists o f other ty p es o f  transm itter.

The fast com ponent of the IP S P  preceding the slow  one proved to  be 
resistant to  nearly all th e  applied drugs and it even becam e expressed w hen  
the other two com ponents of the evok ed  PSP were reduced or elim inated. 
This points to the fa c t th a t within th e  P SP  recorded from  the soma several 
com ponents are fused, and often the fa st IP S P  is partly or to ta lly  masked b y  
E P S P . The am plitude o f  th e  fast IP SP  w as som ewhat reduced b y  ergom etrine, 
ind icating thus a possib le participation o f catecholam ines. N evertheless, the  
transm itter substance responsible for th is  com ponent probably differs from th e  
w ell-know n m ediators. In  th is relation further progress can be expected from  
studies o f the peptides and other b ioactive agents occurring in the snail brain.

Solitary or com pound PSPs occur rarely in the spontaneous activ ity  o f  
the R P a l neuron w hen th e  CNS is iso la ted , and even if  th e y  are present th ey  
disappear in 20-30 m in  after dissection. In half-intact preparation (heart- 
in testinal nerve — CN S), however, on adequate peripheral stim ulation both  
excita tory  and inhib itory PSPs appear for several 10 s (Salánki et al. [21]) or 
th ey  m ay  be present w ith ou t stim ulation , “ spontaneously” . In this case 
separate E PSPs, fast and  slow IPSPs are observed but not consecutively in  
a m anner as in the case o f  electrically evoked  com pound P SP . In  some cases 
spontaneous solitary E P S P s or IPSPs occurred under the effect o f some drugs 
such as ergometrine and bufotenine during slow IP SP . T hey are probably e- 
vo k ed b y  neurons connected  synaptically to  R Pal cell and activated  by the ap­
plied drug. For a better understanding o f  th is  point, investigation  of neurons 
connected presynaptically to  the RPal neuron would be necessary.

P S P s evoked in R P a l neuron by stim ulation  of different nerves are sim i­
lar, referring to the fact th a t  inputs arriving through these nerves into the  
CNS m ay also be sim ilar and they probably overlap each other at the R Pal 
neuron. The transm itter o f  th e  similar P S P s m ust be the sam e independently  
of the route by which th e y  had been e lic ited . N evertheless, ultrastructural 
investigations detecting m ore types of synapse on the R P al neuron than the 
types o f  P S P  com ponents [6] suggest th a t  various transm itter substances 
m ay be responsible for a P S P  type which seem s to be hom ogeneous in electro- 
physiological recording. On the basis o f  these ultrastructural findings it  is 
supposed th a t some unidentified  substances are taking part in  the transm is­
sion processes to the R P a l neuron which are located in  m orphologically dif­
ferent synapses and one o f  these might be responsible for the fast and partly 
for the slow  IPSP.
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1. The voltage dependent ionic conductances were studied by  analysing the 
phase plane trajectories of action potentials evoked by electrical stim ulation of the 
sartorius muscles of the frog ( Rana esculenta) .  The delayed outw ard potassium  current 
was m easured also under voltage clam p conditions on muscle fibres of either th e  frog 
(Rana esculenta)  or Xenopus laevis.
2. On analysing the effect of physostigm ine decreasing the peak am plitude, the ra te  of 
bo th  the rising and falling phases of the action potentials, it  was revealed th a t  the alka­
loid a t a concentration of 1 mmol/1 reduced significantly b o th  the delayed potassium  con­
ductance and th e  outw ard ionic cu rren t values during the action potentials. The inh ib i­
tion  of sodium  conductance and inw ard ionic current was less expressed.

3. The m aximum value of delayed potassium  conductance m easured under 
voltage clam p conditions was decreased by 1 mmol/1 physostigm ine. The tim e constan t 
determ ined from  the developm ent of delayed potassium  conductance was increased a t a 
given m em brane potential. The voltage vs. re- relationship describing the m em brane 
potential dependence of the delayed rectifier was no t influenced by physostigm ine.

4. I t  has been concluded th a t  physostigm ine changes the tim e course of the action 
potentials by  decreasing the value of both  voltage dependent inonic conductances and 
by  slowing dow n their kinetics.

5. I t  is discussed th a t results obtained from  the phase plane analysis of complex 
pharm acological effects can only be accepted w ith  some restrictions.

Keywords: skeletal muscle, physostigm ine, voltage clam p, phase plane tra jec­
tories, ionic conductances

Physostigm ine is a well-know n inhibitor o f cholinesterase enzym es. In  
addition, together w ith  other cholinesterase inhibitors it  is capable o f in flu en c­
ing the electrophysiological and transport properties o f different excitab le  
membranes. It  has been reported th a t these chem ical tools influence the prop­
agation of excita tion  on the mem brane o f various neural structures [2, 13, 
18]. Varga and H orowicz [22] show ed th at physostigm ine decreased the m em ­
brane potentia l o f  skeletal m uscle fibres. The depolarizing effect was consider­
ably influenced b y  the quality o f the anion form ing the physostigm ine sa lt  
applied in  the incubation solution [23]. The alkaloid increased the resting
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m em brane resistance o f th e  skeletal muscle fibres by decreasing their resting  
potassium  conductance [23]. Physostigm ine defin itely  inhibited both the 
in flu x  and efflux of 42K  on frog skeletal m uscle [22] as w ell as the 42K  uptake 
of rat heart muscle [21].

In  the presence o f  physostigm ine the am plitude and the rate o f  rise of 
electrica lly  evoked action  potentials decreased and their falling phase was 
prolonged [14, 16, 20]. I t  was supposed th a t the m odification o f one or both  
o f th e  voltage dependent ion ic conductances underlying the generation o f the 
spike potentia l m ay be responsible for the changes in  tim e course o f  the action  
p oten tia ls .

The method generally  used for the in vestigation  o f the ionic currents of 
excitab le  membranes is th e  voltage clamp technique. A pplication o f th is pro­
cedure to  skeletal m uscle fibres is rendered particularly d ifficult by the com pli­
cated  membrane structure, b y  the n ecessity  to  elim inate the m ovem ent ac­
com panying depolarizing pulses, etc. [1]. The analysis o f phase plane trajecto­
ries using sim ply the action  potentials and their first tim e derivatives yields 
w ith  som e lim itations data about the q u an tity  and kinetics o f conductance  
changes and ionic currents taking place during excitation  [6, 7]. This m ethod  
seem s particularly su itab le for the analysis o f  pharm acological effects where 
th e  use o f the vo ltage clam p technique is more com plicated because o f the  
long  duration of the experim ent, the changing o f solutions, etc.

The principal aim  o f  the present work was to  investigate the m echanism  
o f physostigm ine effect exerted on the action potentials. A nalysis o f phase 
plane trajectories w as used  to  dem onstrate th e  actual existence o f the previous­
ly  postu lated  changes in  ionic conductance. In  addition the effect o f physostig­
m ine on delayed potassium  conductance w as measured directly b y  th e  voltage  
clam p technique. This allow ed to discuss the possibilities and usefulness o f the 
phase plane m ethod.

Materials and methods

Preparations, solutions, chemicals, statistics. The experim ents were carried ou t partly  on 
the  sartorius muscles of frogs (R ana esculenta) and p artly  on single skeletal muscle fibres 
p repared  either from the sem itendinosus muscles of frog (R ana esculenta) or from  the ileofibula- 
ris muscles of Xenopus laevis specimens. Prior to  the experim ents the muscle preparations were 
equ ilib rated  in Ringer’s solution for 30 min.

The composition of th e  solutions used in the experim ents was as follows (in mmol/1) 
Ringer's solution: NaCl, 115.0; ICC1, 2.5; CaCl2, 1.8; T R IS  buffer, 2.0. Sulphate Ringer: N a2S 0 4, 
40.0; KjSO,,, 1.25; C aS 04, 8.0; T R IS  buffer, 2.0; sucrose, 100.0. The special solutions applied 
in  m aking the cut fibre prepara tion  and a t its open end are described elsewhere [9]. Physo­
stigm ine (BDH Chem ie.Is L td ., Poole, England) was applied as the sulphate salt and was dis­
solved freshly before use. T etrodotox in  was m anufactured by Sankyo Co. L td ., Tokyo, Japan . 
The pH  of the solution was ad justed  to 7 .0± 0 .05 , tonicity  was checked by an osmometer.

In  statistical analysis S tuden t’s paired (-test, the  (-statistics for two means and the chi 
square evaluation were used. The scattering given either nex t to the means or on the diagrams 
represents the standard  error (S. E.).
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Recording o f action potentials. M easurements were carried ou t on the superficial fibres of 
sartorius muscles a t room tem peratu re  (20-22 °C). To elicit and record the action potentials, 
in tracellularly  located conventional glass microelectrodes filled w ith  KC1 solution of 2.5 mol/1 
were used. The membrane po ten tia l was m easured by  a FET operation  amplifier a t each pen­
etration . The experiment was continued only if  th e  membrane po ten tia l of the fibre exceeded 
— 80.0 mV after im palem ent o f th e  two m icroelectrodes. The action potentials were evoked by 
0.5-1.0 ms long depolarizing square pulses.

The analog signals reflecting the m em brane potential changes were sent to  th e  first 
channel of a twochannel averaging converter (EM G 32434). The f irs t tim e derivative of the 
action po ten tia l was sim ultaneously formed b y  a  differentiating am plifier and this signal was 
led to  th e  second channel of th e  averaging converter. The input stage of this equipm ent is an 
8 b it A/D converter which can process analog signals in the range of ± 1  V. During digitizing 
bo th  signals were sampled 101 tim es, the sam pling tim e was 40 fis. The digitized signals were 
recorded by a line printer (EM G, T R  1892) connected to  the ou tpu t of the  averaging converter. 
F u rth e r analysis was perform ed by  a m icrocom puter system (HTSZ,H T-680X) using appropri­
ate program s in BASIC language. The data w ere sent to the m em ory of the m icrocom puter 
th rough  the keyboard and w ere stored on m agnetic tape. The num erical results obtained were 
p rin ted  ou t (DZM 180) and th e  calculated curves were displayed after digital-analog conversion 
on an X —Y recorder (BRYANS).

Construction and analysis o f the phase p lane trajectory. Construction and evaluation  
of the phase plane trajectories of action po ten tia ls were performed on the basis of procedure 
described previously [6, 7, 15]. To obtain th e  phase plane tra jec to ry  we delineated the 
first tim e derivative of the m em brane po ten tia l change (d Vm/dt) against the m em brane po­
ten tia l ( Vm; Fig. 1). Thus, processes exponential in  tim e appeared as linear trajectories. The 
typ ical phase plane tra jec to ry  shown in Fig. 1 includes three linear segments. The f irs t of 
these denoted by kr corresponds to the “foot”  o f th e  action potential. The second stra igh t line 
m arked w ith к represents th e  period when sodium  conductance has been fully ac tivated ; its 
value is constant bu t sodium inactivation and  th e  outw ard potassium  current are b o th  still 
negligible. F inally, the th ird  linear p a rt designated by kr reflects the situation  when the delayed 
potassium  conductance is to ta lly  activated and unchanging while sodium  conductance has al­
ready declined to  a negligibly low  level due to  inactivation .

The slopes of the linear p a rts  are equal to  th e  corresponding ra te  constants. They can  be 
evaluated by  linear regression and  the m axim um  values of both  sodium  (G^a) and potassium  
(Grç) conductances during th e  action potentials can  be calculated from  them . The form ulas used 
in the calculations were derived from the cable equation  for a p ropagating  action poten tia l [6].

Consequently
CNa =  C (k l k r) ( k  +  k r) (1 )

and
G« =  C (kj/kr) (k j -f- kr) (2)

where th e  mem brane capacitance C was taken as 5 fiF  /  cm2 [5]. Moreover, from the slopes of the 
linear parts  i t  is possible to  calculate two tim e constants reflecting th e  kinetics of the inw ard 
sodium  and the outward potassium  current, respectively  [15]. These are

*Na =  kr/[k(k +  fcr)] (3)
and

r K =  kri'[kf (kf  +  kr). (4)

The c able equation can be rew ritten in  a form  [7] th a t perm its a point by point evalua­
tion of th e  to ta l ionic curren t referred to unit m em brane capacitance. Thus

I/C  =  (d V/dt) (m jk—1 ) (5 )

where m  is the slope of th e  phase plane tra jec to ry  a t  the given point. The sodium curren t was 
characterized by the peak inw ard  ionic current ( / , )  while the peak outw ard ionic curren t ( I0) 
was identified as the m easure o f the potassium curren t.

F inally, the m axim um  ra te  of rise, the m axim um  rate  of th e  falling phase, and the peak  
am plitude (V s) of the action  potentials are o b ta ined  directly from  their phase plane tra je c ­
tories.

Voltage clamp measurement o f delayed potassium  conductance. The experim ents were car­
ried ou t a t  tem peratures o f 2 -4  °C using th e  c u t fibre technique developed by  Kovács and 
Schneider [8]. A daptation of th e  method to ou r conditions is described elsewhere [9]. In  our 
experim ents the length of th e  in tac t part [/] w as 300-500 fim; its d iam eter (d) varied betw een
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Fig. 1. Phase plane tra je c to ry  of the surface action poten tia l of the skeletal muscle fibre. T he 
firs t tim e derivative of th e  m em brane potential change (d V m/dt) is displayed as a function of 
m em brane potential (Vm; do tted  line). The kr, к and  к  у linear parts are represented by con tin ­
uous lines; (d Fm/dt)max+ denotes the m axim um  ra te  of rise; (d F m/di)max_ denotes th e  
m axim um  rate  of rise; (d F m/dt)max_  designates the m axim um  ra te  of the  falling phase of th e  
action  potential; Vs m arks th e  peak value of the action potential. For fu rth er details see te x t

70 and  120 fim , while th e  sarcomere length (s) was 2.4-2.7 //m. The m em brane potential of th e  
te rm in a ted  segment was voltage clamped to  — 100 mV. The sulphate Ringer applied in  th e  
closed end pool as ex ternal solution elim inated th e  chloride conductance, increasing thereby  
th e  m em brane resistance and  preventing the developm ent of a significant voltage drop along th e  
te rm ina ted  segment. The in itia l fast inward sodium curren t was inhibited by  0.31 /anol/1 te tro - 
do tox in  added to the su lphate  Ringer.

The current signals accom panying the depolarizing pulses after appropriate am plifica­
tion  were sent to the in p u t of the averaging converter working as an A/D converter. Sam pling 
tim e was 1 ms. The digitized signals were forw arded directly  to the m em ory of the microcom pu­
te r th rough  a DMA Controller (on-line connection) then , after finishing th e  experim ent, the d a ta  
were stored on m agnetic tape.

The linear capacitance of the fibres as well as the  value of the ohmic current was de te r­
m ined by  small depolarizing pulses, and, after appropriate scaling, these components were 
su b trac ted  from the cu rren t signals belonging to  larger depolarizing pulses. The difference 
traces obtained in th is w ay gave the delayed outw ard potassium current. The potassium  con­
ductance values calculated from  these current traces are given referred to the  linear capacitance 
of th e  term inated  fibre segments.

Kinetic analysis o f  delayed potassium conductance. The changes in  potassium  conductance 
m easured in  the experim ents were analysed using procedures taken  from  the literature  [1]. 
The tim e constant of opening the delayed potassium  channels (rn) was calculated at the d if­
fe ren t depolarizing pulses using the equation
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ё к  =  ёК°° [ ! — e x p (— í/ t„)]4 (6)

where is the value of delayed potassium conductance a t a tim e t while g^  ■„ is th e  steady 
delayed potassium  conductance belonging to  the given mem brane potential. The value of 
is obtained from  the equation

gKoo =  ra tg io  (7)

where g ^  is the maximally ac tiva ted  delayed po tassium  conductance of the fibre segm ent while 
n«o is a dimensionless variable, the value of w hich m ay  vary  betw een 0 and 1 depending on the 
m em brane potential. The original membrane p o ten tia l vs. n«. relationship [1] was modified 
[3] and th is corrected form w as found to be valid  for the cut fibre preparation [8]. Using this 
relationship the value of n »  belonging to the la rgest depolarizing pulse was determ ined for 
each fibre and the characteristic of a given fib re  was calculated by  Eq. 7. The same equation 
was used to  evaluate /»«.from g« and g^ œ a t all o th e r mem brane poten tia l levels. The ra te  coef­
ficients o f the delayed rectifier (a„ and ßn) were obtained  from the calculated rn and /»«. values 
using the equations

" - =  «п/(«л +  fti) (8)
and

T? =  a„ +  ßn (9)

The mem brane potential vs. n .  relationship reconstructed from  our data  by means of the 
equations given above was found corresponding to  th a t reported previously [8]. The possi­
b ility  of m aking up outw ard potassium  current records identical w ith  those m easured in  th e  
experim ents proved th a t the conductance changes obeyed the n4 kinetics [1] as it  was assum ed 
during analysis.

R esults

Effects of physostigmine on the action potential parameters

To obtain the phase plane trajectories we had to  record action p otentia ls  
and th u s we could reexam ine the changes in  their tim e course, described pre­
v iou sly  b y  Taylor et al. [20].

The effects of physostigm ine are tim e  dependent [14]. The evo lv in g  de­
polarization [22] by itse lf  influences th e  characteristics o f the spikes. In  our 
experim ents the action potentials w ere evoked betw een the 10th and 40th  
m in. o f  physostigm ine treatm ent. B oth  under control conditions and during 
physostigm ine treatm ent th e  action p oten tia ls were considered on ly  i f  the  
resting membrane poten tia l was more n egative than  —80.0 mV. The restric­
tions outlined  above exclude the p ossib ility  that the changes observed in  the  
presence of physostigm ine would have resu lted  sim ply from  depolarization.

The peak am plitude and the rate o f  rise of action potentials decreased  
in the presence of physostigm ine w hile th e  falling phase was prolonged. The 
changes are evident also in  the case o f th e  action potentials displayed in F ig . 3. 
In  T able I it is shown th a t the 14.1%  decrease in  peak am plitude ( F s) was 
sign ificant statistically .

Figure 2 shows th a t both  the m axim um  rate o f rise of the action  poten­
tials (m ax -f- ) and the m axim um  rate o f  their  falling phase (m ax — ) decreased  
under the effect o f 1 mmol/1 physostigm ine. The effect exerted on the falling  
phase (49.2% ) was more expressed th an  th e  decrease in  the rate o f rise (31.9% ) 
and th is difference m anifested itself in  th e  significance levels, too.
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Fig. 2. Effect of 1 mmol/1 physostigm ine on the m axim um  ra te  of rise (m a x + )  and on the  
m axim um  rate  of the falling phase (m ax—) of the action potentials as well as on the m axim um  

value of sodium (G^a) and  potassium  (G^) conductance. The same fibres as in Table I

The changes described above were reversible: after w ashing w ith drug- 
free R inger’s so lution  for 30-60  min we could record action potentials identical 
w ith  those obtained before treatm ent.

Fig. 3. Action potentials (do ts and continuous line, left ordinate) and to ta l ionic current curves 
referred to  un it m em brane capacitance (crosses and  broken line, right ordinate) displayed as 
a function  of time. A  C ontrol d a ta  m easured in R inger’s solution. В  Traces recorded in the 30th  

min of 1 mmol/1 physostigm ine treatm ent. A :  fibre 10407; B :  fibre 10412
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Analysis of the physostigmine effect by the phase plane method

The rate coefficients obtained from  the phase plane trajectories o f  th e  
action  potentials are presented in Table I. I t  is seen th a t the value o f all three  
rate constants decreased under physostigm ine treatm ent. In the determ ination  
o f kn w hich reflects the rate of the action  p otentia l’s “ fo o t” , the passive electro- 
physiological properties o f the skeletal m uscle m em brane play an im portant 
role. T hus, the increase in  resting m em brane resistance [23] is presum ably an  
im portant factor in th e  decrease o f  th e  kr value due to  physostigm ine trea t­
m ent. The significance o f  the change o f  kr will be discussed later.

The rising phase o f  the action poten tia l resulted from the increase in  
sodium  conductance and from the inw ard sodium  current. This process is 
reflected  in  the plane trajectory as a linear part w hose rate constant (k) w as 
sligh tly  decreased b y  physostigm ine, b u t the change w as not significant s ta ­
tistica lly . The m odification  of the Тма tim e constant calculated from к and kr 
was negligible. It is show n in Fig. 2 th a t, though sodium  conductance decreased  
from  242.8 mS/cm2 to  137.8, th is change o f 43.3%  did not prove to  be sign ifi­
cant statistica lly  due to  considerable scattering.
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Fig. 4. Delayed potassium  conductance traces m easured under voltage clamp conditions. The 
conductance values are referred to un it m em brane capacitance. The upper families of curves 
(a—e) were recorded under control conditions (A )  and betw een th e  10th and 30lh m inutes of 
1 mmol/1 physostigmine trea tm en t ( l>). D epolarizing pulses of 150 ms duration  were applied; 
their beginning is indicated by vertical bars below the traces. Membrane potential values 
during depolarization were: a, —41.7 mV; b, — 32.0 mV; c, — 22.3 mV; d, — 12.6 mV and e, 
— 2.9 mV. Fibre 20217, 1 =  350 /гт, d =  84 u. n i. s =  2.5 //in. The lower families of curves 

(a*—e’) were reconstructed from data  obtained by  analysis of the experim ent
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After the in a ctiva tion  of sodium conductance the delayed outward p o ­
tassium  current p lays an im portant role in the form ation o f the falling phase  
o f th e  action poten tia l. I t  is shown in  T able I that the Ay rate con stan t reflect­
ing th is current com ponent was very d efin ite ly  decreased (47.1% ) b y  physostig- 
m ine treatm ent. The increase of the calcu lated  rK tim e constant w as also co n ­
siderably significant (about twofold). Figure 2 shows th a t potassium  conduc­
tan ce decreased from  20 .4  to 9.3 m S/cm 2.

Table I

Effect o f physostigmine (  1 mmol/l)  on the parameters obtained by phase plane analysis

Fibre y.
(mV)

kr к h It h *Na
(m s-1) (mA/flF) 0“ )

A. Control
03251 124.4 5.08 10.80 3.19 0.70 0.14 29.6 192.6
10402 121.2 5.16 16.40 2.62 1.46 0.14 14.6 253.8
10404 129.0 5.55 14.93 3.15 0.97 0.28 18.2 202.5
10405 136.1 8.40 8.47 2.04 0.46 0.16 58.8 394.4
10406 134.5 4.85 16.00 2.96 1.41 0.16 14.5 209.8
10407 136.9 4.51 11.41 2.90 0.73 0.15 24.8 209.9
10408 133.7 5.01 16.73 2.93 1.14 0.17 13.8 215.4
Mean 130.8 5.51 13.53 2.83 0.98 0.17 24.9 239.8
± S .E . 2.3 0.50 1.24 0.15 0.14 0.02 6.1 26.8

B. Physostigmine

04026 120.4 3.80 11.61 2.00 0.51 0.11 21.2 327.6
10410 119.6 4.50 14.79 1.68 1.45 0.12 15.8 433.4
10411 126.7 4.30 13.50 1.34 1.03 0.09 17.9 569.0
10412 105.6 4.12 10.25 1.13 0.63 0.08 28.0 694.5
10413 107.1 4.23 7.51 1.63 0.68 0.10 48.0 443.2
10414 91.5 2.80 7.03 1.17 0.28 0.07 40.5 602.8
10415 115.7 3.76 13.86 1.52 0.65 0.09 15.4 468.5
Mean 112.4 3.93 11.22 1.50 0.75 0.09 26.7 505.6
± S .E . 4.5 0.21 1.17 0.12 0.14 0.01 4.9 46.6

P < 0 .0 1  < 0 .0 2 n.s. < 0 .001 n.s. <0 .01 n.s. <0.001

In  Fig. 3 action  potentials and to ta l ionic current records are displayed  
as a function  of tim e. I t  can be seen th a t b oth  the m axim um  inw ard and th e  
m axim um  outward current decreased due to  the effect o f 1 m m ol/l p h ysostig ­
m ine, whereas the outw ard ionic current reached its peak about 0.4 ms later. 
The data presented in  Table I indicate th a t I/ decreased b y  24.0%  but th is  
change was not sign ifican t statistically . On the other hand, th e  decrease in I 0 
w as very  definite (44.8% ).
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1 'oltage clamp analysis of delayed potassium conductance

The potassium  conductance curves obtained in  a typ ica l experim ent 
are dem onstrated in  F ig . 4. On com paring the fam ilies o f  traces shown in the  
upper part of F ig. 4 it  is obvious th a t  the m axim um  value o f  potassium  con­
ductance at a given mem brane p oten tia l decreased in  the presence o f 1 inm ol/l 
physostigm ine. It  is also shown th at th is  smaller conductance value developed  
m ore slowly.

From the conductances and tim e constants determ ined in  the experim ents 
th e  potassium  conductance curves belonging to  the in d iv id u al depolarizing  
pulses can be reconstructed. As show n in the typ ical experim ent displayed  
in  F ig. 4 the traces m easured experim entally  (upper fam ilies o f  traces) and the  
reconstructed ones (lower fam ilies o f  traces) are superim posable both under 
control conditions and in the presence o f physostigm ine. According to  the  
considerations presented under “ M aterials and m ethods,” th is strong sim ilarity  
proves that the potassium  conductance changes followed th e  n4 kinetics both  
in  th e  control case and under the effect o f physostigm ine.

The values o f  th e  m axim ally activated  delayed potassium  conductance  
(&k) obtained in  vo ltage clamp experim ents are presented in  Table II. I t  is 
show n that physostigm ine decreased gK. by 32.4% , the change was significant 
sta tistica lly .

The tim e constants of the delayed  rectifier (rn) are indicated in Fig. 5. 
Physostigm ine increased rn about tw ofo ld  at each m em brane potential. The

Table П

Effect o f physostigmine ( 1 mmolß)  on the maximum delayed potassium conductance 
(gH, ftS /pF ) o f striated muscle fibres

Fibre Control Physostigmine

00421 250.60 139.59
00422 169.12 126.99
00423 190.42 155.04
00424 160.08 130.91
00430 190.82 117.15
00505 206.86 132.81
20217* 242.51 150.58

Mean 201.49 136.15
± S .E . 13.02 5.02

The difference between the means is significant statistically (p <  0.005). Fibres from 
Xenopus laevis specimens except* (Rana esculenta)
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Fig. 5. Time constant of th e  delayed outw ard potassium  current (r„) displayed as a function 
of th e  mem brane potential. T he points shown in  the figure were obtained in  the experiments 
carried ou t on the [fibres as represented  in Table II . The theoretical curves calculated from the 
k inetic  da ta  obtained by analysis of the experim ents (full line, control; broken line, physostig-

mine) are also shown

difference between the values measured under control circum stances and in  
th e  presence of physostigm ine was checked by chi square evaluation . It was 
found th a t the increase o f  rn was sign ificant statistica lly  (p  <  0.02).

The kinetic param eters o f delayed potassium  conductance are listed  in 
T able I I I . It is clear th a t  th e  value o f w as the same at th e  individual m em ­
brane potentials before and after physostigm ine treatm ent. This suggests that 
the alkaloid does not m od ify  the voltage dependence o f  th e  delayed rectifier. 
The rate coefficients (an and ßn), how ever, decreased at each membrane poten­
tia l in  th e  range under in vestigation .

Discussion

The data obtained w ith  both m ethods were in good agreem ent w ith those  
m easured previously under similar circum stances [3, 15]. The results presented 
prove th a t physostigm ine m odifies the action potentials o f skeletal muscle
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Table Ш

Effect o f physostigmine (1 mmolß) on the kinetic parameters o f  delayed outward
potassium current

Membrane
potential

(mV)
Number
of cases

Control Physostigmine

П oo ßn
Псо

<*n ßn
(»-1) (8 ')

—40.2 5 0.566 28.1 20.6 0.591 16.9 11.0
±0.083 ±  5.6 ±  3.7 ±0.067 ±  3.0 ±  1.3

— 31.2 5 0.694 55.0 23.0 0.716 32.5 12.4
±0.046 ±  7.9 ±  2.2 ±0.053 ±  4.1 ±  1.8

— 21.2 7 0.814 92.5 21.0 0.824 56.8 11.7
±0.022 ±  4.6 ±  2.6 ±0 .020 ±  4.5 ±  0.7

— 11.3 5 0.865 137.3 21.8 0.878 78.8 10.6
±0.013 ±  9.1 ±  3.3 ±0 .016 ±  7.2 ±  0.9

— 2.0 7 0.915 175.8 16.7 0.918 103.4 9.2
±0.006 ±12.1 ±  2.1 ± 0 .006 ±  4.1 ±  0.7

17.7 6 0.971 237.1 7.0 0.972 135.1 4.0
±0.001 ±23.6 ±  0.7 ±0.001 ±  6.5 ±  0.2

The num bers i ndicate the mean ±  S.E. D ata  were obtained on fibres displayed in Table II

fibres by decreasing both sodium  and potassium  conductances and by slow ing  
down the rate o f  changes in  these conductances. Thus, th e  experim ents sup­
plied direct evidence o f th e  earlier hypothesis [14, 20] based on the alteration  
in  shape of th e  action  potentia ls.

The results obtained b y  the phase plane m ethod are decisive m ainly in  
the identification  o f the effects responsible for the prolongation of the declining  
part o f the action  potentia ls. P hysostigm ine at a concentration o f 1 mmol/1 
defin itely  decreased both th e  delayed potassium  conductance and the peak  
outward ionic current, whereas th e  tim e constant characteristic of the outw ard  
current was increased. The above m odifications m ay bring about a prolongation  
of the falling phase o f the spike as it  has been described in  connection w ith  th e  
sim ilar effect o f  zinc ions [17].

The effect o f physostigm ine determ ined b y  phase plane analysis was con ­
firm ed by the data obtained through the vo ltage clamp technique. A qu an tita­
tiv e  com parison o f th e  data revealed b y  th e  tw o forms o f experim ental set-up  
is rendered d ifficu lt b y  several factors. The experim ents were carried out at 
different tem peratures, on various species and in  solutions different in  com ­
position. D espite th e  differences m entioned th e  tim e constant characteristic  
of potassium  conductance grew about tw ofold  both  under voltage clam p  
circum stances (rn, F ig. 5) and when m easured by the phase plane m ethod  
(tk, Table I).

As regards th e  effect responsible for decreasing the rate o f rise o f  th e  
action potential, th e  experim ents failed to  supply unam biguous evidence.
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On considering the w ell-know n relation betw een  sodium  conductance and the  
m axim um  rate o f rise as w ell as the peak am plitude of th e  action potentia l [4, 
24], it  was supposed th a t  physostigm ine treatm ent altered the properties o f  
sodium  conductance. I t  is certain th a t b o th  the sodium conductance and the  
peak  inward ionic current values decreased in the presence o f  the alkaloid, 
b u t these changes w ere n o t significant sta tistica lly . For th e  interpretation of 
th e  results it  is necessary to  take into account that these param eters can be 
derived from the phase plane trajectory on ly  w ith som e uncertainties. The 
rising  phase of the action  potential is a fa st process and th e  shortest sam pling  
period th a t we can use is  40 [ts. Thus, on ly  4 -5  points were available to  deter­
m ine the к rate coeffic ien t, and the reliab ility  o f these poin ts was decreased by  
th e  8 b it resolution o f th e  A/D converter. I t  was m entioned in the original 
description of the m eth od  [6] th at the form ation of the linear part к could not 
be observed in every case. The explanation  for this behaviour is th at the con­
d ition s responsible for th e  linearity o f th is  part (m axim ally activated  and con­
sta n t sodium  conductance besides neglig ib ly  sm all sodium  inactivation  and 
potassium  activation) persist only for a very  short tim e.

Furthermore, i t  is  presumable th a t  physostigm ine exerts a weaker in ­
fluence on the sodium  conductance system  than  on delayed potassium  con­
ductance. On the other hand, the lim ita tion s o f the phase plane m ethod m ay  
resu lt in  an apparent ineffectiveness o f  physostigm ine on sodium  conductance. 
In  th e  Results section  i t  w as shown th a t  th e  rate constant o f the action  po­
te n tia l’s “ foot” decreased under physostigm ine treatm ent. This change m odi­
fie s  th e  calculation o f th e  conductance va lu es as it  is easily  com prehensible on 
th e  basis of Eqs 1 and 2. On calculating from  the m ean values presented in 
T able I we obtained th e  values of 233.9 and 21.4 m S/cm 2 for Gi4ja and Gk;, 
respectively , under control conditions. In  the presence o f  physostigm ine the  
corresponding values are 216.3 and 10.3 m S/cm 2. I f  now  w e use the к and kj 
rate  constants m easured in  the presence o f  the alkaloid w ith  the control va l­
ue o f  kr (elim inating in  th is w ay the physostigm ine effect exerted on the  
“ fo o t” o f the action potentia l) the calcu lated  value for Gua and Gk w iH be 
170.4 and 9.51 m S/cm 2, respectively. This rough estim ate shows th at the dim ­
in u tion  of kr m oderates the extent o f  th e  decrease in  th e  calculated GNa 
va lu e which would be probable from the low er value o f the к rate constant. The 
sam e factor distorts also the change in  potassium  conductance, but th is fact 
is less manifest due to  th e  more exact m easuring conditions or perhaps to  the 
m ore pronounced physostigm ine effect. The considerations outlined above  
show  at the same tim e th e  lim itations o f  th e  applicability o f  the phase plane 
m ethod. In the case o f  com plex pharm acological effects, a m odification of  
the different tim e con stan ts m ay result in  different effects rem aining hidden.

As to  the m echanism  o f the physostigm ine effect, it  is supposed th a t the  
alkaloid interacts w ith  th e  protein m olecules forming the ionic channels located
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in the mem brane o f skeletal m uscle fibres. Both th e  m axim um  value o f  the  
activated  conductances and the k inetics of the residual conductance have 
changed due to  th is interaction. This was supported b y  the observation accord­
ing to  w hich developm ent of the physostigm ine effect depended on w hether  
the neutral or the protonated form  o f the alkaloid w as present at h igher con­
centrations [14]. The significance o f  the relative am ounts o f the tw o m olecule  
forms has been discussed elsewhere [19]. A t any rate the ionic conductance  
decreasing effect of physostigm ine is not specific because it  is m anifested  in  
the m odification  o f the different electrophysiological and transport properties 
o f different cell types (10-13, 2 1 -2 3 ). This com plex pharm acological behaviour  
rem inds o f the action of local anaesthetics.

Acknowledgem ents

We are indebted to Professor E . V arga for continuous support, reading the m anuscrip t 
and helpful suggestions. Special thanks to  Miss Ju lia  Kiss for skilled technical assistance.

R E FE R E N C E S

1. A drian, R . H ., Chandler, W. K ., H odgkin, A. L.: Voltage clam p experim ents in  stria ted
muscle fibres. J . Physiol, (bond.) 208, 607-644 (1970).

2. A ltam irano, M., Schlayer, W. L., Coates, C. W ., Nachm ansohn, D .: Electrical ac tiv ity  in
electric tissue. I. The difference betw een te rtia ry  and quaternary  nitrogen com pounds 
in relation  to  their chemical and electrical activities. Biochem. Biophys. A cta  (A m st.) 
16, 268-282 (1955).

3. Chandler, W. K ., Rakowski, R. F ., Schneider, M. F .: E ffects of gljcerol tre a tm e n t and
m aintained depolarization on charge m ovem ent in skeletal muscle. J . Physiol. (Lond.) 
254, 282-316 (1976).

4. H odgkin, A. L. : The ionic basis of electrical activ ity  in nerve and muscle. Biol. R ev. 26,
339-409 (1951).

5. H ubbard , S. J . :  The electrical constans and the component conductances of frog skeletal
muscle after denervation. J . Physiol. (Lond.) 165, 443-456 (1963).

6. Jenerick, H .: Phase plane trajectories o f the muscle spike potential. Biophys. J .  3, 363-
377 (1963).

7. Jenerick, H .: An analysis of the stria ted  muscle fiber action current. Biophys. J .  4, 77-91
(1964).

8. Kovács, L ., Schneider, M. F .: Contractile activation by voltage clamp depolarization of
cu t skeletal muscle fibres. J . Physiol. (Lond.) 277, 483-506 (1978).

9. Kovács, L., Szűcs, G.: Effect of caffeine on intram em brane charge movem ent and  calcium
transien ts in  cut skeletal muscle fibres. J . Physiol. (Lond.) 341, 559-578 (1983).

10. Kovács, T ., Pfliegler, G>., Szabó, В.: The subcelluîar location of potassium  flux  pathw ays
in frog skeletal muscle. Pflügers Arch. 390, 250-255 (1981).

11. Kovács, T ., Szabó, В.: Effect of physostigm ine on sodium efflux of frog m uscle. A cta
Physiol. Acad. Sei. Hung. 40, 13-26 (1971).

12. Kovács, T ., Szabó, В.: Effect of physostigm ine on sodium influx  into frog sartorius muscle.
A cta physiol. Acad. Sei. Hung. 42, 367-375 (1972).

13. N achm ansohn, D.: Die Rolle des Acetylcholins in den E lem entarvorgängen der N erven­
leitung. Ergeben. Physiol. Exp. P harm ak. 48, 575 (1955).

14. Pagala, M. K . D., Sandow, A.: Twitch po ten tia tion  of skeletal muscle by physostigm ine
a t different pH . J . Pharmacol. E xp . Ther. 197, 439-451 (1976).

15. Portela, A., G uardado, M. I., Jenerick, H ., Stew art, P. A., Perez, R. J .,  R odriguez, C.,
X am ar Oro, J . R ., Zothner, E ., Rozzell, T. C., Gimeno, A. L .: Tem perature dependence 
on the passive and dynamic electrical param eters of muscle cells. Acta Physiol. L at. 
Amer. 29, 15-43 (1979).

Acta Physiologica Hungarica 62, 1983



60 G. SZÜCS e t  a l.

16. Sandow , A., Isaacson, A ., Preiser, H .: P o ten tia tion  of th e  tw itch by eserine and imidazol.
Fed. Proc. 23, 366 (1964).

17. S tanfield , P. R.: The effect of zinc ions on the gating  of th e  delayed potassium  conductance
of frog sartorius m uscle. J . Physiol. (Lond.) 251, 711-735 (1975).

18. S trau b , R .: Der E influss von  Acetylcholin, Eserin  u n d  Prostigm in au f das Ruhepotential
m arkhaltiger N ervenfasern. Helv. Physiol. Pharm acol. Acta 13, 34-36 (1955).

19. Szűcs, G., Fuxreiter, M., Sirkó, É ., Szállási, Á.: E ffects of physostigmine on the excitation-
contraction coupling of skeletal muscle fibres. A cta  Physiol. H ung. 62, 61-73 (1983).

20. T ay lor, S. R., Preiser, H ., Sandow, A.: Action po ten tia l param eters affecting excitation-
contraction coupling. J .  Gen. Physiol. 59, 421-436 (1972).

21. T ó th , T ., Kovács, T .: E ffects of physostigmine on the  contractility  and  ionic balance of
isolated ventricular trabecu la r muscle of the r a t  heart. Acta Physiol. Acad. Sei. Hung. 
52, Abstr. 270 (1978).

22. V arga, E ., Horowicz, P .: Effects of eserine on potassium  perm eability of frog striated
muscle membrane. F ed . Proc. 22, 565 (1963).

23. V arga, E ., Kovács, L ., Szűcs, G., Illés, В.: The physostigm ine depolarization potentiating
effect of salicylate in  frog skeletal muscle. A cta  physiol. Acad. Sei. hung. 46, 125-140 
(1975).

24. W eidm ann, S.: The effect of the cardiac m em brane potential on th e  rap id  valiability
of the sodium -carrying system. J . Physiol. (L ond.) 127, 213-224 (1955).

Acta Physiologica Hungarica 62, 1983



Acta Physiologica Hungarica, 62 (1 ) , p p . 61—73 (1983)

EFFECTS OF PHYSOSTIGMINE ON THE 
EXCITATION-CONTRACTION COUPLING OF 

SKELETAL MUSCLE FIBRES*

G. S zű cs, Margit F uxreiter , É va Sírkő, Á. Szállási

DEPARTMENT OF PHYSIOLOGY, DEBRECEN UNIVERSITY MEDICAL SCHOOL, HUNGARY

Received O ctober 13, 1982 
Accepted N ovem ber 17, 1982

1. The effects of physostigm ine on the electrophysiological properties of the 
surface m em brane and on the d ifferent steps of excitation-contraction coupling were 
studied on the skeletal muscle of the frog (R ana esculenta).

2. On analysing the phase plane trajectories of electrically evoked action po ten ­
tials it was found th a t, similarly to  th e  previously described pH  dependence of the 
depolarizing effect of the alkaloid [14], the physostigm ine-induced inhibition of the 
voltage-dependent sodium and potassium  conductances responsible for the generation 
of the spike was increased in correlation w ith the decrease of external hydrogen ion 
concentration (pH  6.4, 7.0 and 8.4).

3. W hen performing exam inations on cut muscle fibres using the single vaseline 
gap voltage clamp technique [9], physostigm ine did not exert any characteristic effect 
on the strength-duration  curve of th e  contraction  threshold determ ined by short depo­
larizing pulses even a t higher concentrations (2 and 10 mmol/1; pH  7.0). In  some cases the 
value of the rheobase was shifted to a variable extent tow ards more negative m em brane 
potentials.

4. On using the m étallochrom ie indicator dye an tipy rjlazo  I I I  it  was found th a t  
the application of 2 mmol/1 physostigm ine (pH  7.0) decreased the am ount of calcium 
released during the depolarizing pulses. To reach the contraction  threshold, a smaller 
increase in  calcium concentration was necessary in the presence of the alkaloid.

5. The relaxing phase of contractions elicited by  depolarizing pulses was slowed 
down due to  2 mmol/1 (pH 7.0) physostigm ine trea tm en t although the ra te  of the falling 
phase of th e  calcium transients increased sim ultaneously. The decrease in external h y ­
drogen ion concentration facilitated the developm ent of m odifications in the shape of th e  
contractions.

6. The conclusion was draw n th a t  the effects of physostigm ine exhibit pH  de­
pendence. The alkaloid decreases calcium  release from th e  sarcoplasmic reticulum  and 
increases the calcium sensitivity of the contractile proteins.

Keywords: skeletal muscle, excitation-contraction  coupling, intracellular cal­
cium transien ts, physostigmine, pH  dependence.

The cholinesterase inhibitor alkaloid physostigm ine is known to influence  
the contractile properties of skeletal m uscles. A t a concentration of 1—1.Б 
mmol/1 it  w as observed to p otentiate  th e  tw itches o f the frog sartorius m uscle 
[17, 22]. One o f the causes of tw itch  potentiation  is the prolongation o f the  
surface action  potentials [14]. I t  w as not possible, how ever, to  rule out the
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possib ility  that the alkaloid penetrating the surface m em brane o f the skeletal 
m uscle and entering th e  intracellular space m ay affect other structures, too . 
The significance of penetration through th e  membrane is em phasized by the  
observation  that at m ore alkaline pH  values, where an increased am ount o f  
neutral molecules is capable of penetrating, both tw itch  potentiation  and pro­
longation  o f the action  potentials are more expressed [14]. Intracellular sites 
of action  m ay also account for the data suggesting th at physostigm ine prevents 
the developm ent o f  caffeine contracture [13] and th a t under appropriate 
circum stances the alkaloid itself can evoke contractures independent o f the  
surface membrane p oten tia l [15]. In  addition , physostigm ine inhibits the cal­
cium  uptake of fragm ented sarcoplasm ic reticulum  vesicles prepared from  
different species [11, 23].

The experim ents to  be reported showed th at physostigm ine inhibits 
the vo ltage dependent ion ic conductances o f the surface membrane in a pH  
dependent manner. The effect of physostigm ine on the properties of the contrac­
tion s also seems to depend on the pH .

It  is concluded, therefore, th a t th e  exten t of changes developing under 
physostigm ine treatm en t is determined by the am ount o f m olecules penetrat­
ing th e  muscle m em brane. The im portance of different possible intracellular 
acting sites in evoking the m echanical effects is discussed.

Materials and methods

The experiments were carried out on th e  skeletal muscles of the frog (Rana esculenta). 
The m uscle preparations were equilibrated in  R inger’s solution for 30 m in before use. The pH  
of th e  solutions was ad ju s ted  to  the required value w ith  an accuracy of 0.05 by  adding either 
HC1 or N aOH . Since the  effectiveness of the alkaloid m ay depend on the  quality  of the anion 
[25] physostigm ine was applied as its su lphate sa lt throughout (B D H  Chemical L td ., Poole, 
E ngland). The physostigm ine-containing solutions were prepared freshly in every case. The 
details of evoking and recording action potentials as well as of the analysis of their phase plane 
tra jec to ries are given elsewhere [21]. Each value for th e  m em brane po ten tia l was obtained as the 
average of 10 im palem ents perform ed on different superficial fibres. The scattering given nex t 
to  th e  m eans and on the diagram s represents th e  standard  error (S. E .). The statistical sig­
nificance of the differences was calculated using th e  t statistic  for two means.

Determination o f the strength-duration curve fo r  the contraction threshold. The m em brane 
po ten tia ls  of the closed ends of cut skeletal muscle fibres was voltage clam ped to — 100 mV 
using a single vaseline gap [9]. The detailed description of the m ethod is given elsewhere [10].

The lack of the continuous application of intracellular microelectrodes allows to  elicit 
contractions by depolarizing voltage clamp pulses on the term inated  segm ent w ithout any 
dam age to the preparation. On applying depolarization of different durations we determ ined the 
m em brane potential values a t  which the m ovem ent ju s t visible a t  400 X megnification had 
appeared. The membrane po ten tia l belonging to th e  100 ms long depolarizing pulse proved to be 
the rheobase. Physostigm ine was applied ex tracellu larly  in the incubation solution a t the closed 
end. Since the m easurem ents were performed a t  tem peratures of 2—4 °C, the new solution was 
cooled down before changing to  avoid the possible disturbing effect of a varia tion  on tem pera­
ture.

Measurement o f changes in  intracellular calcium concentration.
The experiments were performed using the  calcium sensitive métallochrom ie indicator 

dye antipyrylazo I I I  [8]. The dye was added in a  concentration of 1 mmol/1 to the incubation 
solution of the fibre’s open end pool, from where i t  entered the intracellular space of the closed
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end  p a rt th rough  free diffusion. The entrance of antipyrylazo I I I  was checked by determ in­
in g  the resting spectrum  of the muscle fibre. The calcium transien ts were recorded a t  720 nm  
wave length  where the changes in dye absorbance were no t influenced by other factors [18]. 
The m easured changes of absorbance are approxim ately linear w ith  the changes in  intracellular 
calcium concentration [16]. Since the m yoplasm ic concentration of th e  dye increased con tinu ­
ously during the experim ents, th e  calcium transien ts are given in  every case norm alized to the 
resting optical density m easured a t the wave length  of 550 nm. The optical signals accom pany­
ing the depolarizing pulses were recorded and analysed using a m icrocom puter system  con­
nected on-line. The sampling tim e of the analog digital conversion was 1 ms.

Recording o f the contrations.
On m ounting the fibres a piece of alum inium  foil was a ttached  to  the tendon of the 

closed end. The preparations were positioned during the experim ent so th a t  the slit of the 
w hite light focussed sharply on the level of th e  fibres was p a rtly  obscured by the alum inium  
foil. Therefore, the m ovem ents of the foil re la ting  to  the m echanical ac tiv ity  of the fibre were 
recorded as changes in the in tensity  of light incident on the photodiode. Recording and proc­
essing of the A I/I  signals obtained in this w ay were done as described in  the form er paragraph .

Results

pH  dependence of the depolarizing effect of physostigmine

The results o f th e  experim ents concerning th e  depolarizing effect of 
physostigm ine are presented in  Table I. In  the course o f  m easurem ents the  
m uscles were soaked for one hour in  R inger’s so lu tion  o f appropriate pH  
(6.4, 7.0, 8.4), then their  membrane potential was determ ined. The values

Table I

Depolarizing effect o f  physostigmine (1 mmol/l)

pH 6.4 7.0 8.4

Depolarization 5.65 9.54 16.42
± S .E . 1.78 3.23 1.76
(mV)
n 6 7 6

p <0.05 < 0 .0 1

obtained at the three different hydrogen ion concentrations under in v estig a ­
tion  did not differ sign ifican tly  either from  each other or from the m em brane  
poten tia l o f freshly excised  m uscles. Thereafter the m uscles were treated  for 
one hour w ith  1 m m ol/l physostigm ine dissolved in R inger’s solution o f appro- 
priatep H , and the mem brane potentia l was checked again. Physostigm ine  
concentration and incubation  tim e were chosen to be suitable for the m axi-
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®Na

n 8 9 7 6 8 9
p n.s. n.s. <0.01

Fig. 1. Effect of 1 mmol/1 physostigm ine on the m axim um  sodium conductance during the 
action potentials a t three different pH  values

m um  physostigm ine effect to  develop in the case o f tw itch  potentiation  [14]. 
T able I shows the averages o f the differences betw een the values before and 
after physostigm ine treatm en t. It is seen th a t the higher th e  pH  of the incu­
b a tin g  solution the bigger is the depolarization developed. The differences 
b etw een  the depolarizations m easured at pH  6.4 as well as 7.0, and at pH  7.0 
as w ell as 8.4, were sign ificant statistically . The effect o f  the alkaloid was re­
versib le at all the three pH  values, as after w ashing out w ith  drug-free Ringer’s 
so lu tion  o f identical pH  for one hour the original mem brane potentia l was 
restored.

Effect of physostigmine on the voltage dependent ionic conductances at different 
pH  values

The effect o f physostigm ine on the changes in voltage dependent ionic 
conductances tak ing place during the action potentia l was stud ied  by analys­
in g  th e  phase plane trajectories [7, 21]. A t the beginning o f th e  experim ents 
th e  m uscles were equilibrated in Ringer’s so lution  of desired pH  value for one 
hour, and then th e  control action potentia ls were recorded. Subsequently, 
1 mmol/1 o f the alkaloid w as added to the R inger’s solution o f appropriate pH .
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GK □  Ringer

n 8 9 7 6 8 9
p <0.02 <0.001 <0.001

Fig. 2. E ffect of 1 mmol/1 physostigm ine on the maximum value of delayed potassium  conduct­
ance during the action potentials a t  three different hydrogen ion concentrations

A ction potentials were elicited betw een  the 15th and 45th  m in o f treatm ent.
The m axim um  sodium  conductance values (GNa) during the action po­

ten tia ls are presented in  Fig. 1. I t  is shown that the m agnitude of G^a was 
m odified  b y  the change in  hydrogen ion concentration itself. Moreover, it  is 
clear th a t physostigm ine decreased GNa at pH  6.4 to  a sm aller ex ten t, but more 
d efin itely  at lower hydrogen ion  concentrations. This change was not sig­
n ificant statistically  at pH  6.4 and 7.0. Because o f  th e  considerable variation  
of the control values, it  is reasonable to  express th e  degree o f  inhibition in  
per cent. According to  th is the alkaloid decreased GNa by  12.7%  at pH  6.4, 
by 29.9%  at pH 7.0 and by 52.1%  at pH 8.4, i.e ., the inh ib iting effect was 
more defin ite at higher pH  values.

The values of delayed potassium  conductance (GK) are shown in F ig. 2. 
The m agnitude of th is  conductance also changed w ith  the variation of pH . 
P hysostigm ine (1 mmol/1) sign ifican tly  decreased Gk. at all three pH  values, 
the ex ten t o f inhibition was 40.3%  at pH 6.4, 58.8%  at pH 7.0 and 67.1%  at 
pH  8.4. Consequently, on decreasing the hydrogen ion concentration the in ­
h ib iting  effect of physostigm ine w as intensified  in  th is case, too .

The effect o f the alkaloid wras reversible, as after w ashing out for one 
hour, action  potentials identical w ith  the control ones were recorded.

5 Acta Physiologica Hungarica 62, 1983



6 6 G . SZÜ C S et al.

□ o Control
_ □ 2mmol/l Physostigmine
□ *10mmol/l Physostigmine
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Fig. 3. Effect of physostigm ine trea tm en t on th e  strength-duration  curve for the contraction 
th resho ld . Durations of th e  depolarizing pulses are displayed on th e  abscissa on a logarithmic 
scale. The membrane po ten tia ls  during depolarizing pulses are visible on the ordinate. Fibre 

20211, l =  230 fim, d =  84 fim , s =  2.7 fim

Effect of physostigmine on the strength-duration curve for the contraction 
threshold

The experim ent show n in F ig. 3 was performed at pH  7.0. Physostigm ine  
in  a concentration o f  2 mmol/1 did not m odify the shape o f the curve. On in­
creasing the concentration  in  the extracellular space to  10 mmol/1, the con­
tra ctio n  threshold w as sh ifted  tow ards more negative m em brane potentials 
at longer (20 and 100 m s) depolarizing pulses. A t shorter pulses no change 
w as found in th is case either. In the experim ent in question the strength-dura­
t io n  curve was determ ined betw een th e  10th and 15th m in o f th e  treatm ent. 
In  other experim ents w ith  longer treatm ent periods we did not observe any  
additional change com pared to the effect developing during the first 10-15 min.

As regards th e  strength-duration  curve for the contraction threshold, 
th e  sen sitiv ity  o f th e  ind ividual fibres to  physostigm ine was h ighly variable. 
In  a concentration o f  1 mmol/1 at pH  7.0 the alkaloid did not cause any change 
in  eith er case. A t shorter pulses physostigm ine did not evoke any characteristic 
a lteration  at concentrations o f either 2 or 10 mmol/1.

The values o f th e  rheobase determ ined by 100 ms long depolarizing pulses 
are presented in T able II . It is show n th a t 2 mmol/1 physostigm ine did not 
exert any effect in 50%  o f  the experim ents, while in  th e  other four determ ina­
tio n s  th e  value o f th e  rheobase was sh ifted  in  various degrees (3 .9-13.4  mV) 
tow ards more n egative mem brane potentia ls. The alkaloid, in  a concentration  
o f 10 mmol/1, brought about a sim ilar m odification  (a sh ift o f 5 .8-11.1  mV) in 
all th e  three presented experim ents.

Vm
♦10-

[mV]
0 -  

-10 -  

- 2 0 -  

-30 - 

-40  - 

-5 0 -
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Table II

Effect o f physostigmine on the rheobase o f voltage clamped skeletal muscle fibres
(pH 7.0)

Fibre Control
(mV)

Physostigmine
(mV)

A . 2 mmol/1 physostigmine
20 105 — 35.6 —49.0
20 106 — 33.7 — 41.3
20 211 —43.2 —43.7
20 224 — 28.2 — 28.2
20 315 —40.8 —40.8
20 322 — 42.7 — 46.6
20 323 — 38.5 —43.3
20 331 —40.8 —40.8

B. 10 mmol/1 physostigmine
01 032 — 39.4 —46.6
20 204 —45.3 — 56.4
20 211 —43.7 —49.5

As regards the pH  dependence o f the physostigm ine effect on the strength  
duration curve for the contraction  threshold, at pH  8.4 the alkaloid even  in  a 
concentration o f 1 mmol/1 elicited  a characteristic prolongation of the tw itches  
(see later). In  som e cases the sh ift o f the rheobase w as so definite th a t during  
th e  determ ination o f the strength-duration curve a contracture developed, 
rendering it  im possible to  continue the experim ent. The phenom enon seem ed  
identica l as th e  observation reported previously, i.e ., th a t physostigm ine in  
high concentration  (15 mmol/1 )a t pH  7.2 is capable o f eliciting small contrac­
tures independent o f the surface membrane [15].

Effect of physostigmine on calcium transients

Intracellular calcium  transien ts are show n in  F ig. 4. It  is seen th a t  
2 mmol/1 physostigm ine, pH  7.0 , sign ificantly decreased th e  augm entation of 
m yoplasm ic calcium  concentration accom panying depolarizing pulses a t th e  
three mem brane potentials in vestigated . The decrease am ounted to  84.3%  
at — 51.9 mV, 73.7%  at —47.1 mV, and 59.9%  at —42.3 mV. It was m oreover 
ev id en t, th a t th e  change in intracellular calcium  concentration developed  
more slow ly in  the presence o f  physostigm ine. A t —42.3 mV for exam ple the  
tim e necessary for the peak am plitude to develop was 29 ms in the control 
solution , and 58 ms under the effect of physostigm ine.
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Fig. 4. Calcium transients evoked by  100 ms long depolarizing pulses (indicated by  vertical 
bars a t  th e  bottom ) in control solution (a) and in  th e  presence of 2 mmol/1 physostigm ine (b). 
The m em brane potentials during depolarizations are shown between the corresponding traces.

F ibre 20 323, 6 sweeps averaged

Calcium transients elicited by 5 and 10 ms long depolarizing pulses are 
show n in  F ig. 5. The value o f depolarization was just necessary to  reach the 
con traction  threshold in every case. I t  is clear th at at the sam e pulse duration 
th e  depolarization had to  be higher to  reach the contraction threshold on this

A

-17.5
I I

В

ûA
л550

5x10"'

50 ms

-5.8 •

30.1— ' 
II

Fig. 5. Threshold calcium transien ts evoked by depolarizing pulses (indicated by vertical bars 
below each curve) of 10 ms (upper part) and 5 ms long (lower part) in  control solution (a) and in 
the presence of 2 mmol/1 physostigm ine (6). The m em brane potentials during depolarizations 
are show n nex t to the individual traces. Fibre 20 322, l =  400 f.tm , d =  112 f i m ,  s =  2.7 f im .

4 sweeps averaged
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fibre in the presence of physostigm ine. In accordance w ith  our previous ob­
servation the peak am plitude as w ell as the rate of the falling phase (y) o f the  
threshold calcium  transients were independent of the value o f the mem brane 
potentia l du iing depolarization b oth  in  the control solution (F ig. 5a) and in 
the presence o f physostigm ine (F ig . 5b). On the other hand, it is evident th a t, 
due to  the effect o f 2 mmol/1 physostigm ine (pH 7.0) an increase in  calcium  
concentration sm aller by 75.7% w as enough to reach the contraction threshold. 
The y rate constant increased sim ultaneously  by about 45% , i.e. the decrease 
in  intracellular calcium  concentration  took place faster.

Effect of physostigmine on the contractions evoked by depolarizing pulses

During determ ination of th e  strength-duration curve for the contraction  
threshold, the character o f the m ovem en t elicited b y  the voltage clam p de­
polarizing steps had changed due to  physostigm ine treatm ent, i.e. the rate of 
relaxation decreased. The phenom enon is presented in  F ig. 6. The m ovem ents 
o f the term inated m uscle segm ent w ere recorded in the form  o f light in ten sity  
changes. V oltage clamp pulses o f  10 ms were applied, the depolarizations 
exceeded b y  10 mV the m agnitude o f  the depolarizing pulses necessary to  
reach the contraction threshold. U nder the effect o f 2 mmol/1 physostigm ine  
(pH  7.0) the m echanicalthresholdw as shifted towards a more positive mem brane 
potentia l in  th is case, too. The peak  am plitudes of the ligh t in ten sity  changes 
proportional to  the contractions w ere about the sam e, neither did change 
the tim e necessary for the peak am plitude to develop (40 and 38 m s, respec­
tiv e ly ). On the other hand, relaxation  took place more slow ly, the w idening  
of the contraction curve was 25.9%  at 80% of the peak am plitude, 28.6%  
at 50% , and 29.2%  at 20%.

А В

ül
1 2x10"3 / \

\  50ms 4

4

-15.5 '

4
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Fig. 6. Contractions elicited by 10 ms long depolarizing pulses (indicated by  vertical bars below 
the curves) under control circumstances (a) and in the presence of 2 mmol/1 physostigm ine (b). 
The m em brane po ten tia l values during th e  depolarizations are shown nex t to  the individual 
traces. Fibre 20 331, l =  280 /am, d =  112 /am, s =  2.7 fim. The records displayed in  the figure

are single sweeps
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Discussion

The results presented indicate th at the tw itch  p otentiating  property o f  
physostigm ine is a resu ltant o f various effects exerted on the different steps 
in  excitation-contraction  coupling.

W e found in our experim ents th at on increasing the pH  o f the incubation  
so lu tions, the inhibiting effect o f physostigm ine on the ionic conductances o f  
th e  surface membrane w as also in tensified . B oth  the depolarization and the  
decrease in the v o ltage  dependent ionic conductances responsible for the  
action  potentials becam e more defin ite. I t  has been pointed out previously 
th a t th e  cause of depolarization was the decrease in  resting potassium  per­
m eab ility  [24], while physostigm ine influenced the tim e course o f the action  
p oten tia ls by inh ib iting both the sodium  and the delayed potassium  con­
ductance [21].

There is a connection  betw een the physostigm ine effects exerted on the  
surface membrane and th e  am ount o f neutral m olecules, but the relation is 
n ot a linear one. The alkaloid has a pK  value o f  8.2 [12]. The concentration of 
the neutral form is, therefore, 0.016 mmol/1 at pH  6.4, 0.059 at pH 7.0 and
0.613 at pH  8.4, in th e  case of 1 mmol/1 to ta l physostigm ine concentration. 
Thus, on decreasing th e  hydrogen ion concentration the ratio o f increase in  
the am ount of this m olecule form is 1 : 3.7 : 38.3, but th is relation does not 
ex ist in  any of the physostigm ine effects.

The parameters o f  the action potentials and the calculated ionic con­
ductances were them selves dependent on the pH . This is supported by data  
in th e  literature according to which alterations in pH  change the different 
ion ic conductances o f  th e  surface membrane of both neural and muscle cells 
[3, 5, 6, 19]. The observed extent of conductance changes related to the m odi­

fica tion s of pH must be considered w ith  some restrictions because, due to the 
com plex  pharm acological effect o f hydrogen ions, the conductance values ob­
ta in ed  w ith  the phase p lane m ethod are not su ffic ien tly  reliable [21].

The effect o f physostigm ine on the contraction threshold has been stud­
ied previously using potassium  contractures [14]. It was found that the al­
kaloid  practically did n o t m odify the threshold at different pH  values. In the  
case o f  the m echanical responses elicited by potassium  depolarizations it had, 
how ever, to be taken  in to  account th a t physostigm ine decreases the m agni­
tu d e o f  depolarization, to o  [24]. In our experim ents we investigated  the be­
haviour o f the contraction  threshold in voltage clam p conditions, excluding 
therefore the physostigm ine effect exerted on the electrophysiological proper­
ties  o f  th e  surface m em brane. The value o f th e  rheobase determ ined by 100 ms 
long depolarizing pulses w as either unchanged or shifted tow ards more nega­
tiv e  membrane p oten tia ls in  the presence o f 2 and 10 mmol/1 physostigm ine, 
respectively . In the case o f  contractions evoked b y  shorter pulses (5-10 ms),
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th e  effect o f  physostigm ine varied considerably from fibre to  fibre as for its  
existence, direction and m agnitude. Consequently, th e  effect o f p h ysostig ­
m ine on the contraction threshold is not characteristic and higher concentra­
tions are necessary to  elicit the occasional m odifications than  to change the  
electrophysiological properties o f the surface membrane.

In our experim ents 2 mmol/1 physostigm ine decreased the peak am pli­
tude o f the calcium  transients related to  the given m em brane potential level. 
From  the change in  shape of the transients the conclusion has been drawn  
th a t the release o f calcium  was inh ib ited , whereas the reuptake seemed to have  
been m odified to  a lesser extent. The calcium  release inh ib iting effect o f p h y ­
sostigm ine explains well the previous finding that the alkaloid is able to  pre­
ven t the caffeine contracture under appropriate circum stances [13]. This b e­
haviour reminds o f th e  similar effect o f local anaesthetics [4].

In  addition to  potentiating th e  tw itches, physostigm ine evokes a pro­
longation  o f contraction tim e [14]. This fact was explained m ainly b y  th e  
w idening of the surface action potentia l. A similar alteration in  the character 
o f th e  m ovem ent w as observed in  our experim ents, but in th is  case a possib le  
change in the tim e course o f the surface electrical a ctiv ity  could not be a 
causal factor. According to  data in the literature, physostigm ine decreases 
the calcium  uptake o f the sarcoplasm ic reticulum  [11, 23]. Such a m odification  
w ould he suitable to  explain the persistence o f the active sta te  for prolonged  
period. In our experim ents, how ever, the declining phase o f  the threshold ca l­
cium  transients w as faster in th e  presence o f the alkaloid, i.e. the decrease in  
intracellular calcium  concentration took  place more quickly.

The present experim ents have shown that although the alkaloid did not 
characteristically m odify the strength-duration curve for the contraction  
threshold , in  th e  presence o f 2 mmol/1 physostigm ine a considerably sm aller  
increase in intracellular calcium concentration was enough to  evoke a m ove­
m ent o f the same (threshold) m agnitude than under control conditions. W e 
suppose th at the alkaloid increases the calcium sen sitiv ity  o f the contractile  
apparatus and th is change is m anifested in its slowing relaxation. This is su p ­
ported by data according to  which physostigm ine accelerates the superprecip­
ita tio n  of actom yosin prepared from  rabbit skeletal m uscle [20], and together  
w ith  neostigm ine it  increases th e  speed o f contraction and retards the relaxa­
tion  o f  glycerol treated  fibres prepared from  the rabbit’s skeletal muscle [1].

The question arises whether the described effects o f  physostigm ine are 
based on its cholinesterase inh ib iting property. The effect o f the alkaloid d e­
pends on the am ount of neutral m olecules able to  penetrate the m em brane. 
I t  has, however, to  be taken  in to  account, th a t the pH  o f the intracellular  
space follows th e  pH  changes in  th e  extracellular space on ly  to  a sm all e x ­
ten t [2]. Therefore, th e  entering neutral physostigm ine m olecules are proto- 
nated  in  a degree regulated b y  th e  actual m yoplasm ic pH . This fact suggests
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th e  possib ility  th at in  th e  described physostigm ine effects th e  inhibition of 
different intracellularly located  cholinesterase activities m ay play an im por­
ta n t role. N eostigm ine, w hich is im perm eable at the pH  values tested  ex ­
h ib its the above-m entioned properties o f  physostigm ine on ly  slightly . The 
effects o f diisopropyl-fluorophosphate capable of entering th e  intracellular 
space [12] is very sim ilar to  those o f physostigm ine [14].

Consequently, th e  tw itch  poten tia tin g  properties o f physostigm ine m ight 
be regarded as the resu ltant of different effects exerted on various structures. 
In  th e  potentiating o f  th e  tw itches evok ed  b y  action potentia ls the dom inant 
factor is the increase o f  the m echanically effective area o f th e  spikes. A t the 
sam e tim e the in h ib ition  o f calcium release and the increase in  calcium sensi­
t iv ity  o f the contractile apparatus, are contradictory effects and, therefore, 
th ey  m ay elim inate each other.
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Piracetam  (2-oxo-l-pyrrolidine acetam ide, UCB 6215) or physiological saline 
solution was injected intravenously to  female ra ts ; a fter 60 min the anim als were 
decapitated and blood was collected. P iracetam  in doses of 100, 300 and 600 mg/kg 
resulted in  a progressive suppression of serum corticosterone concentration (Cpd B) as 
compared to  the controls. Morphine (5 and 10 mg/kg), nalorphine (5 and 10 m g/kg) and 
naloxone (0.5 mg/kg) induced a significant rise of Cpd В 30 m in after subcutaneous in ­
jection, however, this could be prevented by 300 mg/kg p iracetam  given in traperitoneally  
60 m in prior to decapitation. P iracetam  was ineffective in  reducing the effects of high 
doses of m orphine (20 mg/kg) and nalorphine (20 mg/kg). The drug had no effect on 
either ether stress or electric footschocks induced ac tiva tion  of the p itu itary -ad reno­
cortical system . In  v itro  the drug had no effect on p itu ita ry  ACTH release following 
exposure to  crude hypothalam ic extract. I t  is concluded th a t  the effect of p iracetam  on 
the p itu itary-adrenocortical axis is m ediated through hypothalam ic or ex trahypo tha- 
lamic brain  structures and influences one of the effects of m orphine and related drugs.

Keywords: piracetam , m orphine, nalorphine, naloxone pitu itary-adrenocortical 
activity.

Certain b iological and pharm acological actions o f  piracetam (2 -o x o -l-  
-pyrrolidine acetam ide, UCB 6215) becam e known from  the work o f Giurgea 
and his coworkers [10-15 , 23] who show ed that the drug facilitated learning  
m echanism s, im proved m em ory storage and retrieval, and increased resistance  
o f the central nervous system  to hypoxia  and drug intoxication  in experim en­
tal anim als. This has been corroborated b y  others [27]. Buresova and Bures [5] 
dem onstrated th a t piracetam  facilitated  interhem isphcric transfer o f v isu al 
inform ation in the rat. R ecently , V lahov et al. [35] show ed that it augm ented  
local cerebral blood flow  in  the cat.

The substance has m any clinical applications, nam ely , in geriatric m ed­
icine, in resuscitation  and intensive care, and pediatry [6, 32, 33]. It is know n  
th at piracetam  has no stim ulant properties [37] and there is also evidence  
that it has anxio lytic  action [8]. Earlier, we published that piracetam  di­
m inished ACTH and adrenocortical functions [19] w hich suggested th a t the
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previously revealed piracetam -induced facilita tion  of learning, m em ory storage  
and retrieval m echanism s were not necessarily  based on th e  in vo lvem en t o f  
hypothalam o-pitu itary ACTH functions. The intim ate m echanism s responsible 
for the effects o f piracetam  are not com p letely  understood, therefore at the  
present stage any experim ental find ing on th e  interaction w ith other CNS active  
substances m ay be valuable.

The present paper is devoted to  s tu d y  the effect o f p iracetam  on the  
pituitary-adrenocortical system , and its  m utual or reciprocal action w ith  
m orphine, nalorphine, naloxone and certain  stressor agents.

Materials and m ethods

Female ra ts  of R -A m sterdam  strain weighing 200-250 g were used. Animals were 
housed 7 to a cage and had  unlim ited access to  food and water. The am bien t tem perature was 
approx . 22 °C, and the room  was light controlled w ith  a 14 h light, 10 h dark  cycle, light on a t 
06:00 h.

Piracetam  was dissolved in isotonic saline and  given intravenously or in traperitoneally  
in  a  volume of 0.15 ml/100 g body weight. M orphine (M orphinum hydrochloricum ® , Biogal, 
Debrecen, H ungary), nalorphine (N alo rph in® , Chinoin, Budapest, H ungary) and naloxone 
hydrochloride (Endo L aboratories, Inc. N. Y ., U. S. A.) were injected subcutaneously. Control 
anim als received identical volumes of physiological saline solution either i.v ., i.p. or s.c.

To minimize the effects of circadien variables on the p itu itary-adrenocortical system  [16], 
all experim ents were s ta rted  a t  09:00 h (rat-tim e) w hen saline or p iracetam  was injected. This 
w as followed 30 min la te r b y  a second injection of saline, as control, or th e  drugs given s.c. 
The f irs t group of anim als was decapitated 60 m in after piracetam  adm inistration .

E ther stress: p iracetam  pretreated  or saline injected control ra ts  were placed into an 
e th er-ja r for 1 min and were killed by decapitation  30 min after the exposure to  ether. Electric 
footshocks: ten  unavoidable electric footshocks of 2 mA intensity  were given over 30 s in  a 
m odified jum ping-box and  ra ts  were killed 40 m in afterwards. Blood was collected, centri­
fuged and sera were stored in a deep-freezer a t  — 20 °C.

The action of p iracetam  on the p itu itary-adrenocortical axis was assessed by in vitro 
experim ents. The technical details have been published elsevhere [28]. B riefly, anterior pi­
tu ita ry  tissue and adrenocortical slices of control, u n trea ted  ra ts  were incubated  in Tyrode solu­
tion  in  oxygen and carbondioxide atm osphere a t  37 °C. Mediobasal hypothalam i including the 
m edian eminence were homogenized in  a buffer solution, centrifuged and th e  supernatan t was 
discarded. The residue w as ex tracted  w ith 0.1 M HC1. To tes t CRF activ ity , different volumes 
of th e  neutralized ex trac ts  were added and th e  corticosterone ou tpu t of ad renal slices into the 
incubation  medium was m easured. Corticosterone concentrations were determ ined w ith com­
pe titive  protein binding radioassay [25]. Large num bers of samples were assayed sim ultaneous­
ly  to  minimize in terassay variation. The d a ta  were analyzed using ANOVA and this was fol­
low ed by t-statistics (H P-97 programs).

Results

T hirty min prior to  the s.c. injection  o f  the saline solution , piracetam  was 
g iven  i.v . to  rats w hich were killed by decapitation  30 min after the second  
in jection . Piracetam  suppressed serum corticosterone concentration  w ith in  
th is  interval. The suppression was weak w ith  a dose of 100 m g/kg, while sign if­
ica n tly  greater w ith doses of 300 or 600 m g/kg (Table I).

Single s.c. in jections o f morphine in  doses of 5, 10 or 20 m g/kg resulted  
in  a significant elevation  of corticosterone concentration w hich started to  re.
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Table I

The effect o f piracetam on corticosterone production in  vivo

Group
Treatment Corticosterone, jU.mol/1

—0.5 h 0 h 0.5 h

l Saline 0.3 ml i.v. Saline 0.1 ml s.c. 0.28±0.02
n= 21

2 Piracetam  100 mg/kg i.v. Saline 0.1 ml s.c. 0.18±0.06
n = 7

3 Piracetam  300 mg/kg i.v. Saline 0.1 ml s.c. 0.07±0.01
n = 7

4 Piracetam  600 mg/kg i.v. Saline 0.1 ml s.c. 0.03±0.01
n = 7

Results are given as the mean S.E.M. 
Anova: p  <  0.01
1 vs. 2: N. S.
1 vs. 3: p  <  0.001
1 vs. 4: p  <  0.001

turn to the norm al range 2 hrs after the injection . This elevation  was prevented  
b y  piracetam  injected  30 m in before m orphine adm inistration. However, even  
in high dose (600 m g/kg) piracetam  failed to prevent th e  effect of 20 m g/kg  
m orphine in jection .

Nalorphine was in jected  s.c. in doses o f 5, 10 and 20 m g/kg and naloxone  
in doses o f 0.5 and 5 m g/kg. B oth substances resulted in  an increase o f  serum  
corticosterone concentration, although th e  tim e courses were som ew hat d if­
ferent from  th a t of the morphine induced changes. Nalorphine showed the  
shortest lasting horm onal effect, while th e  corticosterone concentration in  
the 0.5 m g/kg naloxone treated  group returned to  th e  normal range after  
2 h o f in jection . Piracetam  adm inistration 30 min prior to  the in jection  of 
th ese drugs sign ificantly  inhibited the activation  of th e  pituitary-adrenocor­
tica l axis. H ow ever, it  should be noted th a t piracetam  failed  to  reduce th e  ef­
fect o f high doses of nalorphine (20 m g/kg), m oreover, 5 mg/kg naloxone  
in jection  did not cause any consistent increase o f corticosterone concentration  
at the tim e of sam plings (Table II).

W hen com pared to  the controls, piracetam  did not modify th e  effect 
o f ether stress on serum corticosterone concentration. R ats were killed b y  
decapitation 30 m in after the exposure. In  addition, no significant difference  
could be dem onstrated betw een piracetam  and saline treated  groups in serum  
corticosterone concentrations 40 min after the unavoidable electric footshocks 
(Table III). I t is im portant to note th a t no difference in gross behavior could  
be observed betw een piracetam  treated rats and m atched controls.

In vitro experim ents were conducted to determ ine whether piracetam  
directly influenced the p itu itary or adrenal gland, or its  effect was m ediated
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Table П

The effect o f piracetam pretreatment on morphine and related drug-induced changes in  serum
corticosterone concentration

Treatment Corticosterone iimol/l
roup

—0.5 h Oh 0.5 h lh 2 h

1 Saline Saline 0.28±0.02 0.10±0.06
0.3 ml i.p. 0.1 ml s.c. n = 2 1 n = 7

2 Piracetam Saline 0.07±0.01*** 0.03±0.01 0.05±0.01
300 mg/kg i.p. 0.1 ml s.c. n = 7 n = 7 n = 7

3 Saline Morphine 0.62±0.14 1.26±0.06 0.57± 0.13
0.3 ml i.p. 5 mg/kg s.c. n— 14 n = 1 2 n = 7

4 Piracetam Morphine 0.24±0.07* 0.07±0.01*** 0.24±0.05
300 mg/kg i.p. 5 mg/kg s.c. n = 1 4 n = 7 n = 7

5 Saline Morphine 0.88± 0.12 0.88±0.09 0.63±0.18
0.3 ml i.p. 10 mg/kg s.c. n = 7 n = 7 n = 7

6 Piracetam Morphine 0.34±0.09** 0.17±0.04*** 0.35±0.05
300 mg/kg i.p. 10 mg/kg s.c. n —7 n = 7 n = 7

7 Saline Morphine 1.30±0.18 1.07±0.07 0.62±0.10
0.5 ml i.p. 20 mg/kg s.c. n = 7 n = 7 n = 7

8 Piracetam Morphine 1.17±0.13 0.68±0.17 0.62 ± 0 .08
600 mg/kg i.p. 20 mg/kg s.c. n = 7 n = 7 n = 7

9 Saline Nalorphine 0.62 ±  0.08 0.19±0.06 0.08±0.03
0.3 ml i.p. 5 mg/kg s.c. n = 7 n = 7 n = 7

10 Piracetam Nalorphine 0.23±0.07** 0.15±0.01 0.09±0.02
300 mg/kg i.p. 5 mg/kg s.c. n = 1 0 n = 7 n = 6

11 Saline Nalorphine 0.85±0.11 0.40±0.05 0.22±0.11
0.3 ml i.p. 10 mg/kg s.c. n = 7 n = 7 n = 7

12 Piracetam Nalorphine 0.20±0.03*** 0.14±0.04** 0.05±0.01
300 mg/kg i.p. 10 mg/kg s.c. n = 7 n = 7 n = 7

13 Saline Nalorphine 1.07±0.14 0.76±0.13 0.41±0.13
0.5 ml i.p. 20 mg/kg s.c. n = 7 n = 7 n = 7

14 Piracetam Nalorphine 1.04±0.13 0.81±0.06 0.38±0.14
600 mg/kg i.p. 20 mg/kg s.c. n = 7 n = 7 n = 7

15 Saline Naloxone 0.69±0.09 0.28±0.05 0.06±0.01
0.3 ml i.p. 0.5 mg/kg s.c. n = 7 n = 7 n = 7

16 Piracetam Naloxone 0.24±0.02*** 0.10±0.02** 0.05±0.02
300 mg/kg i.p. 0.5 mg/kg s.c. n = 7 n = 7 n = 6

17 Saline Naloxone 0.17±0.06 0.14±0.03 0.08±0.02
0.3 ml i.p. 5 mg/kg s.c. n = 6 n = 6 n = 6

R esults are given as the m ean iS .E .M .
* p <  0.05

** p <  0.01 
*** p <  0.001

through hypothalam ic m echanism s. E xperim ents revealed th a t neither 2 fig 
nor 10 fig piracetam , dissolved in 20 fil saline solution and added to the m e­
dium , influenced the corticosterone production of the in v itro  preparations 
(Table IV).
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Table III

The effect o f piracetam pretreatment on ether stress and electric foolshock-induced 
corticosterone production

Group
Treatment Corticosterone,

(X m olß

—0.5 h Oh 0.5 h

l Saline 0.3 ml i.p. E ther stress 1 min 1.40±0.21
n = 1 8

2 Piracetam  300 mg/kg i.p. E ther stress 1 min 1.22±0.17
n = 1 7

—0.5 h Oh 0.67 h

3 Saline 0.3 ml i.p. 10 Footshocks 2 mA 0.29±0.13
over 30 sec n =  8

4 Piracetam  300 mg/kg i.p. 10 Footshocks 2 mA 0.31±0.09
over 30 sec n =  7

Results are given as the m ean±S.E .M . 
Anova: N.S.
1 vs. 2: N.S.
3 vs. 4: N.S.

Table IV

The effect o f piracetam on corticosterone production in  vitro

Corticosterone
T . production in
In vitro medium (imoI/lOOmg

adrenal tissue/h

1 A +  P 0.053±0.010
n = 6

2 A +  P  +  0.1 ml MBH 0.077±0.01
n = 6

3 A +  P  +  0.3 ml MBH 0.090±0.011
n = 6

4 A +  P  +  1.0 ml MBH 0.123±0.011
n = 6

5 A +  P +  0.3 ml MBH +  2 pg  PIR A 0.075±0.010
n = 6

6 A +  P  +  0.3 m l MBH +  10 p g PIR A 0.087±0.005
n = 6

Results are given as the mean +  S.IC.M. 
Anova: N.S.
3 vs. 5: N.S.
3 vs. 6: N.S.
Abbreviations: A =  adrenal slices; P  =  p itu itary  tissue; MBH =  hypothalamic ex trac t; 

P IR A  =  piracetam
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Discussion

The short-term  adm inistration o f m orphine has profound effects on hypo- 
th alm ic-p itu itary  a ctiv ity  in a num ber o f anim al species. M orphine has been  
reported  to  be a potent stim ulus o f  ACTH, prolactin and grow th hormone 
release and inhibitor o f F SH , LH  and TSH  [18, 22, 24, 2 9 -3 1 , 39, 40].

Nalorphine and naloxone predom inantly antagonizes th e  depressant 
b u t n o t th e  stim ulant actions o f m orphine. Nalorphine also has certain agonist 
action s o f  morphine, therefore it  is not surprising that it  increases serum cor­
ticosteron e. Naloxone has none o f the agon ist properties o f m orphine, y e t in 
its e lf  also results in an elevation  o f corticosteroid level in rats, cats and men 
[9, 18, 36]. The results are corroborated in  our present experim ents on rats 
u sin g  low  dose o f naloxone.

Our in vitro experim ents indicate th a t piracetam  does n ot possess a 
direct action on the p itu itary or adrenal gland, and this im plies th a t the effect 
is m ed iated  through hypothalam ic structures or extrahypothalam ic pathw ays.

R ecently , W urtm an et al. [38] have reported that piracetam  resulted  
in  a reduction  of regional brain acetylcholine concentration in  th e  hippocam pus, 
and hypothesized  th at th is m ay reflect an accelerated release o f  th e  transm it­
ter w h ich , in  turn, coidd be associated w ith  increased hippocam pal cholinergic 
transm ission . D ata from recent experim ents [2, 3, 4] indicate th a t the cholin­
ergic system  m ay exert ton ic effects on neuronal excitab ility  w hich is func­
tio n a l in  the potentiation  o f hippocam pal responses. Our electrophysiological 
fin d in gs [20] showed th at piracetam  resulted in  a consistent increase o f the 
frequency of am plitude discrim inated spikes in the dorsal hippocam pus which  
coincided with a m oderate depression o f m idtiunit activ ity  in  th e  m esence­
phalic reticular form ation. M oreover, we have also found th a t low  doses of 
m orphine resulted in  increased neuronal a c tiv ity  in the brainstem  reticular 
form ation , and the onset o f the high frequency firing rate and general m otor 
a c tiv ity  could be sign ificantly  delayed b y  piracetam  pretreatm ent. As to  the  
locom otor activ ity , th is is in  agreem ent w ith  previous findings th a t morphine 
and m orphine derivatives induce biphasic effects on the general m otor activ ity  
in  ra ts. The excitatory effects are prevalent i f  the drug is adm inistered in low  
doses, w hile w ith high doses the stim ulatory action occurs fo llow ing the in itia l 
depression  [1, 25]. The above data m ay suggest that the action  o f piracetam  
and m orphine on CNS m echanism s underlying the pituitary-adrenocortical 
ev en ts  are different, and led us to  assum e th a t they  are not necessarily com ­
p etin g  on the same brain m echanism .

A lthough piracetam  is a cyclic derivative o f gam m a-am inobutyric acid, 
it  should  be em phasized th at the subslance is com pletely devoid o f  GABAergic 
properties and does not m odify brain G ABA levels and turn-over rate, nor 
is i t  capable of being converted in to  G ABA [11]. Moreover, it  does n ot influence
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ether stress or electric footshock induced activation  o f  th e  pituitary-adreno­
cortical system . The latter find ing is not surprising, since the drug does not  
influence the threshold to pain (Giurgea, personal com m unication). It is un ­
lik ely  th at the drug occupies receptors to  antagonize m orphine actions. D ata  
presented here are unequivocal, but the m echanism s b y  which piracetam  di­
m inishes m orphine- and related drug-induced elevation  o f serum corticosterone 
concentration is n o t certain at th is  tim e. It is know n th a t a few polypeptides,
i. e. desglycineam ide-lysine vasopressin , prolyl-leucyl-glycineam ide (MIF) and  
cyclo-leu-gly can influence the acute and chronic effects o f  opiates in a variety  
of w ays [7, 17, 21, 34]. Piracetam  m ay hind to receptors th a t have an a ffin ity  
for the latter peptides. Another possible mode of action  for the piracetam m od­
ifica tion  of m orphine effects on certain endocrine even ts would be a neural 
substrate(s) th a t is d istinctive from  the known op iate antagonists. In other  
w ords, tw o independent m echanism s are coinciding w hich result in the marked  
m odification o f th e  function of th e  final common p ath w ay, the hypothal- 
am o-pituitary-adrenocortical axis. Further study is  required to clarify these  
hypothetical m echanism s o f action.
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A ctivity  of the enzymes regulating glycogen m etabolism  was determ ined for 
glycogen phosphorylase (Ph), phosphorylase kinase (PhK ) and  glycogen synthetase 
(GS) in fast extensor digitorum  longus (ED L) and slow (soleus) muscles of ra ts  fol­
lowing immobilization by  plastering.

I t  was shown th a t the activ ity  not only of Ph  h u t also of P h K  was about 8 times high­
er in the E D L  th an  in the soleus muscle in correlation w ith th e  higher glycogenolytic 
activ ity  of fast muscles. The activ ity  of GS was approxim ately similar in th e  two 
muscles.

P hK  activ ity  decreased significantly in the immobilized E D L  muscle while in  the 
soleus an  early reduction of GS activ ity  ensued. Reduction of th e  activ ity  of the glyco­
genolytic enzymes caused dedifferentiation in the muscles w ith  anaerobic m etabolism  
and containing large am ounts of glycogenolytic enzymes. The similar ra te  of P h  and 
P hK  in fast and slow muscles, as well as the similar ra te  of the ir reduced activity , d u r­
ing im mobilization indicated a close correlation between th e  tw o enzymes and raised  
the possibility of a combined regulation of their turnover.

Keywords: im m obilization, m. soleus, m . extensor d ig itorum  longus, glycogen 
m etabolism , glycogen phosphorylase activity , phosphorylase kinase activity, glycogen 
synthetase activity.

Prolonged im m obilization m ay cause atrophy in  skeletal muscles along  
w ith  a decrease in  their m ass and strength. Earlier it  has been shown th a t as 
a consequence o f im m obilization a change occurs in th e  com position o f  sar­
coplasm ic and contractile proteins [31] as w ell as th e  A TPase activ ity  and 
contractile param eters o f the muscles [29, 30]. M acDougall et al. [22] and  
B ooth and Seider [3] showed a decrease of creatine phosphate, ATP and g lyco­
gen content in  im m obilized m uscles. These data indicate changes in the m etab­
o lism  o f im m obilized m uscle which m ay be in correlation with changes in  
am ount or regulation o f enzym es participating in the synthesis and decom po­
sitio n  o f glycogen. Significant changes were shown in th e  different enzym es o f
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im m obilized  muscles [28] but the enzym es o f glycogen m etabolism  have not 
been  studied .

In  the present experim ents, the effect o f im m obilization o f an extrem ity  
w as studied  on the a c tiv ity  of glycogen phosphorylase (P h), phosphorylase  
kinase (PhK ) and glycogen synthetase (GS) enzym es in  fa st and slow muscles 
o f ra ts .

Materials and methods

The righ t hind-limb of male CFY-type ra ts  weighing 200-250 g was fixed in plaster in a 
m oderately  flexed state. The le ft hind-limb was used as a control. E nzym e activities of in tac t 
anim als of the same age were also determined. Four groups of five ra ts  were studied 1 ,2 ,3  and 4 
weeks after immobilization. T hey  were anaesthetized by  5 mg/100 g body  w eight pen tobarb ita l 
sodium  and their extensor digitorum  longus (E D L) as well as the soleus muscles showing fast 
and slow glycolytic m etabolism , respectively, were prepared from th e  limbs. After weighing a 
group of similarly treated  muscles was chilled in  liquid  nitrogen, pow dered in  a  dish and homog­
enized in  a Potter—Elvehjem  homogenizer. The powder was diluted five-fold in buffer con­
tain ing  0.1 M NaF, 0.04 M N a2-jS-glycerophosphate, 0.01 M m ercaptoethanol and 0.004 M 
E D T A  pH  =  6.8, then centrifuged a t 10 000 g a t  4 °C for 10 min and th e  supernatan t was used 
as m uscle extract. A fter proper dilution the enzym e activities and p ro te in  content were de­
term ined .

The activ ity  of glycogen phosphorylase (EC 2.4.1.1.), phosphorylase kinase (EC 2.7.1.38) 
and  glycogen synthetase (EC 2.4.1.11) were estim ated  by the m ethod of Illingworth and Cori 
[20], K rebs and Fischer [21] and  Thomas [32] respectively. Protein co n ten t was m easured by 
the  b iu re t reaction according to  Gornall et al. [17]. In  the case of Ph  and  GS a un it transform ed 
1 //inni substrate  in  1 min, and  in  the case of P h K  an activity  which was able to activate a un it 
am oun t of Ph  b in one min. Enzym e activities were compared on the basis of the ex trac t’s pro­
te in  con ten t. Ph b of rabb it skeletal muscle was prepared in crystallized form according to 
F ischer and Krebs [10]. Significance was calculated on the basis of S tu d en t’s t test.

Results

The activities o f P h , PhK  and GS o f  the non-treated control rats are 
show n in  Fig. 1. It can be seen th a t the activ ities of Ph and P hK  were nearly  
eq u ally  about 8 tim es higher in E D L  th an  in  the soleus m uscle. Thus, the ratio  
of P h  and PhK  was principally the sam e in  fast and slow  m uscle alike. The 
a c tiv ity  o f GS was higher in  the soleus th an  in  ED L m uscle, but the difference  
w as n ot significant.

Changes in the w eigh t o f fast and slow  muscles are show n in F ig. 2. It 
can be seen that im m obilization resulted in  a more sign ificant loss of w eight 
in  th e  soleus than in th e  E D L  muscle, in  agreem ent w ith  our previous experi­
ence [29]. The difference w as more pronounced after the 2nd week.

E xtracts o f im m obilized and control muscles show ed no difference in 
protein  content. This situ ation  did not change with tim e and therefore enzym e  
a ctiv ities based on the am ount of solubilized protein were in good agreem ent 
w ith  th e  enzym e concentrations calculated from muscle w eight.

Changes in the a c tiv ity  of Ph and PhK  enzym es are shown in F ig. 3 
as com pared to the controls. During im m obilization Ph and PhK  a c tiv ity
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glycogen phophorylase glycogen
phosphorylase kinase syn thetase

Fig. 1. P h , P hK  and GS activ ity  in slow and fast muscles of u n trea ted  ra ts . Means -_t S. D . are 
indicated; n  =  num ber of determ inations; em pty  blocks m. E D L ; stria ted  blocks, m.

soleus

decreased gradually in E D L  m uscle in  com parison w ith  the control. In  the  
4th  w eek, both  enzym e activ ities were reduced to  40—50%  o f the control side. 
A t the sam e tim e, in the soleus m uscle, Ph and PhK  activ ities did not differ 
in  th e  im m obilized muscle from  those on the control side.

GS a ctiv ity  in im m obilized m uscles is shown in  F ig. 4. It can be seen  
th at in  the fast muscle there w as no change in GS a c tiv ity  during im m obiliza­
tion , while on the 7th day in the im m obilized slow m uscle GS activ ity  w as 
much lower than  in the control. From  th is tim e on a gradual increase occurred 
from 55 to  75% of the control. Considering the loss o f  w eight (Fig. 2), during 
th e  whole period o f im m obilization the to ta l am ount o f  enzym e in the soleus 
muscle was reduced but after the 7th day the rate o f decrease was less in  com ­
parison to the loss o f w eight.

•/.

Fig. 2. R eduction of weight of E D L  and soleus muscle during im mobilization. D ata  are 
given in  per cents of the values m easured before immobilization. E ach  value represents the m ean

of 5 m easurem ents

A ct г Physiologica H ungária  62, 1933



8 8 I .  K A L A P O S  e t  al.

&

ъ  100-1a 
ш
1Ло
t—
£
Cl J)O 

SC  
CL

% (8) (5) (3) (3) % (8) (5) (3) (3)

rh
80

60

LO

20

0

rh
rh

U
7 U 21 28 days 7 U 21

% (5) (5) (3) (3) % (5) (5) (3)

28 days

Fig. 3. P h  and PhK  activ ity  in  immobilized E D L  and  soleus muscles in  com parison w ith data  
for th e  contralateral u n trea ted  (control) side. In  th e  picture means ± S .  D. are given. Numbers 
in  b rackets indicate the num ber of determ inations; em pty blocks, m. E D L ; stria ted  blocks

m. soleus

D iscussion

It has long been know n that the in ten sity  o f glycogen phosphorylation  
is different in  the d ifferent types o f skeleta l muscle [33] and th a t g lycolytic  
and oxidative m etabolism  is also different in fast (tetanic) and slow (tonic) 
m uscles [7]. Glycogen con ten t and phosphorylase a ctiv ity  are higher in fast 
th a n  in  slow muscles w hich, on the contrary, are characterized by a large 
am ount o f m itochondria and by an excess o f oxidative m etabolism  [5, 25]. 
M uscle fibres differing in  m etabolism  can be differentiated [8] b y  the histo- 
chem ical study of P h, th e  enzym e responsible for the first step  o f  glycogen de­
com position . In contrast, data are few  concerning the q u an tita tive  conditions
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Fig. 4. GS activ ity  in  immobilized E D L  and soleus muscles in per cents of the contralateral 
control values. In  the picture means ± S. D. are given. Numbers in  b rackets indicate the num ber 

of determ inations; em ply blocks, m. E D L ; striated blocks, m. soleus

of PhK  and GS. According to  our results, the activ ity  o f  PhK  sim ilarly to  
th a t o f  Ph is  8 tim es higher in  the E D L  muscle possessing m ainly a fast (te­
tanic) anaerobic energy supply, than  in  the soleus which is slow (tonic), in d i­
cating the role o f PhK  during glycogenolysis (Fig. 1 ).The distribution o f a c tiv ­
ities pointed  to  a similar ratio o f the tw o enzym e concentrations in  both  the  
tetan ic  and th e  tonic m uscle. Generally, the ratio of th e  activ ities o f P h  and  
PhK  are independent of th e  ty p e  o f m uscle and the rate o f change in both  
enzym e activ ities, which is also the sam e in  im m obilized muscles (F ig. 3). 
This fact ind icates a narrow functional connection and a co-ordinated regula­
tio n  o f the intracellular turnover of the tw o enzym es.

The concentration o f GS, an enzym e responsible for the lim itation  of 
glycogen syn th esis, was higher in the soleus than  in the E D L  muscle (F ig. 1). 
Earlier sim ilar difference w as observed in the fast and slow  m uscles o f  rats 
and m onkeys [1]. The significant concentration of GS m ay ensure the regenera­
tion  o f  g lycogen content, th e  turnover o f which in slow m uscles was show n the  
exceed th a t in  fast m uscles [23].

R eduction  o f the m uscle m ass is well-known to occur during im m obili­
zation. According to data in th e  literature [3] and our earlier results [29], 
the decrease o f  mass is larger in slow than  in  fast m uscles (Fig. 2). S im ilarly, 
changes o f th e  protein content o f the sarcoplasm ic reticulum  [31] and o f the  
contractile properties [30] o f muscle fibres is also more expressed in  ton ic  
m uscles. S ignificant changes were found to  take place also in fast m uscles, 
and these were associated w ith  a significant decrease in  th e  concentration of 
glycogenolytic enzym es. The reduction o f the concentration o f glycogenolytic  
enzym es under the effect o f im m obilization results in a decrease of the differ­
ences betw een slow and fast m uscles and sim ultaneously in  a dedifferentiation
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o f m etabolism . This w as show n by the fact th a t, while Ph a ctiv ity  was 8 tim es  
m ore intensive in th e  control EDL than  in  th e  soleus m uscle, the difference 
w as reduced to about 3fo ld  b y  the 28th day. Thus, the im m obilization caused  
a de differentiation in  th e  glycogenolytic enzym e groups, to o , in  agreem ent 
w ith  previous observations [2, 9, 27, 31].

The early sign ifican t decrease o f GS a ctiv ity  in the soleus muscle (F ig. 4) 
m ay p lay  a role in th e  decrease of the g lycogen level [3], and indirectly in  the  
con tractility  [30].

The reduction o f  th e  concentration o f the functionally  significant pro­
te in s  is  attributed to  increased proteolysis [12, 13]. According to Goldspink  
[1 4 -1 6 ] proteolytic and  hydrolytic enzym e activ ity  increases under the effect 
o f im m obilization and changes occur also in  protein turnover. Am ong the  
ly sosom al enzymes, an increase in acid phosphatase a c tiv ity  has been ob­
served  [28], as well as an  increase in protease activ ity  after denervation (18). 
F actors which help th e  preferential proteolysis of an enzym e are rather var­
iab le  [11]. The a llosteric sensitiv ity  o f  P h  against d ifferent proteases has 
been  shown [4, 26], an d  in  th is w ay changes in the concentration of the dif­
feren t m etabolites m a y  also play a role in  its  proteolytic inactivation . PhK  
[6, 19] and GS [24] are rather sensitive to  proteolytic effects in  experim ents 
in  v itro , while the se n s it iv ity  to cell proteases o f the enzym es o f glycogen m e­
tab o lism  as well as th e ir  degradation in v ivo  are still unknown.
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Book Reviews

J . W. K e b a b ia n  and J . A. N a t h a n s o n  (Eds)

Cyclic Nucleotides, I and II

H andbook of E xperim ental Pharmacology. Vol. 58, G. V. R. Born, A. Farah , H. H erken and 
and A. D. Welch (eds) Springer Verlag, Berlin, Heidelberg, New Y ork 1982. 1444,pp. Price: 

P a rt 1, DM 390,— ; approx. US $ 173.20, P a rt 2, DM 560,— ; approx. US $ 248.70

This book w hich covers an area of great current in terest the biochem istry, pharm acology 
and physiology of cyclic nucleotides consists of two volumes and each volume contains two 
sections.

In  Section I the authors discuss the chem istry and biochem istry of cyclic nucleotides in 
8 chapter. They give detailed inform ation about th e  chem istry, form ation and degradation of 
cyclic nucleotides and their analogue compounds. The receptors to  adenylate cyclases and the 
m odulation of the responsiveness of receptor-associated adenylate cyclases are also discussed 
in this chapter.

Section I I  gives an excellent overview of protein  phosphorylation in 5 chapters.
Section I I I  discusses 9 different areas of cyclic nucleotide research related to physiolog­

ical and pharm acological events of cellular regulatory  processes.
Section IV deals w ith  the physiology and pharm acology of organ systems in  13 chapter. 

Cyclic nucleotide research is such a large field th a t  the authors could only summarize the 
general principles.

In  the first section an excellent overview is given by T. W. Rail on the history and pres­
en t sta tus of cyclic nucleotides. The chapter on the  chem istry of cyclic nucleotides has been 
w ritten  by R avenkar and R obin and it  gives an  ou tstanding  sum m ary of the advances achieved 
in the last decade in  the synthesis of cAMP. They describe a num ber of po ten t cyclic nucleotide 
derivatives which m ay  have significant effects on different cellular mechanisms such as cel­
lular proliferation, im m une response, asthm a, gastro in testinal functions, etc. One of the m ost 
im portan t chapters of this section is concerned w ith  the m odulation of the responsiveness of 
receptor associated adenylate cyclases w ritten  by J . P. Perkins, T. K. H arden and J . F. H arper. 
Antagonist-induced adaptive phenom ena th a t occur in  horm one-stim ulated adenylate cyclase 
system s as well as th e  acute inhibition of adenylate cyclase by a num ber of neurohum oral 
agents are discussed in th is chapter.

The second section is introduced by P . G reengard, one of the pioneers of the cAMP- 
dependent phosphorylation studies. He gives an outstanding  review of protein phosphorylation, 
sum marizing the role played by protein phosphorylation in  m ediating the biological effects of 
the hormones and neuro transm itters th a t ac t th rough  cyclic cAMP. This chapter deals also 
w ith the pioneer w ork of Kuo and Greengard on the cyclic AM P-dependent protein kinases.

The th ird  section deals mainly w ith the role of cyclic nucleotides in the regulation of 
different physiological and biochemical processes. The wide scale of these events shows the 
exclusive im portance of these substances as second messengers in several physiological events. 
In  intercellular com m unication these substances m ay however also p lay an im portan t role as 
first messengers. The chapter on cyclic nucleotides as firs t messengers, w ritten  by R. V an Driel, 
deals alm ost exclusively w ith cAM P-mediated com m unications betw een special cells. He de­
scribes the generation of the cAMP signal, reception of the signal by cell surface receptors, 
transfer of inform ation from the cell mem brane to  various intracellular systems th a t are re ­
sponsible for chemo tax is and also the signal destruction by phosphodiesterase. This chap ter is of 
considerable in terest for those who are seriously involved in the molecular aspects of in te r­
cellular communications.
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For pharm acologists, th e  section on the physiology and pharm acology of organ system s 
seems to  give the m ost im p o rtan t inform ation. This section deals w ith  the role of cyclic nu ­
cleotides in  several tissues such as the nervous system , the eye, th e  thyroid  gland, hones, the 
gastrointestinal trac t, th e  vascular system, th e  pineal gland, the epithelium  and platelets, and 
also w ith  their im portance in  th e  immune response. The role of cyclic nucleotides in the  nervous 
system  is described by  D unw iddie and Hoffer and th ey  present an  excellent and detailed in ­
form ation on the second messenger role of cyclic nucleotides in the peripheral and central ner­
vous system . The direct and  indirect messenger role of these substances for a varie ty  of tran s­
m itters, the dynamics of cyclic nucleotide synthesis and degradation, the pre- and post- 
synaptic modulation by  cAM P and the role of cÀMP in interm ediary metabolism  are sum marized 
in  th is review, as well as th e  several effects of cyclic GMP.

B oth volumes of th e  book contain a collection of excellent reviews which will he m ean­
ingful for alm ost all b iochem ists, physiologists and  pharm acologists. I ts  clarity, the balance of 
presen tation  and the division of the chapters (each chapter begins w ith a detailed sum m ary) 
allow the reader to enjoy the  book and pick up  the m ost up-to-date inform ation.

K . M a g y a r

L. N o v e r , M. L u c k n e r  and  B. P a r t h ie r  (Eds)

Cell D ifferentiation. Molecular Basis and Problem s

Springer Verlag, Berlin, H eidelberg, New Y ork 1982. 650 pp. 228 figures and 65 tables. Price
DM 118.— ; approx. US § 55.00

A book w ith the sam e title  and the editors was published in 1978 by Fischer Verlag, Jena. 
Jen a . The authors of bo th  th e  earlier and the presen t volume are exclusively from the German 
D em ocratic Republic. This new  English edition is n o t only a translation  of the earlier volum e b u t 
its  extended and modified version. Some of th e  earlier contributors are new missing and the 
new contributors either reorganised the old chap te r or added new topics. Nover took the 
g rea test share who ap a rt from  the editorial w ork w rote alone or w ith coauthors alm ost half 
(abou t 280 pages) of the volum e.

The mechanism of differentiation is a very  exciting problem b u t has no t y e t been fully 
elucidated despite the m any  da ta  quoted. D uring differentiation a single cell, the  fertilized 
ovum , gives rise to m yriads of cells w ith different morphology and function, forming a common 
system  in which there is an  interdependence of th e  function of cells in the m ulticellular organ­
ism. T hus, differentiation occurs a t cellular level, therefore m ulticellularity is no t a criterion 
b u t, based on the aforem entioned correlations, also expressed and can be studied a t the level 
of th e  organs and the organism .

Differentiation as a  concept is not a new idea; its  scientific exploration started  w ith Roux 
in  the  last century and was continued later by  H ertw ig and Spemann. These studies seem to be 
highly relevan t even now and  have rendered available a great deal of inform ation w ith regard 
to  the events and stages of differentiation. Still, th ey  could no t comprehensively unravel the 
regu latory  aspects. Therefore, a confrontation of these results and facts w ith the achievements 
of the  age of molecular biology became absolutely demanding. The volume is intended to fulfill 
th is goal when it  surveys th e  events of differentiation  bo th  in prokaryotic and eukaryotic 
(p lan t and animal) cells based on the accom plishm ents of molecular biology and replaces the 
term s of developm ental m echanics and developm ental physiology by  those of molecular biol­
ogy. I t  is of course unavoidable th a t the volum e contains more or less fundam ental elements 
of m olecular biology w hich in tu rn  are essential in  understanding the pertaining regulatory 
problems.

The contributors who otherwise perform ed superb work were recruited from a single 
country. This fact appears to  extend and re s tric t the content. Thus, new chapters have been 
included dealing w ith specialized topics such as the effect of insulin and oestrogen, b u t curious­
ly  enough the effect of progesterone, testosterone and of the catecholamines are no t discussed. 
This and  other chapters of th e  volume of course provide exceedingly useful materials and are 
no t to  be criticised. W ithin  th e  same framework a  very  good chapter deals w ith the determ ina­
tion  and function of the im m une system and w ith the possible role ol errors of cellular differen­
tia tion  in  tum our genesis.

The form at is pleasing, the figures are illustrative and didactic. The electron m icro­
graphs and autoradiographic illustrations presented are, however, no t of the best quality . The
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immense literatu re  cited is up-to-date, the detailed and well-arranged subject index is of g rea t 
help to  the reader.

This volume will be of in terest no t only to  researchers in terested  in  differentiation b u t 
also to  physicians, biologists and those involved in  related areas.

Gy. C s a b a

J . Sa l á n k i  (Ed.)

Physiology of Excitable Membranes

Advances in Physiological Sciences. Vol. 4. Pergam on Press, Oxford and Akadémiai K iadó ,
B udapest 1981

This is the 4 th  volume of a series of 36 books which contains the papers p resented  a t  
the 28th In ternational Congress of Physiological Sciences held in B udapest in 1980.

In  five large chapters the reader finds a num ber of in teresting  papers on the 360 pages 
of this book com pleted w ith preface and subject index. Subjects of the five chapters differ 
widely from each o ther because the chapters cover independent sym posia organized in  the  
Section on General Cell Physiology. Since, how ever, all the  papers deal w ith various aspects 
of cell excitability, i t  is no t only justified to  collect them  into a single hook, b u t it  is also a 
gain to  the readers to  find  traces and results of so m any approaches of th a t im portant, basic 
problem of neurobiology in  the same book.

The firs t paper is a survey of works made by  K ostyuk and his colleagues in Kiev during 
the last 5-6 years to elucidate the ionic mechanism s of excitability  o f nerve cells. This paper 
serves well as a general in troduction to  the rest of th e  book.

Meves, co-editor of the first chapter on “ Charge M ovement in  Nerve Membrane” po in ts 
a t the problems associated w ith studies an  “ gating  currents” . The problems are num erous n o t 
only because of dilficulties involved in  research of living m em branes a t the molecular level 
b u t also because the processes studied are extrem ely complicated. In  his concluding rem arks 
Meves notes th a t  a generally accepted hypothesis concerning charge movements and N a p e r­
m eability changes is still missing. Still, as we see from the nearly  100 pages of th is ch ap te r, 
considerable efforts have been made a t finding one.

The second chapter, со-edited by  H. D. Lux, deals w ith  calcium electrogenesis. I t  
seems clear now th a t Ca++ can be the m ain cu rren t carrier during action potential in  som e 
mem branes, in others Ca current associates w ith  N a current during the  process of depolariza­
tion. Once in itiated , Ca currents activate o ther currents carried for example by К  ions. I t  is 
therefore im portan t to  consider th a t Ca has powerful b u t different kinds of effects in various 
excitable mem branes.

A com paratively new field of research uses optical m ethods to  study the excitability . 
U nder the chairm anship of N. Chalazonitis, an interesting sym posium  has revealed evidence 
of structural, macromolecular changes w ithin th e  mem branes and/or in  the axoplasm u n d e r­
neath . An im portan t advantage comes from  utilization  of optical m ethods, namely the possi­
bility of sim ultaneous recording from large num bers of individual un its  to follow up various 
cells of a netw ork involved in  the processing of an  o u tp u t from a system .

The last two chapters deal w ith synaptic transm ission. F irs t we get recent data  on m od­
ulation  of synaptic transm ission m ostly by catecholamines (coeditor, E . S. Vizi), and th en  
the topic is focussed on transm ission in  autonom ic ganglia (co-editor, V. I. Skok). T hus th e  
papers in  bo th  chapters elucidate further some ra th e r slow b u t w idespread chemical effects 
the released transm itters. These effects are powerful and they  differ considerably from  th e  
o ther faster, shorter, and fairly localized effects of synapses like those well known to influence 
the m otoneurons in th e  spinal cord.

On the whole, th is is an excellent volum e of the series, and since i t  contains quite new  
data  and well w ritten  views of top experts of th e  subjects, i t  will be much welcomed b y  a 
fairly large num ber of readers. The quality  of typesetting  is good, the te x t is easy to read  and  
the illustrations are good and clear.

G. Cz é h
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G y . S z é k e l y , E. L á b o s  and S. D a m ja n o v ic h  (Eds)

Neural Com m unication and Control

A dvances in Physiological Sciences. Vol. 30 Pergam on Press, Oxford and Akadémiai K iadó,
B udapest 1981. 340 pp

The book is a collection of papers delivered a t  a Satellite Sym posium  of the 28th In ­
ternational Congress of Physiological Sciences held in  Debrecen, H ungary  in  1980. Looking a t  
th e  tab le  of contents th e  f irs t  impression one gets is a  bewildering d iversity  of topics and style 
of presentation . This them atica l richness m akes i t  impossible to register and  evaluate system a­
tically  th e  topics dealt w ith  in the book. A series o f papers of analytic ty p e  presenting experi­
m ental d a ta , and theoretical essays follow each o th er in  a ra ther random  sequence. In  the for­
mer group one finds papers dealing w ith the dynam ics of macromolecular m em brane proc­
esses, synaptic interaction, dendrite topology, locom otor coordination and perceptual processes 
a t d ifferent levels of com plexity. In  the second theoretical group of lectures, concepts of com­
para tive  neurobiology, m athem atical models o f neuronal networks and problem s of conscious­
ness in  the context of interhem ispherical inform ation  exchange are presented.

The preface of the  editors and the key-note speech given by  M acK ay reveal th a t  the 
divergence and abundance of topics were the  re su lt of willful planning w ith  the expectation 
th a t  disciplinary d isparity  and confrontation of experim ental and theoretical approaches 
w ould result in an  effect o f “ interfertilization” . T his “ metascientific”  aim  as M acKay calls it, 
is ju stified  in principle and  m ight be a good in v ita tio n  to  read the book. I t  promises an exciting 
in tellectual adventure. I  readily  adm it th a t  th e  reader will not feel deceived indeed in  th is 
respect. The quality  of th e  papers and the orig inality  of information offered makes the book 
a very  useful piece of reading. As to the expecta tion  of a  m utual interferl ilization, however, 
the reader rem ains uncerta in  and left to his own judgem ent since the (allegedly lively) discus­
sions are no t included in  the book. MacKay th in k s th a t  a most fru itfu l in teraction  could be 
observed between theories and new experim ental d a ta  on cerebellar function  (Ito , M arr, 
Alben). Szentágothai finds Bullock’s propositions, based on com parative morphological find ­
ings, as well as the new  discoveries concerning dendritic  branching p a tte rn s  and topology 
(Székely) as very promising areas of research. A ccording to the reviewer, a  m utually  fertilizing 
in teraction  could have been further prom oted b y  the inclusion of fu rth er disciplines. This 
m ain ly  holds for the approach of the extrem ely com plex processes of consciousness and inter- 
hem ispheric inform ation transactions.

On the whole the sym posium  (and the book) is a  very interesting and valuable u nder­
tak ing , even if its lasting effects will only be reflected  by future results and changed research 
stra teg ies in the related fields. Nevertheless, th e  book will convince its  readers th a t the in i­
tia tiv e  is w orth of continuation. And it is a good guide to  become adapted  to  such new, cata lyz­
ing form s of scientific inform ation exchange.

E . G r a s t y á n

J. S z e n t á g o t h a i, J. H á m o r i , M. P a l k o v it s  (Eds)

Regulatory Functions of the CNS

Advances in Physiological Sciences, Vols 1 and  2. Pergam on Press, Oxford and Akadémiai
Kiadó B udapest 1981

These are the firs t 2 volumes of a series o f 36 books which contain th e  papers presented 
a t the 28th In ternational Congress of Physiological Sciences held in B udapest in 1980.

Volume 1, which has the subtitle Principles of Motion and O rganization, starts  w ith 
one o f th e  oldest and m ost difficult problem of m odern  neurophysiology, th e  mechanism of 
transm ission in the m onosynaptic reflex pathw ay in th e  spinal cord. To be short, the mechanism 
seems to be better understood in terms of chemical transmission. The la te s t experim ental find ­
ings from  the m am m alian spinal cord argue against th e  electrotonic m ediation  of transm ission, 
an idea which has received apparently  strong experim ental support during th e  late seventies. 
In  subm am m alian species like frogs, the transm ission has a dual electronic and chemical 
mechanism.
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The next chap ter, on the neuronal mechanism of voluntary  movem ents and precentral 
m otor area is unfortunate ly  restricted  to  the opening and closing rem arks of the chairm en 
com pleted only w ith  quite short sum m aries of the presented papers. One feels th a t it is too 
high a price for the speed of publication to drop almost the whole m aterial on th a t topic. 
Omission of papers from  other chapters because of failure in receiving th e  m anuscripts in tim e 
aroses similar feelings of w ant when the chairm an refers to talks no t to  be found in the book.

Two chapters deal w ith a sym posium  split up into a p a rt on locom otion-and another on 
the principles of m otor organization. One of the central problems of the control of locom otor 
m ovem ents rem ains how far we can get keeping Graham Brown’s old proposal on th e  a lte r­
nating  activ ity  of ha lf centres in the spinal cord. More recent ideas share the weakness of the 
old one, namely neither is complete enough to  he in full harm ony w ith all experim ental results. 
More agreem ent emerges on the existence and role of supraspinal com m and systems, called 
“ locom otory region” , in  the brain stem. The fact, th a t p a rt of the papers in the chapter “ P rin ­
ciples of Motor O rganization” deal also w ith  locomotion m ay illu stra te  how prem ature a t p res­
en t it  is to try  to  form ulate such highly general principles of the funcions of the CNS.

The last two chapters badly need the convenient guidance of chairm en for m any of us 
who feel less a t home in the field of eye movements and pursu it control system or sleep and 
u n ita ry  activ ity  of the brain. A lthough bo th  chapters contain excellent papers on some specific 
problems, it seems difficult to find ou t which are currently the m ost im portan t questions in 
these areas of neurobiology.

The E ditors stress th a t the sub title  of Volume 2, Subsystem s, should be taken  in the 
functional ra ther th a n  in the anatom ical sense. This volume has chapters on ontogénie devel­
opm ent, cortex, cerebellum, stria ta l mechanisms, and on subcortical sensory processing in 
addition to two papers on plasticity and on functional units of th e  cerebellum.

Tsukahara summarizes a g reat body of recent work w hich provides evidence for endur­
ing plastic changes in the electrophysiological behaviour of the red nucleus neurons due to 
lesion-induced collaterals routing of afferent systems in mam m als. O ther, loosely re la ted  p a ­
pers deal w ith m aintained alterations of neuronal connections induced in various experim ental 
models by deprivation of function, by axotom y or crushing the afferent systems.

The sym posium on modular organization principles in  th e  CNS received p a rticu la r 
a tten tion  and one regrets to see th a t a num ber of interesting papers have been om itted. Szentá- 
gothai’s concluding rem arks suggest th a t  the theory on principles of m odular organization is 
more and more widely accepted in  works on cortex and subcortical system s alike.

Perspectives in cerebellar physiology apparently  aim  a t th e  basic, elem entary m em brane 
processes in the cerebellar neurons, to  the further details of neuronal circuits, and to  the 
functional aspects of the cerebellum and its dum bing fibre inpu t. This large chapter contains 
m any interesting papers w ritten  by  the  best experts on the cerebellum.

There is ano ther large chapter on stria ta l mechanisms, th e  leng th  of which m ay reflect 
the “ quiet revolution in the thinking abou t stria ta l mechanisms”  w hich has taken place in  the 
las t few years according to  the Pasiks. D etailed morphological, physiological, and developm en­
ta l studies are reported  together w ith papers on pharm acological and  behavioural aspects of 
th e  striatum . The results support th e  conclusion th a t the simple view  on the purely m otor 
function  of the stria tum  should be replaced by more complex theories w hich include even some 
cognitive function of the  striatum .

The last chapter on subcortical sensory processes seems to  be restricted to  the visual 
sense, since three papers deal w ith th e  re tina , two w ith the superior colliculus, and one dis­
cusses the la teral geniculate as an interface between the eye and th e  brain . In  this chap te r the 
reader again misses th e  guidance of the  chairmen.

In  sum m ary, these two volumes are giving an appropriate im pression about th e  p ro ­
ceedings of the Congress in B udapest. They bo th  bear the advantages and drawbacks of rap id  
publication: few of th e  papers are loosely typed, some of the illustrations are poor in  q u a lity  
as compared w ith o ther excellent ones. The fac t th a t the books appeared on the m arket w ith in  
about half a year after the Congress should, however, be appreciated.

G. Czéh
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Comments

ON THE PAPER OF J. HERCZEG
[ACTA PH Y SIO L . ACAD. SCI. H U N G . 58, 1 4 7 - 1 5 5  (1981)]

D . G. P orter

PRE-CLINICAL VETERINARY STUDIES, DEPARTMENT. OF ANATOMY, THE MEDICAL SCHOOL, 
UNIVERSITY OF BRISTOL, ENGLAND

(December 11, 1982)

This paper is primarily a rebuttal o f Porter and Challis [10] which in  
principle is perfectly legitim ate but in fact em bodies a num ber o f unjustified  
criticism s which can he refuted b y  published data to which the paper makes 
no reference. In  D ow ning, Lye, Bradshaw and Porter [2] we had (a) shown  
th at the dosage o f  oestradiol which Dr. Herczeg criticises (p. 48) as 5X  physio­
logical could be reduced 10 fold w ithout altering the results and provided plas­
ma titres showing th a t the dosage w a sw ith in ‘£p h ysiologicar’lim its; and (b) that 
oestradiol treatm ent m aintained th e  m yom étrial progesterone receptor popu­
la tion  thus avoiding a likely criticism  th at the lack o f effect o f  progesterone 
treatm ent was due to  receptor depletion. Furthermore th e  allegation is m ade 
w ithout evidence th a t our recording technique induced stress y et the first 
30 m inutes o f  recordings made in Dr. H erczeg’s own experim ents had to  be 
discarded “ because the animals were occasionally restless in itia lly” . No ac­
count is taken o f the fact that in our laboratory w ith  th is sam e technique we 
have been able to  dem onstrate the progesterone “block” in  sheep (Lye and 
Porter, [5], rabbits (Porter, [7]) and pigs (W atts and Porter [14] unpublished) 
and even more pertinent, the delicate inhibitory actions o f  both relaxin (Por­
ter, D ow ning and Bradshaw [11]) and o f oestradiol-17/9 (D ow ning et al [2]) 
in  rats.

On page 149 Dr. Herczeg com pares th e  stab ility  o f his intra-uterine 
pressure recordings to  the “ in term itten t” recordings o f  Porter and Challis 
[10]. A gain the criticism  ignores th e  clear data in  D ow ning et al. [2] which  
dem onstrates (a) stable recordings unaffected b y  a progesterone treatm ent 
regim en which had been shown to  be adequate to  m aintain norm al pregnancy  
in ovariectom ized pregnant rats and (b) th at the “ in term itten t” nature or 
“ variability” criticised on p. 151, w as explicable on the basis o f  the surprising 
inhibitory action o f o e s t r a d io l  itse lf (first reported b y  Burns [1]).
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On page 153 Dr. H erczeg claim s th a t h is results are consistent w ith  all 
th e  literature cited in  h is in troduction  except Porter and Challis [10]. Indeed  
th e y  w ere, but none o f  th e  papers cited  actually  dem onstrated th a t progeste­
rone inhib its the m yom etrium  o f the rat! M oreover Dr. H erczeg chose to  ignore 
papers which had a ttem p ted  but failed to  dem onstrate the progesterone 
“ b lock ” in  this species (e.g . M elton and Saldivar, [6], Fuchs, [4]). He also failed  
to  c ite  other data th a t progesterone does not “block” the guinea pig uterus 
(E hrhardt and K neip, [3]; /arrow , Anderson and Callantine, [15]; Schofield, 
[13], Porter, [8, 9]; Porter, Y oshinaga and Ford, [12], w hich gives precedents 
for our results in the rat.

Finally it is offensive to  read th a t “ investigators can be justifiab ly  expect­
ed to  scrutinize their find ings w ith  extrem e care before challenging a basic 
regulatory principle” carrying as it  does th e  im plication th a t we had challenged  
th e  progesterone “b lock”  hypothesis irresponsibly. Our 1978 paper was 
based  on the use o f treatm en t regim ens, dem onstrated to  be physiological, in  
10 v irtu a lly  unrestrained rats from each o f which intra-uterine pressure record­
ings had been taken continuously  for 100 h. These exten sive records had been  
subjected  to com plete q u an tita tive  analyses. Furtherm ore plasm a steroid and 
m yom étria l receptor concentrations were measured as corroborative evidence. 
Dr. H erczeg’s experim ents m easured intra-uterine pressure for one hour per 
day o f which 30 min o f each recording had to  be discarded !

I contend that Dr. H erczeg’s paper represents an ill-justified  condem na­
tio n  o f  our work and b y  om itting  reference to  our more recent papers, as well 
as th o se  of others w ith  w hich th ey  are consistent, it suggests th a t his criticism s 
are biased beyond the norm al lim its o f scientific  ob jectiv ity .
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RESPONSE TO THE COMMENTS OF 
PROF. D. G. PORTER ON THE PAPER OF 

J. HERCZEG, [ACTA PHYSIOL. ACAD. SCI. HUNG.
58, 147-155 (1981)]

J. H e r c z e g

DEPARTMENT OF OBSTETRICS AND GYNECOLOGY, WHO COLLABORATING CENTRE FOR 
RESEARCH IN HUMAN REPRODUCTION, UNIVERSITY MEDICAL SCHOOL, SZEGED, HUNGARY

(Jan u ary  10, 1983)

Professor Porter’s com m ents on m y paper raises the im portant question  
of the general v a lid ity  o f progesterone (P) “ block” as a basic principle in u te ­
rine physiology.

In fact our debate on the issue started much earlier in the scientific  
literature (B iology o f Reproduction, 1 4 .  190-193, 1976) to  which Professor 
Porter made no reference, but w ithout know ing that the scientific com m unity  
m ight be confused about the exact nature o f our points o f view s.

To m y b est knowledge at present the view  is generally upheld by scien­
tists  working in th e  field  that the uterus is an inhibited organ and parturition  
com m ences w hen the uterus is released from inhibition . I t  is also generally  
accepted th at progesterone is the m ain inhibitory factor o f  the m yom etrium  
and a great num ber o f papers cited by Professor Porter also support th is basic 
prem ise.

P “ block” was elegantly and succesfully dem onstrated in vitro b y  P ro­
fessor Currie (1982) in  his m ost recent set o f experim ents.

H ow ever, there are also h ighly respected investigators who believe th a t  
there are species differences in th is respect, thus challenging the va lid ity  o f  
the basic regulatory principle of P  “ b lock” . An exam ple o f  such attem pts  
aim ed to  find  an alternative factor is the paper o f Porter (1974), in  w hich a 
“ new ” M yom étrial Inhibitory Factor (MIF) was introduced. I t  was reported  
th a t, in  addition to  the steroidal suppressor progesterone, the circulating  
blood of late pregnant rabbits contains a nonsteroidal “ m yom étrial inhibiting  
factor” . This conclusion was derived from the observation th at cross-circula­
tion  of blood from  a pregnant donor to  a nonpregnant recipient suppressed  
both  the frequency and m agnitude o f cyclicin  trauterine pressure in  the recip­
ien t rabbit.

This report prom pted us to  repeat these experim ents as an in itia l pre­
paratory step for the attem pted isolation  o f M IF. U sing a similar setup we 
were unable to  fin d  evidence for a “ new ” M IF. (H erczeg and Török, 1976)
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and we expressed our opinion: “ . . . th a t conclusions based on studies in  which  
the conditions of anim als are known to  be unphysiological, m ust be evaluated  
w ith  extrem e caution” .

This tim e I appreciate Professor Porter’s valuable com m ents which con­
tribute significantly to  th e  advancem ent o f  our understanding on m yom étrial 
regulation.

Professor Porter in  his com m ents on m y findings first suggests th at  
oestradiol pretreatm ent would have been necessary and he cites their own  
work to  support his claim . H ow ever, we found earlier in  Professor Csapo’s 
R eproductive P h ysio logy  Laboratory th a t oestradiol pretreatm ent induced a 
special regulatory condition  which w as characterized b y  periodic outbursts 
of high level cyclic a c tiv ity  (Fig. 1): sim ilar phenom ena could also be clearly

t(=10 min)

Fig. 1. In trau te rine  pressure cycles of a post-partum  ovariectomized r a t  pretreated  w ith 
oestradiol-17/? (1 /Jg/day for 3 days). Note th e  high am plitude pressure cycles, representing 
a special regulatory condition which we could no t in terp re t as an “  inhibition” . Paper speed:

1.25 mm/min (B eckm an Polygraph)

identified  on Professor Porter’s own recordings (see T ext-fig . 1, upper tracing: 
Porter and Challis, 1974). This type o f a c tiv ity  could hardly be interpreted as 
“ in h ib ition” since th e  periodic contraction  cycles emerge suddenly from  the  
quiet baseline w ith a high rate of rise o f  pressure. W e have concluded th a t in 
th is ty p e  of regulatory condition oestradiol ensures m axim um  working capac­
ity  o f  th e  uterine m uscle characterized b y  “ rhythm ic” and periodic activ ity  
cycles.

Moreover in th e  cited paper th e  authors them selves em phasize their  
opinion th at “ . . . the possib ility  ex isted  th a t the failure of progesterone to  
inhibit the m yom etrium  o f the rat post partum  was due to  the lack o f cy to ­
plasm ic receptors for progesterone. Our results show th at th is  explanation  is 
im probable. High a ffin ity  binding sites for progesterone were found in  the  
m yom etria from all four experim ental groups . . . ” (D ow ning et al. 1978).

Concerning the recording technique we have been able to  dem onstrate  
that continuous recording for several hours defin itely  alters the characteristics 
o f the contractility  pattern: the am plitude o f  pressure cycles tend  to  increase 
over prolonged periods o f  tim e, thereby preventing the effects of a blocking  
agent to  be clearly identified . In our own experim ent — as Professor Porter 
pointed out — we used shorter recording tim e and analysed only the second  
half o f our records, as a perfectly ju stifiab le  precaution.
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Professor Porter also criticized us for not having m entioned th at th ey  
had been able to  dem onstrate the P “ block” in  some anim als, however, th is  
was beyond the scope of the re-investigation . The in teresting  “ in term itten t”  
a ctiv ity  pattern (“ . . . the nature o f the inhibition is o f in terest for it is brought 
about prim arily by an increase in  the periods o f quiescence” : Downing et al. 
1978) in the experim ent o f Porter and Challis, 1974 was — in m y opinion — 
induced b y  oestradiol pretreatm ent which overshadowed the inhibitory effect 
o f progesterone.

The last set o f Professor Porter’s remarks centered on the n ecessity  o f  
references: however, in m y debated second paper — ju st as in  our earlier work  
— I have restricted m yself to  the re-exam ination of their particular experim ent 
and have come to the conclusion th at progesterone “block” is probably a basic  
regulatory m echanism  in reproductive physiology.
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CELLULAR ENERGY SYSTEMS AND 
RESERPINE ULCER IN RATS

Gy . Mózsik, L. N agy, I. Patty, F . Tárnok
F IR S T  D E P A R T M E N T  O F  M E D IC IN E , U N IV E R S IT Y  M E D IC A L  S C H O O L , P É C S , H U N G A R Y
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Accepted Jan u ary  10, 1983

Gastric ulcer was elicited in  ra ts  by reserpine (5 mg ■ k g -1 sc.) adm in istra tion . 
Ulcer form ation (num ber and severity) was measured 6, 12, 18 and 24 hr after reserpine 
adm inistration. A t the tim e of killing of th e  animals, tissue levels of adenosine tr ip h o s­
phate  (ATP), adenosine diphosphate (A DP), adenosine m onophosphate (AMP), cyclic 
adenosine m onophosphate (cAMP) were m easured enzym atically  and by radio im m uno­
assay in the gastric fundal mucosa. The sum  of ATP j -  A D P AMP (adenylate pool) 
and the ratio  of ATP • A D P -1 were calculated.

I t  was found th a t  (1) the tissue levels of ATP, AM P, cAMP, sum of A TP -~ 
ADP +  AMP (adenylate pool) and ra tio  of ATP • A D P -1 increased significantly in  the 
gastric fundal mucosa 6 hr after reserpine adm inistra tion , thereafter these values 
decreased gradually  and significantly; (2) the tissue level of ADP decreased signifi­
cantly in  the gastric fundal mucosa 6 hr after reserpine adm inistration , m eanw hile its  
level increased significantly a t 18 and 24 h r; (3) the value of energy charge (A TP
0.5 A DP • ATP +  A DP +  A M P-1) rem ained unchanged; (4) the peaks of biochem ical 
alterations in  the gastric fundus mucosa preceded the appearance of ulcers.

I t  was concluded th a t (1) reserpine ulcer appears a fter an active m etabolic re­
sponse in  th e  ra t  gastric fundal mucosa; (2) hypoxaemic dam age in  the gastric funda l 
mucosa can be excluded as a possible underlying m echanism  of ulcer form ation produced 
by reserpine adm inistration; (3) before the appearance of reserpine ulcer, significant 
changes in  th e  feedback mechanism, system , i.e. betw een the ATP — m em brane 
ATPase — A D P and the ATP — adenylate cyclase — cAM P energy systems, can  be 
observed in  th e  ra t  gastric fundal mucosa.

Keywords: A TP-dependent energy systems, feedback mechanism, reserpine, 
gastric ulcer, hypoxaem ic dam age of gastric mucosa, m etabolism  of gastric fu n d a l 
mucosa, reserpine-induced adap ta tion  in  th e  tissue m etabolism .

Peptic ulcer disease represents a very  com plex pathological phenom enon, 
in which the gastric m ucosal erosions (lesions) appear as a consequence o f  d if­
ferent pathological factors (burns, stress, drugs, different diseases and other  
unidentified factors). Some (about 20 to  30 per cent) o f  ulcers is provoked b y  
different drugs, as antirheum atic and antihypertensive agents, steroids, etc.

In the last years, numerous biochem ical studies h ave been carried ou t to  
study the possible background o f the different types o f gastric lesions and ulcers 
in the gastric and sm all intestinal m ucosa [5—11, 13, 14]. The possible role o f  
the membrane and A TP-dependent energy system s (ATP — membrane A T P ase  
— A D P and ATP — adenylate cyclase — cAMP) o f the gastric and sm all in tés-
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tin a l m ucosa, and the functional equilibrium  betw een them , were studied and 
evalu ated  in pylorus-ligated [5, 6, 10, 12, 13], pylorus-ligated plus epinephrine- 
treated  [10], pylorus-ligated plus salicy late-treated  [10], stressed b y  swim m ing  
[10], indom ethacine-treated  [3] rats, and in  other types o f gastric fundal m u­
cosal lesions produced b y  intragastric adm inistration  o f 0.2 M N aO H , 25%  
NaCl, 0.6 M HC1 and 96%  ethanol, and on th e  other hand, in patients w ith  
chronic gastric, duodenal and jejunal ulcers [5, 7, 8, 10, 11].

The gastric m ucosal lesions (ulcers) can  be provoked b y  reserpine adm in­
istration  in a dose o f 5 m g • k g -1  subcutaneously  in rats. The lesions (ulcers) 
appear in  the rat gastric fundal mucosa 12, 18 and 24 hr after reserpine adm in­
istration . In this paper, th e  biochem ical background of the ulcer developm ent 
w as studied  in rats, provoked by reserpine adm inistration, and the tissue levels 
o f adenosine triphosphate (ATP), adenosine diphosphate (A D P ), adenosine 
m onophosphate (AM P), cyclic  adenosine m onophosphate (cAM P) were m eas­
ured in  the rat gastric fundal mucosa 0, 6, 12, 18 and 24 hr after reserpine 
adm inistration.

Materials and methods

The experim ents w ere carried  out on CFY s tra in  ra ts  of both sexes, weighing 180 to 210 g. 
The anim als were fasted  for 24 h r  before the experim ents, b u t they  received w ater and libitum .

The anim als were tre a ted  w ith  reserpine (R ausedy l®  .Gedeon R ich ter, B udapest, H un­
gary), in  a dose of 5 mg • k g -1 subcutaneously in  1 m l volume. The anim als in  the control 
group were trea ted  w ith  1 m l saline solution subcutaneously . The anim als were killed a t 6, 12, 
18 and  24 h r  after reserpine adm inistration . The anim als in  the control group were killed 24 hr 
a fte r  application of saline.

The num ber of ulcers was noted . The severity  of ulcers was expressed by  the following 
scale: 1, u lcer is less th an  1 m m ; 2, ulcer size is betw een 1 and 2 mm; 3, th e  u lcer size is betw een 
2 an d  3 m m ; 4, ulcer size is betw een 3 and 5 m m , an d  5, the ulcer size is g reater th an  5 mm. 
T he scored values were sum m arized and expressed as ulcer severity com puted for one ra t  
stom ach. The num ber and  severity  of gastric ulcers w ere calculated for each individual anim al 
(m eans +  SEM).

The tissue levels of A TP, ADP, AMP w ere m easured enzym actically  (Boehringer, 
Ingelheim  FR G ), while tissue level of cAMP was estim ated  by radioim m unoassay (Becton, 
D ikinson, Orangeburg, U SA ).The protein  con ten t w as assayed by biuret reaction  [2]. The ade­
n y la te  pool in  the gastric fu n d a l mucosa was ca lcu lated  as the sum of A TP +  ADP +  AMP

Table I

Biochemical characterization o f the rat gastric funda l mucosa in the control group o f  animals treated 
with physiological saline solution only. The number o f  animals was 15 in  every case

ATP 12.22 +  1.70 nanomoles • mg p ro te in -1
ADP 14.47+2.00 nanomoles • mg p ro te in -1
AMP 10.47 +  1.50 nanomoles • mg p ro te in -1

A T P + A D P + A M P 37.20+5.6 nanomoles • mg p ro te in -1
cAMP 4.39+0.15 picomoles • mg p ro te in -1

ATP A D P -1 0.33+0.01
A T P+ 0.5  ADP 0.52+0.04
A T P + A D P + A M P *

* value of energy charge was calculated according to the formula o f A tkinso n  [1]
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[1]. The ex ten t of phosphorylation and /or déphosphorylation was estim ated by th e  form ula 
of energy charge (ATP +  0.5 ADP. ATP +  A D P +  A M P-1) [1]. The values of A TP, A D P, 
AMP, adenylate pool were expressed in  nonomoles • mg mucosal p ro te in -1 (means ^  SEM), 
while the cÀMP expressed in  picomoles ■ mg mucosal p ro te in -1 (m eans ±  SEM).

S tatistical analysis of the results was carried out using S tuden t’s t test, except in  the 
case of ulcer severity when the  Mann and W ithney’s m ethod w as applied.

The biochem ical constituents o f  th e  normal gastric fundal mucosa in  rats 
are presented in Table I.

Fig. 1. Biochemical a lterations in the ra t gastric fundal mucosa during the developm ent of 
gastric ulcer produced by reserpine adm inistration . The results are expressed in  per cent 
values, except of the num ber and severity of ulcers, which vere expressed in absolute num bers 
(means ^  SEM). The value of energy charge was calculated by  the formula of A t k is o n  
[1] : A T P  -{- 0.5 A DP. A TP -j- A D P +  AM P-1 . The num ber of anim als was 15 in each group
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The tissue levels o f  A T P, cAMP, A M P, sum  of ATP -(- A D P  -j- AMP, 
ratio o f  A TP • A D P -1 increased sign ificantly  6 hr after the adm inistration of 
reserpine, thereafter the quantities of these com pounds and calculated values 
decreased significantly and gradually until th e  24th hr (Fig. 1). A D P  signif­
ican tly  decreased 6 hr after reserpine adm inistration, thereafter its quantity  
increased significantly. The peaks of these biochem ical changes preceded the  
d evelopm ent of gastric ulcers. The value o f  the energy charge [ATP -f- 0.5 
A D P  • A TP -|- A D P -f- A M P -1 ) rem ained unchanged in the gastric fundal 
m ucosa after adm inistration o f reserpine.

Results

In  our previously published papers we h ave shown th at very  com plex and 
b y  neural, hormonal and pharm acological influences well regulated feedback  
m echanism  system  exists betw een the cellular ATP — m em brane ATPase 
A D P  and the ATP adenylate cyclase — cA M P energy system s in the rat and  
hum an gastric fundal m ucosa [5, 6, 10, 12, 13]. I t  has also been shown that this 
fu n ctional equilibrium betw een  the tw o energy supply system s is disturbed  
during th e  developm ent o f  gastric lesions [ulcers] in pylorus-ligated, pylorus-, 
ligated  plus epinephrine- and salicylate-treated  rats and o f different gastric 
m ucosal damages produced by intragastric adm inistration o f 0.2 M NaOH, 
25%  NaC l, 0.6 M HC1 and 96%  ethanol in rats [10, 13, 14].

D uring the developm ent o f stress ulcer produced by 5 hr swim m ing, the 
tissue lev e l o f cAMP increased significantly concom itantly w ith  the appearance 
of u lcer [10]. When the developm ent o f stress ulcer was prevented the tissue  
level o f  cAM P in the rat gastric fundal m ucosa remained at th e  sam e level as 
in th e  control animals [10].

Reserpine is known to  liberate the adrenergic mediator substances which  
m ay cause a hypoxaem ic dam age in the rat gastric fundal m ucosa [15, 16, 17]. 
The presence o f the h ypoxaem ic damage in  th e  gastric fundal m ucosa was sug­
gested  b y  physiological observations [15, 16, 17]. In our stu d y , biochem ical 
m ethods were used to prove [or to exclude] th e  possibility o f hypoxaem ic dam ­
age in th e  rat gastric fundal mucosa after th e  application o f reserpine.

According to basic biochem ical know ledge, there are tw o m ain indications 
of th e  hypoxaem ic dam age o f tissue m etabolism : [1]. a sign ificant decrease of 
tissu e A TP level resulting from  impaired resynthesis of ATP; [2]. a significant 
increase o f  tissue lactate level.

These biochem ical changes represent th e  cross section o f tissue m etabo­
lism . In  th is study the tissu e  level o f lacta te  was not measured, meanwhile the  
w ays o f  ATP breakdown b y  membrane A TPase and adenylate cyclase were 
togeth er  measured w ith th e  changes in the tissue level of ATP.
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Our results indicate a significant increase o f ATP, AMP, sum  o f A TP -f- 
A D P  -f- AM P, ratio o f ATP • A D P -1 in  the rat gastric fundal mucosa 6 hr after  
the adm inistration o f reserpine. During th is tim e th e  tissue level o f A D P  de­
creased sign ificantly . Thereafter the tissue levels of ATP, AMP, cAM P, sum  o f  
ATP -j- A D P  +  AMP, ratio o f ATP • A D P -1  decreased gradually and sign if­
icantly , m eanw hile the tissue level o f A D P  increased significantly. These results 
indicate a significant increase of ATP transform ation into cAMP (and o f  cAM P  
into AM P), associated w ith  a significant decrease o f ATP transform ation in to  
A D P  6 hr after reserpine adm inistration. W hen the rate o f ATP transform ation  
into cAMP decreased significantly, the rate o f ATP transform ation into  A D P  
increased sign ificantly  (at 18 and 24 hr). The changes in the A T P-dependent 
energy supply  system s can be explained as follows:

1. The N a + — K +-dependent ATPase a ctiv ity  can be directly in h ib ited  
b y  adrenergic m ediators, consequently the exten t o f ATP transform ation into  
A D P  can be d irectly decreased by adrenergic m ediators [4, 5, 10, 12, 13],

2. The ATP transform ation into cAM P can directly stim ulated b y  adren­
ergic m ediators [4, 5, 10, 12, 13],

3. cAM P and AMP inhibit the Na + — K +-dependent ATPase a c tiv ity  [4 
5, 12, 13].

The sign ificantly  higher level o f cAM P indicates a significantly increased  
rate o f ATP breakdown b y  adenylate cyclase in the rat gastric fundal m ucosa. 
In contrast to  the increased ATP breakdown, a significantly higher level o f  ATP  
was m easured after reserpine adm inistration than  in the control group. The sig­
nificant elevation  of ATP substrate can on ly  be the result o f sign ificantly  in ­
creased ATP resynthesis in the rat gastric fundal mucosa after reserpine adm in­
istration, as com pared to  th e  control anim als. Increased ATP resynthesis in  
tissue specim ens can occur on ly  under circum stances o f  sufficient oxygen  su p ­
ply. These results exclude the possib ility  o f  a hypoxaem ic damage in th e  rat 
gastric fundic m ucosa after reserpine adm inistration.

The form ula o f A tkinson (ATP +  0.5 A D P  • ATP -f- A D P  -f- AM P _1) is 
a suitable w ay to  estim ate th e  exten t of phosphorylation and/or déphosphoryla­
tion [1]. Our results indicate th at the ex ten t o f  phosphorylation and/or déphos­
phorylation rem ained unchanged during th e  developm ent of reserpine ulcer.
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Local blood flow was m easured in  81 cerebral structures of the paralysed ra t 
during nitrous oxide, sodium  pentobarb ita l and glucochloralose anaesthesia. W ith a 
ventila to ry  m ixture of 75%  nitrous oxide and  25% oxygen the flow values in  comparable 
structures were slightly lower th a n  those reported  in  awake anim als. P en tobarb ita l and 
chloralose depressed the local flow by  an average of 32 dz 2%  and 39 i  2% , respectively, 
as compared to  values m easured during nitrous oxide adm inistration . In  some areas 
the flow was reduced below 40%  of the control, whereas o ther regions showed no signif­
ican t change a t  all. Based on the  coefficients of correlation, the d istribu tion  of local 
flow values is sim ilar under pen tobarb ita l and chloralose, b u t differs considerably from 
the pa tte rn  observed during n itrous oxide anaesthesia. The results indicate th a t the 
effect of anaesthesia on cerebral blood supply depends a great deal on local factors, 
and experim ental data  collected under different types of anaesthesia are no t directly 
comparable.

Keywords: anaesthesia, cerebral blood flow, n itrous oxide, sodium pentobarbital, 
glucochloralose.

It was realized early in the h istory of brain blood flow  m easurem ents that 
anaesthesia has a profound effect on the cerebral circulation. It is very often  
assum ed that the influence o f an anaesthetic agent is uniform  throughout the  
brain since data on the m agnitude o f local changes are scarce. In  m ost studies 
either to ta l blood flow  was m easured, which gives no inform ation on possible 
regional differences, or a sm all num ber o f localized  m easurem ents was per­
form ed, which is inadequate to  characterize the overall situation .

Many studies on cerebral blood flow  have been carried out on awake 
anim als, but in som e situations the experim ental stress or the applied surgical 
procedure m ay cause a greater distortion of the results than  a w ell-controlled  
anaesthesia. A ccordingly, m any studies require th e  use o f anaesthetics, and a 
thorough knowledge of their effects is a basic criterion o f the proper interpreta­
tion  of the data. W e therefore exam ined the effect o f  three frequently  em ployed  
anaesthetics, nitrous oxide, sodium  pentobarbital and chloralose, in a large 
num ber o f areas o f  the rat brain.

Correspondence should be addressed to  
László S zabó
Experim ental Research D epartm ent and  Second In s titu te  of Physiology,
Semmelweis U niversity  Medical School 
H-1082, B udapest, Üllői ú t 78/a, H ungary
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Materials and methods

Preparation o f experimental animals

The experiments were carried ou t on male ra ts  anaesthetized either w ith  a ventilatory  
m ix tu re  of 75%  nitrous oxide and  25%  oxygen, w ith 50mg/kg pen tobarb ita l sodium  (N em butal, 
A bbo tt Laboratories) i.p ., o r w ith  100mg/kg glucochloralose (alpha-chloralose, F isher Scientif­
ic Co) i.v . In  the nitrous oxide group, the tracheal tube was inserted  under halo thane anaes­
thesia (4%  to  5%), and add itional surgery was carried ou t under n itrous oxide supplem ented 
w ith 0 .5%  halothane when necessary. In  th e  chloralose group, one fem oral vein was exposed 
and catheterized  under e ther anaesthesia m aintained un til the infusion of the chloralose solu­
tion.

B oth  femoral arteries and  both  fem oral veins were cannula ted  w ith polyethylene ca the­
ters (PE -50) for continuous recording of a rte ria l blood pressure, collection of blood samples 
and infusion of different substances. The electroencephalogram  (EEG ) was recorded from  two 
brass screws inserted b iparie ta lly  in to  the skull.

The animals anaesthetized  w ith pen tobarb ita l or chloralose were ven tila ted  w ith 30% 
oxygen and 70% nitrogen. Im m obilization was accomplished in  all groups w ith  30 mg/kg 
gallam ine triethiodide (F laxedil, Specia) i.v. The frequency of ven tila tion  was ad justed  for an 
arteria l C 0 2 tension betw een 35 and 40 m m  Hg. The C 02 con ten t of the expired a ir was moni­
to red  w ith  an infrared analyzer (Beckm an Instrum en ts), blood gases and  pH  were checked with 
a m icroanalyzer (R adiom eter) im m ediately before the determ ination  of cerebral blood flow. 
W ith  th e  aid of a tem pera tu re  controller (Yellow Springs In s tru m en t Co) the rec ta l tem pera­
tu re  of th e  animals was preven ted  from  dropping below 37 °C. The anim als were left undis. 
tu rb ed  for a t least 30 m inutes before the cerebral blood flow determ ination.

Determination o f local cerebral blood flow

The blood flow in  d ifferen t areas of th e  ra t  brain  was m easured w ith th e  chemically 
in e rt diffusible tracer iodoantipyrine (4-[N -m ethyl-14C]-iodoantipyrine, New E ngland Nuclear). 
A pproxim ately  100 /tCi/kg of th e  tracer dissolved in  1 ml physiological saline was infused into 
th e  fem oral vein over a 1-m inute period. I f  the tracer infusion is sta rted  a t tim e 0, th e  am ount 
of in d ica to r accum ulated in  any  given po in t of the tissue can be calculated according to the 
eq u a tio n  [8].

T
C(T) =  A. • К  5 (Ca(t) • exp [ - K ( T  -  t)]} d t (1)

ô

w here C(T) is the concentration  of tracer in  a given anatom ical struc tu re  a t tim e T , Ca(t) is the 
tim e course of the arterial tra ce r concentration, and A is the brain  : blood partition  coefficient, 
w hich was shown to be 0.8 for iodoantipyrine [9]. For a tracer th a t  is no t diffusion lim ited, 
th e  fac to r К  is defined as the  blood flow (F) per un it mass of tissue (W) divided by  A., th a t  is,

К  =  F/(W  • A) =  1CBF/A (2)

where 1CBF is the local cerebral blood flow, usually given in  m l/(min • g).
A t the 60th second of th e  iodoantipyrine infusion th e  anim al was decapita ted  in  order to 

cu t o ff instantaneously th e  blood supply to cerebral structures. The brain  was quickly rem oved 
from  th e  skull and frozen in  liquid  Freon 12. U ntil sectioning, which was done w ith in  48 hours, 
the specim en was stored on d ry  ice.

F or the reconstruction of the arteria l iodoantipyrine concentration  during the infusion, 
20 p \ sam ples were collected from  the fem oral a rte ry  in to  calibrated  m icrocapillaries approxi­
m ately  every 3 seconds. Blood coagulation was prevented by 1000 IU /kg  heparin (Panheprin, 
A bbo tt Laboratories) adm inistered  intravenously ju s t prior to  sam pling. A fter th e  infusion 
th e  sam ples were transferred  to  chrom atography paper. The dried blood spots were cu t out 
and  placed in  scintillation vials containing 1 ml of distilled w ater and 10 ml of a dioxane-based 
sc in tilla to r (B ray’s solution, New England Nuclear). D eterm ination of th e  14C concentration 
was perform ed by utilizing a liquid scintillation counter (Packard  In s trum en t Co) w ith  external 
s tan d ard  counting for quench correction.

The frozen brain was cu t into 20 pm  sections w ith a microtom e (American O ptical Corp) 
a t  —18 °C. E very 15th section was picked up w ith a cover glass and dried on a ho t plate  a t 
60 °C. The brain  slices and  a set of carbon-14 standards for au toradiography (Poly-[l4Cj-
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Fig. 1. Autoradiographic representation of local cerebral blood flow produced by 14C-labelled 
iodoantipyrine. D arker areas correspond to higher flow, b u t the relationship is no t linear. 

Arrows point to the extreme values of 0.11 inl/(min • g) and 2.05 ml/(min • g)

-m ethyl m ethacrylate, Amersham) were placed on X -ray film  (SB-5, E astm an  K odak Co) for 
10 days. The plastic rad iation  sources had previously been calibrated  for brain tissue of 20 
p  thickness, so th a t differences in  absorptance could be tak en  into account.

Optical density of the autoradiographs was m easured w ith  a m icrodensitorneter (Gamm a 
Scientific) connected to  a PDP-11 com puter (D igital E quipm ent Corp). The area of analysis 
m easured 200 fim  in  diam eter, small enough as compared to th e  structures of the ra t  brain  and 
large enough to com pensate for the grain size of the film . From  the arteria l iodoantipyrine 
concentrations and th e  l4C concentration vs. optical density curve, which was determ ined ind i­
vidually  for each film , the com puter program  calculated the local blood flow value correspond­
ing to  the film darkness in  the area of in te rest on the autoradiograph. Figure 1 shows an  actual 
autoradiograph illustrating  the resolution of the technique. Anatom ical identification  of the 
cerebral structures was m ade w ith the aid of a stereotaxic a tlas of the ra t  brain [5].

Statistical evaluation o f data

One-way analysis of variance was perform ed on th e  general physiological variables 
listed in  Table I. For the determ ination of significant blood flow and vascular resistance changes 
over all cerebral structures between different experim ental groups, values were paired accord­
ing to  the anatom ical localization and tw o-w ay analysis of variance was applied. W hen the 
analysis of variance indicated  significant differences for a given variable, pairwise comparisons 
betw een control and each experim ental group were carried ou t w ith modified t-statistic . 
The critical values were calculated by the m ethod of Bonferroni [12].

Results

The general physiological param eters of the anim als in this study are 
shown in Table I. The differences betw een blood p C 0 2 and mean arterial blood 
pressure values were not significant according to the analysis o f variance. Oxy-
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gen ten sion  of arterial blood was sign ificantly lower in the nitrous oxide group 
(89 m m  Hg) due to the low er oxygen  concentration in  the inspiratory gas m ix­
ture (25%  versus 30% ). This value w as, how ever, still high enough to  have no 
in flu en ce on the cerebral circulation.

Average cerebral blood flow  (CBF) in each experim ental group was cal­
cu lated  from the m ean values o f 81 individual anatom ical areas according to 
th e  form ula

I 81
CBF =  1C B F

w ith

1CBF, J?  1 CBF,- J  In
b = i  и

(4)

w here 1CBF,. j is the local cerebral blood flow  o f structure i  in experim ent j  
from  a to ta l of n experim ents that com pose the series in question. These average 
C BF values, which are included in Table I, are not true brain blood flow s since 
th e  structures were not w eighed according to their actual volum e, but th ey  are 
usefu l for a com parison o f  the different experim ental groups.

Local cerebral vascular resistance was estim ated in each experim ent as 
the quotient of mean arterial blood pressure and local cerebral blood flow  for 
each structure. A verage resistances were calculated in the sam e w ay as the  
average flow  values and are also given in Table I. According to th e  param eters 
defined  above, the average blood flow  was 1.28 -J- 0.05 m l/(m in • g) in the 
nitrous oxide, 0.83 +  0.03 m l/(m in • g) in  the pentobarbital, and 0.75 +  0.03

Table I

General physiological variables, cerebral blood flow  and vascular resistance after the administration
o f different anaestheticsa

75% N20  +  
+  25% 0 2

50 mg/kg 
pentobarbital

100 mg/kg 
chloralose

N um ber of experiments 12 и 7

A rteria l C 0 2 tension, mm Hg 36.9±0.3 35.9±0.7 38.0±0.6

A rteria l 0 2 tension, mm Hg 89 ± 3 112±5*** 133±4***

A rteria l pH 7.39±0.01 7.45±0.01*** 7.39±0.01

Mean arteria l blood pressure, mm Hg 127± 4 114± 7 124± 9

CBFb, m l/(m in  • g) 1.28±0.05 0.83±0.03*** 0.75±0.03***

CVRc, m m  Hg • min • g/ml 1.27±0.05 1.65±0.05*** 2.02±0.08***

" All values reported are m ean +  SEM
(*** significantly different from nitrous oxide anaesthesia w ith P  <  0.001) 
b Average cerebral blood flow (see text)
0 Average cerebral vascular resistance (see text)
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in the chloralose anaesthetized group. The decrease o f  flow  in the last tw o groups 
was the consequence o f an increased vascular resistance since the differences o f  
the arterial blood pressure values were not significant statistica lly .

0.2
0.75 nitrous oxide + 0.25 oxygen 

(1.26+ 0.05)

ICBF, ml/(min* g)

Fig. 2. Relative frequency histogram  of local cerebral blood flow (IC B F) values in  m l/(min • g) 
after the adm inistration  of different anaesthetics based on m easurem ents in  81 anatom ical 
structures. Num bers given in parentheses represen t the average blood flow (see tex t). The sig­
nificance of change from  control was calculated after two-way analysis of variance by modified 

t-sta tis tic  w ith critical values according to Bonferroni (***: P <  0.001)

In Figure 2 the histogram s constructed from  the 81 m ean IC B F values 
are shown for each experim ental group. It is evident from  this Figure, based on 
absolute values, th a t blood flow  to  the brain was generally higher and more 
heterogeneous under nitrous oxide anaesthesia than in  the pentobarbital or 
chloralose series. W hereas the coefficien t o f  correlation betw een th e  latter two  
was 0.88 (P 0.001), the distribution o f flow  values under nitrous oxide anaes­
thesia was much less coupled to  th ose  under pentobarbital (r =  0.66, P <
0.001) or chloralose (r =  0.75, P  <  0.001).

Figure 3 shows the same data expressed in per cents o f  the nitrous oxide 
controls, th at is, the mean flow  o f structure i in equation (3) is replaced by
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100 • lCBFj/lCBFjc, w here 1CBF;C stands for the m ean flow  o f structure i in  
th e  control group. It can be seen from these plots th a t the m agnitude of flow  
responses exhibited large topographical variations, even though alm ost all

100 200 
ICBF, percent of control

Fig. 3. Relative frequency histogram  of local cerebral blood flow (IC B F) values under pen to­
b a rb ita l and chloralose anaesthesia expressed in  per cent of nitrous oxide controls. Numbers 
given in  parentheses rep resen t the average blood flow. S tatistical significance was calcu­

lated as in  Figure 2

structures displayed a decrease in blood flow . There were three structures out 
o f 81 that showed an increased flow  under pentobarbital anaesthesia, but only  
th e  IC B F  increase in  th e  area o f the spinocerebellar tract was significant sta tis­
tica lly . Under chloralose anaesthesia the blood flow  was reduced in all areas.

The most severe depression of local blood flow  was observed in the follow ­
ing areas: cingulum  ( 6 7 ^ 3 % ,  —7 8 ^ 2 % ) ,  optic chiasm a ( — 69 4 - 3% , 
— 5 8 ^ 6 % ) ,  radix tractus spinalis n. trigem ini ( — 6 9 ^ 2 % ,  —69 -|- 2%), 
parietal region o f th e  cerebral cortex ( — 59 -f- 2% , — 62 -J- 4% ) and the tem ­
poral region o f the cerebral cortex (—71 ^  2% , —70 ^  4% ), where numbers in
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Table II

Local cerebral blood flow  in some anatomical areas after the administration o f different anaesthetics'

75% NzO + 25% 0 2 56 mg/kg pentobarbital 100 mg/kg chloralose

Regio parietalis corticis cerebri 1.50+0.14 (10) 0.69 +  0.06 (11)*** 0.81 +  0.10 (7)***
Regio occipitalis corticis cerebri 1.26 +  0.05 (9) 0 .73+0.06 (9)*** 0.69+0.06 (7)***
Corpus geniculatum mediale 1.39+0.09 (11) 0 .91+0.07 (10)*** 0.91 +  0.09 (7)**
Corpus geniculatum laterale 1.32 +  0.08 (10) 0 .81+0.05 (11)*** 0.99+0.15 (7)*
Nucleus lateralis thalam i 1.58+0.23 (11) 0.85 +  0.06 (10)*** 0.85 +  0.09 (7)*
Nucleus ventralis thalam i 1.29 +  0.09 (9) 0.91+0.05 (10)** 0.76+0.07 (6)***
Nuclei hypothalam i 0.97+0.07 (11) 0.76 +  0.05 (11)* 0.73 +  0.08 (7)*
Corpus mamillare 1.06+0.05 (10) 0.72+0.05 (9)*** 0.68+0.06 (6)***
Amygdala 1.08±0.06 (11) 0.67 +  0.05 (11)*** 0.61+0.05 (6)***
Gyrus dentatus 0 .92+0.07 (11) 0.73 +  0.06 (11) 0.60 +  0.06 (7)**
Nucleus caudatus/Putam en 1.43+0.15 П1) 0.88+0.06 (10)** 0.81+0.06 (7)**
Nucleus accumbens 1.15 +  0.10 (10) 0 .89+0.06 (9) 0.81+0.09 (7)*
Globus pallidus 1.53+0.06 (9) 0.73+0.06 (11)*** 0.87 +  0.05 (7)***
Colliculus superior 1.65 +  0.16 (10) 1.06+0.09 (11)** 1.33+0.17 (7)
Cortex cerebelli 1.03 +  0.08 (11) 0.72+0.05 (10)** 0.78 +  0.07 П )

a All values reported are mean +  SEM (ml/(min g))
Figures in parentheses represent the num ber of experiments where the blood flow of the 

particular structure was determined
(*, **, ***: significantly different from nitrous oxide anaesthesia w ith P  <  0.05, P  <  0.01 

or P  <  0.001)

parentheses represent the values in th e  pentobarbital and the chloralose group, 
respectively. The average flow  o f all f iv e  investigated  cerebrocortical areas was 
reduced by 56 5%  of the control in  both experim ental groups, whereas the
decline o f flow  over all structures am ounted to 32 ^  2%  and 39 ^  2% . Table  
II presents the absolute flow  data o f  selected cerebral areas.

D iscussion

One o f the very  first investigations em ploying th e  diffusible indicator  
technique reported the heterogeneous effect of anaesthesia on local cerebral 
blood flow  [6]. In th is study, th iopental induced flow  reductions ranging from  
22%  to  53%  o f awake control values were observed in  different brain structures 
of the cat. In  later experim ents investigating the effect o f anaesthesia a n tip y ­
rine was used as tracer [4, 10], which underestim ates the flow  because o f  the  
diffusion lim itation  o f this substance at the b lood-brain  interface.
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Since iodoantipyrine was proposed as a tracer for localized  blood flow  
m easurem ent in the brain [9], an increasing num ber of experim ental studies 
h ave reported q u antitative data in various cerebral areas. M ost studies em ­
p lo y ed  nitrous oxide anaesthesia since it  changes the cerebral hem odynam ics 
su b stan tia lly  less than  do other anaesthetic agents [2]. In our laboratory the  
m ajority  o f earlier experim ents were perform ed under pentobarbital or chlo- 
ralose anaesthesia. W e have therefore been interested  in gathering inform ation  
concerning the relationship betw een these data and the flow  values measured  
under nitrous oxide.

The present experim ents have dem onstrated that both pentobarbital and 
chloralose depress the blood flow  substantially . In  addition, their effect exhibits 
regional variations, th a t is, the reactiv ity  o f  different cerebral areas to these 
anaesthetics is h ighly heterogeneous. The calculated coefficients o f  correlation 
im p ly  th at only 44%  o f the pentobarbital and 56%  of the chloralose data are 
lin early  related to the nitrous oxide values. I t  can therefore be concluded that 
1C B F m easurem ents carried out under different anaesthetics are in  general not 
d irectly  comparable since these agents m ay sign ificantly  change th e  pattern of  
loca l flow  distribution.

The areas w ith  higher flow  exhibited a tendency of being depressed to a 
greater extent than th e  low  flow  areas, but th e  correlation betw een  the absolute 
flo w  values under nitrous oxide and the per cen t flow  reductions o f the same 
area due to  pentobarbital or chloralose were low  ( —0.55 and — 0.38, respec­
tiv e ly ) .

The close coupling betw een cerebral blood flow  and m etabolism  (Sokoloff, 
1981) suggests that the flo w  reduction due to  both  pentobarbital and chloralose 
is th e  consequence o f a decrease in m etabolic activ ity . Crane et al. [1] measured  
th e  glucose utilization o f  the cerebral cortex in  rats after pentobarbital injection  
and found a 56% reduction as compared to  aw ake controls. The pentobarbital 
induced  flow  decrease in the present experim ents ranged from 41%  to 71% in 
different cortical regions. Our data compare w ell also with the local changes in 
glucose consum ption m easured b y  D udley et al. [3] after chloralose injection. 
T he severe reduction o f cortical blood supply  observed w ith th e  use o f non- 
gaseous anaesthetics is especially notew orthy as the physiological im portance 
and th e  easy accessib ility  o f the cortex have m ade this part o f  th e  brain very  
im p ortan t in cerebral circulatory research.

Since our flow  values under nitrous oxide are in general on ly  slightly lower 
th an  the values m easured in the awake rat b y  Sakurada et al. [9 ], this type of 
anaesthesia  m ost probably reflects a more physiological condition  than the  
application  of the tw o other agents. On the other hand, we have observed con­
siderab ly  higher anim al to  anim al variations in the former group, which prob­
ab ly  resulted from external factors that can easily  alter the cerebral circulation  
in  specific  areas under ligh t anaesthesia. This m ay create d ifficulties in the de-
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tection  o f low  m agnitude effects if  th e  m easurem ents cannot be repeated in the  
sam e anim al as is the case w ith autoradiographic techniques. N evertheless, 
since the more uniform response o f  the cerebral circulation under pentobarbital 
and  chloralose is presum ably the consequence o f  reduced cerebrovascular re­
a ctiv ity  (Marin et al., 1981), the use o f nitrous oxide could facilitate the d etec­
tion  o f physiological changes that m ight be to ta lly  suppressed by other anaes­
thetics.
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The exocrine function of the pancreas was investigated  in the course of ad a p ta ­
tion  to  regular physical activity. In  albino ra ts  exercized by  swimming for six weeks it  
has been observed th a t  — in response to an identical physiological stim ulation (liquid 
food via gastric tube) and under ad lib itum  feeding the ra te  of secretion and  enzyme 
activ ity  exceeded control values by 100 to  150%; — in pair-fed ra ts  the values of the 
exercized anim als were 50 to 70% higher, and — vagotom y suspended this effect even 
when food was offered ad libitum.

On the basis of these results ad ap ta tio n  to regular exercise involves th e  exocrine 
function of the pancreas. In  this functional increase both  the  increased food in take  after 
train ing sessions and the direct effect of muscular work have a share. For ad ap ta tion  
an in tac t innervation  is necessary.

Keywords: Exocrine pancreas, adap ta tion  to regular exercise, exercise and diet, 
vagotom y, enzyme induction, innervation  in exercise adap ta tion .

A daptation  to  regular physical exercise in the exocrine function o f the  
pancreas has not y e t been studied.

H ilsted et al. [8] reported on th e  horm onal control o f  the alim entary tract 
and the pancreas in hum ans. They found  an increase in  the peripheral plasm a  
concentration o f a vasoactive in testinal peptide (VIP) along with rising levels  
o f secretin, som atostatin  and pancreatic polypeptides after three hours o f  
bicycle exercise. The latter agents were suggested to have arisen by vaga l stim ­
ulation  elicited by the decreasing b lood glucose level [11].

In earlier experim ents focussed on the m etabolic adaptation to  m uscular  
work, m icrosom al enzym e activ ity  o f  th e  liver was found to be increased [4, 5]. 
N o influence could be attributed to hepatic innervation in  th is adaptive phenom ­
enon which because o f  its sim ilarity to  pharm acological enzym e induction  
w as regarded as a kind o f endogenous enzym e induction [6].

Investigation  in to  the relationship betw een regular muscular a c tiv ity  and  
exocrine pancreatic function was stim ulated  m ainly b y  th e  unresolved question  
o f w hether or not the observed increase in  enzym e a c tiv ity  in various organs,
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an apparently enhanced functional capacity, was a sign o f general adaptation. 
A m ong the adaptive processes o f growing physica l fitness, a further problem  
was th e  locus of control, because its im portance seem ed to differ depending on 
the organ studied. W hile innervation m ay be o f  minor significance for the liver, 
the in ta c t nervous control o f  the pancreas has long been know n to  be essential.

Accordingly, the points studied in th e  present rat experim ents were
1. the nature o f  changes in pancreatic secretion occurring during regular 

sw im m ing exercise, b oth  under ad lib itum  feed ing and in pair-fed animals; and
2. the role o f  the vagus nerve in th is con tex t.

Materials and m ethods

Two experim ents w ere performed using a d u lt W istar ra ts, ten in  each group. B oth 
experim ents lasted six weeks.

Experim ent 1

Pancreatic secretion was studied under different feeding regimens com bined with regular 
exercise. D ietary regimens sta rted  concurrently w ith  th e  swim training. Food in take was m eas­
ured in  th e  groups fed ad lib itum . In  order to m atch  energy uptake, exercized, bu t pair-fed 
ra ts  were given only as m uch food as consumed by th e  control group. The techniques and 
procedures employed in  th e  swimming exercise and in  th e  studies of pancreatic  function agreed 
w ith  those used previously [3, 15, 16]. There were 32 sessions of 60 m in swimming exercise in 
a b a th  of 29 °C in the course of the six weeks of tra in ing . The excess w eight to be carried was 
4 g per 100 g b.w. In  order to  induce pancreatic secretion both  the experim ental and control 
ra ts  were fasted for 18 hours a t  the end of the experim ent, then through a gastric tube they  
were given 1.5 ml of liquid  food (casein, starch, and sunflower oil). Im m ediately thereafter 
the ra ts  were anaesthetized by  urethan, the common duct was cannulated and  pancreatic juice 
was collected under ice cooling for 120 min. The am oun t of the collected ju ice was measured; 
its  to ta l protein content was determ ined by the Biirgi m ethod [2]. Trypsin, chym otrypsin and 
lipase ac tiv ity  was estim ated  by  the method of Schön e t al. [9] while am ylase activ ity  accord­
ing to  Sm ith  and Roe [12]. The enzyme activities were related to the am oun t of pancreatic 
juice collected for 120 m in, th en  means and s tan d ard  deviations were calculated. Differences 
were analyzed by the t test.

Experim ent 2

Pancreatic function  was studied under vagotom y, feeding ad lib itum  and regular swim­
m ing exercise. Procedures were the same as in  E xperim en t 1. The vagus nerve was transected 
im m ediately  under the d iaphragm . A corresponding technique was employed in the sham  
operations [1]. Three weeks after the in terven tion  swimming exercise and dietary regimens 
were sta rted  and continued for six weeks.

Results

Food intake o f  the respective experim ental groups are show n in Table I. 
W hen food was not restricted , the exercizing rats consum ed in  general 2 g per 
100 g b .w . more than  th e  controls, but th e y  did not differ in weight. Though  
food  intake in pair-fed anim als was the sam e, the exercized anim als weighed  
about 20%  less than  th e  reference anim als.

Though provocation  by liquid food w as the same, all th e  studied func­
tion a l param eters o f th e  pancreas were 100 to  150%  higher in  the swim m ing
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Table I

Food intake and weight increase in  Experiment 1

Ad libitum groups Pair-fed groups

1 2 3 4
Control Swim-exercized Control Swim-exercized

Mean fodder uptake
g/day/rat 13.8 18.0 19.3 18.6
g/100 g b.w. 7.0±1.1 9.0+1.3 9.0+1.0 9 .0+ 1 .3

Body weight
initial in g 150+8 155+7 168 +  7 170+ 6
final in g 245 +  20 246+18 260+21 243+16
change/6 w. in  g 95 91 92 73

group fed ad lib itum  and consum ing more food (F ig. 1). In pair-fed anim als, 
in which not on ly  pancreatic stim ulation , hut food intake was also the sam e, 
swim m ing exercise was observed to  increase enzym e a ctiv ity  to  levels 50 — 70%  
higher than  in  the controls (F ig. 2).

In  order to  decide if  the phenom enon w as brought about v ia  the vagus  
nerve or else b y  some other m echanism , a group o f rats was subjected to va g o ­
to m y  and another group to a sham  operation. Table II dem onstrates th at the  
swim m ing exercise after vagotom y or the sham operation was again associated  
w ith a greater food intake and sm aller weight increase.

—\/л ______  УЛ______ LI VA______ \ \ VA УЛ
JUICE TRYPSIN CHYMOTRYPSIN LIPASE AMYLASE

ACTIVITY 

"AD LIB"GROUP

Fig. 1. E ffect of swimming exercise on pancreatic secretion under feeding ad lib itum
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□  CONTROL £ 2  SWIMMED

ACTIVITY

"RAIR -F E D "  GROUP

Fig. 2. Effect of sw im m ing exercise on pancreatic  secretion in pair-fed anim als

A s shown in F ig. 3, th e  am ount o f pancreatic juice did not change appreci­
ab ly  after vagotom y. In  th e  sham -operated rats the secretion rate was higher 
w hen th ey  were exercized. In  general, neither the secretion rate, nor the enzym e 
a c tiv ity  differed from those o f the sham -operated controls, except trypsin  activ­
ity  w hich decreased sign ificantly . In  sham -operated swim m ing rats the activ ity  
o f all studied enzym es rose sign ificantly  whereas such a rise failed to  develop  
in  the vagotom ized rats (F igs 4 and 5).

Table I I

Food intake and weight increase in Experiment 2

1
Sham operation

2
Sham operation 

swimming

3
Vagotomy

4
Vagotomy swimming

Mean fodder uptake
g /day /rat 22.4 27 21.8 27.1

g/100 g b.w. 7.1 ± 1 .2 9 .0 ± 1 .4 7.0±1.1 9 .2± 1 .3

Body w eight
in itia l in  g 2 5 0 ± ll 249 ± 9 248±10 255±12

final in  g 383±26 352± 36 374±34 336±33

change/6 w. in  g 133 103 126 81
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p < Q05

sham operation 
sham op.+swimming 

vagotomy

vagotomy + swimming

Fig. 3. Postvagotom y pancreatic secretion rate  in  exercized and control ra ts

pg MÇ

ACTIVITY

p<a05

sham operation 

sham op. + swimming 

vagotomy

vagotomy +■ swimming

Fig. 4. Postvagotom y activ ity  of trypsin  and chym otrypsin in  exercized and control ra ts

mg NU
p < 0.05

sham operation 

sham op. + swimming 

vagotomy

vagotomy + swimming

Fig. 5. Postvagotom y activ ity  of lipase and amylase in  exercized and control ra ts
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Discussion

Pancreatic secretion m arkedly increased in Experim ent 1 in the rats 
exercized regularly by sw im m ing under ad lib itum  feeding, which m eant an in ­
creased food intake, despite th at pancreas stim ulation  corresponded fu lly  in the  
com pared groups. This accentuated  response to  the same physiological stim ulus 
suggests, on the one hand, an adaptation  to  the former am pler food intake. 
D esp ite  the fact that b y  th e  increased pancreatic secretion and increased ab­
sorption  a greater part o f  th e  energy requirem ent o f physical training could be 
covered, the slower w eight increase indicated  a faster overall energy turnover. 
On th e  other hand, the observed high level o f  enzym e a ctiv ity  m ay be regarded 
as an indicator of enhanced pancreatic function  elicited b y  the regular exercise. 
This assum ption is supported by the observation th at both the am ount and 
the enzym e activ ity  o f the pancreatic ju ice rose b y  60—70%  in the pair-fed 
(isocaloric supply) rats.

In  the vagotom ized group pancreatic secretion was essentia lly  normal 
in  th e  n in th  postoperative week except a sign ificantly  lower trypsin  activ ity . 
This agrees w ith the now  classical rat experim ent o f Crider and Thom as [13] 
in w hich pancreatic function  decreased after vagotom y only tem porarily and 
was la ter  restored to norm al, but w ith  som e decrease in protein content.

Pancreatic secretion increased also in the sham -operated and ad libitum  
fed anim als when th ey  were subjected to  regular swim m ing. A fter vagotom y  
th is functional increase failed to develop despite the swim m ing exercise, i.e. 
every studied  level was sign ificantly  lower than  in the exercized but sham- 
operated rats. This find ing  stresses the role o f the vagus nerve in enlarging the  
fu n ction a l capacity in response to  physical exercise. This issue corresponds to  
th e  v iew  [14] that the neural factor is the m ediator of the in testinal control of 
pancreatic secretion. In  anim al experim ents, Schwartz [10] dem onstrated a 
postprandial increase o f  pancreatic polypeptides in peripheral blood. A similar 
result was obtained b y  Guzm an et al. [7] follow ing horm onal provocation. 
In th is  la tter  experim ent increased secretion w as elicited b y  gastrin, CCK octa- 
p ep tid e , cholecystochinin or secretin, w hile it  was sign ificantly  reduced by  
v a g otom y. Accordingly, it  was suggested th a t cholinergic and horm onal stim uli 
m ight interact in the liberation o f pancreatic polypeptides and in the control of 
the exocrine pancreas. R elying on the above m entioned report o f H ilsted et 
al. [8 ] as well as on our present results, it  is concluded th at cholinergic and 
horm onal factors are equally  responsible for the exercise-induced increase of 
pancreatic secretion.
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In  pregnan t ra ts significant in terstitia l fluid pressure changes could be detected 
by means of capsules chronically im planted  in to  the subcutaneous tissue. The capsular 
pressure increased significantly from  a control value of —4.3 ^  0.5 m m H g to — 0.7 ±  0.5 
m m Hg during the firs t period of pregnancy. Im m ediately before partu rition  the cap­
sular pressure re turned  to  the control level. During lactation  the pressure rose as high as 
+ 0 .5  +  0.9 m m H g. A fter lactation  the pressure re turned  again to  the  control value. By 
determ ining the  extracellular flu id  and plasm a volume, as well as protein concentra­
tion  in  plasm a and capsular fluid, the hydrostatic  and colloid osm otic forces operating  
in  the extracellu lar space could be analysed. I t  has been concluded th a t  the observed 
capsular pressure changes during pregnancy are no t solely of volum etric or colloid os­
motic origin.

Keywords: extracellular flu id  volum e, colloid osmotic pressure, capsule tech­
nique, in terstitia l pressure, pregnancy.

A great num ber of physiological and pathological experim ents [6, 7, 9, 17] 
has convincingly show n th at the values for in terstitia l fluid pressure, measured  
b y  th e  chronically im planted capsule technique [6], correspond to  those pre­
dicted from the Starling concept o f pressure equilibrium at th e  capillary m em ­
brane [14]. In  all these experim ents the changes of in terstitia l fluid pressure 
were interpreted as being volum e-dependent.

R ecently, more attention  has been paid to  the physicochem ical properties 
o f the extracellular m atrix [5, 10, 11] and to its role in regulating interstitia l 
pressure [4, 8]. Several forces contribute to  th e  net m atrix pressure: some are 
m echanical in nature, others reflect osm otic behaviour of the m atrix. The va n ’t 
H off and D onnán osm otic pressures represent the osm otic forces. The D onnán  
osm otic pressure is due to the large num ber o f anionic groups on each m uco­
polysaccharide m olecule. The m echanical forces include elastic recoil o f the  
m atrix, hydrostatic pressure o f the flu id  located  within the m atrix , and electro­
sta tic  repulsion o f neighbouring anionic m oieties.

Thus, it m ight be expected  th at electrostatic forces p lay  a significant role 
in  the changes o f  the interstitial pressure i f  the structure and thereby the physi-
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cochem ical properties (perm eability, ion-binding capacity , etc.) o f the extra­
cellular m atrix alter. Such changes in  th e  structure and physical properties of 
connective tissue m ay be elicited , e .g ., b y  pregnancy and different horm ones 
[12, 1, 13]. Since changes in the extracellular fluid volum e are accom panied by  
structural alterations o f  th e  ground substance during pregnancy this condition  
m ay serve as a suitable in v ivo  m odel to  exam ine the relative contribution o f  
different (volum e-dependent and molecular) com ponents to  interstitial pressure 
changes.

The aim of this work w as to asses w hether there is any  change in the in ter­
stitia l pressure during pregnancy and, i f  so, whether th is change can be ex ­
plained b y  Starling forces alone or other factors are involved  as well.

M aterials an d  m ethods

Experim ents were perform ed on female ra ts  weighing 200 — 250 g. The anim als had free 
access to  food and water and  were m aintained under conditions of controlled light (from 6 AM— 
6PM) and  tem perature (26 ^  2 °C). Prior to  th e  measurem ents th e  anim als were fasted  for 
24 hours. Anesthesia was induced by i.p. injection of sodium pentobarb ita l, 5 mg/100 g body 
w t, during the m easurem ents.

Measurement o f interstitial f lu id  pressure [6]

A cylindrical plastic tu b e  of 5 mm in diam eter, and 15 m m  length , closed a t bo th  ends 
and  perforated  by 100 —110 of 1 m m  holes was im planted subcutaneously on the back of the 
ra ts . A fte r a healing period of 4 — 6 weeks, the value of control pressure w ithin the capsule was 
m easured by inserting transcutaneously  a 26 gauge syringe needle th rough  one of the perfora­
tions in to  the cavity of th e  capsule. The needle was connected w ith  a S ta tham  pressure tran s­
ducer (23Db) by means of a polyvinyl tube. The system was filled w ith physiological saline 
solution.

In  series I  (n =  9) of th e  experim ents, the in terstitia l fluid pressure was m easured during 
pregnancy and lactation. A fter measuring th e  control values of in terstitia l pressure female 
ra ts  w ere caged with fertile m ales for 24 hours to  know the exact da te  of pregnancy. The preg­
nancies resulting were norm al, all of the anim als were prim a gravidae. The in terstitia l pressure 
was m easured on the first, second and th ird  week (4 th  and/or 7th, 10th and/or 15th, 18th and/or 
20th day) of pregnancy, fu r th e r on the first week (1st and/or 3rd and/or 5th and/or 8 th  day) 
of lac ta tion  and, finally, a fte r th e  15th day of lactation  and after cessation of lactation . The 
m easurem ents were perform ed in  the same hour of the day.

Measurement o f plasma and extracellular flu id  volume [17]

In  series I I  (n =  69) of th e  experim ents, the plasm a and extracellular fluid volumes were 
determ ined in control and 15th and 20 — 21st day  pregnant rats. Plasm a and extracellular fluid 
volum es were determ ined w ith  Evans blue (T-1824) and sodium th iocyanate, respectively, 
given in to  the saphenous vein of anesthetised anim als. Blood was draw n from  the carotid artery  
for determ ination of plasm a concentrations of E vans blue and th iocyanate. The fluid volumes 
were calculated by ex trapo la ting  to  zero tim e and using the dilution formula.

Haematocrit and analytical determinations

In  series I I I  (n =  9) o f th e  experim ents, packed cell volum e, to ta l sodium concentra­
tion  in  plasm a and protein  concentrations in  plasm a and in terstitia l flu id  were determ ined in  
contro l and pregnant ra ts . F or th is purpose blood samples from  the carotid  artery  and in te rsti­
tia l flu id  from the capsule were collected. A rterial haem atocrit was estim ated by a m icrom ethod.

A cta  Phvsiologica Hungarica 62 , 1983



IN T E R S T IT IA L  F L U ID  P R E S S U R E 133

Sodium concentration was determ ined b y  flam e photom etry (F lapho 4, Zeiss), and th e  to ta l 
protein  concentration was assayed by th e  b iuret method, using bovine serum album in as a 
standard .

Statistical analysis

D ata are presented as means i  SEM. S tatistical significance was determ ined by  S tu ­
d en t’s paired t te s t; p  <  0.05 was considered significant.

Results

Figure 1 shows the typ ical changes of interstitia l pressure during preg­
nancy and lactation . The in terstitia l pressure increased sign ificantly from  —4.5 
m m H g to  —j—0.3 m m H g during th e  first 15 days o f  gestation but decreased  
progressively thereafter reaching th e  initial value at th e  tim e of delivery. Post 
partum , the in terstitia l fluid pressure increased again and rem ained above  
atm ospheric pressure during the whole period o f lacta tion . A t the end o f this 
period, the in terstitia l pressure returned to its in itia l negative value.

In Table I, the average capsular pressure changes are shown in control, 
pregnant and lactating  animals. The average data show  the same trend o f the  
in terstitia l pressure during pregnancy as the ind iv idual curve in Fig. 1. The 
m ean (-(-SEM) capsular pressure on the 2nd week o f pregnancy ( — 0.7 ^  0.5 
m m H g, n — 8) w as significantly (p <  0.001) higher than  the control value  
( 4.3 ^  0.5 m m H g, n =  9). On th e  3rd week o f pregnancy, pressure decreased
significantly (p <[ 0.05) from 0.7 ^  0.5 m m Hg (n =  8) to  —2.6 -)- 0.5 m m H g  
(n =  5). Mean pressure on the 3rd w eek was still higher than  the control value, 
in contrast to  th e  pattern o f the individual pressure curve shown in Fig. 1. This 
was due to  the rapid pressure changes in this period and to  the fact th a t the

Fig. 1. R epresentative recording of the characteristic changes in subcutaneous in terstitia l 
pressure during pregnancy and lactation
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Table 1

Mean values ±  SE M  for subcutaneous interstitial pressure during pregnancy and lactation

Groups
Control

Pregnant Lactating
3 weeks after

Time (week) 1st 2nd 3rd 1st 3rd cessation of lactation

In terstitial pressure -4 .3 ± 0 .5 - 3 .3 ± 0 .6 —0.7±0.5 -  2.6 ± 0 .5 — 2.1±0.5 + 0 .5 ± 0 .9 —4.7±0.5

(mmHg) (n =  9) (n =  9) (n =  8) (n =  5) (n =  9) (n =  5) (n =  9)

Pi

P2

N.S. <0.001 <0.02

<0.05

<0.01 <0.001 N.S.

[»] against control 
p 2 against 2-week-pregnant
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Table II

The plasma and extracellular f lu id  volume in  control and pregnant rats

Control
Day of pregnancy

15 20—21

Extracellular fluid volum e m l/kg 
body w t

2 7 0 ± 9  
(n  =  24)

3 0 0 + 2 9  
(n =  9)

308+ 12*  
(n =  12)

Plasma volum e ml/kg body wt 3 5 .9 + 1 .5
(n  =  8)

4 0 .7 + 1 .0
(n  =  8)

44 .3 + 1 .2 * *  
(n =  8)

*: p <  0.02; **: pp <  0.001 against conrol

Table III

Mean values +  S E M  for body weight, haematocrit and total sodium concentration in plasma during
pregnancy

Control
Day of pregnancy

15 20—21

Body w eight (g) 23 3 .8 + 9 .0  
(n =  9)

272 .6+ 10 .0*  
(n =  9)

296 .8+ 19 .0*
(n =  6)

H aem atocrit (% ) 4 3 + 1  
(n =  9)

Î 
^

JL, o\
-H

 II
Гг e
CO 3 5 + 1 * *  

(n =  8)

N a p i a s m a
mmol/1

143 + 1  
(n =  9)

1 4 8 + 2  
(n =  9)

1 4 2 -r l  
(n  =  9)

*: p <  0.01; **: p <  0.001 against control

m ean pressure for the 3rd w eek was derived from  several individual pressure 
curves b y  pooling all the data obtained on the 18th and the 20th day o f preg­
nancy. During lactation  capsular pressure w as sign ificantly  (p <7 0.001) higher 
(+ 0 .5  +  0.9 m m H g, n =  5) than  the control value. Three weeks after th e  ces­
sation o f lacta tion  the average capsular pressure did not differ sign ificantly  
from  the control value.

Table II show s the values for plasm a and extracellular flu id  volum e in the  
control and pregnant rats. B oth  plasm a and extracellular flu id  volum es were 
increased during pregnancy until delivery. On the 20 —21st day o f pregnancy  
the plasm a volum e (44.3 +  1.2 ml/kg) and the extracellular flu id  volum e  
(308 +  12 m l/kg) increased sign ificantly  com pared to the control values (35.9 ±  
+  1.5 m l/kg and 270 +  9 m l/kg, respectively). Consequently, the in terstitia l 
flu id  volum e — which was approxim ated b y  subtracting the plasma volum e  
from  the to ta l extracellular flu id  volum e — was also increased at the end of 
pregnancy.

In Table I I I , the average (+ S E M ) b od y w eights, haem atocrit values and  
sodium  concentration in plasm a in the control and pregnant rats are show n. 
B ody weight increased progressively during pregnancy until delivery.The haem ­
atocrit values in the pregnant rats were sign ificantly  (p <7 0.001) lower than
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Table IV

Changes in  effective protein concentration between plasma and interstitial f lu id  in  control and pregnant
rats

Groups 4 —«pi g /i a(ci—cpi)g/i P

Control - 3 2 .8 + 2  
(n =  8)

0.0 -

15th day of pregnancy - 3 2 .4 + 1  
(n =  6)

+ 0 .4 N.S.

20—21st day of pregnancy - 2 3 .5 + 3
(n = 7 )

+ 9 .3 <0.02

cj to ta l protein concentration in the in terstitial (capsular) fluid 
Cpi to ta l protein concentration in  the plasma 
*d(ci cpl) — ( c i cpl) pregnant (ci ' cpl)control 
p : against control

th ose  in  the controls. There was no difference in the plasm a sodium  concentra­
tion s betw een pregnant and control anim als.

Table IV shows th e  changes in the protein concentration difference b e­
tw een  plasm a and in terstitia l fluid (called osm otically  effective protein con­
centration) as calculated from  the to ta l protein concentration o f plasm a and 
in terstitia l fluid. The e ffective  protein concentration  rem ained unchanged until 
th e  15th  day but decreased (in absolute value) on the 20 — 21st day prim arily as 
a resu lt o f the decreased plasm a protein contents. The difference betw een the  
effective  protein concentration  of pregnant and control rats reflects the trend  
o f th e  colloid osm otic pressure gradient during pregnancy. According to  
zl(Cj — cpl), the colloid osm otic  pressure gradient betw een plasm a and interstitia l 
flu id  w as zero on the 15th  day, and positive on the 2 0 —21st day o f pregnancy.

Discussion

W e observed sign ifican t changes in the interstitial flu id  pressure during 
pregnancy. To explore th e  pressure changes recorded by chronically im planted  
capsules in subcutaneous tissue, it is necessary to consider different factors 
operating in extracellular space.

Effect of the extracellular volume
I t  is known th at th e  extracellular flu id  volum e expands during pregnancy. 

This volum e effect is m anifested  in the second period o f pregnancy as a residt 
o f  increased fluid and sodium  retention due to  the enhanced aldosterone and  
oestrogen secretion. In  our experim ents we found that both  extracellular flu id  
and plasm a volum es w ere increased. In addition  to the m easured extracellular  
v o lu m e expansion, th e  increased body w eight and decreased haem atocritvalues,
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in line w ith the practically constant sodium  concentrations, can also be con­
sidered as indicators o f isosm otic hypervolaem ia. I f  the in terstitia l fluid pres­
sure response were due solely to th e  extracellular volum e expansion, it ought 
to  have continously increased during the whole period o f pregnancy. Contrary 
to  th is, in the second period o f pregnancy pressure rather decreased. Conse­
quently, the return o f the pressure to  its control value before delivery can not 
be interpreted in these terms.

Osmotic effect

Another factor responsible for the changes in in terstitial flu id  pressure 
m ay he a shift in  osm otic equilibrium . A pressure difference develops betw een  
tw o flu id  spaces separated by a sem iperm eable mem brane if  there is a concen­
tration gradient o f  the solutes. A concentration gradient occurs when the  
membrane is not freely permeable to  the diffusing substances, or it is perm eable, 
but the secretion and excretion rate o f the diffusing substances are not the  
sam e. In our experim ents osm otic pressure changes m ight have occurred both
(i) betw een plasm a and interstitial flu id  and (ii) betw een interstitial and cap­
sular fluid. Since other studies [15, 2, 3] have failed to find  a significant differ­
ence in effective protein concentration between the capsule and tissue fluids, 
we assumed th at the osm otic gradient between the in terstitia l and capsular 
flu id  was zero, i.e. the com position o f these fluids is identical and there is no 
semipermeable m em brane between them . Therefore, we analysed only the  
equilibrium betw een plasm a and interstitia l space for protein-like osm otically  
active com ponents. The osm otic pressure o f the proteins is a colligative property  
which is determ ined b y  the molar concentration o f proteins and the degree o f  
their dissociation. The degree o f protein dissociation depends on the ionic  
strength of the aqueous and on the chem ical nature o f sm all ions present.

In our calculation, the effects o f the osm otic forces were not considered  
in their full com plexity . It is clear th a t all the small ions participating in osm otic  
equilibrium should be analysed, and the protein fractions as w ell as the disso­
ciation  of proteins together with the quantity  of free ions (not on ly  the to ta l 
concentration, w hich was measured) should be taken into account.

N evertheless, it  is obvious from  the calculated data o f the colloid osm otic  
pressure changes (see Table IV) th at the protein dependent tendency o f osm otic  
pressure changes did not coincide w ith  the experim entally m easured pressures. 
I f  the changes in interstitia l fluid pressure were caused by colloid osm otic forces, 
then  th ey  should rem ain unchanged on the 15th day and increase on the 20 — 
21st day o f pregnancy. On the contrary, we found an increase on the 15th and  
unchanged (com pared to  control) pressure on the 20 — 21st day o f pregnancy. 
Consequently, the capsular pressure changes observed during pregnancy are 
not o f colloid osm otic origin.
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The final conclusion m ay be drawn from these investigations that the  
characteristic change in  the in terstitia l pressure during pregnancy can not he 
the sole consequence o f  either the effect o f volum e or colloid osm otic pressure 
changes.

This suggests th a t other factors are involved beside Starling forces in the  
in terstitia l pressure changes occurring during pregnancy. Looking for a plausible 
interpretation  of the m easured pressure changes, the m echanical properties of 
the tissue, i.e. its e la stic ity  can be considered as such a non-Starling type factor, 
i f  any. The elasticity  o f  tissue is governed by, am ong others, the electrostatic 
repulsion between th e  electrical charges present in the polyelectrolyte gel m a­
trix . Thus, indirectly th e  elasticity  depends on m any param eters o f the con­
n ective  tissue (com position, structure etc.) and type and quantity  o f small ions 
in th e  interstitial flu id . In order to  obtain  an insight into the relation between  
the tissu e characteristics and the in terstitia l pressure, further work is needed.
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The superprecipitation of na tu ra l actom yosin prepared from  rab b it skeletal 
muscle shows a step-like character under physiological conditions (KC1 0.14 M, ATP 
0.001 M ).

1. Alkali m etal cations applied in the same (0.14 M) concentration cause a delay 
according to  the Hofmeister sequence, while in the ir presence the step-like character 
of superprecipitation is retained.

2. R eduction of the Ca2+ concentration also causes a delay in  th e  developm ent 
of superprecipitation, bu t its  step-like character is re ta ined  in  this case, too.

3. Increasing the Mg2+ concentration in the m edium  causes a delay or disappear­
ance of superprecipitation and modifies it  to occur in  a single step.

I t  is assumed th a t the actions studied exert theirj effect in  a combined w ay actin 
directly or indirectly on the in teraction  of actin and myosin.

Keywords: actom yosin, superprecipitation,' inorganic m onovalent and divalent 
cations, contraction  model.

The phenom ena of superprecipitation and clearing o f skeletal m uscle 
actom yosin  were first described b y  Szent-G yörgyi [10]. Under the effect o f  
lower (10_4M) or higher (10_2M) A TP concentrations th e  actom yosin  suspension  
show s an abrupt superprecipitation or a delayed one preceded b y  clearing, 
respectively . In both cases the abundan tly  hydrated protein is transform ed to  
a dehydrated form . It is generally accepted that clearing corresponds to  m uscle 
relaxation , and superprecipitation to  contraction in  v ivo .

The sta te  o f  actom yosin, th e  interaction betw een actin -m yosin —ATP, the  
rate and ex ten t o f  the developm ent o f superprecipitation are substantia lly  
influenced by the ionic strength o f the medium  [3] (Table I). An increase of 
KC1 concentration  results, for exam ple, in  a more extensive clearing [7, 14]. 
This shift in the character o f superprecipitation can be explained by a reduced  
ten d en cy  for association and dehydration of actin and m yosin.

In the experim ents described below the characteristics o f superprecipita­
tion  were studied at nearly physiological (0.14 M) KC1 concentration. Under the  
effect o f different inorganic ions and changes in ATP concentration the super­
precipitation show ed a step-like character.

Correspondence should be addressed to  
Árpád Szöőr
In s titu te  of Physiology, U niversity Medical School 
H-4012 Debrecen, N agyerdei k r t 98, H ungary
Supported  by th e  H ungarian M inistry of H ealth  G rant No. 17/2-06/72 and 17/2-17/071
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Table I

Actin-m yosin interaction

ATP present No ATP Low ATP

High KCl

0.6 M
Low KCl 

0.2 M

Myosin monomers 
Actin filam ents 
Completely dissociated

Myosin filam ents and 
actin filam ents dissoci­
ated during “ clearing”

Myosin monomers bound 
to actin filam ents 
(arrowheads)

Actomyosin gel. Myosin 
m ay be short filam ents

Same as ATP present

A ctin and myosin 
filam ents interacting 
during superprecip­
itation

Materials and methods

A ctom yosin was prepared from  skeletal muscle of New-Zealand rabbits weighing 2.5 — 3 
kg. D uring its preparation, w hich was based w ith slight modifications on the m ethod of 
E bashi [1] th e  tem perature was held betw een 0 and + 4  °C. Minced rab b it skeletal muscle was 
m ixed w ith  three volumes of 0.05 M KCl, homogenized in  a W aring blendor and centrifuged for 
10 m in a t  5000 g. A fter th e  ex trac tion  of sarcoplasmic proteins w ith 0.05 M KCl th e  residue 
was suspended in three volum es of W eber—Edsall solution (0.6 M KCl, 0.04 M N aH C 03,
0.01 M N a2C 0 3) and stored for 24 hours a t 2 °C, being stirred  occasionally.

The suspension was th en  centrifuged a t  20,000 g for 1 hour, and th e  supernatan t was 
squeezed through several layers of cheesecloth to rem ove fat. The filtra te  was d ilu ted  by adding 
slowly th ree  volumes of w ater and  gently  stirred thereafter for 5 min. The resulting tu rb id  
solution was centrifuged a t  8000 g for 10 min and the pellet (crude actom yosin) was suspended 
in an equal volume of 1.2 M KCl solution. I t  was centrifuged again a t  20,000 g for 1 hour to 
rem ove denatured actom yosin and  o ther insoluble m aterials. The same precip itation  and solu­
bilization procedures were repeated  two more times to gain purified actom yosin. The resulting 
solution was dialysed against 0.6 M KCl using cellophane tubing for 5 —6 hours and centri­
fuged a t  20,000 g for 1 hour. The resulting supernatan t was used in the experim ents as purified 
actom yosin solution. Its  p ro te in  content was determ ined w ith the b iuret reaction, calibrated 
by the micro-K jeldahl method-

T he ra te  and ex ten t of superprecipitation were determ ined by tu rb id im etry  as described 
by E bash i [1]. The suspension was continuously stirred and its tu rb id ity  recorded by Zeiss 
(Jena) UV V IS spectrophotom eter a t  660 nm  in a 1 cm th ick  cuvette. The final volume of the 
reaction  m ixture was 3 ml. F u rth e r quan tita tive  details of the procedure were published pre­
viously [11].

All reagents used were of analy tical grade.

Results

The tim e course o f  superprecipitation o f actom yosin  induced b y  the addi­
tion  o f  ATP is m ainly determ ined by the ionic strength o f the reaction m ixture. 
In th e  presence o f 0.06 M KCl, superprecipitation im m ediately  begins after the  
addition  o f ATP. A t higher KCl concentration ATP first induces a clearing of 
the suspension the duration o f which depends on the ATP concentration. In our 
experim ents under different conditions the superprecipitation o f actom yosin  
show ed a step-like character. The parameters o f the phases changed in  depend­
ence on the KCl concentration  (Fig. 1). On changing the m onovalent cation, its
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effect in retarding the superprecipitation corresponded to  the H ofm eister se­
quence, but after clearing the increase o f turbidity alw ays proved to be step-like  
(Fig. 2). I f  the concentration o f A TP was increased from  0.0001 M to  0.0013 M, 
the developm ent o f superprecipitation slowed down but its step-like character 
was retained or even becam e more expressed (Fig. 3).

Р-ббОпт
M  cm

Fig. 1. Effect of the changes in KC1 concentration on the superprecipitation of actom yosin. 
The incubation m edium  was composed of: MgCl2, 0.001 M; CaCl2, 0.0001 M; protein, 1 m g/dm 3; 
tris-m aleate buffer pH  7.0, 0.02 M; ATP, 0.00013 M. The KC1 concentration was varied  as 

follows: 1: 0.06 M; 2: 0.12 M; 3: 0.13 M; 4: 0.14 M

p 660nm 
c 1cm

Fig. 2. E ffect of m onovalent cations on the superprecipitation of actom yosin. The composition 
of the incubation m edium  was the same as in  the case of Fig. 1 except for ATP which was 
0.0006 M. The concentration of the different salts was 0.14 M. Curve 1: CsCl; 2: RbCl; 3: NaCl;

4: KC1; 5: LiCl

On reducing th e  concentration o f ionized Ca2+ b y  adding EGTA to  the  
reaction m ixture, delayed the developm ent of superprecipitation w ithout 
changing its step-like character (Fig. 4).

On increasing the concentration o f Mg2 + in the solution  caused a delay  
in the developm ent o f superprecipitation and its step-like character gradually  
disappeared (Fig. 5).
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—ббОпт
Mem

Fig. 3. E ffect of changes in  A TP concentration on the developm ent of superprecipitation. The 
com position of the m edium  w as as before except for KC1 which was 0.14 M and  ATP which in 

curve 1 was: 0.0001 M, in  2: 0.00066 M; in  3: 0.001 M; and 4: 0.00133 M

рббОпт
Mem

Fig. 4. Effect of changes in  Ca2+ concentration on the  superprecipitation of actomyosin. The 
incuba tion  medium contained 0.14 M KC1, 0.001 M MgCI2, protein and buffer as before, and 
0.0006 M ATP. Ca2+ concentration  was changed by  adding EGTA to the incubation medium. 

Curve 1: 0.0001 M CaCl2; 2: 0.0001 M CaCl2 +  0.0001 M EGTA

_ 660nm
‘"lem

F ig. 5. Effect of increase in  MgCl2 concentration on the superprecipitation of actomyosin. The 
com position of the incubation  m edium  was as before, ATP was 0.0006 M, MgCl2 was in curve 

1: 0.001 M; 2: 0.003 M; 3: 0.005 M; 4: 0.01 M; 5: 0.02 M
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Discussion

The colloidal state as w ell as th e  turbid ity  o f the actom yosin  suspension  
are h igh ly  dependent on the ionic strength  of the solution. A t high salt concen­
tration  (p =  0.6) the m yosin m onom ers are attached to  the actin  filam ents but 
the com plex is m acroscopically in  a dissolved state . In  the presence o f ATP, 
the m yosin monomers are detached from the filam entous actin , while the solu­
tion  shows changes in  its character and v iscosity . A t low  ionic strength (p =  
0.06) actom yosin  is in  gel form w hich in the presence o f  ATP dissociates into  
m yosin and actin , dissolves and show s clearing. If, how ever the ATP concentra­
tion is low , the dispersity and tu rb id ity  o f the suspension im m ediately  and ex ­
ten sively  increases (“ super” -precipitation) (13).

A t physiological KC1 concentration (p =  0.14) the nucleotide-free 
actom yosin is also in gel form; it dissociates in the presence o f a large 
am ount of ATP, then as its concentration decreases, superprecipitation  
develops.

The phenom enon of superprecipitation was studied b y  m ost authors by 
the m ethod of Ebashi [1] or th a t o f W atanabe [14] in 0.06 M KC1 which is 
favourable for the fast developm ent o f  superprecipitation. A t nearly physiolog­
ical concentrations o f KC1 and A TP (0.14 and 0.001 M, respectively) super- 
precipitation develops step-w ise. This typ e o f superprecipitation is not charac­
teristic of K + because in the presence o f other alkali m etal ions applied in the  
sam e concentration superprecipitation differs m ostly in  the length  of clearing, 
but its step-like character is retained. The ATPase a ctiv ity  o f actom yosin  is high 
at low  Ca2+ concentration, and its elevation  inhibits enzym e a ctiv ity  [2, 9]. 
In our experim ents, reduction o f the concentration of ionized calcium  inhibited  
the developm ent o f superprecipitation but had no effect on its step-like charac­
ter. Thus, it has been assumed th a t calcium  had no direct effect on the step-like  
occurrence.

The effect o f Mg2+ differs from  th a t of Ca2+ because it activates actom yo­
sin ATPase. Its effect correlates probably w ith  the fact th a t Mg2+ exerts its 
effect through actin-activation  in  a form o f Mg-ATP com plex. The action of  
Mg2+ in changing the superprecipitation from  step-like to a gradual type cannot 
be explained [8].

The step-like character o f superprecipitation has recently been observed  
under circum stances similar to ours b y  K nyrim  [6], K akol et al. [4] and Kas- 
man et al. [5]. K akol assumes th a t one light chain of m yosin (LC2) is phos- 
phorylated in the course of clearing, and th is m ay be in  correlation w ith  the step ­
like character o f superprecipitation. The duration o f clearing is however also 
dependent on the concentration o f ATP. An increase in ATP concentration  
causes a retardation o f superprecipitation but does not change its step-like  
character.
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In some other experim ents we observed the special effect o f A D P  on the  
course o f  superprecipitation. We supposed th a t the presence o f A D P  had a 
direct or indirect effect on the ATPase activ ity  o f actom yosin . Experim ents 
on th is  subject are to  be published elsewhere [12].

Finally it m ay be assum ed that the step-like character of superprecipita­
tion  is in correlation w ith  the concentration or ratio o f  nucleotides, phasic 
changes of ATP concentration  as a consequence o f its regeneration from A D P  
(m yokinase activ ity  o f  actom yosin) and also w ith the phosphorylated state  
of LC,.
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Total phospholipids and their various classes in erythrocytes, the blood plasm a, 
liver, lung, myocardium , spleen and skeletal muscles were determ ined quan tita tive ly  
by m eans of two-dimensional th in-layer chrom atography.

Keywords: phospholipids, ery throcyte, blood plasm a, liver, lung, m yocardium , 
spleen, sceletal muscle, two-dimensional th in-layer chrom atography.

In the literature [4, 7] the quantitative com position o f phospholipids is 
given for on ly  few  rat tissues and there are no reports on the com plex determ i­
nation o f to ta l phospholipids and their various classes in different rat tissues. 
In view  o f th is we have studied the phospholipids in the tissues o f the rat.

M aterials and m ethods

All the reagents were of highest analytical purity . The solvents were purified by  red istil­
lation. Kieselgel H  (Merck, Germany) was purified by  the Broekhuyse procedure [1]. A lkaline 
magnesium silicate (“for TLC”  Woelm, Eschwege, G erm any) was added to the silica gel powder 
prior to preparing the thin-layer plates.

Reference compounds

Sphingomyelin from bovine brain  (Sigma). Phosphatidylethanolam ine and lysolecithin 
prepared from  eggs, L-a-lecithin from  bovine brain  (K och-Light, England).

A nim als
Ten-m onth-old W istar strain  male ra ts , weighing 450—500 g, were fed on standard  

LSM diet. They received only w ater twelve hours before blood and tissue samples were taken .

Preparation o f  lip id  extracts
U nder e ther anaesthesia blood samples (10 —12 ml) were taken  from  the abdom inal 

aorta and mixed w ith EDTA (1 mg/ml). The blood plasm a and erythrocyte lipids were extracted  
exactly according to  the method described by Broekhuyse [2]. In  tissue samples taken from  the 
same ra ts the lipids were extracted by the m ethod of Folch e t al. [3].
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15-230 B ialystok, ul. Mickiewicza 2c, Poland.
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Identification o f phospholipids
Lysolecithin, lecithin, sphingomyelin and phosphatidyl ethanolam ine were identified 

by com parison w ith reference com pounds, the Rf values of which corresponded to those obtained 
by B roekhuyse [2]. O ther phospholipids were identified on the basis of their R f value.

Quantitative two-dimensional thin-layer chromatography
The plates were prepared according to Broekhuyse [1]. Lipid ex trac t (20 fig—30 fig of 

the plasm a ex trac t phosphorus, 60 fig — 80 fig of the erythrocyte ex trac t phosphorus and of the 
tissue e x trac t phosphorus) were applied to  the plates w ith  m icropipette. The chrom atogram  was 
developed in  the first direction w ith  cloroform -m ethanol — 7M am m onia (90 : 54 : 11, v /v) 
and in  th e  second direction w ith  chloroform — m ethanol — acetic acid — w ater (90 : 40 : 12 : 2, 
v/v). Betw een the two runs, th e  plates were dried in  air current for 15 min or if  the re lative 
hum idity  exceeded 65%, they  were placed in vacuum  over concentrated H 2S 0 4 for 1 hr. A fter 
chrom atography, the spots were dyed w ith iodine vapour.

Determination o f  lipid phosphorus
The phospholipid spots and  blanks were scraped w ith razor blades in to  Jen a  te s t tubes 

w ith ground-in stoppers and th en  digested. Lipid phosphorus was determ ined by the method 
of M artin and  D otty  [6] as described by Jaroszewicz [5].

Results and discussion

A  thin-layer chrom atogram  of lipids o f the rat m yocardium  is presented  
in  Fig. 1.

T ables I and II present the quantitative phospholipid com position of  
blood, and Table III  show s th a t of the other tissues. In  the blood plasm a, five

'é

Fig. 1. Thin-layer chrom atogram  of ra t m yocardium  lipid ex trac t;®  — origin; 1 — lysoleci­
th in ; 2 — sphingomyelin; 3 — lecithin; 4 — unidentified; 5 — phosphatidyl serine; 6 — phos- 
phatid ic  acid; 7 — phosphatidyl inositol; 8 — phosphatidyl ethanolam ine; 9 — cardiolipin; 
10 — cholesterol, cholesterol esters, triglycerides and o ther non-polar lipids: 11 — diphospho-

inositides
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classes of phospholipid were identified . Choline phospholipid constituted  85%  
o f  all the phospholipids. In  the erythrocytes, 8 classes o f  phospholipid were 
found, expressed in  mol per cent th ey  were not com parable w ith the results 
published b y  D e Gier and Van D eenen [4] who reported for lecithin, sphingo­
m yelin  -f- lysophosphatides and cephalins 56.0, 26.0 and 18.0 mol per cent,

Table I

The phospholipid composition o f rat erythrocytes

Phospholipid Composition

Lysolecithin 4 .4± 0 .86
Sphingomyelin 10.5±1.63
Lecithin 47.4± 2 .50
Phosphatidyl inositol 2 .9± 0 .55
Phosphatidyl serine 10.5±1.80
Phosphatidyl ethanolamine 23.1±1.64
Phosphatidic acid 0 .9± 0 .20
Diphosphoinositide 0 .4± 0 .20
Recovery of phosphorus after thin-layer 

chrom atography, per cent 96 .1± 3 .7

Total lipid phosphorus, ,umoI/ml packed cells 4 .9± 0 .7

The phospholipids were extracted w ith chloroform -m ethanol ( 1 : 1  and 2 : 1 vol/vol) and 
separated by means of two-dimensional thin-layer chrom atography

The values are means ±  S.D. for ten  rats each and are expressed in  mol per 100 mol of 
phosphorus recovered

Table II

The phospholipid composition o f rat blood plasma

Phospholipid Composition

Lysolecithin 2 2 .3 ^2 .6
Sphingomyelin 8.3 ; 1.8
Lecithin 6 2 .6 y  3.7

Phosphatidylinositol 4 .5^:0.8
Phosphatidyl ethanolamine 2.1 0.7
Recovery of phosphorus after thin-layer chro­

m atography per cent 9 6 .3^4 .3

Total lipid phosphorus, /nnol/ml plasm a 1 .2 ^ 0 .2

The phospholipids were extracted w ith chloroform -m ethanol (2 : 1, vol/vol) and separated 
by two-dimensional thin-layer chrom atography. The values are means J^S.D. for ten ra ts  each 
and are expressed in mol per 100 mol of phosphorus recovered
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Table III

Composition o f phospholipids in  myocardium, lung, liver, spleen, kidneys and skeletal muscle

Phospholipids

Lysolecithin
Sphingomyelin
Lecithin
U nidentified
Phosphatidyl serine
Phosphatidic acid
Phosphatidyl inositol
Phosphatidyl ethanolamine
Cardiolipin
Diphosphoinosites

T otal lipid phosphorus, 
/miol/1 g tissue

Myocardium Lung Liver

1.6+0.7 2.4+0.5 1.9+0.7
3.2+0.4 11.8±1.7 4 .8+ 0 .9

45.1+4.9 49.8 +  3.8 53.6+6.1
0.5+0.2 1.1+0.2 0 .2+0.2
2.4+0.4 8 .0+0.9 4.5 ± 1 .8
0.7+0.2 1.1+0.2 0 .4+0.2
4.7+0.8 3 .3± 0 .4 8 .3+1.4

36.7+3.5 20.8+0.4 27.7 +  3.5
1.8+0.9 0 .7+0.2 0 .3+0.4

0.4+0.1 0 .7± 0 .4 0 .4+0.2

2 5 .8 -6 .2 2 3 .0 -7 .1 2 2 .9 -5 .9

Spleen Kidneys
Skeletal
muscle

1.9+0.7 2 .0+0.4 3 .4+0.9
6.9+1.1 11.7+3.2 4.6+0.7

47.3+3.2 35.6+2.7 52.6+5.9
lack 0 .8+0.0 1.5+0.7

9.2 +  1.1 6.3 +  1.1 3.4+0.7
4 .3+0.6 0 .9+0.2 0 .5+0.2
8.5 +  1.9 5 .5+1.0 7.9+1.8

22.9+3.5 35.3+4.6 25.6+5.6

О©-HTP©

0 .7+0 .3 0 .6+0.2
0.7+0.1 0.3+0.1 0 .8+0.3

16.8 — 2.5 3 4 .7 -8 .0 7 .2 -1 .5

The phospholipids were extracted hy the m ethod of Folch e t al. [3] and  separated by two- 
dimensional thin-layer chrom atography. The values are means +  S.D. for ten  rats each and are 
expressed in mol per 100 mol of phosphorus recovered

resp ectively . In our experim ents lecith in  rised 47%, sphingom yelin  -j- ly so ­
lec ith in  15% , and cephalins 33% of all th e  phospholipids. The discrepancies 
w ere probably due to  th e  fact th at in our investigations the lip ids were extracted  
directly  from haem olyzed erythrocytes whereas De Gier and Van Deenen ex ­
tracted  them  from ghost erythrocytes obta ined  b y  a len gth y  procedure. More­
over, th ey  applied one-dim ensional chrom atography w hich does not ensure a 
com plete separation o f the phospholipids.

The tota l am ount o f  phospholipids (in jumol/g tissue w et weight), and the  
m ol per cent values o f  the various phospholip id classes o f  th e  heart, lung, liver, 
sp leen , kidney, and skeletal muscle are presented in T able III . The largest 
am ount was found in th e  kidneys (34.7 ftm ol/g), the sm allest in  skeletal m uscle 
and spleen (7.2 and 16.8 pm ol/g, respectively). The am ount in  the liver, lung  
and m yocardium  were 22.9, 23.0, and 25 .8  qm ol/g, respectively .

In  the tissues studied  ten  classes o f phospholipid were found, one of w hich  
w as unidentified. This unidentified phospholip id was lack ing in the spleen.

Lecithin and phosphatidyl ethanolam ine were the dom inant phospho­
lip id s, constituting a to ta l of 71% to 81%  o f all of the phospholip ids. L ysolec­
ith in , phosphatidic acid, cardiolipin, th e  unidentified phospholipid, and di- 
phosphoinositides constituted  the low est percentage. The va lu e of the la st is 
som ew hat questionable since a neutral m ixture was used for extraction, while
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for the quantitative extraction o f diphosphoinositides a chloroform  — m ethanol 
-  HC1 m ixture is needed [8].

The quantitative com position o f  hepatic phospholipids was comparable 
to  th at reported by Tjiong et al. [7]. In the available literature we have not 
found data concerning the q u antitative com position o f all classes o f phospho­
lipids in other tissues. The agreem ent o f  our results concerning the com position  
o f phospholipids in  the liver w ith  those reported by Tjiong et al. [7] indicates 
th a t the results obtained for the other tissues m ay be considered reliable.

The investigations presented here formed a basis for further studies on 
phospholipids under the influence o f vanadium .
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A single subtoxic dose of endotoxin  given to new born ra ts  by the in traperitoneal 
route decreased the T 4 level in adulthood. TSH adm inistra tion  24 hours after the endo­
toxin trea tm en t failed to abolish this effect bu t, in this case, the response to  TSH  p rov­
ocation in adulthood exceeded even the control value.

Keywords: endotoxin, horm onal im printing, thy rox in , thyrotropin , ad u lt re ­
sponse.

H orm onal im printing takes place in the critical perinatal period o f m atu ­
ration o f receptors. A t this tim e the receptor undergoes m odification upon the  
influence of the adequate horm one, an event resulting in  the developm ent o f  
the normal responsiveness characteristic o f adulthood, and the hormone present 
in excess perinatally w ill am plify the receptor [2, 3]. On the other hand, when  
an inadequate horm one is bound to  the receptors it  w ill damage them ; as a 
consequence also the response in adulthood w ill be sm aller. The structures o f  
gonadotropins and TSH  are similar [7]; this m a y b e  th e  cause w hy a neonatal 
gonadotropin treatm ent w ith  a single dose damages th e  TSH  receptor to  such  
an exten t th a t,in  adulthood, the thyroid response to  T SH  (thyroxin production) 
w ill becom e insign ificantly  sm all when compared to  th e  control [4, 5].

Since the TSH  receptors are membrane receptors it  seemed worth to  in ­
vestigate whether a to x ic  agent (endotoxin, lipopolysaccharide, LPS 5 -6 ) th a t  
causes a general mem brane destruction was able to  produce (when applied in  
the critical period o f receptor m aturation) such changes in the mem brane o f  
thyroid cells which would persist and could be dem onstrated also in adulthood. 
In addition, it  seem ed worth to investigate whether T SH  treatm ent in th e  peri-
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nata l period, i.e. during the mem brane perturbation [1] caused b y  endotoxin, 
w ould  restore or in fluence in  any w ay the responsiveness o f the dam aged m em ­
brane.

M aterials an d  m ethods

E xperim ents were perform ed on 116 new born CFY rats of bo th  sexes. The newborn 
anim als were trea ted  w ith  endotoxin w ithin the f irs t 24 hours of life. The endotox in  was pre­
pared  from  E. coli 89 according to the m ethod of W estphal and Jan n  [8]. On the  basis of previous 
t i tra tio n  a subtoxic am ount (1 fig/O.l ml) of th e  tox in  was adm inistered in traperitoneally .

Certain groups of th e  anim als trea ted  w ith  endotoxin  were given also one I.U . of TSH 
(A m binon, Organon, Oss, H olland) 24 hours a fte r th e  endotoxin adm in istra tion . The control 
anim als were given only physiological saline solution when newborn.

A t the age of 30 days the  anim als were separated  from  their m others and  a t  the age of 
35 days 3 I.U . of TSH  were given bo th  the control and  th e  endotoxin trea ted  groups and also 
th e  anim als treated  w ith  TSH  neonatally . One hour la te r  the anim als tre a ted  or no t trea ted  
w ith  TSH  in adulthood were bled and the serum  level o f T 4 was determ ined by  th e  R IA  method 
(Iso tope In s titu te  of the H ungarian  A cadem y of Sciences, 125I-T 4 R IA  k it).

For statistical analysis S tudent’s t te s t was used.

R esults and  discussion

The schedule and the results o f  the experim ents are show n in  Table I ., 
and F ig. 1.

In animals untreated in new bornhood adm inistration o f T S H  in  adulthood  
sign ifican tly  increased T 4 production. In anim als treated w ith  endotoxin  in 
new bornhood the basal level o f T 4 was decreased while the response to  TSH  in  
adulthood increased, although the value did not reach the level found  in control 
anim als treated w ith  T SH  only. From  th is  one m ight conclude th a t endotoxin  
treatm en t in newbornhood had dam aged th e  membrane receptors; therefore, 
th e  responsiveness to  endogenous T SH  is n o t th e  same as in  the untreated  con­
trols. This m ight ind icate th at in the endotoxin-dam aged m em brane the endog-

Table I

Kffect o f endotoxin (L P S )  and endotoxin f - T S H  given in newbornhood with or without subsequent 
treatment in  the adulthood on thyroxin production o f thyroid cells

Group Treatment in 
newbornhood

Treatment in 
adulthood No T. f g / d i

l . — — 24 11.21±2.28
2. — TSH 19 13.85±2.41

3. LPS — 19 9.41± 1.57
4. LPS TSH 20 12.12±1.29
5. L P S + T S H — 16 9.44±2.55
6. L P S ± T S H TSH 19 16.38^1.92

p <  0.001: 1 - 2 ,  3 - 4 ,  5 - 6 ,  4 - 6 ,  1 - 5  
p <  0.01: 1—3, 2 —4, 2 - 6

A c ta  Physiologica H ungarica 62, 1983



N E O N A T A L  E N D O T O X IN  T R E A T M E N T  A N D  H O R M O N A L  IM P R IN T IN G 153

enous im printing was disturbed, an event perhaps accounting for the decrease 
in the basal level. H owever, the receptors were not dam aged to such an ex ten t  
as to  becom e unable to respond to  exogenous TSH . The degree of the response 
is sim ilar to  th at o f  the controls but, in absolute values, th e  level is lower than  
th at seen in  norm al rats.

W hen the neonatal endotoxin adm inistration was follow ed by TSH  trea t­
m ent 24 hours later the basal level in adulthood did not change and rem ained  
as low  as that o f the anim als treated w ith  endotoxin only. The responsiveness 
o f the receptors to  exogenous T SH  was, how ever, more m arked and the T 4 level 
m uch higher than  in  the controls treated  w ith  TSH.

The identical basal levels and the dissimilar responses to  TSH o f anim als 
treated  in newbornhood w ith  endotoxin on ly  and w ith  endotoxin  -f- T SH  sug­
gest th at the dam age to the receptors im pairs only the response to endogenous 
but not to exogenous TSH  (cf. the group given endotoxin and also TSH ). This 
can only  be explained b y  assum ing that the TSH , ovine and porcine in  origin, 
is not exactly  o f the same structure as th e  rat TSH , given  24 hours after the  
endotoxin  som ehow made the receptors o f  the membrane under restitution  to  
assum e a shape more corresponding for the ligand.

These observations m ight be w orthy o f attention  not on ly  from a th eoret­
ical point o f  v iew  as far as the horm onal im printing is concerned; they  m ight 
also lead to  a better understanding o f the background o f the retardation o f  
endotoxin-dam aged subjects.
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Experience w ith intravenous feeding in  about fo rty  rabbits forms the basis of 
this report. The results showed th a t low cost functional equipm ent and techniques for 
in travenous feeding and  metabolic studies are possible in  th e  rabb it. R estraining of the  
rabb it is necessary, b u t i t  hardly affects th e  results in  short (up to three days) stud ies. 
R epeated  a t 24-hour in tervals, heart punctures under anaesthesia allow to ob ta in  large 
blood samples for microscopic, haematological and biochem ical measurem ents during 
the same study.

Keywords: intravenous feeding, metabolic studies, rabb it, restraining.

The use o f intravenous infusions has becom e general in clinical practice. 
Techniques for the to ta l intravenous feeding o f various laboratory anim als h ave  
been described and m ostly rats have been used in such studies [2, 3, 5 — 8, 10 — 
12]. In v iew  o f the technical difficulties e.g. the lim ited  am ount of blood ob­
tainable from the rat, an intravenous feeding system  was developed for th e  rab­
b it. For laboratory use the rabbit has a low  cost as com pared w ith the dog and  
the volum e infused is not so large as to require, an infusion pump. E xperience  
with intravenous feeding in about forty rabbits formed the basis of this report.

C ann u la tion

It is possible to  cannulate the rabbit under anaesthesia in the jugular or 
fem oia l vein  after are skin incision. After a little  training anaesthesia, incision  
and subcutaneous passage o f  the catheter could be avoided by using percu­
taneous ear vein  puncture at the posterior edge and b y  insertion of an in tra­
venous cannula (216/0.8 mm  O.D. X 25 m m V enflon®  Viggo A B, H eisingborg, 
Sweden). In  som e cases shaving was necessary for successful cannulation at th e  
first puncture. The vein  was usually m ade visib le b y  using the left thum b and  
first finger proxim ally and the third and fourth fingers d ista lly  w ithout to u rn i­
quet or assistant, and on ly  rarely had alcohol to be applied to  dilate the v e in .
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The cannula was secured w ith hypoallergenic 25 mm wide Surgical Tape 3M 
(M icropore®, USA) and a slow infusion w as started. To prevent dislodgem ent 
of the cannula b y  rapid ear m ovem ents th e  ears were tied together w ith Surgical 
Tape 3M.

R estra in in g  the rabbit

Infusion w ith  cannulas placed through incision or percutaneously did not 
succeed in unrestrained rabbits, as strong m ovem ents o f the anim al alw ays 
caused displacem ent or breaking of the catheter. Therefore restraint o f the rab­
b it w as necessary. This was best achieved b y  at hom e-m ade adjustable lock  
around th e  neck. It  never caused any excoriation  or wound. A  procedure like 
this is prone to cause fracture o f the vertebral column due to  strong tw itching  
of th e  rabbit. This was prevented by a m oveab le lock so th at the lower part o f  
the rabb it’s back could be forced against th e  rear of the m etabolic cage.

N o harm ful effects from this restraining system  were found and the rab­
bits were calm  during the study. The heart rate (130 +  11/m in), frequency o f  
respiration (57 +  5/m in), daily urinary excretion  (100 +  23 nd/kg body weight) 
and am ount o f faeces (16 +  8 g/kg b od y w eight) were norm al (120—140/m in, 
50 — 60/m in. 250 m l and 30 — 40 g respectively , for a rabbit w eighing 2.5 kg (4). 
After laparatom y and the daily anaesthesia needed for heart punctures the  
physical activ ity  o f the rabbit was not in ten sive  even w ithout restraint.

In fu sio n  solutions

The rabbits were infused with physiological NaCl solution or 10% glucose 
solution  alone or w ith  their com bination ( + 5 1  mmol/1 sodium  and chloride) 
and 8%  am ino acid solution  (Medipolar Pharm aceutical Co., Oulu, Finland). 
No food or flu ids were given b y  any other m eans during the study. The am ount 
of infused fluid (110 +  10 m l/kg body w eight) corresponded to the physiological 
needs o f a male rabbit at 21 °C (104.1 +  37.79 ml/kg body w eight) [1] as did, 
despite th e  infusion o f NaCl solution, th e  am ount of energy given 250 kJ (60 
kcal) for the first kg and +  84 kJ (20 kcal)/0 .5  kg body w eight over 2 kg [9].

The infusion w as uncom plicated and no local changes were caused b y  it. 
The b od y  w eight of th e  rabbits was, in th is  short term study,'dependent on the  
am ount o f  flu id  infused. Most o f those rabbits who died during the infusion  
(four out o f five) were from the group receiving physiological NaCl solution.

M etabo lic  cage

The m etabolic cage was designed and constructed for these studies in our 
departm ent. In  a 25 cm  high open steel b o x  w ith  a net made o f 1.5 mm 0  wire 
(11 X  11 mm  holes) as a floor (3 5 x 4 0  cm ) tw o parallel struts w'ere attached 18
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cm apart to fix  the adjustable neck  lock (7.5 to 3.5 cm hole), which in turn could  
firm ly be fixed  at any desired d istance from the hack o f the box. The faeces and  
urine fell down a funnel which converged over a 21 cm distance to  a tube 2.5 cm  
in diam eter. The urine flow ed to  th e  surface of a glass oval (5.8 X 9.0 cm) sus­
pended on a steel wire from the tu b e to a 300 ml flask  with a m outh m easuring 
in diam eter less than that of th e  m axim al horizontal diam eter o f th e  oval. 
The solid faecal m aterial fell separately  outside the urine flask . W ith th is equip­
m ent and technique the daily urine and faecal outputs could be collected and 
m easured.

Trauma and blood samples

After developing the infusion equipm ent and techniques in 16 rabbits a 
series of laparatom ies followed b y  tw o  days infusion was undertaken w ith  four 
different regim ens (physiological NaCl solution, 10%  glucose (-(-51 mmol/1 
sodium  and 51 mmol/1 chloride) alone and 10% glucose together with tw o dif­
ferent 8% amino acid solutions) in  four rabbits each. H ealthy male rabbits 
(California) 15 weeks old were used kept before the experim ent on the sam e 
stable diet and in  the same environm ental conditions. Intravenous sodium  
pentobarbital 30 m g/kg body w eight was used as an anaesthetic. After shaving  
w ith  sterile instrum ents and aseptic techniques, w ith  th e  rabbit laying on his 
back, a mid-line laparatom y incision  was made from the xiphoid to  a fiv e  cm  
distance from the sym physis. The linea alba was closed by interrupted poly- 
glycolic acid (4 0 D exon ® , D avis -)- Geck, Cyanamid o f Great B ritain Ltd., 
Ham pshire) sutures and the skin b y  continuous sutures o f polypropylene m ono­
filam ent (4 -0  P ro len ® , Ethicon In c ., USA). Blood sam ples of 15 ml were taken  
by heart puncture (sterile disposable needle 0 .9 0 x 3 8  m m , 20 g X l , 5 ,  sterile 
disposable 5 ml syringe, Pharm a-P last, Denmark) under anaesthesia preopera- 
t iv e ly , 24 hours and 48 hours postoperatively. In sodium  pentobarbital anaes­
thesia after a careful palpation th e  parasternal puncture succeeded in m ost 
cases at the first a ttem pt. W hen several punctures had to  be done to obtain  
blood, it  caused cardiac tam ponade and death in tw o rabbits. Tam ponade was 
verified  b y  rapid thoracolaparatom y. Three heart punctures repeated 24-hour 
apart were well tolerated. After b lood  sampling the rabbit was placed in  anti- 
trendelenburt (30 degrees) position under a warm bulb for 15 min and the lost  
volum e was replaced b y  rapid in fusion . The am ount o f  blood taken daily al­
low ed  a series o f m easurem ents to  be m ade e.g.blood counts,b lood  sugar. A strup  
analyses, Sm ack® (e.g. serum sodium , potassium , chloride, proteins, album in, 
urea, creatine, calcium , phosphorus, cholesterol, alkaline phosphatase and liver  
enzym es) and the concentration o f serum  amino acids. The flu id  volum e needed  
b y  a rabbit was so high that it w as easy  to adjust the infusion rate by gravity , 
it  was controlled three tim es daily . Percutaneous puncture o f the central ear
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artery did not seem as practical as the heart puncture. From the ear rarely could 
three sam ples be taken and in  spite o f several punctures the sam ple was often 
in su ffic ien t or impaired b y  haem olysis or clotting.
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Dogs were m ade to leran t to  lethal doses of adrenaline by trea tm en t w ith increas­
ing doses of th e  horm one up to 1 mg/kg. The conscious anim als were then  subjected  to 
haem orrhagic shock w ith a hypovolaem ic period of 3 hours. Survival was 8/Í7 in  the 
p retreated  group and 15/18 in  the control group. 12 of 29 dogs died already during adren­
aline trea tm en t. P lasm a catecholam ine levels were higher in the trea ted  group already 
before bleeding and also during hypovolaem ia. Catecholamine induced m yocardial lesions 
were found in  the  trea ted  group. No evidence of a b lun ting  of the sym pathetic  response 
or a protective effect in  haem orrhagic shock was seen in  adrenaline tolerance.

Keywords: H aem orrhagic shock, adrenaline tolerance, survival, catecholam ines, 
m yocardial lesions.

A protective effect o f adrenaline tolerance in  haemorrhagic, endotoxic  
and cardiogenic shock [14, 15, 13, 12, 8, 2] has been reported. Its m echanism  
has been attributed to  a b lunting o f the hyperactive sym pathetic response 
lead ing to excessive vasoconstriction  in  various vascular beds in the different 
form s o f shock. Cardiac hypertrophy, enlargem ent o f the adrenal glands, and 
possib ly  reticuloendothelial hyperplasia have been suggested as factors in  the  
protection  against cardiogenic shock [2]. E xcept in  th e  la tter type of shock [8, 
2] a detailed description o f the experim ental protocol is not available.

W e have m ade a stu d y  o f the effect o f adrenaline tolerance in experim en­
ta l haemorrhagic shock in dogs. Tolerance to  adrenaline was induced b y  repeat­
ed injections of th e  horm one in  increasing doses during a 3-week period o f trea t­
m ent. Catecholam ine levels were m easured in  the blood plasm a as indicators o f  
th e  degree o f sym phathetic activ ity . The studies were m ade in conscious (un­
anaesthetized) anim als w ith  chronically im planted vascular catheters to  elim i­
nate any possible influence of anaesthesia or sedation. A protective effect o f  
adrenaline tolerance in  haem orrhagic shock was not found.
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Materials and methods

A nim al preparation

A to ta l of 47 healthy  mongrel dogs were used (average weight, 11.8 kg). They were in ­
strum en ted  w ith chronic indw elling carotid arteria l and jugu la r venous Silastic catheters in tro ­
duced by  an  aseptic surgical technique under in travenous sodium pen tobarb ita l (30 mg/kg) 
anaesthesia. The catheters were passed into the aortic arch  and superior vena cava and were led 
th rough  subcutaneous tunnels and exteriorized a t  the dorsal p a rt of the neck. The catheters were 
filled w ith  a 3.3% sodium citra te  solution a t the tim e of operation  and, from  the second day, 
th is was changed to heparin. Flushing and filling w ith fresh heparin was done daily. A bandage 
was applied  to  the neck to  p ro tec t the catheters. The bandage was covered by  adhesive tape and 
was changed daily. This procedure was well to lerated  by  th e  animals.

Production o f adrenaline tolerance

Injections of adrenaline (Tonogen, R ich ter, B udapest) in  increasing doses up  to  1 mg/kg 
were done every second day  using the jugu lar venous catheter. The volum e of injections was 
1 m l/kg. The diluent was saline. A t the end of the in jection  the catheter (volum e, 1 ml) was 
flushed w ith  5m l saline. A drenaline injections were begun on the 3rd day after operation (tre a t­
m en t day  1). The last in jection  was given on trea tm en t day 19 and shock was elicited on the 21st 
day a fte r  trea tm en t was begun . Two dosage schedules were used, the length of trea tm en t period 
being identical. One group of anim als was given 0.1 mg/kg as the firs t in jection  and then  0.2, 
0.3, 0.4, 0.6, 0.8 and 1 m g/kg, th e  la tte r  dose four tim es. The o ther group received 0.1, 0.3, 0.6, 
0.9 and  six times 1 mg/kg. Since the two groups were sim ilar in  the course and outcom e of shock, 
in  plasm a catecholamine levels, blood pressure, hea rt ra te , bleeding volumes, and haem atocrit, 
th ey  were pooled and evalua ted  together. The control group received 1 ml/kg saline injections, 
th e  frequency and duration  of trea tm en t was the  sam e as in the trea ted  group.

Elicitation o f haemorrhagic shock

The dogs were placed in to  large plexiglass containers. These were open a t  th e  top thus 
perm itting  easy access. The anim als were handled and p e tted  very gently th roughou t the experi­
m ents, thus obviating th e  need for special res tra in t. The carotid cannula was used for bleeding. 
I t  was also used for blood pressure m easurem ent th rough  a T-connector. The tub ing  to  the bleed- 
ou t reservoir was clam ped during blood pressure m easurem ent. Reservoir hydrostatic  pressure 
could be measured by  clam ping the carotid cannula. Seven hundred and fifty  un its  per kilogram 
heparin  were given in travenously  before bleeding. Bleeding was spontaneous in to  an elevated 
reservoir and was continued to  a mean arteria l pressure of 5.33 k P a  (40 m m Hg). Bleeding times 
to reach  this level of pressure averaged 15 min. This pressure was m aintained by  fu rther bleeding 
or reinfusion for one hour ( =  controlled hypotension). In  the nex t two hours bleeding was 
stopped b u t no blood was reinfused ( =  com pensation period). All shed blood except th a t taken 
for sam ples was reinfused intravenously. Sterile g raduated  glass reservoirs and interconnecting 
Silastic and Tygon tub ings were used for the  bleedings. The blood was passed through a 28 p 
m esh size polypropylene filte r before reinfusion.

Measurements

Mean arterial blood pressure was m easured w ith  B eckm an transducers. H eart ra te  was 
m easured using Beckm an 9857 Cardiotachom eter couplers. Blood pressure and heart ra te  were 
recorded on a Beckman R-611 D ynograph recorder. H aem atocrit was m easured by  the micro­
capillary  m ethod. N oradrenaline and adrenaline levels in  plasm a were m easured in 3 ml blood 
sam ples by the radioenzym atic method of D aP rada  and Zürcher [7].

Statistical analysis

To avoid any assum ptions on the d istribu tion  of the  m easured variables, non-param etric 
sta tistica l methods were used. Stochastic significance [9] was estim ated by  the m ethod of Wil- 
coxon [6]. The null hypothesis was rejected a t  P values less th an  0.05. Mean (x), m edian (m) and 
sem i-interquartile range (sr) [10] values are given. Survival da ta  were evaluated  by the chi 
square m ethod w ith Y ates’correction [16].
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Results

Survival

E ight out of 17 adrenaline treated and 15 out o f  18 control dogs survived  
48 hours after shock (P >  0.05). Adrenaline treatm ent itse lf  caused an appre­
ciable m ortality  w ith  12 o f the 29 treated  animals dying before the treatm ent 
w as ended. There were no deaths in the saline treated  control group before

Table I

Plasma catecholamine levels in shock (nmol/l)

Adrenaline

1 2 3 4 5

Control X 2.41 18.08 38.56 15.66 4.61
Group m 2.26 15.24 28.35 11.35 3.68
n =  18 sr 0.8 6.6 14.2 5.3 1.9

Stochastic significance* P <  0.01 P <  0.01 P <  0.01 NS NS

Adrenaline pretreated X 7.65 82.95 69.15 38.68 8.38
Group m 5.76 59.48 53.81 25.66 7.02
n =  17 sr 3.9 46.5 43.0 27.7 4.9

Noradrenaline

1 2 3 4 5

Control X 2.15 6.46 15.28 9.33 4.25
Group m 1.90 6.24 10.13 6.59 3.96
n =  18 sr 0.7 1.5 3.9 2.7 1.6

Stochastic significance* P <  0.01 P <  0.01 P  <  0.01 P <  0.01 NS

Adrenaline pretreated X 5.12 22.98 31.82 22.72 6.88
Group m 3.90 13.27 24.39 17.16 6.17
n =  17 sr 2.3 6.4 12.9 10.3 3.1

Blood samples were taken a t the following tim es: 1: prior to haem orrhage in the control period
2: when blood pressure reached the 5.33 kPa 

level
3: a t the end of the controlled hypotension 

period
4: a t the end of the compensation period 
5: fifteen minutes after reinfusion

* =  Wilcoxon rank sum test
X =  mean
m =  median
sr =  semi-interquartile range
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Table II

Haemodynamic

Blood pressure kPa Heart rate min-1

1 4 5 1 2 3

Control X 13.8 7.7 14.5 90.5 99.1 131.6

Group m 14.6 7.9 14.6 90.0 102.5 130

n =  18 sr 1.3 0.3 1.3 11 5 29

Stochastic significance* NS NS NS NS NS PcO .Ol

A drenaline pretreated X 13.9 7.1 14.6 94.3 108.5 159.1

G roup m 13.3 7.3 13.3 100 120 155

n =  17 sr 1.5 2.2 2.2 12 23 21

Tim es of measurements listed (1, 2, 3, 4, 5) correspond to those given in  Table I. 
* =  Wilcoxon rank sum te s t
X =  mean

shock  w as elicited. Stochastic probability o f the difference o f survival rates of 
trea ted  and control groups u n til day 21 (“ treatm ent on ly” ) w as P <  0.01. 
T ak in g  all control and all treated  anim als into account irrespective whether 
th e y  liv ed  long enough to be subjected to shock, the overall (“ treatm ent plus 
sh ock ” ) m ortality was sign ifican tly  (P <C 0.001) higher in  th e  treated group 
th an  in  the control group.

Catecholamine levels

Compared to the control group plasm a adrenaline and noradrenaline 
concentrations were higher in  th e  treated group even before haemorrhage. The 
difference persisted throughout the shock period and after reinfusion and was 
stoch astica lly  significant at m ost of the tim e points studied (Table I).

Blood pressure, heart rate, bleeding volumes, haematocrit

N o major differences betw een  the groups were detected  in  these param e­
ters (Table II). H aem atocrit had a tendency to  be lower in  th e  treated group 
during hypovolaem ia.

Myocardial damage

An autopsy was perform ed on 28 anim als subjected to  shock (14 treated, 
14 controls). Ventricular hypertrophy was present in the hearts o f the adrena­
lin e  treated  dogs (average heart w eight, 8.3 g/kg; controls, 7.5 g/kg).
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parameters in shock

Heart rate min-1 Bleeding volume ml/kg Haematocrit %

4 5 2 3 1 2 3 4 5

160.9 95.0 40.6 54.0 35.7 37.3 35.7 36.1 37.1
150 92.5 39.4 53.8 36 36.5 35.5 36.5 36.5

13 5 5 7 3 4 4 4 3

NS NS NS NS NS NS P < 0 .0 1 NS NS

164.4 111.0 40.4 53.4 34.8 32.7 28.4 31.5 37.2
180 100 41.4 54 34 33 28 33.5 35
46 8 8 9 3 5 6 4 2

m == median
sr =  semi-interquartile range

M yocardial haem orrhages were observed in all autopsied treated dogs. 
These were o f various localizations involving m ostly  th e  subendocardial region  
of the left ventricle, th ey  occurred, however, in all four cham bers of the heart, 
both  subendocardially and subepicardially and were usually  quite extensive. 
In  contrast to this the hearts o f  the control dogs were norm al, a slight haem or­
rhage being found in the le ft ventricle o f one of the hearts.

Of the 12 anim als w hich died during treatm ent in  an average 6.5 days 
(range 2 —14 days), 6 were autopsied. Three o f these exh ib ited  the typ ical intra- 
m yocardial haemorrhages seen in the treated group subjected  to shock.

Discussion

We could not confirm  earlier results on the p rotective effect of adrenaline 
tolerance in haemorrhagic shock [14, 15, 13, 12]. The reason for the different 
results is not clear. It is d ifficu lt to  make comparisons betw een  our experim ents 
and previous work because o f the scarcity o f published inform ation on the la t ­
ter. No data are available on the exact dosage schedule and duration of adrena­
line treatm ent, on the typ e o f  haemorrhagic shock m odel used  and the presence 
or absence o f anaesthesia during the experim ents. A detailed  description o f  an  
adrenaline treatm ent schedule is given only b y  Beckm an et al. [2] in their paper  
on adrenaline tolerance in cardiogenic shock and our schedule is very similar to  
theirs. The highest single adrenaline dose was 1 m g/kg corresponding to th a t
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used b y  Beckm an et al. [2] an d D ietzm an  et al. [8] in their cardiogenic shock ex­
perim ents. In com parison, Yigran and E ssex  [19] found the m inim al lethal dose 
(M LD) o f  adrenaline to  be 0.1 m g/kg and th e  surely lethal dose (SL D ) 0.8 mg/kg  
in dogs. These figures refer to  first, single doses. Our highest single dose, given  
after a series of doses in increasing am ounts is therefore above th e  surely lethal 
dose. I t  is only one h a lf o f  the m axim al single adrenaline dose used  b y  Lillehei 
et al. [14, 15, 13, 12] y e t  w e do not th in k  th a t this difference in th e  m axim al 
doses adequately explains th e  lack o f a p rotective effect in  our experim ents. 
L illehei et al. [14, 15, 13, 12] do not m ention any adverse effects o f  adrenaline 
treatm en t at all, and D ietzm an et al. [8] and Beckm an et al. [2] m ention only 
w eigh t loss, excessive salivation , incontinence of urine and feces and rectal 
bleeding. W hile these effects were all present in  our series, too , there was in  ad­
d ition  an appreciable m orta lity  in th e  treated  group and ex ten sive  intram yo- 
cardial haemorrhages occurred. I t  is d ifficu lt to  assume th at all these adverse 
effects would not be further in tensified  b y  increasing the adrenaline dosage. 
The m ortality  of treatm ent itse lf was n o t unlike that observed b y  Yigran and 
E ssex  [19] in dogs treated  w ith large doses o f  adrenaline.

These experim ents do not support th e  hypothesis that adrenaline pretreat­
m ent w ould blunt the hyperactive sym p ath etic  reaction in shock. On the con­
trary , an intensification o f the response was found. C atecholam ine levels in 
plasm a are a good indicator of the degree o f  sym pathetic activation  [3, 5, 18]. 
The catecholam ine concentrations had been elevated in the treated  group al­
ready before shock was elicited  and rose to  higher levels during shock than  in 
th e  controls. We have show n previously  [1] th at nonsurviving anim als have 
larger increases in catecholam ine levels th an  survivors during haemorrhagic 
shock. Majewski et al [17] have show n th a t noradrenaline release rate is in ­
creased b y  repeated in jections of adrenaline b y  activating facilita tory  presynap- 
tic  /З-adrenoceptors. Berecek and Brody [4] provide evidence for th e  uptake of 
adrenaline by sym pathetic nerve term inals innervating blood vessels. The cate­
cholam ine is then released from these nerves and acts like a classical neuro­
transm itter.

In  cardiogenic shock the protective effect o f pretreatm ent w ith  adrenaline 
is docum ented [8, 2]. R em arkably, B eckm an et al. [2] have abandoned the 
h yp oth esis of a blunting o f  the sym pathetic response as the possib le underlying  
m echanism .

Macroscopic exam ination  of the hearts o f our animals subjected  to shock 
revealed  m yocardial lesions characteristic for high dose catecholam ine adm in­
istration . Such lesions w hich are sim ilar in all species th at have so far been 
stu d ied  including m an [11] m ay also occur in  severe shock w ith  extrem ely high 
endogenous catecholam ine concentrations. It is remarkable th a t only one such 
case was found (out o f 14) in the control group indicating th a t endogenous 
catecholam ine levels were not high enough to  regularly produce the lesion in
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th is group. The uniform occurrence o f the lesion in the treated  group suggests 
th a t it was due to  the high dose adrenaline treatm ent although a possible con­
tributing role o f the higher endogenous catecholam ine concentration can not be 
excluded either.

In conclusion, we suggest th a t adrenaline pretreatm ent does not have a 
protective effect in haemorrhagic shock in dogs. It does not decrease the hyper­
active sym pathetic response and causes lesions o f the m yocardium . The treat­
m ent itse lf carries an appreciable m ortality. It appears h ighly unlikely that 
increasing the adrenaline dose would confer protection in haemorrhagic shock.
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The effect on systolic blood pressure and  heart ra te  of th e  acute and chronic 
1 ntraperitoneal (i.p.) adm inistration  of d- and dZ-propranolol was investigated  on un- 
anesthetised spontaneously hypertensive ra ts . The effect of naloxone on the propranolol 
induced hypotension was also studied to  te s t the hypothesis th a t  th e  antihypertensive 
effect of propranolol involves the release of an endogenous opiate. O n i.p. adm inistration , 
3 mg/kg d-propranolol was inactive; 3 and 30 m g/kg dZ-propranolol decreased blood pres­
sure and heart ra te  in  a dose-dependent m anner. W hen th e  ra ts  were pre trea ted  w ith 
2 mg/kg naloxone i.p., the  effect of propranolol on th e  blood pressure was nearly  com­
pletely abolished, while th a t  on the heart ra te  was 'only p artia lly  blocked. Chronic 
adm inistration of di-propranolol (30 mg/kg b.i.d .) to  spontaneously hypertensive ra ts  
from  the age of 6 weeks (prehypertensive phase) for 29 days prevented  the developm ent 
of hypertension while the ra ts  trea ted  w ith physiological saline for 29 days (control 
group) developed hypertension. Naloxone (2 m g/kg i.p.) adm inistered on the 29th day to 
chronically trea ted  ra ts  induced a reversal of the propranolol action on systolic blood 
pressure'and heart ra te , i.e., blood pressure and  h ea rt ra te  increased. Naloxone had  no 
such’effect in  the control group. We suggest th a t  th e  release of an  endogenous opioid 
contributes to the acute and chronic antihypertensive action of i.p . propranolol in spon­
taneously hypertensive ra ts  and  th a t  the secretion of [endogenous opioids participating  
in the control of cardiovascular functions is influenced by adrenergic mechanisms.

Considerable efforts have been made to  clarify the m echanism  o f the an ti­
hypertensive action o f beta adrenergic blocking drugs. Several hypotheses have  
been forwarded, however the exact m echanism  has rem ained controversial. 
B y now  it  is clear that the b lockade o f beta adrenoceptors is the main m ode o f  
action , resulting in an inhibition  o f renin release from the k idney  [18], a reduc­
tion  o f cardiac output [13], a reduction o f the renal baroreflex threshold [5], 
a change in the elastic or autoregulatory m odalities o f carotid sinus sm ooth  
m uscle thereby enhancing carotid sinus nerve a ctiv ity  [31], the presynaptic  
inhibition  o f noradrenaline release during cardiac nerve stim ulation  [36]. 
A ntagonism  o f angiotensin I I  enhancem ent o f  sym pathetic nerve transm ission  
through the release o f prostaglandins was also suggested for th e  explanation o f
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the antihypertensive action o f propranolol, an effect probably not related to  
beta  adrenoceptor blockade [11].

The effect of beta adrenoceptor antagonists on the central nervous system  
(CNS) is w idely accepted as one o f the major factors in the antihypertensive  
effect o f  propranolol [8, 10, 12, 19, 24, 30, 33]. Decrease in  central sym pathetic  
tone [8, 27, 37], increase in parasym pathetic tone [8] is the result of this action. 
The sed ative  and anxiolytic effect o f beta-blockers is th ought to be the con­
sequence o f the blockade o f sym ptom s o f sym pathetic h yperactiv ity  at the  
periphery (heart, blood vessels) as well as inhibition o f  central sym pathetic  
tone [30].

The action of beta-blockers and sym ptom s of their w ithdrawal resem ble 
those o f  the opiates [4, 9, 16, 20, 28, 34]. Furtherm ore, th e  antihypertensive  
effect o f  centrally acting alpha adrenoceptor agonists, clonidine and alpha 
m eth yld op a, is blocked b y  op iate antagonists, naloxone and naltrexone [6]. 
T hese data  led us to form a hypothesis that the activation  o f opioidergic m echa­
nism s m ight also contribute to  the CNS effects o f propranolol. W e tested  this 
possib ility  b y  studying the effect o f opiate antagonists on the antihypertensive  
action  o f propranolol, and found th at the blood pressure-decreasing effect of 
intracerebroventricularly (icv.) or orally adm inistered propranolol was inhibited  
b y  n a loxone or naltrexone in spontaneously hypertensive rats (SH R ) [23].

W e report here that the acute and chronic antihypertensive effects of 
intraperitoneally  (i.p.) adm inistered propranolol can also be blocked b y  nalo­
xone.

Materials and methods

Male spontaneously hypertensive rats of the Okamoto-Aoki stra in  (Canadian Breeding 
F arm s L td , Montreal, Canada) were used for the experim ents. Animals were kep t a t a constant 
tem p era tu re , lighting conditions and  diet w ith tap  w ater ad lib itum . Systolic blood pressure of 
unanesthetised  rats was m easured by th e  tail-cuff m ethod as described in  detail elsewhere [14]. 
H ea rt ra te  was calculated from  th e  pulse curve. Baseline systolic blood pressure and heart ra te  
values were obtained as a mean of 10 —12 m easurem ents. The effect of different drugs on these 
param eters was assessed from  readings (m ean of three) done a t 5 to  10-min intervals for a period 
up  to  60 m inutes.

Acute experiments

dl- or d —Propranolol hydrochloride (ICI, USA) was adm inistered i.p. in a volum e of 
0.20 m l, five m inutes after th e  i.p . injection of physiological saline (0.6 ml) as well as after 
2 m g/kg naloxone hydrochloride (Endo Labs. USA), also given in  0.6 ml. The dose of (/-propra­
nolol w as 3 mg/kg, and th a t  of (//-propranolol was 3 or 30 mg/kg. On any one day, only a single 
dose of propranolol w ith or w ithou t the prior adm inistration  of naloxone was tested in  the same 
anim al. Six ra ts  were used in  th is series of experim ent.

Chronic experiments

A group of six young (6 weeks old) SH R  were chronically trea ted  w ith (//-propranolol 
(30 m g/kg b .i.d .,i.p .)for 29 days. The blood pressure and heart ra te  were 144 ±  7 m m  Hg and 
422 i  7 beats/m in, respectively, before the trea tm en t. A nother group (control group) of five 
SH R  of the same age was also trea ted  for 29 days w ith physiological saline (0.6 m l b.i.d. i.p.),
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whose blood pressure (148 i  2 m m  Hg) and hea rt ra te  (403 i  9 beats/m in) were no t s ta tis tica l­
ly  different from  the values in  the propranolol-treated group before the treatm ent. On th e  29th 
day  of propranolol or saline therapy  the effect of 2 mg/kg i.p . naloxone on blood pressure and 
heart ra te  were m easured in  bo th  groups.

For statistical analysis paired or unpaired t tests were used as appropriate.

Results

Acute experiments

dl-Propranolol, in a dose of 3 m g/kg, decreased systolic  blood pressure 
from 196 ^  3 to  148 5 mm Hg, and heart rate from  353 ^  5 to  294 ^  16
beats/m in. The onset o f  the effect m anifested five m inutes after the adm inist ra­
tion , peaking at 15 min. The hypotensive action lasted  for about 30 m in and the  
bradycardiac effect for longer than 60 m in (Fig. 1). W hen the rats were pretreat­
ed with naloxone (2 m g/kg i.p.) the sam e dose o f propranolol decreased blood  
pressure from  198 ^  2 to  183 ^  3 m m  H g, and heart rate from 357 -f- 3 to  
314 +  6 beats/m in. This hypotensive action o f propranolol could be detected  
only 5 min after the application, while 10 min after th e  adm inistration o f  pro-

Systolic blood pressure
mmHg

• • d l-propranolol (3 mg/kg ip)
* ---» d- propranolol (3 mg/kg ip)
о-----о d l-propranolol (3 mg/kg ip)

after naloxone (2 mg/kg ip)

Fig. 1. Acute effects of 3 mg/kg i.p. propranolol. di-Propranolol decreased systolic blood pressure 
and heart ra te  while d-propranolol was not effective. Naloxone blocked the blood pressure 

response and inhibited the heart ra te  response to  di-propranolol
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mmHg Systolic blood pressure

Ó 10 20 30 «0 50 min
•----- •  propranolol (30mg/kg ip)
о— -о propranolol (30 mg/kg ip) 

after naloxone ( 2 mg/kg ip)

Fig. 2. A cute effects of 30 mg/kg i.p. propranolol, dl-Propranolol decreased systolic blood pres­
sure and  heart rate. Naloxone blocked the hypotensive response and inh ib ited  the heart ra te  
response to  propranolol. There was a slight increase in  systolic blood pressure after propranolol 

when naloxone p re trea tm en t was applied

pranolol blood pressure was not different from the baseline level. Heart rate  
response to propranolol was only partia lly  inhibited by naloxone (Fig. 1).

rf-Propranolol, in the dose o f 3 m g/kg i.p ., did not affect blood pressure 
and heart rate (Fig. 1).

d/-Propranolol, in the dose o f 30 m g/kg i.p ., decreased systo lic  blood pres­
sure from 200 ^  2 to 142 ^  3 mm H g, and heart rate from 350 ^  8 to 244 ^  4 
beats/m in . The m axim al effect o f propranolol on blood pressure was detected  
5 m in , on heart rate 25 m in, after the i.p . in jection . Both the hypotensive and 
bradycardiac action lasted  longer than  60 m in (Fig. 2). W hen the rats were pre­
treated  with naloxone (2 mg/kg i.p .), propranolol, in the sam e dose, decreased  
blood pressure from 192 ^  3 to 189 ^  4 m m  H g (not significant) 5 min after 
th e  injection, while causing a significant increase to 207 ^ 1 1  mm H g at the  
10th  m inute w ith a gradual decrease to  th e  baseline level afterwards. Heart rate 
w as decreased by propranolol from 341 ^  11 to  300 ^  4 beats/m in , the m ax­
im al effect being recorded 20 min after th e  application of propranolol (Fig. 2).
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Dose of propranolol (mg/kg ip)

---- • control
— о after naloxone ( 2 mg/kg ip)

Fig. 3. Relationship betw een the dose and effect of propranolol. H igher doses of propranolol 
caused a more pronounced effect on blood pressure and on heart ra te . A fter naloxone th is dose-

response relationship disappeared

The dose — effect relationship tvith and without the naloxone p retreat­
m ent is presented in Fig. 3.

C hronic experim ents

Y oung, 6 weeks old, SH R s w'ere treated  with propranolol (30 m g/kg b .i.d ., 
i.p .) or saline (0.6 ml b .i.d ., i.p .). The m eans o f blood pressure and heart rate in 
the tw o groups were not different. On th e  29th day of treatm ent blood pressure 
of th e  control group was 170 ^  8 mm H g while that o f the propranolol-treated  
group was 147 4-- 5 m m  H g, with heart rates 385 ^  20 and 302 ^  10 beats/m in , 
respectively .

N aloxone, 2 m g/kg i.p .,sign ifican tly  increased both systolic blood pressure 
and heart rate o f the propranolol-treated group to 162 ^  5 m m  Hg and 348 ^  5 
beats/m in, respectively . The effect o f  naloxone on blood pressure lasted  for 
about 60 min, and on the heart rate for longer than 60 min (Fig. 4), peaking  
betw een 5 and 15 m in after the adm inistration.

In contrast, naloxone, in the sam e dose, caused a slight but sign ificant 
decrease in  blood pressure o f the control group (to 164 ^  4 mm  Hg) and an in ­
crease in heart rate (to 408 3 beats/m in). These changes lasted  only for about
10 min (Fig. 4).
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» - --о  propranolol ( 2 x 3 0 mg daily,ip)

N : naloxone(2 m g /k g  ip)

NALOXONE INDUCED REVERSAL OF HYPOTENSIVE ACTION 
OF CHR. PROPRANOLOL IN SHR

Fig. 4. Chronic effects of propranolol and its reversal b y  naloxone. 2 X 30 m g/kg i.p. daily dose 
of propranolol for 29 days inh ib ited  the development o f hypertension in  young SHR. N aloxone, 
given on the 29th day of propranolol treatm ent, increased systolic blood pressure and heart ra te . 
In  th e  control, saline-treated group naloxone slightly decreased systolic blood pressure and  

increased heart ra te  to  a m uch lesser extent th a n  in  th e  propranolol-treated group

Discussion

D ata in the literature concerning th e  a c u te  antihypertensive action o f  
propranolol are controversial. On intravenous adm inistration o f 1 2  m g/kg  
«//-propranolol to S H R  an increase in blood pressure and a decrease in heart rate 
occurred [37], or there w as no change in these param eters [24]. Others reported  
a decrease in both b lood pressure and heart rate on intraperitoneal or oral 
adm inistration o f higher (10 to 60 mg/kg) doses to SH R  [5, 13, 17, 21, 25]. 
B y application o f propranolol into the CNS a decrease in blood pressure and  
heart rate was noted in S H R  [23, 37], in cat [8], in dog [8, 19] and in the lab b it  
[24]. The decrease in b lood pressure and heart rate was associated with an early  
decrease in cardiac o u tp u t followed by a reduction  of tota l peripheral resistance 
[17] and with suppressed nerve activ ity  o f  centres involved in the cardiovas­
cular regulation [8].

In our experim ents a dose-related decrease in both blood pressure and 
heart rate was found after i.p. adm inistration o f «//-propranolol, while «/-propra­
nolol was not effective. This finding indicates th at the action  o f the drug is 
probably related to  its  b eta  adrenoceptor b locking activ ity . A pplication to the  
CNS o f «/-propranolol in  higher concentration also affected blood pressure pre­
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sum ably because o f  the local anesthetic activ ity  o f  th e  substance [24, 37]. When 
propranolol was adm inistered 5 min after naloxone in our experim ents, the  
blood pressure response was nearly abolished, while the heart rate effect was 
only partially blocked. Our results m ight point to th e  role of the activation  of 
opiate receptors in the antihypertensive action of di-propranolol, if  this inhibitory  
action of naloxone is the consequence o f the blockade o f opiate receptors. N alo­
xone is thought to  be a “ pure” opiate antagonists, although a weak antagonist 
activ ity  and antagonism  o f other substances than opiates (nitrous oxyde, sub­
stan ce-? , acetylcholine, haloperidol, barbiturate, ethanol, am phetam ine, diaze­
pam , adenosine ect.) was also reported, although the effect of some o f these  
substances m ay also be related to the release of endogenous opiates [26]. H ow ­
ever, naloxone and naltrexone readily antagonized also the hypotensive effect 
o f icv. adm inistered propranolol indicating an activation  o f central opiate recep­
tors in  the action o f propranolol [23].

Chronic adm inistration o f propranolol decreased blood pressure o f SH R s 
and o f rats w ith  isolation-induced hypertension [1, 2 ]. It also prevented the  
developm ent of isolation-induced hypertension in rats [1]. Others found pro­
pranolol, even during chronic adm inistration, ineffective on SHRs w ith defini­
tiv e  hypertension, hut it  prevented the developm ent o f hypertension when the 
treatm ent had been started  in the young, prehypertensive phase [35].

In agreement w ith  these data propranolol inhibited  the developm ent o f  
hypertension for 29 days in our experim ents. In the propranolol-treated group 
o f SH R  naloxone induced a reversal o f  propranolol hypotension: it increased  
systolic  blood pressure and heart rate.

The partial blockade o f the bradycardiac action o f propranolol b y  nalo­
xone in both the acute and chronic series o f  our experim ents is supposed to  be 
related to the direct cardiac effect o f propranolol.

I f  our presum ption, th at the effect o f naloxone is th e  consequence o f the  
blockade of opiate receptors, is valid, then our results ind icate the stim ulation  
o f opioidergic m echanism s not only by acute but also b y  chronic adm inistration  
o f propranolol. The m echanism (s) of th is stim ulation  is not clarified yet.

The binding o f 3H -naloxone to the biain tissue w as displaced by propra­
nolol [3] showing the possib ility  of the direct stim ulation  o f CNS opiate recep­
tors b y  beta adrenoceptor antagonist, propranolol. H ow ever, the concentration  
in  the CNS o f propranolol used in our experim ents is estim ated  to be at least 
tw o degrees of m agnitude lower [7] than  th a t in th e  cited  binding study [3]. 
Moreover, in our stu d y  propranolol (1 0 ~ 8—10 -6 M/l) did not suppress 3H- 
naloxone binding to  rat brain membranes (unpublished observations). The di­
rect interaction o f propranolol and naloxone at the sam e opiate receptors is 
unlikely to explain th e  suggested antagonism  also in v iew  o f  the finding th at in 
the chronically (orally) treated  SH R  propranolol w as practically  com pletely  
elim inated by the tim e o f  the test w ith  th e  opiate antagon ist [14, 23].
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The analogy betw een the above described or previous [23] findings and  
the reported  reversal o f the antihypertensive effects of CNS alpha-2 adreno­
ceptor agonists by opiate antagonists [6] indirectly supports th e  concept th a t  
the central hypotensive action o f propranolol is, at least partia lly , m ediated  
b y  th e  release of noradrenaline stim ulating alpha-2 adrenergic receptors inhib­
itory  to  the sym pathetic tone [29]. B lockade o f beta adrenoceptors can also 
elicit sim ilar effects as stim ulation o f alpha adrenergic receptors b y  unm asking  
ton ic alpha adrenoceptor activ ity  [5].

In  a previous series o f experim ents we found that stim ulation  o f alpha-2 
adrenoceptors by clonidine or i-alpha-m ethylnoradrenaline increased the release 
of a substance with beta endorphin-like iinm unoreactivity from  the brain stem  -)- 
hypothalam us slices o f  SH R , in v itro  [15]. Adrenergic control o f beta  endorphin 
secretion  from rat p itu itary gland has also been reported [22, 32]. B eta  endor­
phin has a potent hypotensive action o f its own [16]. Thus, we suggest that the  
release o f  an endogenous opioid (probably beta endorphin) contributes to  the  
antihypert ensive action of propranolol in SH R .
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Book Reviews

Moshe A beles  (Ed.)

Local Cortical Circuits

(An electrophysiological study) Studies of B rain  Function , Yol. 6. Springer V erlag, B e r l in -
H eidelberg—New York 1982

Moshe Abeles’ book is a bold, straightforw ard theory  abou t the function of th e  cerebral 
cortex. I t  is based on meticulous experim ental work perform ed in  the last ten  years, developing 
m ethods ap t to  clarify the nature  of cortical connections. The m ethods included the exploration 
of m ultiun it activ ity  w ith the help of m icroelectrodes and a com puter-based separation  of spikes 
belonging to  neighbouring neurons. Recording of spikes from  two neuron- revealed only th a t 
relations betw een the units change w ith th e  changing situations, suggesting th a t  th e  cortex is 
no t merely a simple relay station  along th e  sensory pathw ay. Separation of three un its , however, 
clearly showed th a t  cortical neuronal ac tiv ity  is organized along chains of synchronously firing 
groups of neurons. These groups emerge occasionally from  the  m ultitude of cortical neurons. 
Thus, the au tho r presents the concept of synfiring neuronal chains in  the cortex. A natom ical, 
physiological and  a vast am ount of theoretical evidence is provided to support th is  hypothesis.

The new concept of cortical function  created by an excellent scientist is a promising 
theory  and fascinating reading a t  the sam e tim e. I t  is recom m ended to  neurophysiologists, 
cybernetics and for all who are in terested  in  the function  of the cerebral cortex.

F. Obál

J. Altm an , S. A. B ayeh

Development of the Cranial Nerve Ganglia and Related Nuclei in  the
Rat

Advances in  A natom y, Em bryology and Cell Biology, Vol. 74, Springer Verlag, B erlin —H eidel­
b e rg -N e w  Y ork 1982, 90 pages, w ith 54 figures, price DM 54, — ; approx US $ 24,—

This m onograph summarizes observations on three aspects of the m orphogenetic devel­
opm ent of the cranial nerve system  of the ra t :  tim e of origin of neurons of the trigem inal, facial, 
vestibular, glossopharyngeal and vagal ganglia: developm ent of these ganglia from  th e  earliest 
stages un til b ir th  : how the developm ent of th e  cranial nerve ganglia and nerves is re la ted  to the 
developm ent of the sensory and m otor nuclei of th e  m edulla th a t  are directly associated w ith 
these cranial nerves. The description of th e  developm ent of th e  ganglia in  relation  to  the  respec­
tive b rain  stem  nuclei is followed by  a general discussion in  w hich im portan t questions such as 
sequence of production  of m otor neurons, ganglion cells and  sensory neurons of the  cranial 
nerves, placodal origin of ganglion cells, sites of neuron production, routes of m igration, are 
discussed. The m aterial is presented clearly and is well docum ented. The m onograph provides 
a description of th e  m ajor early events in  th e  embryonic developm ent of cranial nerve ganglia 
and related  brain  stem  nuclei in  the ra t and  offers insights in to  the mechanisms th a t  regulate 
this growth.

B . H alász
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I. C. B rown

Gastric Inhibitory Polypeptide

M onographs on Endocrinology, Volume 24. Springer Verlag, B erlin—H eidelberg—New York
1982. 88 pages w ith  32 figures and 1 table, price DM 68 ,— approx. US $ 30.20

The author while pu rify ing  CCK-preparations w ith  Professors M utt and Jorpes estab­
lished th a t  in  the extracts th e re  exists an inhibitory  m ateria] for acid secretion no t identical 
w ith  th e  CCK molecula. P u rifica tion  of the inhibitory fac to r was done rapidly and the structure 
and  am ino acid sequence of th e  newly discovered peptide was described by Brown in 1970. 
H e called i t  gastric inhibitory  pep tide  (G IP).

I n  th e  small m onograph th e  au thor gives a comprehensive overview of p resent knowledge 
ab o u t G IP . The first studies w ere based on the “ enterogastrone” line, and G IP  was shown to be 
a  pow erful inhibitor of acid secretion in  dogs w ith denervated  gastric pouches. I t  was concluded 
th a t  th e  inhibitory effect of G IP  on the parietal cell is no t a d irect one: G IP  exerts its  acid in ­
h ib ito ry  effect most probably v ia  som atostatin  release. In  th e  physiological situations where G IP 
is released, numerous in te rac ting  m echanism s are ac tiva ted , which explains th e  poor effect of 
exogenous G IP  in the presence o f parasym pathetic innervation .

G IP  proved to be also a glucose-dependent insulin-releasing peptide and la te r a series of 
experim ents was conducted on th e  “ incretin” line. Insulin  release has been induced w ith a dose 
of G IP  which elevated th e  serum  im m unoreactive G IP  level by  approxim ately 1.0 ng/ml.

In  the booklet the read e r can find  inform ations ab o u t th e  structure, the radioim m uno­
assay procedure and cellular localization of G IP. All da ta  are critically evaluated  concerning 
the  horm onal in teractions and  th e  role of the peptide in  various pathophysiological situations.

The reviewer was u n h ap p y  to find in the first p a r t of the book some pages th a t  have lost 
th e ir w ay.

V . V arró

D. D en to n

The Hunger for Salt

Springer Verlag, Berlin—H eidelberg — New York 1982. 650 pages w ith 346 figures, price DM
360, — ; approx US $ 150.20

The “ Hunger for S alt”  is a monograph of exceptional qualities, as perhaps indicated 
even b y  its  title. The im portance  of sodium balance in  th e  m aintenance of constancy of the 
m ilieu intérieur has been w ell know n since the pioneering work of Claude Bernard. Sodium 
balance is influenced bo th  b y  in take  and excretion and we a ttrib u te  the final control of in take 
to  sodium  appetite, more com m only called salt appetite. There is some rom anticism  in the title  
“ H unger for Salt” and th is rom anticism  is perhaps a reflection of the au thor’s exceptionally 
wide in te rest and education. D r. D enton has been a well know n expert of adrenal physiology 
since th e  late fifties. A t th e  sam e tim e he has been involved in  the problems of salt appetite . 
This w ay, as reflected by  th is m onograph, he has a perfect survey over all the  aspects of th e  
contro l of salt-w ater balance including theoretical questions and methodological problems. 
A ccordingly, the 27 chapters of the m onograph discuss no t only the central control of sodium 
ap p e tite  bu t all the factors influencing i t  (salt-w ater balance, horm onal sta tus, taste , etc.) in 
eluding the clinical aspects and  also give a short b u t up-to-date  review on o ther im portan t 
aspects of salt-w ater balance. T hanks to  the aforem entioned wide interest and education of the 
au th o r we can also read ab o u t the  phylogenesis of sodium  deficiency and salt appetite , w ith 
special a tten tion  to hom inoid evolution, about cannibalism  or the symbolic and social aspects 
of sa lt in  history. I t  is perhaps surprising to find  details from  the diary of C aptain Cook in  a 
s tr ic tly  physiological m onograph b u t these details m ake th e  book no t only inform ative bu t also 
an often  exciting reading.

A. S p ä t
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D o n a l d  S. F a r n e r , K a r l  L e d e r is  (Eds)

Neurosecretion: Molecules, Cells, Systems

Proceedings of the E igh t In ternational Symposium on N eurosecretion held Sept. 4 —10 1980, 
in  F riday H arbor W ashington. Plenum  Press, New Y ork and London 1981.531 pages, price

US $ 59.50

This volume deals w ith neurosecretory function in  its  b roadest sense, focussing on the 
relationship of neurosecretion, neurosecretory cells and neurosecretory system s to other selected 
aspects of neurobiology. I t  describes among others the relationship of neurosecretory neurons 
to the  molecular aspects of their functions, vertebrate  and inverteb ra te  neurosecretory phenom ­
ena and neurosecretory cells whose products m ay function as m odulators w ithin the cen tra l 
nervous system.

The papers of th e  invited  speakers are grouped into five section.
I. In  this Section paraneurons, the A PÜ D  concept, the classical neurosecretory system , 

d istribution  of some hypophysiotrophic neurohormones, endorphinergic and  enkephalinergic 
pathw ays, m onoam ine-containing neurons, interactions of peptidergic and  monoaminergic 
structures are discussed.

II . The Section en titled  “ Synthesis, tran spo rt and release of neurosecretory substances” 
contains 10 papers dealing w ith  questions such as secretory ac tiv ity  of peptidergic andam inergic 
neurons, monoaminergic and  peptidergic control of anterior p itu ita ry  secretion, regulation of 
secretion from  the neurohypophysis, retrograde transport of neuropeptides as a p itu itary-brain  
com m unication system , fine structu ral aspects of release of th e  pep tide hormones, tim ing of 
synthesis, transport and release of neurosecretion in  the insect brain.

Section I I I  is concerned w ith the electrophysiological aspects o f neurosecretion. Papers 
describe electrical ac tiv ity  in  relation to horm one secretion in  the X organ, sinus-gland system  
of th e  crab, an opiate m ediated inhibition of peptide release from  neurosecretory term inals, an  
in  v itro  technique for electrophysiological studies of the hypothalam ic magnocellular endocrine 
neurons, receptor functions affecting neuronal excitability and nonsynaptic peptidergic neuro­
transm ission in the abdom inal ganglion of Aplysia.

IV. Papers deal w ith  the role of neuropeptides in osm oregulation of various organisms 
and in  regulation of body weight.

In  Section V some hormones and th e ir functions in  insects, in  hydra , in  the comm on 
sucker and the carp are discussed.

In  a closing and sum m arizing paper B. T. Pickering discusses neurosecretion in the light 
of findings of the recent years.

47 short com m unications ranging on a broad scale were presented posters a t the sym ­
posium  they  are also included in this volume. A subject index is a ttached .

This book will be of in terest to researchers and teachers in  m any fields of neurobiology, 
verteb ra te  and invertebrate  zoology.

B . H a l á sz

Y . HoxjDis, E . F. J . R ing

Human Body Temperature. Its Measurement and Regulation

Plenum  Press, New Y ork and London, 1982. pp X I -f- 238. 64 F igures, 15 Tables, price
US $ 32.50

The subjects dealt w ith  can be roughly indicated by the titles of th e  chapters and the 
space allotted to them : 1) Terminology used in  therm al physiology (pp .8 ), 2) Principles of hea t 
transfer (pp.24), 3) T em perature and hum idity  m easurem ents (pp.24), 4) M an and his environ­
m en t (pp.24), 5) T em perature  distribution (pp.23), 6) Tem perature regulation  (pp.37), 7) H eat 
loss and conservation (pp. 36), 8) A cclim atization to  heat and cold (pp .9 ),9 ) Disorders of therm o­
regulation  (pp 19), Appendices A —F: enum eration  of possible applications of therm ography 
(pp. 11), Bibliography and  references (pp. 11), Subject index (pp. 4).

According to  the preface, the authors in tended  this volum e “ to assist the coordination of 
th e  m any disciplines w ith  an  in terest in  hum an body tem peratu re” . These disciplines will in te r­
est, as suggested by a preceding sentence, engineers, physicists, technicians, and clinicians. 
Accordingly, the tex t is, in  general, elem entary  for those who are well versed in  the subjects of
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som e chapters, the same m ay, how ever, suit or even exceed the needs of those no t fam iliar w ith 
th e  subject, e.g. the f irs t chapters m ay be useful to  clinicians, and some others to  physicists, 
engineers, and technicians. Considering th e  wide range of readers for w hom  this volume was 
in ten d ed , apodictic trea tm en t of m any subjects could hardly be avoided. Beside physical as­
pects , therm ography is the pet subject of the authors, a feature w hich has been evidently 
apprecised by m anufacturers of therm ographic equipm ent. Revision of the  te x t and proofreading 
appears to have been ra th e r perfunctory, for exam ple on p. 163: “ In  a new born baby sweat 
g lands do no t develop. M aximal secretion is only one th ird  or one half th a t  of an adult. Maximal 
sw eat production increases rapidly  w ith increasing postnatal age or on p 167: “ I f  F req <g. É max” 
an d  as an  antithesis “ Conversely, where É req <й É max”  or on p. 157: “  . . .  an  increase in  heat 
loss can  be effected by raising the insensible heat loss, th a t is evaporative hea t loss. In  hum ans 
th is  is achieved by the secretion and evaporation o f sweat”  (reviewer’s italics).

Sz. D o n h o f f e r

Sh ir o  K a k id c h i , H ir o v o s h i  H id a k a , A n t h o n y  R. M e a n s  (Eds)

Calmodulin and Intracellular Ca++ Receptors

Proceedings of a satellite sym posium  of th e  E ighth  In ternational Congress of Pharm acology, 
held  Ju ly  25 — 27 1981 in  K yoto, Japan . P lenum  Press New Y ork and London 1982. 464 pages

plus indexes, price US § 49.50

Since 1970 the year when i t  was discovered, calmodulin was shown to be an extrem ely, 
an d  generally im portan t in tracellu lar regulator substance and i t  is no w onder th a t  i t  was chosen 
as th e  topic of a satellite sym posium  of the In ternational Congress of Pharm acology in 1981.

I  w ent to  begin w ith the last chapter of the  volume, th a t on “ Calcium ion and calcium 
b ind ing  proteins” by S. Ebashi. This short paper of 4 pages is a beautifu l and  fascinating reading 
to  anybody  who is in terested  in  the evolution of ideas and discovery of facts. Beginning w ith 
S idney R inger’s work in  th e  last cen tury  E bashi describes in  an adm irable m anner how lim ited 
know ledge interfered w ith the acquisition of more inform ation and how th e  observation of minor 
an d  seemingly unim portan t effects finally  led to  im portan t discoveries. The firs t section, en­
title d  “ Molecular basis of calmodulin function”  contains 14 papers. I t  begins w ith  a paper by  F.
F . V incenzi on the pharm acology of calm odulin antagonism  and serves as a useful in troduction 
to  th e  problems. There are fu rther papers on calm odulin antagonists, on binding of Ca2+ to  the 
p ro te in  and conformational changes caused by  the  m etal binding and several papers concerning 
regu la to ry  phenomena in  sm ooth muscle. A few papers in  this section deal w ith  interdependence 
of th e  Ca2+-calmodulin and cyclic nucleotide systems.

The next section is entitled as “ Ca+ + and protein phosphorylation” . I t  contains 8 papers 
an d  deals w ith myosin and protein kinase phosphorylations. The th ird  section is on “ Ca2+ regu­
la tio n  of m icrofilam ent system ” : i t  contains 4 papers on the subject.

The papers published are generally of high quality . Some are published first in  the present 
volum e and in the da ta  in  some are tak en  from  very recent publications. In  addition to  the 
papers prin ted  in extens, abstracts of th e  posters presented a t the sym posium  are also included 

I should like to  stress th e  even high level of reproduction of th e  m anuscripts including 
half-tone figures.

A . F o n y ó

C. K in g , H . A k a i  (Eds)

Insect Ultrastructnre

Plenum Press, New Y ork and  London 1982. 485 pages Price US $ 55.00

As the class of insects is the m ost populous one in the anim al kingdom , i t  would be dif­
ficu lt to  write separately on the u ltrastruc tu re  of every single m em ber of the class. In  this vol­
um e w hich is the firs t p a rt of a two-volum e book, the u ltrastructu re  of such insects is described 
w hich are interesting from  the developm ental, biological or genetical po in t of view as model 
anim als. Mostly the developm ent of those insects and their cell organelles involved in develop­
m e n t are analysed. The developm ent of germ cells occupies about 200, the morphogenesis about
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60 and organogennesis about 200 pages in  the book, and th is la s t p a rt contains the organ  u ltra ­
structures, too. In  these chapters the junctional complexes and  gap junction, have an  o u t­
standing  im portance. As the editors note, the last sim ilar book was published 14 years ago and 
since th a t  tim e m any techniques have been introduced and  im proved in  electron m icroscopy 
(e.g. chrom osomal spreading technique, freeze-fracture, scanning electron microscopy, electron 
microscopic cytochem istry, etc.) and these techniques have resulted in  new discoveries. The 
p rim ary  aim  of th e  book is to acquaint th e  reades w ith th e  recen t results and to  com pare them  
w ith  early ones. F or th a t  very reason the volume is no t a detailed insect electron m icroscopy, 
a lthough i t  satisfies the requirem ents of experim ental biologists. The authors of the chap te rs are 
p rom inent representatives of different fields and this is m irrored by the reports of th e ir  own 
results, by the abudance of their own and foreign lite ra tu re , and the very fine transm ission and 
scanning electron microscopic pictures. These are supplem ented by didactic schem atic draw ings.

As m any conclusions drawn from  experim ents on insects apply to  general biology as well 
(e.g. observations on meiosis, gap junction , etc.) the book is useful for every biologist and  espe­
cially for developm ental biologists, geneticists, entom ologists and cell biologists.

G. Csa b a

P. KUGLER

On Angiotensin-Degrading Aminopeptidases in  the Rat Kidney

Advances in A natom y, Embryology and  Cell Biology Vol. 76. 86 pages, w ith 88 figures. S p rin ­
ger Verlag, B erlin—Heidelberg—New York 1982, price DM 48, — ; approx. US $ 21.4

The octapeptide angiotensin I I  plays an essential role in the hormonal control of sa lt­
w ater balance. Beside stim ulating aldosterone secretion by  th e  adrenal cortex, angiotensin  II  
produced in  the k idney m ay modify the glomerular filtra tion  ra te  and tubular sodium reabsorp ­
tion. Therefore, angiotensin degrading enzymes m ay exert an  im portan t effect on renal function . 
Considering th a t angiotensin II  inhibits renin  release by  th e  juxtaglom erular system  and  thus 
exerts a feedback control on its own production, the ac tiv ity  of these enzymes m ay also m odify 
plasm a renin ac tiv ity  and the concentration of circulating angiotensin II.

Dr. K ugler summarizes his morphological and biochem ical studies on renal angio tensin­
degrading am inopeptidases in  this m onograph. The reader m ay find  a detailed description of 
the histochem ical, ultracytochem ical and biochemical fluorom etric methods applied for th e  
exam ination of am inopeptidases. I t  is dem onstrated th a t  am inopeptidase A is iden tical w ith 
angiotensinase A and  th a t both am inopeptidase A and M take  p a rt in the degradation of angio­
tensin  I I  is said to  be. Aminopeptidase A localized in  th e  glom eruli and the brush border of the 
proxim al tubu li and  in  the juxtaglom erular apparatus, and am inopeptidase M in  th e  brush 
border of the proxim al tubuli. Experim ental results have been obtained concerning th e  contro l 
of enzyme activ ity  w ith special reference to changes in  sa lt-w a te r balance and adrenocortical 
ac tiv ity . In teresting  physiological conclusions have been draw n from  these data , shedding new 
ligh t on the  role of these enzymes in th e  control of glom erular filtra tion  rate and renin  release. 
The lis t of references contains nearly 200 item s.

A. S p ä t

J . M ic h e l , H. C. R e is s m a n n , H. S c h u m a n n  (Eds)

Autom atisierte Erfassung und Verarbeitung von Biosignalen 
in  Forschung und Praxis

Ergebnisse der Experim entellen Medizin, Vol. 40. Verlag Volk und Gesundheit, B erlin 1982.
392 pages Price DM 43 ,—

The title  promises an up-to-date content of in terest w hich is outlined in more deta il in 
the Forew ord by  the  editors. The book gives a survey of the subjects investigated in  the G erm an 
D em ocratic Republic and of the results obtained in the autom atic processing of biological 
signals.

The papers are grouped in three chapters. One of them  deals w ith general fundam entals, 
one w ith  the results of research and the th ird  p a rt with clinical applications, there are, how ever, 
no stric t boundaries separating them . F u rther, it  becomes obvious a t first sight th a t  th ree  
aspects are dom inant:
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— m athem atical basis of signal processing,
— th e  technical appara tus used in  processing, and
— th e  medical (scientific) problems and evaluation .
In  th e  solution of a given problem now adays th e  applicable technical m ethods play a 

decisive role. Still, the reader w ith  some experience in  signal processing will no t be m uch im ­
pressed either by the block diagram  level description of equipm ent or by the “ philosophy” 
of appara tu s construction. A t m ost we may be glad th a t  our German colleagues use num erous 
H ungarian-m ade equipm ents and hope they are satisfied  w ith them.

I t  is obvious from  the papers th a t the researchers know and apply the m ost recen t m ath ­
em atical m ethods.

The theoretical papers are well constructed and  give much inform ation. T heir main 
topics sum m arized in keywords are:

— linear transform ations (especially W alsh and  S lan t transform ations),
— th e  autoregressive m ethod,
— H JO R T H -algorithm s,
— th e  m ethod of sychronous averaging.
The m ethods usually illustrated  by practical exam ples serve a double aim : on th e  one 

p a rt th ey  increase the signal to  noise ratio, and on th e  o th er they  facilitate the classification of 
various signals (m ainly E EG , EMG, ECG signals). T his is im portan t not only in  the quick 
evaluation of a g rea t num ber of m easurem ents b u t in  th e  detection of so sm all changes in a 
stochastic signal (m ainly in  E E G ) which are unobservable by our senses.

T he second p a rt deals w ith  topics of research. T he five contributions study  physiological 
changes during psychic and physical loading, m ainly in  the  functions of the brain  and  th e  heart. 
D etailed analysis of the construction of combined program m e controlled m easuring system s is 
given, b u t here already the m edical result is p redom inant. A striking feature on th e  o ther hand 
is th a t we m eet no t only the  new methods described previously in  the processing of th e  results 
bu t also trad itional procedures such as the averaging of evoked potentials, in terval histogram s 
and th e  b e tte r  know n m ethods of statistical analysis.

The th ird  chapter, occupying half of the volum e discusses the clinical applications. 
The great v a rie ty  of signal types presented by the au tho rs  shows the diagnostic and therapeutic 
possibilities. A long sum m ary is given e.g. on the m ethods and problems of com puterized ECG 
signal processing, on the autom atized processing of im pedance plethysm ography signals, EEG 
signals, evoked poten tia ls and the electrom yogram, on th e  analysis of respiratory  arrhy thm ias 
and on objective audiom etry. I t  can be seen from th is chap te r th a t our colleagues are strongly 
in terested  in  th e  m ethod of evoked potentials. F rom  the  analysis of averaged signals th e  reader 
becomes acquainted  w ith fu r th e r applications of th e  up -to -date  m athem atical m ethods. Finally, 
two papers deal w ith the evergreen subject of m onitoring system s in  intensive therapy . The last 
paper discusses in  connection w ith perinatal m onitoring th e  problem of m onitoring considered 
most im p o rtan t, though solved only partly , the tren d  analysis.

The authors of the 25 papers collected in  th e  volum e keep to the rules applied generally 
in scientific journals. This helps the reader to follow th e  aims and conclusions of the works. 
The book is useful for those who already know th e  fundam entals of com puter-supported data 
collection and procession and wish to be inform ed on the possibilities of application.

P .  H o r v á t h

G ü n t h e r  P a l m

Neural Assem blies

An A lternative  Approach to  A rtificial Intelligence Studies of B rain Functions, Vol. 7. Springer 
Verlag, B erlin —Heidelberg — New' York. 1982. 240 pages, 147 Figures, 322 references, Price

DM 88, — ; approx. US $ 39.10

A new  a ttrac tive  volum e of the B rain F u n c tio n  Series of Springer is the w ork of a young 
G erm an m athem atician  who sacrified him self to  u n d ers tan d  how the hum an b rain  works. 
Among th is kind of specialists the  author belongs to  th e  class whose writing is a p leasan t syn­
thesis o f m athem atical ideas and neurobiological know ledge. Concerning its character his book 
is a selective collection of certa in  current trends of th e  field  both  w ith didactically well w ritten  
in troducto ry  parts  and original results. The tex t is lucid and expressing the au th o r’s enjoym ent 
when w riting; m ost probably th e  reader will follow him . The style and reasoning is productively 
fertilized b y  the spirit of B raitenberg’s shool of neurobiology which he is belonging to .
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The volume includes 15 chapters, supplem ents and  appendices. C hapter 1 gives basic 
da ta  about num bers of neurons, connections and param eters of inform ation flow w ith respect of 
the hum an brain. Reading C hapter 2 we can taste  some traditional topics of Artificial In telli­
gence (paradoxes, Turing test, Gödel). Chapter 3 touches knowledges about form al neurons and 
their networks. In  Chapter 4 concepts like organization and cooperativity  appear. A principal 
p a rt including original ideas of the au tho r chapters 5 th rough  7 is dealing w ith  the so-called 
m atchbox  algorithm  w ith im provem ents by associative m atrix  mem ory and  m inim ax look­
ahead algorithm . Because of described reasons he calls th is as a survival algorithm  of which 
detailed specifications are presented. The 2nd p a rt of th e  volume st* rts  w ith  an instructive 
in troduction  to the anatom y of cortical connectivity ended w ith m entioning concepts of the 
Tiibingen school. Essentially 2 chapters are devoted to visual processes (9, 10) including plastic 
changes and deprivation experim ents. Again two im p o rtan t chapters follow dealing w ith neural 
dynam ics, definitions of cell assemblies and associative processing of inform ation including 
num erous original statem ents. The closing chapters are sacrified to  agreable speculations and 
comparisons of m en  .m onkeys and machines. I t  is filled w ith  non-artificially b u t naturally  in te l­
ligent questions and  open problems. The au tho r’s com m entary  to  the wild discussion around 
reductionism  is ironically condensed in to  an alm ost nicequantum -poem  originating from an 
anonym ous German poet (the author?).

In  the Supplem ents the following topics are included to help the reader in  digestion: 
electrical neural signals, basic inform ation theory, sets and m appings, local synaptic rules and 
a flow diogram of Survival Algorithm.

Appendix 1 is an in teresting  recen t lecture of the au thor on the storage capacity  of as­
sociative memories. A ppendix 2 sum marizes the au tho r’s views of neural modelling w ith  good 
quality  diagram s and tables. The two las t appendices contain concepts of cell assemblies p u t 
together and graph theoretical representations of wiring in  cell assemblies. H ere numerous def­
initions, small propositions and a short theorem  can be found.

The book is devoted bo th  to beginners and advanced specialists speculating on the bor­
der-lines of sciences about the perform ance of hum an brains.

E. L á b o s

J .  Sa l á n k i  (Ed.)

Physiology of Non-excitable Cells

Advances in  Physiological Sciences Vol. 3. Proceedings of the  28th In ternational Congress of 
Physiological Sciences, B udapest 1980. Pergam on Press and A kadém iai K iadó 1981. 323 pp.

plus index, ISBN  963 05 2729 4.

The 1980 Congress of th e  IU PS had  a Section on General Cell Physiology composed o f 
5 Symposia. The present volume contains p a rt of th e  te x t of the papers presented a t the Sym ­
posia as well as th e  com plete te x t of two of the P lenary  Lectures. Due to  differences in  the wil­
lingness of the contributors to  cooperate, the various Symposia are represented a t different 
levels, some being complete while others are m uch less so.

I  cannot tell how useful the tex ts  of the p lenary  lectures are for the specialists. For the 
reviewer who is no t an expert in either field , the reviews of both  M inakami and Takeshige on 
“ O xidative M etabolism  of Phagocytosing Leukocytes”  and of Sömjen on “ Physiology of glial 
cells”  were quite interesting, both  being highly inform ative on the “ S tate  of the A rt 1980” . 
B oth reviews are supplem ented w ith a lis t of references w ith  titles included w hat makes them  
even more useful. I wish the reproduction of the electron m icrograph published were of b e tte r 
quality.

Of th e  5 Symposia, th a t on epithelial transport is th e  one represented best. The in troduc­
tion  and  the concluding rem arks were given by H. H . Ussing. The frog skin, the  tu rtle  and the 
toad  b ladder are apparently  still best su ited  for the investigation , as 7 ou t of 8 contributions 
used these as experim ental objects. Com puter analysis o f current-voltage and  current-tim e 
curves as well as extensive biophysical and biochemical analysis of various transporting  param ­
eters are found in the single contributions. I also got a reasonable q u an tity  of inform ation in 
the Symposium on “ Models of iso-osm otic tran sp o rt” . The Symposium on “ R elationship of cell 
tran sp o rt and metabolism ” is som ew hat more heterogeneous. “ Cell to Cell Comm unication”  is 
represented  by  3 contributions. “ Time in  Cell Physiology” is an  interesting topic b u t I have the 
feeling th a t it  is somewhat loosely coupled to  th e  o ther topics already listed. On the o ther hand
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it  is perfectly  clear th a t in  the publication  of a large in ternational m eeting as the 28th  Congress 
was th e re  is no perfect solution and  certain  compromises are inevitable.

On th e  balance, this is a well organized volum e in  which there  are excellent p a rts  and for 
these one is willing to pay also for th e  rest.

A. F onyó

J o a c h im  U d e  und M ic h a e l  K o c h  (G rafik)

* D ie Zelle. Atlas der Ultrastruktur

VEB G ustav F ischer Verlag, Jena, 1982, pp. 260, Price M 55,0

The book represents an  electron microscopic atlas of the cell containing 196 m icrographs 
and 39 schem atic figures in colour.

As an introduction th e  principle and structure of the electron microscope is detailed and 
com pared to  the light m icroscope. Special requirem ents of sample preparation  and fixa tion  are 
m entioned as well.

P a r t I I  entitled “The cell and its  organelles”  begins w ith  a short comparison of the  pro­
caryotic and  eucaryotic cells and  of anim al and p lan t cells. Following this, the typ ical constit­
uen ts of eucaryotic cells are d ea lt w ith system atically: the nucleus and nucleolus, th e  endoplas­
mic re ticu lum  and ribosomes, th e  m itochondria, the chloroplasts, the  Golgi apparatus, th e  lyso­
somes and  the microtubuli are detailed in individual chapters. Besides the typical morpholog­
ical p ictu res the structure of th e  different organelles is explained in  simplified diagram s — like 
th a t  o f th e  microtubuli, chloroplasts, relation  of endoplasmic reticulum  and ribosomes, etc. 
The special m erit of the a tlas is th e  emphasis of the connection betw een structure and  function: 
i t  gives a general overview on th e  role of each organelle. The details of these processes can then 
be stud ied  in  physiological or biochem ical textbooks, b u t the basic ideas of intracellular localiza­
tion  are fixed in line w ith th e  morphological studies.

I t  should be m entioned th a t  the functional aspects are ra th e r up-to-date and  supple­
m ented  w ith  adequate references of literature. The las t four chapters of P a rt I I  deal w ith the 
cell m em brane (explaining th e  fluid-m osaic model, too), types of intercellular connections and 
special form ations on the cell surface — like microvilli, endocytotic vesicles and cilia.

The last part describes th e  characteristic properties of some cells of specialized function 
— like secreting cells of glands, absorptive cells of the kidney, sensory cells of the re tina , neurons 
and synapses and muscle cells. Again, the connection of the morphological appearance w ith the 
specialized function is stressed.

The atlas is a good s ta r t  for getting acquainted w ith  the structure  and general function 
of th e  cell, and it  can be recom m ended both  to students and to  graduates beginning their re­
search w ork in biology.

E rzsébet L ig e t i

D. G. W e is s  (Ed.)

Axoplasm ic Transport

Springer Verlag, B erlin — H eidelberg—New York, 1982, pp. 477, w ith 181 Figures

This book is a collection of lectures held on the W orkshop on Axoplasmic T ransport in 
1981. Volumes of this type have  usually the advantage over monographs th a t they  yield un ­
selected inform ation concerning the m ost recent ideas and developm ents as viewed from  dif­
feren t angles including even controversial issues. On the o ther hand they  suffer from  th e  draw ­
back of requiring from the readers some experience in  the field. This book is no exception, how­
ever, its  requirem ent of expertise in axoplasmic transport research is com pensated by  the nov­
elty  of d a ta  contained: i t  was published within less th an  a year after the W orkshop was held. 
This fa c t and the contribution of alm ost all com petent scientists know n from  the lite ra tu re  of 
th is field  makes this Volume a m ost interesting and useful reading for the specialist.

Lectures are divided in to  6 Sections the firs t of w hich deals w ith  non-neural intracellular 
m otility . I t  is aimed a t giving an  in troduction to the field b u t in spite of the editor’s foreword 
one feels two of the three papers (the second and third) a b it irrelevant. I t  is Section 2 th a t  gets 
dow n to  th e  topic by covering Molecular and S tructural Components of the Axon B oundary 
Conditions for Transport. Am ong m any interesting papers an  account of nerve cell contractile
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proteins by D. J . Goldberg is found. Section 3 appears to be more heterogenous in  scope as i t  
m ay also be judged from  its  title : General C haracterization of Axoplasmic T ransport M aterials 
and Properties. The reader m ay find papers on isolation, subcellular distribution and  n a tu re  of 
transported  proteins, peptides, organelles, on tran spo rt in  different organs and species, etc. 
The paper by  the group of B. Droz, one of the pioneers in axoplasm ic transport research, exposes 
some new aspects of phospholipid transport and the contribution  of glial elements. Section 4 is 
devoted to T ransport Mechanism Prerequisites w ith an in teresting  contribution of th e  K reu tz- 
berg-group on neuroplasmic actin, while Section 5 comprises cu rren t theoretical m odels for 
axonal transport. I t  is difficult to  assess a t p resen t the value of the hypotheses presented  b u t i t  
is good to  see how people speculate today abou t possible mechanism s, something w hat th e y  can­
no t freely afford when w riting research com m unications to Journals. Section 6 is useful from  
the methodological point of view as i t  considers Experim ental Techniques to S tudy Axoplasm ic 
Transport.

E ach paper is concluded by a comprehensive list of references. All papers are w ritten  in  
a clear and concise English, illustrations are of adequate num ber and quality. P rin tw ork  is 
excellent.

In  conclusion, the w ealth of up-to-date inform ation contained makes th is book m ost 
valuable for the expert investigator of axoplasmic tran spo rt e ither for general orientation  about 
current sta tus of the field or for quick reference.

F . H a jó s
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EFFECT OF THYROTROPIN (TSH) TREATMENT 
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The shock-inducing dose (1.0 mg/200 g i.v.) of bacterial endotoxin (E  coli 089) 
significantly decreased the serum  levels of T 4 and inhibited th e  T 4 increasing action  of 
thyro trop in  in  ra ts. I t  is suggested th a t  th e  changes observed were due to  th e  m em brane 
damaging effect of endotoxin.

Keywords: endotoxin, TSH , thyroxine production, endotoxin  shock

I t  is w ell-know n th a t  th y ro id  h o rm o n e  p ro duc tion  is co n tro lled  b y  th y r o ­
tro p in  (TSH ) syn th esized  in  th e  p i tu i ta ry  g land  w hich in  tu r n  is reg u la ted  b y  
th e  th y ro tro p in  releasing  ho rm one  (T R H ) p roduced  in  th e  h y p o th a la m u s  a n d  
o th e r areas of th e  b ra in . F o r th e  T S H  ac tio n  specific m em b ran e  recep to rs a re  
n eeded  w hich are  know n to  develop  in  r a ts  a f te r  b ir th  d u rin g  th e  m a tu ra tio n  
period  [8, 9].

I t  has long  been  know n th a t  th e  cell w all of G ram  n e g a tiv e  b a c te ria  ( E .  

c o l i ,  P r o t e u s  v u l g a r i s ,  etc.) c o n s ta n tly  p re se n t in  th e  in te s t in a l  flo ra  of h u m a n s  
an d  an im als co n ta in  a lip o p o ly sach arid -lik e  su b stance , th e  en d o to x in , w h ich  
u n d e r physio logical conditions is c leaved  to  non -tox ic  fra g m e n ts  u n d e r th e  
d e te rg e n t ac tio n  o f b ile. T he to x in  can  on ly  be absorbed  a n d  cause en te ro en d o - 
to x in aem ia  i f  no  bile  is p resen t fo r som e reason  [2, 3].

T h e  en d o to x in  is a b io log ically  h ig h ly  ac tiv e  m acrom olecu le . I ts  m em ­
b ra n e  d am ag ing , cap illa ry  p e rm e a b ility  increasing , p y rogen ic , e tc ., effects a re  
well know n [12]. T he m em brane  d am ag in g  effect is p ro b a b ly  due to  th e  f a c t  
th a t  th e  en d o to x in  m acrom olecule (lipopo lysacharide) b in d s  to  th e  lip id  b ila y e r  
o f th e  m em b ran e  an d  causes i ts  p e r tu rb a tio n  [13]. T h is is re f le c ted  b y  th e  e n ­
h an ced  release o f  lysosom al enzym es, th e  depression o f  th e  m ito ch o n d ria l oxi- 
genase system  an d  th e  a u g m e n ta tio n  o f  th e  b lood  lip o p ro te in  level [6].
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I n  view  of th ese  f a c ts  and  on th e  b as is  o f  d a ta  in  th e  l i te ra tu re  i t  ap p ears  
t h a t  in  endo tox in  sh o ck  th e  horm onal re c e p tio n  m igh t be d is tu rb e d . H ad jikos- 
to v a  e t  al. [11] have  d e m o n s tra te d  th a t  in  en d o to x in  shock  th e  p lasm a adreno- 
c o rtico tro p in  (ACTH) a n d  so m ato trop in  (S T H ) levels are in c reased  w hich tho se  
o f  T S H , p ro lac tin , tr iio d o th y ro n in e  (T3) a n d  th y ro x in e  (T 4) decreased . T h ey  a t ­
t r ib u te d  th e  changes to  th e  reduced b lood  flow  o f th e  b ra in . I t  is, how ever, p os­
sib le , t h a t  th e  re d u c tio n  o f  T S H , T 3 an d  o f  T 4 is due to  th e  d am ag e  o f th e  specific  
h o rm o n e  recep to rs in  th e  m em brane o f  co rrespond ing  cells. I t  was there fo re  
in te re s tin g  to  s tu d y  h o w  th e  th y ro id  re sp o n se  to  T S H  is a lte re d  in  a d u lt ra ts  
d u rin g  endo tox in  sh o ck .

M aterials and  m ethods

CFY albino rats of b o th  sexes weighing 180-220 g were used. The endotoxin was produced 
from  E . coli 089 ferm entor cu ltu re  by the w arm  phenol-water m ethod of W estphal et al [16]. 
T hyro trop in  (Ambinon, Organon-Oss) was given a t  a dose of 3 IU /anim al four hours after endo­
tox in  trea tm en t (1 m g/anim al i.v.) a t the tim e w hen the endotoxin shock had developed. One 
hour la te r the animals w ere bled and the serum  T 4 level was estim ated using 125I-T4 R IA  k it 
(produced by the Isotope In s titu te  o f theH ungarian  Academy of Sciences). D ata  were analysed 
for statistical significance b y  S tudent’s t test.

Results and  discussion

G roups and  re s u lts  a re  shown in  T a b le  I .  E n d o to x in  shock  w ith  its  ch a rac ­
te r is t ic  sym ptom s (d ia rrh o e a , h y p e rv e n tila tio n , ta c h y c a rd ia , ady n am ia , etc .) 
w as observed  in  th e  an im a ls .

A fte r T S H  a d m in is tra tio n  th e  p la sm a  T 4 co n cen tra tio n  w as considerab ly  
in c rea sed  (13.5 +; 1 .06  pg/dl) as co m p ared  to  th e  co n tro l v a lu e  (9.24 +; 1-32 
pg /d l). In  response to  th e  endotoxin , th e  p la sm a  T 4 level d ecreased  ap p rec iab ly

Table I

Effect o f  endotoxin on T4 production o f the thyroid gland

G roup № Treatment No. o f ra ts T 4 jUg/dl

l — 13 9.24+1.32

2 3.1.U. of TSH  i.p. Animals were bled 1 h later 10 13.54+1.06

3 Endotoxin 1 mg/anim al i.v. Animals were bled 
4 h la te r 20 5.6 +  0.84

4 Endotoxin 1 mg/anim al i.v. 4 h later 3.I.U . of 
TSH i.p. A nim als were bled 1 h later 20 5.58+0.98

Values of Group 3 were not significant as compared to those in  Group 4 
Significance (Groups 1 vs 2, 1 vs 3, 1 vs 4, 2 vs 3, 2 vs 4) P  <  0.01
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(5.6 i  0.84 jUg/dl) and the fall was not com pensated by TSH  (5.58 ^  0.98  
,ug/dl). This appears to indicate th a t in response to  the shock-inducing dose of 
endotoxin the T 4 production o f the follicular cells o f the thyroid was p o ten tly  
suppressed.

We suppose th at the endotoxin  m acrom olecule causes membrane dam age 
which results in an apparent reduction of T SH  receptor sites or reduces the  
binding a ffin ity . One cannot rule out the possib ility  th at the cerebral blood flow  
reduced by the endotoxin treatm ent m ay have appreciably contributed to  the  
alterations o f horm one concentrations as suggested  by Bryan and Em erson  
[7, 14]. N evertheless, the increm ent in the concentrations of some horm ones 
(such as ACTH, STH) and the decreases of others (TSH , T 3) appear to contradict 
th is view . It is also possible th a t owing to the m etabolic disturbances in endo­
tox in  shock th e  peripheral utilization  of T 4 w as enhanced. This, how ever, does 
not seem probable since the T 4 concentration w as not elevated or even  m ain­
tained  after T SH  adm inistration. In the know ledge o f the general mem brane 
dam aging effect o f endotoxins [5, 13], and their interactions w ith  other hor­
m one receptors [1, 15] our assum ption appears to  be more acceptable. Further  
studies are o f  course required to  settle the problem . I t  is expected  th a t our 
recent exam inations w ith irradiated (radio-detoxified) endotoxin —  w hich has 
practically no m em brane dam aging effect [4] —  will furnish further data in  
support of our v iew .
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EFFECT OF AUTONOMIC BLOCKING AGENTS 
ON LOCAL CEREBRAL BLOOD FLOW IN THE RAT
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The local effect of autonom ic blocking agents on the resting cerebral blood flow 
of anaesthetized ra ts  was investigated  in  78 anatom ical structures. The existence of an 
a-adrenergic vascular tone was indicated by th e  average flow increase of 28 ±  3% 
and 17 ±  3% after the adm inistration  of the а -receptor blocking agents phenoxy- 
benzamine (5 mg/kg i.p.) and phentolam ine (1 mg/kg i.v.), respectively. The injection of 
atropine (1 mg/kg i.v.) increased th e  average blood flow by 19 ±  2% , whereas th e  overall 
effect of the ^-blocking agent propranolol (1 mg/kg i.v.) was statistically  no t significant. 
The m agnitude of local blood flow changes in specific cerebral areas exhibited  consider­
able variation in all experim ental groups. The comparison of individual and  overall flow 
changes suggests th a t  some of th e  discrepancies am ong different investigations could 
have resulted from  the in traindividual heterogeneity of evoked flow changes.

Keywords: cerebral blood flow, phenoxybenzam ine, phentolam ine, propranolol, 
atropine

In spite of a great number o f studies dealing w ith  the neurogenic regula­
tion  o f the cerebral circulation there is still no un ified  attitude regarding the  
im portance of the observed phenom ena under physiological conditions. One 
factor responsible for the conflicting results m ight have been the heterogeneous 
reactiv ity  o f different cerebral areas to  neural and neurohum oral stim uli. H ow ­
ever, no system atic investigations concerning the nature and ex ten t o f this 
heterogeneity have been carried out although th e  recent perfection o f auto­
radiographic techniques em ploying diffusible indicators has m ade it possible 
to  study haem odynam ic changes in  practically any part o f the brain.

The histological evidence for differences in th e  innervation density  of 
cerebral areas constitutes the basic hypothesis for th e  explanation  o f regional 
heterogeneity. U nfortunately, th e  stim ulation o f th e  corresponding receptors 
b y  neurotransm itters or their agonists is very d ifficu lt since m ost o f them  can 
pass the blood-brain barrier on ly  to  a lim ited ex ten t. W hile the opening o f the  
blood-brain barrier w ith  hyperosm otic solutions can increase the passage of 
neurohum oral substances accross the barrier, it  probably also im poses another
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source o f  inhom ogeneity and m ight itse lf alter the normal m etabolic/haem o- 
dynam ic pattern of the brain.

On the other hand, som e adrenergic and cholinergic antagonists are able 
to reach  the cerebral tissu e  from the circulation in substantial am ounts. This 
enables th e  determ ination, w ithout major disturbance o f the physiological con­
dition , o f  the associated vascular tone in the brain, whose ex istence is still 
controversial. Since the vascular tone depends on the activation  o f  the corre­
sponding receptors, it is likely  to  exhibit the sam e regional distribution as the 
receptors them selves. In  order to gain quantitative inform ation about the basic 
h eterogeneity  of neurohum oral effects in  the brain, we investigated  the effect 
of d ifferent autonomic b locking agents on the local cerebral circulation of the 
rat in  78 anatom ical structures.

M aterials and methods

Preparation o f experimental animals

The experiments were carried ou t on male W istar ra ts  anaesthetized w ith  50 mg/kg 
pen tobarb ita l sodium (N em butal, A bbott Laboratories) i.p. B o th  femoral arteries and both 
fem oral veins were cannulated w ith  polyethylene catheters (PE-50) for the continuous record­
ing of a rte ria l blood pressure, w ithdraw al of blood samples and infusion of different substances. 
The electroencephalogram (E E G ) was recorded from tw o brass screws inserted  biparietally 
into th e  skull.

A fter tracheotom y th e  anim als were connected to a rodent ventilator (H arvard  A ppara­
tus) delivering 30% oxygen and  70% nitrogen. Im m obilization was accom plished w ith 30 
mg/kg gallamine triethiodide (Flaxedil, Special i.v. The frequency of ventilation  was adjusted 
continually , in order to  m ain ta in  the arterial C 0 2 tension (P C 0 2) between 35 and  40 mmHg. 
The CO 2 content of the expired air was m onitored w ith an infrared analyzer (Beckm an In s tru ­
m ents), blood gases and pH  were checked ju s t before the determ ination of cerebral blood flow 
w ith  a microanalyzer (R adiom eter). W ith  the aid of a tem peratu re  controller (Yellow Springs 
In s tru m en t Co), the rectal tem peratu re  of the animals was prevented  from dropping below 
37 °C.

Experim ental groups

T he cerebral blood flow in different areas of the brain  was determ ined in the following 
experim ental groups:
(a) contro l,
(b) 5 m g/kg phenoxybenzam ine (Dibenzyline, Sm ith Kline and  French),
(c) 1 m g/kg phentolamine (R egitine, CIBA-GEIGY),
(d) 1 m g/kg  propranolol (Inderal, A yerst Laboratories),
(e) 1 m g/kg atropine (A tropine sulphate, EGYT).

T he irreversible a-adrenergic antagonist phenoxybenzam ine was adm inistered intraperi- 
toneally  24 hours before th e  experim ent, in order to prevent the systemic hypotension charac­
teristic  of the acute use of th is drug. The effectiveness of the a-adrenergic blockade was dem­
on stra ted  by the v irtual absence of the pressor response to  the intravenous infusion of 20 
,(ig/(kg • m in) norepinephrine in  earlier studies [56]. All o ther agents were given in  a slow- 
in travenous infusion th a t las ted  for 5 m inutes, and the blood flow m easurem ents were carried 
ou t 15 m inutes later. The completeness of cholinergic blockade established by 1 m g/kg atropine 
w as corroborated in each experim ent by the lack of system ic blood pressure response to 0.1 
iUg/kg acetylcholine. The doses of phentolam ine and propranolol were chosen in  accordance 
w ith  th e  da ta  of other investigators [17].
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Determination o f local cerebral blood flow

The blood flow in different areas of the ra t brain was measured w ith the chemically 
in e rt diffusible tracer iodoantipyrine (4-[N -m ethyl-l4C]-iodoantipyrine, New England Nuclear). 
A t the tim e of the flow m easurem ent approxim ately 100 ,uCi/kg of the tracer, dissolved in  1 ml 
physiological saline, was infused into th e  fem oral vein over a 1-m inute period. The am ount of 
indicator accum ulated in any given site of the tissue during trace r infusion can be calculated 
according to  the equation [47]

T

C(T) =  Л • К  f  {Ca (t) ■ exp[—K(T -  t)]} dt 
Ô

where C(T) is the concentration of tracer in  a given anatom ical structure  at tim e T , Ca(t) is the 
tim e course of the arteria l tracer concentration, and Я is the b ra in  : blood partition  coefficient, 
w hich was shown to be 0.8 for iodoantipyrine [50]. For a trace r th a t  is not diffusion lim ited, 
the factor К  is defined as the blood flow (F ) per unit mass o f tissue (W) divided by  Я, th a t is,

К  =  F /(W  • Я) =  1CBF/A

where 1CBF is the local cerebral blood flow, usually given in  ml/(min • g).
A t the 60th second of the iodoantipyrine infusion th e  anim al was decapitated  in order 

to  instantaneously cu t off the blood supply  to the cerebral struc tu res. The brain was rem oved 
from  the skull in approxim ately 2 m inutes and  frozen in liquid Freon 12. Until sectioning, w hich 
was done w ithin 48 hours, the specimen was stored in an a ir tig h t plastic bag on dry  ice.

For the reconstruction of the arteria l iodoantipyrine concentration  during th e  infusion, 
20 /n\ samples were collected from the fem oral artery  approxim ately  every 3 seconds. Since the 
to ta l length of the catheter used for sam pling was less than  30 m m , the effect of ca the te r sm ear­
ing was considered to  be negligible. B lood coagulation was prevented  by 1000 IU /kg  heparin 
(Panheprin, A bbott Laboratories) adm inistered intravenously ju s t prior to sam pling. After 
th e  infusion the samples were transferred  to  chrom atography paper. W hen dry , th e  blood 
spots were cut ou t and  placed in  scintillation vials containing 1 ml of distilled w ater and  10 ml 
of a dioxane-based scintillator (B ray’s solution, New England Nuclear). The determ ination  of 
the 14C-concentration was performed in  a liquid scintillation counter (Packard Ins trum en t 
Co), using external standard  counting for quench correction.

The frozen brain  was cut frontally  in to  20 ^m sections w ith  a microtome (A m erican O pti­
cal Corp) a t —18 °C. Every  15th section was picked up w ith a cover glass and dried on a hot 
p late  a t 60 °C. The brain  slices and a set of carbon-14 standards for autoradiography (Poly- 
[14C]-methyl m ethacrylate, Amersham) were placed on X -ray  film  (SB-5, E astm an  K odak 
Co) for 10 days. The plastic radiation sources had been previously calibrated for b rain  tissue of 
20 /hin thickness, so th a t  differences in absorptance could be tak en  into account.

The optical density  of the autoradiographs was m easured w ith a m icrodensitom eter 
(Gamm a Scientific) connected to a PD P-11 computer (D igital Equipm ent Corp). From  the 
arteria l iodoantipyrine concentrations and  the 14C-concentration vs. optical density  curve, 
w hich was determ ined individually for each film , the com puter program  calculated th e  local 
blood flow value corresponding to the film  darkness in a specific point of the autoradiograph. 
The area of analysis had  a diam eter of 200 ^m . Smaller struc tu res were scanned m anually , 
larger structures, like the cortical areas, were represented by m easurem ents a t approxim ately 
the same site in each experim ent. Sym m etrical structures were analysed at random  on either 
side. The blood flow of each structure w as determined in a t least two different b ra in  slices of 
the same anim al, and the mean values were included into th e  final analysis. The anatom ical 
identification of the cerebral structures was made w ith the aid of a stereotaxic a tlas of the ra t 
brain [26].

Statistical evaluation o f data

One-way analysis of variance was performed on the general physiological variables 
listed in Table I. In  order to test the significance of differences in average blood flow and  vas­
cular resistance, the m ean values of individual cerebral structures were arranged according to 
th e  anatom ical localization and the tw o-w ay analysis of variance was applied (Table II) . W hen 
th e  analysis of variance indicated significant differences, m ultiple comparisons betw een con­
tro l and each experim ental group were carried out with modified t-statistic. The critical values 
were calculated by the method of Bonferroni [57].
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Table I

General physiological variables, cerebral blood flow and vascular resistance after the administration
o f  autonomic blocking agents“

Control 5 mg/kg PBZ 1 mg/kg PHA 1 mg/kg PPL 1 mg/kg ATR

N um ber of experi­
m ents 11 8 8 13 10

A rterial C 0 2 ten­
sion, m m  Hg 35.9-1-0.7 36.4+0.7 37 .3+ 0.4 37.6+0.4 37.1+0.5

A rterial 0 2 tension, 
m m  H g 112+5 111 +  4 92+ 6* 114+5 104+4

A rterial pH 7.45 +  0.01 7.41+0.01 7.39+0.01*** 7.42+0.01 7.40+0.01**

Mean arteria l blood 
pressure, mm Hg 114+7 120 +  4 103+ 4 113+3 129+4

C B F \ m l/(m in • g) 0.82+0.03 1.07 +  0.06*** 0.93 +  0.03** 0.83 +  0.04 0.97+0.04***

CVR°, m m  Hg • 
m in • g/m l 1.66+0.06 1.44+0.05*** 1.35+0.04*** 1.75+0.07 1.85+0.07***

‘ All values reported are m ean +  SEM
(PB Z: phenoxybenzamine, PH A : phentolamine, P P L : propranolol, ATR: atropine 
*, **, ***: Significantly different from control w ith P  <  0.05, P  <  0.01, or P  <  0.001) 
b Average cerebral blood flow (see tex t) 
c Average cerebral vascular resistance (see text)

Table П

Two-way analysis o f variance o f  blood flow  data classified according to treatments and cerebral
structures

Degree of 
freedom Sum of squares Mean

square F

Treatments 4 32575 8143 24.38***
Structures 77 428961 5570 16.68***
Residuals 308 102919 334

Total 389 564455

*** Significant a t P  <  0.001 level

M ultiple comparison o f treatments

(-statistic Critical value

Control vs. phenoxybenzam ine 8.40 3.74 (P <  0.001)
Control vs. phentolam ine 3.61 3.04 (P <  0.01)
Control vs. propranolol 0.23 2.51 (NS)
Control vs. atropine 4.84 3.74 (P <  0.001)
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Since the local blood flow data  did not always follow' the norm al distribution, sta tistical 
significances presented in Table I I I  w'ere calculated by distribution-free multiple comparisons 
based on Kruskal-W allis rank  rum s w ith large sample approxim ation according to D unn [23].

Results

Table I sum m arizes the main physiological param eters measured ju st  
before the determ ination o f cerebral blood flotv. S ign ificant differences as com ­
pared to  control existed  only w ith  regard to  the partial pressure o f oxygen  in  
th e  arterial blood after phentolam ine, and w ith regard to  th e  arterial pH  in both  
the phentolam ine and the atropine treated  groups. T he absolute differences 
were, however, small and unlikely to  have influenced the blood flow  values 
substantially . Based on qualitative analysis, the applied agents had no effect 
on the EEG  of the experim ental anim als.

The local cerebral blood flow  (1CBF) was determ ined in  several anatom ­
ical structures th at could be identified  on the basis o f  th e  autoradiographs. 
E ventually , 78 different areas were included into the analysis.

For the quantitative characterization o f the cerebral blood supply the  
average blood flow  o f each experim ental group was calcu lated  by the form ula

w ith

CBF =  y iC B F ,. 78

1 C B F : ^ i C B F . j l / n

w'here lCBFj j is the local cerebral blood flow  of structure i in the experim ent 
j from a to ta l o f n experim ents that com pose the series in  question. The average  
vascular resistance w'as calculated analogously for each experim ental group  
after the flow  values had been converted to  resistances according to the form ula

1CVR; j =  MABPj/ICBFj j

where MABPj equals the mean arterial blood pressure in th e  experim ent j at 
the tim e o f the blood flow  m easurem ent. These values are also contained in  
Table I.

Phenoxybenzam ine, phentolam ine and atropine all increased the average 
blood flow  significantly. The increase am ounted to  28 ^  3% , 17 i  3% and  
19 i  2% , respectively. The а-blocking agents decreased th e  calculated vascular  
resistances b y  an average of 13 ^  2% and 16 ^  2% , w hile atropine increas­
ed them  b y  13 i  2% . The /1-blocking agent propranolol had no significant ef­
fect on these param eters. The details o f  the statistical analysis are shown in  
Table II.
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Table III

Local blood flow  o f  cerebral areas affected significantly by autonomic blocking agents'
s

Control 5 mg/kg phenoxybenzamine 1 mg/kg phentolamine 1 mg/kg propranolol 1 mg/kg atropine

Commissura anterior 0.64±0.06 (11) 0.57±0.04 (7) 0.84±0.10 (8) 0.49±0.04 (11) 0.79±0.12 (10)

Cingulum 0.44±0.04 (11) 0.59±0.06 (8) 1.02±0.15 (8)*** 0.78±0.07 (11)** 0.84±0.04 (8)***

Genu corporis callosi 0.43±0.03 (11) 0.57±0.06 (8) 0.52±0.07 (8) 0.33±0.03 (11) 0.43±0.04 (10)

Truncus corporis callosi 0.49±0.05 (11) 0.49±0.04 (8) 0.53±0.06 (8) 0.35±0.03 (11) 0.57±0.08 (10)

Globus pallidus 0.73±0.06 (11) 1.18±0.18 (8)* 1.22±0.15 (8)** 0.87±0.08 (12) 1.17±0.12 (10)**

Capsula interna 0.43±0.04 (11) 0.60±0.07 (8)* 0.54±0.07 (8) 0.38±0.02 (12) 0.57±0.05 (9)*

Stria medullaris thalaini 0.77±0.06 (10) 0.65±0.07 (8) 1.03±0.13 (8) 0.60±0.04 (13) 0.71±0.07 (9)
Tractus opticus 0.63±0.03 (9) 0.55±0.03 (8) 0.62±0.05 (8) 0.48±0.04 (12)* 0.72±0.06 (9)
Colliculus superior 1.06 ± 0 .09  (11) 2.48±0.49 (8)** 1.63±0.16 (8)* 1.02±0.12 (12) 1.25±0.16 (10)

Pedunculus cerebellaris med. 0.87±0.11 (11) 1.26±0.19 (8) 0.77±0.13 (8) 0.57±0.05 (11) 1.09±0.19 (8)
Substantia alba cerebelli 0.41 ± 0 .03  (9) 0.62±0.07 (8)* 0.63±0.08 (8)* 0.46±0.04 (13) 0.48±0.07 (10)

Tractus corticospinalis 0.46±0.03 (11) 0.65±0.06 (8)* 0.59±0.04 (8) 0.49±0.05 (13) 0.46±0.06 (9)
Nucleus olivaris superior 2.09±0.34 (11) 3.37±0.18 (7)* 1.49±0.15 (7) 1.95±0.26 (13) 1.87±0.39 (10)
Flocculus 0.90±0.07 (9) 0.95±0.09 (8) 1.00±0.11 (8) 0.62±0.05 (9) 0.80±0.11 (9)
Pedunculus cerebellaris sup. 1.77±0.27 (11) 2.41 ± 0 .26 (8) 0.97±0.12 (7) 1.65±0.21 (13) 1.65±0.33 (9)
Pedunculus cerebellaris inf. 1.47±0.13 (10) 2.83±0.26 (8)* 1.02±0.15 (7) 1.37±0.14 (10) 1.82±0.36 (10)

Tractus spinocerebellaris vent. 0 .73±0.05 (11) 0.80±0.06 (8) 0.68±0.12 (8) 0.49±0.05 (12)* 0.52±0.06 (8)
Nucleus principalis vestibul. 1.41 ± 0 .13  (11) 2.24±0.16 (8)* 1.38±0.19 (7) 1.85±0.32 (11) 1.67±0.34 (8)
T ractus solitarius 0.73±0.07 (10) 1.03±0.06 (7)* 0.82±0.12 (8) 0.64±0.05 (10) 0.89±0.13 (10)

• All values reported are mean +  SEM in ml/(min • g)
Figures in parentheses represent the num ber of experiments in which the blood flow of the particular structure was determined 
(*, **, ***: Significantly different from control w ith P  <  0.05, P  <  0.01, or P  <  0.001 after multiple comparisons)
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The average flow  and resistance values as given in Table I do not reflect 
the d iversity o f individual responses adequately since opposing effects in dif­
ferent structures can effectively cancel each other w ithout changing the mean.

S' 0.2E
c  a*
=> 0.1 cr(L

0.2 1

c r  0.1 -
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г-т-гГ
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И02; 31

1(Xb 200
1mg/kg atropine 
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ICBF, percent of control

Fig. 1. H istogram  of m ean local cerebral blood flow (ICBF) values measured in  78 structures 
of the ra t brain after th e  adm inistration of different blocking agents. Values in  parentheses 
stand  for the average flow in percent of control. Statistical significance was calculated by the 
modified t- te s t according to  Bonferroni a fter two-way analysis of variance (** P  <  0.01,

*** P  <  0.001)

Figure 1 shows th e  actual variab ility  o f  the evoked changes b y  displaying the  
frequency histogram  o f percent flo w  changes in each experim ental group. 
The relative data for the histogram s were calculated b y  the equation

1C B F%  =  100 • ICBFj/ICBF;,.

where lC B F ic is the m ean flow  o f structure i in the control group. The percent 
changes in local vascular resistances are presented in  the same w ay in F ig. 2.

The histogram s clearly dem onstrate that there is a large scatter o f re­
sponses behind th e  m ean values. The observed changes in local blood flow  
ranged from — 14%  (stria m edullaris thalam i) to -[-133%  (colliculus superior) 
after phenoxybenzam ine, from — 44%  (pedunculus cerebellaris superior) to

Acta Physiologica Hungarica 62, 1983



198 L . S ZA B Ó  e t  a l.

+  134%  (cingulum) after phentolam ine, from — 34%  (pedunculus cerebellaris 
m édius) to  + 1 5 3 %  (chiasm a optici) after propranolol, and from — 27%  (tractus 
spinocerebellaris) to  + 9 3 %  (cingulum ). H ow ever, structure b y  structure com-
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u 0.2
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(106 * 2]

100 200 
ICVR, p e rc en t of control

Fig.’2. E ffect of different blocking agents on calculated cerebrovascular resistance (ICVR) of 
78 anatom ical structures. Values in parentheses represent the mean resistance expressed in 
percen t of control. S tatistical significance was determ ined as for the data  in Fig. 1 (*** P<0 .001)

parison o f the drug effects revealed sta tistica lly  significant differences only for 
th e  areas wdth the h ighest reactiv ity  to  the stim ulus in question. Table III  
presents the blood flow  data o f all in vestigated  areas where the null hypothesis  
of no treatm ent effects w as discarded. Since to ta l cerebral b lood flow  is deter­
m ined  largely b y  the b lood supp ly  o f the brain cortex, it  is w orth m entioning  
th a t under the described experim ental conditions no cerebrocortical region was 
in fluenced  significantly b y  any o f the drugs investigated .

Discussion

The m orphological evidence for the adrenergic and cholinergic innervation  
o f cerebral arteries has been known for several years [43], how ever, the discus­
sion concerning the physiological im portance o f these findings is far from being
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settled  [20, 27, 45]. The conflicting results regarding certain aspects o f  neuro­
genic regulation m ake it very d ifficult to  synthetize the findings, thus reviewers 
are som etim es constrained to  th e  listing of contradictory data [12, 29]. The 
thorough analysis o f  quantitative cerebral blood flow  data in the literature [31] 
suggests that neither the m ethodological differences nor the varying experi­
m ental conditions can account for all the deviations observed even in baseline 
m easurem ents. The situation becom es even more com plicated if  the effects of 
different physiological stim uli are investigated  since the reactiv ity  o f the cere­
bral circulation to  m any interventions depends also on the site o f the actual 
m easurem ent [4, 52].

Most studies in which m easurem ents are m ade in m ultiple areas deal w ith  
cerebral structures th a t are either easily  accessible or thought to  be im portant 
for physiological phenom ena. Our experim ents were aim ed at the evaluation  o f  
flow  changes in  as m any as possible areas on the basis o f autoradiographs, while  
no effort was undertaken to w eigh the individual structures according to  their 
actual size. For th is reason the average flow  and resistance values as referred 
to  in  this paper are to  be used for comparison o f the individual experim ental 
groups only and should not be considered as physiological param eters. On the  
other hand, the average of per cent changes is a good estim ate o f  the relative  
strength o f the applied stim uli.

Cerebrovascular receptor blockade was chosen as the stim ulus since it  can 
be carried out w ithout major surgery or interference w ith other factors known  
to  affect the cerebral circulation. The need for sim ultaneous flow  m easurem ents 
in  different areas w ith  high spatial resolution made the application o f a d iffus­
ible tracer technique com bined w ith  autoradiography obvious.

B lo c k a d e  o f  a - r e c e p to r s

The possible existence o f an a-adrenergic vascular tone was investigated  
b y  the adm inistration of two different blocking agents. Phenoxybenzam ine and  
phentolam ine are w idely used a-blockers that inhibit norepinephrine induced  
blood flow changes both in v ivo and in vitro [13, 17, 28]. The effect of p h en oxy­
benzam ine lasts over several days whereas phentolam ine is dissociated from  
the receptors in m uch shorter tim e. Phenoxybenzam ine passes the blood-brain  
barrier easily [37], and if  it  is adm inistered as a pretreatm ent 24 hours before 
the experim ent, its acute blood pressure reducing effect can be elim inated. E ven  
though phentolam ine has been em ployed m  m any intravascular applications, 
its passage accross the blood-brain interface m ay be lim ited [2].

Phenoxybenzam ine was reported to  increase [24, 39] or to  decrease [10] 
the cerebral blood supply, or to  have no effect [19, 48]. The adm inistration o f  
phentolam ine increased the resting cerebral blood flow  in some studies [1, 11, 
34, 46] and had no significant effect in others [8. 28, 32, 53]. All experim ents 
were performed in species other th an  rat.

2 Acta Physiologica Hungarica 62, 1983



2 0 0 L . SZ A B Ó  e t  a l.

The average 1C BF increase in our studies lies in the range o f  the above 
m entioned investigations. Since both agents block the a-receptors com peti­
tiv e ly , th e  quantitative difference betw een their effect is probably related to  
the com pleteness o f th e  blockade.

The tight coupling betw een cerebral blood flow  and m etabolism  [54] raises 
the possib ility  that th e  observed changes are not m ediated b y  vascular recep­
tors, b u t reflect increased m etabolism . Savaki et al. [51] investigated  the 
effect o f  phenoxybenzaniine and phentolam ine on local cerebral glucose utiliza­
tion . T hey found reduced m etabolism  in m ost structures, how ever, these 
changes might have b een  the consequence o f the reportedly very low  arterial 
pressure, decreased b o d y  tem perature, and reduced arterial P C 0 2, which were 
w ell controlled in our experim ents. In  som e areas increased glucose consum p­
tion  w as observed, b u t only after the adm inistration o f rather high doses (21 
and 42 m g/kg phenoxybenzam ine, 0.5 X  85 and 0.85 X  85 m g/kg phentolam ine). 
Since we used much low er doses in our studies, the flow  increase was probably 
not caused by an underlying increase in m etabolism .

Blockade of ß-receptors

Propranolol is also able to penetrate from blood into the parenchym a [42], 
but th e  speed of passage m ay be regionally different [33, 36]. Som e investiga­
tions found a decrease o f  cerebral blood flow  due to  propranolol [1, 3, 10, 42], 
others could not dem onstrate any effect [7, 11, 32, 35, 39, 41, 48, 55]. In rat 
stud ies, cerebral blood flow  did not change after intravenous propranolol adm in­
istration  [5, 6] except i f  it  concurrently reduced the oxygen consum ption of the 
brain [22]. In our stu d ies, neither the average blood flow  nor the vascular 
resistance differed sign ifican tly  from control. This is in good agreem ent w ith  
the find ing  that the cerebral vasculature o f rats is devoid of /3-receptors [38].

Effect of intravenous atropine injection

Experim ents w ith  parasym pathom im etic agents indicated  th at the m us­
carinic receptors o f th e  cerebrovascular w all m ediate vasodilatation  [18, 30, 44]. 
A ccordingly, the inh ib ition  of the cholinergic tone, i f  there is any, should result 
in vasoconstriction. T he flow  increase observed in  our experim ents is therefore 
probably not the resu lt o f muscarinic receptor blockade. In one study [30], 
unspecific dilatation o f  piai arteries was observed after perivascular application  
of relatively  high atropine concentrations, but the dose used in our experim ents 
seem s not to be excessive . It was also dem onstrated that higher acetylcholine  
concentrations can induce contraction in isolated  cerebral arteries and this ef­
fect could be blocked b y  atropine [43], but there is no evidence th a t comparable 
situation  m ay occur under in v ivo conditions. It is a possib ility  th a t the well
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docum ented axo-axonal relationship betw een the cholinergic and adrenergic 
system  [15, 40] is responsible for th e  observed phenom enon. H owever, since no 
previous study was able to  dem onstrate any change in  cerebral circulation after 
intravascularly applied atropine [9, 11, 21, 25, 32, 49 ], our observations con­
cerning th is drug require further investigation .

The cerebral effect o f atropine in  our experim ents is more com plicated than  
sim ple receptor blockade since both  th e  average flow  and the average resistance  
were increased by th is drug even th ou gh  the increase in mean arterial blood  
pressure was found to  he not sign ificantly  different from control. This apparent 
contradiction is due to  the fact th at th e  flow  and resistance changes are based on 
m uch more values than the blood pressure data (78 versus 1 per experim ent) 
and th ey  are therefore not directly com parable. It m u st be em phasized in  th is  
con tex t th at the calculated vascular resistances represent only a rough estim ate  
since the arterial pressure cannot properly reflect the cerebral perfusion pressure 
at the local level.

Reactivity of the circulation to neurohumoral stimuli
As it is evident from the h istogram s in Figs 1 and 2, the variation  of  

responses to  all investigated  agents is very large. E v en  if  the outliers are not 
considered, the range o f  evoked changes extends to approxim ately ^ 4 0 %  from  
the m ean. It is likely th at there is m ore than  one factor th a t contributes to  th is  
heterogeneity , but it  is difficult to  estim ate their individual participation  in  
producing the observed variability.

The basic question concerns th e  accuracy and reproducibility of th e  m eth ­
od em ployed for the determ ination o f local blood flow . According to  th e  ex ten ­
sive com parison o f quantitative tracer techniques [31], the tissue saturation  
m ethod falls into the group of techniques w ith  the h ighest accuracy. On the  
other hand, the sen sitiv ity  o f the m ethod to  detect changes m ust be below  aver­
age since only one m easurem ent is possib le in each experim ental anim al. A part 
from th e d ifficu lty  o f identifying th e  sam e anatom ical structure on different 
autoradiographs, anim al to  animal variations cannot be elim inated, and i t  is 
difficu lt to  statistica lly  substantiate sm all flow  changes. Our results clearly  
reflect th is problem since the h ighly sign ificant changes over all in vestigated  
cerebral structures (Table II) could n o t be dem onstrated in m any ind iv id u al 
areas com pared w ith  tests  for independent samples (Table III). Similar experi­
ence w as reported concerning the effect o f intravenous carbacholine infusion  
m easured w ith the 34C-ethanol technique [44]. The authors found th a t the  
average flow  increase o f  16% in different areas o f the cerebral cortex was s ign ifi­
cant according to  the paired t-test, b u t the increase in th e  respective brain areas 
was sta tistica lly  m eaningless.

It m ust be noted th at the above m entioned interin  dividual variab ility  
w as sign ificantly sm aller in our control experim ents than  in any other group.
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T his strongly suggests th a t the effect o f neurohum oral stim uli depends on fac­
tors th a t are not controlled under the usual experim ental conditions.

The regional heterogeneity  of the cerebral circulation as a physiological 
fact is well known. I t  has also been established th a t its reactiv ity  varies from  
structure to structure. Our studies dem onstrate th a t the differences can be both  
q u alita tive  and q u an tita tive . O bviously, i f  th e  effect is strong enough, only the  
q u an tita tive  differences w ill remain. In the case o f  neurohum oral studies, the  
inhom ogeneities o f  barrier perm eability (cf. [16]), innervation density  [14] or 
receptor distribution could all account for som e variance. H ow ever, the fact 
th a t th e  same stim ulus can elicit opposing effects in different regions o f  the  
brain indicates a m uch more com plex situation .

In  conclusion, our data suggest th at som e o f the contradictory findings 
concerning the neural regulation of the cerebral circulation m ight have been the  
resu lt o f regional differences whose m echanism  needs further investigation .
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Som atostatin  adm inistered intracerebroventricularly  inhibited the ex tinction  
of active avoidance behaviour. The dopam ine receptor blocking agent haloperidol, the 
оц-receptor blocker phenoxybenzam ine and the muscarinic anticholinergic agen t a tro ­
pine inhibited  the behavioural effect of the peptide. Furtherm ore, som atosta tin  in ­
creased th e  locom otor activ ity  of th e  anim als. Neither of these drugs influenced th e  effect 
of the peptide exerted on locom otor activ ity . The pep tide was ineffective on o ther 
param eters of the open-field te s t while phenoxybenzam ine decreased th e  defecation 
ra te  of the anim als and this effect was no t influenced by  som atostatin . The results sug­
gest th a t  the catecholam inergic and  the cholinergic system  play an im portan t role in  
the inhibition of extinction  produced by som atostatin  b u t these mechanisms do no t 
have a role in the locom otor ac tiv ity  induced by the peptide.

Keywords: linear som atostatin , active avoidance behaviour, haloperidol, phenoxy­
benzam ine, atropine, locomotor activ ity .

The presence o f  the growth horm one release-inhibiting factorsom atostatin  
in hypothalam ic tissue was first observed by Krulich et al. [15] and a substance  
w hich suppresses growth hormone release was iso lated  b y  Brazeu et al. [4]. 
The distribution o f th is peptide in th e  central nervous system  is well docum ent­
ed [6, 10] b u t the function  of som atostatin  in the organization of behaviour is 
less known [3, 19, 20].

Som atostatin  is able to influence the locom otor a ctiv ity  (20, 26), the pen­
tobarbital sleeping tim e and the strychnine induced convulsion [5, 7] while it 
induces scratching behaviour [11] and m odifies self-stim ulation behaviour [25].

Furtherm ore, som atostatin  inh ib ited  the extin ction  of active avoidance  
behaviour and increased the open-field  activ ity  in a dose related fashion [26]. 
The central dopam inergic, noradrenergic and cholinergic system s are know n to  
play an im portant role in the organization o f m em ory [9, 12, 14, 17] and m otor 
behaviour [16].
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H-6701 Szeged, Semmelweis u. 1, H ungary
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In  the present stu d y  the role o f the dopam inergic, noradrenergic and  
cholinergic system s w as investigated  in the effect o f som atostatin  on the extin c­
tion  o f  active avoidance behaviour and open-field  activ ity  caused b y  the drugs 
haloperidol, a rela tively  specific dopam ine receptor blocker [1], th e  otj-receptor 
blocker phenoxybenzam ine, [2] and the m uscarinic anticholinergic agent, atro­
pine [23] in the rat.

Methods

A nim als

The experiments were performed on male CFY ra ts  weighing 150-170 g. The anim als 
were k e p t a t constant tem pera tu re  in artificial light, w ith  12 h light (started  a t  6 a.m.) and 12 h 
dark  periods. A standard  d iet and w ater were given ad libitum .

Surgery

The animals were anaesthetized w ith pentobarbital-N a (N em butal 35 mg/kg intraperi- 
toneally  i.p.) and a cannula was placed into the la teral cerebroventricle and  fixed to the skull 
w ith  den tal cement. The ra ts  were used after a recovery period of 7 days. Correct positioning 
of the  cannula was checked by dissection of the brain  [22, 24].

Behavioural methods

Active avoidance behaviour was investigated in  a platform  jum ping appara tu s described 
earlier [21, 22, 24, 26]. The ra ts  were trained to  avoid an  electric shock to th e  paw  by jum ping 
onto a platform  during 10 s of a conditional stim ulus, the light was a 45 V bulb. Lack of per­
form ance during this tim e was associated w ith an electric shock of 0.2 mA. 10 trials were given 
daily , in  a fixed in tertra il in terval of 55 s (range 50-60 s). On the fourth  day , extinction trials 
were ru n  and the unconditional stim ulus was no longer applied. Animals w hich produced a t 
least 8 conditional avoidance responses in 10 trials in  the first extinction session were used for 
fu r th e r experiments. These anim als were allocated to  different trea tm en t groups and treated  
im m ediately  after the session. In the first experim ent haloperidol (G. R ichter, Budapest) 
(20 /Wg/kg i.p.) or as a control saline was injected (Fig. 1, firs t arrow (l)) im m ediately after the 
ex tinc tion  session. This was followed 30 min la ter by the intracerebroventricular (i.e.v.) 
adm inis tra tion  of linear som atostatin  (Serono, Ita ly ) (1 p g/2 ^1) or saline (2 pX) (Fig. 1, second 
arrow (II)). In  the second experim ent the phenoxybenzam ine (Smith K line French, H erts) 
(2 m g/kg i.p.) or saline adm in istra tion  (Fig. 2, I) was followed by the i.e.v. adm inistration of 
som atosta tin  (Fig. 2, II) . In  the th ird  session atropine (EGYT, B udapest) was adm inistered 
(2 m g/kg i.p.) (Fig. 3, I) and  this was followed 30 min la te r by the adm inistration  of som ato­
s ta tin  (Fig. 3, II).

Exploratory activity

The exploratory ac tiv ity  of the animals was m easured by an open-field method. The 
anim als were placed in an open-field box w ith 36 squares measuring 10 X 10 cm each. The activ ­
ity  w as characterized by  th e  to ta l num ber of squares explored and the to ta l num ber of rearings 
and  groomings during th e  3 m in session. Som atostatin  1 pg in a volume of 2 p\ was injected 
i.e.v. and  the animals were tested  30 min later. In  th e  firs t experim ent haloperidol (Fig. 4), 
in  th e  second phenoxybenzam ine (Fig. 5) and in the th ird  atropine (Fig. 6) was adm inistered ip. 
in th e  sam e dose as in  the  active avoidance behaviour te s t 30 min before injecting the som ato­
sta tin .

Statistical analysis

Statistical evaluation  of the active avoidance da ta  was performed by th e  tes t of Kruskal- 
W allis and the U -test of M ann-W hitney. In  open-field activ ity  the analysis of variance was 
used.
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Results

Som atostatin  delayed the extinction  of the active avoidance behaviour  
6 h (p •< 0.05, M ann-W hitney; p <  0.01, K ruskal-W allis’ test) and 24 h 
(p <  0.05, M ann-W hitney; p <  0.05, K ruskal-W allis’ test) after treatm ent. 
Haloperidol had no effect on the extinction  but blocked the inhibitory effect o f  
the peptide (Fig. 1). Phenoxybenzam ine which itse lf  had no effect on the e x ­
tinction  of active avoidance behaviour also blocked the som atostatin  induced  
inhibition o f extinction  at 6 h (p < ' 0.05, M ann-W hitney; p <  0.01, K ruskal- 
W allis’ test) after the test (F ig. 2).

A tropine in  itse lf had no action on this behaviour, but at 6 h after trea t­
m ent it blocked significantly the som atostatin  induced effect (p <  0.05, Mann- 
W hitney; p <  0.05, K ruskal-W allis’ test) (Fig. 3).

Fig. 1. Effect of som atostatin  on extinction  of the active avoidance response of haloperidol
pre trea ted  rats. Д --------------Д  control, ▲----------▲ som atostatin  (1 /íg/2/Л icv.), О --------------- О
haloperidol (20 /rg/kg ip.), ф ------- @  haloperidol -f- som atostatin . The firs t arrow indicates
the adm inistration of haloperidol the second the adm inistration of som atostatin . N um bers 
in  brackets show the num ber of anim als used. Asterisk represents a significant difference

Fig. 2. Effect of som atostatin  on extinction  of active avoidance behaviour of phenoxybenzam ine 
pre trea ted  rats. Д --------------Д  control, ▲----------▲ som atostatin (1 /tg/2 /Л), □ ----------□  pheno­
xybenzam ine (2 mg/kg ip.), ■ --------- ■  phenoxybenzam ine -f- som atostatin . The first arrow
indicates the adm inistration of phenoxybenzam ine, the second arrow th e  adm inistration of 
som atostatin . Num bers in brackets show the num ber of anim als used. A sterisk represents a

significant difference
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Fig. 3. E ffect of som atostatin  on extinction of active avoidance behaviour of atropine p re trea t­
ed ra ts . Д --------- Д  control, ▲----------▲ som atostatin  (1 ,tig/2 fil), x--------- -x atropine (2 mg/kg
ip.), X—.— x  atropine +  som atosta tin .T he first arrow indicates the adm inistration  of atropine, 
th e  second the adm inistration of som atostatin. N um bers in  brackets show the num ber of ani­
mals used. Asterisk represents a significant difference

Ambulation Rearing Grooming Defecation
No

10

i f f
Ilii

Fig. 4. Effect of som atostatin  on open-field activ ity  of haloperidol p re treated  rats. □  control, 
17771 som atostatin  (1 /tg/2 ц\), Щ  haloperidol (20 ftg/kg ip.), @ haloperidol +  som atostatin, 
x =  p <  0.05 versus control (ANOVA). N um bers in brackets show the num ber of animals

used

Ambulation Rearing Grooming Defecation

Fig. 5. Effect of som atostatin  on open-field behaviour of phenoxybenzam ine pretreated  rats. 
□  control, 17771 som atostatin  (1 fig/2 /ti), [jJJJ phenoxybenzam ine (2 mg/kg ip.), 0 phenoxybenz­
am ine +  som atostatin, x  =  p <  0.05 versus control (ANOVA), xx =  p <  0.01 versus control 

(ANOVA). N um bers in brackets show the num ber of anim als used
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Ambulation Rearing Grooming Defecation

Fig. 6. Effect of som atostatin  on open-field behaviour of atropine pre trea ted  rats. □  control, 
I/// som atostatin  (1 /ig/2 /d), ']]]: atropine (2 mg/kg ip.), g  atropine +  som atostatin , x  =  p < 0 .0 5  

versus control (ANOVA). N um bers in brackets show the num ber of anim als used

In open-field behaviour som atostatin  increased the am bulation (F /3.28/ =  
=  3.12, p <  0.05) but haloperidol pretreatm ent sligh tly  but not sign ificantly  
attenuated  th is effect (Fig. 4). Som atostatin  also increased (F /3.28/ =  3.42, 
p <  0.05) the am bulation rate o f the rats but phenoxybenzam ine attenuated  
th is effect sligh tly  but not sign ificantly  and m arkedly decreased the defecation  
in som atostatin  treated anim als also (F/3.28/ =  4.62, p < 0  .01) (F ig. 5). Atropine  
was ineffective on the activation  o f am bulation induced b y  som atostatin  
(F /3.29/ =  3.35, p <  0.05). A fter treatm ent w ith  atropine the rate o f defecation  
decreased but the change w as not significant compared w ith  the controls
(Fig. 6).

Discussion

The role o f extrahypotlialam ic som atostatin  in the organization o f b e­
haviour is a controversial issue [3]. In the present study it inhibited  the ex tin c­
tion  of active avoidance behaviour.

The effect o f haloperidol on a conditional avoidance response was in ves­
tigated  by M onti and Ruiz [17]. Haloperidol effected in a dose-related m anner 
the avoidance behaviour, w hich suggested the im portance o f the dopam inergic 
system . Other theories [9, 14] postu late that the noradrenergic projection from  
the nucleus locus coeruleus to  the hippocam pus and cortex is fundam entally  
involved  in learning and in m em ory consolidation. Furtherm ore, in m ost studies  
scopolam ine and other cholinergic blocking agents were found to  affect the per­
form ance of tasks involving discrim ination, active avoidance response, passive  
avoidance response, and learning o f fear (conditioned suppression) responses, 
whereas physostigm ine generally im proved learning [12].
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In  the present experim ents haloperidol [1], phenoxybenzam ine [2] and 
atropine [23] all antagonized the som atostatin  induced inhibition o f extinction , 
but th e  effect of atropine reached significance only 6 hours after its application. 
These results are in good agreem ent w ith  the findings o f G arcia-Sevilla et al. 
[13] w ho reported that som atosta tin  stim ulated  both the synthesis and utiliza­
tion  o f  dopam ine and noradrenaline, suggesting an increased im pulse flow  in 
the neurons.

Concerning the cholinergic system  N em eth  and Cooper [18] reported that 
som atostatin  induced a release of acetylcholine from hippocam pal synapto- 
som es, although this effect m ay not have been physiological. In  behavioural 
experim ents Cohn and Cohn [8] reported th at som atostatin  adm inistered in 
high doses induced barrel-rotation. This behaviour was inhibited  by atropine 
and th is suggested th a t som atostatin  m ay be acting, at least partly, through  
cholinergic mechanism s. In  addition, atropine partly antagonized the effect of 
som atostatin  on self-stim ulation . These behavioural experim ents suggested the 
im portant role of the cholinergic system  in the behavioural effect o f som ato­
statin .

Som atostatin  facilita ted  the locom otor activ ity  [20, 26] and haloperidol, 
phenoxybenzam ine and atropine did not influence this effect. P henoxybenza­
m ine decreased the rate o f  defecation; th is effect m ight be connected w ith  the 
altered peristaltic a c tiv ity  [27].

The present results suggest that the som atostatin  induced delayed ex ­
tin ction  o f active avoidance behaviour is m ediated by dopam inergic, noradren­
ergic and cholinergic m echanism s. The sam e dose o f the drug which w as able 
to  b lock  the delayed ex tin ctio n  induced b y  som atostatin  was not able to in ­
fluence th e  locom otor activation  induced b y  som atostatin . Still, higher doses of 
the receptor blockers th an  these applied b y  us m ight produce a com plete block  
o f the effects of som atostatin .

T he difference b etw een  the tw o actions exerted on extinction  and open- 
field  a c tiv ity  suggests th a t different m echanism s are involved  in the organiza­
tion  o f  som atostatin  in d u ced  behaviour.
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MODIFICATION OF BURSTING IN A H E L I X  
NEURON BY DRUGS INFLUENCING INTRACELLULAR 

REGULATION OF CALCIUM LEVEL
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The effect of ru then ium  red, caffein and EGTA (ethyleneglycol te traacetic  acid) 
influencing intracellular Ca2+ level as well as th a t of pH-lowering was investigated on 
identified R Pal neuron of Helix pomatia characterized by bim odal pacem aker (bursting) 
activ ity . Drugs were applied both extracellularly and intracellularly. In tracellu lar 
injection was perform ed from micropipettes by pressure.

I t  was found th a t  intracellular injection of ru then ium  red, caffein, EGTA and 
pH-lowering caused im m ediate short hyperpolarization and  suspension of bursting. 
The effect of caffein and lowering of pH  was biphasic, hyperpolarization was followed 
by  an increase of spiking. Following EGTA injection the am plitudes of in terburst hyper- 
polarizing waves decreased, and prolongation of spikes occurred.

Extracellular application of ru then ium  red caused slight depolarization, while 
caffein produced m ainly effects th a t were sim ilar to those of the intracellular injection. 
Adding EGTA into the b a th  resulted in cessation of bursting , and la ter on also spike 
generation was blocked. All these effects could be elim inated by washing.

I t  is concluded th a t  Ca-influx during spiking cannot be considered as a single 
factor in m aintaining bursting  activity , nevertheless, intracellular binding and libera­
tion of Ca depending on the cell m etabolism should also be taken  into consideration as 
a possible mechanism of bu rst regulation.

Keywords: H elix, bimodal pacem aker, bursting ac tiv ity , intracellular calcium, 
ru thenium  red, caffein, EGTA.

According to a generally accepted idea the fluctuation  of intracellular 
Ca2+ level is responsible for the slow oscillation of the mem brane potentia l in 
bim odal pacemaker neurons of gastropods [14, 5]. This theory is based on the  
fact that in burst generating neurons potassium  conductance shows Ca-depend- 
ent cyclic variations [9], elevated  intracellular free calcium  concentration  
[Ca2 + ]j increases K -perm eability of the mem brane resulting in hyperpolariza­
tion , while lovering o f [Ca2 + ]j evokes an opposite effect. In flu x  o f Ca2+ during 
spiking was dem onstrated by direct and indirect m ethods [10, 28] and it  was 
also shown th at intracellular injection o f Ca2+ into the neuron increases K -per­
m eability and evokes hyperpolarization [16, 17]. Free Ca2+ concentration of 
th e  neuron which is elevated  during spiking decreases com paratively rapidly  
due to  binding to intracellular particles and extrusion from  the cell and, as a
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resu lt, K -perm eability o f  th e  mem brane returns to  the previous level. W hen  
hyperpolarization is elim inated the cell starts to  fire again and the cycle o f the  
oscilla tion  o f membrane p oten tia l is in itiating again.

Tw o basic conclusions fo llow  from this theory: (1) W aving o f the m em ­
brane potentia l occures on ly  i f  the neuron is spiking; (2) W hen neuron is sp ik­
ing, hyperpolarization should occasionally brake the activ ity . H owever, in 
earlier investigations carried out on the bim odal pacem aker neuron of H elix  
pom atia  (R Pal cell, 231 we found that after som e pharm acological treatm ent 
(TMA) the cell produced m em brane oscillation w ithout spiking [32]. The sam e 
was observed after application o f m ethyonine enkephalin to  the som a [27]. 
On th e other hand, in the R P al neuron kept at 5 -8  °C, activ ity  is present w ith ­
ou t appearance of hyperpolarizing w aves and also long synaptic activation  of 
th e  neuron does not cause long hyperpolarization [25], what w ould be expected  
as a result o f Ca2 + increase inside the cell. For th is reason th e  idea m ay be con­
sidered th at the cyclic change o f membrane perm eability is not coupled entirely  
to  C a-influx during spiking bu t, in the flu ctu ation  o f intracellular Ca-level 
sign ifican t role should be ascribed to the intracellular m etabolism  regulating Ca 
release and binding. Such a possib ility  is supported by the fact th at increasing  
the lev e l o f intracellular cyclic  nucleotids both  in Aplysia R15 neuron and in 
H elix  bim odal pacem aker cell hyperpolarization can be evoked [31] supposedly  
through an intracellular m echanism  other than  Ca-influx.

In the present in vestigation s we w anted to  obtain data w hether drugs af­
fectin g  intracellular Ca2+ leve l can influence th e  course o f the bim odal pace­
m aker activ ity , what could be an indirect evidence to the understanding o f the  
m echanism  of slow w aving in bim odal pacem aker neurons.

M aterials and methods

Suboesophageal ganglionic ring of Helix pomatia L. was isolated and pinned in perfusion 
cham ber containing 1.5 ml physiological saline. Removing the connective tissue of the right 
parie ta l ganglion the R Pal neuron became well visible. Microelectrodes filled w ith 2.5 mol/1 
KC1 (5-10 MOhm resistance) were used for recording m em brane and action potentials. E lectri­
cal signals were fed into a negative capacitance (FET) am plifier [35], they  were visualized on a 
T ek tron ix  oscilloscope and recorded on a M FE 3M3V recorder.

Intracellular injection

For intracellular application of drugs m icropipettes w ith about 2 fim  tip  diam eter were 
used, and  injection was carried ou t by  pressure. To inject a controlled am ount of solution into 
th e  cell we developed an appropriate  system  which was calibrated w ithin 1-1000 picolitre (pi) 
range using a large num ber of m icropipettes w ith the same diam eter. The working pressure of 
th e  N . balloon was 10 bar, which could be decreased to 1-10 bar w ith a second pressure-regula­
to r (Festő , typ : FRC-1/8). The dura tion  of the pressure w ithin the m icropipette was regulated 
th rough  an electronically com m anded pressure valve (MECMAN, Typ: 4432-10-434), which 
could be tim ed in two steps (10-100 ms or 100-1000 ms). The circuit is shown on Fig. 1. The sys­
tem  was supplied by + 2 4  У b a tte ry  for the pressure valve and + 5  V b a tte ry  for the tim ing 
circuit.
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A special holder was constructed to  keep the m icropipette stable during pressure, and 
a t th e  same time to assure fas t change of the m icropipette when necessary. W ith  the system  
also electric signals could be recorded assuring the control of penetration of the m icropipette 
in to  th e  cell.

Solutions

The composition of th e  physiological solution used in the b a th  was (in mmol/1): NaCl, 
60; KC1, 4; MgCl2, 12; CaCl.,, 10; Tris-HCl, 5; pH  was ad justed  to 7.6. In  Ca-free solution Tris 
was replaced for Ca.

In  extracellular application  we used the following solutions: 2.5 mmol/1 EGTA in Ca- 
free physiological solution; 0.5 mmol/1 ru thenium  red and 3 mmol/1 caffein solved in physiolog­
ical saline.

Substances for in tracellu lar injection: 0.1 mol/1 ( 'a l l . :  0.1 mol/1 K -EGTA  (0.1 mol/1 
EG TA , 0.3 mol/1 KOH ad justed  w ith HC1 to pH  7.2); 0.5 mmol/1 ru then ium  red; 0.05 mol/1 
caffein. For lowering in tracellu lar pH  we injected 10 /tM/1 HC1 com plem ented w ith 0.05 mol/1 
KC1 for assuring recording of voltage changes.

Experim ents were carried ou t a t room -tem perature (20-24 °C).

R esults

Effect of direct change of intracellular calcium concentration

Intracellular Ca2+ concentration was increased by about one m agnitude  
w ith  m icroinjection o f 0.1 mol/1 CaCl2 into the cell. The in jected  amount was 
calcu lated  according to  the volum e of the neuron ( ~  4000 picolitre). Injection  
o f  0 .4  pi CaCl2 caused 4 0 -5 0  s long clam ping o f the m em brane potential at a 
com paratively  high lev e l (Fig. 2).

W hen K -EG TA, a Ca-binding com pound was injected in to  the neuron, 
an in itia l hyperpolarization occurred than the am plitude o f  th e  subsequent 
in terburst hyperpolarizing phases decreased to  about a h a lf (F ig . 3). A t the  
sam e tim e there w as also a change in  the spike generation: the la st  action poten­
tia l o f  the burst becam e characterised b y  a long plateau referring to  the damage

A cta  Physiologica Hungarica 62, 1983
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of the m echanism  of repolarization. The num ber and am plitude o f spikes w ith in  
the burst did not change.

In contrast to th is, in  Ca-free bath supplied w ith K-EG TA in order to  
bind even Ca2+ leaving the cell, together w ith  elim inating slow w aving o f the  
membrane potential, also the generation o f action potentia ls was influenced  
m arkedly (Fig. 4). First the overshoot was elim inated, but after about 25 m in  
the generation o f action potentials was to ta lly  blocked. The effect was reversible 
b y  washing: first frequent spiking occurred, and in a few m inutes also the b u rst­
ing o f the neuron was restored. The effect o f extracellular EGTA on the R P al 
neuron was reported previously [32].

Effect of indirect change of Ca-concentration

a. Ruthenium red. M itochondria are storage places for Ca also in nerve  
cells and carrier m echanism s o f internal m itochondrial mem brane control the  
calcium  distribution betw een the cytosol and the m itochondrial m atrix [22]. 
Ruthenium  red inhibits uptake o f Ca by isolated m itochondria w ithout effecting  
release of Ca [34, 20].

To test whether influencing m itochondrial kinetic control of intracellular  
calcium  has an effect on th e  membrane potentia l or not, we injected 80 p

10 sec

À1

\ il
Fig. 3. Intracellular injection of EGTA into the bursting  neuron. U pper, middle and lower 
records are im m ediately continuous, only the speed of the beam was changed, as shown on th e

tim e scale
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Ca -free+2.5mM EGTA

20min

35min

Fig. 4. Effect of extracellular application of EGTA added to Ca-free saline on the bursting  
activity. M inutes m ark the tim e elapsed from EGTA application

DD t

Fig. 5. Effect of intracellular injection of ru then ium  red into the bursting  neuron, in tw o pre­
parations

ruthenium  red into the neuron. We found th a t even about 10 /rmol/1 intracellular  
ruthenium  red concentration  caused only  a short hyperpolarization and a tran­
sien t inhibition in th e  p otentia l generation (F ig. 5).

A t the same tim e, if  ruthenium  red w as applied extracellularly in to  the 
b ath  (0.5 mmol/1), th e  threshold of bursting was shifted b y  about 15 mV to  the  
p ositive side, and as a result the frequency o f bursting w as decreased sign ifi­
ca n tly  (Fig. 6). This effect proved to be irreversible.

b. Caffein. One o f the main physiological effects o f caffein is the release 
o f Ca from the intracellular storage structures [36, 13], the other being the  
activation  of adenyl cyclase resulting in  th e  increase o f  cyclic nucleotid level 
w ith in  the cell [8].
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Fig. 6. Effect of ru then ium  red added to the b a th  on the activ ity  of the  bursting neuron. 
The middle record is the im m ediate continuation of th e  upper one; lower: after 10 min, w ith

10 tim es higher speed

20 mV

J
10 sec

Fig. 7. E ffect of caffein injected into the bursting  neuron. Continuous recording

In the experim ents we in jected  varying am ounts o f 0.05 mol/1 caffein in to  
the neuron. As a result a biphasic effect could be observed (F ig. 7): first a hyper­
polarization occurred lasting for about 80 s, w hen spiking w as blocked. In  th e  
second phase inhibition  was gradually elim inated (within 5 m in), generation o f  
spikes was restored and, reaching the original leve l o f mem brane potential, slow  
oscillation and bursting started again.

W hen applied extracellularly, caffein (3 mmol/1) changed very p o ten tly  
the activ ity  o f the bursting neuron (Fig. 8). Follow ing a short hyperpolarization  
there was a 15 mV depolarization o f the mem brane and the interburst hyper-
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Fig. 8. E ffect of caffein added to  the bath on bursting  activity. Minutes m ark the tim e  elapsed
from caffein application

polarizing waves disappeared. After about 15— 25 m in a m em brane potentia l 
oscillation  occurred, w hich corresponded to  the original bim odal pacem aker 
rh yth m , but its am plitude was about three tim es higher, and no real spikes were 
present. Also the generation of action potentials changed characteristically, 
bursts were composed o f  3—4 abortive spikes w ith decreased am plitudes. This 
effect was reversible, it  could be elim inated by tvashing in a few m inutes.

Effect of intracellular pH-lowering

Injection  of Ca and other divalent cations and also o f EGTA in to  inver­
tebrate neurons causes, besides an increase o f potassium  perm eability, also a 
fa st, transient lowering o f  pH  [18, 1]. A ccording to our results shown on F ig. 9, 
in jection  o f 10 juM/1 HC1 was able to  hyperpolarize the membrane. The effect 
w as biphasic: first depolarization lasting for about 15 s occurred, w hich was

Fig. 9. Effect of HC1 injection into the bursting  neuron. Continuous recording
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follow ed by hyperpolarization for about 80-90  s. The control a ctiv ity  o f  the cell 
returned in about 5 min. Injection of the same am ount o f KC1 at pH  7.4 did not 
cause similar change in the a ctiv ity  of the neuron.

Discussion

It has been dem onstrated earlier that extracellular calcium  plays an im ­
portant role in the spike generation in a num ber o f molluscan neurons [21, 3, 
10, 28, 24]. It is also generally accepted that in bim odal pacem aker cells intra­
cellular free calcium  takes part in the regulation o f the slow m em brane oscilla­
tion  through regulating potassium  perm eability o f the membrane [9, 7, 14, 15, 
11]. Our results are in accordance w ith these data since the bursting a ctiv ity  of 
the bim odal pacem aker neuron o f Helix pomatia (R P al cell) was sign ificantly  
m odified by influencing directly or indirectly the intracellular Ca-level. Direct 
Ca-injection evoked hyperpolarizing w ave, due probably to activation  o f a Ca- 
dependent K -current [17, 4]. Injection  o f EGTA decreased the am plitude o f the  
interburst hyperpolarization w hat can be interpreted as the result o f  reduction  
o f  [Ca2 + ] j  and Ca-dependent potassium  current as a consequence of Ca-binding. 
The protracted plateau appearing on the last spike o f the bursts refers to  the 
dam age of the activating m echanism  o f the fast potassium  current. T hese results 
are in  agreem ent w ith the data o f  Meech obtained on Helix aspersa [14] and 
Aplysia [15].

Besides Ca2+ entering the cell during spikes intracellular Ca-binding 
m echanism s play an im portant role in the regulation of the intracellular Ca- 
level. B y  altering Ca-binding the increased potassium  perm eability activated  
by calcium  ions could be prolonged [19]. Therefore it cannot be excluded that 
in the regulation of potassium  perm eability intracellular Ca-release is also in ­
volved . For this reason the conclusion that only Ca-influx occurring during 
spikes is responsible for the regulation of the bim odal pacemaker m echanism  
[5] should be accepted with reservation. The cycle o f  Ca-influx — increase of 
[Ca2 + ]j —► increase o f K -perm eability —► Ca-binding —► decrease o f [Ca2 + ]j —► 
decrease o f K -perm eability —>- spiking, seems to be problem atic as a single 
m echanism  because it cannot explain the fact th a t a slow oscillation o f the  
mem brane potential m ay occur even  in case when no spiking is present [29, 32, 
27], consequently no Ca-influx ex ists. W e suggest th a t one should consider also 
an additional mechanism which contributes to the oscillation o f the m em brane 
potentia l through releasing and binding of the intracellularly available Ca.

Our earlier data [25, 33] showing th at intracellular injection  o f D N P , 
CdCl2 or HgCl2 can depress slow w aving w ithout stopping cell a ctiv ity  support 
the existence of such an intracellular oscillatory m echanism . H yperpolarization  
evoked by injection of caffein and by lowering intracellular pH as well as the
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slight effect of intracellular ruthenium  red reflect, intracellular processes which  
are certain ly  independent o f Ca-influx and m ay serve as argum ents for suggest­
ing an intracellular cyclic m echanism . Caffein is capable of releasing Ca2+ from  
storage places as it  was described for sym pathetic ganglion cells [12, 13], while 
ruthenium  red m ay prevent binding o f Ca2+ to  m itochondria [34], not only of  
th a t portion  which enters the cell during spiking [19] but also of th a t is liberated  
inside th e  neuron.

T he role of intracellular m etabolic processes in  the oscillation o f bim odal 
pacem akers is supported also b y  the investigations o f Treistm an and L evitan  
[31] show ing that increase o f  cyclic nucleotid  leve l w ith in  the cell either through  
activ a tin g  adenylate cyclase or as a result o f direct injection  o f c-AM P causes 
hyperpolarization o f R15 neuron o f A plysia. T aking th is in consideration it  m ay  
be suggested  that caffein has a biphasic effect, th e  fast effect being the result 
of intracellular Ca-release, while the la te one is caused b y  increase o f c-AMP 
level since caffein activates adenylate cyclase [8]. H ow ever, in  our study this 
la tter  effect was not an unam biguous hyperpolarization, only depression of slow  
oscilla tion  occurring for a few  m inutes w ithout affecting spiking. In contrary  
to  th a t caffein added to  the bath  and so having a long tim e effect caused in ­
crease o f the frequency o f oscillation and alteration  o f spiking, an effect which  
w as reversible.

T he theory o f b im odal pacem aker regulation built on Ca-influx can be 
subjected  to criticism also because it has recently  been shown th a t Ca-influx 
during spikes m ay evoke various perm eability changes on the membrane. 
Standen  [26] has found th a t increase of Ca2j+ in activates Ca-channels for a short 
tim e w hich, besides increasing K -perm eability , can contribute directly to  
hyperpolarization. The m ultifunctional role o f  Ca is em phasized also b y  the 
resu lts o f H ofm eyer and Lux [6], showing th a t there is an in itia l inward 
current following intracellular injection  of Ca. T h ey  have made the conclusion  
th a t th e  change of K -perm eability  caused b y  Ca-injection is not a direct 
effect o f  Ca on the m em brane, but it realizes itse lf  through the cytosol, by  
in fluencing some intracellular processes. N evertheless, it  should be noted that 
th e  effect o f Ca2+ on th e  internal surface of th e  mem brane causing increase of 
K -perm eability  was proved on isolated , intracellularly perfused neuronal 
m em branes [11].

Probably the effect o f d ivalent cations on th e  pH  of the neurons [19] 
can n ot be neglected as w ell, although usually  it  is believed to  be insignificant 
due to  the high puffer-capacity o f cytosol [30]. I t  is probable th a t the decrease 
of p H  originates from  th e functioning o f m itochondria, since uptake o f cations 
resu lts in  release o f protons [22, 20]. Injection  o f EGTA causes also lovering  
o f p H  [1]. H yperpolarization evoked by in jection  o f HC1 (F ig. 8) can be a 
resu lt o f  increased Ca2 + j [1], but also of alterations o f other intracellular pro­
cesses.
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Our aim w as to  obtain data on the direct effect o f substances influencing  
intracellular m etabolism  in cells exhib iting continuous bim odal a ctiv ity  and 
on the basis of th e  present results no direct conclusions can be m ade about 
specific changes o f  membrane perm eability or ionic currents. H ow ever, both  
our data and a num ber of other investigations show th at one should consider 
the possib ility  th a t the slow oscillation of the mem brane potentia l in  gastropoda 
neurons is regulated n ot b y  the cyclic  character o f  the C a-influx occurring 
during burst, but it  is rather determ ined by an intracellular m etabolic cycle. 
Ca-influx and th e  cyclic change o f Ca-dependent potassium  perm eability is 
superim posed to  th is oscillation, increasing its am plitude. Such an idea is 
supported also by th e  data of Drake and Treistm an [2] showing th a t usually  
non-bursting neurons can be transform ed to  bursting ones b y  increasing  
intracellular cyclic nucleotide level, w hat means th a t the properties of the 
underlying processes resulting in a bim odal pacem aker a ctiv ity  are not inherent 
for the membrane itself.
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Isom etric tension of glycerinated fibrils of different skeletal muscles was studied  
in w hite ra ts  carried in the biosatellite “ Cosmos-1129”  for 18.5 days. Expression and 
trends of th e  changes in contractile properties of muscle preparations depend on th e ir 
functional specialization. The m ost sensitive reaction was displayed by the soleus muscle 
w hich consists predom inantly of slow fibres.

Keywords: Cosmos-1129, weightlessness, muscle, contractility

In experim ents performed aboard the b iosatellites Cosmos-605 and 936, 
O ganov et al. [1, 2, 3] observed a decrease in  m uscle function and changes in 
the m etabolism  and structure o f  m uscles [5]. In  order to  study m uscular  
atrophy, changes in the contractile properties o f  m uscles and structural changes  
in m yofibrillar proteins in the sta te  o f w eightlessness, a new b iosatellite  
experim ent tvas performed.

M aterials and  m ethods

Male W istar ra ts  weighing about 300 g were exposed to  weightlessness for 18.5 days 
during a space journey  in the biosatellite Cosmos-1129. As in previous experiments, th e  soleus, 
extensor d ig itorum  longus (EDL), brachialis and triceps (medial head) muscles were studied .

As earlier, th e  soleus muscle was studied as a representative of a slow muscle, the  E D L  
as one consisting mainly of fast fibres, and the brachialis and triceps (medial head) muscles 
as ones w ith  m ixed properties.

The ra ts  th a t  participated  in the space flight were called the flight (F) group. In  add ition  
there were tw o control groups: one made up of anim als living under terrestrial conditions (air 
pressure, tem pera tu re , 0 2-content etc.) identical to those on the biosatellite (S) and ano ther 
group, containing ra ts  living free in the vivarium  (V).

The contractile  properties of muscles were studied using glycerinated muscle fibres. 
Glycerol tre a tm en t destroys the sarcolem ma, the sarcoplasmic reticular system, the m itochon­
dria and o ther cell organelles. The structure  of myofibrils is identical w ith the living m uscle, 
thus the glycerinated fibre can be regarded as an organised actin-m yosin-tropom yosin-troponin 
system perm eable to  ATP, cations and anions [6]. Details of the experim ental procedures have 
been described elsewhere [10]. Care was taken  to  m aintain  the original muscle length during
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the  study  first by means of 50%  glycerol (containing 0.006 67 M phosphate buffer pH  0.7; 
tem peratu re  0 °C) then  after 30 m inutes with slightly  hypotonic salt solution (0.1 M KC1,
0.001 M MgCl2, 0.006 67 M phosphate  buffer pH  7.0; tem perature 0 °C). The procedure was 
repeated tw o more times, then  th e  muscle was stored  in  50% glycerol a t 0 °C for 24 hours and 
th en  a t —20 °C until required.

The results of this tre a tm en t was th a t the preparations could be used for experim ents 
as early as after 48 hours, furtherm ore th a t they  have kep t their contractile properties for 
2-3 m onths or more.

Isom etric contractions were registered using a differential capacitance transducer which 
gave a linear response w ithin th e  range of 0—2.5 g. The solutions used contained 0.1 M К  Cl, 
0.005 M MgCl2 and 0.005 M histid ine buffer pH  7.0. The relaxating solution contained in addi­
tion  0.004 M EGTA and 0.005 M ATP, while th e  contracting solution contained 0.00015 M 
EGTA, 0.00015 M CaCl2 and 0.005 M ATP.

The contractile param eters were m easured in  a series of experim ents and evaluated 
statistically  by S tudent’s t te s t; th e  level of significance was set a t p <  0.05.

R esults and d iscussion

The m uscles o f the rats in the fligh t group showed a considerable loss of 
w eight. Compared to  the anim als in group Y  a significant loss o f w eight was 
observed in all m uscles o f the S-group rats. In  the rats which participated in  
the spaceflight (F) the w eight loss o f th e  m uscles was h ighly significant as 
com pared to  both control groups. The m ost pronounced difference was found  
w ith  th e  soleus m uscle.

R esults for the tension  of muscles are sum m arized in  Fig. 1. The m uscular 
contractions of the anim als in group Y w ere taken  as 100% , and the values for 
groups F  and S were expressed in percents o f  the former. M axim um  tension  
of the soleus muscle decreased in group S to o , but in group F the decrease was 
m uch greater — and h igh ly  significant in  com parison to  group S — after the  
18.5 days w eightlessness. The m axim um  tension  of the triceps (caput m ediale) 
and brachial m uscles also decreased in b o th  groups S and F and here the de­
crease w as again m uch greater in the m uscles of group F anim als. In  contrast 
m axim um  tension o f th e  E D L  muscle, in sp ite of slight differences did not 
sign ificantly  differ in groups V, S and F.

To evaluate the resu lts for the speed o f contraction the values obtained  
for group V were taken as 100% and th e  data  found in groups S and F were

Table I
Effect o f weightlessness on the weight o f the soleus, EDL, brachialis, triceps muscles

Muscle w eight, mg

m . soleus m. ED L m . brachialis m. triceps 
(caput mediale)

Vivarium (V) 184.29+6.73 173.00+7.91 166.43+12.80 137.43+11.27

Synchron (S) 134.29+12.05++ + 153.43 +  4.12+ + 143.43+7.27+ + + 105.00+5.32+ +

Flight (F) 80.57+8.30+ + + 108.86+11.87+ + + 112.29+11.87+ + + 79.29+8.83+ + +

+ +  p  <  0 .0 1  
+ + p <  0.001
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related to these (Fig. 2). The brachial and triceps m uscles o f  the rats participat­
ing in the spaceflight (F) showed a slight but sign ificantly lower velocity than  
the corresponding m uscles o f groups S. In contrast there was no change in the  
speed o f contraction o f the ED L m uscle, whereas th at o f  the soleus m uscle 
rather increased.

R eadaptation o f the muscles after the spaceflight was also studied. 
It was found that as early as on the 6th day  w eight o f  th e  E D L  and brachial 
muscles returned to norm al. It took, how ever, about four weeks before all the  
m uscles had com pletely regenerated.

Under spaceflight conditions developed all the m uscles underwent some 
degree o f atrophy. The m ost pronounced change was observed in the soleus 
m uscle. A smaller degree o f atrophy was also found in anim als belonging to

m .so leu s m.EDL m. brachialis m tr ic e p s

n=47 n=42 n=36 (caput m ediale)
««« p<0.001 «* p<0.01 *p< 0 .05  n=40

Fig. 1. E ffect of weightlessness on the ATP-Ca2+-induced m axim um  tension of glycerol-treated
ra t  skeletal muscle preparations

Fig. 2. E ffect of weightlessness on the rate  of ATP-Ca2+-induced enhancem ent of tension of 
glycerinated ra t skeletal muscle preparations
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group S. These animals w ere restricted in their m ovem ents as those in group 
F and in addition several conditions in c lu d in g 0 2 supply and feed ingpossib ilities  
were also less favourable for them than for animals liv ing in the vivarium . 
The present results were in good agreem ent w ith  those o f our earlier m odel 
experim ents [3, 4, 7, 8, 9, 11]. In the im m obilization experim ents the severest 
atrophy was found in th e  soleus m uscle. This m ight be ind icative o f a correlation  
betw een  atrophy and th e  functional and dynam ic specialization of the m uscles.

In  the soleus o f group F PAG electrophoresis showed th a t the am ount 
o f LC3 ligh t chain increased in  correlation w ith  the degree o f  atrophy, ind icating  
a transform ation of ty p e  I fibres to type I I  fibres [12]. E va lu atin g  the changes 
o f th e  contractile param eters of the soleus m uscle in groups F and S, it could  
be established that w eightlessness alters the slow antigravitational function  
to a fast one. Such a change cannot be found in anim als w hose m ovem ents  
were restricted w ithout being exposed to  w eightlessness.

W e do not know w hat kind o f role is played in the phenom enon by the  
genetic apparatus regulating the synthesis o f m yofibrillar proteins or b y  the  
m echanism s regulating m uscle functions.
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The composition of contractile and regulatory proteins was studied in  ra t  
muscles w ith different functions. The rats were exposed to weightlessness for 18.5 days 
during a space journey in biosatellite Cosmos-1129. Under the effect of weightlessness 
the myosin light chain composition changed, the quan tity  o f myosin LC-3 subun its  
increased in the soleus and extensor digitorum  longus (ED L) while it decreased in  the 
triceps and brachialis muscles. The experim ents showed changes in the subunit com po­
sition of the TN-TM complex, too. The results obtained are in favour of a possible ade­
quate  transform ation of fibril phenotypes of some (antigravitational) muscles u n d er the 
effect of spaceflight.

Keywords: weightlessness, muscle proteins, myosin LC subunit, TN-TM com plex

P revious investigations on muscles o f rats exposed to  w eightlessness 
dem onstrated signs of functional inadequacy o f the skeletal m uscles, being  
m ost d istinct in the soleus [9, 13]. According to  Gazenko et al. [3] m etabolic  
and horm onal changes as w ell as atrophy o f skeletal m uscles are attributable to  
the space environm ent i.e. the lack of m uscle activ ity . I t  was postulated  [15] 
th at atrophy o f m uscles and adaptive transform ation o f their contractile  
properties follow ing 20— 22 days’ spaceflight m ay reflect changes in  th e  
protein com position  of m yofibrils. The purpose of the present experim ents  
was to  verify  th is concept in experim ents on skeletal m uscles of anim als flow n  
for 18.5 days aboard the biological satellite “Cosm os-1129” .

M aterials and  m ethods

In  th e  biosatellite “ Cosmos-1129” male ra ts  of 300—360 g partic ipated  in a spaceflight 
of 18.5 days (group F). In  addition  there were two control groups, one of animals living free 
in the v ivarium  (V), and another containing rats living in  the laboratory  under conditions, as 
described by Gazenko [4], synchronous on the biosatellite. The F and  control (V, S) groups
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were sacrificed a t the same tim e and  th e  soleus, triceps (caput mediale), brachialis, and ex ten ­
sor d ig itorum  longus (EDL) muscles were excised weighed and frozen in liquid N 2. For biochem ­
ical experim ents the samples were divided into th ree parts: about 5-8 mg for the determ ina­
tion  of to ta l protein; 20-25 mg for the preparation of myofibrils, and the rem aining p a rt for 
the  p rep a ra tio n  of soluble proteins [14, 18]. The p ro te in  composition of myofibrils was studied 
from  20-25 mg preparations dissolved in 1% SDS, 1%  m ercaptoethanol using 7.5%  SDS 
contain ing polyacrylam ide gel according to the m ethod  of Weber and Osborne [19]. The sub­
u n it com position of troponin-tropom yosin (TN-TM com plex) was exam ined by the m ethod of 
Greaser and  Gergely [5].

R esults and d iscussion

R esu lts of the analysis o f  the com position  o f m yofibrils is seen in Table I.
To illustrate the changes, only the relative quantities o f  m yosin light 

chains w ill be detailed. U nder the effect o f  w eightlessness th e  qu an tity  o f  
LC-3 fa st m yosin subunit increased in the soleus and E D L , w hile it decreased

Table I

Percenlual distribution o f  myosin subunits in the muscles investigated, taking the sum o f light chains
as 100°/o (n  — 8)

Muscles

soleus EDL

V S F V S F

LC-1F 11.7 14.9 12.1 44.0 34.3 32.6

LC-2F 4.4 2.7 6.9 39.3 29.2 32.8

LC-3F 1.9 3.7 8.2 3.5 9.4 6.2

LC-1S 50.4 50.8 37.4 5.3 1.4 1.2

LC-2S 31.5 27.9 35.2 7.8 25.5 27.0

F% 18.1 21.2 27.3 86.8 72.9 71.6

s% 81.9 78.8 72.6 13.1 27.0 28.3

Muscles

brachialis triceps (caput mediale)
V S F V S F

LC-1F 30.9 30.8 32.2 29.8 24.2 27.1
LC-2F 43.5 31.5 31.5 34.3 22.9 18.8
LC-3F 10.6 10.0 7.1 10.6 9.2 8.2
LC-1S 1.8 1.9 5.4 8.6 17.8 8.2
LC-2S 13.1 25.7 23.7 16.7 28.5 37.7

F % 85.0 72.3 70.8 74.7 56.3 54.1

s% 14.5 27.7 29.1 25.3 44.2 45.9
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in the triceps and brachialis m uscles. The changes in  the LC-1 fast subunit 
were not parallel w ith those in the LC-3 subunit. This m eans that the synthesis  
of the hom odim er LC-3 m yosin population  was more pronounced under the 
experim ental conditions. The E D L , triceps (caput m ediale) and brachialis  
m uscles are o f fast-tw itch , g lyco ly tic  or m ixed type. The quantity o f  fa s t  light 
chains in these muscles represents 70-80%  of the to ta l light chain peptides  
while the slow m yosin light chains represent about 2 0 -30% . In the fast m uscles 
exposed to  w eightlessness the relative quantity  of slow  light chains inoreased. 
In the E D L  and triceps only the LC-2S showed an about three-fold increase 
(from 7.8%  to  27.0% ), but in  the brachialis both LC-1S and LC-2S increased. 
This m eans th at in the fast m uscles the slow m yosin population accum ulated  
to tw ofold  during flight.

Similar changes occurred in  th e  muscles of synchronous groups. These  
data are in good agreement w ith  our previous experim ents on rabbits [16] 
and rats [17] confirm ing th at th e  effects o f w eightlessness on m uscles can be 
m odelled under terrestrial conditions, e.g. im m obilization.

Our studies indicate th a t the ty p e  of reaction o f different skeletal m uscles 
to  the space environm ent strongly depends on their functional specialization  
and biom echanism . The pattern o f changes in muscle w eight [13] lends support 
to  the previously dem onstrated relationship between th e  level of changes and 
the degree o f  involvem ent o f  various m uscles in the antigravity  fu n ction  on 
E arth  (Cosmos-605- [9, 10] and 936 [11]). These data seem  to illu strate the  
pattern o f experim entally induced transform ation o f th e  phenotype o f  soleus 
fibres th at conforms to the physiological parameters and subm olecular com ­
position  o f contractile and regulatory proteins. This pattern  confirms th e  n otion  
o f the principial lab ility  of the phenotype o f skeletal m uscle fibres [6], and is 
consisten t w ith  the evidence o f im portant structural changes [7], rearrange­
m ents o f the isoenzym e pattern o f lacta te  dehydrogenase o f the soleus y ield ing  
an increased a ctiv ity  of M subunits [2, 12] and possible changes in th e  com po­
sition  o f TN-TM  com plex [8] obtained in previous b iosatellite experim ents. 
O ur studies showed reversible changes in the subunit com position o f th e  TN- 
TM com plex, which had no sp ecific ity  in the muscles w ith different function
(Fig- !)•

In agreem ent with the present hypothesis [1] th is finding gives evidence  
o f changes taking place in the regulation  of actin and m yosin  interaction.

The results showed that in spaceflight the skeletal m uscles of rats develop  
(or at least start) the process o f transform ation of the phenotype o f  m uscle  
fibres. It is assum ed that in all likelihood changes in  the pattern o f physica l 
load particularly of the antigravity  m uscles, activate m echanism s controlling  
the synthesis o f muscle proteins, Ca-dependent system s o f regulation o f  acto- 
m yosin  form ation, and post-translational m echanism s controlling the m yosin  
structure based on the life-tim e o f their molecules.
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It should be, how ever, noted that the changes in the contractile properties 
and com position o f contractile and regulatory proteins observed in the present 
stu d y  have similar trends in both  synchronous and flight anim als, being never-

Fig. 1. Densitograms of th e  isolated tropom yosin-troponin preparations in postflight ra ts, 
“ Cosmos-1129” . Symbols: TNC =  Ca-binding subun it, T N I =  inhibitor subunit, TNT =  
regulatory  subunit of tropon in ; TM =  Tropomyosin; 1 =  vivarium , 2 =  synchron, 3 =  flight 
anim als. Brach. =  M. brachialis, E D L  =  M. extensor digitorum  longus, Trie. =  M. triceps,

Sol. =  M. soleus

thelessm ore pronounced in th e la t te r .lt  is postu la ted  that these changes develop  
as a result o f com bined effects o f spaceflight factors and anim al housing but 
m anifest in a different m anner depending on the functional specialization of 
m uscles.

R E FE R E N C E S

1. E bash i, S.: Calcium ions and  muscle contraction. N atu re  (bond.) 240, 217-218 (1972).
2. Gaevskaya, M. S., V eresotskaya, N. A., K olganova, E . V., K urkina, I . M., Nosova, E. A.:

Changes in m etabolism  of the soleus muscle o f ra ts  after flight aboard  Cosmos-690. 
Kosm. Biol. Aviakosm . 13, 16—19 (1979).

3. Gazenko, O. G., Genin, A. M., Ilyin, E. A., Serova, L. V., Tigranyan, R . A ., Oganov, V. S.:
A daptation to  weightlessness and its physiological mechanism. (The results of anim al 
experiments aboard  E a rth  biological satellites). Izv . AN SSSR, Ser. Biol. 1, 5-8 (1980).

4. Gazenko, 0 . G., Genin, A. M., Ilyin, E. A., P o rtugalov , V. V., Serova, L. V., Tigranyan,
R. A.: Main results of m am m alian experim ents aboard  biosatellite Cosmos-782. Kosm . 
Biol. Aviakosm. Med. 12, 4 3 - 4 9  (1978).

5. Greaser, M. L., Gergely, J . :  Reconstitution of tropon in  activ ity  from  th ree  protein compo­
nents. J . biol. Chem. 246, 4226-4233 (1971).

6. G utm ann, E.: N eutrophic relations. Ann. Rev. Physiol. 38, 177 — 216 (1977).
7. Ilyina-K akueva, E . I., Portugalov, V. V., K rovenko, N. P.: Effect of spaceflight factors

aboard Cosmos-690. Kosm. Biol. Aviakosm. Med. 11, 20 — 25 (1977).

A cta  Physiologica Hungarica 62, 1983



Ö. T A K Á C S  e t  al. 233

8. Oganesyan, S. S.: Biological effects of g rav ity  field. Biol. J. Arm enii 31, 661—671 (1978).
9. Oganov, V. S., Po tapov, A. N.: On th e  mechanism of changes in  skeletal muscles in  th e

weightless environm ent. Life Sei. Space Res 15, 136-143 (1976).
10. Oganov, V. S., Potapov, A. N.: S tudy  of functions of skeletal muscles in biosatellite experi­

ments. E ffect of dynamic factors of spaceflight on the anim al body. Moscow, N auka 
11 8 -1 2 3  (1979).

11. Oganov, V. S., Skuratova, S. A. Po tapov , A. N., Shirvinskaya, M. A.: Physiological m echan­
isms of ad ap ta tio n  of skeletal muscles of mam m als to  th e  weightless state. A dvanc. 
Physiol. Sei. 24, 17—24 (1981).

12. Portugalov, V. V., Petrova, N. N .: LDH-isoenzymes of skeletal muscles of ra ts  after space-
flight and hypokinesia. Aviat. Space 47, 834-838 (1976).

13. Rapcsák, M., O ganov, Y. S., Szöőr, Á., Skuratova, S. A., Szilágyi, T., Takács, Ö.: E ffect of
weightlessness on the function of ra ts ’ skeletal muscles in  experim ents on the biosatel­
lite “ Cosmos-1129” . Acta phisiol. Acad. Sei. hung. 62, 225—228 (1983).

14. Scopes, R. K. : Characterization and study  of sarcoplasmic proteins. In : R. Briskey and G.
Cassens: The Physiology and B iochem istry of Muscle as Food. Vol. 2, p. 471. U niversity  
Wisconsin Press, Madison 1970.

15. Szilágyi, T., Szöőr, A., Takács, О., R apcsák, M., Oganov, V. S., Skuratova, S. A., Ogane­
syan S. S., M urashko, L. M., E loyan, M. A.: S tudy of contractile  properties and com po­
sition of m yofibrillar proteins of skeletal muscles in  the  Cosmos-1129 experim ent. 
Advanc. physiol. Sei. G ravitational Physiology 19, 97-103 (1981).

16. Szöőr, A., Boros, A., Hollósi, G., Szilágyi, T., Kesztyűs, L.: E xperim ental investigations
on hypokinesis of skeletal muscles w ith  different functions. I. Changes in  muscle weight, 
protein and contractile properties. A cta biol. Acad. Sei. hung. 28, 195-204 (1977).

17. Szöőr, A., R apcsák, M., Hollósi, G.: E xperim ental investigations on hypokinesis of skeletal
muscles w ith  different functions. V III . E ffect of plaster cast im mobilization on the con­
tractile properties of skeletal muscles w ith different functions. A cta biol. Acad. Sei. 
hung. 32, 129-135 (1981).

18. Takács, О., Sohár, I., Pelle, T., Guba, F ., Szilágyi, T.: E xperim ental investigations on hypo­
kinesis of skeletal muscles w ith d ifferent function. III. Changes in  protein fractions of 
subcellular components. Acta biol. Acad. Sei. hung. 28, 213-219 (1977).

19. W eber, K., O sborn, M.: The reliability  of molecular weight determ inations by dodecyl-
sulphate-polyacrylam ide gel electrophoresis. J. biol. Chem. 244, 4406-4410 (1969).

4* Acta Physiologica Hungarica 62, 1983





Acta Physiologica Hungarica, Volume 62 (3—4), pp. 235 — 243 (1983)

LITHIUM INHIBITION OF RENAL TUBULAR 
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Effects of lithium  on renal haemodynamics and renal handling of p-am inohippu- 
ra te  (PA H) and 2-oxoglutarate (2-OG) were studied in anaesthetized  rats. LiCl given as 
a single in tra-arteria l injection of 5 mmol/kg body w t followed by an infusion a t  0.01 
mmole/min • kg did not affect glomerular filtra tion  rate  (C,*n) or renal plasm a flow 
(СрАн/ЕрАН and Cjn/Ejn). The maximal tu b u la r transport capacity for РАН (Т т р д Н) 
was reduced from about 240 to  160 /ig/min. Sim ultaneously, lith ium  significantly raised  
plasma concentration of 2-OG: its renal clearance increased more than  20 times and  n e t 
tubular secretion was dem onstrated. The inhibition of PA H  transpo rt strongly corre­
lated w ith plasm a 2-OG level. The data  suggest th a t  lithium  inhibits tubu lar PA H  
secretion indirectly , by raising plasma 2-OG; the two substances could com pete for 
a common tubu la r transport mechanism.

Keywords: renal tubular p-am inohippurate tran spo rt lithium  inhibition, 2-oxo- 
glutarate, G FR , renal plasma flow, Tin-PAH

As m ay other organic anions, p-am inohippurate (PA H ) is excreted b y  th e  
kidney by w ay o f tubular secretion [12]. D esp ite  introduction o f direct te c h ­
niques for m easurem ent of the renal blood flow , PA H  clearance, alone or factored  
b y  the extraction  ratio (CPAH/E PAH), as w ell as the tubular m axim al tran s­
port capacity o f th is substance (TmPAH) rem ain valuable indices for nonin- 
vasive functional exploration o f the kidney.

Our recent studies on the effect of lith ium  on renal function disclosed a 
lithium -dependent inhibition o f PA H  secretion in the rat, which was associated  
w ith  increased plasm a and renal tissue concentration o f 2-oxoglutarate and  
increased excretion  of this m etabolite in the urine [1, 2]. Since oxoglutarate  
is a potent inhibitor of PA H  transport in the proxim al tubule [3, 4], in  th e  
present work we attem pted  to  evaluate its possible role in alterations o f  th e  
renal handling o f PA H  observed in lith ium -treated  rats.
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Materials and m ethods

Male W istar ra ts  weighing 180—220 g were used for the experim ents. They were fed a 
s tan d a rd  pellet d iet and given w ater ad libitum . A naesthesia was induced w ith in traperitoneal 
sodium  pentobarbital, 40 m g/kg body wt.

S tandard  clearance technique was used; th e  m aintenance infusion contained (per litre) 
NaCl, 140 mmol; KC1, 3.5 mmol; m annitol, 50 g; inulin, 10 g (pH 7.5), and was infused a t  a 
ra te  of 0.1 ml/min. In  some experim ental groups p-am inohippurate (PA H ) was infused a t  0.5 
or 2.0 mg/m in • kg body wt. Urine was collected th rough  a bladder catheter. A fter a 90 min 
equilibration  period three 10 m in control urine collections were m ade; arteria l blood samples 
were w ithdraw n from the fem oral artery  in the m iddle of the first and th ird  period. Subsequently, 
LiCl w as injected i.a. and different experim ental protocols in different groups of ra ts  were used.

Group 1 (n  — 5)

Effect of lith ium  on renal handling of P A H  and  2-oxoglutarate a t high plasm a levels of 
PA H  (9-15 mg/100 ml). A fter control periods an  in traarte ria l injection of 5 mmol LiCl per kg 
body w t was given, followed by a sustaining infusion a t  a rate of 0.01 mm ol/min • kg body wt. 
T his is referred to  below as standard  lithium  dosage. Four experim ental (lithium ) periods were 
m ade.

Group 2 (n  =  10)

Effect of lithium  on PA H  extraction ra tio  (Е рдц) at high plasm a PA H  levels (9-11 
mg/100 ml). All anim als were infused w ith PA H  a t 2 mg/min • kg body w t. After equilibration 
five ra ts  received LiCl a t standard  dosage while five others were given isotonic saline. T h irty  
m in a fter the s ta rt of LiCl or NaCl infusion, fem oral artery  and renal vein blood samples were 
w ithdraw n and analyzed for PAH.

Group 3 (n  =  19)

E ffect of lithium  on renal plasma flow m easured as Срдн/Ердц or Cjn/Ejn. All anim als 
received m aintenance infusion delivering PA H  a t a ra te  of 0.5 m g/m in • kg body w t, which 
produced arterial plasm a PA H  levels below 5 mg/100 ml. After equilibration 10 ra ts  received 
LiCl a t  standard  dosage while 5 others were given isotonic saline. T h irty  m in after the s ta r t of 
LiCl or NaCl infusion fem oral artery  and renal vein blood samples were w ithdraw n and  ana­
lyzed for PAH and inulin.

Group 4 (n  =  30)

Effect of lithium  on Т т Рд н . Three subgroups of ra ts, 5 anim als in each, received PAH 
a t a ra te  of 0.5, 1.0, or 2.0 mg/min • kg body w t. Three control subgroups (3 x 5  ra ts) received 
isotonic saline instead of LiCl. Urine was collected betw een the 20th and 30th m in of LiCl or 
saline infusion and arteria l blood samples were w ithdraw n a t the end of th is collection.

Group 5 (n  =  30)

Effect of different lithium  doses on PA H  secretion. All ra ts were infused w ith PA H  a t a 
ra te  of 2 mg/min • kg body w t. Six subgroups ( 6 x 5  animals) received LiCl as single injections 
of 0.1, 0.25, 0.5, 1.0, 2.5 or 5.0 mmoles/kg body  w t, followed by sustaining infusion a t 0.2, 
0.5, 2, 5, or 10 pm ol/m in • kg body wt. respectively. Urine and blood were sam pled as described 
for group 4.

Group 6 ( n =  9)

Renal transport of 2-oxoglutarate (2-OG) in  lithium -treated rats. All anim als received 
standard  maintenance infusion w ithout PA H . F ive ra ts  received LiCl a t standard  dosage and 
four control ra ts were given saline. Urine was collected between the 20th and 30th m in of LiCl 
o r saline infusion and arterial and renal vein blood was sampled a t  the end of this collection.
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Group 7 (n  =  5)

Effect of PA H  on renal transport of 2-OG in lith ium -treated  rats. The anim als received 
PA H  infusion a t 2 m g/m in • kg body w t and after control periods LiCl was adm inistered at 
standard  dosage. U rine and  blood were sam pled as in group 6.

Analytical techniques and calculations

PA H  was determ ined by the method of B ra tton  and M arshall [7] and inulin by th e  m eth­
od of Heyrowsky [11], using 3-indoloacetic acid as indicator. 2-OG was determ ined using 
g lu tam ate dehydrogenase [6].

The renal clearance of any substance X  (Cx) was calculated from  the standard  formula. 
The fractional excretion of x  was defined as Cx/Cjn (% ). The renal extraction  ratio (E x) was cal­
culated as (Ax — RVX)/AX, where Ax and RVX denote concentrations in arterial and renal vein 
plasm a, respectively. R enal plasm a flow was calculated as Трлн KpAi j- However, since lithium  
affected renal handling o f PA H , the data  were compared w ith R P F  calculated as Cjn/Ejn; to 
increase the accuracy in  estim ating (A — RV) inulin concentration  difference, six parallel 
determ inations were m ade on each arterial and renal vein plasm a sample.

S tatistical significance of differences betw een mean values was estim ated using S tudent 
t te s t for paired or unpaired  samples, as appropriate. Throughout the paper the standard  error 
of m ean (SEM) is used as an index of da ta  dispersion.

Results

The prelim inary data describing effects o f lith ium  on renal handling of  
PA H  and 2-OG (group 1) are sum m arized in Table I . I t  shows that LiCl did 
not sign ificantly a ffect GFR (Cjn) but m arkedly decreased CPAH (m easured  
at high plasm a P A H ) and increased arterial plasma P A H  above control values. 
Consequently, the calculated  absolute PA H  secretion rate (TPAH) was for all 
lithium  periods sign ifican tly  lower than control. This find ing  was in agreem ent 
w ith the Е рдн value (also measured at high plasm a P A H  level) for lithium - 
treated rats of 0 .4 4 ^ 0 .0 6 , i.e. sign ificantly  lower than  th e  value o f 0 .8 7 ^ 0 .0 5  
found in the control anim als (Group 2).

S im ultaneously w ith  PA H  changes, after LiCl treatm ent plasm a 2-OG  
concentration doubled, its  renal clearance increased dram atically and its frac­
tional excretion rose to  values exceeding 100% , indicating net 2-OG secretion.

Since renal b lood  flow  (R B F) w as not measured directly  and the data of 
Table I show a ten d en cy  of the glom erular filtration rate (Cin) to decrease, it 
could be suspected th a t  the decrease in T PAH m ight have been due to  a fall 
in R B F . H ow ever, com bining CPAH data o f Table I w ith  E PAH values quoted  
above yielded renal plasm a flow  (CPAH/E PAH) value o f  about 4.4 m l/m in • kg 
body w t in control periods and 5.0 m l/m in • kg body w t after lithium  treatm ent.

A lthough th is rough estim ation speaks against a lithium -dependent 
decrease in R B F , one has to  adm it th a t at the high arterial plasma PA H  levels 
observed in Groups 1 and 2 (9-15  m g/100 ml), CPAH/E PAH m ight not be a 
reliable index of renal plasm a flow . M oreover, it can be argued that since lith ium  
presum ably affects tubular PA H  transport, in the presence of LiCl, P A H  is 
unsuitable as a te s t  substance for m easurem ent o f  renal hem odynam ics.
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Table I

Effect o f lithium on renal handling o f p-aminohippurate and 2-oxoglutarate (preliminary data)

U r in e
c o lle c tio n s

m in

V
/Л/m in

Cio
m l/m in

a p a h  
m g /100 m l

CPAH
m l/m in

T PAH
/Ug/min

a o g
/ /m o l/1

COG
m l/m in

coo
Cln
%

PAH infusion, 2 mg/min • kg body w t

Control periods

0 - 1 0 1104=5 1.214=0.10 9.14=1.2 3.84=0.2 2314=23

1 0 -2 0 9 5 ± 3 1.334=0.12 3.94=0.2 2604=25

2 0 -3 0 1004=4 1.334=0.11 9.74=1.7 3.74=0.3 2424=28 67-£7 0.074=0.03 54=2

LiCl, 5 mmol/kg body weight i.v., followed by 0.01 mmol/min ■ kg body w t

3 0 -4 0 1254=7 1.134=0.06 1 .6± 0 .2a 59 ± 3 2 a

4 0 -5 0 1204=5 1.084=0.17 13.64=1.2a 2 .2± 0 .2a 147±13a 125±14a 1.694=0.29a 153 4= 27a

5 0 -6 0 1004=3 1.254=0.17 2.3=j=0.3a 168±14a

6 0 -7 0 1054=3 1.224=0.21 15.1±0.5a 2 .1± 0 .2a 138±13a 135±10a 1.694=0.15a 1394=13a

V, urine flow; Cin, inulin clearance; Ард^, arterial plasma PAH concentration; Срдц, PAH clearance; 
Трдн, PAH secretion; Aqq, arterial plasma 2-oxoglutarate concentration; Cqq, 2-oxoglutarate clearance;

—̂  , fractional 2-oxoglutarate excretion. Each value represents mean +  SEM of five experiments, 
'-‘in

a significantly different from mean control value a t p <  0.05.
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Therefore in rats of Group 3 we determ ined R P F  as CPAH/E PAH at plasm a  
PA H  concentration below 5 m g/100 ml and also on the basis o f  th e  inulin  
clearance and the extraction ratio (Cin/E m). The data presented in T able II  
disclosed no difference in R P F  betw een lith ium -treated  and control rats,

Tabic II

Renal plasma flow  (R P F ) measured as CPAH/i?PAH or /''jn in  lithium-treated and control rats

G roup CPAH  
m l/m in e p a h

Cp An / E PAH
m l/m in

Cin.
m l/m in Ein Cin/Ein

m l/m in

LiCl 4 .0± 0 .3 0.87+0.04

©HH 1.4±0.1 0.28±0.02 4 .9 ± 0 .4
n =  10
NaCl 3.9±0 .2 0.88 +  0.04 4 .5± 0 .3 !.4 ± 0 .1 0.27±0.02 5 .2± 0 .5
n =  9

E PAP|, E in, renal extraction ratios of PAH and inulin.
No significant differences between LiCl and NaCl groups were found.

Fig. 1. Effect of lithium  on Т т р д ц . PA H  secretion rate and plasm a [PA H] as related  to  in fu­
sion ra te  were determ ined 30 m in after s ta r t of LiCl infusion or isotonic saline infusion. E ach 

point represents m ean +  SEM for 5 experim ents
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regardless o f the test substance used. Also CPAH and E PAH values were similar 
in control and lith ium -treated  rats, in contrast to data obtained previously  
w ith  h igh  plasma PA H  concentrations.

I f  lithium  specifically  inhibits tubular P A H  transport, it  should decrease 
the T m PAH value. This w as tested  in anim als o f Group 4 and the relevant

Fig. 2. Inhibition of tu b u la r PA H  secretion (A) and plasm a 2-oxoglutarate (B) as related to 
LiCl dose. Per cent inhibition of PA H  secretion and plasm a 2-OG concentration  were deter­
m ined 30 min after i.v. injection of different lithium  doses. E ach point represents mean ±  SEM

for 5 experim ents

data  are presented in  F ig . 1. I t  shows th at in  control rats Tm  value was ap­
proached at a secretion rate (TPAH) of about 240 ^g/min (infusion rate, 2 mg/ 
m in • kg body w eight) while in lith ium -treated  animals it  w as attained at 
160 jUg/min (infusion rate, 1 m g/m in • kg b od y w t). The effect on PA H  transport 
w as also reflected b y  higher plasm a PA H  levels that were obtained in lithium - 
trea ted  compared to  control rats, both grups being infused at the same rate
(F ig . IB ).

Inhibition of P A H  secretion as related to  the dose o f FiCl was studied  
in anim als of Group 5. Figure 2A shows th a t a marked effect on T PAH was 
already seen with a single dose o f 0.25 m m ol/kg body wt follow ed b y  an infusion  
at 0 .5  ,umol/min • kg b od y w t. M aximal inh ib ition  (28%) was observed with the  
in jection  of 0.5 m m ol/kg followed by an infusion at 1 ц m ol/m in • kg higher
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doses did not produce any further effect. The pattern of the increase in plasm a  
2-OG depending on LiCl dose (F ig . 2B) was strikingly similar: a sign ificant 
increase was observed with th e  injection of 0.25 m m ol/kg whereas m axim al 
effect was obtained with 0.5 m m ol/kg. Quite rem arkably, per cent inhibition  
o f T PAH was clearly related to  plasm a 2-OG concentration (Fig. 3).

c

Blood 2-OG-pmole/l

Fig. 3. Inh ib ition  of PAH secretion as related to plasm a 2-oxoglutarate concentration  in 
lith ium -trea ted  rats. E ach po in t represents a m ean for five experim ents

The data o f  Groups 6 and 7 were used to evaluate the action o f  lith ium  
on renal handling o f  2-oxoglutarate in the presence and absence o f  P A H . In  
control anim als m ost of the filtered  2-OG was reabsorbed and only  10%  was 
excreted in the urine. Due to  an increase in plasm a level, the filtered load of 
2-OG (F 00 ) in lithium -treated rats w as definitely higher than in control anim als. 
Since urinary 2-OG excretion w as even  higher than  F 0G, net tubular 2-oxoglu- 
tarate secretion was observed. I t  is notew orthy th a t the secretion rate was 
sligh tly  but sign ificantly  lower in  th e  presence o f P A H .

D iscussion

The prelim inary data of th e  present experim ents showing a concurrent 
increase in renal clearances of p-am inohippurate and 2-oxoglutarate in response 
to lithium  treatm ent were not readily interpretable. We have show n before 
th at lithium  increases plasma 2-OG level and its urinary excretion  [1, 2]. 
H ow ever, the m echanism  of the decrease in CPAH observed here and th e  rela­
tionship , if  any, o f  PA H  and 2-OG changes were not clear. The depression of 
tubular secretion o f PAH  (TPAH) could have been due either to  a defect 
o f tubular transport or to reduced delivery of P A H  to  the tubules, depending  
on a decrease in renal blood flow . The latter possib ility  had to  be exam ined  
very carefully since the glomerular filtration  rate (G FR) tended to decrease after 
lith ium  (Table I) and it had been claimed that in the rat filtration  pressure
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equilibrium  is obtained at th e  end of the glom erular capillary and, consequently, 
G FR  changes are strik ingly  plasm a flow -dependent [8].

In  further studies w e were able to prove th a t renal plasm a flow  (RPF) 
m easured as CPAH/E PAH did not decrease after lithium  treatm ent. Since a 
defect o f  tubular transport was suspected, w e th ought that the best marker 
substance for m easurem ent o f R P F  using F ick  is principle would be one that is 
not transported by th e  tu b u les and is extracted  b y  the kidney solely b y  glome­
rular filtration . Therefore R P F  was determ ined also as clearance to  extraction  
ratio o f  inulin (Cjn/E in) and it  was found, again, th a t total renal plasm a flow  
rem ained stable after lith iu m  treatm ent.

A  major increase in  renal medullary blood flow , balanced b y  a decrease 
in cortical blood flow  to  keep total renal b lood flow  constant, could reduce 
Трлн in the absence o f  an y  defect of tubular secretion. H ow ever, since LiCl 
treatm ent did not change E PAH or CPAH m easured at plasma P A H  levels well 
below  th a t corresponding to T m pAH,th is seem s a rather rem ote possib ility .

A s a whole, these data  exclude with a reasonable certainty th a t the de­
crease in  T pAH observed in  lithium -treated rats should he due to  changes in 
renal hem odynam ics. T h ey  also confirm th a t, w hen in the presence o f lithium  
plasm a PA H  concentration is kept su ffic ien tly  low , i.e. below 5 m g/100 ml in 
the rat, Cpah/E pah or even  CPAH alone m ay still be regarded as valid  in ­
dices o f  to ta l or cortical (“ effective”) renal plasm a flow , respectively.

The defect of tu b u lar PA H  transport related  to lithium  treatm ent was 
u ltim ately  docum ented b y  tubular titration studies which showed an approxi­
m ately  30% reduction in  T m PAH (Fig. 1). U p to  the dose o f 0.5 m m ol/kg  
follow ed by an infusion at the rate of 2 ,umol/min • kg body w t, the per cent 
inh ib ition  o f TPAH w as correlated to lith ium  dose, higher doses did not cause

Table III

Effect o f  lithium in absence and in  presence o f P A H  on the renal handling o f 2-oxoglutarate. Mean
values i  SE M , nmol/m in

Group e og  =
=  a 0 g  —  RVog/Aog F 0 g =  a og  • c in Uoo-v T og =  U oo  v — Foq

NaCl (control) 
n  =  4

0.05±0.02 116± 4 12±2 — 104±17a

LiCl
n =  5

0.43± 0.03b 19 2 ± 6 b 248±26b 56± 13b

LiCl +  PAH
n =  5

0 .36± 0.03b 208± 12b 220±36b 12± 12b

E 00 , extraction ratio  o f 2-oxoglutarate (dimensionless); A q q ,  RVqq, arteria l and renal 
vein plasm a 2-oxoglutarate concentration; F 0q, filtered load of 2-oxoglutarate; Cin, inulin clear­
ance; U qqY, urinary 2 oxoglutarate excretion; Too, tubu lar 2-oxoglutarate secretion. a reabsorbed, 
b significantly different from  th e  value for NaCl group a t p <  0.05.

Acta Phvsiologica Hungarica 62, 1983



L IT H IU M  I N H IB IT IO N  O F  R E N A L  T U B U L A R  P A H  T R A N S P O R T 243

any further change in PA H  transport (Fig. 2A). This pattern was rem arkably  
similar to the relation betw een lithium  dosage and plasm a 2-oxoglutarate  
concentration (Fig. 2B), indeed, the inhibition o f PA H  secretion appeared to  
he a linear function o f plasm a 2-OG concentration (Fig. 3).

Earlier studies o f renal cortical slices [9] and clearance experim ents 
[3, 4] have shown that som e substances, including 2-oxoglutarate, inhibit 
tubular secretion of PA H  b y  com peting for a com m on transport m echanism . 
Accordingly, the present experim ents suggest th at the inhibitory action of 
lithium  on PA H  transport is m ediated by increased delivery o f a com petitive  
substance (2-OG) to the tubules. The data of Table III  show  th at, indeed, some 
fraction o f 2-oxoglutarate is secreted by tubular cells in to  the urine, sim ilarly  
as is the case w ith  PA H . The tubular secretion o f 2-OG in lith ium  treated  rats 
was slightly but sign ificantly  lower in the presence o f  P A H , which is also 
com patible w ith  a com petition o f the tw o substances for a com m on secretory  
m echanism .

The present studies cannot exclude a possib ility  o f a direct action o f lith i­
um  on the transport system  for PA H . This alternative explanation  should be 
given a consideration since it  has been shown th at lithium  can be transported  
into the hum an erythrocyte in form of LiCo3-. I f  lithium  were transported as an 
anion across the antilum inal membrane o f tubular cells, its interference w ith  
PA H  transport at the same site is conceivable.
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Lectures

INTERACTION OF PLASMA LIPOPROTEINS AND 
CELL MEMBRANES

L. S zo lla k
INSTITUTE OF PATHOPHYSIOLOGY, SEMMELWEIS UNIVERSITY MEDICAL SCHOOL, BUDAPEST, HUNGARY

Lipoproteins are macromolecular protein-lipid com plexes, their m ain  
biological functions are the solubilization and transport of w ater-insoluble  
lipids. Lipids im portant both in energy hom eostasis (e. g. triglycerides) and as 
structural elem ents (e. g., cholesterol) are transported in plasma lipoproteins  
from their sites o f absorption or synthesis to  cells, where th ey  are u tilized  or 
stored. The structure of plasm a lipoproteins, the nature of protein-lipid  
association resem bles the m odern concept o f m em brane structure. The three  
im portant areas o f the lipoprotein-m em brane interaction  are the follow ing.

(1) Cell surface receptor mediated endocytosis of cholesterol and its most common 
pathological disturbance : atherosclerosis

Cholesterol is m oved into the cells b y  m eans of absorptive endocytosis, 
after internalization, the liberated free cholesterol suppresses endogenous 
cholesterol synthesis. Another possibility for cholesterol uptake is an in ter ­
nalization through the “scavenger” receptor, w ithout interfering w ith in tra ­
cellular cholesterol synthesis. The ratio o f  regular and scavenger receptors is 
2:1. During the developm ent o f  atherosclerosis the suspected cause o f in tra ­
cellular cholesterol deposition is the increase o f C uptake through the scavenger  
receptor system . This increase is evoked either b y  high levels o f plasma and/or  
intraintim al LD L or by “ abnorm al” LDL. The structurally abnormal L D L  is 
formed in the b lood, in  the intim a, and p latelet interaction  m ay also p lay a role 
in its developm ent. Thus th is cellular theory o f atherosclerosis appears to  
cover all the im portant factors recently im plicated  in  the pathogenesis o f  th is  
disease.

(2) TG uptake of cells

Lipoproteins can enter the cells either in to to  or as fa tty  acids and g lycer­
ol, after hydrolysis b y  the lipoprotein lipase enzym e system . The in to to  
uptake of Y LDL is m ediated b y  specific receptors, but the details of regulation
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are unknow n, as well its role in certain pathological disturbances in which an 
increased cellular TG accum ulation can be observed (e.g. obesity, fa tty  in ­
filtration  o f the liver and heart, etc.).

(2) Immunoregulatory lipoproteins

Plasm a lipoproteins containing apo В and apo E apoproteins suppress 
m itogen-induced lym phocyte proliferation. T he lipoproteins inhibit the m itogen  
enhanced Ca2+ accum ulation and subsequently  the D N A  synthesis. The 
inh ibitory lipoproteins interact with cell surface receptors, how ever, the LDL  
and im m unoregulatory receptors are d ifferent, since internalization o f lip o­
proteins is not required for the im m unosuppression.

The physiological and possible pathological significance o f the regulatory  
receptor has not y e t been elucidated.

The data suggest new directions for investigators studying the in teraction  
of plasm a lipoproteins and cell membrane and the role of lipoproteins in cell 
biology.

DIFFERENTIAL SCANNING CALORIMETRY (DSC) 
AND ITS APPLICATION IN MEMBRANE RESEARCH

F. T ö l g y e s i
INSTITUTE OF BIOPHYSICS SEMMELWEIS UNIVERSITY MEDICAL SCHOOL, BUDAPEST, HUNGARY

D ifferential scanning calorim etry is a therm oanalytical m ethod to  m eas­
ure th e  tem perature and enthalpy of endotherm ic and exotherm ic processes. 
The last tw o decades in the history o f DSC brought about a d istinct im prove­
m ent in sen sitiv ity , accuracy and stab ility  o f  equipm ents, resulting in  greater 
appreciation and wider application o f the m ethod. R ecently, it  has been recog­
nized th a t basic therm odynam ic data y ielded  b y  DSC are acceptable and su ffi­
c ien tly  precise for physical, chem ical and biological system s too.

In  the first part o f th is lecture the principle of the m ethod, the technical 
problem s o f the m easurem ents, the eva lu ation  of the therm ogram s and the  
accuracy o f  the obtained data will be sum m ed up. A short survey about the  
possib ilities and lim its in the application w ill be offered.

In  the second part, exam ples w ill be given about the results in  the  
m em brane research achieved by the help o f  the DSC m ethod. In the early  
studies o f m odel m em branes containing on ly  one sort of lipids the interpretation  
o f DSC-therm ogram s was relatively sim ple. More difficulties em erged later
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from the interpetation  o f the therm ogram s o f model membranes containing  
tw o or more different kinds of lipids and even of m odel membranes m odified  
w ith various m aterials (e.g. ions, alcohols, surfactants, anaesthetics, antib iotics, 
proteins, enzym es, etc .).

Meanwhile DSC gained a higher role in the in vestigation  of real biological 
membranes too.

The developm ent in the application ofDSC m ethod form em brane research  
will be illustrated w ith results taken from  the literature and from our work.

RELATION BETWEEN THE REQUIREMENTS OF 
THE PRACTICAL PLANT PRODUCTION AND THE 

RESEARCH IN NUTRIENT UPTAKE

F . B a r a n y a i, A. F e k e t e
MÉM PLANT PROTECTION AND AGROCHEMICAL CENTRE, HUNGARY

According to the actual fertilizer practice, by introducing fertilizer in one 
or more charges, the nutrient level will be high enough to  m eat the p lan t’s 
requirem ents o f rerying levels in various growing seasons w hich can be charac­
terized also by nutrient in take ratio. N utrient intake im ply ing  great differences 
in concentration does not m ean optim al conditions for the plants and —  on the  
other hand —  results in considerable loss in nutrients (w ashing out, decom ­
position).

For the n ext decade our main goal is to  develop a new  system  feasible  
also in farm production, w hich can warrant optim al nutrient quantities during  
the growing seasons, as far as territory, season and ratio are concerned.

During our present research work we approach our goals sim ultaneously  
from both practical and theoretical sides.

In the first phase we intend to find  a solution for the harmonic plant 
nutrition, and later on for the active regulation of nutrient intake process in  
farm production.

In our present lecture we try to give a full picture on our nutrient in take  
analysis carried out on 10-12 m ost im portant field  cultures by the P lan t 
Protection and A grochem istry Centres of the M inistry o f Agriculture and F ood  
(MEM), and on our plant nutrition program.

On the basis o f our practical experiences we w ould like to outline the  
focussed task of the research work.
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EFFECTS OF STRESS FACTORS ON POTASSIUM 
TRANSPORT OF THE TERMOPHILIC PLANTS

F. Z s o l d o s ,* A. B é r c z i
DEPARTMENT OF PLANT PHYSIOLOGY, ATTILA JÓZSEF UNIVERSITY SZEGED, AND »INSTITUTE OF 

BIOPHYSICS, BIOLOGICAL RESEARCH CENTRE, HUNGARIAN ACADEMY OF SCIENCES, SZEGED
HUNGARY

Stress effects o f p lants d irectly or indirectly cause injuries which can  
lead  to  the damage o f th e  m etabolic processes and to the disturbance o f tran s­
p ort. I f  the effect o f th e  environm ental factors is slow enough, the transport 
processes connected to  th e  m etabolism  o f p lants are dam aged to  a lesser ex ten t  
th a n  in  the case o f sudden changes.

One of the m ost com m on stress factors, which is also im portant from the  
p o in t o f  view  of practice, is the low tem perature. The strong acidification of 
soils experienced recently directs our atten tion  of the dam aging effect o f the  
low  p H  (H +-stress). These facts ju stify  further investigations concerning the  
K + uptake of two im portant plants: the therm ophilic rice and the non-therm o- 
philic  winter wheat. M easuring (i) the К  + in flu xes of these p lan ts after a sudden  
fa ll o f  the tem perature and pH , and (ii) the changes of the structure o f the root 
plasm alem m a of these p lants after the sam e stress, and com paring the results 
obtained  w ith rice and w h eat, we can sum m arize our results as follows:

(1) The roots of th e  therm ophilic p lants showed and anom aly in their К  + 
u p tak e after sudden changes (decrease) in tem perature and/or under the effect 
o f  H +-stress. As a result o f them , the K + uptakes at 0 °C and/or at pH  3 -4  
w ere larger than expected . The anom alous K + uptake decreased rem arkably  
w hen  roots were gradually exposed to  the low  tem perature effect.

(2) The addition o f  an “ uncoupler” (2,4-D N P) to the absorption solution  
practica lly  d id -not in fluence the tem perature induced K +  uptake anom aly  
o f  roots, but addition o f Ca2+ elim inated th is effect.

(3) The roots o f  th e  therm ophilic (stress-sensitive ?) p lan ts responded to  
th e  stress factors with an increased K + in flu x  and a decreased K + content, 
suggesting and increased exchange betw een the cytoplasm ic K + pool and the  
external medium.

(4) From the facts m entioned above it  can be concluded that the K  + 
u p tak e anom aly is a phenom enon connected primarily to  th e  plasm alem m a of 
roots, i.e. there m ust be an essential difference betw een the therm ophilic  
and non-therm ophilic p lan t root cells in  th e  com position and/or structure o f  the  
plasm alem m a.

(5) When m easuring the 2A „ param eter of the sp in  labelled fa tty  
acids (1/12,3) (incorporated into the membranes o f th e  plasm alem m a rich  
m icrosom al fractions (PR M F) of rice and w heat roots, w e observed th a t the  
structure (the 2A, param eter) o f the rice PR M F changed w ith  decreasing pH , 
w hereas no change could be observed in  th e  case of the w h eat PRM F.
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(6) Increasing concentrations o f  H  + and Ca2+ caused similar responses 
in the structure o f  the rice PRM F. The anom alous K + uptake o f rice roots 
could be explained b y  the extraordinary increase o f the ion flu xes (in flux, 
efflux) due to the rearrangem ents o f  membrane lipids (cluster form ation, 
lipid phase separation).

FUNCTION AND METABOLISM OF MEMBRANE 
LIPIDS IN PLANTS UNDER FROST STRESS

L. V ig h
I INSTITUTE OP BIOCHEMISTRY, BIOLOSICAL RESEARCH CENTRE, HUNGARIAN ACADEMY OF

SCIENCES, SZEGED, HUNGARY

A lthough the prim ary molecular events involved  in  the response o f p lants 
to  low  tem peratures are not known in  every detail, it  is generally accepted  
th at the therm otropic phase transition  tem perature o f  the structural lip ids 
in cold sensitive p lants lies at a higher value than in resistant plants. Chilling  
and frost resistant p lants differ in  several respects, one o f these being their  
lower tem perature lim its. W hile the la tter survive, after proper hardening, 
at rather low tem peratures, the former suffer cellular dam age at tem peratures 
obviously higher than  the freezing poin t o f intracellular water. E xtrapolation  
o f the concept of hom eoviscous adaptation  of membrane flu id ity  observed w ith  
both prokaryotic and eukaryotic cells to  frost resistant plants im plies th at  
membrane flu id ity  in  increased is som e w ay during the hardening process. 
H ow ever, senescence induces a decrease in the flu id ity  o f  membranes in  a lm ost 
every system  studied.
Thus the following questions arise:

(1) W hether the hardening plants can, in some w ay , com pensate for the
effects of senescence:

(2) H ow do frost-resistant plants assure the optim um  flu id ity  o f their  
membranes (m ainly plasm a m em brane) in the cold:

(3) W hat is the connection betw een a physical change in  the mem brane  
system  in response to  low tem perature and changes in the physiological 
responses o f in ta ct plants:

(4) W hat is the accuracy of approxim ation of th e  m olecular ordering o f  
membrane lipids i f  our considerations are based on ly  on analysis o f bulk  
lipids extracted from the whole plant.
Because of the w ide range of their survival capacity , cultivars o f different 

frost hardness of the w heat Triticum aestivum L. were selected  for our in v esti­
gations. E SR  and X -ray  diffraction m ethods were applied to  infer the ex istence  
o f different lipid phase as well as to discern “ m elts” in  the hydrocarbon zones 
of membranes.
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SOLUBILIZATION AND GEL ELECTROPHORETIC 
ANALYSIS OF DIVALENT CATION DEPENDENT  

ADENOSINE TRIPHOSPHATASES

J. Simon , Ágnes N agy
INSTITUTE OF BIOCHEMISTRY BIOLOGICAL RESEARCH CENTRE, HUNGARIAN ACADEMY OF 

SCIENCES, SZEGED, HUNGARY"

T he divalent cation  dependent ATPase (Mg2+-ATPase, Ca2+-ATPase, 
Ca2+Mg2+-ATPase) p la y  im portant roles in  th e  biological system s and therefore 
th eir  properties and functions have been w idely  studied [1, 2, e]. However, 
on th e  basis o f our recent knowledge about the characteristics o f  these enzym es 
it  is n o t possible to  decide w hether or not the different cation  dependent 
A T P ase represent a single protein.

Our aim was to  separate these enzym es w ith  gel electrophoresis by elabo­
ratin g  suitable solubilization and activ ity  m easuring procedures.

In  the experim ents rat brain cortical m icrosomes were used which are 
kn ow n  to  contain all th e  above m entioned A TPases [4, 5, 6]. On the basis o f 
com parative kinetical analysis we have concluded that N onidet P -40 non-ionic 
d etergent treatm ent w as the m ost effective for solubilization o f d ivalent cation  
dependent ATPase (applied detergent concentration, 3.5 m g N onidet P-40/m g  
p rotein  at 0 °C, pH , 8.5 for 30 min). The active conform ation o f the enzym es 
did n o t change during th e  solubilization, concentration and storing procedures 
and th u s these sam ples were suitable for further gel electrophoretic analysis.

A s the result o f  gradient polyacrylam ide gel electrophoresis (by using a 
m odified  DAVIS [7] technique, T acrylamide: 5-25% ) three distinct bands, 
sta in ed  for ATPase a c tiv ity , could be detected . The protein band w ith  the low est 
R f required Mg2+ for enzym e a ctiv ity  assays, while the bands w ith the highest 
R f n eeded  Ca2+ ions for full enzym e activ ity . A w ell expressed ATPase a ctiv ity  
could  be observed in  th e  band w ith  a m edium  R, in the presence of either 
cations.

The polypeptide structure o f the tree protein bands was analysed by  
SD S gradient (Tacrylamide, 6-22.5% ) gel electrophoresis as w ell as by iso- 
electrofocusing. The results suggest th at a defin ite d istinction can be made 
b etw een  the protein structure o f the Mg2+-ATPase and the Ca2+-ATPase.
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CHARACTERIZATION OF OPIATE RECEPTORS 
IN RAT RRA1N MEMBRANE PREPARATION

Maria S zű cs
INSTITUTE OF BIOCHEMISTRY, BIOLOGICAL RESEARCH CENTRE, HUNGARIAN ACADEMY OF SCIENCES,

SZEGED, HUNGARY

У arious pharm acological and biochem ical data support the ex istence of 
m ultiple opiate receptors. It is well accepted th a t opiate alkaloids and enkepha­
lins bind to  different receptors. H ow ever, the correlation o f the pharm acologi­
cally defined receptor subtypes (ц, ô, a, e) and th e  biochem ically defined  
high- and low -affin ity  sites is not know n y et.

In  the present study the characteristics of 3H -nalaxone binding were 
exam ined at 23 °C in rat brain m em brane preparation. The concentration  
curve was biphasic, Scatchard-analysis revealed  the ex istence of a high- and a 
low -affin ity  binding site. In com petition experim ents classical opiates (m orphine, 
naloxone) and enkephalins com peted p oten tly  both for the high- and for 
the low -affin ity  3H -naloxone binding site . W hile naloxazone, a C-6 hydrazone  
derivative o f naloxone had comparable a ffin ity  w ith naloxone (IC50:5-10  nM), 
phenylhydrazone substitution  yielded and analogue w ith  m uch weaker a ffin ity  
(ICS0:5 pM). I f  th e  membrane preparation was preincubated w ith  nalaxazone, 
the h igh-affin ity site was selectively  and irreversibly blocked and the low- 
affin ity  site was not affected. Similar result was obtained if  membranes were 
preincubated w ith  the chlorom ethyl ketone derivative o f D -A la2-Leu5-enkepha- 
lin. Experim ents in which membranes w ere preincuhated b oth  w ith naloxazone  
and enkephalin-chlorom ethyl ketone revealed  th at the tw o ligands acted partly  
through the sam e population of binding sites, partly through different ones. 
According toP astern ak  [Life Sei. 29, 843 (1981)] the high a ffin ity  site is com m on  
for enkephalins and opiates and this site  m ediates their analgetic action.

DESENSITIZATION AND SENSITIZATION OF 
/^-ADRENERGIC RECEPTORS

M a r i a  W O L L E M A N N
INSTITUTE OF BIOCHEMISTRY, BIOLOGICAL RESEARCH CENTRE, HUNGARIAN ACADEMY OF 

SCIENCES, SZEGED HUNGARY

Investigations of the last ten  years have proven th a t, beside the horm one  
-/?-adrenergic receptor and adenylate cyclase, a third factor, the G/F or N  
protein has an im portant role not only in  receptor-cyclase coupling but also in  
the sensitization and desenzitization o f receptors.
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D esensitization  or sensitization is caused m ost frequently b y  high or low  
horm one levels in  v ivo . The chronic adm inistration o f certain drugs (agonists or 
antagonists), changes o f  ion  ornucleotide concentration, or congenital variations 
in  th e  synthesis or degradation of the protein com ponents m ay also be involved .

Our own in vestigations started in  1975 [1] w ith in  v itro system s, w hen  
we published th a t catecholam ines p oten tly  activated  the m am m alian heart 
adenylate cyclase [2] and serotonin the m uscle heart adenylate cyclase [1] 
w hen th ey  had been treated  previously w ith  reserpine, i.e. endogenous am ines 
were depleted. W hen we exam ined in details the horm one action in rabbit 
heart membrane preparations we found an increase in the num ber of ^-adrener­
gic receptors and an increase of the isoproterenol activation  o f adenylate cyclase  
a c tiv ity  in the presence o f guanine nucleotides after reserpine treatm ent. A t the  
sam e tim e the basal a ctiv ity  of adenylate cyclase decreased in the reserpine 
treated  hearts [3].

In  other experim ents we succeeded in  increasing th e  number o f ß- 
adrenergic receptors w ith  preincubation o f adrenergic b locking drugs. A ddition  
o f guanine nucleotid increased th is effect, w hile adenylcyclase activ ity  rem ained  
unchanged [4].

I t  is concluded th a t in both cases th e  tigh tly  bound high endogenous 
catecholam ine level is responsible for the desensitization  w hich can be reversed  
w ith  reserpine treatm ent, or the receptor conform ation is changed b y  th em . 
Guanine nucleotides (GTP, GppNHp) are capable to act on the desensitized  
receptor-adenylate cyclase com plex in tw o different manner, viz. (1) by prom ot­
ing  th e  dissociation o f the horm one-receptor com plex and (2) b y  activating the  
adenylate cyclase directly.
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INTACT MEMBRANE OF BRAIN CELLS IMPLY 
THE REGULATION OF Д-ADRENERGIC RECEPTORS

K atalin M a d e r s p a c h , Cs. F a js z i
INSTITUTE OF BIOCHEMISTRY BIOLOGICAL RESEARCH CENTRE, HUNGARIAN ACADEMY OF 

SCIENCES, SZEGED, HUNGARY

K inetic analysis o f horm one-receptor com plex form ation, as the in itia l 
ev en t of the physiological response, m ay provide inform ations about the charac­
teristics and function  o f the receptor.
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/З-adrenergic receptors were studied in  in tact cells o f  chick, rat and mouse 
em bryonic brain in prim ary culture, in  com parison w ith  th e  receptors o f broken  
cell preparations derived from  the cultured cells or from  the forebrain tissues 
used for the cultivation , b y  the specific binding o f [3H ]-dihydro-L-alprenolol 
([3H ]-D H A ). We supposed th a t the differences in the b inding kinetics o f these  
preparations m ight provide inform ations on the role o f  the in tact membrane 
in  /З-receptor function.

The [3H ]-D H A  equilibrium  binding to  broken cell preparations o f either 
chick, rat or mouse brain cultures or brain tissues was found non-cooperative  
w ith  a H ill-coefficient n =  1, a K D varying between 1—2 nM and a B max =  
=  103-1 0 4 sites/cell, in accordance w ith  th e  data o f other investigators.

In contrast, the [3H ]-D H A  binding to  living brain cells revealed the appar­
ent positive cooperativity o f the /З-receptors. F itting  th e  H ill equation to  the 
equilibrium binding data resulted in a B max about 103—104 sites/cell, a K D 
betw een 40 -60  pM and a H ill-coefficient (n) more th an  u n ity , betw een 1—3, 
in the three studied objects. Apparent cooperativ ity  o f  th e  binding reaction  
was supported also b y  th e  association kinetics resulting in  the H ill-coefficient of 
n <C 1, as well as by the kinetics of the com petition  w ithL -alprenolol supporting  
n =  2.5. The apparent positive cooperativity, associated w ith  higher affin ity  
of the /З-receptor in in tact cells and the lack of it in m em brane fragm ents allow  
different explanations. One possibility is th e  conform ational isom erization of 
the receptor in ligand-concentration-dependent fashion. Several processes in 
the in tact membrane m ay participate in th e  m aitenance o f  this regulation, 
physiological significance o f which m ay be am plification o f weak, m o­
dulatory stim uli.

LIPOSOMES: PREPARATION, INVESTIGATION AND 
APPLICATION IN MEMBRANE RESEARCH AND 

IN THE PRACTICE

Gy. B Á T H O R I
I INSTITUTE OF BIOCHEMISTRY AND BIOPHYSICS, BIOLOGICAL RESEARCH CENTRE HUNGARIAN 

ACADEMY OF SCIENCES SZEGED HUNGARY

Liposomes were developed by b iophysicist about fifteen  years ago to  
m odel the lipid bilayer o f  biological m em branes. A t the early tim e th ey  were 
used for investigating the physical structure and behaviour, while subsequently  
th ey  served research in  other disciplines too  (e.g. biochem istry, physiology). 
R ecently, the application o f liposom es as drug carriers has becom e the main 
field  o f interest.

Acta Physiologica Hungarica 62, 1983



256 L E C T U R E S

This lecture offers a short survey about the various m ethods of prepara­
tion  and o f characterization o f liposom es. A separate part w ill deal w ith the  
preparation of lipids and th e  determ ination o f purity o f lip ids. Em phasis will 
be la id  on the methods w hich  are more im portant, in drug technology. The size 
and their  distribution hom ogeneity , surface charge, phase sta te , stab ility  of 
liposom es can be characterized b y  the help o f these m ethods. Some practical 
aspects w ill be m entioned, too .

In  the part dealing w ith  the application in basic research som e exam ples 
w ill be quoted from the fie ld  o f  lipid-protein and liposom e-cell interactions.

THE FATE OF LIPOSOMES IN BIOLOGICAL
SYSTEMS

J . S Z E B E N I
NATIONAL INSTITUTE OF HAEMATOLOGY AND BLOOD TRANSFUSION, BUDAPEST, HUNGARY

The possible use o f  liposom es (phospholipid vesicles) as drug delivery  
system s has attracted w ide interest in the past few years. The liposom e-encap­
su lated  drug has altered pharm acokinetics as compared to  th e  free one, and in  
m any cases this m ay lead  to  an increase in the therapeutic efficiency or to  
other advantagenous effects. The in v ivo fate o f the encapsulated drug is largely  
determ ined by that of th e  lip id  capsule, until the drug rem ains w ithin the lip o­
som es. Consequently, for appropriate design of “pharm acosom es” the precise 
know ledge of the in  v ivo  behaviour o f liposom es seems to  be essential. In th is  
co n tex t we try to sum m arize the results concerning the in v ivo  fate of liposom es.

Reaching the circulation , liposom es interact w ith  m ost o f the cellular 
and non-cellular com ponents o f the plasm a. These interactions m ay lead to  an 
increase in  membrane perm eability , and the encapsulated drug m ay leak out 
o f th e  liposom es. W hat w eakens the stab ility  of the liposom e-m em brane more 
th an  anything, is the in teraction  w ith high-density lipoprotein (H D L). In this 
case, the transfer of lecith in  molecules to  H D L  is observable w ith form ation  
of pores in the liposom e m em brane. To avoid the harmful outcom e of the in ter­
actions, the liposom e m em brane has to  be stabilized. The m ethod of choice to  
stab ilize the liposom es in v ivo  is the addition of cholesterol to lecithins in  
equim olar concentration, b u t the use o f other stabilizer lipids like sphingom yel­
in, am ino-sugar derivatives o f elim ination (clearance) o f liposom es from the  
plasm a varies largely depending on size, surface charge, lipid com position, 
m ode o f adm inistration and surface m odifications. The m ain organs of liposom e- 
uptake are the liver and the spleen, to  less exten t the kidney, lung, bone- 
m arrow, gut, lym ph-nodes, etc. Liposom es are not capable o f passing the blood- 
brain barrier. W ithin th e  tissues, liposom es are taken up m ainly by the phago-
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cyto tic  cells, i.e. b y  the K upffer cells in the liver and by fixed  m acrophages in  
other tissues. A  part of the liposom es can, however, reach the parenchym al 
cells, too. The tissue distribution m ay be m odified to  a sm all degree either by  
altering the m entioned liposom e param eters, or b y  some ingenious m ethod like 
the incorporation of target area-specific antibodies in the m em brane o f lip o ­
som es and concurrent saturation o f the phagocytic cells b y  large, “ em p ty ” 
liposom es upon the adm inistration o f “ targeted” liposom es.

The use o f the “ h eat-sensitive” liposom es is also very promising, th ey  
can release m uch o f the entrapped drug in the pre-heated tissue, the tem pera­
ture o f  which corresponds to the phase-transition tem perature o f  the liposom es.

Based on the above, it  m ay be anticipated that pharm acosom es w hich  
are expected  to  act in the phagocytotic  cells o f the R ES (R H S) m ay gain clinical 
use in  the nearest future.

THE ROLE OF BIOLOGICAL MEMBRANES IN 
PSYCHIATRIC THERAPY

A. Lipcsey
N E U R O -P S Y C H IA T R IC  D E P A R T M E N T  JÁ N O S  H O S P IT A L , B U D A P E S T , H U N G A R Y

A revolution in the treatm ent of psychiatric illnesses took place on ly  
three decades ago. Tranquillizers h ighly effective in the treatm ent o f schizo­
phrenia were first introduced and came into com m on use world-wide during th e  
early 1950’s. A  few years later, during the 1960’s, drugs were discovered  
w hich served in  the treatm ent o f affective psychosis. L ithium  therapy, so 
im portant in the prophylaxis o f  affective psychosis was likew ise introduced  
som e th irty  years ago. The use o f  drugs in psychiatric therapy is closely connect­
ed w ith  the role o f m em branes. Studies have indicated  that lithium  is com plete­
ly  absorbed b y  th e  blood and w ith in  2 hours 95%  of it is excreted  in the urine. 
Our m easurem ents indicate th a t th e  fluid-serum  ratio is about 25% , which is in  
keeping w ith references. Though lith ium  forms an im portant part o f psychiatric  
therapy, it m ay represent a m em hranological problem  for other organs as w ell, 
since lith ium  is excreted only b y  the kidneys thus, in case o f long-term  lithium  
therapy regular testin g  of renal function  is very  im portant. In  our experience  
w ith  patien ts undergoing treatm ent over a three-year period, lithium  failed  
to  affect glomerular filtration . Our finding concerning the absoiption  of 
phenotiazine, a transquillizer frequently  used in clinical practice, differs in  
certain respects from the results on lith ium . In our experim ents performed on 
rat brain hom ogenate, when m etophenazine largerthan ( 1 . 6 x l 0 -4  mol) was 
applied, there was a drop in the in vitro consum ption o f oxygen and in the u tili­
zation of oxygen  in pyruvic acid. The increasing effect o f frenolon on m em brane
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perm eability  was borne out by our experim ents on rat brain synaptosom a. 
A ddition  o f triton X -100 detergent to rat brain synaptosom a fractions in  vitro 
increased the activ ity  o f g lycolytic  enzym es. A ll these observations point to  the  
im portance o f detection, frequent control and m onitoring o f serum  levels. 
The introduction  of such a practice is in its  infant stage abroad, as w ell, but 
particu larly so, in our country. The instrum entation  o f necessary practices 
presents a financial problem; both gas-chrom atography and liquid-chrom atog­
raphy are very expensive.

Our conclusion: (1). I t  is now possible to  control w hether a prescribed  
drug is actually  taken b y  th e  patient or n ot. (2). U sing th is m ethod we are able 
to  elim inate the danger o f  excessive doses o f  the drug, and we can also prevent 
undesirable side effects or com plications.
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ISOLATION AND PARTIAL CHARACTERIZATION 
OF HUMAN GRANULOCYTE CHEMOTAXIN FROM 

E S C H E R I C H I A  COLI  CULTURE FILTRATE

Magda Solymossy, Zs. Nagy, F. Antoni
D E P A R T M E N T  O F  B IO C H E M IS T R Y  I ,  S E M M E L W E IS  U N IV E R S IT Y  M E D IC A L  SC H O O L B U D A P E S T

Chem otaxis of human granulocyte was studied in v itro. E thanol soluble  
agents were isolated  from culture m edium  of E. coli bacteria. Sephadex G-10 
gel chrom atography of the m edium  yielded three m ain fractions tw o of w hich  
exh ib ited  chem otactic activ ity . P artial characterization o f one o f the active  
fractions (molecular weight, appr. 3000) showed that it  contained 10% protein, 
20%  carbohydrate and 35% lipid. It absorbed UV light, the 260/280 nm absorb­
ance ratio being 1.03.

W e suggest that these granulocyte chem otaxins have been derived from  
the envelope o f dividing bacteria.

THE cAMP LEVEL OF POLYMORPHONUCLEAR 
LEUKOCYTES IN PSORIASIS VULGARIS

M. Csató, Ágnes R imanóczy, A. D obozy
D E P A R T M E N T  O F  D E R M A T O L O G Y  A N D  D E P A R T M E N T  O F  N E U R O L O G Y , U N IV E R S IT Y  M E D IC A L  SC H O O L,

S Z E G E D

In  the previous studies th e  circulating polym orphonuclear leukocytes  
from patients w ith  psoriasis vulgaris were found to  he activated  (enhanced  
chem otaxis, adherence, NBT reduction and Candida albicans killing). As these  
leukocyte functions are regulated b y  among others, the cyclic nucleotides 
and in  the lesioned psoriatic epiderm is the cyclic AMP level and/or beta adrener­
gic receptor responsiveness is dim inished we m easured the cAMP content of 
the polym orphonuclear leukocytes in  psoriasis vulgaris w ith  radioim m unoassay. 
The cAM P level o f polym orphonuclear leukocytes from patients w ith psoriasis 
did not differ from  that of the control cells. Thus other m echanism s m ay be 
im plicated  in the granulocyte activation .
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POLYMORPHONUCLEAR LEUKOCYTE CHEMOTAXIS 
IN PSORIASIS VULGARIS

M. Csató, A. D obozy, J . H unyadi, Sz. Anna K enderessy , N . Simon
D E P A R T M E N T  O F  D E R M A T O L O G Y , U N IV E R S IT Y  M E D IC A L  SC H O O L, S Z E G E D

The chem otactic responsiveness o f th e  polym orphonuclear leukocytes  
from patien ts with psoriasis vulgaris was m easured w ith  the B oyden  m ethod. 
Z ym osan activated, pooled , healthy donor serum was used as chem oattractan t. 
The chem otactic responsiveness of the polym orphonuclear leukocytes o f  
psoriatic patients was sign ificantly  higher than  th at o f  th e  granulocytes 
obtained from healthy individuals. The generation of lym phocyte derived  
chem otactic fator (LDCF) w as found to be enhanced in  psoriasis, too . As LDCF  
proved to  be chem okinetic for the psoriatic granulocytes we assum e th at this 
factor is, at least p artly , responsible for the polym orphonuclear leukocyte  
activation .

EFFECT OF IMMUNE COMPLEXES FROM 
PATIENTS W ITH SLE ON THE CHEMOTAXIS OF 

HUMAN MONOCYTES

M. Kávai, К . Lukács, A. B ányai, Gy. Szegedi
D E P A R T M E N T  I I I  O F  M E D IC IN E , U N IV E R S IT Y  M E D IC A L  SC H O O L, D E B R E C E N , H U N G A R Y

The effect o f im m u n e com plexes (IC) precipitated from  SLE sera w ith  
polyethylene glycol and  gel filtration  was exam ined on the chem otaxis o f  
h ela th y  m onocytes. E v e n  at a low protein concentration (1 /xg/ml) IC-s 
in h ib ited  the m onocyte chem otaxis. The IC-s from patients w ith  SLE nephritic  
syndrom e caused a sign ifican tly  larger inhibition in  com parison to  the IC-s 
p atien ts without any renal m anifestation. N o correlation was seen w ith  the  
a c tiv ity  o f the disease. T he inhibitory effect o f the IC-s on m onocyte chem otaxis 
correlated with their inh ib itory  effect on Fc receptor a c tiv ity , suggesting a 
relationship between th e  chem otactic and the Fc function  o f m onocytes. 
A nalysis of the IC-s b y  enzym e-labelled im m unoassay revealed no correlation 
betw een  the quantity o f  the IgG, C3 or D N A -anti-D N A  com plexes in the IC 
sam ples and the effect on m onocyte function.
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THE EFFECTS OF BENZYLADENINE, 
NAPHTYLACETIC ACID AND GIBBERELLIC 
ACID ON THE К/Na TRANSPORT IN WHEAT

Z. Oláh, A. B érczi, L. E rdei
IN S T IT U T E  O F  B IO P H Y S IC S , B IO L O G IC A L  R E S E A R C H  C E N T R E , H U N G A R IA N  A C A D EM Y  O F  S C IE N C E S ,

S Z E G E D , H U N G A R Y

W inter w heat was grown for 3 weeks in the presence o f benzyladenine  
(BA), naphtylacetic acid (NAA) and gibberellic acid (GA) com bined w ith  
optim um  and low К -supplies in the com plete nutrient solution. D uring the  
growth o f seedlings, the contents o f m acroelem ents (N , P , K , N a, Ca and Mg) 
and w ater, К  and P uptake and the activ ities o f  ion-activated  A TPase and 
acidic phosphatase were monitored.

Growth was stim ulated  by all the applied horm ones. The greatest effect 
was shown by GA given in a concentration of 0.1 /xmol/dm3. The uptake of К  
and P decreased while the К /N a se lectiv ity  increased due to the decrease o f Na  
uptake. In BA treated  plants the ion-independent (“ basic” ) ATPase a ctiv ity  
increased parallel w ith  the elim ination o f the ion-dependent ATPase a c tiv ity , 
whereas GA stim ulated  both the ion-independent and ion-dependent A TPase  
activities. W hen BA and GA were com bined the effect o f the former predom i­
nated.

These results support that som e o f the transport properties including  
К/N a  se lectiv ity  o f  plants m ay be controlled by horm onal treatm ents.

PHOTODESTRUCTION IN BENZONITRILE- 
TREATED CHLOROPLAST MEMBRANES

Z. Szigeti,* É. Sárvári,* Gy. Paless,** G. Gigler*
•D E P A R T M E N T  O F  P L A N T  P H Y S IO L O G Y  A N D  •♦ D E P A R T M E N T  O F  P L A N T  A N A TO M Y , EÖ TV Ö S  

U N IV E R S IT Y , B U D A P E S T  H U N G A R Y

The effect of 3,5-disubstituted  4-hydroxy-benzonitriles was investigated  
in vivo and in vitro on chloroplast ultrastructure and on photodestruction  
of chlorophylls and chlorophyll-protein com plexes (CPC) o f thylakoids.

The polyacrilam ide gel electrophoretic separation o f CPC-s isolated  from  
chloroplasts of w heat seedlings treated for 96 hours and greened for b y  illum i­
nation w ith 5000 lu x  showed that brom oxynil, a w idely  used agent for weed  
control in  cereals, was ineffective. H ow ever, 3-nitro-5-brom o-4-hydroxy- 
benzonitrile decreased the am ount and chlorophyll a/b ratio of photosystem  I. 
CPC, and increased the relative am ount o f light harvesting CPC-s, having low  
chlorophyll a/b ratio. The electron microscopical pictures and their morpho-
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m etrica l analysis proved th at the m em brane structure o f the treated  plastids 
becam e similar to  th a t of the shade-adapted plastids (i.e. increased granum  
m em brane area, wider grana with decreased num ber o f thylakoid).

During 3 hours o f  illum ination with 5000 lux  the photobleaching of 
chlorophyll was enhanced b y  all 3 ,5-d isubstituted  4-hydroxy-benzonitriles 
in  suspension o f isolated  spinach chloroplasts. The photosystem  II  CPC was 
th e  m ost sentitive to  these in vitro treatm ents.

IN  VIVO MODIFICATION OF LIPID CONTENT AND 
FATTY ACID COMPOSITION OF CHLOROPLAST 

MEMBRANES BY PYRIDAZINONE HERBICIDES

G. Laskay , E . Lehoczki, T. Farkas,* L. Szalay
D E P A R T M E N T  O F  B IO P H Y S IC S , A T T IL A  JÓ Z S E F  U N IV E R S IT Y , S Z E G E D  A N D  » IN S T IT U T E  O F  

B IO C H E M IS T R Y , B IO L O G IC A L  R E S E A R C H  C E N T R E , S Z E G E D  H U N G A R Y

The lipid content and fa tty  acid com position o f chloroplast membranes 
ex h ib it unique features as compared to  other m embraneous organelles derived 
from  animal and plant cells. The structural and functional significance o f this 
specia l lipoid pattern is not w ell understood.

In  our investigations we tried to  cause alterations in the lip id  and fa tty  
acid com position o f chloroplast m em branes during the light-dependent chloro­
p last differentiation (greening) b y  the application of three pyridazinone herbi­
cides (SA N  6706, SA N  9789, SAN 9785).

B oth  inhibitory and stim ulatory actions o f the herbicides were observed.

COMPOSITION AND PHYSICAL STATE OF 
CUCUMBER LEAF PHOSPHOLIPIDS AS AFFECTED 

BY SUBOPTIMAL GROWTH TEMPERATURE

Ibolya H orváth
IN S T IT U T E  O F  B IO C H E M IS T R Y  B IO L O G IC A L  R E S E A R C H  C E N T R E , S Z E G E D , H U N G A R Y

During frost hardening augm entation o f lipids and concom ittant increase 
o f phospholipid content have been observed in m any plant species [1 ,2 ] .

In this study th e  effect o f suboptim al tem perature (20/10 °C) was studied  
on cucum ber lines differing in growth at suboptim al tem perature.

Total phospholipid (PL) content of low -tem perature tolerant and sensitive  
lines increased at suboptim al air tem perature. W hen the soil was heated to  
16 °C, PL content o f  the leaves was decreased. The percentage phosphati­
dylcholine (PC) o f the to ta l phospholipids o f the sensitive lines grown at 20/10
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°C was 45%  and it  was 37%  w ith soil heating. T olerant lines contained  3 to  
10% more PC under the same conditions.

Total sterol (ST) to  tota l phospholipid (PL) ratio  m ay affect th e  phase 
transition tem perature of membranes [3]. ST/PL ratio (at 20/10 °C, soil heated) 
was rem arkably lower in  the tolerant lines compared w ith  the sen sitive  ones.

The percentage linoleic acid (18:3) of the PL fa t ty  acids from th e sensi­
t iv e  line was lower (40% ) at 23/20 °C than at 20/10 °C (55% ). W hen th e  soil 
w as heated a sign ificant increase in  the level o f 18:3 and a decrease o f  18:2 
were observed in the tolerant lines w hile the sensitive line remained at th e  same 
level. A sim ilar relatively  high level o f  18:3 was found in  the fa tty  acids o f  the 
different phospholipid classes of p lants grown at 20/10 °C. P h osp h atid yl­
choline and phosphatidylethanolam ine specifically contained more linoleic  
acid and less linoleic acid in the to lerant lines than PC and PE of th e  sensitive  
line suggesting th a t a high degree o f unsaturation o f these phospholipids is a 
prerequisite for adaptation to  suboptim al growth tem perature.

The correlation betw een changes in PL com position and the physical 
sta te  of isolated  phospholipids was determ ined w ith  electron spin resonance  
(E SR ). W hen the sensitive line was grown at 20/10 °C instead o f 23/20 °C, 
the phospholipid phase separation tem perature (Tc) w as 5 °C instead o f 12 °C, 
indicating th at a functional adaptation to  low tem perature occurred. P hospho­
lipid vesicles o f tolerant lines grown at 20/10 °C show ed a higher Tc th an  the  
sensitive control at 20/10 °C. A higher T c seems to be correlated w ith  a higher  
growth capacity at low  tem perature.
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MEMBRANE DAMAGING TREATMENT OF 
NYSTATIN SENSITIVE AND RESISTANT 

C A N D I D A  A L B I C A N S  CELLS
Judith  Zala, I. V incze, E. K. N ovak

D E P A R T M E N T S  O F  M Y CO LO G Y  A N D  B IO C H E M IS T R Y , N A T IO N A L  IN S T IT U T E  O F  H Y G IE N E , B U D A P E S T
H U N G A R Y

The effect on 42-K  and 24-Na in flu x  and efflux respectively, o f antifungal 
polyenic m acrolides (N ysta tin , A m photericin B, Pim aricin) and a detergent 
(Cethyl Pyridinium  .Bromide) was studied  on a Nys sensitive (“ S”) Candida 
albicans and on a strain (“ R ”) of induced Nys (16x) resistance (and ergosterol- 
less m utant).
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R esults indicate that:
(i) The barrier functions o f the plasm a mem brane were destroyed only  

by СРВ.
( i ï )  N y s  in concentrations capable to in h ib it the grwoth o f “ S” or “ R ” 

cells (sens =  S-MIC, res =  R-M IC), did not destroy  the barrier functions of the  
m em brane. It caused, how ever, ion loss in preloaded cells, while ion  in flux was 
not inh ib ited , even its rate was enhanced. On “ R ” cells, obviously , S-MIC 
of N y s failed to alter spontaneous ion leakage, although ion in flu x  was slightly  
enhanced. A ll these processes were influenced b y  the extracellular presence of 
both  K + and Na + .

(iii) The 50 X S-MIC o f AmB  and 10 X S-MIC o f jPii/i, increased ion uptake 
processes slightly, while not being capable o f  inducing efflu x  in  preloaded 
cells.

Our results refer to  m obility  increase, inducible only w ith  Nys, of carriers 
of th e  К -influx as well as N a-efflux pum ps, b u t even by using this polyene 
noth in g  indicated hole or pore induction. The resistance, how ever, can be dim i­
nished w ith  high (R-MIC) dose of Nys, i.e . b oth  a considerable ion in flux  
increase and an ion leakage are inducible, how ever, the question arises whether  
both  “ S” and “ R ” cells respond by the sam e m echanism .

EFFECT OF GONADOTROPIN RELEASING 
HORMONE ON THE ADENYLATE CYCLASE 

ACTIVITY OF AVIAN GRANULOSA

A. Takáts, F. Hertelendy*
IN S T IT U T E  O F  B IO C H E M IS T R Y  I ,  S E M M E L W E IS  U N IV E R S IT Y  M E D IC A L  SCHO O L B U D A P E S T , H U N G A R Y  

A N D  'D E P A R T M E N T  O F  O B S T E T R IC S  A N D  G Y N EC O LO G Y , S T . L O U IS  U N IV E R S IT Y  M E D IC A L  SCH O O L,
ST. L O U IS , U SA

The activ ity  o f adenylate cyclase in  purified  preparation o f hen granulosa 
was investigated  b y  m easuring the production o f cyclic AMP during a 20 m in  
incubation  at 30 °C. G pp/N H /p, the nonhydrolyzable analogue o f GTP, stim ­
u lated  enzym e activ ity  in  a dose related m anner (K act, 1.06 x l O -7 M). Ovine 
L H  and, to a lesser ex ten t, ovine FSH  also activated  adenylate cyclase in  the  
presence o f half m axim ally stim ulating concentrations of G pp/N H /p (10-7 M). 
G onadotropin releasing horm one (10-10— 10 -4 M) failed to sign ificantly  affect 
basal or gonadotropin prom oted adenylate cyclase activity or the production  
of cyclic  AMP b y  in tact granulosa cells. Progesteron production, on the other  
hand, was enhanced b y  G nR H  (10-8— 10-6 M). I t  is suggested th at in chicken  
granulosa cells, as in m am m alian pituitary cells, the adenylate cyclase/cyclic  
AM P system  is not a m ediator o f GnRH action.
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THE EFFECT OF D-PENICILLAMINE ON THE 
MICROSOMAL CYTOCHROME P-450

Gy. Oroszlán,1 L. Lakatos,1 L. K armazsin,1 L. Szabó,3 В. D ezső2
■ D E P A R T M E N T  O F  P E D IA T R IC S ,U N IV E R S IT Y  M E D IC A L  SCH O O L, D E B R E C E N , 'D E P A R T M E N T  O F
P A T H O L O G Y , U N IV E R S IT Y  M E D IC A L  SC H O O L, D E B R E C E N , »B IO LO G IC A L IS O T O P E  L A B O R A T O R Y  

IN S T IT U T E  O F  B IO C H E M IS T R Y , A T T IL A  J Ó Z S E F  U N IV E R S IT Y  S Z E G E D , H U N G A R Y

D -Penicillam ine (D -Ра) is used in our departm ent in the therapy of 
neonatal hyperbilirubinem ia and in the prevention of retrolental fibroplasia. 
Based on our previous studies we have suggested th a t D -Ра m ay influence  
the haem  m etabolism . Since cytochrom e P-450 is generally present as th e  
dom inant haem  protein of microsomes, it  was of interest to  investigate the  
effect o f D -Ра on th is enzym e system .

Experim ents were carried out in newborn and adult CFY rats. D -P a  
treatm ent did not cause any changes in  adult animals. In newborn rats we  
found th e  following.

1. The hexobarbital sleeping tim e was shortened b y  D -Pa treatm ent;
2. The am ount o f cytochrom e P-450 was greater in  the livers o f trea ted  

animals;
3. E lectron m icroscopy revealed an enrichm ent o f the endoplasm ic  

reticulum  in hepatocytes o f treated  rats.
This age-related difference in  the action  o f D -Pa was also dem onstrated  

in  our previous studies.

MACROPHAGE ACTIVATING EFFECT OF 
NATURAL OLIGOPEPTIDES

G. Fóris, G. A. Medgyesi, M. Hauck, G. F üst
D E P A R T M E N T  I  O F  M E D IC IN E , D E P A R T M E N T  O F  B IO C H E M IS T R Y , U N IV E R S IT Y  M E D IC A L  S C H O O L , 

D E B R E C E N  A N D  N A T IO N A L  IN S T IT U T E  O F  H A E M A T O L O G Y  A N D  B LO O D  T R A N S F U S IO N , B U D A P E S T ,
H U N G A R Y

The effect o f som e neuropeptides on the effector functions of rat peritoneal 
m acrophages (PM) was investigated . A ngiotensin II (A t II), vasopressin  
(Vp), R H -L H  and T R H  did not affect the expression of F eu  and Fey receptors 
of PMs. H ow ever, at high concentrations (1 0 -5— IC-6 M) the F ey  receptor  
m ediated rosette form ation was dim inished b y  A t II, Vp and L H -R H , w hile  
the subsequent phagocytosis of 51Cr-SRBCs was enhanced. In contrast, o ligo­
peptides (OP) enhanced the rosette form ation and inhibited the incorporation  
at 10~7 M concentrations. The C3b receptor m ediated rosette form ation and
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phagocytosis were augm ented by the above OPs. In addition, OPs failed to  
alter the IgM m ediated  processes of PMs. T he phagocytosis enhancing effect 
induced  by OPs w as com pletely  abolished under the effect o f 10~ 5 M indom etha- 
cin, and a m edium  containing 5 mM EGTA inhib ited  the phagocytosis suppress­
ing  effect o f OPs at low  concentrations. B enzoyl-tyrosyl-aethyl-ester (B T E E ) 
w as able to abolish both  the phagocytosis enhancing and suppressing effects  
o f OPs through inhib ition  o f m acrophage-peptidase having a k ey  position in  the  
activation .

Chem ilum inescence o f PMs was induced  b y  OPs, but B T E E  dim inished  
th e  activ ity  o f “ respiratory hurst” . The intralysosom al chym otrypsin and  
elastase activ ity  w as sign ificantly inh ib ited  b y  OPs, and the intracellular 
killing capability w as also lowered in the presence of them . T R H  did not induce  
any alterations in  target cells.

Summarized: I t  was found th at a num ber o f neuropeptides were able to  
induce PM -activation associated w ith enhanced incorporation and lowered  
lysosom al enzym e a c tiv ity  as well as k illing  capability. These effects were 
m ediated  by increased PG  synthesis, Ca2+-in flu x  and H + transport into the  
cells.

REGULATION OF MEMBRANE RECEPTOR 
ACTIVITY ON RESIDENT AND PROVOKED 

PERITONEAL MACROPHAGES

G. A. Medgyesi, G. Fójris, G. F üst, В. Szabó
N A T IO N A L  IN S T IT U T E  O F  H A EM A TO LO G Y  A N D  B L O O D  T R A N S F U S IO N , B U D A P E S T  A N D

D E P A R T M E N T  I  O F  M E D IC IN E , D E P A R T M E N T  O F  P H Y S IO L O G Y , U N IV E R S IT Y  M E D IC A L  SC H O O L
D E B R E C E N , H U N G A R Y

The regulatory role o f cyclic nucleotides on the effector functions o f both  
resident and th ioglycollate-elicited  rat peritoneal m acrophages (PM) was 
studied . Cyclic nucleotides exerted the sam e effect on the tw o types o f PMs. 
Extracellular cAM P as w ell as PG E 2 enhanced Fc/i receptor m ediated phagocy­
tosis  and oxidative hurst while intracellular protease a ctiv ity  (assessed b y  the  
use o f fluorogenic substrates) was decreased b y  the same agents. Extracellular  
cGM P as well as P G F 2a enhanced the F e y  receptor m ediated phagocytosis, 
chem ilum inescence and intralysosom al protease activ ity . cAMP or P G E 2 
inhibited , while cGM P and P G F 2 augm ented, the intracellular killing of fungi 
in  th ioglycollate-elicited  PMs.

The C3b receptor m ediated rosette form ation and phagocytosis were 
sensitive to  extracellular cyclic nucleotides on ly  to  a lower extent.
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CHARACTERIZATION OF MACROPHAGE 
ACTIVATION INDUCED BY Ca IONOPHORE 

A 23187 AND VALINOMYCIN

L. MÓDis, G. Fóris, B. Szabó
D E P A R T M E N T  O F  A N A TO M Y , D E P A R T M E N T  I  O F  M E D IC IN E  A N D  D E P A R T M E N T  O F  P H Y S IO L O G Y ’ 

U N IV E R S IT Y  M E D IC A L  SC H O O L, D E B R E C E N , H U N G A R Y

Ca ionophore A 23187 and valinom ycin know to  induce primary К  efflux  
appeared to  activate rat peritoneal macrophages (PM) as revealed b y  spreading  
inhibition , aggregation and enhanced nitro blue tétrazolium  reduction. The 
effect o f valinom ycin  was detected  also in the presence of 5 mM EGTA. In  
contrast, both drugs inhibited m arkedly the Fcp receptor m ediated functions, 
whereas the IgG2a m ediated processes were only decreased. The C3b receptor 
m ediated phagocytosis appeared to  be more resistant to  the drugs affecting  
cation  transport.

B oth ionophores induced significant chem ilum inescence and inhibited  
th e  intralysosom al elastase and chym otrypsin  a ctiv ity  in PMs. The intracellular  
killing capability o f PMs was m arkedly inhibited after incubation w ith  Ca 
ionophore and sligh tly  inhibited or unchanged after valinom ycin  treatm ent.

The membranes of PMs observed by polarized ligh t m icroscopy revealed  
strong radially-positive birefringence indicating the tangentia lly  extended  
carbohydrate chains on the mem brane surface. On th e  contrary, the m em branes 
o f PMS after exposure to ionophores displayed a discontinous w eakly  biréf­
ringent mosaic-like pattern. These optical phenom ena suggest a lower degreee 
o f  th e  orientation and/or a loss o f  carbohydrates o f  th e  cell coat as com pared  
to  th e  control cells.

MEASUREMENT OF INTRACELLULAR PROTEASE 
ACTIVITY WITH FLUOROGENIC SUBSTRATES IN 

LIVING PHAGOCYTIC CELL SUSPENSION

M. Hauck, E . Gyimesi, G. Fóris
D E P A R T M E N T  O F  B IO C H E M IS T R Y , D E P A R T M E N T  O F  H Y G IE N E  A N D  E P ID E M IO L O G Y , D E P A R T M E N T  I  

O F  M E D IC IN E , U N IV E R S IT Y  M E D IC A L  SCHO O L, D E B R E C E N , H U N G A R Y

A number o f m ethods are know n for the determ ination o f protease 
a c tiv ity  released from m acrophages or granulocytes. In  the present stu d y  
the intracellular (intralysosom al) trypsine, chym otrypsine and elastase a ctiv i­
ties were measured w ith  fluorogenic substrates (benzoyl-I -arginine-/?-naphthyl-
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-am ide, L-phenylalanine-/?-naphthylam ide and L-alanine-/l-naphthyl-am ide) 
in liv in g  cell suspensions.

Our method is based  on the principle th a t substrates are able to  penetrate 
th e  m em brane surrounded lysosom es and after the enzym atic effect the fluores­
cent /J-naphthylam ide disperses hom ogeneously in  the cytoplasm a and in the  
m edium .

First, the optim al experim ental conditions were elaborated. RPM I 1640 
m edium  has a high absorbance at 338 nm (excitation  w avelengh o f /S-naphthyla- 
m ide), therefore the determ inations were carried out in the low est essential 
am ounts of this m edium  buffered w ith Tris-HCL and supplem ented with L- 
glutam ine.

Enzym e a ctiv ity  depends on the cell num ber. We found a linear relation­
ship betw een the protease activities and cell num ber in a range of 106-1 0 7 
cell/m l. The fluorescence o f released ß-naphthylam ide was not disturbed by  
cell density  in the above m entioned range. The protease a ctiv ity  o f  living cell 
suspensions did not change during the first f iv e  hours of incubation.

In  addition, during th is period we could not detect sign ificant enzym e 
activ ities  in the m edium . The soybean trypsin inhibitor failed to  inh ib it protease 
a c tiv ity  in  living cell suspension, althought e-amino-caproic acid decreased 
enzym e activity. These findings prove th at b y  our method th e  intracellular 
protease activ ity  w as determ ined.

THE EFFECT OF THYROXINE ON THE MN AND 
PMN PHAGOCYTES

J. Nagy, G. Fóris, J. Csongor, M. Hauck, A. Leövey
D E P A R T M E N T  I  O F  M E D IC IN E , U N IV E R S IT Y  M E D IC A L  SCHO O L, D E B R E C E N

In  hyperthyreosis an enhanced activation  o f the im m une system  was 
described. The activation  o f effector cells (m acrophages, granulocytes) may be 
related  to  the direct effect o f the hormone on oxygen consum ption and on 
A T P ase activ ity  of th e  m em brane. H ow ever, it  cannot be excluded that the 
process is related to  th e  conversion of T 4—T 3 w hen N A D P H + gives H + to the 
enzym e deiodase. F ey  receptor activ ity  o f hum an m onocytes and red macro­
phages measured b y  rosette form ation and phagocytosis o f tracer-red blood  
cells increased, while ADCC activ ity  decreased after in vitro incubation w ith  
th yrox in e. Depressed intralysosom al protease a ctiv ity  measured b y  fluorogenic 
substrates as well as decreased superoxide anion production (chem ilum ines­
cence) were responsible for the inhibition o f ADCC. When thyroxine was ad-
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m inistered in vivo, rosette form ation increased b u t phagocytosis was blocked  
or it did not alter. Thus, the relatively  low  incorporation means an energy loss 
for the cell. F ey  receptor m ediated phagocytosis o f  thyreoidectom ized rats 
decreased and rosette form ation w as nearly to ta lly  blocked, therefore high rela­
tiv e  incorporation was observed. Intralysosom al protease activ ity  decreased in 
m acrophages o f thyreoidectom ized as well as thyroxine-treated  rats. In  contrast, 
th e  spontaneous chem ilum inescence was increased on ly  after thyroxine adm in­
istration . The fact th a t GSH protected  the in vitro blocking effect o f  T 4 on the  
chem ilum inescence indicates that the in vitro effect thyroxine is in  close con­
nection  w ith the T .,-T 3 convertase enzym e activ ity . According to our conclusions 
th e  reaction o f effector cells differs depending on whether the horm one is 
adm inistered in vitro or in vivo.

DETERMINATION OF ANTIGEN COMPONENTS OF 
IMMUNE COMPLEXES AS WELL AS SOLUBILIZED 

HUMAN Fc RECEPTORS BY LASER NEPHELOMETRY

I. Patvaros
D E P A R T M E N T  I  O F  M E D IC IN E , U N IV E R S IT Y  M E D IC A L  S C H O O L , D E B R E C E N , H U N G A R Y

In our present stu d y  the am ounts of im m une com plexes (I. C.) as w ell as 
the proportion o f hum an thyreoglobulin (hTG) o f I. C. was determ ined b y  the  
use o f laser nephelom etry in sera o f patients w ith  Basedow-G raves’ disease. 
This m ethod based on flocculation is well practicable w ith  addition o f  antigen  
excess to  achieve inhibition  of PEG -precipitation. The system  was used for 
quantitative as well as qualitative analysis of antigen com ponents o f  I. C. in 
general.

Furtermore, Fc receptors shed from human m ononuclear leukocytes as a 
result o f tem perature shift were also detectable in th e  presence of hum an IgG  
b y  laser nephelom etry. The PE G  precipitation under these experim ental 
circum stances depended on the Fc receptor to IgG  ratio in the system . Thus, 
th e  various am ounts o f Fc receptors shed from leukocytes of patients w ith  
autoim m une disease are detectable. H ow ever, the F c parts of IgG m olecules  
were blocked by preincubation w ith anti-hum an IgG (Fc) groat serum therefore  
F c receptors failed to  precipiatate IgG . In parallel experim ents the inh ib itory  
effect of solubilized Fc receptors on rosette form ation was also m easured and 
we found a good correlation betw een the above m entioned methods.

Summarized: laser nephelom etry thus applied seem s to be su itab le for 
the detection of antigen com ponents o f  I. C. as well as the shedding rate o f  Fc 
receptors from m ononuclear cells in various autoim m une diseases.
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ROTATIONAL DYNAMICS OF MEMBRANE 
PROTEINS IN FROG SCIATIC NERVE

J. B elágyi, P. Gróf*
C E N T R A L  L A B O R A T O R Y , U N IV E R S IT Y  M E D IC A L  S C H O O L , P É C S  A N D  »B IO P H Y S IC A L  IN S T IT U T E , 

B IO LO G IC A L R E S E A R C H  C E N T R E , H U N G A R IA N  A C A D E M Y  O F  S C IE N C E S , S Z E G E D

The translational and rotational m otion o f protein in m em branes, the 
distribution  of internal patterns of m otion, their frequency and energy charac­
teristics are in strong correlation w ith the b iological function o f th e  membranes. 
The segm ental flex ib ility  and the rotational m otion of protein dom ains were 
stud ied  by — SH directed spin labels using conventional and saturation  transfer 
E P R  technique. I t  w as found that dénaturation , change in  tem perature, 
oxid izing and reducing agents, different drugs pertrub prim arily the lipid  
region o f the m em branes, after the conform ational state o f th e  proteins. 
This fact supports the assum ption that the protein segments w here the — SH- 
groups are located p lay  a central role in  the ion ic transport processes across the  
m em brane.

LIPID-PROTEIN INTERACTION IN FROG 
SCIATIC NERVE

P. Gróf, J. B elágyi*
IN S T IT U T E  O F  B IO P H Y S IC S , B IO L O G IC A L  R E S E A R C H  C E N T R E , S Z E G E D , »C E N T R A L  L A B O R A T O R Y , 

U N IV E R S IT Y  M E D IC A L  S C H O O L , P É C S  H U N G A R Y

A rapid and effective  m ethod has been elaborated for spin-labelling of the  
lip id  region of the m em branes and the — SH -groups of the m em brane proteins 
in  th e  sciatic nerve o f  th e  frog. The excita tory  properties were not changed  
after the incorporation o f the fa tty  acids b y  th is m ethod. The experim ents, 
in w’hich spin-labelled — SH  reagents were used suggest that a m obile (r 2~ l  ns) 
protein-segm ent o f hydrophylic environm ent could be responsible for the  
m echanism  of the action  potential. I t  has been revealed th a t at least those 
— SH -groups to  w hich th e  spin labels are bound exhibit an anisotropic static  
distribution. This sta tic  distribution and also the m obility o f the protein  
altered even during perturbation in the lip id  phase, as perturbing agents e.g., 
benzyl-alcohol, n -butanol and halothane were used.

Thus our experim ents provide direct evidence that the conform ational 
sta te  and the stab ility  o f  the membrane proteins are principally influenced by  
th e  changes in the dynam ic state o f the lip ids.
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EÏFECTS OE PHLORRHIZIN ON THE MUSCLE 
MEMBRANE

Julia Cseri, E . Varga
D E P A R T M E N T  O F  P H Y S IO L O G Y , U N T V E R S IT Y  M E D IC A L  SC H O O L, D E B R E C E N , H U N G A R Y

Our earlier results [Acta physiol. Acad. Sei. hung. 52, 41-51 (1978)] 
showed th at phlorrhizin significantly decreased the frequency of m em brane  
potentia l oscillation induced b y  cevadine. According to  our recent experim ents  
the frequency decreasing effect of phlorrhizin fails to  ensue if  the to ta l Cl~ 
content o f the incubation solution is substituted  for non-penetrating anions 
(glutam ine, iseth ionate or sulphate).

The effect o f 2 mmol/1 phlorrhizin on the passive electrical characteristics 
of the sartorius muscle was investigated . I t  was established earlier th a t  the  
resting mem brane resistance of the m uscle incubated in norm al Ringer decreased  
b y  2/3. There is a decrease of similar degree even in Na-free (choline) R inger  
solution. H ow ever, the decrease of th e  mem brane resistance fails to  occur in  
OR free (glutam ate) Ringer.

D ata  m entioned above suggest th a t phlorrhizin influences th e  Cl-  
conductance.

PHOSPHATE TRANSPORT IN ISOLATED 
SYNAPTOSOMES

Erzsébet Ligeti, D . G. N icholls
D E P A R T M E N T  O F  P H Y S IO L O G Y , S E M M E L W E IS  U N IV E R S IT Y  M E D IC A L  S C H O O L , B U D A P E S T , H U N G A R Y  

A N D  D E P A R T M E N T  O F  P S Y C H IA T R Y ,D U N D E E  U N IV E R S IT Y . D U N D E E , SCOTLAND

Isolated  synaptosom es serve as useful models for studies on transport 
processes through the plasm a m em brane o f nerve cells. In  th e  present paper the  
transport o f phosphate ions, their distribution betw een m itochondria and  
cytoplasm , and their possible role in  depolarization-induced calcium u p tak e  
have been investigated . The following results were obtained:

(1) Freshly isolated synaptosom es contain 12.8 +  3.05 nm ol phosphate per 
mg protein. D isrupting synaptosom es 0 .7 -3 .1  nmol phosphate was found to  be 
associated w ith  m itochondria. D isregarding any phosphate binding the ab ove  
values give an intracellular phosphate concentration o f 2—6 mM.

(2) D epolarization-induced calcium  uptake is not accom panied b y  any  
net phosphate m ovem ent.

(3) W ithin 60 min 0.25 nm ol 32P-phosphate appears in organic com pounds  
in the presence o f 0.5 mM external phosphate at 30 °C.
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(4) In phosphate-free m edium  synaptosom es release 2 nm ol phosphate 
per m g protein per 60 m in. This process is stim ulated b y  th e  protonophor 
FCCP to  10 nmol per m g per 60 min.

ROLE OF THE REDOX STATE POTENTIAL IN THE 
REGULATION OF MUSCLE ACTIVITY

P. P ráger, A. P uppi, I. T . Szabó, M. D ely
C E N T R A L  L A B O R A T O R Y  O F  A N IM A L  R E S E A R C H , U N IV E R S IT Y  M ED IC A L S C H O O L , P É C S , H U N G A R Y

D irection of changes o f  the redox sta te  potentia l (EÓ) in m uscles stim ulat­
ed ind irectly  depends on th e  stim ulatory frequency in v ivo . Slow frequency  
evok in g  acute redosis, w h ile stim ulation w ith  high frequency resulting in  
ox id osis. These changes are frequently fo llow ed by com pensatory redox altera­
tio n s, e.g ., acute oxidosis evok ed  by stim ulation  w ith low frequency is follow ed  
b y  a com pensatory redosis. W hen the m uscle is stim ulated w ith  series of im puls­
es o f  sim ilar frequencies, th e  com pensatory redox changes w ill sum up, in  
other words, the basic redox state will be sh ifted . This m ight explain the differ­
en tia tion  o f the em bryonic m uscle tissues, according to the follow ing scheme: 
I f  th e  em bryonic tissue receives only stim ulatory  impulses o f  low  frequency —*■ 
acute redosis —*■ com pensatory oxidosis —► increased catabolism  —► red ty p e  
m uscle evolves.

INVESTIGATION OF TRANSPORT PROCESSES OF 
EXCISED AND INTACT WHEAT ROOTS

Ildikó T ó th , F. Z s o l d o s
D E P A R T M E N T  O F  P L A N T  P H Y S IO L O G Y , A T T IL A  J Ó Z S E F  U N IV E R S IT Y , S Z E G E D , H U N G A R Y

I t  is known th at the ion  uptake process o f  excised roots m ay differ consid­
erably  from that of in ta ct plants under sp ecific  conditions. The reason o f th is 
has n o t been cleared y e t . Earlier, the in flu x  o f ions was studied m ostly in  
excised  roots, and other investigations connected  w ith transport were not taken  
in to  consideration. This interesting question  o f m ethodological im portance 
has been investigated  using 7 day-old w h eat (GK Szeged) seedlings grown in  
w ater culture. Our results are the follow ing: (1) ATPase enzym e activ ity  o f  
excised  roots was more inhibited  by 0.01 m m ol 2,4-D than  the ATPase o f  
in ta c t plant. This inh ib itory effect was stronger in plants grown under low  salt 
conditions (0,5 mmol C a S 0 4) than in plants grown in diluted nutrient solution. 
(2) The V iets-effect and effects of different stress factors could be observed in
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excised  roots and intact plants as well, w hile the Ca2+-stim ulated K + -uptake  
and K +-content was higher in  the latter. (3) B y  our opinion, the differences 
in the transport processes of in tact plants and excised roots can be explained  
b y  the com m on effects of root cutting and the different environm ental stress 
factors.

HEPATOBILIARY TRANSPORT OF CHOLEPHILIC 
ORGANIC ACIDS AND THEIR EFFECT ON 

MITOCHONDRIAL RESPIRATION

Z. Greg us , E . F ischer , F. Varga
DEPARTMENT OF PHARMACOLOGY, UNIVERSITY MEDICAL SCHOOL, PÉCS, HUNGARY

(1) Indocyanise green, rose bengal, sulfobrom ophthalein (B SP) and 
brom cresol green are excreted b y  the bile at low  rates (0 .1 -0 .5  jUmol/kg/min). 
T hey inhibit bile production and the biliary excretion o f am aranth. These  
organic acids, unlike those w ith high biliary excretion rates (2 -5  /(m ol/kg/m in), 
choleretic effect and low potency to  inhibit the biliary excretion o f am aranth, 
depressed the respiration of isolated  liver m itochondria at lower concentrations  
(5 -50  ,uM) th an  those found in the liver after iv . adm inistration. (2) A correlation  
was found betw een the inhibitory effects o f bile acids (litocholic acid, chenode- 
oxycholic acid, deoxycholic acid, cholic acid, dehydrocholic acid) on the biliary  
excretion  o f am aranth and on the respiration of hepatic m itochondria. (3) 
Taurocholic acid reduced the effects o f BSP  to  inhibit m itochondrial respiration  
and the excretion  of B SP -glutathione conjugate, and increased the biliary  
excretion  o f to ta l (unconjugated plus conjugated) BSP.

These observations suggest that tox ic  effects on m itochondria o f cholephils 
m ay be responsible for their low  biliary excretion rates as w ell as for their strong  
potency  to  in h ib it bile production and hepatic transport o f am aranth.

EFFECT OF HYPERGLYCAEM1A ON THE SUGAR 
TRANSPORT OF THE SMALL INTESTINE

E. F isch er , E ., F. Lauterbach
INSTITUTE OF PHARMACOLOGY, UNIVERSITY MEDICAL SCHOOL, PÉCS, HUNGARY AND INSTITUTE OF 

PHARMACOLOGY AND TOXICOLOGY OF RUHR UNIVERSITY, BOCHUM, GFR

The in testin a l transport o f sugars (glucose, 3—O -m ethylglucose, ^3-methyl- 
-D-glucose) was investigated  in the isolated m usosa of guinea pig. Sugar trans­
port was increased by hyperglycaem ia. The serosal to  m ucosal flu x  was on ly
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sligh tly  enhanced as a resu lt o f the increase o f paracellular perm eability. The 
m ucosal-serosal transport w as also increased due to  the stim ulation o f transcellu- 
lar transport processes. T he calculated flu x  coefficients indicate that both  the  
lim inal and the basolateral membranes m ay be involved in  the increased sugar 
transport induced by hyperglycaem ia.

INTERCELLULAR JUNCTIONAL FORMATIONS IN 
RAT SKIN TUMOURS INDUCED BY

METHYLCHOLANTHRENE: A FREEZE-FRACTURE
STUDY

E rzsébet H orák,* G. Le lk es ,** J. Sugár*
»NATIONAL INSTITUTE OF ONCOLOGY, BUDAPEST, HUNGARY AND »»NATIONAL INSTITUTE OF 

HAEMATOLOGY AND BLOOD TRANSFUSION, BUDAPEST, HUNGARY

T he occurrence o f  different intercellular junctions in  several epithelial 
skin tum ours induced b y  m ethylcholanthrene was investigated  using thin  
sections and freeze-fracture replicas. The prim ary tum ours were basal cell 
carcinom as; desm osom es and gap junctions were detectable in them . In the  
subsequent tumours a squam ous com ponent evolved . In the squam ous carcino­
mas t ig h t  junctions w ere also observed in addition to  desm osom es and gap 
ju n ction s. M étastasés developed merely from the squam ous carcinomas. In  the  
m etasta tic , undifferentiated carcinomas solely  desm osom es could be identified . 
Our data  suggest a possib le connection betw een the absence o f gap junctions 
and th e  m etastasizing cap acity  o f tum ours.

FREEZE-FRACTURE HISTOCHEMICAL
IN VESTIGATIONS OF THE GRANULE MEMBRANES 

OF HUMAN POLYMORPHONUCLEAR GRANULOCYTES.
THE OCCURRENCE OF FILIPIN-STEROL 

COMPLEXES

G. L elkes, Gy. L e lk es , Klára > z in y e i Merse , Susan R. H ollán
NATIONAL INSTITUTE OF HAEMATOLOGY AND BLOOD TRANSFUSION BUDAPEST, HUNGARY

N orm al human granulocytes isolated  b y  Urom iro-dextran sedim entation  
were investigated  b y  m eans o f freeze-fracture technique. Before freeze-fractur­
ing, th e  cells were fix ed  w ith  2.5%  glutaraldehyde in the presence of 150 ug/ ml 
filip in  (U pjohn Co). I t  w as found th at the m em branes o f m ost azurophil gran­
ules contained num erous filip in-sterol com plexes while the m ajority o f specific  
granule membranes lacked  com plexes. In  granulocytes investigated  w ithout
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filipin pretreatm ent the distribution and density of the intram em brane particles 
were about the sam e on the m em branes o f both typ e o f  granules. Therefore, 
the different particle densities could not contribute to  the different appearance  
of the filip in-sterol com plexes observed.These results indicate that in th e  hum an  
polym orphonuclear granidocyte the m em branes of the azurphil granules con­
tain  more cholesterol than  those of the specific granules.

FUNCTIONAL AND ULTRASTRUCTURAL 
ALTERATIONS OF MURINE BLOOD CELL 

MEMBRANES AFTER NEUTRON +  GAMMA 
IRRADIATION IN VIVO

Tam ara K ubasova , Sára A n ta l , Z. Somosy, G. J . K öteles
“ FRÉDÉRIC JOLI ОТ-CURIE” NATIONAL RESEARCH INSTITUTE FOR RADIOBIOLOGY AND 

RADIOHYGIENE, BUDAPEST, HUNGARY

Follow ing m ixed neutron-|-gam m a irradiation o f mice by 0 .5 -4 .5  Gy 
(gam m a com ponent appr. 30% ), p latelets, lym phocytes and erythrocytes w ere 
separated at various tim e-points. F unctional alterations o f plasma m em branes 
were tested  b y  lectin-binding technique, the ultrastructural appearance o f  cells 
was studied b y  scanning and transm ission electronm icroscopy. The experim en­
ta l data show th at the am ounts of 3H -concanavalin-A  bound to the plasm a  
membranes increased as a function of the radiation dose w ithin 3 hours fo llow ­
ing radiation treatm ent. The most sensitive reactions were observed w ith  
lym phocytes and p latelets as in these cases 0.5 G y already in itiated  w ell 
detectable increases in  lectin-binding. This functional perturbation o f p lasm a  
membranes exhib ited  an oscillatory character. M icromorphological observations 
revealed tendencies o f erythrocytes to  develop into spherocytes, sm oothening  
of lym phocyte surfaces and dilatations o f  their intracellular membranes as w ell 
as a degranulation o f platelets.

ALTERATIONS IN LECTIN-BINDING FUNCTION 
AND SURFACE CHARGE OF PLASMA MEMBRANES 

UPON THE EFFECT OF IONIZING RADIATION

Z. Somosy, Tamara K ubaso va , G. J. K öteles
“FRÉDÉRIC JOLIOT-CURIE” NATIONAL RESEARCH INSTITUTE FOR RADIOBIOLOGY AND 

RADIOHYGIENE,BUDAPEST, HUNGARY’

Prim ary hum an em bryonic fibroblasts were subm itted  either to x-irradi- 
ation w ith  2.5 Gy or to  ^-irradiation from tritiated  water (НТО, 37 kB q per ml) 
for 1 to  60 min. The lectin-binding o f plasm a membranes was tested b y  3H-
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concanavalin  A, changes o f  negativ  surface charges were follow ed b y  cationized  
ferritin. Experim ents revealed  that the am ount o f  3H -concanavalin A bound to  
the cell surface increased already 1 m inute after x-irradiation w hile after 10 and 
60 m in lectin-binding reached a level o f appr. 50%  above th a t o f unirradiated  
control cells. In  contrast, 3H -concanavalin  A  binding did n ot change during 
the 1st m inute of ^-irradiation, 10 min afterw ards, however, a sharp increase 
of 100%  above the control was observed fo llow ed by a decrease o f 45%  below  
the control level at 60 m in of НТО treatm en t. A similar radiation-induced  
perturbation of plasm a mem brane could also be dem onstrated b y  cationized  
ferritin. I ts  binding expressed in number o f particles per pm2 w as decreased to  
41%  o f control 10 m in after X -irradiation, 1 hour later, how ever, it returned  
to  th e  level o f unirradiated control cells and did not change further during the  
observation  period o f 24 hours. Both the con A  and cationized ferritin bindings, 
thou gh  changes of opposite directions w ere observed, proved to  be sensitive  
techniques for the dem onstration of the radiation-induced early and tem porary  
perturbation o f plasm a membranes.

THE EFFECTS OF 4-AMINOPYRIDINE ON 
CALCIUM MOVEMENT AND THE CHANGES OF THE 

MEMBRANE POTENTIAL IN THE PINCHED-OFF 
NERVE TERMINALS FROM RAT CEREBRAL CORTEX

D . Á goston, В. H arg ittai, Á. N agy
DEPARTMENT OF ANATOMY, UNIVERSITY MEDICAL SCHOOL, SZEGED, CENTRAL RESEARCH INSTITUTE 
FOR PHYSICS, BUDAPEST, INSTITUTE OF BIOCHEMISTRY, BIOLOGICAL RESEARCH CENTRE, SZEGED,

HUNGARY

The am inopyridines, especially 4-am inopyridine (4-A P), greatly increase 
the num ber o f transm itter quanta released in  response to a single stim ulus in  
electrophysiological experim ents. The effect o f  4-A P was sim ilar when applied  
in  pharm acological experim ents, i.e. the release of acethylcholine from guinea  
pig ileum  m yenteric p lexus was greatly enhanced by electrical stim ulation in  
the precense of Ca2 + .

In  our present experim ents we have investigated  the in  vitro effects o f  
4-A P  on 45Ca2 + m ovem ents and changes o f  the membrane potential in  the  
pinched-off nerve term inals by biochem ical and biophysical techniques.

In itia l calcium entrance into the iso la ted  nerve endings was greatly in ­
creased in the presence o f  4-A P which had different kinetical characteristics as 
com pared to  the calcium  uptake in the absence of 4-AP. The fast initial phase 
o f th e  calcium  entrance culm inated in th e  first 15 s after depolarization in  the  
presence o f 4-A P. In  th e  absence of 4 -A P  th e  calcium entry  peaked in 45 s 
after depolarization. The degrees o f calcium  accum ulation in  the treated and
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untreated  synaptosom es were equal during this tim e interval (45 s). Similar 
results have been obtained in b iophysical studies using the potentia l sensitive  
fluorescent dye for m onitoring th e  changes in mem brane potentia l evoked by  
4-A P  treatm ent. In  potassium  rich medium  the fin a l level of synaptosom al 
m em brane potentials was not altered in the presence or absence o f 4 -A P  but the  
kinetics o f the processes was different. The initial part of the synaptosom al 
m em brane depolarization process was slower in the presence o f  4-A P , (r-4-A P, 
42 s; T-control, 18 s). Since the in itia l calcium entry into the nerve term inals 
was increased, during this higher calcium  influx the rate o f mem brane depolari­
zation  decreased.

Sum m arizing our biochem ical and biophysical data it  m ay be concluded  
th a t the major effect o f 4-A P on iso lated  presynaptic nerve endings is based on 
alterations o f calcium m ovem ent across the plasm a m em brane. In  th e  presence 
of th is drug the rate o f calcium entrance is grossly increased by К  + depolariza­
tion , i.e . a rapid extensive calcium  in flux occurs. This higher calcium  current 
m ay w ell be the basis o f the “ chem ical potentiation” o f transm itter release 
caused b y  4-A P.

FUNCTIONAL COOPERATION OF MICROSOMAL 
MONOOXYGENASE ENZYMES DURING  

INDUCTION
Bernadette Schoket, I. V incze

NATIONAL INSTITUTE OF HYGIENE. BUDAPEST, HUNGARY

Microsomal cytochrom e P-450-linked m onooxygenase system  is o f  great 
im portance in  the m icrosomal enzym e system .

After inducation o f the supram olecular m onooxygenase enzym e, com plex  
changes in the com position and a c tiv ity  as well as functional cooperation  
occurred.

I t  is supposed th at by altering the ratio of the com ponents, induction  will 
result in altered functional relations betw een each other and the m em brane.

PHOSPHOLIPID-HAEMOGLOBIN INTERACTION IN 
HAEMOGLOBIN CONTAINING LIPOSOMES

J. Szeben i, J. H. B r e u e r ,* J . G. Szelényi, S. R. H ollán
NATIONAL INSTITUTE OF HAEMATOLOGY AND BLOOD TRANSFUSION, BUDAPEST, HUNGARY, AND 

•INSTITUTE OF EXPERIMENTAL MEDICINE, HUNGARIAN ACADEMY OF SCIENCES, BUDAPEST,
HUNGARY

E ncapsulation o f haem oglobin (H b) into liposom es (haem osom es) offers 
a p ossib ility  to  elaborate a universal blood substitute capable o f ensuring the  
oxygen  supply transitionally, first o f  all in em ergency cases. R egarding the
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applicability , it is crucial th a t Hb remain stable both  structurally and function­
ally  w ith in  the lipid capsule. H ow ever, our experim ents have revealed that 
Hb undergoes a dénaturation  process in liposom es, and it transform s into  
haem ichrom e. In case o f  haem osom es prepared b y  th e  “ ether in jection” method  
th e  dénaturation of H b is a fast process ensuing during the preparation, while 
in  case o f  “hand-shaken” haem osom es the haem ichrom e form ation is only slow, 
w hich  can be detected o n ly  during storage, after a few  days. The rate o f dénatu­
ration  was found to  depend on the tem perature, lip id com position and the 
m et-H b level. The analysis o f the lipids extracted  from  haem osom es indicated  
increased hydrolysis and autoxidation  o f phosphatidylcholines. The fast hae­
m ichrom e form ation cou ld  be inhibited  b y  free radical scavenger, inert gases 
and b y  the use of sphingom yelin , how ever the slow  dénaturation could not be 
prevented.

I t  is suggested th a t  th e  dénaturation o f H b is due to changes in  the qua­
ternary structure o f  H b and to  the increased autoxidation  o f the haeme, the 
tw o  process acting concurrently.

BIOCHEMICAL AND IMMUNOHISTOCHEMICAL 
LOCALIZATION OF y-GLUTAMYL TRANSPEPTIDASE 

IN NEURAL TISSUE

V. Varga, J . Somogyi, P . Cserm ely , N . Müllner , P . Ma n d e l *
DEPARTMENT OF BIOCHEMISTRY, SEMMELWEIS DNTVERSITY MEDICAL SCHOOL, BUDAPEST, 

HUNGARY AND »CENTRE DE NEUROCHIMIE DU CNRS, STRASBOURG, FRANCE

The y-glutam yl transpeptidase (y-GT) has been suggested to  be involved  
in  th e  transport process o f  amino acids across th e  plasm a m em brane. R ecently  
another possible fu n ction  y-GT in the CNS has been suggested b y  work in our 
laboratory.

In the present work the subcellular and cellular localization of y-GT 
has been studied. A b ou t 95%  of the to ta l enzym e activ ity  was bound to the  
particular fractions. T he highest specific a ctiv ity  was detected in  the fraction  
contain ing m icrovessels.

The specific a c tiv ity  y-GT in microsom al and plasma mem brane fractions 
w as higher, while it  w as lower in synaptosom al plasm a membranes than in the 
hom ogenate. Considerable differences of y-GT a ctiv ity  were detected  in neural 
tissu e  cultures.

The astroblast cultures exhibited the h ighest specific enzym e activ ity  
and it  was lower in  rat neuronal (m ixed) cultures, while no m easurable activ ity  
w as observed in pure chicken neuronal cultures.
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The biochem ical findings were confirm ed by indirect im m unohistochem i­
cal studies using fluorescein isoth iocyanate (FITC) and horseradish peroxidase 
antibody conjugates. The highest labelling was observed in the capillary endo­
thelial cells in brain tissue slices. In tissu e cultures, the round small astrocyte  
cells were in tensely  labelled by FITC.

From  these results it  can be concluded that o f y -GT activ ity  is localized  
in glial cells and part in neuronal cells, how ever, the highest activ ity  is probably  
exhibited  by epithelial cells. The higher y-GT activ ity  o f  glial and ep ithelial 
cells and their physiological function in C N S m ay  support the idea of a presum ed  
role of this enzym e.

THE SUBCELLULAR DISTRIBUTION OF 
CHOLECYSTOKININ AND ITS APPEARANCE 
DURING ONTOGENESIS IN THE RAT BRAIN

V. V arró, F. H a jn a l , J . Lonovics
DEPARTMENT I OF BIOCHEMISTRY, SEMMELWEIS UNIVERSITY MEDICAL SCHOOL, BUDAPEST, AND 

DEPARTMENT I OF MEDICINE, UNIVERSITY MEDICAL SCHOOL, SZEGED, HUNGARY

Several team s h ave reported the presence of im m unoreactive cholecysto- 
kinin (CCK) in the brain o f different species. On the basis o f  the presented results  
the follow ing questions w ill be answered.

W hich is the subcellular distribution o f CCK in the rat brain cortex?
W hen does CCK first appear and how  its concentration changes during 

ontogenesis ?
U sing b ioassay m easurem ents, we have found more than 50%  o f the  

to ta l CCK activ ity  in  th e  synaptic structures, m ostly in the synapsis rich  
membrane fragm ents. A bout 10 percent is localised in  the nuclear fraction and  
30 percent in  the postm itochondrial supernatant. CCK appears already in  the  
em bryonal life and its  am ount increases from  a low leve l continously up to  
25th -30 th  days partum . The am ount o f CCK in the brain o f the pregnant 
anim als did not change during pregnancy and the placenta did not contain CCK 
a ctiv ity  during any phase o f pregnancy.

The specific subcellular distribution o f CCK in the rat brain cortex and  
the published data th a t neuronal m em branes contain CCK receptors support 
the idea th at CCK participates somehow in the neurotransm ission.
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COMPARATIVE STUDY ON CATION UPTAKE AND 
3H-OUABAIN BINDING IN DIFFERENT REGIONS OF

RAT MYOCARDIUM

T. K ovács, J . M. O’D onell , K . J e n e i,* I. Szabó
DEPARTMENT OF PHYSIOLOGY, UNIVERSITY MEDICAL SCHOOL OF DEBRECEN, HUNGARY AND 

•DEPARTMENT OF PHARMACOLOGY, UNIVERSITY COLLEGE GALWAY, IRELAND

86Rb- and ^ K -u p tak e were studied in resting and stim ulated  m yocardial 
strips isolated from th e  basic, middle and apical regions o f  the left and right 
ventricles. The in itia l rate  o f 8eR b-influx was about tw ice, and ^ K -in flu x  
about three tim es higher in  the right ventricle than in the left ventricle and  
septum . uptake decreased gradually from  the basis tow ard the apex in  th e  
righ t ventricle. There w ere also regional differences in 8eR b-influx of the right 
ventricle: the low est va lu e  was found in th e  middle part and R b-influx rate  
increased toward the basis and apex. In the le ft ventricle and septum , how ever, 
^ K - and 86R b-influx show ed no regional differences. The ouabain sensitive  
cation  uptake also show ed marked regional differences; the highest uptake rate  
w as found in the apical region, and the low est values at the basis in both v e n ­
tricles. Specific 3H -ouabain binding capacity o f plasm alem m a preparations from  
various part of the le ft and right ventricle revealed also regional differences in  
agreem ent w ith cation-uptake.

COMPARATIVE STUDIES ON THE EFFECT OF 
ANTIARRHYTHMIC DRUGS INFLUENCING Ca2+ 

TRANSPORT PROCESSES IN CARDIAC, SKELETAL 
AND SMOOTH MUSCLE

A. V ér , A . T ú r i, J. P lavecz, J . Somogyi, S. Mányai
INSTITUTE OF BIOCHEMISTRY, SEMMELWEIS UNIVERSITY MEDICAL SCHOOL AND EGYT 

PHARMACOCHEMICAL WORKS, BUDAPEST, HUNGARY

In spite of the fa c t th a t different antiarrhythm ic drugs are widely used in  
th e  clinical practice, th e  exact molecular m echanism  o f their action rem ains to  
b e clarified. Presum ably their cardiological effects are related not only to  m ono­
v a len t but also to  d iva len t cation transport processes. Therefore we stud ied  
w hether Ca+ +-transport o f  the sarcoplasm ic reticulum  could be influenced b y  
antiarrhythm ic com pounds (benzcyclan, quinidine, lidocain and pindolol); 
furtherm ore, we exam ined  w hat kind o f differences could be detected in  their
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action using heart, skeletal and sm ooth m uscle preparations. B enzcyclan and  
quinidine inhibited in a dose dependent m anner both Ca + +-binding and Ca + +- 
uptake as w ell as Ca + +-ATPase activ ity  o f  sarcoplasm ic reticulum  prepared  
from heart tissue, while lidocain and pindolol proved to be ineffective. In  
contrast to  heart tissue on ly  benzcyclan influenced the C a+ +-transport in 
skeletal m uscle exerting an ionophor-like effect: it  decreased C a++-uptake and  
potentiated  C a++-ATPase activ ity . A lthough in  sm ooth muscle preparation  
benzcyclan and quinidine acted sim ilarly as in  the cardiac tissue, p indolol 
enhanced the Ca + +-uptake on ly  in this tissue.

Our data indicate th a t the antiarrhythm ic drugs tested  have different 
effects on Ca2 +-transport processes in various typ es of muscles.

EFFECT OF AGENTS INFLUENCING  
CONTRACTILITY ON MONOVALENT CATION 

BALANCE OF CARDIAC TISSUE

N. MÜLLNER, J . Somogyi, F. H a t fa l u d i, S. Mányai
INSTITUTE OF BIOCHEMISTRY SEMMELWEIS UNIVERSITY MEDICAL SCHOOL, AND EGYT 

PHARMACOCHEMICAL WORKS BUDAPEST, HUNGARY

The aldosterone antagonists exert a direct action  in the heart b y  prom ot­
ing the transport o f K  + in to  the cells w ithout affecting the Na + -)- К  +-A T Pase  
activ ity  or its inhibition b y  ouabain (Som ogyi et al. 1977).

In  the present study the action o f drugs influencing contractility  o f  the  
cardiac m uscle (lidocain, H alidor and verapram il) was studied on th e  K + 
balance o f  isolated  Langendorff heart preparations from  guinea pigs as w ell 
as on the plasm a membrane preparations from pig heart tissue. These com ­
pounds did not influence K + balance of the iso lated  heart in any concentrations  
tested . On the other hand, w hen they were applied prior to or sim ultaneously  
with ouabain, the loss o f K + from heart cells due to  ouabain adm inistration  
was lowered in  a dose dependent manner. T hese drugs caused a dose dependent 
inhibition o f N a + -(-K +-ATPase and its partial reactions.

It can be concluded th a t in  cotrast to  the aldosterone antagonists, these  
com pounds can influence be binding o f ouabain. Their effect excerted on the  
N a + -J-K+-ATPase does not seem  to  be specific, as their concentrations capable  
of inhibiting the enzym e was several orders o f  m agnitude higher than  th a t of 
ouabain.
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EFFECT OF ACROLEIN ON ELECTROMECHANICAL 
COUPLING OF SKELETAL MUSCLE

A. K övér , I. Geszthelyi,* T. K eresztes
CENTRAL RESEARCH LABORATORY,UNIVERSITY MEDICAL SCHOOL, DEBRECEN, ‘BESSENYEI

TEACHERS’ TRAINING SCHOOL, NYÍREGYHÁZA, HUNGARY

R ecently  it  has been established b y  Japanese authors th at acrolein  
applied in  m illim olar concentrations prevents the m echanical responses of 
m uscles to  electrical square w ave im pulses. In  the present experim ents it  was 
found th a t th is agent dissolved both in N a+  and in N a + free R inger’s solution  
elicited  a transient depolarization of the m em brane and a contracture o f the  
m uscle, respectively  .These were followed b y  relaxation and then repolarization  
depending on conditions o f incubation.

A fter treatm ent o f  the muscle w ith  acrolein its ab ility  to  contract 
practically  ceased, w hile contracture could be still evoked b y  coffeine. In 
R inger’s solution, w hen depolarization in response to acrolein started to  de­
velop, a series o f action potentia ls, i.e ., firing could he observed w hich was ac­
com panied by sim ultaneous seizure of the m uscle.

From  these results it  has been concluded that a reduction o f chloride 
conductance m ay be in vo lved  in these phenom ena.

ROLE OF ADP IN THE REGULATION OF ATP-ASE IN  
ACTOMYOSIN SYSTEM

L. K Ó N Y A ,  S. C S A B IN A , J. C SO NG O R, A. SzÖ O R *
CENTRAL RESEARCH LABORATORY AND »DEPARTMENT OF PHYSIOLOGY, UNIVERSITY MEDICAL

SCHOOL DEBRECEN .HUNGARY

A T P was m easured b y  luciferin-luciferase and turbidity was registered  
b y  spectrophotom eter during superprecipitation of rabbit skeletal m uscle  
actom yosin  elicited b y  A TP. The correlation betw een the changes o f ATP level 
and tu rb id ity  was studied  in  relation to  th e  concentration o f A D P  added  
together w ith  ATP. I t  was found th at during phasic superprecipitation [cf. 
Csabina et al. Muscle R es. Cell M otility, 1, 512 (1980)] changes in  th e  rate of 
decrease o f  ATP concentration and tu rb id ity  were synchronous and b oth  de­
pended on the concentration and ratio o f A T P and A D P. For the exp lanation  of 
these phenom ena a m odel was constructed in  which the phases were related  
to  com plexes o f different com position for m yosin, actin, ATP and A D P . 
In response to an increase o f A D P  concentration  a special com plex o f the dimer 
m yosin  m olecule evo lved  in which one m yosin  head was bound to  actin  and 
A D P , and the other one to  ATP only. The conform ation of the tw o m yosin  
heads changed alternately , resulting in  a m oderate increase o f tu rb id ity  (first 
phase o f  superprecipitation), and in a controlled level of actin activation .
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VESICULATION AND K —Na TRANSPORT IN STORED 
HUMAN ERYTHROCYTES AND IN ATP-DEPLETED 

FRESH RED CELLS

J. Laczkó, M. Szabolcs, В . Szabó, I. J óna , S. Szabado s, F. J en ey
CENTRAL RESEARCH LABORATORY, UNIVERSITY' MEDICAL SCHOOL, DEBRECEN, HUNGARY

Cell shape, vesicle release, ATP content and К -N a transport capacity  
were followed in red cells collected in ACD and stored under blood banking  
conditions, as w ell in fresh cells depleted at 37 °C through glucose deprivation. 
R eversibility o f changes were tested  by 37 °C (rejuvenation). During storage, 
discocyteechinocyte transform ation, mem brane vésicu lation  and decrease of  
A TP-level occured progressively. Also a m arked decrease in  ouabain-sensitive 
com ponents o f К -N a flu xes was found. A major fraction o f released vesicles 
was membrane-bound red cell fragm ents, w ith a ruthenium  red and Con-A-per- 
oxidase stained cell coat. H igher acetylcholinesterase and lower Ca2+ and  
ouabain-sensitive ATP-ase activ ities were m easured in th e  vesicles than in  th e  
ghosts. B y SD S-electrophoresis, practically each type o f  membrane protein  
w as dem onstrated w ith  a m arked increase of the 5 5 -5 8  000 Mw fraction; 
the presence o f  high Mw com plexes was also apparent. R ejuvenation  restored  
ATP content and ion-fluxes to  the norm al level and low ered achinocytosis 
considerably. After A T P-depletion, sim ilarities were found as regards m orphol­
ogy and enzym e activ ities o f released vesicles, but a conspicuous difference was 
dem onstrated in  membrane com position: abundant B and 3 protein and som e  
spectrin contam ination were observed. R ejuvenation resulted in shape reversion  
o f depleted cells, neverteless neither ATP content nor active pum p m echanism s 
were com pletely restored.

In conclusion it is em phasized that there are essential differences betw een  
the m echanism s o f storage changes and short-term  A T P-depletion of red cells.

CHARACTERIZATION OF HUMAN K562 LEUKEMIA  
CELLS AFTER HAEMIN ADMINISTRATION

E . B artha , E . Oláh ,* J . Szel é n y i, M. B a k ,* J. Sugár ,* Susanne H ollán
NATIONAL INSTITUTE OF HAEMATOLOGY AND BLOOD TRANSFUSION AND »NATIONAL INSTITUTE OF 

ONCOLOGY, RESEARCH INSTITUTE OF ONCOPATHOLOGY, BUDAPEST, HUNGARY

Hum an leukem ia K 562 cells kindly provided by Prof. G. K lein, Stockholm , 
were treated w ith  46 pM haem in (K och-L ight). To follow  th e  kinetics o f the  
inducation of haem oglobin synthesis, the binding of J25I-labclled transferrin, 
F e uptake from 59Fe-labelled transferrin and acetylcholinesterase activ ity  were 
m easured until the 7th day o f treatm ent. On the 5th day, w hen haem oglobin
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reached the highest level, the binding o f 125I-transferrin, 59Fe uptake and acety l­
cholinesterase activ ity  were also sign ifican tly  elevated. The H b X  was the m ost 
abundant haem oglobin synthetized  in haernin stim ulated cells.

Subcutaneous in jection  o f K562 cells into im m une-suppressed mice 
resulted  in solid tum our form ation. Surface markers and karyotype b y  G 
banding were identical in  the K562 solid tum our and in th e  cells of the tissue  
culture. The characteristic cytogenetic markers were sim ilar to  those published  
earlier (K lein et al. 1976) though further rearrangem ents occurred. Three 
copies o f chromosomes 11 and 16 (coding for the /З-like and the а-like globin  
genes, respectively) and Philadelphia chrom osom e could be detected.

Based on the present observations and some recent data  the question is 
raised wether haem in treatm ent results in  a genuine erythroid  differentiation  
process or whether it  sim ply increases the rate of synthesis q f specific proteins 
produced in minute am ounts in the untreated  cells as w ell.

ACETYLCHOLINESTERASE ACTIVITY OF 
ERYTHROCYTES AND LYMPHOCYTES DERIVED  
FROM AGED NORMAL AND DEMENTED SURJECTS

J. Szelényi, E . B artha , I. F e k e t e ,* S. H ollán , A . Lipc sey*
NATIONAL INSTITUTE OF HAEMATOLOGY AND BLOOD TRANSFUSION AND ‘DEPARTMENT OF 

NEURO-PSYCHIATRY, JÁNOS HOSPITAL BUDAPEST, HUNGARY

A cetylcholinesterase (AchE) as a typ ica l membrane enzym e is a suitable 
m arker for changes occurring on cell surfaces. Although it  is characteristic to 
th e  brain and m uscle, it  is also detectable on various b lood  cell membranes in 
different am ounts. D ecreased AchE a ctiv ity  o f the brain w as reported in various 
m ental diseases. M oreover, certain m yopathies are characterized by low  AchE  
a c tiv ity  both in the m uscle and in the erythrocytes. Since blood cells are readily  
available, it would be a convenient diagnostic tool i f  th e  known alterations 
o f th e  brain tissue during normal and m entally altered aging process were 
reflected  in AchE a c tiv ity  o f the erythrocytes and lym phocytes too. Our results 
show  th at AchE a ctiv ity  o f  a given cell is dependent on its  age: the more im m a­
ture the cell, the higher its activ ity  is. On the other hand, AchE a ctiv ity  of 
th e  blood cells is decreasing w ith norm al aging of the subject. The differences 
betw een  the AchE a ctiv ity  of the norm al control group and the group o f healthy  
elderly  people was sign ificant and a sign ificant difference could also be dem on­
strated  between the norm al controls and the aged dem ented patients while the 
aged healthy and dem ented group did not differ sign ificantly  from each other 
in  respect to their blood cell AchE a ctiv ity . These results are in  good agreem ent 
w ith  other data on blood cell mem brane alterations during the normal aging 
process. I
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THE TURNOVER OF FATTY ACIDS, CHOLINE AND 
ETHANGLAM1NE IN EHRLICH ASCITES TUMOR 

CELLS AT VARIOUS STAGES OF TUMOR 
PROLIFERATION

K. B artha ,* T. F ark as**
•NATIONAL INSTITUTE OF ONCOPATHOLOGY, BUDAPEST AND '»BIOLOGICAL CENTRE, HUNGARIAN 

ACADEMY OF SCIENCES, SZEGED, HUNGARY

The k inetics of uptake and turnover o f 14C-palmitic acid and 14C-oleic 
acid was exam ined in vitro in th e  various fa tty  acid esthers o f  Ehrlich ascites 
tum or cells. A  differences was found both betw een the qu an tity  o f  uptake and 
the turnover k inetics in the cells a t various stages o f tum or growth. A greater 
am ount of 14C -fatty acid was incorporated into the phospholipids o f cells derived  
from the earlier, proliferative period of tum or growth, than  those of the later  
period, m oreover the release w as found to be also som ew hat greater. The incor­
poration into neutral lipids was sim ilar in both  cell populations, therefore a lo ­
wer 14C-phospholipid/neutral lip id  ratio was characteristic in  the cells from the  
la te  period o f tum or growth. A t each tim e of incubation this ratio (14C-PL/NL) 
was found to  be <  1, and the highest 14C activ ity  could be m easured in  the  
phosphatidylcholine fraction.

The data point to the ex istence o f at least tw o independent free fa tty  
acid pools in the cells as suggested  by the kinetics o f uptake and release o f  
14C fa tty  acids. One of them  can be characterized b y  a rapid exchange betw een  
the cell fa tty  acid esthers and the surrounding m edium . The other one, however, 
m ust have a longer life tim e, since a part of 14C activ ity  was found to be associat­
ed to the various fa tty  acid esthers during the whole period o f investigation  
(13 hours).

The rate o f de novo PC and PE biosynthesis, as m easured b y  the incor­
poration of 14C-choline and 14C-ethanolam ine, was also greater in  the cells de­
rived from the earlier period o f tum or growth. The activ ity  o f the m éthylation  
pathw ay, as m easured by the 14C-ethanolam ine incorporation into PC and SM 
fractions, was found to be decreased in the cells from the late period o f tum or  
growth. Presum ably the lack o f the m éthylation  pathw ay gives rise to the  
changes in the PC/PE ratio and the decrease o f the SM content in these cells.
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Book Reviews

E. Chazov, У. S m irno v , N. S. D halla  (E ds.)

Advances in  m yocardiology, Volum e 3

Plenum  Medical Book Com pany, New York and London 1982, 656 pages.

This new volum e of the series contains p a rt of the proceedings of the T en th  Congress of 
the In ternational Society for H eart R esearch, which was held in Moscow on Septem ber 23-29, 
1980, and has been devoted to R ichard  J .  Bing and Alexi Chernukh for the ir inspiration in 
bridging the gap betw een the basic and  clinical aspects of cardiology as well as for their pio­
neering work on cellular metabolism in studying  the pathophysiology of heart diseases.

The volum e consists of two sections. The first section provides a comprehensive analysis 
of recent advances in  cardiac physiology and  pharm acology. There are 25 chapters in  th is sec­
tion , dealing w ith  th e  mechanical, u ltra s tru c tu ra l and electrical properties o f cardiac muscle 
as well as w ith cardiac adrenoceptors and  th e  optim al calcium concentration for cardioplégie 
solutions. The five chapters w ritten  by  H ungarian  authors discuss the effect of prostacyclin 
on cardiac transm em brane currents (R . M arkó e t al.); th e  drugs affecting both  th e  tetrodotoxin- 
sensitive sodium m echanism  (K. K elem en e t al.) and the calcium dependent slow depolariza­
tion  m echanism  (V. Kecskeméti et al.); th e  effect of potassium  canrenoate on norepinephrine 
metabolism  and potassium  ionic currents (Z. Antaloczy et al.); and the pharm acological eval­
uation  of electrical events in the m yocardium  (L. Szekeres).

The second section on cardiac m em branes and m etabolism  contains 34 chapters th a t 
provide inform ation on complex processes involved in energy production energy utilization, 
cation transport, and  regulation of m etabolism  in the myocardium . One chapter in  th is section 
dealing w ith the glycogen-containing lysosomes and glycogen loss in the cardiocytes of em bryon­
ic and neonatal mice is w ritten  by a H ungarian  author (Sz. Virágh).

I t  would be difficult to discuss only a single one of these chapters in  the fram ew ork of 
th is review. I t  should, however, be s ta ted  th a t  the m ajority  of the authors have presented new 
experim ental da ta . There is an index in  th e  book, facilitating quick orientation.

G. P ogátsa

E. F lückiger , E . del Pozo, K. von W erder  

Prolactin

Monographs on Endocrinology, Springer-V erlag, Berlin-H eidelberg-N ew  York, 1982 
224 pages w ith 54 figs. 14 tables. Price DM 96. —, approx: US $ 44.70

Prolactin  was discovered in 1928 and has caused since th a t tim e several intriguing p ro b ­
lems in  hum an physiology. Does it ex ist a t  all or do we a ttrib u te  some effects of grow th hor­
mone to  a non-existing compound? W hat is its function in  th e  male? And an  up-to-date  ques­
tion: in  physiological concentrations does i t  stim ulate or inh ib it gonadal functions? The exis­
tence of prolactin  as a hormone different from  growth horm one was borne ou t only 40 years 
after its discovery and its physiological role in  the hum an — ap art from th a t in lactation  — is 
still mysterious. Nevertheless, w ith the  aid of specific radioimmunological m ethods, more 
and more pathological conditions have been revealed to  be associated w ith hyperprolactinaem ia. 
The postu lated  role of prolactin in several sexual dysfunctions has stim ulated research in  this 
field for several years and the m onograph a t  issue gives an excellent survey of the  results of 
physiological biochem ical and clinical works accomplished in  recent years.
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The first chapter deals w ith  the synthesis, fate and actions of prolactin. D ata  on chemis­
try  and synthesis of the d ifferen t forms of prolactin, its level in  various body fluids, its  m etab­
olism as well as its actions on genital and extragenital tissues are sum marized in  the chapter. 
The pertain ing literature is a lm ost complete and data  obtained in  animals are com pared w ith 
those obtained in the hum an. In  view of the several con tradictory  observations published in 
the lite ra tu re  it is not surprising th a t in several cases th e  reader cannot draw  any conclusion 
from  a m ultitude of data .

The second chapter, dealing w ith the control of pro lactin  secretion, included da ta  on 
secretory patterns, dem onstrated  and postulated regulatory factors and mechanism s and dis­
cusses in  detail the dopam inergic mechanisms inhibiting prolactin  secretion. This chapter also 
describes the action of some drugs acting via serotoninergic, cholinergic of GABA-ergic m echan­
isms on prolactin secretion.

The chapter dealing w ith  the physiology and pharm acology of lactation  describes all 
the  know n hormonal and neu ra l factors preparing the m am m ary tissue for lac ta tion  during 
pregnancy and m aintaining lac ta tion  after delivery. An up-to-date  review of th e  pharm aco­
logical control of lactation is given.

The second half of th e  m onograph deals w ith the pathological conditions associated w ith 
hyperprolactinaem ia.

C hapter 4 deals w ith  nontum oural hyperprolactinaem ia while C hapter 5 describes p itu i­
ta ry  prolactinom as. The patho logy , illustrative clinical cases and therapeutic a ttem p ts  of all 
know n hyperprolactinaem ic form s are described here.

The monograph contains th e  literature  published till the  end of 1980 and a few references 
from  1981 are also included. I t  is textbook very useful in all respects for physiologists teaching 
the biology of reproduction and  for clinicians seeing patien ts more and more frequently  w ith 
troubles of prolactin secretion.

A. S pä t
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